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Abstract: To investigate the effect of nitrogen reduction (NR) and combined application of organic fertilizer 

(OF) on nitrogen (N) utilization, yield, and quality of hybrid indica rice in the karst area, using rice ‘Yixiangyou 

2115’ as the material, a split-plot design experiment of two factors of OF application rate as the main plots and 

NR rate as the subplots was carried out. The OF application rate had three levels: M0 (0 kg/ha), M1 (low OF, 

1673 kg/ha), and M2 (high amount OF, 3346 kg/ha). The NR rate had four levels: R1 (NR rate 0%), R2 (NR rate 

25%), R3 (NR rate 50%), and R4 (NR rate 100%). In this experiment, there were three modes of NR and OM 

application. Mode1: NR under the same amount of OM; Mode 2: NR and OM application under equal N 

conditions; and Mode 3: NR and combined application of OM under non-isonitrogen conditions. Rice yield 

was the highest under R3 in mode1. In modes 2 and 3, compared with single N fertilizer (R1M0), the yield of 

25% NR combined with a high amount of OM (R2M2) increased significantly. In terms of yield components, 

under mode 1, with an increase in the N reduction rate, the effective panicle number showed a continuous 

decreasing trend, and the number of spikelets per panicle increased first and then decreased. The1000-grain 

weight and spikelet filling had no obvious change trend, but both were highest under R4. In modes 2 and 3, 

spikelet filling under NR combined with organic fertilizer treatment was higher than that of the single fertilizer 

treatment. In terms of N efficiency, in mode 1, with the increase in the N reduction rate, N recovery efficiency 

(RE), agronomic efficiency (AE), and partial factor productivity (PFP) showed a continuous increase trend, all 

of which were highest under R4. In mode 2, compared with R1M0, the RE of R2M2 significantly increased. In 

mode 3, compared with R1M0, the AE and PFP of 50% N reduction with low or high amounts of organic 

fertilizer were significantly increased. In terms of rice processing quality, in mode 1, as the N reduction rate 

improved, the milled rice rate and head rice rate continued to decline, but in modes 2 and 3, compared with 

the treatment of chemical fertilizer alone, the brown rice rate, milled rice rate, and head rice rate of the treatment 

of NR combined with OF improved. In terms of appearance quality and cooking nutritional quality of rice, 

under the same amount of OF, compared with no NR, the chalky degree and chalky rice rate of NR decreased, 

but gum consistency increased; meanwhile, under the condition of isonitrogen or non-nitrogen, compared with 

single N fertilization, the consistency of gel of the treatment of NR combined with OF increased. In summary, 

NR combined with OF fertilization mode was conducive to the improvement of N efficiency, yield, and quality 

of hybrid indica rice. 
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1. Introduction 

In recent years, due to the frequent application of nitrogen (N) fertilizer by farmers, the 

ecological environment of farmland has been seriously damaged, causing considerable damage to 

the soil and problems such as declining yield and low N fertilizer utilization [1-6]. Therefore, it is 

crucial to appropriately reduce the N fertilizer application. The large number of elements and trace 

elements contained in organic fertilizers play an indispensable role in the growth and development 

of rice [7]. The rational application of organic fertilizer (OF) can not only increase soil organic matter 

content but also promote crop growth and increase crop yield [8-9]. Tu et al. [10] showed that 

compared with a single N fertilizer treatment, the yield of OF with 10% N reduction (NR) treatment 

was significantly increased. Gao et al. [11] demonstrated that compared with a single application of 

chemical fertilizer treatment, the yield under 20% NR combined with green manure treatment 

increased by 6.76%. Ding et al. [12] found that, compared with a single application of chemical 

fertilizer, 55% NR and commercial OF increased yield by 9.42%. In addition, some scholars have 

shown that NR and OF can not only increase yield but also enhance N utilization and improve 

quality. Liu et al.[13] reported that, compared with a single application of chemical fertilizer, 50% NR 

combined with pig manure OF was conducive to the improvement of N recovery efficiency (RE), 

agronomic efficiency (AE), and partial factor productivity (PFP). In contrast, Yu et al.[14] indicated 

that, compared with a single application of chemical fertilizer, NR and commercial OF reduced RE, 

while there was no significant change in AE and PFP. In terms of rice quality, Yang et al.[15] showed 

that a 25% NR with cattle stable fertilizer improved rice processing, appearance, and cooking quality 

compared with chemical fertilizer alone. Similarly, Li [16] indicated that a 33.3% NR with commercial 

OF improves rice processing, appearance, and cooking quality compared with chemical fertilizer 

alone. Therefore, in 2021, we carried out a field experiment in Huangping County, Guizhou Province 

using hybrid indica rice ‘Yixiangyou 2115’ as the material to study the response of N fertilizer 

utilization, yield, and quality to NR and OF. The results of this study could provide a theoretical basis 

and practical guidance for the technical promotion of NR and OF. 

2. Materials and Methods 

2.1. Experimental Site 

The experiment was conducted in Zhaibi Village, Jiuzhou Town, Huangping County, Guizhou 

Province, China (26° 59′ 44.59″ N, 107° 43′ 58.90″ E) in 2021. The planting area had a subtropical humid 

climate, an altitude of 698 m, and an annual average temperature of 15.7°C. The frost-free period and 

average annual rainfall were 268 days and 1200 mm, respectively. Soil physicochemical indexes of 

the cultivation layer in the test field were as follows: total nitrogen (N), 2.55 g/kg; total phosphorus, 

0.38 g/kg; total potassium, 13.27 g/kg; pH 5.3; organic matter, 25.37 g/kg; available N, 157.00 mg/kg; 

available phosphorus, 16.37 mg/kg; available potassium, 162.86 mg/kg. 

2.2. Experimental Materials.  

The test variety was Yixiangyou 2115, and the organic fertilizer (OF) was Laili OF produced by 

ZunyiJunyu Bioengineering Co., Ltd. The N, phosphorus, and potassium contents of organic fertilizer 

were determined to be 1.345%, 0.949%, and 2.365%, respectively. Urea, superphosphate, and 

potassium chloride were used as N , phosphorus, and potassium fertilizers, respectively. 

2.3. Experimental Design  

A split-plot design with three replicates was adopted in this experiment. The organic fertilizer 

application rate was assigned to the main plots, and three levels were set: M0 (0 kg/ha), M1 (1673 

kg/ha, that is, 22.5 kg N/ha, low amount of OF), and M2 (3346 kg/ha, that is, 45 kg N/ha, high amount 

of OF).The N reduction (NR) rate was assigned to the subplots, and four levels were set: R1 (180 kg 

N/ha, NR rate 0%), R2 (135 kg N/ha, NR rate 25%), R3 (90 kg N/ha, NR rate 50%),and R4 (0 kg N/ha, 

NR rate 100%).The amount of phosphorus and potassium fertilizer used in each treatment was the 
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same(96 kg P2O5/ha and 135 kg K2O/ha, respectively). The amount of phosphorus and potassium 

contained in the applied OF was included in the total phosphorus and potassium of each treatment. 

The size of each subplot was 17.28 m2. OF was used as a base fertilizer. N fertilizer was split applied 

as follows: 35% basal, 20% at 7 days after transplanting, 30% at the panicle initiation stage, and 15% 

at the booting stage. Phosphate fertilizer was used as a base fertilizer, and potassium fertilizer was 

applied as follows: 50% basal and 50% flower-promoting fertilizer. A ridge measuring 30 cm in height 

and 20 cm in width was constructed around the subplots. This covering was pressed up to 30 cm 

underground to prevent infiltration of water and fertilizer. A 60 cm walkway was established 

between replicates for field operation and investigation. 

The rice seedlings were sown on 19 April and transplanted on May 27 with a row spacing of 30 

cm×20 cm. One seedling was planted per hole. The water surface in the field was kept at 3–5cm from 

the early tillering stage until about 10d before maturity, and irrigation was stopped, leaving it to dry 

naturally. Fine field management and diseases and pests in rice were controlled in a timely manner. 

2.4. Measurement Items and Mathods 

2.4.1. Measurement of Yield and Its Components 

At the maturity stage, rice yield and its related components were determined by analyzing 90 

hills in each subplot and adjusted to a moisture content of 0.135 g H2O g−1 fresh weight. Six 

representative hills were selected based on the average number of stems and tillers in the field survey 

as test samples to investigate the yield components of rice. 

2.4.2. Determination of Plant N Content 

In the rice jointing and heading stages, four holes of representative plants were taken according 

to the average number of stem tillers in each community, and six holes were taken at the maturity 

stage. These representative plants were killed at 105°C for 30 min and dried to a constant weight at 

75°C, which was converted into the dry matter weight of rice. The samples of each part were ground 

and sieved, and 0.50g of the plant samples were weighed and boiled in H2SO4-H2O2, and then the 

total N content was determined using the Kjeldahl method. 

2.4.3. Rice Quality Determination 

The measurement of rice quality included processing quality, appearance quality, cooking 

quality, and nutritional quality. Processing quality included brown rice rate, milled rice rate, and 

head rice rate. Appearance quality included the rice grain aspect ratio, chalk whiteness, chalk 

whiteness, and chalk white grain rate. Cooking quality was evaluated using gelatinization 

temperature, gum consistency, and amylose content. Nutritional quality included protein content. 

(1) Processing quality: 

According to the standard NY147-88 “Rice Quality Determination Method” of the Ministry of 

Agriculture of the People’s Republic of China, the brown rice rate, milled rice rate, and head rice rate 

were determined after 3 months of rice storage, using the following equations: 

Brown rice rate (%) = brown rice weight × 100/sample grain weight; 

Milled rice rate (%)=milled rice weight× 100/sample grain weight; 

Head rice rate (%) = head rice weight × 100/sample grain weight. 

(2) Appearance quality: 

The appearance quality tester of Wanshen SC-E rice produced by Hangzhou Wanshen Testing 

Technology Co., Ltd. was used to determine the rice grain length-width ratio, chalkiness degree, and 

chalky rice rate. 

Chalky rice rate (%) = number of chalk white grains/total number of grains× 100; 

Chalkiness degree (%) = chalky rice rate× chalk white size× 100. 

(3) Cooking quality: 
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According to NY147-88 “Rice Quality Determination Method,” the gelatinization temperature 

was determined by the alkali spreading value method. The gel consistency was determined using the 

rice gel extension method, and the amylose content was determined using the iodine blue 

colorimetric method. 

(4) Nutritional quality: 

The protein content of rice was determined using a SKD-200 Kjeldahl analyzer, and the 

conversion coefficient was 5.95. 

2.4.4. Calculation of Relevant Indicators 

N uptake utilization rate (%) = (N uptake of crops in N application area − N uptake of crops in 

blank area)/N application rate; 

Agronomic utilization rate of N fertilizer (kg·kg−1) = (yield in N application area − yield in blank 

area)/N application rate; 

Physiological utilization rate of N fertilizer (kg·kg−1) = (yield in N application area − yield in 

blank area)/(N uptake by plants in fertilization area - N uptake by plants in blank area); 

N fertilizer partial productivity = yield per N application area/N application rate per zone; 

N rice production efficiency (kg·kg−1) = rice yield in fertilization area/N uptake in mature plants; 

N harvest index = grain N  uptake/plant N  accumulation. 

2.4.5. Statistical analysis.  

The data were analyzed by SAS9.0 (SAS Institute, Cary, NC, USA). 

3. Results 

3.1. Yield and Its Composition 

3.1.1. Yield 

Table 1. shows that the nitrogen reduction (NR) rate and the interaction between the NR rate and the 

organic fertilizer (OF) application rate had a significant impact on grain yield. For the main effect of 

the NR rate, there was no obvious change trend in grain yield with the increase in the NR rate, but 

under a low or high amount of OF, the NR rate of 50% (R3) was the highest, and R3 was significantly 

higher than that of 25% NR (R2) and 100% NR (R4). The application of a low or high amount of OF 

with 50% NR was more conducive to increasing grain yield than 25% and 100% combined with NR. 

Table 1. Comparison of rice yield and yield composition under different treatments. 

Treatment EPN (m-2) SPP TGW (g) SSR (%) 
Grain yield  

(kg ha−1) 

R1M1 201.39a 189.23b 33.44b 76.50ab 9388.01b 

R2M1 192.59ab 188.67b 33.49b 75.85ab 9478.20b 

R3M1 191.67ab 218.16a 33.41b 72.83b 9874.64a 

R4M1 174.07b 187.59b 34.56a 80.64a 9275.61b 

R1M2 190.74ab 186.85a 33.64b 76.57b 9858.30a 

R2M2 200.00a 187.72a 33.54b 75.59b 9378.63b 

R3M2 177.78b 205.74a 33.72b 72.55b 9912.98a 

R4M2 183.33ab 162.55b 34.56a 85.37a 9279.53b 

R1 196.06a 188.04b 33.54b 76.54b 9623.15b 

R2 196.30a 188.19b 33.51b 75.72b 9428.41c 

R3 184.72ab 211.95a 33.57b 72.69b 9893.81a 

R4 178.70b 175.07b 34.56a 83.00a 9277.57d 

R 3.05 8.15** 10.48** 9.46** 29.70** 

R*M 1.45 1.07 0.20 0.75 6.64** 
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Note:1. The same lowercase letters after the same column of data indicate that the difference between different 

NR rate treatments under the same OF application amount in the same column, or between different NR rate 

treatments, is not significant at the level of 5%. 2. R1-NR rate 0%; R2-NR rate 25%; R3-NR rate 50%, R4-NR rate 

100%. EPN - effective panicle number, SPP - spikelets per panicle, TGW - thousand-grain weight, SSR - seed 

setting rate. The same below. 

Table 2. shows that under isonitrogen, compared with single nitrogen fertilizer (180 kgN/ha), 

the grain yield was significantly increased under 25% NR combined with a high amount of OF 

(R2M2).Under non-isonitrogen, the grain yield was significantly improved under a low or high OF 

amount with 50% (R3M1, R3M2) and a low OF amount under 25% NR (R2M1)compared with a single 

N  application (180 kgN/ha). 

Table 2. Comparison of yield and yield composition between different treatments with the same total 

N and total N . 

Treatment 
NARIF 

(kgN ha−1) 

NAROF 

(kgN ha−1) 

TNAR 

(kgN ha−1) 
EPN(m−2) SPP TGW (g) SSR (%) 

Harvest 

yield  

(kg ha−1) 

R1M0 180 0 180 180.56a 196.44a 33.37a 67.30b 9083.61c 

R2M0 135 0 135 182.64a 187.41a 33.55a 67.93b 9937.53a 

R2M1 135 22.5 157.5 192.59a 188.67a 33.49a 75.85a 9478.20b 

R3M1 90 22.5 112.5 191.67a 218.16a 33.41a 72.83ab 9874.64a 

R2M2 135 45 180 200.00a 187.72a 33.54a 75.59a 9378.63b 

R3M2 90 45 135  177.78a 205.74a 33.72a 72.55ab 9912.98a 

Note: NARIF - N application rate of inorganic fertilizer, NAROF - N application rate of OF, TNAR - Total N 

application rate. The treatments with the same total N application rate were R1M0 and R2M2, R2M0 and R3M2, 

respectively. The same below. 

3.1.2. Yield Component Factors 

Table1 demonstrates that the NR rate had a significant impact on the number of spikelets per 

panicle (SPP), 1000-grain weight (TGW), and seed setting rate (SSR). As the NR rate increased, there 

were different changes in the yield components. Among them, the effective panicle number (EPN) 

and SPP displayed a trend of increasing first and then decreasing, while TGW and SSR were the 

opposite. The EPN of R2 was the highest, which was significantly higher than that of R4. The SPP of 

R3was the highest and was significantly higher than that of R4. The TGW and SSR were highest at 

R4 and were significantly higher than those of other NR treatments. 

Under a low amount of OF, the EPN of the 0% NR rate (R1) was highest and was significantly 

higher than that of R4, but the difference between R2 and R3 treatment was not significant. R3 had 

the highest SPP and was significantly higher than that of the other NR treatments. The SSR and TGW 

of R4 were highest and significantly higher than those of the R3 treatment. Under a high OF amount, 

the SPP of R3 was also the highest and significantly higher than that of R4. The TGW and SSR were 

highest under R4 and were significantly higher than those of the other NR treatments. Whether under 

the combined application of low or high amounts of OF, excessive NR was not conducive to the 

increase of EPN and SPP, among which the NR rate should not exceed 25% for the EPN, and the NR 

rate of the SPP should not exceed 50%. However, for TGW and SSR, the 100% reduction in N was 

more conducive to the improvement of both. 

Table 2 indicates that under isonitrogen, the SSR of R2M2 was significantly higher than that of 

a single N fertilizer (R1M0). Compared with R1M0, the SSR of R2M1 was significantly increased 

under non-isonitrogen. 

3.2. N Efficiency 

As shown in Figures 1 (I, II), the main effect of the NR rate indicates that as the NR rate 

improved, RE, AE, and PFP showed a continuous increasing trend, and the grain production 
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efficiency(GPE) first decreased and then increased. These four N efficiency indexes were highest 

inR4, and all were significantly higher than those of R1 and R2. The N harvest index(NHI) showed a 

trend of increasing first and then decreasing, but there was no significant difference between the 

treatments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect of NR on N utilization rate. Note: 1. The plot data in Figure 1 (I and II) are the average 

values of the two OF application rates at the same NR rate. 2. The vertical line indicates SE (n=3). 3. 

RE - recovery efficiency of N, AE- agronomic efficiency of N, PE - physiological efficiency of N, PFP- 

partial factor productivity of N, NHI-N harvest index, GPE-grain production efficiency of N. The 

same below. 

Figure 1 (III, IV, V, VI) shows that under a low and high amount of OF, RE, AE, and PFP were 

highest in R4, which was significantly higher than other NR treatments. The PE of R3 was the highest 

among all treatments, which was significantly higher than that of R2 and R4 under a high amount of 

OF. The NHI increased first and then decreased when the NR rate improved. There was no significant 

difference between R2 and R3 under a low amount of OF, but it was significantly higher than that of 

R1. 
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Figure 2 demonstrates that under isonitrogen, the RE of R2M2 was significantly higher than that 

of R1M0. Under non-isonitrogen, compared with R1M0, the RE of R2M1 and R3M1 significantly 

increased. Additionally, the AE of R2M1, R3M1, and R3M2, and the PE of R3M1 and R3M2 

significantly improved, and the PFP of R2M1, R3M1, and R3M2 and the GPE of R3M2 were 

significantly enhanced. 

The results of variance analysis showed that the NR rate and the interaction between the NR 

rate and the OF application rate had a very significant impact on RE, AE, PE, PFP, and GPE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Comparison of N utilization rates among treatments under isonitrogen or non-isonitrogen 

conditions. 
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Table 3 shows that the NR rate had no significant effect on the brown rice rate, but it had a 

significant or very significant effect on the milled rice rate (MRR) and the head rice rate (HRR). As 

the NR rate improved, the MRR and HRR continued to decrease. 

Table 3. Comparison of processing quality of rice under different treatments. 

Treatment BRR（%） MRR（%） HRR（%） 

R1M1 78.071a 71.134a 45.293a 

R2M1 78.189a 70.337a 42.952a 

R3M1 77.827a 68.401b 42.005ab 

R4M1 77.959a 66.986b 38.335b 

R1M2 78.230a 71.148a 47.474a 

R2M2 78.229a 71.315a 42.289b 

R3M2 77.927a 70.862a 45.876ab 

R4M2 77.009a 70.257a 43.920ab 

R1 78.150a 71.141a 46.384a 

R2 78.209a 70.826ab 42.621b 

R3 77.877a 69.631bc 43.941ab 

R4 77.484a 68.622c 41.127b 

R 0.89 7.16** 4.66* 

R*M 0.56 2.86 1.66 

Note: BRR - brown rice rate; MRR - milled rice rate; HRR - head rice rate. 

Under a low amount of OF, with the increase in the NR rate, MRR and HRR showed a continuous 

decreasing trend, and R1 was significantly higher than R4. However, under a high amount of OF, 

although R3 and R4 decreased compared with R1, there was no significant difference from R1. The 

increase in the amount of OF improved the significant decrease in MRR and HRR caused by the 

increase in the NR rate. 

Table 4 shows that, Under isonitrogen, compared with R1M0, the BRR and MRR of R2M2 

showed no significant difference, but they increased by 1.45% and 2.02%, respectively. Under non-

isonitrogen, compared with R0M1, the BRR and MRR of R2M1 also had no significant difference, but 

they increased by 1.4% and 0.62%, respectively; the BRR, MRR, and HRR of R3M2 had no significant 

difference compared with that of R0M1, but they increased by 1.06%, 1.36%, and 6.08%, respectively. 

Table 4. Comparison of rice processing quality between different treatments with the same total N 

and total N. 

Treatment 
NARIF 

(kgN ha−1) 

NAROF 

 (kgN ha−1) 

TNAR 

(kgN ha−1) 
BRR（%） MRR（%） HRR（%） 

R1M0 180 0 180 77.11ab 69.91ab 43.28a 

R2M0 135 0 135 78.26a 70.90a 45.87a 

R2M1 135 22.5 157.5 78.19a 70.34ab 42.95cd 

R3M1 90 22.5 112.5 75.37b 68.40b 42.01a 

R2M2 135 45 180 78.23a 71.32a 42.29a 

R3M2 90 45 135 77.93a 70.86a 45.88a 

3.3.2. Appearance Quality 

Table 5 indicates that with the increase in the NR rate, the chalkiness degree (CD) and chalkiness 

rate (CR) had a continuous downward trend. The CD of R1 was highest and was significantly higher 

than that of R4; the CR of R2 was highest and was not significantly different from R1 and R3 but was 

significantly higher than R4. 

Under a low amount of OF, the CD and CR showed a trend of first decreasing and then 

increasing, while under a high amount of OF, the CD and CR showed the opposite trend. There was 
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no significant difference in the length-width ratio (LWR) between treatments under a low or high 

amount of OF. 

Table 5. Comparison of appearance and quality of rice treated with different treatments. 

Treatment CD（%） CR（%） LWR 

R1M1 16.322a 40.082a 2.970a 

R2M1 15.042ab 39.258a 2.967a 

R3M1 13.015b 34.640a 2.959a 

R4M1 13.067b 35.028a 2.964a 

R1M2 13.282a 34.002a 2.959a 

R2M2 14.015a 35.830a 2.961a 

R3M2 13.757a 35.592a 2.964a 

R4M2 11.690a 31.840a 2.949a 

R1 14.802a 37.042ab 2.965a 

R2 14.528a 37.544a 2.964a 

R3 13.386ab 35.116ab 2.961a 

R4 12.378b 33.434b 2.956a 

R 2.91 2.08 0.36 

R*M 1.41 1.24 0.47 

Note: CD – chalkiness degree; CR - chalkiness rate; LWR - length-width ratio. The same below. 

Table 6 demonstrates that under isonitrogen or non- isonitrogen, the CD and CR were not 

significantly different between treatments, but there were still differences. Under isonitrogen, 

compared with R1M0, the CD and CR of R2M2 decreased by 1.77% and 4.23%, respectively; 

compared with R2M0, the CD and CR of R3M2 decreased by 13.83% and 11.83%, respectively. Under 

non-isonitrogen, compared with R1M0, the CD of R3M1 and R3M2 decreased by 8.78% and 3.58%, 

respectively, and the CR decreased by 7.41% and 4.86%, respectively; compared with R2M0, the CD 

and CR of R3M1 decreased by 18.48% and 14.19%, respectively. 

Table 6. Comparison of appearance quality of rice with the same total N and total N treatment. 

Treatment 
NARIF 

(kgN ha−1) 

NAROF 

(kgN ha−1) 

TNAR 

(kgN ha−1) 
CD（%） CR（%） LWR 

R1M0 180 0 180 14.268a 37.412a 2.948a 

R2M0 135 0 135 15.965a 40.367a 2.957a 

R2M1 135 22.5 157.5 15.042a 39.258a 2.967a 

R3M1 90 22.5 112.5 13.015a 34.640a 2.959a 

R2M2 135 45 180 14.015a 35.830a 2.961a 

R3M2 90 45 135 13.757a 35.592a 2.964a 

3.3.3. Cooking and nutritional quality 

Table 7 indicates that the NR rate had an extremely significant effect on the protein content (PC) 

and a significant effect on the amylose content (AC). The main effect of the NR rate showed that as 

the NR rate improved, AC and GC continued to increase, both of which were largest under R4 and 

significantly higher than those of R1 and R2. With the increase in the NR rate, the PC continued to 

decline and was the largest under R1, but there was no significant difference between R1 and R2. 

Under a low or high amount of OF, with the increase in the NR rate, the AC and GC continued 

to increase, while the PC showed a contrasting trend. Among them, under a low amount of OF, the 

AC was largest under R4 and was significantly higher than that of the other treatments. Under a high 

amount of OF, the GC was largest under R4 and was significantly higher than that of R2. The PC was 

highest at R1 under both OF volumes, but there was no significant difference between R1 and R2. 
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Table 7. Comparison of cooking nutritional quality of rice under different treatments. 

Treatment AC（%） GC（mm） ASV PC（%） 

R1M1 15.647b 63.500a 5.639a 9.562a 

R2M1 15.882b 67.333a 5.722a 9.090ab 

R3M1 16.514b 69.167a 5.833a 8.243bc 

R4M1 18.846a 72.333a 5.333a 7.461c 

R1M2 16.287a 69.667ab 5.861a 8.755a 

R2M2 16.114a 66.000b 5.611a 8.721a 

R3M2 16.453a 73.833ab 5.778a 8.392a 

R4M2 16.799a 78.667a 5.889a 6.562b 

R1 15.967b 66.583b 5.750a 9.158a 

R2 15.998b 66.667b 5.667a 8.905ab 

R3 16.484ab 71.500ab 5.806a 8.318b 

R4 17.823a 75.500a 5.611a 7.011c 

R 3.38* 2.51 0.44 15.05** 

R*M 1.59 0.44 1.37 0.94 

Note: AC – amylase content; GC - gel consistency; ASV - alkali spreading value; PC - protein content. 

Table 8 shows that under isonitrogen or non-isonitrogen, there was no significant difference in 

the nutritional quality of rice cooking between the treatments, but a certain increase or decrease 

existed. Under isonitrogen, the GC of R2M2 increased by 3.66% compared with that of M0R1, and 

compared with R2M0, the GC and ASV of R3M2 increased by 8.85% and 1.48%, respectively. Under 

non-isonitrogen conditions, compared with R1M0, the ASV and PC of R2M1 increased by 5.76% and 

1.75%, respectively; the GC of R3M1 or R3M2 increased by 2.43% and 2.05%, respectively. The GC 

and ASV of R3M1 increased by 1.9% and 2.44% compared with R2M0, respectively. 

Table 8. Comparison of cooking nutritional quality of rice with the same total N  and total N  

treatment. 

Treatment 
NARIF 

(kgN ha−1) 

NAROF 

 (kgN ha−1) 

TNAR 

(kgN ha−1) 
AC（%） GC（mm） ASV PC（%） 

R1M0 180 0 180 16.122a 63.667a 5.917a 8.934a 

R2M0 

R2M1 

135 

135 

0 

22.5 

135 

157.5 

15.602a 

15.882a 

67.883a 

67.333a 

5.694a 

5.722a 

8.843a 

9.090a 

R3M1 

R2M2 

90 

135 

22.5 

45 

115.5 

180 

16.514a 

16.114a 

69.167a 

66.000a 

5.833a 

5.611a 

8.243a 

8.721a 

R3M2 90 45 135 16.453a 73.833a 5.778a 8.392a 

4. Discussion 

In this study, there were three modes of NR and OF application: NR under the same amount of 

OF (mode 1); NR and OF application under isonitrogen conditions (mode 2); and NR and OF 

application under non-isonitrogen conditions (mode 3). In mode 1, the grain yield was highest at 50% 

NR, whether at a low or high amount of OF. However, Hu et al.[17] showed that rice yield continued 

to decline with the increase in NR rate under the application of 300 kg/ha OF. This conclusion differed 

from that of this study, which may be due to the lower amount of OF applied and the different types 

of OF compared with this study. Yang et al. [15] showed that under equal nutrient content, compared 

with conventional fertilization, the rice yield was higher under OF with a 25% NR. Iqbal et al.[18] 

showed that under the same nutrient content, compared with N fertilization alone, the yield of cow 

manure or poultry manure with 30% NR significantly increased. Ma[19] showed that under non-

isonitrogen, compared with conventional fertilization, the yield of late rice significantly increased 

with a 62.5% NR combined with OF, and these conclusions were similar to this study. In modes 2 and 

3 of this study, the yield was significantly higher under NR combined with OF treatment than under 
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single N application (180kgN/ha). Regardless of the mode, NR and OF application can increase the 

yield, which may be because the application of OF can balance the nutrients in the soil and make the 

nutrient supply of rice sufficient throughout the growth period [20], in addition, OF application 

reduces chemical fertilizer N application, solving the problem of low nutrient utilization caused by 

excessive N application in conventional fertilization. 

This study indicates that excessive NR (100% NR) under the same amount of OF is not conducive 

to an increase in EPN and SPP, which is similar to the results of Zhang [21]. This may be due to the 

obvious N deficiency in rice tillering growth and panicle differentiation due to excessive NR and 

insufficient nutrient supply, thus showing a smaller reservoir capacity [22]. However, the TGW and 

SSR were the opposite, and both were highest at 100% NR, indicating that a single application of OF 

had an increasing effect on TGW and SSR. This is similar to the findings of Gu [23]. The reason for 

this may be that compared with fast-acting chemical N fertilizer, OF has a gentle and continuous 

fertilizer effect, which can improve biological N fixation, thus, the N fertilizer can be continuously 

supplied throughout the entire growth period, which is beneficial to the nutrient supply of grain 

filling in the late growth period, thereby increasing TGW and SSR [24]. 

The N fertilizer utilization rate is a dynamic parameter reflecting the relationship between the 

crop, soil, and fertilizer, and it is also an important indicator for determining whether the fertilizer 

application rate and fertilization method are scientific and reasonable [25]. Wei et al.[26] showed that 

under the same amount of OF, as the NR rate increased, the RE, AE, and PFP increased first and then 

decreased. Under different conditions of total N application rate, compared with single N 

fertilization, NR combined with OF significantly improved RE and AE, which differs from the 

conclusion of this study. In this experiment, under mode 1, with the increase in the NR rate, the 

above-mentioned three N fertilizer utilization indexes continued to increase; meanwhile, in mode 3, 

compared with a single N fertilizer (180kgN/ha), NR combined with OF not only improved the RE 

and AE but also improved PFP, PE, and GPE. This may be due to the difference in OF application 

amount; the OF application rate in this study was higher than that in Wei et al.[26], and increasing 

the OF application rate was conducive to improving the nutrient preservation capacity of the soil, 

reducing N leaching, and increasing the microbial activity in the soil, promoting the decomposition 

of organic matter and adding more effective nutrients to the soil, thereby promoting absorption and 

utilization in rice[27,28]. Ren et al.[29] showed that, under the same nutrient content, compared with 

single N fertilizer, OF application with 50% NR significantly improved the RE. He et al.[30] indicated 

that under the same total N application rate, compared with a single N fertilizer, the N absorption 

and utilization rate significantly increased under OF with 20% NR, which was similar to the 

conclusion obtained in mode 2 in this experiment. Under the same conditions of total N application 

rate, compared with single N fertilizer (180kgN/ha), 25% NR combined with OF significantly 

improved the RE, further indicating that 25–50% NR combined with OF can improve the N 

absorption and utilization rate. 

In mode 1 of this study, with the increase in the NR rate, the MRR and HRR continued to 

decrease. Overall, under the same amount of OF, the increase in the NR rate was not conducive to 

improving the quality of rice processing, similar to the research conclusion of Li [16]. This may be 

because N fertilizer is closely related to the grouting effect in the late growth stage of rice, and the 

formation of rice processing quality is inseparable from the grout process, so the processing quality 

of NR treatment is reduced [31]. In modes 2 and 3, although the rice processing quality indicators did 

not differ significantly between treatments, the BRR and MRR were improved under NR and OF 

treatment compared with single chemical fertilizer, and the HRR was also increased under mode 3. 

The results showed that based on a single application of chemical fertilizer, the mode of NR combined 

with OF was more conducive to improving the quality of rice processing than the NR mode under 

the same amount of OF. 

Zhou[32] reported that with the increase in the NR rate, CD, and CR increased in single-crop 

rice, while there was no significant change in the length-width ratio, which is different from the 

conclusion of this paper. This study showed that, in mode 1, as the NR rate increased, CD and CR 

had a decreasing trend, and there was no significant change in LWR. NR under OF application 
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improved the appearance quality of rice. This may be because NR combined with OF is beneficial for 

potassium absorption in rice and enhances the transport of potassium in plants, which is beneficial 

for improving the appearance quality of rice [33-35]. Under modes 2 and 3 of this experiment, 

compared with the single application of chemical fertilizer, the CD and CR of NR combined with OF 

treatment decreased, indicating that NR combined with OF was beneficial in improving the 

appearance quality. 

This study showed that in mode 1, with the application of OF, with the increase in the NR rate, 

AC and GC had an increasing trend, indicating that NR combined with OF increased the GC, thereby 

ensuring the palatability of rice. However, the amylose content increased, but the range was15–17%, 

which is a low amylose content; therefore, the rice remained soft and elastic after cooking. This is 

consistent with the conclusions of Jiang et al [36]. In terms of nutritional quality, PC showed an 

opposite trend to AC and GC, indicating that NR under the same amount of OF was not conducive 

to the improvement of PC, which was consistent with the research conclusion of Shao [37]. This may 

be because chemical fertilizer work earlier than OF, allowing rice plants to store enough nutrients in 

the early stages, thus ensuring the material preparation for grouting and filling the grain [32]. In 

modes 2 and 3, the GC of NR and OF treatment was higher than that of the single fertilizer treatment, 

and the PC of R2M1 increased by 1.75% compared with R1M0 in mode 3. NR combined with OF 

application improved the GC compared with the single application of chemical fertilizer, and the 

appropriate NR rate increased the protein content under the amount of OF. 

5. Conclusions 

The following findings were revealed: (1) Three NR modes increased grain yield, among which 

a 50% reduction in N under OF application was the most conducive to increasing grain yield. Under 

isonitrogen or non-isonitrogen, the grain yield was significantly higher under NR combined with OF 

treatment than under a single nitrogen fertilizer (180 kgN/ha). 

(2) Under the combined application of OF, excessive NR was not conducive to the increase of 

the EPN or SSP, among which the NR rate did not exceed 25% for the EPN, and the SPP did not 

exceed 50%. However, for TGW and SSR, a NR rate of 100% was more beneficial to the improvement 

of both. Under isonitrogen or non-isonitrogen, the SSR significantly increased under the NR 

combined application compared with a single nitrogen fertilizer (180 kgN/ha). 

(3) Under the mixed application of OF, as the NR rate increased, RE, AE, and PFP continued to 

increase. Compared with a single nitrogen fertilizer (180 kgN/ha), the RE, AE, PFP, PE, and GPE were 

significantly increased by NR combined with OF under isonitrogen or non-isonitrogen. 

(4) Under the mixed application of OF, NR was not conducive to improving the processing 

quality of rice, but it improved the appearance quality of rice and the GC in the cooking quality index. 

Under isonitrogen or non-isonitrogen, the processing quality, appearance quality, and GC were 

improved under NR combined with OF treatment compared with a single fertilizer treatment. 
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