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Table 1 Grain yield and yield components in paddy fields incorporated with rice straw, relative to tillage pattern
R MR o ghgix TR L
Ty A fb 3 Number of Number of spikelets E‘*ﬁ{t% Seed setting  1000-Grain F’:EI
Season  Year Treatment effective panicles per panicle fotal O: splilzielet rate weight Actual %;eld
(10" hm™) (10* hm™) (107 (%) (g) ttm)
PR 2013 CT 283.7+9.9a 143.0 = 7.0ab 4.06+0.27ab  81.5+0.6b  25.4%0.3a 7.79+0.41b
Early rice CTS 286.2+9.2a 147.8 £2.7ab 4.23+0.19a 80.2 £0.5¢ 24.9+0.7a 7.99 £ 0.59ab
RTS 293.3 + 8.4a 151.0+7.7a 4.43 +0.35a 81.4+0.6b 25.0 £0.2a 8.68 = 0.35a
NTS 265.0 £6.4b 137.0+7.1b 3.63 £0.28b 84.5 £0.5a 25.4+0.1a 7.23£0.14b
2014 CT 316.8 = 4.8a 114.6 £5.5a 3.63+0.13a 79.6 = 0.8b 27.2+0.1a 7.50+0.22b
CTS 326.3+16.2a 117.8 £9.8a 3.84 £0.25a 79.7 £0.6b 26.8 £ 0.2b 7.88 £0.23a
RTS 332.1+14.5a 113.8+3.1a 3.78 £0.06a 82.9+1.3a 27.1+0.3ab 8.03+0.07a
NTS 311.2+16.4a 116.8 £3.7a 3.64 £0.27a 79.8 £1.1b 27.3+0.2a 7.84+0.17ab
2015 CT 295.0 = 9.5bc 118.8 +8.3a 3.51+0.33b 84.1+1.7a 25.9+0.2a 7.25+0.33b
CTS 303.8+4.8b 123.0 £ 2.0a 3.74+0.12ab  82.0+4.7a 26.1 £0.1a 7.48 £0.24b
RTS 326.3+7.2a 127.3+5.7a 4.15+0.20a 81.1+1.5a 25.9+0.1a 8.07+0.19a
NTS 287.5+10.2¢c 121.3+6.7a 3.49 £0.20b 82.1+2.1a 25.8x0.1a 7.07 £0.16b
WiAkg 2013 CT 428.7+9.1a 122.5+3.9b 5.25+0.08b  72.8+0.7c  24.5%0.2b 8.27 +0.04b
Late rice CTS 422.9+10.0a 121.7+£8.1b 5.15+£0.47b 76.0+0.9b 24.9+0.2a 8.42 £ (0.04ab
RTS 426.0+15.7a 139.7 £6.7a 5.95 + (0.42a 75.6+1.5b  24.8+0.2ab 8.72 +0.24a
NTS 358.3+1.6b 130.3 £4.7ab 4.67+0.17b 79.9+1.2a  24.7%0.1lab 8.18+0.12b
2014 CT 344.7+16.8a 161.5*3.3b 5.57 £ 0.24a 77.3+0.9b 23.3+0.2a 8.83+0.21b
CTS 314.9+14.2b 173.1 £6.2ab 5.45 £0.34a 84.9£5.2a 23.8 £0.8a 9.42+0.21a
RTS 320.5 = 6.6ab 181.6 = 3.6a 5.82+0.06a 80.3+1.1ab 24.1%0.1a 9.70 = 0.08a
NTS 314.6+17.5b 169.0 £6.7bc 5.32£0.33a 79.3 £0.8b 23.8 £0.4a 8.78 £0.28b
2015 CT 333.4+7.0a 159.7 £ 8.2b 5.32+#0.16a 78.0+1.3b 23.2+0.1b 9.04 = 0.26b
CTS 326.5+10.8a 160.4 + 4.6b 5.24+0.21a 79.1x1.6ab  23.7+0.3a 9.29 +£0.18ab
RTS 308.8+7.7b 172.6 £ 3.3a 5.33%£0.18a  80.2+2.1ab  23.7%0.1a 9.54 +0.10a
NTS 299.4 £ 7.8b 158.4 £6.8b 4.75+0.29b 81.6+1.6a 23.5%0.lab 8.45+0.20c

H: CTRREFIHE SFEFF AL H, CTSICREHE SFEFTE M, RTSICEEH SFEFTIEH, NTSICE et SHREFT L AR, Frb
FIFIAR/NG FhE R AR AL PR R — 245 22 R iA5% B #F K F (p<0.05) . FIA Note: CT stands for conventional tillage, CTS

for conventional tillage plus straw incorporation, RTS for rotary tillage plus straw incorporation, and NTS for zero-tillage plus straw

incorporation; Different lowercase letters in the same column indicate significant difference between treatments of the same year at 5%.

The same below
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Fig. 1 Dynamics of rice tillering in paddy fields incorporated with rice straw, relative to tillage pattern (in 2013 )
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Table 2 Soil physical and chemical properties of the field incorporated with rice straw relative to tiilage patern

£y Qb3 BD AK SOC TN

Year  Treatments (gem™) pH (mgkg™) (mgkg™) (gkg") (gkg")

2013 CT 0.97 £0.02a 5.29 £ 0.04a 24.2+0.7a 95.0 +£3.8a 21.9+0.2a 3.71 £0.04a
CTS 0.96 =0.02a 5.25 £0.05a 26.3 =0.5a 105.1 £4.9a 22.6 +0.6a 3.78 £0.04a
RTS 0.95 £0.02a 5.28 £0.04a 26.7 £ 2.8a 107.2+8.1a 22.8+0.7a 3.79 £0.07a
NTS 0.98 £ 0.02a 5.23 £0.05a 25.7£0.9a 98.7+9.9a 22.1 £0.5a 3.76 £ 0.06a

2014 CT 0.98 £0.02ab 5.27 +0.06a 24.0 £0.8b 92.7 +3.0b 21.7+£0.7b 3.67 £0.03b
CTS 0.94 £0.03bc 5.21 £0.04a 28.2+0.9a 112.0 £5.8a 23.1+0.3a 3.86 = 0.06a
RTS 0.93 £0.02¢ 5.24 £0.04a 29.2 £1.0a 115.4£9.1a 23.4+0.8a 3.88 £0.0ba
NTS 1.00 £0.02a 5.19 £ 0.06a 27.7+1.2a 102.9 £ 9.5ab 22.6 £ 0.6ab 3.82 +0.09a

2015 CT 0.97 £0.03b 5.26 £ 0.06a 23.4 £0.9b 89.2 £ 3.4b 21.6 £0.5b 3.62 £0.04b
CTS 0.93£0.01bc 5.16 =0.06b 29.2+1.0a 114.8 £8.5a 23.7+0.8a 3.89 +0.08a
RTS 0.92 £0.02¢ 5.18 £0.07ab 29.7 £ 0.6a 119.9 £ 8.5a 24.0 £0.6a 3.91 £0.07a
NTS 1.02 £0.02a 5.13+0.05b 28.3+0.7a 107.3+7.1a 23.0%£0.8a 3.86 =0.08a

. BDIRER AT, APIRERAA RS, AKACRHAAH, TNIRREE, SOCELI|ATIL; I ARR/NG FRE:FRAF L
HR]— Ay 22 53 385% 8% 7KV (p<0.05) 5 T Note: BD stands for soil bulk density, AP for available phosphorus, AK for readily

available potassium, TN for total nitrogen, and SOC for soil organic carbon. Different lowercase letters in the same column indicate

significant difference between treatments of the same year at 5%. The same below
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Table 3 Principal component extraction and rotated component

matrix of soil fertility quality

Fusr1 (Fp)

H o E5r2 (F,)
Principal
Item Principal component 2
component 1
BD -0.240 0.770
pH -0.325 -0.608
AP 0.458 0.087
AK 0.457 -0.131
SOC 0.460 -0.073
TN 0.455 0.089
FRIEAA
4.642 1.160
Eigenvalue
5 25 Tk
77.36 19.33
Percentage rate ( % )
SR 20k R
77.36 96.69

Cumulative rate (%)
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Table 4 Scores of principal components and general scores of soil fertility quality relative to treatment

by Year b B FHS1 (F) FHisre (F,) a1
Treatment Principal component 1 Principal component 2 The total score
2013 CT —-2.527 -0.606 -2.072
CTS —-0.425 -0.422 -0.410
RTS -0.177 -1.088 —-0.347
NTS -1.315 0.456 -0.929
2014 CT -2.962 -0.085 -2.308
CTS 1.487 -0.438 1.065
RTS 2.043 -1.097 1.369
NTS 0.050 1.527 0.334
2015 CT -3.435 -0.241 -2.704
CTS 2.787 -0.102 2.136
RTS 3.385 -0.680 2.487
NTS 1.088 2.778 1.379
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Effects of Straw Returning and Tillage System on Crop Yield and Soil Fertility
Quality in Paddy Field under Double-Cropping-Rice System

CHENG Chen WANG Jianjun CHENG Huihuang LUO Kang ZENG Yongjun SHI Qinghua
SHANG Qingyin’
( Collaborative Innovation Center for the Modernization Production of Double Cropping Rice, Jiangxi Agricultural University / Jiangxi
Key Laboratory of Crop Physiology, Ecology and Genetic Breeding/ Key Laboratory of Crop Physiology, Ecology and Genetic
Breeding, Ministry of Education, Nanchang 330045, China )

Abstract [ Objective) Being the main by-product of crops, crop straw is rich in organic matter,
nitrogen, phosphorus, potassium and some other nutrients. The practice of returning or incorporating
straw into the field can improve soil physical and chemical properties, soil fertility quality and nutrient
recycling, and hence crop yield. However, the practice has quite a number of problems waiting for solution.
For example, crop straw is hard to decompose and low in utilization efficiency; produces reducing toxic
substances and competes with crops for nitrogen, when decomposing; and induces incidence of crop pests
and diseases. Therefore, how to optimize crop straw utilization is of great significance to guaranteeing food
safety of the country and improving soil quality. Currently, straw incorporation often goes in combination
with tillage, which can not only improve the soil water, fertilizer, gas and heat regimes, but also increase
crop yield. It is a good effective and important measure to ensure sustainable development of the agriculture.
Although a large volume of researches have recently been reported in China on effects of the combination of
straw incorporation with tillage on soil fertility and crop yield of the field, most of them, except a few, focus
mainly on effects of the practice in upland fields and fields under rice-wheat rotation system. The double rice—
cropping system in South China is a rich resource of rice straw, but it is still unclear how to optimize the
combination of straw incorporation with tillage. [ Methods) A 3-year stationary field experiment was conducted
from 2013 to 2015 to study effects of tillage on crop yield and soil fertility quality in combination with straw
incorporation. The field experiment was designed to have four treatments, that is, conventional tillage without
straw incorporation ( CT ) , conventional tillage and straw incorporation ( CTS ) , rotary tillage and straw
incorporation ( RTS ) andnon-tillage and straw incorporation ( NTS ) . The straw of early rice was crushed into
short sections about 5 cm in length simultaneously by the Kubota semi feeding combine harvesting the crop,
and spread into the field as basal manure for late rice, and so was the straw of late rice and spread into the
field as basal manure for the early rice next year. [Results] Results show that Treatment CTS was 3.5% and
5.2% higher than Treatment CT and Treatment NTS, respectively, in mean yield of the three cropping of
early rice from 2013 to 2015 and 3.6% and 6.4% higher, respectively, in mean yield of the three cropping of
late rice. Especially Treatment NTS was markedly lower than Treatment CTS in late rice yield ( p <0.05) . But
Treatment RTS was by 6.1% and 3.1% higher than Treatment CTS, respectively, in early rice yield and late
rice yield. The experiment also shows that straw incorporation increased soil organic carbon ( SOC) , total

nitrogen ( TN ) , available phosphorus ( AP ) and readily available potassium ( AK ) . In 2015, Treatments
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CTS, RTS and NTS were distinctly higher than Treatment CT in SOC, TN, AP and AK. Treatment NTS
was 4.9% higher than Treatment CT in soil bulk density (BD) (p<0.05) , while Treatment CTS and RTS
was 4.1% and 5.2%, respectively, lower than Treatment CT. The declining trend was especially apparent in
Treatment RTS. Straw incorporation reduced soil pH by 1.9%, 1.5% and 2.5% in Treatments CTS, RTS and
NTS, respectively as compared with Treatment CT, and especially in Treatments CTS and NTS. During the
three years of cultivation, Treatment CT exhibited a declining trend in soil fertility, however, in treatments
with straw incorporation, soil fertility was on a rising trend. In 2015, Treatment RTS was 16.4% and 80.4%
higher, respectively, than Treatment CTS and NTS. [Conclusion] Obviously, in double rice cropping
regions of South China, long-term rotary tillage is better than conventional tillage and zero-tillage in building
up soil fertility and improving rice yield, when straw is returned into the field.

Key words Straw incorporation; Tillage method; Rice growth and development; Soil physical and

chemical properties; Principal component analysis
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