Pre prints.org

Article Not peer-reviewed version

Effects of Root Trace Nitrogen
Reduction in Arid Areas on Sucrose
Starch Metabolism and Yield of Flag
Leaves and Grains of Spring Wheat
under Drip Irrigation

Yilin Ma , Haigi Wang , Jianguo Liu i , Rongrong Wang, Zigiang Che

Posted Date: 11 January 2024
doi: 10.20944/preprints202401.0829.v1

Keywords: Spring wheat; Drip irrigation; Nitrogen application rate; Sucrose - starch metabolism; Yield

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3336727
https://sciprofiles.com/profile/3338078

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 January 2024 doi:10.20944/preprints202401.0829.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Effects of Root Trace Nitrogen Reduction in Arid
Areas on Sucrose Starch Metabolism and Yield of
Flag Leaves and Grains of Spring Wheat under
Drip Irrigation

Yilin Ma **, Haiqi Wang >, Jianguo Liu »*, Rongrong Wang ' and Ziqiang Che !

1 College of Agriculture, Shihezi University, Shihezi, Xinjiang 832003, P.R.China.

2 Agricultural Science Research Institute of the 12th Division of Xinjiang Production and Construction
Corps, Urumgi, Xinjiang 830088, P.R.China.

Correspondence: Corresponding authors at: College of Agriculture, Shihezi University, Shihezi, Xinjiang
832003, P.R.China. E-mail: 1-jianguo@126.com (Jianguo Liu)

t These authors contributed equally to this work.

Abstract: To investigate the effect of nitrogen (N) application on carbon metabolism and yield of
flag leaves and grains of spring wheat under drip irrigation in Xinjiang, a split - plot design was
adopted from 2020 to 2021, with strong gluten wheat Xinchun 37 (XC37) and medium gluten wheat
Xinchun 6 (XC 6) as the main plot factor and different nitrogen application rates as subplot factor.
Four nitrogen application rates of 0, 210, 255 and 300 kg-hm2 (CK2, B1, A1 and CK1, respectively)
were set to analyze and compare the nitrogen response of key enzyme activity, soluble sugar,
sucrose and starch content in flag leaves and grains to control yield formation. The results showed
that with the increase of nitrogen application, Sucrose phosphate synthetase (SPS) and sucrose
synthetase (SS) in flag leaves, SS in grains, activities of adenosine diphosphate pyrophosphorylase
(ADPG - PPase), soluble starch synthase (SSS), bound starch synthase (GBSS) and starch branching
enzyme (SBE) in grains, contents of soluble sugar and sucrose and yield in flag leaves increased first
increasing and then decreasing. The Al treatment (255 kg-hm2) showed significant differences
compared to other treatments, with increases of 7.95-158.33%, 8.69-155.12%, 7.65-53.25%, 5.41-
62.83%, 2.85-85.52%, 3.08-57.30%, 8.87-79.16%, 9.33-196.55%, 9.43-112.78%, and higher levels of
amylose, amylopectin, and total starch content than other treatments by 1.86-30.38%, 10.58-83.69%,
and 7.96-63.09%, respectively. Correlation and stepwise regression analysis indicate highly
significant positive correlation between yield and solube sugar and sucrose of flag leaves and grains,
as well as their key emzymes and starch. Among them, soluble sugar in grains, amylopectin, and
sucrose in grains have the greatest impact on the yield of XC37, determining 84.5% of its yield. SSS,
soluble sugars in grains, amylopectin, and SBE have the greatest impact on the yield of XC 6,
determining 80.4% of its yield. The starch shows a highly significant positive correlation with ADPG
- PPase, SSS, GBSS, and SBE. There is a significant interaction effect between nitrogen application
rate and variety, with better performance observed in Xinchun 37 compared to Xinchun 6. Under
drip irrigation conditions in arid areas, nitrogen application of 255 kg-hm can effectively regulate
the metabolism of sucrose to starch in flag leaves and grains of spring wheat, which is conducive to
the accumulation of starch in grains and the formation of yield.

Keywords: Spring wheat; Drip irrigation; Nitrogen application rate; Sucrose - starch metabolism;
yield

1. Introduction

Wheat is the largest grain crop in the arid region of Xinjiang, and its production capacity is of
great significance for ensuring regional food security (Wang et al., 2018). Rational nitrogen
application can significantly improve the yield and quality of arid wheat in Xinjiang, reduce the

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202401.0829.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 January 2024 doi:10.20944/preprints202401.0829.v1

negative effects of nitrogen loss on its ecological environment, and realize efficient and sustainable
wheat production in Xinjiang (Gao et al,, 2014; Shibata et al., 2017). However, Xinjiang wheat
production has long pursued high nitrogen and high yield, and the soil nitrogen supply capacity has
exceeded the crop's absorption capacity and soil fixation capacity, which is the main factor limiting
the high yield and efficiency of Xinjiang wheat (Chen et al., 2018). Therefore, exploring suitable
nitrogen application rates and achieving synchronization between nitrogen fertilizer supply and
demand has become the key to efficient wheat production in arid areas of Xinjiang.

Carbon metabolism is a metabolic pathway closely related to carbohydrate synthesis in crops,
including the synthesis and transformation of sucrose and starch (Mahdy et al., 2022). Sucrose is the
main form of carbohydrate transport and storage in higher plants and regulates carbon metabolism
in plants (Zhang et al., 2019). The balance and coordination of sucrose synthesis and degradation in
plants depend on the synergistic effect of sucrose phosphate synthase (SPS) and sucrose synthase
(5S), whose activity represents the ability of flag leaves photosynthetic products to convert into
sucrose (Kaur et al., 2023). SPS is a key enzyme in the regulation of sucrose synthesis, and the sucrose
content in flag leaves is significantly positively correlated with SPS activity (Fan et al., 2022). Different
nitrogen fertilizer management methods have a significant regulatory effect on sucrose metabolism.
Reducing the amount of nitrogen fertilizer can significantly reduce the SPS activity in flag leaves,
slow down the conversion of carbohydrates to sucrose, and lead to a decrease in sucrose content in
flag leaves (Wang et al., 2021). Excessive application of nitrogen fertilizer can also inhibit the activity
of SPS in flag leaves , SS and soluble starch synthase (SSS) of grains, which is not conducive to sucrose
synthesis in leaves and starch synthesis in grains, resulting in a decrease in yield (Jiang et al., 2008).
The high activity of SPS in flag leaves and SS in grains indicates a strong ability for sustained supply
of assimilates at the source and strong activity at the sink .

Starch is the main component of wheat grains, and the level of sucrose supply and its ability to
convert into starch are key factors in starch accumulation. SS, SSS, ADPG - PPase, GBSS, and SBE are
key enzymes that control starch synthesis metabolism (Huang et al., 2021). In the process of starch
synthesis, there is a significant correlation between the accumulation rate of amylose, amylopectin,
and total starch in grains and the activities of SBE, SSS, and GBSS. The SS activity in flag leaves and
grains is highly significantly positively correlated with the accumulation rate of starch in grains.
Starch content and straight branch ratio significantly affect grain yield and quality (Zheng et al., 2017;
Zhao et al., 2008). Yang et al(2020) found in their study of changes in the activity of key enzymes
involved in starch synthesis that GBSS, SSS, ADPG - PPase, and SBE activities all increased with
increasing nitrogen application at a nitrogen application rate of 0-200 kg-hm. Xin et al(2023) believe
that compared to non nitrogen treatment, the soluble sugar content, GBSS, SSS, ADPG - PPase, and
SBE activities in winter wheat grains significantly increased after nitrogen application, leading to an
increase in starch content, thereby increasing starch yield. Further research has found that reducing
nitrogen application has a promoting effect on the activities of ADPG - PPase, SSS, and GBSS in
carbon metabolism, while excessive nitrogen application inhibits starch formation, thereby affecting
grain weight (Yue et al., 2022). However, the research results on the impact of starch content are
inconsistent. Studies have shown that increasing nitrogen fertilizer application within the range of 0—-
240 kg-hm?2 can increase grain starch and component content (Gao et al., 2023; Ran et al., 2020), while
in the range of 270-300 kg-hm, nitrogen application can reduce starch and amylose content (Zhou
et al., 2022), with varying effects on amylopectin content (Wang et al., 2007; Khan and Akma., 2021).
This indicates that the efficient utilization of nitrogen fertilizer varies in different wheat regions, and
it is necessary to further study the nitrogen response mechanism of starch accumulation and yield
formation in drip irrigation wheat in arid areas of Xinjiang.

Drip irrigation technology, which integrates water, fertilizer, and medicine, intelligent field
management, and reduces labor and input costs, has become the main cultivation technology for
wheat production in Xinjiang. The regulatory mechanism of reducing nitrogen application under
drip irrigation conditions on sucrose degradation and starch synthesis pathways in flag leaves and
grains is still unclear. The regulatory mechanism of how to not significantly inhibit the activity of
wheat carbon metabolism enzymes, but also timely and moderately promote the transport of
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assimilates to grains and increase yield is not clear. These are all topics that need further exploration.
On the basis of existing production technology, this study explores the carbon metabolism
characteristics of flag leaves and grains of drip irrigated spring wheat, attempting to solve the
problem of i: analyzing the changes in key enzyme activities in the sucrose starch metabolism
pathway of flag leaves and grains and their relationship with starch accumulation, revealing the
enzymatic mechanism of starch accumulation in drip irrigated spring wheat grains. ii: clarifying the
relationship between grain starch and component content, yield formation, and nitrogen application
rate. iii: exploring possible ways to synergistically improve yield and nitrogen fertilizer utilization
efficiency, proposing suitable nitrogen fertilizer application models for drip irrigation spring wheat
in arid areas, and providing scientific basis for nitrogen efficient and green production of drip
irrigation spring wheat in Xinjiang.

2. Materials and Methods

2.1. Experimental site

The experiment was carried out at the Experimental Station of Agricultural College of Shihezi
University (85°59' E, 44°18' N) from April to July in 2020 and 2021.The average temperature in Shihezi
ranges from 7.5~8.2 °C, with a precipitation of 208 mm and evaporation of 1660 mm. It belongs to a
typical continental climate, and the changes in meteorological indicators during wheat growth are
shown in Figure 1. The tested soil type is irrigated gray desert soil, and the basic characteristics of the
0-40 cm soil are shown in Table 1.

Table 1. The major chemical characteristics of the experimental soil.

Availine
Total nitrogen hydrolysis Available Available Organic matter
Yea content/ nitrogen  phosphorus content/ potassium content/ content/ pH
(g'kgh content/ (mg-kg?) (mg-kg?) (g'kgY
(mg-kg?)
2020 1.20 58.30 14.24 137.01 13.43 7.8
2021 1.27 55.71 15.96 132.02 12.84 7.7
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Figure 1. The daily average temperature and rainfall over the spring wheat growth seasons in 2020
and 2021.
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2.2. Experimental design

The experiment adopted a split - plot design, with the variety as the main plot factor. Two spring
wheat (Triticum aestivum L.) varieties were used as experimental materials. Xinchun 37 (XC37,
protein content 16.3%) is a strong gluten wheat, while Xinchun 6 is a medium gluten wheat (XCo6,
protein content 13.5%). Root trace nitrogen reduction is a sub plot factor, with four different nitrogen
application rates set up, as shown in Table 2. Each treatment is repeated 3 times, with a planting area
of 12 m? (3 mX4 m) in the community, a 100 cm depth anti - seepage film is buried between each
residential area to prevent fertilizer migration. Except for the non fertilized treatment, 120 kg-hm of
P20s (diammonium phosphate) was applied as the base fertilizer in each community before sowing,
with a basal/topdressing nitrogen fertilzer ratio of 3:7. A total of 9 irrigations were conducted
throughout the entire growth period, with a total irrigation amount of 6000 m>hm=. Each times the
amount of irrigation water meter by the precise control.Sowing on April 1, 2020 and April 4, 2021,
with a seeding rate of 345 kg-hm2. The planting mode is wide and narrow rows, with a "one-tube-
four-row" approach, and a row spacing of 12.5+20+12.5+15 cm (Figure 2). Drip irrigation tape is
placed in a 20 cm wide row, with a pipe diameter of 16 mm, a spacing of 30 cm between drip heads,
and a flow rate of 2.6 L-h'l. Wheat was harvested on 4 July 2020 and 7 July 2021. Other field
management was similar to local field production.

Table 2. Nitrogen application rate for each treatment and growth period/(kg-hm-2).

doi:10.20944/preprints202401.0829.v1

Nitrogen D25 Top Sresshng Milk
Treat . g, fertilize Two-leaf one- Tillerin Jointing Booting Flowerin y
application maturity
ment amount r hearted stage gstage stage stage gstage stace
(20%) (8%) 8%) (32%) (16%) (12%) ( 405;)
(]
CK1 300 60 24.0 24.0 96.0 48.0 36.0 12.0
Al 255 51 20.4 20.4 81.6 40.8 30.6 10.2
Bl 210 42 16.8 16.8 67.2 33.6 25.2 8.4
CK2 0 0 0.0 0.0 0.0 0.0 0.0 0.0
Irrigation line of drip tape Irrigation line of drip tape
® (]
12.5 20 12.5 15 12.5 20 12.5
cm cm cm cm m cm cm
45.0 45.0
cm cm

Figure 2. Field planting schematic diagram.
2.3. Measurement items and methods

2.3.1. Sample collection

Samples of XC37 and XC 6 from each treatment were collected randomly (1 m x 1 m) at 7 - day
intervals after the flowering stage. The samples were divided into two parts: one part of the flag
leaves and grains were blanced at 105 °C and dried at 70 °C for dry sample determination, while the

other part was stored in —80 °C super cold refrigerator to determine the activity of key enzymes in the
sucrose-starch metabolism pathway.
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2.3.2. Determination of Key Enzyme Activities in Carbon Metabolism of Flag Leaves and Grains

Sucrose synthase (SS) activity and adenosine diphosphate glucose pyrophosphorylase (ADPG -
PPase) activity: follow to the method of Douglas et al. (1988). Sucrose phosphate synthase (SPS)
activity: according to the method of Keller et al. (1993). Granule-bound starch synthase (GBSS)
activity, soluble starch synthase (SSS) activity, and starch branching enzyme (SBE) activity: refer to
the method of Nakamura (1989).

2.3.3. Determination of soluble sugar and sucrose content in flag leaves and grains, starch and
component content in grains

Soluble sugar content and sucrose content: refer to the method of Vila et al. (2018). Amylose,
amylopectin, and total starch content: refer to the method of Jin et al (2009).

2.3.4. Yield measurement

Randomly select 1 square meter of sample for each treatment during the wheat maturity period,
harvest all plants and naturally air dry them, weigh the grain weight, and calculate the yield;
Simultaneously measure the number of wheat ears in a 1 m? plot, randomly select 20 plants from
them, and use them to measure the number of grains per ear and thousand grain weight. Repeat this
process three times.

2.4. Data Analysis

We used SPSS 26.0 to analyze the data. Multiple comparisons were conducted between different
treatments using the minimum significant difference test (P<0.05) (n=3). Imageswere plotted using
OriginLab 2021 (Northampton, MA, USA).

3. Results
3.1. Effect of Root Layer N Reduction on Carbon Metabolism in Flag Leaves of Spring Wheat

3.1.1. Changes in the activity of key enzymes involved in sucrose metabolism in flag leaves

The changes in SPS and SS activities in flag leaves after flowering under nitrogen reduction
mode are basically consistent, reaching their peak at 21 days after flowering (Figure 3). The SPS
activity Al treatment was significantly higher than CK1, B1, and CK2 treatments by 11.76-18.18%,
16.68-29.10%, 60.56-80.60% at 21 days after flowering, and the decrease from 21 days to 28 days after
flowering (38.01-52.70%) was greater than the decrease from 28 days to 35 days after flowering (1.27-
41.71%). During the entire reproductive period, XC37 was 1.73-26.84% higher than XC 6. The SS
activity Al treatment was significantly higher than CK1, B1, and CK2 treatments by 12.79-14.90%,
19.22-30.81%, 37.43-46.84% at 21 days after flowering, respectively. In the mature stage, the average
decrease in SPS activity (52.37-66.33%) is smaller than the average decrease in SS activity (68.06—
71.07%). Under Al treatment, XC37 is 1.06—6.55% higher than XC 6.

doi:10.20944/preprints202401.0829.v1
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Figure 3. Effect of reduced nitrogen fertilizer treatment on SPS (A) and SS (B) activity in spring wheat
flag leaves under drip irrigation. Different lowercase letters at the same stage indicate significant
differences among different treatments at the 0.05 level.

3.1.2. Changes in soluble sugar and sucrose content in flag leaves

As shown in Figure 4, the soluble sugar and sucrose content of the flag leaves of both varieties
showed an inverted “V-shaped” trend with the number of days after flowering, reaching a peak at
21 days after flowering. From flowering to 21 days after flowering, the soluble sugar content of XC37
and XC 6 increased by 14.44-42.89 mg-g' DW and 16.83-40.61 mg-g~! DW, respectively. From 21 days
after anthesis to maturity, soluble sugar content decreased by 32.66~60.53 mg-g~' DW and 18.61-57.02
mg-g-' DW, respectively, indicating that the flag leaves of XC37 accumulated soluble sugar faster and
decomposed faster. The content of soluble sugar in the same growth period was as follows: A1 > CK1
>B1 > CK2. Al differed significantly from the other treatments, with Al being 11.97-21.05%, 24.50-
38.02%, and 52.54-92.33% higher than the other treatments at 21 days after anthesis, and XC37 being
6.45-6.63% higher than XC 6. From flowering to 21 days after flowering, the sucrose content in the
flag leaves of XC37 and XC 6 increased by 15.47-20.67 mg-g”! DW and 12.43-21.36 mg-g! DW,
respectively. From 21 days after flowering to maturity, the sucrose content in the flag leafves
decreased by 30.98-37.95 mg-g-! DW and 26.21-36.68 mg-g! DW, respectively.This indicates that the


https://doi.org/10.20944/preprints202401.0829.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 January 2024 doi:10.20944/preprints202401.0829.v1

decomposition rate of sucrose content in the flag leaves of XC37 is higher than that of XC 6. 21 days
after flowering, the sucrose content in Al treatment was 9.74-20.32%, 11.51-22.71%, 31.08-39.56%
higher than other treatments, and XC37 was 4.33-7.98% higher than XC 6.

I cx 1 AL B1 CK2

9012020 XC37 2020 XC6

[ = S |
= ]

Solube sugar content in flag leaf (mg-g"' DW)
- w A o 3 O —_
n S S s S 5

0d 7d 14d 21d 28d 35d 0d 7d 14d 21d 28d 35d

Days after anthesis Days after anthesis

I cx 1 Al B1 CK2

p)%0[2020 XC37 a 2020 XC6 a

2021 XC6

Sucrose content in flag leaf (mg-g™! DW)

0d 7d 14d 21d 28d 35d 0d 7d 14d 21d 28d 35d

Days after anthesis Days after anthesis

Figure 4. Effect of reduced nitrogen fertilizer treatment on solube sugar content (A) and sucrose
content (B) in spring wheat flag leaves under drip irrigation. Different lowercase letters at the same
stage indicate significant differences among different treatments at the 0.05 level.

3.2. Effect of Root Layer Nitrogen Reduction on Grain Carbon Metabolism in Spring Wheat

3.2.1. Changes in the activity of key enzymes involved in sucrose metabolism in grains

The activities of SPS and SS in grains showed a single-peak curve change with the advance of
days after anthesis, reaching a maximum at 28 days after flowering (Figure 5). At the same nitrogen
application rate during the same period, the SPS activity showed CK1>2A1>B1>CK2. At 35 days
after flowering, the differences between the treatments were small (1.92-13.39 U-g1), while at other
stages, they were large (0.24-39.38 U-g"1). Except for Al treatment, the differences between CK1 and
the treatments reached a significant level (P < 0.05). After 28 days of flowering, CK1 treatment was
0.59-5.78%, 14.48-38.20%, 24.38-58.21% higher than Al, B1, and CK2 treatments, respectively. The
whole reproductive period XC37 is 2.53-30.14% higher than XC 6. After 28 days of flowering, A1 was
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the highest among SS treatments, and the differences between them reached a significant level (P <
0.05), which was 10.79-15.96%, 11.40-19.13%, and 23.69-35.42% higher than CK1, B1, and CK2. XC37
is 1.46-31.01% higher than XC 6.
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Figure 5. Effect of reduced nitrogen fertilizer treatment on SPS (A) and SS (B) activity in spring wheat
grains under drip irrigation. Different lowercase letters at the same stage indicate significant
differences among different treatments at the 0.05 level.

3.2.2. Changes in soluble sugar and sucrose content in grains

The trend of changes in soluble sugar and sucrose content in grains under different nitrogen
application rates is consistent, both showing a decreasing trend with the number of days after
flowering. The maximum value is at 7 days after flowering, showing a trend of A1>CK1>B1>CK2
(Figure 6). From 7 to 35 days after flowering, the soluble sugar content of XC37 and XC 6 decreased
by an average of 34.10-36.57 mg-g™ DW and 31.57-33.96 mg-g™' DW. Al was 8.19-33.53%, 16.19-
41.38%, 28.63-92.98% higher than the other treatments, and XC37 was 6.75-21.70% higher than XC
6. From 7 days after flowering to maturity, the sucrose content of XC37 and XC 6 decreased by 20.88—
33.09 mg-g”' DW and 19.59-30.64 mg-g! DW, respectively, indicating that the amplitude of XC37
change was slightly higher than that of XC 6. There were significant differences between Al and other
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treatments (P<0.05). Al was 7.12-52.60%, 13.14-62.92%, and 51.00-114.33% higher than other
treatments. XC37 was 4.44-21.04% higher than XC 6.
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Figure 6. Effect of reduced nitrogen fertilizer treatment on solube sugar content (A) and sucrose
content (B) in spring wheat grains under drip irrigation. Different lowercase letters at the same stage
indicate significant differences among different treatments at the 0.05 level.
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10
Figure 10. Correlation between different nitrogen application rates and starch content.

3.2.3. Changes in key enzyme activity of grain starch

As shown in Figure 7, the ADPG - PPase and SSS activities in grains under reduced nitrogen
application showed a single peak curve throughout the entire growth period, reaching their peak at
28 days after flowering. Except for 14 days after flowering, ADPG - PPase showed A1>CK1>B1>CK2
changes. At 28days after flowering, Al was significantly different from other treatments. Al was
7.58-18.33%, 14.23-23.87%, 32.76-40.32% higher than the other treatments. XC37 is 0.54-23.88%
higher than XC 6. The difference (0.39-0.66 U-g') among different nitrogen reduction treatments after
7 to14 days of flowering is smaller than that after 28 to 35 days of flowering (0.53-0.86 U-g!). At 28
days after flowering, the SSS A1 was significantly higher than the other treatments by 10.81-17.51%,
12.78-30.69%, 30.45-43.12%. Under A1 treatment, XC37 is 0.64-26.43% higher than XC 6. After 7 to
14 days of flowering, there was a small difference (0.06-0.13 U-g') among the N reduction treatments;
There is a significant difference (0.09-0.23 U-g') between treatments 28 to 35 days after flowering.
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Figure 7. Effect of reduced nitrogen fertilizer treatment on ADPG - PPase (A) and SSS (B) activity in
spring wheat grains under drip irrigation. Different lowercase letters at the same stage indicate

significant differences among different treatments at

the 0.05 level.
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From Figure 8, it can be seen that the SBE and GBSS activities of grains under reduced nitrogen
application showed a single peak curve of first increasing and then decreasing with the filling
process, reaching a peak at 28 days after flowering, showing a change of A1>CK1>B1>CK2. At 28
days after flowering, the SBE activity of Al was significantly higher than other treatments by 9.07-
15.65%, 11.57-19.29%, 29.27-39.71%. Under Al treatment, XC37 is —2.36-14.39% higher than XC 6.
SBE activity remained at a high level (0.64-1.46 U-g) from 21 to 35 days after flowering. From 7 to
14 days after flowering, there was a small difference in SBE activity among the treatments, with an
average of 0.27 U-g-1. After 28 days after flowering, there was a significant difference, with an average
difference of 0.38 U-g'. The GBSS activity of Al treatment was significantly higher than other
treatments at 28 days after flowering, with a range of 4.30-9.81%, 6.02-9.94%, and 8.41-18.80%. GBSS
activity remained at a high level (1.23-2.37 U-g1) from 21 to 35 days after flowering. Under Al
treatment, XC37 is 0.38-9.29% higher than XC 6. The decrease in XC37 from peak to maturity (2.64—
10.82%) is slightly lower than that of XC 6 (2.99-14.25%).
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Figure 8. Effect of reduced nitrogen fertilizer treatment on SBE (A) and GBSS (B) activity in spring
wheat grains under drip irrigation. Different lowercase letters at the same stage indicate significant

differences among different treatments at the 0.05 level.
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3.3. Effect of root layer nitrogen reduction on starch composition and content in grains

The dynamic changes in amylose and amylopectin content of XC37 and XC 6 are shown in Figure
9, both of which show a gradual increase with the advancement of the filling period. Throughout the
filling period, there is a significant increase in amplitude from 14 to 21days after flowering. During
the same period, under different nitrogen fertilizer treatments, the Al treatment (255 kg-hm)
showed the best content of amylose and amylopectin. 35 days after flowering, there were significant
differences (P<0.05) between the two varieties of amylose and amylopectin content Al and other
treatments. After 35 days of flowering, under Al treatment, the amylose content of XC37 was 20.69%
and 20.14%, which increased by 1.86-3.09%, 2.42%~3.28%, and 27.85-30.38% compared to CK1, B1,
and CK2 treatments, respectively; The content of amylopectin was 48.63% and 45.08%, which were
increased by 13.74-18.49%, 19.97-23.65%, 68.33—-83.69%, respectively, compared to CK1, B1, and CK2
treatments. The amylose content of XC 6 was 19.00% and 18.90%, which increased by 2.03-6.09%,
4.08-7.72%, and 15.14-19.52% compared to CK1, B1, and CK2 treatments, respectively; The content
of amylopectin content was 46.50% and 44.58%, respectively, which increased by 10.58-19.57%,
16.58-21.85%, and 53.43-57.91% compared to CK1, B1, and CK2 treatments.

|:| Amylopectin - Amylose
80 80
2020 XC37 ; 2020 XC6

2021 XC37 2021 XC6 2021

starch content (%)

(=]
(=]

CKIAIBICK2 CKIAIBICK2 CKIAIBICK2 CKIAIBICK2 CKIAIBICK2 CKIAIBICK2 CKIAIBICK2 CKIAIBICK2 CKIAIBICK2 CKIAIBICK2

7d 14d 21d 28d 35d ‘ 7d 14d 21d 28d 35d ‘

dayvs after anthesis dayvs after anthesis

Figure 9. Effect of reduced nitrogen fertilizer treatment on starch content in spring wheat grains under
drip irrigation. Different lowercase letters at the same stage indicate significant differences among
different treatments at the 0.05 level.

3.4. Correlation analysis between yield and carbon metabolism parameters of flag leaves and grains under root
layer nitrogen reduction

According to Table 3, there is a significant relationship between N application rate and wheat
yield and various yield factors. The N application rate and variety interaction have a significant
impact on the yield and its constituent factors of the two varieties (P<0.05). The trend of changes in
1000-grain weight, spike number, and grain per spike is consistent, with XC37 and XC 6 having the
highest yield and composition under Al treatment.
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Table 3. Effect of reduced nitrogen fertilizer treatment on spring wheat yield and its components of
spring wheat under drip irrigation.
Vari Treat 2020 2021
ety ment 1000-grain Spike Grain Grain 1000-grain Spike number Grain Grain
V) N) weight/(g) number per yield weight-(g) /(x10%hm-2) per yield
6932.7 6895.8
CK1 46.83a 415.16bc 36.08b 5 45.67abcd 415.64b 36.63ab 1
c c
7257.5 7170.5
Al 47.83a 431.61a 38.78a 47.09a 435.75a 37.39ab
XC3 a 6a
7 6818.6 6782.1
Bl 45.34bc 413.27bc  37.76ab d 46.62ab 410.95bc 38.03a 1d
5444.3 5664.8
CK2 43.08d 389.08d 33.38¢ af 44.67cd 393.95cd 34.49¢ -
6881.0 6648.6
CK1 46.46ab 413.08bc 36.04b 6 45.14bcd 410.27bc 36.34b 7
c e
7091.4 7053.3
Al 47.08a 423.76ab 36.61b 46.84a 427.62ab 37.04ab
XC 4b 3b
6 6736.0 6697.7
Bl 44.97¢c 408.77¢ 37.42ab 46.21abc 407.15bc 37.69ab
9e 3de
5364.2 5383.4
CK2 42.76d 384.07d 32.91c 3 44.24d 382.15d 34.07¢
g
\% ns * ns ** ns ** ns **
F N *3% 3% *% *% 3% *% *% *%
NXV * * * * * * * *

Notes: XC 37: Xinchun 37, XC 6: Xinchun 6, Y: year, T: treatment, V: variety. Different lowercase letters indicate
that different treatments of the same variety have significant differences at 0.05 level. *and ** of the F-value
indicate significant differences at the 0.05 and 0.01 levels, ns indicates no significant difference.

Through joint yield analysis over the past two years, it was found that as the nitrogen application
rate decreased, the yield and composition of both varieties showed an initial increase followed by a
decrease. A low nitrogen application rate (0-210 kg-hm2) would lead to a decrease in yield and its
composition, while an excessive nitrogen application rate (300 kg-hm2) had no significant effect on
increasing yield. Compared with CK1 treatment, 1000-grain weight, spike number, grain per spike,
and yield of XC37 under Al treatment increased by 2.14-3.11%, 3.96—4.84%, 2.06-7.48%, 3.98—4.68%,
respectively; XC 6 increased by 1.33-3.77%, 2.59-4.23%, 1.58-1.93%, 3.06-6.09%. XC37 is 0.54-1.59%,
0.50-3.09%, 0.11-5.93%, 0.75-3.72% higher than XC6, respectively. In Figure 11, significant
correlations were found between yield and various indicators under different nitrogen reduction
treatments(r=0.26*~0.47**). The correlation between soluble sugar and sucrose content in flag leaves
and SPS and SS was r=0.81**~0.95**, while the correlation between starch content in grains and ADPG
- PPase, SSS, SBE, and GBSS activities was r=0.88**~0.94**. Under different N application rates, the
activity of sucrose key enzymes in flag leaves can be regulated to regulate sucrose and soluble sugar
content, thereby promoting yield improvement. The strength of starch key enzyme activity under
nitrogen regulation can also affect the grain quality of drip irrigated spring wheat.
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Figure 11. interrelationship between carbon metabolism indicators of flag leaves and grains in drip-
irrigated spring wheat.

Note: Y, SPSF, SSF, SSCF, SCF, SPSG, SSCG, SCG, ADPG - PPase, SSS, SBE, GBSS TS separate
means Yield, Sucrose phosphate synthase in flag leaf, Sucrose synthase in flag leaf, Solube sugar
content in flag leaf, Sucrose content in flag leaf, Sucrose phosphate synthase in grain, Sucrose
synthase in grain, Solube sugar content in grain, Sucrose content in grain, Adenosine diphosphate
glucose ayrophosphorylase, Soluble starch synthetase, Starch branching enzyme, Granule-bound
starch synthase, Total starch. * and ** indicate significant difference at 0.05 and 0.01 levels.

Using yield (Y) as the dependent variable, sucrose phosphate synthase in flag leaves SPS (X1),
sucrose synthasein flag leaves SS (X2), soluble sugar in flag leaves (Xs), sucrose in flag leaves (X4),
sucrose phosphate synthase in grains SPS (Xs), sucrose synthase in grains (Xs), soluble sugar in grains
(X7), sucrose in grain (Xs), adenosine diphosphate glucose pyrophosphorylase ADPG - PPase (X9),
soluble starch synthase SSS (X1), starch branching enzyme SBE (X11), granule-bound starch synthase
GBSS (X12), total starch (Xi3), amylose (X14), and amylopectin (X15) were used as independent variables
for stepwise regression analysis. After analysis, the stepwise regression equation was obtained:

Y (XC37)=3545381 +28.654X , +57.005X ,, +35.634X , (R*=0.845, F=101.714*")

Y (XC6)=2625.156 +7967.268X ,, +65.075X , +60.927X , -2661.218X |, (R==0.804,

F=56.449**)

The regression analysis results showed that soluble sugars in grains, amylopectin, and sucrose
in grains had the greatest impact on the yield of XC37, determining 84.5% of the yield. SSS, soluble
sugars in grains, amylopectin, and SBE were significant indicators affecting the yield of XC 6,
determining 80.4% of its yield.

4. Discussion

4.1. Effect of nitrogen application rate on sucrose metabolism in flag leaves and grains of spring wheat

Sucrose is the substrate for starch synthesis, and SPS and SS are key enzymes for the conversion
of photosynthetic products to sucrose (Verma et al., 2011), with SS being a bidirectional catalytic
enzyme (Stein and Granot., 2019). The activity of SS in the synthesis direction of flag leaves
determines their ability to synthesize sucrose, while the activity of SS in the decomposition direction
of grains reflects their ability to degrade sucrose. The higher the SS activity in grains, the faster the
degradation rate of sucrose, and the more sufficient the substrate provided for starch synthesis.
Appropriate nitrogen fertilizer supply can increase the SPS and SS enzyme activities in wheat flag
leaves during the grain filling period, increase the sucrose content in grains, and increase the supply
level of starch synthesis substrates, but excessive nitrogen fertilizer is the opposite (Ullah et al., 2023).
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In this study, we found that the activities of key enzymes of sucrose metabolism (SPS, SS) in flag
leaves and grains after flowering showed a tendency to increase and then decrease with the increase
in the number of days after flowering under different treatments, which is in agreement with the
results of Zhang et al(2023). The activities of flag leaves SPS and SS reached their maximum at 21
days, while the activities of grain SPS and SS reached their maximum at 28 days. Under treatment
with A1 (255 kg-hm?), the SPS and SS activities of flag leaves were significantly higher than those of
CK1 (300 kg-hm2), with increases of 7.95-39.38% and 8.69-43.79%, respectively; The grain SS activity
Al (255 kg-hm?) was significantly higher than CK1 (300 kg-hm?) by 7.65-16.87%, indicating that
reducing nitrogen fertilizer appropriately can enhance the activity of key enzymes in sucrose
metabolism. Soluble sugars and sucrose are substrates for starch synthesis, and their content is related
to starch accumulation. After flowering, the soluble sugar and sucrose of flag leaves increased first
and then decreased, which was significantly positively correlated with the SPS and SS activities of
flag leaves, which was consistent with the results of Yu et al. (2018). The soluble sugars and sucrose
in flag leaves continue to increase from 0 to 21 days after flowering, reaching their peak at 21 days.
At this time, flag leaves have high SPS and SS activities; After 21 days, the soluble sugar and sucrose
content in flag leaves rapidly decreased. This may be due to the aging of flag leaves in the late stage
of grain filling, resulting in a decrease in enzyme activity involved in sucrose metabolism, leading to
a decrease in sucrose content in flag leaves. On the other hand, the demand for soluble sugar and
sucrose in grain starch synthesis increased. The soluble sugars and sucrose in grains show a
continuous downward trend after flowering, which may be related to the conversion of sucrose
starch in grains. Therefore, application of 255 kg-hm? of nitrogen fertiliser could promote sucrose
metabolism in flag leaves and grains under drip irrigation in arid areas of Xinjiang. However, further
research is needed to investigate the effects of nitrogen fertilizer application period and proportion
on sucrose metabolism in flag leaves and grains during wheat growth under drip irrigation.

4.2. Effect of nitrogen application rate on starch metabolism and synthesis in spring wheat grains

The synthesis and accumulation of starch are regulated by the activities of ADPG - PPase, SSS,
GBSS, and SBE (Jiang et al., 2003). ADPG - PPase is a rate limiting enzyme for starch synthesis and a
determining factor for grain growth rate. Together with SBE, it controls starch synthesis (Wang et al.,
2007). SSS and GBSS are the main catalytic enzymes for the synthesis of amylose and amylopectin,
respectively (Yong et al.,, 2018). The above enzyme activities are significantly affected by nitrogen
application rate. Insufficient or excessive nitrogen application can lead to varying degrees of decrease
in key enzymes involved in starch synthesis, with varying impacts on various stages of starch
synthesis (Xin et al., 2023). This study found that under different treatments, the activities of key
enzymes in grain starch synthesis (ADPG - PPase, SSS, GBSS, SBE) showed a tendency to increase
and then decrease with the increase of days after anthesis, which was in agreement with the findings
of Li et al. (2018) At 28 days after flowering, the activity of key enzymes in starch synthesis and starch
content showed A1l (255 kg-hm2)>CK1 (300 kg-hm?2)>B1 (210 kg-hm?2)>CK2 (0 kg-hm?), and starch
content was significantly positively correlated with these enzyme activities. Among them, the ADPG
- PPase, SSS, GBSS, and SBE under CK1 (300 kg-hm) treatment were significantly lower than those
under A1 (255 kg-hm?) treatment, with decreases of 5.13-23.44%, 2.77-20.17%, 2.99-19.85%, and 8.15-
23.91%, respectively, resulting in a decrease of 7.19-17.85% in starch content. Xin et al(2023). believe
that wheat can increase ADPG - PPase, SSS, GBSS, SBE activity and yield at a nitrogen application
rate of 240 kg-hm?2, However, when the nitrogen application rate is 300 kg-hm?, both the enzyme
activity and yield mentioned above decrease, which may be due to differences in geographical and
climatic conditions. The content of starch components in the grains of the two varieties showed a
gradual increase as the number of days after anthesis increased, with the highest growth rate from
14 to 21 days. The content of amylose, amylopectin, and total starch increased by 83.51-126.85%,
100.39-127.32%, and 103.09-121.05%, respectively. The content of straight chain, branched
chain, and total starch in the grains showed a quadratic parabolic relationship with nitrogen

application rate. XC37: Y amyiose = -7%107x% +0.0338x +15.81 ,
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Y pmytopectn = -2X107 X% +0. 111X +26.566 , Yosaren = -3%10x> +0.1449x +42.376 ; XC 6:
Yy = -3X10°X7 +0.0153x +16.137 , Y e = -2x107x% +0.0887x +29.137

Yroutsaen = -2X107x? +0.104x +45.274 . Tt can be seen that drip irrigation of wheat in arid areas

of Xinjiang, under Al (255 kg-hm?) treatment, is beneficial for improving the key enzyme activity
of starch synthesis in strong and medium gluten wheat, and promoting the accumulation of grain
starch.

4.3. Effect of nitrogen application rate on spring wheat yield and its composition

Appropriate nitrogen fertilizer supply is the foundation for high yield of wheat (de Lucena
Marinho et al., 2022). Yuan et al.(2022) proposed that the main reason for the rational application of
nitrogen fertilizer to increase wheat yield is the increase in 1000-grain weight; Wang et al.(2022)
believe that the rational application of nitrogen fertilizer is beneficial for improving yield and
ensuring harvest spikes. Research has shown that as the nitrogen application rate increases, the 1000
grain weight, spike number, grain per panicle, and yield of both varieties show a trend of first
increasing and then decreasing. The yield increased from 6648.67-6832.74 kg-hm? under
conventional nitrogen application (300 kg-hm2) to 7053.33-7257.50 kg-hm2 under reduced nitrogen
application (255 kg-hm?). Further reduction of nitrogen application (210 kg-hm?) resulted in a
decreasing trend in yield and its composition.

Reducing nitrogen fertilizer application in a certain range can promote wheat yield. When too
much or too little nitrogen fertilizer is applied, not only can yields not be increased, but yields may
even be reduced, as Si et al(2020) have found. The yield of both varieties shows a parabolic
relationship with  nitrogen application rate, and the grain  yield is:

Yxcsy =-0.0191x > +10.581x +5547.9  (R>=0.9575),  yyes =-0.0227x > +11.741x +5367.8

(R?=0.9679). When the nitrogen application rate is 255 kg-hm?, the yield of XC37 is 7004.08 kg-hm2,
and the yield of XC 6 is 6885.69 kg-hm?2. There is a significant interaction effect between nitrogen
application rate and variety on 1000-grain weight, spike number, grain per spike, and yield of wheat,
indicating that appropriate nitrogen application rate is beneficial for improving 1000-grain weight,
spike number, grain per spikem, and yield of wheat. Stepwise regression analysis shows that
different varieties have different factors affecting yield. Soluble sugars in grains, amylopectin, and
sucrose in grains have the greatest impact on XC37 yield (R?=0.845), while SSS, soluble sugars in
grains, amylopectin, and SBE have the greatest impact on XC 6 yield (R?=0.804). Due to differences in
land fertility and other factors in different regions, the optimal nitrogen application rate also varies.
Therefore, further field evidence is needed to determine the appropriate nitrogen application rate for
different regions.

5. Conclusion

Under drip irrigation conditions in arid areas of Xinjiang, compared to 210 kg-hm-2 and 300
kg-hm? treatments, drip irrigation significantly increased the activity of key enzymes in flag leaves
sucrose metabolism under 255 kg-hm2 nitrogen application, promoting soluble sugar and sucrose
content in spring wheat; The activities of key enzymes involved in grains sucrose metabolism and
starch synthesis were significantly increased, leading to a significant increase in seed grains content
and grain weight. 255 kg-hm? nitrogen application promoted the transformation of sucrose into
starch substrate and the synthesis of grain starch, optimized the balance of supply and demand of
materials between flag leaves and grain, and finally increased the yield.
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