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DYNAMICS OF BIOMASS STOCKS IN AREAS OF SECONDARY 

FOREST LOCATED IN WESTERN AMAZON BETWEEN 2016 AND 2020 

 

SUMMARY 

Secondary forests are portions of forest areas that were previously 

deforested. In general, secondary forests are characterized by fast-growing 

species, an alternative for reducing net carbon emissions and mitigating climate 

change; However, these forest environments are still poorly studied. In this 

context, this work aimed to adjust predictive models of biomass concerning the 

height and diameter of trees, analyzing temporally and quantitatively the biomass 

stocks in areas of secondary vegetation located in Rondônia, Western Amazon, 

aiming at quantification of aerial biomass in these ecosystems and discuss the 

implication of abundance of individuals in the estimates. To adjust the allometric 

equations it was necessary to measure all trees with a circumference at breast 

height above 15 cm in plots with 200m². After the measurements, a plot tree 

representing the average diametric variable was selected and slaughtered to 

calculate its biomass. The adjusted equations presented adjusted r² ranging from 

0.49 to 0.57, root means square error (RMSE) from 247 to 296 kg, and residual 

standard error (Syx) from 49 to 53 kg. In 2016, the plots had an average of 41.47 

t.ha
-1

 of biomass, and 2020 recorded 81.66 t.ha
-1

. In this sense, we observed a 

total increase of 96.92% between 2016 and 2020. Through biomass estimates it 

was possible to observe that secondary forests are a potentially significant 

biomass sink due to the rapid accumulation rates of this component. Therefore, 

biomass stocks were increased over the years of this study, demonstrating the 

capacity for biomass growth in forests undergoing restoration. 

Keywords: Allometric equations; Forest recovery; Amazon biome; 

Temporal analysis; Tropical Rainforest. 
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INTRODUCTION 

Human expansion in the Amazon biome has converted large areas of 

climax-stage tropical forest into landscapes consisting primarily of pasture, 

agriculture, and secondary forest mosaics. This type of forest is defined as those 

formed because of the human impact on areas with forest cover. According to 

Poorter et al. (2016) and Wang et al. (2020b), secondary forests comprise 

approximately 21 % of the previously deforested areas in the Brazilian Amazon. 

In general, secondary forests are characterized by fast-growing species (pioneers) 

and are good alternatives to reduce net carbon emissions, mitigating climate 

change (Chazdon et al. 2016). 

In recent years, new forms of forest and ecological restoration that offer 

ways of converting degraded tropical forests have been tested. These restoration 

techniques include improvements in secondary forests management, reforestation, 

and enrichment planting as more complex reforestation where forest cover has 

been lost (Matos et al. 2019; Barros et al. 2020). While forest loss continues in 

Brazil at variable rates, techniques are implemented to develop secondary forests 

where primary forests have been completely removed by human processes. 

The extent and age of Amazonian secondary forests have already been 

quantified, and their spatiotemporal patterns are highly dynamic (Wang et al. 

2020a; Nunes et al. 2020). In this context, these forests are a crucial component in 

the Brazilian Amazon, as their cover restores the structure and nutrient cycling in 

the soil. Despite the importance of these forests for conservation planning, 

environmental policy, and management of forest areas in the Brazilian Amazon, 

they have been less studied compared to primary tropical forests (Barlow et al. 

2007; Carvalho et al. 2019; Teixeira-Santos et al. 2020). 

Understanding biomass stocks in secondary forests is essential for forest 

management and restoration; therefore, biomass estimates are highly sensitive to 

choosing a particular allometric equation (Chave et al. 2005; Van Breugel et al. 

2011). Although local allometric models generally perform well for a particular 

location or forest type, they are inaccurate in biomass estimates when applied to 

other sites and different forest types (Chave et al. 2005; Sanquetta et al. 2014b, a; 

Feng et al. 2017; Corte et al. 2020; Tejada et al. 2020). 

Estimating biomass at different scales mainly depends on equations or 

remote sensing techniques for prediction and analysis at regional and national 

scale mapping (Mohd Zaki and Abd Latif 2017; Mitchell et al. 2017; Tripathi et 

al. 2018). These equations are statistical models used to predict biomass based on 

tree measurement characteristics measured during forest inventory processes. 

Biomass estimation is particularly challenging in tropical forests due to 

difficulties with collecting field data in these ecosystems, characterized by a high 

heterogeneity of individuals, tree measurement variables, vertical structure, and 

horizontal distribution. 

Allometric equations are important for their application in forest biomass 

and carbon assessments both locally and nationally. Generalized pan-tropical 

models of biomass estimation equations have been developed by several 
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researchers (Kenzo et al. 2020; Virgulino-Júnior et al. 2020; Romero et al. 2020; 

Zhou et al. 2021; Latifah et al. 2021; Saha et al. 2021). The adjustments to these 

equations were obtained by measuring multiple tree species and several distinct 

locations and are intended to be applied to a wide variety of tropical forests. 

However, a large error is observed when estimates are generated by adopting 

generic pan-tropical allometric equations for specific forest types (Ngomanda et 

al. 2014; Vinh et al. 2019). 

With limited research on secondary forests and their biomass stocks, it is 

possible that these stocks are quantified through allometric equations arising from 

measurements and field observations and that this prediction can be used for the 

temporal analysis of these stocks in forest environments. In this sense, this work 

aimed to adjust predictive models of biomass concerning the height and diameter 

of trees, analyzing temporally and quantitatively the biomass stocks in areas of 

secondary vegetation located in Rondônia, Western Amazon, aiming at 

quantification of aerial biomass in these ecosystems and discuss the implication 

of abundance of individuals in the estimates.  

 

MATERIAL AND METHODS 
This study was carried out in a region of the Amazon rainforest located in 

the state of Rondônia, Brazil, between the meridians 62º44'05" and 63º16'54" and 

parallels 9º00'00" and 9º30'00" of south latitude, as shown in Figure 1. The areas 

refer to forest restoration plantations, containing 20 plots with 200 m² (20 x 10 m) 

monitored annually to assess the growth of trees, natural regeneration of new 

species, and biomass stock monitoring (Figure 1). 

 

 
Figure 1. Location of the study area and experimental plots. 

 

All trees in the plots with a circumference at breast height (CBH) above 

15 cm were identified to measure their CBH and total height (ht), the 

circumferences were measured using tape measures and total heights were 
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measured with telescopic rods. The species that could not be identified in the 

field had some branches collected and, when possible, also the reproductive 

structures. Exsiccates were made, identified, herborized, and registered at the 

Federal University of Rondônia (UNIR), with the support of the Museu Paraense 

Emilio Goeldi de Botânica. 

 

Acquisition of forest biomass 

After the forest inventory, the species with the greatest phytosociological 

importance were listed to determine the biomass by the destructive method. On 

the other hand, the diametric distribution was used to select individuals to be 

slaughtered and measured; that is, the average diameter at breast height (DBH) of 

the plot was represented by a single individual that had approximately that 

diameter. 

To determine the biomass, 30 trees were felled and sectioned into bole, 

branches, foliage, and miscellaneous (fruits, flowers, shoots, among others). The 

root system was exposed until 50 cm depth; all exposed parts were collected and 

cleaned. The fractions collected from the trees were weighed separately using a 

digital scale with a precision of 100g, obtaining the fresh weight of each 

compartment. Approximately 500g biomass was taken from each fraction of fresh 

samples and placed in single packages to be taken to the laboratory. These 

samples were dried in a forced circulation oven at 65 ºC until reaching constant 

weight. Then, the conversion into dry biomass of each compartment was 

performed according to Equation 1. 

100

)u-(100
bf=bs

x
xx                 eq. 1 

Where: 

bsx = tree dry biomass of fraction x (kg); 

bfx = tree fresh biomass of fraction x (kg); and 

ux = tree moisture content of fraction x (%). 

 

To obtain the total biomass of each tree, the sum of each biomass fraction was 

performed according to Equation 2. 

 

   eq. 2 

Where: 

W = total biomass (kg); 

ba = tree aboveground dry biomass (kg); 

bf = tree bole dry biomass (kg); 

br = tree root dry biomass (kg). 

 

Adjusting the equations 

The data obtained in the field - ht, Biomass (W), and CBH (later 

converted to DBH - diameter at breast height) - were used to adjust equations to 
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estimate tree individual biomass. The R software version 4.04 (R team, 2021) was 

used to adjust the equations with the olsrr package from which by inserting the 

variables (dependent and independent), it is possible to obtain all combinations 

between the independent variables. In addition to linear equations, we also 

analyzed non-linear, exponential, logarithmic, and polynomial models, as shown 

in Table 1. 

 

Table 1. Generic equations used in adjustments 

Generic equations 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

For all models tested in this study, biomass (kg) was used as dependent 

variable (y), and DBH and ht as independent variables. The Kolmogorov-

Smirnov normality test was used to check the residuals normality of the 

dependent variable with the independent. The Bartlett variance homogeneity test 

was used to compare the variance of two or more samples to decide whether they 

are taken from populations with equal variance. 

The selection of the model that best suited our data was performed using 

adjustment metrics: sum of squared estimate of errors (SSE), r² (determination 

coefficient), adjusted r² (adjusted determination coefficient), RMSE (root mean 

squared error), Bias, x² (chi-square), Syx% (standard error of the estimated 

percentage) and Syx (estimated standard error). The Meyer Correction Factor was 

used to correct the logarithmic discrepancy in models in which the dependent 

variable was submitted to logarithmic transformation 

Model validation was performed using the K-fold technique with 

separation of 10 subsets (k = 10); this cross-validation method involves dividing 

the dataset into k-subsets. Each subset is maintained while the model is trained on 

all other subsets; the fitted model is then used to test the subset that was not used. 

The models that obtained the best statistical metrics were submitted to visual 
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analysis of their fit lines (Observed data versus Adjusted data) and analysis of 

standardized residuals. 

 

RESULTS  

Table 2 shows the characteristics of the 30 trees cut in sections and 

measured. These individuals represented 22 species and 11 families (Table 2). 

Diameters ranged from 5.41 to 13.06 cm, with a mean of 9.47 cm and a standard 

deviation of 2.57 cm. Heights ranged from 5.23 to 11.80 m, with a mean of 8.18 

m and a standard deviation of 1.75 m. 

 

Table 2. Species collected and descriptive statistics of diameters and heights of 

felled trees for biomass calculation. 
Family Epithet DBH (cm) ht (m) 

Anacardiaceae Anacardium sp. 9.87 8.90 

Bignoniaceae 

Handroanthus sp. 12.10 8.00 

Handroanthus sp. 12.29 8.46 

Handroanthus serratifolius L. 10.83 7.02 

Bixaceae Bixa orellana L. 7.17 7.00 

Boraginaceae Cordia alliodora (Ruiz & Pav.) Cham. 12.19 10.97 

Euphorbiaceae Hevea brasiliensis L. 8.12 9.35 

Fabaceae 

Stryphnodendron sp. 10.50 8.80 

Hymenolobium pulcherrimum Ducke 6.05 6.15 

Inga cylindrica (Vell.) Mart. 10.98 8.60 

Enterolobium sp. 5.89 5.80 

Schizolobium amazonicum Huber ex Ducke. 12.73 10.80 

Parkia multijuga Benth. 11.94 7.70 

Hymenaea courbaril L. 13.05 9.80 

Enterolobium schomburgkii (Benth.) Benth. 5.73 6.30 

Schizolobium amazonicum Huber ex Ducke. 7.42 7.35 

Hymenaea courbaril L. 5.44 5.23 

Apuleia leiocarpa (Vogel) J. F. Macbr. 9.90 9.50 

Dipteryx odorata (Aubl.) Willd. 7.48 6.55 

Enterolobium schomburgkii (Benth.) Benth. 9.24 9.90 

Dipteryx odorata (Aubl.) Willd. 7.32 11.00 

Enterolobium schomburgkii (Benth.) Benth. 9.39 8.60 

Acacia mangium Wild. 13.06 9.20 

Parkia multijuga Benth. 7.64 6.95 

Hypericaceae Vismia guianensis (Aubl.) Choisy 5.41 7.00 

Malvaceae Ceiba pentandra (L.) Gaertn. 10.66 6.25 

Melastomataceae Bellucia grossularioides (L.) Triana 8.92 6.40 

Meliaceae 
Cedrela odorata L. 7.51 6.65 

Cedrela odorata L. 13.06 9.50 

Descriptive statistics DBH (cm) ht (m) 

 Average 9.47 8.18 

 Standard error 0.47 0.32 

 Median 9.63 8.23 

 Standard deviation 2.57 1.75 

 Sample variance 6.61 3.07 

 Minimum 5.41 5.23 

 Maximum 13.06 11.80 
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Figure 2 shows the diametric distributions for 2016 and 2020. In the first 

year of monitoring, there were more trees with smaller diameters than those 

measured in 2020, when fewer individuals with larger diameters were measured. 

In this sense, this image shows that the years of monitoring have seen a mortality 

of trees and a development of the remaining trees. The blue column shows the 

individuals measured in 2016 and the yellow column shows the individuals in 

2020, it can be seen that there is a higher frequency of trees in 2016 compared to 

2020. 

 

 
Figure 2. Diametric distributions of trees in 2016 and 2020. 

 

Adjusted equations 

The Kolmogorov-Smirnov test showed that the residuals are normal (ρ = 

0.2514). Thus, it was possible to adjust the models without transforming the 

variables. We also obtained the homogeneity of the variance through the Bartlett 

test (ρ = 0.4304). 

Figure 3 demonstrates the comparison of observed and adjusted data from 

the five best models. It presented similar behaviors to the adjustment, with an 

overestimation when the biomass exceeds 35 kg. The residuals demonstrate that 

this overestimate can reach up to 25 kg more than the observed biomass and, with 

values less than 35 kg, there is an underestimate varying up to 25 kg less. 
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Figure 3. Comparison of the five best models against observed and adjusted data. 

 
Table 3 shows the five best fits for predicting biomass using the DBH and 

total height variables. Model 1 presented the best values concerning comparative 

statistics. Later, this model was used to calculate the biomass for all trees 

measured in the plots for each year. 

The residuals shown in Figure 4 demonstrate that the error variances are 

constant (homoscedastic) and that the independent variables (DBH and ht) have a 

linear relationship with the dependent variable (w). We observed that the 

standardized residuals were randomly dispersed around zero, with constant 

variance, concentrated between -1 and 1. 
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Figure 4. Graphical distribution of total biomass standardized residuals for the 

five best-fitted models, the y axis indicates the standardized residuals, while the x 

indicates the total observations. 

 
Table 3. Five best equations obtained through adjustments, according to 

statistical criteria. 

 Models SSE r2 
r2

aj

us 
Bias 

RMS
E 

Syx 
(kg) 

Syx
% 

x² 

1 

 

7416.
86 

0.5
5 

0.5
7 

-
9.28x
10-15 

247.
22 

15.
72 

49.
30 

201.
16 

2 
 

7745.
75 

0.5
4 

0.5
5 

5.58x
10-16 

258.
19 

16.
06 

50.
38 

204.
84 

3 

 

8836.
56 

0.4
7 

0.4
9 

5.57x
10-16 

294.
55 

17.
16 

53.
81 

218.
31 

4 

 

8868.
51 

0.4
7 

0.4
9 

-
2.04x
10-15 

295.
61 

17.
19 

53.
91 

218.
61 

5 

 

8889.
78 

0.4
7 

0.4
9 

-
1.85x
10-15 

296.
32 

17.
21 

53.
97 

214.
07 

Where: SQE = Error sum of squares, r² = Determination coefficient, r²ajus = Adjusted 
determination coefficient, RMSE = Root mean squared error, x² = chi-square, Syx = 
Estimated standard error, and Syx% = Standard error of the estimated percentage. 
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Estimated biomass 

Figure 5 demonstrates the application of the adjusted model to all trees 

measured in the plots concerning diameter and height. There is a higher 

concentration of trees in the classes up to 20 cm in diameter with biomass up to 

200 kg; However, from the class with 20 cm, there is a smaller number of 

individuals with biomass above 200 kg per tree (Figure 5A). Regarding heights, 

there is a concentration of trees above 5 m and smaller than 15 m. 

 
 

  

Figure 5. Biomass distribution concerning diameter and height class range. 

 

Biomass stock in the plots 

The prediction of biomass showed that, except for Plots 6, 7, 18, and 19, it 

was affected by an increasing trend in biomass stock between the years 2016 to 

2020; However, in four plots (1, 2, 17, and 18) it was not possible to obtain data 

for all years of the inventory. The following growth percentages were observed 

between the years under study: Plot 3 (93.42 %), Plot 4 (30.39 %), Plot 5 (89.69 

%), Plot 6 (25.96 %), Plot 7 (115.23 %), Plot 8 (73.39 %), Plot 9 (66.09 %), Plot 

10 (94.32 %), Plot 11 (175.54 %), Plot 12 (123.87 %), Plot 13 (65.59 %), Plot 14 

(141.46 %), Plot 15 (137.28 %), Plot 16 (113.84 %), Plot 18 (117.55 %), and Plot 

19 (90.74 %) (Figure 6). 

In 2016, the largest stock of biomass among the inventoried plots was in 

Plot 18 (55.42 t.ha
-1

) and the smallest in Plot 14 (15.86 t.ha
 -1

), while in 2020, Plot 

11 presented the largest stock (135.23 t.ha
 -1

), and the lowest value was 30.91 t.ha
 

-1
 (Plot 6). It is observed that Plots 6, 15, 18, and 19 showed a reduction in their 

stock between 2019 and 2020 (-4.99, -2.25, -6.25, and -18.31 t.ha
 -1

, respectively). 

Regarding the abundance of individuals per hectare, it was possible to 

observe that Plots 3, 12, 13, 16, and 19 were not affected by a reduction in 

individuals in 2019, while in the other Plots there was a decrease in the number of 

trees. The average number of trees in the plots was: 2016 (1,198 trees.ha
-1

), 2018 
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(1,466 trees.ha
-1

), 2019 (1,118 trees/ha), 2020 (1,468 trees.ha
-1

). It is observed 

that Plot 8 has the greatest abundance (2,200 trees.ha
-1

), while Plot 16 had only 

738 trees.ha
-1

. 

 

 
Figure 6. Biomass stock from plots inventoried in the years 2016 to 2020. 

 

Figure 7 demonstrates the distribution of biomass stock in the plots 

concerning the years that the inventories took place. In 2016, the plots had an 

average of 41.47 t.ha
-1

 and a deviation of 12.29 t.ha
-1

. 2018 presented a total of 

57.02 t.ha
-1

 and 19.20 t.ha
-1

 deviation. 2019 presented an average 71.64 t.ha
-1

 and 

24.77 t.ha
-1

 deviation. However, 2020 recorded an average of 81.66 t.ha
-1

 and 

28.99 t.ha
-1

 deviation. In this sense, a total increase of 37.50% between 2016 and 

2018 was observed, 25.64% from 2018 to 2019 and 13.99% from 2019 to 2020, 

therefore a total increase from 2016 to 2020 of 96.92% was observed. 
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Figure 7. Total biomass stock of plots inventoried in the years 2016 to 2020. 

 

DISCUSSION 

The allocation and determination of biomass will play an important role 

based on previously degraded forests that have undergone restoration/recovery 

processes. In this context, the adjusted models predicting biomass from DBH and 

ht demonstrate that there is a low correlation between the dependent and 

independent variables. The adjusted correlation coefficients ranged from 0.49 to 

0.57, which can be explained by the diversity of species sampled, increasing the 

variability of measured biomass, diameters, and heights among the sampled trees. 

By analyzing Model 1, chosen among the five best ones, it was possible 

to observe that biomass prediction with this model was satisfactory because it 

presented values consistent with the area and with the values obtained in the field. 

However, Romero et al. (2020) observed superior statistical metrics when 

estimating the biomass of trees harvested in southWestern Amazonia and 

reported that the quality of the adjustments was characterized by the expressive 

quantity of samples collected (223 individuals). Karyati et al. (2019), observing 

secondary forests, showed similar results to this study and concluded that the 
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heterogeneity of secondary forests significantly reduces the relationships between 

diameters, heights, and biomass. 

In this sense, several factors influence the development of tree species in 

secondary forests; thus, characteristics such as canopy architecture, local 

productive capacity, and competition for light may be related to the low statistical 

values observed for the estimates made in this study. In addition to these factors, 

in native forests, forests undergoing restoration, and in mixed plantations, greater 

heterogeneity in tree development is to be expected, caused by the existence of 

interspecific competition, which contributes to obtaining standard error values for 

the highest estimate (Sanquetta et al. 2017; Lima et al. 2021). 

The reduction observed in biomass stock in plots 6, 7, 18, and 19 is 

explained by the mortality of trees and illegal logging, which were responsible for 

the reduction of biomass in those plots, reducing trees density and consequently 

the total stock values. In particular, plots 18 and 19, which are on the transition 

with soybean crops, were affected by partial removal of forest vegetation for 

soybean implantation. 

The results obtained in this study were consistent with those observed in 

Yang et al. (2020), where the authors estimated the aboveground biomass using 

remote sensing techniques for areas undergoing restoration with ages ranging 

from 1 to 8 years and biomass ranging from 20 to 70 Mg.ha
-1

. Cassol et al. (2019) 

observed that areas in the Amazon undergoing a 10-year restoration process have 

less than 100 Mg/ha, with data obtained through Alos/Palsar-2. The difficulty in 

obtaining biomass in the field is a determining factor for this variable acquisition 

through remote sensors. 

Studies show that the greater density of individuals in an area, the greater 

production of biomass per unit area; that is, the spacings between the denser 

individuals provide higher amounts of biomass than the smaller ones (Pereira 

2013; Eloy et al. 2016; Favero et al. 2020; Castanho et al. 2020; Shen et al. 2020; 

Næsset et al. 2020). It was possible to observe in this study that Plots with lower 

abundances per hectare may also have biomass stocks equivalent to Plots with 

greater abundance as the size (height and DBH) of individuals directly influenced 

the mean value of biomass. In 2020, Plots 6 and 16 had an equal number of trees 

per hectare (1,300 trees.ha
-1

) but biomass was respectively 30.91 and 82.09 t.ha
-1

. 

It links to the average diameters and heights of trees in the plots, which was 

higher for Plot 15 with an average DBH of 15.6 cm and an average height of 9.4 

m, while in Plot 6 averages were 12.8 cm and 7.4 m. 

The information presented regarding secondary forests is essential for the 

monitoring and management of these areas because it subsidizes policies and 

proposals for environmental management in the Amazon. These forests are a 

possible solution for carbon absorption and climate change control, besides 

conserving biodiversity. Therefore, the reduction of deforestation, agriculture, 

and cattle raising allied to the maintenance of forest areas are vital to mitigate the 

impacts caused by climate change. 

 



Moura et al. 

 
20 

CONCLUSIONS 

The adjusted models using diameter at breast height (DBH) and total 

height (ht) as independent variables present satisfactory statistics and can be used 

to estimate tree biomass with precision.  

The results demonstrate that few trees with large dimensions are 

responsible for biomass stock in areas under restoration, while the abundance of 

individuals per hectare influences biomass stock. However, the main factor in 

these stocks were heights and diameters; in this sense, the larger the trees, the 

greater biomass stocks. 

Through the biomass estimates, it was possible to observe that secondary 

forests are a potentially significant biomass sink due to the rapid accumulation 

rates of this component. Therefore, biomass stocks were increased over the years 

of study, demonstrating the capacity for biomass growth in forests undergoing 

restoration. However, frequent disturbances interrupt the recovery process and 

consequently the establishment of mature forests. 

The value of secondary forests as a biomass stock needs to be determined 

within a context of dynamic land use, assessing stocks in primary forests 

concerning secondary forests and areas with other land uses. 
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SUMMARY  

This study presents the treatment of pepper seeds with ginger extract for 

their germination and emergence, as well as the reduction of pesticides using 

alternative non-polluting methods to control pathogens. 

The observations followed both the germination and emergence of the 

seeds, as well as the development of the pathogen Alternaria alternata and the 

appearance of necrosis and symptoms of alternariosis. Numerous data from the 

literature offer recommendations on the biological and chemical control of A. 

alternata, however more frequently there is the problem of maintaining their 

effectiveness and the detection of new products that prevent and combat the 

pathogen. 

This research states that the ginger stimulates seed germination and has 

both preventive and curative action against the pathogen A. alternata. 

Keywords: extract, ginger, pathogen, pepper 

 

INTRODUCTION 

Ginger (Zingiber officinale) is a herbaceous plant found in the tropics, 

which has an aromatic rhizome, rich in essential oils. It is highly valued as a spice 

and is used in all types of dishes, from sauces, soups and main courses, to 

desserts and drinks. Moreover, it is used since antiquity in medicine, to relieve 

nausea, relieve cramps and improve blood circulation.The rhizome of Z. 

officinale contains pungent phenolic substances, with a variety of biological 

activities (Wang et al., 2014).  

It was shown that the consumption of ginger could influence the weight 

loss, by decreasing the body mass index and serum insulin (Ebrahimzadeh Attari 

et al., 2016.)  
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Researchers have found that gingerol, the main bioactive compound, would 

inhibit the growth of several types of bacteria (Park et al., 2008; Karuppiah and 

Rajaram, 2012). In addition to gingerol, ginger contains large amounts of vitamin 

C and B6, along with magnesium, potassium, copper, manganese. Gingerols and 

their corresponding dehydration products shogaols were considered as the active 

compounds of ginger, the rhizome of the plant Zingiber officinale, for its 

antioxidant, anti-inflammatory, anti-diabetic and antitumor activities (Feng et al., 

2011; Poltronieli et al., 2014; Khandouzi et al., 2015). It is also used in the 

perfume and cosmetics industry, for hair toning and revitalization, ubiquitous in 

the revitalizing formulas of face creams. 

There has been a growing global concern about the use of chemicals in the 

cultivation of vegetables, flowers, fruit trees and vines, due to their effects on 

human health and the environment. Fungicides from natural extracts have proven 

to be extremely useful in controlling plant pathogens, being a future alternative to 

synthetic fungicides. 

Recent studies have shown that ginger oil has a very strong antimicrobial 

and therapeutic effect (Imamović et al., 2021). 

This study presents the treatment of pepper seeds with ginger extract for 

their germination and emergence, as well as the reduction of pesticides using 

alternative non-polluting methods to control pathogens. 

The observations followed both the germination and emergence of the 

seeds, as well as the development of the pathogen Alternaria alternata and the 

appearance of necrosis and symptoms of alternariosis. 

Numerous data from the literature offer recommendations on the biological 

(Feng and Zheng, 2007; Tozlu et al., 2018) and chemical (Kapsa, 2009) control 

of the pathogen Alternaria alternata, however more frequently there is the 

problem of maintaining their effectiveness and the detection of new products that 

prevent and combat the pathogen. 

This paper aimed to test the effect of ginger extract in different 

concentrations, on seed germination and seedling emergence and also to estimate 

by seed tests the effectiveness of Zingiber officinale in different concentrations, 

against the pathogen Alternaria alternata. 

 

MATERIAL AND METHODS 
The research was carried out in the chemistry laboratory within the 

Research and Development Station for Fruit Tree Growing Baneasa, Bucharest.  

Plant material and pathogenic fungus. In order to test and estimate the 

effectiveness of ginger - Zingiber officinale in different concentrations, both on 

the germination and emergence of plants and against the pathogen Alternaria 

alternata, Romanian variety Barbara (Agrosel) of pepper seeds was used. 

The ginger extract was obtained by pressing the fresh rhizome of Z. 

officinale followed by obtaining different concentrations (1%, 5% and 10%). 
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Alternaria alternata isolated from diseased fruits and seeds was the 

pathogenic species used to estimate the efficacy of ginger in different 

concentrations by seed tests. 

The substance with fungicidal action tested was in the form of fresh ginger 

extract. 

The blotch test method, recommended by International Seed Testing 

Association was used to test the three experiments: the pepper seeds were placed 

between the folds of blotting paper moistened with sterile distilled water, 

followed by their incubation at temperatures between 22-25ºC for 3-6-9 days 

(Malone and Muskett, 1964; Hulea, 1969; Rădulescu and Negru, 1966). 

Method used to study the influence of ginger treatment in different 

concentrations on pepper germination and emergence. A number of 60 seeds 

for each variant (1%, 5%, 10%) were washed with sterile distilled water, dried in 

an oven, and then moistened by immersion for 15 minutes with ginger (Figure 1). 

The control group was composed of 60 seeds, washed with sterile distilled water 

and then dried (Baicu, 1968; Constantinescu, 1974). Observations were 

performed in dynamics (three, six and nine days) and followed seed germination 

and the emergence of pepper plantlets.  

 
Figure 1. The appearance of ginger-treated seeds in different concentrations 

 

Method used to estimate the effectiveness of ginger treatments in 

different concentrations in order to prevent and control the pathogenic 

species Alternaria alternata in vitro by seed tests. The tested pathogen was 

isolated directly from the plant material. The plant material was passed through 

distilled water twice. Inoculum harvesting was performed by detaching small 

portions of mycelium from the affected areas with pathogens that had the 
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characteristic aspect of mycelium. The detached mycelium was then placed on 

PDA culture medium (Potato-glucose-agar, Difco, prepared according to the 

recipe, sterilized by autoclave: 1.2 atmospheres, 20 minutes). The harvesting 

operation was carried out in the sterile chamber-hood with laminar flow; with the 

scalpel, flamed and cooled, the inoculum was passed with the help of a 

transplanting needle on an isolating medium, sinking slightly. 

Incubation was performed at 24°C for 10 days; the developed colonies 

were purified by transferring to another vessel with sterile culture medium. 

Isolates were identified based on spore morphology, then transplanted and stored 

in pure cultures at 24°C (Manole and Ciocoiu, 2011). 

In order to estimate the effectiveness of treatments with ginger in different 

concentrations in the control of Alternaria alternata, two variants were used: 

Pre-treatment. Overall, 60 seeds (for each variant - 1%, 5%, 10%) were 

disinfected with 70% ethyl alcohol, washed with sterile distilled water, dried in 

an oven, then moistened by immersion for 15 minutes with a mixture of ginger 

and artificially contaminated by immersion in a calibrated spore suspension (5 × 

10
6
 spores / ml) for one hour. The contaminated seeds were incubated at 25°C. 

Treatment. A number of 60 seeds (for each variant - 1%, 5%, 10%) were 

disinfected with 70% ethyl alcohol, washed with sterile distilled water, dried in 

an oven, then artificially contaminated, by bathing in a calibrated suspension of 

spores (5 × 10
6
 spores / ml) for one hour. The seeds were then moistened, by 

immersing them, for 15 minutes, with ginger in different concentrations. The 

contaminated seeds were incubated at 25°C. The observations followed both the 

development of seedlings and the appearance of necrosis and alternariosis 

symptoms (Iacomi et al., 2004).  

 
RESULTS AND DISCUSSION 

Influence of ginger treatment (concentration 1%, 5%, 10%) on 

pepper germination and germination. In the control group (Figure 2) the 

germination was registered as 65% (on day 9), the seeds developed 

root/hypocotyl/cotyledons, but the seedlings were covered with Rhizopus sp. 

and Aspergillus sp. 

The ginger variant - Zingiber officinale - concentration 1% allowed a 

germination, on day 9, of 70% (at 61% the root and the hypocotyl have 

developed, the rest presenting the root, hypocotyl and cotyledons - Figures 3, 

4). 

The ginger - Zingiber officinale - in a concentration of 1% did not 

influence the germination of seeds and did not allow the development of 

saprophytic or pathogenic fungi. 
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Figure 2. The untreated control group 

 

 
Figure 3. The influence of ginger treatment - Zingiber officinale - 1% 

concentration, on pepper germination and emergence M- control group, G 1% - 

ginger extract 1%, Ziua - Day, N=ungerminated, R = radicule, H = hypocotyl, 

C = cotyledons 
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Figure 4. The influence of ginger treatment - Zingiber officinale - 1% 

concentration, on pepper germination and emergence 

 

The influence of ginger treatment - Zingiber officinale - 5% 

concentration, on pepper germination and emergence. In the control 

group, the seeds germinated in 65% on day 9 (Figure 5), they developed 

root/hypocotyl/cotyledons but the seedlings were covered with  Rhizopus sp., 

Aspergillus sp. 

 
Figure 5. The influence of ginger treatment - Zingiber officinale - 5% 

concentration, on pepper germination and emergence M- control group, G 1% - 

ginger extract 1%, Ziua - Day, N=ungerminated, R = radicule, H = hypocotyl, 

C = cotyledons 

 

The ginger - Zingiber officinale - in a concentration of 5% allowed a 

germination of 81.66%, on day 9 (Figure 6). This variant has favorably 
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influenced the germination and development of the seedlings, compared to 

the control group, and did not allow the development of saprophytic or 

pathogenic fungi. 

 
Figure 6. The influence of ginger treatment - Zingiber officinale - 5% 

concentration, on pepper germination and emergence 

 

The influence of ginger treatment - Zingiber officinale - 10% 

concentration, on pepper germination and emergence. In the control 

group the rated of germination was 65% in day 9 (Figure 7), they developed 

root/hypocotyl/cotyledons and the plantlets were covered with  Rhizopus sp. 

and Aspergillus sp. 

 
Figure 7. The influence of ginger treatment - Zingiber officinale - 10% 

concentration, on pepper germination and emergence M- control group, G 1% - 

ginger extract 1%, Ziua - Day, N=ungerminated, R = radicule, H = hypocotyl, 

C = cotyledons 
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The ginger variant - Zingiber officinale - 10% concentration allowed a 

germination of 80%, on day 9 (Figure 8). This variant did not allow the 

development of saprophytic or pathogenic fungi either. 

 
Figure 8. The influence of ginger treatment - Zingiber officinale - 10% 

concentration, on pepper germination and emergence 

 

Compared to the control group, where the germination was 65% and the 

seedlings were well developed (root, hypocotyl, cotyledons), the variants 1%, 

5%, 10% of ginger - Zingiber officinale, positively influenced the 

germination, reaching up to 81.66% in variant 5%. 

Efficiency of preventive treatment with ginger - Zingiber officinale - 

1% concentration in combating the pathogen Alternaria alternata in 

peppers. The infected, untreated control group germinated in a percentage of 

33.33%, on day 9 having necrotic roots, hypocotyl and cotyledons, the seeds 

(Figures 9, 10) being covered with a black mycelium (A. alternata). 

Due to the efficiency of the action of ginger - Zingiber officinale, in the 

1% concentration variant, the mycelium of the pathogenic fungus Alternaria 

alternata did not develop, and the seeds germinated in a proportion of 60%. 

 
Figure. 9 The infected control group 
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Figure 10. The efficiency of preventive treatment with ginger - Zingiber 

officinale - 1% concentration in the control of the pathogen Alternaria alternata in 

peppers (M – control group, G 1% - ginger extract 1% (Zingiber officinale), R 

= radicule, Mc = the presence of mycelium, H = hypocotyl, Ncz = necrosis, C 

= cotyledons, N = ungerminated seeds) 

 

Efficiency of preventive treatment with ginger - Zingiber officinale - 

5% concentration in combating the pathogen Alternaria alternata in 

peppers. The untreated, untreated control germinated in a percentage of 

33.33%, on day 9 having necrotic roots, hypocotyl and cotyledons, the seeds 

(Figure 11) being covered with black mycelium (Alternaria alternata). 

 
Figure 11. The efficiency of preventive treatment with ginger - Zingiber 

officinale - 5% concentration in the control of the pathogen Alternaria alternata in 

peppers (M – control group, G 5% - ginger extract 5% (Zingiber officinale), R 

= radicule, Mc = the presence of mycelium, H = hypocotyl, Ncz = necrosis, C 

= cotyledons, N = ungerminated seeds) 



Oltenacu C.V. and Oltenacu N. 

 
34 

Due to the efficiency of the action of ginger - Zingiber officinale, in the 

5% concentration variant, the mycelium of the pathogenic fungus Alternaria 

alternata did not develop, and the seeds had a germination proportion of 

73.33% 

 

Efficiency of preventive treatment with ginger - Zingiber officinale - 

10% concentration in combating the pathogen Alternaria alternata in 

peppers. The infected, untreated control germinated in a percentage of 

33.33%, on day 9 having necrotic roots, hypocotyl and cotyledons, the seeds 

(Figure 12) being covered with black mycelium (Alternaria alternata). 

 
Figure 12. The efficiency of preventive treatment with ginger - Zingiber 

officinale - 10% concentration in the control of the pathogen Alternaria alternata 

in peppers (M – control group, G 5% - ginger extract 10% (Zingiber 

officinale), R = radicule, Mc = the presence of mycelium, H = hypocotyl, Ncz 

= necrosis, C = cotyledons, N = ungerminated seeds) 

 

Due to the efficiency of the action of ginger, in the 10% concentration 

variant, the mycelium of the pathogenic fungus Alternaria alternata did not 

develop, and the seeds germinated in proportion of 66.66%. 

Efficiency of curative treatment with ginger - Zingiber officinale - 

1% concentration in combating the pathogen Alternaria alternata in 

peppers. The infected, untreated control germinated in a percentage of 

33.33%, on day 9 having necrotic roots, hypocotyl and cotyledons, the seeds 

(Figure 13) being covered with black mycelium (Alternaria alternata). 

The curative treatment with ginger - Zingiber officinale, in a 

concentration of 1%, in order to control the pathogen Alternaria alternata in 

peppers allowed a germination of 83.33%, and no development of the 

pathogenic fungi was registered (Figures 13, 14). 
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Figure 13. The efficiency of curative treatment with ginger - Zingiber officinale - 

1% concentration in the control of the pathogen Alternaria alternata in peppers 

(M – control group, G 1% - ginger extract 1% (Zingiber officinale), R = 

radicule, Mc = the presence of mycelium, H = hypocotyl, Ncz = necrosis, C = 

cotyledons, N = ungerminated seeds) 

 

 
Figure 14. The efficiency of curative treatment with ginger - Zingiber officinale - 

1% concentration in the control of the pathogen Alternaria alternata in peppers 

(day 9) 

 

The efficiency of curative treatment with ginger - Zingiber officinale - 5% 

concentration in the control of the pathogen Alternaria alternata in peppers (day 

9) (Figures 15-16). 
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Figure 15. The efficiency of curative treatment with ginger - Zingiber officinale - 

5% concentration in the control of the pathogen Alternaria alternata in peppers 

(M – control group, G 1% - ginger extract 5% (Zingiber officinale), R = 

radicule, Mc = the presence of mycelium, H = hypocotyl, Ncz = necrosis, C = 

cotyledons, N = ungerminated seeds) 

 

 
Figure 16. The efficiency of curative treatment with ginger - Zingiber officinale - 

5% concentration in the control of the pathogen Alternaria alternata in peppers 

(day 9)  

 
Efficiency of curative treatment with ginger - Zingiber officinale - 10% 

concentration in combating the pathogen Alternaria alternata in peppers. The 

curative treatment with ginger, in a concentration of 10%, in order to control the 

pathogen Alternaria alternata in peppers allowed a germination of 93.33% 
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(18.33% - root development, 61.66% - root and hypocotyl development, 

respectively 13.33% development of the root, hypocotyl and cotyledons) not 

allowing the pathogenic fungus to develop (Figures 17, 18). 

 
Figure 17. The efficiency of curative treatment with ginger - Zingiber officinale - 

10 % concentration in the control of the pathogen Alternaria alternata in peppers 

(M – control group, G 1% - ginger extract 10 % (Zingiber officinale), R = 

radicule, Mc = the presence of mycelium, H = hypocotyl, Ncz = necrosis, C = 

cotyledons, N = ungerminated seeds) 

 

 
Figure 18. The efficiency of curative treatment with ginger - Zingiber officinale 

- 10 % concentration in the control of the pathogen Alternaria alternata in 

peppers 



Oltenacu C.V. and Oltenacu N. 

 
38 

Similar research (Sharma and Tiwari, 2013) highlighted the effectiveness 

of essential oil extracted from ginger (Zingiber officinale Roscoe.) in controlling 

Alternaria alternata, the minimum inhibitory concentration (MIC) of this oil 

showing results at 500 ppm for the fungus. Moreover, it was observed that 

essential oil extracted from ginger has a wide range of antifungal activities 

against Aspergillus niger van Tiegh., Penicillium chrysogenum Thom., Alternaria 

alternata (Fr.) Keissl. and Fusarium roseum Link., whereas MIC showed results 

at 1.0 mL/cm
-3

 of oil in respect to all fungi (Sharma et al., 2013). 

The results of present work are consistent with other studies (Fawzi et al., 
2009; Osman et al., 2016; Ahmad and Qureshi, 2017), which proved that ginger 

extracts have antibacterial activity against A. alternata fungus. 
 

CONCLUSIONS 

The present study has shown the favorable influence of ginger extract - 

Zingiber officinale on the germination of pepper seeds. All three variants of 

concentration (1%, 5% and 10%) had higher germination percentages - 66%, 

70% and 80% respectively compared to the control group that germinated in a 

rate of 65%.  

The preventive treatments with the three concentration variants (1%, 5%, 

10%) inhibited the development of the pathogen Alternaria alternata. 

The curative treatments with the three concentration variants (1%, 5%, 

10%) also inhibited the development of the pathogen A. alternata. In this case, a 

pronounced stimulation of seed germination was observed compared to the 

results obtained from investigations upon the influence of ginger on seed 

germination. 

This research states that the ginger stimulates seed germination and has 

both preventive and curative action against the pathogen Alternaria alternata. 
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RESEARCH OF TWO SPECIES OF GENUS NIPHARGUS SCHIÖDTE 

1849 (FAM. NIPHARGIDAE) 

(CONTRIBUTION TO THE KNOWLEDGE OF THE AMPHIPODA 325) 

 

SUMMARY 

Two subterranean species of genus Niphargus Schiödte, 1849 (Amphipoda, 

fam. Niphargidae) are studied:  Niphargus angelieri Ruffo 1954 known from SW 

France [locus typicus: Le Boulou, Pyrenees Orientales, France] is mentioned, and 

new subspecies, Niphargus angelieri ariegei, ssp. nov. from Cave Tuc 

d`Audoubert, near Montesquieu-Avantes, (Dept. Ariege, Pyrenee-Orientales, 

France) is discovered and described. 

The species Niphargus (Niphargus) podpecanus S. Karaman 1952, known 

from several localities in Slovenia [locus typicus: Podpeška Jama cave, Slovenia] 

is mentioned. The specimens from Źeljnske jame Cave, Źeljne, Kočevje 

(Slovenia), separated from N. podpecanus as a new species by Delić et al. (2017) 

based on the molecular/genetic data only, Niphargus gottscheeanensis Delić et al. 

2017, are here morphologically described and drawn. Taxonomical and 

morphological characters and value of these taxa are discussed. 

 

INTRODUCTION 

Genus Niphargus Schiödte, 1849-Complex (fam. Niphargidae) settled 

subterranean waters from N. Spain and England till Iran and Caucasus with over 

300 different known and numerous still undiscovered new taxa. The great 

diversity of morphological characters of Niphargus-Complex indicated that 

settlements of subterranean waters by Niphargus- Complex occur several times 

from Tertiary till today, followed by very successful morphological and other 

modification and adaptation to the various subterranean environments, from 

primitive forms with ability to bent the body into a ball (K. parapupetta Karaman 

G. 1984) till slender forms with ability to pass between grains of sand (N. 

kragujevensis Karaman S. 1950). This process is still active today, observed by 

high morphological diversity and morphological variations within specimens of 

one locality, as well as between various populations of one species and presence 
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of transitive populations between different populations still in process of 

reproductive isolation. 

For this reason there are wide discordance about validity and delimitation 

of various taxa, recognition of subspecies or transitive population based of 

morphological and molecular-genetic research. We tried to show here some of 

these dilemma, where only multiple approaches to this problem are needed. 

 

MATERIAL AND METHODS 

The studied material was preserved in the 70% ethanol. The specimens 

were dissected using a WILD M20 microscope and drawn using camera lucida 

attachment. Body-parts were temporarily submersed in the mixture of glycerin 

and water for study and drawing by camera lucida; later transferred to Liquid of 

Faure as permanent slides. All illustrations were inked manually.  

Some morphological terminology and setal formulae follow G. Karaman`s 

terminology (Karaman, G. 1969; 2012) for the last mandibular palpus article [A= 

A-setae on outer face; B= B-setae on inner face; C= additional C-setae on outer 

face; D= lateral marginal D-setae; E= distal long E-setae], and for propodus of 

gnathopods 1 and 2 [S= corner S-spine; L= lateral slender serrate L-spines; M= 

facial corner M-setae; R= subcorner R-spine on inner face]. 

Terms “setae” and “spines” are used based on shape, not origin. Our 

studies were based on the external morphology, ecology and zoogeography.  

 

TAXONOMICAL PART 

 

Family NIPHARGIDAE 

 

NIPHARGUS ANGELIERI ANGELIERI Ruffo 1954 

 

Niphargus skopljensis angelieri Ruffo 1954: 673, figs. II and III; ; Balazuc 1957: 

76; Barnard & Barnard 1983: 695; 

Niphargus angelieri G. Karaman & Ruffo 1986: 522; Ginet 1995/6: 53, figs. II-

III; Ferreira et al. 2007: 589 (no localities); Bréhier & Jaume 2009: 18. 

 

LOCUS TYPICUS: Le Boulou, Pyrenees Orientales, France. 

 

LOCALITIES CITED: 

Ruffo 1954: cited this species for 4 localities of Pyrenees orientales in France:  Le 

Boulou; Pont de Boulou; Baillaurie, Banyuls-sur Mer; La Raillere, Amelie-les-

Bains; 

Ginet 1996: Pyrenee Orientales; 

Bréhier & Jaume 2009: French Mediterranean coast: cave, “Grotte des Fées de 

Leucate”. 

 

 



Research of two species of genus Niphargus Schiödte … 

 
43 

DISTRIBUTION:  

Western part of Pyrenees orientales near Mediterranean coast (France), in 

interstitial waters and caves. 

REMARKS. 

N. angelieri angelieri, although mentioned by various authors, remains only 

partially described, and some important taxonomical characters are unknown. The 

specimens from Cave Tuc d`Audoubert, locality nearly 170 km W of the 

Mediterranean Sea coast, differing from typical N. angelieri by several 

characters, is described and figured here as a new subspecies, N. angelieri 

ariegei, ssp. nov.  

 

NIPHARGUS ANGELIERI ARIEGEI, ssp. nov. 

Figures 1-5 

 

MATERIAL EXAMINED: 

S-7413= Cave Tuc d`Audoubert, near Montesquieu- Avantes (Dept. 

Ariẻge, Pyrenee-Orientales, France), nearly 10 exp (leg. G.M.). 

 

DIAGNOSIS (based on female): 

Adult females up to 3 mm, urosomal segment 1 with seta, urosomal 

segment 2 with spines. Coxae short, coxa 1 with subrounded ventroanterior 

corner, coxa 4 unlobed; epimeral plates 2-3 angular, with subventral spines. 

Antenna 1 slender, peduncular articles 1-3 progressively shorter, accessory 

flagellum 2-articulate, almost as long as peduncular article 3; antenna 2 slender, 

flagellum longer than last peduncular article. Mandibular palpus article 3 with 

partially reduced number of D and A-setae, B-setae absent. 

Maxilla 1 inner plate with 2 setae, 6 spines of outer plate with 3-5 teeth 

each, one spine (inner) spine with 7 lateral teeth, palpus not reaching tip of outer 

plate spines, with 3-4 distal setae. Maxilliped inner plate exceeding outer tip of 

palpus article 1, provided with 3 spines; outer plate not exceeding tip of palpus 

article 2, nail of palpus article 4 only slightly shorter than pedestal. 

Gnathopods 1-2 relatively small, article 5 rather elongated; propodus 

trapezoid, inclined, with convex corner, L-spines sitting laterally of S-spine, one 

corner facial M-seta, dactylus with one median seta at outer margin. Dactylus of 

pereopods 3-7 with one slender spine-like seta at inner margin. Pereopods 5-7 

progressively longer and stronger, article 2 dilated, with ventroposterior lobe. 

Pleopods almost naked, with 2 retinacula. Uropod 1 peduncle with dorsointernal 

and dorsoexternal row of spines, inner ramus off both uropods with longer inner 

ramus than outer one, distal spines short. Uropod 3 short and strong, distal article 

of outer ramus short, first article along both margins with bunches of spines, at 

mesial margin mixed with single plumose setae. Telson incised nearly 2/3 of 

telson-length, lobes with distomesial narrowed tip and distal 2 short spines sitting 

at distolateral side; pair of short plumose setae attaches on each lobe 

lateromedially. 
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Fig. 1. Niphargus angelieri ariegei, ssp. nov., Cave Tuc d`Audoubert, near 

Montesquieu-Avantes, female 3.0 mm: A= head; B= antenna 1; C= accessory 

flagellum; D= antenna 2; E= maxilliped; F= urosome with uropods 1-2. 
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Fig. 2. Niphargus angelieri ariegei, ssp. nov., Cave Tuc d`Audoubert, near Montesquieu-

Avantes, female 3.0 mm: A= maxilla 2; B-C= gnathopod 1, outer face; D= distal corner 

of gnathopod 1-propodus, outer face [S= corner S-spine; L= lateral L-spines; M= corner 

facial M-seta; R= subcorner R-spine, inner face]; E-F= gnathopod 2, outer face; G= distal 

corner of gnathopod 2-propodus, outer face [S= corner S-spine; L= lateral L-spines; M= 

corner facial M-seta; R= subcorner R-spine, inner face]. 
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Fig. 3. Niphargus angelieri ariegei, ssp. nov., Cave Tuc d`Audoubert, near 

Montesquieu-Avantes, female 3.0 mm: A= labium; B= left incisor with lacinia 

mobilis and rakers; C= right incisor with lacinia mobilis and rakers; D= 

mandibular palpus, outer face [D= marginal D-setae; E= distal E-setae; A= facial 

A-seta]; E-F= pereopod 3; G-H= pereopod 4; I= epimeral plates 1-3. 
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Fig. 4. Niphargus angelieri ariegei, ssp. nov., Cave Tuc d`Audoubert, near 

Montesquieu-Avantes, female 3.0 mm: A-B= maxilla 1; C-D= pereopod 5; E-F= 

pereopod 6; G-H= pereopod 7 
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DESCRIPTION.  
Female ovig. 3.0 mm with setose oostegites: Body moderately slender, 

metasomal segments 1-3 with 3-4 dorsoposterior short marginal setae (fig. 3 I); 

urosomal segment 1 with one dorsolateral seta on each side; urosomal segment 2 

on each dorsolateral side with 2 spines; urosomal segment 3 naked (fig. 1F). 

Epimeral plates distinctly angular: epimeral plate 1 with vestigial ventroposterior 

tooth and posterior convex margin bearing 2 setae, ventral margin naked, slightly 

concave in the middle. Epimeral plate 2 with distinct ventroposterior corner and 

poorly convex posterior margin almost straight in distal part and provided with 1-

2 short setae, ventral margin convex, with one submarginal spine (fig. 3 I); 

epimeral plate 3 with marked ventroposterior tooth, convex posterior margin 

bearing 3 setae, ventral margin convex, with 2 subventral spines. 

Head with very short rostrum, lateral cephalic lobes shallow, obtuse, 

ventroanterior excavation developed, eyes absent (fig. 1A). 

Antenna 1 slightly exceeding half of body; peduncle relatively slender, 

with 3 articles (ratio: 48:35:25) almost naked (fig. 1B); main flagellum 15 slender 

scarcely setose articles (most of them with one aesthetasc exceeding half of 

article itself (fig. 1C). Accessory flagellum 2-articulated, almost as long as last 

peduncular article (ratio: 46:50), distal article elongated (fig. 1C). 

Antenna 2 relatively slender, peduncular article 3 short; article 4 at dorsal 

margin with one median spine and short seta, distoventral tip with 2 long setae, 

dorsal distal tip with one short seta (fig. 1D); article 5 more slender and shorter 

than article 4 (ratio: 54:65), with single short marginal and distal setae. Flagellum 

longer than last peduncular article, consisting of 6 stronger articles provided with 

several short distal setae each. Antennal gland cone short (fig. 1D). 

Mouthparts basic. Labrum slightly broader than long, convex distally (fig. 

5A). Labium broader than long, outer lobes subrounded distally, inner lobes small 

but well developed (fig. 3A). 

Mandible with triturative molar. Left mandible: incisor with 5 teeth, lacinia 

mobilis with 4 teeth and 3 rakers (fig. 3B). Right mandible: incisor with 4 teeth, 

lacinia mobilis bifurcate and serrate, accompanied by 3 rakers (fig. 3C). Palpus 

mandibulae with 3 articles: first article short, naked; second article with 2 setae; 

third article poorly subfalciform, with 7 D-setae and 5 distal E-setae, on outer 

face with one facial A-seta, B-setae on inner face absent (fig. 3D). 

Maxilla 1: inner plate narrowed, with 2 distal setae; outer plate with 7 

spines [5 spines with 3-5 teeth, inner spine with up to 7 teeth (fig. 4A)]; palpus 

short, 2-articulated, not reaching distal tip of outer plate spines, bearing 3-4 

unequal setae (figs. 4A, B). 

Maxilla 2 longer than broad, inner plate poorly smaller than outer one, both 

plates with distal setae only (fig. 2A). 
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Fig. 5. Niphargus angelieri ariegei, ssp. nov., Cave Tuc d`Audoubert, near Montesquieu--

Avantes, female 3.0 mm: A= labrum; B= pleopod 1-peduncle; C= pleopod 3-peduncle; 

D= uropod 3; E= telson; F= telson, female 2.9 mm; G= Distribution of Niphargus 

angelieri in France: dots= N. angelieri angelieri; triangle= N. angelieri ariegei 
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Maxilliped: inner plate slightly exceeding outer tip of palpus article 1, with 3 

distal spines and 3-4 setae; outer plate long, reaching tip of palpus article 2 only, 

along inner (mesial) margin with nearly 9 strong spines and 3 long distal setae 

(fig. 1E); palpus article 2 at inner (mesial) margin with row of setae; article 3 

with 3 distal and 3-4 distolateral setae, at inner (mesial) margin with 5 setae; 

article 4 nail slightly shorter than pedestal, outer margin with median seta, inner 

margin with one seta near basis of the nail (fig. 1E). 

Coxae relatively short. Coxa 1 broader than long (ratio: 44:37), broadly 

subrounded ventroanterior corner, bearing 3 marginal setae (fig. 2B). Coxa 2 

nearly as long as broad, convex ventral margin with 4 setae (fig. 2E). Coxa 3 

longer than broad (ratio: 58:48), with 3-4 marginal setae (fig. 3E). Coxa 4 broader 

than long (ratio: 59:55), with 2 ventral setae and without ventroposterior lobe 

(fig. 3G). 

Coxae 5-7 shallow. Coxa 5 is shorter than coxa 4, broader than long (ratio: 

55:33), ventroanterior lobe subrounded, not produced (fig. 4C). Coxa 6 smaller 

than 5, broader than long (ratio: 48:28) (fig. 4E). Coxa 7 shorter than 6, entire, 

broader than long (ratio: 44:23), tapering posteriorly (fig. 4G). 

Gnathopods 1-2 relatively small, propodus not larger than corresponding 

coxa. Gnathopod 1 slightly smaller than 2, article 2 with 2 long median setae at 

anterior margin and 3 long median setae at posterior margin (fig. 2B); article 3 

with one posterior seta; article 4 with posterior bunch of setae; article 5 nearly as 

long as propodus, with 2 distoanterior longer setae, at posterior margin with 2 

rows of setae. Propodus trapezoid, hardly longer than broad (ratio: 74:69), 

posterior margin with 2 transverse rows of long setae, anterior margin with 3 

distal setae (fig. 2C). Palm convex, inclined nearly 2/5 of propodus-length, 

defined on outer face by corner S-spine accompanied laterally by 2 serrate L-

spines and one corner facial M-seta (fig. 2D), on inner face by one small 

subcorner R-spine. Dactylus reaching posterior margin of propodus, one median 

seta at outer margin and 3 shorter setae along inner margin (fig. 2C). 

Gnathopod 2: article 2 with 3-4 short anterior marginal setae, posterior 

margin with 3 long median setae and bunch of distoposterior short setae (fig. 2E); 

article 3 with one distoposterior seta; article 4 with several posterior marginal 

short setae. Article 5 nearly as long as propodus, with 2 distoanterior setae, 

posterior margin with numerous long setae (fig. 2E). Propodus trapezoid, longer 

than broad (ratio: 94:81), with 3 distoanterior setae, posterior margin with 4 

transverse rows of long setae (fig. 2F). Palm convex, inclined nearly 1/3 of 

propodus-length, defined on outer face by corner S-spine accompanied laterally 

by 2 serrate L-spines and one corner facial M-seta (fig. 2G), on inner face by one 

subcorner S-spine. Dactylus reaching posterior margin of propodus, one median 

seta at outer margin and 4 short setae at inner margin (fig. 2F). 

Pereopods 3-4 moderately slender. Pereopod 3 rather longer than 4, article 

2 with 3 shorter anterior marginal setae, 2 long median and one short distal seta at 

posterior margin (fig. 3E); article 3 with short distoposterior seta. Articles 4-5 of 

different length (ratio: 53:28:44), along both margins with scarce number of short 



Research of two species of genus Niphargus Schiödte … 

 
51 

setae or spine-like setae; article 6 at posterior margin with row of 4 short setae. 

Dactylus remarkably shorter than article 6 (ratio: 22:44), inner margin with one 

longer strong seta, outer margin with one median plumose seta (fig. 3F); nail 

rather shorter than pedestal (ratio: 43:57).  

Pereopod 4: article 2 anterior margin with 4 short setae, posterior margin 

with 2 median long setae and 3 short setae; article 3 with distoposterior short seta. 

Articles 4-6 of different length (ratio: 45:27:40): articles 4-5 with several single 

short setae at both margins; article 6 at posterior margin with 5 short setae (fig. 

3G). Dactylus shorter than article 6 (ratio: 21:40), one stronger seta at inner 

margin (fig. 3H), outer margin with one median plumose seta; nail shorter than 

pedestal (ratio: 37:45). 

Pereopods 5-7 moderately slender. Pereopod 5 remarkably shorter than 

pereopods 6 and 7, article 2 dilated, longer than broad (ratio: 68:43), slightly 

tapering ventrally, anterior convex margin with 6 strong setae, posterior convex 

margin with 4-5 short setae, ventroposterior lobe developed (fig. 4C). Articles 4-6 

of different length (ratio: 40:42:48); articles 4-5 with single short setae or spine-

like setae at both margins; article 6 anterior margin with 3 groups of short setae 

and distal seta longer than dactylus. Article 2 longer than article 6 (68:48). 

Dactylus much shorter than article 6 (ratio: 15:48), one stronger seta at inner 

margin and one median plumose seta at outer margin (fig. 4D); nail shorter than 

pedestal (ratio: 19:34). 

Pereopod 6: article 2 larger than that of pereopod 5, almost not tapering 

ventrally, longer than broad (ratio: 80:48), anterior convex margin with 4 spine-

like setae, posterior margin almost straight medially, bearing 7-8 short setae, 

ventroposterior lobe shallow (fig. 4E). Articles 4-6 of different length (ratio: 

51:55:72); both margins with single or paired spine-like setae or slender spines. 

Article 2 longer than article 6 (ratio: 80:72). Dactylus shorter than article 6 (ratio: 

19:72), strong seta at inner margin and median plumose seta at outer margin; nail 

shorter than pedestal (ratio: 20:56) (fig. 4F). 

Pereopod 7 longer than pereopod 6, article 2 hardly ovoid, longer than 

broad (ratio: 87:57), anterior convex margin with 4-5 slender spines, posterior 

convex margin with 6 short setae, ventroposterior lobe developed (fig. 4G). 

Articles 4-6 of different length (ratio: 51:59:92), both margins with single or 

paired slender spines up to as long as diameter of articles themselves. Article 2 

shorter than article 6 (ratio: 87:92). Dactylus remarkably shorter than article 6 

(ratio: 30:92), one slender spine-like seta at inner margin and one median 

plumose seta at outer margin (fig. 4H); nail shorter than pedestal (ratio: 31:65). 

Pleopods with 2 retinacula, external rami with 6 articles, internal rami with 

5 articles. Peduncle of pleopod 2 naked, that of pleopods 1 and 3 with one 

proximal posterior seta (fig. 5B, C). 

Uropods 1-3 stout, with relatively short spines. Uropod 1 with 

dorsoexternal and dorsointernal row of spines (fig. 1F). Inner ramus (without 

distal spines) shorter than peduncle, bearing 2 lateral and 5 strong, relatively short 
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distal spines; outer ramus rather shorter than inner one, with one lateral and 4 

distal strong spines (fig. 1F). 

Uropod 2 peduncle with distal spines; inner ramus with 2 lateral and 5 

distal spines; outer ramus remarkably shorter than inner one, with 5 distal spines 

(fig. 1F). 

Uropod 3 short, peduncle rather longer than broad, with 3-4 distal spines; 

inner ramus scale-like, shorter than peduncle, bearing 2 distal spines. Outer ramus 

2-articulated: first article along outer margin with 3 groups of spines, along inner 

(mesial) margin with 4 groups of strong spines  accompanied by one short 

plumose seta (fig. 5D); second article short, not exceeding diameter of first 

article, bearing 3 short distolateral simple setae. 

Telson short, nearly as long as broad, incised nearly 2/3 of telson-length 

(fig. 5E); tapering distally; each lobe with distomesial subrounded tip, and 2 

distal spines sitting at distolateral margin; the longest spines reaching 2/5 of 

telson-length only. A pair of short plumose setae attached medially at outer 

margin of each lobe.  

Gills moderately large, not exceeding distal margin of corresponding 

article 2 (fig. 3E, G). 

Oostegites large, with marginal setae (fig. 3E). 

 

MALE unknown; we suppose that it will be similar to females. 

 

VARIABILITY.  

All ovigerous females up to 3 mm are with setose oostegites (fig. 3E). 

Telson always with distolateral position of 1-2 distal short spines (fig. 5E, F), 

lateral and facial spines absent; a pair of median plumose setae short; inner plate 

of maxilliped with 2-3 distal spines and single setae. Maxilla 1 palpus not 

reaching distal tip of outer plate spines, bearing 3-4 distal setae (fig. 4A, B). 

The juvenile specimens of 2.0 mm show the same main taxonomical 

characters as adult females (uropod 3, shape of telson, maxilliped, maxilla 1, 

etc.). 

 

REMARKS AND AFFINITIES. 

Our specimens from Tuc d` Audoubert are very similar to Niphargus 

angelieri Ruffo 1954 known from several localities of Pyrenees Orientale, in the 

subterranean waters [Le Boulou; Pont du Boulou; Baillaurie (Banyuls sur Mer); 

La Raillere (Amelie-les- Bains] and cave (Grotte des Fées de Leucate)] and we 

suspected that our taxon can be identical with N. angelieri. Unfortunately, there 

are no further taxonomical data of specimens of N. angelieri cited from other 

localities, except those quoted by Ruffo from locus typicus. 

One more detailed analyze of known taxonomic characters, suggested that, 

based on present knowledge of N. angelieri, specimens from Tuc d`Audoubert 

are not identical with ssp. angelieri, but represent a distinct new taxon, N. 

angelieri ariegei, ssp. new. 



Research of two species of genus Niphargus Schiödte … 

 
53 

The subspecies N. angelieri ariegei differs from ssp. angelieri (based of 

figures and description of Ruffo) by:  

- Maxilla 1 palpus 3-4 setae (3 in angelieri); Maxilliped inner plate not 

reaching half of second palpus article 2 (distinctly reaching second palpus article 

in angelieri); outer plate not exceeding tip of palpus article 2 (distinctly 

exceeding in angelieri); nail of article 4 almost reaching pedestal, with long seta 

at inner margin near basis of the nail (shorter in angelieri); 

- Coxa 3 is not broader than long (broader than long in angelieri);  

- Pereopod 7 article 2 more elongated and with longer nail of dactylus;  

- Epimeral plates 2-3 with distinctly pointed ventroposterior corner and 

provided with subventral spines (obtuse, without spines in angelieri);  

- Pleopods with 2 retinacula (undescribed in angelieri); 

- Uropods 1-2: both rami with short distal spines (very long in angelieri); 

Uropod 3: outer margin of outer ramus with 3 bunches of short spines (single 

simple setae only in angelieri); 

- Telson: lobes with distal finger and 1-2 short distolateral spines reaching 

2/5 of telson length (lobes subrounded distally, with 3 slender distal spines (the 

longer spines reaching almost half of telson-length in angelieri); Pair of lateral 

plumose setae of telson-lobes short (one of these plumose setae very long in 

angelieri); 

The sex of described N. angelieri is not mentioned. 

Although some taxonomic differences we can theoretically attributed to the 

size or different sex, the most of them are more stable (mouthparts, telson, 

geographical distance). But we cannot exclude the possibility that our specimens 

can be within the unknown limits of morphological variety of still poorly known 

N. angelieri.  

 

 

NIPHARGUS (NIPHARGUS) PODPECANUS S. Karaman 1952 

Niphargus (Stygoniphargus) stygius podpecanus S. Karaman 1952: 12, pl. 

VI, figs. 24-28; 

Niphargus stygius podpecanus G. Karaman 1972: 6; G. Karaman 1974: 26; 

G. Karaman & Ruffo 1986: 532. 

Niphargus podpecanus Delić et al. 2017: 6; Primate et al. 2021: 3; 

 

LOCUS TYPICUS: Podpeška Jama cave, Slovenia. 

 

LOCALITIES CITED: SLOVENIA: 

S. Karaman, 1952: Podpeška Jama Cave; “Wasserloch”(=swamp) near 

Kočevje; well in Kočevje;  

G. Karaman 1974: loc. typ.; Kočevje; 

Delić et al. 2017: Podpeška jama Cave, Podpeč, Dobrepolje; Slugova jama 

Cave, Golobinjek, Dolenjske toplice; spring near Venska vas village, Kočevje; 

spring near Obrh, Mirtoviči, Osilnica; Krška jama Cave, Gradiček, Krška vas 
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village; Željnske jame Cave, Željne, Kočevje; Črničkova jama Cave, Stavča vas 

village, Žužemberk; Lučka jama Cave, Luče, Grosuplje; Jama v Peklu Cave, 

Rajndol, Kočevje; spring near Obrh, Mirtoviči, Osilnica. 

Premate et al. 2021: Podpeška jama Cave, with N. longiflagellum S. 

Karaman 1950 and N. pachytelson Sket 1960. 

 

REMARKS.  

Niphargus (Niphargus) podpecanus belongs to N. stygius-Complex. N. 

podpecanus from type-locality (Podpeška jama Cave, Slovenia) is rather similar 

to N. stygius (Schiödte 1847) [loc. typ. Postojna Cave, Slovenia] but differs from 

later by various morphological characters (presence of facial spines on telson, 

presence of plumose setae on peduncle of pleopods, gnathopods 1-2, uropod 1 in 

males, etc).S. Karaman (1952) cited this species from several localities: Podpeška 

jama Cave; well in Kočevje; “Wasserloch” (= swamp} near Kočevje. He 

mentioned (1952: 14) that specimens from one of four his samples from 

Podpeška jama Cave were slightly different (more inclined palm of gnathopods, 

rather shorter inner ramus of uropod 1, rather shorter distal article of uropod 3 

outer ramus, slightly more angular epimeral plates, and with weak facial spine on 

telson or absence of this spine), considering that this sample can be maybe rather 

different form between valvasori and podpecanus. S. Karaman proposed the 

possibility that in different parts of the same subterranean water can develop or 

preserve different forms morphologically different.Delić et al. (2017) have split 

Niphargus podpecanus sensu S. Karaman into 3 different species based on 

partially genetic/molecular analyze, without detailed morphological data of 

taxonomical characters and differences. One of them, Niphargus 

gottscheeanensis Delić et al. 2017 [locus typicus: Źeljnske jame Cave] was cited 

also for Podpeška jama Cave, mentioning that there are not morphological 

differences between podpecanus and gottscheeanensis. Unfortunately they have 

not redescribed and drawn neither specimens from Podpeška jama nor these from 

Źeljnske jame Caves, to support this conclusion. 

1. There are no doubt that within the same subterranean waters (cave 

system), the ecological, physical, chemical and other conditions can be rather 

different, what can cause some morphological or partially known 

genetic/molecular differences (or both of them). 

2. Evidently not every established molecular/genetic difference of 

specimens presented in one sample, represent automatically a new species, 

especially when both nominated new species have identical morphological 

characters. 

The similar problem I established in epigean populations of amphipod 

Gammarus balcanicus- Complex in several torrents and rivers (G. Karaman, 

1977: 51), but neither attention nor reaction to this problem was later made.  

Within one water stream in the source zone, some morphological 

characters of G. balcanicus s. l. are different that these in specimens some 
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kilometers far downstreams (in males and females), what will be enough to 

consider the presence of two different species, because there are no transitive 

specimens in contact zone. But, detailed morphological analyze of specimens 

further downstreams show presence of specimens with transitive morphological 

characters between both forms, indicating that they are not species but only 

different forms of the same species (G. Karaman 1977: 51). In some torrents we 

found also 3 different populations of the same species (G. balcanicus s. l.) and 

always with transitive specimens in transitive zone. 

I suppose that the similar situation is within some subterranean populations 

of single Niphargus species also. The recent oversplitting of single known species 

into several distinct “cryptic” new species each, based on molecular/genetic 

differences only, although with identical morphological characters, must be 

reexamined and confirmed through further detailed study of other 

genetic/molecular and morphological data. There are probability that some of 

these “cryptic species” can be various varieties and different forms of one 

species. Are there all numerous new cryptic species reproductively isolated? 

Absence of cited subspecies or transitive populations among so many “nominated 

cryptic species” indicated necessity of reexamination of all these split taxa. 

As N. podpecanus s. str. is only partially described and figured, and split 

taxon N. gottscheeanensis was not described morphologically and figured, we 

described and figured N. gottscheeanensis, to help further study of its 

taxonomical status regarding N. podpecanus and entire N. stygius-Complex. 

 

 

NIPHARGUS (NIPHARGUS) GOTTSCHEEANENSIS Delić et al. 2017 
Figures 6-12 

 

?Niphargus (Stygoniphargus) stygius podpecanus S. Karaman 1952 (part.). 

Niphargus gottscheeanensis Delić et al. 2017: 3, map 1. 

 

MATERIAL EXAMINED: SLOVENIA 

AMD/00337- Źeljnske jame Cave (S. 12), Źeljne, Kočevje, 11.5. 1993, 6 

exp. intermixed with Synurella ambulans ambulans (F. Müller 1846) and 

Niphargus longiflagellum S. Kar. 1950 (leg. F. Gasparo); 

AMD/00477- Kompoljska jama Cave (S. 25), Kompolje, Videm, 

11.7.1993, several exp. (leg. J. Broder, F. Gasparo, F. Stoch). 

 

LOCUS TYPICUS: Źeljnske jame Cave, Źeljne, Kočevje. 

 

DIAGNOSIS 

Large species, up to 21 mm long, metasomal segments with several 

dorsomarginal setae only; urosomal segment 1 with dorsolateral setae, urosomal 

segment 2 with dorsolateral spines; urosomal segment 3 naked; epimeral plates 

quadrate, with weakly angular ventroposterior corner and straight or slightly 
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convex posterior margin. Head with short lateral cephalic lobes, antennae 1-2 

slender, antenna 1 peduncular articles 1-3 progressively shorter, flagellum long, 

accessory flagellum 2-articulate. Antenna 2 slender, peduncular article 5 shorter 

than 4, flagellum much longer than last peduncular article.  

Mandibular palpus article 1 naked, article 2 with numerous setae, article 3 

as long as 2, with numerous D, E, A and B setae. Maxilla 1 inner plate with 

several setae, outer plate with mainly one-toothed distal spines, palpus relatively 

short. Maxilliped inner and outer plate short, inner plate with 4 spines. Coxae 

short, coxa 1 subrounded ventroanterior corner; coxa 4 without distinct 

ventroposterior lobe. Gnathopods 1-2 nearly as large as corresponding coxae, 

with trapezoid propodus remarkably inclined, L-spines sitting laterally of S-spine, 

inner face with one R-spine; dactylus with numerous outer marginal setae. 

Pereopods 3-7 dactylus with one spine at inner margin, article 2 of 

pereopods 5-7 narrowed, without ventroposterior lobe. Pleopods with 2 

retinacula, peduncles with additional plumose setae. Uropod 1 peduncle with 

dorsointernal row of setae, inner ramus in males remarkably longer than outer 

one. Uropod 3 elongated in males, second article long. Telson gaping, with distal, 

lateral and facial spines. Sexual dimorphic characters present (uropod 1, uropod 

3). 

 

DESCRIPTION (Źeljnske jame Cave).  MALE 20.0 mm. 

Body moderately slender, metasomal segments 1-3 with 4-5 dorsoposterior 

marginal setae each (fig. 9B); urosomal segment 1 with one seta on each 

dorsolateral side; urosomal segment 2 on each dorsolateral side with 2 spines and 

1 seta, urosomal segment 3 naked (fig. 9D). Urosomal segment 1 near basis of 

uropod 1-peduncle with one bunch of 2 ventroposterior spine-like setae (fig. 9D). 

Epimeral plates 1-3 quadrate, with marked ventroposterior corner and with 

convex posterior margin; plates 2-3 with 2-4 subventral spines.(fig. 9B). 

Head: dorsal margin poorly convex in lateral projection, lateral cephalic 

lobes short and subrounded, eyes absent. 

Antenna 1 reaching almost half of the body; peduncular articles 1-3 

progressively shorter (ratio: 84:61:27), article 3 not reaching half of article 2; 

main flagellum consisting of 32 articles (most of them with one short aesthetasc) 

(fig. 6B); accessory flagellum short, 2-articulated (fig. 6B). 

Antenna 2 moderately slender, peduncular article 5 distinctly shorter than 4 

(ratio: 60:70), both articles with 4 ventral bunches of setae shorter or longer than 

diameter of articles themselves; flagellum slender, poorly setose, consisting of 17 

articles; antennal gland cone short (fig. 6C). 

Mouthparts: Labrum broader than long, convex distally (fig. 6A); labium 

broader than long, inner lobes short, outer lobes subrounded (fig. 10A).  

Left mandible: incisor with 5 teeth, lacinia mobilis with 4 teeth, 

accompanied by 16 rakers (fig. 10B). Right mandible: incisor with 4 teeth, lacinia 

mobilis bifurcate, serrate, accompanied by 10 rakers (fig. 10C). Palpus 

mandibular article 1 naked; article 2 as long as article 3, bearing 15+3 setae; 
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article 3 with 33 D and 8 E setae (fig. 10D), on outer face with one group of 13 

A-setae (fig. 10E), on inner face 4 groups of B setae (4-3-2-1) (fig. 10D); C-setae 

absent. 

Maxilla 1: inner plate with 4 setae, outer plate with 7 spines (6 spines with 

1 tooth, one spine with 3 teeth) (fig. 10F), palpus 2-articulated, short, not 

reaching tip of outer plate-spines, provided with 13-14 setae (fig. 10F, G). 

Maxilla 2 inner plate slightly shorter than outer one, both with distal setae 

only (fig. 10H). Maxilliped: inner plate short, not reaching outer tip of first palpus 

article provided with 3-4 spines, outer plate nearly reaching half of second palpus 

article, with row of nearly 12 mesial pointed spines (fig. 9A), palpus article 3 

with 2 outer marginal bunches of setae; article 4 at outer margin with 2 median 

setae, at inner margin with one seta near basis of the nail, nail shorter than 

pedestal.  

Coxa 1 broader than long (ratio: 43:35), with narrowly subrounded 

ventroanterior corner (fig. 7A), bearing nearly 13 short marginal setae; coxa 2 

hardly longer than broad (ratio: 45:42), with nearly 15 short marginal setae (fig. 

7D); coxa 3 hardly longer than broad (ratio: 48:45), with nearly 12 short marginal 

setae (fig. 6D). Coxa 4 nearly as long as broad, with 12 short marginal setae (fig. 

6F); ventroposterior lobe absent. Coxa 5 shorter than coxa 4, much shorter than 

broad (ratio: 54:33), with single marginal short setae, anterior lobe subrounded, 

short (fig. 8A); coxa 6 much broader than long (ratio: 45:30), with single short 

marginal setae (fig. 8C). Coxa 7 entire, broader than long (ratio: 42:20), with one 

short marginal seta (fig. 8E). 

Gnathopods 1-2 moderately large, with propodus not larger than 

corresponding coxa (fig. 7A, D). Gnathopod 1 slightly smaller than 2, article 2 

with numerous long setae along anterior and posterior margin; article 3 with 

distoposterior bunch of setae; article 5 shorter than propodus (ratio: 30:40), with 2 

distoanterior bunches of setae and numerous posterior marginal setae (fig. 7A). 

Propodus trapezoid, slightly longer than broad (ratio: 90:81), with 10 transverse 

rows of posterior setae (fig. 7B); palm inclined slightly over half of posterior 

length, defined on outer face by one corner S-spine accompanied laterally by 3-4 

slender toothed L-spines and 7 facial corner M-setae, on inner face by 1 short 

subcorner R-spine (fig. 7C); dactylus with row of setae along outer margin (1-2-

2-1-1-1-1-1-1-1-2-1-2-1 or 1-1-2-1-1-1-1-1-1-2-1-1-2-1) and short setae at inner 

margin (fig. 7B). 

Gnathopod 2: article 2 with row of numerous long setae at anterior and 

posterior margin; article 3 with distoposterior bunch of setae; article 5 nearly as 

long as propodus, with 2 distoanterior bunches of setae and numerous posterior 

marginal setae (fig. 7D). Propodus trapezoid, broader than long (ratio: 95:90), at 

posterior margin with 14 transverse rows of setae (fig. 7E); palm slightly convex, 

inclined hardly over half of propodus-length, defined on outer face by corner S-

spine accompanied laterally by 3 slender L-spines and 6-7 corner facial M-setae 

(fig. 7F). Dactylus reaching posterior margin of propodus, along outer margin 
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with row of setae (1-2-1-1-1-1-2-2-1-2-1-1-1-2, or 2-1-1-2-3-3-2-2-2-1-3), and 

very short setae at inner margin (fig. 7E). 

Pereopods 3-4 moderately slender. Pereopod 3 article 2 with 

proximoanterior and proximoposterior marginal long setae, distoanterior and 

distoposterior marginal setae are shorter (fig. 6D). Articles 4-6 of different length 

(ratio: 50:32:39); article 4 with 4 bunches of posterior marginal setae (the longest 

setae slightly exceeding width of article itself) and 4 groups of short anterior 

marginal setae; article 5 with 5 groups of short spines and single short setae; 

article 6 along posterior margin with 5 bunches of short spines or setae. Dactylus  

much shorter than article 6 (ratio: 17:39), at inner margin with one short spine, at 

outer margin with one median seta; nail nearly as long as pedestal (fig. 6E). 

Pereopod 4 rather similar to pereopod 3 but hardly shorter, and hardly 

shorter setae (fig. 6F). Articles 4-6 of different length (ratio: 45:32:36); dactylus 

much shorter than article 6 (ratio: 16:37), at inner margin with one short spine, at 

outer margin with one median seta; nail nearly as long as pedestal (fig. 6G). 

Pereopods 5-7 moderately slender, scarcely spinose. Pereopod 5 

remarkably shorter than pereopods 6 and 7; article 2 longer than broad (ratio: 

58:33), anterior slightly convex margin with 5-6 groups of short spine-like setae, 

posterior margin hardly concave in the middle, provided with nearly 14 short 

setae, ventroposterior lobe absent (fig. 8A). Articles 4-6 of different length (ratio: 

38:42:42), at both margins with short spines and setae. Article 2 longer than 

article 6 (ratio: 58:38). Dactylus much shorter than article 6 (ratio: 13:42), at 

inner margin with one small spine (fig. 8B), at outer margin with one median 

seta; nail as long as pedestal. 

Pereopod 6: article 2 remarkably longer than broad (ratio: 77:37), anterior 

slightly convex margin with 8 groups of short setae, posterior margin straight in 

the middle, bearing nearly 17 short setae, ventroposterior lobe not developed (fig. 

8C). Articles 4-6 of different length (ratio: 49:61:68); articles 4 anterior margin 

with several single or pairs of short setae and distal short spine, posterior margin 

with 4 groups of short spines; articles 5-6 at both margins with groups of spines 

and setae much shorter than width of articles themselves. Article 6 slightly 

shorter than article 2 (ratio: 77:68). Dactylus much shorter than article 6 (ratio: 

21:68), with one short spine at inner margin and one median seta at outer margin 

(fig. 8D); nail shorter than pedestal (ratio: 37:48).  

Pereopod 7: article 2 much longer than broad (ratio: 76:39), anterior 

margin almost straight, with 7 groups of short spine-like setae, posterior almost 

straight margin with nearly 14 short setae replaced with several short spines (fig. 

8E), ventroposterior lobe absent. Articles 4-6 of different length (ratio: 55:57:61) 

at both margins with groups of short spins and /or short setae (fig. 8E). Article 6 

shorter than article 2 (ratio: 76:61), dactylus much shorter than article 6 (ratio: 

18:61), with one short spine at inner margin and 2 median plumose setae at outer 

margin (fig. 8F), nail shorter than pedestal (ratio: 38:47) [my impression is that 

figured pereopod 7 is with partially regenerated some distal articles]. 
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Fig. 6. Niphargus (Niphargus) gottscheeanensis Delić et al. 2017, Źeljnske jame 

Cave, Kočevje, male 20.0 mm: A= labrum; B= antenna 1; C= antenna 2; D-E= 

pereopod 3; F-G= pereopod 4. 
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Fig. 7. Niphargus (Niphargus) gottscheeanensis Delić et al. 2017, Źeljnske jame Cave, 

Kočevje, male 20.0 mm: A-B= gnathopod 1; outer face; C= distal corner of gnathopod 1-

propodus, inner face [S= corner S-spine; L= lateral L-spines; M= corner facial M-seta; R= 

subcorner R-spine, inner face]; D-E= gnathopod 2; outer face; F= distal corner of 

gnathopod 2-propodus, inner face [S= corner S-spine; L= lateral L-spines; M= corner 

facial M-seta; R= subcorner R-spine, inner face]. 
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Fig. 8. Niphargus (Niphargus)“gottscheeanensis Delić et al. 2017, Źeljnske jame 

Cave, Kočevje, male 20.0 mm: A-B= pereopod 5; C-D= pereopod 6; E-F= 

pereopod 7; G= telson. 
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Fig. 9. Niphargus (Niphargus) gottscheeanensis Delić et al. 2017, Źeljnske jame 

Cave, Kočevje, male 20.0 mm: A= maxilliped. B= epimeral plates 1-3; C= 

retinacula; D= urosome with uropods 1-2; E= uropod 3. 
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Pleopods with 2 retinacula. Peduncle of pleopod 1 with 5 anterior simple 

setae sitting in the middle of anterior face of peduncle (fig. 9 I). Peduncle of 

pleopod 2 with 1 distoanterior median simple seta and 4 outer facial plumose 

setae (fig. 10J). Peduncle of pleopod 3 at posterior margin with 4-5 simple setae 

and 9-11 outer facial plumose setae (fig. 10K). 

Uropod 1: peduncle relatively long, with dorsoexternal row of spines and 

dorsointernal row of setae; inner ramus elongated but shorter than peduncle, outer 

(dorsal) margin with row of several slender short spines and distal bunch of 5 

short spines, as well as with 2-3 subdistal groups of short simple setae (fig. 9D); 

outer ramus exceeding half of inner ramus, with several lateral and 5 distal short 

spines as well as with 3-4 groups of short simple setae. 

Uropod 2: peduncle with dorsal row of spines; inner ramus distinctly 

longer than outer one, both rami with short lateral and 5 distal short spines.(fig. 

9D). 

Uropod 3 long; peduncle longer than broad; with lateral and distal short 

spines; inner ramus shorter than peduncle, with single lateral and distal spines; 

outer ramus long, 2-articulated, first article at outer margin with 5 bunches of 

short spines (fig. 9E), at inner (mesial) margin with several groups of short spines 

mixed with single plumose setae; second article shorter than first one (ratio: 

62:130), with bunches of short simple setae at margins and tip. Telson slightly 

broader than long, gaping; each lobe with row of 5 distal and outer and inner 

marginal spines, as well as with one facial spine accompanied by 1-2 short setae; 

a pair of short plumose setae appears near the outer middle of each lobe (fig. 8G). 

Coxal gills on gnathopod 2 and pereopods 3-4 large (figs. 6D,E; 7D), these 

of pereopods 5-6 smaller (fig. 8A, C). 

 

FEMALE 18 mm with setose oostegites: Mainly likes the male; 

metasomal segments 1-3 with 4 dorsoposterior marginal setae each (fig. 11E). 

Urosomal segment 1 with one seta on each dorsolateral side; urosomal segment 2 

with 3 spines and one seta on each dorsolateral side, urosomal segment 3 naked 

(fig. 12G). Urosomal segment 1 with one group of 3 ventroposterior spine-like 

setae near basis of peduncle of uropod 1 (fig. 12G). 

Epimeral plates 1-2 quadrate, with slightly convex posterior margin 

bearing nearly 5 short setae and poorly marked ventroposterior corner (fig. 11E). 

Epimeral plate 3 quadrate, with almost straight inclined posterior margin with 

nearly 10 short setae and well marked ventroposterior corner; epimeral plate 2 

with 3, and epimeral plate 3 with 4 subventral spines.  Antenna 1 poorly 

exceeding half of body, main flagellum with 29 articles; flagellum of antenna 2 

with 12 articles. 

Mouthparts like these in male. Mandibular palpus article 2 with 15 setae, 

article 3 with nearly 30 D-setae, 10 A setae, 10 B setae (2-3-3-1-1) and 7 E setae.  

Maxilla 1 inner plate with 5 setae, outer plate with 7 spines [6 spins with 

one tooth, 1 spine with 3 teeth), palpus short, with 11 setae. Maxilliped like that 

in male. 
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Fig. 10. Niphargus (Niphargus) gottscheeanensis Delić et al. 2017, Źeljnske jame Cave, 

Kočevje, male 20.0 mm: A= labium; B= left incisor with lacinia mobilis and rakers; C= 

right incisor with lacinia mobilis and rakers; D= mandibular palpus inner face; E= distal 

article of mandibular palpus, outer face; F-G= maxilla 1; H= maxilla 2; I= pleopod 1-

peduncle; J= pleopod 2-peduncle; K= pleopod 3-peduncle. 
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Coxae 1-4 are slightly longer than these in males. Coxa 1 hardly longer 

than broad (ratio: 37:35), with narrowly subrounded ventroanterior corner and 

provided with nearly 17 short setae (fig. 11A); coxa 2 slightly longer than broad 

(ratio: 47:40), with nearly 15 marginal setae (fig. 11B); coxa 3 longer than broad 

(ratio: 52:40), with nearly 12 marginal setae (fig. 11C); coxa 4 longer than broad 

(ratio: 50:45), with nearly 11 marginal setae, ventroposterior lobe absent (fig. 

11D). 

Coxae 5-7 like these in male. Coxa 7 with one posterior marginal seta (fig. 

12A). Gnathopod 1 articles 2-5 like these in male. Propodus trapezoid, slightly 

longer than broad (ratio: 80:72), at posterior margin with 8 transverse rows of 

setae, at anterior margin with 2 lateral and one distal bunch of setae (fig. 11F); 

palm slightly convex, inclined rather over half of propodus-length, defined on 

outer face by corner S-spine accompanied laterally by 4 L-spines and 7 corner 

facial M-setae; on inner face by one subcorner R-spine (fig. 11G). Dactylus 

reaching posterior margin of propodus, at outer margin with row of single or 

paired setae (1-2-1-2-1-1-2-1-1-1-2), at inner margin with row of very short setae 

(fig. 11F). 

Gnathopod 2: articles 2-5 like these in male. Propodus trapezoid, less 

inclined than that in male, rather broader than long (ratio: 95:82), along posterior 

margin with 12 transverse rows of setae, at anterior margin with 2 lateral and one 

distal bunch of setae (fig. 11H). Palm slightly convex, inclined nearly half of 

propodus-length, defined on outer face by corner S-spine accompanied laterally 

by 3 slender L-spines and corner facial 6 M-setae, on inner face by one subcorner 

R-spine. Dactylus reaching posterior margin of propodus, at outer margin with 

row of setae (1-1-3-2-2-3-2-2-1-1-2), at inner margin with row of very short setae 

(fig. 11H). 

Pereopods 3-4 like these in male. Pereopod 3 article 2 with numerous long 

anterior and posterior marginal setae (the longest setae exceeding diameter of 

article itself); article 3 with distoposterior bunch of setae exceeding length of 

article 3. Articles 4-6 of different length (ratio: 50:30:40), with pilosity like that 

in these of male. Dactylus much shorter than propodus (ratio: 22:42), with small 

spine at inner margin and one median plumose seta at outer margin, nail almost as 

long as pedestal. 

Pereopod 4 like pereopod 3 with scarcely shorter various setae.  

Pereopods 5-6 like these in male. Pereopod 7 as long as pereopod 6, with 

article 2 longer than broad (ratio: 88:43), anterior poorly convex margin with row 

of short spines mixed with single short setae, posterior slightly convex margin 

with nearly 15 short setae (some setae are replaced with short spines (fig. 12A), 

ventroposterior lobe absent. Articles 4-6 of different length (ratio: 43:65:80), 

along both margins with several bunches of short spines mixed often with single 

short setae (fig. 12B). Article 2 is longer than article 6 (ratio: 88:80). Dactylus 

much shorter than article 5 (ratio: 25:80), at inner margin with one weak spine 

near basis of the nail, at outer margin with 2 single plumose setae (fig. 12C), nail 

slightly shorter than pedestal (ratio: 33:45). 
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Fig. 11. Niphargus (Niphargus) gottscheeanensis Delić et al. 2017, Źeljnske jame Cave, 

Kočevje, female 18.0 mm: A= coxa 1; B= coxa 2; C= coxa 3; D= coxa 4; E= epimeral 

plates 1-3; F= gnathopod 1-propodus, outer face; G= distal corner of gnathopod 1-

propodus, outer face [S= corner S-spine; L= lateral L-spines; R= subcorner R-spine, inner 

face]. 
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Fig. 12. Niphargus (Niphargus) gottscheeanensis Delić et al. 2017, Źeljnske jame 

Cave, Kočevje, female 18.0 mm: A-B-C== pereopod 7; D= pleopod 1-peduncle; 

E= pleopod 2-peduncle; F= pleopod 3-peduncle; G= urosome with uropods 1-2; 

H= uropod 3. 
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Pleopods 1-3 with 2 retinacula. Peduncle of pleopod 1 with 6 simple setae 

in the middle of anterior face of peduncle (fig. 12D); peduncle of pleopod 2 with 

3 anterior simple setae and one outer facial plumose seta (fig. 12E). Peduncle of 

pleopod 3 with 2 4 posterior marginal simple setae and with 5-6 outer facial 

plumose setae.(fig. 12F). 

Uropod 1: peduncle with dorsoexternal row of spines and dorsointernal 

row of setae (fig. 12G); inner ramus shorter than peduncle, with single lateral and 

5 distal short spines, as well as with one bunch of short subdistal simple setae; 

outer ramus only slightly shorter than inner one, with 3 lateral spines and distal 

bunch of 4 spines, as well as with 3 lateral bunches of simple setae  

Uropod 2: inner ramus slightly longer than outer one, both rami with lateral 

and distal short spines (fig. 12G). 

Uropod 3: peduncle longer than broad, with one lateral and 2-3 distal 

spines; inner ramus scale-like, much shorter than peduncle with distal spine and 

plumose seta; outer ramus 2-articulated, elongated, first article along inner and 

outer margin with row of nearly 7 groups of short spines, at inner margin mixed 

with single very short plumose setae (fig. 12H); second article shorter than first 

one (ratio: 57:160), with short lateral single setae and distal bunch of rather 

longer simple setae. 

Telson slightly broader than long, gaping; incised almost 2/3 of telson-

length; each lobe with 5-6 distal and 1-2 outer and inner marginal spines, as well 

as 1-2 facial spines; a pair of short plumose setae attached medially at outer 

lateral margin of each lobe (fig. 11 I). 

Coxal gills like these in male. Oostegites broad, occur on mesosomal 

segments 2-5.  

 

VARIABILITY.  

Number of outer marginal setae on dactylus in gnathopods 1-2 rather 

variable; inner plate of maxilla 1 with 4-5 setae, palpus with 11-14 setae. 

Dactylus of pereopod 7 with 1-2 median setae at outer margin; article 6 of 

pereopod 7 usually as long as that in pereopod 6, seldom shorter (regeneration?). 

Urosomal segment 1 at ventroposterior corner usually with one spine, seldom 

replaced with 2-3 spine-like setae. Telson always with distal, lateral and facial 

spines. The number of plumose setae on peduncle of pleopods is rather variable 

but present. 

 

KOMPOLJSKA jama Cave (male 15 mm, female 20 mm: mainly agree 

with specimens of Źeljnske jame Cave, but also with these of Podpeška jama 

Cave: narrowed article 2 of pereopods 5-7 with posterior marginal setae 

sometimes replaced by single small spine; peduncle of pleopod 1 with 3-5 

anterior setae, that of pleopod 2 with 1-4 anterior seta; peduncle of pleopod 3 

with 3 posterior simple setae and 3-5 facial plumose setae. 

Maxilla 1 inner plate 3-4 setae, palpus short, with 11-13 setae, gnathopods 

1-2 propodus with one S-spine, 3 slender L- spines,  5-6 facial M-setae and one 
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subcorner R-spine. In males uropod 1 outer ramus reaching 2/3 of inner one 

(male 15 mm); uropod 2 inner ramus only slightly longer than outer one; one 

ventroposterior spine on urosomal segment 1 near basis of uropod 1-peduncle. 

In females uropod 1 outer ramus reaching 5/6 of inner ramus, uropod 2 

outer ramus reaching 4/5 of inner one. Uropod 3 in male of 15 mm outer ramus 

second article reaching 3/5 of first one, in females reaching 1/2 to 1/4 of first 

article. 

Epimeral plate 3 angular or hardly acute; epimeral plates 1-2 with less 

convex posterior margin. Dactylus of pereopods 5-7 strong, with one slender 

spine at inner margin. Telson lobes with one facial spine, 3-4 distal and 0-2 inner 

and/or outer marginal spines. 

 

LOCALITIES CITED : SLOVENIA: 

Delić et al. 2017: Podpeška jama Cave, Podpeč, Dobrepolje; Spring SW 

from Sušje, Ribnica; Cave in quarry, Vinica, Črnomelj; Židovske kuće, Budinjak, 

Žumberak; Željnske jame Cave, Željne, Kočevje; springs NW of Kočevska reka 

River; Kočevska reka near Kočevje; spring near Obvrh, Mirtoviči, Osilnica; 

?Kompoljska jama Cave, Slovenia (new). 

 

REMAKS AND AFFINITIES. 

The splitting N. podpecanus into three different species, (but without 

analyze of its morphological characters), the absence of different known 

morphological characters between N. podpecanus and N. gottscheeanensis and 

finding both taxa in the same locality (Podpeška jama Cave; Źeljnske jame Cave; 

spring near Obrh); request further studies and confirmation of its taxonomical 

status. 
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CRITICAL SUCCESS FACTORS OF SMALL AND MEDIUM 

ENTERPRISES IN FORESTRY AND WOOD INDUSTRY IN THE 

JUŽNOKUČAJSKO FOREST REGION 

 

SUMMARY  

Contractors for forest services play an important role in the forestry sector 

and, nowadays, are a common model of performing activities in forests. In 

addition, they represent a link between forest owners and enterprises within the 

wood industry. This research aims to study the characteristics of small and 

medium enterprises (SMEs) in the forestry and wood industry and the 

organization of their business processes in the Južnokučajsko forest region 

(JKFR), as internal critical success factors. JKFR was chosen because it has a 

high forest cover, a large share of privately owned forests, and the largest 

primary wood processing company in East Serbia is located within the region and 

developed furniture industry. Data were collected by conducting surveys with 43 

representatives of SMEs from the forestry, primary and final wood processing 

sectors, which operate on the territory of JKFR. The following internal critical 

success factors are analysed: characteristics of the enterprises and organization of 

business processes. The results show that most of the forestry and wood industry 

enterprises were established after 2000. All enterprises from the forestry and 

primary wood processing sector belong to the category of micro-enterprises, 

while 14% of final wood processing enterprises belong to the category of small, 

and the rest to micro-enterprises. The largest number of SMEs in forestry 

(77.8%) perform activities in state forests, and 66.7% in private forests. Around 

½ SMEs in forestry perform work without long-term contracts with other 

enterprises. However, most (88.9%) of these enterprises perform forest work 

independently (using their own machinery). Primary wood processing enterprises 

most often procure raw materials from private forest owners (77.8%), and final 
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wood processing enterprises from sawmills (78.6%). Most wood industry 

enterprises have their own processing facilities, while others perform processing 

in cooperation with other enterprises. The most frequent buyers of products from 

primary processing enterprises are individuals, while most (78.6%) of final wood 

processing enterprises sell products through retail. 

Keywords: small and medium enterprises, forestry, wood industry, 

business processes, critical success factors, Južnokučajsko forest region 

 

INTRODUCTION 

The entire business of an organizational system (e.g. enterprise) is done 

through business processes (Janićijević et al., 2019). They represent “…a set of 

related activities and decisions, which are carried out to achieve a measurable 

goal of the organization, last a certain time and consume some input resources, 

turning them into specific products or services relevant to the customer or user” 

(Brumec, 2011). Basic operational business processes (procurement, processing / 

production, selling) occur in manufacturing enterprises. Procurement is an 

operational business process procuring raw materials for further processing 

and/or selling. Production/processing is an operational business process within 

which the raw material is processed into a final or semi-finished product or 

simply packaged and sold on domestic and international markets. Selling is a 

business process which includes the sale and delivery of products to customers. 

This includes all business activities that organizations carry out to sell goods or 

services (Nonić, 2015, Nedeljković, 2021). Service companies, “…which include 

specialized service companies in forestry, have a specifically organized business, 

in which such business processes cannot be clearly distinguished” (Nedeljković, 

2021). 

SMEs in the forest sector have their own specifics. Some specifics are 

partly opposed to the theory of creating new forms of enterprise. While other 

specifics are recognized as imitations of natural ecosystems, which Moore (1988) 

called "business ecosystem". The theoretical aspects of creating new forms of 

enterprise assume that managers calibrate the mindset to "more and more", not 

caring about the resource (Moore, 1998). It is in contrast to forestry where 

moderation and sustainability of resources is the leading concept. Another aspect 

is the mimicry of new forms of enterprise in a form of imitation of natural 

ecosystems. These business ecosystems are also called economic communes aims 

to unite "… customers, suppliers, lead producers, and other stakeholders - 

interacting with one another to produce goods and services" (Moore, 1998). 

These theoretical aproaches led to stattement that small and medium enterprises 

(SMEs) must create their own bussines ecosystem to attract suppliers, partners 

and financial capital to cooperative networks (Moore, 1993). All of 

abovemention approaches lead SMEs to successful business. 

Successful businesses are considered those that evolve rapidly and 

effectively. They must be able to attract resources of all sorts, drawing in capital, 

partners, suppliers, and customers to create cooperative networks. For a better 
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understanding of the work of a successful company, it has to be viewed not as a 

member of a single industry but as part of a business ecosystem that crosses a 

variety of industries (Moore, 1993). Business ecosystems are composed of 

different subjects (e.g. customers, suppliers, lead producers and other 

stakeholders) interacting with each another to produce goods and services 

(Moore, 1998). Business ecosystem “…gradually moves from a random 

collection of elements to a more structured community” (Moore, 1993) where 

SMEs have an important role working as an external associate of the large 

companies (Simić et al., 2020).  

In forestry, large companies usually hire external associates (small and 

medium service enterprises) to perform silvicultural and harvesting works, 

transport raw material, construction and maintenance of forest roads, etc. In this 

way, production costs are reduced, and it is possible to perform better work due 

to the specialization of SMEs (Eriksson et al., 2015). Nowadays, contractors for 

forestry services are a common model of performing works in forestry 

(Nedeljković, 2021). In some countries (e.g. Finland), these companies have a 

long tradition. On the other hand, in the countries of Eastern and Southeastern 

Europe, contractors for forestry services are a relatively new entity in the forestry 

sector, whose development is “…closely related to mechanization of logging and 

transport of raw material in era of transition to a market economy” (Šporčić & 

Martinić, 2004). Previous research indicates that in countries across Europe, such 

as Sweden, Finland, Germany and Slovakia, contractors for forestry services are 

most often small businesses, or, in most cases, micro-enterprises that rarely have 

more than one employee (Štěrbova & Kovalčik, 2020). 

In Serbia, public enterprise (PE) “Srbijašume” performed forest 

harvesting activities, until 1995, mostly by own workforce, In the period 1996-

2002, production of wood assortments by own workforce participated with 21.7% 

to 30.0% in the total amount of produced wood assortments. After that, the share 

of production of wood assortments by own workforce decreased, and in 2020 it 

amounted to only 3.9% of the total amount of produced wood assortments. On 

the other hand, in 2020, service companies participated with 72.8%, and standing 

timber sale (self-processing) with 23.2% of the total amount of produced 

assortments (Aleksić, 2021). 

The process of restructuring the PE “Srbijašume”, which began in 2001, 

aimed, among other things, at reducing labour costs (due to the excessive number 

of employees) and costs associated with the purchase and maintenance of its own 

machinery. In that period, workers were offered to “…take over part of the 

mechanization, and, eventually, become business partners of the PE in the 

harvesting and similar activities”, which “…led to the formation of a number of 

service oriented SMEs” (Nonić, 2015). According to the available data, the PE 

“Srbijašume”, through a tender, contracts about 500 service enterprises, which 

perform cutting, production, extraction and transportation of wood assortments, 

as well as more than 40 companies, which perform silvicultural works (PE 

“Srbijašume”, 2021). 
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Contractors for forestry services have an impact on ensuring a better 

living standard for Serbian citizens, especially those from rural areas (Ranković 

et al., 2012). In addition, there are more than 3,700 wood processing enterprises 

in Serbia, with more than 52,000 employees. Of the total number of these 

enterprises, 49% are sawmills, which participate with almost 20% in the total 

exports of the wood industry sector. It should be noted that “…more than 90% of 

enterprises in the wood processing and furniture industry are privately owned, 

and they are located mainly in the central parts of Serbia”. The wood industry 

sector participates with 1.4% in the gross domestic product of Serbia, while the 

share of the wood industry in total exports is about 7.5%, “…with a positive 

growth trend in recent years” and amounts to €1.2 billion (DAS, 2021). 

 
FACTORS AFFECTING SMES BUSINESS 

Critical success factors are defined as “…those characteristics, 

conditions, or variables that when properly sustained, maintained, or managed 

can have a significant impact on the success of a firm competing in a particular 

industry” (Leidecker, Bruno, 1984), i.e. “… those key areas that ensure 

successful competitive performance for the organization” (Duarte Alonso & Kok, 

2021).  

Previous research has point out that “…only some specific factors are 

critical to the success of SMEs and should be the “focal point” of the SMEs 

efforts as long as they are consistent with their nature as small economic entities 

competing with big companies in small markets” (Alfoqahaa, 2018). Also, critical 

success factors are defined by the type of industry, the business environment in 

which the small and medium enterprise (SME) operates and customer 

requirements (Simpson et al., 2012). In the literature, critical success factors are 

most often grouped into two parts: external (environmental factors) and internal 

(company factors) (Simpson et al., 2012, Alfoqahaa, 2018, Prasad et al., 2020, 

Duarte Alonso & Kok, 2021). External factors include: institutional framework 

(Government), market and society requirements, customer requirements, access 

to financial and technological resources and information, business environment, 

etc. Internal factors include: company characteristics, technological equipment 

and investments in technologies and resources, organizational structure, 

organizational culture, commitment and support of top management, number of 

employees and their training (education), business processes, business plan, 

products and services, cooperation, etc. (Chittithaworn et al., 2011; Alfoqahaa, 

2018; Prasad et al., 2020). 

In the forestry sector, critical success factors for SMEs were defined by 

Sanchez Badini et al. (2018). According to these authors, the business of SMEs in 

forestry is influenced by two groups of factors, external and internal. External 

factors are: macroeconomic environment, regulatory frameworks, forest law 

enforcement, tenure security and clarity, devolved management and land use 

planning rights, markets, natural capital. Internal factors are: financial capital, 
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forest management capacities, business management capacities, organizational 

capacities, clustering (Sanchez Badini et al., 2018). 

For the purposes of this paper, an analytical framework (Scheme 1) is 

defined. This framework identifies the elements needed for the analysis of 

internal critical success factors, which include the characteristics of SMEs and 

the organization of business processes in SMEs in forestry and wood industry. 

 
Scheme 1. Analytical framework 

 

The analytical framework combines the characteristics of SMEs and the 

organization of business processes in SMEs in forestry and wood industry. 

Within the characteristics of SMEs, the following factors were observed:  

-time of SME’s foundation; 

-core business; 

-employee characteristics 

Special attention is paid to the time of SME’s foundation as an indicator 

of the decentralization process of PE “Srbijašume”, as well as the core business 

of the enterprise, because it is assumed that most SMEs belong to service 

companies.  

The following factors were considered within the organization of 

business processes:  

-organization of the works within SMEs in forestry;  

- procurement organization; 

- processing organization;  

- selling organization.  

With the analytical framework created in this way, the paper aims to 

study the characteristics of SMEs in the forestry and wood industry and the 
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organization of their business processes in the Južnokučajsko forest region 

(JKFR), as internal critical success factors. The purpose of the research is to 

define the basis for further study of the possibilities of improving the internal 

critical success factors of SMEs in the forestry and wood industry in the selected 

forest region (FR). The subject of the research is the attitudes of SME 

representatives in the forestry and wood industry, registered in the municipalities 

located in the territory of JKFR, towards the characteristics of SMEs and 

organization of their business processes. 

 

MATERIAL AND METHODS 
A study was conducted at the JKFR (Map 1). This FR was chosen to 

conduct research for several reasons. The forest cover of JKFR is 39.9%, which 

is above the national average
2
. The total forest area of this FR is 114,257 ha, with 

the share of privately owned forests being 64.3% (PE “Srbijašume”, 2012). In 

addition, within the borders of JKFR, there is one of the largest enterprises for 

primary wood processing in Serbia
3
, as well as one of the largest factories in the 

furniture industry
4
. Due to all mentioned reasons, studying SMEs in this FR 

could provide the best overview of the current situation in this part of the forestry 

sector. 

Data collection was conducted using face to face survey in the period 

December 2019 - February 2020, while the entry and processing of data was 

performed in the period March-April 2020. 

 Respondents were representatives of SMEs registered in the 

municipalities
5
 within the JKFR. They were selected using census, which was 

then complemented by snowball sampling (Malhotra, 2020). 

The preliminary list of enterprises
6
 was determined on the basis of 

information available in online databases
7
. All representatives of these companies 

were contacted and with some of them, it was agreed to conduct a survey. Upon 

completion of the survey, respondents were asked to provide recommendations 

and contacts of representatives of other enterprises with which they cooperate 

and engaged in the same or similar activities.  

                                                 
2 According to official data, forest cover in Serbia is 29.1% (Banković et al., 2009). 
3 “Kronospan SRB d.o.o.”, located in munincipality Lapovo (Central Serbia) produces and 

distributes wood-based panels in more than 40 production facilities around the world (Kronospan, 

2021). 
4 “Jela Jagodina d.o.o.” is a furniture factory based in Jagodina, founded in 1991. The factory 

employs over 300 workers (Jela, 2021). 
5 JKFR includes the territory of the City of Jagodina and the municipalities of Despotovac, Paraćin, 

Ćuprija, Rekovac and Varvarin. Representatives of enterprises from the municipalities of Rekovac 

and Varvarin did not express interest in participating in the research. 
6 Enterprises which belong to following codes according to business activity: 02.10, 02.20, 02.40, 

02.30, 16.10, 16,21, 16.22, 16.23, 31.01, 31.02, 31.09. 
7 A database was used for each activity code by selected city and municipalities from the website 

https://www.companywall.rs/. After searching and collecting contacts, a single database was 

formed within the cross-calculation program, which united enterprises with same code of the 

business activity.. 

https://www.companywall.rs/
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All surveys were conducted in person, using the face-to-face survey 

method. An overview of enterprise representatives who participated in the 

research is given in Table 1. 

 
Map 1. Overview of the borders of JKFR (adapted according to the internal 

documentation of PE “Srbijašume”) 

 

Out of the total number of respondents (43), 19 are representatives of 

SMEs in forestry, 10 SMEs in primary wood processing and 14 SMEs in final 

wood processing. Two out of 10 primary wood processing enterprises also 

perform works in forests. Also, three enterprises in final wood processing, 

perform activities related to primary processing. 

The questionnaire consisted of six parts:  

1. socio-demographic characteristics of the respondents (questions I-1 to I-8); 

2. enterprise’s characteristics (questions II-1 to II-5); 

3. organization of business processes (questions III-1 to III-15); 

4. cooperation and business networking (questions IV-1 to IV-6); 

5. frameworks that provide business conditions and support measures 

(questions V-1 to V-3); 

6. conditions in which business activities take place (question VI-1). 

For the purposes of this paper, in accordance with the analytical 

framework, data related to the characteristics of the enterprise and the 

organization of business processes are presented and analysed (groups II and III). 
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Table 1. Respondents according to territory and busses activity 

City/municipality business activity code number of respondents 

Jagodina 

16.23 1 

02.40 1 

31.01 1 

Paraćin 
16.23 1 

02.40 3 

Ćuprija 

16.10 1 

16.23 1 

31.01 1 

Svilajnac 
16.10 1 

31.01 1 

Despotovac 

16.10 4 

16.21 2 

16.23 2 

16.29 5 

02.10 3 

02.20 7 

02.40 5 

31.01 3 

Total                            43 

 

Data processing and analysis were performed in Microsoft Excel and 

IBM® SPSS® Statistics (ver. 23), and as statistical methods, descriptive statistics 

and frequency analysis were used. Descriptive statistics were applied when 

processing the answers to the questions, which are continuous variables (e.g. 

number of seasonally employed workers, etc.). Frequency analysis was used to 

determine the frequency of values of discontinuous variables and their share. 

Data were processed and analysed for each group of SMEs, depending on the 

activity of the company: contractors for forestry services, SMEs in primary wood 

processing and SMEs in final wood processing. 

 

RESULTS  

This chapter presents the results, which relate to the characteristics of 

SMEs in forestry, primary and final wood processing, as well as the organization 

of their business processes. 

 
CHARACTERISTICS OF SMALL AND MEDIUM ENTERPRISES IN THE 

JUŽNOKUČAJSKO FOREST REGION 

Out of the total number of analysed SME, 44.2% stated that their core 

business is performing works in forestry. Most of the analysed SMEs in forestry 

(contractors for forestry services) (98%) were established after 2000 (Table 2). 
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The cause of this situation, as in other forest areas, is the restructuring of 

PE “Srbijašume”, which began in 2001. The result of this process was the leasing 

of the part of the machinery. This enabled private enterprises to start doing 

certain jobs within the forestry sector. Regarding the number of employees, it is 

important to note that these are micro-companies that employ less than 10 

workers. Of the total number of contractors for forestry services, ¾ employs only 

one or two workers, while the enterprise with the largest number of employees 

hires six people. These are mostly family businesses, in which mostly employees 

are members of the owner's family. Regarding the professional workforce, i.e. 

forestry engineers and forestry technicians, but also seasonal workers, the 

research showed that only one enterprise employs a forestry engineer. Based on 

this, it can be stated that contractors for forestry services lack a professional 

workforce. 

 

Table 2. Time of SME’s foundation 

 
Contractors for 

forestry services 

SMEs in primary 

wood processing 

SMEs in final 

wood processing 

 share (%) 

enterprises founded 

before 2000 
11 20 35,7 

enterprises founded 

after 2000 
89 80 64,3 

Total 100 100 100 

Primary wood processing is the core business for 23.3% of the total 

number of analysed SMEs. The majority (80%) of SMEs in primary wood 

processing were also established after 2000. This indicates that the process of 

restructuring PE “Srbijašume” had an impact on the establishment of several 

enterprises for primary wood processing in this area. Regarding the number of 

employees, all of them are micro-enterprises, since they do not employ more than 

10 workers. In addition, it should be highlighted that 70% have only one 

employee, while only one company employs 10 workers. As far as the 

professional workforce is concerned, primary processing enterprises do not 

employ forestry engineers. This indicates, contractors for forestry services, an 

obvious lack of skilled labour. 

Final wood processing is the core business for 32.6% of the total number 

of analysed SMEs. The majority (64.3%) of SMEs in final wood 

processing were established after 2000 (Table 2), i.e. after the restructuring of 

PE “Srbijašume”. In addition, 35.7% of companies were established before 2000, 

which indicates that SMEs in final wood processing at JKFR have favourable 

conditions for successful business for a long period. The largest number of 

enterprises (86%) employ up to 10 workers and belong to the category of micro-

enterprises, while the remaining ones, which employ more than 10 workers, can 

be included in the category of small ones. Related to skilled labour, 21.4% of 

SMEs in final wood processing employ forestry engineers, while only 7% also 

employ forestry technicians. 
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ORGANIZATION OF BUSINESS PROCESSES 

The results related to the organization of business processes in SMEs in 

forestry, primary and final wood processing at JKFR are presented and analysed 

in this sub-chapter. 

Contractors for forestry services at JKFR are performing work in 

forests both with and without long-term contracts with other enterprises (Figure 

1). 

 
Figure 1. Ways of performing work (SMEs in forestry) 

 

Less than ½ (44.4%) contractors for forestry services perform activities 

without long-term contracts with other enterprises. In addition, 27.8% of 

contractors for forestry services perform work based on long-term contracts with 

other enterprises, which indicates that these SMEs have secured work for a 

longer period, and thus a stable income. Also, 27.8% of contractors for forestry 

services perform activities both with and without contracts with other enterprises. 

The machinery that contractors for forestry services have, depending on 

the type of equipment, is shown in Figure 2. 

 
Figure 2. Level of equipment of SMEs with mechanization 
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More than ½ enterprises own a tractor and a chainsaw, while slightly less 

than ½ own a forest truck. 

The largest number of SMEs (77.8%) perform their activities in state-

owned and ⅔ in privately-owned forests. On the other hand, the smallest number 

of enterprises (Figure 3) performs activities in their own (22.2%), and in church 

forests (5.6%)
8
. 

 
Figure 3. Areas where SMEs operate 

 

Contractors for forestry services perform activities in several previously 

mentioned categories of ownership. Thus, for example, only five respondents 

stated that they perform all their activities exclusively in state forests, while only 

one enterprise performs activities exclusively in privately-owned forests. Based 

on the previously presented data, it can be said that most companies are directly 

dependent on jobs in state and private forests. 

When it comes to the organization of forest harvesting, 88.9% of 

respondents said that they perform these works independently (using their own 

machinery), while only 11.1% of respondents stated that they include other SMEs 

to help in the realization of work in forest. 

The majority (82.4%) of respondents stated that they have no problems at 

work. Those who face problems during work, point out the obsolescence of 

mechanization, lack of workers, as well as low labour costs. 

Only 11.1% of contractors for forestry services have the facilities for 

primary wood processing. 

The organization of raw material procurement within the SMEs in 

primary wood processing is shown in Figure 4. 

                                                 
8 Respondents had the opportunity to choose multiple answers, which is why the total is more than 

100%. 
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Figure 4. Organization of raw material procurement 

 

Enterprises procure raw materials in several ways: 

-based on annual contracts with other enterprises (12.5%); 

- through individual procurements, i.e. “as needed” (without long-term 

contracts with other enterprises) (37.5%); 

-using own forest (37.5%). 

 
Figure 5. Source of raw materials for SMEs in primary wood processing 

 

In addition, one part of the analysed SMEs (12.5%) procures raw 

materials in a combination of two ways: by using their own forest, but also, if 

necessary, from other enterprises. 

As problems they encounter when procuring raw materials, the 

respondents stated the following: 

-competition (50%); 

-insufficient legal support they need when performing business (50%). 
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Figure 5 shows the sources of raw materials used by SMEs during the 

production process. 

 The largest number of enterprises procure raw materials from private 

forest owners (77.8%), while the smallest number procure raw materials from 

sawmills (11.1%). Respondents did not list church forests as one of the sources of 

raw materials. In addition, it should be emphasized that 33% of respondents 

procure raw materials exclusively from their own forest property. 

The most commonly used tree species is beech (87.5%), followed by 

other hardwoods (maple, ash, wild cherry), whose share is 55.6%, and oaks 

(44.4%). The smallest number of enterprises (11.1%) use coniferous tree species 

as raw material (Figure 6). The large share of enterprises that use beech as a raw 

material is understandable, considering that this type of tree species is the most 

widespread at JKFR. 

 
Figure 6. The most commonly used tree species 

 

Most SMEs (77.8%) hire other enterprises to transport raw materials, 

while the rest use their own means of transport. This indicates that many SMEs 

are not equipped with appropriate means of transport, which would allow them to 

deliver raw materials more easily. 

Most (88.9%) SMEs have their own capacities when it comes to raw 

material processing, while others process in cooperation with other enterprises. 

Only 11.1% of the analysed SMEs in primary wood processing have the facilities 

for final wood processing. 

As the main problems in the processing of raw materials, respondents 

point out: 

-lack of manpower (33.3%); 

-lack of mechanization (33.3%); 

-inadequate legislative framework, which burdens business (33.3%). 

All SMEs in primary wood processing sell their products through retail, 

after an individual order from customers. 
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All SMEs in primary wood processing sell their products on the domestic 

market, while only ⅓ sell them on the foreign market. 

The most frequent buyers
9
 of products (Figure 7) are individuals, with 

whom 66.7% of companies cooperate. On the other hand, products are least 

bought by foreign companies (33.3%). Domestic companies are buyers of 

products of 44.4% of SMEs for primary wood processing. 

 
Figure 7. Structure of customers of SME in primary wood processing 

 

The main problems in selling are payment realization (50%) and lack of 

customers (50%). 

SMEs in final wood processing procure raw materials in two ways: 

1.individual procurement, as needed; 

2.annual contracts. 

All analysed SMEs in final wood processing procure raw materials 

through individual procurement. as well, 28.6% have annual contracts with 

suppliers in addition to individual procurement. 

Regarding the sources
10

 of raw materials (Figure 8), the majority (78.6%) 

of SMEs procure raw materials from sawmills, 50% from private forest owners, 

while the smallest share (21.4%) procure from the state the forest. The large 

share of raw materials that SMEs in final wood processing procure from sawmills 

indicates the importance of their connection in the wood supply chain. 

These SMEs most often use other hardwoods (78.6%), oak (64.3%) and 

beech (57.1%) as raw materials
11

. About ⅓ of SMEs in final wood processing 

(35.7%) use coniferous species as raw material. 

                                                 
9 Respondents had the opportunity to choose multiple answers, which is why the total is more than 

100%. 
10 Respondents had the opportunity to choose multiple answers, which is why the total is more than 

100%. 
11 Respondents had the opportunity to choose multiple answers, which is why the total is more than 

100%. 



Critical success factors of small and medium enterprises in forestry and wood industry … 

 
85 

Transport of raw materials is organized in two ways: as own transport 

(42.9%) and through intermediaries (42.9%). One part of the enterprises (14.2%) 

uses both methods of transporting raw materials to processing facilities. 

 
Figure 8. Source of raw materials for SMEs in final wood processing 

 

Most enterprises (78.6%) have their own facilities for processing raw 

materials, while others process in cooperation with other enterprises. Most 

enterprises (85.7%) own machines that perform primary wood processing, 64.3% 

own hand tools, and 92.9% own machines for final wood processing (Figure 9). 

All respondents stated that lack of manpower is the main problem when 

processing raw materials. 

 
Figure 9. Machines and tools of SMEs in final wood processing 

 

Regarding the way of organizing product selling, the research showed 

that 78.6% of enterprises sell products through retail, while 21.4% sell products 

based on annual contracts signed with other companies, in addition to retail. 
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The majority of respondents (66.7%) believe that the biggest problem 

with selling is payment realization, while the lack of customers is the problem for 

33.3%. 

All enterprises place their products on the domestic market, and in 

addition, 57.1% sell their products abroad. 

The structure of customers is shown in Figure 10. 

 
Figure 10. Structure of customers of SME in final wood processing 

 

The majority (92.9%) of enterprises sell products to individuals, while 

35.7% sell to domestic enterprises. In addition, 57.1% of SMEs in final wood 

processing sell to foreign enterprises
12

. 

 

DISCUSSION 
Regarding the characteristics of the analysed SMEs, the research found 

that most SMEs in forestry, but also in the wood industry, was established after 

2000. These results are in line with previous research in other FRs in Serbia. 

Namely, a previous survey in the Timočko FR found that 92% of SMEs in the 

forestry and wood industry were established after 2000 (Ranković et al., 2012). 

Also, the results of the research conducted in the Južnomoravsko FR show that 

almost ⅔ SMEs have been established in the last 10 years (Nonić et al., 2018). In 

the Republic of Srpska, in Banja Luka forestry region, the majority (58%) of 

enterprises were established after the privatization of part of the state capital in 

2001 (Ostić, 2011). 

It was found that all enterprises in the forestry sector employ less than 10 

workers, which puts them in the category of micro-enterprises, and that most 

                                                 
12 Respondents had the opportunity to choose multiple answers, which is why the total is more than 

100%. 
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enterprises in the wood industry also fall into this category. The situation is 

similar in other European countries. For example, ½ out of about 8,000 

contractors for forestry service in Poland employ only one worker, about 3,000 

employ two to five workers, and only two enterprises have more than 50 

employees each. In Germany, it is estimated that there are about 7,300 service 

enterprises, of which almost ½ have up to five employees including the owner. In 

Finland, forestry enterprises employ an average of 3.3 workers (Šporčić et al., 

2009). In Scotland, it was found that contractors belonging to the category of 

micro-enterprises in 57% of cases do not have employees, i.e., the only worker is 

the person who founded the enterprise. When it comes to enterprises from the 

wood industry, the situation is slightly different, i.e. 35% of enterprises in 

primary wood processing were without workers (Lawrence, 2018). A survey 

conducted in Croatia showed that 52.4% of contractors for forestry services do 

not have permanent employees at the state level. Among enterprises that had 

permanent employees, only 0.93% employed more than 10 workers (Šporčić & 

Martinić, 2004). In the Republic of Srpska, in the Vlasenica, Milići, Hanpijesak 

and Romanija FRs, small enterprises (concerning the number of employed 

workers) in forestry and wood industry also predominate, with up to 20 

employees (Stanišić, 2021). In Serbia, previous research has similar results. 

Namely, the majority of enterprises (78.6%) in the territory of the 

Južnomoravsko FR belong to the category of micro and small enterprises (Nonić 

et al., 2018). 

All enterprises, on average, employ less than one forestry engineer and 

forestry technician. Similar results were found in the research. In Croatia, it has 

been found that only 2-3% of companies employ forestry engineers (Šporčić & 

Martinić, 2004). Also, in Južnomoravsko and Timočko FRs, it was found that 

less than 5% (Nonić et al., 2018) and 9% (Ranković et al., 2012) of the total 

number of employees have higher education. However, in the Republic of 

Srpska, in the Vlasenica, Milići, Hanpijesak and Romanija FRs, all contractors 

for forestry services employ forestry engineers (due to legal regulations, which 

oblige them to do so), but only ¼ of SMEs in the wood industry have forestry 

engineers (Stanišić, 2021). 

Regarding the organization of business processes, as one of the internal 

critical success factors of the analysed enterprises, it was noticed that the most 

common problems encountered by contractors for forestry services at JKFR are: 

obsolescence of machinery, lack of workers and low labour costs. The situation is 

similar in Timočko FR, where one of the major problems is the obsolescence of 

mechanization used when performing various tasks in the forest, regardless of its 

purpose (Ranković et al., 2012). In the Republic of Srpska, SMEs most often 

encounter problems related to unused capacity, outdated mechanization and low 

skill labour force, when performing works on felling, processing, and extraction 

of wood assortments (Stanišić, 2021). 

By transitioning to the form of stable network according to Miles et al 

(1992), some of these common problems can be diminished. The stable network 
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is designed to serve a mostly predictable market by linking together 

independently owned specialized assets along with a given product or service 

value chain. In this network, a large company is managing the assets of its 

partners, but also taking the responsibility for their output (Miles et al., 1992). 

This “…stable financial network insulates the firm from market pressures for 

short-term performance” (McGuire, Dow, 2009). 

When it comes to logging, in Serbia in 2016, about 3.1 million m
3
 of 

wood was felled for commercial purposes, of which the largest share (87.7%) 

was hardwood, while the rest (12.3%) were conifers (DAS, 2019). Previous 

research in the Južnomoravsko FR found that 57.1% of enterprises use beech 

exclusively as raw material, and 21.5%, in addition to beech, most often use oaks, 

poplars, etc conifers (Nonić et al., 2018). Research presented here shows that 

68% of SMEs use beech as raw material, 53.8% oak, 69.2% other hardwoods, 

such as ash, wild cherry and maple, and 26.9% conifers. It should be taken into 

account that beech is the most represented tree species in JKFR (present in total 

volume with 46.5%) (PE “Srbijašume”, 2012). That the use of certain types of 

species for industrial purposes depends on the characteristics of the FR is 

indicated by the fact that at the level of the Republic of Srpska, 35% of raw 

materials processed in companies are coniferous trees, most often fir and spruce 

(Bačić, 2009). 

The wood industry enterprises in JKFR most often procure raw materials 

from private forest owners (65.4%), while in the case of Južnomoravsko FR, 

about 50% of raw materials come exclusively from the private forests (Nonić et 

al., 2018). It is important to note that about ⅔ (64%) of the forests on JKFR are 

privately owned, followed by state-owned forests (32%), while church forests 

have the smallest share (4%) (PE “Srbijašume”, 2012). In addition, it should be 

added that several enterprises (7.1%) procure raw materials from both private and 

state forests. It is important to point out that enterprises often do not have only 

one source of raw materials, but they are procured from a larger number of 

suppliers. 

Only 14.3% of companies in the Južnomoravsko FR have annual 

contracts with other enterprises for the supply of wood raw materials (Nonić et 

al., 2018), while at JKFR the number is slightly higher and amounts to 16%. 

The largest number of enterprises (92.9%) in the Južnomoravsko FR 

transport raw materials through intermediaries (Nonić et al., 2018), while in 

JKFR a much smaller number (50%) use other enterprises for this service. This 

indicates that the companies at JKFR are better equipped with transport 

machinery compared to the enterprises from the south of Serbia. 

In JKFR, more than ¾ enterprises have facilities for primary wood 

processing, and more than ½ also have machinery for final wood processing. In 

the Južnomoravsko FR, 14.3% of enterprises are engaged exclusively in primary 

processing, while 35.7% perform a lower degree of product finalization (Nonić et 

al., 2018). 
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In the period January-June 2019, Serbian companies exported wood, 

cork, straw and paper worth $728.7 million, which represented 4.4% of total 

exports at the national level. Products are mostly exported to the EU (51%), 

followed by countries in the region (26%), but also Russia and Belarus (26%) 

(DAS, 2019). Data from JKFR partially correspond to the national average, 

where it was found that about 50% of products are exported exclusively to the 

EU. None of the respondents stated that they export their products to Russia or 

countries in the region. 

The most common problem faced by enterprises in the Timočko FR 

when selling is payment realization (72.5%) (Ranković et al., 2012), which is 

quite similar to the situation with the wood industry in JKFR, where 60% of 

respondents said that payment realization is the biggest problem. On the other 

hand, only 28% of contractors for forestry services answered that this is the 

problem in their business. In the Banja Luka forestry region, 75% of enterprises 

have a problem with payment realization (Ostić, 2011). In the Vlasenica, Milići, 

Hanpijesak and Romanija FRs, the payment realization, i.e. illiquidity of 

customers also stands out as a problem in SME’s business (Stanišić, 2021). 

To improve the organization of business processes in SMEs in forestry, it 

is necessary to increase investments in equipment and training of professional 

staff, perform greater health control and increase health protection of workers, 

better define legal obligations of entrepreneurs in forestry (Šporčić et al., 2018). 

Exernal factors have a significant impact on business success of SMEs 

(Duarte Alonso & Kok, 2021). For example, JKFR is characterised by bountiful 

forest resources (JP “Srbijašume”, 2012), which makes favourable conditions for 

entrepreneurship development. According to previous research (Nonić et al., 

2012), availability of forest resources, as external factor, is the basic precondition 

for sustainability of forest-based enterprises. Another important external factor is 

regulatory framework. This is because SMEs in forestry “…operate within the 

context of regulatory frameworks that normalize business and forest management 

activities”. Very often, these regulations are prohibitive and unstable (Sanchez 

Badini et al., 2018). However, in previous research in Serbia, which focused on 

cooperation of forest-based SMEs, it was found that “… policy framework does 

not specifically support nor hinder” it (Nonić et al., 2012). Yet, it must be 

highlighted that “…despite the national culture in Serbia does not support 

entrepreneurship orientation in any single dimension, in SMEs in Serbia 

entrepreneurial culture is dominant” (Rodić et al., 2017). However, it was also 

identified that support measures are an important factor (Dudic et al., 2020), but 

their implementation in practice is not at high level (Nonić et al., 2012). To 

accelerate small businesses in forestry, “…regulatory frameworks should be 

adequate, simplified, and proportional to the type and size of the enterprises” 

(Sanchez Badini et al., 2018). Comparing the European models it was found that 

the European Union adopts the approach of active participation in the public 

sector in the development of business activity, particularly the sector of SMEs 

(Wasilewski, 2015). 
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CONCLUSIONS 
The paper analyses the characteristics of SMEs in forestry and wood 

industry and the organization of business processes in these enterprises, which 

have been identified as internal critical success factors.  

In relation to the year of establishment, similarities were noticed in all 

three groups of enterprises, i.e., most SMEs were established after 2000. Based 

on this, it can be said that the process of reform of PE “Srbijašume”, which took 

place around 2000, significantly influenced the establishment of SMEs in 

forestry, as well as those dealing with primary and final wood processing.  

Based on the number of employees, it can be stated that all enterprises 

from the forestry and primary wood processing sector belong to the category of 

micro- enterprises and employ up to 10 workers. The situation with enterprises 

for final wood processing is a little different, i.e. 14% of them fall into the 

category of small enterprises, as they employ more than 10 workers. 

The analysed SMEs lack a skilled workforce, considering that only one 

SME from the forestry sector employs an engineer and that primary wood 

processing enterprises do not employ forestry engineers, while only 20% of final 

wood processing enterprises in JKFR employed academically educated people.  

Almost ½ forestry enterprises work on a contract basis with other 

enterprises, and this is the case with 20% of final wood processing enterprises, 

while none of primary wood processing SMEs works on a contract with other 

enterprises. 

In addition, it is important to emphasize that contractors for forestry 

services perform the largest number of activities in state-owned forests, but also 

there is a large number of those who directly cooperate with the private forests 

owners. For example, primary wood processing enterprises usually procure raw 

materials from private forest owners, while SMEs in final wood processing in 

most cases procure raw materials from sawmills.  

SMEs in primary wood processing most often use beech as a raw 

material, while in the case of final wood processing enterprises, hardwoods 

(maple, ash, wild cherry) are most often used. There is a difference between 

primary and final wood processing enterprises when it comes to selling. Most 

final processing enterprises (⅔ of them) sell products on foreign markets, while 

only ⅓ primary processing companies sell their products abroad.  

SMEs have problems in their business due to the obsolescence of 

mechanization, and there is insufficient skilled labour. Also, representatives of 

SMEs in wood industry see as a problem lack of information regarding export 

support measures, provided by the public services.  

Based on the identified problems, it is recommended that, in order to 

improve internal critical success factors, SMEs should be better informed on the 

activities and programs of relevant institutions and organizations. According to 

previous research, such activities and programs belong to the group of external 

critical success factors. Also, it is necessary to encourage business networking of 

SMEs in JKFR to jointly sell on foreign markets, which, according to previous 
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research, is also a critical success factor. Providing better information to SMEs 

and companies networking would have a positive impact on the business of these 

legal entities.  

It is important to point out that the results presented here refer only to the 

attitudes of SME representatives in the forestry and wood industry in JKFR, 

because the situation in other regions is not as developed as here and the factors 

could be different. In that sense, the conclusions and recommendations refer 

exclusively to contractors for forestry services and SMEs in primary and final 

wood processing on the territory of JKFR and cannot be directly applied to SMEs 

in other FRs in Serbia.  

For that reason, the recommendations for further research are to conduct 

such analyses in other FRs, which would determine similarities and differences 

and give adequate proposals for improving the organization of business processes 

of SMEs in the forestry and wood industry in Serbia. Also, the recommendation 

for further research is to define the analytical framework for external critical 

success factors and their analysis. 
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A PRELIMINARY ASSESSMENT OF THE ORNITHOLOGICAL 

IMPORTANCE OF KARST POLJES AT BOSANSKO GRAHOVO 

(WESTERN BOSNIA AND HERZEGOVINA)-RESULTS OF A LARGE-

SCALE SURVEY IN PERIOD 1974 TO 2020 

 

SUMMARY  

This paper presents the results of long periods of research on the bird 

fauna of municipality of the Bosansko Grahovo, and thess systematic surveys of 

the ornithofauna of this area have been running continuously since 1974. This 

contribution contains a full list of the noted bird species. Birds were recorded at 

times of nesting, spring and autumn migrations as well as in winter. Twenty 

years ago, the avifauna of the municipaty of Bosansko Grahovo was poorly 

known. To date, or to this paper, about 50 bird species have been noted on the 

municipality of Bosansko Grahovo (Livanjsko polje not included). Birds were 

recorded at times of nesting, spring and autumn migrations as well as in winter. 

During large number of fild excursions, which were performed in all seasons, 

165 bird species were registered in B. Grahovos area, and today it can safely be 

said that 105 bird species nest on this area (Livanjsko polje not included). 

Because of the diversity of its flora and fauna, the area of the municipality of 

Bosansko Grahovo harbors favorable bird habitats during the whole year.  
Key words: Birds, distribution, biodiversity, the municipality of Bosansko 

Grahovo, karst poljes, types of habitat. 
 

INTRODUCTION 

The birds of karst poljes of Bosansko Grahovo (except the part belonging 

to Livanjsko polje) are poorly researched. Data on the presence of multiple 

species from Bosansko Grahovo municipality are indicated by Reiser (1939), 

while data on individual species are available from different authors, such as 

Fernbach (1963) and Lukač et al. (1992). During last few decades, the 

ornithofauna of karst poljes is intensively researched (Kotrošan et al. 2013, 

2018; Sackl et al. 2014), particularly part of Livanjsko polje (Obratil, 2006; 

Milanović and Kotrošan, 2012; Stumberger & Sackl 2009), although some poljes 

are investigated in detail in the past (Puzović et al. 2019; Obratil, 1984., 1987., 
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1992). Generally, the area of the municipality of Bosansko Grahovo (=B. 

Grahovo) is poorly investigated, and in last two decades, smaller and partial 

researches were conducted on Grahovo’s karst poljes (Kotrošan et al. 2013 and 

2018; Sackl et al. 2014) and surrounding mountains (Fernbach, 1963; 

Hadžiabdić, 2008; Grubešić et al. 2011). It is renowned that karst poljes have a 

great importance for many water-bound bird species, both nesting and migratory 

(Stumberger and Sackl 2009; Sackl et al. 2014; Topić et al. 2019). Moreover, it 

is known that karst poljes represent an important corridor for many European 

species, particularly during autumn migration (Schneider-Jacoby, 2008; 

Stumberger & Schneider-Jacoby 2010; Denac et al. 2010). 

The karst poljes, as well as the complete Dinaric karst are characterized by 

a diverse, rare and endemic flora and fauna. In particular, the subterranean fauna 

of the Dinaric Karst is the richest and the most diverse in the world. Grahovo 

poljes and the whole area of municipality are inhabited by different endemic 

species (karst endemics), but only the ichthyofauna has been intermittently 

researched (Marić, 1980, 1983, 1990; Delić et al. 2006, etc.).  

This paper is aimed to provide a more detailed information on the 

diversity of birds in this area and its importance for breeding, migratory and 

wintering birds. 

 

MATERIAL AND METHODS 
Study area 

Geographical position of Bosansko Grahovo municipality  

The study area, the municipality of Bosansko Grahovo, is situated in west 

part of Bosnia and Herzegovina (B & H) (Fig.1) and it covers 780 km
2
. It is 

situated between 16° 21' 00'' and 16° 27' 00'' of eastern geographical longitude 

and 44° 09' 00'' and 44° 11' 00'' of northern geographical latitude. The 

municipality of Bosansko Grahovo situated in hilly terrain B&H (Fig. 2) area 

and surrounded with mountains Uilica (1602 m), Jadovnik (1650 m), Šator (1872 

m) and mountain Dinara with its peak Veliki bat (1851 m). There are 4 karst 

poljes among or between those mountains: Grahovo poljes (3 poljes) are 790-

850 m a.s.l., 29 km length and width 2 - 4 km (80 km²) and Livanjsko polje 

which is 700-800 m a.s.l. The Livnjsko polje, part of it which belonges to the 

municipality of Bosansko Grahovo haves surface of around 10.000 ha (average 

width 8 km, 13 km length). The massif of the Dinara and Uilica Mountain 

separates the Karst poljes from the Adriatic, which is only 50/60 km away. 

In the languages of the Dinaric Karst’s countries the term “polje” has 

different meanings and wide uses. In its broadest way, it “polje” means: flat and 

open land, often in the sense of living space and the source of goods. However, 

for the people who live in the Dinaric Karst their most common and peculiar 

meanings are related to karst poljes (Lučić, 2014).  

Different poljes within the area the municipality of Bosansko Grahovo are 

often inaccurately named in the literature (e.g. Scwarz, 2013; Kotrošan et al. 

2018; Topić et al. 2019; Rubinić et al. 2019 etc.). 
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Figure 1. Geographical position the municipality of Bosansko Grahovo 

 

Mostly, all of them are put under name of Grahovo poljes, except the part 

of Livanjsko polje, as stated in Stumberger et al. (2014). Local people use term 

“Pašića polje” for flat ground around the town of B. Grahovo and east to Korita 

village (in length of about 6 - 7 km) as well as the rocky area with many 

sinkholes on both sides of the road to Livno town. The length of Pašića polje is 

around 12 km, and its surface area is about 25 km
2
. Another polje, situated north-

west of the B. Grahovo town towards Drvar is dubbed “Resenovačko polje”, by 

the similar Resnovci village. Parts of this polje are sometimes named after the 

nearest village. Besides wrong toponyms, the catchment basins that these poljes 

belong to are also mis stated (e.g. Stumberger et al. 2014). The waters of Pašića 

polje, which contain sinking River Korana flow to the Krka River (Adriatic 

basin), and waters of Resenovačko polje with the sinking River Struga flow to 

the Unac River, then the Una river, which belongs to the Black Sea basin (Marić, 

1980; Bonacci and Ljubenkov 2005; Bonacci et al. 2006).  

Typical karst poljes shows complex hydrogeological characteristics such 

as exsurgences, estavelles, swallow holes, and losing rivers. Within the 42 km 

long valley of B. Grahovo, besides the two mentioned larger poljes (Pašića and 

Resenovačko polje) there are also smaller polje near villages of Marinkovci and 

Maleševci at higher altitudes of 790 - 830m. Resenovačko and Pašića poljes are 

connected through a narrow valley containing numerous karst hollows and 

depressions.  
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Figure 2. The area of the municipality of Bosansko Grahovo, red line border between the 

municipalities and white line borders between the states. 1) Livanjsko polje, 2) Pašića 

polje, 3) Marinkovci polje, 4) Resenovačko polje 

 

Climate at Bosansko Grahovo municipality area 

The municipality of Bosansko Grahovo, even though by its position is 

very close to Adriatic sea, has continental climate with long and sharp winters 

and short and dry warm summers. Due to its position this area has very big 

number of sunny days in a year. Mean annual temperature is 5.6 °C and the 

average annual precipitation is 1,990 millimeters (Federal Hydrome-teorological 

Institute of Bosnia and Herzegovina).  

Demographic Data 

At the area of the municipality there are presently 32 settlements (in the 

past 35) from 550 m a.s.l. up to 1200 m a.s.l. According to the 1991 census, the 

municipality of Bosansko Grahovo had 35 settlements and 8.311 inhabitants, 

while today’s municipal administration estimates less than 1.000 inhabitants, 

which shows almost 90% decline in comparison to 1991 census. 
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Landscapes and biota in the municipality of B. Grahovo 

Region of the municipality of B. Grahovo contains all types of karst 

landforms and features including karren (lapies), dolines, jamas (pits), ponors 

(swallow holes, sinks), dry and blind valleys, caves and caverns as single forms, 

and uvalas, poljes and karst plains as larger complex forms. 

Characteristic of this area is that poljes are encircled by high hills and 

mountains (Fig. 2), overgrown with forests on the north side, while southern 

expositions are barren (pastures) or covered with low forest and bush vegetation. 

The tallest parts of mountains (above 1500 - 1600 m a.s.l.) are barren pastures, 

with scarce shrub vegetation (see vegetation types below). 

In general, typical karst poljes are elongated and closed depressions with 

bottoms that have been leveled and covered with arable soils which are 

surrounded by gentle or, more rarely, by steep mountain slopes. Poljes exhibit 

complex hydrological and hydrogeological features and characteristics, such as 

permanent and temporary springs and rivers, losing and sinking rivers (Fig. 3), 

and swallow holes and estavelles.  

Karst poljes are characterized by unique landscape: central parts are flat 

and usually arable land, and the lower parts, which contain sinking rivers, are 

swampy and flooded in winter. Situated at the edge of each karst polje there is a 

small village (Fig. 4), usually by the main roads. 

The settlements are surrounded by either small hills or rugged flat land, 

usually without trees. Those areas are used for grazing (Fig. 5) and they are 

much larger than arable land. 

  

 
Figure 3. Sinking River Korana in Pašića polje (photo D. Marić) 
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Figure 4. Karst polje – the central part of Pašića polje, at the edge of polje there 

are small villages (photo D. Marić) 

 

Within these pastures, larger dolinas and rock-free patches were also 

plowed and mowed (Fig. 6). This is the area where flocks of sheep, goats, cows 

and horses were extensively and seasonally grazed by 60.000 animals in the past. 

About 50.000 sheep were grazing in the study area year-round, keeping the 

vegetation here short and succession limited in the past, now about 3.000 

(10.000) (personal observation). 

The grazing period in the municipality of B. Grahovo typically lasted from 

mid-March to early July on grasslands and from end-July to early November on 

hay meadows. 

The municipality of Bosansko Grahovo presents a typical livestock region, 

where arable land (plough-land, gardens, settlements and orchards) covers 4.6%, 

while forests cover 38.19% of the total area (780 km
2
). 

 

  
Figure 5. Pastures in Pašića polje (photo D. Marić) 
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Figure 6. A typical dolina in arid parts of polje (photo D. Marić) 

 

Permanent pastures and hay meadows cover 57.21% of the total area. 

Individual ploughs are small, and do not exceed 1 ha. Settlements are either 

small villages with up to 250 inhabitants or single farms, located between arable 

land and pastures. Near the settlements, typical land use consists of orchards, a 

combination of crops and vegetables (autumn and spring-sown cereals, legumes, 

maize, potatoes, cabbage, beets parsley, carrots, etc.), hay and silage for winter 

forage, and small grazing pastures for cattle, sheep and horses. Cereals are sown 

from October to November and harvested in August, but potatoes are sown in 

April and harvested in September or the first week of October. Potato is 

currently the most extensively cultivated crop but it covers only about 10% of 

arable land. After harvesting, the fallow is not ploughed until April. Plough 

margins are dominated by Heracleum spp., Artemisia spp., Achillea spp., 

Cirsium spp., Centaurea spp., and scattered bushes, mostly Rosa canina and 

Crataegus monogyna. The meadows are covered by diverse vegetation 

dominated by Deschampsia sp., Bromus erectus, Brachypodium pinnatum, 

Calamagrostis villosa, Agrostis schraderiana, Poa spp., Molinia spp., Iris spp., 

Ranunculus spp., Filipendula spp., Hieracium spp., Ononis spinosa, with 

presence of single of small trees or shrubs (mostly R. canina, C. monogyna). Hay 

is usually mowed before the end of July. Mowing in the B. Grahovo poljes 

always strongly depended on weather conditions and took place only on days 
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without precipitation. Over the whole observation period, mowing of hay 

meadows occurred on 30 days. 

Natural grazing pastures are an integral part of traditional farmland 

landscape in karst polje area, where continuous grazing regime sometimes is 

maintained for centuries. Pasture vegetation is dominated by B. pinnatum, 

Nardus stricta, B. erectus, Festuca spp., Danthonia spp., Stipa spp. and 

Scorzonera villosa,Thimus spp., Triofolium spp., Teucrium spp., Eryngium spp., 

Potentilla spp., Sanguisorba spp., Lotus spp. The high species diversity of native 

grasses and herbs is probably a result of specific climatic/weather conditions, 

geological structures, specific soil nutrient levels etc. 

The small height of grasses and herbs was the result from the continuous 

biomass removal through grazing and no use of artificial fertilizers in the past. 

Boulders occur frequently within the pastures, which makes the ground 

unsuitable for plowing and this natural pasture is usually a fine-scaled mosaic of 

open ground, shrubs, trees, and boulders. The pastures are not privately owned 

and no boundary hedges exist. According to ecological and vegetation 

classification of Bosnia and Herzegovina (Stefanović et al. 1983), this area 

belongs to both Mediterranean-Dinaric and Sub-Mediterranean-alpine regions. 

Folowing sources are used for all descriptions of habitat types: Interpretation 

manual of European Union habitats-EUR 28-NATURA 2000, Brussels: 

European Commission-DG Environment, http://ec.europa. eu/enviro-

nment/nature/legislation/habitats directive/index_en. htm# interpretation. (2013), 

Fild guide to Natura 2000 habitat types in Bosnia and Herzegovina (Milanović et 

al. 2015). 

11 macro habitat types were defined and according to NATURA 2000 

twenty-nine habitats types were defined in the municipality of B. Grahovo (not 

included Livanjsko polje): 

1.ASG = Alpine and subalpine grasslands or Alpine pastures and stony 

grasslands (over 1200 meters a.s.l.) and screes (8120, 8140). Four 

habitat types of pastures were defined (NATURA 2000 code): 6110, 

6170, 6230, 62D0.  

2.AB = Alpine bushes: Bushes with Pinus mugo and Rhododendron 

hirsutum., Pinion mugo Pawlowski 1928. Three habitat types were 

defined (NATURA 2000 code): 4060, 4070, 4080. 

3.For = forest (woods)., deciduous and evergreen, This forest in the 

municipality of B. Grahovo is represented by several phytocoenoses. 

Seven habitat types were defined (NATURA 2000 code): 9110, 9130, 

9140, 91K0, 91R0, 9410, 9530. There are few relatively preserved 

forests, more frequent are degraded and sprout-forests in different 

development stages. 

4.ForW = Forests along the banks of creeks and rivers, habitat types is 

probably 91E0 (NATURA 2000 code), these forests (host forests of 

alder,willows and poplar forests) are along the banks of sinking rivers 

http://ec.europa/
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(the Struga and the Korana), it is now reduced to fragments and a narrow 

coastal strip (key species: Alnus glutinosa, A. incana, Salix alba, S. 

fragilis, S. purpurea, Populus nigra, P.alba). 

5.HSCH = high shrub deciduous and evergreen bushes (up to 7-10m ) or 

forests with large clearings, degraded forests in different degradation 

stages (cover 20-40%) (key species: Fagus silvatica, Acer obtusatum, 

Sorbus aria, Fraxinus ornus, Carpinus betulus, Betula pendula, Populus 

tremula, Sesleria autumnalis.). Two habitat types were defined 

(NATURA 2000 code): 9140 (Aceri-Fagetum-degraded stages)., 91K0 

(Ostryo-Fagenion-degraded stages).  

6.SCH = deciduous bushes: bushes, shrubs of low trees and shrubs (mostly 

up to 3m high) with large clearings (20-70%),, Bushes with: Rossa spp., 

Crategus spp., Amelanchier ovalis, Corilus avellana, Cornus mas, 

Cornus sanguinea, Ostrya carpinifolia (key species) etc, are the 

common forms of succession, which in the progradation line comes as a 

developmental stage between pasture and permanent forest stages.  

7.DCG = Dry calcareous grasslands, From karst poljes to the montane zone, 

several types of calcareous grasslands exist. Some of them are on sparse 

rocky or shingle soils. Three habitat types were defined (NATURA 2000 

code): 6110, 6210, 6230. 

8.M & Al = Meadow & Agricultural land (arable fields, grasslands and wet 

meadows of karst poljes). Five habitat types (meadows mowing) were 

defined (NATURA 2000 code): 62A0, 6410, 6510, 6520, 6540 and 

arable land. The agricultural soils are mostly sown with wheat, ray, oat, 

barley, maize, legumes and potatoes.  

9.R & C = Rocks and caves, rocky habitats and caves (NATURA 2000 

code):8240, 8310.  

10.Sett & O = Settlements (villages and town) with Orchards. 

11.W (water) = Freshwater habitats: springs, brooks, sinking river, short 

rivers, pools, lakes, wetlands. There is extremely little aquatic vegetation 

(wetlands) along the water bodies (20-25 ha). mostly by the Lake 

Pečenci and at the helocrine spring and the Zvijezda stream (both in 

Pašića polje). 

 

Collection of Field Material 

Studies of the ornithofauna of the municipality of Bosansko Grahovo have 

been running continuously since 1974 to 2020, with the exception of the period 

1991 - 2000, when the research was not possible due to civil war and post-war 

instability. Regular field work was conducted during the whole year, and birds 

were recorded at times of nesting, spring and autumn migrations as well as in 

winter. About 2000 days was spent in the field. The used methods were line 

transect, point counts, “free” method, playback method and capturing and 
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marking method. For Crex crex and Strigiformes, night surveys of calling birds 

were conducted.  

The representatives of all species were visually identified using binoculars 

(8 x 30, 10 x 40 or 9 x 60) and determined using handbooks: Martino and 

Matvejev (1947) and Peterson et al, (1968). 

The bird species were classified into three categories based on the species’ 

status as a breeder (nesting N), regular winter visitor (W), or a passage migrant 

(M) (Table 1.). The order of habitats in the table follows the elevation in the 

vertical profile. 

 

RESULTS AND DISCUSSION 

The results of species’ observations in period 1974 - 1991 and 2001 - 2020 

from the municipality of Bosansko Grahovo (except Livanjsko polje) are shown 

in Table 1. During our sampling (all methods), we counted over 100.000 

individuals of 163 bird species (Table 1), distributed among the orders of 

Passeriformes (94), Accipitriformes (9), Piciformes (8), Charadriiformes (7), 

Galliormes and Pelecaniformes (5), and etc. There are few data about the birds 

of karst poljes of B. Grahovo municipality, except the belonging part of 

Livanjsko polje. The best description of the ornithological and natural values of 

Livanjsko polje is found in the great materials of Ornis Balcanica (Reiser, 1939). 

Besides data for Livanjsko polje, Reiser (1939) indicates only 34 bird species for 

the area of the municipality of B. Grahovo, which are not bound to wetlands of 

Livanjsko polje.  

Later, Fernbach (1963), Lukač et al. (1992) and few ornithologists in 21 

century indicate only a few more bird species for this area. This paper presents 

the list of 163 species, which is more than 100 species more than mentioned in 

the available literature (all cited authors). Only two species cited in the literature 

(Kotrošan et al. 2018) were not registered within this research: Spanish Sparrow 

(Paser hispaniolensis) and Glossy Ibis (Plegadis falcinellus). Together with 28 

species observed by Obratil (2006) at belonging part of Livanjsko polje 

(Ždralovac), and three more species-Ferruginous Duck (Aythya nyroca), 

Milanović and Kotrošan (2012), Great White Egret (Ardea alba), Kotrošan 

(2018) and Yellow-legged Gull (Larus michahellis), Topić (2018), the total 

number of species recorded in the area of Bosansko Grahovo municipality is 

196. 

Within the area of B. Grahovo municipality, we registered 105 species that 

are certain breeders (nests observed) and four species that occur during the 

breeding season (May or June) but whose nests were not observed. Seven 

species were occasionally registered during breeding season, and for some, e.g. 

Collared Flycatcher (Ficedula albicolis) or Turtle Dove (Streptopelia turtur) 

there is a suitable breeding habitat. Kotrošan et al. (2018) and Rubinić (2019) do 

not mention European Turtle Dove for Grahovo poljes. Six species were found 

only on few days in nesting period. 
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Table 1. Check list of bird species observed in period 1974-1990 and 2001-2020.  
Scientific name 
 

Status of 

species 
Habitats 
 

Species N-W-M  

Anas crecca 
Anas platyrhynchos 
Aythiya ferina 
Spatula querquedula 
Alectoris graeca 
Coturnix coturnix 
Perdix perdix 
Tetrao urogallus 
Tetrastes bonasia 
Columba livia(#) 
Columba palumbus (#) 
Streptopelia decaocto 
Streptopelia turtur 
Cuculus canorus 
Apus apus(#) 
Grus grus 
Podiceps cristatus 
Podiceps nigricollis 
Tachybaptus ruficollis 
Crex crex 
Gallinula chloropus 
Fulica atra  
Porzana porzana 
Rallus aquaticus 
Ciconia ciconia 
Ardea cinerea 
Ardea purpurea 
Ardeola ralloides 
Botaurus stellaris 
Nycticorax nycticorax 
Vanellus vanellus 
Scolopax rusticola 
Actitis hypoleucos 
Gallinago gallinago 
Tringa glareola 
Tringa nebularia 
Tringa ochropus 
Gyps fulvus # 
Accipiter gentilis(#) 
Accipiter nisus(#) 
Aquila chrysaetos (#) 
Clanga pomarina 
Buteo buteo (#) 
Buteo lagopus 
Circus aeruginosus(#) 
Circus pygargus 
Circaetus gallicus(#) 
Athene noctua (#) 
Asio otus(#) 
Bubo bubo 
Otus scops(#) 
Strix aluco 
Upupa epops 

M sep. 
N 
M  
M 
N 
N 
N 
N 
N 
N 
N 
M? 
M?  
N 
N 
M 
M 
N? 
N 
N 
N 
N 
 In May  
In May  
M 
? 
M 
M 
N?  
In May 
? 
N 
N 
? 
?  
M sep  
N? 
EX 
N 
N 
N 
M (1) 
N 
Octob. 
?  
N? 
N 
N 
N 
N 
N 
N 
N 

W 
W 
W 
W  
ASG, AB  
M & Al  
SCH, DCG, M & Al  
For 
For, HSCH, 
R & C  
For  
Sett & O 
Sett & O 
AB, For, HSCH, SCH, Sett & O, ForW 
R & C 
M & AL  
W 
W 
W 
M & AL  
W  
W 
W 
W 
M & AL  
W 
W 
W 
W 
W 
W 
HSCH, SCH, ForW 
W 
W 
W 
W 
W 
/ 
For 
For 
R & C, For  
N.N. 
For 
DCG 
M & AL  
DCG, M & AL  
N.N. 
R & C  
For  
For  
Sett & O, ForW 
For 
R & C, DCG, Sett & O, ForW 
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Merops apiaster 
Alcedo atthis 
Jynx torquilla  
Dendrocopos leucotos 
Dendrocopos major 
Dryobates minor 
Dryocopus martius 
Dendrocoptes  medius 
Picus canus 
Picus viridis  
Falco biarmicus 
Falco naumanni 
Falco subbuteo(#) 
Falco tinnunculus(#) 
Falco vespertinus 
Oriolus oriolus  
Corvus corax(#) 
Corvus cornix(#) 
Corvus frugilegus  
Coloeus monedula 
Garrulus glandarius 
Nucifraga caryocatactes 
Pica pica (#) 
Pyrrhocorax graculus  
Lanius collurio 
Lanius excubitor 
Lanius minor 
Lanius senator  
Parus major 
Poecile montanus 
Poecile palustris 
Periparus ater 
Cyanistes caeruleus 
Alauda arvensis  
Galerida cristata  
Eremophila alpestris  
Lullula arborea  
Aegithalos caudatus 
Delichon urbicum(#) 
Hirundo rustica(#) 
Acrocephalus arundinaceus 
Acrocephalus paludicola  
Acrocephalus scirpaceus  
Hippolais icterina 
Hippolais olivetorum 
Phylloscopus collybita  
Phylloscopus sibilatrix 
Phylloscopus trochilus 
Sylvia atricapilla 
Sylvia borin 
Curruca communis 
Curruca curruca 
Curruca hortensis 
Curruca nisoria  
Regulus ignicapillus 
Regulus regulus 
Bombycilla garrulus 

In June 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M/May 
M/Sep 
N 
N 
M/Sep-Okt 
N 
N 
N 
M  
W  
N 
N 
N  
N 
N 
W 
N 
M/May 
N 
N 
N 
N 
N 
N 
W  
N 
N 
N 
N 
N 
N 
M 
N 
M 
M 
N 
N  
M 
N 
M 
N 
M 
M 
N 
M 
N 
W 

DCG  
ForW, W  
For, HSCH, Sett & O, ForW 
For, HSCH, Sett & O  
For, Sett & O, ForW  
For, HSCH, 
For 
For, HSCH,  
For 
For, Sett & O 
M & AL 
DCG, M & AL 
For 
R & C, For, Sett & O  
M & AL  
For, HSCH, Sett & O, ForW  
R & C, For 
 For, Sett & O, ForW  
M & AL  
M & AL  
For, HSCH, Sett & O  
For, Sett & O 
Sett & O, ForW 
ASG, R & C  
HSCH, SCH, DCG, M & Al, Sett & O, ForW 
Sett & O, M & Al, ForW 
Sett & O, M & Al, ForW 
SCH  
For, HSCH, Sett & O, ForW 
For 
For, HSCH 
For 
For, HSCH, 
ASG, DCG, M & Al  
DCG, M & Al  
ASG  
SCH, DCG, Sett & O 
For, HSCH, ForW  
Sett & O 
Sett & O 
W  
W 
For, W 
Sett & O 
Sett & O  
AB, For, HSCH 
For, HSCH  
For, HSCH, Sett & O, ForW 
For, HSCH, SCH, Sett & O, ForW  
Sett & O 
HSCH, SCH, Sett & O  
HSCH, SCH, Sett & O  
HSCH, SCH, Sett & O  
HSCH, SCH, Sett & O  
For, HSCH, Sett & O  
AB,For 
SCH, Sett & O, M & Al, ForW, 
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Sitta europaea 
Sitta neumayer 
Certhia brachydactyla  
Certhia familiaris  
Troglodytes troglodytes  
Sturnus vulgaris(#) 
Cinclus cinclus 
Turdus iliacus 
Turdus merula 
Turdus philomelos 
Turdus pilaris 
Turdus viscivorus  
Muscicapa striata  
Ficedula albicolis  
Ficedula hypoleuca 
Erithacus rubecula  
Luscinia luscinia 
Luscinia megarhynchos    
Monticola saxatilis 
Oenanthe hispanica 
Oenanthe oenanthe 
Saxicola rubetra 
Saxicola rubicola 
Phoenicurus phoenicurus  
Phoenicurus ochruros 
Petronia petronia 
Prunella collaris 
Prunella modularis 
Passer domesticus(#) 
Passer montanus 
Anthus campestris 
Anthus pratensis 
Anthus spinoletta 
Anthus trivialis  
Motacilla alba(#) 
Motacilla cinerea  
Motacilla flava    
Linaria cannabina(#) 
Carduelis carduelis(#) 
Spinus spinus 
Chloris chloris 
Coccothraustes coccothraustes 
Fringilla coelebs 
Fringilla montifringilla 
Loxia curvirostra(#) 
Pyrrhula pyrrhula (#) 
Serinus serinus 
Emberiza cia  
Emberiza citrinella 
Emberiza hortulana  
Emberiza melanocephala 
Emberiza schoeniclus 
Miliaria calandra 

N 
N 
? 
N 
N 
N 
N 
M (Oct.) 
N 
N  
W 
N 
N 
M? 
M  
N 
M  
N 
N 
M 
N 
N 
M  
In June 
N 
M Sep. 
N 
N 
N 
W 
N 
M/Okt. 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
W 
N 
N 
N 
N 
N 
N 
N 
M  
N  

For, HSCH, Sett & O,  
ASG, R & C 
Sett & O 
For 
For, HSCH, Sett & O  
Sett & O, ForW  
W 
Sett & O  
For, HSCH, SCH, Sett & O, ForW  
For  
SCH, M & Al, Sett & O, ForW  
For, HSCH, SCH, Sett & O, ForW 
HSCH, SCH  
HSCH, SCH, Sett & O  
Sett & O, ForW 
For, HSCH, SCH, Sett & O  
Sett & O 
Sett & O, ForW 
ASG, R & C, DCG  
DCG  
ASG, DCG  
DCG, M & Al   
M & AL  
HSCH, SCH, Sett & O  
ASG, R & C, Sett & O 
SCH, DCG 
ASG, AB  
ASG, For 
Sett & O 
Sett & O, ForW 
DCG 
M & AL  
ASG  
HSCH 
R & C, Sett & O 
W or ASG 
M & AL 
AB, SCH, DCG  
For, HSCH, Sett & O, ForW  
For 
For, HSCH, Sett & O, ForW  
For, HSCH, Sett & O, ForW   
For, HSCH, Sett & O, ForW  
Sett & O, M & Al  
For  
For 
For, Sett & O 
HSCH, SCH  
For, HSCH, SCH, Sett & O, ForW  
SCH  
SCH, Sett & O  
ForW  
DCG, Sett & O, M & Al, ForW  

(period/season: W=wintering, M=migration, N=nesting-breeding., habitats: ASG, AB, For, ForW, 

SCH, DCG, M & Al, R & C, Sett & O, W, see above in methods., (1) = species observed at least 

once).  
(#)Species detected during the breeding period outside of breeding habitat (mostly while feeding).  
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On the Dinara Mountian, Grifon Vulture (Gyps fulvus) used to breed until 

1968. One poisoned individual was brought by hunters to Luka village in May 

1969 (personally witnessed). It is generally known that this species has 

disappeared from the municipality of B. Grahovo 50 years ago. Single 

individuals of A. chrysaetos and A. gentilis can be regularly observed during the 

all season and one individual of C. pomarina was observed once near the Korana 

Rivr (May 20, 1982). Single individuals or pairs of C. aeruginosus and C. 

pygargus can be seen in the nesting season (April, May, July and August) but 

these individuals do not nest here, they are vagrants. Acording to Rubinić et al. 

(2019) C. pygargus breeds in Grahovo poljes. Also, on the Dinara Mountains, in 

the municipality of Bosansko Grahovo, the threatened shore lark (E. alpestris) 

was found in only 3 breeding pairs. This threatened species is also rare in the 

neighboring mountains (Lukač et al. 2017).  

Due to limited wetland area, breeding water birds are rare, e.g. Moorhen 

(G. chloropus) and Coot (F. atra), with 1 or 2 pairs in Pečenačko Lake. Common 

Sandpiper (A. hypoleucos) breeds irregularly in this area. 

Dendrogram shows that diversity of breeding birds in the habitat Set & O 

is similar to forest habitats including shrub lands, and the similarity is the 

greatest with habitat ForW (see Fig. 7). The most similar habitats by breeding 

birds’ diversity are pastures and arable fields (M & Al). 

During migration period, 33 species of non-breeding birds were registered, 

mostly at autumn migration (September). Multiple species, like warblers 

Hippolais spp., S. borin or C. curruca, were registered over a longer period, 

especially species that feed on fruits and berries and some species were 

registered over only few days in both periods, e.g. Common Crane (G. grus), 

Night Heron (N. nycticorax), White Stork (C. ciconia), etc. Rubinić (2019) and 

Rubinić et al. (2019) do not indicate Common Crane in this area during 

migration, although this species is sometimes present in larger numbers (about 

50 individuals). Topić and Topić (2017) mention only one individual at Pašića 

polje. The falcons, F. naumanni and F. vespertinus, were sporadic autumn 

migrant (very rare) while F. biarmicus was sporadic spring migrant (in May). 

Rubinić (2019) and Rubinić et al. (2019) indicate the presence of F. naumanni in 

larger numbers, and F. vespertinus as scarce. The Rough-legged Buzzard (B. 

lagopus) was registered only in two years: three specimen in 2011 and four 

specimen in 2020 on Pašića polje. Water birds (W) are generally scarce during 

migration. During autumn migration, mass flocks are formed by Starlings, and 

Meadow Pipits occur with few hundred individuals in October. In the past, large 

flocks were formed by seed-eating species, including F. montifringila which is 

present also during the winter in this area. Regular and numerous wintering 

species (WV – winter visitor) are Brambling (F. montifringilla) and Fildfare (T. 

pilaris), and in much smaller numbers also Great Grey Shrike (L. excubitor) and 

Crested Lark (G. cristata). Ocassionally, during strong winters, this area is 

attended by Waxwing (Bombycilla garrulus) where it feeds on Crataegus spp. 

and Rosa spp.  

https://es.wikipedia.org/wiki/Sylvia_borin
https://es.wikipedia.org/wiki/Sylvia_curruca
https://es.wikipedia.org/wiki/Fringilla_montifringilla
https://es.wikipedia.org/wiki/Lanius_excubitor
https://es.wikipedia.org/wiki/Galerida_cristata
https://es.wikipedia.org/wiki/Bombycilla_garrulus
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Figure 7. Dendrogram of breeding birds’ diversity in 11 habitat types 

 

 
Figure 8. Number of species in 11 types of habitats in the area of Bosansko 

Grahovo municipality 
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Of all wintering visitors, the earliest one is L. excubitor, which arrives in 

the first half of October, after the first substantial cold (in Europe), and other 

species mostly arrive much later.  

The majority of breeding species was registered in forest habitats (For), 

although the greatest number of species is found in settlments and orchars (Sett 

& O). Total number of species and number of breeders by habitat type is 

presented on Figure 8. 

Alpine and subalpine ecosystems had the fewest bird species. The graph 8 

shows that wetlands, settlements and orchards, and then progradation stadium of 

shrub lands (SCH) have the greatest importance for migratory species. Since the 

wetland habitats (W) are small, they provide suitable resources only for smaller 

flocks or just few individuals. The orchards, besides being important for many 

migratory species, attract many species during the breeding season, especially 

during cherry ripening, even if they are not characteristic for such habitat. 

Similar observations are brought by Holmes and Robinson (1981). In general, a 

small number of bird species e.g. Rock partridge (A. graeca), Capercailie (T. 

urogallus), Hazel Grouse (T. bonasia) and some others, do not depend on karst 

poljes habitats (ForW, DCG, M & Al, Sett & O, W), including settlements with 

orchards.  

Karst poljes in the municipality of Bosansko Grahovo are important 

centers of biodiversity in Bosnia and Herzegovina and they are of great 

importance for bird fauna. For certain species, such as Corncrake (Crex crex), 

Lesser Grey Shrike (L. minor), and others, karst poljes are important nesting 

sites. On the other hand, for a big number of species Grahovo poljes are of great 

importance during migration periods. More than 100 species migrate through 

this area. 

In the spring, particularly numerous are flycatchers (Muscicapidae). The 

last species that leave this area in larger flocks (over 50 individuals) in late 

October are P. ochruros, S. torquata and A. pratensis usually with more than 100 

individuals. This conclusion is supported by the recently identified bird 

migration path called the “Adriatic Flyway”. 

 

CONCLUSIONS 

The paper corrects incorrect names for the studied karst poljes (fields). 

This paper to provide a more detailed information on the diversity of birds in this 

area and its importance for breeding, migratory and wintering birds. 165 bird 

species were registered in B. Grahovos area, and today it can safely be said that 

105 bird species nest on this area (Livanjsko polje included). We have registered 

several endangered bird species that nest or migrate in this area. Because of the 

diversity of its flora and fauna, the area of the municipality Bosansko Grahovo 

harbors favorable bird habitats during the whole year. 
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DETERMINATION OF QUALITY PARAMETERS OF 

 HERZEGOVINIAN DRY SMOKED GOAT MEAT 

 

SUMMARY  

Herzegovinian dry smoked goat meat is a traditional cured meat product 

made of the whole carcass of adult castrated bucks, dry salted and cold smoked. It 

has been traditionally produced in Herzegovina for centuries, especially in the 

wider area of the Stolac municipality. This study aimed to determine the quality 

parameters of Herzegovinian dry smoked goat meat. For the research, the samples 

were made into eight separate anatomical units (neck, sirloin, leg, loin, flank, 

breast, shoulder, hindshank), on which the tests were performed. Sensory, 

physical and chemical tests were performed on the examined samples. Also, to 

monitor changes in fats, its hydrolytic and oxidative changes (acid and peroxide 

number, TBARS value) were determined. The sensory evaluation determined that 

the examined samples were characterized by a "pleasant" aroma. Chemical tests 

revealed significant differences in the values of the examined parameters between 

samples from different anatomical regions. The least hydrolytic and oxidative 

changes were found in the breast samples which had the highest fat content. PCA 

analysis revealed a positive correlation between moisture content and pH value, 

as well as a negative correlation of these parameters with fat content. 

Furthermore, a significant positive correlation was found between NaCl content, 

ash, peroxide number, and TBARS values. Fat content was characteristic in the 

breast samples, moisture in the shoulder samples, protein in the hindshank 

samples, while NaCl and ash content were characteristic in the neck samples. 

Keywords: quality, traditional product, sensory and physical attributes, 

Herzegovina, chemical parameters 

 

INTRODUCTION 

Dried meat products are highly valued products in the diet of the 

population and represent a good source of protein of great biological value. 
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Traditional, preserved cured meat products that originate from a certain 

geographical area are characterized by specific sensory properties, and as a rule, 

top quality. The properties and quality of these products are significantly 

influenced, among other things, by the general characteristics of the climate, and 

especially by specific climatic conditions of a certain geographical area 

(Radovanović et al., 2005; Dumić, 2008). Traditionally, meat processing is a 

means of extending shelf-life (preserving) and producing a convenient item for 

later use. Processing is aimed at reducing the enzyme activity in the meat, 

retarding oxidation of the fat, and preventing spoilage by microorganisms. These 

aims have been achieved through drying, curing with salt, or smoking meat. 

Either one or a combination of these procedures in various regions of the world 

has preserved goat’s meat (Casey et al., 2003).  

Goat meat is an important source of proteins worldwide, especially in 

developing countries. It has about the same nutritional value as sheep meat 

(contains more proteins and less fat compared to sheep meat) (Ivanović et al., 

2014). The most important component of goat muscle tissue is, of course, 

proteins, whose nutritional value depends on the presence of certain essential 

amino acids. According to the presence of amino acids, goat meat fully meets the 

nutritional needs of an adult person (Ivanković et al., 2013). Goat meat, due to its 

high protein content, low amount of intramuscular and subcutaneous fat, the 

richness of macro and microelements and water, and fat-soluble vitamins are of 

high nutritional value (Kegalj et al., 2011). Also, the amount of fat, especially 

cholesterol, is low (Troskot & Pavičić, 2007). The chemical composition of goat 

meat, and more specifically intramuscular fat, is influenced by factors such as 

live weight, genotype, muscle, gender, and diet (Madruga & Bressan, 2011).  

In Bosnia and Herzegovina, the processing of goat meat is symbolic and is 

mainly reduced to the thermal processing of goat meat (goat roasting) and the 

production of traditionally cured meat products (goat “stelja”, “pastrma”, “plaha” 

and dry smoked goat meat). One of them is the autochthonous "Herzegovinian 

dry smoked goat meat". The production of this traditional product is specific to 

the area of Eastern Herzegovina, and especially to the wider locality of the 

municipality of Stolac. The peculiarity of the Mediterranean climate and plant 

cover, the specificity of the smell and aroma of meat, as well as the production 

technology, gives this traditional meat product exceptional sensory properties 

(Ganić et al., 2019; 2021). According to the Regulation of ground meat, meat 

preparations and meat products (Official Gazette of B&H No. 82/13), 

Herzegovinian dry smoked goat meat is classified as a preserved dried meat 

product where the moisture content must be less than 60%, water activity less 

than 0.93 and it must be stored at temperatures up to 15 ℃. In Bosnia and 

Herzegovina, goat meat is most often consumed in the form of roast goat meat. 

Very small quantities are processed exclusively as dried meat products - goat 

“stelja”. This way of meat technological processing is characteristic of certain 

areas such as Central Bosnia and Eastern Herzegovina. The production of goat 

“stelja” has an exclusively artisanal character, and a very small number of 
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artisanal meat processors are engaged in the production. In the last few years, 

based on the experience of producers, there has been a significant demand for 

cured meat products made from goat meat. This trend is probably a consequence 

of consumers being better informed about the nutritional characteristics of this 

type of meat. Also, meat processors point out that in the last two years (during the 

Covid 19 pandemic), there has been an enormous demand for goat “stelja” and 

tallow (goat fat).  

"Herzegovinian dry smoked goat meat" is a traditional meat product, by 

which the area of Eastern Herzegovina, primarily the municipalities of Stolac and 

Berkovići, was recognizable in the past. Production was characteristic of the hill 

and mountain areas of these municipalities. Based on the oral traditions of the 

domicile population, in the middle of the 20th century, about 200 “plahas” of 

dried goat were sold per week at the local market in Stolac. Bearing in mind the 

fact that in the last 10 to 15 years, there is a strong trend of extinction and 

displacement, especially in hilly and mountainous rural areas, this production has 

been reduced to a minimum. Nowadays, in the wider locality of the municipality 

of Stolac, there is only one meat processor engaged in the production of 

"Herzegovinian dry smoked goat meat". Its annual production is around 150 

“steljas”, which are mainly placed on the Sarajevo market (market places). Based 

on the current circumstances, it is very likely that the production of this 

indigenous product will be shut down soon. On the other hand, the tradition, 

quality, popularity of the product, and the ubiquitous trend of consuming 

indigenous food, impose the need to preserve this product, i.e. its production. For 

this purpose, pioneering research on the technology and quality of 

"Herzegovinian dry smoked goat meat" was conducted. The obtained results will 

be used in the process of protection of this product with the label of authenticity 

on the national level. With the protection of "Herzegovinian dry smoked goat 

meat", the product would gain even more popularity. Preconditions would be 

created for its more significant production, and in the future, it could certainly 

have exceptional export potential. Local communities would certainly invest 

more in the infrastructure of rural areas, which would give the local population an 

incentive to stay on their properties and have a secure source of income. In 

addition to the above, the mentioned localities have exceptional potential for the 

development of rural tourism. In this regard, the production of Herzegovinian dry 

smoked goat meat would fit perfectly into such projects.  

Available literature data indicate modest scientific work on the processing 

and quality of goat meat in Bosnia and Herzegovina. Ganić et al., (2013; 2019; 

2020) and Forto (2020) cite significant scientific research on the technology and 

quality of cured meat products from goat meat. In contrast to the above 

mentioned, in other countries, the quality of various goat meat products is 

continuously tested, such as smoked goat ham (Ivanović et al., 2014; 2014a; 

2016), goat mantas (Oliveira et al., 2014), goat bresaola (Paleari et al., 2003), 

salted and ripened goat thigh (Paleari et al., 2008), goat cured legs (Teixeira et al., 

2017; Tolentino et al., 2016).  
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The research aims to record the production technology for the first time 

and to establish the basic quality parameters of "Herzegovinian dry smoked goat 

meat". 

 
MATERIAL AND METHODS 

Production technology of Herzegovinian dry smoked goat meat. To produce 

"Herzegovinian dry smoked goat meat", only castrated bucks over three years of 

age are used. The meat processor, which produces this meat product, owns its 

property on Hrgud mountain, where the animals stay all year round. Bucks 

intended for the production of "Herzegovinian dry smoked goat meat" are grazed 

exclusively on pasture, without the addition of a concentrated meal. The 

production of this traditional meat product is characteristic only for the period 

from December to February. For this research, five adult castrated bucks, older 

than three years, were selected.  

Standard technology involves the following phases: bucks selection, 

slaughter, head and skin separation, evisceration, carcass cooling, deboning and 

processing of raw “stelja”, salting, then drying and smoking. Bleeding of animals 

is done traditionally. The neck veins at the level of the atlanto-occipital joint are 

cut with a knife. After the bleeding is over, decapitation (separation) of the head 

and skin is performed. The boning and processing of the trunk begin by making 

an incision in the part of the sternum, towards the spinal column and the neck. 

The meat is then separated from the bones by dissecting the musculature and the 

pelvic symphysis (Symphisis pelvis). In the next phase, an incision is made on the 

cranial side of the hind limbs with separate musculature of the femoral (Regio 

femoris) and crural regions (Regio cruris). Eventually, the skeleton is completely 

separated from the musculature. The shoulders remain within the trunk, with the 

shoulder blade (Scapula) and the upper arm bone (Humerus) being deboned, 

while the forearm bone (Radius) remains within the muscle tissue. To remove the 

shoulder blade and the upper arm bone, an incision is made on the medial side 

and the capsule articularis is opened, whereby cavitas glenoidalis (cavity) and 

caput humeri (head) are observed.  

The obtained raw “plaha” is additionally processed and shaped, whereby 

the salt is removed from the leg part so that the added salt penetrates better into 

the meat, and so that the smoking done is as complete as possible. When salting, 

only coarse crystalline sea salt is used, which is sprinkled on the meat (dry 

salting). Salting lasts only a few days (three to four days). After that, timber is 

introduced into the smokehouses for drying and smoking. Also, this part of the 

process varies according to weather conditions and lasts from a minimum of 15 to 

20 days, depending on the temperature and airflow. It is desirable to smoke 

intermittently every two days for 24 hours. Apart from smoking and drying, all 

technological phases were performed in the slaughterhouse "Obradović" Stolac. 

Smoking and drying of meat are done in traditional stone smokehouses on the 

mountain Hrgud (above 1000 m).   
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Figure 1. Production technology of Herzegovinian dry smoked goat meat (a - 

deboning of thoracic part; b - deboning of axial skeleton without head, pelvis, and 

femur; c - salting; d - smoking) 

Methods 

Sampling. Research in this paper has been conducted in the period from January 

to June 2019. 

For the research, five “steljas” were used (Fig. 2). Eight samples (neck, 

sirloin, leg, loin, flank, breast, shoulder, hindshank) from different anatomical 

parts were taken from each “stelja” (Fig. 3). The shoulder pattern in Fig. 3 is not 

visible because it is located on the lateral side of the “stelja”. 

 
Figure 2. Herzegovinian dry smoked goat meat 
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Figure 3. Sampling of Herzegovinian dry smoked goat meat 

Chemical analysis. Moisture content was determined by BAS ISO 

1442:2007, protein content by BAS ISO 937:2007, fat content by BAS ISO 

1443:2007, ash content by ISO 936:2007, pH was measured using pH meter 

(FiveGo
TM 

F2, Mettler Toledo, Switzerland), and aw value of the samples was 

measured using an aw meter (LabSwift – aw, Novasina, Switzerland). 

Determination of NaCl was performed by Mohr titration using 0.1 M AgNO3 and 

5% potassium chromate as an indicator (E. K. 8045, JUS., 1993).  
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Indicators of lipolysis and lipid oxidation. Acid value (AV) was used as 

an indicator of lipolysis. The acid value was determined according to BAS EN 

ISO 660:2010 method and expressed as mg KOH/g fat. The level of lipid 

oxidation was assessed by the determination of peroxide value (primary 

oxidation) and by the Thiobarbituric acid assay (secondary oxidation). Peroxide 

value (PV) was determined according to BAS EN ISO 3960:2018 method and 

expressed as mmol/kg. Thiobarbituric acid (TBA) assay was conducted according 

to Lemon (1975). The method is based on the spectrophotometric determination 

of the pink color that results from the reaction between Thiobarbituric acid (TBA) 

and malondialdehyde (MDA - ketoaldehyde, which is a secondary product of 

lipid oxidation of unsaturated fatty acids). Spectrophotometric absorbance 

readings were performed at 538 nm. A spectrophotometer (Perkin Elmer Lambda 

25 UV/VIS, 190-1100 nm) was used to read the absorbances. The concentration 

of pigment formed was determined by reading from a standard curve where the 

TBARS values obtained were expressed as mg malondialdehyde/kg sample (mg 

MDA/kg sample). A calibration curve was developed using 0, 0.01, 0.02, 0.03, 

0.04 and 0.05 µmol of malondialdehyde (MDA).  

Sensory analysis. Sensory analysis was performed by a simple descriptive 

method (Radovanović & Popov-Raljić, 2000). When describing sensory 

properties of Herzegovinian dry smoked goat meat, the most frequent and 

appropriate descriptive terms were used (Stamenković & Dević, 2006). The 

sensory evaluation was performed by a three-member expert commission that 

performs evaluations for fairs and exhibitions. No standard scoring was applied in 

this study. This methodology of the sensory evaluation was used to identify for 

the first time the sensory and physical characteristics of individual segments of 

"Herzegovinian dry smoked goat meat". The facts will serve as a basis and 

corrective for future research on this product. Measurements of the dimensions of 

individual tissues were performed using a movable scale with an accuracy of 0.00 

mm. Samples were cut into slices using a professional meat slicer (Meat Slicer 

AWT FS-190-15A) and served on plastic plates 30 minutes before the start of the 

sensory evaluation. For performing the sensory evaluation, the ambient 

temperature up to 20 ℃ and the presence of daylight is provided. About 50 mL of 

water and 15 g of unsalted bread were provided to assessors between successive 

samples. 

Statistical analyses. All determinations (chemical parameters, indicators 

of lipolysis and lipid oxidation) were carried out in triplicate, and data were 

reported as mean ± standard deviation. Influence of anatomical regions was tested 

using one-way ANOVA, and significant differences (p<0.05) were calculated 

using Tukey test. For the correlation and presentation of the results multivariate 

data analysis was used - analysis of the basic components or PCA analysis. 

Statistical analyses were performed using Past software 3.15 (Hammer et al., 

2001). 
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RESULTS AND DISCUSSION 
Chemical analysis. Results of the chemical analysis are shown in Table 1. 

Through statistical processing of the obtained results, it was established that the 

anatomical region had a statistically significant influence on all chemical 

parameters. Moisture content was in the range of 12,61-24,94%. The highest 

moisture content was in the hindshank samples (24,94%), while the lowest 

content was in the breast samples (12,61%). Higher moisture content compared to 

those determined in this paper are stated by Ganić et al., (2013) in goat “stelja“, 

Ivanović et al., (2014; 2014a; 2016) in smoked goat ham, Paleari et al., (2003) in 

goat bresaola, Paleari et al., (2008) in salted and ripened goat thigh, Oliveira et 

al., (2014) in goat mantas, Teixeira et al., (2017) in goat cured legs, Ganić et al., 

(2009; 2013a) and Dumić (2008) in sheep ham, Gajić (2000) and Krvavica et al., 

(2009) in sheep kastradina. All tested samples comply with the provisions of the 

Regulation of ground meat, meat preparations, and meat products (Official 

Gazette of B&H No. 82/13) in terms of moisture content because the recorded 

values were less than 60%.  

 

Table 1. Chemical parameters of Herzegovinian dry smoked goat meat 

P
a

rt
 o

f 

ca
rc

a
ss

 Parameters (n=5) 

Moisture 

(%) 

Fat        

(%) 

Protein 

(%) 

NaCl     

(%) 

Ash       

(%) 
pH aw 

Neck 
18,49c ± 

0,16 

33,71f ± 

0,30 

26,39b ± 

0,66 

9,99f ± 

0,14 

11,41f ± 

0,23 

6,14d ± 

0,04 

0,721abc ± 

0,00 

Sirloin 
17,32b ± 

0,56 

39,99g ± 

0,21 

25,79b ± 

0,79 

7,90d ± 

0,15 

9,00d ± 

0,17 

5,58b ± 

0,04 

0,716a ± 

0,00 

Leg 
24,02e ± 

0,24 

24,58c ± 

0,31 

38,94d ± 

0,46 

5,55a ± 

0,01 

6,91a ± 

0,22 

6,05cd ± 

0,03 

0,754d ± 

0,00 

Loin 
24,44e ± 

0,06 

26,16d ± 

0,21 

30,99c ± 

0,35 

8,50e ± 

0,07 

9,91e ± 

0,11 

6,00bcd ± 

0,06 

0,728c ± 

0,00 

Flank 
21,02d ± 

0,23 

30,14e ± 

0,42 

32,73c ± 

0,19 

7,38c ± 

0,13 

8,73cd ± 

0,18 

6,17d ± 

0,08 

0,720ab ± 

0,00 

Breast    
12,61a ± 

0,23 

50,35h ± 

0,15 

23,81a ± 

0,57 

5,79a ± 

0,18 

7,43ab ± 

0,23 

5,56a ± 

0,07 

0,722abc ± 

0,00 

Shoulder   
24,68e ± 

0,25 

23,10b ± 

0,35 

37,53d ± 

0,45 

6,52b ± 

0,07 

8,17c ± 

0,00 

5,89bc ± 

0,06 

0,725bc ± 

0,00 

Hindshank 
24,94e ± 

0,23 

14,40a ± 

0,17 

47,40e ± 

0,36 

5,69a ± 

0,06 

7,57b ± 

0,09 

6,06cd ± 

0,02 

0,727bc ± 

0,00 

Different letters within the same column indicate statistically significant differences (p<0.05) 

The fat content was determined in the range of 14,40-50,35%. The 

hindshank samples had the lowest fat content (14,40%). In contrast, the breast 

samples had the highest fat content (50,35%) which had the lowest moisture 

content. These results are consistent with the results reported by Ganić et al., 

(2013; 2009; 2013a), Gajić (2000), and Krvavica et al., (2009). The fat content 

determined by Ivanović et al., (2014; 2014a; 2016) in smoked goat ham is in the 
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range determined in this paper. In the examined samples, the protein content 

ranged from 23,81% (breast) to 47,40% (hindshank). 

The protein content determined in the samples of Herzegovinian dry 

smoked goat meat is following the results recorded by Ivanović et al., (2014; 

2014a; 2016), Paleari et al., (2003; 2008), and Oliveira et al., (2014). The neck 

samples had the highest content of NaCl (9,99%) and ash (11,41%). On the other 

hand, the samples of the leg had the lowest content of the mentioned components 

(5,55%; 6,91%). The lower content of these components was determined by 

Ganić et al., (2009; 2013), Ivanović et al., (2014; 2014a; 2016), Paleari et al., 

(2008) in their research.  

Samples of Herzegovinian dry smoked goat meat had a pH value of 5,56-

6,17. The stated values are under the established values for smoked goat ham 

(Ivanović et al., 2014; 2016), goat cured legs (Teixeira et al., 2017; Tolentino et 

al., 2016), goat mantas (Oliveira et al., 2014) and salted and ripened goat thigh 

(Paleari et al., 2008). Samples of Herzegovinian dry smoked goat meat had an aw 

value of 0.716-0.754 and showed the values typically associated with 

intermediate moisture foods, which include dry-cured meat products (Leistner, 

1991). Higher values of the examined parameter were found for smoked goat ham 

(Ivanović et al., 2014a), goat bresaola (Paleari et al., 2008), goat mantas (Oliveira 

et al., 2014), goat cured legs (Teixeira et al., 2017; Tolentino et al., 2016). All 

tested samples in terms of aw values were under the Regulation of ground meat, 

meat preparations, and meat products (Official Gazette of B&H No. 82/13) 

because the values of this parameter did not exceed 0,93. 

Indicators of lipolysis and lipid oxidation. The acid value, peroxide 

value, and TBARS value of Herzegovinian dry smoked goat meat are presented 

in Table 2. Through statistical processing of the obtained results, it was 

established that the anatomical region had a statistically significant influence on 

the stated parameters. The acid number of the tested samples ranged from 9,24 to 

20,69 mg KOH/kg fat. The highest value of the acid number was found in the 

samples of the shoulder, which did not have the highest fat content. The activity 

of lipolytic enzymes increases with the increase of the moisture content, which is 

probably due to higher values of the acid number in the shoulder samples, which 

was characterized by higher moisture content. Also, the content of n-3 fatty acids 

increases the sensitivity to lipolytic changes, which may be another reason for 

these results. The lowest value of the acid number was found in the breast 

samples that had the highest fat content. The reason for these results is probably 

the higher content of more stable saturated fatty acids, which cannot be explained 

without a detailed analysis of the fatty acid composition. These results are in line 

with the results reported by Krvavica et al., (2016) for kastradina, and Kurćubić 

and Vesković-Moračanin (2017) for beef prosciutto. Higher values of the acid 

number were found by Krvavica et al., (2013; 2021) for Istrian ham, in their 

research.  

The neck samples had the highest values of peroxide value (4,65 mmol/kg) 

compared to other tested samples.  
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Table 2. Indicators of lipolysis and lipid oxidation of Herzegovinian dry smoked 

goat meat 

P
a

rt
 o

f 

ca
rc

a
ss

 Parameters (n=5) 

Acid value (AV), mg 
KOH/g fat 

Peroxide value (PV), 
mmol/kg 

TBARS, mg 
MDA/kg sample 

Neck 9,60
a
 ± 0,13 4,65

f
 ± 0,28 1,02

f
 ± 0,01 

Sirloin 17,74
d
 ± 0,22 2,35

bcd
 ± 0,18 0,57

d
 ± 0,00 

Leg 19,51
e
 ± 0,18 1,87

ab
 ± 0,19 0,78

e
 ± 0,01 

Loin 14,68
b
 ± 0,40 2,82

d
 ± 0,13 1,08

g
 ± 0,01 

Flank 20,48
f
 ± 0,13 2,60

cd
 ± 0,18 1,17

h
 ± 0,00 

Breast    9,24
a
 ± 0,15 1,53

a
 ± 0,04 0,47

b
 ± 0,00 

Shoulder   20,69
f
 ±0,26 3,78

e
 ± 0,15 0,50

c
 ± 0,00 

Hindshank 16,50
c
 ± 0,20 2,03

abc
 ± 0,13 0,28

a
 ± 0,01 

Different letters within the same column indicate statistically significant differences (p<0.05) 

Figure 4. The plot of principal component analysis of the chemical parameters 

and indicators of lipolysis and lipid oxidation of Herzegovinian dry smoked goat 

meat 

These samples had the highest NaCl content (9,99%) which is probably 

another promoter of lipolysis. Higher content of linoleic fatty acid and PUFA 

intensify oxidative changes, while higher content of SFA "protects" samples from 

oxidation. The breast samples had the lowest peroxide value (1,53 mmol/kg) 

although they had the highest fat content which is probably due to the higher 
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content of more stable SFA. Higher values of the peroxide number were found by 

Krvavica et al., (2016) for kastradina and Krvavica et al., (2013; 2021) for Istrian 

ham.  

The TBARS value ranged from 0,28-1,17 mg MDA/kg sample in the tested 

samples. The hindshank samples had the lowest TBARS value, while the flank 

samples had the highest value. Higher TBARS values cite Oliveira et al., (2014) 

for goat mantas. These results are by the values given for Istrian ham by Marušić 

et al., (2011; 2014) and Krvavica et al., (2021), for dalmatian dry-cured pork 

(Krvavica et al., 2016a) and dalmatian ham (Marušić Radovčić et al., 2016). 

Sensory analysis. The results of the sensory evaluation of Herzegovinian 

dry smoked goat meat are shown in Table 3. 

Table 3. Sensory and physical attributes of Herzegovinian dry smoked goat meat 

Neck 

The external appearance of this anatomical part of the trunk indicates 

a dominant presence of muscle tissue, permeated with thin layers of 

golden-yellow adipose tissue. The presence of adipose tissue is 

especially noticeable on the inner (medial) part of the neck, where the 

muscle surface is almost completely covered in a thin layer of adipose 

tissue of lighter shades of yellow. The cross-section is dominated by 

muscle tissue.  

When chewing, the flesh of the neck is hard. The fragility in the 

mouth is very weak due to the presence of parts of the connective 

tissue (tendon). The smell of the meat is reminiscent of smoke, 

without the pronounced salinity and the characteristic pungent smell 

of goat meat. And due to the pronounced dryness, it is harder to cut 

into thin slices. 

Sirloin 

On the outer part of the sirloin are mutually differentiated surfaces of 

muscle and parts with predominantly adipose tissue. The muscular 

layer is dark brown (chocolate) shade, while the surface with the 

dominant adipose tissue is golden-yellow. In contrast, the inner sirloin 

region is divided into the central muscle part and the adipose tissue 

areas located at the periphery of the sirloin. The color of the muscle 

tissue is distinctly dark chocolate shade, while the adipose tissue with 

darker tones is yellow. In cross-section, the muscle tissue is dominant 

about adipose tissue in a ratio of 2:1. 

In the area of the sirloin, next to the back muscle, fat is more present, 

while in the part next to the abdomen, muscle tissue dominates. The 

structure is compact without the noticeable presence of cracks. Due to 

the dryness, it is difficult to cut into thin steaks. Muscle tissue is 

crumbly when chewed, and adipose tissue does not lag the palate 

when crushed in the mouth. The presence of salt is optimally 

expressed, and the smell and aroma are reminiscent of smoke and 

have a slightly pronounced aroma. 
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Leg 

Due to insufficient drying and smoking, the meat in the cross-section 
is distinctly red (the color of fresh meat). Marbling is present but to a 
much lesser extent than in loin samples. The layer of adipose tissue is 
thin and covers only the outer part of the leg (the part on which the 
skin rests). The flesh has a fine unique structure throughout the cross-
section and no visible cracks. When minced in the mouth, the meat is 
juicy and soft. The crumbs in the mouth are very good and the fat does 
not lag on the palate. The smell is less pronounced and slightly 
reminiscent of smoke. The average “stelja“ thickness on the leg part 
was 40,60 mm (middle part of the area of M. gastrocnemius), 21,80 
mm on the section of M. glutaeobiceps and M. semitendinosus, and 
35,00 mm of the area of M. extensor digitorum longus (Neil, 1964). 

Loin 

The color of the muscle tissue on the outer part of the loin is brown, 
while the adipose tissue is golden-yellow. It is dominated by muscle 
tissue. In the inner part (medial) of the loin, adipose tissue is more 
present, which has a significantly lighter tone compared to the lateral 
part. The cross-section is dark brown (chocolate) shades, with the 
dominant presence of muscle tissue. At the cross-section, a monolithic 
structure without cracks is noticeable, with a very small presence of 
adipose tissue. Compared to the neck and sirloin, it is much easier to 
cut into 2 mm thick slices. When chewing, adipose tissue sticks to the 
palate. It has no pronounced salinity. The smell is reminiscent of 
smoke, without the exaggerated aroma of dry goat meat. 

Flank 

This anatomical part of the trunk is made up of almost equally muscle 
and adipose tissue. The color of the muscle parts is a closed red shade, 
while the adipose tissue is yellow. It is relatively well cut into 2 mm 
thick slices. It has good crumbliness when chewed. The aroma has a 
present aroma of smoked goat meat, with a pungent taste and aroma. 

Breast 

Differentiated adipose and muscle layer, dominated by the adipose 
tissue part. The color of the muscle tissue on the inside is dark red 
with brown tones, while the color of the adipose tissue is white to light 
yellow. The meat is easily cut into 2 mm thick slices, it is crumbly in 
the mouth and the fat does not stick to the palate. The smell of the 
“stelja“ is characteristic and reminiscent of smoke. The taste of 
primarily adipose tissue is strong, astringent, and unpleasant. The 
thickness of the samples was 19,30 mm in the middle part, 19,10 mm 
towards Linea alba and the area of regio xyphoide, and in the part 
towards the ribs, the thickness was 17,70 mm. 

Shoulder 

The outer part of the muscle tissue is dark red to brown shades. The 
surfaces of adipose tissue are golden-yellow to brown. The smell is 
reminiscent of smoked meat, without the presence of overemphasized 
aroma of goat meat. It can be relatively easily cut into 2 mm thick 
slices. It has good crumbliness when chewed in the mouth. Muscle 
and, to a lesser extent, adipose tissue is present in this anatomical part 
of the trunk. 
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Hindshank 

The extremely dry muscle tissue of dark brown color. Very difficult to 
cut into 2 mm thick slices. Not overly pronounced smell of smoked 
goat meat. When chewed in the mouth, it shows exceptional hardness. 
At this anatomical position of the trunk, muscle tissue is dominant. 

Relationship between chemical parameters and indicators of lipolysis 

and lipid oxidation. The analysis of the main components was performed based 

on a correlation matrix in which 10 parameters were included for eight samples of 

Herzegovinian dry smoked goat meat. For the analysis of the main components, 

aw and pH value, moisture, fat, ash, protein, NaCl content, acid number, peroxide 

number, TBARS value were used as variables. The first two components that are 

the result of testing the above parameters of samples of Herzegovinian dry 

smoked goat meat contained 76,78% of the total variance, the first 43,63%, and 

the second 33,15%. The cumulative variance for the four main components was 

93,53%.  

From the results shown in Fig. 4, the moisture content and pH value 

achieved a significant positive correlation, while the stated parameters were in a 

significant negative correlation with the fat content. A positive correlation was 

found between the content of NaCl, ash, peroxide, and TBARS value. Also, a 

high positive correlation was found between protein content, aw value, and acid 

number. From the presented graph the fat content was characteristic for the breast 

samples. The hindshank samples had a characteristic protein content, while the 

shoulder samples had characteristic moisture content. In contrast, the content of 

NaCl and ash was characteristic of the neck samples. TBARS value was 

characteristic of the flank samples, aw value of the leg samples, peroxide value of 

the neck samples, and an acid value of the shoulder samples. 

 

CONCLUSIONS 

Herzegovina dried goat meat is a valuable food product thanks to its 

specific sensory properties and favorable chemical composition. From the aspect 

of sensory quality, this product is characterized by a pleasant aroma, smell of 

smoke, and slightly pronounced salinity, except for samples of the flank and 

breast. The samples of the flank had a pronounced smell of smoked goat meat, 

with a pungent taste and aroma, and this anatomical part of the carcass is 

characterized by almost equally muscular and fatty tissue. The breast samples had 

an adipose tissue taste that was strongly pronounced, astringent, and unpleasant 

due to the dominance of adipose tissue in this anatomical part, and which usually 

contained the compounds responsible for taste and aroma. The analysis of basic 

chemical indicators showed significant differences between individual anatomical 

parts. The most intense hydrolytic changes were found in the shoulder samples in 

which the acid value was 20,69 mg KOH/g fat. The highest value of the peroxide 

number was found in the neck samples (4,65 mmol/kg), and TBARS value in the 

flank samples (1,17 mg MDA/kg).  
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The results of the research will be used to standardize the production and 

quality of "Herzegovinian dry smoked goat meat". The determining technological 

and qualitative parameters will be used for the manufacturer's product 

specification in the process of its protection with the label of authenticity. With 

the protection of "Herzegovinian dry smoked goat meat" on the national level, the 

product will be officially branded and will gain even more in popularization and 

marketing. With certain technological additions (confectioning into smaller 

pieces, vacuum packaging, and labeling), it can represent an exceptional 

development opportunity for the rural areas where it is produced. Having in mind 

the above, there is an urgent need to protect this meat product, unique in Bosnia 

and Herzegovina and beyond.    
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ESTIMATION OF GENETIC VARIABILITY OF AUTOCHTHONOUS 

WHEAT (TRITICUM AESTIVUM L.) GENOTYPES USING 

MULTIVARIATE ANALYSIS 

 

SUMMARY  

This study was conduct to evaluate the morphological variability of 23 

autochthonous wheat genotypes (Triticum aestivum L.) part of the base collection 

of the Gene Bank (Agricultural University of Tirana). Crop production is strongly 

related with genetic diversity within germplasm and its improvement. Various 

statistical techniques have been used to study diversity among different 

genotypes. Among these techniques multivariate is most frequently used one for 

the genetic association of genotypes. Principal components and cluster analysis 

were carried out involving quantitative traits, such as tiller capacity, plant height, 

spike length, number of spikelet per spike, number of seeds per spikelet, seed 

size, weight of seeds per spike and seed yield. According to PCA, three 

components exhibited about 67.15% of the variability within 23 wheat genotypes. 

Accessions were grouped into three major clusters based on Euclidean distance, 

suggesting a variance of 41.72% within classes and 58.28% between classes. 

Accessions with major level of dissimilarity between them were AGB 3071 

(Univers 6) and AGB 3064 (IKBA_05). The results suggested that plant height, 

spike length, number of spikelet per spike and weight of seeds per spike were the 

most important characters in differentiating the genotypes. The use of principal 

component and correlation coefficient analysis in the wheat germplasm, simplify 

dependable classification of genotypes, the identification of the superior 

genotypes and their relation with morphological traits with possibility 

expenditure in breeding programs. 

Keywords: cluster, PC, genotypes, morphological, traits, variability 

 

INTRODUCTION 
Agriculture in Albania is still a significant sector of the economy which 

contributes to 22.5% of the country's GDP providing the income base for most of 

the population and serves as an employment safety net. Wheat and especially 
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bread wheat (Triticum aestivum L.) is one of the most important cultivated food 

crops in Albania, with 70 000 ha of cultivated area.  

The priority of wheat improving program is to increase grain yield. Any 

improvement program for increasing yield requires sufficient information on their 

parental materials in respect of variation for yield and yield contributing 

characters.  

The evaluation of genetic variability based on morphological characters 

especially those of economic interest might be used to select appropriate 

materials in breeding programs for crop improvement (Dos Santos et al. 2009). 

Various statistical techniques have been used to study diversity among different 

genotypes. Among these techniques multivariate is most frequently used one for 

the genetic association of genotypes (Ali et al. 2021).  

Quantitative traits are often used to assess and describe the wheat 

characters due to their role in the estimation of genetic diversity and 

discrimination of closely related types (Al Khanjari et al. 2008). The correlation 

coefficient analysis is useful in the identification of characters that are positively 

correlated with yield (Maqbool et al. 2010). This analysis is a reliable statistical 

method, which provides tool to quantify the associations among different traits 

and indicate whether the influence is reflected in the yield (Sabaghina et al. 

2014). 

The Institute of Plant Genetic Resources (former Albanian Gene Bank) has 

a total of 270 accessions of bread wheat genotypes (Triticum aestivum L.) in 

long-term storage (https://www.eurisco.ipk-gatersleben.de/apex/). This gene bank 

has the aim not only to preserve the germplasm but also to make available the 

plant resources into breeding programs, to improve cultivars or to develop new 

ones.  

Therefore, the characterization of plant germplasm (accessions) maintained 

in active or base collections in such institutions, and the examination of the 

genetic relationship between them, is an important tool for the sustainable 

conservation and certainly to increase use of crop genetic resources. This study 

seeks to be attached to previous studies conducted by this institution (Bode et al. 

2012; 2013; 2015; Cakalli et al. 2017; Xhulaj et al. 2018), on the evaluation and 

characterization of different plant genetic resources held in conservation, in order 

to enrich the database (passport data) with additional biological information, 

essential for sustainable collection management but also for direct use in 

agriculture. 

The object of this study was the assessment of diversity, the evaluation of 

possible interrelationships among yield contributing traits through 

characterization of 23 accessions of bread wheat (Triticum aestivum L.), will help 

in selecting the desirable characters and serves as a valuable source for creation 

of new gene combinations to sustain common wheat future breeding programs. 
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MATERIAL AND METHODS 
The study is based on the characterization of the diversity of bread wheat 

(Triticum aestivum L) germplasm. The plant material is characterized by a survey 

on land and laboratory, in the experimental field of the Agricultural University of 

Tirana.  

Plant Material: Object of the study, 23 genotypes of bread wheat 

(Triticum aestivum L.), part of the base collection (Table 1, 

https://www.eurisco.ipk-gatersleben.de/apex/).  

Experimental site: The study was conducted at the Experimental Station 

of Institute of Plant Genetic Resources Valias, Tiranë (altitude of 40 m above sea 

level and at Latitude 41°24'6.14"N and Longitude 19°44'9.93"E). 

 

Table 1. List of the 23 wheat (Triticum aestivum L.) accessions object of the 

study 
Accession code Accession name Origin Acquire date 

AGB 0330 - Albania 2003/01/08 

AGB 0331 - Albania 2003/01/08 

AGB 0332 - Albania 2003/01/08 

AGB 0333 - Albania 2003/01/08 

AGB 0334 - Albania 2003/01/08 

AGB 0335 - Albania 2003/01/08 

AGB 0336 - Albania 2003/01/08 

AGB 0337 - Albania 2003/01/08 

AGB 0338 - Albania 2003/01/08 

AGB 0339 - Albania 2003/01/08 

AGB 0340 - Albania 2003/01/08 

AGB 3066 Univers 1 Albania 2010/11/25 

AGB 3067 Univers 2 Albania 2010/11/25 

AGB 3068 Univers 3 Albania 2010/11/25 

AGB 3069 Univers 4 Albania 2010/11/25 

AGB 3070 Univers 5 Albania 2010/11/25 

AGB 3071 Univers 6 Albania 2010/11/25 

AGB 2837 Golia Albania 2001/06/26 

AGB 2838 Agimi Albania 2001/06/26 

AGB 2840  Albania 2001/06/26 

AGB 2842  Albania 2001/06/26 

AGB 3064 IKBA_05 Albania 2010/11/25 

AGB 3065 IKBA_06 Albania 2010/11/25 

 

Methods (Experimental Design): Experiment carried two replication 

during the autumn season 2017-2018. During the crop year, the accessions were 

evaluated for different characters of quantitative type as: tiller capacity (TC), 

plant height/cm (PH), spike length/cm (SL), number of spikelet per spike 

(NSpkSp), number of seeds per spikelet (NSSpk), number of seeds per spike 

(NSSp), weight of seeds per spike/g (WSSp), weight of 1000 seeds (W1000S) 

and seed yield/g (SY). The wheat accessions were also evaluated for qualitative 

traits as: awnedness, glumes color, glumes hairiness, seed color and seed 

https://www.eurisco.ipk-gatersleben.de/apex/
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virtuousness. Morphological characterization of the accessions was conducted 

according to international standards (IPGRI, 1985). 

Statistical analyses: Statistical tests were carried out by the Statistical 

Package for Social Sciences (version 21). 

 

RESULTS AND DISCUSSION 
The genetic variability among 23 autochthonous wheat genotypes stored in 

the Gene Bank is assessed using different agronomic traits, especially those 

related to yield component as plant height, spike length, number of spikes per 

spike and grain weight. Basic statistic for qualitative traits (Table 2) and 

quantitative traits (Table 3) were used and the estimated variation coefficient was 

high for agronomic traits as number of seeds per spike, spike length, weight of 

seeds per spike and weight of 1000 seeds, similar with others authors (Ali et al. 

2008; Sabaghina et al. 2014). Regarding qualitative traits 47.82% of the bread 

wheat genotypes presented conspicuous awns (awned), while 26.08% short awns 

and AGB 3069, AGB 2837, AGB 2838, AGB 3064 and AGB 3065 with no awns. 

Major part of wheat genotypes 65.21% after transversely section appear partly 

vitreous while 34.78% of wheat accessions non vitreous (Table 2).  

 

Table 2. Data of qualitative morphological traits of 23 Triticum aestivum L. 

genotypes  
Accession 

code AGB 
Awnedness Glumes color 

Glumes 

hairiness 

Seed 

color 
Seed Size Vitreousness 

0330 awned red to brown absent purple large partly vitreous 

0331 awned red to brown absent red large partly vitreous 

0332 awned red to brown low red intermediate partly vitreous 

0333 awned red to brown low red large partly vitreous 

0334 awned red to brown absent red large partly vitreous 

0335 awned white low red large partly vitreous 

0336 awned white absent white large partly vitreous 

0337 awned purple to black high red large non vitreous 

0338 awned red to brown absent red small partly vitreous 

0339 awned white absent red small partly vitreous 

0340 awned red to brown high red large partly vitreous 

3066 awn less red to brown low purple small non vitreous 

3067 awnletted red to brown low purple small partly vitreous 

3068 awnletted red to brown absent red intermediate partly vitreous 

3069 awn less red to brown absent red small non vitreous 

3070 awnletted red to brown absent white small partly vitreous 

3071 awnletted red to brown high red intermediate partly vitreous 

2837 awn less red to brown absent red small non vitreous 

2838 awn less red to brown absent white small non vitreous 

2840 awnletted red to brown low purple large partly vitreous 

2842 awnletted red to brown low purple intermediate non vitreous 

3064 awn less white absent purple intermediate non vitreous 

3065 awn less purple to black low purple intermediate non vitreous 
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Variability is observed for seed size trait, 34.78% of the genotypes 

presented small size, 26.08% intermediate size and 39.13% of the wheat 

genotypes presented large seed size. Wheat grain yield is the result of some 

important physiological traits occurring in the growth and mostly is determined 

by the number of spikes, the number of grains and grain weight (Zecevic et al. 

2010; Sabaghina et al. 2014). Results for tiller capacity trait reveal two 

accessions AGB 0332 and AGB 0334 with the highest value (2.6) while 9 from 

23 wheat genotypes presented the same lowest value. AGB 3068 recorded the 

lowest value for four quantitative traits as tiller capacity, plant height, spike 

length and number of seeds per spikelet while AGB 2840 the highest value for 

two traits as, plant height and spike length (14, 72 cm). Results presented for 

spike length are higher from those reported from other authors (Peltonen et al. 

2007; Xhulaj et al. 2017). Genotype AGB 2838 presented the highest values for 

number of seeds per spikelet and number of seeds per spike. As previously 

reported (Sabaghina et al. 2014; Xhulaj et al. 2020) grain yield is influenced by 

spike properties and the spikelet number plays a very important role in the wheat 

grain yield. AGB 0338 recorded the highest value (25.8) and the lowest one at 

AGB 3064 (16.2).  

 

Table 3. Descriptive statistics of quantitative traits in 23 genotypes of bread 

wheat (Triticum aestivum L.) 
Code 

AGB 
TC PH SL NSpkSp NSSpk WSSp W1000S NSSp 

0330 2.3±0.2 93.5±1.7 8.4±0.2 23.8±0.3 3.0±0.1 1.92±0.1 40.0±0.1 54.0±0.5 
0331 2.5±0.2 91.7±0.6 8.1±0.1 20.2±0.3 3.0±0.1 2.4±0.1 48.0±0.1 59.8±1.2 

0332 2.6±0.1 91.7±0.9 8.4±0.1 19.4±0.4 3.0±0.1 2.66±0.2 50.1±0.5 62.0±1.9 

0333 2.0±0.1 97.6±0.7 8.2±0.1 20.8±0.2 3.0±0.1 2.42±0.1 51.0±0.1 48.0±2.3 
0334 2.6±0.1 99.8±0.9 9.1±0.2 21.6±0.4 3.0±0.1 2.38±0.1 41.7±0.1 57.0±0.5 

0335 2.0±0.1 101.8±0.6 8.3±0.1 23.0±0.1 3.0±0.1 2.62±0.1 57.0±0.1 46.0±0.4 
0336 2.5±0.2 99.8±1.4 7.8±0.1 23.6±0.3 3.0±0.2 1.64±0.1 39.6±0.5 41.6±1.0 

0337 2.0±0.3 97.5±0.8 8.2±0.2 21.6±0.3 3.0±0.1 2.34±0.5 50.1±0.7 56.0±1.3 

0338 2.3±0.2 105.1±1.3 9.4±0.2 25.8±0.3 3.0±0.1 1.44±0.2 39.2±0.1 54.8±1.2 
0339 2.2±0.2 99.3±1.2 8.2±0.1 24.6±0.3 3.0±0.2 2.1±0.3 54±0.1 52.8±1.4 

0340 2.4±0.2 96.6±1.3 7.8±0.2 21.6±0.3 3.0±0.1 2.74±0.2 50.2±0.3 58.9±1.4 

3066 2.0±0.1 101.7±0.6 13.7±0.1 23.4±0.3 2.0±0.1 1.42±0.2 30.1±0.1 38.0±0.8 
3067 2.0±0.7 73.5±1.1 11.3±0.2 22.6±0.4 3.0±0.2 1.44±0.1 35.2±0.5 50.0±1.8 

3068 2.0±0.1 71.7±0.6 7.1±0.1 20.4±0.3 2.0±0.2 1.96±0.2 34±0.7 55.8±0.1 

3069 2.0±0.5 93.5±1.0 9.5±0.1 19.8±0.3 2.0±0.1 1.46±0.1 31.1±0.1 18.6±0.2 
3070 2.2±0.2 83.3±0.8 10.9±0.2 22.6±0.5 3.0±0.1 1.84±0.2 41.3±0.7 56.4±1.2 

3071 2.0±0.2 73.5±0.8 12.2±0.1 23.2±0.5 3.0±0.1 1.88±0.1 39.1±0.7 69.0±1.5 

2837 2.0±0.3 72.5±0.8 8.5±0.2 21.4±0.3 3.0±0.2 2.26±0.2 34±0.5 57.8±1.1 
2838 2.4±0.2 88.0±0.8 11.4±0.2 22.2±0.3 4.0±0.4 2.72±0.2 39±1.2 72.4±0.4 

2840 2.0±0.8 136.2±2.1 14.7±0.5 18.2±0.3 3.0±0.1 2.0±0.1 45±1.5 48.4±1.2 

2842 2.1±0.1 129.3±1.5 12.2±0.4 19.8±0.3 3.0±0.1 2.32±0.3 42.3±0.3 28.4±0.2 
3064 2.4±0.2 102.3±0.8 10.2±0.2 16.2±0.3 4.0±0.2 2.61±0.3 47±1.2 66.4±1.8 

3065 2.5±0.2 83.5±1.1 10.1±0.2 19.4±0.6 3.0±0.2 2.1±0.2 32±1.3 65.6±1.5 

Min. 2.01 71.70 7.10 16.20 2.00 1.42 30.10 18.60 

Max. 2.60 136.2 14.72 25.80 4.00 2.74 57.00 72.40 
Mean 2.21 94.93 9.73 21.53 2.95 2.11 42.21 52.94 

St.deviation  0.22 15.49 1.99 2.151 0.46 0.42 7.482 12.25 

CV 0.10 0.16 0.20 0.10 0.15 0.20 0.17 0.23 
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Three wheat genotypes presented the lowest values measured for number 

of seeds per spikelet trait (AGB 3066, AGB 3068 and AGB 3069) while two 

other accessions are similar for the same trait with 4 numbers of seeds per 

spikelet (AGB 2838 and AGB 3064). High variation is observed between wheat 

germplasm for weight of seeds per spike from 1.42 at AGB 3066 to 2.74 (AGB 

0340). Seed weight parameter also is important in wheat increasing seed 

germination percent, seedling emergence, tiller capacity, spike density and yield 

(Bellatreche et al. 2017). AGB 3070 recorded the highest value for weight of 

1000 seeds (57g). According to Okamoto et al. (2013) the grain number and 

weight as two main components in wheat grain yield are determined at different 

times of the growing season. This author suggested that seed weight best-

explained genotype by environmental interaction for wheat grain yield.  

Regarding plant height trait was observed a high variation among 23 wheat 

germplasm, whereas AGB 3068 recorded the lowest value (71.1cm) and AGB 

2840 the highest value (136.2cm). The results are higher from those reported by 

other authors (Sabaghina et al. 2014) for the same trait (54.9 cm to 109.53 cm), 

whereas Mahmood et al. (2006) obtained results ranging from 62 cm to 110 cm, 

while Aliu et al. (2010) reported a range from 71 to 79 cm in different bread 

wheat genotypes. 

 

Correlation Coefficient Analysis:  

To measure the interdependence between a pair of characters, correlation 

of quantitative morphological traits was calculated by studying the data of 23 

bread wheat germplasm (Table 4).  

 

Table 4. Correlation matrix among the morphological traits (Pearson (n)) 

Variables TC PH SL NSpkSp NSSpk WSSp W1000S NSSp SY 

TC 1 0.019 -0.295 -0.105 0.429 0.354 0.139 0.425 0.339 

PH 0.019 1 0.368 -0.208 0.111 0.110 0.357 -0.429 0.060 

SL -0.295 0.368 1 -0.144 0.043 -0.304 -0.343 -0.130 -0.293 

NSpkSp -0.105 -0.208 -0.144 1 -0.160 -0.422 -0.047 -0.034 -0.053 

NSSpk 0.429 0.111 0.043 -0.160 1 0.573 0.413 0.607 0.319 

WSSp 0.354 0.110 -0.304 -0.422 0.573 1 0.656 0.462 0.250 

W1000S 0.139 0.357 -0.343 -0.047 0.413 0.656 1 0.180 0.247 

NSSp 0.425 -0.429 -0.130 -0.034 0.607 0.462 0.180 1 0.241 

SY 0.339 0.060 -0.293 -0.053 0.319 0.250 0.247 0.241 1 

 

Knowledge of correlation is required to obtain the expected response of 

other traits when selection is applied to the trait of interest in a breeding program 

(Maqbool et al. 2010). Tiller capacity trait exhibited positive significant 

correlation with number of seeds per spikelet (r=0.429), number of seeds per 
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spike (r=0.425) and weight of seeds per spike (r=0.354). It presented negative 

relations with spike length and number of spikelets per spike. 

 Positive relationship is observed between plant height and traits as spike 

length (r= 0.368) and weight of 1000 seeds (r=0.357) (Zecevic et al. 2004; Bilgin 

et al. 2011). Strong negative correlation is observed among plant height and 

number of seeds per spike (r=-0.429). Spike length exhibited negative correlation 

with most of the traits especially with weight of 1000 seeds (r=-0.368). Number 

of spikelet per spike it is negatively correlated with all of the traits. 

At genotypic level number of seed per spikelet possessed positive 

significant correlation with yield contributing traits as the number of seeds per 

spike (r=0.607) and weight of seed per spikelet (r=0.573). Strong positive 

correlation is observed among weight of 1000 seeds and weight of seeds per spike 

(r=0.656). This trait exhibited negative correlation with spike length (r=-0.343). 

Number of seeds (grains) per spike is positive related with weight of seeds per 

spike (r=0.462) but strongly negative related to plant height. Positive relationship 

is observed among seed yield and two other traits as tiller capacity (r=0.339) and 

number of seeds per spikelet (r=0.319). Similar results for positive correlations 

between yield components such as tiller capacity and number of seeds per 

spikelet’s with grain yield are reported from different authors (Desheva et al. 

2016; Okuyama et al. 2004; Zecevic et al. 2004; Xhulaj et al. 2019). 

 

Principal Component analysis:  

Results of PCA suggest that 77.50% of the variability is exhibited among 

23 common wheat genotypes by four components (Table 5) where the two first 

components influenced mostly the variability (F1 34.54% and F2 18.89% Figure 

1).  

 

Table 5. Eigen values and % total variance for PCA in 23 accessions of wheat 

PCA F1 F2 F3 F4 F5 F6 F7 F8 F9 

Eigen value 3.109 1.700 1.235 0.932 0.884 0.633 0.242 0.165 0.099 

Variability (%) 34.54 18.88 13.72 10.35 9.826 7.033 2.694 1.838 1.104 

Cumulative % 34.54 53.43 67.15 77.50 87.33 94.36 97.05 98.89 100.00 

Eigenvectors  

TC 0.359 -0.137 0.098 0.346 -0.360 0.708 -0.128 -0.023 -0.274 

PH 0.022 0.683 -0.185 0.332 0.015 0.193 -0.130 0.012 0.578 

SL -0.222 0.401 0.578 0.259 0.214 -0.135 -0.304 0.144 -0.460 

NSpkSp -0.156 -0.380 -0.310 0.469 0.604 0.132 -0.050 0.362 0.007 

NSSpk 0.440 0.096 0.315 0.213 0.305 -0.057 0.738 -0.103 0.027 

WSSp 0.479 0.162 -0.034 -0.390 0.047 0.003 -0.091 0.762 -0.034 

W1000S 0.370 0.248 -0.454 -0.142 0.389 -0.025 -0.228 -0.448 -0.414 

NSSp 0.382 -0.329 0.417 -0.029 0.237 -0.107 -0.507 -0.221 0.445 

SY 0.303 -0.072 -0.214 0.514 -0.396 -0.641 -0.098 0.089 -0.090 
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The variability presence within the first component was related with 

number of seed per spikelet and weight of seeds per spike traits at the level of 

42.26% but poor in plant height. This last trait strongly contributes at the level of 

46.61% of the genotypes variability in the second component, but was very poor 

in number of seeds per spikelet (0.92%). The third principal component exhibited 

positive effects for spike length trait (33.44%) and number of seeds per spike 

(17.4%). The seed yield trait was responsible for the variability at the fourth 

principal component at the level of 26.38%. According to this analyze, the 

variables that effect most the variability within the forth components are plant 

height and number of seeds per spikelet.  

In addition to cluster analysis, the biplot (genotype by trait) has been 

applied to study the relation among studied traits in a set of genotypes (Aghaee et 

al. 2010; Peterson et al. 2005).  

 
Figure 1. Principal component biplot of 23 wheat (Triticum aestivum L.) accessions 

 

The biplot (Figure 1) suggest that the best or the incompatible wheat 

genotypes in most of the traits, since they had the longest distance from the origin 

for the two principal components were AGB 2840 (20), AGB 2842 (21), AGB 

3064 (22), AGB 0332 (3) and AGB 2838 (19). Therefore it seems that for the first 

PC wheat genotypes (numbered at Figure 1) AGB 3064 (22), AGB 2838 (19) and 

AGB 0340 (11) have the highest values mostly for number of seeds per 

spikelet’s, number of seeds per spike and weight of seeds per spike traits, while 

genotypes as AGB 0332 (3) and AGB 0334 (5), resulted with the highest values 

basically for tiller capacity trait. 

The genotypes that presented not suitable performance for the measured 

traits within the first component, with lower distance from the origin of the biplot 
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were AGB 3066 (12), AGB 3069 (15), and AGB 3067 (13). According to the PC 

analyze the wheat genotypes that presented the highest variability for the traits in 

the second component were AGB 2840 (20), AGB 2842 (21), AGB 0335 (6) and 

AGB 0333 (4) basically for plant height and spike length, and the other related 

cultivars which fall in its sector were suitable for the same traits too. Within this 

component the group of genotypes AGB 3068 (14), AGB 3071 (17), AGB 2837 

(18) and AGB 3065 (23) resulted with the lowest performance for the measured 

traits (Figure 1).  

The vector view of the biplot suggest a strong positive correlation among 

traits, as indicated by the small obtuse angles between their vectors, especially 

between tiller capacity of the genotypes and seed yield, number of seeds per 

spike. Also this positive relation (r=cos 0= +1) is observed through weight of 

seeds per spike and thousand-seed weight and number of seeds per spikelet. The 

correlation between traits, plant height and tiller capacity, weight of seeds per 

spike, seed yield and finally number of seeds per spikelet’s, was near zero (r=cos 

90= 0) as indicated by the near perpendicular vectors. The existence of a strong 

negative correlation of the vectors, indicated by the near angle of approximately 

180 degrees is observed between NSSP and PH, SL; also among WSSP and 

NSpkSp. Comparing the Eigen values for each factor using the minimum Eigen 

value criterion, there are 3 main PC with Eigen values > 1.00 (Table 5 and Figure 

1) that influence the genetic variability among 23 wheat genotypes. 

The first principal component showed 34.54 % of variability with Eigen 

value 3.109 in germplasm which then reduced gradually. After the fourth 

component little variance was observed and it ended at 1.1 % (Eigen value 0.09). 

From the graph (Figure 1) the maximum variation was present in the first 

component so the selection of genotypes with desirable traits from this principal 

component will be useful for further breeding programs. 

 

Cluster analysis:  

Genetic diversity among autochthons wheat germplasm was calculated 

after Agglomerative hierarchical clustering (AHC, Wards method). The tree 

(Figure 2.) was divided in three major clusters. The first cluster include 11 wheat 

accessions with AGB 0337 as central observation, basically grouped for 

similarity in traits as tiller capacity, number of seeds per spikelet, weight of 1000 

seeds and plant height but different in number of seeds per spike and weight of 

seeds per spike. Two most closely wheat genotypes within this cluster are AGB 

0337 (observation 8) and AGB 0340 (observation 11 with 3.13 Euclidean 

distance), fully similar for traits as number of spikelet per spike, number of seeds 

per spikelet. These two accessions were joined from another sub-cluster formed 

by AGB 0331 (observation 2) and AGB 0332 (observation 3). The second cluster 

grouped five accessions with its central observation AGB 3066. These wheat 

genotypes presented similarity in traits as tiller capacity, weight of seeds per 

spike and weight of 1000 seeds, but were different in plant height, spike length 

and number of seeds per spike. 
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Figure 2. Dendrogram from cluster analysis of 23 bread wheat accessions based on 

quantitative traits 

 

The third cluster included 7 wheat germplasm that presented similarity for 

the major part of the quantitative traits but very different for number of seeds per 

spike. Sub cluster at this group are AGB 2837 (observation 18) and AGB 3068 

(observation 14) with the lowest dissimilarity level presented not only in this 

cluster but among the 23 wheat genotypes. These accessions were mostly similar 

for traits as tiller capacity, plant weight and weight of 1000 seeds. High 

dissimilarity level is observed among wheat genotypes part of the second cluster 

and the third one. The two most different wheat genotypes, with the highest 

dissimilarity level measured between them are AGB 2842 (observation 21) and 

AGB 3071 (observation 17). Genetic dissimilarity values of these two accessions 

basically consists for traits as plant height, number of spikelet per spike, weight 

of seeds per spike, weight of 1000 seeds and number of seeds per spike. Other 

pairs of wheat genotypes with high dissimilarity level between them are AGB 

2842 (observation 20) with AGB 3071 (observation 17) and with observation 14 

(AGB 3068), basically for traits as plant height, spike length, number of spikelet 

per spike, weight of 1000 seeds and number of seeds per spike. These traits are 

also responsible for the level of dissimilarity that exist between observation 21 

(AGB 2842) of the second cluster and observation 18 (AGB 2837) of the third 

cluster. The results reveal that the genetic distance that exist between these wheat 

genotypes is based in yield contributing characters as tiller capacity, weight of 

1000 seeds and number of seeds per spike. According to Singh et al. (2018) the 

knowledge of genetic variability for yield contributing components helps in the 

improvement of grain yield and planning of effective breeding program. 
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CONCLUSIONS 

Results of this study succeed in obtaining important scientific information 

on autochthonous wheat germplasm stored in the Institute of Plant Genetic 

Resources, and for further wheat breeding programs. The significant differences 

found in the present study show the existence of a high genetic variability among 

the 23 bread wheat genotypes and quantitative traits analyzed, adequate for 

selection of desirable traits, and creation of new favorable gene combinations. 

Results for tiller capacity trait reveal two accessions AGB 0332 and AGB 0334 

with the highest value. AGB 3068 recorded the lowest value for four quantitave 

traits as tiller capacity, plant height, spike length and number of seeds per spikelet 

while AGB 2840 the highest value for two traits plant height and spike length. 

AGB 2838 presented the highest values for number of seeds per spikelet and 

number of seeds per spike. 

The two most different wheat genotypes, with the highest dissimilarity 

level measured between them are AGB 2842 (observation 21) and AGB 3071 

(observation 17). Genetic dissimilarity values of these two accessions basically 

consists for traits as plant height, number of spikelet per spike, weight of seeds 

per spike, weight of 1000 seeds and number of seeds per spike. The results reveal 

that the genetic distance that exist between these wheat genotypes is based in 

yield contributing characters as plant height, tiller capacity, thousand-seeds 

weight and number of seeds per spike. 

At genotypic level number of seed per spikelet possessed positive 

significant correlation with yield contributing traits as the number of seeds per 

spike (r=0.607) and weight of seed per spikelet (r=0.573). Plant height showed 

positive significant correlation with traits as spike length (r=0.368) weight of 

1000 seeds (r=0.357).  Three principal components exhibited about 67.15% of 

variability where two PCs components influenced mostly the variability (PC1 

with 34.54 % and PC2 with 18.88 %). The results suggested that plant height, 

spike length, number of spikelet per spike were the most important characters in 

differentiating the genotypes. The use of principal component analysis (showing 

the largest contributor to the total variance) and correlation coefficient analysis in 

the wheat germplasm, simplify dependable classification of genotypes, the 

identification of the superior genotypes (considering the evaluation of mean 

values) and their relation with morphological traits with possibility expenditure in 

breeding programs. The traits with more significant weighting on respective PC 

variance can be utilized successfully as quantitative markers for evaluation, 

characterization of the wheat germplasm stored in the gene bank.  
This paper has been a contribution to increase the knowledge about the 

wheat germplasm collection maintained in conservation at the Gene Bank 

(Agriculture University of Tirana). This better understanding should allow a 

better conservation and use of the collection in future breeding programs. The 

research will also assist in the conservation of valuable germplasm, as is the case 

of local varieties, which are widespread use by farmers throughout the entire 

country. 
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PHYSICOCHEMICAL CHARACTERISTICS AND ANTIOXIDANT 

ACTIVITIES OF BANANA PEELS PECTIN EXTRACTED  

WITH MICROWAVE-ASSISTED EXTRACTION 

 

SUMMARY  

Pectin production from banana peels was carried out in microwave-assisted 

extraction (MAE). The main purpose of this study is to determine the extraction 

conditions with the best physicochemical characteristics and highest antioxidant 

activity (AA). The pectin was isolated using the MAE method with two different 

solvents (citric acid and tartaric acid) at 420 and 613 W for 5 and 10 min. In this 

study, using MAE with tartaric acid as a solvent strongly improves the yield and 

AA of banana peel pectin (BPP) compared to those of BPP extracted by citric 

acid. BPP extracted with MAE and tartaric acid at 420 W for 10 min had the 

highest yield (15.23±0.52%), while the best AA was obtained at 420 W for 5 min 

(free radical scavenging activity of 37.17±0.7%). The chemical properties of BPP 

including equivalent weight, degree of esterification, methoxyl content and total 

anhydroronic acid, depended on the extraction conditions and BPP could be 

classified as a low-methoxyl pectin (LMP). The present study also proved that 

BPP was an ideal alternative source of commercial pectin with the high purity. 

Keywords: Banana, microwave, pectin, peel, waste 

 

INTRODUCTION 

Banana is considered one of the most important tropical fruits in the 

Vietnam market. In Vietnam, there are many types of banana that are widely 

cultivated everywhere, especially Pisang Awak (Musa acuminata × Musa 

balbisiana). It can be processed into many kinds of foods, such as chips, crackers, 

banana muffins, baked bananas, fried banana cakes, etc. Therefore, banana fruit 

peels make up a large fraction of the waste produced from banana processing. 

This waste also is an important issue to the processing industries and a challenge 

for by-product waste management (Kamble et al., 2017). The proper utilization of 

banana peels can enhance some economic values and reduce environmental 

pollution (Phaiphan, 2019). In there, using banana peels to produce pectin is one 
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of the best solutions because this compound can be used in many fields; for 

instance, pectin is an additive in food products (thickener, stabilizer and gelling 

agents) (Emaga et al., 2008) and it is also found in cosmetic and pharmaceutical 

products (Rolin, 1993).  

Pectin is a complex mixture of polysaccharides found in the primary cell 

wall and intracellular layer of plant cells, mainly in fruits (Mudgil, 2017). The 

gelling mechanism of pectin strongly depends on the degree of esterification 

(DE). Pectin is classified into high methoxy pectin (HMP, DE>50%) and low 

methoxy pectin (LMP, DE<50%) (Mesbahi et al., 2005). Currently, there are 

many methods to extract pectin from fruit waste. Among them, microwave-

assisted extraction (MAE) is the best choice compared to other methods due to 

improved pectin yield and short extraction times. Many previous studies 

demonstrated these advantages mentioned above. For instance, Maran et al. 

(2013), Koštálová et al. (2016) and Sarah et al. (2018) extracted pectin from 

orange peel, unutilized pumpkin biomass and cocoa peel. In addition, the yield 

and quality of pectin also depends on solvents. Therefore, the combination of 

MAE and various solvents can improve the pectin yield and significantly change 

its characteristics, which adapt to various demands in the food industry. However, 

until now, there have been no studies on these combinations to extract pectin 

from banana waste in Vietnam. Based on these reasons, we conducted 

experiments to isolate pectin from banana peels using MAE, with citric acid and 

tartaric acid as solvents. 

 

MATERIAL AND METHODS 

Materials 

Bananas originated from Tien Giang province (Vietnam) and were similar 

in the uniformity of shape, size and ripeness. Bananas were free of physical 

damage, and fungal infection. The banana peels were collected from a fried 

banana store in Ho Chi Minh City and removed from the pulp at the stage 5 of 

ripeness (more yellow than green). The pectin extraction efficiency obtained the 

highest level in this stage (Emaga et al., 2008). In addition, all other chemicals 

used were of analytical reagent grade. 

Sample preparation  

The sample preparation was performed according to procedure of 

Khamsucharit et al. (2018) with minor modifications. Briefly, banana peels were 

dried under the sun until their moisture was less than 8%. Next, raw materials 

were ground into fine powder in a grinder (0.6 mm particle size). Then, the 

samples were packed in a polyethylene bag and stored at room temperature prior 

to analysis. 

Pectin extraction process 

The extraction process was based on the procedure described by Quoc et 

al. (2015) with small changes. Pectin from banana peels (5 g) was extracted using 

a microwave apparatus (Sanyo EM-S2182W, China) combined with citric acid 

(0.1 M) and tartaric acid (0.1 M), the extraction conditions were a solid-to-liquid 
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ratio of 1:20 (g/mL),  the microwave powers of 420 and 613 W for 5 and 10 min. 

Next, the extract was cooled and filtered using filter paper (20-25 µm pore size)  

to remove the residue. Then, alcohol (96%, v/v) and the obtained filtrate were 

mixed gently together (filtrate-to-alcohol ratio of 1:3, v/v) and the mixture was 

left for approximately 20 h to completely precipitate the pectin. The pectin was 

then filtered through cloth and purified with an alcohol (70%, v/v) solution. 

Pectin product was dried at 60
o
C in a hot air oven until its weight stabilized. 

Finally, it was packed and stored for further experiments. 

Determination of pectin content 

The percentage of pectin yield (Y) was estimated following the formula 

below: 

 
 m1: Weight of the obtained pectin (g); m0: Weight of the initial sample (g). 

Determination of moisture of BPP 

To determine the moisture content, BPP (0.5 g) was dried in a moisture 

analyzer at 105
o
C until a constant weight was achieved. Then, the weight of the 

sample was recorded. The percentage of moisture content was calculated based 

on the moisture lost. 

Determination of color parameters of BPP 

The color parameters of BPP were expressed by L
*
, a

*
 and b

*
 values and 

they were measured using a colorimeter (CS-10, China). 

Determination of equivalent weight (EW) of BPP 

The EW of BPP was determined according to the method reported by 

Owens et al. (1952) with minor modifications. Pectin (0.5 g) was placed in a 250 

mL conical flask and wetted with 5 mL of ethanol. 100 mL distilled water and a 

few drops of phenolphthalein as indicator were added. The solution was titrated 

with 0.1 N NaOH until the color of the indicator changed to pink and kept for at 

least 30 s. The neutralized solution was used to determine the methoxyl content. 

The EW was calculated following the formula below: 

𝐸𝑊 (𝑔/𝑚𝑜𝑙) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 × 1000

𝑚𝐿 𝑜𝑓 𝑎𝑙𝑘𝑎𝑙𝑖 × 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎𝑙𝑘𝑎𝑙𝑖
 

 

Determination of the methoxyl content (MeO) and total content of 

anhydrouronic acid (AUA) of BPP.  

The MeO and AUA were determined following the procedure of Nguyen 

and Pirak (2019) with slight corrections. 25 mL of 0.1 N NaOH was added into 

the obtained mixture from the EW analysis. Then, the mixture was shaken 

continuously and kept for 30 min at room temperature. Next, 25 mL of 0.1 N HCl 

was added into the mixture, which was also titrated by a 0.1 N NaOH solution 

until the color changed to pink, as before, with phenolphthalein as an indicator. 

This can be calculated by using the following formula: 
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𝑀𝑒𝑂(%) =
𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑁𝑎𝑂𝐻 ×𝑚𝐿 𝑜𝑓 𝑎𝑙𝑘𝑎𝑙𝑖 × 31 × 100 

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 × 1000
 

 

𝐴𝑈𝐴 (%) =
176 × 0.1 × 100

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 × 1000
× (𝑥 + 𝑦) 

 

where 31 is the molecular weight of the methoxyl group; x and y are the 

volumes (mL) of the NaOH solutions from the EW determination and MeO 

determination, respectively. 

Determination of degree of esterification (DE) of BPP  

According to Owens et al. (1952), the DE was estimated by the following 

formula: 

𝐷𝐸 (%) =
176 × %𝑀𝑒𝑂

31 × %𝐴𝑈𝐴
× 100 

 

Determination of antioxidant activity (AA) of BPP 

The AA of BPP was evaluated using the DPPH (2,2-Diphenyl-1-

picrylhydrazyl) free radical scavenging method, as described by Venzon et al. 

(2015) with minor changes. A DPPH solution (0.1 mM) was dissolved in ethanol. 

Next, 1.5 mL of 0.1 g/mL of sample solution was mixed with 1.5 mL of DPPH 

solution. The obtained solution was kept for 30 min in the dark and then its 

absorbance was measured at 517 nm. The AA was calculated as the reduction of 

absorbance of the solution (%). 

Fourier transform infrared spectroscopy (FTIR) spectra of BPP 

The FTIR spectra of BPP were recorded on a Bruker Tensor 27 (Germany) 

spectrophotometer in the 4 000–500 cm
-1

 region with a resolution of 1 cm
-1

. The 

sample was incorporated with potassium bromide (KBr) and pressed into a pellet 

prior to analysis according to the procedure of Jiang et al. (2012). 

Scanning electron micrograph 

The micromorphology of the samples and residues after the extraction 

process were evaluated by a scanning electron microscope (SEM) (Jeol JSM-

6400, Japan). Samples were examined at 5 kV and the vacuum pressure was 0.04 

Pa with various magnifications.  

Data analysis 

All experiments were performed in triplicate except for FTIR spectral 

analysis, which was performed one time. The data was analyzed using analysis of 

variance (ANOVA) by Statgraphics Centurion XV software (version 15.1.02, 

Statgraphics Technologies, Inc., USA), expressed as the mean value±standard 

deviation and compared using the Fisher’s least significant difference (LSD) 

procedure at a 5% confidence level. 
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RESULTS AND DISCUSSION 

Physical properties of BPP 

Yield of BPP 

Table 1 illustrates that the pectin yield of banana peels isolated with MAE 

fluctuated from 5.28% to 15.23%. Using tartaric acid as a solvent significantly 

enhances the pectin yield compared to citric acid. In addition, an increase in 

extraction time can lead to an increase in the efficiency of extraction for both 

solvents, especially tartaric acid. This observation is similar to that of Sarah et al. 

(2018). The microwave can break down the parenchyma cells, enhance the 

penetration of the solvent and lead to the improvement of the pectin yield 

(Kratchanova et al., 2004). The highest pectin yields in this study are from 

14.74% to 15.23% at 420 W and 613 W for 10 min. These results were higher 

than those recorded by Girma and Worku (2016), who also isolated pectin from 

banana peels (pectin yield of 11.31%) using conventional extraction, or lower 

than those reported by Maran et al. (2013), who used microwave to extract pectin 

from orange peels (pectin yield of 19.24%). These results indicate that pectin 

yield strongly depends on the raw material, methods and extraction conditions. 

Moisture of BPP 

The moistures of BPP that were obtained were quite low, ranging from 

3.39 to 3.83% for samples extracted using tartaric acid and from 4.99 to 6.69% 

for samples extracted using citric acid (Table 1).  

 

Table 1. Yields, moisture and color parameters of BPP at various extraction 

conditions 
Physical 

properties 
Solvents Microwave power (W) 

Extraction time (min) 

5 10 

Pectin yield 

(%) 

Citric acid 
420 5.28±0.68a 5.86±0.02ab 

613 5.51±0.39a 6.31±0.21b 

Tartaric acid 
420 11.28±0.24c 15.23±0.52e 

613 12.38±0.62d 14.74±0.15e 

Moisture (%) 

Citric acid 
420 4.99±0.6b 5.77±0.06bc 

613 6.69±1.31c 5.94±0.19bc 

Tartaric acid 
420 3.39±0.9a 3.83±0.49a 

613 3.45±0.48a 3.42±0.17a 

L* 

Citric acid 
420 10.51±0.7bc 6.98±1.3a 

613 7.45±1.25ab 12.68±3.73c 

Tartaric acid 
420 23.92±2.3d 32.47±1.62e 

613 25.98±1.41d 29.72±1.65e 

a* 

Citric acid 
420 3.44±1.17ab 3.47±0.87abc 

613 4.42±0.88bc 2.82±0.73ab 

Tartaric acid 
420 5.17±0.22c 2.72±0.38ab 

613 3.87±1.96abc 2.29±0.7a 

b* 

Citric acid 
420 5.69±0.91a 6.91±0.5a 

613 5.11±0.9a 5.31±1.31a 

Tartaric acid 
420 13.88±0.03c 10.13±1.21b 

613 15.28±2.34c 11.3±1.35b 

Data followed by the different superscript letters in the same physical property are 

significantly different (p≤0.05) 



Quoc 

 
150 

In general, all moistures are less than 10%, which is a safe moisture level for 

preserving the pectin powder to avoid the growth of microorganisms and the 

effect of pectinase on pectin quality (Mohamadzadeh et al., 2010; Nguyen and 

Pirak, 2019). The moistures obtained in this study are in agreement with those 

from pectin of unripe banana peels (Kamble et al., 2017) or white dragon fruit 

peels (Nguyen and Pirak, 2019), etc.  

Color parameters of BPP 

As seen in Table 1, the color parameters (L
*
, a

*
 and b

*
) of BPP had a 

significant difference (p<0.05). The BPP extracted using tartaric acid showed 

higher levels of lightness and yellowness than the BPP extracted with citric acid. 

The highly colored pectin was attributed to the presence of impurity components 

trapped inside the pectin during the precipitation process, such as phenolic 

compounds (Baississe et al., 2010), water-soluble pigments (Nguyen and Pirak, 

2019), etc. In general, as the extraction time increased, the lightness of pectin also 

increased for most of the samples. This trend can be explained by the fact that the 

phenolic compounds or water-soluble pigments are destroyed the longer the 

samples are kept at high temperatures, leading to the lightness of the samples. 

According to Khamsucharit et al. (2018), L
*
, a

*
 and b

*
 of pectin from banana 

peels of different varieties in Thailand ranged from 77.33 to 85.3, 2.09 to 3.88 

and 5.37 to 8.59, respectively. The L
*
 values of all samples in this study are 

significantly lower, whereas the b
*
 values of samples extracted using tartaric acid 

are higher than those mentioned above. Therefore, the color of pectin also 

depends on the nature and source of the fruits. 

Chemical properties of BPP 

EW of BPP 

The EW of BPP at different conditions ranged from 188.77 to 200.82 

g/mol for samples extracted using citric acid and from 222.56 to 229.71 g/mol for 

samples using tartaric acid (Table 2). Generally, the obtained results revealed that 

extraction conditions (solvents, microwave power and extraction time) 

dramatically influenced the EW of BPP. Compared to some previous studies, 

EWs of pectin from banana peels extracted using a conventional method and 

MAE were 925.01 g/mol (Girma and Worku, 2016) and from 1 500 to 2 300 g/eq 

(Rivadeneira et al., 2020), respectively. Hence, the EWs in this study were quite 

low compared to those studies because the produced pectin had high partial 

degradation (Nguyen and Pirak, 2019). Additionally, Ramli and Asmawati (2011) 

also indicated that the EW values also depend on the amount of free acid in the 

samples. 

MeO of BPP 

Table 2 shows the MeO values of BPP. These values vary from 0.57 to 

1.24% (for samples extracted with citric acid) and from 0.27 to 0.39% (for 

samples extracted with tartaric acid). In general, there was a tendency for the 

MeO values to increase slightly when extraction time increased and the 

microwave power does not significantly affect the MeO values. In addition, the 

obtained results are quite low compared to those recorded from other studies. 
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According to Aina et al. (2012), the MeO values range from 0.2 to 12%; they 

completely depend on extraction conditions and source of materials. For instance, 

the MeO values of pectin from mango peels, lemon peels, grapefruit peels, sweet 

orange peels and banana peels were 8.89% (Girma and Worku, 2016), 4.46, 5.79, 

3.9% (Aina et al., 2012) and 3.86-5.97% (Khamsucharit et al., 2018), 

respectively. With the low MeO values (<7%), the pectin product can form gels 

with low concentrations of sugars compared to commercial pectins, which have 

MeO values ranging from 8 to 11% and can form high sugar gels (>65% sugar) 

(Castillo-Israel et al., 2015). 

AUA of BPP 

As seen in Table 2, the AUA values of pectin are quite high, from 94.69 to 

96.1% for citric acid and from 78.5 to 81.08% for tartaric acid. These results also 

showed that the microwave power and extraction time did not affect the AUA 

values. According to Food Chemical Codex (1996), the AUA values are the 

important factor to determine the purity of the extracted pectin and it is not lower 

than 65%. All obtained AUA values in this study fall within this range. This 

proved that all extracted pectin samples had a high purity and they can be used 

for food additives or pharmaceutical purposes. Compared to other reports, these 

results were higher than those of pectin from mango peels (70.65%) (Girma and 

Worku, 2016), Saba banana peels (39.68-57.32%) (Castillo-Israel et al., 2015), 

etc. 

Table 2. Some chemical properties of BPP at various extraction conditions 
Chemical 

properties 
Solvents 

Microwave power 

(W) 

Extraction time (min) 

5 10 

EW (g/mol) 

Citric acid 
420 194.31±1.9b 200.57±3.26c 

613 188.77±5.06a 200.82±2.14c 

Tartaric acid 
420 224.55±0.58d 229.71±1.21e 

613 222.56±2.05d 226.25±1.02de 

MeO (%) 

Citric acid 
420 0.97±0.13c 1.3±0.22c 

613 0.57±0.14b 1.24±0.06c 

Tartaric acid 
420 0.27±0.09a 0.33±0.16a 

613 0.35±0.09ab 0.39±0.09ab 

AuA (%) 

Citric acid 
420 96.1±1.61b 95.16±2.64b 

613 96.54±3.2b 94.69±0.61b 

Tartaric acid 
420 79.9±0.7a 78.5±0.61a 

613 81.08±0.89a 80.02±0.54a 

DE (%) 

Citric acid 
420 5.73±0.66c 7.75±1.11d 

613 3.36±0.71b 7.44±0.41d 

Tartaric acid 
420 1.91±0.66a 2.39±1.11ab 

613 2.46±0.65ab 2.78±0.65ab 

Data followed by the different superscript letters in the same chemical property are 

significantly different (p≤0.05) 

DE of BPP 

The results in Table 2 show that the DE values were quite low and ranged 

from 3.36 to 7.75% for samples extracted with citric acid and from 1.91 to 2.78% 

for samples extracted with tartaric acid. All these values are less than 50%. 

Therefore, the extracted pectin was classified as LMP (Mesbahi et al., 2005). 
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This result contrasts with those of other studies, which showed that the DE of 

BPP was classified as HMP (Castillo-Israel et al., 2015; Khamsucharit et al., 

2018). These differences can be explained by the different modes of extraction 

and source of initial materials. 

Antioxidant activity (AA) of BPP 

As seen in Table 3, it was observed that the AA of BPP strongly depends 

on extraction conditions. The highest AA values ranged from 35.52 to 37.17% at 

420 W for 5 min (both citric and tartaric acid). Some previous studies 

demonstrated that pectin from plants had AA and its AA mechanism is similar to 

that of phenolic compounds by donating their electron to the oxidants (Serrano-

Cruz et al., 2013; Hung et al., 2020). The obtained results also revealed that an 

increase in microwave power or irradiation time can lead to a significant changes 

in AA. This can be explained by the fact that the heat-sensitive bioactive 

compounds were easily degraded by the higher microwave power and longer 

irradiation time compared with the initial condition (420 W, 5 min). Furthermore, 

solvents also affect the AA of pectin because their pectin had a different amount 

of free carboxylic groups, resulting in different exchanges of electrons donated 

and finally leading to changes in the AA (Hung et al., 2020). Considering that 

published studies on the AA of BPP are nonexistent, it is difficult to compare our 

results to any other findings. However, the AA of pectin has been reported for 

other materials, such as orange pomace (Venzon et al., 2015), white dragon fruit 

peels (Nguyen and Pirak, 2019) and pomelo peels (Hung et al., 2020), etc. 

Table 3. AA (%) of BPP at various extraction conditions 

Solvents Microwave power (W) 
Extraction time (min) 

5 10 

Citric acid 
420 35.52±1.97f 8.40±2.03a 

613 24.44±0.41d 27.26±0.20e 

Tartaric acid 
420 37.17±0.70f 16.86±1.77c 

613 11.61±1.26b 18.24±0.6c 

Data followed by the different superscript letters are significantly different (p≤0.05) 

FTIR analysis of BPP 

FTIR spectra of BPP extracted using citric and tartaric acid as solvents are 

illustrated in Figure  1. The spectral features of all samples from 950 to 1 200 cm
-1

 

were assigned to carbohydrates, especially sugar composition. The intense peaks 

corresponding to the characteristics of pectin polysaccharides were also shown in 

these spectral regions, which can be assigned to C=O stretching, C–O stretching, 

C–C stretching, C–H stretching and C–O bending (Wongkaew et al., 2020). In 

addition, the absorptions of antisymmetric and symmetric stretching frequencies 

of the ionic carboxyl groups (COO
-
) in all samples were from 1 600 to 1 650 cm

-1
 

and from 1 400 to 1 450 cm
-1

 for both solvents (Posé et al., 2012). The strong 

absorptions recorded at approximately 1 700 cm
-1

 determined the presence of the 

C=O stretching vibration of ester carbonyl groups (George et al., 2015, Hung et 

al., 2020). These findings are similar to the report of Posé et al. (2012). 

According to Coates (2000) and Hung et al. (2020), the intense absorptions of 

around 3 000 cm
-1

 for all samples showed the distension of –CH, –CH2, –CH3 and 
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methyl esters of galacturonic acid, while the peaks ranging from 3 300 to 3 450 

cm
-1

 indicated the distension of a –OH group. In general, some major components 

obtained from FTIR spectra were in agreement with those of pectin from other 

materials, such as orange pomace (Venzon et al., 2015), pomelo peels (Hung et 

al., 2020) and unripe banana peels (Kamble et al., 2017), etc. 

  

  

  

  
Figure 1. The FT-IR spectra of BPP obtained using various extraction conditions 

Morphology of the pectins 

At a low magnification, the shape of BPP particles was also similar to 

pectin from other materials (data not shown), such as jackfruit waste (Begum et 

al., 2017) and Akebia trifoliata var. australis peel (Jiang et al., 2012). The pectin 

particles had lamellate, lumpish and irregular powder shapes and a rough surface. 

At a higher magnification (3 000×), Figure 2 shows the structure on the surface of 

BPP quite clearly. The structure of pectin extracted using various solvents was 
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significantly different. All BPP particles extracted using citric acid were 

significantly ruptured and more porous on the surface, while the morphology of 

the pectins extracted using tartaric acid was slightly ruptured and showed a slight 

tendency to be wrinkled at 613 W for 10 min.  

  

  

  

  
Figure 2. Scanning electron micrographs of BPP at various extraction conditions 

  



Physicochemical characteristics and antioxidant activities of banana peels pectin … 

 
155 

Also, the microwave treatment caused a partially collapsed and ruptured 

morphology in the microstructure of the extracted pectin (Rahmati et al., 2012) 

because of the rapid rise in temperature (Liew et al., 2016) and the high 

microwave power can lead to loosening of the cell wall matrix (Kamal et al., 

2020). In addition, sources of raw materials as well as extraction conditions (pH, 

time, solid to solvent ratio, etc.) strongly influence the morphology of the 

obtained pectin. 

 

CONCLUSIONS 

In this study, pectin was successfully extracted from banana peels using 

MAE and citric/tartaric acid as solvents. The result revealed that the physical and 

chemical properties of pectin were significantly affected by the modes of 

extraction (solvent, microwave power and irradiation time). The results also 

indicated that pectin extracted from both solvents was of LMP with high purity. 

Besides, using different solvents make significant changes in the morphology of 

the pectin. The product obtained is still an ideal pectin source that can be used in 

the food industry in the future. 
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EFFECT OF EXTRACTION SOLVENT ON BIOACTIVE COMPOUNDS 

AND ANTIOXIDANT ACTIVITY OF Cichorium intybus L.  
GROWN IN KOSOVO 

 

SUMMARY  

The aim of this study was the investigation of the total phenolic content, 

flavonoid, and the assessment of the antioxidant potential of Cichorium intybus L. 

flowers grown in the Kosovo region. The flowers of Cichorium intybus L. were 

collected, dried, and extracted with solvents with different polarities (water, 

EtOH, MeOH, EtOAc, and acetone), using the extraction method. The total 

phenolic and flavonoid contents were analyzed by using Folin–Ciocalteu’s and 

AlCl3 reagents, respectively. The antioxidant activity was assessed by DPPH in 

vitro assay methods. The obtained results revealed variation in the content of 

phenolic compounds (5.2 mg GAE/gDW in water extract, 6.8 mg GAE/gDW in 

ethanolic extract,72.1 0.3 mg GAE/gDW in methanolic extract, 45.3 0.1 mg 

GAE/g DW in ethyl acetate extract,and 31.3 0.1 mg GAE/gDW in acetone 

extract), flavonoid (2.9 mg CE/gDW in water extract, 19.0 mg CE/gDW in 

ethanolic extract,30.50 mg CE/gDW in methanolic extract, 27.1 mg CE/gDW in 

ethyl acetate extract, and 25.4 mg CE/gDW in acetone extract), and antioxidant 

activity (23.0 μMolTE/gDW in water extract, 124.7 μMolTE/gDW in ethanolic 

extract, 152.4 μMolTE/gDW in methanolic extract, 92.7 μMolTE/gDW in ethyl 

acetate extract,and 107.2 μMolTE/gDW in acetone extract). Cichorium intybus L. 

flowers from the Kosovo region are also a rich source of flavonoids. Further 

studies are recommended to quantify and isolate the pure phytoconstituents from 

Cichorium intybus L. flowers grown in the Kosovo region which might serve as 

natural antioxidants application in the food and drug industry. 

Keywords: Cichorium intybus L., total phenolic content, flavonoid, 

antioxidant activity DPPH 

 

INTRODUCTION 

Medicinal plants have been the source of therapeutic agents since ancient 

times. These plants have played an important role in the discovery of medicines 
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and still, most people in developing countries rely on herbal medicines for their 

primary health care (Kandil et al., 2019). 

Cichorium intybus L., is a plant of the family Asteraceae, commonly 

known as chicory, with its natural distribution in many countries of Europe. The 

flower, roots, and leaves of Cichorium intybus L. have been used traditionally for 

human consumption. The gastronomic uses and medical properties of Cichorium 

intybus L. have been well known for a long time (Jancic et al., 2017). 

Food vegetables are a significant part of the human diet worldwide since 

ancient times. In this context, the Mediterranean diet is recognized as a valuable 

source of health benefit constituents and represents one of the most peculiar 

examples of traditional cuisine with many dishes rich in healthy vegetables. The 

traditional recommendation for a healthy diet with salad vegetables including 

Cichorium intybus L. is relevant as a dietary source of natural antioxidants, which 

have been associated with a lower risk of cardiovascular diseases and cancer 

(Tardugno et al., 2018, Sinkovic et al., 2014).  

Cichorium intybus L. has gained attention for its content of phytochemicals 

with nutraceutical potential. Phytochemicals, the plant-derived non-nutritive 

compounds, are one of the different types of dietary factors which play an 

important role in various functions of the human body (Lee et al., 2017). All parts 

of this plant possess great importance due to the presence of compounds with 

health benefits, such as phenolic acids, flavonoids, coumarin, cinnamic acid 

derivatives, and anthocyanins, alkaloids, inulin, sesquiterpene lactones, vitamins, 

chlorophyll pigments, unsaturated sterols, saponins, and tannins (Sahan et al., 

2017, Abbas et al., 2015). 

Chicory is widely used in herbal preparations which display a beneficial 

influence on bile excretion, diuretic action, gastric juice excretion, as well as 

stimulation of digestion and metabolism of food ingredients (Milala et al., 

2009).In the last decades, an increasing interest has been observed in the health-

promoting properties of particular food constituents, including dietary fiber- 

polyphenolic complex (Juskiewicz et al., 2011). Other health benefits of 

Chicorim intybus L. as anti-microbial, anti-inflammatory, anti-mutagenic, 

anticarcinogenic, anti-toxic, anti-hyperglycemic, anti-ulcerogenic activities, 

easing digestive problems and heartburn, reducing arthritis complaints and 

reducing the risk of liver, as well as supporting the immune system (Sahan et al., 

2017). 

An important class of natural bioactive compounds is represented by 

polyphenols which are considered secondary metabolites synthesized by plants, 

vegetables, and medical plants in their normal development and also as a 

response to stress factors (Cisneros-Zhevallos et al., 2020). As polyphenol 

compounds, flavonoids, and phenolic acids are natural antioxidants that have 

important roles in protecting biological systems against the harmful consequences 

of oxidative stress. A valuable source of polyphenolic compounds is the plant 

species from the Asteraceae family including chicory (Epure et al., 2021). They 

are characterized by aromatic rings and hydroxyl groups, and they can be divided 
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into several classes, such as phenolic acids, stilbenes, flavonoids, and lignans 

(Sinkovic et al., 2015). The great importance of phenolic compounds in the 

various physiological and morphological features, such as defense mechanisms, 

cell wall structure, interaction with phytohormones, proteins, and enzymes, with a 

high potential to neutralize free radicals by donating the electrons and signaling 

for gene expression (Petropoulos et al., 2017, Zhao et al., 2014). 

Flavonoids, a subfamily of polyphenols compounds, exhibit several 

interesting biological, exert a wide range of biochemical and pharmacological 

effects that add to their well-known antioxidant capacity such: antibacterial, 

hepatoprotective, anti-inflammatory, anti-allergic, anti-cancer, and antiviral 

(Becker et al., 2016).Many studies revealed that antioxidant capacity is attributed 

to a combination of polyphenols and flavonoids (Balea et al., 2018), as was 

considered in our study because the total polyphenolic content and flavonoids 

content of the Cichorium intybus L. extracts was correlated with the antioxidant 

effects.  

The chemical structure of the phenolic compounds and their concentration 

is related to the antioxidant capacity of the extracts. The mixture of phenolic 

compounds present in extracts can determine different supplementary effects such 

as synergistically, additively, or antagonistically actions, that influence the total 

capacity of the extract to neutralize free radicals. Both phenolic acids and 

flavonoids are known as antioxidant compounds, but their ability depends not 

only on the quantities but on the chemical structure also (Jacobo-Velázquez et al., 

2009). 

Antioxidant properties of Cichorium intybus L. have previously been 

reported in methanolic, water/acetone, and aqueous extracts, as also within the 

hydroalcoholic extract (Tusevski et al., 2013, Eray et al., 2020, Denev et al., 

2014). Extraction of bioactive compounds from plant materials gains more and 

more interest within the food and drug industry. Extraction yield and antioxidant 

activity depend on the extraction method also the solvent used for the extraction 

process (Do et al., 2014). The presence of various antioxidant compounds with 

different chemical characteristics and polarities may or might not be soluble in a 

particular solvent. Polar solvents are frequently used for recovering polyphenols 

from plant matrices. The foremost suitable solvents are aqueous mixtures 

containing ethanol, methanol, acetone, and ethyl acetate (Sultana et al.,2009). 

Ethanol has been referred to as a suitable solvent for polyphenol extraction and is 

safe for human consumption. Methanol has been generally found to be more 

efficient in the extraction of lower relative molecular mass polyphenols, whereas 

aqueous acetone is suited for the extraction of high molecular mass flavanols (Do 

et al., 2014). 

Ethnobotanical studies show that the medical plants still play a crucial role 

in the sphere of human health in Kosovo, especially in isolated rural areas 

(Mustafa and Hajdari, 2014).  
Cichorium intybus L. preparation as infusion and decoction form, still 

consumed for the prevent hart disorders, atherosclerosis, bronchitis, urinary 
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system infections, anti-haemorrhoid, and hepatic disorders (Mustafa and Hajdari, 

2014).  
According an inventory of MAP (Medicinal and Aromatic Plants) and WB 

(Wild Berries) growing spontaneously in the territory of Kosovo,568.600 kg 

Cichorium Intybus L. grows wild in Kosovo (Millaku F., 2010). 

Over the last few years, several studies have explain chemical composition 

and antioxidant activity of Cichorium intybus L. grown in Balkan Peninsula such: 

Denev et al., 2014; Dzharov et al., 2016, Bulgaria; Petropoulos et al., 2017, 

Greece; Epure et al., 2021, Romania; Jancic et al., 2017, Montenegro; Sinkovic et 

al., 2015, Slovenia; Tusevski et al.,2013, North Macedonia. According with our 

knowledge no any study in Kosovo about chemical composition and antioxidant 

activity of Cichorium intybus L.grown in Kosovo. Only previously studies are 

Faiku et al., 2016 about antibacterial activity of different solvent extract of 

Cichorium intybus L. grown in Kosovo.  

This is the first research of this type in Kosovo and it should give us a 

novel result of the Cichorium intybus L. as a richest and cheapest source of 

antioxidants.  

The aim of this study was the investigation of the effect of extraction 

solvent on major antioxidant phenolic compounds such: phenolic compounds, 

flavonoids, and antioxidant activity by DPPH in the extract of the Cichorium 

intybus L. grown in the Kosovo region. 

 
MATERIAL AND METHODS 

Reagents 
Gallic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin Ciocalteu, AlCl3, 

NaNO2, ethanol, methanol, ethyl acetate-EtOAc, acetone) and standard compounds, 

Gallic acid, Catechin, Trolox were purchased from Sigma-Aldrich Chemie GmbH, 

Germany. All reagents were of analytical grade. 

Preparation of plant extracts 

The Cichorium intybus L. flowers of about 250 g were collected from 

growing wild in Kosovo region within the month of July 2019. Locality was a 

location on central part of Kosovo (Lipjan 42° 31' 28.79" N, 21° 08' 11.40" E, 

elevation 559m). Voucher specimens (EE/2019/003) were deposited in the herbarium 

of the Laboratory of Botany in UBT-Higher Education Institution.  

The flowers of Cichorium intybus L. after washing under running water 

were dried at room temperature. The flowers of the plant (1g) were ground and 

soaked in 30 mL of boiling water, and 30 mL organic solvents (EtOH, MeOH, 

EtOAc, Acetone). Then 20 mL water and 20 mL organic solvents were added 

sequentially during a bottom flask and soaked on an ultrasonic bath for 10 minutes.  
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Figure 1. Cichorium intybus L. growing wild in the Kosovo region 

 

Table 1. Location information of the regions that samples were collected 

No. Locality Latitude Longitude 
Elevation 

(m) 

Voucher 

specimens 

no. 

1 Lipjan 42° 31' 28.79" N 21° 08' 11.40" E 559 m EE/2019/003 

 

 
Figure 2. Map of the area where sample collection. 
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Determination of total phenolic content  

The total phenolic content of the different extracts (water,EtOH, MeOH, 

EtOAc, Acetone) was estimated according to the previously reported method 

Singleton et al., (1999) and slight modifications, with the help of the Folin-

Ciocalteu reagent. 200 μL of extract or standard gallic acid (5–100 mg L
−1

) was 

added to 3 mL distilled water and then 250 μL Folin-Ciocalteu reagent/2 min was 

added. Then 750 μL sodium carbonate 20% was added and the mixture was made 

up to 5 mL with distilled water. The mixture was incubated for 2 h and the 

absorbance was measured at 765 nm in a GENESYS
TM

 10S spectrophotometer. 

Total phenolic content was expressed as gallic equivalent (mg GAE/g DW). 

Standard Gallic acid (GA) in a concentration of 5-100 μg/mL was used to 

construct the external calibration curve.  
Determination of total flavonoid content 

The total flavonoid content of the different extracts (water, EtOH, 

MeOH, EtOAc, Acetone) was estimated by colorimetric assay with the AlCl3 

method by Montefusco et al., (2015) with some modifications. On 1 mL aliquots 

of the samples added 2 mL distilled water and 0.3 mL of 2% NaNO2. After 5min, 

0.5 mL of 1% AlCl3 was added, followed, after a further 6 min, by 2 mL of 1M 

NaOH and 2 mL of distilled water. The absorbance was read at 510 nm in a 

GENESYS
TM

 10S spectrophotometer. Catechin was used as a standard and the 

flavonoid content was expressed as g catechin equivalent g
–1

 dry weight of plant 

material (mg CE/g DW). 

Antioxidant activity 

Antioxidant activity of the different extracts (water, EtOH, MeOH, 

EtOAc, Acetone) was evaluated using the DPPH (1,1-diphenyl-2-picrylhydrazil 

radical) assay Brand-Williams et al., (1995) and Petropoulos et al., (2017) with 

some modifications. A brief description of 1,1-diphenyl-2-picrylhydrazyl (DPPH) 

was dissolved in methanol to prepare a 100 μM working standard solution. To 1 

mL of various concentrations of the different extract (25, 50, 100, and 200 

μg/mL) 2 mL of DPPH solution was added and the resulting mixture was mixed 

well. After incubation in dark at room temperature for 45 min, the absorbance of 

these solutions was measured at 515nm in a GENESYS
TM

 10S 

spectrophotometer. A control was prepared in a similar manner by replacing the 

amount of sample with methanol. 

% Inhibition of DPPH radical was calculated using the following formula: 

 

% inhibition of DPPH = [(A control − A sample)/ A control] × 100 

 

Where; A control and A sample are absorbance of control and sample, respectively. 

All determinations were performed in triplicates. 

Statistical Analysis  

For all the analyses, three samples were analyzed for each treatment and all 

of the assays were carried out in triplicate. The results were expressed as mean 

values and standard deviations (Mean ± SD). Statistical analysis of data was 
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applied using SPSS v. 22.0 program through a one-way analysis of variance 

(ANOVA) while, for means where a statistical difference was detected, means 

comparisons were carried out using Tukey’s test (P ˂ 0.05). 

 

RESULTS AND DISCUSSION 
Total phenolic content 

The total phenolic content of both extract-water and organics extract 

(EtOH, MeOH, EtOAc, Acetone) from flower of the Cichorium intybus L. was 

analyzed using the Folin–Ciocalteu method are shown in table 2,and figure 3a 

and 4 which ranged from 5.2 mg GAE/g in water extract, 6.8 mg 

GAE/g in ethanolic extract, 72.1 mg GAE/g in methanolic extract, 

45.1 mg GAE/g in ethyl acetate extract, and 31.3 mg GAE/g in 

acetone extract. From our results, we showed the methanolic extract gave higher 

total phenolic content compared to those water, and other organics solvent extract 

(p >0.05). The lowest amount of the total phenolic contents was determined in the 

water extracts (5.2± 0.2 mg GAE/g). The total phenolic content of the water 

extract is significantly less than that of other organics solvents (p<0.05). The total 

phenolic contents in water and organic solvents are ranged: 

Water˂EtOH<Acetone<EtOAc<MeOH. Our results correspond with the results 

of the work Morales et al.,(2014), which reported that the total phenolic content 

of flower extract of Cichorium intybus L. in methanolic extract in the range from 

51.1± 0.8 mg GAE/g. Tusevski et al.,(2013) reported that the total phenolic 

content of Cichorium intybus L. in methanolic extract range from 33.36± 0.14 mg 

GAE/g. Our results were the higher of these studies. Piluzza et al.,(2014) reported 

a higher amount of total phenolic compounds in the acetone/water (7:3) extract of 

Cichorium intybus L. range about 33.76 to 43.89 g GAE/Kg.Our results were the 

lowest of these studies. Eray et al.,(2020) reported total phenolic content in herbal 

parts of Cichorium intybus L.water extract range about 138.8±0.87 μg 

GAE/mg,and methanolic extract range about 186.3±3.281 μg GAE/mg. Also, our 

results were the lowest of these studies.The other hand Denev et al.,(2014) 

reported that the total phenolic content of Cichorium intybus L. in water extract 

range from about 3.7± 0.4 mg GAE/g to 6.7± 0.9 mg GAE/g, and in ethanolic 

extract range about 4.3± 0.5 mg GAE/g. Our results were the higher of these 

studies. In EtOAc extract no have any previously publication results 

(EtOAc=No). 

Total Flavonoids content 

The total flavonoids content of both extract-water and organics extract 

(EtOH, MeOH, EtOAc, Acetone) from flower of the Cichorium intybus L. 

analyzed using the AlCl3 method by spectrophotometry are shown in table 2,and 

figure 3b and 4 which ranged from 2.9 mg CE/g in water extract, 

19.0 mg CE/g in ethanolic extract, 30.5 mg CE/g in methanolic 

extract, 27.1 mg CE/g in ethyl acetate extract, and 25.4 mg CE/g in 

acetone extract. From our results, we showed the methanolic extract gave higher 

total flavonoid content compared to those water, and other organics solvent 
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extracts (p >0.05). The lowest amount of the total flavonoid contents was 

determined in the water extracts (2.9± 0.2 mg CE/g). The total flavonoid content 

of the water extract is significantly less than that of other organics solvents 

(p<0.05). The total flavonoid contents in water and organic solvents are ranged: 

Water˂EtOH<Acetone<EtOAc<MeOH. Our results correspond with the results 

of the work of Denev et al.,(2014), which reported that the total flavonoid 

content of flower extract of Cichorium intybus L. in water extract in the range 

from 2.7± 0.2 mg CE/g to 2.8± 0.2 mg CE/g. Tusevski et al.,(2013) reported that 

the total flavonoid content of Cichorium intybus L. in methanolic extract range 

from 8.06± 0.24 mg CE/g. Our results were the higher of these studies.The lowest 

values of total flavonoids content were obtained by Malik et al.,(2017) on 

methanolic extract (13.5± 0.70 mg RE/g) and ethanolic extracts (8.49± 0.08 mg 

RE/g DW.) from chicory leaves. Piluzza et al.,(2014) reported a higher amount 

of total flavonoid compounds in the acetone/water (7:3) extract of Cichorium 

intybus L. range about 27.13 to 36.94 g CE/Kg.Our results were the lowest of 

these studies. Eray et al.,(2020) reported total flavonoid content in herbal parts of 

Cichorium intybus L.water extract range about 388.3±5.77 μg CE/mg, and 

methanolic extract range about 550±14.53 μg CE/mg. Also, our results were the 

lowest of these studies.On the other hand, Kandil et al.,(2019) reported that the 

total flavonoid content of Cichorium intybus L. in methanolic extract range about 
167.47 ± 5.83 μg QE/g,whiles in ethanolic extract range about 36.56 ± 5.95 μg 

QE/g.Our results were the higher of these studies.Also,the assessment flavonoid 

in EtOAc extracts does not have any previously publication results (EtOAc=No). 

Antioxidant activity by DPPH 

DPPH free radical scavenging method is a widely used and reliable 

method to evaluate the in vitro antioxidant activity of natural products and plant 

extracts. The natural or synthetic antioxidants such as ascorbic acid, tocopherol, 

cysteine, glutathione, gallic acid, etc., have the ability to reduce the DPPH radial 

(purple color) to a yellow-colored compound. The extent of color change depends 

on the hydrogen donating ability of the antioxidants.  

Therefore, in the current study, we have used the DPPH method to 

evaluate the antioxidant activity of the Cichorium intybus L. flowers extracts. All 

extracts of the Cichorium intybus L. flowers exhibited higher antioxidant activity. 

In this study, the extracts of the undertaken of the Cichorium intybus L. flowers 

extract were assessed for antioxidant potential by utilizing the above principle of 

the DPPH radical scavenging method. Table 2 and figure 3c and 4 represents the 

DPPH radical scavenging abilities of the Cichorium intybus L. flowers extract 

used in this study. The antioxidant activity of the extract (water and organics 

solvent extract) from the flower of the Cichorium intybus L. was analyzed using 

the DPPH method, and are shown in table 1, and figure 3 which ranged from 

23.0± 0.4 μMolTE/g in water extract, 124.7± 0.2 μMolTE/g in ethanolic extract, 

152.4± 0.3 μMolTE/g in methanolic extract, 92.7± 0.3 μMolTE/g in ethyl acetate 

extract, and 107.2± 0.4 μMol TE/g in acetone extract. From our results, we 
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showed the methanolic extract (152.4 0.3μMolTE/g) gave higher antioxidant 

activity content compared to other extracts. A good correlation was observed 

between total phenolic content and antioxidant activity. It is observed from the 

results of this study that the highest phenolic and flavonoid content of chicory 

extracts exhibited high antioxidant activities (Kandil et al.,2019). The higher 

DPPH antioxidant activity in methanolic extract of Cichorium intybus L. is 

significantly higher than that of other solvents (p >0.05). The DPPH antioxidant 

activity of the water extract is significantly less than that of other solvents 

(p<0.05). 

Previous publications found that the methanolic extract of Cichorium 

intybus L. flowers possessed the highest content of phytochemicals and 

antioxidant activity. Antioxidant activity obtained by organic solvents are 

ranged:water˂EtOAc<Acetone<EtOH<MeOH. Our results of the antioxidant 

activity content as compared to those reported by Tusevski et al., (2013), 

reported that the total antioxidant activity of Cichorium intybus L.flower in 

methanolic extract range about 154.40± 0.2 μM TE/g. Similar results also 

obtained Epure et al.,(2021), they reported the DPPH radical scavenging activity 

of the methanolic extracts 164.98± 5.93 μg/mL and 336.35± 11.77 μg/mL for the 

ethanolic extract.Denev et al.,(2014), reported that the DPPH antioxidant activity 

of Cichorium intybus L. flower in water extracts range about 16.1± 2.8 mM TE 

and 29.1± 0.8 mM TE. The DPPH antioxidant activity of Cichorium intybus L. 

flower in ethanolic extracts range about 29.2± 0 mM TE and 31.3± 0.1 mM TE. 

Our results were the lowest of these studies. On the other hand, Piluzza et 

al.,(2014) reported the total antioxidant activity by DPPH in the acetone/water 

extract of Cichorium intybus L. flower range about 15.63 to 23.86 mMol/g.Our 

results also were the lowest of these studies.The results of the study of the total 

antioxidant activity by DPPH in the water extract,and methanolic extract of 

Cichorium intybus L. flower presented Eray et al.,(2020),they reported the total 

antioxidant activity by DPPH calculation as IC50 in the water extract range about 

7.5± 0.1, whiles in the methanolic extract range about 3.59± 0.18. Our results 

were the highest of these studies.Not found any previous publication about total 

antioxidant activity by DPPH in EtOAc.  

Until now, no any detailed information was available for antioxidant 

activity of Cichorium intybus L. flowers grown on the Kosovo region. This is the 

first research about total phenolic content, total flavonoid content, and 

antioxidant activity of Cichorium intybus L. flowers grown on the Kosovo region. 
In other view point the best solvent for extraction biological active 

compounds such: phenolic content, flavonoid content, and antioxidant 

activity is methanol. From results obtained in this study, different extracts 

of Cichorium intybus L. flowers can be considered a potential source of 

antioxidants for food and drug industry application. 
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Figure 3. 3D visualization of the a) total phenolic contents b) total flavonoids 

contents and c) Antioxidant activity by DPPH method of Cichorium intybus L. 

extracts on different solvents 

 
Figure 4. Correlation between total phenolic contents, total flavonoids contents, 

and Antioxidant Activity of Cichorium intybus L. extract on different solvents 
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Table 2. The total phenolic contents, total flavonoid content, and Antioxidant 

activity DPPH of Cichorium intybus L. extracts 
 Extracts Total phenolic 

content (mg of 

GAE/gDW) 

Total flavonoids 

content (mg of 

CE/gDW)  

Antioxidant 

activity DPPH 

(μMolTE/gDW) 

Water 5.2±0.2 2.9±0.2 23.0±0.4 

EtOH  6.8±0.2 19.0±0.3 124.7±0.2 

MeOH 

EtOAc 

Acetone 

72.1±0.3 

45.1±0.3  

31.3±0.2  

30.5±0.2 

27.1±0.3 

25.4±0.2  

152.4±0.3 

92.7±0.3 

107.2±0.4 
1
 Data are presented as average value  standard deviation of three replicates 

 

CONCLUSIONS 

This study is currently the first comprehensive report that presented 

detailed information for phenolic content, flavonoids content, and antioxidant 

activity of Cichorium intybus L. flowers extract grown in the Kosovo region that 

has been examined. Very limited information is available on compositional and 

health-enhancing properties of Cichorium intybus L. grown in the Kosovo region. 

The result showed that Cichorium intybus L. flowers extract had a higher content 

of total phenolic contents and higher content of total flavonoids, also antioxidant 

activity. The highest total phenolic and flavonoid contents were determined in the 

flower methanolic extract. The results of our study indicate the presence of major 

classes of phytochemicals in Cichorium intybus L. flowers extract and a direct 

relationship between antioxidant capacities and total flavonoid content in 

Cichorium intybus L. flowers extract. Further studies are recommended to 

quantify and isolate the pure phytoconstituents from Cichorium intybus L. 

flowers extract which might serve as the cheapest source of natural antioxidants 

application in the food and drug industry. In conclusion, chicory, due to its 

phenolic and antioxidant contents as well as the bio accessibility of these 

compounds, provides important health benefits for consumers, while remaining 

an inexpensive vegetable. However, before this product is incorporated into a 

dietary supplement or as a natural food antioxidant, it is important to further 

study toxicity and in vivo activity. 
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CONDITION FACTOR AND LENGTH-WEIGHT RELATIONSHIP OF 

HUCHEN (HUCHO HUCHO) FINGERLINGS  

IN CULTIVATED CONDITIONS 

 

SUMMARY  

The experiment of determining the condition factors and length-weight 

relationship of cultivated huchen (Hucho hucho) fingerlings aged 8 (beginning) to 

11 months (end), was conducted in the aquaculture laboratory of the Faculty of 

Agriculture, University of Banja Luka for 91 days. A total of 35 huchen 

fingerlings of average body weight (W) (± SD) of 6.00 ± 1.74 g, total body length 

(TL) of 8.95 ± 0.98 cm, fork length (FL) 8.36 ± 0.90 cm and standard length (SL) 

7.74 ± 0.85 cm were housed in three flow-through aquariums (65 l / aquarium). 

Body lengths and weights were measured once a month. The huchen fingerlings 

feeding was according to appetite, using commercial trout feed. The aim of this 

study was to determine the condition factor and the length - weight relationship of 

huchen (Hucho hucho) fingerlings in cultivated conditions. The growth of body 

length and weight of fingerlings was expressed by a highly positive correlation (r
2
 

= 0.979). Negative allometric growth (b < 3) was determined for the total 

observed period, with a tendency to intensify growth in the last observed period 

when positive allometric growth (b > 3) was recorded. The length-weight 

relationship of huchen fingerlings was calculated as W = 0.011995L
2.822

. A highly 

positive correlation between body length (TL, FL and SL) and body weight was 

found. The condition factor (CF) huchen fingerlings for the whole observed 

period averaged 0.82.  

Keywords: Condition, growth, cultivated huchen fingerlings 

 

INTRODUCTION 

Huchen (Hucho hucho) is a very important salmonid fish species for sport 

and recreational fishing. It is known as one of the largest salmonid fish species in 

the world (Holčik et al., 1988, Mikavica & Savić, 1999) and is one of the most 

endangered fish species inhabiting the Danube basin of Central Europe, and many 

populations are supported by artificial reproduction and restocking programs. Ihut 

et al., 2014). Huchen (Hucho hucho) is endemic to the Danube river basin district, 

where it inhabits streams and rivers with fast water flow, water temperature 
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usually up to 15°C and sufficient amount of dissolved oxygen (8 – 9 mg L−1), 

although it can withstand adverse conditions (eg water temperature up to 22°C 

and up to 5 mg L−1 dissolved oxygen) (Simonović et al., 2011). During the 

warmest months of the year (July-August), the average water temperature of 

rivers in Austria inhabited by huchen ranges from 12 to 18°C (Ratschan, 2014). 

In huchen habitats, water temperatures range from 6 to 18°C (Baensch & Riehl, 

1991), and spawn at a water temperature of 6 to 10°C (Kahrimanović et al., 

2013). In the first year of life it reaches a total body length of about 25 cm and a 

body weight of about 150 g, and at the age of two it reaches a total body length of 

about 40 cm and a body weight of about 500 g (Pasarin, 2007). 

Comparing the growth of huchen from the river and cultivated conditions, 

it is indicative that in the first year of life the growth is approximately the same 

and is classified as slow, while in the second year of life the growth of huchen in 

the river is faster (classified as average) compared to the cultivated conditions 

which is classified as slow growth (Andreji & Stráňai, 2013). This is primarily 

the result of differences in feed and space (Pavlík, 1998). The regression 

coefficient (b) provides information on fish growth (Sangun, 2007), and for most 

fish the expected range of the regression coefficient (b) is 2.5 < b <3.5 (Froese, 

2006). Froese et al. (2014) state that the calculated value of a = 0.01 is a fish with 

a spindle-shaped elongated body. Simonović et al. (2011) state that the growth of 

huchen from the Drina River in the early stages of development was faster in 

length than the growth of the weight. After reaching the total length of 107.45 cm 

of the huchen, there is a faster growth of weight compared to the growth of body 

length, which can be seen from the b value of 2,187 in the younger stages, and in 

the older stages it increased to 3,910 (Simonović et al., 2011). This is confirmed 

by Andreji and Stráňai (2013) who state that the analysis of the growth of huchen, 

aged 5+ to 24+, caught from the river and from cultivated conditions shows 

positive allometric growth. Bajić et al. (2015) found a high positive correlation 

between body length and body weight (R2 = 0.8359 and R2 = 0.9246) of huchen 

fry from two examined groups in cultivated conditions, however, the b value is 

less than 3, ie negative allometric growth is present. 

Condition factor (CF) is one of the ways to monitoring the impact of 

environmental factors on fish (Dekić et al., 2016), and within the population it 

also depends on various internal (genetics, developmental stages) parameters 

(Treer et al., 2013). When managing huchen, it is important to know that CF 

depends not only on environmental conditions, but also very strongly on body 

length. This means that low CF at certain lengths does not necessarily reflect 

suboptimal habitat conditions, as the growth of huchen body length is much faster 

than the growth of body weight during the first years of life (Treer et al., 2013). 

Faster growth in body length than body weight may be due to the elongated body 

of the huchen, compared to other salmonids (Vuković & Ivanović, 1971). Mruk 

and Kucheruk (2019) state that the condition factor of the huchen broodstock, 

aged 6+ and 7+, was the same and amounted to 0.77.  
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The aim of this study was to determine the condition factor and the length - 

weight relationship of huchen (Hucho hucho) fingerlings in cultivated conditions.  

 

MATERIAL AND METHODS 
The experiment of determining the factors of condition and length-weight 

relationship of cultivated huchen (Hucho hucho) fingerlings aged 8 (beginning) to 

11 months (end), was conducted in the aquaculture laboratory of the Faculty of 

Agriculture, University of Banja Luka for 91 days. The seven months old huchen 

fingerlings, were obtained from the hatchery of the Sports Fishing Association 

Banja Luka (SRD BL). The huchen fingerlings were transported at the end of 

November 2020. from the SRD BL hatchery to the aquaculture laboratory of the 

Faculty of Agriculture, University of Banja Luka. Huchen fingerlings was housed 

in flowing aquariums, where it stayed for a month until the beginning of the 

experiment in order to adapt to the new environmental conditions. There was a 

total of 35 fingerlings of average weight (± SD) 6.00 ± 1.74 g, total length (TL) 

8.95 ± 0.98 cm, fork length (FL) 8.36 ± 0.90 cm and standard length (SL) 7.74 ± 

0.85 cm.  

The huchen fingerlings are uniform in size (body weight and length) and 

distributed in three flowing aquariums (11, 12 and 12 individuals) with a volume 

of 65 l / aquarium, in which the same conditions were present. The water supply 

and drainage was independent for each aquarium, and there were 25 changes 

water / aquarium in 24 hours. The water in the aquariums is additionally aerated 

using an air compressor. The photoperiod was 7 and 17 hours, light (from 8 am to 3 

pm) and darkness (from 3 pm to 8 am). The light sources were four 60 W bulbs, 

placed 70 cm above the aquarium. TL (cm), FL (cm), SL (cm) and W (g) were 

measured at the beginning of the experiment and once a month during the 

experiment. Body length (cm) was measured with an ichthyometer (accuracy 0.1 cm) 

and individual body weight (g) with a Kern EMB 600-2 digital scale (load 

capacity: 600 g; accuracy: 0.01 g). For anesthesia of individuals, just before 

measuring body length and weight, the anesthetic 2-phenoxyethanol was used. 

The water temperature during the experiment was measured daily with a digital 

thermometer (HANA, Miniterm HI 8751), and the pH value was periodically 

measured with a digital pH meter (WTW, Germany). Aquariums were cleaned 

once a week.  

The huchen fingerlings feeding was according to appetite, using 

commercial trout feed. The chemical composition of the commercial feed used 

(feed granulation 1.9 mm) was: crude protein 50%, crude fat and oil 20%, crude 

fiber 0.7%, crude ash 7.5%, phosphorus 1.3% and digestible energy 19.2 MJ / kg. 

Condition factor was calculated using the formula according to Ricker 

(1975): 

CF = (W/L
3
)*100 

W - body weight (g), L - total length (cm). 
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The length-weight rrelationship of huchen fingerlings was determined on 

the basis of the total length (cm) and body weight (g) of individuals, according to 

the exponential function (Tesch, 1968): 

W = aL
b
 

Transformed into logarithmic form:  

Log W = Log a + b Log L 

W - weight of fish (g); a = regression constant; b = regression coefficient; L = total 

length (cm). 

 

Statistical analysis included descriptive statistics, regression and 

correlation, and calculations were done through the statistical programs SPSS17 

and MS Excel. 

 

RESULTS AND DISCUSSION 

Table 1 shows the average water temperatures, with minimum and 

maximum values, coefficient of variation and standard deviation for the three 

control periods. The average pH value of water during the experiment was 7.123. 
 

Table 1. Water temperature during the experiment 

Days 
Water temperature 

o
C 

Average SD CV Min Max 

0-32 12.5 0.92 7.3 10.5 14.3 

33-64 12.3 1.13 9.2 9.7 13.9 

65-91 12.3 0.57 4.7 11.1 13.4 
 

Water temperatures during the experiment were similar and averaged 12.5oC 

and 12.3oC, respectively. Water temperatures were within the range of 6 - 18oC 

reported by Baensch and Riehl (1991), but were lower than optimal (16 - 18oC) in 

terms of growth and mortality of fry and fingerlings huchen reported by Jungwirth et 

al. (1989).  

The largest variations were found in average body weight, with a trend of 

increasing variation from the beginning to the end of the experiment. In contrast 

to body weight, body length variations were significantly lower, indicating a 

more even increase in individual body length. The body of the huchen is very 

elongated, which can be seen from the research of Nikcevic et al. (1998) which 

stating that the catch of a four-month-old huchen fry, which was released into the 

river after swimming in a hatchery, determined an average total body length of 

58.95 ± 2.33 mm and an average body weight of 2.07 ± 0.14 g. 

The condition factor was the highest at the beginning, after which there 

was a tendency to fall slightly (Table 2). Limits of variation (minimum and 

maximum values, CV) of body length (cm), body weight (g) and CF of 

fingerlings during the experiment are shown in Table 2.  

The results shown in Table 3 show that there are highly positive 

correlations between body lengths (TL, FL and SL) and body weight (W). The 

increase in body length was more intense and uniform to each other. 
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Table 2. Variations in body length (cm) and weight (g), and condition factor (CF) 

of huchen fingerlings during the experiment 
 Days 0 32 64 91 

Parameter Age (months) 8 9 10 11 

 Number of fish (n) (n=35) (n=34) (n=33) (n=32) 

TL (cm) 

Average 8.95 10.18 11.72 12.67 

SD 0.98 1.24 1.42 1.69 

CV 10.98 12.17 12.14 13.36 

Min 6.80 7.70 8.50 9.60 

Max 11.30 13.30 15.0 16.90 

FL (cm) 

Average 8.36 9.65 11.04 11.94 

SD 0.90 1.17 1.38 1.62 

CV 10.72 12.17 12.52 13.56 

Min 6.40 7.30 7.70 9.00 

Max 10.30 12.70 14.20 16.10 

SL (cm) 

Average 7.74 8.76 10.08 11.01 

SD 0.85 1.03 1.30 1.54 

CV 10.93 11.74 12.87 13.99 

Min 5.80 6.60 6.90 8.20 

Max 9.60 11.40 13.00 15.20 

W (g) 

Average 6.00 8.79 12.88 16.35 

SD 1.74 2.86 1.42 6.98 

CV 29.04 32.52 33.77 42.67 

Min 2.80 4.00 4.20 6.60 

Max 10.40 16.60 24.50 35.40 

CF 

Average 0.835 0.832 0.799 0.798 

SD 0.006 0.008 0.007 0.028 

CV 0.69 0.98 0.94 3.57 

Min 0.831 0.827 0.792 0.783 

Max 0.842 0.841 0.807 0.831 
TL – total length (cm), FL – fork length (cm), SL – standard length (cm), W – body weight (g); CF – Condition factor. 

 

Table 3. Correlative relationships of body length and mass (Pearson 

Correlation) 
 TL (cm) W (g) FL (cm) SL (cm) 

TL (cm) 1 0.964** 0.998** 0.994** 

W (g)  1 0.963** 0.966** 

FL (cm)   1 0.993** 

SL (cm)    1 

TL – total length (cm); FL – fork length (cm); SL – standard length (cm); W – body weight (g).  
**. Correlation is significant at the 0.01 level. 

 

The total condition factor (CF ± SD) was quite stable and averaged 0.82 ± 

0.02 (min 0.80; max 0.84), with minor variations (CV = 2.47) during the 

experiment. Bajić et al. (2015) state that by breeding huchen fry during the early 

juvenile phase CF was 0.688 (huchen fry of average weight 3 g) and 0.581 

(huchen fry of average weight 1.1 g), and this is the result of using different feed 

during the initial diet of huchen (artemia salinae + factory feed for trout and 
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gamarus sp. + fish meat). It is noticeable that in this experiment CF is higher 

compared to the results of Bajić et al. (2015), which indicates that in favorable 

environmental conditions, with increasing age, there is a uniform increase in the 

length and body weight of the huchen, as a result of which the condition factor 

increases. Accordingly, Treer et al. (2013) state that low CF of young shoots at 

certain body lengths does not necessarily reflect suboptimal habitat conditions, 

due to faster growth of fingerling body length in relation to body weight in the 

first years of life. 

Survival of huchen fingerlings was high during the experiment (91.43%). 

Mortality was 8.57% (a total of 32 survived huchen and 3 died). 

From the beginning to 64 days into the experiment, there was a negative 

allometric growth (b < 3) of huchen fingerlings with a positive correlation 

coefficient (r) of total length and body weight and coefficient of determination 

(r
2
), according to Bajić et al. (2015). As the total length and body weight 

increased, the regression parameter b also increased (Table 4). 

 

Table 4. Logarithmic values of total length and body weight, regression 

parameters, correlation and determination coefficient of huchen fingerlings by 

observed periods 

Age 
(months)  

Days 
exp.  

No. 

fish 

(n) 

Log TL  Log W  
Regression 

parameter R r2 

Min Max AverageSD  Min Max AverageSD  a b 

8 0 35 0.83 1.05 0.9490.049  0.45 1.02 0.7590.133  -1.780 2.674 0.979 0.959 

9 32 34 0.89 1.12 1.0040.054  0.60 1.22 0.9200.151  -1.870 2.778 0.992 0.985 

10 64 33 0.93 1.18 1.0650.054  0.62 1.39 1.0830.162  -2.047 2.938 0.988 0.976 

11 91 32 0.98 1.23 1.0990.058  0.82 1.55 1.1760.185  -2.200 3.072 0.967 0.935 

 

Observed by days, the calculated regression coefficients (b) ranged within 

the limits stated by Froese (2006), that in most fish the expected range of the 

regression coefficient (b) was 2.5 < b < 3.5. Analysis of logarithmic values of 

total length and body weight from 64 to 91 days revealed positive allometric 

growth (b > 3), with a correlation coefficient (r) of length and body weight of 

0.967 and a coefficient of determination (r
2
) of 0.935 (Table 4).  

Taking into account all measured values (from the beginning to the end of 

the experiment), the analysis of logarithmic values of the total length and body 

weight of the huchen fingerlings showed a negative allometric growth (b < 3). 

The correlation coefficient (r) of total length and body weight was 0.98967, and 

the coefficient of determination (r
2
) was 0.979 (Table 5). 

 

Table 5. Logarithmic values of total length and body weight, regression 

parameters, correlation and determination coefficient of huchen fingerlings during 

the experiment 
Log TL  Log W  Regression parameters 

R r2 

Min Max AverageSD  Min Max AverageSD  a b 

0.83 1.23 1.0280.08  0.45 1.55 0.9790.22  -1.921 2.822 0.98967 0.979 
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In relation to the results of this research, Bajić et al. (2015) report a lower 

correlation of huchen fry of R
2
 = 0.9246 and R

2
 = 0.8359, which is related to a 

lower condition factor.  

During the observed period, the increase in body length was more 

pronounced, in relation to the increase in body weight of huchen fingerlings, 

which was reflected in negative allometric growth (b < 3), according to 

Simonović et al. (2011) and Bajić et al. (2015). Treer et al. (2013) state that 

negative allometric growth is present in younger age categories of huchen, due to 

faster growth of body length in relation to body weight. 

 

  
Graph 1. Logarithmic values of total length and 

weigth of huchen fingerlings 

Graph 2. Length - weigth relationship of huchen 

fingerling 
 

The equation of length-weight relationship of the analyzed huchen 

fingerlings is W = 0.011995L
2.822

, and the logarithmic form LogW = -1.921 + 

2.822LogL. A highly positive correlation (Graph 1) was found between the 

logarithmic values of the length and body weight of the huchen fingerlings in 

cultivated conditions (r
2
 = 0.979). 

 

CONCLUSIONS 

The growth of body length and body weight of huchen fingerlings was 

expressed by a highly positive correlation (r
2
 = 0.979). The length- weight 

relationship of huchen fingerlings was calculated as W = 0.011995L
2.822

.  

Negative allometric growth (b < 3) was determined for the total observed 

period, with a tendency to intensify growth in the last observed period when 

positive allometric growth (b > 3) was recorded.  

A highly positive correlation was found between body length (TL, FL and 

SL) and body weight (W). The condition factor (CF) of the huchen fingerlings 

during the experiment averaged 0.82. 
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OCCURRENCE AND DISTRIBUTION OF OPHIOSTOMA NOVO-ULMI 

IN “BIOGRADSKA GORA” NATIONAL PARK 

 

SUMMARY  

During the monitoring of health condition in "Biogradska Gora" National 

Park a symptoms of Dutch elm disease were recorded. Analyses confirmed that 

fungus Ophiostoma novo-ulmi was present in symptomatic wych elm (Ulmus 

glabra) trees as causal agent of their wilting. This area is one of the rarest 

protected ecosystems of this type in the world and until now elm trees were 

considered to be free of Dutch elm disease. This is the first report of Ophiostoma 

novo-ulmi in "Biogradska Gora" National Park. Using genetically divergent 

forests as reservoirs for breathing programs against Dutch elm disease could be 

more difficult based on these results. Implementation of these results against 

Dutch elm disease on global and local scale was discussed. 

Keywords: Ulmus glabra, Ophiostoma novo-ulmi, symptoms, Montenegro 

 

INTRODUCTION 

Forests of Biogradska Gora in Montenegro developed through natural 

processes, without anthropogenic disturbances and this kind of forests provide 

opportunity of studding close to nature management and environntal changes 

(Curovic et al., 2020; Nagel et al., 2013; Chivulescu et al., 2018). Area is 

characterized by great compositional and structural variability (Cagliero et al., 

2021). Also, mixed forests in beech (Fagus sylvatica L.) dominated sites are 

incredibly rare and serve for observation of natural processes in temperate zone 

(Curovic et al., 2020). Changes in this kind of forests are still present and trees 

with lowest diameter have significantly shorter time to passage (Govedar et al., 

2021). 

Forest pathogens occur in all categories of world’s forests and all tree 

species are susceptible to pathogens in some degree (Tainter and Baker, 1996; 

Sinclair and Lyon, 2005; Edmonds, 2013). There are multiple drivers influencing 

trees susceptibility to forest pathogens including invasion by alien pathogens, 

climate change, emergence of more virulent strains of pathogen, hybridization of 

fungal species, latent of cryptic pathogens, establishment of new associations 
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between vectors and pathogens and introduction of new forest practices 

(Ghelardini et al., 2016).  

The first step in disease management includes detection, survey and 

monitoring (Edmonds, 2013). New diseases in European forests were reported at 

an increasing rate over the last century (Stenlid et al., 2011). One of such diseases 

is Dutch elm disease characterized with rapid spread and multiple epidemics in 

the world (Brasier, 2000). Dutch elm disease is common name for disease caused 

by group of species from genus Ophiostoma (Kirisits, 2013). This disease caused 

significant loss in elm populations, primarily leading to decrease of their 

economic importance (Karadžić, 2010; Kirsits, 2013). Survival of elm species 

due to this pathogen isn’t completely endangered because trees need to be in 

certain stage of development prior to infection (Brasier, 1996). However, there is 

also increased occurrence of pathogens in domestic forests including impacts of 

wood decay fungi (Radulović et al., 2020; Karadžić et al., 2020; Radulović et al., 

2021) and unusual transmission from different host species (Vemić and 

Radulović, 2021). This holds great ecological pressure on elm trees in domestic 

forests. Considering still active epidemic of Dutch elm disease in Europe and 

reducing the number of vitally trees, keystones for protection are finding and 

production of genetically resistant trees (Santini et al., 2010). Resources of this 

material should be also searched in untouched forests.  

During the monitoring of trees health condition in "Biogradska Gora" 

National Park in Montenegro a symptoms of Dutch elm diseases on wych elm 

(Ulmus glabra Huds.) were recorded. Laboratory analyses confirmed presence of 

pathogen Ophiostoma novo-ulmi Brasier in symptomatic trees. This is the first 

report of Ophiostoma novo-ulmi in Biogradska Gora (Montenegro) as area 

previously considered to be without Dutch elm disease. These results will 

contribute to knowledge about distribution of Ophiostoma novo-ulmi and ways of 

using untouched forests for genetically resistant material. 

 

MATERIAL AND METHODS 

Locality of research 

Symptoms of Dutch elm disease were noticed in summer of 2017 in 

locality of National Park "Biogradska Gora" (42º53ʹ39" N, 19º36ʹ15" E) after 

detailed examination of entire area. Twigs from symptomatic trees were collected 

for laboratory analyses.  

Laboratory methods 

Fungus was isolated using standard procedures described in Brasier (1981). 

After the surface sterilization of elm wood, a small pieces of dark xylem tissues 

were placed on selective media. Fresh grown pieces of mycelium were 

transferred on 3% MEA to obtain pure cultures. Storage of cultures was 

according recommendations described in Brasier (1981). Fresh 10 days old 

cultures were used for morphological and molecular identification. 

Fungus was identified on both morphological and molecular criteria. 

Morphological identification was performed based on the characteristics of pure 
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cultures and microstructures according to data described in Brasier (1981) and 

Brasier (1991). Examination of microstructures was performed using microscope 

AM Scope B120 C E1. Molecular identification was performed with Phire Plant 

Direct PCR Kit using ITS1/ITS4 combination of primers. Complete PCR 

procedure was performed according to manufacturer’s recommendations. 

 

RESULTS AND DISCUSSION 

Recorded symptoms 

Symptoms recorded in investigated area included wilting of trees and 

premature leaves shedding (Figure 1 A-B). Bark damages caused by the smaller 

European elm bark beetle (Scolytus multistriatus March.) provided additional 

evidence about presence of Dutch elm disease (Figure 1 C). 

All symptoms were visible in summer period and based on their degree 

infection probably started some time earlier (Figure 1). Smaller twigs were 

equally infested as larger ones and fungus was more easily isolated from these 

twigs (Figure 1). 

 
Figure 1. Symptoms of Dutch elm disease on wych elm (Ulmus glabra) A-B 

wilting of trees, C – damages of the smaller European elm bark beetle Scolytus 

multistriatus 

 

Also, symptoms were recorded in less protected stands and between less 

protected stands and old-growth forest (Figure 1). Distant parts of old-growth 

forests were still without any symptoms of Dutch elm disease.  

Identification of fungus 

Species isolated from sampled tissues was identified as Ophiostoma novo-

ulmi (Figure 2). Colonies were white, concentric with presence of aerial 

mycelium in central part (Figure 2 - A). 
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Conidia were from Sporotrix stage and abundant, single celled, holoblastic, 

ellipsoid to ovoid (Figure 2 - B). Also, some conidia aggregated in spore drops 

(Figure 2 B). Anamorph with synemates – Pesotim (Graphium) was absent in 

obtained cultures. 

 
Figure 2. Ophiostoma novo-ulmi: A – characteristics of culture, B – conidial 

spores 

 

Prior to this study "Biogradska Gora" National Park was considered to be 

free of Dutch elm disease. This is the first report of Dutch elm disease caused by 

Ophiostoma novo-ulmi in "Biogradska Gora" National Park. Results will have 

practical application in evaluating the potential of old-growth forests as source of 

genetically divergent trees that can be used in breeding programs for resistance to 

Dutch elm disease. Also, another practical application is for improving protection 

strategies of elm trees in "Biogradska Gora" National Park. 

Dutch elm disease is caused by three closely related species from genus 

Ophiostoma including Ophiostoma ulmi (Buisman) Nannf., Ophiostoma novo-

ulmi Braiser and Ophiostoma himal-ulmi Braiser & Mehrotra (Kirisits, 2013). 

From these species Ophiostoma ulmi was responsible for the first outbreak of 

disease in the Europe and North America on the beginning of 20
th
 century (Gibbs, 

1978; Brasier, 2000) and later in the middle of 20
th
 century was replaced by 

Ophiostoma novo-ulmi (Brasier, 1991; Brasier, 2000). On the other side 

Ophiostoma himal-ulmi occurs endemically on Himalyan elm (Ulmus 

wallichiana (Planch.)) and currently there isn’t reported its significant 

pathogenicity (Kirisits, 2013). 

Species Ophiostoma novo-ulmi is considered to contain two subspecies 

whereby susp. novo-ulmi caused epidemic in Europe and subsp. americana 

caused epidemic in North America (Brasier, 1979; Brasier, 1991). From 

especially concerns is that hybridization between these subspecies exists and 

hybrid showed very rapid emergence and that further complex hybrids are now 
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expanding (Brasier and Kirk, 2010). At this point more molecular analyses are 

required to evaluate routes of introduction in this area and characterization of 

present strain. 

Fungus Ophiostoma novo-ulmi is still actively invasive and isolates decade 

after the outbreak showed similar characteristics as isolated early after the 

outbreak (Brasier and Webber, 2019). Anyway, clonal researches against DED 

are now more promising, despite that wych elm (Ulmus glabra) was more 

susceptible than the field elm (Ulmus minor Miller) (Solla et al., 2005). However, 

investigation of less genetically divergent Ophiostoma novo-ulmi populations 

showed that wych elm (Ulmus glabra) was less infested than the field elm (Ulmus 

minor) (Łakomy et al., 2016). All this points to further researches about genetic 

background of booth pathogen and host in order to create proper strategies for 

preservation of this species. 

National Park "Biogradska Gora" was well known for a long time as 

natural reserve where Dutch elm disease is relatively little or non-present. 

Previous studies (Karadžić, 1996; Karadžić et al., 1999) didn’t confirm presence 

of Ophiostoma species in this area pointing to conclusions that wych elm (Ulmus 

glabra) could be more resistant or "disease escape" is more likely in this kind of 

ecosystem. However, old-growth forests are much more resistant and tolerant to 

diseases in comparison to the other categories of forests (Lazarev, 2001). This 

means that sources of tolerant trees could still be found in these forests including 

Biogradska Gora especially because healthy trees were still found in this area. 

Based on these results tolerant trees and "disease escape" were more likely in 

distant parts of old-growth forest. Further protection of this National Park against 

DED should be in eliminating symptomatic trees in less protected area as well as 

adopting new strategies in regulating rules for the passage of visitors in more 

protected area – old-growth forest. This will reduce accidental transfer of 

inoculum or disturbing ecological stability of these forests. 

  

CONCLUSIONS 

Performed research leaded to next conclusions։ 

Fungus Ophiostoma novo-ulmi was isolated from wych elm (Ulmus glabra) 

trees in "Biogradska Gora" National Park. 

All wych elm (Ulmus glabra) trees from whom Ophiostoma novo-ulmi was 

isolated had typical symptoms of Dutch elm disease without showing any 

form of tolerance. 

All reported cases of Ophiostoma novo-ulmi in this study were in less 

protected zone and beginning of the old-growth forest located around 

lake "Biogradsko jezero". 

Elm trees deep in old-growth forest didn’t have any symptoms of Dutch 

elm disease at the moment this study was performed. 

This is the first report of Dutch elm disease in "Biogradska Gora" National 

Park. 
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COMPETITION INFLUENCES TREE DIMENSION, BIOMASS 

DISTRIBUTION, AND LEAF AREA INDEX OF EUCALYPTUS 

UROPHYLLA IN DRYLAND ECOSYSTEMS  

AT EAST NUSA TENGGARA 

 

SUMMARY  

Competition is one of the important factors that determine the productivity 

of forest stands. However, the effect of competition on the growth dynamics at 

the individual tree level is rarely documented. This study investigated the 

influence of competition on the tree dimension, biomass, distribution, and leaf 

area index (LAI) of Eucalyptus urophylla established in dryland ecosystems in 

East Nusa Tenggara. Data collection was conducted by N-tree sampling method 

with the number of center points reaching 36 units. The competition among trees 

was quantified using Hegyi index. Several parameters were measured to describe 

tree characteristics, including diameter, height, aboveground biomass, and LAI. 

The results demonstrated a significant influence of competition on the tree 

dimension, biomass distribution, and LAI of E. urophylla. The individual tree 

performance declined along with the increase in competition. By contrast, the 

increased competition gradually improved the relative contribution of branch 

biomass to the total aboveground biomass. The exponential model best described 

the linkage between competition and the tree characteristics of E. urophylla in the 

study site. Referring to these findings, this study concluded that the growth 

dynamics of E. urophylla at the individual tree level in dryland ecosystems is 

substantially influenced by competition. 

Keywords: Growth Dynamics, Hegyi index, N-trees Sampling, Eucalyptus 

urophylla, Leaf Area Index 

 

INTRODUCTION 

Understanding the growth dynamics at the individual tree level is 

principally required to optimize the activity of stand management, particularly in 
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commercial plantation forests (Cao, 2014). Every tree has a different growth 

performance depending on its adaptability to the environmental condition, mainly 

for obtaining resources, such as light, water, and nutrients (Craine and Dybzinski, 

2013). However, the availability of resources in forest ecosystems is relatively 

limited (Álvarez-Yépiz et al., 2017). Thus, trees should compete with each other 

to derive adequate resources for supporting their growth process (Lamonica et al., 

2020). Trees having good adaptability will show superior performance, whereas 

weak trees will die naturally or exhibit inferior growth (Rozendaal et al., 2020). 

This condition directly confirms that the distributions of tree dimensions at the 

stand level are unequal although they were established at a similar time period. 

The information about tree growth variation is generally used as a basic 

consideration to determine the best silviculture prescriptions for improving the 

productivity of plantation forests. 

The occurrence of competition in forest ecosystems is a natural mechanism 

that plays an essential role in biogeochemical cycle (Andrés, 2019). A study 

reported that an intense competition will construct a high dense canopy (Looney 

et al., 2016) and potentially increase the ability of forests for carbon absorption 

(Farrior et al., 2013). A dense canopy also provides an important contribution to 

creating a micro-climate condition under the forest stand (Arx et al., 2013). 

Another study reported that a dense canopy has the potential to minimize rainfall 

kinetic energy into a forest floor that causes run-off and erosion (Li et al., 2019). 

The competition among trees is also one of the primary factors that influence the 

litter quantity in forest ecosystems wherein a high competition improves the rate 

of canopy litterfall (Silver et al., 2014). This condition indicates an indirect 

linkage between tree competition and nutrient dynamics in forests. 

Despite providing ecological benefits, the occurrence of competition 

among trees should be controlled intensively because it has a negative effect on 

forest productivity, which is primarily related to the economic aspect (Forrester et 

al., 2013). A high competition substantially increases the mortality rate at the 

stand level (Das et al., 2011, Ruiz-Benito et al., 2013, Wang et al., 2017, 

Maringer et al., 2021). A high competition also decreases the production of 

merchantable wood from forest ecosystems (Bembenek et al., 2014). In addition, 

an increased intense competition has the potential to inhibit stand growth due to 

the low availability of resources for trees (Yang et al., 2019). Therefore, most 

forest managers commonly undertake thinning and pruning activities to reduce 

the competition level (Keyser and Zarnoch, 2012; Nogueira et al., 2015; Filho et 

al., 2018). These explanations demonstrate that the availability of information 

about competition is exceptionally required to support the implementation of 

sustainable forest management, particularly in plantation forests. 

Several references explain that the study of competition in forest 

ecosystems is immensely specific given that every tree species has a variety of 

tolerance to competition (Kunstler et al., 2012, Barabás et al., 2016, Fichtner et 

al., 2017). Moreover, the level of competition in forests is influenced by site 

quality and intensity of maintenance (Moreno-Fernández et al., 2014, Zhang et 
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al., 2016). In another word, the different types of forest and management 

strategies will result in different competition rates. This study investigated the 

influence of competition on individual tree performance of Eucalyptus urophylla 

S.T. Blake established in dryland ecosystems in East Nusa Tenggara. As one of 

the fast-growing species, E. urophylla is a native species from Indonesia and is 

commercially developed in several countries, such as Vietnam and China. 

However, the study on the competition of E. urophylla is rarely documented, 

particularly from Indonesia. This study aimed to assess the influence of nearest-

neighbor competition on the tree dimensions, biomass distribution, and leaf area 

index (LAI) of E. urophylla. 

 
MATERIAL AND METHODS 

The study location is situated in an E. urophylla plantation which is 

developed for dryland ecosystems in East Nusa Tenggara. This area is located in 

Timor Tengah Selatan District, around 180 km at the northeastern Kupang, the 

capital city of East Nusa Tenggara Provinces. The geographic coordinates of the 

research site are in S9°50′0″ to S9°50′15″ and E124°15′30″ to E124°16′0″ 

(Figure 1). The total area of E. urophylla plantation in this location is 25 ha and 

managed by Timor Tengah Selatan Forest Management Unit. In the initial 

periods, before being converted into an E. urophylla plantation, the vegetation 

cover in this area was dominated by Imperata cylindrica (Sadono et al., 2020). In 

1997, the local government conducted reforestation using E. urophylla as the 

primary species for rehabilitation. In addition to having a rapid growth, E. 

urophylla is a native species from this location (Almulqu et al., 2019). Therefore, 

the implementation of reforestation is also expected to support conservation for 

indigenous species from East Nusa Tenggara.  

The study site has an altitude of 800 m above sea level. Topography is 

dominated by a hilly area with a slope level of 15%. The soil type is classified as 

cambisol with a high cation exchange capacity and rich phosphorus content 

(Table 1). This location is categorized into a humid condition with an average air 

humidity of around 85.5%. The mean daily temperature is 29°C. Annual rainfall 

ranges from 1,300 mm year
−1

 to 1,800 mm year
−1

 during the past five years from 

2016 to 2020. The highest rainfall occurs in January. The study site has dry 

periods for 7 months from March to September. 

Data collection was undertaken by a field inventory using N-trees sampling 

method. In this sampling technique, the process of tree measurement was 

conducted at the nearest trees from the center point (Mirzaei and Eslam, 2016). 

The principle of this method is similar to the point-centered quarter method, 

which is frequently used in ecological surveys, primarily for tree vegetation 

(Haxtema et al., 2012). 
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Figure 1. Study location of E. urophylla plantation managed by Timor Tengah 

Selatan Forest Management Unit. The red polygon indicates the border 

compartment of E. urophylla stand, which is allocated as a limited production 

forest. The green point signifies the coordinate of sampling plots quantified from 

the subject tree 

 

Table 1. Soil characteristics of the study location based on the acidity level, soil 

organic carbon, total nitrogen, available phosphorus, exchangeable potassium, 

and cation exchange capacity 

Soil parameter Symbol Units Value 

Soil acidity pH H2O - 6.24±0.59 

Soil organic carbon SOC % 0.84±0.35 

Total nitrogen TN % 0.59±0.39 

Available phosphorus Av-P ppm 41.79±0.68 

Exchangeable potassium Exc-K cmolc(+) kg
−1

 0.70±0.46 

Cation exchange capacity CEC cmolc(+) kg
−1

 34.51±0.59 

 

However, the numbers of sample trees from both methods were 

considerably different. The use of N-tree sampling method involved six sample 

trees, whereas the use of point-centered quarter method measured four sample 

trees (Silva et al., 2017).  

In this study, the main subject tree was positioned as the center point, 

whereas the competing trees were assumed as the nearest-neighbor trees (Figure 

2). The total subject trees observed in this study were 36 trees with an average 

distance of 50 m between subject trees. 
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Figure 2. Illustration of N-tree sampling method for the quantification of tree 

characteristics and competition among trees in the E. urophylla plantation. The 

blue circle indicates the subject tree as the main focus of research, whereas the 

green circles show the competing trees. The yellow circles show the non-

competitor trees, and Rn represents the distance between the subject tree and 

competing trees 

 

Several parameters were quantified from each subject tree, i.e., diameter, 

height, aboveground biomass, and LAI. For competitor trees, the parameter 

measurement was focused on diameter and distance between each competing tree 

with the subject tree. The diameter of every tree was measured using a diameter 

tape at 1.3 m from aboveground. The distance between the subject tree and 

competing trees was quantified by a laser distance meter. The tree height was 

estimated from the aboveground to the top crown by a Haglof vertex. The 

biomass distribution from every subject tree was estimated at aboveground in 

each component (stem, branch, and foliage) using allometric equations (Table 2). 

Meanwhile, the LAI was quantified by hemispherical photography. To facilitate 

this stage, we obtained the crown photograph using the Nikon Camera with a 

fish-eye lens (FC-08).  

For every subject tree, the collection of crown image was conducted at four 

different positions (Figure 3) (Rody et al., 2014). This measurement was 

implemented to increase the accuracy of crown image analysis, which was 

processed by Hemisfer software version 3.1. To obtain a more stable image, we 

supported the camera by a tripod set up at 1 m from the aboveground (Hakamada 

et al., 2016). All images were analyzed alternately. Then, LAI of subject tree was 

determined based on the mean value of LAI from four photographs. 
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Figure 3. Camera positions for capturing the crown image of every subject tree. 

The blue circle is a subject tree, whereas the yellow square indicates the camera 

position. The green circle shows the competing trees, there the orange circle 

represents the non-competitor trees. 

 

Table 2. Allometric equations for estimating biomass accumulation in the stem, 

branch, and foliage of E. urophylla in dryland ecosystems in East Nusa Tenggara. 

The symbol “Y” indicates the sum of biomass in the tree component, whereas 

“D“ represents the tree diameter as a predictor variable 

Tree component Equations R
2 

AIC RMSE 

Stem Y = 0.035 + 0.008D 0.95 −135.27 0.014 

Branch Y = −0.016 + 0.003D 0.44 −121.83 0.021 

Foliage Y = 0.0002 + 0.001D 0.85 −201.74 0.002 

Source: Almulqu et al. (2019) 

 

In this study, the competition between the subject tree and competitor trees 

was estimated by Hegyi index (McTague and Weiskittel, 2016). This parameter is 

commonly used to calculate the competition level among trees in various forest 

ecosystems (Ledermann and Stage, 2001, Das et al., 2011, Fraver et al., 2014, 

Kang et al., 2017). The Hegyi index was selected to quantify the competition 

given that it is simpler than the other parameters, wherein the competition 

between the subject tree and competitor trees was calculated based on their 

diameter and distance (Maleki et al., 2015). The mathematical formula for Hegyi 

index is expressed below: 

 

(1) 
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where  is the Hegyi index,  indicates the diameter of competitor tree j (cm), 

 represents the diameter of subject tree i (cm),  shows the distance between 

the subject tree i and competitor tree j (m), and  refers to the number of trees 

included in the quantification process (excluding subject tree). Then, the 

outcomes of Hegyi index were categorized into three classes to describe the 

competition level, namely, low (  < 0.5), moderate (0.5 ≤  ≤ 1.0), and high 

(1.0 > ). 

Statistical analysis was applied with a significant level of 5%. A 

descriptive test was conducted to identify the data attributes, including the 

minimum, maximum, mean, and standard deviation. The normality of data was 

tested using Shapiro–Wilk test. The homogeneity of variance among competition 

level was evaluated by Bartlett’s test. Comparison averages of individual tree 

dimension, aboveground biomass, and LAI in E. urophylla among the 

competition classes were examined using analysis of variance (ANOVA) and 

followed by honestly significant difference (HSD) Tukey’s. Moreover, the 

analysis of regression was applied to identify the relationship between 

competition and individual tree characteristics. Three different models were 

tested in this stage, namely, linear, power, and exponential. The detailed equation 

for every model is demonstrated below: 

 (2) 

 (3) 

 (4) 

where  indicates the individual tree characteristics (diameter, height, 

aboveground biomass, and LAI),  and  are the fitted parameters,  

demonstrates an Euler's number (2.71828), and  shows the Hegyi index. Several 

indicators were used to determine the best model, i.e., the significant result of 

ANOVA test, the significant result of fitted parameters test (a and b), adjusted R 

squared (R
2
 adj), residual standard error (RSE), akaike information criterion 

(AIC), mean absolute bias (MAB), and normalized root mean square error 

(NRMSE).  

The indicators of ANOVA test in fitted parameters test, namely, R
2
 adj, 

RSE, and AIC, were used to examine the model fitting. Meanwhile, MAB and 

NRMSE were applied to assess the validation test. The equations for calculating 

those parameters are presented below:  

 

 

(5) 

 

(6) 



Wirabuana et al. 

 
198 

 
(7) 

 

(8) 

 
(9) 

where  is the actual tree characteristics obtained from field inventory,  

indicates the estimated tree parameters from the fitted model,  represents the 

sample size,  shows the number of parameters,  is the coefficient of 

determination,  signifies the residual sum of squares from the fitted model, 

 is the root mean square error, and  shows the mean observation value of 

the tree characteristics.  

Given that the sample size was relatively small (36 trees), the validation 

test was conducted by the leave-one-out cross-validation method (LOOCV). 

LOOCV is frequently applied to regression analysis with a small sample size 

(Castillo-Santiago et al., 2010, Altanzagas et al., 2019, Tetemke et al., 2019). The 

best model had to demonstrate the significant results of ANOVA and fitted 

parameter test, the highest R
2
 adj, and the lowest RSE, AIC, MAB, and NRMSE. 

 

RESULTS  
The summarized observation results demonstrated that the competition 

level of E. urophylla in the study area relatively varied although these plants were 

developed in sites with similar qualities (Table 3). This study recorded that the 

majority of trees had a moderate competition level. The lowest value of Hegyi 

index obtained from the field survey was 0.39, whereas the highest value was 

1.53. Compared with other competition levels, the total subject trees at the low 

competition level were considerably lower by approximately nine trees. 

 

Table 3. Summary statistics of Hegyi index estimation in every competition level. 

Data are presented as the number of trees, minimum, maximum, mean, and 

standard deviation 

Competition  CIH Number Of Tree Min Max Mean SD 

Low <0.5 9 0.39 0.49 0.43 0.03 

Moderate 0.5-1.0 17 0.52 0.78 0.72 0.12 

High >1.0 10 1.08 1.53 1.27 0.15 

Note:  showed Hegyi index 

 

The occurrence of competition indicates a significant effect on individual 

tree characteristics (Table 4). The high competition level substantially declined 

tree dimension, biomass accumulation, and LAI of E. urophylla in dryland 

ecosystems. A similar trend was also observed with the relative contribution of 
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stem and foliage biomass to total aboveground biomass (Figure 4). By contrast, 

this study discovered that the relative contribution of branch biomass to the total 

aboveground biomass significantly improved along with the increase in the 

competition level. 

 

Table 4. Comparison of the means of the individual tree characteristics in each 

competition class. Data are presented in diameter, height, biomass in each 

component, total aboveground biomass, and LAI 

Parameter 
Competition level  P 

Low Moderate High 
 

D (cm) 43.87 ± 9.84a 40.68 ± 6.45a 25.66 ± 5.00b <0.001** 

H (m) 40.94 ± 6.31a 37.86 ± 7.32a 23.55 ± 5.25b <0.001** 

SB (Mg) 1.46 ± 0.91a 1.15 ± 0.46a 0.35 ± 0.19b <0.001** 

BB (Mg) 0.29 ± 0.15a 0.23 ± 0.08a 0.08 ± 0.04b <0.001** 

FB (Mg) 0.04 ± 0.02a 0.04 ± 0.01a 0.01 ± 0.01b <0.001** 

AGB (Mg) 1.81 ± 1.43a 1.43 ± 0.56a 0.45 ± 0.25b <0.001** 

LAI 1.19 ± 0.20a 1.13 ± 0.15a 0.70 ± 0.17b <0.001** 

Note: D (diameter at breast height); H (tree height); SB (stem biomass); BB 

(branch biomass); FB (foliage biomass); AGB (total aboveground biomass); LAI 

(leaf area index) 

 

Although they differed significantly, our study realized that the individual 

tree characteristics of E. urophylla at the low and moderate competition levels 

were statistically similar (Table 4). These findings were also followed by the 

relative contribution of every tree component to the total aboveground biomass 

(Figure 4).  

 
Figure 4. Comparison means of the relative contribution of biomass in every 

component (stem, branch, and foliage) to the total aboveground biomass of E. 

urophylla at the different competition levels; A similar letter above graph showed 

no significant different according to the honestly significant difference (HSD) 

Tukey’s 
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Table 5. Parameter estimates and model evaluation statistics of every equation for 

describing the relationship between the competition and individual tree 

characteristics of E. urophylla in dryland ecosystems in East Nusa Tenggara 

Parameters Equations a b R2 adj RSE AIC MAB NRMSE 

D Y = a + bX 57.480 −25.402 0.561 7.449 175.266 0.131 0.160 

  Y = aXb 29.740 −0.570 0.599 0.197 −6.488 0.045 0.053 

  Y = aebX 64.033 −0.738 0.626 0.190 −8.255 0.041 0.048 

H Y = a + bX 54.191 −24.443 0.571 7.029 172.366 0.114 0.005 

  Y = aXb 27.356 -0.597 0.584 0.212 −2.671 0.045 0.053 

  Y= aebX 61.363 −0.778 0.620 0.203 −4.948 0.034 0.041 

AGB Y = a + bX 3.298 −2.233 0.408 0.880 68.461 0.409 0.041 

  Y = aXb 0.726 −1.457 0.599 0.502 40.431 2.558 0.022 

  Y = aebX 5.150 −1.884 0.626 0.485 38.672 0.137 0.028 

LAI Y = a + bX 1.568 −0.687 0.626 0.177 −11.803 0.204 0.227 

  Y = aXb 0.814 −0.578 0.596 0.200 −5.547 0.177 0.156 

  Y = aebX 1.779 −0.754 0.635 0.190 −8.083 0.115 0.209 

Note: D (diameter at breast height); H (tree height); AGB (total aboveground 

biomass); LAI (leaf area index); Bold equations indicate the best model for 

describing the relationship between competition and individual tree attributes; All 

models indicate the significance of ANOVA and fitted parameters. 

 

Nevertheless, the growth performance of E. urophylla at a low competition 

level was higher than that at the moderate competition level by approximately 

7%–22%. Meanwhile, the occurrence of high competition affected the loss of 

growth by around 16%–76%. At a high competition level, the relative 

contribution of branch biomass increased almost to 12.5% compared with the low 

and moderate competition levels. 

The results demonstrated that every model provided a good fit to describe 

the linkage between the competition and tree characteristics of E. urophylla 

(Table 5). However, the use of exponential model indicated the best accuracy for 

explaining the effect of competition on individual tree dimension, biomass 

accumulation, and LAI in E. urophylla. This model can explain more than 60% of 

the growth variation in E. urophylla, which affected by competition levels (Figure 

5). Moreover, the exponential model showed the lowest RSE, AIC, MAB, and 

NRMSE. These findings imply that the exponential model is more reliable and 

valid than the linear and power models in describing the relationship between 

competition level and individual tree characteristics of E. urophylla. According to 

the best model, the high competition significantly declined the individual tree 

dimension, total aboveground biomass, and LAI of E. urophylla in dryland 

ecosystems at East Nusa Tenggara. 
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Figure 5. Scatter plots describing the pattern of relationship between competition 

and individual tree attributes, i.e. diameter, height, AGB (aboveground biomass), 

and LAI (leaf area index). 

 

DISCUSSION 
Competition among trees is a natural process that commonly in every type 

of forest ecosystem due to the limited availability of resources for supplying trees 

requirement. In general, two classifications of competition, including interspecific 

and intraspecific, transpire in forests (Skálová et al., 2013). Interspecific 

competition occurs between individual trees from different species (Barabás et 

al., 2016). This competition can be found in natural or mixed forests with 

multiple tree species. Meanwhile, intraspecific competition refers to the 

competition between individual trees from the same species (Yang et al., 2019). 

This type of competition can be discovered in plantation forests with a 

monoculture species. The explanations showed that the primary focus of this 

study was to understand the intraspecific competition between E. urophylla trees 

developed in dryland ecosystems at East Nusa Tenggara.  

The occurrence of intraspecific competition is generally more intense than 

interspecific competition (Saha et al., 2014, Barabás et al., 2016, Adler et al., 
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2018, Yang et al., 2019). Intraspecific competition normally occurs because 

individual trees have the same niche; as a result, trees are competing for exactly 

the same resources (Zhou et al., 2018). This study showed that the level of 

competition between individual trees highly varied although they were planted at 

the same location. This circumstance can possibly occur given the gradient of 

biophysical characteristics in micro-site conditions. Our argument was also 

supported by the previous studies which reported a variety of soil fertilities in a 

compartment (Washitani and Tang, 1991, Gömöry et al., 2011, Salekin et al., 

2019). Difference in soil fertility would provide the various resource supply for 

supporting tree growth. This statement was also emphasized by the description of 

the study site, in which the land configuration of the study location was 

dominated by hilly area. Thereby, the slope variation can influence the intensity 

of leaching and erosion in forest soil and cause the different soil fertilities in the 

site. 

The growth performance of E. urophylla significantly declined along with 

the increased competition level. This finding was observed because at the high 

competition level, trees obtain smaller resources than at a lower competition 

(Forrester et al., 2013). Consequently, the size of tree dimension, biomass 

production, and LAI were relatively lower than those of trees having low 

competition levels. Previous studies also reported similar outcomes to our 

findings, wherein a high competition considerably declined the growth 

performance of individual trees (Yan et al., 2015, Resende et al., 2018, Truax et 

al., 2018). However, the increased competition improved the relative contribution 

of branch biomass to the total aboveground biomass, whereas a different trend 

was observed in stems and foliage. Survival during an intense competition is a 

natural mechanism of trees. As an explanation, the more intense the competition, 

a tree will expand its crown to obtain more light and space and to support this 

process, and branch development will occur more intensively than stems and 

foliage. This process explains why the relative contribution of branch biomass 

slightly increased along with the rising competition. However, a more intense 

competition accelerates the rate of canopy litterfall, thus stimulating natural 

pruning (Silva et al., 2014). This condition confirms why the branch biomass 

significantly declined with the higher competition although a different pattern 

was recorded for its relative contribution to the total aboveground biomass. 

 

CONCLUSIONS 

This study concluded that the occurrence of competition significantly 

influences the individual tree characteristics of E. urophylla developed in dryland 

ecosystems in East Nusa Tenggara. A high competition substantially decreased 

the individual tree dimension, total aboveground biomass, and LAI of E. 

urophylla. The relative contribution of branch biomass to the total aboveground 

biomass significantly improved along with the increased competition level. The 

exponential model best described the relationship between the competition level 

and individual tree dimension. 



Competition influences tree dimension, biomass distribution, and leaf area index… 

 
203 

ACKNOWLEDGEMENTS 
The authors are thankful to the institution of Timor Tengah Selatan Forest 

Management Unit that allows conducting this study in their concession area. We also 

want to express our gratitude to the reviewers for their suggestions to improve the quality 

of this article. 

REFERENCES 
Adler, P. B., Smull, D., Beard, K. H., Choi, R. T., Furniss, T., Kulmatiski, A., Meiners, J. 

M., Tredennick, A. T., & Veblen, K. E. (2018): Competition and coexistence in 
plant communities: intraspecific competition is stronger than interspecific 
competition. Ecology Letters, 21(9): 1319–1329. https://doi.org/10.1111/ele.13098 

Almulqu, A. A., Arpornpong, N., & Boonyanuphap, J. (2019): Biomass estimation and 
allometric equation for tree species in dry forest of East Nusa Tenggara, Indonesia. 
Forestry Ideas, 25(2): 369–384. 

Altanzagas, B., Luo, Y., Altansukh, B., Dorjsuren, C., Fang, J., & Hu, H. (2019): 
Allometric equations for estimating the above-ground biomass of five forest tree 
species in Khangai, Mongolia. Forests, 10(8): 1–17. 
https://doi.org/10.3390/f10080661 

Álvarez-Yépiz, J. C., Búrquez, A., Martínez-Yrízar, A., Teece, M., Yépez, E. A., & 
Dovciak, M. (2017): Resource partitioning by evergreen and deciduous species in 
a tropical dry forest. Oecologia, 183(2): 607–618. https://doi.org/10.1007/s00442-
016-3790-3 

Andrés, E. G. (2019): Interactions between climate and nutrient cycles on forest response 
to global change: The role of mixed forests. Forests, 10(8): 1–26. 
https://doi.org/10.3390/f10080609 

Arx, G., Graf Pannatier, E., Thimonier, A., & Rebetez, M. (2013): Microclimate in forests 
with varying leaf area index and soil moisture: Potential implications for seedling 
establishment in a changing climate. Journal of Ecology, 101(5): 1201–1213. 
https://doi.org/10.1111/1365-2745.12121 

Barabás, G., Michalska-Smith, M. J., & Allesina, S. (2016): The effect of intra- and 
interspecific competition on coexistence in multispecies communities. American 
Naturalist, 188(1): 1–12. https://doi.org/10.1086/686901 

Bembenek, M., Karaszewski, Z., Kondracki, K., Łacka, A., Mederski, P. S., Skorupski, 
M., Strzeliński, P., Sułkowski, S., & Węgiel, A. (2014): Value of merchantable 
timber in scots pine stands of different densities. Drewno, 57(192): 134–142. 
https://doi.org/10.12841/wood.1644-3985.S14.09 

Cao, Q. V. (2014): Linking individual-tree and whole-stand models for forest growth and 
yield prediction. Forest Ecosystems, 1(1): 1–8. https://doi.org/10.1186/s40663-
014-0018-z 

Castillo-Santiago, M. A., Ricker, M., & De Jong, B. H. J. (2010): Estimation of tropical 
forest structure from spot-5 satellite images. International Journal of Remote 
Sensing, 31(10): 2767–2782. https://doi.org/10.1080/01431160903095460 

Craine, J. M., & Dybzinski, R. (2013): Mechanisms of plant competition for nutrients, 
water and light. Functional Ecology, 27(4): 833–840. 
https://doi.org/10.1111/1365-2435.12081 

Das, A., Battles, J., Stephenson, N. L., & van Mantgem, P. J. (2011): The contribution of 
competition to tree mortality in old-growth coniferous forests. Forest Ecology and 
Management, 261(7): 1203–1213. https://doi.org/10.1016/j.foreco.2010.12.035 

Farrior, C. E., Dybzinski, R., Levin, S. A., & Pacala, S. W. (2013): Competition for water 
and light in closed-canopy forests: A tractable model of carbon allocation with 
implications for carbon sinks. American Naturalist, 181(3): 314–330. 
https://doi.org/10.1086/669153 



Wirabuana et al. 

 
204 

Fichtner, A., Härdtle, W., Li, Y., Bruelheide, H., Kunz, M., & von Oheimb, G. (2017): 
From competition to facilitation: how tree species respond to neighbourhood 
diversity. Ecology Letters, 20(7): 892–900. https://doi.org/10.1111/ele.12786 

Filho, A. C. F., Mola-yudego, B., & González-, J. R. (2018): Thinning regimes and initial 
spacing for Eucalyptus plantations in Brazil. Anals Da Academia Brasileira de 
Ciencias, 90: 255–265. 

Forrester, D. I., Wiedemann, J. C., Forrester, R. I., & Baker, T. G. (2013): Effects of 
planting density and site quality on mean tree size and total stand growth of 
Eucalyptus globulus plantations. Canadian Journal of Forest Research, 43: 846–
851. 

Fraver, S., D’Amato, A. W., Bradford, J. B., Jonsson, B. G., Jönsson, M., & Esseen, P. A. 
(2014): Tree growth and competition in an old-growth Picea abies forest of boreal 
Sweden: Influence of tree spatial patterning. Journal of Vegetation Science, 25(2): 
374–385. https://doi.org/10.1111/jvs.12096 

Gömöry, D., Paule, L., & Gömöryová, E. (2011): Effects of microsite variation on growth 
and adaptive traits in a beech provenance trial. Journal of Forest Science, 57(5): 
192–199. https://doi.org/10.17221/88/2010-jfs 

Hakamada, R., Giunti Neto, C., de Lemos, C. C. Z., Silva, S. R., Otto, M. S. G., Hall, K. 
B., & Stape, J. L. (2016): Validation of an efficient visual method for estimating 
leaf area index in clonal Eucalyptus plantations. Southern Forests, 78(4): 275–281. 
https://doi.org/10.2989/20702620.2016.1201641 

Haxtema, Z., Temesgen, H., & Marquardt, T. (2012): Evaluation of n-Tree Distance 
Sampling for Inventory of Headwater Riparian Forests of Western Oregon. 
Western Journal of Applied Forestry, 27(3): 109–117. 
https://doi.org/10.5849/wjaf.10-035 

Kang, D., Deng, J., Qin, X., Hao, F., Guo, S., Han, X., & Yang, G. (2017): Effect of 
competition on spatial patterns of oak forests on the Chinese Loess Plateau. 
Journal of Arid Land, 9(1): 122–131. https://doi.org/10.1007/s40333-016-0024-9 

Keyser, T. L., & Zarnoch, S. J. (2012): Thinning, age, and site quality influence live tree 
carbon stocks in upland hardwood forests of the Southern Appalachians. Forest 
Science, 58(828): 407–418. 

Kunstler, G., Lavergne, S., Courbaud, B., Thuiller, W., Vieilledent, G., Zimmermann, N. 
E., Kattge, J., & Coomes, D. A. (2012): Competitive interactions between forest 
trees are driven by species’ trait hierarchy, not phylogenetic or functional 
similarity: Implications for forest community assembly. Ecology Letters, 15(8): 
831–840. https://doi.org/10.1111/j.1461-0248.2012.01803.x 

Lamonica, D., Pagel, J., Valdés-Correcher, E., Bert, D., Hampe, A., & Schurr, F. M. 
(2020): Tree potential growth varies more than competition among spontaneously 
established forest stands of pedunculate oak (Quercus robur). Annals of Forest 
Science, 77(3): 1–18. https://doi.org/10.1007/s13595-020-00981-x 

Ledermann, T., & Stage, A. R. (2001): Effects of competitor spacing in individual-tree 
indices of competition. Canadian Journal of Forest Research, 31(12): 2143–2150. 
https://doi.org/10.1139/x01-153 

Li, G., Wan, L., Cui, M., Wu, B., & Zhou, J. (2019): Influence of canopy interception and 
rainfall kinetic energy on soil erosion under forests. Forests, 10(6): 1–15. 
https://doi.org/10.3390/f10060509 

Looney, C. E., D’Amato, A. W., Fraver, S., Palik, B. J., & Reinikainen, M. R. (2016): 
Examining the influences of tree-to-tree competition and climate on size-growth 
relationships in hydric, multi-aged Fraxinus nigra stands. Forest Ecology and 
Management, 375: 238–248. https://doi.org/10.1016/j.foreco.2016.05.050 



Competition influences tree dimension, biomass distribution, and leaf area index… 

 
205 

Maleki, K., Kiviste, A., & Korjus, H. (2015): Analysis of individual tree competition 
effect on diameter growth of silver birch in Estonia. Forest Systems, 24(2): 1–14. 
https://doi.org/10.5424/fs/2015242-05742 

Maringer, J., Stelzer, A. S., Paul, C., & Albrecht, A. T. (2021): Ninety-five years of 
observed disturbance-based tree mortality modeled with climate-sensitive 
accelerated failure time models. European Journal of Forest Research, 140(1): 
255–272. https://doi.org/10.1007/s10342-020-01328-x 

McTague, J. P., & Weiskittel, A. R. (2016): Individual-tree competition indices and 
improved compatibility with stand-level estimates of stem density and long-term 
production. Forests, 7(10): 1–16. https://doi.org/10.3390/f7100238 

Mirzaei, M., & Eslam, A. (2016): Comparison of fixed area and distance sampling 
methods in open forests : case study of Zagros Forest, Iran. Journal of Forestry 
Research, 27(5): 1121–1126. https://doi.org/10.1007/s11676-016-0239-9 

Moreno-Fernández, D., Sánchez-González, M., Álvarez-González, J. G., Hevia, A., 
Majada, J. P., Cañellas, I., & Gea-Izquierdo, G. (2014): Response to the interaction 
of thinning and pruning of pine species in Mediterranean mountains. European 
Journal of Forest Research, 133(5): 833–843. https://doi.org/10.1007/s10342-014-
0800-z 

Nogueira, G. S., Marshall, P. L., Leite, H. G., & Campos, J. C. C. (2015): Thinning 
Intensity and Pruning Impacts on Eucalyptus Plantations in Brazil . International 
Journal of Forestry Research, 2015: 1–10. https://doi.org/10.1155/2015/168390 

Resende, R. T., Soares, A. A. V., Forrester, D. I., Marcatti, G. E., dos Santos, A. R., 
Takahashi, E. K., e Silva, F. F., Grattapaglia, D., Resende, M. D. V., & Leite, H. 
G. (2018): Environmental uniformity, site quality and tree competition interact to 
determine stand productivity of clonal Eucalyptus. Forest Ecology and 
Management, 410: 76–83. https://doi.org/10.1016/j.foreco.2017.12.038 

Rody, P. Y., Ribeiro, A., Pezzopane, J. E. M., Gleriani, J. M., Almeida, A. Q., & Leite, F. 
P. (2014): Estimates of the leaf area index (LAI) using LAI-2000 and 
hemispherical photo in Eucalyptus plantation. Ciencia Florestal, 24(4): 925–934. 
https://doi.org/10.1590/1980-509820142404012 

Rozendaal, D. M. A., Phillips, O. L., Lewis, S. L., Affum-Baffoe, K., Alvarez-Davila, E., 
Andrade, A., Aragão, L. E. O. C., Araujo-Murakami, A., Baker, T. R., Bánki, O., 
Brienen, R. J. W., Camargo, J. L. C., Comiskey, J. A., Djuikouo Kamdem, M. N., 
Fauset, S., Feldpausch, T. R., Killeen, T. J., Laurance, W. F., Laurance, S. G. W., 
… Vanderwel, M. C. (2020): Competition influences tree growth, but not 
mortality, across environmental gradients in Amazonia and tropical Africa. 
Ecology, 101(7): 1–11. https://doi.org/10.1002/ecy.3052 

Ruiz-Benito, P., Lines, E. R., Gómez-Aparicio, L., Zavala, M. A., & Coomes, D. A. 
(2013): Patterns and Drivers of Tree Mortality in Iberian Forests: Climatic Effects 
Are Modified by Competition. PLoS ONE, 8(2): 
https://doi.org/10.1371/journal.pone.0056843 

Sadono, R., Wardhana, W., Wirabuana, P. Y. A. P., & Idris, F. (2020): Productivity 
evaluation of Eucalyptus urophylla plantation established in dryland ecosystems, 
East Nusa Tenggara. J. Degrade. Min. Land Manage, 8(1): 2502–2458. 
https://doi.org/10.15243/jdmlm. 2020.081.2461 

Saha, S., Kuehne, C., & Bauhus, J. (2014): Intra- and interspecific competition differently 
influence growth and stem quality of young oaks (Quercus robur L. and Quercus 
petraea (Mattuschka) Liebl.). Annals of Forest Science, 71(3): 381–393. 
https://doi.org/10.1007/s13595-013-0345-1 

 



Wirabuana et al. 

 
206 

Salekin, S., Mason, E. G., Morgenroth, J., Bloomberg, M., & Meason, D. F. (2019): 
Modelling the effect of microsite influences on the growth and survival of juvenile 
Eucalyptus globoidea (Blakely) and Eucalyptus bosistoana (F. Muell) in New 
Zealand. Forests, 10(10): https://doi.org/10.3390/f10100857 

Silva, L. B., Alves, M., Elias, R. B., & Silva, L. (2017): Comparison of T -Square, Point 
Centered Quarter, and N -Tree Sampling Methods in Pittosporum undulatum 
Invaded Woodlands. International Journal of Forestry Research, 2017. 
https://doi.org/10.1155/2017/2818132 

Silva, P. S. L. e, Paiva, H. N. de, Oliveira, V. R. de, Siqueira, P. L. de O. F., Soares, E. B., 
Monteiro, A. L., & Tavella, L. B. (2014): Biomass of tree species as a response to 
planting density and interspecific competition. Revista Árvore, 38(2): 319–329. 
https://doi.org/10.1590/s0100-67622014000200012 

Silver, W. L., Hall, S. J., & González, G. (2014): Differential effects of canopy trimming 
and litter deposition on litterfall and nutrient dynamics in a wet subtropical forest. 
Forest Ecology and Management, 332: 47–55. 
https://doi.org/10.1016/j.foreco.2014.05.018 

Skálová, H., Jarošík, V., Dvořáčková, Š., & Pyšek, P. (2013): Effect of Intra- and 
Interspecific Competition on the Performance of Native and Invasive Species of 
Impatiens under Varying Levels of Shade and Moisture. PLoS ONE, 8(5): 1–9. 
https://doi.org/10.1371/journal.pone.0062842 

Tetemke, B. A., Birhane, E., Rannestad, M. M., & Eid, T. (2019): Allometric models for 
predicting aboveground biomass of trees in the dry afromontane forests of 
Northern Ethiopia. Forests, 10(12): 1–15. https://doi.org/10.3390/F10121114 

Truax, B., Fortier, J., Gagnon, D., & Lambert, F. (2018): Planting density and site effects 
on stem dimensions, stand productivity, biomass partitioning, carbon stocks and 
soil nutrient supply in hybrid poplar plantations. Forests, 9(6): 1–21. 
https://doi.org/10.3390/f9060293 

Wang, H., Wan, P., Wang, Q., Liu, L., Zhang, G., & Hui, G. (2017): Prevalence of inter-
tree competition and its role in shaping the community structure of a natural 
mongolian scots pine (Pinus sylvestris var. mongolica) forest. Forests, 8(3): 
https://doi.org/10.3390/f8030084 

Washitani, I., & Tang, Y. (1991): Microsite variation in light availability and seedling 
growth of Quercus serrata in a temperate pine forest. Ecological Research, 6(3): 
305–316. https://doi.org/10.1007/BF02347130 

Yan, Y., Fang, S., Tian, Y., Deng, S., Tang, L., & Chuong, D. N. (2015): Influence of 
Tree Spacing on Soil Nitrogen Mineralization and Availability in Hybrid Poplar 
Plantations. 636–649. https://doi.org/10.3390/f6030636 

Yang, X. zhou, Zhang, W. hui, & He, Q. yue. (2019): Effects of intraspecific competition 
on growth, architecture and biomass allocation of Quercus Liaotungensis. Journal 
of Plant Interactions, 14(1): 284–294. 
https://doi.org/10.1080/17429145.2019.1629656 

Zhang, Z., Papaik, M. J., Wang, X., Hao, Z., Ye, J., Lin, F., & Yuan, Z. (2016): The effect 
of tree size, neighborhood competition and environment on tree growth in an old-
growth temperate forest. Journal of Plant Ecology, 10(6): 970–980. 
https://doi.org/10.1093/jpe/rtw126 

Zhou, W., Cheng, X., Wu, R., Han, H., Kang, F., Zhu, J., & Tian, P. (2018): Effect of 
intraspecific competition on biomass partitioning of Larix principis-rupprechtii. 
Journal of Plant Interactions, 13(1): 1–8. 
https://doi.org/10.1080/17429145.2017.1406999 

 



Agriculture & Forestry, Vol. 68 Issue 1: 207-217, 2022, Podgorica 207 

 Jalić, N., Ostojić, A., Vaško, Ž. (2022): The AHP quantification of student population attitudes in wine 

purchasing. Agriculture and Forestry, 68 (1): 207-217. doi:10.17707/AgricultForest.68.1.13 

 

DOI: 10.17707/AgricultForest.68.1.13 

 

Nemanja JALIĆ
*
, Aleksandar OSTOJIĆ

1
, Željko VAŠKO 

 

THE AHP QUANTIFICATION OF STUDENT POPULATION 

ATTITUDES IN WINE PURCHASING 

 

SUMMARY  

This paper aims to apply the methodology of the Analytical Hierarchy 

Process (AHP) to prioritize factors and their weighting influence on the attitudes 

of respondents in wine purchasing decision making. The research was conducted 

online using the Google forms platform. Primary data were collected from 150 

students at the University of Banja Luka during a COVID-19 lock-down in the 

Republic of Srpska and Bosnia and Herzegovina in April 2020. Based on the 

collected responses in Microsoft Excel, the significant rates of the measured 

purchase factor were calculated. The obtained rates were used as an input variable 

for the Expert Choice program in which the process of determining the weight 

influence of attitudes on buying wine was applied. The reasoning process in this 

paper is based on the fuzzy method in the MATLAB R2016a program which 

gives a precise answer to the question of how important a given factor is when 

buying wine. Based on the fuzzy output, it can be concluded that wine quality 

factors influence the purchase decision by more than 90%. Market factors have a 

weighting influence on the purchase decision of less than 10%. In terms of wine 

quality, the most important factor is the taste of the wine, and in terms of market 

factors, the price. 

Keywords: wine, student population, attitudes, AHP method, Fuzzy logic 

 

INTRODUCTION 

Wine production in B&H has a long tradition. As Sudarić et al. (2020) state 

for the example of Croatia, also in B&H viticulture and winemaking has a long 

tradition, a high level of production knowledge and producers experience which, 

in addition to favorable natural conditions and a developed market of demand, 

give stimulating conditions for sustainable production development. On average, 

about 3.500 ha are planted under vines annually, about 25.000.000 kg of grapes 

are harvested, from which 16.000.000 liters of wine are obtained (Ivanković et 

al., 2018). According to the FAO (2021), slightly less than 6 litres of wine is 

consumed per capita. Compared to consumption in the more developed countries 
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of the world, this quantity is low and this research analyzes and identifies 

important factors in the consumption and purchasing of wine. Consumer behavior 

arises as a result of the interaction of external and internal factors, ie. various 

factors that act on them from the environment in which they live (Golijan, 2016). 

The level of understanding consumers’ motives when buying wine, greatly 

facilitates producers and importers in the on-time and adequate organization of all 

activities (Vlahović et al., 2012). Nacka et al. (2016) confirmed, based on the 

North Macedonian National Strategy for 

Viticulture and Wine production, that the wine market in the country has 

two consumer groups: middle-aged who have lower purchasing power and 

consume larger quantities of cheaper wine and younger to middle-aged with 

higher purchasing power who prefer smaller quantities of high-quality wine. 

Čavor (2015) research about consumer behavior in Montenegro research 

emphasized that the age of consumer play a significant role in wine purchasing - 

younger consumers take into consideration more attributes than older. Research 

in the consumer behavior in terms of attitudes and requirements in the 

consumption and purchasing of wine in Bosnia and Herzegovina and the city of 

Banja Luka has not been sufficiently researched, especially in the field of student 

population and Y generation (Fountain and Lamb, 2011). Because of that, the 

research was conducted among students of Banja Luka University. Youth people 

certainly do not represent the segment that has the highest consumption of wine, 

but it is important to explore the attitudes, opinions and preferences at the end of 

their adolescence (Kristić, 2012).  

The decision-making process is very complex and often contains a large 

number of interconnected and interdependent factors whose influences are not 

simply precisely recognized and linked into a single decision (Srđević, 2005). 

The Fuzzy AHP method was applied, using the Expert Choice and MatLab 

R2016a programs, to determine which are the most important factors that initiate 

the purchase and consumption of wine by the student population at the University 

of Banja Luka. AHP is based on the concept of balance and is used to obtain the 

overall relative importance of a set of criteria/alternatives. It is applied to the 

analyzed decision problem involving multiple criteria at multiple hierarchical 

levels by assigning relative weights to the criteria and then normalizing weights 

using the Expert Choice program (Hadelan, 2010). The subject of this paper is the 

research of the application of Fuzzy AHP methods in determining the importance 

of quality factors and market factors based on which respondents decide to buy 

wine. The term wine in this paper means wine in general, red, white, imported, or 

domestic, so wine in the broadest sense. Recently, certain multi-criteria methods 

based on fuzzy logic have been used to cover a complex of problems related to 

group decision-making, human subjectivity, expert knowledge, and the tendency 

to use verbal instead of numerical grades (Srđević, 2003). Thanks to fuzzy sets 

and fuzzy logic, it is possible to model values that not only have to belong or do 

not belong but can have a certain degree of belonging to a certain set, language 

variable or attribute (Bašić, 2017). The values of the factors that influence the 
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attitudes of the respondents about wines are presented by the fuzzy way of 

reasoning, because, as Bašić (2017) states, they describe in a more precise way 

the affiliation to a certain fuzzy number than the classical Boolean way of 

inference. Quality as the first factor in purchasing according to Zeithaml (1988) 

represents the overall result of experience and various influences that affect the 

customer, who on this basis assesses the competitiveness of product/brand 

quality. Jovanović et al. (2017) stated that of all the factors analyzed in relation to 

consumers’ behavior and preference, the dominant factors identified are 

demographic factors-age, region, family size and place of living, social factors-

education and income, and behavioral factors-price importance, place of purchase 

and product characteristics. The study by Radman et al. (2004) included as the 

most important factors of wine the name of the producer or brand, the shape of 

the bottle or label, the method of production, price, age, and the importance of 

internal (intrinsic) characteristics: color, taste and aroma. In this paper "wine 

quality" means color, smell, taste, alcohol content and year of harvest. The 

second set of factors that influence the purchase of wine and consumer attitudes 

when buying this product is called "market characteristics" and includes price, 

availability, familiarity and packaging.  

 

MATERIAL AND METHODS 
The research was conducted through the collection of primary data by a 

structured survey. Considering the way of data collection for this research, the 

method belongs to the so-called field research. The questionnaire was created by 

the authors and the survey was conducted on a sample of 150 students from the 

University of Banja Luka. Out of the total number of respondents, 5 respondents 

gave a negative answer to the question of whether they drink wine and therefore 

were not subject to further processing. The answers were collected in April 2020, 

online using Google forms. This method was the only one possible because of 

restrictions on movement caused by the COVID-19 virus.  

The evaluation of the relevant weights of the obtained answers was 

performed based on Saaty's nine-point scale. The mentioned scale is insensitive to 

small changes in the expression of preferences by decision-makers, which 

indirectly enables good compensation of uncertainty that is often present in the 

process of assessing importance in pairs (Milovanović and Stojanović, 2016). 

Primary data collected by the structured questionnaire were sorted originally in 

Microsoft Office Excel. Also, in the same program, the frequencies of responses 

were weighted and the rates were obtained, which became inputs for the next 

phase of data processing using the AHP method, applied to prioritize the factors 

of buying wine. The weights of the response frequencies were performed to 

evaluate the responses as precisely as possible. Table 1 shows that the strongest 

weight of 0.5 was assigned to answers 1 and 9 that are furthest from the middle of 

the scale, a weight of 0.4 was assigned to answers 2 and 8; 0.3 answers 3 and 7; 

0.2 answers 4 and 6; and answer 5 denoting the equal importance of the terms 

was assigned a weight of 0.1. The sum of all weighted quantities is marked as . 
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L denotes the rate of weighted responses on the left which implies greater 

importance of the term on the left, answers 1, 2, 3, 4 and half of the answer 5. R 

denotes the rate of weighted responses on the right which implies greater 

importance of the term on the right, answers 6, 7, 8, 9 and a half answers 5 (Table 

1).  

The example of one question: 

 
Table 1. Modified (weighted) Saaty scale 

A) a*0.5 
An extremely important factor on 

the left (1-EIL) 
F) i*0.5 

An extremely important factor on 

the right (9-EIR) 

B) b*0.4 
A much more important factor on 

the left (2-MMIL) 
G) h*0.4 

A much more important factor on 
the right (8-MMIR) 

C) c*0.3 
A more important factor on the left 

(3-MIL) 
H) g*0.3 

A more important factor on the right 

(7-MIR) 

D) d*0.2 
A little more important factor on the 

left (4-LMIL) 
I) f*0.2 

A little more important factor on the 
right (6-UVR) 

E) e*0.1 Neutral (5-N) E) e*0.1 Neutral (5-N) 

LEFT SIDE OD SCALE (L) RIGHT SIDE OD SCALE (R) 

1      2       3       4       5       6       7       8       9 

 

The frequencies of answers 1, 2, 3, 4, 5, 6, 7, 8, 9 to the question from the 

questionnaire represent the values (a, b, c, d, e, f, g, h, i). Values 0.5; 0.4; 0.3; 0.2; 

0.1 are weights determined by the authors based on an assessment of the 

importance of individual responses. For example, the response frequency from 

surveys (a = 3; b = 2; c = 6) follows A = 3 * 0.5; B = 2 * 0.4; C = 6 * 0.3 and so 

on. The coefficients (Left side and Right side values) required to enter the value 

of each individual survey question in the Expert Choice program were obtained 

as follows: 

𝑳𝒔 =  
𝐴 + 𝐵 + 𝐶 + 𝐷 + 𝐸/2

Σ𝐴
𝐼  

𝑹𝒔 =  
𝐹 + 𝐺 + 𝐻 + 𝐼 + 𝐸/2

Σ𝐴
𝐼  

"A, B, C, D, E, F, G, H, I" represents the Fuzzy number (FN) determined by 

multiplying the calculated weighted response rate on the right by the number 9: 

 

FN = Rs*9 

The Fuzzy Logic Toolbox of the MATLAB platform (R2016a) was used 

for the conclusion. The Fuzzy number was created on the Satty scale from the 

survey. 

 

RESULTS AND DISCUSSION 

The two main groups of criteria in this research are wine quality and 

market characteristics. As sub-criteria of quality of wine are singled out the color, 

smell, taste, alcohol content and year of harvest. The sub-criteria of market 
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characteristics of the wine are price, availability, popularity and packaging. The 

criteria are compared according to the degree of their influence. In AHP, pairings 

are based on a standardized nine-level comparison scale (Saaty, 1990). Each 

question was set up in such a way that the respondents chose one of the answers 

on a nine-point scale (1 to 9). 

 
Figure 2. Hierarchy of goals, criteria and sub-criteria (Expert Choice program) 

 

Figure 2 shows a scheme of criteria and sub-criteria that were used to 

examine or determine the significance of making a decision when buying wine. It 

is noticeable that the quality of wine and market characteristics are the two main 

factors, and to the right they are divided into sub-criteria. Five criteria have been 

determined for wine quality and four criteria for market characteristics. 

Presentation of the respondent's answers to the asked questions follows.  

Quality as a factor when buying wine 

Expert choice offers several ways to display results. The option "Synthese" 

is selected from the menu, (Figure 3). The sum of values corresponding to the 

name of the sub-criteria is 1. The highest values imply a higher influence on the 

quality factor. To confirm the validity of the model, the calculated inconsistency 

factor must be less than 0.1, which practically means that there are no logical 

contradictions (Ishizaka and Labib, 2009). In the case of the valuation quality 

factor, the inconsistency is 0.06, which means that the validity condition is met 

and that the comparison is valid. 

 
Figure 3. Calculated values of the Quality sub-criteria 

 

As Pinto et al. (2016) stated, even though the wines are very close in 

quality, it is possible to obtain a more precise ranking, despite the subjectivity and 

complexity. Based on the obtained answers of the respondents and the output of 

the AHP process (Figure 3), it is realized that the least important wine quality 

factor is its color. It affects less than 2% on wine quality. This is followed by 

factors of alcohol content whose significance is 5.7% and the year of harvest with 
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a significance of 6.7%. The smell of wine is important somewhere around 10 

percent for the student population. The most important factor that convincingly 

dominates in the attitudes of wine quality is taste, with an impact of 75.8%.  

Market characteristics as a factor when buying wine 

Figure 4 shows the sub-criteria of wine market characteristics and their 

influence on the criteria of "market characteristics". Price, availability, familiarity 

and packaging collectively affect 100 percent of these criteria. The factor of the 

inconsistency of market characteristics is 0.01 and therefore there are no logical 

contradictions, and the comparison is valid. 

 
Figure 4. Calculated values of the market characteristics sub-criteria 

 

Figure 4 shows that the least important factor in the market characteristics 

of wine is its packaging with a significant rate of 10%. The most important factor 

in this group of sub-criteria is the price of the wine with a significance of 32%. 

Ostojić et al. (2018) stated, comparing the changes in consumer attitudes 

regarding the factors that influence the decision to buy wine during the two 

observed periods, that price is one of the basic elements for deciding to buy wine 

and that 75% of respondents believe that wine prices on the domestic market are 

high.  

Based on the weighted rates of respondents' answers, the relations between 

the criteria and the sub-criteria were established. This was influenced by the 

design of a survey questionnaire that aimed at the comparison of each of these 

relationships. The number of combinations (Nc) between factors, i.e. the number 

of questions in the questionnaire, was determined using the formula in which k 

represents the number of criteria (Stojanović and Regodić, 2016):  

Nc = 
𝑘(𝑘−1)

2
 

 
As an example, we wilL show the interpretation of the interconnection 

between responses assigned to color and smell (L = 0.16; R = 0.84) and to taste 

and year of harvest (L = 0.89; R = 0.11). These rates show that color affects 16% 

compared to smell which is 84% important. Taste is 89% important compared to 

11% of the year of harvest. These relations cannot be seen directly from Figure 5 

because all rates and all sub-criteria relationships (color, smell, taste, alcohol 

content and year of harvest) are taken into account. Sublimation of all these 

relations gives a percentage share of the importance of these factors. The 

calculated rates in the Expert Choice program serve as inputs for the Matlab 

Fuzzy logic toolbox or fuzzy decision-making process. 
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Figure 5. Results of crossing criteria based on the processed survey responses 

 

Figure 5 shows the average response rates of respondents to the given 

comparisons. As stated in the methodology, the respondents chose between the 

factor on the left and the factor on the right side. The first ten comparisons refer 

to the quality of the wine and the criteria color, smell, taste, alcohol content and 

harvest year. The last six comparisons include a comparison of factors within 

market characteristics, price, availability, familiarity and packaging. The 

membership function, which can take values from the entire closed unit interval, 

shows how many values belong to a specific fuzzy number (Bašić, 2017). The 

problem of wine sensory evaluation contains many quality attributes which can 

not or be difficult to be depicted by crisp numbers. Linguistic terms are suitable 

to deal with this situation and in the real decision process, they are often 

transformed into triangular fuzzy numbers (Xie, 2016). Based on this and similar 

claims, the universal triangular fuzzy - membership functions was selected and 

used by which the process of defuzzification is performed, i.e. determining the 

degree of belonging to a certain epithet: 

𝒇�𝒙;𝒂,𝒃, 𝒄 =  

 
 
 

 
 

𝟎 𝒙 ≤ 𝒂 ˄ 𝒄 ≤ 𝒙
𝒙 − 𝒂

𝒃 − 𝒂
𝒂 ≤ 𝒙 ≤ 𝒃

𝒄 − 𝒙

𝒄 − 𝒃
𝒃 ≤ 𝒙 ≤ 𝒄

 
 
 

 
 

 

 And by which the fuzzy functions are determined for this particular case: 

µ𝐸𝐼𝐿 =  �
0 𝑥 ≥ 0.125

0.125 − 𝑥

0.125
0 ≤ 𝑥 ≤ 0.125

   µ𝑀𝑀𝐼𝐿 =

 
 
 

 
 

0 𝑥 ≤ 0 ˄ 0.25 ≤ 𝑥 
𝑥

0.125
0 ≤ 𝑥 ≤ 0.125

0.25 − 𝑥

0.125
0.125 ≤ 𝑥 ≤ 0.25

 
 
 

 
 

 

µ𝑀𝐼𝐿 =

 
 
 

 
 

0 𝑥 ≤ 0.125 ˄ 0.375 ≤ 𝑥 
𝑥 − 0.125

0.125
0.125 ≤ 𝑥 ≤ 0.25

0.375 − 𝑥

0.125
0.25 ≤ 𝑥 ≤ 0.375  

 
 

 
 

 µ𝐿𝑀𝐼𝐿 =

 
 
 

 
 

0 𝑥 ≤ 0.25 ˄ 0.5 ≤ 𝑥 
𝑥 − 0.25

0.125
0.25 ≤ 𝑥 ≤ 0.375

0.5 − 𝑥

0.125
0.375 ≤ 𝑥 ≤ 0.5  
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µ𝑁 =

 
 
 

 
 

0 𝑥 ≤ 0.375 ˄ 0.625 ≤ 𝑥 
𝑥 − 0.375

0.125
0.25 ≤ 𝑥 ≤ 0.375

0.625 − 𝑥

0.125
0.375 ≤ 𝑥 ≤ 0.5  

 
 

 
 

  µ𝐿𝑀𝐼𝑅 =

 
 
 

 
 

0 𝑥 ≤ 0.5 ˄ 0.75 ≤ 𝑥 
𝑥 − 0.25

0.125
0.5 ≤ 𝑥 ≤ 0.625

0.75 − 𝑥

0.125
0.625 ≤ 𝑥 ≤ 0.75  

 
 

 
 

 

µ𝑀𝐼𝑅 =

 
 
 

 
 

0 𝑥 ≤ 0.625 ˄ 0.875 ≤ 𝑥 
𝑥 − 0.625

0.125
0.625 ≤ 𝑥 ≤ 0.75

0.875 − 𝑥

0.125
0.75 ≤ 𝑥 ≤ 0.875  

 
 

 
 

  µ𝑀𝑀𝐼𝑅 =
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0.125
0.75 ≤ 𝑥 ≤ 0.875

1 − 𝑥

0.125
0.875 ≤ 𝑥 ≤ 1  

 
 

 
 

 

µEIR =  �

0 𝑥 ≤ 0,875
𝑥 − 0,875

0,125
0,875 ≤ 𝑥 ≤ 1

  

EIL means extremely important on left, MMIL-much more important on left, 

MIL-more important on left, LMIL-little more important left, N-neutral, LMIR-

little more important right, MIR-more important right, MMIR-much more 

important right, EIR-extremely important on the right side. 

 

 
Figure 6. Determining the fuzzy value 

 

Figure 6 shows the degree of belonging to the epithets of the variables, 

Quality (Q) and Market Characteristics (MC) that were compared. The values of 

these epithets were obtained based on the Expert Choice methodology and then 

used as inputs in the fuzzy process. Calculated values are 0.916 for quality and 

0.084 for market characteristics. Based on the set of fuzzy functions of belonging 

to epithets, the degrees of belonging to each epithet are determined, and therefore 

the quality belongs to the interval from 0.875 to 1. For this interval, two functions 

of fuzzy belonging to the epithet quality are determined, the first Qmmir= , 

and second Qeir= . The calculation gives the values: Quality is 67.2% 

much more important (MMI) and 32.8% extremely important (EI) than the 

criterion with which it is compared. Belonging to certain epithets is determined in 

the same way for another criterion, market characteristics. With a value of 0.084, 

it is in the range of 0 to 0.125. Fuzzy functions are defined for this interval 

MCmmil=  i  MCeil= .  
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The calculation determined that market characteristics are extremely 

unimportant than quality 32.8% and much more unimportant than quality 67.2%. 

Consumers could be viewed from different aspects, as an individual, 

member of some social group or class, or as a representative of a certain nation, 

race, or religion, or also a person who buys a certain product to satisfy personal 

needs, existential safeness and social acceptance, and even to show the prestige 

over other members of the social community (Vlahović et al., 2012). In this case, 

consumers were considered as a person who buys some product for the exact 

reasons. 

The ratio of Quality (Q) of wine and Market Characteristics (Q) was (L = 

0.916; R = 0.084), which means that for the respondents the Wine Quality factor 

is important 91.6% in relation to the Market Characteristics, which are important 

only 8.4%. So, the factors color, smell, taste, alcohol content and year of harvest 

have a weight impact of 0.916 on buying wine, while the factors of price, 

availability, familiarity and packaging have a weight impact of 0.084. This 

attitude stems from the fact that the students population does not earn their 

income, so the money is worthless. Based on that, price and market factors have a 

smaller influence on the decision to wine purchase. 

 
Figure 7. Calculated values of criteria and sub-criteria (Expert Choice program) 

 

The conducted research highlights the limitations and possibilities for 

further research. That is, above all, a question why the price is not as important as 

expected in the purchase preferences of the student population. For the following 

research, we recommend that the compared factors be in the same plane, i.e. that 

there are no more levels of criteria and sub-criteria. In this way, all factors would 

be directly compared with each other and the influence of potential ignorance that 

the sub-criteria make up certain criteria would be removed.  
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In addition to these, the following research could expand and increase the 

sample of respondents as well as the method of data collection, preferring a face-

to-face survey instead of an online survey.  

  

CONCLUSIONS 

The aim of the research was to show the factors that are important for 

student populations in Banja Luka when buying wine. Likewise, the goal was to 

try to merge the Analytical Hierarchical Process and the Fuzzy process. Based on 

the Expert Choice program, the influence of individual sub-criteria on the main 

criteria was determined, and then the influence of the two main criteria on the 

final purchase decision. By weighing the main criteria, the influence of the sub-

criteria on the final purchase decision was determined. The quality of the wine for 

the student population is a much more important factor than the market 

characteristics and assigned about 91% of the influence on the purchase. As the 

least important factors, students evaluate colour and packaging. The following 

less important factor is the familiarity of wines with a small impact on wine 

purchasing. Price and availability equally impact on purchase, less than 3%. The 

alcohol content participates with 5.2%, harvest year with 6.1% on the purchase of 

a particular wine. The smell is 9.1% important and the absolute most dominant 

criteria for buying wine is a taste of wine with an impact of more than 60%. 
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SEEDLINGS QUALITY OF BERTHOLLETIA EXCELSA BONPL. 

(LECYTHIDACEAE) PRODUCED IN FOREST NURSERY 

 

SUMMARY  

In this study, the quality of Bertholletia excelsa seedlings was evaluated in 

relation to the transplanted seedling’s size. Thirty days after transplanting the 

seedlings to the forest nursery, the first height measurement was performed. From 

the 30
th
 day onwards, evaluations were carried out every 15 days, being nine in 

total. The Dickson Quality Index (DQI) was evaluated to determine the seedlings 

quality, where all seedlings had their root pruned. The experimental design, 

totaling 160 individuals, was completely randomized with four treatments and 

four replications, including the shoot cut and three seedling sizes with no shoot 

cut. Shoot cut seedlings presented a DQI of 0.66 ± 0.23, significantly higher than 

the large seedlings (≤ 17 cm in height) with no shoot cut (F3,76 = 2.762, p = 

0.047). Transplanting had significant effects over the development, growth, and 

quality of Bertholletia excelsa seedlings during the first 165 days of seedling 

production. Therefore, shoot pruning resulted in better performance of B. excelsa 

seedlings to be planted in the field. 

Keywords: Brazil nut, seedling transplanting, seedling production, native tree 

species, Peruvian Amazon 

 

INTRODUCTION 
Bertholletia excelsa Bonpl., commonly known as Brazil nut, is a tree 

species of the family Lecythidaceae with great economic importance in the 
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Amazonian region (Albuquerque et al. 2015; Nogueira et al. 2018). Its nuts are a 

non-timber forest product that brings employment and income for thousands of 

workers in Bolivia, Brazil, and Peru through the seed’s market (Scoles et al. 

2016, Costa et al. 2015). B. excelsa seeds have high nutritional value and 

normally attain high commercial value in domestic and international markets 

(Baldoni et al. 2017, Wadt et al. 2018). 

Bertholletia excelsa is a climax and light-demanding species that presents 

good performance in growth when planted in open areas (Scoles et al. 2011, 

Albuquerque et al. 2015). Adult trees present large size, reaching 40-60 m in 

height and 1-4 m in diameter (Santos et al. 2006). In natural environments, B. 

excelsa tend to present local high densities, because the individuals tend to be 

aggregated (Mori and Prance 1990). 

Seedlings production of tree species is an essential activity to build forest 

stands, as seedling quality influences the tree development in the field (Dionisio 

et al. 2019a). Seedling survival under field conditions is a crucial phase in 

planting, which can be determined by how the seedlings were produced in forest 

nurseries (Dionisio et al. 2020). The need to produce seedlings both for forest 

restoration and for commercial purposes requires knowledge, skills, and 

sensitivity from nurserymen to seek techniques to produce high quality seedlings 

under low costs (Dionisio et al. 2019b). In this case, seedlings must have 

characteristics that support the maximum survival rate and rapid initial growth 

after planting (Auca et al. 2018, Souza et al. 2019). 

Currently, there are few recommendations and prescriptions about nursery 

cultivation of native tree species of the Amazon, as well as the use of alternative 

containers and substrates that can provide better growth and quality for B. excelsa 

seedlings. One of the hurdles faced during the process of seedling production of 

Amazonian native tree species is that many of them are slow-growing species. 

Furthermore, suitable containers and substrates are also a key to attain high 

quality seedlings produced in forest nurseries. However, a cultivation system for 

B. excelsa has not yet been defined, which demands the development of new 

technologies for that (Auca et al. 2018). Among the factors that influence the 

production process of tree species seedlings, there are: kind of substrate, substrate 

moisture, substrate porosity, seeds dormancy, temperature, shading and container 

volume, irrigation, seed quality, fertilization, and seedling management in the 

nursery (Camargo et al. 2011, Costa et al. 2015, Marques et al. 2018). 

Regarding cultivation practices to optimize seedling production, the 

benefits of the transplanting process with pruning can be attained with more 

robust seedlings and better development balance in height and root system. As for 

the containers, acquisition cost, durability, easy handling, storage, transport, and 

availability in the market must be considered in seedling production of native tree 

species. The container’s size should be chosen to provide the largest possible 

volume of substrate to the roots, but with low weight for an easier transport to the 

field. In this sense, associating nutritional power with the use of smaller 

containers can be a way to reduce production cost, transport, and field 
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distribution, providing greater efficiency in planting operations (Pinho et al. 2018, 

Lima Filho et al. 2019). 

Currently, there are almost no studies on transplanting methods and 

techniques to improve seedling quality of B. excelsa. Thus, the objective of this 

study was to test the initial growth and quality B. excelsa seedlings of different 

sizes in forest nursery. 

 

MATERIAL AND METHODS 
The experiment was carried out in the forest nursery of the Peruvian 

Amazon Research Institute (IIAP), located in the Department of Madre de Dios, 

Peru (12º39’04” S, 69º19’17” W) between June and September 2018. Nuts of 

Bertholletia excelsa were collected from the ground around their mother trees in 

forest concessions of the Peruvian Amazon and manually processed with a 

machete.  

T1 T2 T3 T4
 

Figure 1. Treatments of shoot pruning (T1); small size individuals, ≤ 5 cm in 

height (T2); medium size individuals, ≤ 11 cm in height (T3); and large size 

individuals, ≤ 17 cm in height, (T4) used to assess initial growth and quality of 

Bertholletia excelsa seedligns. All seedlings had root pruned. 
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Table 1. Treatments used to assess initial growth and quality of Bertholletia 

excelsa seedligns during 165 days in forest nursery, Puerto Maldonado, Peru, 

2018.  
Treatments Repetitions/individuals 

Shoot cut (T1) 4/10 

Small individuals (≤ 5 cm in height)/ no shoot cut (T2) 4/10 

Medium individuals (≤ 11 cm in height)/ no shoot cut (T3) 4/10 

Large individuals (≤ 17 cm in height)/ no shoot cut (T4) 4/10 

 

 
Figure 2. Average values of temperature and relative humidity during the 165 

days of the experiment evaluation, Puerto Maldonado, Peru, 2018. 

 

Seeds were immersed in water for 30 days to remove woody integument, 

and then a lathe was used to remove the bark. Almonds were treated with 

fungicide Vitavax 300 for 2 h and dried under shade during 1 h. A masonry 

seedbed measuring 10 m x 1 m x 0.5 m (length, width, and height) was used for 

sowing. Washed sand was used as substrate for seed germination in the seedbed. 

The sand was disinfected with boiled water (100 ºC) in 200-liter drums, and 24 h 

after disinfestation, almonds were sowed. The seedbed was covered with 60% 

shading mesh at 1 m in height and irrigation was carried out twice a day (morning 

and afternoon). 

A total of 160 B. excelsa seedlings had their roots pruned and were 

transplanted. Besides root pruning of all individuals, the seedling were divided in 

four treatments as described in Figure 1 and Table 1. Each treatment had four 

repetitions of 10 seedlings per treatment (Table 1). To evaluate the initial growth, 

B. excelsa seedlings were selected 30 days after germination and transplanted into 

115-cm³ tubes with substrate composed of sand, sawdust, and carbonized sawdust 
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in proportions (1:1:1 v/v). Plants were previously standardized by size and 

treatments were subsequently established (Table 1). 

Thirty days after transplanting seedlings to the forest nursery, the first 

length measurement was performed. From the 30
th
 day onwards, evaluations were 

carried out every 15 days, totaling nine evaluations (45, 60, 75, 90, 105, 120, 135, 

150, and 165 days). A Data Logger was used for daily measurement of 

temperature and humidity during the experiment evaluation. Eight daily 

measurements were performed (1-h intervals between each measurement), where 

the averages are shown for every two weeks in Figure 2. 

 

Initial seedling growth and seedling quality indexes 

Seedlings initial growth was evaluated through the following variables: a) 

shoot length (SL), b) root length (RL), c) stem collar diameter, d) root collar 

diameter, e) shoot dry mass (SDM), f) root dry mass (RDM), g) total dry mass 

(TDM), h) shoot length/root length (SL/RL) ratio, i) shoot dry mass/root dry mass 

(SDM/RDM) ratio, j) robustness index (RI), k) lignification index (LI), and m) 

the Dickson Quality Index (DQI). The higher is DQI, RI, and LI, the greater is 

seedling quality. To measure the stem collar diameter, a digital caliper (accuracy 

= 0.01 mm) was used and to measure the shoot length and root length, a ruler 

graduated in millimeters was used. 

To assess the seedlings dry mass, the individuals were split into shoots and 

roots by cutting at the point of the stem collar diameter. Both parts were placed in 

Kraft paper bags, identified and dried in oven at 70 °C for 72 hours until reaching 

constant mass. Immediately after the oven, they were weighed on an analytical 

balance (accuracy = 0.001 g) to obtain the shoot and root dry mass. 

The shoot length/root length (SL/RL) ratio predicts the seedling success in 

a balance between the plant’s shoot and the root system. It is determined by the 

following equation: 

𝑆𝐿/𝑅𝐿 =  
𝑆ℎ𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ (𝑐𝑚)

𝑅𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ (𝑐𝑚)
     

The ratio between shoot dry mass/root dry mass (SDM/RDM) indicates the 

seedling development in nurseries. It is given by the equation: 

𝑆𝐷𝑀/𝑅𝐷𝑀 =
𝑆ℎ𝑜𝑜𝑡 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 (𝑔)

𝑅𝑜𝑜𝑡 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 (𝑔)
 

The robustness index (RI) was calculated as the ratio between the shoot length 

and root collar diameter, as follows: 

𝑅𝐼 =  
 𝑆ℎ𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ (𝑐𝑚)

  𝑅𝑜𝑜𝑡 𝑐𝑜𝑙𝑙𝑎𝑟 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚𝑚)  
                          

 
The lignification index (LI) relates the total dry mass with the total wet 

mass, giving the percentage of lignification. It is determined by the equation: 
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𝐿𝐼 = �
𝑇𝑜𝑡𝑎𝑙 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 (𝑔)

𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑡 𝑚𝑎𝑠𝑠 (𝑔)
  𝑥 100 

The Dickson Quality Index (DQI) brings together several morphological 

characteristics into a single value given by the following equation: 

 

𝐷𝑄𝐼 =  
𝑇𝑜𝑡𝑎𝑙 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 (𝑔)

𝑆ℎ𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ (𝑐𝑚)
𝑆𝑡𝑒𝑚 𝑐𝑜𝑙𝑙𝑎𝑟 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚𝑚)

 
𝑆ℎ𝑜𝑜𝑡 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 (𝑔)
𝑅𝑜𝑜𝑡 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 (𝑔)

 
 

 

Data analysis 

The experimental design applied was completely randomized with four 

treatments and four replicates of 10 seedlings each (Table 1). To verify the 

assumptions of the analysis of variance (ANOVA), the data were first checked 

for: a) normality with the Shapiro-Wilk test (p > 0.05), b) homoscedasticity by 

the Bartlett test (p > 0.05), and the independence between experimental units. 

Cumulative and relative growth rate during 165 days were submitted to 

ANOVA and subsequent regression analysis, adjusting the equations to the data 

obtained as a function of time after transplantation in each treatment. The model 

for each variable was selected considering the significance of the coefficients of 

the variables and the highest coefficient of determination (R²). Tukey's post-hoc 

test was used to test the regression coefficients (p < 0.05). Once these 

assumptions were met, the data were submitted to ANOVA using the software R, 

version 3.5.2 and, in case of significant differences, averages were compared by 

Tukey's post-hoc test (p < 0.05). 

 

RESULTS  
A higher initial cumulative growth in height of Bertholletia excelsa 

seedlings was observed in the treatment of medium (27.6 cm) and large size 

individuals (27.7 cm) (Figure 3A). Regarding the relative growth rate (Figure 

3B), the shoot cut treatment presented higher cumulative growth, which 

decreased over time. The treatments small, medium, and large size individuals 

obtained lower relative growth rate, respectively (Figure 3). 

Medium (31.3 ± 4.2 cm) and large (30.7 ± 2.8 cm) individuals had the 

highest means for shoot length, differing significantly from the other treatments 

(F3,76 = 19.55, p = 0.001), however, they did not differ significantly (p = 0.923) 

each other (Figure 4A). Regarding root length, the treatment shoot cut had the 

highest mean (14.1 ± 0.7 cm; F3, 76 = 5.621, p = 0.002). Small, medium, and large 

individuals showed no significant difference among them in root length (Figure 

4B). Shoot cut individuals presented the largest stem collar diameter (6.0 ± 1.0; 

Figure 4C) and in root collar diameter (Figure 4D). 
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Figure 3. Cumulative growth (A) and relative growth rate in height (B) of Bertholletia 

excelsa seedlings under different sizes as a function of time after root cut and transplanting. 

Shoot pruning (T1); small size individuals, ≤ 5 cm in height (T2); medium size individuals, 

≤ 11 cm in height (T3); and large size individuals, ≤ 17 cm in height, (T4). 

 
Figure 4. Shoot length (A), root length (B), stem collar diameter (C), and root collar 

diameter (D) of Bertholletia excelsa seedlings under different sizes after root cut and 

transplanting. Shoot pruning (T1); small size individuals, ≤ 5 cm in height (T2); medium 

size individuals, ≤ 11 cm in height (T3); and large size individuals, ≤ 17 cm in height, 

(T4). The thicker horizontal line represents average, the box the interquartile range and 

the dashed lines the extreme values. Letters indicate statistical differences (p = 0.05) in 

ANOVA with Tukey's post-hoc test. 
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The variables shoot dry mass, root dry mass, and total dry mass did not 

present significant differences among treatments (Figure 5). The shoot length/root 

length (SL/RL) ratio presented highest averages in medium (2.4 ± 0.3) and large 

(2.3 ± 0.2) individuals, which differed significantly from treatments shoot cut and 

small individuals (p = 0.001) (Figure 5D). The shoot dry mass/root dry mass 

(SDM/RDM) ratio showed no significant difference among treatments (Figure 

5E). 

 
Figure 5. Shoot dry mass (A), root dry mass (B), total dry mass (C), shoot length/root 

length (SL/RL) ratio (D), and shoot dry mass/root dry mass (SDM/RDM) ratio (E) of 

Bertholletia excelsa seedlings under different sizes after root cut and transplanting. Shoot 

pruning (T1); small size individuals, ≤ 5 cm in height (T2); medium size individuals, ≤ 11 

cm in height (T3); and large size individuals, ≤ 17 cm in height, (T4). The thicker 

horizontal line represents average, the box the interquartile range and the dashed lines the 

extreme values. Letters indicate statistical differences (p = 0.05) in ANOVA with Tukey's 

post-hoc test. 

 

Seedlings quality indexes 

Medium and large individuals had highest averages (5.4 ± 0.8 and 5.7 ± 

0.7, respectively) of the robustness index, differing significantly from treatments 

shoot cut (4.2 ± 0.9) and small individuals (4.5 ± 0.6) (F3,76 = 17.36, p = 0.001) 

(Figure 6A). The treatment shoot cut presented highest mean of lignification 

index (0.43 ± 0.03, F3,76 = 11.18, p = 0.001), differing significantly from the other 
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treatments (Figure 6B). In terms of the Dickson Quality Index (DQI), there was a 

difference between shoot cut (0.66 ± 0.23) and large (0.50 ± 0.09) individuals 

(F3,76 = 2.762, p = 0.047) (Figure 6C). 

 
Figure 6. Robustness index (A), lignification index (B) and the Dickson Quality Index (C) 

of Bertholletia excelsa seedlings under different sizes after root cut and transplanting. 

Shoot pruning (T1); small size individuals, ≤ 5 cm in height (T2); medium size 

individuals, ≤ 11 cm in height (T3); and large size individuals, ≤ 17 cm in height, (T4). 

The thicker horizontal line represents average, the box the interquartile range and the 

dashed lines the extreme values. Letters indicate statistical differences (p = 0.05) in 

ANOVA with Tukey's post-hoc test. 

 

Table 2. Morphological and qualitative variables of Bertholletia excelsa seedlings 

after transplantation under different sizes and root cut. Shoot pruning (T1); small 

size individuals, ≤ 5 cm in height (T2); medium size individuals, ≤ 11 cm in 

height (T3); and large size individuals, ≤ 17 cm in height, (T4). 

Variable 
Averages  Quality and Interval* 

T1 T2 T3 T4  Large Medium Small 

Height (cm) 25.6 25.2 31.3 30.7  15-25 10-14.9 < 10.0 

Stem colar diameter (mm) 6.0 5.4 5.5 5.2  ≥ 4.0 2.5-3.9 < 2.5 

SL/RL ratio 1.8 1.9 2.4 2.3  ≤ 2.0 2.1-2.5 > 2.5 

SDM/RDM ratio 2.0 2.1 2.4 2.2  1.5-2.0 2.1-2.5 > 2.5 

Lignification index 0.43 0.41 0.39 0.39  nd. nd. nd. 

Robustness index 4.2 4.5 5.4 5.7  ≤ 6.0 6.1-8.0 > 8.0 

Dickson Quality Index 0.66 0.57 0.56 0.50  ≥ 0.5 0.49-0.20 < 0.20 

*For conifer species (Reyes et al. 2014) 

Nd. = Not determined 

 
Optimal intervals were determined to qualify the morphological variables 

of B. excelsa seedlings in forest nursery (Table 2). Regarding the seedling quality, 

all tested treatments resulted in values equal to or higher than those proposed in 

the literature. However, the treatment shoot cut attained the highest DQI. 
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DISCUSSION 

Shoot cut (pruning) of the Bertholletia excelsa seedlings at the time of the 

transplanting did not influence the seedlings development and quality, even 

though the significant effects over some variables such as stem collar diameter 

and root length (Figure 4 and Table 2). Shoot pruning consists of eliminating part 

of the seedling's terminal sprout, changing the seedling growth rate. Shoot 

pruning can favor seedling development, however, it depends on the tolerance 

level of each species. 

Shoot pruning at the time of transplanting the seedlings to the definitive 

containers can obtain benefits such as: more robust seedlings and an adequate 

balance of development in shoot and root system. Precocity and uniformity are 

important characteristics in the seedling production, since the longer the seedlings 

remain in the forest nursery, higher is the production cost (Auca et al. 2018). 

Production cost is an important variable in seedling production. The need to 

reduce costs led managers to seek technologies to improve the way how seedlings 

are produced in nurseries (Ribeiro et al. 2018). Environmental factors and 

silvicultural techniques used are crucial to reduce costs and time to establish a 

tree plantation (Lima Filho et al. 2019). 

The SDM/RDM ratio indicates biomass distribution between the shoot and 

root system (Siqueira et al. 2018). Thus, it is important that the container favors 

the seedling shoot and root growth, so that there is not a big difference between 

these two parts of the plant. Low SDM/RDM ratio indicates that seedlings have 

equal distribution of dry matter between shoot and root (Marana et al. 2015). The 

balanced distribution between shoot dry mass and root dry mass allows for 

adequate plant development, reducing the risk of plant toppling in the field. 

Substrate temperature depends on the tube’s volume, varying according to 

time and space, with an important role in physical processes and energy 

exchanges with the surrounding environment, which interfere in the shoot and 

root growth and in the absorption of water and nutrients (Cavalcanti et al. 2019). 

Furthermore, the substrate temperature determines evaporation and aeration, as 

well as the speed of the chemical reactions involved seedling development (Diniz 

et al. 2014, Nascimento et al. 2016). For the production of high quality seedlings 

it is necessary to use suitable containers, where volume is a crucial variable. 

Therefore, the container size should be chosen to provide the largest possible 

volume of substrate to the roots, but with less weight to make the transport to the 

field easier (Pinho et al. 2018). 

 

Seedlings quality indexes 

Plant quality is a concept mainly based on morphological and physiological 

characteristics, which determine its survival and initial growth, depending on 

local conditions where the individual will be planted. Significant differences were 

observed for the lignification, robustness, and the Dickson Quality Index (DQI) 

as a function of seedling size. The robustness index is the relationship between 

shoot length and root collar diameter, the lower its value, the more robust is the 
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plant. Plants produced in 345-cm³ tubes, for example, have lower robustness 

index, thus with better quality. This index is an indicator of plant resistance to 

wind desiccation, survival, and potential growth in dry sites (Reyes et al. 2014). 

The relationship between shoot length and root collar diameter is a non-

destructive evaluation method to assess the balance between seedling growth and 

seedling quality. 

The lignification index is related to the lignification of aerial and root 

tissues of seedlings belonging to woody species under stress. The physical 

stimulus applied in the form of stem flexion triggers morphometric responses in 

plants normally associated with a reduction in height, increase in stem diameter 

and in the dry matter mass of the root tissue (Dranski et al. 2015). The response 

to mechanical stimulus is desirable during the adaptation phase of seedlings to the 

field. The lignification of seedling tissues has been related to field performance 

and survival (Dranski et al. 2015). 

The DQI, as well as the lignification index, are indicators of seedling 

quality, where the DQI considers vigor and balance of biomass distribution in the 

seedling (Lima Filho et al. 2019). Several authors consider the DQI as the main 

indicator of seedling quality, as its interpretation considers the robustness and 

balance of biomass distribution in the seedling, combining growth variables and 

biometric relationships (Binotto et al. 2010, Siqueira et al. 2018). Binotto et al. 

(2010) observed that dry mass, followed by stem diameter, are the most strongly 

variables correlated with the DQI. 

Seedling stage is possibly the most vulnerable stage during the plant's life cycle. 

Under natural conditions, seedling establishment and subsequent reproductive 

success can be hampered for multiple reasons: premature emergence, germination 

at improper depths, and emergence in environments with high competitive 

pressure to survive or leave offspring. Thus, seeds must have effective 

mechanisms to detect changes in environmental conditions, in order to be able to 

establish the development of new stages of life (Batlla and Benech-Arnold 2014). 

 

CONCLUSIONS 

Shoot cut (pruning) did not present negative effects over the development, 

growth, and quality of seedlings of the Amazonian tree species Bertholletia 

excelsa during the first 165 days of seedling production in forest nursery. 

Seedlings that had the shoot cut presented higher Dickson Quality Index than 

seedling with no shoot cut, regardless of the initial size of the individuals 

transplanted. Therefore, shoot cut implies in better performance of B. excelsa 

seedlings to be planted in the field. 

 

REFERENCES 
Albuquerque, T. C. S., Evangelista, T. C., & Albuquerque Neto, A. A. R., (2015). Níveis 

de sombreamento no crescimento de mudas de castanheira do Brasil. Revista 

Agro@mbiente On-line, 9(4), 440-445. DOI: http://dx.doi.org/10.18227/1982-

8470ragro.v9i4.3025 



Schwartz et al. 

 
230 

Auca, E. C., Dionisio, L. F. S., Lozano, R. M. B., & Schwartz, G., (2018). Propagation of 

Brazil nut (Humb. y Bonpl) seedlings using seeds in mini-greenhouses. Revista 

Agro@mbiente On-line, 12(4), 300-313. DOI: https://doi.org/10.18227/1982-

8470ragro.v12i4.5222 

Baldoni, A. B., Wadt, L. H. O., Campos, T., Silva, V. S., Azevedo, V. C. R., Mata, L. R., 

Botin, A. A., Mendes, N. O., Tardin, F. D., Tonini, H., Hoogerheide, E. S. S., & 

Sebbenn, A. M., (2017). Contemporary pollen and seed dispersal in natural 

populations of Bertholletia excelsa (Bonpl.). Genetics and Molecular Research, 16(3), 

gmr16039756. DOI: https://doi.org/10.4238/gmr16039756 

Batlla, D. & Benech‐ Arnold, R. L., (2014). Weed seed germination and the light 

environment: Implications for weed management. Weed Biology and Management, 

14(2), 77-87. DOI: https://doi.org/10.1111/wbm.12039 

Binotto, A. F., Lúcio, A. Dal C., & Lopes, S. J., (2010). Correlations between growth 

variables and the Dickson quality index in forest seedlings. Cerne, 16(4), 457-464. 

DOI: https://doi.org/10.1590/S0104-77602010000400005 

Camargo, R., Pires, S. C., Maldonado, A. C., Carvalho, H. P., & Costa, T. R., (2011). 

Avaliação de substratos para a produção de mudas de pinhão-manso em sacolas 

plásticas. Revista Trópica – Ciências Agrárias e Biológicas, 5(1), 31-38. DOI: 

http://dx.doi.org/10.0000/rtcab.v5i1.292 

Cavalcanti, S. D. L., Gomes, N. F., Pandorfi, H., Almeida, G. L. P., & Montenegro, A. A. 

A., (2019). Variação espaço-temporal da temperatura do substrato em bandejas de 

produção de mudas. Revista de Agricultura Neotropical, 6(1), 66-73. DOI: 

https://periodicosonline.uems.br/index.php/agrineo/article/view/2648/2754 

Costa, E., Dias, J. G., Lopes, K. G., Silva, B. F. F. S., & Cardoso, E. D., (2015). Telas de 

sombreamento e substratos na produção de mudas de Dipteryx alata Vog. Floresta e 

Ambiente, 22 (3), 416-425. DOI: http://dx.doi.org/10.1590/2179-8087.071714 

Diniz, J. M. T., Dantas, R. T., & Fideles, F. J., (2014). Spatialtemporal variability of 

temperature and soil thermal diffusivity from Lagoa Seca-PB. Revista Ambiente & 

Água, 9(4), 722-736. DOI: http://dx.doi.org/10.4136/1980-993X 

Dionisio, L. F. S., Auca, E. C., Bardales-Lozano, R. M., Schwartz, G., & Corvera-

Gomringer, R., (2019a). Production of Bertholletia excelsa Humb. & 

Bonpl.,(Lecythidaceae) seedlings in microenvironments under different substrates. 

Revista Brasileira de Ciências Agrárias, 14(3), e5847. DOI: 

https://doi.org/10.5039/agraria.v14i3a5847 

Dionisio, L. F. S., Cusi, E. A., Schwartz, G., Bardales Lozano, R., Agurto, J. J. M., & 

Corvera Gomringer, R., (2019b). Seedling production of Bertholletia excelsa in 

response to seed origin and position inside fruit. Revista Brasileira de Ciências 

Agrárias, 14(3), e5662. DOI: https://doi.org/10.5039/agraria.v14i3a5662 

Dionisio, L. F. S., Cusi, E. A., Milhomem, C. A., Schwartz, G., Agurto, J. J. M., & 

Corvera Gomringer, R., (2020). Bertholletia excelsa: growth and quality of seedlings 

produced under different environmental conditions. Brazilian Journal of 

Development, 6(6), 38589-38603. DOI: https://doi.org/10.34117/bjdv6n6-414 

Dranski, J. A. L., Malavasi, U. C., & Malavasi, M. M., (2015). Relationship between 

lignin content and quality of Pinus taeda seedlings. Revista Árvore, 39(5), 905-913. 

DOI: https://doi.org/10.1590/0100-67622015000500013 

 

 



Seedlings quality of Bertholletia excelsa Bonpl. (Lecythidaceae) produced in forest nursery 231 

Lima Filho, P., Leles, P. S. S., Abreu, A. H. M., Silva, E. V., & Fonseca, A. C., (2019). 

Produção de mudas de Ceiba speciosa em diferentes volumes de tubetes utilizando o 

biossólido como substrato. Ciência Florestal, 29(1), 27-39. DOI: 

https://doi.org/10.5902/1980509819340 

Marana, J. P., Miglioranza, É., & Fonseca, P. É., (2015). Qualidade de mudas de jaracatiá 

submetidas a diferentes períodos de sombreamento em viveiro. Revista Árvore, 39(2), 

275-282. DOI: https://doi.org/10.1590/0100-67622015000200007 

Marques, A. R. F., Oliveira, V. S., Boligon, A. A. & Vestena, S., (2018). Produção e 

qualidade de mudas de Psidium cattleianum var. cattleianum Sabine (Myrtaceae) em 

diferentes substratos. Acta Biológica Catarinense, 5(1), 5-13. DOI: 

http://dx.doi.org/10.21726/abc.v5i1.374 

Mori, S. A. & Prance, G. T., (1990). Taxonomy, ecology, and economy botany of the 

Brazil nut (Bertholletia excelsa Humb. and Bonpl.: Lecythidaceae). Advances in 

Economic Botany, 8, 130-150. DOI: https://www.jstor.org/stable/43927571 

Nascimento, M., Andrade, K. P., Freitas, R. A., Silva, G. O., & Boiteux, L. S., (2016). 

Germinação de sementes de tomateiro em diferentes temperaturas: Variabilidade 

fenotípica e heterose. Horticultura Brasileira, 34(2), 216-222. DOI: 

http://dx.doi.org/10.1590/S0102-053620160000200011 

Nogueira, I. M. S., Lahr, F. A. R., & Giacon, V. M., (2018). Desenvolvimento e 

caracterização de painéis de partículas aglomeradas utilizando o resíduo do ouriço da 

Castanha-do-Brasil (Bertholletia excelsa) e resina poliuretana derivada do óleo da 

mamona. Revista Matéria, 23(1), e-11985. DOI: http://dx.doi.org/10.1590/s1517-

707620170001.0321 

Pinho, E. K. C., Lopes, A. N. K., Costa, A. C., Silva, A. B. V., Vilar, F. C. M., & Reis, R. 

D. G. E., (2018). Substratos e tamanhos de recipiente na produção de mudas de 

baruzeiro (Dipteryx alata Vog.). Revista Ciência Agrícola, 16(1), 11-19. DOI: 

http://www.seer.ufal.br/index.php/revistacienciaagricola/article/view/4303 

Reyes, J. T. S., Flores, H. J. M., Pérez, D. C. M. A., Sánchez, A. R., & Ramos, J. H., 

(2014). Calidad de planta de tres especies de pino en el vivero “Morelia”, estado de 

Michoacán. Revista Mexicana de Ciencias Forestales, 5(26), 98-111. DOI: 

http://www.scielo.org.mx/pdf/remcf/v5n26/v5n26a8.pdf 

Ribeiro, R. R., Brun, F. G. K., Brun, E. J., Mezzalira, C. C., Frigotto, T., Navroski, M. C., 

& Souza, M. A. M., (2018). Desenvolvimento e nutrição de mudas de acácia-negra 

(Acacia mearnsii de Wild. De Wild.) em substratos a base de cama de aviário. Revista 

de Ciências Agroveterinárias, 17(1), 36-44. DOI: 

http://dx.doi.org/10.5965/223811711712018036 

Santos, J. U. M., Bastos, M. N. C., Gurgel, E. S. C., & Carvalho, A. C. M., (2006). 

Bertholletia excelsa Humboldt & Bonpland (Lecythidaceae): aspectos morfológicos 

do fruto, da semente e da plântula. Boletim do Museu Paraense Emílio Goeldi: 

Ciências Naturais, 1(2), 103-112. DOI: https://repositorio.museu-

goeldi.br/handle/mgoeldi/193 

Scoles, R., Canto, M. S., Almeida, R. G., & Vieira, D. P., (2016). Sobrevivência e 

frutificação de Bertholletia excelsa Bonpl. em áreas desmatadas em Oriximiná, Pará. 

Floresta e Ambiente, 23(4), 555-564. DOI: https://doi.org/10.1590/2179-8087.132015 

Scoles, R. & Gribel, R., (2011). Population structure of Brazil nut (Bertholletia excelsa, 

Lecythidaceae) stands in two areas with different occupation histories in the Brazilian 

Amazon. Human Ecology, 39(4), 455-464. DOI: https://doi.org/10.1007/s10745-011-

9412-0 



Schwartz et al. 

 
232 

Siqueira, D. P., Carvalho, G. C. M. W., Barroso, D. G., & Marciano, C. R., (2018). Lodo 

de esgoto tratado na composição de substrato para produção de mudas de Lafoensia 

glyptocarpa. Floresta, 48(2), 277-284. DOI: https://doi.org/10.5380/rf.v48i2.55795 

Souza, J. C., Pedrozo, C., Pedrozo, C. Â., Silva, K. D., Oliveira, V. X. A., & Alencar, A. 

D. S., (2019). Ambientes para a produção de mudas e nodulação por rizóbios em 

Tachigali vulgaris. Ciência Florestal, 29(1), 116-129. DOI: 

https://doi.org/10.5902/1980509827955 

Wadt, L. H. O., Faustino, C. L., Staudhammer, C. L., Kainer, K. A., & Evangelista, J. S., 

(2018). Primary and secondary dispersal of Bertholletia excelsa: Implications for 

sustainable harvests. Forest Ecology and Management, 415, 98-105. DOI: 

https://doi.org/10.1016/j.foreco.2018.02.014 

 

 



Agriculture & Forestry, Vol. 68 Issue 1: 233-245, 2022, Podgorica 233 

Kashe K., Teketay, D., Mmusi, M., Kemosedile, T., Khululo Galelebalwee M. (2022): Assessment of diversity 

and composition of tree species in residential areas of Chobe District, northern Botswana. Agriculture and 

Forestry, 68 (1): 233-245. doi:10.17707/AgricultForest.68.1.15 
 

DOI: 10.17707/AgricultForest.68.1.15 

 

Keotshephile KASHE
 1*

, Demel TEKETAY
2
, Mmusi MMUSI

1
,  

Thebe KEMOSEDILE
1
 and Meleko KHULULO GALELEBALWE

1
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SUMMARY  

A vegetation survey was conducted in Chobe district to document tree 

species in residential areas. The survey resulted in 44 tree species, representing 

44 genera and 22 families across the nine study villages. The diversity and 

evenness ranged from 2.47–3.15 and 0.77–0.90, respectively. An average of 19, 7 

and 5 native, exotic and alien tree species respectively, were recorded. The most 

frequent native tree species, e.g. Baikiaea plurijuga, in the residential areas was 

also the dominant species in the neighbouring woodlands, suggesting that the 

species was retained when the woodlands were converted to residential use. The 

indigenous fruit bearing tree species, namely Berchemia discolor and Sclerocarya 

birrea, and the exotic fruit-bearing tree species, namely Carica papaya and 

Mangifera indica, were dominant in most residential areas, signifying their 

contribution to household food security. Invasive alien tree species, Jatropha 

curcas and Leucaena leucocephala were most frequent and, therefore, need 

continuous monitoring to prevent their spread into natural ecosystems. The study 

recommends raising of public awareness about invasiveness of alien invasive tree 

species. 

Keywords: Native species; exotic species; alien species; invasive species; 

ecosystem services 

INTRODUCTION 

Tree species provide ecosystem services such as provisioning services 

(e.g. fuel-wood), cultural servies (e.g. spiritual service) and regulating services 

(e.g. climate regulation). In rural areas, they are essential in provision of firewood 
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and building materials for the majority of the poor and vulnerable communities 

(de Neergaard et al., 2005).  

In addition, trees provide food, shelter and ecological benefits to humans 

(Dickie et al., 2014). For instance, native species Sclerocarya birrea (A.Rich.) 

Hochst. and Berchemia discolor (Klotzsch) Hemsl. provide food for humans and 

exotic nitrogen fixing trees Prosopis species and Leucaena leucocephala provide 

fodder for livestock. In urban areas, trees provide a suite of benefits that enhance 

environmental quality and residential quality of life (Gerstenberg & Hofmann, 

2016). They provide shade and reduce air temperature, sequester carbon to 

mitigate greenhouse gas emissions and purify atmospheric air (Nowak et al., 

2013). The role of trees become even more important in the face of the negative 

impact of climate change. 

Alien trees are a double-edged sword. They provide ecosystem services 

and, at the same time, harm biodiversity and ecosystem functioning (van Wilgen 

& Richardson, 2014), leading to a reduction in ecosystem services. The multiple 

benefits of trees also present a challenge for their control, as eradication 

programmes sometimes elicit emotional responses (Dickie et al., 2014). 

A number of tree species were intentionally introduced to Botswana to 

stabilize sand dunes and restore vegetation in the arid southwest part of the 

country. These include species, such as Prosopis spp. (Fabaceae), Eucalyptus 

camaldulensis Dehnh (Myrtaceae), E. sideroxylon, Leucaena leucocephala (Lam) 

de Wit (Fabaceae), Acacia saligna (Labill.) H.L. Wendl. (Fabaceae) and 

Casuarina cunninghamiana Miq. (Casuarinaceae) (Lepetu, 1998). Other species 

such as Schinus molle L., Melia azedarach L., Ailanthus altissima (Mill.) 

Swingle, Spathodea campanulata P. Beauv, Tecoma stans (L.) Juss. ex Humb., 

Bonpl. & Kunth and Senna spectabilis (DC.) H. S. Irwin & Barneby, are present 

as garden or street trees.  

Alien invasive plant species have been extensively studied in neighbouring 

South Africa (Keet et al., 2022; Potgieter et al., 2019; Shackleton et al., 2019). 

Despite evidence of exotic tree species in Botswana, an inventory documenting 

tree species in residential areas of various districts is surprisingly scarce. The only 

study to date was by Mafokate et al. (2013) who surveyed exotic woody plant 

species in the city of Gaborone in southern Botswana. Thus, similar studies are 

needed in other parts of the country to develop a national inventory documenting 

tree species in residential areas. Such inventory would be useful for effective 

conservation and management of tree species in residential areas.  

The aim of the study was to assess the diversity and composition of tree 

species in residential areas of Chobe District, northern Botswana. The specific 

objectives were to (i) assess diversity and evenness and (ii) determine the 

composition of tree species in residential areas.  
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MATERIAL AND METHODS 

Study area 

The study was conducted in Chobe District (Figure 1), in the villages of 

Pandamatenga (pop. est. 1798), Lesoma (pop. est. 613), Kasane (pop. est 9008) 

and Kazungula (pop. est 4133), and the western villages namely Mabele (pop. est. 

773), Kavimba (pop. est. 549), Kachikau (pop. est. 1356), Satau (pop. est. 605) 

and Parakarungu (pop. est. 845) (Statistics Botswana, 2011). The western villages 

are referred to as Chobe Enclave and covers 1690 km2 (Jones, 2002). Kasane 

township is the district’s headquarter and a gateway to tourism in northern 

Botswana. It is the main government service center and houses accommodation 

facilities, such as hotels, lodges and guest houses. Communities in the villages of 

Kazungula, Kasane and western villages are settled in close proximity to Chobe 

River and depend on the river for resources, such as fish, farming and 

transportation. Pandamatenga is about 100 km south of Kasane and due to its 

fertile pellic vertisols (Pardo et al., 2003), it has been designated for commercial 

arable farming to promote government’s policy of national food self-sufficiency. 

Chobe District receives an annual rainfall of about 640 mm occurring in the hot 

summer months from October to April (Botswana Meteorological Service 

Department unpublished data). October is usually the hottest month with a mean 

daily temperature of 35 oC and a mean daily minimum of 14 oC. The winter 

season is from the months of May to July and is dry with mean monthly 

temperature range of 8 - 28.5 oC. Deciduous trees start to drop their leaves in 

July.  

 
Figure 1. Map of the study area. 

 

Data collection 

The diversity of woody species was analysed using Shannon Diversity Index (H'). 

It is also referred to as the Shannon-Weiner or Weaver Diversity Index 
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(Magurran, 2004). The woody species diversity was determined by using the 

following formula: 

 
 

Where, H' = Shannon index, S = species richness, Pi = proportion of S made up of 

the i
th
 species (relative abundance).  

Evenness or equitability, measure similarity of the abundance of the 

different woody species in the different habitats and was analysed by using 

Shannon’s Evenness. Its value ranges from 0 to 1 with 1 being complete 

evenness. It is calculated by the following formula: 

 

Where, J' = evenness and S = species richness. 

The frequency was calculated as the proportion (%) of the number of household 

or residential plots in which each tree species was recorded from the total number 

of residential plots surveyed in each of the villages. 

 

RESULTS  

A total of 44 tree species, representing 44 genera and 22 families were 

recorded across the nine villages (Tables 1 and 2). Of these, 19, 7 and 5 were 

native, exotic and alien invasive tree species, respectively (Figure 2). Lesoma 

exhibited the highest richness in native tree species followed by Kasane township 

and Kazungula. The villages of Mabele and Satau had lowest native tree species 

richness. For exotic species, Kasane township was the richest with 12 species, 

followed by its “suburb” Kazungula with nine species, and Lesoma and Kachikau 

with eight each. The other villages recorded seven or less number of species with 

Mabele and Kavimba being the least with five species each. Similarly, Kasane 

township and Kazungula, recorded most alien invasive tree species together with 

Satau. The villages of Lesoma and Satau recorded the lowest with 3 species each. 

Overall, Fabaceae was the richest family with seven species followed by 

Combretaceae with three, and Anacardiaceae and Arecaceae with two each. 

Fabaceae exhibited the highest richness in tree species in Lesoma, Kasane and 

Kachikau followed by Kazungula and Kavimba. Fabaceae was least diverse in 

Pandamatenga, Satau and Parakarungu. Combretaceae was the richest family in 

Lesoma followed by Pandamatenga and Kavimba. Combretaceae had lowest 

species richness in Mabele and Satau where it was represented by only one 

species. However, the proportion of Combretaceae family in Kasane township 

(5%) and Kazungula village (7.7%) was low compared with Pandamatenga 

(15.4%) and Lesoma (14.3%) (Table 3).  
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Table 1. List of tree species with their frequencies (%) recorded in residential 

areas of the study villages 

Species 
Village* 

PND LSM KZN KSN MBL KVB KCH STU PRK 

Vachellia erioloba E.Mey. - 1 1 0.3 - 4.3 - - 19 

Vachellia kirkii Oliv. - 3.1 - - 2 4.3 1.4 2.8 - 

Senegalia nigrescens Oliv. 6.6 3.1 2.9 1.3 8 4.3 2.8 - - 

Vachellia tortilis (Forssk.) 1.5 37.5 17.3 1.9 8 8.7 8.5 - 1.7 

Adansonia digitata L. 2.9 3.1 8.7 2.2 - 4.3 4.2 5.6  

Ailanthus altissima (Mill.) - - 3.8 1 8 2.2 7 36.1 1.7 

Albizia versicolor Welw. Ex Oliv. - - - - - - - 11.1 3.4 

Azanza garckeana (F.Hoffm.) Exell & 

Hillc. 
6.6 15.6 6.7 3.5 4 - - - 1.7 

Baikiaea plurijuga Harms - 2.1 52.9 31.4 - 45.7 31 - - 

Baphia massaiensis Taub. - - 1.9 11.4 - - 1.4 - 1.7 

Berchemia discolor (Klotzsch) Hemsl. 16.2 19.8 28.8 35.2 26 37 49.3 30.6 29.3 

Boscia albitrunca (Burch.) Gilg & 

Benedict 
0.7 3.1 - - - 4.3 1.4  17.2 

Burkea africana Hook. - 3.1 2.9 1.6 - - - - - 

Carica papaya L. 2.9 7.3 14.4 13.3 14 26.1 12.7 19.4 20.7 

Citrus limon (L.) Burm. - - - 0.3 - - - - - 

Citrus sinensis (L.) Osbeck - - - 0.3 - - - - 1.7 

Colophospermum mopane 

(Benth.) J.Léonard  
61 14.6 - 11.4 46 4.3 2.8 - - 

Combretum apiculatum Sond. 8.1 16.7 - - - 8.7 7 - - 

Combretum hereroense Schinz 8.8 10.4 1 - - - - - 10.3 

Combretum imberbe Wawra 1.5 12.5 1.9 0.6 4 2.2 - -  

Croton megalobotrys Müll.Arg. - - -  - 4.3 1.4  5.2 

Cupressus macrocarpa Hartw. - - - 0.6 - - 1.4 2.8 3.4 

Dichrostachys cinerea (L.) Wight & Arn. 1.5 25 4.8 2.2 - - - - - 

Eucalyptus spp. - - 3.8 4.8 - 2.2 - 11.1 1.7 

Ficus benjamina L. - 2.1 3.8 2.2 - - 1.4 2.8 - 

Ficus sp. - - - 0.3 - - - - - 

Ficus sycomorus L. - - 1.9 1 - - - 2.8 - 

Hyphaene petersiana Klotzsch ex Mart 2.2 12.5 17.3 7 20 15.2 15.5 41.7 37.9 

Jacaranda spp. 2.9 4.2 7.7 10.5  6.5 5.6 8.3 8.6 

Jatropha curcas L. 8.8 4.2 16.3 6 10 6.5 4.2 2.8 12.1 

Kigelia africana (Lam.) Benth.  - 2.1 1 0.3 - - - 11.1 5.2 

Kirkia acuminate Oliv. 33.8 7.3 1.9 2.5 30 6.5 1.4 - - 

Leucaena leucocephala (Lam.) de Wit - 1 16.3 23.2 12 6.5 9.9 2.8 - 

Mangifera indica L. 2.2 8.3 29.8 22.9 10 8.7 12.7 11.1 5.2 

Melia azedarach L. 0.7 4.2 1 - - - - 2.8 5.2 

Moringa oleifera Lam. 2.2 4.2 9.6 4.1 4 8.7 9.9 11.1 3.4 

Morus spp. 5.9 5.2 13.5 10.2 2 2.2 11.3 5.6 1.7 

Musa spp. 1.5 6.3 1 0.6 8 6.5 2.8 2.8 - 

Philenoptera violacea (Klotzsch) Schrire - 3.1 3.8 - 6 4.3 5.6 5.6 8.6 

Phoenix reclinata Jacq. 0.7 3.1 9.6 4.4 - 4.3 5.6 2.8 - 

Psidium guajava L. - 1 3.8 1.6 - - 7 13.9 10.3 

Sclerocarya birrea (A.Rich.) Hochst. 25 9.4 10.6 7.6 24 13 9.9 11.1 1.7 

Terminalia sericea Burch. Ex DC. 2.2 14.6 2.9 5.4 - 2.2 2.8 33.3 56.9 

Trichilia emetica Vahl 7.4 14.6 21.2 19.4 26 30.4 25.4 25 17.2 
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Myrtaceae had highest proportion in Kasane township (10%) than in any 

other study villages. This family was dominated by exotic fruit tree (Psidium 

guajava) and alien invasive tree species (Eucalyptus spp.) in Kasane.The 

diversity of tree species ranged from 2.47 in Pandamatenga to the highest of 3.15 

in Lesoma (Table 3). Similarly evenness ranged from 0.77 in Pandamatenga to 

0.90 in Lesoma and Mabele (Table 3). 

 

Table 2. Proportion of tree families (%) in residential areas of the study villages. 
Species Village* 

PND LSM KZN KSN MBL KVB KCH STU PRK 

Anacardiaceae 7.7 5.7 5.1 5.0 13.6 9.4 9.1 7.4 7.1 

Arecaceae 7.7 5.7 5.1 5.0 4.5 6.3 6.1 7.4 3.6 

Bignoniaceae 3.8 5.7 7.7 7.5 0 3.1 3.0 7.4 7.1 

Bombacaceae 0 0 2.6 2.5 0 3.1 3.0 3.7 0 

Capparaceae 3.8 2.9 0 0 0 3.1 0 0 3.6 

Caricaceae 3.8 2.9 2.6 2.5 4.5 3.1 3.0 3.7 3.6 

Combretaceae 15.4 14.3 7.7 5.0 4.5 12.5 6.1 3.7 10.7 

Cupressaceae 0 0 0 2.5 0 0 3.0 3.7 3.6 

Euphorbiaceae 3.8 2.9 2.6 2.5 4.5 6.3 6.1 3.7 7.1 

Fabaceae 15.4 28.5 23.1 25.0 27.3 25.0 30.3 18.5 17.9 

Kirkiaceae 3.8 2.9 2.6 2.5 4.5 3.1 3.0 0 0 

Malvaceae 3.8 2.9 2.6 2.5 4.5 3.1 0 0 3.6 

Meliaceae 7.7 5.8 5.1 2.5 4.5 3.1 3.0 7.4 7.1 

Moraceae 3.8 5.8 10.3 5.0 4.5 3.1 6 11.1 3.6 

Moringaceae 3.8 2.9 2.6 2.5 4.5 3.1 3.0 3.7 3.6 

Musaceae 3.8 2.9 2.6 2.5 4.5 3.1 3 3.7 0 

Myrtaceae 3.8 2.9 5.1 10.0 0 3.1 3.0 7.4 7.1 

Rhamnaceae 3.8 2.9 5.1 2.5 4.5 3.1 3.0 3.7 3.6 

Rutaceae 0 0 0 5.0 0 0 0 0 3.6 

Sapindaceae 0 0 2.6 2.5 4.5 0 3.0 0 0 

Simaroubaceae 0 0 2.6 2.5 4.5 3.1 3.0 3.7 0 

Tiliaceae 3.8 2.9 2.6 2.5 0 0 0 0 0 

 

The frequencies of tree species ranged between 0.3 and 61% across the 

study villages. The five most frequent tree species were native species, namely 

Colophospermum mopane (61%) in Pandamatenga, Terminalia sericea (56.9%) 

in Parakarungu, Baikiaea plurijuga (52.9%) in Kazungula, Berchemia discolor 

(49.3%) in Kachikau and Hyphaene petersiana in Satau. Fruit trees, both native 

and exotic species were observed in the study villages.  

The exotic fruit tree species recorded in all the study villages were Carica 

papaya, Mangifera indica, Morus and Musa species. The two most frequent 

species were M. indica in Kazungula and C. papaya in Kavimba. Berchemia 

discolor and Sclerocarya birrea, indigenous fruit tree species, were observed in 
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all the study villages and were the most frequent with 49.3% in Kachikau and 

25% in Pandamatenga, respectively. 

 

Table 3. Diversity and evenness of trees species in residential areas of the study 

villages 

Village Diversity (H’) Evenness (J’) 

Pandamatenga 2.47 0.77 

Lesoma 3.15 0.90 

Kazungula 3.03 0.86 

Kasane 2.94 0.82 

Mabele 2.69 0.90 

Kavimba 2.93 0.87 

Kachikau 2.92 0.86 

Satau 2.88 0.88 

Parakarungu 2.77 0.84 

 
Figure 2. Number of tree species by types in the study villages in Chobe District. 

 

Invasive alien tree species at different stages of infestation were recorded 

in different areas. Ailanthus altissima, Jatropha curcas and Leucaena 

leucocephala were at advanced stage of infestation and were recorded in almost 

all the study villages. These invasive species were most frequent in Satau, 

Kazungula and Kasane, with frequencies of 36.1, 16.3 and 23.2%, respectively. 

Eucalyptus spp. and Melia azedarach were at low stages of infestation and were 

only observed in half of the study villages at low frequencies. 
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DISCUSSION 

The results demonstrated that the residential areas of the villages in Chobe 

District exhibited diversity of tree species. The overall diversity of tree species is 

much higher in all the study villages with a range of 2.47 to 3.15, indicating high 

species richness. The value of H’ usually falls between 1.5 and 3.5 (Magurran, 

2004). This implies that the diversity of tree species in the study villages falls on 

the higher value of the diversity range. 

The residential areas in the different study villages were dominated by 

species that were also the dominant species in surrounding woodlands, suggesting 

that they were the main species before the woodlands were converted to 

residential use and were retained in homestead to provide ecosystem services. It 

is safe to suggest that some residents retained these species for their ecosystem 

services, e.g. shade and food provision. Colophospermum mopane exhibited high 

frequency in Pandamatenga and Mabele. It grows in a variety of soils from heavy 

clay soils to sandy soils (Mapaure, 1994), and some areas on “black cotton soils” 

(Barbosa, 1970). It was, therefore, not surprising to observe that it was dominant 

in Pandamatenga, an area that has been designated for commercial arable farming 

owing to its fertile “black cotton soils” (Pardo et al., 2003; Abdullahi, 2004). 

Baikiaea plurijuga was the most frequent species in residential areas of 

Kazungula, Kasane and Kavimba. This observation is consistent with vegetation 

studies in the same area, which also found B. plurijuga to be one of the dominant 

species in the mixed woodlands (Ben-Shahar, 1998; Rutina et al., 2005). 

The residential areas in the villages of Satau and Parakarungu were 

dominated by Hyphaene petersiana, a species usually common on islands in the 

floodplains (Heath & Heath, 2009). The two villages partly lie in the floodplain 

of Chobe River and thus explain why this species was recorded in most 

residential areas of these villages. The abundance of H. petersiana can also be 

attributed to its multiple uses. Its sap is a source of palm wine and young 

unopened leaves are used to weave baskets (Mollet et al., 2000; Babitseng & 

Teketay, 2013). Basketry production is an important income generating activity, 

particularly for women in Botswana. In addition to H. petersiana, Terminalia 

sericea was also dominant in Satau and Parakarungu than in any other villages. 

Its abundance could be partly explained by its preference to transition zone 

between sandy and clay soils (Tinly, 1992). Additional, T. sericea is common and 

widely distributed in southern Africa (McGaw et al., 2001; Shackleton, 2001) 

where it provides a suite of ecosystem services, such as fuel, timber and medicine 

(Van Wyk & van Wyk, 2013). It is used to treat both ethnoveterinary infections 

and a variety of human infections (Mongalo et al., 2016 

The diversity of exotic and indigenous fruit-bearing trees in the residential 

areas highlights their contribution to household food security. The indigenous 

fruit-bearing tree species, namely Berchemia discolor and Sclerocarya birrea, 

were recorded in residential areas of all the study villages at higher frequencies, 

signifying their importance as a source of food and shade. The fruits of these two 

tree species are rich in vitamins C which are higher than that of the exotic species 
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(Chivandi et al., 2012). Exotic fruit-bearing trees were dominated by Carica 

papaya and Mangifera indica which were observed in residential areas of all the 

study villages at high frequencies. Mangifera indica was preferred probably for 

its drought tolerance (Greisbach, 2003) and ability to produce many fruits (200 - 

500) per year (Jama et al., 2008). Furthermore, M. indica can be easily 

propagated vegetatively or by seed (Greisbach, 2003). Similarly, Carica papaya 

was probably favoured for its fast-growth, with the fruits produced within 10 - 14 

months from germination (Silva et al., 2007). The fruit is eaten as fresh fruit and 

as a vegetable. It is easily propagated by seeds (Chaves-Bedoya & Nuñez, 2007). 

The two species are widely distributed and adapted to climatic and environmental 

conditions in Sub-Saharan Africa (Chivandi et al., 2012). 

Invasive alien tree species Jatropha curcas (Negussie et al., 2013) and 

Leucaena leucocephala (Lyons & Miller, 1999) were the most frequent in 

residential areas of the study villages. These fast-growing trees were intentionally 

introduced to Botswana as candidate for biodiesel and fodder production 

respectively. They have since escaped their intended use and communities are 

now planting them for landscaping, shade and building material. If not properly 

managed, the two species can become invasive and invade neighbouring 

ecosystems. Such invasion will negatively impact ecosystem functioning and 

consequently, ecosystem services (Dickie et al., 2014). Invasive alien tree species 

were more prevalent in Kasane township and its “suburb” Kazungula. In a similar 

study in the Eastern Cape, South Africa, Mabusela et al. (2021) recorded more 

woody invasive alien species in townships than in other neighbourhoods. In 

Western Cape, South Africa, McLean et al. (2018) also found 50% alien invasive 

plant species recorded to be naturalized within town. Mafokate et al. (2013) 

recorded 26 alien invasive woody species in Gaborone, capital city of Botswana. 

This was not surprising because majority of invasive species are usually more 

prolific in cities because of high disturbance and habitat fragmentation that 

facilitate invasion process (Gaertner et al., 2016). On the contrary, the invasive 

and poisonous Ailanthus altissima (Rebbeck & Jolliff, 2018; Petruzzellis et al., 

2018) was almost absent in Kasane but was the second dominant species in the 

rural village of Satau, where it is grown as an ornamental and shade tree. The 

impact of alien invasive tree species can be profoundly massive (Hejda et al., 

2017), and often occupy a wide modified area (Pyšek et al., 2012), creating 

conditions unfavourable for some indigenous species (Richardson & Rejmánek, 

2011). 

 

CONCLUSIONS 

Woody species diversity is an essential component of forest or woodland 

diversity and thus central to their biodiversity. The information on plant diversity 

is useful for planning effective conservation and management strategies. The 

study revealed a relatively high species and family richness of tree species in the 

study area. The diversity and evenness values of the villages were relatively high 

suggesting that most tree species were uniformly distributed across the study 
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villages. The study also revealed that most residential areas in Choke District 

were dominated by native tree species, which indicates their importance in 

provision of ecosystem services. Such important species were probably retained 

when the woodlands were converted to residential use implying the importance of 

conserving indigenous tree species. The study also showed prevalence of alien 

trees species particularly in residential areas of ‘town’ and surrounding villages, 

indicating the need for continuous monitoring to prevent their spread into other 

ecosystems. The study recommends consultation with the local community to 

remove invasive tree species from their homesteads and replace them with 

indigenous tree species that will provide the same ecosystem services. The study 

further recommends ethnobotanical survey of woody species in the study area to 

generate information on how communities are using the different species. 
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AGRITOURISM AS AN OPPORTUNITY FOR RURAL 

 DEVELOPMENT OF PRNJAVOR MUNICIPALITY 

 

SUMMARY  

The research aim of this paper was to identify the potential of the 

development of rural and agritourism in the municipality of Prnjavor. The basic 

methods used during the research ware survey, tourist potential mapping, 

mapping of tourist actors and statistical methods. The aim was to identify tangible 

and intangible capital, but also to find out the views of the local population on 

rural tourism. The results of the research showed that the municipality of Prnjavor 

has the potential to engage in rural tourism, ie agritourism. The awareness of the 

population, however is not developed when it comes to rural tourism and the 

opportunities it provides. The recomendation of the research for local authorities 

is the re-formation of a tourist organization, which would promote the tourist 

offer of the municipality of Prnjavor and thus attract a larger number of tourists. 

Keywords: agritourism, development, potentials, local community 

 

 

INTRODUCTION 

Rural tourism is most often defined as tourism that takes place in rural 

areas. It is related to the natural resources of a certain place and includes a large 

number of activities, such as hiking, hunting and fishing, swimming, cycling, 

participation in farm work and other activities. Specific characteristic of rural 

tourism is that there is an interaction between tourists and hosts. Different 

definitions of rural areas affect different definitions of rural tourism. 

Rural tourism can be a complementary activity, but it can also be a 

professional activity in rural areas (Baćac, 2011). A narrower term than rural 

tourism is village tourism, which is related to the ambience of the village and 

various activities, such as: agriculture, gastronomy, various events and 

manifestations.  
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Agrotourism is a narrower term than village tourism and represents an 

additional activity on an agricultural farm that is engaged in a certain type of 

agricultural production. 

Šehić-Kršlak (2018) states that the concept of rural tourism refers to a form 

of development policy that seeks to meet the economic, social and environmental 

needs of society in terms of short-term, medium-term and, above all, long-term 

well-being. 

Rural tourism takes place in the countryside, and agritourism is rural 

tourism that takes place on farms. Lane et al. (2013) in their paper state the 

reasons why this definition is inadequate: 

1. Urban or resort tourism is not limited only to urban areas but through 

excursions, employment and shopping, it also spreads to rural areas, 

2. Rural areas are difficult to define in themselves and the criteria for 

determining them vary greatly from nation to nation, 

3. Not every tourism that takes place in rural areas is strictly "rural" - it can 

be urban in shape, and completely located in a rural area. 

Brščić et al. (2010) define agritourism as a land-based activity, shows 

growth and contributes to rural development and depopulation reduction by 

attracting and developing new services in rural areas, opening employment 

opportunities, creating new infrastructure and the possibility of achieving 

additional sources of income. 

Some authors define agrotourism as a type of tourist rural family farm in 

which the main activity (activity) is agricultural production, while tourist 

accommodation and catering services are an additional activity (Baćac, 2011). In 

addition to the basic catering services of accommodation and food, other tourist 

services (activities, service packages) can be organized on the farm, which aim to 

provide guests with the possibility of active vacation, ie to make the most of the 

tourist potential of the farm. 

One of the characteristics of agritourism is that it provides tourists with the 

opportunity to get acquainted with the life and work of the population in rural 

areas, as well as their customs and culture. It is very important that the 

development of rural or agrotourism preserves natural potentials and uses them 

rationally, so that there are no negative consequences for rural areas. According 

to Despotović the benefits of the local community from agri-tourism development 

include better social infrastructure (schools, libraries, health care institutions, 

etc.). Furthermore, agritourism initiates better valorisation of natural resources of 

rural communities (Despotović et all., 2017). 

The aim of this paper is to identify tangible and intangible capital, and 

above all the natural potential and cultural and natural heritage for the 

development of rural tourism in the municipality of Prnjavor, but also to find out 

the views of the local population on rural tourism. 

In the introductory part, the theoretical setting of the problem of 

valorization of territorial capital is explained and the link is given to the territorial 

capital of the municipality of Prnjavor, and its tourist potentials. The results of the 



Agritourism as an opportunity for rural development of Prnjavor municipality  

 
249 

applied methodology for assessing the tourist value of internal and external 

factors, as well as the total tourist value of the destination are presented and 

discussed in the context of the case study of Prnjavor municipality. The second 

part of the paper presents an analysis of the attitudes of potential providers of 

rural tourism in order to assess the level of awareness of the benefits of rural 

tourism and agritourism. In conclusion, the results of the research are summarized 

and recommendations are given for improving the tourist value of the destination. 

 

MATERIAL AND METHODS 
The material for the preparation of this paper consists of data obtained by 

various research methods, as well as from the collected literature. The following 

methods were used in this paper: 

-Description method used to describe the existing available resources in the 

municipality, ie mapped attractors during the research; 

-Mapping of potentials or attractors in the municipality included the identification 

of all natural and cultural attractions (natural beauties, architecture, customs, 

events, etc.), 

-Mapping of actors in the field of rural tourism in the municipality included the 

identification of existing and potential actors, ie agricultural farms and rural 

households, but also representatives of the public and civil sector who are active 

or potentially active in the field of tourism and rural tourism; 

-Statistical methods, ie the method of descriptive statistics for data processing, 

their presentation using graphs and tables. 

The survey was conducted on the case study of the municipality of 

Prnjavor. The survey included following respondents: 170 agricultural holdings 

and rural households, as existing and potential service providers, Mountain 

association "Step higher", Women's Association "Tkanica" and Department for 

Local and Economic Development and Social Activities of Prnjavor municipality. 

In this part of the research, a structured questionnaire was used, which includes 

three chapters, which actually refer to the set of hypotheses: 

-hypotesis 1. The municipality of Prnjavor has the potential to engage in 

agritourism; 

-hypotesis 2. In the area of the municipality of Prnjavor, there is a 

possibility of connecting agrotourism with agriculture; 

-hypotesis 3. Actors in the field of rural tourism in the municipality of 

Prnjavor are aware of the advantages and limitations for the development of rural 

tourism. 

 

RESULTS AND DISCUSSION 

Bosnia and Herzegovina is a predominantly rural country with 57.3% of 

the rural population according to the latest census, and with an average 

population density of 68.9 inhabitants per km2 (BiH Agency for Statistics, 2013). 

The total area of Bosnia and Herzegovina is 51,222.84 km2, and the size of the 

rural territory is not accurately determined due to the fact that BiH does not have 
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an established official definition for the delimitation of rural areas. Out of a total 

of 6141 settlements, 6020 of them are rural, so it can be assumed that most of the 

territory of BiH is rural. The provision of accommodation services in rural 

households falls into the group of "resorts and similar facilities for short 

vacations" which participate with 1.6% in the total overnight stays of tourists in 

BiH (Agency for Statistics, 2021). An entity-level analysis for Republika Srpska 

shows that the share of rural accommodation in total private accommodation is 

10% and rose from 12 bed units in 2011 to 490 bed units in 2020 (Agencies for 

intermediary, information and financial affairs, 2020). Tourism is one of the three 

major sectors in rural areas in EU, together with agriculture and forestry. 

According to Eurogites, the offer within rural tourism in Europe is about 500,000 

units, 5-6.5 million beds, of which 20% are units categorized as agritourism 

(Eurogites, 2016). Although the number of accommodation capacities in the 

countryside is constantly increasing, it is still not at a satisfactory level. The 

reason for that is the low level of awareness of the local population about the 

place and role of tourism in sustainable development, the lack of tradition, the 

rather low level of infrastructure and superstructure, the modest tourist product 

and poor marketing (Ministry of trade and tourism). 

The municipality of Prnjavor is located in the northwestern part of Bosnia 

and Herzegovina, the entity of Republika Srpska, in the part that gravitates 

towards Banja Luka. Administratively, the territory of the Municipality covers an 

area of about 630 km2 or 63,000 ha. The city area of Prnjavor covers an area of 

about 5.5 km². The censuses conducted so far have recorded that a multinational 

population (19 nations and nationalities) lived on the territory of the 

Municipality, and still lives today. Due to all the above, the name "Little Europe" 

can be rightly said and accepted for the area of the municipality of Prnjavor 

(Mandić, 2019). In the last twenty years, there have been significant changes 

related to the population of the municipality of Prnjavor, as shown by the 

preliminary results of the 2013 census, according to which a total of 38,399 

people were registered in 12,220 households. Available information indicates that 

the largest number of inhabitants in the municipality live in rural settlements, but 

recently there has been a noticeable trend of demographic depopulation, 

especially settlements further away from the municipal center. Of the total area 

on which the municipality of Prnjavor is spread, agricultural land covers about 

68.7%. According to the degree of importance for the development of the local 

economy, agricultural activity is dominant source of income. 

The municipality has favorable natural conditions for the development of 

agricultural production, mainly livestock and farming, which are precisely the 

most developed branches of agriculture in the municipality of Prnjavor. 

It is estimated that close to 30,000 people live in the rural part of the 

municipality. According to the Farm Register data, over 1,700 agricultural farms 

are registered in the municipality. 

The municipality of Prnjavor has the potential to engage in agritourism. 

This hypothesis was confirmed through the mapping of natural and cultural 
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attractions in the municipality of Prnjavor, as well as through the evaluations of 

the survey results.  

All surveyed groups, ie agricultural holdings, associations/societies and the 

Department for Local and Economic Development and Social Activities 

evaluated the supply factors (natural and social attractions, traffic connections, 

supply in rural tourism, tourist mediation and support in the municipality). The 

highest score of 4.7, is recored for the landscape and the connection of the 

municipality with the highways, while the lowest score of 1.8 is given to the 

existence of a tourist organization and association. 

Table 1. shows the average ratings of natural attractions in the 

municipality of Prnjavor and the average deviation of all individual ratings. The 

highest average grade is given to the landscape (4.7), and the lowest grade (2.7) 

to the development of organic agriculture. The average grade for all natural 

atractors is 3.7. This corresponds with another research supported by SWG for 

the regiona of South East Europe, where the average assessment of natural 

attractors is 3.5, with small variations around this value among the 

countries/territories. (SWG, 2020). As the most valuable natural attractions, most 

respondents stated the following: Banja Kulaši, Ljubić Mountain, Lake Drenova 

and Stud farm Vučijak.  

 

Table 1. Assessment of natural attractions in the municipality 

Natural attractions (mean value of rated 

elements of natural attraction) 
Average grade Standard deviation 

climate 4,1 0,80 

hydrographic elements (rivers, lakes) 3,9 0,77 

landscape 4,7 0,63 

flora and fauna 4,3 0,67 

natural rarities 2,8 1,34 

developed agriculture 3,9 0,99 

developed ecological (organic) agriculture 2,7 1,05 

 

Table 2. shows the average ratings of social attractions in the municipality 

of Prnjavor, as well as the average deviation of all individual ratings. The best 

rated, with an average score of 4.2, is "Expressed hospitality and positive 

attitudes of the local population towards tourists", while "the rural lifestyle" is 

rated with an average score of 3.3. The average numerical evaluation of cultural 

attractors in SWG study is 3.7 wich is exact the same as in the case of Prnjavor 

municipality (SWG, 2020). Respondents listed the following as the most valuable 

social attractions: Log cabin church, Stuplje Monastery and Festival of National 

Minorities. 

The traffic connection with the municipality and within the municipality 

was rated with high scores. Road infrastructure in rural areas has the lowest 

average score of 3.5, which is actually one of the problems in rural areas. The 

connection of the municipality with highways was rated the best, with an average 
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grade of 4.7. The average grade is 4.1 and it is above average evaluated for South 

East Europe countries where only 2.4 grade is evaluated (SWG, 2020). 

 

Table 2. Assessment of social attractions in the municipality 

Social attractions (mean value of rated 

 elements of social attractiveness) 
Average grade Stanadard deviation 

rural heritage (traditional architecture, history, 

castles, churches, villages) 
3,7 0,89 

rural way of life (local events, gastronomy, 

agritourism, traditional music) 
3,3 1,07 

pronounced hospitality and positive attitudes of 

the local population towards tourists 
4,2 0,84 

existence of conditions for recreation, leisure 

and sightseeing 
3,6 1,08 

According to research results the current offer in rural tourism is law, 

with “the existence of accommodation facilities in rural areas” rated the lowest, 

only 2.3 points. Also, offer of catering services, offer of rural products and 

activities in rural areas was rated very low. On the other side safety and free 

movement of tourist is appreciated as very good. The average grade assessed is 

3.1 wich is lower in comperisson with SWG studies, where these man-made 

attraction have been rated with 3.5 (SWG, 2020).   

 

Table 3. Assessment of traffic connection of the Prnjavor Municipality 

Traffic connection with the municipality and 

within the municipality (average value of the 

assessed elements of natural attractiveness) 

Average grade Standard deviation 

road infrastructure in rural areas 3,5 0,98 

connection of the municipality with highways 4,7 0,57 

close to the airport 4 1,08 

proximity to major regional centers 4,2 0,68 

 

Together with law offer, also tourist mediation and support was rated quite 

law. Such low grades were caused by the non-existence of a tourist organization 

in the municipality, as well as poor information of the population about the very 

concept of rural tourism, as well as the state of tourism in the municipality. The 

average grade of these factors is only 2.05 and it is again lower in comperisson 

with SWG study where services in general have gained 2.4 in total numerical 

evaluation (SWG, 2020). 
According to Demirović and Radosavac (2018) rural tourism sector in 

Bosnia and Herzegovina has an abundance of natural resources and special 

attractions. However, ancillary services and facilities are very limited and this 

may affect the reduction of attractiveness, and the possibilities for the sector to 

highlight its potential.  



Agritourism as an opportunity for rural development of Prnjavor municipality  

 
253 

Table 4. Offer in rural tourism in the municipality 

Offer in rural tourism (average value of rated 

elements of natural attraction) 
Average grade Standard deviation 

existence of accommodation capacities in a rural 

area (on farms, motels, hotels, boarding houses, 

camps ..) 

2,3 1,24 

existence of catering facilities in the rural area 

(restaurants) 
2,9 1,29 

offer of rural products (agricultural products, 

handicrafts, etc.) 
3,4 1,19 

offer of activities in rural areas (agricultural 

activities on the farm, horseback riding, cycling, 

fishing, hiking, water sports) 

2,8 

 
1,16 

price level of products and services 2,8 1,37 

the possibility of free and safe movement of 

tourists 
4,5 0,74 

 
Table 5. Tourist mediation and support in the municipality 

Tourist mediation and support (mean value of 

assessed elements of natural attraction) 
Average grade Standard deviation 

the existence of travel agencies 2,5 1,49 

the existence of tourist organizations 1,8 1,54 

the existence of tourist associations and unions 1,8 1,16 

existence of marketing and promotional activities 

related to rural and agritourism 
2 1,26 

existence of strategies and plans for rural and 

agritourism development 
2 1,21 

existence of financial and professional support for 

the development of rural or agritourism 
2,2 1,35 

 

Gilbert (1992) remarks with respect to rural tourism, also stress the 

problem of law standard on supply side: The existing supply is sometimes lacking 

in basic amenities and a minimum level of comfort. Other research also point out 

that an assessment of the development of rural tourism during the nineties betrays 

a virtually complete lack of planning in both private and public action (Nacher, 

1997) which implies the level of tourism development in Prnjavor municipality 

comparable with the situation existing in western European countries in the 90-

ies. Analysts of the problem, therefore, appear to agree that this form of tourism 

needs to evolve, to be seen as a business and to be managed as such (Garcia and 

Grande, 2005). The same author considers it as essential that any action should be 

undertaken by private initiative, and based on market principles. According to 

Bojnec (Bojnec, 2010) the supply of rural- and farm-based tourism in most of the 

countries of Central and Eastern Europe is determined by demand-side factors, 

but also by entrepreneurial spirits in rural areas, farm diversification and even 

farm specialization into farm or agro tourism due to new marketing opportunities, 

farm-employment, income and similar reasons. 
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Demand factors in the municipality of Prnjavor 
Average ratings of demand factors in the municipality of Prnjavor are 

shown in Table 6. The highest score of 3.9 was given to the increase in the level 

of education, and the lowest 2.8 to the increase of free time followed by the 

increase of disposable income. 

 

Table 6. Assessment of demand factors in the municipality of Prnjavor 

Demand factors in the municipality of Prnjavor Average grade Standard deviation 

The need for a better environment 3,7 0,69 

The need for authenticity 3,4 0,91 

Increasing the level of education 3,9 0,87 

Increasing interest in heritage 3,5 1,17 

Increase in free time followed by increasing 

disposable income 
2,8 1,50 

Raising awareness of the importance of health 3,6 1,08 

Better equipment for outdoor activities 2,9 1,37 

Growing interest in traditional and special food types 3,7 0,83 

Growing interest in environmental issues 3,4 0,97 

Peace and tranquility as a motive for tourist demand 3,6 1,08 

Age as a motive for demand (active aging) 3,4 0,81 

The need for "real" travel (in which interaction with 

the local population takes place) 
3,1 1,51 

The rise of individualism (avoiding mass in favor of 

alternative tourism) 
3 1,32 

 

Agritourism or farm holidays are increasingly in demand in Europe and 

result in being a successful example of sustainable tourism that has gained 

importance over the years (Streifeneder and Dax, 2020). Based on literature 

review of Pesonen et all (2011) show that rural tourists have several similarities: 

they are most often motivated by opportunities to learn and explore nature or 

different cultures, participate in outdoor activities, search for peace and solitude. 

They may expect family togetherness, peace and quiet, friendly reception, change 

from routine and good food. Beautiful landscapes, opportunities for outdoor 

activity and hassle-free environments tend to attract rural tourists. But also 

differences can be found especially in relation to expectations towards farming 

activities, heritage or other destination attributes. 

Table 7 shows the benefits of rural tourism rated by the respondents with 

average scores of 3.6 to 4.1. The benefits of rural tourism are numerous, and the 

respondents' assessments depend primarily on how familiar they are with the 

concept of rural tourism and their attitudes related to rural tourism. 

The research of Popović and Lazarević (2021), Nagaraju and 

Chandrashekara (2014), Irshad (2010) but also Sharpley (2000) confirm that rural 

tourism is making a valuable contribution to rural economies. Its contribution can 

be expressed not only in financial terms, but also in terms of jobs, contributions 
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towards funding conservation, encouragement to the adoption of new working 

practices, and the injection of a new vitality into sometimes weakened economies. 

 

Table 7. Estimates of the benefits of rural tourism 

Benefits of rural tourism Average grade Standard deviation 

To keep existing and create new jobs 3,8 1,09 

To acquire additional sources of income through 

the sale of products (food, wood, etc.) 
4,0 0,94 

Opportunities for young people 3,7 1,17 

Acquisition of new skills and knowledge 3,8 1,01 

The sense of pride of the rural community is being 

revitalized 
3,9 1,08 

Preservation of rural culture and heritage 4,1 0,95 

Sales of arts and crafts are increasing 3,6 1,14 

Preservation of the natural environment 3,8 1,10 

Improving life and work (asphalting of rural roads, 

etc.) 
4,1 0,98 

Preservation or restoration of the historical 

environment 
3,6 1,31 

 

In the area of the municipality of Prnjavor, there is a possibility of 

connecting agritourism with agriculture. This hypothesis was confirmed on the 

basis of the conducted questionnaire, i.e. the attitudes of the respondents, 97% of 

which believe that in the municipality of Pranjvor it is possible to connect 

agriculture and agritourism. Farm holders who are interested in agritourism are 

motivated in most cases by better sales of agricultural products and love for the 

countryside and agriculture, which they want to share with guests. 

 

 
Graph 1.Motives for agritourism as business activity 

 

Although farmers believe that it is possible to connect these two 

activities, more than half of the respondents are not interested in starting 
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agritourism. The reason for that is ignorance and uninformedness, but also the 

fear of failure.  

Yes
38%

No
62%

Yes No

 
Graph 2. The interest of farm holders in agritourism 

 

Agricultural farms in the municipality are mostly adequately equipped 

with infrastructure, the hosts are natives of the village, have a well-developed and 

diverse agricultural production, many farms are inhabited by young and educated 

people, these are some of the prerequisites for starting and developing 

agritourism and rural tourism. 

Actors in the field of rural tourism in the municipality of Prnjavor are 

aware of the advantages and limitations for the development of rural tourism. 

This hypothesis was rejected based on research results. The awareness of the 

population about rural tourism and the opportunities it provides is not at an 

enviable level. Only 10% of respondents are familiar with the legislation related 

to rural tourism. The majority of respondents, 77% of them, have never 

participated in lectures/trainings on rural tourism. Respondents who participated 

had different opinions, more than half of them were not satisfied with the number 

of lectures and the information provided. When it comes to support for the 

development of rural tourism by the competent institutions, 43% of respondents 

stated that support exists and 57% that it does not exist. Respondents who stated 

that there is support said they were generally dissatisfied, believing that the 

competent institutions should be more supportive of the development of rural 

tourism. 

Many respondents believe that the municipality of Pranjvor has nothing 

to offer to tourists, which means that they are not aware of the value of the 

potential that Prnjavor has. Although they stated that they are familiar with the 

concepts of agritourism and rural tourism, most respondents are not interested in 

engaging in this activity.  
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Graph 3. Barriers to engaging in rural tourism 

 

That the awareness of rural tourism is not sufficiently developed is also 

shown by the fact that in the area of the municipality of Pranjvor, one rural farm 

is engaged in rural tourism. This farm is engaged in tourism and agriculture. They 

have the most guests in the summer and they are mostly children, i.e. excursion 

and school groups. The service provided by this farm is a picnic area, and as an 

additional activity on the farm they provide observation of production of crops 

and livestock breeding.  

Other research also identify similar barriers to participate in tourism as 

limited knowledge about tourism, lack of capital, lack of information about 

tourism development, limited incentives or support from the government for 

tourism development (Velnisa et all, 2014, Saufi et all 2014, Tosun, 2000). 

According to Cigale and others, lack of experiences, knowledge, and skills 

negatively affect ability of farmers to adapt their offer to the demands of tourism 

market in Slovenia (Cigale et all, 2013).  

The municipality itself, i.e. the local government, does not support rural 

tourism, which greatly influences this result of the research and the thinking of 

the population. The lack of a tourist organization in the municipality has a great 

impact on the level of tourism development, and thus on the attitudes and 

information of the local population about tourism. According to the European 

Commission reports, lessons learned in the period of 2007-2013 in regard to 

support for rural tourism record unevenly applied strategic approach(as), which 

are sometimes even missing (EC, 2013). According to this report national 

authorities opting for global approaches instead of specific local targeting. It is 

also noticed the tendency for rural tourism to be identified only with tourism 

accommodation, which affects policy orientation and narrows the investment 
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options. Sanchez argues as urgent to incorporate participatory methodological 

tools designed for the rural sector in the elaboration of diagnoses for the 

formulation of productive projects that, through links between agriculture and 

tourism, strengthen countryside and thereby improve the quality of life of the 

rural family (Jarquin Sánchez et al.2017). 

  

CONCLUSIONS 

In the area of the municipality of Prnjavor, the most important natural 

resources are agricultural land and forest wealth, which represents a significant 

potential for the development of rural tourism. The problem is the migration of 

the rural-urban population and the age structure of the population in rural areas. 

The majority of the population are middle-aged and elderly, after which the farms 

remain deserted, the young population mainly moves closer to the city or to the 

job market. 

One of the solutions to these problems can be rural tourism, or agritourism. 

Rural tourism would revitalize rural areas through the employment of the local 

population, and thus the retention of the younger population in rural areas. Rural 

tourism has economic and social significance, and in addition promotes 

environmental protection, as well as the preservation of traditions and culture 

characteristic of a particular rural area. 

By starting rural tourism, i.e. agritourism, agricultural producers would 

market their products more effectively and by merging farms, the offer of 

agricultural products would be more diverse, which would further affect the 

development of agriculture and agritourism. 

As mentioned earlier, the municipality of Prnjavor does not have a Tourist 

Organization, and the Department of Local and Economic Development and 

Social Activities has taken over these tasks, which is actually the biggest 

shortcoming when it comes to the development of any type of tourism. Through 

marketing activities, the tourist organization would promote the tourist potentials 

of the municipality of Prnjavor and in that way encourage the local population to 

engage in some kind of tourism. Certain lectures and trainings for the local 

population on rural tourism and agritourism would be of great importance, the 

population would be acquainted with the opportunities offered by this activity, 

but also with the potentials that Prnjavor has and thus would influence the 

awareness of the population on tourism potentials. 

Rural tourism provides rural communities with the opportunity to promote 

and protect the environment, i.e. natural and cultural heritage. The development 

of rural tourism has a minimal impact on the environment and local culture, and 

at the same time provides an opportunity for the development of a particular area, 

an opportunity for additional income, new investments and the like. 

The problem is in the underdeveloped awareness of the population about 

rural, i.e. agritourism and the opportunities it provides. By joint efforts of the 

competent institutions and the population, having in mind the potentials that the 

municipality of Prnjavor has, rural tourism could become one of the important 
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activities in the municipality, which provides new jobs and additional income, 

thus affecting the development of villages and the local community.  
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SUMMARY  
Piriformospora indica and Azospirillum spp. due to great ability to 

effectively improve plant growth and stress tolerance, have been considered 
significantly in recent decades. The present study was conducted as factorial 
based on a randomized complete block with three replications in the research 
field of Plant Production Engineering and Genetics, Faculty of Agriculture, 
Maragheh University. The experimental treatments included three levels of stress 
(full irrigation, irrigation at 70% of field capacity, and irrigation at 50% of field 
capacity), endophytic fungus Piriformospora indica (non-use and use) and 
bacterium Azospirillum (non-use and use). The results of the present study 
showed that the interaction between drought stress and using fungi and bacteria 
had a significant effect at the probability level of 1% on leaf area, chlorophyll a, 
the activity of glutathione reductase, ascorbate peroxidase, and catalase; and the 
content of malondialdehyde, hydrogen peroxide, superoxide dismutase, Fe-SOD 
isozymes, Mn-SOD, and proline at the probability level of 5% on Cu/Zn-SOD 
isozyme. The simple effects of the studied treatments were also significant on the 
parameters of chlorophyll b and carotenoids at the statistical level of 1%. The 
highest content of superoxide dismutase, Cu/Zn-SOD, Fe-SOD, Mn-SOD 
isozymes, ascorbate peroxidase, catalase peroxidase and glutathione reductase 
was obtained from inoculation with bacteria and fungi in irrigation treatment at 
50% of field capacity resulting in a reduction by 47.01 and 33.93% in the content 
of hydrogen peroxide and malondialdehyde in irrigation treatment at 50% of field 
capacity and the combined use of fungi and bacteria compared to the non-use of 
fungi and bacteria in the same treatment. So, it can be concluded that the 
combined use of Piriformospora indica and Azospirillum spp. under conditions of 
severe drought stress can play an important role in modulating Barley growth. 

Keywords: Ascorbate peroxidase, catalase, hydrogen peroxide, lipid 
peroxidation, yield 

                                                 
1
Behrad Fathalipour Bonab, Amin Ahadnezhad Roveshti, Amin Abbasi, (corresponding author: 

a.abbasi25@yahoo.com); Department of Plant Production and Genetic, Faculty of Agriculture, 

University of Maraghe, Maragheh, IRAN  

Notes: The authors declare that they have no conflicts of interest. Authorship Form signed online. 

Recieved:09/08/2021                                                                                   Accepted:25/02/2022 



Fathalipour et al. 

 
262 

INTRODUCTION 

Barley (Hordeum vulgare L.) is one of the main sources of animal 

nutrition. The plant is the fourth largest crop in the world after wheat, rice and 

maize (Biel and Jacyno, 2013). According to the World Food Organization 

(FAO), in 2019 the global cultivation area of Barley is 47 million hectares and the 

global mean production of this plant is 31,000 kg per hectare. 

For the importance of water, it should be mentioned that out of 70% of the 

water that covers the surface of the earth, only 2.5% is sweet and can be involved 

in meeting the needs of plants and organisms (Gleick and Palaniappan, 2010). 

Drought stress is one of the most important environmental stresses that affects 

more than 45% of agricultural lands, about 38% of the world's population (Ashraf 

and Foolad, 2007). By 2030, nearly 2.8 billion people in 48 countries will face 

drought stress, according to the Food and Agriculture Organization of the United 

Nations (Fao, 2009). During drought stress, plants show different physiological 

and biochemical changes, the most important of which is the reduction in the 

production of pure photoassimilates due to the closure of the stomata (Ashraf and 

haris, 2004). Under such conditions, the reduction in carbon dioxide gas 

stabilization causes a severe reduction in the photosynthetic electron transfer 

chain, electron leakage to the oxygen molecule and the formation of reactive 

oxygen species (Anjum et al., 2003). Different types of reactive oxygen species 

include superoxide radical (O2˙ˉ), hydroxyl radical (OH˙), hydroperoxyl radical 

(HO2˙), hydrogen peroxide (H2O2), radical alcohol (RO˙), radicalproxy (ROO˙), 

single oxygen (1O2) and carbonyl excited (RO*) (Dismukes et al., 2001; 

Karuppanapandian et al., 2006a, 2006 b, 2006 c, 2008, 2011; Karuppan- apandian 

and Manoharan, 2008; Vellosillo et al., 2010). Under drought stress, increasing 

the production of reactive oxygen species causes oxidative degradation of lipids 

(Suzuki and Mittler, 2006), proteins (Waszczak et al., 2018) and nucleic acids 

(Karuppanapandian et al., 2011), which with the continuation of stress leads to 

planned death in the cell (PCD, Vranova et al., 2002; Manoharan et al., 2005; 

Karuppanapandian et al., 2011). The mechanisms for coping with drought stress 

in plants include a combination of stress prevention, tolerance, recovery and 

avoidance strategies (Malinowski and Belesky, 2000).  

However, in crops, the main role is played by reducing the destructive 

effects of drought stress due to the presence of antioxidants and antioxidant 

enzymes (Cossania et al., 2012). Enzymes are essentially catalysts for 

physiological reactions in plants and are the most sensitive agents of 

physiological changes in plants under environmental stress (Foyer and Shigeoka, 

2011). The antioxidant system formed in higher plants against these threats 

consists of several special enzymes, including glutathione peroxidase, catalase, 

superoxide dismutase, and ascorbate peroxidase (Lisar et al., 2012). This defense 

system is able to collect reactive oxygen radicals and minimize their adverse 

effects (Tan et al., 2006) that finally leads to plant tolerance to environmental 

stresses, including drought stress (Sharma et al., 2012). 
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Using biological methods based on potential of beneficial soil 

microorganisms for establishing symbiosis relationships with plants has been 

mentioned as an effective solution to increase the tolerance of crops to 

environmental stresses (Bacilio et al., 2004). Endomycorrhizal fungus 

Piriformospora indica belongs to the group of mycorrhizal fungi, the order 

Sebacinales, Hymenomycetes and the division basidiomycota (Kumar et al., 

2011). Many researchers have reported a correlation between P. indica and the 

roots of different plant species and confirmed their positive effect on the yield of 

these plants (Dolatabadi   et al., 2011; Oelmuller et al., 2009; Varma et al., 2012). 

Hosseini et al., (2017) reported that drought stress affected fresh weight of roots 

and stems, root volume, leaf area, relative water content, leaf water potential, and 

chlorophyll content severely. The presence of endophytic fungi can reduce the 

adverse effects of environmental stresses. In this regard, Yaghoubian et al., 

(2014) showed that drought stress caused increasing hydrogen peroxide content 

and lipid peroxidation in wheat, but inoculation of these plants with G. mosseae 

and P. indica increased the activity of antioxidant enzymes catalase, ascorbate 

peroxidase and peroxidase and finally reduced reactive oxygen species and plant 

growth. 

Plant growth-promoting bacteria are beneficial bacteria that promote the 

rooting of crops and increase their growth and yield. One of the most important 

bacteria is Azospirillum spp., which in addition to stabilizing atmospheric 

nitrogen (Döbereiner and Day, 1976), also can mineralize nutrients from the soil 

(Bashan et al. 2004; Fibach-Paldi et al., 2012). In addition, several researchers 

report that Azospirillum spp.can play a positive role in reducing the negative 

impacts of abiotic stresses (Casanovas et al., 2003; Creus et al., 2004; Barassi et 

al., 2006; Pereyra et al., 2006; Creus et al., 2010). The most important effects of 

Azospirillum spp. under drought stress can be altered levels of some plant 

hormones such as abscisic acid, indoleacetic acid (Dobbelaere  et al., 2003; 

Spaepen et al., 2007), direct absorption of water by hyphae and transfer to the 

host, increased leaf gas exchange, increased activity of antioxidant enzymes, 

assimilation of nitrate and phosphorus, increased hydraulic conductivity of leaf 

water, osmotic regulation and increased flexibility of cell membranes (Bashan 

and de-Bashan, 2010). 

Drought stress in fields of Barley affects the quantitative and qualitative 

yield of this crop. It is obvious that reducing the effects of drought stress can play 

an effective role in improving the current situation. In the present study, it was 

attempted to investigate the effect of using the endophytic fungus Piriformospora 

indica and the bacterium Azospirillum spp. in order to increase the moderation of 

Barley and changes in the defense systems of this plant under different moisture 

conditions. 
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MATERIAL AND METHODS 
The present study was conducted in the research field of the Faculty of 

Agriculture of Maragheh University with geographical coordiantes of latitude 

37.37 ´ N, longitude 46/27 ´E and altitude 1552 m above sea level. The climate of 

Maragheh is temperate, cold and relatively humid. Also, the annual rainfall in this 

city is about 330 mm and its icy days are about 114 days per year. The present 

study was conducted as factorial based on a randomized complete block design 

with three replications. The studied factors are three levels of stress (complete 

irrigation, irrigation at 70% of field capacity, and irrigation at 50% of field 

capacity), endophytic fungus Piriformospora indica (non-use and use) and 

Azospirillum bacteria (non-use and use). Before performing the test, a sample of 

field soil was prepared from a depth of 0 to 30 cm and after mixing, a composite 

soil sample was transferred to the laboratory to determine some physical and 

chemical properties, the results of which are shown in the Table 1. 

 

Table 1. Results of physical and chemical decomposition of soil used before 

planting 
Properties measured in the tested soil Amounts Properties measured in the tested soil Amounts 

Soil texture 
Lumi -
Sandy 

Total nitrogen (percentage) 0.06 

The acidity of saturated mud 7.51 
Absorbable phosphorus (mg / kg - 

Olson method) 
3.81 

Electrical conductivity (dS / m) 0.46 
Absorbable potassium (mg / kg - 

ammonium acetate) 
346 

Equivalent calcium carbonate 
(percentage) 

9.61 Absorbable zinc (mg / kg-DTPA) 0.38 

Organic carbon (percentage) 0.32 
Absorbable manganese (mg / kg-

DTPA) 
1.56 

Saturation humidity (percentage) 46 Absorbable iron (mg / kg-DTPA) 3.26 

 

In order to apply drought stress, all the treated treatments up to 4-6 leaf 

stage were fully irrigated. Then, irrigation times of the field were determined by 

measuring the soil moisture by weight method through soil sampling in the 

middle of each day from the depth of root development in different treatments 

and reaching the desired moisture (Martin et al., 1990). In order to apply drought 

stress, the amount of irrigation water for each plot was calculated taking into 

account the depth of root development (50 cm), plot area and soil moisture 

capacity in cubic meters and added to each plot in a certain amount (Rostamza et 

al., 2011). 

𝐼𝑛 =
�𝐹𝑐𝑖 − 𝜃𝑖 × 𝐷 × 𝐴

100
 

In: Volume of water use, Fci: Soil moisture at field capacity, Ɵi: Soil moisture 

content during sampling, D: Appropriate depth of root penetration, A: Plot area 

used. 

In order to extract superoxide dismutase (SOD), catalase (CAT) and 

guaiacol peroxidase (GPX), 0.5 g of each leaf sample was weighed with a 000 

scale and homogenized using cold porcelain mortar and liquid nitrogen. The 
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prepared homogenate was centrifuged at 15000 rpm at 4 °C for 15 min after 

transfer to the microtube (Sairam et al., 1998). 

Sairam et al., (2002) method was used to measure the activity of 

superoxide dismutase and its isozymes. According to this method, the reaction 

complex consisted of sodium carbonate, potassium phosphate buffer, distilled 

water, EDTA, methionine and extractive enzyme. By adding riboflavin, the 

reaction started and after stopping the reaction, the absorbance of the samples was 

read at the wavelength of 560 nm using a spectrophotometer (Sairam et al., 

1998). 

Catalase activity was measured according to Aebi (1984) method. The 

reaction complex consists of potassium phosphate buffer, hydrogen peroxide, 

double distilled water and enzymatic solution. The adsorption of the reaction 

complex was read at the wavelength of 290 nm and the enzyme activity was 

calculated using extinction coefficient of 36.16 mmol
-1

 cm
-1

. In order to measure 

the activity of ascorbate peroxidase, a reaction complex including phosphate 

buffer, double distilled water, hydrogen peroxide, EDTA, ascorbate and 

enzymatic solution extracted. The adsorption of the reaction complex was read at 

the wavelength of 290 nm using a spectrophotometer and the enzyme activity was 

calculated using extinction coefficient of 2.8 mmol⁻ ¹ cm⁻ ¹ (Sairam et al., 1998). 

In order to measure the activity of guaiacol peroxidase, the reaction 

complex consists of phosphate buffer, guaiacol, hydrogen peroxide, EDTA and 

the extracted enzyme solution. The increase in absorption was recorded using a 

spectrophotometer for 60 seconds at a wavelength of 470 nm and obtained using 

extinction coefficient of 26.6 mmol
-1

 cm
-1

 (Yoshimura et al., 2000). 

Malondialdehyde was measured by Stewart and Bewley (1980) method. 

Homogenized leaf samples were centrifuged at 15000 × g for 10 min. The 

resulting solution was mixed with trichloroacetic acid and thiobarbituric acid and 

the resulting complex was centrifuged again at 10000 × g for 10 min after transfer 

to a cold-water bath. The absorbance of the samples was recorded at wavelengths 

of 532 and 600 nm using a spectrophotometer. The content of malondialdehyde 

was obtained from the difference between the absorption waves and extinction 

coefficient 155 mmol⁻ ¹ cm⁻ ¹. 

In order to estimate the content of hydrogen peroxide, the digested samples 

were centrifuged with trichloroacetic acid at 12000 × g for 15 min. The reaction 

complex containing supernatant, phosphate and potassium iodide was prepared 

and their adsorption was read at the wavelength of 390 nm using a 

spectrophotometer (Chen et al., 2000). 

Before statistical analysis of data and analysis of variance, normal data 

distribution test and errors were performed. The mean comparison was performed 

by Duncan's multiple range at a probability level of 1%. GenStat 12, Excel and 

SPSS17 software were used for data analysis and diagram drawing. 
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RESULTS AND DISCUSSION  

According to the analysis of variance, the interaction between drought 

stress and the use of fungi and bacteria had a significant effect on the probability 

level of 1% on leaf area, chlorophyll a, the activity of glutathione reductase, 

ascorbate peroxidase, and catalase, and the content of malondialdehyde, hydrogen 

peroxide, superoxide dismutase, Fe-SOD isozymes, Mn-SOD, and proline at the 

statistical level of 5% on Cu/Zn-SOD isozyme (Table 2). The simple effects of 

each treatment were significant on chlorophyll b and carotenoids at the 

probability level of 1% (Table 2). 

 

Table 2. Analysis of variance of parameters measured using the endophyte fungus 

Piriformospora indica and Azospirillum spp. in different humidity conditions 
  

Sources of 

changes 

Degrees of 

freedom 

 average of squares 

Lef area 
Chlorophyl

l a 

Chlorophyl

l b 
Cartonoid 

Superoxide 

dismutase 

Cu/Zn-

SOD 

Mn- 

SOD 

Repetition 2 2.389 2.389 98.53 15.5 3.3190 0.07381 0.3701 

Drought 
stress 

2 824.541** 824.541** 7591.69** 15792.1** 329.1600** 7.95363** 11.7005** 

inoculated 3 137.116** 137.116** 5171.70** 18954.5** 53.1575** 1.06360** 2.6460** 

Drought 

stress * 

Inoculation 

6 34.768** 34.768** 60.06ns 288.4ns 12.1503** 20.237* 1.2533** 

Error 22 1.633 1.633 29.07 201.1 0.4257 0.07446 0.1547 

Coefficient of variation 3 3 5.9 8.3 5.7 18.3 12.3 

Sources of 
changes 

Degrees of 
freedom 

 average of squares 

Fe-SOD Catalase 
Ascorbate 

Peroxidase 

glutathione 

peroxidase 

hydrogen 

peroxide 

Malondiald

ehyde 
Proline 

Repetition 2 2.7191 0.12564 0.00259 0.03301 0.25617 25.514 7.926 

Drought 
stress 

2 2.45184** 2.58139** 2.45184** 8.90215** 11.90521** 802.273** 235.648** 

inoculated 3 22.4641** 0.46357** 2.30755** 1.82285** 3.60833** 168.101** 110.025** 

Drought 

stress * 
Inoculation 

6 5.1014** 0.15018** 0.62351** 0.50145** 0.69514** 35.404** 31.494** 

Error 22 0.2010 0.01460 0.03444 0.03181 0.05752 2.689 2.919 

Coefficient of variation 6.6 20.5 14.3 9.9 9.8 5.2 5.7 

ns, * and ** are non-significant, significant at the 5% and 1% probability levels, respectively. 

 

The results of analysis of variance of the present study showed that the 

endophytic fungus Piriformospora indica and the bacterium Azospirillum spp. 

under drought stress had a significant effect on Hordeum vulgare L. leaf area 

(Table 2). According to the mean comparison (Table 3), the highest and lowest 

leaf area were obtained from irrigation treatment at 90% of field capacity and 

combined use of fungi and bacteria and irrigation treatment at 50% of field 

capacity and no inoculation, respectively. Using fungi and bacteria at 50, 75 and 

90% of field capacity showed 12.72, 14.49, 40.75% increase compared to non-

use of fungi and bacteria, respectively (Figure 1). Kim et al., (2017) also reported 

that leaf area index is the most morphologically sensitive trait to drought stress 
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that has a high correlation with biological and economic yield. Drought stress has 

the greatest effect on the optical part of photosynthesis. Liu and Stützel (2004) 

found that drought stress significantly reduced dry weight and leaf area in four 

genotypes of Amaranthus spp. In contrast, the colonization of maize roots by P. 

indica under drought stress increased maize leaf area (Xu et al., 2017).  

 

Table 3. Mean comparisons of traits of antioxidant enzymes and malondialdehyde 

under the influence of endophytic fungus Piriformospora indica and Azospirillum 

spp. under drought stress conditions 

 

According to the results of the present study, drought stress caused a 

reduction in leaf area and the combined use of fungi and bacteria improved the 

leaf area compared to the non-use of fungi and bacteria under stress and even 

desired moisture conditions. According to the analysis of variance, using fungi 

and bacteria under different moisture conditions had a significant effect at the 

probability level of 1% on the content of chlorophyll a (Table 2). As shown in 

Figure 2, the highest content of chlorophyll a was recorded in irrigation treatment 

at 90% of field capacity and combined use of fungi and bacteria, respectively. 

Inoculation with fungi and bacteria at 50, 75 and 90% of field capacity showed an 

 

Drought 

stress 

Treatment Superoxide 

dismutase 

Cu/Zn-

SOD 

Mn-

SOD 

Fe-SOD Glutathione 

peroxidase 

Proline 

 
 

 

Irrigation 
at 90% 

of field 

capacity 

Lack of 
insemination 

5.74h 0.623f 2.170c 2.943e 0.937g 24.94d 

Inoculation 

with bacteria 
5.78h 0.623f 2.233c 2.927e 0.847g 24.69d 

Inoculation 
with 

mushrooms 

6.00h 0.700ef 2.337c 2.960e 0.850g 25.86d 

Inoculation 

with fungi 
and bacteria 

6.39h 0.723ef 2.473c 3.193e 0.883g 24.47d 

 

 
 

Irrigation 

at 75% 
of field 

capacity 

Lack of 

insemination 
9.80g 1.113def 2.767bc 5.897d 1.123fg 36.33ab 

Inoculation 
with bacteria 

9.91fg 1.230cdef 2.987bc 5.690d 1.687ef 31.88bc 

Inoculation 

with 
mushrooms 

12.33de 1.500bcde 3.047bc 7.873c 2.103de 29.88cd 

Inoculation 

with fungi 

and bacteria 

15.99bc 2.223ab 3.333bc 10.433b 2.787bc 25.19d 

 

 

 
Irrigation 

at 50% 

of field 
capacity 

Lack of 

insemination 
11.97ef 1.860bcd 2.678bc 7.420c 1.853de 40.93a 

Inoculation 

with bacteria 
14.29cd 2.077bc 3.757b 8.457c 2.260cd 36.20ab 

Inoculation 

with 

mushrooms 

17.93b 2.247ab 5.103a 10.583b 2.857ab 29.68cd 

Inoculation 

with fungi 

and bacteria 

21.45a 2.997a 5.483a 12.967a 3.380a 27.94cd 
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increase in chlorophyll a of Hordeum vulgare L. by 12.72, 14.49 and 40.75%, 

respectively, compared to the control. In this regard, Ommen et al., (1999) in 

spring wheat, Manivannan et al., (2007) in sunflower, and li et al., (2006) in 

barley reported a reduction in chlorophyll a content due to drought stress. 

Yaghoubian et al., (2014) showed that inoculation with G. mosseae and P. indica 

increased chlorophyll a content of wheat under drought stress. Zarea et al., (2012) 

also reported that using Piriformospora indica and Azospirillum increased 

chlorophyll a content in wheat under salinity stress. The reason for this in 

subsequent reports was the positive relationship between phosphorus 

concentration and chlorophyll content in plants. On the one hand, the reason for 

the reduction in chlorophyll content under drought stress can be the degradation 

of chloroplast thylakoid membranes and chlorophyll optical oxidation due to 

increased activity of reactive oxygen species and high chlorophylase activity 

(Ashraf, 2009). Drought and salinity stresses increase the concentration of growth 

regulators such as abscisic acid and ethylene, which stimulate chlorophylase and 

cause the decomposition of chlorophyll (Orabi et al., 2010). The combined use of 

fungi and bacteria in Hordeum vulgare L. under drought stress improved water 

uptake of the plant compared to the non-use of fungi and bacteria under moisture 

stress, which in turn reduced the activity of reactive oxygen species and 

chlorophylase and prevent degradation of chloroplast thylakoid membranes and 

chlorophyll optical oxidation, which can also result in improved plant growth. 

According to the analysis of variance, the simple effects of using fungi and 

bacteria and application of drought stress were significant at the statistical level 

of 1% on the content of chlorophyll b (Table 2). According to the mean 

comparison, the highest value of this parameter was recorded in irrigation 

treatment at 90% of field capacity (113.42 mmol / g fresh weight) and combined 

use of fungi and bacteria (122.11 mmol / g fresh weight) (Table 4). Many 

researchers have reported an increase in chlorophyll b content using fungi and 

bacteria in various plants (Yaghoubian et al., 2014; Hoseini et al., 2017). several 

researchers have reported a reduction in chlorophyll b content under drought 

stress in different plants (Ommen et al., 1999; Manivannan et al., 2007; 

Gregersen and holm, 2007; li et al., 2006). Drought stress causes oxidative stress, 

which in turn causes the production of active oxygen in chloroplasts, which are 

very harmful radicals and have adverse effects on the photosystem (Cruz de 

Carvalho, 2008). And by increasing amount and time the degradation process of 

chlorophyll pigments increases. Chlorophyll content in crops is one of the 

important factors in maintaining photosynthetic capacity. Agami et al., (2017) 

reported that chlorophyll content in wheat inoculated with Azospirillum spp. 

increased under stress. Barassi et al., (2000) reported that Azospirillum spp. is a 

growth-promoting bacterium under drought and salinity stress. Many reports have 

proven the ability of this bacterium to resolve drought stress (Casanovas et al., 

2003). Symbiosis with mycorrhizal fungi can increase the biosynthesis of 

chlorophyll in crops by improving the absorption of magnesium and phosphorus 

(kadian et al., 2013). In this regard, researchers have found an increase in 
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chlorophyll a and b in plants inoculated with P. indica due to improved plant 

water status and absorption of minerals such as magnesium (Giri and Mukerji, 

2004). Harman et al., (2021) stated that endophytic fungus P. indica played an 

effective role in maintaining and stabilizing photosynthesis by having a positive 

effect on proteins involved in the process of photosynthesis and Calvin cycle and 

increasing their expression. The degradation of and reduction in chlorophyll 

under drought stress can be compatible because by reducing chlorophyll, the 

electron excited during photosynthesis reduces and consequently the damage 

caused by the formation of oxygen free radicals is reduced (Kranner et al., 2002). 

Limited CO2 stabilization due to stress leads to a reduction in carbon by Calvin 

cycle and NADP⁺  oxide as electron acceptor in photosynthesis. By reducing 

Ferredoxin (Fd) during electron transfer, the electron maybe transferred from PSI 

to O2 to form O2˙ˉ by a process called the Mahler reaction. The environmental 

stress disturbs the balance between light absorption and energy use and increases 

reactive oxygen. 

Table 4. Comparison of the mean simple effects of drought stress and lack of 

inoculation and inoculation with fungi and bacteria on chlorophyll b and 

carotenoids 
 

Treatment Chlorophyll b carotenoid 

Lack of insemination 65.67d 123.00d 

Inoculation with bacteria 
81.00c 149.60c 

Inoculation with mushrooms 
94.78b 182.80b 

Inoculation with fungi and 
bacteria 

122.11a 229.40a 

 

 

 

According to the analysis of variance, the simple effects of using fungi and 

bacteria and application of drought stress were significant at the statistical level 

of 1% on the content of carotenoids (Table 2). According to the mean 

comparison, the highest value of this parameter was recorded in irrigation 

treatment at 90% of field capacity (208.2 mmol / g fresh weight) and the 

treatment of the combined use of fungi and bacteria (229.4 mmol / g fresh 

weight) (Table 4). As a non-enzymatic antioxidant, carotenoids stop the oxidation 

process through neutralizing free radicals and reduce the effects of stress. They 

are part of tetraterpene compounds and are considered as protectors for 

chlorophylls by converting single oxygen to ternary oxygen and reducing the 

damage caused by the presence of reactive oxygen species (Zur et al., 2000). 

Carotenoids protect the plant against oxidative stress by removing all types of 

Drought stress Chlorophyll b carotenoid 

Irrigation at 90% of field 

capacity 
113.42a 208.20a 

Irrigation at 75% of field 

capacity 
95.50b 169.60b 

Irrigation at 50% of field 
capacity 

63.75c 135.80c 



Fathalipour et al. 

 
270 

active oxygen (Mahajan and Tuteja, 2005). Carotenoids accumulate harmful 

oxygen species and protect chlorophyll through interfering with the xanthophyll 

cycle. In this regard, Abid et al., (2018) stated that drought stress caused a 

reduction in carotenoid concentration in wheat. On the one hand, inoculation with 

P. indica and Azospirillium in several reports reduced the effects of drought stress 

and moderated carotenoid levels (Basak et al., 2011).  

According to the analysis of variance, using fungi and bacteria under 

different moisture conditions had a significant effect on the activity of superoxide 

dismutase at the probability level of 1% (Table 2). As shown in Table 3, the 

highest superoxide dismutase activity was recorded in irrigation treatment at 90% 

of field capacity and the combined use of fungi and bacteria. Inoculation with 

fungi and bacteria in irrigation treatments at 50 and 75% of field capacity showed 

an increase by 79.19 and 63.19%, respectively, compared to the control (Table 3). 

Superoxide dismutase combines two superoxide radical molecules with hydrogen 

and finally produces two molecules of water and oxygen, hence, reducing the 

adverse effects of superoxide radicals on plant cells (Wang et al., 2018). In a 

study by Chakraborty et al., (2013) a rapid reduction in the activity of superoxide 

dismutase was recorded after 3 days of applying drought stress, while using 

bacteria, the activity of this enzyme reduced much less rapidly. The activity of 

superoxide dismutase increased in plants inoculated with different fungi under 

various environmental stresses including drought, salinity and heavy metals 

(Gururani et al., 2013). According to analysis of variance, using the endophytic 

fungus Piriformospora indica and the bacterium Azospirillum spp. under different 

moisture conditions had a significant effect on the activity of Fe-SOD and Mn-

SOD isozymes at the probability level of 1% and Cu/Zn-SOD isozyme at the 

statistical level of 5% (Table 2). The highest and lowest Fe-SOD isozyme activity 

was obtained from irrigation treatment at 50% of field capacity and the combined 

use of fungi and bacteria (12.967 enzymatic units per mg of protein) and 

irrigation treatment at 90% of field capacity and using fungi, respectively (2.927 

enzyme units per mg of protein) (Table 3). The highest and lowest Cu/Zn-SOD 

isozyme activity was obtained from irrigation treatment at 50% of field capacity 

and the combined use of fungi and bacteria (2.997 enzyme units per mg of 

protein) and irrigation treatment at 90% of field capacity and using fungi (0.623 

enzyme units per mg of protein), respectively (Table 3). The highest and lowest 

Mn-SOD isozyme activity was obtained from irrigation treatment at 50% of field 

capacity and the combined use of fungi and bacteria (5.483 enzymatic units per 

mg of protein) and irrigation treatment at 90% of field capacity and non-use of 

fungi and bacteria (2.170 enzyme units per mg of protein), respectively (Table 3). 

Simultaneously with the expression of Cu/Zn-SOD and ascorbate peroxidase 

genes in chloroplasts of transgenic plants, tolerance to abiotic stresses was 

observed (Lee et al., 2007). Superoxide dismutase is one of the key enzymes in 

the immune system of plant cells, which plays an important role in the oxidation 

of cellular biological matter, which converts superoxide radical into hydrogen 

peroxide (Alscher et al., 2002). Reducing superoxide dismutase leads to 
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superoxide radical increase, which in turn causes damage to plant cells, followed 

by metabolic disorders and finally programmed cell death (Breusegem et al., 

2001). According to some reports, the activity of superoxide dismutase increases 

at the beginning of drought stress (Baisak et al., 1994), but by increasing drought 

stress, the activity of this enzyme also reduces. The combined use of fungi and 

bacteria, in other words, in addition to increasing the activity, increases the period 

of activity of this enzyme under stress. In the present study, it was found that the 

combined use of fungi and bacteria simultaneously by increasing levels of 

drought stress increases the activity of this enzyme to respond to the occurrence 

of stress. However, a reduction in the activity of superoxide dismutase under 

stress has also been recorded by Yong et al., (2006). 

According to the analysis of variance, using fungi and bacteria under 

drought stress had a significant effect on the activity of ascorbate peroxidase at 

the probability level of 1% (Table 2). According to the mean comparison, 

inoculation with fungi and bacteria at 50 and 75% of field capacity showed an 

increase by 219.73 and 76.92%, respectively, compared to non-inoculation in the 

activity of this enzyme (Figure 3). The highest and lowest activity of ascorbate 

peroxidase was obtained from irrigation treatment at 50% of field capacity and 

the combined use of fungi and bacteria (2.900 enzyme units per mg of protein) 

and irrigation treatment at 90% of field capacity and no inoculation (0.787 

enzyme unit per mg of protein), respectively (Figure 3). Ascorbate peroxidase, by 

combining hydrogen peroxide and ascorbic acid and producing water and 

dihydroascorbate in chloroplasts and cytosols of crops, causes the accumulation 

of hydrogen peroxide, especially under environmental stress (Asada, 2000). 

Reduced ascorbate peroxidase activity in wheat was reported by Sofo et al., 

(2015) The researchers stated that reducing this enzyme increased hydrogen 

peroxide. When the amount of hydrogen peroxide increases, the activity of some 

enzymes stops in Calvin cycle, such as ribulose-5-phosphate kinase and 

bisphosphatases and isozymes of superoxide dismutase. Heidari et al., (2009) 

reported an increase in ascorbate peroxidase activity in sorghum under moderate 

stress, which was introduced as the main factor of plant tolerance to stress and 

reduction in its adverse effects. Further studies have shown that plant type and 

level of stress have a significant effect on the process of enzyme changes. Xu et 

al., (2018) stated that P. indica can increase the synthesis of auxin by coexisting 

with plant roots. Sarker et al., (2018) stated that wheat inoculated with this 

fungus modulated the enzymatic activity of ascorbate peroxidase due to increased 

water absorption and reduced effects of drought stress. Caverzan et al., (2012) 

showed that the presence of this fungus increased the expression of ascorbate 

peroxidase gene under salinity and drought stress. Vurukonda et al., (2016) 

reported that growth-promoting bacteria (PGPR) accumulated hydrogen peroxide 

and increased plant tolerance through increasing mRNA expression of ascorbate 

peroxidase, superoxide dismutase and catalase in potato. 

According to analysis of variance, the interaction between the endophytic 

fungus Piriformospora indica and the bacterium Azospirillum spp. under different 
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moisture conditions had a significant effect on the level of catalase activity at the 

probability level of 1% (Table 2). According to the mean comparison, the highest 

and lowest activity of this enzyme was obtained from irrigation treatments at 50% 

of field capacity and the combined use of fungi and bacteria (1.4080 enzyme 

units per mg of protein) and irrigation treatment at 90% of field capacity, and 

using fungi (0.0520 units of enzyme per mg of protein), respectively (Figure 4). 

The combined use of fungi and bacteria at 50 and 75% of field capacity compared 

to non-inoculation treatment caused an increase by 219.73 and 197.15% in this 

enzyme, respectively (Figure 4). Catalase reduces the effects of oxidative stress 

on crops by removing hydrogen peroxide produced in peroxisome by oxidases 

involved in β fatty acid oxidation, cell respiration, purine catabolism (Mittler, 

2002; Vellosillo et al., 2010). With the activity of this enzyme, hydrogen 

peroxide is converted into water and oxygen and the adverse effect of this 

harmful matter is reduced. Yamazaki et al., (2003) considered the high level of 

hydrogen peroxide as a direct factor in preventing carbon dioxide stabilization 

because some of the enzymes of Calvin cycle are highly sensitive to hydrogen 

peroxide. Shao et al., (2005) Heidari et al., (2009) and Srivall et al., (2004) 

considered the increase in catalase activity as effective on stress tolerance. 

Yaghoubian et al., (2014) found that using G. mosseae and P. indica increased 

the activity of wheat catalase and ascorbate peroxidase under drought stress. In 

general, bacterial residues depend on their contribution to reducing abiotic stress 

and plant growth (Dimkpa et al., 2009). 

According to the analysis of variance, the interaction between fungi and 

bacteria and drought stress had a significant effect on the activity of glutathione 

Peroxidase at the probability level of 1% (Table 2). According to the mean 

comparison, the highest and lowest activity of this enzyme was obtained from 

irrigation treatment at 50% of field capacity and the combined use of fungi and 

bacteria (3.380 enzyme units per mg of protein) and irrigation treatment at 90% 

of field capacity and using fungi (0.847 enzyme units per mg of protein), 

respectively (Table 3). The combined use of fungi and bacteria at 50 and 75% of 

field capacity showed an increase by 82.40, 148.17% compared to non-use of 

fungi and bacteria, respectively, and irrigation treatment at 90% of field capacity 

with the combined use of fungi and bacteria reduced glutathione Peroxidase 

activity by 5.76% (Table 3). Gupta et al., (2021) showed that the activity of 

glutathione Peroxidase in roots and stems of rice inoculated with P. indica 

increased under salinity stress. Glutathione Peroxidase catalyzes the combination 

of oxidized glutathione with adenine nicotine dinucleotide phosphate, leading to 

the formation of glutathione. Glutathione is involved in the regeneration of 

ascorbate from dehydroascorbate by dehydroascorbate reductase. Therefore, it 

can be concluded that inoculation with fungi and bacteria through increasing the 

activity of glutathione reductase under drought stress causes glutathione 

accumulation and reduction in ascorbic acid in ascorbic acid-glutathione cycle, 

and adverse effects of superoxide radical, hydroxyl radical and hydrogen 

peroxide on plant cells. 
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The results of analysis of variance of the present study showed that using 

the endophytic fungus Piriformospora indica and the bacterium Azospirillum spp. 

under drought stress had a significant effect on the amount of hydrogen peroxide 

of Barley at the probability level of 1% (Table 2). According to the mean 

comparison, the highest and lowest accumulations of hydrogen peroxide (4.56 

and 1.09 mmol / g, respectively) was obtained from irrigation treatment at 50% of 

field capacity and no inoculation of fungi and bacteria and irrigation treatment at 

90% of field capacity and the combined use of fungi and bacteria, respectively 

(Figure 5). The amount of this matter in the treatment of the combined use of 

fungi and bacteria in irrigation treatment at 50% of field capacity was recorded 

about 2.42 mmol / g fresh weight (Figure 5). In other words, only with the 

combined use of fungi and bacteria in irrigation treatment at 50% of field 

capacity, the amount of hydrogen peroxide accumulation reduced by 46.92% 

(Figure 5). Hydrogen peroxide (H2O2) is one of the most toxic forms of depleted 

oxygen reduction, which has detrimental effects on plant cell metabolism, 

including the oxidation of thiol groups. Also, the activity of some Calvin cycle 

enzymes such as ribulose 5-phosphate kinase and bisphosphatases is reduced or 

stopped with high amount of hydrogen peroxide. As a result, due to the reduction 

in NADP⁺ / NADPH, H⁺ ratio, the production of reactive oxygen species also 

increases. In addition, Mn-SOD and Cu/Zn-SOD isozymes are sensitive to high 

amount of this matter and lose their activity. Costa et al., (2005) stated that 

accumulation of hydrogen peroxide in addition to damaging membranes causes 

damage to macromolecules such as DNA and proteins. According to reports by 

Sairam et al., (2002) drought and salinity stress cause a significant increase in the 

amount of hydrogen peroxide inside the cell. Sairam et al., (2002) stated that the 

accumulation of hydrogen peroxide increased the lipid peroxidation and reduced 

the membrane stability index in wheat leaf cells. Under normal conditions, plant 

cells continuously produce some hydrogen peroxide, which is decomposed by 

enzymatic antioxidants such as catalase and ascorbate peroxidase. Under drought 

stress, the production of hydrogen peroxide increases, plant cells are synthesized 

and activity of these enzymes increases to some extent to minimize the negative 

impacts of the production of this matter. In the present study, the activity of two 

enzymes ascorbate peroxidase and catalase under drought stress was higher than 

the control. Different species and strains of Azospirillium bacteria directly affect 

the activity of these enzymes by modulating the intensity of stress. These bacteria 

inhibit the production of ethylene by producing aminocyclopropane and 

carboxylic acid deaminase, and finally reduce the level of antioxidant enzymes. 

Reduced hydrogen peroxide accumulation, growth modulation of different plants 

and the activity of catalase and ascorbate peroxidase have also been reported by 

Sofa et al., 2015 Studies by Baltruschat et al., (2008) showed that P. indica 

stimulates the accumulation of ascorbate in the root cells of host plants. Ascobic 

acid acts as a raw material in glutathione ascorbate cycle to detoxify hydrogen 

peroxide and regulate the production of other types of reactive oxygen species.  
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Figure 1. Changes in leaf area with 

inoculation of barley under drought stress 

Figure 2. Changes in chlorophyll a by 

inoculation of barley under drought stress 

  
Figure 3.  Changes in ascorbate peroxidase 

activity with barley inoculation under 

drought stress 

Figure 4. Changes in catalase activity with 

inoculation of barley under drought stress 

  
Figure 5. Changes in the amount of 

hydrogen peroxide with inoculation of 

barley under drought stress 

Figure 6. Changes in malondialdehyde 

content with barley inoculation under 

drought stress 
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The study results of the activity of superoxide dismutase, catalase and 

ascorbate can confirm this result. 
The results of analysis of variance of the present study showed that the 

interaction between the endophytic fungus Piriformospora indica and the 
bacterium Azospirillum spp. under drought stress was significant on 
malondialdehyde accumulation at the probability level of 1% (Table 2). By 
increasing water shortage, the accumulation of malondialdehyde inside plant cells 
increased, so that the highest amount of this matter was observed in irrigation 
treatment at 50% of field capacity and no use of fungi and bacteria (45.98 nmol / 
mg fresh weight) (Figure 6). On the one hand, using fungi and bacteria in 
irrigation treatment at 50% of field capacity, the amount of malondialdehyde 
accumulation was significantly reduced. The amount of this matter in the 
combined use of fungi and bacteria in irrigation treatment at 50% of field 
capacity was recorded at about 30.35 nmol / g fresh weight. In other words, only 
with the simultaneous use of fungi and bacteria in irrigation conditions in 50% of 
field capacity, the amount of malondialdehyde accumulation reduced by 33.9% 
(Figure 6). It should be noted that the lowest accumulation of malondialdehyde 
was recorded in irrigation treatment at 90% of field capacity using bacteria (21.01 
nmol/mg fresh weight) (Figure 6). Malondialdehyde is a biomarker used to study 
the effects of environmental stresses on lipid peroxidation and membrane damage 
(Gawel et al., 2004). Damage to membranes is one of the destructive effects of 
reactive oxygen species. It should be noted that the endophytic fungus 
Piriformospora indica and the bacterium Azospirillum spp. in various ways can 
increase the tolerance of plants to drought stress (Amina and Hanan, 2011) and 
by preventing oxidative stress and reducing the damage caused by free radicals, 
increase the tolerance of plants to drought stress. For non-use of fungi and 
bacteria, one of the reactions that accelerates with the production of reactive 
oxygen species is the peroxidation of membrane lipids, which produces aldehydes 
such as malondialdehyde and products such as ethylene (Srivall and Khanna, 
2004). The reduction in this compound is due to the activity of antioxidant 
enzymes. By increasing the activity of these enzymes, the amount of active 
oxygen produced under drought stress is controlled and the severity of damage to 
vital biomolecules and metabolic disorders is reduced. According to the results of 
the present study on the accumulation of hydrogen peroxide, it was found that the 
highest accumulation of this matter as one of the types of active oxygen was 
obtained from irrigation treatment at 50% of field capacity and no inoculation of 
fungi and bacteria that can confirm high amount of malondialdehyde 
accumulation in this treatment. 

The results of analysis of variance of the present study showed that using 

endophytic fungus Piriformospora indica and the bacterium Azospirillum spp. 

under drought stress had a significant effect on plant proline content (Table 2).  

We obtained the highest and lowest proline content (40.92 and 24.47 mg / 

g fresh weight, respectively) from the treatment of irrigation at 90% of field 

capacity and non-inoculation of fungi and bacteria and treatment of irrigation at 

50% of field capacity and the combined use of bacteria and fungi (Table 3). The 

accumulation of proline is directly related to plant drought tolerance. In this 
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regard, there are reports that proline modifies the negative impact of moisture 

stress on carbon stabilization and can moderate the reduction in rubisco activity 

under such conditions (Fendina et al., 1993). One of the evaluation indicators of 

plants under water shortage stress is the accumulation of proline in various plant 

organs (Zengin, 2006). The osmotic regulatory effects of proline on water balance 

and drought stress tolerance have been reported in various studies 

(Mohammadkhani and Heidary, 2008). Xu et al., 2017 found that colonization of 

roots with P. indica under drought stress increased maize leaf proline content. 

Camaille et al., 2021 showed that using bacteria, the content of proline in wheat 

increased significantly. It has also been reported that inoculation with Bacillus 

species increased proline content under drought stress in maize seedlings. This 

may be due to the high regulation of proline biosynthesis. Because proline helps 

maintain cellular water status and protect membranes and proteins from 

degradation. Ansary et al., (2012) also reported that drought stress increased leaf 

proline in maize, which is also found in plants inoculated with P. fluorescens. 

Although accumulation of proline during a short period after the end of stress 

helps the plant to regain its growth and therefore will have a positive effect on 

yield, but in various studies conducted under long-term drought stress, its effects 

on physiological and morphological properties were not significant and its 

accumulation will even have a negative impact on yield because it diverts plant 

photosynthetic resources to processes other than seed filling. 

 

CONCLUSIONS 

Today, using endophytic fungi has improved physiological and biochemical 

properties of various plants under drought stress. According to the results of the 

present study, inoculation with bacteria and fungi under drought stress improves 

leaf area, chlorophyll a, superoxide dismutase, Cu/Zn-SOD, Fe-SOD, Mn-SOD, 

ascorbate peroxidase isozymes, catalase peroxidase and glutathione reductase to 

the non-use of fungi and bacteria. So that we obtained the highest superoxide 

dismutase, Cu/Zn-SOD, Fe-SOD, Mn-SOD, ascorbate peroxidase, catalase, 

peroxidase and glutathione reductase isozymes from inoculation with bacteria and 

fungi with irrigation at 50% of the field capacity. Finally, it can be acknowledged 

that using fungi and bacteria through increasing the activity of the antioxidant 

system reduces the harmful effects of reactive oxygen species in Barley 

especially under stress. The result of these changes was a reduction in the content 

of hydrogen peroxide, malondialdehyde and proline compared to the treatment of 

non-use of fungi and bacteria. It should also be noted that inoculation with 

bacteria and fungi increased leaf area, chlorophyll b and carotenoids, the result of 

which can certainly be seen in modulating the growth of plants under stress and 

maintaining acceptable yield in these plants. 
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EFFECTS OF DIFFERENT Pb AND Cd CONCENTRATIONS ON 

BIOAVAILABILITY IN SOME PLANT SPECIES 

SUMMARY 

Our research aims to evaluate the effect of bunch load variation per unit 

area on The aim of this study was to examine the effect of different 

concentrations of heavy metals Pb and Cd on bioavailability in five plant species: 

nettle (Urtica dioica L.), spelt/dinkel wheat (Triticum spelta L.), spinach 

(Spinacea oleracea L.), phacelia (Phacelia tanacetifolia Benth.) and buckwheat 

(Fagopyrum esculentum Moench). These plant species were sown in containers 

with substrates contaminated with three different concentrations of Pb and Cd. 

After removal of the crop,the concentration of these metals was examined in the 

roots and aboveground organs of the plants. The results showed that with 

increasing concentration of Pb and Cd in the substrate, their concentration in 

plants increases, except in spelt where the highest concentration of Pb was 

recorded in the root of spelt grown on the substrate with the lowest concentration 

of Pb. The results of phytotranslocation potential showed that buckwheat is a 

suitable plant species for phytoextraction of both Pb and Cd with all three 

substrate variants, that is at all tested concentrations of both heavy metals. 

Keywords: heavy metals, lead, cadmium, substrate, phytoextraction 

 

INTRODUCTION 

Heavy metals are among the most widespread pollutants in soil, water, and 

the environment. By polluting vast areas around the world, heavy metals are 

highly reactive and toxic, posing serious risks to human health and ecosystems 

(Raskin and Ensley, 2000; Wuana and Okieimen, 2011). Heavy metals cannot be 

degraded and can survive in the environment even after the removal of pollution 

sources (Babin-Fenske and Anand, 2010). The problem of accumulation of heavy 

metals in the soil has so far been solved by expensive, abrasive, chemical, and 
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physical methods, which due to the lack of universal chemicals that would be 

used for all metals were not efficient, easily applied, and cost-effective (Radočaj 

et al., 2020). 

In recent years, more and more attention is paid to the application of 

biological, less obstructive technologies in the domain of the new scientific 

discipline, the so-called phytoremediation. Numerous studies show that certain 

plant species have a huge genetic potential that enables efficient accumulation 

and removal of toxic heavy metals from the soil so that they can play an 

important role in the phytoremediation process (Jakovljević et al., 2016). To date, 

about 450 hyper accumulating types of heavy metals from 45 families have been 

identified (Verbruggen et al., 2009). 

Regarding the frequent floods in BiH and the danger of soil contamination 

with heavy metals after the water withdrawal, attempts are being made to find an 

environmentally friendly method to clean the land (Ahmetović et al., 2020). 

In this paper, the possibility of using plant species was investigated: nettle 

(Urtica dioica L.), spelta (Triticum spelta L.), spinach (Spinacea oleracea L.), 

phacelia (Phacelia tanacetifolia Benth.) and buckwheat (Fagopyrum esculentum 

Moench.) for remediation of contaminated soil with heavy metals: lead- Pb, 

cadmium - Cd. The selection of these plants for the experiment was made 

according to its adaptation to local climatic conditions, large production of green 

mass, depth to which the root penetrates, growth rate, ease of cultivation, ability 

to absorb large amounts of water and contaminants (heavy metals) and ability to 

remove toxins from the soil. The aim of this study was to define an effective and 

non-destructive method for the selection of native researched plant species and 

which plant organs show the largest phytoremediation potential based on their 

spontaneous recovery capacities. Phytoremediation using native species may be 

effective and efficient than its non-native counterparts, and it is ecologically 

safer, cheaper, aesthetically pleasing, socially acceptable and easier to cultivate 

(Heckenroth et al., 2016; Futughe et al., 2020). 

Nettle (Urtica dioica) belongs to the hyperaccumulating type of heavy 

metals (Hartley, 2004) but its wider phytoremediation potential is neglected. 

Nettle, after four months of cultivation in soil contaminated with heavy metals, 

shows a phytoremediation capacity of 8% for Zn, Cd, and Pb (Viktorova et al., 

2016). 

Spelt (Triticum spelta) is a crop that better absorbs nutrients from the soil 

compared to common wheat. In the study of the impact of contaminated Cd soil 

on edible parts of the spelt/ dinkel wheat, a high translocation of Cd from the soil 

to the edible part of the plant was observed, although the concentration of Cd in 

the soil was below the threshold for agricultural land. (Radovanović et al., 2017). 

Studies on the phytoremediation potential of spinach (Spinacea oleracea) 

show the accumulation of large amounts of heavy metals in tissues, but without 

visible signs of toxicity. Since the content of Cd and Pb in the edible part of the 

plant was above the safe limits, the research indicates environmental dangers that 
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may arise when growing spinach for agricultural purposes in contaminated soil 

(Chatuverdi et al., 2019). 

Studies of phytoremediation properties of buckwheat (Fagopyrum 

esculentum) on different types of soil contaminated with Cd or Pb show that 

plants growing in organic acidic soil show the highest sensitivity to Cd toxicity. 

Based on the translocation factor, we can conclude that buckwheat has a high 

phytostabilization potential with Pb, while for Cd it is low. This plant can be 

considered a candidate for phytostabilization in soils contaminated with Pb 

(Domaska et al., 2021). 

This study investigated the possibilities and abilities of accumulation, 

conversion of heavy metals into insoluble forms and their removal from the soil 

by the five investigated plant species, and determining whether the concentration 

and availability of pollutants in soil decreased in an environmentally friendly 

way, thus creating opportunities for usage listed plants for remediation of 

contaminated lands. 

 

MATERIAL AND METHODS 
The experiment was set up in the greenhouse of the Agro-Mediterranean 

Faculty at the "Džemal Bijedić" University in Mostar in controlled conditions. 

The bioavailability of heavy metals Cd and Pb was tested on 5 plant cultures: 

1.nettle (Urtica dioica L.) 

2.spelt/ Dinkel wheat (Triticum spelta L.) 

3.spinach (Spinacea oleracea L.) 

4.phacelia (Phacelia tanacetifolia Benth.) 

5.buckwheat (Fagopyrum esculentum Moench.). 

The plants were sown in plastic containers measuring 10 x 10 cm, which 

were filled with the substrate Terra brill - soil for flowers, which is suitable for 

selected plant species. Each plant was sown separately in special containers with 

three different concentrations of Pb and containers with three different 

concentrations of Cd, three times, which is a total of 90 containers in the 

experiment (Figure 1). 

 

 
Fig. 1. Growing plants on a substrate contaminated with heavy metals 

 

The minimum concentration added to the substrate in 15 containers (3 

containers for each plant) is the maximum allowed amount of Pb and Cd 
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determined by the Law on Agricultural Land ('Official Gazette of F BiH' No. 

52/09) and the Rulebook on determining permitted quantities of harmful and 

dangerous substances in the soil and methods of their testing ('Official Gazette of 

the F BiH' No. 72/09). In the next 15 containers, Pb was added in concentrations 

that were 50% higher than the maximum allowed, and in 15 other containers, Cd 

was added in concentrations that were 50% higher than the maximum allowed. In 

the remaining 15 containers, Pb was added in 100% higher concentrations than 

the maximum allowed and Cd in 100% higher concentrations than the maximum 

allowed. After removal of the crop, sampling of plant material was performed by 

manually separating the root from the stem of each plant culture. A total of 180 

plant samples were obtained (30 samples from each variant). Analyses for Pb and 

Cd content of all 180 samples was performed by the method of Atomic 

Absorption Spectrophotometers. The analyzes were performed in the reference 

laboratory of the Federal Institute of Agriculture in Sarajevo. The obtained 

analyses results were statistically processed using the statistical program SPSS 

22. The influence of plant species and concentration of heavy metals Pb and Cd 

in the substrate was determined by a two-factor analysis of variance, and the 

differences between plants and the substrate concentration (p <0.05). Based on 

the obtained analysis results, phytoremediation and phytoaccumulation potential 

were calculated for each observed plant and each concentration of Pb and Cd. 

Physico-chemical characteristics of the substrates used are shown in Table 

1. (taken from declaration). 

 

Table 1. Physio-chemical characteristics of the used substrates  

White 

peat 
Black peat 

NPK-

fertilizer 

g/m³ 

Trace 

elements 

Salts 

mg/dm3 

N  

mg/dm3 

 

P2O5 

mg/dm3 

K2O 

mg/dm3 

25% 75% 1500 

100 g/m³ +  

Wetting 

agent 

1,2– 1,7 130– 290 

 

140– 340 

 

170– 390 

 

 Heavy metals Pb and Cd in different concentrations were added to the 

containers with the substrate. Experiment variants with concentrations of added 

Pb and Cd are shown in Table 2. 

 

Table 2. Concentrations of metals in soil substrate in containers 
Pb concentrations Cd concentrations 

 80 mg/kg - Variant 1  1 mg/kg - Variant 1 

120 mg/kg - Variant 2 1,5 mg/kg - Variant 2 

160 mg/kg – Variant 3  2 mg/kg - Variant 3 

 

 

RESULTS AND DISCUSSION 

The results of research of Pb and Cd contents accumulated in the tested 

plant cultures, and depending on their concentration in the substrate during 

cultivation under controlled conditions, are presented in tabular form through 
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average values of heavy metal content and through statistical elements of all 

tested variants.  

The lead content in the roots of the tested plants is shown in Graph 1. 

NEETLE SPINACH
BUCKWEA

TH
PHACELIA SPELT

Variant 1 1,6 2,48 0,74 1,44 3,31

Variant 2 1,75 2,62 0,95 1,66 2,72

Variant 3 1,81 2,87 0,97 1,8 2,77

0
0,5

1
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2
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3
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Graph 1. Pb content (mg/kg) in the root of plants depending on the concentration 

in the substrate 
 

The Pb content in the root of all observed plant species increased with 

increasing Pb concentration in the substrate. The exception to this is the spelled 

root whose root has the highest Pb concentration on the substrate with the lowest 

Pb concentration, which is also the highest Pb content in the root in Variant 1. In 

Variant 2 the highest content was recorded in the spelt compared to all other 

observed plants, while in Variant 3 the highest Pb content was recorded in 

spinach roots. The Pb content in the aboveground parts of the tested plants is 

shown in Graph 2. 

NEETLE SPINACH
BUCKWE

ATH
PHACELIA SPELT

Variant 1 1,18 1,11 0,87 2,35 1,47

Variant 2 1,24 2,32 1,01 2,42 1,52

Variant 3 1,33 2,65 1,11 2,55 1,65

0
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1
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Graph 2. Pb content (mg/kg) in the aboveground part depending on the 

concentration in the substrate 

 

The Pb content in the aboveground parts of the observed plants increased 

with increasing concentration in the substrate. In Variant 1 and Variant 2 it was 

the highest in phacelia plant, while in Variant 3 it was the highest in spinach. 
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Average total Pb content depending on the concentration in the substrate is shown 

in Graph 3. 

 
Graph 3. Average total Pb content (mg/kg) depending on the concentration in the 

substrate 

 

The total Pb content in all plants increased with increasing Pb 

concentration in the substrate except for spelt, where the total highest Pb content 

was recorded at the lowest Pb concentration in the substrate. For Pb, the normal 

concentration in plants is from 0.5 to 10 mg/kg of plant mass, and phytotoxic 

from 30 to 300 mg/kg (Baker and Brooks 1989), which means that in all tested 

plants the concentration of Pb was within normal limits. The threshold for Pb 

batteries was 100 mg/kg and for hyperaccumulators 1000 mg/kg (Boyd R.S. 

2011), which means that, according to the obtained results, none of the tested 

plant species can be considered as either accumulator or a Pb hyperaccumulator. 

The results of the analysis of variance showed that the plant species, and 

different substrate concentrations, and their interaction had a statistically 

significant effect on the total Pb content. The LSD test showed that spinach had a 

statistically significantly higher value compared to the other observed plant 

species, and that buckwheat had a statistically significantly lower total Pb 

content. Spelt had a higher value of total lead intake Pb compared to phacelia and 

nettle. Phacelia had a significantly higher total Pb content compared to nettle. All 

differences in the total Pb content in plants between substrates are significant. 

Significantly the highest Pb content in the aboveground parts of plants was 

measured on the substrate of Variant 3, and significantly the lowest value was 

registered on the substrate from Variant 1. The only deviation was registered in 

spelt with statistically higher total Pb content in the plant.  

 In all observed plant species, the Cd content in the root increased in 

parallel with the increase in the Cd concentration in the substrate. In Variant 1 

and Variant 3, it was the highest in spinach, and in Variant 2 in phacelia. The 

content of Cd in the root of the examined plant species depending on its 

concentration in the substrate is shown in Graph 4.  
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Graph 4. Cd content (mg/kg) in plant roots depending on the concentration in the 

substrate 

 

The Cd content in the aboveground parts of the plant from variously 

contaminated substrates is shown in Graph 5 . 

 
Graph 5. Cd content (mg/kg) in the aboveground parts depending on the 

concentration in the substrate 

 

The Cd content in the aboveground parts of all plants increased with 

increasing Cd concentration in the substrate. The highest in Variant 1 and Variant 

2 was recorded in buckwheat, and in Variant 3 in spinach.  

 In all observed plant species, the total Cd content increased with 

increasing Cd concentration in the substrates. The highest total Cd content in all 

three substrate variants was recorded in spinach. The lowest was recorded in 

variant 1 in buckwheat, variant 2, and variant 3 in nettle. The normal amount of 

Cd in plants is 0.005 to 2 mg/kg, while phytotoxic ranges from 5 to 700 mg/kg 

(Baker, A. J. M., Brooks, R . R., 1989), so according to the results of this study, 

no plant is phytotoxic. The threshold for accumulators in Cd is 20, and for 

hyperaccumulators, it is 100 mg/kg (Boyd 2011), which means that, according to 

the obtained results, none of the tested plant species can be considered as an 

accumulator or hyperaccumulator of Cd. The results of the analysis of variance 

showed that the plant species, different concentrations of Cd in the substrate and 

their interaction had a statistically significant effect on the total Cd content. The 
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LSD test showed that spinach had a statistically significantly higher total Cd 

content compared to the other observed plant species and that nettle and 

buckwheat had a statistically significantly lower total Cd content. Phacelia had a 

significantly higher value compared to spelt. All differences in total Cd content 

among differently contaminated substrates are significant. Significantly the 

highest total Cd content was measured on the Variant 3 substrate, that is with the 

highest Cd concentration, and significantly the lowest value was registered on the 

Variant substrate, with the lowest Cd concentration. Average total Cd content in 

plants depending on the concentration in the substrate is shown in Graph 6. 

 

 
Graph 6. Average total Cd content (mg/kg) in plants depending on the 

concentration in the substrate 

 

Based on the value of phyto - accumulation potential, the ability of the 

plant to accumulate metals from the soil can be determined, and based on the 

value of the translocation potential, the ability of the plant to translocate the 

adopted metals from the roots to aboveground organs can be determined. Plants 

with this index equal to or greater than one are considered suitable for phyto-

extraction of heavy metals from the soil. The values of phyto-translocation and 

phyto-accumulation potential are shown in Tables 3 and 4. 

Based on the obtained results, it can be concluded that nettle is suitable 

for phyto-extraction of Pb if its concentration is 160 mg/kg. Buckwheat is 

suitable for phyto-extraction of both Pb and Cd at all concentrations. Phacelia is 

suitable for phyto-extraction at all Pb concentrations.  

Research on the possibility of using native plants in the process of 

phytoremediation is often conducted due to the possibility of simpler and 

environmentally friendly ways of cleaning the soil from heavy metals. 

In the study conducted in Western Serbia (Dimitrijević et al., 2016) of 

bioaccumulation of heavy metals using nettle the results of investigation have 

shown that nettle has a tendency to accumulate Pb which may be used in 

phytoremediation of polluted soil which is in line with our research. 
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Table 3. Phyto-translocation potential values 

PLANT SPECIES 
Lead - Pb Cadmium – Cd 

conc. mg/kg conc. mg/kg 
 Plant part 80 120 160 1 1,5 2 

N
ee

tl
e 

Root 1,60 1,75 1,81 0,31 0,44 0,52 

Aboveground 

part 
1,18 1,24 2,55 0,28 0,31 0,32 

TF index 0,74 0,71 1,41 0,90 0,70 0,62 

S
p

in
ac

h
 Root 2,48 2,62 2,87 0,65 0,85 1,10 

Aboveground 

part 
1,11 2,32 2,65 0,22 0,48 0,68 

TF index 0,45 0,89 0,92 0,34 0,56 0,62 

B
u

ck
w

h
ea

t 

Root 0,74 0,95 0,97 0,21 0,28 0,31 

Aboveground 

part 
0,87 1,01 1,11 0,36 0,50 0,51 

TF index 1,18 1,06 1,14 1,71 1,79 1,65 

P
h

ac
el

ia
 Root 1,44 1,66 1,80 0,54 0,89 0,90 

Aboveground  

part 
2,35 2,42 2,55 0,22 0,34 0,66 

TF index 1,63 1,46 1,42 0,41 0,38 0,73 

S
p

el
t 

Root 3,31 2,72 2,77 0,53 0,76 1,02 

Abveground 

part 
1,47 1,52 1,65 0,21 0,37 0,44 

TF index 0,44 0,56 0,60 0,40 0,49 0,43 

 

Table 4. Phyto-accumulation potential values 

  

PLANT 

SPECIES 

Lead - Pb Cadmium – Cd 

conc. mg/kg conc. mg/kg 

 Total plants/ 

substract 
 Variant 1 Variant2 Variant 3 Variant 1 Variant 2 Variant 3 

N
ee

tl
e 

total 2.78 2.99 3.14 0.59 0.74 0.84 

substract 80 120 160 1 1,5 2 

TT index 0.034 0.025 0.019 0.59 0.493 0.420 

S
p

in
ac

h
 total 3.59 4.94 3.52 0.87 1.33 1.78 

substract 80 120 160 1 1,5 2 

TT index 0.044 0.041 0.022 0.87 0.886 0.890 

B
u
ck

w
h

ea
t 

 

total  1.61 1.96 2.08 0.57 0.78 0.83 

substract 80 120 160 1 1,5 2 

TT index 0.020 0.016 0.013 0.57 0.52 0.415 

P
h

ac
el

ia
 total  3.79 4.08 4.35 0.75 1.23 1.57 

substract 80 120 160 1 1,5 2 

TT index 0.047 0.009 0.027 0.75 0.82 0.785 

S
p

el
t 

total 4.78 4.24 4.42 0.74 1.13 1.47 

substract 80 120 160 1 1,5 2 

TT index 0.059 0.035 0.028 0.740 0.750 0.735 
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A pot study (Chaturvedi et al., 2019) was conducted to assess 

the phytoremediation potential of Spinach plants along with their physiological 

and biochemical response when grown in soil contaminated with heavy 

metal(loid)s (HMs). Plants were grown under different doses of Pb, Cd and As; 

and their metal(loid) accumulation efficiency was studied upon harvest. Despite 

of accumulating high amount of HMs in tissues, no visible signs of toxicity were 

seen; and hence the efficient survival and defense mechanism shown by spinach 

plants conclude that they are a viable option to be used for phytoremediation of 

sites contaminated with Cd and Pb which is in line with our research. 

Possibilities for phytoremediation of facelia have been very little 

researched and there are no results that would be comparable to our research 

 Buckwheat has relatively high biomass productivity is adapted to many 

areas of the world, therefore buckwheat is widely used for the phytoremediation 

process. After harvest, Cd and Zn concentrations of plant biomass and 

translocation factors for Zn and Cd were determined. Cadmium accumulation in 

biomass significantly increased in dose-dependent manner (Kaplan and Akan 

2018). In the Tamara et al. (2005) experiment, the possibility of buckwheat to 

absorb haevy metals was investigated. In the investigation common buckwheat 

grown in Pb-contaminated soil was found to accumulate a large amount of Pb in 

its leaves, stem and roots, without significant damage. The results of both these 

studies correspond to the results of our research that buckwheat is suitable for 

phyto-extraction of Cd and Pb. 

 

CONCLUSIONS 

In the root of all tested plant species, the Pb content increased with its 

content in the substrate, except in spelled in which the highest Pb content in the 

root was on the substrate with the lowest Pb concentration. This also affected the 

results of the total Pb content in plants, so in spelled it was the highest on the 

substrate with the lowest Pb concentration. The results on the Pb content in the 

aboveground organs of all five plant species show that the Pb content increased 

with increasing concentration in the substrate. The content of Cd in both the root 

and aboveground organs, as well as in plants in all five examined plant species, 

grew with increasing concentration of Cd in the substrate. The highest total 

content in Cd in all Variants, i.e. at all concentrations in the substrate, was 

recorded in spinach. The values of phyto-accumulation potential in all tested 

plant species were less than 1.  

The results of phyto-translocation potential showed that buckwheat is a 

suitable plant species for phyto-extraction of both Pb and Cd with all three 

substrate variants, i.e. at all tested concentrations of both heavy metals. Nettle is 

suitable for phyto-extraction of Pb at its extremely high concentration in the 

substrate, 160 mg/kg. Phacelia is suitable for phyto-extraction of Pb at all Pb 

concentrations in the substrate. 

  

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/phytoremediation
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/spinach
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ANALYSIS OF GENOTYPE-BY-YEAR INTERACTION FOR Secale 

cereale L.  PRODUCTIVE TRAITS AND CIRCULAR ECONOMY 

 

SUMMARY  

The circular economy offers a new product-waste-product model, in this 

case obtaining biofuels from rye biomass. The circular economy introduces a new 

product design, which will enable its functionality for a longer period of use. 

Secale cereale L. is an economically important crop for food, feed and bioenergy. 

The objective of this study was to estimate productivity of rye genotypes and the 

possibility of obtaining biogas from rye biomass during two growing seasons, 

2019-2020. The aim of this study was to examine the influence of year and 

genotype on rye productivity parameters, biogas, methane yield, methane 

proportion, and the possibility of using rye as an alternative fuel in Serbia. The 

influence of the year and genotypes on the parameters of rye productivity, biogas 

and methane yield, methane content and the possibility of using rye as an 

alternative fuel in Serbia was investigated. Genotype and year × genotype 

interaction had a statistically significant effect on biogas yield, methane yield and 

methane content in the studied rye genotypes. Genotype G1 had the mean of 

green biomass yield (25.73 t 
 
ha

-1
) significantly higher compared to genotype G2 

(23.75 t 
 
ha

-1
) in both years of experiment. Green biomass yield (24.11 t

 
ha

-1
) was 

better in 2019 compared to 2020. Biogas yield varied from 260.57 m
3 

ha
-1

 

(genotype G1) to 214.58 m
3 
ha

-1
 (genotype G2). Biogas yield  were better in 2019 
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(237.85 m
3 
ha

-1
) compared to 2020 (237.30 m

3 
ha

-1
). A positive statistically highly 

significant correlation was attained between the green biomass yield and the 

length of the spikes (0.82**), green biomass yield and biogas yield (0.93**), 

green biomass yield and methane content (0.90**). 

Keywords: rye; biomass, biogas yield, G×Y interaction; circular economy. 

 

INTRODUCTION 

After wheat, rye is the second most important raw material for bread and 

bakery products, and it is one of the most excellent sources of dietary fibres and 

bioactive compounds. Rye is utilised in more other food products as well, such as 

breakfast cereals, porridges, pasta, snack products, etc. Recent scientific research 

is focused on studying the possible health benefits and the potential of rye in the 

development of novel food products but also the possibility of using it for energy 

purposes. Rye (Secale cereale L.) is a smal grain cereal perfectly adapted to 

different agroecological conditions, so that it has a very large area of distribution. 

Areas under rye are significantly reducing in the world every year. In 2018, rye 

was grown on 4,403,020 ha in the world and on about 5,000 ha in Serbia. The 

main product is grain, which is mostly used for bread and bakery products 

and in the industry for the production of alcoholic beverages (Jordanovska 

et al., 2018). Rye is main source of starch and energy. Rye grain contains  

numerous nutritional components such as proteins, fats, vitamins (B complex), 

dietary fibre and phytochemicals. Improving drought tolerance has always been 

an important objective in many crop improvement programs and is becoming 

more important as one way of adapting crops to climate changes (Belitz et al., 

2009; Lakew et al., 2018). Nowadays, a larger number of hybrids are grown 

worldwide since they are more tolerant to drought in all phenophases (Ikanović et 

al., 2013). In the past decades, many countries, under strong pressure to improve 

energy security from the aspect of environmental protection, but also to reduce 

dependence on imports, have begun to develop programs for the production of 

alternative biofuels (methane, ethanol and biodiesel) from plant products. 

Initially, the main crop products grain and fodder biomass were used for this 

purpose, while more recently systems for the use of waste of biological origin 

have been developed, with special emphasis on secondary-alternative-crop 

products and forest products (Janković et al., 2019).  

Circular economy is an "instrument" for the realization of sustainable 

development goals and implies long-term investment in raw material and energy 

efficiency, with reduction of harmful emissions, replacement of fossil fuels with 

renewable sources and production and trade in sustainable products, thus closing 

the circle "product-waste-product". Thanks to the development of new 

technologies for processing bio-waste into energy sources, the growth rate of the 

use of alternative fuels is growing significantly. According to estimates by energy 

experts, it is about 15% per year in highly developed countries. During the 21
st
 

century, population growth will be a big problem in finding solutions to provide 

the necessary amounts of food, but also energy, since the reserves of basic energy 
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sources, which are fossil fuels, are limited. According to the forecasts of experts 

in these fields, food and energy consumption will double by 2050 (Popović et al., 

2020a; Rakaščan et al., 2021).  

By improving the technological process of obtaining biofuels from 

secondary products, energy sources would be obtained with much wider 

application. The advantage of these energy sources is the fact that they come 

from renewable sources, which significantly reduces the dependence on the 

import of fossil fuels, which a large number of countries do not have. Another 

positive effect would be significantly lower emissions of harmful gases into the 

atmosphere. By burning biofuels, all the carbon dioxide that goes into the 

atmosphere would be used by plants for photosynthesis processes during the year, 

and at the same time they release oxygen. The amounts of other harmful gases 

released by burning of these alternative fuels are also much lower than of fossil 

fuels. The combustion of these alternative fuels are also far less than from fossil 

fuels. Biomass of secondary products, which would be used to produce biofuels, 

is one of the ways in which countries could meet their obligations under the 

Kyoto Protocol on Climate Change, because, as a whole, they would reduce 

greenhouse gas emissions and the greenhouse effect, as a fundamental factor in 

global temperature rise (Ikanović et al., 2013; 2018). 

During the anaerobic digestion process, biogas is produced together with a 

valuable residual stream known as the digestate. Therefore, increasing demand 

for biogas-based energy generation will generate a significant increase in the 

annual volumes of digestate generated. Recycling the digestate back to soil and 

therefore valuable nutrients such as nitrogen, potassium, phosphorus and organic 

carbon for plants is the circular economy concept case (Provenzano et al., 2018). 

Anaerobic digestion is a good example of a closed loop process as the biogas is 

produced from the volatile matter fraction of various biodegradable feedstock 

streams such as animal slurry, manure or agricultural waste biomasses and the 

valuable nutrients available in the digestate are recycled back to the soil. 

Economic and environmental sustainability is challenged by two major factors: 

by the distance and feedstock quantity used for biogas production and the amount 

of digestate generated during the anaerobic digestion process in each biogas 

power plant. The leading strategy for a circular economy-based digestate 

management approach is still in its immature phase (Peng and Pivato, 2017). 

In addition to economic problems, there are also problems of 

environmental protection, because the increasing use of fossil fuels significantly 

increases the amount of harmful gases in the atmosphere. The consequence of 

increasing the concentration of these gases in the atmosphere (especially carbon 

dioxide) affects climate change, which is manifested by global warming of the 

planet due to the greenhouse effect. 

According to the results of the research, which are stated by British 

authors, if the straw of cereals, grown only in the area of the eastern part of the 

Midlands, were used to obtain biofuels, the amount of obtained energy would 

cover about 1.5% of British consumption. However, the views of local farmers 
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are clear and they insist that these secondary products be returned to the soil by 

ploughing or as manure, which has a far greater importance on soil fertility and 

further plant production. Finding the optimal solution for the use of grain straw 

should be the subject of further research (Collins et al., 2014).  

Rye has relatively drought tolerant compared to other cereal crops. Rye 

quality is very different from year to year (Đekić et al., 2017; Đurić et al., 2021).  

Examining the influence of genotype and environment on grain and quality traits, 

in a study with 19 different hybrid and population varieties grown for different 

years, found that variation in grain yield and protein concentration was mainly 

due to genotypes, but that thousand grain mass and dietary fiber concentration 

was more strongly influenced by harvest year than by genotype (Jordanovska et 

al., 2018). 

Grain yield is a function of genotype, environment and genotype x 

environment interaction (GEI) (Kota et al., 2013; Djuric et al., 2018; Đekić et al., 

2018; Kartina et al., 2019; Amzeri et al., 2020; Luković et al., 2020; Khadka et 

al., 2020; Rajičić et al., 2021). An understanding of environmental and genotypic 

causes of GEI is important at all stages of crop improvement as they have a 

bearing on parent selection, selection based on yield as well as cultivar 

adaptation. GEI studies thus provide a basis for selection of genotypes that are 

suitable for general or specific cultivation; they also provide information about 

the effect of environment on cultivar performance (Khan et al., 2007). The 

presence of genotype by environment (G × E) interaction is a major concern to 

rye breeders, since large interactions can reduce gains from selection and 

complicate identification of superior cultivars.  

The objectives of our study are: a) to evaluate the influence of genotypes 

and environment on variation of productivity traits, b) to investigate correlations 

between traits, c) to to evaluate rye production in divergent years and assess the 

possibility of using rye as an energy crop and d) to point out the importance of 

the circular economy. This study suggests that the stability analysis may 

contribute to additional information on the performance of new rye selections 

prior to release for commercial cultivation and may increase the effictiveness of 

cultivar development programs.  

 

MATERIAL AND METHODS 
The experiment was conducted in Ilandza, Serbia, for two consecutive 

years (2018/2019 and 2019/2020). The trials were conducted according to a 

randomized block system in three replications with genotypes: G1- Propower 

(KWS) and G2- NS Savo (Institute of Field and Vegetable Crops, Novi Sad). 

Elementary plots were 10 m
2
. The genotype G1 is energy while genotype G2 for 

the grain. During the experiment, the standard cultivation technology for rye 

production was applied. Preceding crop was soybean. At the pre-sowing 

preparation, NPK nutrients (350 kg ha
-1

) were introduced. Sowing was 

10/21/2018 and 10/26/2019 with cereal seeder. During the vegetation period, 

three time mechanical crop care measures were applied. Mowing was performed 
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at waxy ripeness and then samples were taken, from each elementary plot, for the 

analysis of the morphological productive parameters. After the morphological 

parameters were measured, each of rye genotypes was separately cut and placed 

in trench silos,  and covered for 40 days. After that the silage was placed in a 

fermenter and biogas was obtained from it. 

Rye is sown until late September or early October. Rye tolerates 

temperatures very well from minus 25 degrees. It has a higher tolerance to 

diseases than wheat. For feeding new genotypes of rye 100-110 kg of nitrogen 

per hectare is needed, 60-80 kilograms of phosphorus and 40-60 kilograms of 

potassium. New generation genotypes achieve a yield of 7 to 8.5 tons per hectare. 

Rye is grown for grain and for silage but also for bioenergy. Silage is done in 

April, while the rye is still green. Rye then has a lot of protein quality livestock 

feed was obtained. Haylage yields are about 24,000 kilograms per hectare. 

Energy rye hybrids give higher biomass yield. The rye harvest for bioenergy is 

done around the middle of May (Glamočlija et al., 2015; Lakić et al., 2018). Rye 

by-products (biomass) is a good raw material for the production of alternative 

fuels. 

Genotype G1 was selected for biogas production while genotype G2 was 

selected for grain and has high quality grains for various applications. Commonly 

in breeding for drought tolerance, grain yield is the basis for selection, but it is a 

complex, late-stage trait, affected by many factors aside from drought. For 

successful grain production, selection genotypes G2 is recommended, while for 

biogas production is recommended to the G1 genotype. If the goal of selection is 

to obtain a genotype for biogas production selection should focus on obtaining 

higher plants genotypes that is to obtain genotypes with higher biomass 

production. 

Meteorological data  

Weather conditions have a significant influence on biomass production and 

plant yield (Lakić et al., 2018; 2020; Terzić et al., 2019; Popović et al., 2020a; 

2020b; Rajičić et al., 2020; Ljubičić et al., 2021). This experiment was 

conducted for two years in Ilandza (45° 10′ 06″ N; 20° 55′ 06″ E, 59 m above 

sea level), on a sandy chernozem soil, in the municipality of Alibunar, in the 

South Banat district of Serbia.  

During the vegetation period, the two years were significantly different. 

The total amount of precipitation was 484.3 mm in 2018/2019 and 538.3 mm in 

2019/2020 (Table 1).  

The average temperatures were 9.5°C in 2018/2019 and 9.6°C in 

2019/2020. The total precipitation in 2018/2019 was lower by 54 mm compared 

to 2019/2020 and by 40 mm compared to the long-term period (Tab. 1).  

 

Soil Analysis 

The chemical analysis was performed of agrochemical characteristics of 

the soil in the municipality of Ilandza, on sandy chernozem soil, (Map 1a, 1b). 
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Table 1. Average temperature and total precipitation during the vegetation period in 

2018/2019 and 2019/2020, Alibunar meteorological station 

Parameter Mounts 

Year 10. 11. 12. 1. 2. 3. 4. 5. Average 

Mean monthly temperature 

2018/2019 11.2 8.6 2.8 -0.2 3.2 9.5 11.0 17.2 9.5 

2019/2020 11.5 9.0 2.0 0.3 3.1 8.5 11.9 18.0 9.6 

Long term 12.6 7.5 2.0 0.8 2.6 7.6 13.0 18.0 9.6 

Monthly precipitation sums   
48

4.3 

2018/2019 36.2 41.6 33.2 47.2 20.3 32.6 67.2 90.0 484.3 

2019/2020 48.3 52.4 62.1 48.3 39.2 52.0 72.1 93.4 538.3 

Long term 48.8 52.0 45.8 51.0 55.2 55.8 48.9 82.3 524.0 

 

 

 

                 (a) (b) 

Map 1. Locality of Ilandza on the map of Serbia (a); Municipality of Alibunar,  
South Banat district, Serbia (b). 

 

Soil samples were collected at 2018. Composite soil sample (0–30 cm 

depth) was a combination of five subsamples (one sample from each corner and 

one from the center of a 10 m
2
). The following soil properties were measured 

according to standard methods: CaCO3, soil pH, total nitrogen (TN), available 

phosphorus (AP), available potassium (AK) (according to Bogdanović and 

Ubavić, 1995). Analysis of the results obtained have shown that pH in H2O is of 

weakly-alkaline (7.9) and pH in KCl was of neutral reaction (6.9), content of 

CaCO3 was 2.1%, total nitrogen is 0.2% and very low content of available P2O5 

and K2O (0.6 mg/100 g and 0.4 mg/100 g of soil).  
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Biogas and methane production  

Biogas from biomass is one of the possibilities of renewable energy 
production to reduce greenhouse gas emissions. The biogas yield (BGY) was 
determined by analysis of biomass in the laboratory of the Faculty of Engineering 
in Novi Sad, according to the method of VDI 4630 and was converted to Nm

3
t
-1

 
(Pham et al., 2013). Energy crops are grown for the purpose of bioenergy 
production. Biomass now makes up the largest potential of agricultural residues, 
it is a versatile energy source that can substitute fossil energy in the energy 
sectors electricity. Biogas has an important role in the field of environmental 
conservation by mitigating global warming and conserving fossil fuel. The 
production of biogas from biomass or waste is one way to reduce both the 
consumption of crude oil and environmental pollution (Rakaščan et al., 2021;  
Popović et al., 2020a; Dražić et al., 2021). The composition of biogas depends on 
the composition of the parent feedstock, its physical and chemical properties are 
similar to those of conventional diesel. Biogas is considered safe for the 
environment, showing insignificant contribution of carbon dioxide and particulate 
emissions (Zhu, 2018;  Milanović et al., 2020; Popović et al., 2020a; Rakaščan et 
al., 2021). Biogas is produced by the process of anaerobic digestion or 
fermentation. Anaerobic digestion is an established technology, we used it to treat 
a biomass - organic wastes. It is a biological process in which organic carbon, by 
oxides-reduction processes, is converted to the highest oxidation rate (CH4), 
Table 10. This process takes place in the absence of oxygen and is catalyzed by 
many microorganisms (Cakić and Stamenković, 2009).  

Table 2. Biogas components produced in anaerobic biogas reactors. 

Compound Methane 
Carbon 

dioxide 
Nitrogen Hydrogen 

Hydrogen 

sulfide 
Oxigen 

Formula CH4 CO2 N2 H2 H2S O2 

Percentage by 

volume, % 
50-70 25-50 0-10 0-1 0.1-0.5 0-0.5 

Source: www.kolumbus.fi. 

 
Plants biomass can be used to produce briquettes and pellets, solid fuels 

suitable for use in smaller boiler plants, for example for heating residential 
buildings. It can also be used to produce liquid biofuels (ethanol) because it has 
high amounts of carbohydrates. The technological process of processing into 
ethanol is carried out in stages. In the first phase, the biomass is chopped and 
treated with sodium hydroxide to break down the lignin, then, it is hydrolyzing by 
ferments that break down the complex sugars to hexoses. During the fermentation 
process, the hexose sugars are converted into ethyl alcohol by the glucoamylase 
ferment, releasing carbon dioxide (C6H12O6 → 2 C2H5OH + 2 CO2). In the 
distillation process, ethanol is separated from other by-products. Approximately 2 
kg of glucose is required to obtain 1 kg of ethanol (Richards et al., 1994; 
Milanović et al., 2020). The estimation of G, E and G×E interactions (or GEI) 
ensures valid recommendations of suitable varieties able to overcome the 
pressure due to variable occurring conditions. The determination of GEI factors 
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helps geneticists in their breeding programs to shift the selection toward varieties 
suited for wide environments or specific to certain niches. The production success 
was cultivar-dependent and the pedoclimatic conditions as essential factors in 
determining yield (Egea-Gilabert et al., 2021). 
The weekly methane production was calculated by multiplying the mass of 
individual substrate fed into the full-scale digesters on a basis with the properties 
of the different substrates determined in the laboratory. The obtained methane 
production of the substrates were added up supposing additivity without 
synergistic or inhibitory effects. The methane production was calculated as 
follows:  
P=∑Qi×TSi×VSi×BMPi[Nm

3
CH4 week

−1
] 

where Q is the mass of substrate fed into the digesters per week [tons], TS is the 
total solids content of the substrate [%], VS is the volatile solids content of the 
substrate [%], and BMP is the biomethane potential of the substrate [Nm

3
CH4 

tVS
−1

]. The data on the mass of substrates fed per week were provided by the 
operators of the two full-scale AD plants (Holliger et al., 2017). 

Statistical Analysis 

The experimental data obtained were analyzed by descriptive and 

analytical statistics, with the statistical package STATISTICA 12 for Windows 

(StatSoft). Testing the significance of the differences between the calculated 

mean values of the examined factors (Genotype and Years) was done by using a 

two-factor model of variance analysis. All significance ratings were derived from 

the LSD test for a significance level of 0.05% and 0.01%. The relative 

dependence between the tested parameters for rye was determined by the method 

of correlation analysis (Pearson's correlation coefficients), and the obtained 

coefficients tested by t-test for significance level of 0.05% and 0.01%. The 

obtained results are presented in Tables 3-11 and Figures 1-6. 

 

RESULTS AND DISCUSSION 

Plant height 

The results showed that there was a significant difference between rye 

genotypes for plant height trait at 0.05% level in two years, Tab. 3, Fig. 1.  

There was a significant difference for the mean of plant height between two 

years. Genotype G1 had a statistically significantly higher studied parameter in 

2019/2020 compared to genotype G2 in 2018/2019 (130 cm) and 2019/2020 

(134.00 cm) and compared to genotype G1 in 2018/2019 (129.33 cm) (Table 3, 

Figures 1a, 1b). There were no statistically significant differences between the 

studied genotypes for the studied parameter, p˃0.05. The genotype G1 had plants 

height of 135.17 cm on average in both trial years, while the height of plants for 

genotype G2 was 132 cm, Table 3. 
Based on the analysis of variance, it can be concluded that there are highly 

significant differences in rye plants height between tested year (Fexp=6.330
*
) and 

no significant differences at studied genotypes (Table 4).  
 

 

 

https://www.frontiersin.org/people/u/55652
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Table 3. Productivity parameters of rye genotypes, Serbia, 2018/2019-2019/2020. 

Parameter                Genotype 
Plant height, 

cm 

Spike length, 

cm 

Green biomass 

yield, t ha-1 

2018/2019 

G1 

129.33±10.06 13.66±0.57 25.08±0.67 

2019/2020 141.00±1.00 14.10±0.17 25.73±0.15 

Average 135.16±9.04 13.88±0.44 25.41±0.56 

2018/2019 

G2 

130.00±1.00 11.66±1.03 23.13±0.25 

2019/2020 134.00±3.60 11.67±1.52 21.77±0.25 

Average 132.00±3.22 11.67±0.57 22.45±0.78 

Average 2018/19  129.66±6.40 12.66±1.50 24.11±1.16 

Average 2019/20  137.50±4.50 12.88±1.38 23.75±2.18 

Average 2018/19-2019/20  133.58±6.68 12.78±1.38 23.93±1.67 
 

Parameter Genotype Year G x Y 

LSD 0.5 0.1 0.5 0.1 0.5 0.1 

Plant height 7.180ns 10.446ns 7.180* 10.446* 10.154* 14.773* 

Spike length 1.159* 1.686* 1.159ns 1.686ns 1.639* 2.384* 

Green biomass yield 0.519* 0.756* 0.519ns 0.756ns 0.735* 0.340* 

Table 4. ANOVA for rye plant height. 

Effect SS 
Degr. of 

Fr. 
MS F p 

Intercept 214134.0 1 214134.0 7362.770** 0.000 

Genotype 30.1 1 30.1 1.034ns 0.339 

Year 184.1 1 184.1 6.330** 0.036 

G x Y 44.1 1 44.1 1.516ns 0.253 

Error 232.7 8 29.1   

** significant at 0.01; ns- not significant. 

 
The interaction of the studied factors (G × Y) showed no significant affect 

in rye plants height (p>0.05). Rye (Secale cereale L.) is an ideal crop for 
agricultural grain production in regions with less fertile and sandy soils, while 
post-harvest residues (biomass) can be successfully used for biogas production. 
The amount of precipitation in the vegetation season 2019 was less compared to 
the 2020 year of the study as well as in relation to the multiannual average. The 
amount of precipitation was significantly below the average, which represented 
poor conditions for the growth and development of plants in аll pheno-phases 
(Table 3). Variations in the temperature and the amount of precipitation during 
vegetation period rye are the most important factors of the yield instability.  
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Genotype*Year; LS Means

Current effect: F(1, 8)=1,5158, p=,25323

Effective hypothesis decomposition

Vertical bars denote 0,95 confidence intervals
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Scatterplot (Raz 12v*90c)

Genotype = 142,2652*exp(-0,0003*x)

Year = 2013,1155*exp(2,3704E-5*x)
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(a) (b) 

Figure 1. (a) Interaction year × genotype for plant height of rye genotypes; (b) 
Interaction genotype × year for plant height of rye genotypes, 2018/19-2019/20. 

In the Serbia, high temperatures and the water deficiency during June 
resulted in grain yield decrease in many crops (Cakić and Stamenković, 2009; 
Hübner et al., 2011). The yields are strongly modified by the environment of 
different temperatures and weather conditions. The drought has become a main 
limiting factor of the world plant production (Hübner et al., 2011; Glamočlija et 
al., 2015; Rajičić et al., 2020; Dražić et al., 2021). The present results confirm the 
opinion of many authors that the traits analyzed are genetically determined but 
are strongly modified by the environment and weather conditions (Popović et al., 
2020a).  

 Тhe plant height was significantly influenced by the year and the G × Y 
interaction (Table 1). Plant height has positive correlation with yield indicating 
that taller rye plants have higher yield (Table 8). Plant height were positively 
correlated with grain yield in the dry environments.  

Plant height is one of the critical traits affected by drought in cereals. Low 
moisture reduces photosynthesis and metabolite/nutrient translocation in wheat, 
especially during the stem elongation stage, resulting in reduced height (Nsair et 
al., 2020). The results of the field experiments indicated that there was variation 
for grain yield under drought stress among genotypes. The introduction of 
breeding programs for stress conditions is likely to increase in view of the 
predicted increase in the occurrence of high temperatures and droughts 
(Spyridonidis et al., 2020;  Milanović et al., 2020). 

The circular economy is an approach that integrates the economy, the 
waste management system and protects the environment. The goal of the circular 
economy is to optimize the existing system and increase welfare. According to 
the results of the research, which are stated by British authors, if the straw of 
cereals, grown only in the area of the eastern part of the Midlands, were used to 
obtain biofuels, the amount of obtained energy would cover about 1.5% of British 
consumption. Cereals as energy sources in the function of circular economy 
solution for the use of cereal straw should be the subject of further research. 
Straw can also be used to obtain liquid biofuels (ethanol) because it has large 

https://www.sciencedirect.com/science/article/abs/pii/S0961953411004296#!
https://www.sciencedirect.com/science/article/abs/pii/S0961953411004296#!
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amounts of carbohydrates. Today, in addition to the requirements for fuel quality, 
there are increasing requirements for low exhaust emissions of toxic gases and 
obtaining fuel from renewable energy sources (Dražić et al., 2021). 

 
Spikes length of rye genotypes 
Genotype had a statistically significant effect on spike length in plants of 

studied rye genotypes, p˂0.05. There were no statistically significant differences 
between the studied years and interactions of year × genotype for the tested 
parameter, p˃0.05, Tables 3, 5. The mean of spike lengths in genotypes G1 
and G2 was about 13.88 and 11.66 cm, respectively. The more favourable 
year for the tested parameters was 2019/2020 (12.88 cm) compared to 2018/2019 
(12.67 cm), Tables 3, 5. 

Table 5. ANOVA for spike length, 2018/2019-2019/2020. 

Effect SS Degr. of Fr. MS F p 

Intercept 1958.4 1 1958.40 2585.35** 0.000 

Genotype 14.74 1 14.74 19.46** 0.000 

Year 0.14 1 0.14 0.19
ns

 0.670 

G x Y 0.14 1 0.14 0.19
ns

 0.670 

Error 6.06 8 0.76   

** indicate significance different at 0.01; 
ns

- not significant. Genotype*Year; LS Means

Current effect: F(1, 8)=,18592, p=,67772

Effective hypothesis decomposition

Vertical bars denote 0,95 confidence intervals
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Scatterplot (Raz 12v*90c)

Genotype = 145,2972*exp(-0,0046*x)

Year = 2019,1061*exp(1,5267E-5*x)
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(a) (b) 

Figure 2. (a) Interaction year × genotype for spike length; (b) Interaction genotype × year 
for spike length, 2018/2019-2019/2020. 

In 2019/2020, genotype G1 (14.10 cm) had a statistically significantly 
higher tested parameter in relation to the G2 genotype in 2018/2019 (11.66 cm) 
and 2019/2020 (11.67 cm), and in comparison to the G1 in 2018/2019 (13.66 cm) 
(Tables 3, Fig. 2a, 2b). 

Based on the analysis of variance, it can be concluded that there are highly 
significant differences in the rye length of spikes between tested genotypes 
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(Fexp=19.46
**

) and no significant differences at studied years (Table 3). There was 
no significant year × genotype interaction for length of spikes in studied 
genotypes (p>0.05). The present results confirm the opinion of many authors that 
the traits analyzed are genetically determined but are strongly modified by 
environment, of different temperatures and weather conditions (Popović et al., 
2020a). Interactions year × genotype had a statistically significant effect on spike 
length studied rye genotypes (Table 3).  

Yield of green biomass  

Genotype and genotype × year interaction had a statistically significant 
effect on green biomass yield, p˂0.05 and p˂0.01 and no statistically significant 
differences between the studied years, p ˃0.05.  

Table 6. ANOVA for green biomass yield 

Effect SS Degr. of Fr. MS F p 

Intercept 6870.78 1 6870.78 45143.10 0.0000 

Genotype 26.23 1 26.23 172.31** 0.0000 

Year 0.38 1 0.38 2.51ns 0.152 

G x Y 3.060 1 3.060 20.11* 0.002 

Error 1.218 8 0.152   

* and ** indicate significance different at 0.05 and 0.01; ns: not significant. 
Genotype*Year; LS Means

Current effect: F(1, 8)=20,107, p=,00204

Effective hypothesis decomposition

Vertical bars denote 0,95 confidence intervals
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Scatterplot (Raz 12v*90c)

Genotype = 151,4534*exp(-0,0042*x)

Year = 2020,3291*exp(-1,7155E-5*x)
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(a) (b) 

Figure 3. (a) Interaction year × genotype for green biomass yield; (b) Interaction 

genotype × year for green biomass yield, 2018/2019-2019/2020. 

The G1 genotype had, on average, for both studied years a statistically 
significantly higher yield of green biomass (25.73 t ha

-1
) compared to the G2 

genotype (23.75 t ha
-1

). The most favourable year for the studied parameter was 
2018/2019 (24.11 t ha

-1
) compared to 2019/2020 (23.75 tha

-1
), Tables 3, 6. 

Genotype G1 had a statistically significantly higher studied parameter in 
2019/2020 (25.73 tha

-1
) compared to genotype G2 in 2019/2020 (21.77 tha

-1
) and 

2018/2019 (23.13 tha
-1

) and in relation to the genotype G1 in 2018/2019 (25.08 t 
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ha
-1

) (Tables 3, 6; Fig. 3). Based on the analysis of variance, it can be concluded 
that there are highly significant differences in the rye green biomass yield 
between tested genotypes (Fexp=172.31

**
). The interaction of the studied factors 

(G×Y) exhibits was significant affect in plants biomass yield (Fexp=20.11
*
), Tab. 

6. Biomass is a renewable energy source derived from all plants and materials. 
Genotype and year × genotype interaction had a statistically significant effect on 
green biomass yield of tested rye genotypes, Table 3. 

Based on the analysis of variance, it can be concluded that there are highly 
significant differences in biomass yield in regard to the genotype (Fexp=937.75**) 
and years (Fexp=28.07**) of investigation (Dražić et al., 2021). Genotype, year 
and interaction of tested factors (G×Y) had a statistically significant effect on 
biogas yield. A selection for maximum dry biomass yield in rye breeding should 
indirectly improve also biogas and methane yield. 

Biogas yield 

Genotype and genotype × year interaction had a statistically significant 

effect on biogas yield of tested rye genotypes, p˂0.05. The G1 genotype had for 

both studied years a statistically significantly higher biogas yield (260.57 m
3 

t
-1

) 

on average compared to the G2 genotype (214.58 m
3 

t
-1

). The more favourable 

year for the studied parameter was 2018/2019 (237.85 m
3 

t
-1

) compared to 

2019/2020 (237.30 m
3 
t
-1

), but the difference was not significant (Tables 7, 8).  
 

Table 7. Productivity parameters of rye, Serbia, 2018/2019-2019/2020. 

Parameter              Genotype 
Biogas yield 

m3 t-1 fm 

Methane yield 

Nm3ha-1 dm 

Methane 

content, % 

2018/2019 

G1 

260.03±0.15 245.03±2.82 56.13±0.11 

2019/2020 261.10±0.75 258.13±10.03 56.43±0.55 

Average 260.56±0.76 251.58±9.74 56.28±0.39 

2018/2019 

G2 

215.66±0.41 231.00±4.70 52.93±1.19 

2019/2020 213.50±1.30 228.03±1.71 52.60±0.70 

Average 214.58±1.46 229.52±3.56 52.77±0.89 

Average 2018/19  237.85±24.30 238.02±8.43 54.53±1.90 

Average 2019/20  237.30±26.08 243.08±17.69 54.52±2.17 

Average 2018/19-

2019/20 
 237.58±24.03 240.55±13.48 54.53±1.95 

*fm - fresh biomass; dm - dry biomass 
Parameter Genotype Year G x Y 

LSD 0.5 0.1 0.5 0.1 0.5 0.1 

Biogas yield 1.043* 1.518* 1.043ns 1.518ns 1.475* 2.147ns 

Methane yield 7.701* 11.205* 7.701ns 11.205ns 10.891* 15.845* 

Methane content 0.994* 1.446* 0.994ns 1.446ns 2.045* 2.045ns 

 
Based on the analysis of variance, it can be concluded that there are highly 

significant differences in the rye biogas yield between tested genotypes (Fexp = 
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10328.10**) and no significant differences in tested parameter at studied years. 
The interaction of the studied factors (G × Y) exhibits was significant high affect 
in biogas yield (Fexp=13.40*). Genotype G1 had a statistically significantly higher 
analyzed parameter in 2019/2020 (261.10 m

3
t
-1

) compared to genotype G2 in 
2019/2020 (213.50 m

3
t
-1

) and 2018/2019 (216.66 m
3
t
-1

) (Fig. 4a, 4b).  

Table 8. ANOVA for biogas yield. 

Effect SS Degr. of Fr. MS F p 

Intercept 677302.10 1 677302.10 110279.10** 0.0000 

Genotype 6343.40 1 6343.40 10328.10** 0.0000 

Year 0.90 1 0.90 1.01ns 0.2588 

G x Y 7.80 1 7.80 13.40* 0.0072 

Error 4.90 8 0.60   

* and ** indicate significance different at 0.05 and 0.01; ns: not significant. 

 
Genotype*Year; LS Means

Current effect: F(1, 8)=12,767, p=,00726

Effective hypothesis decomposition

Vertical bars denote 0,95 confidence intervals
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Scatterplot (Raz 12v*90c)
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Year = 2019,5616*exp(-1,2852E-7*x)
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(a) (b) 

Figure 4. (a) Interaction year × genotype for biogas yield; (b) Interaction 
genotype × year for biogas yield, Serbia, 2018/2019-2019/2020. 

Genotype and year x genotype interaction had a statistically significant 
effect on biogas yield of studied rye genotypes, Table 7. Genotype G1 had a 
statistically significantly higher analyzed parameter in 2020 compared to 
genotype G2, Fig. 4a. Based on the analysis of variance, it can be concluded that 
there are highly significant differences in biogas yield in regard to the genotype 
(Fexp=3902.25**) and investigated years (Fexp=5.32*). The interaction of the 
investigated factors (G × Y) exhibits was no significant affect in yield (Dražić et 
al., 2021). 

Methane yield 

Based on the analysis of variance, it can be concluded that there are highly 
significant differences in the rye methane yield between tested genotypes 
(Fexp=43.66

**
) and no significant differences at studied years. The interaction of 
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the studied factors (G×Y) exhibits was significant affect in methane yield 
(Fexp=5.79

*
), Table 9. 

Table 9. ANOVA for methane yield. 

Effect SS Degr. of Fr. MS F p 

Intercept 694371.50 1 694371.50 20752.20 0.0000 

Genotype 1460.8 1 1460.8 43.66** 0.0001 

Year 77.00 1 77.00 2.30ns 0.16771 

G x Y 193.60 1 193.60 5.79* 0.0428 

Error 267.70 8 33.50   

* and ** indicate significance different at 0.05 and 0.01; ns: not significant. 

 
The G1 genotype had on average for both studied years a statistically 

significantly higher methane yield (251.58 m
3
ha

-1
) compared to the G2 genotype 

(229.52 m
3
ha

-1
).  

Genotype*Year; LS Means

Current effect: F(1, 8)=5,7861, p=,04281

Effective hypothesis decomposition

Vertical bars denote 0,95 confidence intervals
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Scatterplot (Raz 12v*90c)
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Year = 2017,6718*exp(3,765E-6*x)
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(a) (b) 

Figure 5. (a) Interaction year × genotype for methane yield; (b) Interaction 
genotype × year for methane yield, 2018/2019-2019/2020. 

 
The more favourable year for the analyzed parameter was 2019/2020 

(243.08 m
3
ha

-1
) compared to 2018/2019 (238.01 m

3
ha

-1
), the difference between 

the years was not significant. In 2019/2020, the genotype G1 had a statistically 
significantly higher (258.13 m

3
ha

-1
) tested parameter compared to the genotype 

G2 in 2019/2020 (228.03 m
3
ha

-1
) and 2018/2019 (231.00 m

3
ha

-1
) and genotype 

G1 in 2018/2019 (245.03 m
3
ha

-1
) (Tables 7, 9; Figures 5a, 5b).  

Genotypes and G × Y interaction had a substantial influence on the 
expression of rye methane yield, Tables 7 and 9. Maximum methane yield per 
hectare is the main aim of the farmer. Significant (p < 0.05) genotypic variation 
was found for dry matter yield, specific gas yield and methane yield among the 
25 genotypes. Ranges were achieved for dry matter yield (0% water content) and 
methane yield amounting to 2.9 t ha

−1
 and 840 m

3
 ha

-1
 respectively, combined 



Ikanović et al.  312 

with moderate to high heritabilities (0.71–0.98) (Nsair et al., 2020). Anaerobic 
digestion is an established technology, used to treat a wide variety of organic 
wastes. It is one of several biological processes that deliver economic and 
environmental benefits (i.e., producing bioenergy and/or biochemical while 
treating the organic fraction of waste) (Nsair et al., 2020; Dražić et al., 2021).  

Methane content 

Based on the analysis of variance, it can be concluded that there are highly 
significant differences in the methane content between tested genotypes 
(Fexp=66.55

**
) and no significant differences during studied years and the 

interaction of the studied factors (G × Y), Table 10. Genotype had a statistically 
significant effect on the methane content of the studied rye genotypes, p˂0.05. 
The G1 genotype had on average significantly higher methane content (56.28 %) 
for both studied years compared to the G2 genotype (52.77 %). 
 
Table 10. ANOVA for methane content. 

Parameter SS Degr. of Fr. MS F p 

Intercept 35675.71 1 35675.71 63992.30 0.0000 

Genotype 37.10 1 37.10 66.55** 0.0000 

Year 0.00 1 0.00 0.01ns 0.16771 

G x Y 0.30 1 0.30 0.54ns 0.0428 

Error 4.46 8 0.56   

* and ** indicate significance different at 0.05 and 0.01; ns: not significant. 

 
Genotype*Year; LS Means

Current effect: F(1, 8)=,53961, p=,48357

Effective hypothesis decomposition

Vertical bars denote 0,95 confidence intervals
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(a) (b) 

Figure 6. (a) Interaction Y × G for methane content (b) Interaction G × Y for 
methane content, 2018/2019-2019/2020. 

The more favourable year for the tested parameter was 2018/2019 
(54.53%) compared to 2019/2020, where the difference between the years was 
not significant. In 2019/2020, the genotype G1 had (54.53%) statistically 
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significantly higher tested parameter compared to the genotype G2 in 2019/2020 
(52.60%) and 2018/2019 (52.93%), Tables 7, 10. 

Application of varietal production technology improved increasing the 
yields (Popović et al., 2020b). The biogas production technology has improved 
over the last years for the aim of reducing the costs of the process, increasing the 
biogas yields, and minimizing the greenhouse gas emissions (Spyridonidis et 
al.,2020). 

Correlations of tested traits.  

Correlations of the tested traits of rye varieties are shown in Table 11. A 
positive statistically very significant correlation was achieved between green 
biomass yield and spike length (r=0.82**), green biomass yield and biogas yield 
(r=0.93**), green biomass yield  and methane content (r=0.90**). 

Table 11. Correlation of tested traits of rye genotypes, 2018/2019-2019/2020. 

Variable 
Plant 

height 

Spike 

length 

Green 

biomass yield 

Biogas 

yield 

Methane 

yield 

Methane 

content 

PH 1.00 0.30ns 0.26ns 0.25ns 0.43* 0.22ns 

SL 0.30ns 1.00  0.82**  0.83**  0.84** 0.88** 

GBY 0.26ns 0.82** 1.00 0.93**  0.87**  0.90** 

BY 0.25ns 0.83**  0.93** 1.00  0.86**  0.94** 

MY 0.43* 0.84** 0.87** 0.86** 1.00 0.85** 

MC 0.22ns 0.88**  0.90**  0.94**  0.85** 1.00 
ns- not significant; * and ** indicate significance different at 0.05 and 0.01; PH-Plant height; SL-Spike 

length; GBY-Green biomass yield; BY-Biogas yield; MY-Methane yield; MC-Methane content. 

 
A positive statistically significant correlations were achieved between the 

methane yield and plant height (r=0.43*), Table 11. 
A positive and statistically high significant correlations were achieved 

between spike length and biogas yield (r=0.83**), and spike length and methane 
yield (r=0.84**), as well as the spike length and methane content (r =0.88**). A 
positive and statistically high significant correlations were achieved between the 
methane content and biogas yield (r=0.94**), the methane content and methane 
yield (r=0.85**), Table 11. 

The study results indicate that GBY - green biomass yield in all vegetation 
seasons was positively and highly significantly correlated with SL-spike lenght, 
BY-biogas yield, MY- methane yield and MC-methane content, Table 11.  

The biomass yield (BY) was in positive very significant dependence on the 
spike lenght (r =0.83**) and BY was in positive very significant dependence with 
the methane yield (r =0.86**). Commercial production should be economically 
and environmentally friendly so that renewable fuels could be an adequate 
replacement for fossil fuels (Milanović et al., 2020; Popović et al.,2020a). The 
correlative dependence of the GY- grain yield in the vegetation seasons was 
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positive and highly significant with BY-biogas yield as established by Popović et 
al., (2020a) and Rakaščan et al., (2021).  

The environment can have a crucial influence on plants production in 
particular regions, even more so when production environments are different 
from optimum breeding environments (Janković et al., 2016; Popović et al., 
2020b; Tmušić et al., 2021). Positive highly significant correlation was obtained 
between grain yield and biogas yield (r=0.98). Then, positive significant 
correlation were between grain yield and plant height (r=0.76) and grain yield and 
precipitation (Popović et al., 2020a).  

Plant height were positively correlated with grain yield in the dry 
environments (Mackay et al., 2009; Sarto et al., 2017; Božović et al., 2020; 
Mihailovic et al., 2020; Siekmann et al., 2021). The results of the field 
experiments indicated that there was variation for grain yield under drought stress 
among genotypes. The introduction of breeding programs for stress conditions is 
likely to increase in view of the predicted increase in the occurrence of high 
temperatures and droughts (Sahebi et al., 2001; Manoj et al., 2014; Lakew  et 
al.,2021).  

The means value of length of rye spikes were significantly correlated for 
all analyzed traits (Table 11). The majority of the studied traits were correlated to 
each other. The strongest correlations were observed between GBY and BGY, 
GBY and MC, BGY and MC, GBY and MY, as well as between MY and MC. 
Markedly weaker correlations were noticed between PH and the majority of the 
other traits, Table 11. Grain quality, as well as agronomic important traits 
controlling plant height, heading date, thousand-grain weight, or yield, reveal a 
continuous phenotypic variation and are genetically controlled by a network of 
multiple and interacting loci (Popović et al., 2021; Janković et al., 2016). 
Analysis of variance (ANOVA) revealed that genotypic effects were statistically 
significant (p < 0.05) for all traits.  

Achieving high rye grain yield and quality demands a proper choice of the 

genotype and by applying the optimal production technology. Genotypes of the 

new generation exhibit a high degree of tolerance against temperature stress. Two 

genotypes were selected as the object of research in this study: G1 - Propower 

and G2 - NS Savo. High grain yield of genotype NS Savo in years with different 

environmental conditions of over 8.84 t ha
-1

, excellent tolerance to low 

temperatures, resistance to the most important diseases and lying down, allows 

this cultivation varieties and in less favorable conditions and achieving very high 

yields (Đurić et al., 2021).  

Rye together with wheat is the most important bread grain. Rye bread stays 

fresh for a long time, it is rich in vitamins A, B and E, and since it is great 

digestibility is recommended for the diet of diabetics. Rye grain is the raw 

material for production starch and the production of spirits. Rye bread and bakery 

products have an increasing role in a healthy diet as well convalescent diets and 

people with elevated blood pressure. Rye is a good bread and bioenergy crop. 
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CONCLUSIONS 
Thanks to the development of new technologies for processing bio-waste 

into energy sources, the growth rate of the use of alternative fuels is growing 
significantly. Rye is an excellent raw material for the production of healthy-safe 
food, but also for the production of biofuels. Our study shows that there are 
genotypic differences among rye for the biogas production and rye biomass yield. 
Genotype and genotype x year interaction had a statistically significant effect on 
yield of biogas and methane and methane content in the studied rye genotypes. 
Genotype G1 had on average for both studied years a statistically significantly 
higher biogas yield compared to genotype G2. Genotype G1 was selected as a 
bioenergy crop and is more suitable for biofuel production. A positive statistically 
very significant correlation was achieved between green biomass yield and spike 
length (r=0.82**), green biomass yield and biogas yield (r=0.93**), green 
biomass yield and methane content (r=0.90**). 

The review concludes that there is a need for comprehensive high 
throughput phenotyping of physio-morphological traits that is growth stage-based 
to improve the efficiency of breeding highly quality drought-tolerant rye but also 
for the production of highly productive genotypes for biofuel. Although there are 
achievements, challenges in rye production remain. A selection rye genotypes 
with maximum dry biomass yield in rye breeding should indirectly improve also 
biogas and methane yield. Breeding of varieties with high yield potential biomass 
is desirable for biogas production, and high grain yield potential with high grain 
qualities is necessary to further advance rye do to high-performance crop with 
different types of end-use.  
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SIGNIFICANCE OF EUROPEAN FOULBROOD OF HONEY BEES 

DIAGNOSTICS IN MONTENEGRO 

 

SUMMARY  

The European foulbrood disease of honey bees is a contagious disease 

primarily of open and rarely of covered bee brood caused by gram positive round 

bacteria Melissococcus plutonius. From the larvae that died of the European 

foulbrood disease also other bacteria have been isolated: Enterococcus faecalis, 

Achromobacter euridica, Paenibacillus alvei and Brevibacillus laterosporus, but 

they do not affect the appearance of the disease. These bacteria are involved in 

the process of degradation of dead larvae. European foulbrood disease is on the 

list of dangerous infectious diseases of the International Organization of epizootic 

diseases (OIE). Due to the weakening and deterioration of the affected bee 

colonies, the disease leads to great losses. At the outbreak of the disease crucial 

influence have adverse environmental conditions and the mistakes in technology 

of bee breeding. Symptoms of the disease are visible on the open bee brood; the 

larvae change color to pale yellow, then dark brown, with semi - solid 

consistency and then disintegrate. There are no data on the presence of this 

disease in Montenegro. In order to protect bees from the occurrence European bee 

brood plague, should be work on the systematic diagnostic and implementation of 

preventive measures in the apiary. Beekeepers should apply the principles of 

good beekeeping and good veterinary practice. 

Keywords: European foulbrood, Melissococcus plutonius, Montenegro, 

bee disease 

 

INTRODUCTION 

European bee brood plague is a contagious disease of primarily uncovered, 

rarely covered brood caused by gram-positive round bacterium Melissococcus 

plutonius (White, 1912), Bailey and Collins, 1983, fam. Enterococcacae 
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(formerly Streptococcus pluton) (Figure 1). The worker's and drone's litter are 

susceptible to the disease, as well as the larvae from which the bee queens 

develop. 

 
Figure 1. Melissococcus plutonius, Gram stain (blue-violet cocci arranged singly, 

in pairs or short chains) (Lundgren and Johansson, Forsgren et al. 2013)  

 

Bacteria Enterococcus faecalis, Achromobacter euridice, Paenibacillus 

alvei and Brevibacillus laterosporus were also isolated from larvae that died from 

European plague. These bacteria do not affect the occurrence of the disease, but 

they do affect the process of decomposition of dead larvae (Forsgren, 2010). 

Although the disease is called the European plague, it is widespread throughout 

the world and is a growing problem (Mohan Rao et al. 2011). Except in Europe, it 

is present in North, Central and South America, Asia and Africa. In Europe, it is 

present in Spain, Switzerland, Sweden, Belgium, Hungary, Great Britain, Italy, 

Russia, and Belarus. So far, she has not been diagnosed in New Zealand (Bojanić 

Rašović, 2018c, Anon. 2019, Biová, 2021). It is on the list of dangerous 

infectious diseases of the International Organization for Epizootics (OIE) and the 

Rulebook on the classification of infectious animal diseases, the manner of 

reporting the occurrence or suspicion and reporting of infectious animal diseases 

(SLCG 92/2017) (Bojanić Rašović, 2018b). 

 

 Basic characteristics of European bee brood plague 

The occurrence of the disease is crucially influenced by unfavorable 

environmental conditions and errors in beekeeping technology. Climate change, 

rainy springs and summers, long winters, long retention of bees in the hive, poor 

grazing, lack of pollen, lack of nectar, a sharp increase in the amount of nectar, a 

small number of bees that feed brood, nosemosis and other bee diseases, loss of 

bee queens, microclimatic conditions in the hive (increased humidity), 

overheating or chilled litter, errors in technology, bee poisoning, stress, etc. are 

factors that influence the onset of the disease. Low temperatures and poisoning 

very often precede the appearance of European bee brood plague. 
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 Due to the weakening and decay of diseased bee colonies, the disease 

leads to large losses. The disease most often occurs in the spring - when bee 

colonies reach the largest population, but it can also occur in the autumn (Anon. 

2015). The European bee brood plague spreads in the same ways as the American 

bee brood plague. Healthy bee colonies are usually infected through bees that 

take food through robberies from diseased colonies; the disease can also be 

transmitted by beekeepers through infected equipment. Within the hive itself, the 

disease is transmitted by bees that feed the larvae. The causative agent can also be 

transmitted through the sting of the Varroa destructor mite. The manifestation of 

clinical signs of the disease occurs only in weak and insufficiently fed colonies 

with weakened immunity and insufficient number of bees that feed the brood. 

Regardless of the presence of the causative agent of the disease, the disease will 

not occur if the colony is strong, if there is enough food, if the litter is warm, etc. 

Larvae 1-2 days old are most often infected. Infection of larvae in the open litter 

occurs by ingesting food contaminated with Melissococcus plutonius. Bacteria 

multiply quickly in the middle intestine of bees, because they have good 

conditions and enough food. Depending on the severity of the infection and the 

amount of food available, diseased larvae will die or survive. The mortality rate 

of larvae directly depends on the amount of bacteria ingested, the number of bees 

that feed brood and the amount of ingested food (Lolin, 1991). Infected young 

larvae become transparent, lose their pearly white color, and due to the reduction 

of internal pressure, they stretch out and turn towards the aperture of the cell; due 

to the extension of the larva, the tracheal system is clearly visible (Fig. 2); larvae 

change color to pale yellow, then dark brown, semi - liquid, gooey consistency, 

after which they disintegrate (Figure 3). 

 

 
 

Figure 2. Larvae infected with Melissococcus plutonius - well visible tracheal 

system 

https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-

affecting-honey-bee-brood/ 

https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-affecting-honey-bee-brood/
https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-affecting-honey-bee-brood/
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Figure 3. The dead larva is extended towards the aperture of the cell, it is 

yellowish to dark brown 

https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-

affecting-honey-bee-brood/ 

 

Larvae usually die at the age of 4-5 days, rarely dying after cell closure. The 

symptoms of the disease are noticeable on an open litter, unlike the American 

plague where the symptoms are usually visible on a covered litter. The content of 

the larvae does not stretch as is characteristic of the American bee plague litter. 

The stretching test is done by stretching the contents of the dead larvae, usually 

with the help of a toothpick, a match or a wooden stick (Figure 4). 

 

 
Figure 4. Slightly stretchable content of larvae killed by European plague 

https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-

affecting-honey-bee-brood/ 

https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-affecting-honey-bee-brood/
https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-affecting-honey-bee-brood/
https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-affecting-honey-bee-brood/
https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-affecting-honey-bee-brood/
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If some of the diseased larvae are closed, the appearance of the litter as a 

whole resembles that of a litter infected with the American plague ("streaked", 

"scattered" litter). The appearance of a scattered litter is a consequence of death 

of a certain number of larvae in uncovered and the death or survival of some 

larvae in covered cells. Holes appear on the lids of cells with diseased or dead 

larvae - similar to the American plague litter. Holes in the lids appear as a 

consequence of cleaning the cells and expelling the pathological material by the 

cleaning bees. Sometimes, the contents of the larva can be weakly extensible - up 

to 1.5 cm (in the case of American plague, the extensibility is about 2.5 cm) 

(Bojanić Rašović, 2018a). 

 Depending on which of the bacteria dominates during the secondary 

infection, the diseased litter can have a different smell: stale or sour smell, the 

smell of rotten cheese, rotten fish, the smell of vinegar, but it can often be 

odorless. Drying of dead larvae creates "scabs" that do not stick to the bottom of 

the cell and are easily expelled (Figures 5 and 6). (Anon. 2018). 

 

 
Figure 5. Changes on the larva from the moment of infection to its death, decay 

and drying in the scab (Ruoff, Forsgren et al. 2013)  

 

 
Figure 6. Larvae at different stages of development and disease (Forsgren et al. 

2013) 
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The litter observed as a whole is "streaked" - "scattered" (Figure 7). Litter 

scattering occurs because some larvae die in uncovered cells, and some die or 

survive in covered cells. Scattered brood also occurs in some other bee diseases. 

 

 
Figure 7. "Scattered" bee brood infected with European plague  

https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-

affecting-honey-bee-brood/ 

 

At the same time, there are eggs, larvae in different stages and covered 

cells with dead or healthy dolls on the same honeycomb surface. 

Most diseased larvae are detected and removed by cleaning bees. Due to 

the multiplication of pathogens in the midgut of the larva, infected larvae have a 

greater need for food. Caregivers bees recognize and expel larvae with excessive 

food demands. In this way, a strong bee colony can eliminate diseased larvae and 

keep the European plague under control. Some infected larvae receive enough 

food to survive and thus prolong the duration of the disease. They pass into the 

pupal stage, and then into the adult stage. Such puppets and adult forms are 

stunted - they have a smaller mass compared to the healthy ones and they excrete 

the pathogen through the feces. Therefore, the disease is most often repeated in 

treated colonies in the following years, because the causative agent of the disease 

is constantly present in the hive.  

Honeycombs with a diseased litter measuring 10 x 10 cm are taken for 

laboratory testing. It is best to send honeycombs with freshly dead larvae. 

Examination of stained microscopic preparations from dead larvae, isolation of 

the pathogen on nutrient media (Figure 8), as well as molecular diagnostics 

(PCR) confirm the presence of the pathogen (Ansari et al. 2017). 

https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-affecting-honey-bee-brood/
https://bee-health.extension.org/european-foulbrood:-a-bacterial-disease-affecting-honey-bee-brood/
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Figure 8. Appearance of Melissococcus plutonius colonies on basal medium 

(Lundgren and Johansson, Forsgren et al. 2013) 

 

For microscopic examination, a diluted aqueous suspension is prepared 

from the contents of the intestine which is transferred to a microscopic slide and 

mixed with a 5% aqueous solution of nigrosine (Anon. 2018). The aqueous 

suspension is evenly distributed on 1-2 cm
2
 of the glass surface, lightly dried on a 

flame and observed under a microscope. The presence of a large number of 

lanceolate cocci (having the appearance of a lancet or spear), measuring about 0.5 

x 1.0 μm, arranged individually, in groups, pairs or short chains, almost certainly 

indicates that it is a European plague litter (Figure 1). Melissococcus plutonius is 

a gram positive bacterium that does not produce spores (Figure 1). However, 

even if it does not create spores, it is quite resistant in the external environment, 

to the action of physical and chemical factors and drying. Thanks to its resistance, 

it can survive the winter period on the walls of honeycomb cells, in feces and wax 

residues at the bottom of the hive, and be a source of infection in the following 

years as well. On nutrient media under anaerobic conditions for 4 days it grows in 

the form of small transparent colonies with a diameter of 1 mm (Figure 8). It is 

very pleomorphic in culture, meaning it changes shape; it can also occur in the 

form of sticks, especially in cultures that are stored for several weeks. The 

isolated bacteria can be detected by agglutination in a test tube with the help of 

antiserum obtained by immunizing rabbits. 

 

Measures to combat the European bee brood plague 

In order to prevent the appearance of the disease, it is necessary for the bee 

colonies to warm up in time (especially in the spring), in the absence of pasture to 

be fed, for the bee queen to be changed every two years, and for the equipment 

and hives to be disinfected regularly; bee colonies need to be strong and have 

enough quality food - that is, quality honey. When importing beekeeping 

equipment, preventive disinfection should be done with a 0.5% solution of 
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sodium hypochlorite, for 20 minutes or with radiation of 15 kilogray (Anon. 

2017a). 

When the disease occurs, if the colony is very weak, and the cells are 

blocked by a large number of dead larvae, the bee colony is destroyed - burned, 

as in the case of the American plague. If the colonies are on average strong and 

there is not a large percentage of dead larvae and untreated cells, measures are 

taken to cure the diseased colony; these are measures that improve the conditions 

of beekeeping (brood warming, feeding the colony) and measures aimed at 

destroying and removing pathogens from the hive (disinfection of equipment and 

accessories, moving the colony to a clean and disinfected hive, etc.) (Bojanić 

Rašović et al., 2019, Bojanić Rašović, 2019, Bojanić Rašović, 2020a, Bojanić 

Rašović, 2020b, Bojanić Rašović, 2021a, Bojanić Rašović, 2021b, Bojanić 

Rašović, 2021c, Bojanić Rašović, 2021d, Bojanić Rašović, 2021e, Bojanić 

Rašović, 2021 f).  

It should be borne in mind that the appearance of the disease in the same 

bee colonies can occur again in the following years, if the conditions for 

beekeeping worsen again (Plavša and Pavlović, 2017). Antibiotics have 

previously been used to treat this disease, but the effects of this therapy are 

unsatisfactory and harmful. Antibiotic therapy does not lead to the cure of the 

disease, but only to its transition to another - hidden form. Antibiotics prevent the 

healing of the bee colony in such a way that antibiotics enable the survival of 

infected larvae; infected larvae should be allowed to die to be removed by nurse 

bees. This eliminates the source of the infection. Antibiotic therapy has also led to 

the emergence of resistance of pathogenic microorganisms to antibiotics and the 

emergence of fungal and other diseases of bees. Antibiotics leave harmful 

residues in honey. For all these reasons, antibiotics are banned for use in 

beekeeping. 

  

Measures to prevent the occurrence of European bee brood plague in 

Montenegro 

In Montenegro beekeepers have the obligation to report to the veterinary 

service any suspicion of the occurrence of both this and other dangerous 

infectious diseases of bees. Measures to diagnose and control infectious diseases 

are carried out under the supervision of a veterinarian. According to international, 

as well as national regulations, the European bee brood plague is classified as a 

dangerous infectious disease and as such it is mandatory for reporting to the 

International Organization for Epizootics (OIE) (Anon. 2017b, Anon. 2018). The 

Directorate for Food Safety, Veterinary and Phytosanitary Affairs of Montenegro 

is obliged to report confirmed cases to the OIE. In Montenegro, there are no data 

on diagnostic testing of bee colonies for European bee brood plague, nor this 

disease has been diagnosed in Montenegro. Considering that the disease has been 

diagnosed in the countries of the immediate and distant environment, in 

Montenegro the diagnostics and control of beehives for this disease should be 

carried out. Considering that laboratory diagnostics of European plague is not 



Significance of European foulbrood of honey bees diagnostics in Montenegro 

 
329 

performed in Montenegro (no isolation of pathogens is performed), it is necessary 

to work on the introducing of this microbiological method. Also, in Montenegro 

there is no defined program of measures to combat this disease, which should 

include the above measures, as timely warming of bee colonies, providing a 

sufficient amount of honey for overwintering of bees, supplementing with quality 

food, replacement of bee queen every other year, regular disinfection of 

equipment and bee hives, burning of very weak bee colonies suffering from 

European bee brood plague, etc. In order to prevent the occurrence of infectious 

diseases of bees, also European bee brood plague, beekeepers apply the principles 

of good beekeeping and good veterinary practice (Grubić, 2018, Rašić, 2018).  

  

 
CONCLUSIONS 

European bee brood plague is a contagious disease of primarily open, less 

often closed brood caused by gram-positive round bacterium Melissococcus 

plutonius. Due to the weakening and decay of diseased bee colonies, the disease 

leads to large losses. The occurrence of the disease is crucially influenced by 

unfavorable environmental conditions and errors in beekeeping technology. If be 

colonies suffering from the European plague are very weak, colonies are 

destroyed. If bee colonies are on average strong, measures are taken to cure the 

diseased societies. In order to protect the bees of the European bee brood plague 

in Montenegro, should be done on introducing diagnostics and implementation of 

preventive measures in the apiary. In order to prevent the occurrence of infectious 

diseases of bees, beekeepers should apply the principles of good beekeeping and 

good veterinary practice. 
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