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A B S T R A C T

To evaluate the influence of drought stress on soybean physiology, a controlled-environment experiment was
conducted at the Institute of Plant Sciences, University of Debrecen, Hungary. Two soybean cultivars, ES Mentor
and Pedro, were subjected to four different levels of water deficiency elaborated by different polyethylene glycol
(PEG) concentrations; 2.5, 5, 7.5 and 10 % starting from the post-germination phase. The measurements were
made at four different stages; second node (V2), fourth node (V4), full bloom (R2) and full pod (R4). ES Mentor
plants could not survive under 10 % PEG concentration at V4 stage, and under both 7.5 and 5 % PEG con-
centrations at R2 stage, and similar reaction was observed under 10 % PEG concentration at V4 stage, and 7.5 %
PEG concentration at R2 stage for Pedro. For cultivar ES Mentor, increasing PEG concentration was accompanied
by decreasing SPAD values at all stages, and Pedro followed a very similar trend except for a slight, insignificant
increase in 2.5 % PEG treatment at V2 stage as compared to control. However, differences were more measurable
at later stages. Concerning chlorophyll content, Chla, Chlb and Chlx+c decreased as PEG concentration increased
at all stages of ES Mentor; the reduction was insignificant at vegetative stages (V2 and V4 stages) and significant
at reproductive stages (R2 and R4), whereas for Pedro 2.5 % PEG treatment had the best Chla and Chlx+c contents
at V2 stage. However at the following stages, control treatment could maintain the best values, and the increase
in PEG concentration was accompanied by a decrease in both contents. Chlb, on the other hand, was significantly
higher for 2.5 % PEG treatment than control at both vegetative stages, whereas in the reproductive stages it
insignificantly decreased with increasing PEG concentration. Maximum photochemical efficiency of PSII (Fv/
Fm) of both cultivars followed one trend throughout the studied stages; it decreased with increasing PEG con-
centration. Moreover, increasing PEG concentration was accompanied by a non-significant decrease in the actual
photochemical efficiency of PSII (ΦPSII) of ES Mentor in all stages, whereas for Pedro 2.5 % PEG treatment
resulted in better ΦPSII compared to control treatment at both vegetative stages, however, control was the
highest at later stages and ΦPSII decreased with increasing PEG concentration. Significant differences were
recorded for both cultivars in response of stomatal conductance to PEG application; increasing PEG con-
centration resulted in lower stomatal conductance in all stages (except for a slight increase in 5 % PEG treatment
compared to 2.5 % PEG treatment at V2 stage in Pedro plants). It could be concluded that drought stress had
different effects on the physiology of the two cultivars; however, the negative effects were more obvious at the
late stages of the plant's life cycle of both cultivars, which will presumably reflect on the yield component traits,
and consequently, the expected yield.

1. Introduction

Soybean (Glycine max (L.) Merrill) is the most widely grown seed
legume, providing an inexpensive source of protein [1,2], and is also
the most widely grown oilseed crop worldwide [3]. Soybean is mostly
sown under rain-fed irrigation scheme [4]. The global climate changes
resulted in alterations in precipitation amounts and timings [5] and,
consequently, have caused periods of drought stress which is con-
sidered as one of the most destructive abiotic stresses, especially with

the fact that soybean is a drought-sensitive crop, particularly at certain
growth stages [6]. The response to drought stress is a very complex
process that involves multiple mechanisms on different levels [7,8]; for
example, one of the physiological mechanisms includes water uptake
maximization (by deep rooting for instance) and/or water loss mini-
mization (for example by intense stomatal control) [9,10]. Flexas et al.
[11] reported that drought stress level might be estimated by measuring
stomatal conductance; if its value ≥ 0.2mol H2O m−2 s−1 then there is
no drought stress, and if it falls between 0.1 and 0.2mol H2O m−2 s−1
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then the plants are subjected to a moderate drought stress, and if it is ≤
0.1mol H2O m−2 s−1 then severe drought stress is present.

Another mechanism is light absorption modification through
changes in leaf’s chlorophyll content [12]. Chlorophyll has a major role
in light quantum's absorption and transmission, and chlorophyll con-
tent represents light use ability by plant [13]. Under drought condi-
tions, chlorophyll pigments and photosynthetic electron transport
system could be damaged, leading to reactive oxygen species (ROS)
production [14] and causing fast diffusion across cell membrane and,
eventually, cell death [15]. Under drought stress conditions, leaf pho-
tosynthetic performance can be inspected by observing the changes in
the thylakoid membrane organization and function by measuring
chlorophyll fluorescence. Chlorophyll fluorescence can also be con-
sidered as an indicator to the energy absorbed by chlorophyll being
used by PSⅡ photochemistry [16,17]. The quantum efficiency of PSⅡ
photochemistry (ФPSⅡ), on the other hand, can be considered as an
indication of overall photosynthesis as it measures the proportion of
light absorbed by chlorophyll associated with PSⅡ that is used in
photochemistry; this trait also can be altered under certain stress con-
ditions like drought [16,18].

2. Materials and methods

The experiment was conducted in the Institute of Crop Sciences,
University of Debrecen in 2018. Two soybean cultivars; 'ES Mentor' and
'Pedro' were surface-sterilized using 6 % (v/v) H2O2 for 20min, rinsed
extensively with deionized water and germinated geotropically be-
tween moisten filter papers at 22 °C. After germination, seedlings with
good vigor were planted in 5 L pots. Each pot contained 10 seedlings.
Each pot received 50ml of dicot nutrient solution that consisted of the
following substances: 2.0mM Ca(NO3)2, 0.7 mM K2SO4, 0.5mM
MgSO4, 0.1 mM KH2PO4, 0.1mM KCl, 10 μM H3BO3, 0.5 μM MnSO4,
0.5 μM ZnSO4 and 0.2 μM CuSO4. Iron was supplied in the form of
10–4M Fe-EDTA [43], in addition to corresponding PEG solution. Nu-
trient solution of each pot was replaced with fresh alternative every 3
days. PEG 6000 (VWR International bvba Geldenaaksebaan, Leuven,
Belgium) was used to induce water deprivation stress. PEG concentra-
tions were as follows; 0, 2.5, 5, 7.5 and 10 % (0 % PEG, 2.5 % PEG, 5 %
PEG, 7.5 % PEG and 10 % PEG, respectively). All measurements were
made at 4 different stages of each cultivar [19]; second node (V2),
fourth node (V4), full bloom (R2) and full pod (R4). Relative chlor-
ophyll content (SPAD values) was recorded using SPAD-502Plus (Ko-
nica Minolta, Japan). Stomatal conductance (gs) was measured using
AP4 porometer (Delta-t devices, UK). Both SPAD and (gs) were calcu-
lated by averaging 10 values per leaf of the most recently developed
trifoliate.

Chl-fluorescence was determined on dark-adapted leaves (20min of
dark adaptation) by attaching light exclusion clips to the central region
of each leaf. Chl-fluorescence parameters were measured using a por-
table chlorophyll fluorometer-PAM-2100 (WALZ, Germany) as de-
scribed by Schreiber et al. [44]. The fluorescence parameters included
the minimal fluorescence (F0) when PSⅡ centres are open (open state)
and increases the maximum fluorescence (Fm) when PSⅡ centres are
closed (closed state), the variable fluorescence (Fv), the potential pho-
tosynthetic capacity (Fv/Fo) which reflects the efficiency of electron
donation to PSⅡ and the ratio (Fm–F0)/Fm, also known as Fv/Fm (po-
tential/maximum photochemical efficiency of PSⅡ) which is calculated
from fluorescence values F0 and Fm. The Fv/Fm ratio is one of the most
common parameters used in fluorescence that reflects the capacity to
trap electron by the PSⅡ reaction centre. The actual photochemical
efficiency of PSⅡ (Yield) was also recorded. All of the fluorescence
parameters were recorded from the last fully developed trifoliate of one
seedling in every pot (replication).

Chlorophylls a and b and total carotenoids concentrations were
calculated using the method described by Wellburn [20]; 50mg of each
leaf was blended with 5ml N,N-Dimethylformamide (N,N-DMF). This

solution was cooled down at 4 °C for 72 h and finally, the extract con-
tent of the pigment was determined using UV–VIS spectrophotometry
(Metertech SP-830 PLUS, Taiwan) at three wavelengths; 480, 647 and
664 nm (Moran and Porath 1981). The following equations were used
for quantifying chlorophyll a and b and total carotenoids contents [20]:

Chla (μg ml-1) = (11.65 A664 – 2.69 A647)

Chlb (μg ml-1) = (20.81 A647 – 4.53 A664).

Chlx+c (μg ml-1) = (1000 A480 – 0.89 Chla – 52.02 Chlb)/245

Each treatment had 3 replications in a split-plot design where the
cultivar represented the main plots and PEG concentrations represented
the sub-plots. The total number of pots was 30 (2 cultivars x 5 PEG
treatments x 3 replicates). The statistical analysis (Multivariate General
Linear Model) was made using SPSS (Ver. 25) software.

3. Results

Both cultivars could not survive after V2 stage in 10 % PEG treat-
ment, moreover, both 7.5 % PEG and 5 % PEG treatments caused ES
Mentor plants to die starting from the stage after V4, whereas only 7.5
% PEG treatment had a similar effect on Pedro plants.

3.1. Relative chlorophyll content (SPAD)

For ES Mentor and similar to the total chlorophyll content trait, PEG
treatments resulted in lower relative chlorophyll content than control
treatment did in all studied stages. Also for this trait, increasing PEG
concentration was accompanied with decreasing SPAD values (Table 1)
(Fig. 1A).

Cultivar Pedro followed a very similar trend except for a slight,
insignificant increase in 2.5 % PEG treatment at V2 stage as compared
to control. However, differences were more measurable at later stages;
both 5 % PEG and 7.5 % PEG treatments were significantly lower than
control treatment at V4 stage, and both 2.5 % PEG and 5 % PEG
treatments were significantly lower compared to control treatment at
both R2 and R4 stages (Table 1) (Fig. 1B).

3.2. Total chlorophyll content (Chla,b) (μg ml−1)

For cultivar ES Mentor, both Chla and Chlb decreased as PEG con-
centration increased at all 4 studied stages (Figs. 2A and 3 A); the re-
duction was insignificant at both vegetative stages (V2 and V4 stages),
however, the reduction was significant at reproductive stages (R2 and
R4) (Table 1).

For Pedro, 2.5 % PEG treatment had the best Chla content at V2
stage, and 5 % PEG treatment was also better than control treatment.
However at the following stages, control treatment could maintain the
best Chla content, and the increase in PEG concentration was accom-
panied by a decrease in Chla content. All differences were insignificant
(Fig. 2B). Chlb, on the other hand, was significantly higher for 5 % PEG
treatment than control at V2 stage; it was also higher for 2.5 PEG
treatment, whereas 7.5 % PEG and 10 % PEG treatments resulted in the
least Chlb content at this stage. At V4 stage, 2.5 % PEG resulted in
higher Chlb content as compared to control treatment, and both 5 %
PEG and 7.5 PEG treatments were significantly lower. In the following
stages (R2 and R4), Chlb content insignificantly decreased with in-
creasing PEG concentration (Table 1) (Fig. 3B).

3.3. Total carotenoids (Chlx+c) (μg ml−1)

For ES Mentor, control treatment had the highest Chlx+c content at
all studied stages compared to PEG treatments; the higher PEG con-
centration, the lower Chlx+c was, however, the differences were in-
significant at all stages except for at R4 stage where control treatment
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was significantly higher than 2.5 % PEG treatment (Table 1) (Fig. 4A).
For Pedro, both 2.5 % PEG and 5 % PEG treatments had higher Chlx

+c than control treatment (4.28± 1.4) at V2 stage, whereas Chlx+c of
both 7.5 % PEG and 10 % PEG treatments were lower. At the following
stages, Chlx+c content decreased as PEG concentration increased, but
the differences were insignificant (Table 1) (Fig. 4B).

3.4. Maximum photochemical efficiency of PSⅡ (Fv/Fm)

For both cultivars, Fv/Fm followed one trend throughout the studied
stages; it decreased with increasing PEG concentration (Fig. 5A, B).
Moreover, for ES Mentor, control and 2.5 % PEG treatments were not
significantly different in all stages, however, 5 % PEG and 7.5 % PEG
treatments were significantly less at V4 stage compared to control,
whereas the difference was significant only in 7.5 % PEG treatment for
Pedro (Tables 2 and 3).

3.5. Actual photochemical efficiency of PSⅡ (ΦPSⅡ)

Increasing PEG concentration was accompanied by a non-significant
decrease in (ΦPSⅡ) of ES Mentor in all stages (Table 2) (Fig. 6A). For
Pedro on the other hand, 2.5 % PEG treatment resulted in better, yet not
significant, (ΦPSⅡ) compared to control treatment at both vegetative
stages (V2 and V4), however, control was the highest at later stages and
(ΦPSⅡ) decreased with increasing PEG concentration (Table 2)

(Fig. 6B).

3.6. Stomatal conductance (gs) (mmol m−2 s-1)

Significant differences were recorded for both cultivars in response
of stomatal conductance to PEG application; increasing PEG con-
centration resulted in lower stomatal conductance in all stages (except
for a slight increase in 5 % PEG treatment compared to 2.5 % PEG
treatment at V2 stage for Pedro) (Fig. 7A, B). Control treatment was
significantly higher than all other PEG treatments, and 2.5 % PEG
treatment was significantly better than higher PEG-concentration
treatments for ES Mentor (Table 2).

As shown in Table 4, stomatal conductance showed significant ne-
gative correlation with drought application at all stages in both culti-
vars. SPAD value was also negatively affected by drought in both cul-
tivars; the effect was more measurable at R4 stage. In additions, both
cultivars showed reduced Fv/Fm value with increasing drought stress at
all stages. However, both Fv and Fm were positively correlated with
drought stress except at V4 stage in ES Mentor, whereas both traits were
negatively affected by drought in Pedro, and the most negative effect
occurred at R2 stage.

In ES Mentor all chlorophylls were more affected by drought at
reproductive as compared to vegetative stages, whereas in Pedro Chla
was most-negatively affected by drought at R2 stage, whereas both Chlb
and Chlx+c were most affected at V4 stage.

Table 1
Chla, Chlb, Chlc+x and SPAD for the two studied cultivars in different PEG concentrations at different stages.

PEG Concentration Stage Chla (μg ml−1) Chlb (μg ml−1) Chlx+c (μg ml−1) SPAD

ES Mentor Pedro ES Mentor Pedro ES Mentor Pedro ES Mentor Pedro

0 % V2 13.40a1 14.54a1 4.70a1 4.35b1 3.26a1 4.28a1 33.9a1 33.7a1

2.5 % 13.33a1 15.93a1 4.53a1 5.26ab1 3.25a1 4. 33.0a1 33.8a1

5 % 12.77a1 15.45a1 4.37a1 5.56a1 3.20a1 4.36a1 33.0a1 33.1a1

7.5 % 12.16a1 12.99a1 3.73a2 3.16b1 3.10a1 4.23a1 32.7a1 32.9a1

10 % 12.13a1 12.00a1 3.06a1 3.95b1 2.61a1 4.03a1 29.3b2 32.8a1

0 % V4 14.34a1 15.40a1 4.43a2 5.35a1 4.80a1 4.62a1 32.4a1 35.3a1

2.5 % 14.16a1 15.24a1 3.98ab2 5.45a1 4.22a1 4.32a1 31.9a1 31.7ab1

5 % 13.97a1 14.84a1 3.57bc1 3.31b1 4.06a1 4.15a1 31.8a1 30.9b1

7.5 % 13.96a1 14.48a1 3.10c1 3.07b1 3.87a1 3.29a1 31.7a1 30.3b1

0 % R2 17.32a1 12.95a1 4.47a1 4.94a1 3.95a1 2.75a1 35.5a2 39.5a1

2.5 % 9.90b1 11.65a1 1.26b2 4.36a1 2.43a1 2.25a1 34.5a1 35.6b1

5 % NA 11.53a NA 4.35a NA 2.10a NA 33.0c

0 % R4 15.05a1 14.10a1 6.49a1 7.68a1 4.84a1 4.73a1 36.9a1 37.1a1

2.5 % 8.80b1 12.52a1 4.14b1 7.32a1 2.55b1 2.89a1 31.8b1 32.4b1

5 % NA 12.34a NA 5.108a NA 2.65a 0.0 32.2b

Same letter indicates no significant differences at .05 level among PEG concentrations within a cultivar.
Same number indicates no significant difference at .05 level between the two cultivars within a particular PEG concentration.

Fig. 1. SPAD of ES Mentor (A) and Pedro (B) in different PEG concentrations at different stages.

O. Basal, et al. Current Plant Biology xxx (xxxx) xxxx

3



Calculating the effect size also reflected the effect of PEG con-
centration on the different traits studied; except Chlb at V4 stage and
Fv/Fm at R2 stage, PEG concentration was higher and more significant
compared to cultivar effect (Table 5).

4. Discussion

In our experiment, Chla and Chlb decreased under drought stress
conditions for cultivar ES Mentor at all stages, whereas relatively-
moderate drought stress resulted in increased Chlb content for cultivar
Pedro at the early stages; however, it declined in the later stages.
Similarly, Zhang et al. [21] concluded that Chla was significantly re-
duced under drought conditions compared to the non-drought coun-
terpart, whereas Chlb increased when plants suffered from water deficit.
Hao et al. [1] reported significant decrease (by 32.2 %) in chlorophyll
content as a result of drought stress. Mathobo et al. [22] subjected bean
plants to drought stress for 24 days in different stages; the reduction of
chlorophyll content was higher when drought occurred at later stages
as compared to earlier stages, and control plants were always the
highest in chlorophyll content; they suggested that the reduction in
chlorophyll content might have resulted from leaves being damaged
and turning yellowish due to drought stress. Previously, many papers
reported a decrease in total chlorophyll content due to drought stress in
other legumes like soybean [23], chickpea [24] and pea [25]. More-
over, Smirnoff [26] indicated that the decrease in total chlorophyll
content is resulting from the damage to the chloroplasts caused by re-
active oxygen species (ROS) as drought stress leads to the production of

reactive oxygen species (ROS) such as O2− and H2O2, which lead to
chlorophyll destruction [27]. Chlorophylls, as the main pigments of
absorption, transport and conversion of light energy, its content is an
important parameter indicating photosynthetic performance. ROS ac-
cumulated under environmental stresses will destroy chlorophylls, and
chla is more sensitive to ROS than chlb [28]. Exposing plants to water
stress led to a significant decline in chla+b (from 19.5–13.0mg g-1 DW),
indicating the decreased capacity of absorbing and conversion of light
energy [29]. Similar results were reported [30,31]. SPAD values sig-
nificantly decreased from 35.48 to 22.38 under drought stress applied
30 days after R5.5 stage [32]. These results are in agreement with the
general chlorophyll drops that occur when soybean plants are subjected
to continuous water stress from early seed filling [33,34].

Total carotenoids were reduced as a result of drought stress appli-
cation at all stages in ES Mentor, and at V4, R2 and R4 stages in Pedro.
Carotenoid can protect chlorophylls from damage by dissipating excess
light energy around PSⅡthrough xanthophylls cycle [35,36]. Therefore,
it is an important safeguard of photosynthetic mechanism, and its
content can reflect the adaptive ability of plant to environment [29].
Previously, Zhang et al. [21] reported carotenoids content to be sig-
nificantly reduced under drought stress conditions compared to the
well-watered control, which was supported later by the conclusion that
exposing plants to water stress led to a significant decline in carotenoid
content (from 3.4 to 2.1mg/g dry weight) [29].

Fv/Fm decreased as a result of drought stress in both cultivars, and
ΦPSⅡ showed similar trend in ES Mentor, whereas the slight drought
stress resulted in better ΦPSⅡ at vegetative stages in Pedro as compared

Fig. 2. Chla of ES Mentor (A) and Pedro (B) in different PEG concentrations at different stages.

Fig. 3. Chlb of ES Mentor (A) and Pedro (B) in different PEG concentrations at different stages.
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to control, however, it could not maintain that trend later at re-
productive stages and it was reduced as a result of drought. Zhang et al.
[21] reported maximum quantum yield of PSⅡ (Fv/Fm) to be approxi-
mately 0.78–0.80 in control treatment, however, this parameter de-
creased in response to drought stress, but was not significantly dif-
ferent. Additionally, drought stress resulted in a reduction in quantum

yield of PSⅡ (ΦPSⅡ) (from 0.53 to 0.13); they suggested that the re-
duced ΦPSⅡ was a result of a decrease in the excitation energy trapping
efficiency of PSⅡ reaction centers. Similar conclusion was reported by
Zlatev and Yordanov [37] in bean plants. Hao et al. [1] reported the
decrease to be significant (from 0.83 to 0.66), whereas Mathobo et al.
[22] concluded that the reduction was insignificant after 93 days of

Fig. 4. Chlx+c of ES Mentor (A) and Pedro (B) in different PEG concentrations at different stages.

Fig. 5. Fv/Fm of ES Mentor (A) and Pedro (B) in different PEG concentrations at different stages.

Table 2
Fv/Fm, ΦPSⅡ and stomatal conductance for the two studied cultivars in different PEG concentrations at different stages.

PEG Concentration Stage Fv/Fm ΦPSⅡ gs (mmol m-2 s−1)

ES Mentor Pedro ES Mentor Pedro ES Mentor Pedro

0 % V2 0.819a1 0.821a1 0.759a1 0.762a1 258a1 131a2

2.5 % 0.817a1 0.816a1 0.749a1 0.769a1 135b1 82bc2

5 % 0.816a1 0.815a1 0.748a1 0.752ab1 86c1 83b1

7.5 % 0.808a1 0.770a1 0.726a1 0.727ab1 82c1 66bcd1

10 % 0.807a1 0.800a1 0.725a1 0.645b1 76c1 45d2

0 % V4 0.827a1 0.824a1 0.787a1 0.788a1 204a1 129a2

2.5 % 0.816ab1 0.821a1 0.778a1 0.791a1 106b1 76b2

5 % 0.807b1 0.813a1 0.772a1 0.783a1 34c2 52cd1

7.5 % 0.804b1 0.810b1 0.771a1 0.782a1 30c1 34d1

0 % R2 0.817a1 0.830a1 0.787a1 0.795a1 145a1 199a1

2.5 % 0.804a1 0.825a1 0.762a1 0.771a1 106b1 105b1

5 % NA 0.816a NA 0.749a NA 52c

0 % R4 0.816a1 0.834a1 0.782a1 0.796a1 112a2 194a1

2.5 % 0.813a1 0.819a1 0.766a1 0.744a1 47b1 59b1

5 % NA 0.816a NA 0.734a NA 55b

Same letter indicates no significant differences at .05 level among PEG concentrations within a cultivar.
Same number indicates no significant difference at .05 level between the two cultivars within a particular PEG concentration.
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planting between control plants and plants suffered from drought stress
for 24 days in early stages; however, later in the same experiment (100
days after planting) the difference was significant. Decrease in Fv/Fm
was concluded to be an indication of down regulation of photosynthesis
[38]. Liu et al. [39] also observed a decline in Fv/Fm ratio in drought
stressed plants of two maize cultivars. This occurrence of chronic photo-
inhibition was justified as a result of photo-inactivation of PSⅡ centers

[37]. Compared with the control, water stress markedly decreased Fv/
Fm (from 0.80 to 0.76) and ΦPSⅡ (from 0.69 to 0.58) [29]. Consistently
with our results, water stress treatment reduced total chlorophyll con-
tent and chla/chlb, indicating the decreased capacity of absorbing and
conversion of light energy, which may be the reason of reduced ФPSⅡ
[29]. On the contrary, drought stress did not have an effect on Fv/Fm in
dry bean [40].

Table 3
F0, Fm, Fv, Fv/F0 and Fm/F0 for the two studied cultivars in different PEG concentrations at different stages.

PEG Concentration Stage F0 Fm Fv Fv/F0 Fm/F0

ES Mentor Pedro ES Mentor Pedro ES Mentor Pedro ES Mentor Pedro ES Mentor Pedro

0 % V2 0.344 0.322 1.783 1.808 1.461 1.551* 4.263 4.818 5.199 5.616
2.5 % 0.320 0.348 1.767 1.788 1.443 1.458 4.547 4.203 5.558 5.149
5 % 0.313 0.329 1.715 1.779 1.400 1.449 4.472 4.418 5.478 5.421
7.5 % 0.343 0.339 1.795 1.547 1.451 1.199* 4.249 3.622 5.250 4.644
10 % 0.331 0.339 1.814 1.710 1.463 1.367 4.429 4.061 5.490 5.084
0 % V4 .314 .314 1.818* 1.787 1.503* 1.473 4.794* 4.689 5.797* 5.688
2.5 % .323 .328 1.756 1.841 1.432 1.512 4.447 4.601 5.450 5.604
5 % .328 .285 1.697 1.554 1.370* 1.264 4.182* 4.428 5.181* 5.445
7.5 % .309 .306 1.662* 1.698 1.336* 1.374 4.332 4.504 5.386 5.561
0 % R2 .320 .329 1.651 1.880 1.351 1.560 4.239 4.753 5.175 5.725
2.5 % .309 .308 1.687 1.806 1.355 1.489 4.400 4.853 5.475 5.881
5 % NA .311 NA 1.700 NA 1.388 NA 4.473 NA 5.476
0 % R4 .314 .287 1.719 1.724 1.402 1.437 4.497 5.010 5.505 6.009
2.5 % .330 .288 1.759 1.605 1.430 1.317 4.336 4.558 5.334 5.558
5 % NA .284 NA 1.563 NA 1.279 NA 4.605 NA 5.606

* Significant at 0.05 level among PEG concentrations within certain stage and cultivar.

Fig. 6. ΦPSⅡof ES Mentor (A) and Pedro (B) in different PEG concentrations at different stages.

Fig. 7. Stomatal conductance of ES Mentor (A) and Pedro (B) in different PEG concentrations at different stages.
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Drought stress caused stomatal conductance to remarkably decrease
as compared to control treatments in both cultivars; moreover, in most
cases the more severe the drought, the more reduction percentage the
stomatal conductance was. Previously, Ohashi et al. [41] reported that
stomatal conductance of soybean plants significantly declined under
water stress; similar results were reported by Zhang et al. [21] who
found a decrease in gs by 98.8 % under drought; they concluded that
this decrease in gs may be caused by the reduced open stomata ratio and
stomatal aperture size in exposed water-stressed plants. Hao et al. [1]
also reported a significant reduction in stomatal conductance from 0.25
to 0.10mol H2O m−1 s−1. Mathobo et al. [22] justified the reduction in
gs in their experiment by the stomatal closure which prevented CO2
from entering the leaf. A 70 % reduction of gs after 22 days of drought
stress was observed in dry bean [42]. Tang et al. [29] concluded that
PEG-induced water stress significantly decreased gs by 73 %.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

The authors acknowledge the help ofMs. Csákyné Faragó Erzsébet
in preparing the materials of the experiment. The research was financed
by the Higher Education Institutional Excellence Programme of the

Ministry of Human Capacities in Hungary (20428-3/2018/
FEKUTSTRAT), within the framework of the 4.thematic programme of
the University of Debrecen. The work/publication was supported by the
EFOP-3.6.3-VEKOP-16-2017-00008 project. The project was co-fi-
nanced by the European Union and the European Social Fund.

References

[1] L. Hao, Y. Wang, J. Zhang, Y. Xie, M. Zhang, L. Duan, Z. Li, Coronatine enhances
drought tolerance via improving antioxidative capacity to maintaining higher
photosynthetic performance in soybean, Plant Sci. 210 (2013) 1–9.

[2] R.N. Mutava, S.J.K. Prince, N.H. Syed, L. Song, B. Valliyodan, W. Chen,
H.T. Nguyen, Understanding abiotic stress tolerance mechanisms in soybean: a
comparative evaluation of soybean response to drought and flooding stress, Plant
Physiol. Biochem. 86 (2015) 109–120.

[3] P. Cerezini, B. Kuwano, M. Santos, F. Terassi, M. Hungria, M.A. Nogueira, Strategies
to promote early nodulation in soybean under drought, Field Crops Res. 196 (2016)
160–167.

[4] L.P. Manavalan, S.K. Guttikonda, L.S.P. Tran, H.T. Nguyen, Physiological and mo-
lecular approaches to improve drought resistance in soybean, Plant Cell Physiol. 50
(2009) 1260–1276.

[5] D. Li, H. Liu, Y. Qiao, Y. Wang, Z. Cai, B. Dong, Ch. Shi, Y. Liu, X. Li, M. Liu, Effects
of elevated CO2on the growth, seed yield, and water use efficiency of soybean
(Glycine max (L.) Merr.) under drought stress, Agric. Water Manag. 129 (2013)
105–112.

[6] F. Liu, Ch.R. Jensen, M.N. Andersen, Drought stress effect on carbohydrate con-
centration in soybean leaves and pods during early reproductive development: its
implication in altering pod set, Field Crops Res. 86 (2004) 1–13.

[7] M. Mattana, E. Biazzi, R. Consonni, F. Locatelli, C. Vannini, S. Provera, I. Coraggio,
Overexpression of Osmyb4 enhances compatible solute accumulation and increases
stress tolerance of Arabidopsis thaliana, Physiol. Plant. 125 (2005) 212–223.

[8] P. Rahdari, S.M. Hoseini, Drought stress, a review, Int. J. Agron. Plant Prod. 3

Table 4
Correlation between the studied traits and PEG concentrations.

Cultivar ES Mentor Pedro

Stage V2 V4 R2 R4 V2 V4 R2 R4

Porometer −.855** −.924** −.840* −.969** −.887** −.946** −.976** −.873**
SPAD −.449 −.591* −.422 −.899* −.430 −.027 −.964** −.764*
Fv/Fm −.366 −.814** −.376 −.141 −.583* −.594* −.595 −.330
Fm .145 −.783** .188 .226 −.446 −.400 −.670-* −.414
Fv .023 −.841** .022 .221 −.562* −.439 −.759* −.422
F0 −.013 −.069 −.369 .282 .124 −.342 −.286 −.049
Fv/F0 .014 −.651* .190 −.306 −.493 −.360 −.413 −.274
Fm/F0 .109 −.598* .342 −.338 −.389 −.280 −.364 −.273
ΦPSⅡ −.316 −.170 .636 −.505 −.562* .116 −.240 −.441
Chla −.453 −.309 −.914* −.823* −.337 −.346 −.502 −.253
Chlb −.375 −.647* −.991** −.825* −.697** −.862** −.256 −.584
Chlx+c −.559* −.275 −.607 −.941** −.179 −.478 −.408 −.344

* Correlation is significant at 0.05 level (2-tailed).
** Correlation is significant at 0.01 level (2-tailed).

Table 5
Effect size of PEG concentration, cultivar and PEG concentration*cultivar on the studied traits.

SPAD Chla Chlb Chlc+x Fv/Fm ΦPSⅡ gs

V2
PEG concentration 22 17.8 42.2* 21.6 31.2* 24.1 67.5*
cultivar 5.6 13.9* 4.5 13.7* 0.1 4.1 16.0*
PEG concentration*cultivar 61.5* 8.6 81.5* 14.8 25.4 32.3 86.6*
V4
PEG concentration 32.7* 12.7 35.6* 0.5 50.2* 15.0 83.6*
cultivar 19.9* 10.4 39.1* 0.4 2.9 2.1 3.2
PEG concentration*cultivar 37.5 5.7 84.5* 15.8 7.1 14.6 74.3*
R2
PEG concentration 54.4* 24.7 48.2* 26.4 7.9 27.6 83.8*
cultivar 4.9 5.3 12.6 0.3 20.5 0.2 0.5
PEG concentration*cultivar 38.8* 49.9* 90.8* 4.5 2.3 0.0 57.1*
R4
PEG concentration 14.0 35.8 19.9 54.2* 5.2 22.3 75.7*
cultivar 4.4 4.2 14.2 0.1 5.0 4.6 4.2
PEG concentration*cultivar 79.1* 21.2 12.1 1.4 2.1 1.2 79.1*

* The effect size (Partial Eta Squared) is significant at 0.05 level.

O. Basal, et al. Current Plant Biology xxx (xxxx) xxxx

7

http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0005
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0005
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0005
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0010
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0010
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0010
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0010
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0015
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0015
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0015
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0020
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0020
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0020
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0025
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0025
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0025
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0025
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0030
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0030
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0030
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0035
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0035
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0035
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0040


(2012) 443–446.
[9] J. Levitt, Responses of Plants to Environmental Stresses; Water, Radiation, Salt and

Other Stresses, first ed., Academic Press, New York, 1980.
[10] E. Martinez-Ferri, E. Manrique, F. Valladares, L. Balaguer, Winter photoinhibition in

the field involves different processes in four co-occurring Mediterranean tree spe-
cies, Tree Physiol. 24 (981) (2004) e990.

[11] J. Flexas, J. Bota, F. Loreto, G. Cornic, T.D. Sharkey, Diffusive and metaboliclimi-
tations to photosynthesis under drought and salinity in C3 plants, PlantBiology 6
(2004) 269–279.

[12] J. Dong, X. Xiao, P. Wagle, G. Zhang, Y. Zhou, C. Jin, M.S. Torn, T.P. Meyers,
A.E. Suyker, J. Wang, H. Yan, Ch Biradar, B. Moore III, Comparison of four EVI-
based models for estimating gross primary production of maize and soybean
croplands and tallgrass prairie under severe drought, Remote Sens. Environ. 162
(2015) 154–168.

[13] J. Bornman, T. Vogelmann, G. Martin, Measurement of chlorophyll fluorescence
within leaves using a fibreoptic microprobe, Plant Cell Environ. 14 (1991) 719–725.

[14] H. Zgallai, K. Steppe, R. Lemeur, Photosynthetic, physiological and biochemi-cal
responses of tomato plants to polyethylene glycol-induced water deficit, J. Integr.
Plant Biol. 47 (2005) 1470–1478.

[15] H. Upadhyaya, M.H. Khan, S.K. Panda, Hydrogen peroxide induces oxidative stress
in detached leaves of Oryza sativa L, Gen. Appl. Plant Physiol. 33 (2007) 83–95.

[16] K. Maxwell, G.N. Johnson, Chlorophyll fluorescence-a practical guide, J. Exp. Bot.
345 (2000) 659–668.

[17] N.R. Baker, E. Rosenqvist, Applications of chlorophyll fluorescence can improve
crop production strategies: an examination of future possibilities, J. Exp. Bot. 55
(2004) 1607–1621.

[18] M.J. Fryer, J.R. Andrews, K. Oxborough, D.A. Blowers, Relationship between CO2
assimilation, photosynthetic electron transport, and active O2 metabolisim in leaves
of maize in the field during periods of low temperature, Plant Physiol. 116 (1998)
571–580.

[19] W.R. Fehr, C.E. Caviness, Stages of Soybean Development. Special Report, (1977),
p. 87 http://lib.dr.iastate.edu/specialreports/87.

[20] A.R. Wellburn, The spectral determination of chlorophylls a and b, as well as total
carotenoids, using various solvents with spectrophotometers of different resolution,
J. Plant Physiol. 144 (1994) 307–313.

[21] J. Zhang, J. Liu, C. Yang, S. Du, W. Yang, Photosynthetic performance of soybean
plants to water deficit under high and low light intensity, South Afr. J. Bot. 105
(July) (2016) 279–287.

[22] Rudzani Mathobo, Diana Marais, Joachim Martin Steyn, The effect of drought stress
on yield, leaf gaseous exchange and chlorophyll fluorescence of dry beans
(Phaseolus vulgaris L.), Agric. Water Manag. 180 (2017) 118–125.

[23] S. Makbul, N. Saruhan Güller, N. Druma, S. Güven, Changes in anatomical and
physiological parameters of soybean under drought stress, Turk. J. Bot. 35 (2011)
369–377.

[24] A. Mafakheri, A. Siosemardeh, B. Bahramnejad, P.C. Struik, Y. Sohrabi, Effect of
drought stress on yield: proline and chlorophyll contents in three chickpea cultivars,
AJCS 4 (2010) 580–585.

[25] O. Inaki-Iturbe, P.R. Escuredo, C. Arrese-Igor, M. Becana, Oxidative damage in pea
plants exposed to water deficit or paraquat, Plant Physiol. 116 (1998) 173–181.

[26] N. Smirnoff, Antioxidant systems and plant response to the environment, in:
V. Smirnoff (Ed.), Environment and Plant Metabolism: Flexibility and Acclimation,

BIOS Scientific Publishers, Oxford, UK, 1995.
[27] C.H. Foyer, P. Descourvieres, K.J. Kunert, Photo oxidative stress in plants, Plant

Physiol. 92 (1994) 696–717.
[28] Z.H. Liu, S.L. Ran, L.R. Bai, K.F. Zhao, Salt stress’s effects on the contents of

chlorophyll and organic solutes of Aeluropus (Aeluropus littoralis), J. Plant Physiol.
Mol. Biol. 33 (2007) 165–172.

[29] Yanping Tang, Xin Sun, Tao Wen, Mingjie Liu, Mingyan Yang, Xuefei Chen.
Mplications of terminal oxidase function in regulation of salicylic acid on soybean
seedling photosynthetic performance under water stress, Plant Physiol. Biochem.
112 (March) (2017) 19–28.

[30] Y.Y. Cui, D.M. Pandey, E.J. Hahn, K.Y. Paek, Effect of drought on physiological
aspects of Crassulacean acid metabolism in Doritaenopsis, Plant Sci. 167 (2004)
1219–1226.

[31] M. Pagter, C. Bragato, H. Brix, Tolerance and physiological responses of Phragmites
australis to water deficit, Aquat. Bot. 81 (2005) 285–299.

[32] V.V. Ergo, R. Lascano, C.R.C. Vegad, R. Parola, C.S. Carrera, Heat and water
stressed field-grown soybean: a multivariate study on the relationship between
physiological-biochemical traits and yield, Environ. Exp. Bot. 148 (2018) 1–11.

[33] P. De Souza, D.B. Egli, W.P. Bruening, Water stress during seed filling and leaf
senescence in soybean, Agron. J. 89 (1997) 807–812.

[34] I. Inamullah, A. Isoda, Adaptive responses of soybean and cotton to water stress Ⅱ.
Changes in CO2 assimilation rate, chlorophyll fluorescence and photochemical re-
flectance index in relation to leaf temperature, Plant Prod. Sci. 8 (2005) 131–138.

[35] P. Carol, Kuntz, A plastid terminal oxidase comes to light: implications for car-
otenoid biosynthesis and chlororespiration, Trends Plant Sci. 6 (2001) 31–36.

[36] M.R. Aluru, F. Yu, A. Fu, S. Rodermel, Arabidopsis variegation mutants: new insight
in to chloroplast biogenesis, J. Exp. Bot. 57 (2006) 1871–1881.

[37] Z.S. Zlatev, I.T. Yordanov, Effects of soil drought on photosynthesis and chlorophyll
fluorescence in bean plants, Bulg. J. Plant Physiol. 30 (2004) 3–18.

[38] Z. Zlatev, F.C. Lidon, An overview on drought induced changes in plantgrowth:
water relations and photosynthesis, Emir. J. Food Agric. 24 (2012) 57–72.

[39] M. Liu, H. Qi, Z.P. Zhang, Z.W. Song, T.J. Kou, W.J. Zhang, J.L. Yu, Responseof
photosynthesis and chlorophyll fluorescence to drought stress in two maizeculti-
vars, Afr. J. Agric. Res. 34 (2012) 4751–4760.

[40] R. Terzi, A. Sa˘glam, N. Kutlu, H. Nar, A. Kadio˘glu, Impact of soil droughtstress on
photochemical efficiency of photosystem Ⅱ and antioxidant enzymeactivities of
Phaseolus vulgaris cultivars, Turk. J. Bot. 34 (2010) 1–10.

[41] Y. Ohashi, N. Nakayama, H. Saneoka, K. Fujita, Effects of drought stress on pho-
tosynthetic gas exchange, chlorophyll fluorescence and stem diameter of soybean
plants, Biol. Plant. 50 (2006) 138–141.

[42] M.A. Rosales, E. Ocampo, R. Rodriguez-Valentin, Y. Olvera-Carrillo, J. Acosta-
Gallegos, A.A. Covarrubias, Physiological analysis of commonbean (Phaseolus
vulgaris) cultivars uncovers characteristics related to terminaldrought, Plant
Physiol. Biochem. 56 (2012) 24–34.

[43] I. Cakmak, H. Marschner, Decrease in nitrate uptake and increase in proton release
in zinc deficient cotton, sunflower and buckwheat plants, Plant Soil 129 (2) (1990)
261–268.

[44] U. Schreiber, U. Schliwa, W. Bilger, Continuous recording of photochemical and
non-photochemical chlorophyll fluorescence quenching with a new type of mod-
ulation fluorometer, Photosynth. Res. 10 (1-2) (1986) 51–62.

O. Basal, et al. Current Plant Biology xxx (xxxx) xxxx

8

http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0040
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0045
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0045
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0050
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0050
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0050
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0055
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0055
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0055
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0060
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0060
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0060
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0060
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0060
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0065
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0065
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0070
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0070
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0070
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0075
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0075
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0080
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0080
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0085
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0085
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0085
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0090
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0090
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0090
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0090
http://lib.dr.iastate.edu/specialreports/87
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0100
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0100
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0100
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0105
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0105
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0105
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0110
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0110
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0110
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0115
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0115
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0115
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0120
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0120
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0120
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0125
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0125
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0130
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0130
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0130
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0135
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0135
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0140
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0140
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0140
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0145
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0145
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0145
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0145
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0150
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0150
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0150
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0155
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0155
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0160
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0160
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0160
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0165
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0165
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0170
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0170
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0170
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0175
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0175
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0180
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0180
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0185
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0185
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0190
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0190
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0195
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0195
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0195
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0200
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0200
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0200
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0205
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0205
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0205
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0210
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0210
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0210
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0210
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0215
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0215
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0215
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0220
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0220
http://refhub.elsevier.com/S2214-6628(19)30238-5/sbref0220

	Physiology of soybean as affected by PEG-induced drought stress
	Introduction
	Materials and methods
	Results
	Relative chlorophyll content (SPAD)
	Total chlorophyll content (Chla,b) (&#x003BC;g ml&#x02212;1)
	Total carotenoids (Chlx+c) (&#x003BC;g ml&#x02212;1)
	Maximum photochemical efficiency of PS&#x02161; (Fv/Fm)
	Actual photochemical efficiency of PS&#x02161; (&#x003A6;PS&#x02161;)
	Stomatal conductance (gs) (mmol m&#x02212;2 s-1)

	Discussion
	mk:H1_11
	Acknowledgements
	References




