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Effect of integrated rice-crayfish farming system on soil physico-chemical
properties in waterlogged paddy soils
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(1. Institute of Plant Protection and Soil Fertilizers, Hubei Academy of Agricultural Sciences, Wuhan 430064, China;
2. Qianjiang Agro-Technology Extension Center, Qianjiang 433199, China)

Abstract: Integrated rice-crayfish system is a complex ecological system based on waterlogged paddy field cultivation

characterized with crayfish fed by rice straw. Using rice monoculture system as the control, a 10-year (2005-2015) field

experiment was conducted to study the effects of integrated rice-crayfish system on rice yield and soil physico-chemical

properties at soil depths of 0—10 cm, 10-20 cm, 20-30 cm and 30—-40 cm. The economic benefit of integrated rice-crayfish

(2013BAD07B10) (2016 YFD0200807) (2015CFC894)
(2011-620-003-03-063)
s E-mail: ful682@sina.com
1B s E-mail: siguoh@qq.com
:2016-07-28 :2016-09-07

* This work was supported by the National Key Technologies R&D Project (2013BAD07B10), the National Key Research and Development

Project of China (2016YFD0200807), the Natural Science Foundation of Hubei Province (2015CFC894) and the Fund of Agricultural Science
and Technology Innovation Centre of Hubei Province (2011-620-003-03-063).

** Corresponding author, E-mail: ful 682@sina. com

Received Jul. 28, 2016; accepted Sep. 7, 2016

http://www.ecoagri.ac.cn



62 2017 25

system was evaluated using the input-output method. The results indicated that long-term integrated rice-crayfish system
significantly reduced soil compaction at the 15-30 cm layer. The soil compaction in 15 cm, 20 cm, 25 cm and 30 cm soil was
lower in integrated rice-crayfish system than in rice monoculture system by 20.9%, 29.9%, 24.8% and 14.7%, respectively.
Long-term integrated rice-crayfish system increased soil water-stable aggregates (> 0.25 mm) content, aggregate mean weight
diameter (MWD) and geometric mean diameter (GMD) in the 0—40 cm layer, but decreased aggregate fractal dimension (D) in
the 0—20 cm layer. Compared with rice monoculture system, long-term integrated rice-crayfish system significantly increased
the contents of soil organic carbon, total K and available N in the 0-40 cm layer, then total N in the 0-30 cm layer, total P and
available P in the 0—10 cm layer and available K in the 20—40 cm layer. The total amount of reducing matter in the 0—10 cm
soil layer of the long-term integrated rice-crayfish system was lower than that in the monoculture rice system, but it was higher
in the 20-30 cm soil layer. Rice yield in integrated rice-crayfish system significantly increased by 9.5% than that in the
monoculture rice system. The output, profit and ratio of output to input in integrated rice-crayfish system were higher than
those in the monoculture rice system by 46 818.0 ¥-hm™, 40 188.0 ¥-hm™ and 100.0%, respectively. It was therefore clear that
integrated rice-crayfish system improved soil structure, enhanced soil nutrient and increased rice yield and economic benefit.
However, it also increased the risk of soil gleying in the 10 cm depth.

Keywords: Integrated rice-crayfish system; Waterlogged paddy field; Soil structure; Organic carbon; Soil nutrient; Economic
benefit
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Table 1 Effect of integrated rice-crayfish system on soil compaction in different soil layers kPa

Soil depth (cm)

Treatment 5 10 15 20 25 30 35 40

MR 165.42+43.37a 318.55+37.12a 589.07+64.67a 813.39+£139.82a 903.72+97.58a 922.35+80.83a 897.99+132.63a 941.78+137.64a

CR 156.53+30.72a 331.144+22.32a 462.06+£79.38b 558.68+112.45b 672.27+69.06b 780.96+75.54b 850.23+74.11a 907.73+83.41a
5% CR: ; MR: Values followed by different letters in a

column are significantly different at 5% level. CR: integrated rice-crayfish system; MR: rice monoculture system.

2.1.2 ,>0.25 mm (Ros)
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Table 2  Effect of integrated rice-crayfish system on the stability index of soil water-stable aggregate in different soil layers
>0.25 mm (Ro25) (MWD) (GMD) (D)
Soil depth _ Content of aggregate > 0.25 mm (%)~ Mean weight diameter (mm) ~ Geometric mean diameter (mm) Fractal dimension
(cm) MR CR MR CR MR CR MR CR
0~10 72.06+6.37a 78.23+6.18a 1.60£1.60b 2.0+0.31a 0.74+0.08b 1.04+0.12a 2.59+0.05a  2.58+0.03a
10~20 66.14+6.30a 72.5448.34a 1.47+0.19a 1.67+0.17a 0.61+0.04a 0.76+0.08a 2.61+0.07a  2.58+0.02a
20~30 67.37+£3.06a 69.28+4.22a 1.12+0.91a 1.49+0.26a 0.50+0.08a 0.62+0.07a 2.61+0.04a  2.61+0.05a
30~40 58.48+4.89a 67.81+3.44a 1.08+0.11b 1.45+0.14a 0.40+0.04b 0.59+0.01a 2.60+0.01a  2.59+0.05a
CR: : MR: 5% CR: integrated rice-crayfish system; MR: rice

monoculture system. Values of the same index followed by different letters in a row are significantly different at 5% level.

®3 BNHXEEXMARLERELIREERTHEIT

Table 3  Effect of integrated rice-crayfish system on soil total nutrients contents in different soil layers

Soil depth Organic carbon (g-kg™") Total N (g'kg™) Total P (g-kg™") Total K (g-kg") CN
(cm) MR CR MR CR MR CR MR CR MR CR
0~10 15.66+148b 20.90+0.81a 1.94+0.22b 2.52+0.28a 0.41+0.01b 0.45+0.02a 1.73+0.25b 1.82+0.09a 8.09+0.18a 8.35+0.69a
10~20 14.154£0.86b 17.34+1.17a 1.70+0.13b 2.09+0.19a 0.40+0.02a 0.43+0.0la 1.76+0.19b 1.85+0.15a 8.34+0.32a 8.32+1.05a
20~30 11.50+1.28b 15.73+1.73a 1.44+0.12b 1.85+0.18a 0.38+£0.02a 0.37+£0.05a 1.71+0.34b 1.86+0.20a 7.98+0.37a 8.47+0.52a
30~40 7.72+0.87b 10.16+£0.99a 0.94+0.07a 1.13+0.12a 0.34+0.03a 0.34+0.04a 1.73+£0.56b 1.90+0.64a 8.17+0.47a 9.02+0.35a
CR: ; MR: 5% CR: integrated rice-crayfish system; MR:

rice monoculture system. Values of the same index followed by different letters in a row are significantly different at 5% level.

2.2.2 pH 30~40 cm 33.8% 28.3%
4 , , 43.6% 35.9%
, 0~10 cm s 10~40 cm
pH ; 0~40 cm R S
pH , 0~20 cm
; 0~ 40 cm S 20~40 cm
,0~10cm 10~20cm 20~30 cm 20~30 cm
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Table 4 Effect of integrated rice-crayfish system on soil pH and available nutrients contents in different soil layers

Soil depth pit Available N (mg-kg ™) Available P (mg-kg™") Available K (mg-kg™")
(cm) MR CR MR CR MR CR MR CR
0~10 7.1740.13a  7.2940.04a  141.06+8.06b 188.75£26.09a  7.39+1.24b  10.10+0.54a  192.07+17.75a 189.64+6.71a
10~20 7.20+0.08a  7.34+0.04a  130.47+6.07b 167.33£16.12a  9.32+0.91a 8.64+1.11a  175.02+13.36a 184.36+6.33a
20~30 7.21+0.11a  7.38+0.06a  102.21+5.94b 146.80+£24.15a  7.70+0.51a 8.31+1.19a  160.00+4.39b 184.36+6.45a
30~40 7.31+0.11a  7.45+0.05a 65.79+5.55b 89.41+9.97a 5.54+1.23a 5.83+0.69a  145.38+11.16b 178.68+2.81a
CR: ; MR: 5% CR: integrated rice-crayfish system; MR: rice

monoculture system. Values of the same index followed by different letters in a row are significantly different at 5% level.
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Table 5 Effect of integrated rice-crayfish system on soil reducing substances contents in different soil layers

Fe®* Mn®**
Soil depth (cmolkg™) (cmolkg™) Total amount of reducing substance (cmol-kg ')

(cm) MR CR MR CR MR CR

0~10 0.062+0.009b 0.075+0.005a 0.022+0.004a 0.018+0.003a 0.214+0.032a 0.131£0.014b
10~20 0.062+0.007b 0.100+0.010a 0.02040.003a 0.02340.004a 0.171+£0.024a 0.184+0.024a
20~30 0.084+0.010a 0.097+0.009a 0.028+0.005a 0.025+0.005a 0.141£0.022b 0.286+0.513a
30~40 0.048+0.007b 0.073+0.009a 0.017+£0.002a 0.020+0.002a 0.094+0.016a 0.122+0.019a

CR: ; MR: 5% CR: integrated rice-crayfish system; MR: rice

monoculture system. Values of the same index followed by different letters in a row are significantly different at 5% level.
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Table 6 Effect of integrated rice-crayfish system on rice yield and economic benefit

Rice Procambarus clarkii
Total output Total input Profit Ratio of
Treatment Yield Output value  Input value Yield Output value Input value Valui valug (¥hm™) ou.tput to
(kg-hm™) (¥hm™?) ®&hm?)  (kghm?)  (¥hm?)  @hm?)  Fhm) o GhmT) input
MR 7933.5£748.1b 19 040.4£1795.5b 9 075.0 — — — 19 040.4 9075.0 9 965.4 2.1
CR  8691.0+460.6a 20 858.4+£1105.5a 90750  2250.0  45000.0 6 630.0 65 858.4 157050  50153.4 42
CR: ; MR: 4 , 1275¥%hm™ 2 550 ¥'hm™
4350 ¥hm™> 900 ¥hm™%; 3 , 2250 ¥hm™> 3 000 ¥*hm™
1380 ¥hm™?; 2.4 ¥kg , 20 ¥ kg 5% CR: integrated rice-

crayfish system; MR: rice monoculture system. Input value of rice season includes the expense of land preparation, grow seedling, fertilizer &
pesticide and harvesting, whose prices are 1 275 ¥hm™>, 2 550 ¥hm ™, 4 350 ¥hm ™ and 900 ¥hm™, respectively. Input value of Procambarus clarkii
cultivation season includes the expense of young crayfish, feed and depreciation of paddy fields reconstruction, whose prices are 2 250 ¥-hm 2,
3 000 ¥hm™ and 1 380 ¥'hm™>, respectively. The price of rice is 2.4 ¥kg™', and the price of Procambarus clarkii is 20 ¥kg™".
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