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Abstract: Objective In order to provide a scientific basis for crop residue management and K fertilization, the effect of straw
incorporation plus K-fertilizer on yield of rice, potassium (K,O) accumulation amount of shoots and potassium efficiency under
different paddy soil potassium levels was studied. =~ Method A series of field trials were carried out to study the effect of
recommended rate of potassium (K,O 75 kg-hm™) on rice production and whether straw potassium could replace chemical potassium
under wheat-rice/rape-rice cropping systems in selected 10 counties in Ezhong, Jianghan plain and Edong regions during 2011-2012.
According to the second national soil census in Hubei province, trial sites (available K content >150 mg-kg™), Zhongxiang (ZX) and
Yicheng (YC) were classified as high potassium supply capacity soils, marked as high-K; the test points (available K content 100-150
mg-kg ™), Tuanfeng (TF), Xiantao (XT), Honghu (HH) and Zhijiang (ZJ) were classified as middle potassium supply capacity soils,
labeled as Middle-K; the test points (available K content <100 mg-kg™"), Macheng (MC), Guangshui (GS), Ezhou (EZ) and Qichun
(QC) were normalized to low potassium supply capacity soil, labeled as Low-K. The field experiment was carried out in a
randomized block design, including six treatments with three replications. The designed treatments were CK (-K), +K, +S, S+1/3K,
S+2/3K, and S+K, where K and S denoted K fertilizer and straw, respectively.  Result The results showed that the yield of CK
treatment for high-K, middle-K and low-K soil were 8372, 8710 and 7767 kg-hm™, respectively. However, the K-fertilizer and straw
returning to field could increase yield of rice and K accumulation amount of shoots at varying degrees. The straw incorporation with
K-fertilizer treatment got the best effect compared with CK treatment. The increased yields were 633, 1098 and 814 kg-hm?
respectively and the yield increase rates were 7.7%, 12.6% and 12.5%, respectively for high-K, middle-K and low-K soils. The
increased K accumulations were 40.2, 56.5 and 49.3 kg'hm™ and the K increase rates were 15.9%, 21.3% and 36.8%, respectively.
Straw incorporation could reduce the KRE (K fertilizer recovery efficiency) of high-K soil, but increase the K{RE of middle-K and
low-K soils, significantly. Meanwhile, straw returning to field also lowered the K;AE (K fertilizer agronomic efficiency) of high-K
soil, but enhanced the K{AE of others. Compared with K{RE and K(AE, the KRE and KAE (K efficiency of straw-K with chemical-K)
were reduced, but the KRE and KAE of middle-K and low-K soils were obviously higher than those of high-K soil. Under the straw
returning to field condition, the correlation analysis between increase of yield, K accumulation and K-fertilizer amount indicated that
the recommended rate of potassium was more than the actual demand of rice growth in high-K soil and middle-K soil. Using the
fertilizer efficiency model and considering straw returning to field, the optimal amount of K-fertilizer was 38.2 kg-hm™ for high-K
soil (available potassium content>150 mgkg™), which was 49.1% less than the recommended amount in Hubei province. In the same
way, the optimal amount of K-fertilizer was 60.0 kg-hm™ for middle-K soil (available potassium content 100-150 mgkg™), which
was 20.0% less than the recommended amount. Whereas for low-K soil (available potassium content<100 mg-kg'l), the current
recommended amount of K-fertilizer was deficient.  Conclusion It was concluded that straw potassium could replace partial
chemical potassium for higher soil K supply, but insufficient for lower soil K supply if more grain wants to be produced in short-term
of straw incorporation.

Key words: paddy soil; K supply capacity; straw incorporation; K-fertilizer rate; substitute
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Table 1 Basic properties of paddy soil in experimental sites
pH
Site Latitude Longitude SOM Total N Available P Slowly available K Available K
gkg' gkg' mgkg! mgkg! mgkg!
Zhongxiang Dongqiao 31°05'56" 112°44'14" 6.8 232 1.3 5.6 376.5 168.0
Yicheng Xiaohe 31°4521" 112°06'31" 6.2 28.1 1.5 10.8 743.9 150.2
Tuanfeng Tuanfeng 31°41'59.7"  114°50'13" 5.8 22.5 1.4 9.4 698.9 111.1
Xiantao Pengchang 30°1723" 113°28'50" 7.8 18.5 1.2 15.2 841.6 104.8
Honghu Caoshi 30°05'40" 113°15'54" 6.7 233 1.6 26.9 634.7 119.4
Zhijiang Xiannv 30°29'30" 111°4529" 5.7 28.3 1.5 12.1 712.4 100.9
Macheng Yanhe 31°12'30" 115°620" 6.6 242 1.3 10.0 748.9 36.7
Guangshui Caihe 31°42'32" 113°4828" 53 18.0 1.0 5.0 217.7 56.3
Ezhou Putuan 30°23'17" 114°43'3" 5.0 20.7 1.3 12.5 197.3 52.4
Qichun Hengche 30°18'17" 115°22'40" 4.6 23.2 0.8 52 221.4 534
- 75 kg-hm™
- 2 18 m’
30 cm 30 cm
4 5 20.7><10*— /
26.1<10*  /hm’ N 46%
1.2 P,05 12%
6 1 CK -K K,0 60% =2
+K 3 +S 4 S+1/3K 5 S+2/3K 1 1
6 S+K K S 2 =2 1
4 — 6
N P,0s 165 45 -
kg-hm™ K,0 2250 kghm? 4500 kg-hm™ -
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Table 2 The types, K content of straw and rates of K-fertilizer, straw-K application in treatments
K/S-K
Site Types and K content of straw Rates of K-fertilizer and straw-K application for treatments(kg-hm™)
CK +K +S S+1/3K  S+2/3K S+K
Straw types K content of straw (%)  K/S-K K/S-K K/S-K K/S-K K/S-K K/S-K
Zhongxiang Donggiao Wheat 2.46 0/0 75/0 0/132.8 25/132.8  50/132.8  75/132.8
Yicheng Xiaohe Wheat 2.01 0/0 75/0 0/108.4 25/108.4 50/108.4  75/108.4
Tuanfeng Tuanfeng Rape 1.81 0/0 75/0 0/97.5 25/97.5 50/97.5 75/97.5
Xiantao Pengchang Rape 2.20 0/0 75/0 0/118.8 25/118.8  50/118.8  75/118.8
Honghu Caoshi Wheat 1.81 0/0 75/0 0/97.7 25/97.7 50/97.7 75/97.7
Zhijiang Xiannv Rape 3.10 0/0 75/0 0/167.4 25/167.4 50/167.4  75/167.4
Macheng Yanhe Rape 2.33 0/0 75/0 0/125.6 25/125.6 50/125.6  75/125.6
Guangshui Caihe Wheat 2.13 0/0 75/0 0/115.0 25/115.0  50/115.0  75/115.0
Ezhou Putuan Rape 1.24 0/0 75/0 0/67.2 25/67.2 50/67.2 75/67.2
Qichun Hengche Rape 1.81 0/0 75/0 0/97.5 25/97.5 50/97.5 75/97.5
=11 K K0 S-K K0

The K content of rape straw is the weighted average of stem and shell (stem : shell=1:1); K is rate of potassium fertilizer (K,O) for each treatment and S-K is
rate of potassium (K,O) released by straw for each treatment
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K agronomic efficiency KAE 263 751 621 kg'hm?
kgkg! = S+K -CK / 31% 7.7%  8.4%
+
MS Excel 2010  SAS.V8 5.5%
LSD P 0.05
CK
2 633 1098 814 kg'hm? 7.7%
2.1 12.6% 12.5%
CK
8372 8710 7767 kghm? S+K
3 +S +K S+K  +K
CK +S
3

Table 3 The effects of straw incorporation and recommended rate of K-fertilizer on the yield of rice

K levels Treatments Yield (kg'hm™) Increasing yield (kg-hm™) Yield increase rate (%)
CK 83724963 a
High-K +K 8635£955 a 263£108 31204
+S 8852+808 a 480+156 5.5£2.3
S+K 90054810 a 633+153 7.7£2.7
CK 8710+825b
Middle-K +K 9460889 ab 7514234 7.9+2.2
+S 9023+898 ab 314£170 4.3+0.3
S+K 98084990 a 10984344 12.6+3.9
CK 7767+586 b
Low-K +K 8376605 ab 62141 84423
+S 8019+550 ab 274+46 4.0+1.8
S+K 8503+529 a 814+£82 12.5+3.0
(P 0.05 Different small letters mean significant difference at P < 0.05 on treatments. The same as below
2.2 493 40.2 kg'hm®
21.3% 36.8% 15.9%
CK
252.6 2652 170.1 kg-hm™
2.3
CK I-A
320 39.4 27.1 kghm? 11.3% 42.7% 52.5%
12.9% 15.9% 36.1%
39.4 kg-hm™
11.1%  10.1% 19.7%
4.9% 57.1%
56.5 kg-hm™ 43.0% 4.6% 6.9%
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Table 4 The effects of straw incorporation and recommended rate of K-fertilizer on the total K uptake of rice
KZO Kzo
K levels Treatments Total K uptake (kg-hm?) Increasing K accumulation (kg-hm) Increase rate (%)
CK 252.6£59b
High-K +K 284.6+42 a 32.0+1.7 11.320.8
+S 278.0+7.1 a 25.4+£1.3 10.1+£0.3
S+K 292.7+59 a 40.2+0.1 15.9+0.3
CK 265.2+11.6 b
Middle-K +K 304.6+16.3 a 39.4+7.5 12.92.0
+S 2789+13.3b 13.7+£3.3 49+1.1
S+K 321.7421.1 a 56.5+£14.5 21.3+£5.3
CK 170.1£19.6 ¢
Low-K +K 193.5421.4 b 27.144.1 15.9+3.7
+S 184.6£17.3 b 17.1+4.0 11.1£3.6
S+K 212.5+174 a 49.3+£7.6 36.8+£5.6
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Different small letters above the tops of the bars mean significant difference at P 0.05 on soil K level

Fig. 1 The effects of straw incorporation and K-fertilizer on the KRE (KRE) and K;AE (KAE)
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Fig. 2 The relationship between increases of yield, K accumulation and K amount under straw incorporation
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Table 5 The optimum recommendation amount of K-fertilizer for rice under straw incorporation
RZ
Soil type Site Minimum yield Maximum yield Optimum K,O rate Yield Ratio of reduced K,O
(kg'hm?) (kg-hm™) (kg'hm™) (kg-hm™) (%)
Zhongxiang Dongqiao 8281 8447 36.1 0.976 7959 51.9
High-K Yicheng Xiaohe 9423 9658 40.4 0.739 9310 46.1
Tuanfeng Tuanfeng 9798 10375 62.7 0.961" 9945 16.4
Middle-K Xiantao Pengchang 9682 10604 58.6 0.955° 10308 21.9
Honghu Caoshi 8333 9852 56.1 0.963" 9308 25.2
Zhijiang Xiannv 8101 8400 62.6 0.961" 8280 16.5
2
4K (22
+S [17]
[23]
[14,20]
3.2
N P
[21] 2d  95%
(24 4 500
52.5% 10.0 kgkg' kg-hm™
36.1% 67.2—167.4 kg-hm™
42.7% 3.5 kgke!
75 kg-hm™ 1-C
2 75 kg'km™
[25]

[26]
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(7] 4.2 75 kg-hm™
3.3
[28]
4.3
2 150 mgkg”
36.1—40.4 kg-hm™ 38.2 kg-hm™
49.1% 100—150
5 mgkg” 56.1—62.7 kg-hm™
20%—50% 60.0 kg'hm™ 20.0%
100 mgkg”
[29]
10
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