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Abstract

Changes in atmospheric CO, concentration strongly affect the photosynthetic performance of C,
plants. Cotton (Gossypium hirsutum L.), a major global cash crop, provides a suitable model to study CO,
fertilization effects. While moderate CO, enrichment can promote growth and yield, the optimal regime for
field-scale application remains unclear. In this study conducted in Xinjiang, China, CO, gas was dissolved in
irrigation water at four concentrations (0.04, 0.08, 0.12, 0.16 kg:m™) and applied via a drip irrigation system.
The effects on canopy CO, distribution, plant physiological responses, yield, and fibre quality were assessed.
Drip-applied CO, solutions increased canopy CO, concentration by gradually releasing CO, from the soil,
which in turn enhanced plant growth indicators (SPAD, AGB, LAI plant height). Growth promotion
followed a dose—response trend, with effects rising at lower concentrations and declining at higher levels. Yield
analysis showed that lint yield increased by 1.9% and 8.4% under 0.04 and 0.08 kg-m treatments, respectively,
compared with the control (p < 0.05). In contrast, 0.12 and 0.16 kg:m™ treatments reduced yield by 13.4% and
5.4%, respectively (p < 0.05). Fibre quality indicators remained within the optimal range across all treatments.
Overall, 0.08 kgm” was identified as the most effective concentration, producing the highest yield while
maintaining fibre quality. These findings provide a scientific basis for the field application of CO,-enriched
irrigation, offering a promising approach to enhance cotton productivity and the ecological sustainability of
farmland systems.
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Introduction

Cotton, an important cash crop, is widely planted around the world (Jans ez 4/., 2021). China is one of
the world's largest cotton producers, and the cotton production of Xinjiang province accounts for 91% and
20% of China's and the world’s total cotton production, respectively. Thus, Xinjiang’s cotton industry
significantly influences the global cotton market (National Bureau of Statistics of China, 2023; China Cotton
Association, 2024). The arid Xinjiang has high cotton yield and quality owing to the abundant solar and
thermal resources, high-density planting, and drip irrigation combined with film mulching technology (Dai
and Dong, 2014; Zuo ez al., 2024). Especially, the drip fertigation under film mulching integrates water and
fertilizers, enabling the full absorption and utilization of water and fertilizers by crops (Feng ez al., 2024).
However, the high plant density leads to fierce competition for nutrients and light among plants (Chen ez 4/.,
2019; Zuo ez al., 2023). Although high water and fertilizer input has brought stably high yields, it has also
greatly increased the production costs (Dai ez al., 2015). Therefore, based on Xinjiang's superior solar and
thermal resources, improving the photosynthetic productivity of the cotton canopy by optimizing field
managements has been widely regarded as a main strategy to increase cotton yields (Brodrick ez 4/., 2013; Bailey-
Serres et al., 2019; Araus et al., 2021).

Carbon dioxide is one of the substrates for plant photosynthesis. Its concentration changes affect the
photosynthetic rate of plants (Stitt, 1991; Drake et al., 1997; Kaiser et al., 2015). The atmospheric CO,
concentration is insufficient for C3 crops to reach their CO, saturation points. Therefore, an increase in
environmental CO, concentration may enhance the photosynthesis of C3 crops, stimulating growth,
development, and yield formation (Lawlor and Mitchell, 1991; Makino and Mae, 1999). However, the
environmental CO; concentration is not positively correlated with crop productivity. The promoting effect of
CO; on plant growth requires CO, concentration to be within a certain range (Engineer ez 4/., 2016; Tom-
Dery ez al., 2018). Insufficient CO> can not induce an obviously positive effect, and excessive CO, may cause
stress in crops, causing adverse effects on agricultural production. Therefore, determining the optimal amounts
of CO; for application is very necessary for various regions.

Previous studies on the effects of environmental CO, concentration on crop growth and yield
commonly used experimental platforms such as closed growth chambers, open-top chambers (OTC), and free-
air CO; enrichment (FACE) (Xu ez al., 2015). Besides, most experiments were conducted in controlled
environments. However, crop productivity is not entirely controlled by single environmental factors.
Temperature, humidity, water supply, solar radiation, wind speed, as well as soil factors all affect crop
productivity under field conditions and interact with CO; enrichment effects (Chiba and Terao, 2015; Sun ez
al., 2017). Therefore, previous experimental results of the impact of increased CO; concentration on crops
largely depend on the specific conditions and may not be applicable to the field environments (Dabros ez al.,
2010). At the same time, there are no recommended CO; concentration ranges suitable for field environments
(Miglietta ez al., 2001). Therefore, the response of crops to CO;-related management measures still needs to be
tested under field conditions.

In this study, under drip fertigation and film mulching, an optimized CO; regime that is suitable for
field cotton production in Xinjiang, China was established. The main research objectives were to analyze (i)
the impact of drip application of different concentrations of CO; solutions on the spatial distribution of CO,
in cotton canopy, (ii) the response of cotton morphological, yield, and quality indicators to drip application of
CO:; solutions, and (iii) the optimal CO, concentration for cotton planting based on the yield. This study will
provide a scientific basis for appropriate CO; application in cotton production under field conditions, and also
provide an effective and promising way to enhance the carbon sequestration and ecological benefits of
agricultural ecosystems.
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Materials and Methods

Experimental area

The experimental area was located at the Agricultural Research Institute of Xinjiang Tianye Group in
Shihezi City, Xinjiang, China (86°0123"E, 44°21'13"N). The region was arid, with an annual average
precipitation of 125.0 - 207.7 mm, a frost free period of 168 — 171 days, an annual average sunshine hours of
2300 - 2700, and an active accumulated temperature (= 10 °C) of 3570 - 3729 °C. The soil texture was sandy
loam. The physicochemical properties of the surface soil (0 - 20 cm) were as follows: The pH was 8.52, the
electrical conductivity was 870.07 ps-cm’, the alkaline hydrolyzed nitrogen content was 74.08 mg-kg”, the
available phosphorus content was 9.81 mg-kg”, the available potassium content was 135.12 mgkg”, the organic
matter content was 14.41 gkg”, and the inorganic carbon content was 21.07 gkg”. The test area and related
setup are shown in Figure 1.
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Figure 1. Experimental design

Experimental design

The effects of drip application of different concentrations of CO; solutions on crop growth and yield in
the field under film mulching was explored. The physiological parameters, morphological indexes (relative
chlorophyll content (SPAD), leaf area index (LAI), shoot biomass (AGB), and plant height), yield, and quality
of cotton plants were measured during the whole growth period in the field under the condition of sufficient
water supply (the field capacity was maintained at 70% - 75% to exclude the influence of water stress).

The cotton variety H219 (Xinjiang Bamian Seed Industry Co., Ltd., China), with a compact plant type,
thick stems, less hairy, medium leaf size, and green leaf colour, was used in this experiment. Seeds were sown on
April 21, 2023. Six cotton rows were irrigated by three drip tapes and mulched by one film. The row spacing
was 10 cm + 66 cm + 10 cm, and the plant spacing was 10 cm. The planting area was 0.393 hectares. From June
20,2023, when cotton entered the budding stage, drip application of CO; solutions through the drip irrigation
system was carried out on all plots every seven days (ten times in total). The specific irrigation dates, the growth
stages of cotton, and the important management events are detailed in Table 1.
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Table 1. Field management details

Irrigation Date (2023) Growth stage Management event
- 21 April - Sowing

- 13 May Seedling stage -

- 30 May - -

1* irrigation (T'1) 20 June Budding stage -

2" jrrigation (T2) 27 June - -

- 01 July - -

3" irrigation (T3) 04 July - -

- 10 July Flowering stage -

4% irrigation (T4) 11 July - -

- 13 July - Topping
5™ irrigation (T5) 18 July Peak flowering stage -

6™ irrigation (T6) 25 July Peak bolling stage -

7% irrigation (T7) 01 August - -

8" irrigation (T8) 08 August - -

9 irrigation (T9) 15 August - -

10% irrigation (T10) 22 August - -

- 23 August Boll-opening stage -

- 24 October - Harvesting

*Notes: The growth stages of cotton are judged based on 50% of the plants in the field reaching a certain standard

A total of five concentrations of CO; solutions were designed (Figure 1), i.e., C0 (0.00 kg'm*), C1 (0.04
kg-:m™), C2 (0.08 kg:m™), C3 (0.12 kg:m™), and C4 (0.16 kg:m™). Each treatment had three plots, and there
were a total of 15 plots. The width of the plot was 6.95 m, and the length was 10 m. The plot spacing was 2.5
m. To prepare property-stable and concentration-controllable CO, solutions in the field, a CO; solution
generator was designed, installed, and debugged based on the principle of differential pressure method (Figure
2). The device was designed using the pressure relationship between the gas at the steel cylinder outlet and the
irrigation water. When the irrigation water passed through the main tank of the device at a certain flow rate,
the fast flow rate of the water reduced the pressure of the main tank, and the CO, gas from the aeration device
inside the main tank was fully and uniformly dissolved in the water with the movement of water, realizing
concentration control. Based on multiple equipment debugging, it was concluded that the device had a good
CO; dissolution performance and was suitable for field irrigation under the conditions of water flow rate of 5
m?*/h, water pressure of 1 bar, and air pressure of 0.85 bar.

-ouipetent export

Figure 2. Field CO; solution gcneratr
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During each irrigation, the CO; dissolution was characterized by measuring the pH of water at different
positions in the drip irrigation system. If the pH of water of each position decreased compared with that of the
original irrigation water and could stabilize within a certain range, the CO, dissolution was valid. Figure 3
shows the water pH change of each position in the drip irrigation system under ten irrigation rounds. Other
field management measures were carried out in accordance with those in the local farmlands.
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Figure 3. Water pH changes at various positions of the CO, increase system under ten irrigation rounds

Monitoring of CO; concentrations at different heights of the canopy

The CO; concentration of cotton canopy at different heights was measured in real time by RS-BYH-
CO,-M CO; meteorological multi-element sensor (Shandong Renke Measurement and Control Technology
Co., Ltd., China), with a CO, concentration range of 0 - 1500 ppm and a resolution of 1 ppm. In the
experiment, a CO; concentration monitoring point was set up for each treatment, and the heights included 20,
40, 60, 80, 100, and 150 cm in each monitoring point. The sampling interval was 30 min. The CO,
concentration during six rounds of CO; solution application was monitored (T5, T6, T7, T8, T9, T10; July
18, 2023 - August 28, 2023) (Figure 4). According to the characteristics of cotton respiration and
photosynthesis, combined with the environmental and geographical factors of the experimental area, the
monitoring data of the period of 11:00 - 18:00 were processed and analyzed. The sliding mean filtering was
used to detect the outliers in all data. The points greater than five times the standard deviation of the measured
data were marked as outliers and eliminated, and data interpolation was completed by linear interpolation
method.
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Figure 4. Carbon dioxide concentration at different heights of cotton canopy in the field (a) Layout of
CO; sensors; (b) Carbon dioxide monitoring host; (c) The CO, concentration monitoring system
(including CO, sensors, a monitoring host, a cloud platform for data storage, a computer, and a mobile

phone for data display)

Collection of growth parameters of cotton plants

The growth parameters selected for this study were relative chlorophyll content (SPAD), leaf area index
(LAI), shoot biomass (AGB), and plant height. The SPAD of cotton plants was measured by SPAD-502Plus
Chlorophyll Meter (Konica Minolta, Japan). The LAI of cotton ficlds was measured by LAI-2200C Plant
Canopy Analyzer (LI-COR Environmental, United States). The measurement range of biomass and plant
height was from the cotyledon node of cotton plant to the top of the main stem, which is the natural growth
point. Through the monitoring and analysis of these parameters, the effects of different concentrations of CO,
solutions on the growth and development of cotton were explored. Data collection was performed on all cotton
plants from the budding stage (20 June, 2023). Based on the irrigation interval (7 days), on the 6th day after
each drip application of CO solutions, three cotton plants were selected from each plot, and the shoots were
used for measurements. Data were collected ten times in total (26 June, 3 July, 10 July, 17 July, 24 July, 31 July,
7 August, 14 August, 21 August, and 28 August).

Determination of cotton yield and quality

At the harvest stage, the quadrats of 1.0 m x 2.2 m were randomly selected in each plot to measure the
yield indices, including single boll weight, boll density, and lint yield. After that, 10 g of lint samples collected
in each plot were used to determine the cotton quality indices, including lint percent, fibre length, fibre

strength, and micronaire value (n = 3).

| LY = BW x 1073 x BD x 105 X LP X CF | 1 |
Where LY is the lint yield (kg-ha™), BW is the boll weight (g), BD is the boll density (boll-m?), LP is the
lint percent (%), CF is the correction factor (0.9).

Statistical analysis

Data analysis was completed in SPSS 26.0, and one-way analysis of variance was used to evaluate the
significance of differences in cotton growth (SPAD, LAI, AGB, plant height), yicld (single-boll weight, boll
density, lint yield), and quality indicators (lint percent, fibre length, fibre strength, and micronaire value)

6
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between different CO, solution treatments (p < 0.05). If there was a significant difference between the
treatments, multiple comparisons were then performed by the Duncan’s test, and the significance of the
differences was expressed by letters a, b, ¢, and d. Data visualization was completed in Origin 2023. The
dynamic changes of cotton growth indicators were displayed through the bar charts, with the error bar
representing the mean + standard deviation (Mean + SD).

Results

Effect of drip application of CO solutions on the spatial distribution characteristics of CO; concentration in
cotton canapy

The CO; concentration in the cotton canopy was significantly increased after drip application of CO;
solutions. The canopy CO, concentration did not change significantly on the day of drip application of CO;
solutions. From the 2nd to the 4th day, the canopy CO, concentration increased greatly, and reached the peak
on the 4th day. From the Sth to the 7th day, the CO, concentration at each height of the canopy gradually

decreased, and finally reached to the value under normal atmospheric conditions (Figure 5).

T N 1
"

Height (cm)

Canopy CO, concentration (ppm)
Trrigation cycle
Figure 5. Distribution of CO, concentration in cotton canopy under different concentrations of CO,
solution treatment in the Sth - 10th rounds. (a) C0, 0.00 kg:m™ CO solution treatment; (b) C1, 0.04 kg
m> CO; solution treatment; (c) C2, 0.08 kg'-m CO; solution treatment; (d) C3, 0.12 kg:m™ CO; solution
treatment; (e) C4, 0.16 kg-m? CO, solution treatment
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Drip application of different concentrations of CO, solutions did not significantly affect the peak
concentration of CO, gas in the cotton canopy. The peak CO; concentration under drip application of CO;
solutions was 168 - 184 ppm higher than that in the normal atmospheric conditions (400 ppm). However, the
vertical distribution of CO, and the uniformity of CO, distribution changed significantly with the increase of
the concentration of CO; solution. The CO, was concentrated in the height of 50 - 70 cm in the canopy under
conventional irrigation (CO0), while the C4 treatment showed a higher CO, concentration in the height of 20
- 150 cm compared with other treatments, and had a more uniform CO, distribution.

Effect of drip application of CO: solutions on the growth and development of cotton

Relative chlorophyll content (SPAD)

For all treatments, the SPAD values of the top four leaves on the main stem of plants gradually increased
over time, and decreased after reaching the maximum value (Figure 6). The SPAD value of the C0, C1, C2,
C3, and C4 treatments reached the maximum at T9, T9, T8, T10, and T8, respectively. The difference between
the CO; solution treatments gradually increased since T2. The SPAD value of the CO treatment was the largest,
and the difference was significant between the CO; solution treatments (p < 0.05), that is, the drip application
of CO; solutions led to significantly lower SPAD values of the top four leaves on main stem of cotton compared

with the control.

It is worth noting that there was no significant difference between the CO; solution treatments at T1.
The drip application of CO, solutions did not immediately change the SPAD value of the top four leaves, but
caused a significant difference between the treatments after T2, that is, the CO; increase had a lag effect on

cotton leaf SPAD values.
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Figure 6. Effects of different concentrations of CO; solutions on the SPAD of the top four leaves on the
main stem of cotton. All data are mean + SD (n = 9). Different lowercase letter indicate significant
difference between treatments (Duncan test, p < 0.05)

Leaf area index (LAI)

The CO; solution treatments led to higher LAI values of cotton compared with that of the control. The
LAl increased and then decreased with the increase of CO, concentration, peaking at C3 (Figure 7). With the
growth of cotton, the LAI of the CO5 solution treatments reached the maximum value at T7, and the LAI of
the C3 treatment was 34.28% higher than that of the CO treatment at T7 (p < 0.05). It should be noted that
there was also a lagging effect, that is, significant differences in the LAI between the CO; solution treatments
and the control were observed since T4.
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Figure 7. Effects of different concentrations of CO; solutions on the LAI of cotton. All data are mean +
SD (n =9). Different lowercase letter indicate significant difference between treatments (Duncan test, p

<0.05)

Shoot biomass (AGB)

The ten rounds of drip application of CO; solutions led to higher AGBs of cotton compared with the
control (Figure 8). However, there was no difference in AGB between the C0 and CO; solution treatments at
T1and T2 (p > 0.05). Besides, the CO; solution treatments except for C3 also had no difference in the AGB
from the CO treatment at T3 (p > 0.05). From T4 to T10, the CO; solution treatments had difference from
the CO treatment (p < 0.05). Different concentrations of CO; solutions had different impacts on the AGB
accumulation. From T4 when the CO treatment was significantly different from the CO, solution treatments
in the AGB (p < 0.05), the C3 treatment had the strongest impact on the AGB, i.c., the AGB was 58.37% -
91.61% higher than that of CO (Figure 8). Besides, the C2 treatment had the weakest effect on the AGB, with
the AGB 18.64% - 34.88% higher than that of C0.
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Figure 8. Effects of different concentrations of CO; solutions on the AGB of cotton. All data are mean +
SD (n = 9). Different lowercase letter indicate significant difference between treatments (Duncan test, p

< 0.05)

Plant height

Drip application of CO; solutions led to higher plant heights of cotton compared with the control
(Figure 9). At T1 and T2, there was no difference in plant height among C0, C1, C2, C3, and C4 treatments
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(p > 0.05). From T3 to TS5, the plant height difference between the CO; solution treatments and the CO
treatment occurred and gradually expanded. From T6 to T10, the plant height of all treatments stabilized due
to topping. At T10, the average plant height of the C0, C1, C2, C3, and C4 treatment was 85.0, 89.8, 94.6,
109.5,and 91.7 cm, respectively. Therefore, the impacts of different concentrations of CO; solutions on plant

height were different, and the C3 treatment had the strongest effect on cotton height growth, with the plant
height 28.82% (p < 0.05) higher than that of CO.
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Figure 9. Effects of different concentrations of CO; solutions on plant height of cotton. All data are mean

+ SD (n = 9). Different lowercase letter indicate significant difference between treatments (Duncan test,

p <0.05)

Effects of drip application of CO: solutions on yield and quality of cotton

Yield

There were difference in the lint yield between treatments (p < 0.05) (Table 2). The lint yield of cotton
of the C1 and C2 treatments was 1.9% and 8.4% higher than that of CO0, respectively (p < 0.05), but the lint
yield of the C3 and C4 treatments was 13.4% and 5.4% lower than that of CO, respectively (p < 0.05). That is,
the lint yield of the C2 treatment was the highest, while that of the C3 treatment was the lowest.

Table 2. Effects of drip application of different concentrations of CO, solutions on cotton yield

COmPOnCntS
Boll weight Boll densit Lint yield

Treatment 8) gh (b oll-m'z)y (kg_lza-l)

Co 42+04a 133.9 £ 2.0 bc 2565+ 46 ¢
Cl 41+06Db 140.0+3.7b 2614+ 93b
C2 39+03¢ 153.6+3.5a 2782 +46a
C3 4,0+ 0.4 bc 126.1 £59¢ 2221+79e¢
C4 43+03a 1255+23¢ 2427 +40d

*Notes: C0, 0.00 kg:m? CO: solution; C1, 0.04 kg:m= CO: solution; C2, 0.08 kg-m= CO: solution; C3, 0.12 kg:m™
CO: solution; C4, 0.16 kg:m™ CO: solution. All data are mean + SE (n = 3). Different lowercase letter indicate
significant difference between treatments (p < 0.05)

In addition, CO; solution treatments also had an impact on the boll density of cotton. The boll density
of cotton of the C1 and C2 treatments was 4.5% and 14.7% higher than that of CO0, respectively (p < 0.05), but
the boll density of the C3 and C4 treatments was 5.9% and 6.3% lower than that of CO, respectively (p < 0.05).
On the whole, the boll density increased first and then decreased with the increase of the CO, concentration,
and reached the maximum value at C2.

10
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The impact of CO, solution treatments on the single boll weight of cotton was opposite to that on boll
density. The average single boll weight decreased first and then increased with the increase of the concentration
of the CO; solution. The minimum value was observed at C2, which was 7.1% lower than that of CO (p <
0.05). The single boll weight of the C4 treatment was the largest, but there was no difference between the C4
and CO0 treatment (p > 0.05).

Overall, the C1 and C2 treatments had lower single boll weight but higher boll number compared with
the control, allowing higher yield. Although the C3 and C4 treatments had higher single boll weight, they also
had lower boll density, leading to lower yield compared with the control. Under the experimental conditions
in this study, the C2 treatment had the strongest yield-improvement effect.

Quality
There was no difference in fibre length and fibre strength between different treatments (p > 0.05) (Table

3). At the same time, there was little difference in the micronaire values between different treatments, and all
of them remained in the range of 3.5 — 3.9. The lint percent of the C1 and C2 treatments was 0.75% and 2.23%
higher than that of CO, respectively, but the lint percent of the C3 and C4 treatments was 1.67% and 0.36%
lower than that of CO, respectively. The effects of all CO solution treatments on the lint percent was weak,
and the lint percent remained at 45.0 £ 1.3% in all treatments. The CO; solution treatments except for C2 had
no difference in lint percent compared with the CO treatment (p > 0.05).

Table 3. Effects of drip application of different concentrations of CO; solutions on cotton quality

indicators
Lint percent Fiber length Fiber strength Micronaire

Treatment (I‘)%) (mm)gt (cN-tt:x"%t value
Co 45.1+0.3 be 31.0+0.2b 29.6+0.7a 35+0.2b
Cl 45.4+0.3ab 31.2+0.3ab 29.7+05a 3.6+0.1ab
C2 46.1+0.2a 31.3+0.3ab 30.6+0.7a 35+0.1b
C3 443+03¢ 32.0+02a 313+ 04a 3.6+0.1ab
C4 44.9 4+ 0.3 be 31.8+0.3ab 309+£0.7a 39+£0.1a

*Notes: All data are mean + SE (n = 9). Different lowercase letter indicate significant difference between treatments

(p <0.05)

In summary of these results, the drip application of CO; solutions had little effect on the quality indices
of cotton, and the quality indices of all treatments were maintained within an ideal range.

Discussion

Drip application of CO; solutions induced slow release of soil CO,, maintaining a high CO; concentration
in the environment for a long time

This study found that after drip application of CO; solutions, the CO; concentration in the cotton
canopy did not change immediately (Figure 5). After a period of time, the canopy CO, concentration first
increased and then gradually decreased to the atmospheric CO; concentration. This may be due to the fact that
most of the CO; is fixed by the soil in the initial period after drip application of CO; solutions. The CO,
gradually releases from soil and affects the distribution of CO; in the canopy (Hagedorn ez al., 2003; Manning
and Renforth, 2013; He ez /., 2015). That is, the drip application of CO; solutions induced about 3 - 5 days
of slow release of soil CO,, and the peak of CO; release was reached on the 3rd - 4th day. At the field level, the
absorption of CO; solutions by soil and the slow release of CO, from soil can improve the CO, use efficiency
(Zhang et al., 2014; Fong et al., 2020). This prevents the escape of large amounts of CO, from the solution at
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the beginning of the drip application, and also protects crops from the stress of high environmental CO,
concentration (He ez al., 2021; Xue ez al., 2021), allowing more CO, to be absorbed and utilized by plant
photosynthesis for a long duration (Yang ez al., 2014; Luo et al., 2015).

Biological and economic yield balance is an important means to increase cotton yield

The analysis of the yield data found that the lint yield of the C3 treatment with a strong growth
promotion effect was the lowest, while that of the C2 treatment with a moderate growth promotion effect was
the highest. This phenomenon is related to the growth and development characteristics of cotton. Cotton has
along growth period, with the vegetative and reproductive parallel-growth stage lasts for a long time (Constable
and Bange, 2015). Therefore, during the whole growth period, the nutrient demand of cotton plants is large,
and the nutrient competition in various tissues and organs is fierce, resulting in vigorous growth but low yield
(Reddy ez al., 2004).

The differentiation of flower buds of cotton plants marks the beginning of reproductive growth,
entering the budding stage where vegetative growth and reproductive growth are parallel until the boll-opening
stage (Silvertooth ez al., 1996). During this parallel-growth stage, vegetative growth provides the necessary
substances and nutrients for reproductive growth. However, over vegetative growth causes the stems and leaves
to get most of the nutrients, reducing the supply of nutrients to reproductive organs (Khan ez al., 2020;
Pabuayon ez al., 2021). For example, usually when LA is within a certain range, the yield of cotton increases
with the increase of LAI (Yao e# 4l.,2016). However, when LAl increases to a certain value, the complex canopy
structure may lead to an increase in the limitation in water vapor exchange in the canopy and a decrease in the
photosynthetically active radiation obtained by the middle and lower leaves, reducing the overall
photosynthetic efficiency of cotton plants and yield (Li ez a/., 2020; Chen ez a/., 2021). Similarly, the significant
increases in AGB and plant height also indicate that the vegetative growth of cotton is too vigorous under C3
treatment, which inhibits the reproductive growth and yield formation.

Vegetative growth and reproductive growth promote and also restrain each other. Cotton yield can be
increased by drip application of CO, solution at appropriate concentrations, that is, optimizing field
management measures to balance the relationship between vegetative growth and reproductive growth in
combination with the characteristics of cotton growth and development and optimize the canopy structure.
This can improve the carbon assimilation of cotton plants, improve the CO, use efficiency, and finally obtain

high yields (Zhou ez al., 2024; Feng ez al., 2024).

Conclusions

This study examined the effects of drip irrigation with CO, solutions at different concentrations on
cotton field growth, yield, and canopy CO, concentrations under real-world field production conditions. The
results indicate: (i) Drip application of CO, solutions induced slow release of CO, from the soil, and
significantly increased the CO, concentration and uniformity in the cotton canopy. (ii) This application
method enhances nutrient utilization efficiency in cotton and accelerates plant growth. Among the treatments,
the C3 group achieved the most significant promotion of vegetative growth, while the C2 group yielded the
highest lint cotton output without compromising fibre quality. (iii) Based on practical production
requirements, under these experimental conditions, 0.08 kg-m™ represents the optimal concentration for drip
application of CO, aqueous solution in cotton fields.

In subsequent studies, CO, management will be integrated with agronomic practices such as water and
nutrient management to investigate the patterns of CO, demand in cotton fields during different growth
stages. More precise CO, management will enhance resource utilization efficiency while achieving cost savings
and increased productivity in cotton production.
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