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ABSTRACT 
 

In this paper, typical paddy fields located in three rice-based cropping systems, 
namely Guilin in Guangxi Province and Jingmen and Xiaochang in Hubei Province, 
were selected to investigate the inputs and outputs of nitrogen (N) and phosphorus 
(P). The main results can be summarized as follows. (1) Chemical fertilizers were the 
dominant source of N in all three study sites. The average N application rates were 
287.50 kg/hm2 in Guilin (double rice), 130.55 kg/hm2 in Jingmen (single rice) and 
172.41 kg/hm2 in Xiaochang (single rice). These inputs accounted for 83.43%, 
71.64% and 76.91% of the total N input, respectively. Correspondingly, fertilizers, 
along with soil were the dominant sources of P that together accounted for over 99% 
of the total input. (2) Uptake by the rice plants and drainage losses of N were different 
in the three sites, because of different fertilization and irrigation practices – Jingmen 
had the highest uptake efficiency and lowest losses through drainage. Overall, all 
three sites had low N utilization efficiency (28.16%–39.73%) and considerable losses 
through drainage (23.29%–39.53%). The efficiency of P uptake in all three sites 
(40.93%–61.76%) was higher than that of N, due to the lower drainage losses 
(0.33%–4.26%); however, the losses through plants retention in drainage ditches and 
leaching were relatively high (34.52%–58.73%). (3) An independent t-test showed 
that the total N content of soil in the paddy fields did not change significantly due to 
transplanting and harvesting both in Guilin and Jingmen, while in Xiaochang there 
was a surplus of N (53.93 kg/hm2). The quantity of available N in all three sites was 
reduced by different amounts (11.58–22.76 kg/hm2), indicating that measures to 
promote N recovery efficiency and soil N mineralization were needed instead of 
increasing N application rate. The total and available amount of P in the soil were 
reduced significantly in the three sites, particularly in Guilin due to the low rate of P 
application on single crops (18.91 kg/hm2), where the reductions were 87.51 kg/hm2 
and 24.30 kg/hm2, respectively. In order to achieve balanced fertilization, N 
application rates of approximately 120–130 kg/hm2 on single crops and 280 kg/hm2 
on double crops were recommended, as were P application rates of approximately 90 
kg/hm2 on single crops and 120 kg/hm2 on double crops. The current study of N and 
P mass balances and dynamic changes of nutrition in paddy fields in South China 
provides references for establishing rational fertilization and irrigation practices. 
 
Keywords: Paddy fields, Nutrient management, Application rate, Nitrogen, 
Phosphorus, China. 
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1. INTRODUCTION 
 
China, the world’s largest producer and consumer of rice, produces a yield 65% 
above the world average (Li et al., 2007). Fertilization contributes significantly to 
increasing rice production; however, there is a widespread concern about irrational 
fertilization (Zhang & Ma, 2000; Gao et al., 2001). On the one hand, insufficient 
fertilization leads to reduced yields and soil nutrient deficiency, ultimately resulting in 
soil degradation (Mishima et al., 2010). On the other hand, over-fertilization is 
wasteful, and more importantly it exacerbates agricultural nonpoint source pollution 
(Li et al., 1998). 
 
Balance analysis of nitrogen (N) and phosphorus (P) in paddy fields has practical 
significance for fertilization management to create a stable farmland ecosystem (Feng 
and Fang, 2006). Recently, studies on N and P balances in China has focused more 
on the control of agricultural nonpoint source pollution (Cao et al., 2006), the 
modelling of water and nitrogen balances in paddy fields (Tan et al., 2001) and the 
environmental carrying capacity of livestock and poultry (Sheng et al., 2009). 
However, only a few of these studies can guide rational fertilization and optimize 
nutrient management. 
 
Due to varying climate, soil quality and irrigation management, N and P are balanced 
very differently in different rice-producing areas in China (Chen et al., 2005) – for this 
reason, more research on N and P balances is needed for certain areas. This paper 
focuses on rice-producing areas in South China with high annual rainfall and hot rainy 
season and is to investigate the inputs and outputs of N and P in typical paddy fields 
located in three rice-based cropping systems: Guilin, Jingmen and Xiaochang. Soil 
nutrients and water quality were monitored, along with the investigation of fertilization 
practices. The results of the current study can provide guidelines for establishing 
rational fertilization and optimize nutrient management in rice-producing areas of 
South China. 
 

2. METHODS 
 
2.1  Study sites 

 
The study sites are located in Guilin, Jingmen and Xiaochang, which all have 
subtropical monsoon climates. Guilin is in Guangxi Province (25°30’ N, 110°33’ E), 

with an annual temperature of 19 C and an annual rainfall of 1949.5 mm. Jingmen 
and Xiaochang are both in Hubei Province (30°50’ N, 112°15’ E; 31°22’ N, 114°07’ E) 

with similar climate conditions. The annual temperatures of both sites are 16.1 C, 

while the annual precipitations are 949.4 mm and 1071.5 mm, respectively. 
 
At each site, the locally typical on-farm fertilization and irrigation practices were 
assessed in order to confirm that the three sites well represent the conditions of rice 
production in South China. Due to abundant precipitation and high temperature, 
Guilin produces double rice (early and late rice), with different fertilization and 
irrigation practices from those of the single rice producers, Jingmen and Xiaochang. 
There are a few differences between Jingmen and Xiaochang as well. Due to being 
part of the largest irrigation network in Hubei Province, the fertilization and irrigation 
management of Jingmen is normative with complete irrigation infrastructures and 
professional management, while Xiaochang is serviced by a small-scale and farmer-
managed irrigation system. 
 
The studies in Guilin, Jingmen and Xiaochang were carried out in 2008, 2008 and 
2015 respectively. In order to reduce bias in the results, two typical paddy fields were 
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established in each site (Fig. 1). Independent t-tests showed that there were no 
significant differences between soil properties in the two fields before transplanting at 
the same site, so the two fields were considered as a whole in balance analysis of N 
and P. The areas, sampling points and soil properties of the paddy fields before 
transplanting are shown in Table 1. 
 

 
Study site in Guilin 

 
Study site in Xiaochang 

Study site in Jingmen 

 

 

 

 

 

Figure 1.  Location map of the typical fields, i.e. G1, G2 in Guilin, J1, J2 in Jingmen, 
and X1, X2 in Xiaochang. Some typical surface features are also labelled 
in the figure. 
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Table 1. The areas, sampling points and soil properties of the typical fields before 
transplanting  

 

2.2  Framework and data for N and P balance analysis 
 
The framework for N and P balance analysis accounted for inputs, outputs and 
changes in soil (Figure 2). Balances should satisfy mass conservation (outputs - 
inputs = changes in soil); however, in Sections 3.1 and 3.2, the N and P surplus in the 
soil caused by over-fertilization was considered as an output component, while the 
deficiency in soil caused by insufficient fertilization was considered as an input 
component. Therefore, the mass conservation can be changed as outputs = inputs. 
 

Surplus or deficiency 

of N and P

Fertilizer

Irrigation

Deposition

Biological fixation

Plant uptake

Drainage

Conservative term

Paddy fields

 

Figure 2. Model of N and P flows in crop production 

 
The inputs included fertilization, irrigation, atmospheric deposition and biological 
fixation. Specifically, data for the amount of fertilizers were collected through 
surveying local households (Table 2). It should be noted that the amount of fertilizers 
was low in all three sites. Irrigation water flow was measured by using flumes – the 
water was sampled once a day (in Guilin and Jingmen) or twice a day (in Xiaochang). 
The total concentration of N in the water was determined by absorption 

 Guilin Jingmen Xiaochang 

Typical field G1 G2 J1 J2 X1 X2 

Area (m2) 942.5 886.4 886.7 800 43681.8 31290.5 

Sampling points 28 27 34 24 15 11 

Organic matter 

(g/kg) 
26.05 25.12 27.24 25.24 17.96 17.85 

Total N (g/kg) 1.57 1.47 1.38 1.19 0.44 0.42 

Total P (g/kg) 0.25 0.27 0.56 0.71 0.22 0.23 

Available N 

(mg/kg) 
141.05 135.44 103.56 111.74 62.06 65.22 

Available P 
(mg/kg) 

12.45 12.24 13.71 12.55 15.25 18.31 

Available K 
(mg/kg) 

13.72 22.95 57.87 43.41 72.34 68.69 
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spectrophotometry after decomposition with potassium peroxodisulfate. Total P was 
also measured by spectrophotometry, using ammonium molybdate. In all three sites, 
the atmospheric deposition rate of N was estimated at 20 kg/hm2 on the basis of 
previous studies (Zheng et al., 2014; Cui et al., 2015). Consequently, the atmospheric 
deposition rate of P was neglected, due to it being less than 1 kg/hm2, according to 
informed reports (Li et al., 2010; Fan et al., 2010). Based on previous work carried out 
in the Yangtze valley (Yan et al., 2003; Guo et al., 2011), the rate of biological fixation 
of N2 was estimated at 30 kg/hm2, while that of P was neglected. 
 

Table 2. Fertilizer types and their application rates in the three study sites 

 

Study site Fertilization 

N 
application 

rate 
(kg/hm2) 

P 
application 

rate 
(kg/hm2) 

Guilin 

Basal dressing: urea 150 kg/hm2, 
Superphosphate 500 kg/hm2, potassium 
chloride 200 kg/hm2 

Top dressing for tillering of early rice: 
urea 225 kg/hm2 

Top dressing for late rice: urea, 250 
kg/hm2,  potassium chloride, 180 
kg/hm2 

287.5 34.93 

Jingmen 

Basal dressing: ammonium bicarbonate 
487 kg/hm2; Superphosphate 590 
kg/hm2, potassium chloride 150 kg/hm2 

Top dressing for rice tillering: urea 100 
kg/hm2 

130.55 41.17 

Xiaochang 

Basal dressing: urea 187 kg/hm2, 
Superphosphate 337 kg/hm2, potassium 
chloride 150 kg/hm2 

Top dressing for rice tillering: urea 112 
kg/hm2 

Top dressing for rice jointing: urea 75 
kg/hm2 

172.41 23.57 

* Composition of fertilizers: urea (N 46.00%), ammonium bicarbonate (N 17.10%), Superphosphate (P 6.99%), 

potassium chloride (K 47.02%). 
 
The outputs included the uptake by rice plants (including rice and straw), drainage 
and the conservative term. Specifically, rice plant uptakes of N and P were calculated 
from the yield and its content of N and P. The sampling of rice plants was carried out 
at five points along a diagonal line across the paddy. Three hills from each point were 
harvested and divided into head and straw. The N content in plant samples was 
determined by using the Kjeldahl method, while P was measured by spectroscopy. 
The nutrient load in the drainage was obtained through water sampling tests. A 
conservative term was included on the output side in order to ensure mass 
conservation. According to previous studies (Du, 2010; Lv, 2003; Gao et al., 2001), 
the conservative term for N consists of the losses through leaching, ammonia 
volatilization, denitrification and plants retention in drainage ditches, while that of P 
includes the losses through leaching and plants retention in drainage ditches. 
 
Changes in soil N and P contents were defined as the differences between the 
nutrient amounts after harvesting and those before transplanting. Soils were sampled 
at 55, 58 and 25 locations in Guilin, Jingmen and Xiaochang, respectively (Table 1). 
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In order to improve the accuracy of the study, the sampling locations were the same 
prior to transplanting and after harvesting. The samples were collected from the top, 
20 cm thick layer of the soil. The samples were dried and ground after collection. 
Total and available N and P were measured using national standard methods (Bao, 
2000). 
 

3. RESULTS AND DISCUSSION 
 

Table 3 presents the input and output terms in the balance analyses for all three sites. 
Independent t-test were used to confirm the significance of changes in the amount of 
N and P in the soil – insignificant results are denoted by zeros. The balance of this 
section (including Figs. 3 and 4) is based on Table 3. 
 
Table 3. Balance analysis for N and P for three study sites in the rice season (unit: 

kg/hm2)  

 

Item N P 

Guilin* Jingmen Xiaochang Guilin* Jingmen  Xiaochang 

Input 

Fertilizer 287.50  130.55  172.41  34.93  41.17  23.56 

Irrigation 7.10  1.68  1.76  6.62*10-2 4.89*10-4 4.12*10-4 

Deposition 20.00 20.00 20.00 0 0 0 

Biological 

fixation 
30.00 30.00 30.00 0 0 0 

Total 344.60 182.23 224.17 34.99 41.17 23.56 

Output 

Plant uptake 110.04  72.50  63.14  75.65  41.25  35.92  

Drainage 136.23  42.44  56.18  4.56  3.81  0.29  

Conservativ

e term 
98.33  67.29  50.93  42.29  44.48  51.54  

Total 344.60 182.23 170.25 122.50 89.54 87.75 

Changes in soil 0** 0** 53.92 -87.51  -48.37  -64.19  

 
* Double rice in Guilin; 

**No significant change before transplanting and after harvesting. 

 
3.1  Inputs 
 
3.1.1  Inputs of N 
 
Figure 3 shows that the average N application rates were 287.50 kg/hm2 in Guilin, 
130.55 kg/hm2 in Jingmen and 172.41 kg/hm2 in Xiaochang – these values accounted 
for 83.43%, 71.64% and 76.91% of the total N input, respectively. Consequently, the 
application of fertilizers appeared to be the dominant source of N input in these rice-
producing areas of South China. Similar results found by Jiang et al. (2009) and Bian 
et al. (2014) regarding N fertilization in North China suggest that the trends are 
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generally true for the entire country. The N application rate and its percentage of total 
inputs in Guilin were obviously higher than those in Jingmen and Xiaochang, for the 
reason that the double rice planted in Guilin needed more N for growth. Although 
single rice was planted in both Jingmen and Xiaochang, the N application rate and its 
percentage in Xiaochang was higher than that in Jingmen, indicating that there are 
still marked differences in single rice production in terms of N fertilization in South 
China. 
 
The double rice in Guilin needed more irrigation water, resulting in a higher water-
related application rate of N (7.10 kg/hm2) and a respective percentage of the total N 
input (2.06%), compared to those in Jingmen and Xiaochang (below 2 kg/hm2 or 1% 
in both sites). However, N in irrigation water is an overall small contributor to the 
mass input and may be neglected in all three sites. The low N input rates by irrigation 
were a result of the low total N concentration of irrigation water in all three sites 
(below 2.14 kg/hm2). This result was inconsistent with previous studies (Feng et al., 
2005; Lu 2011) that reported a relatively high N load from irrigation water, which can 
be attributed to water recycling. 
 
Figure 3 also presents the amounts and percentages of atmospheric deposition and 
biological fixation of N in the three study sites. The utilization of literature data for the 
estimation of these terms should be taken into account when assessing the accuracy 
of these calculations. However, the contributions of atmospheric deposition and 
biological fixation of N were considerable (14.51%–27.44%), suggesting that they 
must be incorporated into the balance analysis. 
 
3.1.2  Inputs of P 
 
The P application rates in the three sites accounted for 26.86%–45.98% of the total P 
input, while the P deficiency in soil, which was considered as an input component, 
accounted for 54.02%–71.43%; in other words, the P application rates were too low 
and the soil had to supply a considerable amount of P to maintain plant growth. The P 
inputs were dominated by the fertilization application and provision by the soil, which 
together accounted for over 99% of the total P input. 
 
The application rates of P through irrigation were very low in all three sites (below 
0.01 kg/hm2), as were their percentages of the total P input (below 0.01%), indicating 
that P in irrigation water can be neglected in the balance analysis. This result was 
similar to those of previous studies focusing on North China (Zhang et al., 2010), 
suggesting a certain universality of this trend. As in the case of N, water recycling was 
found to result in a relatively high contribution of irrigation to the total P input (9%, 
Feng et al., 2005). 
 
3.2  Outputs 
 
3.2.1  Outputs of N 
 
The uptake by rice plants and losses through drainage are of the greatest concern, as 
they are related to rice yield, fertilizer utilization and agricultural nonpoint source 
pollution. High fertilizer utilization efficiencies and low losses through drainage are 
needed in rice production. As seen in Fig. 4, the uptake by rice plants accounted for 
28.16%–39.73% of the total N output in the three sites – plant uptake was the lowest 
in Xiaochang and the highest in Jingmen. The reasons were as follows: (1) the high N 
application rate on single crops in Xiaochang (172.41 kg/hm2) resulted in a N surplus 
in the soil (24.06%), despite the portion of N lost through drainage not being very high 
(25.06%) compared to that in the other two sites; (2) Guilin had the highest loss 
through drainage (39.53%) due to high rainfall and more irrigation compared to the 
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other sites; (3) Jingmen had a moderate N application rate (130.55 kg/hm2), which did 
not lead to a surplus in the soil, and had relatively low N losses through drainage 
(23.29%), implying good fertilization and irrigation management. In general, the three 
sites had low N utilization efficiencies (below 40%) and relatively high losses through 
drainage (23.29%–39.53%, comparable to the N uptake by rice plants), reflecting the 
current status of rice production in South China. Wang et al. (2010) discovered that 
conservative tillage could promote fertilization utilization efficiency with decreasing 
nutrient losses through drainage, which lead to higher crop yields. Their method is 
therefore recommended. 

 

 
Figure 3. Inputs of N and P in three study sites 

 
The conservative term of N, which has been explained in Section 2.2, includes the 
losses through leaching, ammonia volatilization, denitrification and plants retention in 
drainage ditches. Note that this portion could not be neglected, as it accounted for 
22.72%–36.92% of the total N output. It should be pointed out that Jingmen had the 
highest contribution from the conservative term, which might be due to ammonium 
bicarbonate applications. Ammonium bicarbonate is volatile, and was only applied in 
Jingmen, increasing the contribution of volatilization to the conservative term here. 
 
3.2.1  Outputs of P 
 
Figure 4 shows that the P uptake by rice plants accounted for 40.93%–61.76% of the 
total P outputs, thus plant uptake appears to be a more significant contributor to P 
output than to N output (28.16%–39.73%). The possible reason behind different P 
uptakes was the different P management strategies in the three sites. Although only a 
small portion of P was lost through drainage (0.33%–4.26%), the percentages of the 
conservative term of P, including the losses through plants retention in drainage 
ditches and leaching, were relatively high (34.52%–58.73%). This means that it was 
possible to further improve the P uptake efficiency by rice plants. 
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Figure 4. Outputs of N and P in the three study sites 

 
3.3  Changes in the N and P contents of the soil 
 
Independent t-tests showed that the total N content in the soil of the paddy fields did 
not change significantly between before transplanting and after harvesting both in 
Guilin and Jingmen, while in Xiaochang there was a total N surplus (53.92 kg/hm2) 
caused by over-fertilization (172.41 kg/hm2). This suggests that the fertilization 
strategies in South China may be prone to over-fertilization. However, when looking 
at the amount of available N in the three sites (Table 4), even in Xiaochang, with the 
total N surplus in the soil, a reduction of different degrees (11.58–22.76 kg/hm2) is 
found. This suggests the conversion of a portion of the N input by fertilizers to 
unavailable N. It is therefore proposed that in order to facilitate the efficient utilization 
of N, measures for promoting N recovery and soil N mineralization should be 
implemented instead of increasing the application rate of fertilizers. Previous studies 
showed that organic fertilizers used along with chemical fertilizers promoted soil 
mineralization (Zheng et al., 2001; Han et al., 2007; Xu et al., 2008). Given that the 
amount of applied organic fertilizers was low in all three sites, the optimization of the 
fraction of organic fertilizers seems to be needed. 
 
It is commonly believed that the over-fertilization of P is widespread in rice production 
in China. However, based on Tables 3 and 4, it was found that the contents of soil 
total and available P reduced significantly in the three sites, indicating the presence of 
insufficient fertilization in some paddy fields of South China – this result was 
consistent with that of Ji et al. (2015). In particular, due to the low rate of P application 
on single crops in Guilin (18.91 kg/hm2), the contents of soil total and available P 
exhibited the most significant reduction (87.51 kg/hm2 and 24.30 kg/hm2, 
respectively). This result highlights the need for more carefully planned P application 
and promotion of soil P mineralization. Existing studies report that dry-wet alternate 
irrigation could promote soil mineralization (Huang and Xu, 2011). 
 
Because N and P deficiency in the soil causes soil degradation (Mishima et al., 2010), 
while the soil nutrient surplus increases agricultural nonpoint source pollution (Li et al., 
1998), balanced fertilization that keeps the soil N and P contents reasonably constant 
before transplanting and after harvesting, is urgently needed. Based on the results of 
nutrient balance analysis, it is shown that the N application rates in Guilin and 
Jingmen were appropriate, as neither soil N deficiency, nor surplus was found there. 
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For Xiaochang, the recommended rate of N application was calculated by subtracting 
the application rate from the surplus in the soil (i.e. approximately 130 kg/hm2). 
Because there were soil P deficiencies in all three study sites, the recommended P 
application rates were obtained by adding the P deficiencies to the P application rates 
(i.e. 122.14 kg/hm2 in Guilin, 89.54 kg/hm2 in Jingmen and 87.75 kg/hm2 in 
Xiaochang). In conclusion, N application rates of approximately 120–130 kg/hm2 on 
single crops and approximately 280 kg/hm2 on double crops were recommended, as 
were P application rates of approximately 90 kg/hm2 on single crops and 
approximately 120 kg/hm2 on double crops. It should be noted that the recommended 
application rates proposed here are only applicable to other rice-producing areas in 
South China after modifications to account for the different losses through drainage, 
leaching, and plants retention in drainage ditches. 
 
Table 4. The contents and changes of available N and P in the soil (in kg/hm2). 

 

4. CONCLUSIONS 
 
Through the investigation of representative fields located in three rice-based cropping 
systems in South China, namely Guilin in Guangxi and Jingmen and Xiaochang in 
Hubei Province, this paper presents N and P balance analysis, by taking fertilization, 
irrigation, deposition, biological fixation, plant uptake, drainage losses and other 
factors into account. The results provide references for establishing rational 
fertilization and irrigation practices. 
 
The application of chemical fertilizers was the dominant source of N and P in all three 
study sites. Besides, the soil provided rice plants with a considerable amount of P. 
Irrigation water, as a source of N and P, could be neglected; however, certain 
irrigation strategies; e.g. the reuse of irrigation water, can increase the input through 
irrigation and thereby reduce fertilizer consumption. Atmospheric deposition and 
biological fixation of N should be considered in the balance analysis. 
 
Because Jingmen had a moderate N application rate and relatively low N loss through 
drainage, the N uptake efficiency was higher than those in Guilin and Xiaochang – 
these sites showed high drainage losses and surplus N in the soil, respectively. 
Overall, the three sites exhibited low N utilization efficiency and considerable losses 
through drainage. Measures to optimize N application and irrigation practices to 
reduce losses, e.g. conservative tillage, were needed. The portion of P lost through 
drainage was low in all three sites; however, losses through plants retention in 

 Guilin Jingmen Xiaochang 

Available N 

Before 
transplanting 

359.65 279.33 164.79 

After harvesting 339.10 255.60 153.21 

Changes -20.54 -23.73 -11.58 

Available P 

Before 
transplanting 

32.11 34.22 42.97 

After harvesting 7.81 6.02 29.18 

Changes -24.30 -28.20 -13.79 
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drainage ditches and leaching were relatively high, suggesting that further improving 
P uptake efficiency was still possible. 
 
Results of this study show that over-fertilization resulted in a total N surplus in the 
soil, while deficiencies of P were caused by insufficient P application in the three 
sites. In order to achieve balanced fertilization, a recommended N application rate of 
approximately 120–130 kg/hm2 on single crops and 280 kg/hm2 on double crops is 
proposed. The recommended P application rates were found to be approximately 90 
kg/hm2 on single crops and 120 kg/hm2 on double crops. In addition, the contents of 
available N and P reduced between before transplanting and after harvesting, 
suggesting that some measures should be adopted to promote soil mineralization, 
e.g. the application of organic fertilizers and dry-wet alternate irrigation. 
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