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Abstract 

Background:  Nutrient balance in rice paddy fields can change under different tillage management practices; how-
ever, the extent of the change may differ for various rice varieties. A field experiment was conducted over 2 successive 
years to clarify the effects of no-till and rice varieties on the apparent balance of nitrogen (N) and phosphorus (P). Four 
treatments: no-till/japonica rice (NTJ), no-till/glutinous rice (NTG), conventional tillage/japonica rice (CTJ), and con-
ventional tillage/glutinous rice (CTG) with three replicates of each were established to test the hypothesis that no-till 
and japonica rice can improve the apparent balance of nutrients.

Results:  The tillage method and rice variety had interactive effects on the apparent balance of N and P. After 
the 2-year experiment, total N and P pools in the 20 cm surface soil layer were highest under the NTJ treatment 
(4757.0 kg N ha−1, 2428.5 kg P ha−1) and lowest under the CTG treatments (4726.3 kg N ha−1, 2412.0 kg P ha−1). 
Under no-till conditions, japonica rice had higher grain yield but lower straw biomass than that of glutinous rice. NTG 
treatment significantly increased the N and P content in rice grains and straw. The environmental losses of N and P 
in the rice fields mainly occurred during the rice season. Based on nutrient balance estimation, N losses in the NTJ, 
NTG, and CTJ treatments were reduced by 15.03 kg N ha−1, 11.55 kg N ha−1, 6.72 kg N ha−1, respectively, as compared 
with that of the CTG treatment. The corresponding P losses were reduced by 8.02 kg P ha−1, 7.84 kg P ha−1, and 
3.96 kg P ha−1. In terms of economic benefits, NTJ also resulted in the highest actual income (2724.25 US dollars) and 
the highest ratio of production investment (6.40).

Conclusion:  No-till was more likely to maintain soil N and P nutrients than conventional tillage, and this advantage 
was most significant when planting japonica rice. In addition, no-till was conducive to N and P uptake by rice, but 
only japonica rice exhibited increased grain yield. Consequently, the NTJ treatment was recommended to improve 
the N and P balance.
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Background
The adoption of the no-till agricultural method has 
occurred for over approximately 125 million hectares 
worldwide, which is equivalent to 9% of the global ara-
ble land [1]. Compared with conventional tillage, no-till 

(a method of direct planting crops with minimizing soil 
disturbance) can reduce soil erosion [2], improve soil 
aggregation ability [3, 4], retain soil moisture [3, 5], and 
improve soil structure [2, 6]. Consequently, it can also 
increase crop yields, reduce economic inputs to the agri-
cultural production systems [7], and achieve significant 
ecological benefits [3, 8]. However, its applicability in 
different farming contexts is highly debated. Some stud-
ies have demonstrated that no-till only increased the 
nutrient content of the soil in the top 5 cm layer [9, 10]. 
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Nutrients availability may be decreased under no-till 
practices because of the absence or reduction of soil mix-
ing. The surface application of fertilizer and straw mulch-
ing under long-term no-till practices may lead to nutrient 
layering [11, 12], and may not ensure an increase in crop 
yield [13]. In addition, no-till will cause ammonia vola-
tilization in fertilizers, reduce the fixation of phosphorus 
(P) in the soil, and trigger the loss of fertilizer via runoff 
[3], thereby lowering the utilization efficiency of the ferti-
lizer. Therefore, it is necessary to explore whether no-till 
is beneficial and can improve the nutrient balance, as well 
as crop yield.

Knowledge of the nitrogen (N) and P balance (fertilizer 
inputs − crop uptake and harvest removal) is very impor-
tant to understanding nutrient cycling in an agricultural 
production system [14–16]. Negative N and P balance 
(input < output) in the system will reduce soil fertility and 
crop yield, while a surplus of N and P (input > output) in 
the system may increase the risk of N and P losses [15–
17]. Rice is an important staple food for more than half of 
the global population [18]. Numerous studies have been 
conducted on the effects of different rice varieties on the 
uptake and utilization efficiency of N and P, and studies 
have shown that the N and P uptake characteristics are 
different under various varieties [19–21]. Generally, for 
varieties with high N and P utilization, the rice seasonal 
nutrient consumption is relatively large and less residual 
nutrients are left in the soil at the end of the rice season 
[22]. Because the variety of rice affects the uptake of N 
and P [20, 21], it can be inferred that rice varieties may 
affect the N and P balance in paddy fields. However, to 
date, there is a lack of information on the effects of rice 
varieties combined with that of tillage methods on nutri-
ent balance.

In this study, we investigated the apparent balance of 
N and P under different tillage methods and rice varie-
ties by measuring N and P concentrations in soil, rice 
grains, and straw. In addition, the yield and economic 
benefit from different treatments were also determined. 
The main objectives of this study were to check the effect 
of rice varieties in relation with different tillage practices 
(no-till and conventional tillage) on N and P apparent 
balance.

Materials and methods
Site characterization
The site that this research focused was situated in Jin-
gshan Town, Yuhang District, Hangzhou City, Zhejiang 
Province, at 30° 24′ N, 120° 6′ E. The site has a subtropi-
cal monsoon climate, and the annual rainfall is 1440 mm. 
The physical and chemical properties of the topsoil layer 
(0–20  cm) of the rice field before the experiment are 
shown in Table 1.

Experimental design
The field experiment was conducted at over 2 successive 
years. We divided the 2-year experiment into four parts: 
the first rice season (R1, June 2016–October 2016), first 
fallow season (F1, October 2016–June 2017), second rice 
season (R2, June 2017–October 2017), and second fal-
low season (F2, October 2017–June 2018). The rice sea-
son and fallow season were combined into one planting 
season, which was defined as the first planting season 
(T1, June 2016–June 2017) and second planting season 
(T2, June 2017–June 2018). The two tillage methods (no-
till and conventional tillage) were assigned as the main 
plot factors, and the two rice varieties (japonica rice, 
Xiushui-134 and glutinous rice, Zhenuo-65) were the 
subplot factors. The experiments were established in a 
randomized complete block split-plot design with four 
treatments: no-till/japonica rice (NTJ), no-till/glutinous 
rice (NTG), tillage/japonica rice (CTJ), tillage/glutinous 
rice (CTG), with three replicates each. Each of the 12 
plots had an area of 5 m × 3 m.

Each year, 90 kg ha−1 of K2O, 100 kg ha−1 of P2O5, and 
250 kg N ha−1 fertilizer were applied during the rice sea-
son, and the straw was returned to the field after the rice 
harvest. The irrigation method was wet and dry alternating 
irrigation [23]. The nylon membranes were used to coat 
ridges to reduce lateral seepage between adjacent plots.

Soil sampling and analyses
Parallel soil samples were taken from three points in each 
plot. All soil samples were air dried, ground, and sieved 
through a 100-mesh screen. Then the soil samples were 
used for the determination of basic physical and chemi-
cal properties. Before rice harvest, 1  m2 of rice plants 

Table 1  Chemical and physical properties of the initial paddy soil in the experimental sites

CEC indicate cation exchange capacity; ρb indicate soil bulk density

Land use pH Total P Total C Total N CEC ρb Soil texture

Sand Silt Clay

g kg−1 cmol kg−1 g cm−3 %

Paddy field 6.17 0.98 17.21 1.89 13.5 1.215 9.0 59.3 31.7
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were taken from each plot. After air-drying, the rice was 
threshed, and the straw and rice were crushed in a plant 
mill for testing.

The soil pH (soil/water ratio of 1:5) was measured using 
a glass electrode pH meter (PHS-3C, Shanghai). The 
bulk density of the soil was determined using the ring 
tool method. The determination of soil cation exchange 
capacity (CEC) was referred to the study of Liang et  al. 
[24]. Soil texture was determined using the method rec-
ommended by the Chinese Soil Society (i.e., pipette 
method). Total N in the soil, grain, and straw were 
determined by elemental analyzer (Vario MAX CNS, 
Elementar, Germany). Soil total P was digested with an 
H2SO4–HClO4 solution [25], whereas rice and straw 
were digested with an H2SO4–H2O2 solution [26]. Both 
were evaluated using the molybdenum-blue colorimetric 
method. All reagents used were purchased from Sinop-
harm Chemical Reagent Co., Ltd.

Data processing and analysis
Soil N and P stock were calculated by soil bulk density 
and N and P concentrations in soil [27]:

BR(N/P) and BT(N/P) indicated the apparent balance of N/P 
in the rice field during the rice season and planting sea-
son, respectively. RE and TE indicated the end of the rice 
season (October 2016 and October 2017) and the end 
of the planting season (June 2017 and June 2018) in this 
experiment, respectively.

Microsoft Excel 2016, and software Origin (version 8.0, 
OriginLab, USA) were used to plot and process the data. The 
effects of no-till/conventional tillage, japonica rice/glutinous 
rice, and their interactions on the N and P concentrations 
in soil, rice grain, straw, and yield analyzed by a two-way 
ANOVA with SPSS Statistics 20.0 (SPSS Inc. Chicago, USA).

Results
Residual N and P in soils at the end of rice season
In all the treatments, soil total N increased by the end 
of the 2-year experiments than that of the initial state 
(1.89 g kg−1). Planting japonica rice increased more soil 

BR(N/P) = N/P content in the initial soil

+N/P fertilizer− soil N/P stocks at RE

− rice grain N/P content

− rice straw N/P content.

BT (N/P) = N/P content in the initial soil

+N/P fertilizer− soil N/P stocks at TE

− rice grain N/P content

− rice straw N/P content.

total N in the 0–20 cm layer (Fig. 1a). The improvement 
rates for total N under different treatment methods were 
as follows: NTJ (2.63%), CTJ (2.37%), NTG (2.11%), and 
CTG (2.05%). At the end of 2nd year, the total N content 
was the highest under the NTJ treatment (1.95  g  kg−1), 
and lowest under the CTG treatment (1.93 g kg−1). Based 
on the increase in the soil total N content during the fal-
low season and the rice season, the means of total N con-
tent increased in fallow seasons F1 and F2 by 5.25 mg kg−1 
and 7.00 mg kg−1 in the 2-year experimental period. The 
average increase in soil total N content of R1 and R2 was 
10.80 mg kg−1 and 20.50 mg kg−1, respectively.

Compared with the total P content in the initial soil 
sample (983  mg  kg−1), the total P content in the soil 
increased annually and japonica rice contributed to the 
increase (Fig.  1b). At the end of 2-years experiments, 
the improvement rates for total P of soil under differ-
ent treatment methods were 1.73%, 1.53%, 1.12%, and 
0.92% for NTJ, CTJ, NTG and CTG treatments, respec-
tively. The total P content in the paddy soil was the high-
est (1000 mg kg−1) in the NTJ treatment and the lowest 
(992  mg  kg−1) in the CTG treatment. The average val-
ues of the total P content increase in F1 and F2 were 
1.75 mg kg−1 and 1.80 mg kg−1, respectively. The average 
values of the soil total P content increases in R1 and R2 
were 3.50  mg  kg−1 and 6.00  mg  kg−1, respectively. This 
indicated that the increase in soil total P during the rice 
season was higher than that during the fallow season.

Fig. 1  Soil nutrient content under different tillage methods and rice 
varieties treatments. NTJ no-till/japonica rice, NTG no-till/glutinous 
rice, CTJ conventional tillage/japonica rice, CTG​ conventional tillage/
glutinous rice
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Both no-till and the japonica rice variety contributed 
to the increase of residual N and P in the soils at the 
end of rice season, but the difference was not significant 
(p > 0.05) (Fig. 2a, b). The increase in soil N and P stocks 
during the rice season was significantly higher than that 
during the fallow season (p < 0.05). Compared with the 

initial N stocks in the rice field (4613.1  kg  N  ha−1), at 
the end of the experiments, the increase rate for the N 
pool in the rice field soil under the different treatments 
was: NTJ (2.97%) > CTJ (2.48%) > NTG (2.45%) > CTG 
(2.22%). At the end of the two rice seasons (R1E and 
R2E), the increases in soil N stocks in the rice fields 
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Fig. 2  Soil nutrient stocks under different tillage methods and rice varieties treatments. NTJ no-till/japonica rice, NTG no-till/glutinous rice, CTJ 
conventional tillage/japonica rice, CTG​ conventional tillage/glutinous rice. Different lowercase letters in each column indicate significant differences 
set at p = 0.05 level
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were 42.34 kg N ha−1 and 62.56 kg N ha−1, respectively, 
and at the end of the two fallow seasons (F1E, F2E) was 
11.85 kg N ha−1 and 9.35 kg N ha−1, respectively.

Compared with the P stocks in initial rice fields soil 
(2400.6 kg P ha−1), at the end of 2-year experiment, the 
increase rate in P stocks in the rice fields soil based on dif-
ferent treatments were: NTJ (1.13%) > NTG (0.84%) > CTJ 
(0.71%) > CTG (0.41%). At the end of the two rice sea-
sons (R1E and R2E), the increase in soil P stocks in the rice 
fields was 5.44  kg  P  ha−1 and 10.42  kg  P  ha−1, respec-
tively, and at the end of the two fallow seasons (F1E, F2E) 
was 2.56 kg P ha−1 and 1.81 kg P ha−1, respectively.

Nutrient uptake by rice straw and grain
The no-till treatment with glutinous rice did not have a 
significant effect on the total N content of the rice straw 
(p > 0.05), but it significantly increased the total P con-
tent in the rice straw and total N and total P content in 
rice grains (p < 0.05). In addition, the content of total N 
and total P in rice grains was much higher than that in 
rice straw (p < 0.05) (Table 2). During the 2-year experi-
mental period, the change in total N content in rice straw 
and grain remained consistent under the different treat-
ment conditions. The order of total N content in rice 
straw treated during different periods was NTG (R1E, 
8.20 g kg−1; R2E, 8.31 g kg−1) > CTG (R1E, 8.16 g kg−1; R2E, 
8.27 g kg−1) > NTJ (R1E, 8.11 g kg−1; R2E, 8.21 g kg−1) > CTJ 
(R1E, 8.07 g kg−1; R2E, 8.14 g kg−1) (Table 2). The total N 
content of straw treated with NTG remained the highest 

(8.20–8.31  g  kg−1). Compared with the CTJ treatment, 
the total N content of straw increased by 1.61–2.09%. 
There was no significant difference in the total N con-
tent of rice straw under different tillage methods and rice 
varieties (p > 0.05). However, the total N content of the 
grains under NTG treatment increased by 6.79–9.77% 
than the CTJ treatment, which was significantly different 
(p < 0.05).

At RE, the order of total P content in rice straw under dif-
ferent treatment conditions was NTG > NTJ > CTG > CTJ, 
whereas the order of total P content in rice grains was 
NTG > CTG > CTJ > NTJ. The total P content of rice straw 
(1.22–1.25  g  kg−1) and grains (2.35–2.38  g  kg−1) under 
the NTG treatment remained the highest. The content 
of total P in rice straw (1.03–1.06 g kg−1) under the CTJ 
treatment and that of rice grains (2.11–2.15 g kg−1) under 
the NTJ treatment were the lowest. Compared with CTJ, 
NTG significantly increased the total P content in rice 
straw by 17.92–18.45%, and the total P content of rice 
grain treated with NTG was 10.70–11.37% higher than 
that treated with NTJ, both of them showed a significant 
difference (p < 0.05).

The no-till and japonica rice treatment was beneficial 
to improving the N content of rice grains. In the 2-year 
experiment, N accumulation in rice grains showed an 
upward trend (Fig. 3a), and P accumulation in rice grains 
showed a similar trend (Fig.  3b). The N and P accumu-
lation in the no-till rice fields were 2.23  kg  N  ha−1 and 
0.14  kg  P  ha−1 higher than those in the conventional 

Table 2  Effect of tillage methods and rice varieties on nutrient content of rice tissues

NTJ, NTG, CTJ, CTG indicate no-till/japonica rice, no-till/glutinous rice, conventional tillage/japonica rice, conventional tillage/glutinous rice, respectively. Different 
lowercase letters in each column indicate significant differences set at p = 0.05 level

Rice tissues Time Treatment Total C Total N Total P
g kg−1

Straw 2016.10 NTJ 376.84 ± 3.18b 8.11 ± 0.51a 1.10 ± 0.28b

NTG 384.85 ± 1.44a 8.20 ± 0.88a 1.22 ± 0.35a

CTJ 378.95 ± 4.64b 8.07 ± 0.02a 1.03 ± 0.25b

CTG​ 388.83 ± 0.18a 8.16 ± 0.40a 1.08 ± 0.08b

2017.10 NTJ 386.51 ± 0.84c 8.21 ± 0.48a 1.12 ± 0.26ab

NTG 397.90 ± 3.65a 8.31 ± 0.67a 1.25 ± 0.14a

CTJ 391.07 ± 0.62b 8.14 ± 0.51a 1.06 ± 0.09b

CTG​ 402.11 ± 2.43a 8.27 ± 0.64a 1.10 ± 0.36ab

Grain 2016.10 NTJ 419.65 ± 1.12ab 12.25 ± 0.84b 2.11 ± 0.28b

NTG 422.18 ± 0.91a 13.06 ± 0.22a 2.35 ± 0.12a

CTJ 418.25 ± 0.47b 12.23 ± 0.21b 2.19 ± 0.10b

CTG​ 420.03 ± 0.72ab 12.54 ± 0.02ab 2.25 ± 0.01ab

2017.10 NTJ 420.80 ± 1.93a 12.34 ± 0.24b 2.15 ± 0.02b

NTG 423.71 ± 1.48a 13.48 ± 0.02a 2.38 ± 0.01a

CTJ 418.85 ± 1.47a 12.28 ± 0.12b 2.21 ± 0.01b

CTG​ 421.76 ± 1.39a 12.65 ± 0.01b 2.28 ± 0.03ab
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tillage treatment, respectively. Japonica rice increased 
the N accumulation of the rice grains by 2.65 kg N ha−1 
and P accumulation by 0.37 kg P ha−1, as compared with 
that of glutinous rice. Both of no-till and glutinous rice 
variety contributed to the increase in P accumulation in 
rice straw. At the end of the second rice season (October 
2017), the N and P accumulation in rice straw showed 
an upward trend (Fig. 4a, b). The N and P accumulation 
in rice straw under the NTG treatment was the highest 
(70.30  kg  N  ha−1, 10.58  kg  P  ha−1), and was 9.38% and 
26.40% higher than that of CTJ treatment, respectively, 
all of which were significantly different (p < 0.05). In the 
2-year experiment, the no-till treatment increased the 
N and P accumulation in rice straw by 1.02  kg  N  ha−1 
and 0.37  kg  P  ha−1, respectively, as compared with the 
conventional tillage treatment. The accumulation of N 
and P in rice straw in the glutinous rice treatment was 
2.08 kg N ha−1 and 0.53 kg P ha−1 higher than those of 
japonica rice.

There was a slight improvement in rice grain yield 
in the no-till treatment (p > 0.05); however, rice vari-
ety had a significant effect on the improvement of 
rice grain yield (p < 0.05). The grain yield of japonica 
rice was higher than that of glutinous rice. At the end 
of the two rice seasons, the grain yield of rice treated 
with the NTJ treatment was highest (R1E: 7090 kg ha−1; 

R2E: 7332 kg ha−1) (Table 3), and yield was increased by 
11.23% (R1E) and 11.62% (R2E), as compared with that 
of the corresponding NTG treatment, respectively. The 
yield of grain in the CTJ treatment was the second and 
was 11.17% (R1E) and 11.24% (R2E) higher than that of 
the CTG treatment for the same period. However, the 
NTJ treatment only increased grain yield by 1.04–1.34% 
compared with that of the CTJ treatment, whereas the 
NTG treatment increased yield by only 1.00% com-
pared with that of the CTG treatment. The no-till treat-
ment improved the yield of rice straw (0.26–1.69%), but 
the difference was not significant (p > 0.05). However, 
rice variety and the yield of rice straw were significantly 
correlated (p < 0.05). The yield of rice straw in the NTG 
treatment was always the highest (8292–8360 kg ha−1) 
(Table  3) and was 2.51% (R1E) and 1.54% (R2E) greater 
than the corresponding NTJ treatment. The yield of 
rice straw in the CTG treatment was the second high-
est, and a significant difference occurred between the 
CTG and CTJ treatments (p < 0.05). There was a greater 
yield of rice straw (2.83% [R1E] and 2.99% [R2E]) under 
the CTG than CTJ treatment. The yield under the NTG 
treatment only increased by 0.03–0.89% compared with 
that of the CTG treatment, whereas the yield in the 
NTJ treatment increased by only 1.20–1.69% compared 
with that of the CTJ treatment.
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Fig. 3  Rice grain nutrient accumulation under different tillage methods and rice varieties treatments. NTJ no-till/japonica rice, NTG no-till/glutinous 
rice, CTJ conventional tillage/japonica rice, CTG​ conventional tillage/glutinous rice. Different lowercase letters in each column indicate significant 
differences set at p = 0.05 level
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Soil nutrient balance analysis
By calculating the N/P balance in the rice fields during 
two consecutive seasons, it was found that no-till and 
japonica rice were conducive to improving the in  situ 
reduction of N and P in the rice fields (Tables 4 and 5). 
The environmental loss of N and P during the planting 
season was lower than that during the rice season. Com-
pared with the rice and planting seasons in the 1st year, 
the N and P environmental losses decreased during the 
rice and planting seasons in the 2nd year.

The environmental losses of N and P in the rice fields 
mainly occurred during the rice season. At different 
time periods, the environmental losses of N and P in rice 
fields treated with CTG were the largest. After 2-year 
experiments, N losses in the NTJ, NTG, and CTJ treat-
ments were reduced by 15.03  kg  N ha−1, 11.55  kg  N 
ha−1, and 6.72 kg N ha−1, respectively, as compared with 
that of the CTG treatment. The corresponding P losses 
were reduced by 8.02  kg  P  ha−1, 7.84  kg  P  ha−1, and 
3.96 kg P ha−1.

Economic benefits under different tillage methods and rice 
varieties
From the perspective of economic benefits, the produc-
tion cost of the no-till treatment was lower than that 
of conventional tillage method (Table  6). The no-till 
method saved 216.25 USD ha−1 for machine tillage and 
the same cost for fertilizer and rice seeds was assumed 
(the difference between the prices of the two rice seeds 
was negligible). The average price of japonica rice seeds 
(Xiushui-134) was approximately 380.60  USD  t−1, and 
the average price of glutinous rice seeds (Zhenuo-65) was 
approximately 418.08  USD  t−1. The NTJ treatment had 
the highest output–investment ratio (6.40), and the real 
income per hectare was 2724.25 USD. The NTJ treatment 
increased revenue by 293.22 USD (12.06%) compared 
with that of the CTG treatment, 254.31 USD (10.30%) 
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Fig. 4  Rice straw nutrient accumulation under different tillage methods and rice varieties treatments. NTJ no-till/japonica rice, NTG no-till/glutinous 
rice, CTJ conventional tillage/japonica rice, CTG​ conventional tillage/glutinous rice. Different lowercase letters in each column indicate significant 
differences set at p = 0.05 level

Table 3  Effect of  tillage methods and  rice varieties 
on grain and straw yields

NTJ, NTG, CTJ, CTG indicate no-till/japonica rice, no-till/glutinous rice, 
conventional tillage/japonica rice, conventional tillage/glutinous rice, 
respectively. Different lowercase letters in each column indicate significant 
differences set at p = 0.05 level

Time Treatment Grain yield (kg ha−1) Straw yield (kg ha−1)

2016.10 NTJ 7090 ± 201b 8089 ± 99a

NTG 6374 ± 782a 8292 ± 74b

CTJ 7017 ± 205b 7993 ± 150a

CTG​ 6312 ± 113a 8219 ± 125b

2017.10 NTJ 7332 ± 207b 8233 ± 100b

NTG 6569 ± 377a 8360 ± 46c

CTJ 7235 ± 202b 8096 ± 37a

CTG​ 6504 ± 58a 8338 ± 54c
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compared with that of the CTJ treatment, and 45.74 USD 
(1.71%) compared with that of the NTG treatment.

Discussion
Some controversies regarding the increase in yield with 
the no-till practice were reported, which may be related 
to planting conditions [28–31]. In our study, we found 
that the tillage methods had a non-significant effect on 
grain yield and straw biomass (p > 0.05), but rice variety 
had a significant effect on rice yield (p < 0.05), which is 
consistent with the results of Qin et  al. [32]. We found 
that both the grain yield and the growth rate of grain 
under the NTJ practice were highest. Our results are sup-
ported by the finding of previous studies [7, 33, 34]. In 
terms of nutrient uptake, the no-till practice improved 
the physical and chemical properties of paddy soil and 
effectively maintained soil nutrients, which was consist-
ent with the nutrient demand of rice [34]. On the other 
hand, tillage results in more uniform planting conditions 
(homogeneous planting depth, better soil–seed contact, 
etc.), which may have a positive impact on crop planting 
and yield. In addition, we cannot ignore the stratification 
of nutrients in NT, because lower concentrations at depth 
in the rooting zone may reduce crop yields [10]. Com-
bined with these factors, no-till practice may be expected 
to have a non-significant positive effect on rice yields. 
Although the positive effect on the yield of rice under no-
till condition was not significant in our study, the practice 
was deemed successful at maintaining a comparable or 
higher rice yield, as well as nutrients in the rice soil under 
certain conditions.

Rice yield is closely related to factors such as grain 
number per panicle, 1000-grain weight, seed setting 

rate, and plant height [33, 35]. The yield of rice grain for 
japonica rice was the highest among different treatments, 
while the biomass of straw grown with glutinous rice was 
the highest. These results may be varietal characters of 
the rice, indicating a close relationship between rice vari-
ety and yield. In addition, the nutrient uptake capacity of 
japonica rice was also higher, leading to the conclusion 
that the rice yield is related to the uptake of N and P by 
rice. This study showed that total N and total P in rice 
grains were higher than that in rice stalks, which indi-
cated a greater availability of N, P, and other elements to 
the grains than rice straw. Under the NTG treatment, the 
content of total N and total P in rice straw and rice grains 
were the highest. The above results indicated that the 
accumulation of dry matter, N, and P in rice was affected 
by rice variety and tillage conditions [36, 37].

Crop straw is rich in carbon, N, P, potassium, and other 
nutrients. Therefore, straw mulching is an important 
nutritional supplement, thereby increasing the uptake 
of nutrients by crops. In addition, returning straw can 
improve soil fertility, improve soil physical and chemi-
cal properties, and enhance microbial characteristics of 
the soil. As important technical measures in agricultural 
production, the combination of a no-till system and straw 
mulching not only improved soil water, fertilizer, and gas 
conditions [5, 38, 39], but also increased surface coverage 
and reduced surface runoff [38, 40, 41]. The comprehen-
sive effects of management measures such as nutrients, 
water, and fertilizer were conducive to an increase in rice 
yield.

The no-till practice reduced the frequency of soil dis-
turbance and caused less damage to the soil structure, 
which reduced the losses of soil N and P during erosion. 

Table 4  Residues and apparent balance of nitrogen in paddy soil

NTJ, NTG, CTJ, CTG indicate no-till/japonica rice, no-till/glutinous rice, conventional tillage/japonica rice, conventional tillage/glutinous rice, respectively. End of 
rice season: October 2016 and October 2017, end of winter fallow season: June 2017 and June 2018. BRN: environmental loss of nitrogen in rice season; BTN: annual 
environmental loss of nitrogen. Different lowercase letters in each column indicate significant differences set at p = 0.05 level

Time Bulk density Soil 
nitrogen 
storage

Nitrogen 
fertilizer

Nitrogen storage BRN Soil 
nitrogen 
storage

BTN

Soil Grain Straw

g cm−3 kg N ha−1

2016.06–2017.06

 NTJ 1.215 4613.1 ± 6 250 4667.7 ± 10a 86.84 ± 2.1a 63.99 ± 3.6b 44.54 ± 5.1b 4679.9 ± 8a 32.35 ± 3c

 NTG 4653.1 ± 11ab 83.24 ± 1.1b 67.99 ± 2.1a 58.78 ± 4.2a 4665.2 ± 10ab 46.58 ± 4b

 CTJ 4654.1 ± 10ab 85.84 ± 2.0ab 62.08 ± 1.9b 61.04 ± 5.7a 4664.9 ± 5ab 50.24 ± 5ab

 CTG​ 4646.8 ± 8b 79.15 ± 2.1b 66.25 ± 1.1ab 70.87 ± 4.9a 4659.0 ± 7b 58.68 ± 6a

2017.06–2018.06

 NTJ 1.221 4679.9 ± 8a 250 4750.1 ± 9a 90.48 ± 3.6a 65.95 ± 3.1ab 23.36 ± 3.5c 4757.0 ± 8a 16.48 ± 1c

 NTG 1.222 4665.2 ± 10ab 4726.1 ± 4bc 88.55 ± 4.2ab 70.30 ± 4.1a 30.38 ± 4.4b 4736.5 ± 5bc 19.96 ± 2b

 CTJ 1.219 4664.9 ± 5ab 4727.7 ± 10bc 88.85 ± 1.8b 64.27 ± 3.1b 34.11 ± 3.8a 4737.0 ± 4b 24.79 ± 2a

 CTG​ 1.220 4659.0 ± 7b 4715.5 ± 10c 82.28 ± 4.1c 68.96 ± 3.3a 42.29 ± 7.9a 4726.3 ± 6c 31.51 ± 4a
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Conversely, conventional tillage methods break up soil 
aggregates and reduce the stability of aggregates [42, 
43]. Therefore, the soil N and P content of rice fields 
under no-till management were higher. Caron et al. [44] 
reported that the porosity index in soil under no-till man-
agement was three times that of conventional tillage. The 
increase of large pores in the vertical direction in no-till 
soil could enhance water permeability in the soil profile. 
Under the conditions of no-till management with straw 
mulching, the rice root system development was better, 
which improved the utilization of rice field water and soil 
nutrients, making it easier for grains to obtain nutrients, 
thereby increasing yield [45–47]. However, the effect of 
no-till management on N and P accumulation in grain 
and straw was small, which could have possibly occurred 
because no-till and straw mulching reduced the soil 
nutrient output in most non-irrigated areas. The contents 
of soil total N and total P during the rice season increased 
more than that in the fallow season, and the stocks of N 
and P were also higher. The annual environmental losses 

during the planting season for 2 consecutive years were 
less than those during the rice season, mainly because 
of the effects of fertilization during the rice season and 
the return of straw to the field during the fallow season. 
Although rice straw residues contained some N and P, 
other researchers have pointed out that it takes time for 
straw mulching to release nutrients into the soil [47]. 
Therefore, there were lower environmental losses dur-
ing the planting season because the soil during the rice 
season could acquire more nutrients through fertilization 
and straw mulching [48].

The results of the 2-year experiment showed that the 
NTJ treatment had the best effect on N and P emission 
reduction in rice fields, whereas the CTG treatment had 
the lowest ability to reduce N and P emission from the 
rice fields. This was mainly because the losses of N and 
P from rice fields were closely related to tillage methods, 
rice yield, fertilizer application, rainfall, and other factors. 
With the growth of rice, the amount of N and P in the soil 
increased, indicating that both N and P in the soil were 

Table 5  Residues and apparent balance of phosphorus in paddy soil

NTJ, NTG, CTJ, CTG indicate no-till/japonica rice, no-till/glutinous rice, conventional tillage/japonica rice, conventional tillage/glutinous rice, respectively. Different 
lowercase letters in each column indicate significant differences set at p = 0.05 level. End of rice season: October 2016 and October 2017. End of winter fallow season: 
June 2017 and June 2018. BRP: environmental loss of phosphorus in rice season; BTP: annual environmental loss of phosphorus

Time Bulk 
density

Soil phosphorus 
storage

Phosphate 
fertilizer

Phosphorus storage BRP Soil phosphorus 
storage

BTP

Soil Grain Straw

g cm−3 kg P ha−1

2016.06–2017.06

 NTJ 1.215 2400.6 ± 4 44 2410.7 ± 22a 14.96 ± 0.4a 8.70 ± 0.7ab 10.22 ± 1.8c 2413.2 ± 4.2a 7.78 ± 2.1b

 NTG 2405.8 ± 14ab 14.99 ± 0.5ab 10.12 ± 0.6a 13.65 ± 0.4b 2408.3 ± 5.1a 11.21 ± 2.6ab

 CTJ 2406.3 ± 19ab 15.37 ± 0.6a 7.92 ± 0.9b 15.00 ± 2.3b 2409.2 ± 4.3a 12.11 ± 3.5a

 CTG​ 2401.4 ± 8b 14.20 ± 0.2b 8.75 ± 0.6ab 20.22 ± 1.9a 2403.9 ± 7.5a 17.78 ± 3.2a

2017.06–2018.06

 NTJ 1.221 2413.2 ± 4.2a 44 2427.7 ± 6a 15.76 ± 0.2a 9.00 ± 0.4ab 4.71 ± 0.3c 2428.5 ± 1.5a 3.83 ± 0.5b

 NTG 1.222 2408.3 ± 5.1a 2420.7 ± 11ab 15.63 ± 0.3ab 10.58 ± 1.0a 5.38 ± 1.3bc 2422.1 ± 2.4b 4.01 ± 0.7b

 CTJ 1.219 2409.2 ± 4.3a 2417.6 ± 12ab 15.99 ± 0.2a 8.37 ± 1.3b 11.20 ± 1.5b 2421.0 ± 2.2b 7.89 ± 1.3a

 CTG​ 1.220 2403.9 ± 7.5a 2410.4 ± 9b 14.83 ± 0.3b 9.17 ± 0.8ab 13.52 ± 0.8a 2412.0 ± 3.7c 11.85 ± 1.6a

Table 6  Comparison of economic benefits of different tillage treatments

NTJ, NTG, CTJ, CTG indicate no-till/japonica rice planting, no-till/glutinous rice planting, conventional tillage/japonica rice planting, conventional tillage/glutinous rice 
planting, respectively. Yield: 2-year average drying yield; the price of japonica rice is calculated in 0.3806 USD per kg, the price of glutinous rice is calculated in 0.4181 
USD per kg; other costs include the cost of fertilizer, seeds, etc.; net income = gross income − production costs

Treatment Yield (kg ha−1) Gross income 
(USD ha−1)

Production costs Net income 
(USD ha−1)

Relative value (%) Benefit: cost

Tillage costs 
(USD ha−1)

Other costs 
(USD ha−1)

NTJ 8483 3228.63 0 504.58 2724.25 112.06 6.40

NTG 7613 3183.00 0 504.58 2678.51 110.18 6.31

CTJ 8383 3190.57 216.25 504.58 2469.94 101.60 4.43

CTG​ 7538 3151.87 216.25 504.58 2431.03 100 4.37
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effectively fixed [11], which possibly occurred because 
the no-till with straw mulching practice improved the 
physical and chemical properties of the soil (increased 
soil porosity, increase soil surface roughness, etc.), and 
affected the formation and path of runoff, thereby reduc-
ing surface runoff and nutrient loss [49–51].

From the perspective of economic benefits, the NTJ 
method had the highest production-to-investment ratio, 
and different tillage methods (no-till/conventional till-
age) had a relatively large impact on the production costs. 
The production cost of the no-till treatment was lower 
than that of conventional tillage, and the yield of the no-
till treatment of rice was slightly higher than that of the 
conventional tillage, indicating that no-till contributed to 
the increased economic benefits [35, 52].

One important issue is that although we did not con-
sider the effect of rice residue retention on the N and 
P balance, it can still be shown that the no-till prac-
tice could reduce soil nutrient loss while maintaining 
slightly higher yield relative to conventional tillage, and 
the japonica rice increase grain yield more significant 
than another variety, thus, the NTJ treatment increasing 
environmental benefits. In addition, compared with the 
conventional tillage, no-till reduced the production costs 
(such as energy input of fuel consumption and machine). 
The comprehensive analysis showed that the no-till/
japonica rice (Xiushui-134) contributed to the reduction 
of N and P losses in paddy fields and the improvement of 
grain yield, which is worthy of promotion.

Conclusion
Our study found that the no-till practice was able to 
maintain more soil N and P nutrients than conventional 
tillage, and this advantage was more significant when 
planting japonica rice. In addition, the no-till method 
was conducive to the N and P uptake by rice, and glu-
tinous rice in the rice fields under the no-till treatment 
effectively increased N and P content in straw and grain, 
but no-till had no significant effect on the increase in 
rice yield. However, rice varieties were significantly cor-
related with rice yield, and japonica rice improved rice 
grain yield. The NTJ treatment reduced the environmen-
tal losses of N and P in rice fields. Herein, we recommend 
the NTJ treatment to improve the nutrient balance.
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