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SUMMARY

Field experiment was conducted to study the effects of surface (SDI) and
shallow subsurface drip irrigation (SSDI) on potato (Solanum tuberosum L.) tuber
yield, evapotranspiration, water use efficiency (WUE), and yield response factor
(Ky). The experiment was carried out under semiarid climatic conditions in the
Vojvodina region in 2020. The trial was established as a block design and
adapted to technical specifications of drip irrigation system. In addition, the
nonirrigated, control variant was also included in the trial. Irrigation was
scheduled on the basis of water balance method. Daily water used on plants
evapotranspiration (ETy) was calculated by multiplying reference
evapotranspiration (ET,) with crop coefficients (k;). K. values were 0.5, 0.7, 1.1,
0.9, 0.7 from planting to emergence, early vegetative development, tuber
initiation, tuber enlargement and senescence, respectively. The potato processing
variety ‘Taurus’ was used for the experiment. Obtained results indicate a
significant effect of irrigation on potato yield compared to the nonirrigated
variant (38.33 t ha ') but differences in the yield using the SDI (58.06 t ha ') and
the SSDI (61.15 t ha') were not significant. In the study period, seasonal
evapotranspiration in irrigation conditions (ET,,) and in rainfed control variant
(ET.) was 478 mm and 319 mm respectively. IWUE values were 9.39, 10.85 kg
m* and 27.64, 29.09 kg m™ but ETWUE values were 12.40, 14.35 kg m* and
12.14, 12.79 kg m™ for SDI and SSDI respectively. The seasonal yield response
factor (K,) of 1.03 and 1.12 for SDI and SSDI indicates that potato can be grown
without irrigation in the temperate climate of VVojvodina.
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INTRODUCTION

Production of potato (Solanum tuberosum L.) takes a very important
place in world agriculture, with a production potential of about 370 million
tonnes harvested and 17.3 million hectares planted area with an average yield of
20.9 t ha' (FAOSTAT, 2019). It rates fourth among the world’s agricultural
products in production volume, after wheat, rice, and corn (Fabeiro et al., 2001).
Over the last three years, a total of 36,000 hectares were devoted to potato in
Serbia with an annual production of 597,000 tons and an average yield of 16.8 t
ha™. In Vojvodina, the northern part of the Republic of Serbia potato is grown at
about 5.700 hectares, with an annual production of 130,000 with an average yield
of 23.0 t ha™ (Statistical Yearbook of the Republic of Serbia, 2021). In the region,
the potato is mostly cultivated under rainfed conditions. Irrigation systems
(portable sprinklers) cover only 12-15% of the potato growing area (Bro¢i¢ and
Stefanovi¢, 2012). Lower average potato yields in Serbia, compared to those
achieved in the leading potato growing countries (USA 49 t ha™*, New Zealand 49
t ha', Denmark 42 t ha™*, Holland 42, Australia 40 t ha™, FAOSTAT, 2019), are
primarily a consequence of inadequate management practices, insufficient
amount and unfavorable distribution of precipitation in the growing season,
production mostly under rainfed conditions as well as poor irrigation
management.

In the variable climatic conditions of Vojvodina, in which summers are
arid (Bosnjak, 2001), high and stable yields of potato can be reliably obtained
only by supplementing crop water requirements through irrigation. Only optimum
moisture conditions permit the plants to use water according to their needs, i.e., to
the level of potential evapotranspiration (ETP). Bosnjak and Peji¢ (1995) found
seasonal ETP of potato in the interval from 460 to 480 mm for the conditions of
the VVojvodina region with the seasonal average and maximum daily values of 3.5
mm and 7 mm respectively.

Irrigation in Vojvodina is most commonly used to supplement infrequent
or irregular precipitation during drought periods which regularly occur especially
in July and August (Dragovi¢ et al., 2012). Due to the unpredicted amount and
distribution of precipitation in the growing season, irrigation in the Vojvodina
region is mainly supplemental (Peji¢ et al., 2011a, Peji¢ et al., 2018).

Many irrigation experiments, conducted in a wide range of environments,
have confirmed that potato yields increase with well-scheduled irrigation (Yuan
et al., 2003; Onder et al., 2005; Mili¢ et al., 2010; Badr et al., 2012; P¢ji¢ et al.,
2014; Aksi¢ et al., 2014). Rational irrigation, in addition to providing plants with
the necessary amounts of water during the growing season, especially in the
critical stages of development, implies the correct choice of irrigation methods.
Potatoes in the region are most often irrigated by sprinklers, but due to numerous
advantages of drip irrigation, both surface (SDI) and shallow subsurface (SSDI)
irrigation have recently been applied, especially in the cultivation of vegetables.
The SSDI system is the latest method of irrigation. Camp (1998) reported that
drip irrigation is superior to sprinkler irrigation due to efficient use of water
resources, the possibility of placing water and other chemicals precisely directly



Water-yield relations of processing potato under surface and shallow subsurface... 91

to the root zone (Solomon, 1993; Bartolo, 2005), and significantly larger areas
can be watered in one day, preventing crust formation which disturbs soil aeration
and rainwater infiltration (Kalfountzos et al., 2007). SSDI offers many
advantages over SDI including reduced evaporation (Patel and Rajput, 2009), cut
down surface runoff (Camp, 1998), water saving (Ayars et al., 1999; Patel and
Rajput, 2007), higher yields (Singh et al., 2006; Peji¢ et al., 2018), wind drift,
vandalism and damage by animals. As well, SSDI has an advantage over SDI
when using saline irrigation water in terms of yields and water use efficiency
(Tingwu et al., 2003), because SSDI can result in suitable root-zone salinity
(Hanson et al., 2009). The question of the depth at which laterals are posed has
been the focus of researchers in recent years. Generally, it was suggested to place
laterals in shallower layers of soil depending on cultivated plants and the physical
properties of the soil (Al-Jamal et al. 2001; Patel and Rajput, 2009; Peji¢ et al.,
2018). There is almost no information in the literature regarding subsurface
irrigation with laterals placed just below the soil surface (shallow subsurface drip
irrigation) which are removed from the plot before harvest and used in the
following years. Our knowledge indicates that the biggest advantage of SSDI
compared to SDI is the possibility of placing the laterals together with the sowing
or planting of plants, because it can be used for the uniform and timely
emergence of plants, especially in arid and semi-arid regions. SDI can be placed
only after the emergence of plants, at a certain stage of plant growth, i.e. plants
must protect the laterals from wind movement (Peji¢ et al., 2018).

The sensitivity of potato plants to water stress could be determined by
using the yield response factor (K,) which relates relative yield decrease to
relative ET deficits (Doorenbos and Kassam, 1979). A greater K, value indicates
an increased sensitivity of the cultivated plant to water stress. Doorenbos and
Kassam (1979) estimate that the average value of K, is 0.7 for the potato growing
season. The ultimate goal of irrigation is to utilize added water efficiently, i.e.
that can give the greatest yield increase from added water (IWUE). If the
irrigation regime is not harmonized with the plant water needs and water-physical
properties of the soil, the effect of irrigation may be absent. IWUE generally
tends to increase with a decline in irrigation but only in case that water deficit
does not occur during a single growth period (Howell, 2001). The importance of
analyzing evapotranspiration water use efficiency (ETWUE) is illustrated by the
efforts of numerous researchers to direct total water use for evapotranspiration
(ET) towards transpiration (T) as the productive part of water for plants (Allen et
al., 1998; Howell, 2001). Wang et al. (1996) pointed out that crop yield depends
on the rate of water use, and that all factors increasing yield and decreasing water
used for ET favorably affect the ETWUE.

The objectives of this study were to determine the effects of surface and
shallow subsurface drip irrigation on potato tuber yield, evapotranspiration, water
use efficiency, and yield response factor. The obtained results will be used to
provide the professionals with useful information about the practical possibilities
of drip irrigation and to give recommendations for rational potato irrigation,
which implies high and stable yields.
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MATERIAL AND METHODS

A trial with irrigated potato was conducted on a private farm in Cenej
(45°22' N latitude, 19°47" E longitude, and 85 m.a.s.l.) near Novi Sad, the
Republic of Serbia, in the Calcic Chernozem soil according to the the 1USS
Working Group (WRB) (FAO, 2007), in 2020. In the period 2000-2018, the
average seasonal air temperature and precipitation were 19.4°C, and 338 mm,
respectively. According to the Hargreaves climate classification system, the study
area is classified as arid in the summer period, from Jun to August (Bosnjak,
2001).

The previous crop was the carrot. The soil was ploughed at a depth of 0.3
m in the autumn. Rotary harrowing, fertilizing, planting and ridging were done
simutaniously by Brand Grimme mashine (,,All-in one system*). The potato
processing variety ‘Taurus’ was planted on 23 April. The crop spacing was 0.75
by 0.30 m. All recommended agronomic practices regarding cultivation and plant
protection were applied at the experimental plot. The experiment was set up as a
block design with three replicates and adapted to the technical specifications of
drip irrigation. The trial also included the nonirrigated, control variant. The plants
were irrigated with a lateral placed in every row (the distance between laterals
was 0.75 m) on surface and subsurface variant (depth 0.1 m in the ridge, Petel
and Rajput, 2007 reported that the maximum potato yield was recorded when drip
tape was buried at 0.1 m) with drippers spaced every 0.2 m. Drippers had an
average flow of 1.1 L h™ under a pressure of 70 kPa. Irrigation was scheduled on
the basis of water balance method. Daily water used on plants evapotranspiration
(ET4) was calculated by multiplying reference evapotranspiration (ET,) with crop
coefficients (k.). K. values were 0.5, 0.7, 1.1, 0.9, 0.7 from planting to
emergence, early vegetative development, tuber initiation, tuber enlargement and
senescence respectively (King and Stark, 1997, FAO, 2007, Table 2). ET, was
calculated by Hargreaves equation (Hargreaves and Allen, 2003). Daily ET,
values were taken from the website of the Hydrometeorological Service of the
Republic of Serbia, (RHMZS). Irrigation started when readily available water
(RAW) in the soil layer of 0.4 m (Wang et al. 2006 reported that most of the
potato root is located at the depth of 0.4 m) was completely absorbed by plants.
The irrigation rate was 30 mm at the beginning of the season and 40 mm in the
middle season. The volume of irrigation water and the pressure in the system
were controlled by the flow meter and the pressure gauge installed in the hose
nozzle used for irrigation. Runoff and capillary rise were assumed negligible, but
in the case of heavy precipitation, greater than the capacity of the soil for RAW in
a layer of 0.4 m, percolated water into deeper soil layers was calculated. The size
of the experimental unit was 10 m? (13.3 m x 0.75 m). The middle two rows in
each plot were harvested by hand at physiological maturity on 31 August. The
yield (t ha™) was computed based on the yield measured at the experimental unit.
The number of tubers per plant, tuber yield per plant (g), and mean tuber weight
(g) were determined from 10 randomly selected plants before harvest. After
harvesting, tubers of each plot were graded into three size categories (>40, 35-40,
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and <35 mm) and weighed. This classification has also been used in Serbian
companies that processed potato. Potato dry matter (%) was determined by the
hydrometer (Zeal Manual Hydrometer). YSI 2700 Biochemistry analyzer
Marshall Scientific apparatus was used for the determination of sugar
concentration in potato tubers.

Yield response factor (K,) during the growing season of potato was
determined using Stewart's model (Stewart et al., 1977) as follows:

e
m m (1)

Y, = the actual harvested yield (nonirrigated, t ha *),

Yn = the maximum harvested yield (under irrigation, nonlimiting
conditions, t ha™),

K, = the yield response factor,

ET. = the actual evapotranspiration (mm), corresponding to Y,

ET., = the maximum evapotranspiration (mm) corresponding to Y, and

(1-ETJ/ET,,) = the relative evapotranspiration deficit and (1-Y,/Yy) the
relative yield decrease.

IWUE's and ETWUE's calculations were done in two ways:

IWUE =Y, — Y./l (Bos, 1985) (2)

IWUE = Y, /I (Viets, 1962) (3)

ETWUE =Y., — YJ/ET,, - ET, (Bos, 1985) (4)

ETWUE = Y./ET, (Erdem et al., 2006) (5)

Where | = the total seasonal irrigation water applied (mm)

Data reported for yield and yield components were subjected to analyses of
variance (ANOVA). The significant differences for examined traits were
calculated using the LSD test at the significance level of p<0.05.

RESULTS AND DISCUSSION

In the growing season of the experimental year (April-August), the mean
air temperature and total precipitations were 19.3 °C and 319 mm, respectively
(Tab. 2). Daily precipitation was measured on the experimental plot by a rain
gauge, whereas the air temperature data were obtained from a weather station
located at Rimski Sandevi, near the experimental field (Figure 1). As expected,
seasonal precipitation of 319 mm (Tab. 1) was not sufficient for potato
production, to allow plants to consume water in relation to their needs or
evapotranspiration (478 mm, Tab. 2). For this reason, irrigation was needed to get
acceptable yields of potato. The amount of water added by irrigation was 210 mm
(Figure 1, Table 2). The examined year can be characterized as an average for
potato production in comparison with long-term values of precipitation and air
temperature (Table 2).
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Figure 1. Irrigation schedules, irrigation water applied, and meteorological data
for the experimental year (daily rainfall and daily average air temperature)

Yield and yield components

Unpredictable weather conditions in the region, first of all, amounts and
distribution of precipitation, cause fluctuation in agricultural yields (Dragovi¢,
2012; Vojnov et al., 2020; Vojnov et al., 2022). It is considered that generally,
the potato is very sensitive to water stress (King and Stark, 1997; Peji¢ et al.,
2014; Pejic et al., 2015), primarily due to its shallow roots (Singh, 1968; Opena
and Porter, 1999; Onder et al., 2005; Ahmadi et al., 2011), even a short period of
drought reduces tuber yield and quality (Vanloon, 1981; Miller and Martin, 1990;
Kumar and Minhas, 1994). High yields of potatoes of excellent quality can be
obtained only in conditions of optimal soil moisture (Bosnjak and Peji¢, 1994;
Ayas, 2013) when plants consume water for their needs or evapotranspiration.
Peji¢ et al (2015) stressed that in the region of VVojvodina it is possible to achieve
high and stable yields of potatoes, at the level of 50-60 t ha™ if a shortage of
RAW in the soil, in the growing season, is eliminated by proper irrigation
management.

According to the research results, irrigation, both SDI (58.06 t ha™) and
SSDI (61.15 t ha™) had a significant effect (p<0.05) on potato yield regarding the
nonirrigated, control variant (38.33 t ha), but differences in the yield obtained
using SDI and SSDI were not significant (Table 1). Early studies conducted in
different climate and soil conditions have also shown that irrigation significantly
affects potato yield compared to rainfed production (Onder et al., 2005; Ayas,
2013; Cantore et al., 2014; Peji¢ et al., 2015; Rolbiecki et al., 2021). The
obtained results are also consistent with researchers who reported that no
statistical differences were found between surface and subsurface irrigation in
potato yield (Phene, 1995; Weatherhead and Knox; 1998; Onder et al., 2005; El
Mokh et al., 2014). Contrary to that, some studies indicated a significantly higher
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yield of potato resulting from subsurface compared to surface drip irrigation
(Petel and Rajput, 2007; Badr et al., 2010; Badr et al., 2012). The better
performance of subsurface drip irrigation is explained by favorable soil water
status in the root zone as well as more efficient utilization of nutrients from the
limited wetted area. Findings and conclusions related to potato yield are identical
for yield components; irrigation significantly affects all tested yield components
(p<0.05), except the percentage of tuber sized 35-40 mm compared to the
nonirrigated variant (Table 1). Differences in the yield components obtained
using SDI and SSDI were not significant. The obtained results are completely
consistent with the results of Phene (1995), Weatherhead and Knox (1998), and
Onder et al. (2005) who also reported no significant differences between surface
and subsurface irrigation methods on potato yield components. However, the
irrigation significantly affected all yield components compared to the rainfed
conditions.

Table 1. Yield and yield components of potato

Tub. size  Tub. size Tub. size Tuber Mean

Variant Rep. Y;]el_(li <35mm 35-40 mm >40mm  number PIan} yuﬂd tupe}:
(tha™) %) %) %) plants (g plant™) w?lg; t
g
1 57.86 0.00 2.7 97.3 7.48 1300 174.0
2 59.18 0.00 4.1 95.9 7.65 1330 174.0
SDI
3 57.13 0.00 1.2 98.8 8.46 1290 152.0
Aver. 58.06% 0.00? 2.7% 97.3% 7.862 13102 166.7%
1 66.90 0.00 1.2 98.81 8.55 1510 176.0
2 56.54 0.00 15 98.51 7.19 1270 177.0
SSDI
3 60.00 0.00 2.3 97.75 7.63 1350 177.0
Aver. 61.15° 0.00° 1.72 98.4° 7.79% 13802 176.7¢
1 37.22 1.7 4.2 94.1 5.66 840 148.0
o 2 38.32 33 26 94.1 5.67 860 1520
Nonirrigated
39.46 2.2 3.7 94.1 7.40 890 120.0
Aver. 38.33" 2.4° 352 94.1° 6.24° 860°  140.0°

*Different letters in the same column denote statistically significant difference at p<0.05

Evapotranspiration, yield response factor, and water use efficiency

Evapotranspiration (ET) represents the sum of water used by plants for
transpiration (T) and water loss due to evaporation from plant and soil surfaces
(E). Water used for plant evapotranspiration is influenced by a number of factors
including the amount of water in the soil; it is the highest at the moisture of field
capacity and it decreases with the decrease of water content in the soil (Vucic,
1976; Ferreira and Carr, 2002), the irrigation methods (Al-Jamal et al., 2001;
Erdem et al., 2006), irrigation regimes (Onder et al., 2005; Peji¢ et al., 2014),
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variety and length of growing season (Sharma et al., 1993), management
practices (Fandika et al., 2016), environmental factors-atmospheric demand
(Jones et al., 1984; Allen et al., 1998) and amount of crop cover (LAI) (Wright
and Stark, 1990). Potato water demand for high tuber yield varied from 500 to
700 mm (Doorenbos and Kassam, 1979). Sharma et al. (1993) reported that
potato plants need 500-600 mm of water throughout their life cycle. Bosnjak and
Peji¢ (1995) reported seasonal ET of potato in the interval from 460 to 480 mm
for the temperate climate conditions of the Vojvodina region. Aksi¢ et al (2014)
found that high and stable potato yield, in the conditions of south Serbia, could be
reached if water consumption on evapotranspiration varied between 491 and 499
mm.

Table 2. Water balance of potato

Planting to Early Tuber Tuber
vegetative . .. Senescence
emergence initiation enlargement Total/
Elements development A
23.04 14.05 5.06 4.07 1.08 verage
13.05 4.06 3.07 31.07 31.08
ET, 81 86 136 140 143 586
K. 0.5 0.7 11 0.9 0.7 0.8
ET, 41 61 150 126 100 478
ET., (%) 9 13 31 24 21 100
Duration
(days) 21 22 29 28 31 131
ETy 2.0 2.8 5.2 4.5 3.2 34
P 18 24 120 60 97 319
T 15.1 16.2 20.9 21.6 22.9 19.3
A 0 0 0 0 0 0
r 0 0 0 0 0 0
ET, 18 24 120 60 97 319
d 23 37 30 66 3 159
S 0 0 0 0 0 0
| 20 (1) 50 (2) 50 (2) 70 (2) 20 (1) 210

ET, — the reference evapotranspiration (mm), ET, — the maximum evapotranspiration — irrigated
(mm), ET,— the actual evapotranspiration — rainfed (mm), ET, — daily evapotranspiration —irrigated
(mm), P — rainfall (mm), A = — inflow and outflow of water into the soil reserve (r), d — deficit of
readily available water and s — surplus, percolated water

In the study period, the evapotranspiration rate in irrigation conditions
(ETy) and in rainfed, control variant (ET,) was 478 mm and 319 mm respectively
(Table 2). The highest evapotranspiration rate (ET,,) was recorded in the tuber
initiation and the tuber enlargement part of the season amounted to 150 mm
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(31%), and 126 mm (24%) respectively (Table 2). The highest value of average
daily water use on evapotranspiration (ET4) was detected in the tuber initiation at
5,2 mm, but the average value for the entire growing season was 3,4 mm (Table
2). A maximum ET,4 value of 7.2 mm was detected on 29 June, 68 days after
planting by the end of the tuber initiation stage (Figure 2).
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Figure 2. Daily water used on potato evapotranspiration

Obtained results are in agreement with Sharma et al. (1993) who reported
that the water requirement of potato varies from 350-550 mm depending upon the
length of the growing season, atmospheric demand, soil type, and crop variety.
Onder et al. (2005) found, in the East Mediterranean Region of Turkey, that
seasonal evapotranspiration of potato varied from 457 mm to 473 mm for potato
irrigated by surface and subsurface drip irrigation respectively. The highest
evapotranspiration rate (ET,,) recorded in the tuber initiation and the tuber
enlargement part of the season clearly indicates that this period of potato
vegetation is the most sensitive to water stress. Several studies have also
confirmed that mentioned stages of potato development are the most sensitive to
water stress (Doorenbos and Kassam, 1979; Kumar and Minhas, 1994; Yuan et
al., 2003; Ashok, 2008; Begum et al., 2018). Shock et al. (1992) reported that
adequate irrigation supply before and during tuber initiation increases the number
of tubers per plant, but irrigation after tuber initiation stimulates tuber size
(Eldredge et al., 1996). Karam et al. (2014) found out that treatment with deficit
irrigation at the tuber bulking stage achieved a marketable yield 12% lower than
that obtained in the well irrigated treatment. Obtained results are not in line with
the findings of Faberio et al. (2001) who reported that tuber ripening is the
growth stage that is most sensitive to water stress.

The maximum ETy4 value of 7.2 mm, recorded by the end of the tuber
initiation stage is correlated with the fact that in that period the potato plants are
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maximally developed and environmental factors, first of all, air temperature
reaches the maximum values. These results are consistent with the information in
the literature data. The same value of maximum ETq4 (7.2 mm) was recorded by
Kumar et al. (2020) in the sub-humid sub-tropical region of India, 78 days after
planting, during the mid-stage of the growing season. Bosnjak and Peji¢ (1995)
have determined the average seasonal evapotranspiration of 3.5 mm and
maximum daily evapotranspiration of 7-8 mm in soil and climate conditions of
Vojvodina. Wright and Stark (1990) observed, in irrigated areas in Oregon and
Washington, that potato reached a maximum ET, level of 8.5 mm just before
effective full cover.

To compare results with other authors two different ways were used to
compute WUE values. Howell (2001), Peji¢ et al. (2011a) indicated that care
should be taken when comparing WUE values as many researchers have
evaluated WUE in different ways (Viets, 1962; Bos, 1985; Stanhill, 1986; Payero
et al., 2006; Molden, et al., 2010). It means that in climatic conditions where
irrigation is supplementary WUE's calculation takes into account yields and
plants evapotranspiration with and without irrigation (Bos, 1985; Erdem et al.,
2006, Baji¢ et al., 2022), compared to arid regions where crop production cannot
be realized in conditions of natural water supply. Thus in arid climate WUE's
values are calculated as the ratio of yield and water added by irrigation or water
used for plant seasonal evapotranspiration (Viets, 1962; Ati et al., 2012). As well
Djaman et al. (2021) stressed that potato WUE strongly depends on the genetic
material, management practices, irrigation regime, fertilizer rate, and other
environmental conditions and all those should be taken into account when
comparing results.

Regardless of the method of WUE calculation, no statistical differences
were found between SDI and SSDI. IWUE values were 9.39 and 10.85 kg m?
(Ya-Y4/1) and 27.64 and 29.09 kg m™ (Y/I) for SDI and SSDI respectively.
ETWUE values were 12.40 and 14.35 kg m™ (Y, - Yo/ETn - ET,) and 12.14 and
12.79 kg m® (Y. /ET,) for SDI and SSDI respectively (Tab. 3). Onder et al.
(2005) also reported that SSDI irrigation method did not offer a significant
advantage for both yield and WUE compared to the SDI irrigation in early potato
production under Mediterranean conditions. They determined IWUE values of
11.16 and 9.91 kg m™ for SDI and SSDI irrigation respectively. Based on the
mentioned conclusions, they do not recommend the SSDI irrigation method due
to its technical application difficulties.

Our results are in accordance with values reported by Aksi¢ et al. (2014)
who found out WUE values of potato (Y/ET) in the interval between 9.70 and
9.82 kg m™ on the variant of 30 kPa before irrigation in the conditions of south
Serbia. IWUE values of potato reported in our study from 27.64 to 29.09 kg m?
for SDI and SSDI respectively were similar to 26.0 kg m™ reported by Rolbiecki
et al. (2021) for drip irrigated potato in the temperate climate in the central part of
Poland.
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Table 3. Irrigation water use efficiency of potato

Drip IWUE IWUE ETWUE ETWUE
\rigation YorYall Y/ Y- YJET,-ET, Y/ETm
(kg m*) (kg m*) (kg m”) (kg m*)
9.83 27.55 12.98 12.10
<Dl 9.93 28.18 13.12 12.38
8.41 27.20 11.11 11.95
9.39% 27.64° 12.40° 12.14°
14.09 31.85 18.67 14.00
SSDI 8.68 26.92 11.46 11.83
9.78 28.51 12.92 12.55
10.85 ° 29.09 2 14.352 12.79°

*Different letters in the same column denote statistically significant difference at p<0.05

The yield response factor (K,), for the total crop growing period, was 1,03
and 1.12 for SDI and SSDI respectively (Tab. 4). The value of K, in this study
reveals that the relative yield decrease was nearly equal to the rate of ET deficit.
Peji¢ et al. (2011a) reported that the accuracy of K, depends on having a
sufficient range and number of values for Y and ET, and assumes that the
relationships between Y and ET are linear over this range (Peji¢ et al., 2011b,
Peji¢ et al., 2011c).

The obtained results agreed with the findings of Doorenbos and Kassam
(1979), Ayas and Koruk¢u (2010), Mandal et al. (2018), Ayas (2013), and
Kiziloglu et al. (2006) who found similar values of K, values for the total potato
growing season. Darwish et al. (2006) found the K, value of 0.80 for processing
potato for an entire growing period in the dry Mediterranean conditions of
Lebanon.

Table 4. Evapotranspiration and yield response factor of potato

Variant ETm ET, Y Y, 1-ET,/ETp 1-Ya/Y K,
SDI 478 319 5806 3833 0.33 0.34 1.03
SSDI 478 319 6115 3833 0.33 0.37 1.12

Quiality of processing potato

No significant differences in the tested parameters of potato quality were
found either between the irrigated variants in relation to the nonirrigated one, as
well as between the SDI and SSDI irrigation treatment (Tab. 5).

The obtained results on the absence of statistical difference in dry matter
content in potato between irrigated and nonirrigated variants are not in
accordance with the results of many other authors who stated higher dry matter
content on nonirrigated or deficit irrigated variants compared to irrigated variant
(Kashyap and Panda, 2003; Karam et al., 2014).
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Table 5. Quality of processing potato

. . Specific gravity Dry matter Sucrose Glucose
Variant Replicates @ Cm_g) content (%) (mg g‘l) (mg g'l)
1 1.079 21.05 0.26 0.02
DI 2 1.086 22.25 0.64 0.05
3 1.080 21.15 0.58 0.05
Average 1.0812 21.48% 0.49° 0.042
1 1.085 21.98 0.68 0.07
2 1.080 21.25 0.52 0.06
SSDI
3 1.077 20.55 0.35 0.04
Average 1.080% 21.26° 0.52% 0.06%
1 1.077 20.6 0.48 0.03
o 2 1.076 20.5 0.62 0.08
Nonirrigated
3 1.076 20.46 1.08 0.11
Average 1.076% 20.522 0.73% 0.07%

*Different letters in the same column denote statistically significant difference at p<0.05

CONCLUSIONS

Based on the obtained results, it can be concluded that irrigation had a
significant effect on potato yield compared to the nonirrigated variant the (38.33 t
ha™") but differences in the yield obtained using the SDI (58.06 t ha™') and the
SSDI (61.15 t ha™') were not significant.

Preference should be given to the SSSD irrigation as placing laterals can be
done together with the sowing or planting of plants which can affect the uniform
and timely emergence of plants. In the study period, seasonal evapotranspiration
in irrigation conditions (ET,,) and in rainfed control variant (ET,) was 478 mm
and 319 mm respectively. IWUE values were 9.39 and 10.85 kg m™ (Y,-YJ/I)
and 27.64 and 29.09 kg m™ (Y/1) but ETWUE values were 12.40 and 14.35 kg m’
*(Ym - YJETm - ET,) and 12.14 and 12.79 kg m™ (Y/ET,,) for SDI and SSDI
respectively.

The yield response factor (K,) for the total crop growing period, was 1.03
and 1.12 for SDI and SSDI respectively which indicates that potato can be grown
without irrigation in the temperate climate of Vojvodina. These results will
improve precise planing and efficient management of irrigation for potato in the
region.

ACKNOWLEDGEMENTS
This research was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia, within the framework of a
contract on the realization and financing of scientific research work in 2022
(project number 451-03-68/2022-14/200117).



Water-yield relations of processing potato under surface and shallow subsurface... 101

REFERENCES

Ayas, S. (2013). The effects of different regimes on potato (Solanum Tuberosum L.) yield
and quality characteristics under unheated greenhouse conditions. Bulgarian
Journal of Agricultural Science, 19(1): 87-95.

Al-Jamal, M.S., Ball, S. & Sammis, T.W. (2001). Comparison of sprinkler, trickle and
furrow irrigation efficiencies for onion production. Agricultural Water
Management, 46: 253-266.

Ahmadi, S.H., Plauborg, F., Andersen, M.N., Sepaskhah, A.R., Jensen, C.R. & Hansen, S.
(2011). Effects of irrigation strategies and soils on field grown potatoes: Root
distribution. Agricultural Water Management, 98: 1280-1290.

Aksi¢, M., Gudzié, S., Deleti¢, N., Gudzi¢, N., Stojkovi¢, S. & Knezevié, J. (2014). Tuber
yield and evapotranspiration of potato depending on soil metric potential.
Bulgarian Journal of Agricultural Science, 20(1): 122-126.

Allen, R.G., Pereira, L.S., Raes, D. & Smith, M. (1998). Crop evapotranspiration:
Guidelines for computing crop water requirements. Irrigation and Drainage, Paper
56, FAO, Rome, Italy.

Ashok, K.A. (2008). Water management and water uptake efficiency by potatoes: A
review, Archives of Agronomy and Soil Science, 54(1): 53-68.

Ati, A.S., lyada, A.M. & Najim, S.M. (2012). Water use efficiency of potato (Solanum
tuberosum L.) under different irrigation methods and potassium fertilizer rates.
Annals of Agricultural Science, 57(2): 99-103.

Avyars, J.E., Phene, C.J., Hutmacher, R.B., Davis, K.R., Shoneman, R.A., Vail, S. &
Mead, R.M. (1999). Subsurface drip irrigation of row crops: A review of 15 years
of research at the Water Management Research Laboratory. Agricultural Water
Management, 42:1-27.

Ayas, J.E. & Koruk¢u, A. (2010). Water-yield relationships in deficit irrigated potato.
Journal of Agricultural Faculty of Uludag University, 24(2): 23-36.

Badr, M. A.,Hussein, S.D., El-Tohamy, W. A. & Gruda, N. (2010). Efficiency of
subsurface drip irrigation for potato production under different dry stress
conditions. Gesunde Pflanzen, 62:63-70.

Badr, M. A., El-Tohamy, W. A. & Zaghloul, A. M. (2012). Yield and water use
efficiency of potato grown under different irrigation and nitrogen levels in an arid
region. Agricultural Water Management, 110: 9-15.

Baji¢, Ivana., Peji¢, B., Sikora, V., Kosti¢, M., Ivanovska, A., Peji¢, B. & Vojnov, B.
(2022). The effects of irrigation, topping and inerrow spacing on the yield and
quality of hemp (Cannabis sativa L.) fibers in temperate climatic conditions.
Agriculture, 12 (11):1293.

Bartolo, M.E. (2005). Subsurface drip irrigation in Colorado. In: Central Plains Irrigation
Conference and Exposition Proceedings, Sterling, CO, 119-122.

Begum, M., Saikia, M., Sarmah, A., Ojah, N.J., Deka, P., Dutta, P.K. & Ojah, 1. (2018).
Water management for higher potato production: A Review. International Journal
of Current Microbiology and Applied Sciences, 7(5): 24-33.

Bos, M.G. (1985). Summary of ICID definitions of irrigation efficiency. ICID Bulletin,
34:28-31.

Bosnjak, Dj. & Peji¢, B. (1994). Efekat navodnjavanja i predzalivne vlaznosti zemljista
na prinos i evapotranspiraciju krompira. Zbornik radova Instituta za ratarstvo i
povrtarstvo Poljoprivrednog fakulteta u Novom Sadu, 22: 181-189 (in Serbian).

Bosnjak, Dj. & Peji¢, B. (1995). Zalivni rezim krompira u klimatskim uslovima
Vojvodine. Savremena poljoprivreda, 43:119-125 (in Serbian).



102 Samardzi¢ et al.

Bosnjak, Dj. (2001). The problems of drought in the Vojvodina province and drought
control measures. Field and Vegetable Crops Research, 35:391-401.

Bro¢i¢, Z. & Stefanovi¢, R. (2012). Potato, production, cost-effectiveeness and market.
University of Belgrade, Faculty of Agriculture, Zemun (in Serbian).

Camp, C.R. (1998). Subsurface drip irrigation: a review. Transations of the ASAE, 41(5):
1353-1367.

Cantore, V., Wassar, F., Yamag, S.S., Sellami, M.H., Albrizio, R., Stellacci, AM. &
Todorovic, M. (2014). Yield and water use efficiency of early potato grown under
different irrigation regimes. International Journal of Plant Production, 8(3): 409-
428.

Darwish, T.M., Atallah, T.W., Hajhasan, S. & Haidar, A. (2006). Nitrogen and water use
efficiency of fertigated processing potato. Agricultural Water Management, 85:
95-104.

Djaman, K., Irmak, S., Koudahe, K. & Allen, S. (2021). Irrigation management in potato
(Solanum tuberosum L..) production: a review. Sustainability, 13(3): 1504.

Doorenbos, J. & Kassam, A.H. (1979). Yield responses to water. FAO Irrigation and
Drainage Peper, No: 33, FAO Rome, Italy.

Dragovi¢, S. (2012). Effect of irrigation on field crops yield under the variable agro-
climatic conditions of Serbia. Agriculture and Forestry, 54(8): 1-4.

Eldredge, E.P., Holmes, Z.A., Mosley, A.R., Shock, C.C. & Steiber, T.D. (1996). Effects
of transitory water stress on potato tuber stem-end reducing sugar and fry color.
American Journal of Potato Research, 73: 517-530.

El Mokh, F., Nagaz, K., Masmoudi, M., & Ben Mechlia, N. (2014). Effects of surface and
subsurface drip irrigation regimes with saline water on yield and water use
efficiency of potato in arid conditions of Tunisia. Journal of Agriculture and
Environment for International Development, 108(2): 227-246.

Erdem, T., Erdem, Y., Orta, H. & Okursoy, H. (2006). Water-yield relationships of potato
under different irrigation methods and regimens. The Journal of Agricultural
Science, 63(3): 226-231.

Fabeiro, C., Martin de Santa Olalla, F. & de Juan, J.A. (2001). Yield and size of deficit
irrigated potatoes. Agricultural Water Management, 48: 255-266.

Fandika, I.R., Kemp, P.D., Millner, J.P., Horne, D. & Roskruge, N. (2016). Irrigation and
nitrogen effects on tuber yield and water use efficiency of heritage and modern
potato cultivars. Agricultural Water Management, 170: 148-157.

FAO, Rome, (2007). Handbook on Pressurized Irrigation Techniques, Chater 6: Irrigation
scheduling.

FAOSTAT. (2019). Available online: http://www.fao.org/faostat/en/#data/QC (accessed
17.01.2021).

Hanson, B.R., May, D.E., Simunek, J., Hopmans, J.W. & Hutmacher, R.B. (2009). Drip
irrigation provides the salinity control needed for profitable irrigation of tomatoes
in the San Joaquin Valley. California Agriculture, 63(3): 131-136.

Hargreaves, G.H. & Allen, R.G. (2003). History and evaluation of Hargreaves
evapotranspiration equation. Journal of Irrigation and Drainage Engineering, 129:
53-63.

Howell, T.A. (2001). Enhancing water use efficiency in irrigated agriculture. Agronomy
Journal, 93: 281-289.



Water-yield relations of processing potato under surface and shallow subsurface... 103

Jones, J.W., Allen, L.H., Shih, SF., Rogers, J.S., Hammond, L.C., Smajstrla, A.G. &
Martsolf, J.D. (1984). Estimated and measured evapotranspiration for Florida
climate, crops, and soils. Univ. Florida, IFAS, Agric. Exp. Sta. Bull. 840,
Gainesville, FL.

Kalfountzos, D., Alexiou, I., Kotsopouloss, S., Zavakos, G. & Vyrlas, P. (2007). Effect of
subsurface drip irrigation on Cotton plantations. Water Resources Management,
21:1341-1351.

King, B.A. & Stark, J.C. (1997). Potato irrigatiom management. Bull. 789: 1-16.

Karam, F., Fahed, S., Asmar, T.EL. & Dominguez, A. (2014). Response of potato to full
and deficit irrigation under semiarid climate: Agronomic and economic
implications. Agricultural Water Management, 142: 144-151.

Kiziloglu, F.M., Sahin, U., Tunc, T. & Diler, S. (2006). The effect of deficit irrigation on
potato evapotranspiration and tuber yield under coll season and semiaric climatic
conditions. Journal of Agronomy, 5(2): 284-288.

Kashyap, P.S. & Panda, R.K. (2003). Effect of irrigation scheduling on potato crop
parameters under water stressed conditions. Agricultural Water Management, 59:
49-66.

Kumar, D. & Minhas, J.S. (1994). Effect of water stress on photosynthesis, productivity
and water stress in potato. Indian Potato Association, 26(1-2): 5-10.

Mandal, K.G., Thakur, A.K. & Mohanty, S. (2018). Planting techniques and irrigation
influenced crop growth, light interception and yield—evapotranspiration
relationship of potato. International Journal of Plant Production, 12:285-296.

Miller, D.E. & Martin, M.W. (1990). Responses of three early potato cultivars to
subsoiling and irrigation regime on a sandy soil. American Potato Journal, 67:
769-777.

Mili¢, S, Bosnjak, Dj., Maksimovi¢, L., Peji¢, B., Sekulié, P., Ninkov, J. & Zeremski-
Skori¢, T. (2010). Prinos i struktura prinosa krompira u zavisnosti od
navodnjavanja. Ratarstvo i povrtarstvo, 47(1): 257-265 (in Serbian).

Molden, D., Oweis, T., Steduto, P., Binraban, P., Hanjra, M.A. & Kijne, J. (2010).
Improving agricultural water productivity: Between optimism and caution.
Agricultural Water Management, 97: 528-535.

Onder, S., Caliskan, M.E., Onder, D. & Caliskan, S. (2005). Different irrigation methods
and water stress effects on potato yield and yield components. Agriculture Water
Management, 73: 73-86.

Opena, G.B. & Porter, G.A. (1999). Soil management and supplemental irrigation effects
on potato. Il. Root growth. Agronomy Journal, 91:426-431.

Payero, J.0., Melvin, S.R., Irmak, S. & Tarkalson, D. (2006). Yield response of corn to
deficit irrigation in a semiarid climate. Agricultural Water Management, 84: 101-
112.

Patel, N. & Rajput, T.B S. (2007). Effect of drip tape placement depth and irrigation level
on yield of potato. Agricultural Water Management, 88: 209-223.

Patel, N & Rajput, T.B S. (2009). Effect of subsurface drip irrigation on onion vyield.
Irrigation Science, 27:97-108.

Phene, C.J. (1995). Sustainability and potential of subsurface drip irrigation. In:
Proceedings of the Fifth International Micro Irrigation Congress, Orlando,
Florida, 359-367.

Peji¢, B., Maheshwari, B.L., Seremesi¢, S., Stri¢evié, R., Pacureanu-Joita, M., Raji¢, M.
& Cupina, B. (2011a). Water-yield relations of maize (Zea mays L.) in temperate
climatic conditions. Maydica, 56 (4): 315-323.



104 Samardzi¢ et al.

Peji¢, B., Maksimovi¢, L., Cimpeanu, S., Bucur, D., Mili¢, S. & Cupina, B. (2011b).
Response of soybean to water stress at specific growth stages. Journal of Food,
Agriculture and Environment, 9(1): 280-284.

Peji¢, B., Cupina, B., Dimitrijevi¢, M., Petrovi¢, S., Mili¢, S., Krsti¢, Dj. & Ja¢imovi¢, G.
(2011c). Response of sugar beet to soil water deficit. Romanian Agricultural
Research, 28: 151-155.

Peji¢, B., Mackié, K., Ilin, Z., Kresovi¢, B. & Gaji¢, B. (2014). Effect of different
irrigation regimens on water-yield relationships of potato. The 5th CASEE
Conference ,,Healthy Food Production and Environmental Preservation — The Role
of Agriculture, Forestry and Applied Biology* University of Novi Sad, Faculty of
Agriculture, Serbia May 25-27, 2014. Savremena poljoprivreda, Novi Sad. 63 (3):
239-245.

Peji¢, B., Aksi¢, M., Macki¢, K. & Sekularac, G. (2015). Response of potato to water
stress in southern Serbia. Austin Journal of Irrigation, 1(1): 1-4.

Peji¢, B., Macki¢, K., Mili¢, S., Maksimovi¢, L., Baji¢, 1. & Janci¢ Tovjanin, M. (2018).
Efekat povrSinskog i potpovrSinskog navodnjavanja kapanjem na prinos i
evapotranspiraciju kukuruza. Letopis naucnih radova, 42(1):1-8 (in Serbian).

Kumar, N., Shankar, V. & Poddar, A. (2020). Investigating the effect of limited climatic
data on evapotranspiration- based numerical modeling of soil moisture dynamics
in the unsaturated root zone: a case study for potato crop. Modeling Earth Systems
and Environment, 6: 2433-2449.

Rolbiecki, R., Rolbiecki, S., Figas, A., Jagosz, B., Stachowski, P., Sadan, H.A., Prus, P. &
Pal-Fam, F. (2021). Requirements and effects of surface drip irrigation of mid-
early potato cultivar courage on a very light soil in central Poland. Agronomy,
11(1): 33.

Sharma, S.K., Dixit, R.S. & Tripathi, H.P. (1993). Water management in potato. Indian
Journal of Agronomy, 38, 68-73.

Shock, C.C., Zalewski, J.C., Stieber, T.D. & Burnett, D.S. (1992). Impact of early-season
water deficits on russet Burbank plant development, tuber yield and quality.
American Potato Journal, 69: 793-803.

Singh, A.K. (1968). Water requirement of potatoes. Proc. Symp. Water Management,
Udaipur, 169-172.

Singh, D.K., Rajput, T.B.S., Sikarwar, H.S., Sahoo, R.N. & Ahmed, D T. (2006).
Simulation of soil wetting pattern with subsurface drip irrigation from line source.
Agricultural Water Management, 83:130-134.

Solomon, K. (1993). Subsurface drip irrigation: product selection and performance. In:
Jorsengen, G.S., Norum, K.N. (Eds.) Subsurface Drip Irrigation: Theory, Practices
and Applications. CATI Publication No. 9211001.

Stanhill, G. (1986). Water use efficiency. Advances in Agronomy, 39, 53-85.

Statistical Yearbook of Serbia (2021). Available at:
https://publikacije.stat.gov.rs/G2018/Pdf/G20182051.pdf. (accessed 17.01. 2021.)

Stewart, J.L., Danielson, R.E., Hanks, R.J., Jackson, E.B., Hagan, R.M., Pruitt, W.O.,
Franklin, W.T. & Riley, J.P. (1977). Optimizing crop production through control
of water and salinity levels in the soil. Utah Water Lab, PRWG151-1, Logan 191.

Tingwu, L., Juan, X., Guangyong, L., Jianhua, M., Jianping, W., Zhizhong L. Jianguo Z.
(2003). Effect of drip irrigation with saline water on water use efficiency and
quality of watermelons. Water Resources Management, 17(6): 395-408.

Vanloon, C.D. (1981). The effect of water stress on potato growth, development and
yield. American Potato Journal, 55: 51-69.



Water-yield relations of processing potato under surface and shallow subsurface... 105

Viets, F.G. (1962). Fertilizers and the efficient use of water. Advances in Agronomy. 14:
223-264.

Vojnov, B., Ja¢imovi¢, G., Seremesié, S., Pezo, L., Lonéar, B., Krsti¢, D., Vuji¢, S. &
Cupina, B. (2022). The effects of winter cover crops on maize yield and crop
performance in semiarid conditions—artificial neural network approach.
Agronomy, 12(11): 2670.

Vojnov, B., Manojlovi¢, M., Latkovi¢, D., Milogev, D., Dolijanovié¢, Z., Simi¢, M.,
Babec, B. & Seremesi¢, S. (2020). Grain yield, yield components and protein
content of organic spelt wheat (Triticum spelta L.) grown in different agro-
ecological conditions of northern Serbia. Ratarstvo i povrtarstvo, 57(1): 1-7.

Vuéié, N. (1976). Navodnjavanje poljoprivrednih kultura. Poljoprivredni fakultet Novi
Sad (in Serbian).

Wang, Z., Zerihum, D., Feyen, J. (1996). General irrigation efficiency for field water
management. Agricultural Water Management, 30: 123-132.

Wang, F., Kang, Y. & Liu, S. (2006). Effects of drip irrigation frequency on soil wetting
pattern and potato growth in North China Plain. Agricultural Water Management,
79: 248-264.

Weatherhead, K. & Knox, J. (1998). Irrigation potatoes three trickle irrigation for
potatoes. Irrigation News, 27,19-28.

Wright, J.L. & Stark, J.C. (1990). Potato. In: Stewart, B.A., and Nielsen, D.R. (eds.)
Irrigation of agricultural Crops. Monograph American Society of Agronomy No.
30., Madison, W1 859-888.

Yuan, B.Z., Nishiyama, S. & Kang, Y. (2003). Effects od different irrigation regimes on
the growth and yield of drip-irrigated potato. Agricultural Water Management, 63:
153-167.



