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Comprehensive evaluation of eco-economic benefits of multi-crop
rotation in paddy field systems

YANG Binjuan, HUANG Guogqin’, CHEN Hongjun, WANG Shubin
(Research Center for Ecological Science, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract The study aimed to build sustainable application of evaluation index systems and methods and to select sustainable
rotation patterns of multi-cropping with high efficiency green in the Poyang Lake Eco-Economic Zone. We conducted two
consecutive years of field experiment and used a comprehensive index method to evaluate ecological and economic benefits of
different rotation patterns of multi-cropping system in paddy fields. Based on the price of late rice, the results showed that crop
yield of vegetables-sugar cane|[soybean was the highest, followed by that of milk vetch-early rice-late rice and that of faba
bean-early rice-sweet potato||maize the lowest. In 2012, the order of the overall efficiency index was vegetables-sugar
canel||soybean > rapeseed-maize|[soybean-late rice > faba bean-early rice-sweet potato||maize > milk vetch-early rice-late rice >
winter fallow-early rice-late rice. This suggested that ‘vegetable-sugar canel|[soybean’ intercropping pattern made rice

production more economical as paddy fields supported high-yields with high efficiency. It was conducive for sustainable
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development of agricultural production. After multi-crop rotation, the order of the overall efficiency index for 2013 was milk
vetch-early rice-late rice > vegetables-sugar cane||soybean > rapeseed-maize|[soybean-late rice > faba bean-early rice-sweet
potato||maize > winter fallow-early rice-late rice. The ‘milk vetch-early rice-late rice’ cropping pattern well accounted for the
three main benefits conducive for sustainable agricultural production. Based on comprehensive benefits of the two-year
experimental results, ‘vegetables-sugar cane|[soybean — milk vetch-rice-rice’ cropping pattern had the highest efficiency and
yield. It well accounted for social, ecological and economic benefits, favorable for food security and structural agricultural
adjustment that in turn increased farmers’ income and other socio-economic benefits. It was also critical for the promotion of
agricultural development in winter, making full use of natural resources that resulted in sustainable agricultural production. In
a conclusion, ‘vegetables-sugar cane|lsoybean — milk vetch-early rice-late rice’ was the best rotation pattern for winter
agriculture and multi-crop rotation system in terms of the scale of application in paddy fields in Poyang Lake Eco-Economic
Zone.

Keywords Poyang Lake eco-economic zone; Paddy field; Multi-crop rotation system; Eco-economic benefit; Comprehensive
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Table 1 Design of different rotational-multiple cropping patterns of paddy field in the experiment
Pattern 2012 Year 2012 2013 Year 2013
A(CK) - - Fallow-early rice-late rice - - Fallow-early rice-late rice
B - - Milk vetch-early rice-late rice - I - Rapeseed-maize||soybean-late rice
C - - Rapeseed-maize||soybean-late rice - - Faba bean-early rice-sweet potato||maize
D - - Il Faba bean-carly rice-sweet potato|jmaize - | Vegetables-sugar canel||soybean
E - Vegetables-sugar cane||soybean - - Milk vetch-early rice-late rice
- EE “.” represents rotation of two crops, “||” represents intercropping of two crops.
(Glycine max) * 1 (Dioscorea esculenta) =713 ,
(Saccharum officinarum) , 5~7 d ,
(Astragalus sinicus) ¢ ’, 1~2 cm
(Brassica campestris) 1 ’, (Vicia
faba) ¢ 1, (Allium sativum) 1.3
1.3.1
1.2.3 )
12012 3 26 ,
,4 15 , 7 10 ; 6 10 ;
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Table 2 Indexes and their weights for comprehensive benefits evaluation of different rotational-multiple cropping patterns in paddy field

Target layer Standard layer and weight Index and weight
Total economic output (0.065 6)
Comprehensive benefit Economic benefits
evaluation (0.437 6) Net output (0.1094)

Material cost-benefit rate (0.087 5)
Economic output-input ratio (0.175 1)
Nitrogen output-input ratio (0.095 7)

Ecological benefits .
(0.341 8) Organic matter (0.078 6)
Land equivalent ratio (0.020 5)
Soil fertility maintenance crop index (0.030 8)
Solar energy utilization rate (0.081 3)
Auxiliary energy efficiency (0.034 9)
Labor net output rate (0.044 1)
Social benefits

(0.220 6) Technological advancement contribution rate (0.066 2)

Grain yield (0.110 3)

1.4
Microsoft Excel 2010 s
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2 ERE5HI ’ 2012
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Table 3  Crop yields of different rotational-multiple cropping patterns in paddy field kghm™

h

Year  Treatment Corn Soybean Sweet potato Sugar cane Early rice Late rice Converted yield
2012 A — — — — 7775.0+111.5  8575.04213.7 15 794.64+330.2a”
B — — — — 7900.04238.0  8950.0+320.8 16 285.71+201.5a
C 3635.5£174.9  692.7+47.5 — — — 8900.0+£108.4 13 239.46+267.4b
D 3233.0+223.1 — 3 800.4+141.0 — 8 000.0+203.7 — 12 758.29+283.0b
E — 383.5+9.3 — 31 750.0+£334.8 — — 17 614.31+311.4a
2013 A — — — — 7050.0£240.9  8275.0+132.4 15 168.33+345.2b
B 3450.8+125.2  731.2426.8 — — — 8 470.0£123.6 12 799.57+274.0c
c 3178.6+182.3 — 3 589.44223.2 — 6 375.0£301.5 — 11 882.39+215.8c¢
D — 396.4+12.6 — 29 575.5+283.5 — — 18 113.48+225.9a
E — — — — 7175.0£174.9 8 550.04256.0 15 565.56+304.6b
1) 2012 2.60 Yuankg™', 2.80 Yuan'kg ™', 2.50
Yuankg™, 4.42 Yuan-kg ™, 1.8 Yuan'kg™, 1.5 Yuankg™'; 2013
2.64 Yuankg™, 2.70 Yuankg™, 2.54 Yuankg™, 4.0 Yuankg™, 2.0 Yuan'kg™,
1.6 Yuan'kg™ 2) (P<0.05), + 1) Converted yield is late

rice yield converted from different crops yield according to price ratio. In Nanchang market, the average prices of early rice, late rice, corn, soybean,
sweet potato, sugar cane were 2.60 Yuan-kg™', 2.80 Yuankg™', 2.50 Yuan'kg™', 4.42 Yuankg™', 1.8 Yuankg™', 1.5 Yuankg™' in 2012, respectively;
and were 2.64 Yuankg™', 2.70 Yuankg™', 2.54 Yuankg™', 4.0 Yuankg™', 2.0 Yuan'kg™', 1.6 Yuan-kg™ in 2013, respectively. 2) Different lowercase
letters in the same column indicate significant difference among different treatments at 0.05 level. The same as Table 2. Values in the table are means
+ SD.
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Table 4 Raw data of comprehensive benefits evaluation indexes of different rotational-multiple cropping patterns in paddy field

Patterns
Year Index A(CK) B C D E
2012 Total economic output (Yuan-hm™?) 16 905.50 17 800.00 18 070.48 18 723.22 19 320.07
Net output (Yuan'hmfz) 11 930.78 12 844.08 14 450.31 13 045.14 14 882.06
Material cost benefit rate 3.22 3.46 3.78 3.63 3.71
Economic output-input ratio 2.82 2.94 3.12 3.05 3.08
Nitrogen output-input ratio 0.55 0.81 0.77 0.75 0.63
Increased ratio of organic matter (%) 1.21 9.19 10.48 18.09 39.84
Land equivalent ratio 2.21 2.39 2.54 2.76 2.63
Crop index of maintaining soils 0.100 0.400 0.525 0.525 0.667
Solar energy utilization rate (%) 1.11 1.14 1.26 1.28 1.27
Auxiliary energy efficiency (%) 3.66 3.82 3.85 3.79 3.81
Labor net output rate (Yuan'd™") 63.70 61.25 79.33 71.65 74.59
Technological advancement contribution rate (%) 0 771 82.78 80.14 78.62
Grain yield (kg'hmfz) 15 794.64 16 285.71 13 289.46 12 758.29 17 614.31
2013 Total economic output (Yuan-hm™?) 17 085.42 19 535.11 18 070.48 18 723.44 18 870.34
Net output (Yuan'hmfz) 12 115.62 14 638.50 13 904.22 13 945.14 14 174.46
Material cost benefit rate 3.25 3.81 3.64 3.65 3.76
Economic output-input ratio 2.82 3.17 3.09 3.02 3.11
Nitrogen output-input ratio 0.55 0.74 0.70 0.68 0.80
Increased ratio of organic matter (%) 19.09 29.08 30.47 51.55 41.27
Land equivalent ratio 2.25 2.79 2.54 2.72 2.68
Crop index of maintaining soils 0.100 0.525 0.525 0.667 0.400
Solar energy utilization rate (%) 1.18 1.29 1.23 1.25 1.28
Auxiliary energy efficiency (%) 3.68 3.83 3.87 3.78 3.83
Labor net output rate (Yuan'd™") 65.03 75.25 63.57 75.10 79.64
Technological advancement contribution rate (%) 0 84.09 79-65 80.67 8211
Grain yield (kg'hmfz) 15168.33 12 799.57 11 882.39 18 113.48 15 565.56
;e ” (20.917 gkg™) =
; = / , 100 Yuan-d™ 7 /
( CK , 0) U9 The

5[18] »[19]

and “Agroecology

[20]

17.47% 9.87%  5.0%

[21]

49.13%,
21.12%;
0.04%  0.13%;
1.0,
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, 2012

[22-24]

data in the table were not deducted from the agricultural tax. The ‘increased ratio of organic matter’ was the change percentage of different patterns
compared with that before the experiment (20.917 g'kg™"). Solar energy utilization rate = solar energy contained in organic matter / total solar energy
of the land. Net labor output rate = net output / consumption of labor, the labor price was 100 Yuan per day for per labor. Technology advancement
contribution rate = annual growth rate of agricultural science and technology / annual growth rate of total agricultural output value. CK treatment was
not taking any advanced technology, the annual growth rate of agricultural science and technology was 0. Other data conversion referred to the
“Geoponics in China
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Table 5 No dimension values of indexes for comprehensive benefits evaluation of different rotational-multiple cropping patterns in

paddy field
Pattern

Year Index A(CK) B C D E
2012 Total economic output 0.8750 0.9213 0.9353 0.969 1 1.000 0
Net output 0.8017 0.863 1 0.9710 0.876 6 1.000 0
Material cost benefit rate 0.8519 09153 1.000 0 0.960 3 0.9815
Economic output-input ratio 0.903 8 0.942 3 1.000 0 0.977 6 0.987 2
Nitrogen output-input ratio 0.679 0 1.000 0 0.950 6 0.9259 0.777 8
Increased ratio of organic matter 0.030 4 0.230 7 0.263 1 0.454 1 1.000 0
Land equivalent ratio 0.800 7 0.8659 0.920 3 1.000 0 0.9529
Crop index of maintaining soils 0.1499 0.599 7 0.787 1 0.787 1 1.000 0
Solar energy utilization rate 0.867 2 0.890 6 0.984 4 1.000 0 0.992 2
Auxiliary energy efficiency 0.950 6 0.992 2 1.000 0 0.984 4 0.989 6
Labor net output rate 0.803 0 0.772 1 1.000 0 0.903 2 0.940 2
Technological advancement contribution rate 0.000 0 0.9315 1.000 0 0.968 1 0.949 7
Grain yield 0.896 7 0.924 6 0.754 5 0.724 3 1.000 0
2013 Total economic output 0.874 6 1.000 0 0.9250 0.958 5 0.966 0
Net output 0.82717 1.000 0 0.949 8 0.952 6 0.968 3
Material cost benefit rate 0.8530 1.000 0 0.955 4 0.958 0 0.986 9
Economic output-input ratio 0.889 6 1.000 0 0.974 8 0.952 7 0.9811
Nitrogen output-input ratio 0.687 5 0.9250 0.8750 0.8500 1.000 0
Increased ratio of organic matter 0.370 3 0.564 1 0.5911 1.000 0 0.800 6
Land equivalent ratio 0.806 5 1.000 0 0.910 4 0.9749 0.960 6
Crop index of maintaining soils 0.149 9 0.787 1 0.787 1 1.000 0 0.599 7
Solar energy utilization rate 0.914 7 1.000 0 0.953 5 0.969 0 0.992 2
Auxiliary energy efficiency 0.9509 0.989 7 1.000 0 0.976 7 0.989 7
Labor net output rate 0.816 5 0.944 9 0.798 2 0.943 0 1.000 0
Technological advancement contribution rate 0.000 0 1.000 0 0.947 2 0.9593 0.976 5
Grain yield 0.837 4 0.706 6 0.656 0 1.000 0 0.8593
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Table 6 Comprehensive benefits evaluation results of different rotational-multiple cropping patterns in paddy field

Year Pattern Economic benefit Ecological benefit Socifil benefit Comprphefnsive Comprehensive
index index index benefits index benefits rank
2012 A(CK) 0.3779 0.192 1 0.134 3 0.704 3 5
B 0.399 9 0.257 1 0.1977 0.854 7 4
C 0.430 2 0.269 7 0.193 5 0.893 4 2
D 04147 0.284 7 0.183 8 0.883 2 3
E 0.4337 03186 0.214 6 0.966 9 1
2013 A(CK) 0.378 3 0.223 6 0.128 4 0.730 3 5
B 0.437 6 0.293 4 0.1858 0.916 8 3
C 04189 0.2855 0.170 3 0.874 7 4
D 041717 0.323 6 0.2154 0.956 7 2
E 0.427 4 0.328 0 0.203 5 0.958 9 1
e «
> - - — , 2013
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