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ABSTRACT
Background: The synthesis and catalysis of enzymes are inherently linked to the presence of water and drought-induced water
deficit in plants can adversely impact enzyme activity. Drought severely impairs the growth and development of crops, with the
extent of its impact varying according to the severity of the water scarcity. Drought also regulates the activity of carbon and nitrogen
metabolizing enzymes in plants.
Methods: To investigate the effects of varying degrees of drought on soybeans, this study selected HN44 (drought-resistant
variety) and HN65 (drought-sensitive variety) as subjects through sand culture and assessed the changes in key enzymes involved
in carbon and nitrogen metabolism within the soybean leaves in 2022.
Result: The results indicated that short-term drought stress increased the activities of sucrose synthase (SUS), Sucrose Phosphate
Synthase (SPS) and Glutamine Synthetase (GS), while decreasing the activity of nitrate reductase (NR). In contrast, prolonged
drought reduced the activities of SUS and GS. This study provides a theoretical foundation for enhancing the drought stress
resistance of soybeans.
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INTRODUCTION
Soybean [Glycine max (L.) Merr]. is one of the primary oil-
bearing crops in Northeast China (Konno and Homma,
2023). The soybean production in the Northeast region of
China in 2022 accounted for over 50% of the national total
(Di et al., 2023) and spring drought has become a
significant factor limiting the soybean yield in the Northeast
region (Santini et al., 2022). Furthermore, in the event of
spring drought, soybeans are at the seedling stage of
growth and varying degrees of drought had distinct impacts
on soybean’s carbon and nitrogen metabolism.
Consequently, investigating the effects of different levels of
drought on soybean’s carbon and nitrogen metabolism
has become a focal point of research (Zhou et al., 2022).

Under the duress of drought, plants mitigate water
loss by constricting their stomata, thereby diminishing
transpiration (Patel et al., 2022). Yet, this stomatal closure
concurrently impedes the plant’s capacity to diffusion
carbon dioxide from the atmosphere-a critical component
for photosynthesis-resulting in a state of carbon deficiency
within the plant  (Alyemeni and Al-Quwaiz, 2014). Therefore,
key enzymes involved in carbon metabolism have become
the focus of research in such circumstances. In the carbon
metabolic pathway of soybeans, two pivotal enzymes play
a crucial role: sucrose synthase (SUS) and sucrose
phosphate synthase (SPS) (Song et al., 2022). The
influence of drought on soybean cultivation is particularly
evident in the activities of key enzymes SUS and SPS, which
are integral to the plant’s carbon metabolism. Xing et al.
(2018) examined how drought conditions during the
flowering period affect the carbon metabolism in soybeans.
Their findings revealed a significant enhancement in the
enzymatic activities of SPS and SUS under drought stress.

Nitrogen is an essential nutrient for the construction of
plant tissues and numerous studies have indicated a
correlation between nitrogen metabolism and plant stress
resistance (Wang et al., 2023). Nitrogen metabolism
involves key enzymes such as nitrate reductase (NR) and
Glutamine Synthetase (GS), which play pivotal roles in the
biochemical processes that enable plants to adapt and
thrive in various environmental conditions (Dai et al., 2022).
SUS and SPS promote the conversion of carbon, NR and
GS facilitate the assimilation of nitrate and ammonium,
which are crucial pathways for plants to incorporate these
carbon and nitrogen forms into their metabolic networks,
thereby sustaining growth and development (Li et al., 2015).

The impact of varying degrees of drought on the carbon
and nitrogen metabolism of soybeans remains an open
question (Kimball et al., 2016). Therefore, sand culture
method was used in this experiment to better control
different drought gradients and nutritional conditions of
plants. In this experiment, using the drought-resistant type
Heinong 44 (HN44) and drought-sensitive type Hei-nong
65 (HN65) as experiment materials. By irrigating with
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different concentrations of PEG-6000, this study aims to
investigate the effects of different levels of drought stress
on the carbon and nitrogen metabolism in soybeans. This
study aims to further understand the changes of carbon
and nitrogen metabolism of soybean in different drought-
sensitive populations under drought stress and provide
theoretical support for subsequent identification and
screening of drought-tolerant seed resources.

MATERIALS AND METHODS
The experimental varieties are HN44 and HN65. Based on
the drought resistance screening test results of Wang et al.
(2012) HN44 is identified as a drought-resistant variety,
while HN65 is classified as a drought sensitive variety.

The experiment was conducted at the campus of
Northeast Agricultural University in 2022. A sand culture
potting method was employed, utilizing plastic buckets with
a diameter of 30 cm and a height of 30 cm. To enhance the
drainage and aeration of the buckets, four 1-centimeter
diameter holes were drilled at the bottom and a piece of
mesh was placed inside. Subsequently, the buckets were
filled with washed river sand and thoroughly watered.
Selected soybean seeds with plump and uniform size, free
from diseases, were used for sowing, with eight seeds per
bucket. After sowing, a 1 cm layer of dry sand was spread on
the surface. From sowing until the complete expansion of
the first pair of true leaves, the plants were irrigated daily
with 500 mL of clear water. Thinning was conducted when
the true leaves had fully expanded, ensuring that four
seedlings were retained per bucket. Subsequently, the
seedlings were irrigated daily with a nutrient solution (Dong
et al., 2023), at a rate of 500 mL per application. Drought
stress treatment was initiated when the seedlings reached
the V3 growth stage. Different amounts of PEG-
6000ÿmacromolecular substances commonly used to
simulate drought stressÿ were added to the nutrient solution
to create nutrient solutions with concentrations of 5%, 10%,
15% and 20%. These solutions were used to simulate
varying degrees of drought stress by irrigating the plants
once daily with 500 mL of the respective solution. A control
group (CK) was irrigated with a nutrient solution lacking
PEG-6000 at the same frequency and volume as described
above. Nutrient solution configuration refers to Dong et al.
(2023). After the implementation of drought stress, samples
were collected every three days for a total of six times.
Sampling was conducted between 8:00 and 9:00 AM,
targeting the second-to-last leaf of the plant. Three pots
were selected for each sampling event, with each pot serving
as an individual replicate. The collected leaves were divided
into two parts. The first part was preserved in an ice box to
maintain freshness and was immediately subjected to
measurements (NR, GS); the second part was stored by
rapid freezing in liquid nitrogen for subsequent analysis
(SUS, SPS).

The assay method for SUS can be referenced from
the method by Chengappa et al. (1999). Weigh 0.1g of

soybean leaf tissue and place it into a precooled mortar.
Add 1ml of buffer solution and grind thoroughly. Following
this,  centrifuge the mixture at 10000g for 20 minutes at
4°C and collect the 90µL of enzyme solution. Combine this
with 110µL of the reaction mixture (consisting of 50µL of
HEPES-NaOH, 20µL of 50mmol/L MgCl2, 20µL of
100mmol/L fructose, and 20µL of 100mmol/L UDPG).
Incubate the reaction at 30°C for 10 minutes.

The activity assay for SPS is similar to that of SUS, with
the exception that in the reaction system, 20 L of
100 mmol/L fructose is replaced with 20 L of 100 mmol/L
fructose-6-phosphate.

The assay method for GR can be referenced from the
method by Vezina et al. (1989). Take 0.1 g of soybean leaf
tissue and place it into a mortar. Add 0.5 ml of extraction
solution to the mortar. Grind the leaf tissue and extraction
solution together in an ice bath until a homogeneous paste
is formed. Transfer the ground mixture to a centrifuge tube
and centrifuge at 15,000g for 20 minutes at 4C. Take 0.1 ml
of Reaction B solution, 0.05 ml of crude enzyme solution
and 0.05 ml of ATP solution and mix them evenly in a new
centrifuge tube. Place the centrifuge tube containing the
reaction mixture into a water bath at 37C and incubate for
30 minutes. Add 0.1ml of color reagent to the reaction
mixture. Let the mixture stand at room temperature for 5
minutes to complete the color development. Centrifuge
the colored mixture at 33,500 rpm for 10 minutes to
separate the supernatant from the precipitate. Take the
supernatant for subsequent measurement and analysis.
NR Activity Measurement: Weigh out 1 gram of fresh sample
material and place it into a beaker. Press the material firmly
into the bottom of the beaker using an object to ensure it is
well compacted. To a control beaker, add 1 ml of
trichloroacetic acid (TCA) at a concentration of 0.3 grams
per millilitre. To the treatment group beaker, add 9 ml of
potassium nitrate (KNO3) solution at a concentration of 0.1
mol/L. Proceed with the subsequent steps according to
the method described by Qu et al. (2023).

Microsoft Office 365 (Home edition) for writing.
Microsoft Excel (2010) was used to calculate the deviation
and the calculation function was stdev.P. IBM SPSS
Statistics 27.0.1 (IBM Corporation, Armonk, NY, USA)
performed significance analysis (Tukey’s HSD test). All
significance analyses were comparisons between different
treatments of the same variety on the same day.

RESULTS AND DISCUSSION
Effects of different degrees of drought on SUS activity of
soybean
Table 1 shows the changes in the activity of Sucrose
Synthase (SUS) in the leaves of the HN44 and HN65 under
different levels of drought stress. Under different levels of
drought conditions, the activity of SUS in both varieties
shows a trend of first increasing and then decreasing with
the extension of stress time, with the peak value occurring
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at 9 days or 12 days. Moreover, in the early stages of drought,
more severe drought conditions will lead to a higher activity
of SUS compared to the CK.

In HN44, the activity of SUS under drought stress
significantly increased compared to the CK at 3 days and 6
days for treatments 10%, 15% and 20% by 19.62%, 20.88%
and 32.27%, respectively, as well as by 7.50%, 9.69% and
12.18%. At the 15 days, treatment 20% was significantly
lower than the other treatments by 13.35%, 10.08% and
11.99%, respectively and by 5.99% compared to CK. (Table 1).

In HN65, the activity of SUS significantly increased with
the 20% treatment under drought stress at 3 days, showing
an 18.62% rise compared to the CK. Under drought stress
for 15 days and 18d, the remaining treatments were all
significantly lower than CK, with reductions of 5.19%, 7.31%,
10.85%, 15.57%, 15.40%, 19.91%, 20.14% and 24.41%.
(Table 1).

The results indicate that with increasing severity of
drought, the decline in SUS activity is more pronounced,
with HN44 exhibiting a smaller decrease in activity
compared to HN65. Specifically, across all treatments,
HN44 saw a decrease in SUS activity by 7.04%, 7.75%,

12.91% and 16.90%, while HN65 experienced a decline
of 15.40%, 19.90%, 20.14% and 24.41%. In this study,
HN44 exhibited higher SUS activity than CK at 3 and 6
days of stress, while HN65 only showed higher SUS
activity than CK at 3 days of drought. This suggests that
HN44 has a greater capacity for sucrose synthesis during
the initial stages of stress, which may enable it to
produce more substances for d rought regu lation .
However, when the duration of drought is prolonged, the
sucrose synthesis capacity of  both var ieties is
suppressed, yet HN44 still demonstrates relatively higher
sucrose synthesis ability (Table 1). Aliche et al. (2020)
investigated the impact of drought stress on potato
carbon metabolism and observed an increase in SUS
activity under short-term drought, aligning with the
findings of this study.
Effects of different degrees of drought on SPS activity of
soybean
Table 2 presents the changes in the activity of SPS in the
leaves of HN44 and HN65 under varying degrees of drought
stress. For both varieties, the SPS activity under treatment

Table 1: Effects of different degrees of drought on SUS activity of soybean leaves (mg/g FW/min).

Varieties Treatment 3 days 6 days 9 days 12 days 15 days 18 days

HN44 CK 1.58±0.03a 3.2±0.09a 4.1±0.1a 4.17±0.1a 4.16±0.06a 4.26±0.13a
5% 1.66±0.07a 3.2±0.05a 4.16±0.1a 4.26±0.04a 4.04±0.02a 3.96±0.09b

10% 1.89±0.13b 3.44±0.11b 4.14±0.08a 4.14±0.01a 4.11±0.07a 3.93±0.09b
15% 1.91±0.04b 3.51±0.05b 4.21±0.02a 4.12±0.02ab 3.89±0.02b 3.71±0.09bc
20% 2.09±0.03b 3.59±0.03b 4.07±0.06a 3.93±0.08b 3.67±0.02c 3.54±0.03c

HN650 CK 1.88±0.18a 3.19±0.04a 4.21±0.02a 4.27±0.02a 4.24±0.03a 4.22±0.04a
5% 2.03±0.03ab 3.07±0.11a 4.31±0.04a 4.16±0.04b 4.02±0.01b 3.57±0.02b

10% 2.05±0.04ab 3.08±0.17a 4.2±0.03a 4.07±0.05b 3.93±0.15b 3.38±0.04c
15% 2.19±0.05ab 3.14±0.02a 4.27±0.04a 4.03±0.06bc 3.78±0.07b 3.37±0.06c
20% 2.23±0.09b 3.1±0.07a 3.99±0.01b 3.92±0.05c 3.58±0.02c 3.19±0.08d

Longitudinal comparison within each variety, Using one-way analysis of variance method. Different letters indicate that each line is
significantly different at the 5% level, CK: Normal water. The different numbers in the column of treatments indicate the proportion of
mixing with water (kg/100L).

Table 2: Effects of different degrees of drought on SPS activity of soybean leaves (mg/g FW/h).

Varieties Treatment 3 days 6 days 9 days 12 days 15 days 18 days

HN44 CK 4.36±0.17a 4.33±0.05a 4.48±0.28a 5.09±0.26a 5.22±0.20a 5.14±0.38a
5% 4.52±0.26a 4.63±0.23a 6.91±0.17ab 11.69±0.29b 16.23±0.85b 22.58±0.48d
10% 5.82±0.30b 5.76±0.15b 8.16±0.15b 16.44±2.07c 24.3±2.23c 18.12±0.47c
15% 7.72±0.55c 10.8±0.05c 17.5±1.22c 34.12±0.31d 22.54±1.33c 15.6±0.99b
20% 9.18±0.22d 12.94±0.06d 21.41±1.88d 35.15±1.31d 23.29±0.82c 14.29±0.70b

HN650 CK 5.61±0.17a 6.00±0.24a 6.80±0.26a 6.92±0.28a 6.47±0.57a 6.71±0.23a
5% 8.06±0.20b 10.85±0.16b 11.02±0.34b 13.23±1.06b 16.56±0.87b 21.04±1.83d
10% 9.13±0.16c 11.89±0.15c 16.89±1.30c 21.9±0.89c 16.25±0.82b 14.78±0.31c
15% 10.87±0.2d 16.79±0.1d 23.15±1.21d 33.62±1.37d 23.57±0.2c 11.54±0.54b
20% 12.25±0.16e 22.19±0.52e 27.1±0.88e 35.22±0.76d 22.38±0.79c 7.79±0.31a

Longitudinal comparison within each variety, Using one-way analysis of variance method. Different letters indicate that each line is
significantly different at the 5% level, CK: Normal water. The different numbers in the column of treatments indicate the proportion of
mixing with water (kg/100L).
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5% exhibited a continuous increase with the prolongation
of stress time. For the other treatments, the SPS activity
initially increased and then decreased, with the peak activity
occurring on the 12 or 15 day.

In the HN44 variety, during the stress period from 3
days to 9 days, except for the 5% treatment which showed
no significant difference compared to the CK, the SPS
activity increased more significantly with higher levels of
drought stress in the other treatments. Specifically, at 9
days, the SPS activity in the remaining treatments increased
by 54.24%, 82.14%, 290.63% and 377.90% respectively
compared to the control. At 18 days, the SPS activity in
treatments 15% and 20% was significantly lower than that
in 10% and all three treatments were markedly lower than
the 5% treatment (Table 2).

In the HN65 soybean variety, the activity of SPS exhibited
a pronounced upward trend in response to escalating
drought stress, ranging from 3 to 9 days. At the 9 days, the
SPS activity, when contrasted with the CK, witnessed a
substantial rise of 62.06%, 148.38%, 240.44% and

298.53% across the different treatments. As the drought
stress persisted to the 15 days, treatments 15% and 20%
continued to maintain significantly elevated SPS activity
levels compared to 5% and 10%. (Table 2).

These findings suggest that soybeans utilize the SPS
pathway to synthesize sucrose during periods of drought,
which in turn allows them to accumulate additional
resources for coping with water scarcity. Notably, the HN44
variety demonstrated a more pronounced elevation in SPS
activity compared to HN65, indicating a superior capacity
for sucrose metabolism, which could be a key factor in its
enhanced drought tolerance. The activity of SPS increases
with the severity of the drought, with the peak activity rising
more significantly as the drought becomes more severe.
However, this pathway is noticeably inhibited as the duration
of stress extends and the higher the degree of drought, the
earlier this inhibition occurs (Table 2). Xing et al. (2018)
and others conducted drought treatment on soybeans
during the flowering stage and observed a significant
increase in SPS activity.

Table 3: Effects of different degrees of drought on NR activity of soybean leaves (ìg/g FW/h).

Varieties Treatment 3 days 6 days 9 days 12 days 15 days 18 days

HN44 CK 45.14±2.17a 45.14±1.22a 44.54±1.25a 48.86±3.15a 51.46±1.61a 53.05±2.38a
5% 44.9±2.22a 39.97±2.07b 37.99±1.69b 37.39±1.23b 34.88±0.81b 22.50±2.99b

10% 42.09±1.50a 39.52±0.14b 32.41±1.10c 29.67±1.28c 25.16±4.35c 20.11±1.35b
15% 39.92±1.17a 32.92±2.02c 26.2±2.64d 22.26±0.68d 14.32±2.31d 5.26±0.16c
20% 34.43±0.86b 29.84±1.74c 22.07±2.08d 16.84±1.84d 9.22±0.10d 4.88±0.20c

HN65 CK 35.48±1.61a 36.28±0.46a 39.56±0.26a 42.01±0.77a 41.43±0.58a 44.33±1.04a
5% 34.90±1.98a 32.67±1.16b 31.62±0.16b 30.48±4.27b 26.94±0.81b 13.49±0.48b

10% 34.07±2.14a 31.03±0.14b 29.50±0.34b 26.05±2.44b 22.01±0.16c 6.39±0.50c
15% 30.07±1.50ab 27.94±1.36c 25.50±1.00c 19.96±2.95c 5.66±0.25d 4.98±0.18c
20% 27.84±1.35b 25.77±0.51d 23.45±0.24d 16.86±3.65c 6.28±0.37d 4.79±0.08c

Longitudinal comparison within each variety, Using one-way analysis of variance method. Different letters indicate that each line is
significantly different at the 5% level, CK: Normal water. The different numbers in the column of treatments indicate the proportion of
mixing with water (kg/100L).

Table 4: Effects of different degrees of drought on GS activity of soybean leaves (A540/g FW/h).

Varieties Treatment 3 days 6 days 9 days 12 days 15 days 18 days

HN44 CK 77.71±1.95a 80.77±5.58a 120.57±1.19a 170.74±1.96a 156.67±10.1a 156.21±7.41a
5% 80.97±2.61ab 94.12±1.71b 137.11±3.56b 143.36±2.21b 133.78±3.72b 108.14±3.99b

10% 78.50±2.40ab 101.17±1.68b 149.58±2.31b 141.83±6.75b 119.27±5.62b 84.52±3.32c
15% 78.3±2.75ab 121.07±1.78c 151.48±5.59b 111.82±0.80c 89.19±5.16c 70.94±2.23d
20% 86.93±3.39b 133.58±3.41d 167.54±5.97c 99.55±7.69c 79.06±2.53c 59.31±1.79d

HN650 CK 36.59±0.38a 49.99±3.73a 65.8±3.56a 93.3±3.86a 92.23±1.14a 97.76±1.05a
5% 38.39±0.28a 61.95±2.11b 82.58±1.1b 86.18±3.04a 59.78±1.43b 54.30±1.05b

10% 42.68±3.33a 63.01±1.78b 86.99±1.75b 85.99±1.76a 53.26±2.39c 48.65±0.97c
15% 60.07±0.98b 74.43±3.51c 95.82±1.43c 83.87±3.09ab 53.95±0.34c 41.17±2.29d
20% 63.05±3.70b 79.55±1.83c 98.27±1.45c 74.13±4.01b 44.26±0.83d 38.35±1.77d

Longitudinal comparison within each variety, Using one-way analysis of variance method. Different letters indicate that each line is
significantly different at the 5% level, CK: Normal water. The different numbers in the column of treatments indicate the proportion of
mixing with water (kg/100L).
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Effects of different degrees of drought on NR activity of
soybean
Table 3 illustrates the fluctuation in NR activity within the
leaves of the HN44 and HN65 plant varieties when
subjected to varying levels of drought stress. As the plants
were exposed to drought stress of increasing severity, there
was a notable downward trend in leaf NR activity,
correlating with both the duration and the severity of the
stress applied.

In the HN44 variety, NR activity experienced a notable
decline specifically in the 20% treatment after 3 days of
drought stress, with a decrease of 23.73% when compared
to the CK. By the 6 days, NR activity in all treatments had
significantly decreased relative to CK, with reductions
ranging from 11.54% to 33.90%. Notably, the 15% and 20%
treatments demonstrated significantly lower NR activity
levels than the 5% and 10% treatments. By the 18th day, the NR
activity in the 15% and 20% treatments were again significantly
lower than in the 5% and 10% treatments (Table 3).

In the HN65 variety, NR activity saw a significant drop
exclusively in the 20% treatment after 3 days of drought
stress, with a 21.53% decrease from the CK. By day 15,
there was no significant variation between the 15% and
20% treatments, but all other treatments demonstrated
significant effects. On day 18, treatments 10%, 15% and
20% were all markedly lower than 5%, with respective
decreases of 52.63%, 63.08% and 64.49%, lower than the
5% treatment, with reductions of 52.63%, 63.08% and
64.49% (Table 3).

The NR activity of HN44 under various treatments
decreased by 57.59%, 62.09%, 90.08% and 90.80%
compared to the CK, respectively. In contrast, HN65
exhibited a decline of 69.57%, 85.59%, 88.77% and 98.31%
under the same conditions. The results indicate that the
higher the degree of drought, the greater the decrease in
NR activity. When subjected to milder drought conditions,
HN44 showed a smaller decline in NR activity compared
to HN65. However, under more severe drought conditions,
the decline in NR activity for HN44 was almost identical to
that of the sensitive varieties. Notably, the variations in
HN44, both in terms of increase and decrease, are
consistently less pronounced than those observed in HN65
(Table 3). He et al. (2022) conducted research on cotton
under drought stress and found that drought reduced the
nitrate content in the leaves, leading to a decline in NR
activity. Pandey et al. (2022) subjected Cyamopsis
tetragonoloba to drought stress and observed a reduction
in the activity of NR, a result that aligns with the outcomes
of our current study.

Effects of different degrees of drought on GS activity of
soybean
Table 4 presents the changes in the activity of the leaf’s GS
enzyme in HN44 and HN65 under varying degrees of
drought stress. Under different levels of drought stress,
the GS activity of both varieties exhibited a trend of initially

increasing and then decreasing with the extension of stress
duration, with the peak activity observed around the 9th or
12th day.

In HN44, the GS activity was significantly higher in the
20% treatment compared to the CK by 11.86% after 3 days
of stress. At 6 days, drought stress exhibited a positive
correlation with GS activity, resulting in respective increases
of 16.53%, 25.26%, 49.90% and 65.38% compared to CK.
At 9 days, there were no significant differences among the
5%, 10% and 15% treatments, but all were significantly
lower than the 20% treatment. By day18, GS activity
decreased significantly as drought severity increased
(Table 4).

In HN65, the GS activity significantly increased by
64.17% for the 15% treatment and by 72.32% for the 20%
treatment after 3 days of stress. At 6 and 9 days, different
drought treatments significantly affected GS activity. By 12
days, the GS activity for all treatments had decreased
compared to CK by 7.63%, 7.83%, 10.11% and 20.55%. By
18days, GS activity decreased gradually with the increase
of drought stress degree. (Table 4).

The peak GS activity values for various treatments in
HN44 increased by 13.72%, 24.06%, 25.64% and 38.96%
compared to the CK, while the lowest values decreased by
30.78%, 45.90%, 54.59% and 62.03%, respectively. For
HN65, the peak GS activity values increased by 25.50%,
32.20%, 45.62% and 49.35% and the lowest values
decreased by 65.24%, 68.86%, 73.64% and 75.46%. The
results suggest that in the early stages of drought stress,
there is a certain stimulatory effect on GS activity. However,
as the duration of stress increases, drought inhibits the
activity of GS. Our research demonstrates that across all
treatments, GS activity experiences an initial decline, which
culminates in a progressive weakening as the severity of
the drought escalates (Table 4). In their study on
Phyllostachys edulis, Shi, et al. (2020) applied drought
stress and observed that it suppressed the activity of crucial
enzymes involved in nitrogen metabolism.

CONCLUSION
In the context of mild drought stress (5%), researchers
observed an upsurge in the activity of SPS. In contrast,
both moderate and severe drought conditions led to a
dualistic response in SPS activity, characterized by an initial
increase followed by a subsequent decrease. Similarly,
the activities of SUS and GS exhibited a biphasic trend,
with an initial rise and a subsequent decline, while the NR
activity was observed to consistently decrease. Among the
soybean varieties examined, which differ in their sensitivity
to drought, HN44 consistently displayed higher activities
of NR and GS compared to HN65. Notably, at the initial
stages of drought, HN65 exhibited higher activities of SUS
and SPS than HN44. However, as the period of drought
continued to lengthen, the activities of SUS and SPS in
HN44 gradually overtook those observed in HN65.
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Through the comprehensive analysis of the activities of
SUS, SPS, NR and GS, this study offers valuable
theoretical references for developing strategies to improve
soybean’s resilience against drought stress, thereby
equ ipping the crop  with  a more robust defence
mechanism against water scarcity.
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