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Benefit evaluation of crop rotation patterns under conservation tillage
with permanent raised bed in Hexi irrigated areas
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(1. Soil and Fertilizer and Water-Saving Institute , Gansu Academy of Agricultural Science, Lanzhou, Gansu 730070, China;
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Abstract: Based on the field experiment combined the investigation from farmers, the comprehensive evaluation
method was used to analyze the benefits of 7 crop rotation patterns under conservation tillage with permanent raised bed in
Hexi corridor of Gansu Province. The results showed: the economic benefit of wheat sweet pepper maize was the best,
whose net income, output/input ratio and output value per cubic meter of irrigation water were 1.52 x 10* yuan+hm~2,
2.00 and 5.39 yuan-m~?, respectively; the labor productivity of wheat — barley — wheat was the highest, being 240.2
yuan*person”'+a~', and it’s social benefit was also the best among all the rotation patterns; and the ecological benefit
of wheat oil sunflower wheat was the best, whose guarantee degree of regional water resource, energy production effi-
ciency of water and use efficiency of heat energy were 1.83, 2.07 x 10* kJ*m~2 and 66.12% , respectively. According
to comprehensive benefits, the four rotation patterns of wheat — sweet pepper — maize, wheat — potato — wheat, wheat —
maize — maize and wheat — coniferous pea — wheat were relatively good. Considering the stability maintenance of agricul-
tural system, wheat — sweet pepper — maize, wheat — maize — maize and wheat — coniferous pea — wheat were the suitable
rotation patterns for conservation agriculture with permanent raised bed.

Keywords: conservation agriculture with permanent raised bed; rotation pattern; analytic hierarchy; Hexi corridor
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Composite benefit for different rotation patterns under conservation agriculture with permanent raised bed
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Fig.1 Evaluation system of composite benefit for different rotation patterns of conservation agriculture using permanent raised bed
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Table 1  The output and input of different rotation patterns
THE R A FeK i payeE L PHE AP A YN A7 i S B
y e . EZN STty . . .
AR Irrigation Water Yield Output Production Amount of labor Total energy of
Rotation pattern quota consumption (K IE -2 value cost used per hectare  agricultural products

/(m®*hm~2)  /(m®-hm~?) grhm /(yuan'hm’z) /(yuan'hm’z) /(person'hm’z) /(10° KJ+hm~?2)
/A - I* B I* 4755 5478.6 11484.7 23636.3 11447.9 126.4 1.88
Wheat — maize — maize

— JEY -
/I - WIRE - /M2 3755 2193 5479.0 12071.9 5795.5 50.3 0.87
Wheat — barley — wheat
BT - )
A - SR - R 3555 3808.9 5180.5 12217.9 6162.7 55.0 0.82
Wheat — coniferous pea — wheat
oI
32 - Sk - AN 3955 4387.7 17225.5 26352.4 9919.6 9.5 1.20
Wheat — potato — wheat
. ;
/3 - e -/ 3705 4543.8 4967.8 13120.6 8085.5 90.8 0.88
Wheat — oil sunflower — wheat
2 _ i FE — MY 2
A {ﬂ].;é‘ e 3605 4512.7 5250.5 12977.8 8060.6 90.8 0.93
Wheat — oil sunflower — barley
/DA - LA - X 5003 5640.2 18527.9 25885.8 15189.3 174.6 1.29
Wheat — sweet pepper — maize
T P LRI AR — AN S B AR I (B 45 ) M P39 (E . e BT A8 TR . 4™ i (E A S IR kg (L

T ) A : 2010 4F , /NFE 2.10 JC kg™ '52011 4F,/NFZ 2.20 JC-kg™!, EK 1.80 JC kg™, M K 2.04 T kg~ 132012 4F , /NFE 2.40 JC-kg™ !, FoK
2.40 JG-kg ™' MHFKFZ 2.00 TG kg™ BB 2.60 TG kg™ TS S 1.30 TG kg5 TMPEE 4.50 TG ke~ L HYEIH 0.88 TC kg™

Note: The data are the mean of whole rotation period (3 years) for different patterns. Irigation quota includes the storage irrigation. The reference price of

agricultural products (purchase price in local market) : 2010, wheat 2.10 yuan-kg™'; 2011, wheat 2.20 yuan-kg~', maize 1.80 yuan-kg~", barley 2.04 yuan

+kg™'; 2012, wheat 2.40 yuan-kg~", maize 2.40 yuan-kg™", barley 2.00 yuan-kg™', pea 2.60 yuan-kg~', potato 1.30 yuan-kg™', oil sunflower 4.50

1

yuan-kg™!, sweet pepper 0.88 yuan-kg™!.

R2 FRABEENXHELER

Table 2 Benefit comparison of different rotation patterns

¥ K (i REICA KTREEAE  HAEF KEUKEIR
e LS. TR OREEAE TR FROR % ZeREE
FE L Output value PO o .
e Net . Labor BiBk®  Contribution Energy Use Guarantee
AR . Output  per cubic . o ’ . X
. income . productivity  Contribution rate to production  efficiency  degree of
Rotation pattern " /input meter of -1 . .
/(10" yuan* ati waler (yuan*person™'* rate to food farmers efficiency of heat regional
hm™?) e /(yuan-m-3) a ') security/ % income of water energy water
yuantm /% /(10°%KJ*m™3) /% resource
MR - ke - Tk 1.22 2.06 4.31 187.1 216.49 225.03 3.43 78.4 1.39
Wheat — maize — maize
/ — JELY) —
12 - MIKEE - /2 0.63  2.08 2.86 240.2 71.36 114.92 2.06 58.63 1.76
Wheat — barley — wheat
s ke T ;
/2 -8t I.JEH i 0.61 1.98 3.21 222.1 97.66 116.3 2.16 53.9 1.86
Wheat — coniferous pea — wheat
2 _ LLAEA _ =
I - TR - K L2 212 4.80 218.4 125.64  200.56 2.73 66.15 1.67
Wheat — potato — wheat
Vi —JhEE -/,
1 - 3 - 0.50 1.6 2.89 144.5 78.69 124.87 1.93 66.12 1.78
Wheat — oil sunflower — wheat
_ ‘7”? _ 3
M {Hi.)f‘ IR 0.49 1.61 2.88 142.9 41.98 123.5 2.07 66.12 1.83
Wheat — oil sunflower — barley
AN~ TR - TR 1.52 2.00 5.39 174.3 135.72 289.42 2.29 75.57 1.32

Wheat — sweet pepper — maize
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Table 3 Weight distribution of different indicator layer to target layer

B B, B;
A Wi
0.6333 0.1062 0.2605

o 0.6434 0.4075
G 0.0738 0.0467
Cs 0.2828 0.1791
Cy 0.7235 0.0768
Cs 0.0833 0.0088
Co 0.1932 0.0205
G 0.2605 0.0678
G 0.1062 0.0276
G 0.6333 0.1652

&4 FRARERXHZITH

Table 4 The benefit evaluation results of different rotation patterns

" LU R FaRES & HE R LRARER
AR Economic benefit Social benefit Ecological benefit Composite benefit
Rotation pattern
184y Score  HERF Order 1543 Score /¥ Order 7543 Score  #E/F# Order 343 Score  HEFF Order
M - Fok - BK 0.6832 3 0.5334 4 0.4483 6 0.6061 3
Wheat — maize — maize
e 3
/I - WHIREE -/ 0.1535 5 0.7375 I 0.5599 5 0.3213 5
Wheat — barley — wheat
BT - )
PR - STHBE - hE 0.1639 4 0.6171 3 0.6741 2 0.3449 4
Wheat — coniferous pea — wheat
e )
I - Bk -0 0.6837 2 0.6959 2 0.6047 3 0.6644 2
Wheat — potato — wheat
INFZ - hEE - N2
Wheat — oil sunflower — wheat 0.0211 6 0.0402 6 0.5978 4 0.1733 7
INFE - hEE - R A
Wheat — oil sunflower — barley 0.0016 7 0.0095 7 0.6803 1 0.1792 6
s — FIEEA - >
AE I LAE - o 0.9826 1 0.4712 5 0.1565 7 0.7132 1

Wheat — sweet pepper — maize
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