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EFFECTS OF ENVIRONMENTAL FACTORS ON HERBACEOUS 

PLANT DIVERSITY IN AN ORGANIC CULTIVATION OF SAGE 

(SALVIA OFFICINALIS L.) IN A TYPICAL MEDITERRANEAN 

CLIMATE 
 

SUMMARY  
Sage (Salvia officinalis L.) is a perennial aromatic-medicinal plant that is 

commonly cultivated for pharmaceutical uses through the Mediterranean basin. 

The purpose of this study was to examine the herbaceous plant diversity (plant 

species richness), composition and their utilization as well as the relationships 

between herbaceous plant species richness and driving factors (e.g. soil pH, 

organic matter, temperature, minerals etc) in the organic cultivation of Sage in 

central Greece. The results showed that the most frequently occurring species 

were: Papaver rhoeas L., Chenopodium album L., Fumaria officinalis L. and 

Urtica dioica L. Our data suggested that these plants constitute important soil 

indicators which could be used to monitor the state of soils along with assessing 

the role of soil in environmental interactions. According to Principal Component 

Analysis (PCA), herbaceous plant species richness was positively correlated to 

soil organic matter, temperature and moisture, P and K in the organic cultivation 

of Sage. The results of this study highlight the ecological value of the organic 

sage cultivation and how it can be a useful tool for the ecosystem’s environmental 

protection, the wider scientific community and the general public during the 

current economic crisis.  
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INTRODUCTION 
It is a well-known fact that Greece has a vast plant biodiversity, amongst 

the highest in Europe and the Mediterranean region. Greece counts 5828 species 
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and 1982 subspecies (either native or naturalized) which consequently represent 

6695 taxa belonging to 1083 genera and 185 families. Therefore, that’s the reason 

why Greece is considered to be a very important spot of endemism in Europe and 

the Mediterranean basin (Dimopoulos et al., 2013; 2016). A very important fact is 

the existence of aromatic medicinal plants having renowned pharmaceutical 

values (Solomou et al., 2017). In fact, there are 1683 species and subspecies 

which represent 25% of the Greek flora. Greek microclimatic conditions together 

with the country's topography are ideal for the development and progress of 

aromatic and medicinal plants (Bogers et al., 2006; Solomou et al., 2016).  

Recent studies have underlined the importance of these plants in the fields 

of environmental protection, sustainable development and of course, public 

health. Their use has been widely known since antiquity and their pharmaceutical, 

cosmetic and culinary values are currently being acclaimed once more. In the 

mid-nineties there was a serious decline concerning the cultivation of these plants 

but over the last few years their properties are the subject of extensive research. 

Fortunately, at present, there is a tendency to "re-discover" their importance and 

capitalize on their cultivation. Species such as Dictamus (Origanum dictamus), 

Oregano (Origanum vulgare) (Skoufogianni et al., 2019), Mountain Tea (Sideritis 

sp.) (Solomou et al., 2019), Chamomile (Chamomilla sp.), Aloysia (Lippia 

citriodora) (Solomou et al., 2020) and Sage (Salvia officinalis) are nowadays 

being cultivated- while it must be noted that especially sage cultivation is on the 

increase (Stefanou et al., 2015; Skoufogianni et al., 2017). 

Sage belongs to the Lamiaceae family which includes nearly 900 species.  

Being rich in essential oils, phenolic compounds and vitamins, sage is one of the 

stars of medicinal plants.  Its properties are highly ranked ranging from 

antibacterial/antiviral to anti-inflamatory, antidiabetic and even anti-tumor 

(Christopoulou-Geoyiannaki and Masouras, 2015).  A high quality raw material 

can be provided by organic cultivation which also boosts the crop diversity an 

important element concerning organic farming (Verma et al., 2017). Sage has 

recently been the subject of several studies (Bradley, 2006; Russo et al., 2013; 

Russo et al., 2015; Ravlic et al., 2016). However, there is still a lack of available 

data which would specify the utilization, dynamics and environmental 

determinants of its diversity in organic cultivation. The role of herbaceous plants 

in the ecosystem is paramount and they should be further studied.  

Hence, the objectives of this research were to determine: a) the richness 

and composition of herbaceous plant species, b) the plant species utilization and 

c) the correlation of the species richness with specific environmental factors (e.g.  

soil pH, organic matter, temperature, minerals etc) in the organic cultivation of 

Sage. 

 

MATERIAL AND METHODS 
Study area 

The study was conducted in a Thessaly plain (Velestino, central Greece) 

(Fig.1). The climate of the area is characterized as typical Mediterranean and 
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continental with hot and dry summer followed by a humid and cool winter. The 

soil characterized as clay loam with high amount of calcium and good drainage 

(Mitsios et al., 2000). 

 
Figure 1. Study area 

 
Sampling 

The sampling of herbaceous plant communities was done in organic 

cultivation of sage in the experimental fields of University of Thessaly in central 

Greece during the spring of 2016, 2017 and 2018. The samplings of herbaceous 

plants were carried out in plots 0.25 m
2
 (0.5 m × 0.5 m), in order to record 

herbaceous plant diversity (plant species richness) and composition (Cook and 

Stubbendieck, 1986; Solomou and Skoufogianni,  2016).  

 In each plot composite soil samples were taken by the randomized method 

(soil depth: 0–40 cm). Soil organic matter (%) (Nelson and Sommers, 1982), pH 

(McLean, 1982), phosphorus (P) (Olsen and Sommers, 1982), potassium (K) 

(Thomas, 1982) and nitrogen (N) (Bremner and Mulvaney, 1982) were measured. 

Also, soil temperature (soil Digital Thermometer-TFA) and moisture (Page et al., 

1982), air humidity and temperature (Digital Thermo-Hygrometer, TFA) were 

recorded.  

Data were evaluated for normality and homogeneity of variances with the 

Kolmogorov-Smirnov and Bartlett’s tests (Zar, 1999). Also, Principal Component 

Analysis (PCA) was carried out to determine the strength of the relationships 

between herbaceous plant species richness (one of several diversity indices used 

to measure diversity) and environmental factors (e.g. soil pH, organic matter, 

phosphorus (P), potassium (K), nitrogen (N), temperature and moisture, air 

humidity and temperature) in an organic cultivation of sage.  

All statistical analyses were performed using the software package IBM 

SPSS Statistics ver. 23.0 for Windows (IBM 2015) and the ordination software 

CANOCO (Ter Braak and Smilauer, 2002). 
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RESULTS AND DISCUSSION 
Herbaceous plant communities, composition and utilization  

The study recorded 36 herbaceous plant species richness which belong to 

15 families (Table 1) in the organic cultivation of sage. The most frequently 

occurring species were: Chenopodium album L. (16%) (Family: 

Chenopodiaceae), Papaver rhoeas L. (15%) (Family: Papaveraceae), Fumaria 

officinalis L. (12%) (Family: Fumariaceae) and Urtica dioica L. (11%) (Family: 

Urticaceae). The study recorded 36 herbaceous plant species richness belonging 

to 15 families (Table 1) in the organic cultivation of sage. Frequently occurring 

species were: Chenopodium album L. (16%) (Family: Chenopodiaceae), Papaver 

rhoeas L. (15%) (Family: Papaveraceae), Fumaria officinalis L. (12%) (Family: 

Fumariaceae) and Urtica dioica L. (11%) (Family: Urticaceae).  Agroecosystems 

support a large number of plant species and are considered high nature-valued 

farming systems, enhancing/promoting biodiversity. 

According to literature (Bengtsson and Weibull, 2005) organic agriculture 

is a farming system which promotes ecosystem protection and its produce is free 

from substances such as chemicals and pesticides. Tuamisto et al. (2012) reported 

the positive environmental effects of organic farming, not to mention its 

contribution to diversity and soil quality. As an example of the increase regarding  

diversity we have vascular plants (Hyvönen and Salonen, 2002) and a general 

total (Ahnström, 2002; Bengtsson and Weibull, 2005). We should also note that 

the composition and the diversity of native flora are influenced by factors such as 

(a) agricultural practices, (b) landscape structure, (c) current crops, (d) crop size, 

(e) herbivores which may affect (Fischer et al., 2011) and f) age, an important 

factor explaining about 8-10% of the change in the composition and diversity of 

the flora (Cordeau et al., 2010). 

Dimopoulos et al. (2013) report in their study that the above plant species 

that were recorded in the organic cultivation of sage are characteristics of rural 

ecosystems and could contribute significantly to their protection. It is important 

to mention that the above most frequently occurring plant species constitute 

important indicators of the state, productivity and the health of the soil 

(Chenopodium album: indicator of good nutritional status of the soil), Papaver 

rhoeas (indicator of non-acid soil), Fumaria officinalis (indicator of ventilated 

and wet soils) and Urtica dioica (indicator of soil nitrogen). Also, these plants 

have medicinal uses which could be utilized and described below: 

Hence, Chenopodium album is an indicator of the soil's good nutritional 

status, Papaver rhoeas indicates a non-acidic soil, Fumaria officinalis reflects a 

well ventilated and wet soil and lastly, Urtica dioica signals the soil's nitrogen. 

Furthermore, we should also mention the medicinal uses of these plants. More 

specifically: 

-  Chenopodium album presents antirheumatic and anti-inflammatory 

properties. The leaves can be used not only as an infusion but also as a poultice 

on bug bites/ sore areas of the body (http1). 
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- Papaver rhoeas and its flowers have useful properties tackling mild pains 

and stress. In contrast to the related opium poppy, there is no danger of addiction 

but should be used under supervision/ advice from an herbalist.  The flowers of 

the plant are dried and concocted and the syrup is used in small quantities 

inducing sleep, while the leaves and seeds are used for opposing results, that of a 

tonic. Another latest finding regarding the plant's properties has to do with 

antitumor effects (http2). 

-  Fumaria officinalis has been known since Roman times. It can be 

administered either externally or internally for the treatment of inflammations and 

skin conditions. Its harvest takes place in summer when the plant blooms. 

However, excessive doses may cause unwanted hypnotic effect so there must be 

caution and expert advice (http3). 

- Urtica dioica is a very valuable medicinal plant. Its infusion combats 

anemia, asthma attacks and even arthritis and rheumatism. Its nettles on the skin 

cause hyperaemia proven beneficilal to arthritic/rheumatic joints.  The leaves can 

be best harvested during May-early June and dried for further use (http4). 

 

Table 1. Herbaceous plant species in sage cultivation 

FAMILY PLANT SPECIES 

FREQUENCY OF 

OCCURRENCE 

(%) 

MEDICINAL 

PLANT 
CH* LF** 

Amaranthaceae Amaranthus albus L. 2  
[N-

Am.] 
T 

Amaranthaceae 
Amaranthus 

retroflexus L. 
2  

[N-

Am.] 
T 

Asteraceae Arctium lappa L. 1 Yes ES H 

Asteraceae Beilis perennis L. 1 Yes EA H 

Boraginaceae 
Heliotropium 

europaeum L. 
1 Yes ME T 

Brassicaceae 
Capsella bursa-

pastoris (L.) Medik. 
1 Yes Co TH 

Brassicaceae Sinapis arvensis L. 2    

Caryophyllaceae 
Stellaria media (L.) 

Vill. 
2 yes Co TH 

Chenopodiaceae 
Chenopodium album 

L. 
16 yes Co T 

Convolvulaceae 
Calystegia sepium 

(L.) R. Br. 
2  Co H 

Convolvulaceae 
Convolvulus arvensis 

L. 
1 yes Co HG 

Fumariaceae Fumaria officinalis L. 12 yes Pt T 

Lamiaceae 
Lamium 

amplexicaule L. 
1  Pt T 

Malvaceae Malva sylvestris L. 5 yes EA TH 

Papaveraceae Papaver rhoeas L. 15 yes Pt T 

Papaveraceae 
Glaucium 

flavum Crantz 
2    

Poaceae 
Aegilops geniculata 

Roth 
3  Me T 
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Poaceae 
Avena barbata Link 

in Schrad. 
1 yes Me T 

Poaceae Avena sterilis L. 1  MS T 

Poaceae Briza maxima L. 1  ST T 

Poaceae Bromus rigidus Roth 1  ST T 

Poaceae Bromus tectorum L. 1  Pt T 

Poaceae 
Cynodon dactylon 

(L.) Pers. 
2 yes Co G 

Poaceae 
Cynosurus echinatus 

L. 
1  Me T 

Poaceae 
Echinochloa crus-

galli (L.) P. Beauv. 
1 yes Co T 

Poaceae 
Hordeum murinum 

L. 
2  MS T 

Poaceae Lagurus ovatus L. 1  Me T 

Poaceae Lolium perenne L. 1  ES H 

Poaceae Melica ciliata L. 1  MS H 

Poaceae 
Piptatherum 

miliaceum (L.) Coss. 
1  Me CH 

Poaceae Poa bulbosa L. 1  Pt H 

Poaceae 
Setaria viridis (L.) P. 

Beauv. 
1  Co T 

Poaceae 
Sorghum halepense 

(L.) Pers. 
1  [Co] G 

Urticaceae Urtica dioica L. 11 yes Co H 

Veronicaceae 
Veronica persica 

Poir. in Lam. & Poir. 
1  

[W-

As.] 
T 

Zygophyllaceae Tribulus terrestris L. 1 yes Co T 
*Bk: Balkan, BI: Balkan-Italy, BA: Balkan-Anatolia, BC: Balkan-Central Europe, EM: East 

Mediterranean, Me: Mediterranean,  

MA: Mediterranean-Atlantic, ME: Mediterranean-European, MS: Mediterranean-SW Asian, EA: 

European-SW Asian, ES: Euro-Siberian, Eu:European, Pt: Paleotemperate, Ct: Circumtemperate, 

IT: Irano-Turanian, SS: Saharo-Sindian, ST: Subtropical-tropical, 

Bo: (Circum-) Boreal, AA:Arctic-Alpine,  Co:Cosmopolitan,  [trop., subtrop., paleotrop., neotrop., 

pantrop., N-Am., S-Am., E-As., SE-As., S-Afr., Arab., Arab. NE-Afr., Caucas., Pontic, Europ., 

Austral.]: Origin of the alien taxa in [tropical, subtropical, paleotropical, neotropical, pantropical, N 

American, S American, E Asian, SE Asian, S African, Arabian, Arabian NE African, Caucasian, 

Pontic, European, Australian, unknown, etc., optionally a combination of these].  
**P: Phanerophyte, C: Chamaephyte, H: Hemicryptophyte, G: Geophyte (Cryptophyte), T: 

Therophyte, A: Aquatic (Dimopoulos 2013, 2016). 
 

Relationships between Plant Species Richness and Environmental 

Variables 

According to the results of the Principal Component Analysis (PCA), the 

first two components interpret together 89.0% of the variance of the relationships 

between plant species richness and environmental factors (component 1 = 60.0%, 

component 2 = 29%). More specifically, it was detected that there is a positive 

correlation among plant species richness and phosphorus (P), potassium (K), 

organic matter (OM), temperature (T) and moisture (M) of the soil in the organic 

cultivation of sage (Figure 2). 
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Figure 2. Principal Component Analysis (PCA). (Abbreviations: AT: Air 

Temperature, AIH: Air Humidity, SpH: Soil pH, N: Nitrogen, P: Phosphorus, K: 

Potassium, HPSR: Herbaceous Plant Species Richness, OM: Organic matter, M: 

Moisture, T: Temperature) 

 

Ecology studies focus mostly on the determination of factors controlling 

the distribution patterns within the plant communities. Several studies on species 

richness have found a humped curve which has to do with a productivity gradient 

when productivity is often influenced by the level of an environmental variable. 

More specifically, organic soil provides important nutrients such as phosphorus 

and potassium used by plants in large quantities for their growth and survival. 

Phosphorus is omnipresent in all forms of life being a key element in the 

physiological and biochemical process. Phosphorus in plants has a major role in 

photosynthesis, this vital process which converts light energy into a chemical one, 

necessary for fueling the plants' activities. Potassium also promotes 

photosynthesis by accelerating the transport of metabolites and by enhancing 

storage substances. Moreover, it is known to favour protein production, improve 

the efficiency of nitrogen supplies and its fixation and benefit the efficiency of 

water management. 

All the above could be attributed to the theory based on the model of Al-

Mufti et al (1977) and Grime (1979) ("humped-back curve"). This model has to 

do with low species richness where the nutrient availability is low and subsequent 

increase at intermediate levels. Many scientists through their research point out 

that environmental factos directly affect soil properties albeit in various scales. 

So, nutrients, soil humus, rainfall and temperature affect the synthesis and plant 

diversity both in agricultural and natural ecosystems (Peng et al., 2012; Solomou 

and Sfougaris 2015). 
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Another important policy targeting the increase of plant species and their 

richness focuses on increasing the soil water availability (moisture) and 

temperature. These two factors affect the growth and overall health of a plant, 

because root growth (responsible for water and nutrient intake) together with the 

decomposition of organic matter are linked with the very existence of the plant. 

The impact of high soil temperature exhibits variations; it is not the same for all 

plant/genotypes within plant species (Kasper and Bland, 1992). Franklin et al 

(2013) proved that high soil temperature affects every aspect of growth. The 

duration/intensity of high soil temperature together with the overall production 

development really defines the health of the plants involved. Soil temperature is 

controlled by a number of factors such as air temperature and soil properties 

(surface-water content- texture). We must also include topographical parameters 

(altitude-slope- aspect) even the vegetation cover (Liu and Tianxiang, 2011). Soil 

moisture is another key determinant for many chemical and biological functions, 

affecting certain mineralization rates and the decomposition of organic matter. In 

the case of natural ecosystems, climactic conditions have to be taken into 

consideration, too (humidity-rainfall). All these, together with water and mineral 

intake (Weih and Karlsson, 2002) are the controllers of plant diversity, 

distribution and community composition in general (Domisch et al. 2002). 

 

CONCLUSIONS 
Organic sage cultivation promotes every aspect of an ecosystem, including 

that of plant diversity. It was recorded that there are several plants used as indices 

for the ideal produce conditions in a biologically active soil system. These plants 

are: Chenopodium album (index of good soil), Papaver rhoeas (index of non-

acidic soil), Fumaria officinalis (index of ventilated-wet soil) and Urtica dioica 

(index of soil nitrogen) which provide valuable information on the fertility and 

overall health of the soil. In this way, copious soil analyses are unnecessary and a 

better selection of soil improvers can be achieved. Another important aspect 

presented, is that of the medicinal value of these plants, which highlights the 

urgent need for the conservation and preservation of them; their therapeutic use 

should not be overlooked and these basic data should be used for further research 

regarding pharmaceutical studies.  

Last but not least, the study investigated the factors affecting herbaceous 

plant species varieties/richness related to environmental factors. Thus, 

phosphorus, potassium, organic matter, temperature and moisture, play an 

important role in organic sage cultivation. This study proves the ecological value 

of organic sage cultivation and can be used as a tool for the protection of the 

ecosystem, the wider scientific community the general public during the current 

economic crisis. Medicinal plants are currently being given their rightful place; so 

sage may assist future cost/benefit analysis regarding the organized cultivation of 

the plant in crop rotation schemes in the foreseeable future in Greece and 

generally in the Mediterranean region. 
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