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Abstract 
 

The effects of reducing N fertilizer use on soil NO3
-
-N content and cotton yield were studied through a three-year (2015 to 

2017) field experiment in South Xinjiang of China. Cotton was sown under drip irrigation system using five N fertilizer 

reduction treatments as: conventional N application rate (N100), N application rate reduced by 16.67% (N-16.67), 33.33% (N-

33.33), 50% (N-50), and 100% (N-100). The data were recorded for changes in soil NO3
-
-N content, and the SPAD value of 

cotton leaves was recorded at the peak bolling stage. The total N content of the plant was recorded at the boll formation stage, 

while yield was recorded at maturity. The results revealed that the soil NO3
-
-N content in N-16.67, N-33.33, N-50, and N-100 

treatments decreased by 10.8, 45.5, 60.7 and 72.3% compared to N100 treatment, respectively. The SPAD values of N-16.67 

and N-33.33 treatments were significantly higher than those of N100 treatment, while the SPAD values of N-50 and N-100 

treatments were significantly decreased. The total N content of cotton was significantly decreased with the increase in the 

proportion of N fertilizer reduced. The seed cotton yield in N-16.67 and N-33.33 treatments increased by 9.2 and 7.9% 

compared to the N100 treatment, respectively. However, the cotton yield decreased significantly when the N application rate 

was reduced by 50 and 100%. The relationship between the N fertilizer reduction rate and cotton yield suggested that the N 

application rate can be reduced by 18.47–45.50% without compromising the cotton yield in South Xinjiang of China. © 2021 

Friends Science Publishers 
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Introduction 
 

It is generally known that Xinjiang is the production base of 

high-quality cotton (Gossypium hirsutum L.) in China. In 

2019, the planting area and output of cotton in Xinjiang 

accounted for 76 and 84.9% of the total in China, 

respectively (The National Bureau of Statistics of the 

People's Republic of China 2019). Xinjiang has ranked first 

in the country's total cotton output for many consecutive 

years. The income of planting cotton accounts for 50–70% 

of the total income of farmers in southern Xinjiang 

(NBSPRC 2019). Nitrogen application has become one of 

the important measures to improve cotton yield in Xinjiang, 

and its contribution to cotton yield accounts for 33.5–56.1% 

(Suo et al. 2017). However, studies have shown that 

improper N application can cause N loss through soil 

mineralization, ammonia volatilization, and leaching etc. 

(Resham et al. 2016; Qian et al. 2018; Minhas et al. 2020). 

Over dosing of N can cause potential pollution risks to soil, 

groundwater, and other environmental factors (Babar et al. 

2014; Nan et al. 2015). Reduced N application has practical 

significance to promote the "national double reduction" 

policy in South Xinjiang, which can benefit both cotton 

economic yield and the environment as well. The effect of 

reduced N application on crop yield and plant nitrogen 

content has been a topic of many studies (Benjamin et al. 

2017; Ahmed et al. 2019; Solomon et al. 2019). Earlier 

studies have shown that under drip irrigation, when 

conventional N fertilizer application rate was decreased by 

12 to 24%, no decrease in the corn (Zea mays L.) yield was 

observed: which indicates improved N use efficiency (NUE) 

(Seyed et al. 2020). Compared with the conventional N 

application rate in wheat (Triticum aestivum L.), the uptake 

of N in the above-ground part of the plant did not decrease 

when the N application rate was reduced by 20 to 30%, and 

improved NUE as well (Pilar et al. 2020). Other studies 

have shown that NUE, crop N productivity, and yield of 

tomato (Solanum lycopersicum L.) were significantly 
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increased when N application rate reduced by 20 and 30% 

(Li et al. 2018). From these studies, the effect of reduced N 

application on crop yield and efficiency is apparent. 

Compared with other crops, the effect of reduced N 

application rate on cotton N content and yield is not well 

studied, and the appropriate range of reduced N application 

rate in South Xinjiang is not clear. Therefore, this field 

study was conducted for three years to monitor the changes 

in characteristics of soil such as NO3
-
-N content, leaf SPAD 

value, plant total N content, and seed cotton yield to clarify 

the appropriate range of reduced N application. Moreover, 

the findings of this study will provide scientific support for 

the technical model of the reduced N application rate in 

cotton fields in South Xinjiang. 

 

Material and Methods 
 

Experimental details and treatments 

 

Experimental site description: The experimental site 

located in the cotton breeding base of Xinjiang Academy of 

Agricultural Sciences (41.6933°N, 85.8667°E) at Baotouhu 

Farm, Korla, Bazhou, South Xinjiang. The study was 

carried out from 2015 to 2017. This site is located in the 

mid-latitude region, and its cotton planting scale, 

technology, and yield are representative of South Xinjiang. 

The experimental area has a typical arid climate, with an 

average annual rainfall of 56.20 mm, average annual 

evaporation of 2,497.40 mm, average annual sunshine of 

2,878 h, accumulated temperature (≥ 10°C) of 4,252.20°C, a 

frost-free period of 205 days, and a groundwater level of 

2.00 –2.50 m. The previous crops were all cotton, and the 

experimental soil was sandy loam, which was a medium-

fertility soil. The topsoil (0–30 cm) had soil organic matter 

10.24 g kg
-1

, available N 48.78 mg kg
-1

, available 

phosphorus 20.36 mg kg
–1

, available potassium 139.00 mg 

kg
–1

, and pH 8.20. Xinluzhong 23 was used as the test 

cotton variety. 

Experimental details: According to the proportion of N 

fertilizer reduction, the field experiment was set as five N 

application levels: (1) 476 kg ha
-1

, conventional N 

application rate (N100); (2) 395 kg ha
-1

, N application rate 

reduced by 16.67% (N-16.67), (3) 317 kg ha
-1

, N 

application rate reduced by 33.33% (N-33.33); (4) 238 kg 

ha
-1

, N application rate reduced by 50% (N-50); and (5) 0 kg 

ha
-1

, N application rate reduced by 100% (N-100). The 

conventional N application rate (476 kg ha
-1

) was 

determined according to the results of the fertilizer effect 

experiment. Urea (containing 46.4% N) was used as N 

fertilizer, and 186 kg ha
-1

 of calcium phosphate primary 

(TSP, containing 46% of P2O5) and 68 kg ha
-1

 of K2O 

(potassium sulfate, 40% of K2O) were applied in all 

treatments. For all treatments, phosphate and potassium 

fertilizers were used as the base fertilizers. Phosphate 

fertilizer and potassium fertilizer were mixed and spread 

into the soil before sowing. Of the total N fertilizer applied, 

40% was used as base fertilizer and 60% as topdressing. 

The experiment was laid out following a randomized 

complete block design, with three replications per treatment 

and a net plot size of 4.8 m × 6.9 m. 

Plastic film mulching planting was used, with a row 

spacing of (10 + 66 + 10 + 66 + 10 + 66) cm, plant spacing 

of 10 cm, and precision sowing of six rows with one film. In 

each plot, there were two films and 12 rows of cotton plants. 

Cotton was sown in early April and harvested in late 

October each year. The pressure drip irrigation under film 

was used as the irrigation method. Submersible pumps were 

used to supply water with an irrigation quota of 4,800 m
3
 

ha
–1

. During the growing season of cotton, irrigation was 

conducted ten times from mid-June (cotton bud stage) to 

late August (cotton boll opening stage). The irrigation 

amount was controlled by a water meter in each plot. 

Nitrogen fertilizer (urea) was applied with eight applications 

from mid-June to mid-August through the drip irrigation 

system. Other agricultural management techniques, 

including pest control, chemical regulators, and topping, 

were the same as in the local area. 

 

Data recorded 

 

Collection and determination of NO3
-
-N from samples of 

cotton field soil: Soil samples were taken from each treated 

plot at the peak boll stage of cotton. A total of five soil 

samples were collected from each plot. The soil was taken 

20 cm apart for each sample, and the fresh soil samples 

were prepared by layer mixing, with a sampling depth of 0–

100 cm. Fresh soil samples (200 g) were taken and 

cryopreserved. For determination of NO3
-
-N content of the 

soil, fresh soil samples were thawed, mixed, and sieved 

by a 2 mm sieve, 12 g of soil samples were weighed and 

put into a shaking flask. Afterward, extraction was 

carried out with 100 mL of 0.01 mol/L CaCl2 solution. 

After shaking for 1 h, the filtrate was filtered and 

cryopreserved. Finally, to determine the NO3
-
-N content 

from the filtrate, the extract was thawed, and a flow analyzer 

was used
 
(Ruth et al. 2020). The N content was expressed in 

terms of the mass fraction. 

Determination of the SPAD value of cotton leaves: 
Minolta SPAD-502 chlorophyll meter made in Japan was 

used to determine the SPAD value (Marenco et al.2009). On 

the 6
th
 day after the last drip fertilization with water at peak 

boll stage of cotton, SPAD values were determined between 

10:00–14:00 h in sunny weather. The instrument was 

calibrated with a SPAD instrument calibration card to meet 

the requirements of instrument accuracy before any 

measurements. SPAD values from 60 randomly selected 

leaves per plot determined, i.e., 60 SPAD samples. The 

SPAD value of each leaf was the average value of the four 

measurements taken at four different sites on the functional 

leaves of cotton. 

Collection of cotton plant samples and determination of 

total N content: At boll formation stage of cotton, samples 
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of plants from each plot were collected, and the part above 

the first leaf of above-ground parts of the cotton plant was 

removed, and the remaining sample was cut into small 

pieces. Three cotton plant samples were taken for removing 

the chlorophyll and were incubated at 105°C for 30 min and 

then dried at 80°C until a constant weight was reached. The 

dried sample was then weighed and crushed. Then 

concentrated H2SO4-H2O2 method was used to prepare the 

test solution and the semi-micro-Kjeldahl method (Li 2000) 

was used to determine the total N content of the plant. 

Cotton yield: The total number of bolls and the total 

number of plants in the plot were determined at the boll 

opening stage of cotton. The number of bolls per plant and 

the number of plants harvested per hectare were calculated; 

50 bolls from the upper, middle, and lower parts of cotton 

plants were randomly selected from each plot to determine 

the single boll weight. This was repeated three times. After 

the actual harvest of cotton in each plot, the cotton yield was 

measured. 

 

Statistical analysis 

 

Microsoft Excel and S.P.S.S. 19.0 were used for data 

analysis. One-way ANOVA was used to determine the 

significant differences among different treatments for each 

year. LSD-tests were carried out to determine if there were 

significant differences between individual treatments at P < 

0.05. 

 

Results 
 

Soil NO3
-
-N mass fraction 

 

The mass fraction of soil NO3
-
-N in 0–20 and 20–40 cm 

depths under different treatments is shown in Table 1. In 

general, with the proportion of N fertilizer reduction 

increasing (from 16.67 to 33.33, 50 and to 100%), the mass 

fraction of soil NO3
-
-N was significantly decreased. 

Compared with N100 treatment, the NO3
-
-N content in 0–20 

cm soil under N-16.67, N-33.33, N-50 and N-100 

treatments decreased by 10.8, 45.5, 60.7 and 72.3% in three-

year experiments (2015, 2016 and 2017), respectively. 

However, the NO3
-
-N content of each treatment in 0–20 cm 

soil was not significantly different between 2015, 2016 and 

2017. The differences in the soil NO3
-
-N content in 20–40 

cm under different treatments were similar to that in 0–20 

cm. The NO3
-
-N content of N-16.67, N-33.33, N-50, and N-

100 treatments were 9.6, 46.1, 66.4 and 73.8% lower than 

that of N100, respectively (Table 1). 

 

SPAD value of cotton leaves 

 

The SPAD value of cotton leaves can reflect the N level of 

cotton leaves (Uchino et al. 2013). The SPAD value of 

cotton leaves for each treatment was not significantly 

different between 2015, 2016 and 2017 (Table 2). The 

average SPAD value of N16.67 and N33.33 treatments were 

58.7 and 57.3, which were 15.5 and 12.7% higher than that 

of N100 treatment (50.8), respectively. In contrast, the 

SPAD values of N50 and N100 treatments were 

significantly lower than those of N100 treatment, which 

decreased by 14.8 and 28.9%, respectively (Table 2). 

 

Total N content of cotton plant 

 

In general, the plant total N contents of each treatment in 

2015 were significantly higher than those in 2016 and 2017. 

With the proportion of N fertilizer reducing increasing 

(from 16.67 to 33.33%, and 50 to 100%), the total N 

contents of the plant were significantly decreased. In the 

three-year experiment, total N contents of N-16.67, N-

33.33, N-50 and N-100 treatments were 1.5–9.8%, 13.8–

21.3%, 38.3–45.4%, and 47.2–52.7% lower than that of 

N100 treatment, respectively (Table 3). 

 

Cotton yield 

 

The cotton yield under different treatments is shown in 

Table 4. In 2015, the cotton yield of N-16.67 and N-33.33 

treatments was significantly higher than that of N100 

treatment by 8.20 and 7.91%, respectively. In contrast, the 

cotton yield of N-50 and N-100 treatments was 6.47 and 

39.48% lower than that of N100, respectively. The cotton 

yields under different treatments in 2016 and 2017 were 

similar to those in 2015. 

 

Relationship between N fertilizer reduction and cotton 

yield 

 

The functional relationship between the proportion of N 

fertilizer reduction and cotton yield change was y =–

0.0069x
2
+0.2549x+3.012, R

2 = 
0.9517 (Fig. 1). The analysis 

of the functional relationship showed that cotton yield 

reached the maximum value and increased by 5.19% 

compared to the conventional N rate (476 kg ha
-1

) when the 

proportion of reducing N fertilizer application was 18.47%, 

and cotton yield showed no change when the proportion of 

N reduction was 45.50%. This indicated that the risk of 

cotton yield loss was small when the reducing N application 

was within the range of 18.47–45.50%. 

 

Discussion 
 

Nitrogen fertilizer use in agriculture has resulted in 

significant negative environmental and social impacts. 

Although management strategies and technologies focus on 

reducing the application of N fertilizer have been 

developed to increase N use efficiency and reduce negative 

impacts, farmers are wary of reductions in N fertilizer 

application that might result in any yield loss (Stuarta et al. 

2014). Therefore, it is necessary to better understand 

how to reduce N fertilizer use without affecting crop yield. 
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In this study, a three-year experiment (2015–2017) was 

conducted to determine the relationship between the 

reducing N fertilizer application and cotton yield in South 

Xinjiang of China, and soil NO3
-
-N content and plant N 

status were also evaluated. The results showed that the 

content of NO3
-
-N in soil decreased slightly when the 

reduction ratio of N fertilizer was in the range of 0–16.67%. 

When the reduction ratio of N fertilizer exceeded 33.33%, 

the content of NO3
-
-N in soil decreased rapidly (Table 1). 

This result agrees with those observed by Qin et al. (2019), 

who demonstrated that the NO3
-
-N contents in soil were 

decreased significantly when the N fertilizer reduction 

exceeded 40%. 

The SPAD value of cotton leaves increased 

significantly when the N application rate was reduced by 

16.67 and 33.33% and decreased significantly when 

reducing N use exceeded 33.33%. At the same time, the 

total N content of cotton plant decreased significantly 

with the increase of the proportion of N fertilizer 

reduced (from 16.67 to 33.33%, and 50 to 100%) 

(Tables 2 and 3). Previous studies have reported that N 

application reduction rate of 20% compared to the 

conventional N application (300 kg ha
-1

) could increase 

the N uptake of cotton stems and leaves, whereas the N 

uptake of cotton bolls decreased significantly (Qin et al. 

2019). This indicates that excessive reducing N application 

would reduce the external source of N required for normal 

growth of cotton. This might result in yield loss, which 

makes it difficult to achieve both economic benefit and 

environmental safety (David et al. 2017; Martina et al. 

2018; Abbas et al. 2020). 

Previous studies have also shown that reducing N 

fertilizer application is beneficial to the growth of cotton at a 

later growth stage and promotes the dry matter accumulation 

of cotton at a later growth stage (Faiyad et al. 2019). Remy et 

al. (2009) reported that when the N application rate was 

reduced from the conventional 402.5 to 195.5 kg ha
-1
, the 

boll number of cotton increased significantly and the yield of 

cotton was improved. Therefore, proper reduced N 

application was beneficial to coordinate the balance between 

vegetative growth and reproductive growth of cotton, 

improve the dry matter accumulation, and increase the boll 

number and yield of cotton. In this study, cotton yield 

increased by 9.2 and 7.9%, respectively, when the N 

application rate decreased from a conventional level of 476 

to 395 and 317 kg ha
-1
, respectively. However, cotton yield 

Table 1: Effect of reduced doses of nitrogen application on soil NO3
–-N mass fraction in 0–20 and 20–40 cm depths at full boll stage of cotton 

 
Treatments Soil NO3

--N mass fraction (mg kg-1) 

0–20 cm 20–40 cm 

2015 2016 2017 2015 2016 2017 

N100 3.29 ± 0.06a 3.30 ± 0.12a 3.25 ± 0.07a 2.99 ± 0.09a 3.04 ± 0.06a 2.91 ± 0.09a 

N-16.67 3.05 ± 0.04b 2.97 ± 0.03b 2.76 ± 0.03b 2.87 ± 0.05b 2.85 ± 0.03b 2.69 ± 0.09b 

N-33.33 1.78 ± 0.06c 1.82 ± 0.09c 1.76 ± 0.04c 1.57 ± 0.06c 1.68 ± 0.03c 1.58 ± 0.03c 
N-50 1.59 ± 0.04d 1.10 ± 0.04d 1.18 ± 0.04d 0.93 ± 0.02d 1.42 ± 0.03d 0.98 ± 0.02d 

N-100 0.96 ± 0.04e 0.81 ± 0.01e 0.95 ± 0.04e 0.74 ± 0.01e 1.21 ± 0.04e 0.76 ± 0.03e 
Mean ± standard deviations followed by different lowercase letters in the same column are significantly different from each other at P ≤ 0.05 

N100= 476 kg N ha-1 (conventional N application); N-16.67= 395 kg N ha-1 (16.67% reduced N rate); N-33.33= 317 kg N ha-1 (33.33% reduced N rate); N-50= 238 kg N ha-1 (50% 

reduced N rate); N-100= 0 kg N ha-1 (100% reduced N rate) 

 

Table 2: Effect of reduced doses of nitrogen application on SPAD Value of cotton leaves at the full boll stage 

 
Treatments SPAD Value cotton leaves 

 2015 2016 2017 

N100 50.44 ± 0.64 c 50.87 ± 30.53b 51.23 ± 0.89c 

N-16.67 58.51 ± 0.37 a 58.70 ± 0.51 a 59.00 ± 0.72 a 

N-33.33 57.27 ± 0.15b 57.32 ± 0.14 a 57.31 ± 0.37b 

N-50 43.71 ± 0.71d 42.97 ± 0.60c 43.28 ± 1.08d 
N-100 35.97 ± 0.37e 36.86 ± 1.60d 35.63 ± 0.72e 
Mean ±standard deviations followed by different lowercase letters in the same column are significantly different from each other at P ≤ 0.05 

N100= 476 kg N ha-1 (conventional N application); N-16.67= 395 kg N ha-1 (16.67% reduced N rate); N-33.33= 317 kg N ha-1 (33.33% reduced N rate); N-50= 238 N kg ha-1 (50% 

reduced N rate); N-100= 0 kg N ha-1 (100% reduced N rate) 

 

Table 3: Effect of reduced doses of nitrogen application on total N content of cotton plant at the full boll stage 

 
Treatments Total N content of cotton plant (g kg-1) 

2015 2016 2017 

N100 39.69 ± 0.54a 27.36 ± 0.73a 27.38 ± 0.19a 
N-16.67 37.13 ± 0.68b 24.68 ± 0.60b 26.33 ± 0.13b 

N-33.33 32.47 ± 1.17c 21.52 ± 0.67c 22.95 ± 0.73c 

N-50 23.24 ± 0.65d 15.71 ± 0.59d 14.96 ± 1.20d 
N-100 19.90 ± 0.81e 13.02 ± 0.51e 12.95 ± 0.85e 
Mean ±standard deviations followed by different lowercase letters in the same column are significantly different from each other at P ≤ 0.05 

N100= 476 kg N ha-1 (conventional N application); N-16.67= 395 kg N ha-1 (16.67% reduced N rate); N-33.33= 317 kg N ha-1 (33.33% reduced N rate); N-50= 238 kg N ha-1 (50% 

reduced N rate); N-100= 0 kg N ha-1 (100% reduced N rate) 
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decreased significantly when the N fertilizer reduction 

exceeded 50%. 

The study of Chapepa et al. (2020) showed that N 

application rate reduction decreased the dry matter weight 

of cotton stems and leaves but increased the dry matter 

weight of cotton bolls. When the N application rate was 

reduced by 20%, cotton yield and N use efficiency was 24.5 

and 8.9% higher than those of farmers' conventional 

fertilization treatment, respectively. In this study, the results 

of the functional relationship between N fertilizer reduction 

and cotton yield showed that the cotton yield reached its 

highest value when the N application rate was reduced by 

18.47%, which consistent with the observation made by 

Chapepa et al. (2020). In this study, the N use efficiency of 

cotton under different N application reduction regimes was 

not involved. Therefore, it is not clear whether the N use 

efficiency can be improved by proper N application rate 

reduction. This aspect needs further investigation. 

 

Conclusion 
 

The results of three consecutive years of the experiment 

showed that reducing N application decreased the soil NO3
-
-

N content and the total N content of the cotton plant, while 

proper reduced N application increased the SPAD value of 

cotton leaves and seed cotton yield. Generally, when N 

application rate was reduced by 16.67 and 33.33%, the 

contents of NO3
-
-N in soil and plant total N were decreased 

slightly, and leaf SPAD value and yield of cotton were 

increased significantly. The relationship between the N 

fertilizer reduction rate and cotton yield suggested that the N 

application rate can be reduced by 18.47–45.50% without 

compromising the cotton yield in South Xinjiang of China. 
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