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Effect of potassium combined with nitrogen application
on potassium efficiency and potassium balance of double rice
in hilly regions of Hunan province

LIAO Hai-yan® LIAO Yu-lin*® LU Yan-hong®® NIE Jun®*®" XIE Jian*® YANG Zeng-ping®® ZHOU Xing?

(1.Hunan First Normal University, Changsha 410205, China; 2.Soil and Fertilizer Institute of Hunan province, Changsha
410125, China; 3.Scientific Observing and Experimental Station of Arable Land Conservation(Hunan), Ministry of
Agriculture of China, Changsha 410125, China )

Abstract: The field trials were conducted to study the effects of combined application of nitrogen and potassium on rice
yield, K absorption, K utilization efficiency, K balance, K content in soil and the economic benefit of K fertilizer at 2
types of paddy soil in hilly regions of double-rice cropping system. Six plots were arranged, they were N;Kg, N;K3, N;Kj,
N;K3, NoKjg, NoK3 with combined application of four K levels, namely, Ko, K3, K, and K3, and two N levels (N; and Ny).
K application rate of Ky, K, K and Kg in early rice and late rice were 0, 105, 150, 195 kg/hm? (K,O the same below) and
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0.0, 136.5, 195.0, 253.5 kg/hm?, respectively. N application rate of Ny, N, in early rice and late rice were 150, 195 kg/hm?
(N, the same below) and 180, 234 kg/hm?, respectively. The results showed that K fertilizer application could obviously
increase grain yields of early rice and late rice, especially for the late rice. Under N, application level, the grain yield of
N;Kj plot in early rice and N;K; in late rice were the highest in reddish yellow soil, which increased by 5.1% and 13.9%
compared with N;Kq plot, respectively. The grain yield of N;K3 plot in early rice and N;K, in late rice were the highest in
yellow clayey soil, which increased by 12.9% and 17.7% compared with N;K, plot, respectively. K application was
helpful to keep soil K balance and improve soil K level. Under N; level, K balances of the experimental soils were
deficient in N;Kq and N;K; plots, and surplus in N;K, and N;Kj plots in early rice, while, they were deficient in N;Kj,
N;K; and N;K,, surplus in N;Kj in late rice. Compared with the initial level, the available K content in the two soils were
increased in N;K,, N;K3 and N,Kj3 plots while decreased in N;Ky, N;K; and N,Kq plots after early rice and late rice were
harvested. The economic profit of K application in reddish yellow soil was not significant in early rice but it was
significant in late rice. The economic profit of grain in yellow soil was significant both in early and late rice. Therefore, it
should pay attention to take K fertilizer suitable distribution under consideration in early rice and late rice for the
improvement of rice yield, maintenance of soil potassium fertility and enhancement of grain economic benefit. The
utilization principle should be recommended as less K application in early rice and more in late rice at double rice
regimes in hilly regions of Hunan Province.
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Table 1 Physical and chemical properties of the tested soils
oH( ) / / / / / / /
(g'kg™) (gkg™) (mg-kg™) (mg-kg™) (gkg™) (mg-kg™) (mg-kg™)
5.3 32.9 12.5 298.1 6.4 9.2 54.2 1035
5.8 38.3 13.4 191.2 4.9 9.9 743 94.4
1.3 R¥Engit 6 NiKo NiK: NiK; NiKs
2012 N2Ko  N2K3 N: N N 150
195 kg/hm? 180 234 kg/hm?

Ke Ki Ky Kz 4

(Ny) (N,)2 Ko Ki Kz Ks (K;0) 0 105 150
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(N1)
NiK: NiKp  NiKs
0~20 cm N1Ko 51% 2.4% 3.7% N; Ky
0~20 cm NiK:  NiKq
(N1) NiK;  NiK;
N;K3
pH NiK: NiKp NiKs N;Ko 10.3%
(8] 12.4% 12.9% N1Ko
15 HESHHE (N2)
NoK3 N2Ko 13.7% 14.9%
(K20)
=( i
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Table 2 Rice yield of different treatments in two paddy soils
I(kg-hm) 1% I(kg-hm™) 1%
N; Ko 5396 cB 5663 cB
N; Ky 5676 bB 5.1 6 175 bAB 9.0
N;K; 5528 bcB 24 6 450 abA 13.9
N; K3 5594 bcB 3.7 6 238 abAB 10.2
N2Kjo 5412 cB 6 200 abAB
N2K3 6 155 aA 13.7 6 650 aA 7.3
N; Ko 5663 dD 6218 bB
N; Ky 6 244 bBC 10.3 7229 aA 16.3
N;K; 6 363 bB 12.4 7318 aA 17.7
N; K3 6 394 bB 12.9 7020 aA 12,9
N2Ko 6088 cC 6 390 bB
N2Kj3 6994 aA 14.9 7103 aA 11.2
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2.1.2 BAETE
(Ny) 2.2 FZRIBAERHBRREAAREZTEER
Ko 2.2.1 KAGHEIR GG ERATE
N:iKz 3 (Ny)
NiKo  13.9% N;Ks N; Ko (K,0)
10.2% N;K; NiKp 9.0% N.K;,
NiKo  17.7% NiK; NLK,
N:Kg 16.3% N;Ks; N;Kj 12.9%
2
(N2) N2K3 N2Ko
N>Ko 7.3% 11.2% N;Ko N,Ks N;Ks
(Ny) (K2)
F3 2 FHIERAIER KGR R R R TR
Table 3 Potassium absorption and potassium balance of different treatments in two paddy soils
(K:0) /(kg-hm™) I(kg-hm2) 1% I(kg-kg™)
N:Ko 87.3 108.2 -87.3 -108.2
N;K; 120.4 197.6 -15.4 -61.1 315 65.5 2.00 3.75
N;K; 1311 214.0 18.9 -19.0 29.2 54.3 0.67 4.04
N;Kj 149.6 199.2 45.4 54.3 31.9 35.9 0.77 2.27
N2Ko 1135 113.6 -113.5 -113.6
N2K; 161.7 259.8 33.3 -6.3 24.7 57.7 2.89 1.78
N; Ko 105.3 175.8 -105.3 -175.8
N:K; 136.0 190.6 -31.0 -54.1 29.2 10.8 5.53 7.41
N:K; 139.4 201.7 10.6 -6.72 22.7 13.3 4.67 5.64
N;Ks 154.3 228.0 40.7 255 25.1 20.6 3.75 3.16
N2Ko 128.4 181.5 -128.4 -181.5
N2K; 171.6 246.1 23.4 7.4 22.2 25.5 4.65 5.18
2.2.0 KAk AT E AL NiKs Rk Riks 465
ka/kg 1.15 kg/kg
3 (Ny)
N:K: NiK;  N;Kjz 5.40
NiK:  NiKy  N;iKjg
kag/kg 3.35 kg/kg 2
30.9% 25.7%
(N2) (Ny)
2
(N2K3)
(N;Ks) 2.2.4 QAP EIEMGATE B TR
(N2K3) (Ny) (N2)
(N1K3) 2
< JOR. N:Ko
2.2.3 KAGAEMRGG AT R R F R
N,Kjo 87.3 1135
3 (Ny) 2 2
kg/hm 108.2 113.6 kg/hm
N1Ko N,Kjo
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Fig. 2 Available K content of different treatments in yellow soil
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Table 4 Economic benefits of different treatments in two paddy soils /hm?
N.Ko 14 893 16 196 1308 1255 13585 14 941
N;K; 15666 17 661 2115 2210 13551 15451 -34 509 0.96 1.53
N:K, 15257 18 447 2 358 2620 12 899 15 827 —686 886 0.35 1.65
N:K; 15439 17 841 2673 3029 12 766 14 812 -819 -130 0.40 0.93
NoKo 14 937 17732 1543 1536 13 394 16 196
N.K; 16988 19019 2908 3311 14 080 15708 686 —488 1.50 0.73
N:Ko 15630 17783 1308 1255 14 322 16 528
N,K; 17233 20675 2115 2210 15118 18 465 797 1936 1.99 3.03
N:K, 17562 20929 2358 2620 15 204 18 309 882 1781 1.84 2.30
N:K; 17 647 20077 2673 3029 14 974 17 048 653 519 1.48 1.29
N.Ko 16 803 18 275 1543 1536 15 260 16 739
N.K; 19303 20 315 2908 3311 16 395 17 004 1136 265 1.83 1.15
2.0
1.0~2.0
1.0 4
0.35~1.65
1.15~3.03 [4-13]
(Ny) K,0 0~105 kg/hm?
3 Hr5ite
K;O
1 150~195 kg/hm?
[10-11] K,0 0~195 kg/hm?
2 K,0 253.5 kg/hm?
[12]
(K) 0.58~3.32 mg/kg™
2 (X3 Yy
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