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Yield response to NPK fertilization and the main impacts in production of
winter wheat in Yangtze River catchments of China
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Abstract: [ Objectives ] This study analyzed the effects of N, P and K fertilizers on wheat yield in the Yangtze
River catchments, and the contribution rates of the main influencing factors for the yield responses, which will
provide data support for the managements of NPK fertilizers in production of wheat in the area. [ Methods ] The
data were obtained from both the wheat field trials conducted by the International Plant Nutrition Institute in the
Yangtze River catchments of China, and the published papers by searching the key words including winter wheat,
winter wheat + yield, winter wheat yield + fertilizer utilization, etc. in CNKI database. According to the
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requirement of Meta-analysis, there are total of 724, 624 and 658 data for nitrogen, phosphorus and potassium
fertilization. The effect value of a nutrient was defined as the response ratio of its fertilization over no-fertilization
treatment within a same trail, and Meta-analysis method was used to quantitatively analyze the contribution of
each factors on the yield response effect. [ Results ] The application of NPK fertilizers increased the wheat yield
in Yangtze River catchments significantly, and the yield increase rates by N, P and K fertilizers were averaged
66.0%, 17.9% and 10.0%, with the highest positive effect by N fertilizer. The yield effect was significantly
affected by the inherent soil productivity, and the yield increase rates were as high as 134.2%, 30.0% and 12.1%
on the low-productivity soil (yield < 2.0 t/hm*). There was a negative correlation between the yield-increasing
effect of nitrogen and phosphate fertilizers and the inherent soil productivity. The fertilization effect varied
significantly among planting areas, the highest N effect was in Chongqing [136.1%, In (R) = 0.859], highest P
effect in Zhejiang Province [39.1%, In (R) = 0.330], and the highest K effect in Guizhou Province [19.1%, In (R) =
0.175]. N, P and K fertilizers all had the best yield-increasing effects in acidic soils. The yield-increasing effects
showed a downward trend with soil pH increasing, and the yield-increasing rates were 95.2%, 29.4% and 14.0%,
respectively. Soil organic matter content had a significant effect on P production, but not on N and K. In soil of
total-P > 1.0 g/kg, total-K > 20.0 g/kg, available-N < 80.0 mg/kg, available-P > 25.0 mg/kg and available-K <
90.0 mg/kg, N application had the most obvious yield increase. In soil of total-P < 0.7 g/kg and available-P < 15.0
mg/kg, P application was the most effective, and in soil of available-K < 90.0 mg/kg, K application increased the
most. [ Conclusions ] The yield of winter wheat could be increased by 66.0%, 17.9% and 10.0% through the
application of nitrogen, phosphate and potash fertilizers in Yangtze River catchments, respectively, and nitrogen is
still the most effective nutrient. The inherent soil productivity affects the nutrient efficiency significantly and the
high nutrient efficiency will be in the plot of yield < 2.0 t/hm’. The pH, organic matter and mineral nutrient
content should be taken as the basis of fertilizer input in the winter wheat planting areas in Yangtze River
catchments.

Key words: Yangtze River catchments; winter wheat; yield-increasing effect; Meta-analysis;
comprehensive effect value
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Table 1 Descriptive statistics of sample size
Bz FEA FHEIE bRz /IME BRE J »
Nitrite Number Mean SD Minimum Maximum Q if ™
N 724 0.507 0.025 0.483 0.532 89697.215 723 <0.001
P 624 0.165 0.018 0.147 0.183 32314.305 623 <0.001
K 658 0.095 0.008 0.086 0.103 9668.906 657 <0.001

7 (Note) : Q—F AT Statistic of heterogeneity; df— | H i Degree of freedom; Po,— & #4555 Significance test.
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Fig. 1 Effect analysis of wheat yield to nitrogen, phosphorus and potassium fertilizer application
[ (Note) : [F 5 3/RJ H The dots represent the response ratio; 222k FE/R 95% AY B {5 X [H] The error lines represent the 95%

confidence interval; 5 FP SN F /R A The numbers in parentheses represent the sample size.]
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Fig. 2 Effect of soil fertility level on wheat fertilization effect response ratio
[I¥ (Note) : [RS8 Lt The dots represent the response ratio; 1RZZZE RN 95% AU E (5 X [A] The error lines represent the
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Fig. 3 Effect of planting area on wheat fertilization response ratio

[ (Note) : "LRFRI/RFH In (R) =

response ratio; RZEZEIR 95% AYE (X 8] The error lines represent the 95% confidence interval;

parentheses represent the sample size.]

0 The vertical moulding indicates the effect value In (R) = 0; [5] 553/~ )] H& The dots represent the
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