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ABSTRACT Nitrogen (N) and phosphorus (P) losses from agricultural soils have been 
identified as a major contributor to declining surface water quality. Field experiments 
were conducted to evaluate the effects of cash crops on surface runoff N and P 
concentrations and loadings in the north part of Huaihe River Basin, China. The 
treatments comprised three cropping systems including soybean, cotton, and corn, with a 
bare plot as control. Runoff volume, sediment yield, runoff N and P loadings were 
significantly affected by the cash cropping system, in the order of bare plot� corn plot� 
cotton plot� soybean plot. The variation of runoff and sediment yield from different cash 
cropping systems correlated to the Leaf Area Index (LAI). The factors affecting the 
loadings of N and P were also closely related to LAI and surface runoff volume. 
Dissolved N and dissolved P were the main forms of N and P losses for cotton and 
soybean plots, whereas the particulate N and dissolved P were the main forms of N and P 
losses for corn plot. Soybean and cotton production can be the cropping systems that 
reduce the N and P surface losses during the peak-flow production period, if 
economically feasible. 
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INTRODUCTION  Nitrogen and phosphorus are the most important nutrients applied to 
agricultural production systems and contribute greatly to the economical viability, 
sustainability, and improvement of cropping productivity across the world. With stead 
increases in the use of N and P fertilizers, surface runoff from agricultural lands 
contributes significant amounts of N and P to water resources, including rivers and lakes, 
and results in and consecutively accelerates eutrophication, which causes increasing 
concerns relating to economy, environment, society, and human health. To minimize the 
loss of nutrients from agricultural fields, best management practices (BMPs) have been 
developed and implemented. However, such management practices must be tested and 
evaluated for specific locations to determine their efficiency.  

Numerous BMPs have been developed to reduce N and P losses from agricultural non-
point sources on the specific geographic locations where soil and climatic conditions are 
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similar. Nitrogen losses in runoff were  the greatest in the  summer months when rainfall 
intensities were highest at the North Appalachian Experimental Watershed, Coshocton, 
Ohio (Chichester, 1977). The semi-humid temperate zone with a continental monsoon 
climate of Huaihe River Basin of China commonly produces rainfall events that are 
episodic in nature and of relatively short duration with very high intensities during peak-
flow production period from June to September. Thus controlling the N and P losses from 
agricultural fields in the period is the key to prevent the eutrophication of receiving fresh 
waters. Cash crops are the main crops during peak-flow production period in the Huaihe 
River Basin. However, there is little information on effect of different cash crops on N 
and P losses.  

The studies up-to-date have mostly focused on the cover crops and crop residues effect 
on nutrients losses. Zhu et al. (1989) conducted an experiment at the USDA-ARS 
Midwest Claypan Exp. Farm near Kingdom City, Mo. and concluded that winter cover 
crops were very effective in reducing soil erosion and dissolved nutrient losses from No-
till soybean. As vegetative filters, cover crops effectively reduced sediment loads coming 
from idle and fallow fields on moderately steep volcanically derived highly weathered 
soils (Ryder and Fares, 2008). 

Resent studies have shown that total sediment, total bioavailable P, and nitrate loss by 
overland flow decreased with increasing vegetation coverage (Tiscareno-Lopez et al., 
2004; Gao et al., 2009). He et al. (2006) reported that the vegetable fields produced 
higher concentrations of P in the runoff water than citrus groves due to severer soil 
erosion and higher fertilizer P input, which resulted in increased soil P accumulation. 
Greater crop residue return has also been shown to reduce P concentrations in runoff 
water (Torbert et al., 1999; Grande et al., 2005). However, contrary to most results, 
Nicolaisen et al. (2007) reported that nutrient concentrations in runoff were not affected 
by the amount of crop residue, when beef cattle or swine manure was applied to plots 
containing residue materials. Overall, Eghball and Gilley (1999) found that 
concentrations and loads of P and N were dependent on crop residue type, antecedent soil 
moisture conditions, and the year of the study. 

The objective of this study was to examined runoff flow, sediment loss, and 
concentrations and loads of N and P at different cash crop systems in the Huaihe River 
Basin, China. 

MATERIALS AND METHODS  
Experimental Site The soil used for this study is a silty clay (dark soil with lime 
concretion) located at Xinmaqiao Experiment station, Anhui Water Resources Research 
Institute, Bengbu, Anhui, China (33°09' N, 117°22' E). The soil has a pH of 7.5, sand 
content of 6.9%, silt content of 52.8%, clay content of 40.3%, organic carbon content of 
0.76%, total N content of 0.77 g kg-1, and total P content of 0.43 g kg-1, with bulk density 
1.36 g cm-3 in the top 20cm. 

The experimental site has an annual average temperature of 15°C, potential 
evapotranspiration of 916.7 mm, precipitation of 911.3 mm, and runoff of 240 mm. With 
a semi-humid temperate continental monsoon climate, 60~70% of annual precipitation, 
mainly in rainstorm, falls in the period of June to September. Winter wheat, soybean, 
corn, and cotton are grown extensively in the area.  
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The plots were 5 m long by 2 m wide, with an average slope of 5‰. Each plot was 
isolated from surface run-on by plastic strips (0.5cm thick and 40cm wide) buried 
vertically about 30cm into the soil. Surface runoff from each plot was intercepted using a 
V-shaped PVC structure that ran the full width of the plot. Water from the structures then 
flowed into a plastic trough stick with scales that were installed in a ditch at the front of 
each plot to collect and measure the runoff water. Precipitation was measured with 
automatic rain gauge located at approximately 200 m away from the plots. 

Cropping systems The experiment was carried out with four treatments and three 
replications according to a completely randomized block design. The four treatments 
consisted of a control (uncropped bare soil) and three cash crops, including corn 
(Zhengdan 958), cotton (9901 youxi), and soybean (zhonghuang 13). To create a control 
(bare) treatment, all weeds in the three control plots were removed to create zero 
vegetation coverage. 

As local farming practices, corn and soybean were sown on 25 June 2007, and harvested 
on 2 October and 5 October, respectively. Cotton was transplanted on 25 June and 
harvested on 27 October. Corn and cotton population were 42000 and 40000 plants per 
ha, respectively. Soybean seeding rate was 150 kg ha-1, and the rows were 0.33 m apart. 
Before each sowing, urea and compound fertilizer were incorporated into the beds to a 
depth of 15cm by hand for the three cash crops. Based on the local fertilization rates, the 
fertilizer application rates were 114 kg N ha-1, 45 kg P ha-1, and 45 kg K ha-1, for N, P, 
and K, respectively, for corn. For cotton, the fertilizer N, P, and K rates were 228 kg N 
ha-1, 90 kg P ha-1, and 90 kg K ha-1, respectively. Fertilizer rates for soybean were 45 kg 
N ha-1 for N, 45 kg P ha-1 for P, and 45 kg K ha-1 for K. 

Sampling and analysis Approximately 1L sub-sample was taken from every 100 to 200 
L runoff water. Water samples were immediately refrigerated at 4°C prior to analysis. 
After a thorough mixing to assure all sediment was in the suspended state, a sub-
subsample was taken immediately, filtered through a 0.45µm pore diameter filter, and 
analyzed for dissolved N (DN), NO3

--N, and NH4
+-N using persulfate digestion-

ultraviolet spectrophotometric method, ultraviolet spectrophotometric screening method, 
and phenate method, respectively (Clesceri et al., 1999). Total N (TN) in the unfiltered 
runoff samples was determined by persulfate digestion-ultraviolet spectrophotometric 
method. Total P (TP) and total dissolved P (TDP) were determined using unfiltered and 
filtered samples, respectively, that were digested using acidic persulfate. Phosphorus was 
determined colorimetrically (Murphy and Riley, 1962). Water sample was also analyzed 
for sediment content by evaporating 200ml of unfiltered runoff water in an oven at 70°C. 
The leaf area index (LAI) of crops was measured after runoff event using a leaf area 
meter (WinFOLIA). 

Data analyses Five runoff events were measured during the cash crop growth, and 
differences of cropping systems in the fifth runoff event are more obvious than those in 
the first four runoff events. Thus the fifth runoff event happened on 22 August is selected 
to analyze effect of cash crops on N and P loss by surface runoff. 

Statistical analyses were performed using the Statistical Analysis System(SAS Institute, 
2004). Data were log(x+1) transformed, as necessary to satisfy conditions of normality 
using Proc Univariate. Analysis of variance (ANOVA) techniques were used to 
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determine treatment effects. Comparison of means was performed using the least 
significant difference (LSD) test at the 5% level of significance.  

RESULTS AND DISCUSSION 

Runoff and sediment losses Cumulative surface runoff, LAI and sediment loss for each 
treatment were shown in Fig. 1 and 2, respectively. The temporal variation of surface 
runoff was affected by crop type (Fig. 1). The increase of runoff was the greatest in the 
bare plots from the starting to the end of the runoff event, followed by corn > cotton > 
soybean. For example, the differences between bare and soybean plots were from 
20.67mm in the beginning to 66.36mm at the end, which increased by 2.2 times. This 
indicated the effect of cash crops on runoff was influenced by rainfall duration.  

Significantly less sediment losses occurred from the cropped plots than the control, and 
the sediments from corn, cotton, and soybean plots were 41.0%, 87.0%, and 100.0% 
below the control, respectively (Fig. 2). Sediment losses from soybean and cotton plots 
were significantly less than those from corn plot.  The results are consistent with those of 
Sharply and Smith (1991) who found that cover crops serve to protect the soil surface 
from raindrop impact, improve infiltration relative to bare soil and trap eroded soil 
particles. 

Surface runoff and sediment losses were both negatively and significantly correlated 
(p<0.001) with LAI, and the correlation coefficient was 0.87 and 0.84, respectively. This 
indicated that the significant differences of LAI for each treatment would have been the 
major factors causing differences in surface runoff and sediment loss (Fig. 2).  

 

 

Figure 1. Cumulative volume of surface runoff water from various cropping systems at 
Bengbu in 2007. 

CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 4 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 5 

  
Figure 2. LAI and sediment loss from various cropping systems at Bengbu in 2007. 

Nitrogen and phosphorus concentrations  Table 1 summarized N and P flow-weighted 
mean concentrations of various forms in runoff water. Concentrations of NH4

+-N, NO3
--N, 

and DN were similar amongst all the four treatments, except for TN concentrations which 
were slightly higher than the other three cropped treatments. Proportion of DN in TN of 
the runoff water were averaged at 47.5%, 45.2%, 69.3%, and 82.8% for the control, corn, 
cotton, and soybean plots, respectively, indicating that most of N in the runoff water from 
the cotton and soybean plots was soluble. NO3

--N predominated in the runoff water from 
all the treatments in comparison with NH4

+-N. For instance, the NO3
--N to TN ratio was 

averaged at 21.7%, 17.2%, 46.3%, and 44.1%, and NH4
+-N ratio 8.0%, 12.6%, 10.9%, 

and 27.5% for the control, corn, cotton, and soybean plots, respectively. 

Concentrations of TDP and TP in runoff water were less from the cropped plots than the 
control, but with no differences observed for the three cropped plots (Table 1). The 
proportion of TDP in TP of the runoff water were averaged at 44.6%, 55.9%, 60.0%, and 
79.8% for the control, corn, cotton, and soybean plots, respectively. This implied that 
most of P in the runoff water from the corn, cotton and soybean plots was soluble, and the 
total dissolved P proportion increased with increases LAI. 

Nitrogen loadings Cumulative NH4
+-N, NO3

--N, DN and TN loadings from surface 
runoff were shown in Fig. 3. There were considerable differences among the four 
treatments for the temporal variation of various forms of N loadings in runoff water.  The 
lowest temporal differences of NH4

+-N, NO3
--N, DN and TN loadings were from soybean 

plot, followed by cotton, with the highest found in the corn plot, except for NO3
--N, the 

difference of which for corn plot was less than that for the cotton plot. The patterns of 
cumulative N loadings in surface runoff matched that of cumulative runoff volume, and 
the sharpest cumulative runoff volume (i.e., time 7:40-7:50 and 9:45-9:50) was also 
followed by the greatest cumulative N loadings. 

Table1. Various forms of nitrogen and phosphorus flow-weighted mean concentration in 
surface runoff water from various cropping systems at Bengbu in 2007. 

NH4
+-N NO3

--N DN TN TDP TP Treatment 
mg/L mg/L mg/L mg/L mg/L mg/L 

Control 0.26a 0.70a 1.52a 3.21a 0.157a 0.351a 
Corn 0.37a 0.50a 1.31a 2.91a 0.065b 0.117b 
Cotton 0.24a 1.02a 1.53a 2.21a 0.101b 0.168b 
Soybean 0.69a 1.11a 2.08a 2.51a 0.117b 0.147b 
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Figure 3. Cumulative nitrogen loads from various cropping systems at Bengbu in 2007. 

Mean NH4
+-N loadings in runoff water were significantly lower in both soybean and 

cotton plots than in the control and corn plots (Table 2). NO3
--N, DN and TN loadings in 

runoff were significantly different among four treatments, in the order of soybean < 
cotton < corn < control, except that there were no statistical differences in the NO3

--N 
loadings for the control and cotton plots and the DN loadings for the cotton and corn 
plots. This trend was similar to the LAI and runoff. Four forms of N loadings in runoff 
were significantly and positively correlated with the runoff volume and negatively with 
LAI (Table 3).  

Table2. Various forms of Nitrogen and phosphorus total losses in surface runoff water as 
related cropping systems at Bengbu in 2007. 

NH4
+-N NO3

--N DN TN TDP TP Treatment 
kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha 

Control 0.19a±0.018 0.52a±0.108 1.14a±0.221 2.39a±0.485 0.12a±0.018 0.26a±0.058 
Corn 0.20a±0.035 0.28b±0.046 0.73b±0.164 1.62b±0.368 0.04b±0.010 0.07b±0.006 
Cotton 0.10b±0.019 0.42a±0.078 0.63b±0.044 0.91c±0.033 0.04b±0.017 0.07b±0.024 
Soybean 0.06b±0.026 0.10c±0.060 0.18c±0.091 0.21d±0.084 0.01c±0.005 0.01c±0.005 
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Table3. Linear regression equation and coefficients (R2) for the relationships between 
various forms of nitrogen and phosphorus losses and LAI or runoff at Bengbu in 2007. 

LAI Runoff 
Linear regression equation R2 Linear regression equation R2 
NH4

+-N=0.22-0.027x 0.81* NH4
+-N=0.035+0.002x 0.75* 

NO3
--N =0.48-0.052x 0.45* NO3

--N =0.081+0.006x 0.63* 
DN=1.09-0.146x 0.79* DN=0.049+0.014x 0.88* 
TN=2.34-0.361x 0.87* TN=-0.185+0.033x 0.89* 
TDP=0.097-0.016x 0.70* TDP=-0.012+0.001x 0.70* 
TP=0.201-0.035x 0.70* TP=-0.042+0.003x 0.70* 

                         *Significant at 0.01 probability level. 
 
Phosphorus loadings  There were considerable differences among the four treatments 
for the temporal variation of cumulative TDP and TP loadings in runoff water (Fig. 4). 
For instance, TDP loadings increased by 0.082, 0.036, 0.024 and 0.007 kg ha-1, and TP 
loadings by 0.240, 0.057, 0.050 and 0.011 kg ha-1 for the control, cotton, corn, and 
soybean plots, respectively, from starting to the end of the runoff event. The patterns of 
cumulative TDP and TP loadings in surface runoff matched that of cumulative runoff 
volume, and the two periods with the most rapid cumulative runoff volumes (i.e., time 
7:40-7:50 and 9:45-9:50) were also the periods when there were the greatest cumulative 
TDP and TP loadings.  

 

 

Figure 4. Cumulative phosphorus loads from various cropping systems at Bengbu in 
2007. 

Analysis of variance showed that cash crop type had a significant effect on cumulative 
DP and TP loadings, with fewest losses from soybean plots that had the highest LAI. The 
TDP and TP loadings were significantly greater for cotton and corn plot than the soybean 
plot, but less than the control (Table 2). A simple regression analysis showed that both 
cumulative TDP and TP loadings were linearly and negatively related to LAI (R2=0.68 
and 0.70), but linearly and positively related to runoff (R2=0.67 and 0.70), respectively 
(Table 3). The results showed that differences in cumulative loss of DP and TP were 
strongly impacted by cash crops as a function of vegetation coverage. 

 



CONCLUSIONS  Results from this research clearly showed the strong influence of the 
cropping system in determining N and P concentrations and loadings in surface runoff 
water. A drastic decrease in NH4

+-N, NO3
--N, DN, TN, TDP, and TP loadings were 

observed with an increased LAI of cash crops (bare � corn � cotton � soybean). DN and 
TDP were the main forms of N and P losses for cotton and soybean plots where there 
were higher LAI, whereas the particulate N and TDP were the main forms of N and P 
losses for the corn plot.  

The results also supported the use of LAI for cash crops in terms of assessing the 
potential risk of N and P losses from agricultural lands. The temporal patterns of N and P 
cumulative loadings matched that of cumulative runoff volume, and the N and P loadings 
were highly and positively correlated with runoff volume. Runoff and sediment losses 
that carried the nutrients were both negatively related to LAI for cash crops. Cash crops 
with high LAI, such as soybean and cotton, can be a good choice to reduce the N and P 
surface losses during the peak-flow production period. 
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