
 

 

 

INTRODUCTION 

 

The agriculture sector has been the backbone of the economic 

growth of developing countries but to get maximum and 

quality production of food crops has always been a great 

challenge (Ahmed et al., 2020; Kausar et al., 2020). In the last 

20 years, chemical fertilizer has enhanced 40% - 60% rice 

yield (Xie et al., 2016). Nitrogen is one of three top nutrients 

required for rice growth (Buresh et al., 2019) that not only 

increases rice yield but also optimize the canopy structure, 

temperature, and humidity of rice plant population (Cai et al., 

2008; Chen, Zhang, and Deng, 2019b; Shi et al., 2017). It has 

been reported that nitrogen is one of the artificial fertilizers 

that use in rice production that changed the length and width, 

as well as the inclination of rice leaves at the jointing stage 

(Xie et al., 2019). It has also been reported that nitrogen not 

only increased leaf area index (LAI) but also the dry matter 

contents and tiller number at the early and middle stages 

(Chen et al., 2019a). Nitrogen fertilizer also increased the 

nitrogen content in leaves and delayed the senescence of 

leaves at a late stage (Chen et al., 2019a). Excessive use of 

nitrogen fertilizer usually produces a larger LAI and a closure 

canopy, which causes poor ventilation and light transmittance 

within the rice group (Krishnan et al., 2011). Excessive 

nitrogen fertilizer also delayed the filling period and hindered 

the process of grain filling (Yamamoto et al., 2017). 

However, reasonable nitrogen fertilizer optimizes LAI and a 

closure canopy, which cause proper ventilation and light 

transmittance within the rice group and improve the milling 

quality of rice(Arif et al., 2019; Fang et al., 2020; Nehe et al., 

2020; Ning et al., 2013; Soleymani, 2017). The canopy of rice 

plants affects temperature and humidity in rice groups. It is 

evident in the previous studies that the structure of rice group 

affects the physiological process of rice that ultimately have 

impacts on rice yield. It has been reported that increase of 

canopy temperature increases the activity of the Rubisco 

enzyme, which boosted the photosynthetic rate of rice leaves 

(Altizer et al., 2013; Chen et al., 2014; Laza et al., 2015; Rush 

and Lee, 1983; Soares et al., 2020; Stuerz et al., 2014; Wu et 

al., 2012; Yang et al., 2018). The transpiration rate of rice 

leaves has also been increased with the increase in canopy 

temperature (Wu et al., 2012; Yang et al., 2018). The 
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The objective of the current study was to determine the relationship of the nitrogen fertilizer in the rice field of Jingyou 781 

and Deyou 4727 varieties and its impacts on rice yield. Four levels of nitrogen were used for each rice variety as nitrogen level 

0 kg/ha (N0), nitrogen level 90 kg/ha (N1), nitrogen level 180 kg/ha (N2) and nitrogen level 0 kg/ha (N3)70 kg/ha. Results 

revealed that plant height was increased by 2.04%, 5.92%, and 10.73% in Jingyou 781 after N1, N2, and N3 treatments 

respectively (P<0.05), while in Deyou 4727 rice variety, plant height was increased by 2.58%, 9.74%, and 13.53% respectively. 

The temperature of the rice group showed a negative correlation index of -0.979 with nitrogen level, but the relative humidity 

of the rice group has a positive correlation index of 0.997 with nitrogen level, either considering from Jingyou 781 or Deyou 

4727. The application of N fertilizer decreased the temperature in rice group. The lowest temperature (32.66-27.12℃) in N3 

that was 32.66-27.12℃, and 32.70-27.09℃, which has a significant difference of 5.56 ℃- 5.73℃ with N1 and N2. Whereas it 

raises the relative humidity of rice group, the highest relative humidity of 95%-100% founded in N3, which ultimately 

aggravated the sheath blight disease in rice group with the highest diseased plant rate of 26.74%-38.66%. The highest grain 

yield of 9.14 t/ha and 9.83 t/ha was founded in N3 treatment, which is 30.26% and 36.54% higher than N0, considering from 

2 experimental varieties in 2017 and 2018 as compared to different Nitrogen fertilizer treatments. 
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reasonable lower temperature at canopy is better for rice yield 

and quality (Huang et al., 2019; Ríos-Ruiz et al., 2020). It has 

been reported that excessive nitrogen fertilizer application 

enhanced the ear layer temperature @ 4.0℃ as compared to 

atmospheric temperature, which hurt pollen fertility (Yang et 

al., 2018). The increase of relative humidity improves the 

conductivity of leaf stomata and promotes the CO2 absorption 

rate of rice leaves (Singh et al., 2018). Reasonable humidity 

of rice group is better to increase ethylene and gibberellin 

content in rice leaves (Singh et al., 2018) which produced a 

positive impact on leaf area and light energy using efficiency 

(Zhang et al., 2019). Adjusting the spatial structure of rice 

groups, by breeding new varieties or optimizing fertilizer 

management has been one of the most effective methods for 

farmers to build healthy rice groups and to harvest more yield 

(Deng et al., 2015). However, the interaction among nitrogen 

fertilizer, the spatial structure of the rice group, and the micro-

climate in the rice group, still not extensively studied. 

Temperature and humidity are also two important factors that 

affect the development of rice disease. Previous studies have 

reported a correlation of temperature and humidity with the 

survival of sheath blight mycelium (Feng et al., 2017). It has 

been reported in the previous studies that serious sheath blight 

severity is higher under higher humidity (95% or above) and 

temperature (28-32℃) environment. Sheath blight not only 

reduces the lodging resistance of rice (Ookawa and Ishihara, 

1993; Wu et al., 2012) but also produced a negative impact 

on rice biomass and yield (Myers et al., 2011), a recent study 

has reported that excessive use of nitrogen fertilizer is one of 

the important reasons for the repaid development of sheath 

blight in the rice field (Li et al., 2020). Xiao et al. (2019) 

observed a 1.8-2.8 times higher incidence of rice blast and 

sheath blight in higher nitrogen fertilizer fields as compared 

to normal fields. However, the reason for serious sheath blight 

in the excessive nitrogen fertilized rice field is still unknown. 

The key objectives of this research were to investigate the 

interaction of nitrogen fertilizer and rice varieties on the 

micro-climate of rice and the development of sheath blight. 

The findings of the current study will provide a more clear 

understanding of the nitrogen regulation in the rice field of 

varieties to control sheath blight. 

 

MATERIALS AND METHODS 

 

Study area: Current research trial was conducted at the 

Agricultural Experiment Center of Southwest University of 

Science and Technology from 2017 to 2018 in Mianyang city 

of Sichuan province, China. Mianyang is (N 30.5°-33.0°; 

E103.5°-105.5°) located in the upper reaches of Fu Jiang 

River and the north of Sichuan Basin area. It is a typical 

subtropical humid monsoon climate zoon in China. Its annual 

precipitation is 842mm-1200mm, with an annual temperature 

of 16.7℃-17.3℃. The annual sunshine hours of 842h-907h, 

and the frost-free period is 283d-300d. The soil of Mianyang 

is typical loam soil with the total nitrogen, total phosphorus, 

and total potassium of 1.041.23g/kg, 0.691.23g/kg, and 

1.23g/kg, respectively. 

Experimental design: Four nitrogen fertilizer levels were 

used in the current experiment. The nitrogen fertilizer level 

were, zero (N0), 90 Kg/ha (N1), 180 Kg/ha (N2), and 270 

Kg/ha (N3) respectively. Two rice varieties, Jingyou 781 and 

Deyou 4727, which are typical two-line indica hybrid rice and 

three-line indica hybrid rice, were selected as typical hybrid 

rice for this experiment. The field experiment was performed 

by split block experimental design, 8 treatments with 3 

replications arranged in 24 plots. The area of each plot was 40 

m2 (4 m×10 m) and the subplot was the nitrogen fertilizer. A 

0.5 m wide and 0.3 m high ridge was made between plots, and 

a plastic film (0.5 m deep) was coated over the ridge to 

prevent flooding from one plot to another and to keep the 

experiment results out of the impacts of nutrition 

transplanting from one plot to another by runoff and 

infiltration. 

The nitrogen fertilizer used in this experiment was urea as 

base fertilizer, tiller fertilizer, and panicle fertilizer with a 

ratio of 5:3:2 respectively. Superphosphate was used in this 

experiment as a base fertilizer of 60kg/ha P2O5. KCL was 

used as base fertilizer and panicle fertilizer with a ratio of 1:1 

and the total amount of 120 Kg/ha K2O. The rice sowed into 

the seedling bed at the early of April, transplanted in the 

middle of May with the planting area of 33.3cm×16.7cm, and 

harvested by hand in late September. Water was irrigated with 

shallow water at the tillering stage, booting stage, and full-

filling stage (1:1:1), no irrigation was done for other growth 

periods of rice growth. Herbicide and pesticide are used to 

prevent the impacts of weeds and insects on rice growth. 

Moreover, no fungicide was used during the experimental 

period.  

Sample and measurement: Ten 10 representative rice plants 

were selected as a sample to check the highest tiller number. 

Tiller numbers were calculated until it reached to the highest 

number. This practice was carried out until the tiller number 

starts to decline. Mean tiller number of ten representative rice 

plants recorded for each plot.  

In September rice plants matured, 5 typical representative rice 

plant samples were taken to measure the plant height and yield 

component of each nitrogen treatment. Plant height was 

measured from the first internode to the top of the panicle by 

standard rulers in mm. Yield component, including 1000-

grain weight, effective panicles, grains per panicle, and seed 

setting rate, measured from the mean value of 5 typical rice 

for each plot. 1000-grain weight measured by the standard 

balance in 0.001g; the panicle that has more than 5 grains 

recorded as an effective panicle, and the ear rate (ER) was 

calculated (equation 2) from effective panicle (EFP) and 

highest tiller number (HTN) (equation 1); seed rate (SE) 

measured from full-filled grains (FFG) and total grains (TG) 
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of each rice panicle (equation 2). 10 m2 of rice plant harvested 

by hand in each plot to measure the grain yield of each plot.  

𝐸𝑅 =
EFP

HTN
×100%              (1) 

𝑆𝐸 =
FFG

TG
×100%              (2) 

The temperature and relative humidity of rice groups were 

taken by sensors and rapid measurements at the full heading 

stage and the grain filling stage. Sensors were usually located 

at an ‘upper’ position in the canopy, which was defined as 4/5 

of the total canopy height; and also located at a ‘lower’ 

position in the bottom of the rice group, defined as 1/5 of the 

total canopy height. Temperature and the relative humidity 

was recorded automatically by the automatic temperature and 

humidity recorder system that was composed of sensors and 

data translating and storing equipment. According to weather 

recorded during the full heading stage and the grain filling 

stage, day time was from 6:00 to 20:00 and nighttime was 

from 20:00 to 6:00.  

Sheath blight was measured according to the Chinese 

National Standard of GBT15791-2001 for the investigation of 

rice sheath blight. 80 typical plants were selected to 

investigate the incidence of rice sheath blight during the full 

heading stage. The incidence of rice sheath blight (SBI) was 

counted from the number of infected rice (NI) and the number 

of totals investigated rice (NT) by equation (3) (GBT15791-

2001). 

𝑆𝐵𝐼 =
NI

NT
×100%            (3) 

Statistical methods: The mean value of each 3 replications 

were used as the value for each treatment, analysis of variance 

(ANOVA) was carried out to analyze the difference among 

each treatment. The average temperature and relative 

humidity of daytime were calculated from 6:00 to 20:00, and 

it was calculated from 20:00 to 6:00 the next day for night 

time. Correlation analyses were carried out using the CORR 

procedure among the following variables: temperature, 

relative humidity, nitrogen fertilizer, yield, and the incidence 

of rice sheath blight. SAS 11.0 was used as the statistical 

software to do the ANOVA and CORR analyses. 

 
RESULTS  

 

Effect of nitrogen fertilizer levels on plant height and ear 

rate of rice: The results of the effect of nitrogen fertilizer 

levels on plant height and ear rate of rice crop are presented 

in Table 1. In the Jiangyou rice variety, during both 2017 and 

2018, the highest plant height was observed in N3 treatment 

(P<0.05). Similarly, in the Deyou rice variety, during both 

2017 and 2018, the highest plant height was observed in N3 

treatment (P<0.05). However, the height of the Deyou rice 

variety plants was better as compared to Jiangyou rice variety. 

The increase of Jiangyou rice plant height was 2.04%, 5.92%, 

and 10.73% more as compared to N0. While, the increase of 

Deyou rice variety plant's height was 2.58%, 9.74%, and 

13.53% more as compared to N0. 

Table 1. Effect of nitrogen fertilizer levels on rice plants height and ear rate  

Treatment Jingyou 781 Deyou 4727 

2017 2018 2017 2018 
1PH (cm) 2ER (%) 1PH (cm) 2ER (%) 1PH (cm) 2ER (%) 1PH (cm) 2ER (%) 

3N0 111.1b 75.7a 110.5d 70.1a 114.5d 79.7a 112.5d 81.7a 
4N1 113.4b 61.0b 112.7c 57.5c 121.6c   63.4bc 115.9c 61.3c 
5N2 119.3a 62.8b 115.5b 60.2b 128.1b 64.1b 121.1b 64.1b 
6N3 123.0a 57.8c 122.4a 57.6c 132.3a 60.1c 125.5a 60.4c 
1Plant height, 2Ear rate of rice, 3Nitrogen fertilizer level zero Kg/ha, 4Nitrogen fertilizer level 90 Kg/ha, 5Nitrogen fertilizer level 180 

Kg/ha, 6Nitrogen fertilizer level 270 Kg/ha. The letter after data are significantly different at P < 0.05.  

 

Table 2. Effect of nitrogen fertilizer levels on temperature of rice plants at the canopy and bottom   
Full heading stage Grain filling stage   

Jingyou 781 Deyou 4727 Jingyou 781 Deyou 4727   
1TRC 2TRB 1TRC 2TRB 1TRC 2TRB 1TRC 2TRB 

Day time 3N0 32.91a 36.65a 32.77a 33.59a 36.51b 34.92b 36.20b 33.60b 
4N1 33.17a 35.42b 32.66ab 34.22a 36.62bc 33.92bc 35.55c 33.62bc 
5N2 32.53b 34.76b 32.51b 33.55a 36.28c 33.06c 35.03c 32.65c 
6N3 32.66ab 34.59bc 32.60b 33.56a 36.18c 31.89d 35.49c 31.81c 

Nighttime 3N0 27.25b 26.52bc 27.32ab 26.96b 24.66a 25.58a 24.41b 24.39ab 
4N1 27.16b 26.73b 27.09c 26.71bc 24.55c 24.86b 24.40b 24.28bc 
5N2 27.20b 26.63bc 27.20abc 26.62bc 24.58bc 24.74bc 24.36b 24.27bc 
6N3 27.12b 26.41c 27.18bc 26.32c 24.54c 24.63c 24.44b 24.07c 

1Temperature of rice group at the canopy, 2Temperature of rice group at the bottom, 3Nitrogen fertilizer level zero Kg/ha, 4Nitrogen 

fertilizer level 90 Kg/ha, 5Nitrogen fertilizer level 180 Kg/ha, 6Nitrogen fertilizer level 270 Kg/ha. The letters followed after data are 

significantly different at P < 0.05.  
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In Jiangyou rice variety, during both 2017 and 2018, the 

highest ear rate was seen in N2 treatment (P<0.05) 

irrespective of N0. Similarly, in the Deyou rice variety, during 

both 2017 and 2018, the highest ear rate was seen in N2 

treatment (P<0.05) irrespective of N0. 

Effect of nitrogen fertilizer on the temperature in rice 

group: Results of nitrogen fertilizer on the temperature in rice 

group is presented in Table 2. The current study results 

explored that from 7.00 till onward (10.00-19.00) temperature 

increased in rice plants with the outside temperature. But the 

temperature gradually decreased after 10.00. The average 

temperature was between 26.32℃ and 27.32℃ of both canopy 

and bottom in all treatments. At night, the temperature was 

lower than the outside temperature, among all treatments. In 

the grain filling stage of both rice varieties, the lowest plant 

canopy temperature at daytime was observed in N3 treatment 

(P<0.05). In the full heading stage of both rice varieties, the 

lowest plant canopy temperature at daytime was observed in 

N2 treatment (P<0.05). In the full heading stage of Jingyou 

781, the plant canopy temperature at nighttime was not altered 

by experimental treatments (P<0.05). While, in Deyou 4727 

variety, the plant canopy temperature at nighttime was lower 

in N1 (P<0.05). In the grain filling stage of Jingyou 781, the 

plant bottom temperature at nighttime was lowest in N1 

treatment (P<0.05). While, in Deyou 4727 variety, the plant 

canopy temperature at nighttime was not changed by 

experimental treatments (P<0.05). In the full heading stage of 

Jingyou 781, the plant bottom temperature at day time was 

lowest in N3 treatment (P<0.05). While, in the full heading 

stage of Deyou 4727, the plant canopy temperature at day 

time was not altered by experimental treatments (P<0.05). In 

the full-filling stage of Jingyou 781, the plant bottom 

temperature at day time was lowest in N2 treatment (P<0.05). 

While, in the full filling stage of Deyou 4727, the plant bottom 

 
Fig. 1 Comparison of daily variation of rice population temperature 
Note: A, B, E, and F represent Jingyou 781, and figures C, D, G and H represent Deyou 4727. Figure A-D represent heading stage, figure 

E-F represent filling stage, figure A, C, E, G represent canopy temperature of rice, and figure B, D, F, H represent the bottom temperature 

of rice population. 
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temperature at day time was lowest in N3 treatment (P<0.05). 

Similarly, in the full filling stage of Deyou 4727, the plant 

bottom temperature at nighttime was lowest in N3 treatment 

(P<0.05). Moreover, in the full filling stage of Jingyou 781, 

the plant bottom temperature at nighttime was also lowest in 

N3 treatment (P<0.05). Full details are presented in Fig. 1.  

Effect of nitrogen fertilizer levels on the relative humidity in 

the rice group: Relative humidity in rice group are presented 

in Table 3.  Humidity was to be tested in the rice population 

and the relative humidity drift in the rice population was 

consistent with that of air showing the percentage of 40%-

100%, but this was even showing a higher percentage from 

95%-100% between 22:00 to 6:00 of next day. These results 

were fluctuating from time to time (Fig. 2).  

The low relative humidity of the Jingyou 781 population 

increased as the nitrogen fertilizer increased but there was no 

substantial difference between N2 and N3 treatments 

(P<0.05). Deyou 4727 plants humidity reached its maximum 

under treatment with N2. There was no marked difference in 

temperature of the canopy between the two cultivars under 

treatments N2 and N3 (P<0.05). Whereas humidity of rice 

plant at the bottom was showing a huge difference in that 

upper plant. Here the humidity was higher during the day 

from the outer atmosphere. Jingyou 781 and Deyou 4727 

population increased with the increase of nitrogen application 

under the treatment of nitrogen fertilizer (Fig.2B, D). The 

variation between both the relative humidity of the canopy 

and the outside was much smaller than that of the bottom and 

the differences between the two N2, N3 the outside was not 

as significant. At the filling point, the shift pattern of humidity 

of the two varieties was similar to that at the heading point 

(P<0.05). At night, the Jingyou 781 bottom increased the 

application of nitrogen, but there were no considerable 

differences between treatments with N2 and N3 (P>0.05). 

 
Fig. 2 Comparison of daily variation of rice population humidity 
Note: A, B, E, and F represent Jingyou 781, C, D, G and H represent Deyou 4727. A-D represents the heading stage, E-H represents the 

filling stage, A, C, E, G represents rice canopy temperature, B, D, F, and H represents rice population bottom temperature. 
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Under the nitrogen application method, the humidity of the 

canopy was raised with an increased application of nitrogen 

(P<0.05). Deyou 4727 canopy`s maximum average humidity 

was 94.24%. Throughout the day, the low humidity increased 

with the rice of nitrogen fertilizer, and the maximum humidity 

of Jingyou 781 and Deyou 4727 was 57.49% (treatment with 

N2) and 58.52% (treatment with N3).  

The humidity was between 40%-100% and the highest 

humidity (95%-100%) occurred between 22:00 and 6:00. The 

lowest humidity (40%-60%) was observed between 12:00-

18:00 (Fig. 2). At night, the average canopy moisture was 

3.09%-4.55% higher than the outside. At nighttime, the 

relative humidity of Jingyou 781 in the full heading stage was 

higher in N3 at the canopy. While in Deyou 4727 group 

humidity was maximum in N1 at the canopy. At nighttime, 

the relative humidity of Jingyou 781 in the full heading stage 

was higher in N2 and N3 at the bottom. While in Deyou 4727 

group humidity was maximum in N2 at the bottom. At day 

time, the relative humidity of Jingyou 781 in the full filling 

stage was higher in N3 at the canopy. Similarly, in Deyou 

4727 group humidity was maximum N3 at the bottom. The 

relative humidity at the bottom of the rice population was 

considerably higher in the daytime that that of the outside 

world. The relative humidity at the bottom of the Jingyou 781 

and Deyou 4727 population was increased in different 

experimental groups (Fig.2B, D). The difference between the 

relative humidity of the canopy and the outside was much 

lesser than that of the bottom,  

At the filling point, the shift pattern of humidity of the two 

varieties was similar to that at the heading point. At night, the 

Jingyou 781 bottom increased with increased application of 

nitrogen, but there was no considerable difference between 

treatments with N2 and N3. Under the nitrogen application 

method, the humidity of the canopy was raised with an 

increased application of nitrogen. Deyou 4727 canopy`s 

maximum average humidity was 94.24%. Throughout the 

day, the low humidity increased the rise of nitrogen fertilizer, 

and the maximum humidity of Jingyou 781 and Deyou 4727 

was 57.49% (treatments with N2) and 58.52 % (treatments 

with N3).  

Effect of nitrogen fertilizer on rice sheath blight: Results of 

the effect of nitrogen fertilizer on rice sheath blight is 

presented in Table 4. Results showed that with the increase of 

nitrogen fertilizer, Jingyou 781 and Deyou 4727 improved the 

severity of rice sheath blight. The severity of rice sheath blight 

increased significantly with the increase of nitrogen fertilizer 

(P<0.05). Jingyou 782`s severity improved by 36.95% 

compared to N0, while Deyou 4727 severity decreased by 

26.74%. 

Effect of nitrogen fertilizer on yield characters of rice: The 

yield of Jingyou 781 and Deyou 4727 improved during the 

time of the two-year experiments with a rise in nitrogen 

application (Table 5). Jingyou 781`s seed placement rate was 

significantly higher than that of no-nitrogen application (N0), 

but there was no relative difference ratio of nitrogen 

application. Deyou 4727 had no considerable difference in the 

Table 3. Effect of nitrogen fertilizer levels on humidity of rice plants at the canopy and bottom 

    Full heading stage Grain filling stage   
Jingyou 781 Deyou 4727 Jingyou 781 Deyou 4727 

    1HRC 2HRB 1HRC 2HRB 1HRC 2HRB 1HRC 2HRB 

Day time 3N0 68.93a 68.56d 68.61ab 72.71b 55.06abc 61.49d 55.28bc 67.13c 
4N1 63.38c 71.70c 69.38a 73.46c 54.14bc 63.84c 57.82ab 64.07d 
5N2 66.13b 74.61b 65.74b 73.13b  57.49a 66.97b 55.46bc 69.72b 
6N3 66.49b 76.77a 67.48ab 74.60a 56.82ab 70.28a 58.52a 73.01a 

Night 3N0 92.21a 90.78c 90.76b 93.93b 94.49a 92.11c 93.30c 93.44b 
4N1 90.75b 93.57b 92.19a 91.33d 92.88c 93.62b 94.01b 90.09d 
5N2 91.29ab 95.69a 91.76ab 95.23a 93.39b 94.77a 94.24a 94.93a 
6N3 92.07a 95.76a 91.29ab 92.79c 94.53a 94.77a 94.19a 91.40c 

1Relative humidity of rice group at the canopy, 2Relative humidity of rice group at the bottom; 3Nitrogen fertilizer level zero Kg/ha, 
4Nitrogen fertilizer level 90 Kg/ha, 5Nitrogen fertilizer level 180 Kg/ha, 6Nitrogen fertilizer level 270 Kg/ha. The letter after data are 

significantly different at P < 0.05.  

 

Table 4 Effect of nitrogen fertilizer levels on the severity of rice sheath blight 

 
Diseased plant rate of Jingyou 781 Diseased plant rate of Deyou 4727 

 12017  22018 12017 22018 
3N0 3.06±3.63C 4.15±3.01C 1.67±1.24D 2.19±1.05D 
4N1 4.45±2.61C 4.95±2.15C 5.83±3.18C 5.97±2.24C 
5N2 10.48±3.28B 12.37±3.06B 17.22±2.55B 19.26±2.48B 
6N3 36.95±2.65A 38.66±2.54A 26.74±2.47A 29.05±2.21A 

1Rice crop cultivation year 2017, 2Rice crop cultivation year 3Nitrogen fertilizer level zero Kg/ha, 4Nitrogen fertilizer level 90 Kg/ha, 
5Nitrogen fertilizer level 180 Kg/ha, 6Nitrogen fertilizer level 270 Kg/ha. The letter after data are significantly different at P < 0.05.  
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seed placement rate for each treatment (P<0.05). The number 

of Jingyou 781grain per spike was slightly lower than that of 

other treatments except for N1 treatments (P<0.05), but there 

was no major difference between other treatments. While that 

of Deyou 4727 therapy with the highest number of grain per 

spike in two years was N0 and N2. With the increase in 

nitrogen application, the 1000 grain weight of Jingyou 781 

increased, while that of Deyou 4727 was significantly higher 

than that of N0 and N1 in 2018, but no considerable difference 

was observed in other treatments. In Jingyou 781 and Deyou, 

4727 productivity dropped significantly with the increase of 

nitrogen fertilizer in 2017 and 2018 (P<0.05).  

Correlation analysis among microenvironment of rice 

group, yield, and sheath blight: The correlation analysis 

showed that there was a negative correlation between the 

amount of nitrogen fertilizer and the temperature (canopy, 

bottom), and the Jingyou 781 low-temperature correlation 

coefficient was -0.979. An increase between the volume of 

the nitrogen fertilizer and the temperature of the population 

was observed. That was showing a clear result that the 

correlation between both varieties was greater than the 

canopy. The low Jingyou 781 correlation coefficient was 

0.997, reaching a very significant lever. There was still a 

positive relationship between sheath blight intensity and the 

amount of nitrogen application and Deyou 4727 was 

significant. However, the correlation between sheath blight 

severity and nitrogen fertilizer amount, and population 

temperature and humidity was the same, showing a negative 

correlation with temperature and a positive correlation with 

humidity. Except for either Jingyou 781, the actual value of 

the correlation coefficient between sheath blight severity and 

canopy mean temperature was higher than the base, the 

absolute value of the correlation coefficient among sheath 

blight severity and low temperature and humidity was higher 

Table 5. Effect of nitrogen fertilizer levels on rice yield and yield components .   
Jingyou 781 Deyou 4727 

Year Treatment Yield 

(%) 

1SSR 

(%) 

2GPE 

(grain 

/ear) 

1000-grain 

weight (g) 

3PFPN 

(kg/ mu) 

Yield 

(t/ha) 

1SSR (%) 2GPE 

(grain / 

ear) 

1000-

grain Wei

wei (g) 

3PFPN 

(kg/ mu) 

2017 4N0 6.06c 92.60b 232.61a 27.51b - 6.59c 92.91a 154.57b 34.48a - 
5N1 7.65b 95.72a 223.85b 28.28ab 85.00a 7.71b 93.88a 165.83ab 34.61a 85.67a 
6N2 8.20a 95.86a 232.35a 28.80a 45.56b 8.34a 95.39a 174.44a 34.10a 46.33b 
7N3 8.69a 96.15a 230.93a 29.66a 39.59c 8.92a 95.90a 168.02a 34.63a 36.74c 

2018 4N0 5.89c 91.00b 202.75ab 27.69c - 6.30c 94.81a 159.96b 33.44b - 
5N1 6.87b 95.04a 196.38b 28.73b 76.35a 7.10b 94.87a 170.91a 34.22b 78.84a 
6N2 9.04a 95.22a 214.42a 29.30ab 50.22b 9.52a 94.61a 163.13ab 34.86ab 49.19b 
7N3 9.14a 95.12a 211.25a 29.76a 37.18c 9.83a 94.19a 156.15b 35.41a 35.28c 

1 seed setting rate, 2Grains per ear, 3 PFPN，partial production from nitrogen fertilizer, 3Nitrogen fertilizer level zero Kg/ha, 4Nitrogen 

fertilizer level 90 Kg/ha, 5Nitrogen fertilizer level 180 Kg/ha, 6Nitrogen fertilizer level 270 Kg/ha, 7Seed setting rate. The letters followed 

after data are significantly different at P < 0.05.  

 

Table 6. Correlation Analysis of nitrogen consumption, group temperature, and humidity and the severity of sheath 

blight. 

  Nitrogen consumption Yield Diseased plant rate 

  Jingyou 781 Deyou 4727 Jingyou 781 Deyou 4727 Jingyou 781 Deyou 4727 
1TRC -0.937 -0.705 -0.932 -0.648 -0.809 -0.577 
2HRC 0.390 0.196 0.436 0.117 0.650 0.036 
3TRB -0.979* -0.886 -0.963* -0.897 -0.771 -0.949 
4HRB 0.997** 0.562 0.990* 0.632 0.848 0.676 
5DSB 0.880 0.985* 0.912 0.990** 

  

Yield 0.997** 0.995**         
1Temperature of rice group at the canopy, 2Relative humidity of rice group at the canopy, 3Temperature of rice group at the bottom, 
4Relative humidity of rice group at the bottom, 5Diseased sheath blight. *after data means P<0.05; **after data means P<0.01 

 

Table 7. Path analysis results among rice sheath blight, temperature, and humidity of rice group. 

Sheath 

blight 

Correlation 

coefficient with y 

Direct path 

coefficient 

Indirect path coefficient Decision 

coefficient X1 X2 X3 Total 

X1 -0.95 -1.33  
 

0.39  -0.01  0.38  0.77  

X2 -0.58 0.48  -1.07  
 

0.00  -1.06  -0.79  

X3 -0.74 -0.02  -0.67  -0.05    -0.72  0.03  
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than the canopy. However, the yield of Jingyou 781 and 

Deyou 4727 was significantly correlated with the amount of 

nitrogen fertilizer, the correlation coefficients were 0.997 and 

0.995 respectively, the population temperature was negatively 

correlated with the yield, the humidity was positively 

correlated with the yield, the absolute value of the bottom 

correlation coefficient was greater than the canopy, and 

Jingyou 781 reached a significant lever.  

There was a positive correlation between the magnitude of the 

diseased and the yield of the two varieties and there was a 

board correlation coefficient, of which the Deyou 4727 

correlation reached a very significant level. Nitrogen 

treatment has increased the rate of sheath blight and rice yield 

from a temperature and humidity perspective by increasing 

plant population temperature and humidity. The disease 

severity of sheath blight (Y1) and rice yield were used as 

dependent variables (Y2), and the amount of nitrogen 

fertilizer, different growth periods, different parts of the 

population, and different periods of a day was used as 

independent variables for stepwise regression analysis. R2 is 

1, and the remaining path coefficient is 0. A multiple linear 

regression equation was established for the severity of sheath 

blight: Y1=464.694-157.433X1+139.803X2-2.616X3 (X1: 

Night humidity at the bottom of the grain filling stage. X2: 

Night temperature of the canopy during the grain filling stage. 

X3: Night temperature at the bottom of the heading stage. The 

direct path coefficient of each other factor to the severity of 

rice sheath blight was: Night humidity (-1.327) at the bottom 

of grain filling stage, night temperature of the canopy (0.481) 

at the grain filling stage, night temperature (-0023) at the 

bottom of heading stage, and the decision coefficient of X1 

and X3 were positive, while the decision coefficient of X2 

was negative, which indicated that the temperature and 

humidity of rice population had a certain influence on the 

incidence of rice sheath blight. The maximum temperature 

was from 19:00 to 6:00 of the next day, especially the bottom 

temperature at the heading stage, the bottom humidity at the 

filling stage of the canopy temperature. The multiple linear 

regression equation of rice yield was established: Y2=24.603-

2.02A1+0.683A2-0.087A3 (A1: Daily temperature difference 

at the bottom of the heading stage. A2: Daytime humidity at 

the bottom of heading stage; A3: Daily temperature difference 

at the bottom (-1.11) at the bottom of the heading stage, the 

daytime humidity at the bottom of the heading stage (0.19), 

and the daily temperature difference (-0.04) at the bottom of 

the filling stage, respectively; the decision coefficients of A1 

and A3 are positive and A2 negative Which shows that the 

regular temperature difference at the bottom of the heading 

stage can increase the yield of rice, and the average humidity 

at the bottom of the heading stage can inhibit yield. The 

correlation analysis indicated that there was a negative 

correlation between the amount of nitrogen fertilizer and the 

temperature (canopy, bottom), and the correlation coefficient 

with the bottom temperature of Jingyou 781 was -0.979, 

which reached a significant level. There was a high 

correlation between the volume of nitrogen fertilizer and the 

temperature of the population, and the coefficient of 

correlation between the two varieties and the bottom was 

greater than the canopy one. The low Jingyou 781 correlation 

coefficient was 0.997, reaching a very significant level, 

indicating that the higher the nitrogen fertilizer content, the 

lower the population temperature, the higher the humidity, 

and the greater the impact on the bottom was than that of the 

canopy. There was a positive correlation between the severity 

of sheath blight and the amount of nitrogen application, and 

Deyou 4727 reached a significant level. However, the 

correlation between sheath blight severity and nitrogen 

fertilizer amount, and population temperature and humidity 

was the same, showing a negative correlation with 

temperature and a positive correlation with humidity. Except 

for Jingyou 781, the absolute value of the correlation 

coefficient between the severity of sheath blight and the 

average temperature of the canopy was greater than the 

bottom, the absolute value of the correlation coefficient 

between the severity of sheath blight and the bottom 

temperature and humidity was greater than the canopy. 

However, the yield of Jingyou 781 and Deyou 4727 was 

significantly correlated with the amount of nitrogen fertilizer, 

the correlation coefficients were 0.997 and 0.995 

respectively, the population temperature was negatively 

correlated with the yield, the humidity was positively 

correlated with the yield, the absolute value of the bottom 

correlation coefficient was greater than the canopy, and 

Jingyou 781 reached a significant level. There was a positive 

correlation between the magnitude of the disease and the yield 

of the two varieties and there was a broad correlation 

coefficient, of which the Deyou 4727 correlation reached a 

very significant level. Nitrogen application has impacted the 

incidence of sheath blight and rice yield from temperature and 

humidity by affecting the temperature and humidity of the rice 

population. The disease severity of sheath blight (Y1) and rice 

yield were used as dependent variables (Y2), and the amount 

of nitrogen fertilizer, different growth periods, different parts 

of the population, and different periods of a day was used as 

independent variables for stepwise regression analysis and 

path analysis. R2 is 1, and the remaining path coefficient is 0. 

A multiple linear regression equation was established for the 

severity of sheath blight: Y1=464.694-

157.433X1+139.803X2-2.616X3 (X1: Night humidity at the 

bottom of the grain filling stage. X2: Night temperature of the 

canopy during the grain filling stage. X3: Night temperature 

at the bottom of the heading stage). The direct path 

coefficients of each factor to the severity of rice sheath blight 

were: Night humidity (-1.327) at the bottom of grain filling 

stage, night temperature of the canopy (0.481) at the grain 

filling stage, night temperature (-0.023) at the bottom of 

heading stage, and the decision coefficients of X1 and X3 

were positive, while the decision coefficients of X2 were 
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negative, which indicated that the temperature and humidity 

of rice population had a certain influence on the incidence of 

rice sheath blight The maximum temperature was from 19:00 

to 6:00 of the next day, especially the bottom temperature at 

the heading stage, the bottom humidity at filling stage and the 

canopy temperature. The multiple linear regression equation 

of rice yield was established: Y2=24.603-2.02A1+0.683A2-

0.087A3 (A1: Daily temperature difference at the bottom of 

the heading stage. A2: Daytime humidity at the bottom of 

heading stage. A3: Daily temperature difference at the bottom 

of filling stage).The direct path coefficient of rising rice yield 

factor from large to low is the daily temperature difference (-

1.11) at the bottom of the heading stage, the daytime humidity 

at the bottom of the heading stage (0.19) and the daily 

temperature difference (-0.04) at the bottom of the filling 

stage, respectively; the decision coefficients of A1 and A3 are 

positive and A2 negative Which shows that the regular 

temperature difference at the bottom of the heading stage can 

increase the yield of rice, and the average humidity at the 

bottom of the heading stage can inhibit yield. 

 

DISCUSSIONS 

 

Effect of nitrogen fertilizer on plant height and ear 

characteristics: Nitrogen is amongst the most sensitive 

external factors affecting the growth and yield of rice (An et 

al., 2015; Kant, Bi, and Rothstein, 2011). It’s a biomass 

building block involving in the composition of chlorophyll 

and as a major constituent of protein, nucleic acid, and many 

enzymes in plants (Cai et al., 2008). Related studies found 

that nitrogen application enhanced chlorophyll content and 

net photosynthetic rate of functional leaves after the booting 

stage, and increased the accumulation of photosynthetic 

assimilates (Shi et al., 2017). (Chen et al., 2019b) studied the 

nitrogen treatment of rice varieties having different nitrogen 

sensitivity. The results exhibited that nitrogen application rate 

of 200kg hm-2 affected plant height and tiller ear rate of each 

variety that improved substantially compared with control for 

the whole growth period, and tillers and ear formation was 

higher in nitrogen use efficient varieties. Plant height was 

significantly different from nitrogen dose (Table 1), resulting 

from an increased internodal length, while plant height was 

reported to be unrelated to yield and nitrogen use efficiency 

(Xie et al., 2019). The optimum amount of nitrogen applied 

at tillering in two years was 180kg ha-1, while the ear rate at 

higher nitrogen dose (270kg ha-1) was lower than at nitrogen 

(90kg ha-1). The differentiation and development of rice tillers 

were affected by water and fertilizer regulation (Chen et al., 

2019a) that is an effective measure to reduce the occurrence 

of ineffective tillers and increase tillering for optimized ear 

formation. Therefore, improving the quality of population 

structure with exploring the agronomic measures for high 

tillering rate, reduced nonproductive tillering (Arif et al., 

2019) is of dire significance. 

Effect of nitrogen fertilizer on the population structure of 

rice: Nitrogen application affects the establishment of rice 

plant architecture and population from many aspects, 

including temperature and humidity, and had a significant 

impact on plant height, leaf number, maximum leaf length, 

and other indicators (Nehe et al., 2020). Substantial nitrogen 

increased the tiller number and plant height (Table 1). More 

tillers led to expanded radiation interception surface area or 

canopy of plant and increase the radiation use efficiency 

(RUE) (Soleymani, 2017). Leaf shape affected plant type, 

canopy size, and is a key determinant of source capacity 

leading to higher sink storage and ultimately higher yield 

(Ning et al., 2013). Luo et al., (2020) found that leaf shape 

was regulated by the nitrogen fertilizer level nitrogen 

application at the rate of 255 kg hm-2 exhibited the highest 

LAI (4.56) owing to leaf shape and architecture, the leaf 

opening angle was small and were erect type, which was 

conducive for light penetration to the lower leaves. Besides, 

the length, width, base angle, drape, and area index of the 

upper three leaves also demonstrated virtuous performance. 

This depicts that nitrogen regulation can improve yield and 

optimize plant type (Ning et al., 2013). Yamamoto et al., 

(2017) and Kumagai et al., ( 2009) exhibited that higher 

nitrogen content in leaves increased chlorophyll content, and 

leaf area duration while leaf color darkened, so the grouting 

intensity and seed weight increased and are similar to this 

study’s conclusion (Table 5). 

Effect of nitrogen fertilizer on the temperature and humidity 

of the rice group: The microenvironment, such as 

temperature 0, relative humidity, and light intensity, are 

important factors to affect rice yield group, affecting the 

dynamics of the rice field microenvironment. The interactions 

of micro-environment and rice growth not only has their 

inherent natural characteristics but also exhibit human 

influence. Expanded leaf areas by higher nitrogen dose, 

usually result in higher temperatures and lower relative 

humidity in rice canopy during the grain filling stage (Stuerz 

et al., 2014). The temperature and relative humidity in rice 

population during the heading stage both significantly related 

to the number of tillers during the tillering stage; at the same 

time, the harvest index and the percentage of productive tillers 

both were significantly related to the relative humidity in the 

field.  

The results of the present study elucidated that the average 

temperature of rice field was lower compared to the open-air 

temperature of 27.40℃ during night time. The TRC of higher 

nitrogen treatments (N2 and N3) was lower than N0 and TOA, 

during day time; while the TRB of higher nitrogen treatments 

(N2 and N3) was lower than TOA during the grain filling stage 

but it was higher than TOA during full heading stage. These 

results revealed that the nitrogen fertilizer caused the decrease 

of temperature in the rice field, which instigated a significant 

decrease in temperature under N3 treatment than TOA during 

the complete heading stage and grain filling stage. The 
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difference of TRC among different nitrogen treatments was 

minute at night compared to day time, similar results 

exhibited for TRB. Nitrogen fertilizer produced more impacts 

on rice population during the day than night time.  

Effect of nitrogen fertilizer levels on the dynamic of rice 

sheath blight: Nitrogen fertilizer shortened the plant to plant 

spacing, by extended the number and size of tillers in the close 

population of rice which increased the probability of 

pathogenic bacterial (Rhizoctonia solani) spread by altering 

the rice microclimate (Yellareddygari et al., 2014). At 

RH>90%, the development of Rice Sheath Blight accelerated 

(Maliang et al., 2020), while it was retarded at 85% in rice 

field. The infected population of Deyou 4727 and Jingyou 781 

amplified with nitrogen increment. Nitrogen fertilizer and 

sheath blight infected plants in Deyou 4727 and Jingyou 781, 

exhibited a correlation coefficient of 0.985 and 0.880 

(Table 4). These results revealed a stronger linkage of 

nitrogen fertilizer with the development of sheath blight in 

rice crops. Similar to the findings of Rashid et al., (2019) 

present studies exhibited a higher correlation coefficient of 

infected plant rate to temperature and relative humidity was 

at the bottom compared to the canopy.  

Effect of nitrogen fertilizer levels on rice yield: Nitrogen 

supplemented paddy soil, which relieved stress on rice growth 

and enhanced rice yield and growth than in nitrogen deficit 

environment. However, nitrogen fertilizer contribution on 

rice yield retards about rice plant’s special architectural 

development for canopy structure and crop physiological 

mechanisms. The results revealed that rice yield of N2 and N3 

was significantly higher than N0 and N1, but N2 and N3 

remained statistically at par. The nitrogen productivity 

reduced significantly with increased dose, for both 

Deyou4727 and Jingyou781. Thus representing lower yield at 

N3 treatments compared with N1. 

Results revealed that temperature was lower under N3 and N2 

treatments than under N0 and N1 treatments which might have 

harmed the activity of sucrose synthesis and the translocation 

of photosynthates from source to sink (Yamakawa and 

Hakata, 2010), which affected grain yield under higher 

nitrogen treatments of N2 and N3. Similarly, the relative 

humidity of rice population was higher under N2 and N3 

treatments than under N0 and N1. Higher relative humidity 

aggravated the development of Rice Sheath Blight (Molla et 

al., 2020), which led to negative impacts on rice growth and 

yield elaborating the significance of nitrogen optimization for 

healthy canopy management and synchronization of source-

sink relationships for high yield.  

 

Conclusions: The outcomes elaborated the management of 

nitrogen application impacted rice growth and production 

whilst decreased temperature in rice lower canopy during the 

daytime. A significant decline in temperature under N3 

treatment than TOA during heading and grain filling stages. 

Nitrogen supplemented paddy soil, which relieved the 

nitrogen stress on rice growth and augmented rice yield. 

Nitrogen application indirectly affected the occurrence and 

development of sheath blight by affecting the temperature and 

relative humidity of the rice population. On the other hand, 

the diseased plant’s output of both Deyou 4727 and Jingyou 

781 decreased with incremental nitrogen application 

exhibiting positive aspects of nitrogen fertilizer on the 

microenvironment and health of rice population, by using N2 

or N3 doses in the rice field.  
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