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Hungary?

Ogba Basal — Andras Szabé
University of Debrecen, Faculty of Agricultural and Food Sciences and Environmental Management,
Institute of Crop Science, Debrecen
ogba@agr.unideb.hu

SUMMARY

Globally-fluctuating climate imposed serious abiotic stresses on the agricultural sector, leading to noticeable, and sometimes disastrous, losses
in yields and/or quality of crops; however, in certain cases, plants could survive stress with relatively low reductions, and sometimes even with
some enhancements as a reaction to changed environment, especially in the case of mild stress. An experiment was conducted in 2017 and
2018 in Debrecen, Hungary to evaluate the mild drought stress influence on the yield and quality of three soybean cultivars. The results showed
that both ES Pallador and Pedro cultivars could achieve more yield when subjected to mild drought conditions; however, protein concentration
was enhanced in ES Pallador whereas slightly degraded in Pedro under drought. The cultivar Pannonia Kincse followed different trend; both
yield and protein concentration were reduced under drought. Oil concentration of the three cultivars did not show significant changes;
however, it always followed opposite trend to that of protein concentration. It could be concluded that both ES Pallador and Pedro are
recommended to be grown under rain fed conditions in Debrecen, whereas Pannonia Kincse is recommended under irrigation conditions.
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INTRODUCTION

Climate prediction models show occurrences of
drought, flooding, and high temperature periods during
the crop vegetative periods increasingly (Mittler and
Blumwald, 2010; De Paola et al., 2014), consequently,
global food production will be kept under pressure; the
demand for food and oil crops will keep increasing with
the increase in global population. Therefore, it is vital
to enhance crop productivity in order to ensure
sustainable vyields under the altered environmental
conditions (Mutava et al., 2015). To do so, increasing
understanding of plant responses to abiotic stresses is
needed (Morison et al., 2008).

Water is considered as the main factor determining
yield performance under drought. Drought usually
negatively influences both quantity and quality traits of
plants (Vurukonda et al., 2016). It has been reported,
for many crops [e.g. wheat (Merah, 2001); rice (Kato et
al., 2008); chickpea (Leport et al., 2006; Fang et al.,
2010)], that crop yield mostly depends on water use
during the reproductive stage. Irrigation is a strategy
applied to overcome the negative effects of drought
stress on crop yields, however, the available water
resources are continuously declining, so there is a need
for crop adaptation to water-limited environments and
more efficiency of water use in order for more food per
unit of water to be produced (Mutava et al., 2015).
Some strategies might be useful to be applied in the
field in order to overcome drought; for example, early
sowing strategy can potentially lead the plants to avoid
drought stress in the later summer months (Rosenzweig
and Tubiello, 2007). On plant basis, mechanisms of
plants in response to drought vary among species (Khan
and Komatsu, 2016); they induce different
physiological and biochemical changes which lead to
disturbing normal growth and development (Reynolds
and Tuberosa, 2008). On the other hand, drought stress

activates defense mechanisms that function to increase
drought  tolerance  (YYamaguchi-Shinozaki  and
Shinozaki, 2006); these mechanisms include stress
signal induction which, in part, results in activating
many physiological and metabolic responses
(Valliyodan and Nguyen, 2006).

Soybean (Glycine max (L.) Merrill) is the world’s
fourth most important food crop; it provides about 60%
of the total vegetable protein for human use (Allen et
al., 2009), in addition to vegetable oil (Li et al., 2013).
The composition ratios of soybean’s both protein and
oil are determinant to the interactions between the
genotype and the environment (Fehr et al., 2003,
Wilson, 2004).

MATERIALS AND METHODS

This experiment was conducted during 2017 and
2018 in Debrecen University's experimental site
(Latokép) (N. latitude 47° 33', E. longitude 21° 27").
The soil type is calcareous chernozem. Three soybean
cultivars; Pannonia Kincse, ES Pallador and Pedro
(middle maturity group) were sown under two
irrigation regimes; rain fed regime, where the irrigation
was solely dependent on the precipitation, representing
the drought-stressed treatment (DT), and fully-irrigated
regime, where irrigation was applied as a complement
to precipitation, representing control treatment (CT).
Average precipitation and irrigation amounts during the
vegetative period of the plants (from April to the end of
August) are illustrated in Figure 1, whereas the average
temperatures are illustrated in Figure 2. Each treatment
consisted of four replicates.

The statistical analysis (2-way ANOVA) was made
using SPSS (ver.22) software.
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Figure 1: Average precipitation and irrigation amounts (mm) in 2017 and 2018 during the vegetative period of the plants
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Figure 2: Average temperature (°C) in 2017 and 2018 during the vegetative period of the plants
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RESULTS AND DISCUSSION

Yield (kg ha)

Irrigation resulted in reducing the yield of both ES
Pallador and Pedro (from 4470 to 3902 kg ha’, and
from 4537 to 4092 kg ha* for non-irrigated and fully-
irrigated, respectively), moreover, the reduction was
significant for both cultivars. However, irrigation
insignificantly increased the yield of Pannonia kincse
to 4172 kg ha* (from 3978 kg ha* of the non-irrigated
counterpart) (Table 1). The negative effects of drought
stress on soybean plants depend on the phenological
stage (Avila et al., 2013; Ku et al., 2013); for example,
drought influence on grain yield could be alleviated if
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it occurs at early vegetative stages, because plants will
probably have time to recover, whereas drought at
reproductive stages may result in noticeable reductions
in yield (Chalk et al., 2010). In our study, drought
occurred during the period between V4 and V6 stages,
whereas plants did not suffer from serious water
shortage during the reproductive stages (R1 to R8).
Results by Song (1986) indicated that water stress
during both pod setting and seed filling stages had the
biggest influence on grain yield of soybean because of
the reductions in both seed number and seed size; Xie
et al. (1994) reported similar results.

From another point of view, the increased yield of
Pannonia Kincse exceeded the other two cultivars’
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yield under fully-irrigated regime (CT), although the
increase was not significant, whereas the same cultivar
significantly yielded the least under non-irrigated
regime (DT). Moreover, the yield of both ES Pallador
and Pedro, under rain-fed conditions, was better than
that of Pannonia Kincse even when the latter was fully-
irrigated (Table 1), which may raise the conclusion that
both cultivars are more convenient to be rainfed-sown
under the current climatic conditions in Debrecen
compared to Pannonia Kincse, even if the latter is
irrigated.

Protein Concentration (%0)

Considerably different attitudes were revealed by
the three cultivars; the protein concentration of ES
Pallador dramatically dropped (from 36.4%) when
irrigated (to 34.7%), however, the reduction was
insignificant (Table 1). In some experiments where
water stress was imposed early, seed protein content
increased about 6%; this increase was justified as a
probable response to a seed number reduction.
Although water stress shortens the duration of seed
filling, which leads to reducing all component contents,
yet protein synthesis is less affected because of the
increased amino-N remobilization from leaves to seeds,
resulting in a net increase in protein concentration in
the mature seeds; in other words, remobilization in
water stressed plants maybe enables protein

accumulation to continue longer than oil and residual
accumulation (Rotundo and Westgate, 2009).

The protein concentration of Pannonia Kincse, on
the other hand, was significantly enhanced when
irrigated, as its concentration recorded 38.5% (relative
to 36.1% for the non-irrigated counterpart) (Table 1).
Previously, Turner et al. (2005) reported a 24%
decrease in seed protein content under stress conditions
in chickpea plants; similar results were reported later
on soybean by Rotundo and Westgate (2009) who
demonstrated that water stress during the early
reproductive stages resulted in a 16% decrease in seed
protein. Though this trait was slightly better (37.7%)
for irrigated treatment of Pedro, yet the difference from
the non-irrigated treatment (37.2%) was insignificant
and relatively low (Table 1).

When comparing between the cultivars, Pedro
could achieve the best protein concentration under
rainfed conditions (in addition to the best yield as
mentioned earlier), whereas Pannonia Kincse had the
least protein concentration (in addition to the least
achieved yield). However, the protein concentration of
Pannonia Kincse was significantly the best when
irrigation was applied (Table 1); this conclusion
supports the preliminary recommendation of the
preferability of sowing Pedro under rainfed conditions,
whereas Pannonia Kincse would be the best choice for
irrigated regime.

Table 1

Yield (kg ha?), protein and oil concentrations (%) of the three studied soybean cultivars under two irrigation regimes

Trait Irrigation Regime ES Pallador Pedro Pannonia Kincse
; DT 4470 4537 & 3978 2
Yield
CT 3902 o 4092 o 41723
Protein Concentration DT 364" 37.2% 36.1°
i i
CcT 34.7%2 37.7% 3854
A - DT 22.9al 22.7a1 23.831
Oil Concentration
CT 23.0% 22.2% 22.7%

e The same letter indicates no significant difference at .05 level between the two irrigation regimes of certain genotype within the same trait.
e The same number indicates no significant difference at .05 level in a particular trait among the three genotypes within the same irrigation

regime.

Oil Concentration (%0)

Both Pedro and Pannonia Kincse were lower,
whereas ES Pallador was slightly higher in oil
concentration when irrigation was applied; however,
the differences were insignificant in all cultivars (Table
1). Results of some studies indicated that the drought
stress reduced oil concentration in the seed (e.g.
Bellaloui and Mengistu, 2008; Rotundo and Westgate,
2009), whereas few other reports showed increased oil
concentration with the water deficit (e.g. Boydak et al.,
2002). However, Gao et al. (2009) reported that
drought stress had little effect on oil concentration. The
timing of drought stress was concluded to have an
important effect; the early-stage drought did not affect
the oil concentration, whereas drought stress during
seed filling stage resulted in a reduction of 35% in oil
concentration (Rotundo and Westgate, 2009).

The oil concentration followed an opposite trend to
that of the protein concentration; it decreased when the
protein concentration increased in each of the three
studied cultivars (Table 1); this result is consistent with
the findings of Chung et al. (2003) who concluded that
as a general rule, soybean seed protein concentration is
negatively correlated with the concentration of seed oil.

CONCLUSIONS

Based on the results, it could be concluded that
drought stress has different influences on soybean
cultivars belonging to the same maturity group in the
current climatic conditions in Debrecen; it noticeably
decreased the yield, protein and oil concentrations of
certain cultivars whereas significantly increased them
for others. The explanation for these results is the
cultivar itself and its adaptation to this abiotic stress on
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one hand, and the timing of stress application on the
other. This research should be extended to other spots
across Hungary to evaluate the probable effects of
drought stress on soybean traits. In addition, it will be
useful to engage other soybean cultivars from other

maturity groups and to apply drought stress at different
stages of soybean's vegetation period in order to come
out with an overall estimation convenient to the
different climatic conditions across Hungary.
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