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Abstract. Drought is an important factor that restricts the growth of common bean. In the present study,
Longyundou 10 (non-drought-resistant variety) and Longyundou 17 (drought-resistant variety) were
selected to analyze the effects of drought stress on endogenous hormones and osmotic regulatory
substances of common bean at seedling stage. Under mild drought stress, the ABA accumulation and
response of drought-resistant Longyundou 17 were stronger than that of no drought-resistant Longyundou
10. The effects of CTK and IAA on drought resistance of common bean at seedling stage are complicated.
Under normal water condition, the soluble protein content of Longyundou 10 was slightly higher than that
of Longyundou 17. However, there was no significant difference in the degree of inhibition between
Longyundou 10 and 17. Therefore, we believe that the soluble protein of common bean has little effect on
resisting the threat of drought stress. The content of proline and soluble sugar in common bean responded
strongly to drought stress, these two osmotic regulatory substances in drought-resistant varieties were
higher than those in drought-resistant varieties. Therefore, ABA, proline and soluble sugar content can be
used as important indicators for breeding of drought-resistant Varieties of common bean at seedling stage.
Keywords: common bean, drought stress, ABA, proline, soluble sugar

Introduction

Common bean (Phaseolus vulgaris L.) is the most popular edible bean widely
cultivated in more than 90 countries and regions around the world (Acostagallegos et
al., 2007). Common bean is rich in protein, unsaturated fatty acid, dietary fiber and
other nutrients (Kuto et al., 2003; Yang et al., 2016). Drought stress is not only a hot
research topic, but also a common adversity for crop growth. It is also a decisively
restrictive factor for sustainable agricultural development which always threatens food
security (Schindler et al., 2007). With the change of global climate, the drought
situation in common bean producing areas is getting worse and worse. According to
statistics, 60% of common bean producing areas in the world suffer from drought, and
the yield reduction in Kenya and South Africa is as high as 80% (Beebe et al., 2008;
Franca et al., 2000).

Under drought conditions, it is a complex physiological change for plants to respond
to adversity. Many researches reported that drought causes responses of endogenous
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hormones in plants, which regulate and control plant physiological activities to adapt to
drought stress (Yordanov et al., 2000; Sauter et al., 2001; Farooq et al., 2009). Abscisic
acid (ABA), indole acetic acid (IAA) and cytokinin (CTK) are drought stress response
hormones (Bartels et al., 2005; Acharyaet a., 2009; Tang et al., 2005), which can
regulate plant physiological and biochemical processes and enhance drought resistance
of crops. ABA exists in almost all higher plants and participates in many physiological
processes during plant growth and development, such as stomatal movement, fruit
maturation, seed dormancy and germination (Cutler et al., 2010). Under drought stress,
ABA concentration in plants increased, which promote stoma to close to reduce
transpiration loss, thereby to enhance plant drought resistance (Schroeder et al., 2001,
Verslues et al., 2005).

IAA is a kind of plant endogenous hormones containing an unsaturated aromatic ring
and an acetic acid side chain. Most IAA is concentrated in tissues and organs with
strong division and growth metabolism, such as in root tips, young leaves, developing
seeds and fruits. Drought stress can affect the change of IAA concentration. The
mechanism of 1AA drought regulation is complex. CTK is a kind of adenine derivative.
Under drought stress, the regulation mechanism of CTK varies in drought degrees and
crops. Osmotic regulation is the physiological mechanism which plants are adapted to
water stress. Under water stress, plant cells can actively change the content of osmotic
regulatory substances of small molecules or their existing state in plants to regulate
osmotic potential in vacuoles and ensure normal growth and development of plants.
Soluble sugars, proline and soluble proteins are considered to be important osmotic
regulatory substances in plants, which can respond positively to drought stress. It has
been reported that under drought stress, the proline content of wheat leaves increased
and the soluble protein content decreased (Bai et al., 2007). Proline and soluble sugar
are the main osmotic regulatory substances of common bean, which can maintain the
leaf water balance (Li et al., 2014). Under drought stress, the content of osmotic
regulatory substances in common bean was different among different drought-resistant
varieties (Rosales et al., 2012; Lizana et al., 2006).

Drought is the second major factor restricting the production of common bean
besides diseases (Schneider et al., 1997). Therefore, drought resistance of common bean
has become one of the important indexes in breeding and production (Li et al., 2014;
Cortés et al., 2012). In the present study, the changes of endogenous hormones and
osmotic regulatory substances in common bean were studied in order to provide
technical guidance and theoretical support for efficient production and breeding of
drought-resistant of common bean varieties.

Materials and methods

Both Longyundou 10 (non-drought-resistant variety) and Longyundou 17 (drought-
resistant variety) were provided by Crop Breeding Research Institute of Heilongjiang
Academy of Agricultural Sciences, Heilongjiang province, China.

The experiment was carried out in an artificial climate chamber with humidity of
60%+10%, 27 °C under 16-h light conditions, 16 °C under 8-h dark conditions. The
experimental plots were completely randomized with three replications and three water
treatments at each site. Mild drought stress (LS): Relative water content of soil
(RWC) =60% + 5%; severe drought stress (SS): RWC = 45% + 5%; control:
RWC = 75%+5% under normal water condition. Seeds were planted in plastic pots
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filled with a potting mixture of 3 perlite : 3 vermiculite : 4 nursery soil. Each plastic pot
contained 2 kg potting mixture and 3 seeds. From sowing to the appearance of the
second true leaf, the soil was controlled under normal water condition
(RWC = 75% + 5%). When the second trifoliate leaves are fully developed and mature,
the soil moisture content of each treatment was monitored and controlled to reach the
set target by weighing method every morning and evening.

On the 2nd, 4th, 6th, 8th, 10th, 12nd, 14th and 16th days after drought stress
treatment, the parietal lobe of the second mature trifoliate were taken from 9:00 to 9:30
a.m. The contents of ABA, CTK, IAA, free proline, soluble sugar and soluble protein
were determined by ELISA. All the kits are provided by Shanghai Enzyme-linked
Biotechnology Co., Ltd. Microsoft Excel 2010 and SPSS 18.0 software are employed
for data collation and analysis.

Results
Effects of drought stress on ABA content of common bean

ABA is a stress response hormone, which can accumulate rapidly when stress occurs
and play a significant role in plant response to stress. As shown in Figure 1, at the
beginning of severe drought stress, ABA content of Longyundou 17 increased
abnormally. In addition, the accumulation of ABA content in common bean leaves
showed a single-peak curve at seedling stage. The peaks of ABA content of
Longyundou 17 in mild drought stress, severe drought stress and control treatments
were 941.81 ng g, 829.97 ng g* and 747.16 ng g, respectively. The peaks of ABA
content of Longyundou 10 in mild drought stress, severe drought stress and control
treatments were 849.33 ng g, 731.04 ng g* and 724.58 ng g%, respectively.
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Figure 1. Changes of ABA content in common bean leaves under drought stress

Under mild drought stress, the accumulation of ABA in leaves increased
significantly, but with the increase of water stress time, the content of ABA in severe
drought stress began to decrease and accumulated slowly, which indicated that mild
drought stress stimulated the ABA response. Common bean could alleviate the effect of
water stress through the accumulation of ABA in a certain period of time, but severe
drought stress can destroy the formation and accumulation of ABA.
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ABA content in leaves of drought-resistant variety Longyundou 17 was slightly
higher than that of Longyundou 10. Under drought stress, the increase of ABA content
was also greater than that of common bean varieties with weak drought resistance. On
the 12th day after severe drought treatment, ABA content of Longyundou 10 was lower
than that of normal water treatment, while Longyundou 17 decreased on the 16th day
after severe drought treatment, indicating that the accumulation and response of ABA
under drought stress were stronger than those of non-drought resistant varieties.

Effect of drought stress on CTK content of common bean

As shown in Figure 2, under normal water condition, CTK content fluctuated in the
leaves of common bean at seedling stage, but there is no distinct tendency. Under
drought stress, CTK content increased first, then decreased, and then increased again.
The performance of CTK content was different among different varieties, which
indicated that the role of CTK in drought resistance of common bean at seedling stage is
complex.

There were no significant differences in CTK content of Longyundou 10 among
drought stress treatments, but the change tendency was slightly different. When
Longyundou 10 was treated with severe drought stress for 2-4 days, the content of CTK
content increased significantly, with an average increase of 50.6% compared with the
control. After 6 days of treatment, CTK content declined sharply, slightly lower than the
control treatment on the 8th day, and increased again after 12 days of treatment. Under
mild drought stress, the CTK content in Longyundou 10 was significantly higher than
that under normal water condition after 2nd-6th and 16th days of treatment, but
increased slightly after other treatments, even decreased slightly on the 8th day of
treatment.

Except for the 4th day after treatment, the CTK content of Longyundou 17 under
severe stress treatment was higher than that in mild stress treatment. The CTK content
under drought stress was higher than that under no stress treatment, indicating that
drought stress stimulated the CTK production in Longyundou 17.
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Figure 2. Changes of CTK content in common bean leaves under drought stress

Effect of drought stress on IAA content of common bean

As shown in Figure 3, 1AA content of common bean showed a downward trend of
fluctuations under drought stress. The change of IAA content under drought stress was
more complex. The changes of IAA content under both severe and mild drought stress were
alternate, and no drought stress showed greater impact on IAA content. At the initial stage

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):4447-4457.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeerl702_44474457
© 2019, ALOKI Kft., Budapest, Hungary



Wang et al.: Effects of drought stress on endogenous hormones and osmotic regulatory substances of common bean (Phaseolus
vulgaris L.) at seedling stage
- 4451 -

of drought stress, IAA content was higher than that under no stress. However, with the
prolongation of drought stress time, IAA accumulation was inhibited and content began to
decline. Especially from the 8th day after drought treatment, IAA content of Longyundou
10 was lower than that of control. The IAA content of Longyundou 17 was slightly higher

than Longyundou 10 in all treatments.

IAA Content ( nmol - gt)

0.200
0.180
0.160
0.140
0.120
0.100
0.080
0.060
0.040

0.020

0.000

2

Longyundou 10

@aLs
WSS
ock

4 6 8
Drought Stress Days (d)

10 12 14 16

IAA Content ( umol  gt)

0.200

0.180

0.160

0.140

0.120

0.100

0.080

0.060

0.040

0.020

0.000
2

4

Longyundou 17

aLs
WSS
ack

6 8

10
Drought Stress Days (d)

12

Figure 3. Changes of IAA content in common bean leaves under drought stress

Effects of drought stress on free proline content of common bean

In Figure 4, under different degrees of drought stress, the free proline content in
common bean leaves increased significantly with the maximum increase more than 1.6
times than that under non-drought stress, while free proline accumulation fluctuated under
mild drought stress.
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Figure 4. Changes of free proline content in common bean leaves under drought stress

Under severe drought stress, free proline content tends to increase at first and then decrease.
At the beginning of drought treatment, the content of proline under severe drought stress
was higher than that under other water treatments. With the prolongation of drought stress
time, the accumulation of proline under severe drought stress was inhibited and the content
of proline decreased. Longyundou 17 maintained high free proline accumulation within 10
days under severe drought stress, but began to decrease 12 days after treatment, which was
lower than that under mild drought stress. The free proline content of Longyundou 10 under
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mild stress was higher than that under severe stress after 8 days of drought treatment, which
indicated that Longyundou 17 could maintain higher free proline accumulation for a long
time under severe stress than Longyundou 10, and its osmotic regulation ability was also
higher than Longyundou 10. The free proline content of Longyundou 17 was higher than
Longyundou 10 in all treatments, and the increase of free proline under drought stress was
also higher than Longyundou 10, indicated that free proline was an important osmotic
regulatory substance of drought resistance of common bean.

Effect of drought stress on soluble sugar content of common bean

Figure 5 shows that the accumulation of soluble sugar content in common bean leaves
showed a single peak curve, and the peak appeared at different times according to different
varieties under drought stress. The peaks of soluble sugar content of Longyundou 17
appeared on the 10th and 8th day after severe drought stress, and the peaks were 6.52 mg g
and 5.61 mg g after mild drought stress, respectively, which were 2.2 times and 1.84 times
higher than those under normal water condition. Under severe and mild drought stress, the
peaks of soluble sugar content of Longyundou 10 appeared on the 8th day after stress, and
the peak values were 4.63 mg g and 3.78 mg g7, respectively, which increased 1.6 times
and 1.3 times as much as that under normal water condition. The soluble sugar content of
Longyundou 17 was higher than that of Longyundou 10 at all stages and treatments. In the
early stage of drought stress, the soluble sugar content of common bean increased
significantly. With the prolongation of drought time, the accumulation of soluble sugar was
seriously inhibited, especially under severe drought stress, the content of soluble sugar
decreased sharply. The decrease of soluble sugar content in Longyundou 17 occurred 14
days after drought treatment with the soluble sugar content decreases by 16.9% and 22.5%
under severe and mild drought stress, respectively, compared with those in normal water.
Under drought stress, the content of soluble sugar in Longyundou 10 decreased earlier than
that in Longyundou 17. After 10 days of severe drought stress, the content of soluble sugar
in Longyundou 10 was significantly lower than that in normal water.
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Figure 5. Changes of soluble sugar content in common bean leaves under drought stress

Effect of drought stress on soluble protein content of common bean

In Figure 6, the accumulation of soluble protein in common bean leaves at seedling
stage showed a fluctuating upward trend under normal water conditions. The
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accumulation dynamics of soluble protein showed irregular changes under drought
stress. At the initial stage of drought stress, soluble protein content increased, especially
under severe drought stress. However, with the increase of drought stress time, the
accumulation of soluble protein in common bean was inhibited, and the content was
lower than that in normal water condition. Under normal water condition, the soluble
protein content of Longyundou 10 was slightly higher than that of Longyundou 17.
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Figure 6. Changes of soluble protein content in common bean leaves under drought stress

Discussion
Changes of endogenous hormones in common bean under drought stress

Many researches have proved that plant endogenous hormones play an important
regulatory role under drought stress (De Ollas et al., 2016; Sharp et al., 2004; Kurepin et
al., 2015; Forner-Giner et al., 2011). Different crops and their ABA, IAA and CTK
contents have different response mechanisms. Plant hormone ABA plays an important
regulatory role in plant growth, development, stress resistance, stomatal movement and
gene expression (Neill et al., 1999).

In the present study, ABA accumulation in common bean leaves increased
significantly under mild drought stress, indicating that mild drought stress stimulated
the ABA response, but severe drought stress would destroy the formation and
accumulation of ABA. The ABA content in drought resistance variety Longyundou 17
was significantly higher than that in non drought-resistant variety Longyundou 10.
Therefore, we believe that ABA can be used as important drought resistance indexes of
common bean at Seedling Stage.

CTK is formed and accumulated in the root system, which is transported to the the
aboveground part. At the same time, CTK is formed in large quantities in the root
system under drought stress. In our study, CTK increased in the leaves of common bean
seedlings under drought stress, especially in common bean varieties with stronger
drought resistance. Drought stress stimulated the CTK production in Longyudou 17,
suggested that moderate drought stress exercise is helpful to the stress-resistant growth
of common bean.

Endogenous IAA is synthesized by plant apical tissues and growing leaves as a
growth hormone. Under drought stress, the change of IAA content increases in some
plants (Zhao et al., 2012; Mei et al., 2017), while decreases in others (Zhang et al.,
2018; Chang et al., 2012). In the present study, IAA content in common bean leaves
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decreased in a fluctuation way under drought stress. IAA content alternate change under
severe stress and mild stress. No change was observed in IAA content under two
drought stresses, indicating that the mechanism of IAA response to drought stress was
complex, which was consistent with previous studies.

Changes of osmotic regulatory substances in common bean under drought stress

Osmotic regulation is not only an important way for plants to resist drought
adversity, but also an important physiological mechanism for plants to induce protective
response under drought stress (Cabuslay et al., 2002; Alla et al., 2012; Moustakas et al.,
2011). Under drought stress, osmotic regulatory substances such as proline and soluble
sugar accumulate constantly in plant cells, reduce cell osmotic potential and improve
water retention capacity through response, thus enhance drought resistance of crops.
However, there are some differences in the accumulation of osmotic regulatory
substances among different crops (Osmotic et al., 2010; Trung et al., 2018). In the
present study, two common bean cultivars with obvious difference in drought resistance
were chose to analyze osmotic regulatory substance changes under drought stress.
These results showed that different osmotic regulatory substances had different
responses. Among them, the contents of soluble sugar and proline were correlated with
the drought resistance of cultivars. The drought-resistant varieties had higher expression
level under drought stress compared with non drought-resistant varieties, but the soluble
protein did not show the same conclusion.

Conclusion

Endogenous hormones and osmotic regulatory substances showed differences in
different degrees of drought stress and among common bean varieties. When common
bean was subjected to mild drought stress, the endogenous hormones and osmotic
regulatory substances of common bean showed a positive response. The contents of
ABA, proline and soluble sugar in drought-resistance common bean varieties were
higher than those in varieties with weak drought resistance. Therefore, these substances
could be considered as important indicators for drought resistance breeding.

The accumulation of endogenous hormones and osmotic regulatory substances in
common bean was severely affected when drought stress lasted for a long time.
Although common bean could respond to drought stress, the accumulation of related
regulatory substances would be inhibited with the persistent threat of drought stress.
This also indicated that the tolerance of common bean to drought stress was weak at
seedling stage. Therefore, it should pay special attention to water management in
seedling stage in the production of common bean.

In the present study, we discussed the response mechanism of endogenous hormones
and osmotic regulatory substances of common bean under drought stress, and found the
response law. We will further study the response mechanism at molecular level,
especially for ABA, proline and soluble sugar, which can be used as physiological
indicators of drought resistance of common bean, and explore and utilize related genes
to change the physiological and biochemical characteristics of common bean for the
improvement of drought-resistance of common bean.
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