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Effect of long-term K fertilizer application and returning wheat straw to soil on
crop yield and soil K under different planting systems in northwestern China
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1 Institute of Soil and Fertilizer ~ Shandong Academy of Agricultural Sciences  Jinan 250100 China
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Abstract Experiments of long-term K fertilizer application and returning wheat straw to soil in Ningxia irrigation silting
soils and Qinghai castanozems in northwestern China were started in 1992. Effect of K fertilizer application and returning
wheat straw to soil on crop yield and soil K status in the plough layer under different planting systems was studied. The
results showed that K fertilizer and wheat straw could improve crop yield significantly in Ningxia site with the treatments
being in the following order NPK + Straw > NPK > NP + Straw > NP. The time when the positive effect of K application
on yield became significant in Ningxia differed with varieties however K application or returning wheat straw to soil did
not have any significant effect on wheat yield in Qinghai. Coefficient of variance of wheat yield in each treatment of
Ningxia was lower than in Qinghai and was higher than maize but yield efficiency of K fertilizer application was on the
contrary. Except for treatment NPK + Straw  soil K was deficient in each treatment of the two fixed sites and the con-
sumption of soil K was more serious in the rotation system of Ningxia than in wheat monoculture of Qinghai. K fertilizer
and straw could improve content of water-soluble K non-specifically adsorbed K non-exchangeable K and total K in
contrast to NP however reduce proportion of mineral K and improve those of others in the two fixed sites and content
and proportion of specifically adsorbed K had no relations with K fertilizer and straw. Compared with the beginning of the

experiment temporal variability characteristics of content and proportion of different forms of K differed between two soil
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types which were closely related to K status of original soil and planting system.
Key words different planting systems long-term K fertilizer application returning wheat straw to soil soil K
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Table 1 Details of soil fertility in the two experimental sites in 1992
Reci Soil pH CEC Total N OM NH, -N NO; -N Avail. P Avail. K
cglon o pe cmol/kg % mg/ kg mg/ kg mg/kg mg/kg
. L . 7.75 10.8 1.15 28.6 50.3 31.8 129.4
Ningxia  Irrigation silting soils
Qinghai Castanozems 7.6 13.8 1.83 33.8 42.6 90.4 177.3
4 NPK + St N 110 kg/hm* P,0s 55.2 kg/hm* K,0
1 NP 2 NP+ St 150 kg/hm?
3 NPK 4 NPK + St N 138 4 25 m’
kg/hm® P,05 103.5 kg/hm* K,0 150 kg/hm?
N 414 kg/hm* P,0s 103.5 kg/hm*> K,0 150
kg/hm? 1:2 1992 0—20 cm
K,0 60% 2005
4 0—20 cm
33.6 m’ 1 NP 2 NP+St 3 NPK 4 1 mm
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Fig.1 Effect of long-term K fertilizer application and returning straw to soil on crop yield in Ningxia fixed site
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Different letters above the bars in the same year indicate significant at 5% level. The same below.
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Fig.2 Effect of K fertilizer application and returning straw to soil on wheat yield in Qinghai fixed site
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Table 2 Effect of long-term K fertilizer application and returning straw to soil on yield of wheat and maize in
different fixed sites average of 13 years
kg/hm? % kg/kg
Yield annually Yield increase K efficiency
Fixed site Treat.
Wheat CV % Maize CV %  'Total yield Wheat Maize ~ Wheat Maize

NP 4808 ¢ 15.8 8307 ¢ 8.8 13100
Ningxia NP + St 4980 b 14.7 8639 b 8.3 13619 3.6 4.0
irrigation NPK 5076 a 14.5 8836 a 7.9 13905 5.6 6.4 1.8 3.5
silting soils NPK + St 5193 a 14.8 8902 a 7.7 14095 8.0 7.2 1.4 1.8

NP 5355 a 20.3 5355 —
Qinghai NP + St 5220 a 19.8 5220 -2.5
castanozems NPK 5269 a 16.3 5269 -1.6 -0.6

NPK + St 5184 a 20.6 5184 -3.2 -0.2

2.3 kg/hm? NPK + St 3
NP + St
80% 0.35 NPK + St
13
NPK + St
1.55

K,0 300 3
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Table 3 Effect of long-term K fertilizer application and returning wheat straw to soil on crop K uptake and soil K balance

K,0 K0
K quantity absorbed by Total K quantity absorbedannually
wheat straw ke/hm? k,0
Fixed site Treatment Profit and Balance
loss annually index of K
. t't 1 k hm2
Quanti z Proportion Wheat Maize Total 4
kg/hm Yo
NP 112.5 ¢ 86.7 129.7 187.2 316.9 ¢ -316.9 0
Ningxia NP + St 123.6 b 86.5 142.8 213.3 356.1b -232.6 0.35+0.09
irrigation NPK 134.1 a 87.0 154.2 222.7 376.9 a -76.8 0.80+0.18
silting soils ~ NPK + St 137.5 a 85.9 160.1 226.5 386.6 a 38.4 1.13+0.07
NP 144.6 ¢ 82.4 175.5 175.5 ¢ -175.5 0
Qinghai NP + St 166.3 b 84.8 196.0 196.0 b -29.7 0.85+0.18
castanozems ~ NPK 167.5 b 84.8 197.8 197.8 b -47.8 0.76+0.12
NPK + St 188.9 a 86.5 218.4 218.4 a 120.5 1.55+0.28
Note P<0.05 Values followed by different letters within a column in the same

site are significantly different at P < 0.05 level. The same below.
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Table 4 Temporal variability of different forms of potassium content in two soil types under long-term K

fertilizer application and returning wheat straw to soil

Fixed site Treatment Water-soluble K Non-specifically Specifically Non-exchangeable K Mineral K
N adsorbed K adsorbed K N N
mg/kg me/ke me/ke mg/kg gke
1992 2005 1992 2005 1992 2005 1992 2005 1992 2005
NP 17.9 18.1b 55,5 58.7b 56.0 71.2a 1087.3 1009.3b 18.8 17.6 b
Ningxia NP + St 19.6 b 58.4b 72.5 a 1011.1 b 17.6 b
irrigation NPK 27.0 a 79.0 a 72.1 a 1125.2 a 17.7 b
silting soils NPK + St 30.6 a 86.7 a 71.8 a 1136.5 a 17.9 a
NP 19.6 155¢ 624 33.7¢ 953 76.2b 1429.8 1310.2c¢ 18.4 18.1a
Qinghai NP + St 25.8 be 58.8 be 83.0 a 1373.3 be 17.9b
castanozems NPK 33.4b 69.4 b 85.9 a 1419.5 ab 18.0 a
NPK + St 45.7 a 128.9 a 86.9 a 1454.1 a 18.3 a
5

Table 5 Temporal variability status of different forms of potassium proportion in two soil types under

long-term K fertilizer application and returning wheat straw to soil %

Fixed site Treatment S Non-specifically Specifically T Mineral K
Water-soluble K adsorbed K adsorbed K Non-exchangeable K o/ke
1992 2005 1992 2005 1992 2005 1992 2005 1992 2005
NP 0.089 0.09b 0.277 0.312b 0.280 0.379a 5.4 537b 93.9 93.8 a
Ningxia NP + St 0.104 b 0.311 b 0.386 a 5.39b 93.8 a
irrigation NPK 0.142 a 0.417 a 0.380 a 5.93 a 93.1b
silting soils NPK + St 0.159 a 0.451 a 0.373 a 591 a 93.1b
NP 0.098 0.082c¢ 0.312 0.178¢c 0.477 0.401b 7.15 6.69¢ 92.0 92.7 a
Qinghai NP + St 0.139 b 0.316 b 0.446 a 7.05b 92.1b
castanozems NPK 0.170 b 0.353 b 0.437 a 7.22 a 91.8 b
NPK + St 0.229 a 0.645 a 0.434 a 7.27 a 91.4 ¢
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Fig.3 Effect of long-term K fertilizer application and returning wheat straw to soil on content of total K
in irrigation silting soils of Ningxia and castanozems of Qinghai
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