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ABSTRACT
Background: This study aimed to evaluate the performance of selected soybean varieties under irrigated and rainfed conditions.
Methods: A split-plot field experiment was conducted with 11 soybean cultivars on chernozem soil under irrigated and non-irrigated
conditions during 2017-2019. There were four replications. The LAI, NDVI values, plant height, number of nodes, the height of the
lowest pod, seed yield, protein yield, moisture, protein and oil content of the seeds were observed.
Result: In the 3 years there were significant differences in LAI among the varieties, Isidor (2017: 9.2, 2018: 15.0 m2m-2) and Bólyi 612
(2019: 9.5 m2m-2) showed the highest LAI. Irrigation significantly increased the LAI (24.1%) and height of the soybean (9.83%) on
average of the years. NDVI values were not affected by the irrigation in this experiment, not even in the droughty 2017 year. Seed yield
was not increased by the irrigation in 2017 and 2018, the difference was significant only in 2019. Irrigation increased the protein
content by 3.9%. There were significant differences in the protein content and protein yield of the genotypes in all three years. On
average of the 3 years, Isidor produced the highest protein yield (1659.3 kg ha-1).
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INTRODUCTION
Soybean [Glycine max (L.) Merill] is an important leguminous
crop cultivated throughout the world with many diversified
uses (Zhao et al. 2017). It is rich in vitamins and biologically
active ingredients and on average contains 40-42% protein
and 18-22% oil (Shi et al. 2010), 35% carbohydrates and
5% minerals (Wilson, 2004). As a legume crop, soybean
plays an irreplaceable role in the farming system through
establishing symbiotic relations with nitrogen-fixing bacteria.
The symbiotic association for nitrogen fixation is significantly
dictated by abiotic factors including drought stress (Sinclair
et al. 2007; Wu et al. 2020; Jaybhay et al. 2021). This can
reduce the supply of nitrogen for seed protein accumulation
(Kunert and Vorster, 2020), as nitrogen is the main building
block of proteins.

Despite the agronomic and environmental advantages,
the production and yield stability of soybean is also
constrained by drought stress (Du et al. 2020). The major
effect of drought is the reduction in photosynthesis, which
arises from a decrease in chlorophyll content, relative water
content (Dong et al. 2019), normalized difference vegetation
index and leaf area index (Basal and Szabó, 2020).

In soybean, drought stress can occur at any growing
stage. However, concerning the seed yield, the stage at
which drought occurs is critical; its effects are more
pronounced if water stress takes place at generative stages
(Jha et al. 2018). These stages are elucidated more
sensitivity and cause substantial quantity and quality loss
(Licht et al. 2013). Soybean requires a sufficient amount of
water during the growing period, with the fact that the
drought-tolerant level is fundamentally influenced by the
yielding potential of the varieties (Aydinsakir, 2018). It has

been observed that under drought stress conditions, high
yielder soybean varieties were able to encounter the deficit
water (Buezo et al. 2019; Oral et al. 2021).

Tremendous efforts have been placed as a drought
adaptation strategy, with the primary aim of improving seed
yield, protein and oil contents in soybean. The agro-technical
measures such as selection of suitable soybean varieties
and application of irrigation water during crop growth stages
are widely accepted strategies to improve yield, protein and
oil contents (Bellaloui and Mengistu, 2008; Revathi et al.
2021). Innovative irrigation practice has been reported as a
practical solution and its application at the flowering stage
can increase grain yield and water use efficiency of crops
by improving root distribution in the subsoil layers (Jha
et al. 2018; He et al. 2020). Water requirement of soybean
increases with plant development, peaking at the flowering
stage up to the grain-filling period and is reduced thereafter
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(Souza et al. 2013). Hence, irrigation water applied at the
later stage would improve leaf area index, total dry-matter
production, seed yield and ultimately increase profit margins
compared to rainfed conditions (Montoya et al. 2017).

Irrigation water application during the reproductive stage
has been proved to improve soybean yield by 12-33%,
compared with rainfed production (Wu et al. 2020). However,
substantial genetic variation was observed in yield and seed
protein content in response to supplemental irrigation
(Bellaloui and Mengistu, 2008; Garcia y Garcia et al. 2010).
The significance of soybean production is increasing in
Hungary in a great part due to the growing demand for animal
husbandry and the food industry. In parallel to this, the
occurrence of droughty periods is more frequent, due to
climate change. This study aimed to evaluate the
performance of 11 soybean varieties and their response to
irrigation under Central European conditions.

MATERIALS AND METHODS
The research was conducted in 2017-2019 at the Látókép
Crop Production Experiment Station of the University of
Debrecen, Debrecen, Hungary. The coordinates of the
experimental site were 47°33 42" N; 21°27 02" E.

The meteorological data of the experimental years
proved that the rainfall of pre-vegetation periods (from
October to March) was slightly (+20.9 mm) and much
(+131.7 mm) higher, compared with the 30-years average
(220.2 mm) in 2017 and 2018, respectively. In 2019 the
precipitation of the pre-vegetation was lower than the
average (-55 mm). The water supply state in the vegetation
period (April-September) was more favourable in 2019
compared to the 2018 and 2017 years (Fig 1).

The rainfall in the vegetation period was 355.4 mm in
2017, 323.4 mm in 2018 and 363 mm in 2019.

The site has Calcic Endofluvic Chernozem
(Endosceletic) (WRB, 2014). The humus layer of the

research field is around 80 cm deep. The humus content
(Hu%) of the upper layer is 2.7–2.8%. The pH of the upper
soil layers is almost neutral (pHKCl=6.46–6.6). The soil has
an average phosphorus supply (AL-soluble P2O5 133 mg
kg-1) and an average-good potassium supply (AL-soluble
K2O 240 mg kg-1).

The experiment was laid out in a split-plot design with
four replications. One plot was 27 m2, the total area of the
experiment was 2 376 m2. Sowing was done on 26 April in
2017, on 23 April in 2018 and on 24 April in 2019 using 95
kg per ha seed rate. The forecrop was maize in 2017 and
winter wheat in 2018 and 2019. In the experiment 70 kg ha-1

N fertilizer was applied.
We used 11 soybean varieties (Table 1) and two

irrigation levels: non-irrigated (rainfed) and irrigated. In the
irrigated plots 80 mm water was added in 2017 and 2018, in
2019 the rainfall was higher and 50 mm water was applied.
Normalized difference vegetation index (NDVI) was
measured 5 times in a year with a Trimble GreenSeeker
handheld crop sensor (Trimble Inc., USA). Leaf area index
(LAI) was measured using Delta-T SunScan SS1 portable

Table 1: The varieties and their maturity groups (All cultivars are
GMO-free).

Variety Maturity group Breeder

Ananda 0/I Saaten Union, Germany
Bóbita I/II Bonafarm, Hungary
Boglár 00 Bonafarm, Hungary
Bokréta 00 Bonafarm, Hungary
Bólyi 612 0 Bonafarm, Hungary
Coraline 00/0 Saaten Union, Germany
ES Mentor 0 Euralis, France
ES Navigator 000 Euralis, France
ES Pallador I Euralis, France
Isidor I Euralis, France
Pannónia kincse I Cereal Research Institute, Hungary

Fig 1: Weather data of the experimental site (2017-2019).
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plant canopy analyser system (Delta-T Devices Ltd., UK).
Plant height, number of nodes, number of pods were
observed in five plants per plot. The moisture, protein and
oil content were measured using Pfeuffer Granolyser NIR
(Pfeuffer, Germany). The protein yield was calculated from
the grain yield and protein content.

The data were evaluated using IBM-SPSS 22.0 (IBM
Corp. Chicago, USA) statistical software package. GLM
model to compare the means, with options of descriptive
statistics and LSD post hoc tests and Pearson correlation
analysis (2-tailed) to test the linear connections were used.

RESULTS AND DISCUSSION
Due to the good soil conditions and good production
practices, soybean genotypes produced large leaf area and

the maximum (9.23 m2m-2) was recorded at Isidor genotype
in 2017, followed by at Isidor (15.03 m2m-2) in 2018 and
Bólyi 612(9.48 m2m-2) in 2019. We found significant
differences (p<0.05) in LAI between the two irrigation
treatments in 2017, 2018 and 2019 in all the five
measurement times, except the first measurement in 2018
(Fig 2). Drought stress reduced the vegetative growth in
2017 and 2018 and the irrigated plants developed a larger
leaf area (Fig 3-5).

On average of the genotypes, the irrigation treatment
resulted in 22.11, 32.35 and 17.77% higher LAI of soybeans
in 2017, 2018 and 2019, respectively. Similar observations
were made by Basal and Szabó (2020).

We found that the irrigation significantly increased the
height of the soybean plants in all the three years (by 9.83%

Fig 3: Effect of irrigation on the LAI of soybean genotypes (2017, Debrecen). Growth stage R6 Full seed, except Isidor and Bóbita:
R5 Beginning seed.

Fig 2: Effect of irrigation on the LAI of soybean genotypes in different growing seasons (2017-2019).
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Fig 4: Effect of irrigation on the LAI of soybean genotypes (2018, Debrecen). Growth stage R4 Full pod, except ES Navigator: R5
Beginning seed.

Fig 5: Effect of irrigation on the LAI of soybean genotypes (2019, Debrecen). Growth stage R4 Full pod, except ES Navigator, Boglár,
ES Mentor, Bokréta: R5 Beginning seed.

Fig 6: Effect of irrigation on the NDVI value of soybean genotypes (2017, Debrecen) Growth stage R6 Full seed, except Isidor and
Bóbita: R5 Beginning seed.

on average). This observation is in harmony with reports of
other researchers (Maleki et al. 2013). The height of the
cultivars was between 74.2 cm and 107.5 cm in 2017, 74.7
cm and 109.0 cm in 2018 and 78.4 cm and 99 cm in 2019.
The average plant height of the 11 genotypes was 86.7,
97.2 and 89.4 cm in 2017, 2018 and 2019, respectively.

Irrigation did not cause significant discrepancy (p =
0.061) in the NDVI value neither in a positive nor in the
negative direction (Fig 6). The average NDVI of 0.65 and
0.66 was recorded in non-irrigated plots and irrigated plots,
respectively. The genotypes reaction was slightly different.
The range was between 0.41 and 0.78 in the rainfed and
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The number of nodes was not affected significantly due
to irrigation in 2017 (p=0.664). The mean of the non-irrigated
treatment was 12.7 and the irrigated was 12.9 nodes. In
2018 and 2019 irrigation caused significantly (p<0.001 and
P=0.003, respectively) larger number of nodes in all cultivars.
The number of nodes was 13.6 in non-irrigated and 16.4 in
irrigated plots in 2018. It was 13.8 in the non-irrigated and
14.5 in the irrigated plots in 2019 (Fig 8).

The effect of irrigation on the yield depends on the
weather conditions, especially on the distribution and
quantity of precipitation. Several researchers reported that
irrigation significantly increased the yield of crops (Bellaloui
and Mengistu, 2008; Montoya et al. 2017; Aydinsakir, 2018;
He et al. 2020). The irrigation did not cause significant
differences in seed yield in the average of the three years,
the surplus yield due to the irrigation was only 58.24 kg ha-1.
The effect was significant in 2019 (p<0.001), the irrigated
plots had 453.84 kg ha-1 higher yield than the non-irrigated
plots.

The varieties responded differently to the irrigation in
the three years (Fig 9). On average of the years, a positive
response was observed in Bokréta, Bólyi 612, Coraline, ES
Mentor, ES Navigator, ES Pallador and Pannónia kincse,
while the irrigation caused decreasing in yield in Ananda,
Bóbita, Boglár and Isidor varieties. Possibly, the surplus
water application exceeded the requirements for optimum
growth and production in these genotypes. Our results are
consistent with other publications (Bellaloui and Mengistu,
2008; Kristó et al. 2020).

between 0.44 and 0.79 in irrigated plots in 2017. The NDVI
values were higher in 2018, the average NDVI was 0.86
both in non-irrigated and irrigated plots, but the differences
were also not significant (p=0.055) between the irrigation
treatments. The minimum value in non-irrigated plots was
0.82 (ES Navigator) and the maximum was 0.87 (ES Mentor).
In irrigated plots, the minimum value was 0.85 (Bokréta)
and the highest value was 0.88 (ES Pallador). In 2019, we
measured similarly high values of NDVI as in 2018, the
average value was 0.88 in both treatments. The irrigation
did not result in significant differences (p=0.096) in NDVI
values. The range was between 0.86 and 0.89 in rainfed,
while between 0.87 and 0.90 in irrigated plots.

These results lead us to conclude that NDVI values were
not affected by the irrigation treatments in this experiment,
not even in the droughty 2017 year. The highest NDVI values
were measured at the R2-R3 growth stage in 2017 and 2018
and the R4-R5 stage in 2019 (Fig 7). The irrigation increased
the NDVI value of the cultivars, but the differences were not
significant. This observation is supported by the findings of
Zhang et al. (2014).

Many researchers found a relationship between the
number of nodes and the number of pods or yield in soybean
plants. According to the research reports the number of
nodes per plant is in close connection with the number of
pods per plant or pods per hectare and yield (Egli, 2013; He
et al. 2020). Our results showed a significantly higher number
of nodes in the irrigated plots in 2018 (the difference was
2.8) and 2019 (the difference was 0.7).

 

 

Fig 7: Effect of irrigation on the NDVI values of soybean in average of the genotypes (2017-2019).
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The Pearson correlation analysis involving three years
showed a medium correlation coefficient between the LAI
and seed yield (r=0.362, but the correlation was significant
(p=0.003). This reflects the different results of other
researchers (Garcia y Garcia et al. 2010; Souza et al. 2013).

Seed composition was significantly changed by the
supply of water. Irrigation increased the protein content by
3.9% (p<0.001), but decreased the oil content by -1.7% (p
=0.002) in 2017. On the contrary, the data showed different
results in 2018 and 2019. The irrigation treatment decreased
both the protein (-1.5%, p= 0.038) and oil (-1.8% p= 0.042)
content of the seeds in 2018. In 2019, the effect was not
significant on the seed composition such as protein 0.4%

(p=0.493), oil: 0.5% (p= 0.610). Partially similar observations
were made by Carrera et al. (2009).

CONCLUSION
The results of our research clearly show that there are real
differences among the genotypes in the measured
parameters in response to irrigation. Irrigation significantly
increased the number of nodes of all the tested cultivars in
2017-2019. Higher LAI values, higher plants, a higher
number of nodes were observed in the irrigated plots on
average of three years, but the reactions of the genotypes
varied among the years. On three years average, the
genotypes ES Pallador and Isidor produced the highest yield

 

Fig 8: Effect of irrigation on the number of nodes of soybean (2017-2019).

Fig 9: Effect of irrigation on the seed yield of soybean (2017-2019). Standard error of means, 4 replicates. The differences between
the irrigation treatments were not significant, p>0.05.
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among the 11 tested varieties under both non-irrigated and
irrigated conditions. The protein and oil content of the
soybean varieties are mainly genetically regulated. There
were significant differences in seed protein content among
the cultivars. The protein yield was depended more on the
seed yield than the protein content.
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