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Comprehensive benefits evaluation of spring wheat multiple
cropping forage grass in Ningxia Yellow River irrigation area
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Abstract: The experiment was conducted to study the planting benefit and potential of different forage species
and explore the efficient grain and feed planting modes of multiple cropping after wheat planting in Ningxia Yellow
River irrigation area. It was hoped that the study would provide theoretical support for the reform of multiple crop-
ping in this area. The main agricultural meteorological data from 2010 to 2019 in the irrigation area of Ningxia were
compiled. Using the analytic hierarchy process ( AHP) , three secondary indexes of the economic benefit, the re-
sources use efficiency and soil fertility improvement and 12 of the third level indexes including net income and VCR
were selected among 8 types of grass (Sudan grass, small 70 rye, oats, rye, winter arrow Kuo peas, sweet clover,
sorghum, rape) for comprehensive evaluation in the spring wheat cropping irrigation area of Ningxia. The mean
temperature, maximum temperature and minimum temperature in Ningxia Yellow River irrigation area in recent ten
years were 10.5°C , 37.0°C and —19.0°C, respectively. The average annual accumulated temperature =0%C and =
10°C was 4 269°C. and 3 569°C , respectively, and the warming rate was 211.71°C - 10a™'. The number of sunshine
hours showed a significant downward trend. The average length of sunshine hours was 2 933 h, and the trend rate

was —10.36 h + 10a”". The analytic hierarchy process (AHP) to spring wheat in the irrigation area of 8 kinds of
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forage grass comprehensive analysis showed that rape in the three—level index C, ~ C;(the actual yield of theoretical
yield ratio, water productivity, output rate of nitrogenous fertilizer, phosphate fertilizer production, output, net in-
come, VCR, crude protein content) had high performance, and the benefit values were 0.35, 0.35, 0.10, 0.10,
1.35, 1.20, 0.80, 0.30. The benefit values of arrowhead pea in Cy~C,, (organic matter, alkali-hydrolyzed nitrogen
and available phosphorus) were 0.20, 0.09 and 3.26, respectively. The value of C,,(reciprocal of pH) was 0.05,
which showed a higher benefit. The climatic resources in Ningxia Yellow River irrigation area theoretically met the
growth demand of crops with two short growth periods after multiple cropping of wheat. The highest comprehensive
benefit of multi-planting forage after wheat was rape, with a value of 7.16 (followed by arrowhead pea, sweet clover,
sorghum and oat) , which was suitable for large-scale production in the irrigated area.

Keywords: Ningxia Yellow River irrigation area; spring wheat; forage grass; multiple cropping; comprehen-

sive benefits
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Fig.1 Hierarchy of comprehensive evaluation model
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Fig.2  Variation trend of accumulated temperature in Ningxia Yellow River irrigation area
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Table 1 Accumulated temperature and frost-free period
required for different planting patterns
TN =10C IR =0°C IR
Fikifst 0CHR/ C OCRUR/C  Joll/d

. =10C accumulated =0°C accumulated Frost-free
Planting pattern

temperature temperature period

—AE IR

Yield two crops 3600~ 5000 4000~ 5800 150~250
a year system

THEGIHHEIX

Ningxia Yellow River 3569 4269 208

irrigation area
A 3300 2800 >170

Wheat—forage grass
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Fig.3 Variation trend of temperature in Ningxia Yellow River irrigation area
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Fig.4 Variation trend of precipitation in Ningxia Yellow River irrigation area
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Table 2 Standardization of indexes of eight forage grass models of multiple cropping

after wheat in Ningxia Yellow River irrigation area

=3
75 B ¢ G G €6 € € G G G Gy Gy Cp
Serial No. Forage grass
1 IRIE 44 33 24 24 33 32 32 10 10 10 50 14
Sudan grass
SIZ =] =
2 ANRE (A1) 10 10 10 10 1.0 10 10 12 18 62 15 23
Triticale ( Jinsicao 1)
%
3 70 26 26 26 19 19 26 26 28 26 17 45 10 34
Dongmu 70 rye
e
4 ez () 26 27 20 20 26 27 29 24 30 30 14 18
Oats ( Xiyue)
e
5 i e s 25 26 29 29 25 40 43 41 50 91 33 39
Arrowhead pea
6 HAR 21 21 25 25 21 35 38 31 35 60 23 50
Sweet clover
LA
7 HAR(REA) 44 44 30 30 44 44 45 34 10 30 L1 23
Sorghum ( Lujuren)
h =5 (¢ yth Zu
8 i (1% 62) 50 50 50 50 50 50 50 50 33 50 24 39

Oilseed rape ( Youza 62)
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Table 3 1~9 ratio scale method

FREE (ay) TSR
Scale Relative importance
| i MCER [FIRE R 2
i and j are equally important
{JUE L j LR
3 L . .
Element i is slightly more important than element j
5 (LR TR B EE
Element ¢ is obviously more important than element j
; { JUE Y j TR RN
Element i is more important than element j
0 i LR j TR E
Element i is extremely important than element j
PIAHABAR BE (9 P [l (A
24.6.8 . .
Intermediate value of two adjacent degrees
18
e i=1/a,
Reciprocal v

®7 MR (C,) EXTHEME(B,)
8 X 22 2 1 Y 1 BT 6 B
Table 7 Judgment matrix of relative importance of evaluation

layer( Cy_,, ) to criterion layer(B;)

Cy Cio C Cpp E Weight
Cy 1 5 3 4 0.54
Cio /5 1 2 2 0.21
C, 1/3 12 | 2 0.16
Cyy 1/4 1/2 172 1 0.09

F4 ENE(B,,)EMFERE(A) EEEMHIETER
Table 4 Judgment matrix of the importance of criterion

layer(B,_;) relative to the target layer (A)

B] Bz B3 *1@ Weight
B, 1 3 7 0.65
B, 1/3 1 5 0.28
B, 1/7 1/5 1 0.07

7 Note: A, =3.05,CI, =0.02,RI, =0.52, CR, =0.04<0.10.

®s FME(C,,)EXTEMNE(B,)
B B Y ) 4E B
Table 5  Judgment matrix of relative importance of evaluation

layer( C,_, ) to criterion layer (B, )

C G, G Cy FE Weight
of 1 2 1/4 1/5 0.11
C, 172 1 1/2 1/6 0.10
C, 4 2 1 2 0.42
C, 5 5 172 1 0.37

JE Note:A,, =4.33, CI,=0.01, RI,=0.9, CR,=0.01<0.10.

&6 WME(Cy ) BXTFHEME(B,)
FR X EE 2 1 Y I BT 4 P
Table 6 Judgment matrix of relative importance of evaluation

layer( Cs_g ) to criterion layer (B, )

Cs Ce C; Cyg N E Weight
Cs 1 5 3 6 0.57
Cs 1/5 1 1 3 0.20
C; 1/3 1 1 2 0.08
Cg 176 1/3 1/2 1 0.08

7 Note:A,, =4.08, CI;=0.03, RI;=0.9 ,CR, =0.03<0.10.

7 Note: A, =4.18,CI,=0.06 ,RI,=0.9, CR,=0.07<0.10.
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SO AR BTIR A T AR A, RS AR Y
PSSR AEAL , SR 233 il — e S & /N4
RIS AL RS VU 3™, JCRR 0 SE 4, s ) th &
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Table 8 Contribution value of comprehensive benefits of eight forage grass planted

after wheat in Ningxia Yellow River irrigation area
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Serial No. Forage grass ! z } ¢ 3 0 ’ 8 ? 10 B 2
1 3 LA 0.31 0.23 0.05 0.05 0.89 0.77 0.51 0.06 0.04 0.01 0.05 0.01
Sudan grass
oc Sty 1
2 /J\‘E( = Lﬂﬁ 15) 0.07 0.07 0.02 0.02 0.27 0.24 0.16 0.07 0.07 0.06 1.52 0.02
Triticale ( Jinsicao 1)
A M 2
3 CHT0 A 0.18 0.18 0.04 0.04 0.69 0.63 0.45 0.16 0.07 0.05 1.00 0.03
Dongmu 70 rye
W (i
4 jhi(%@) 0.18 0.19 0.04 0.04 0.71 0.65 0.47 0.15 0.12 0.03 1.43 0.02
Oats ( Xiyue)
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Arrowhead pea
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e
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8 Olseed rape ( Youza 62) 0.35 0.35 0.10 0.10 1.35 1.20 0.80 0.30 0.13 0.05 2.39 0.04
*9 TEIHERZEEM/\MHUEMERXGZEENER
Table 9  Comprehensive evaluation results of planting patterns of eight kinds of forage grass
planted after wheat planting in Ningxia Yellow River irrigation area
b= W PRI B, LR B, 4T By LA A
Serial No. Forage grass Resource utilization Economic benefit Soil fertility increase Comprehensive benefits
SR (A 62)
: Oilseed rape ( Youza 62) 0.90 3.65 2.61 7.16
i WL
2 Arrowhead pea 0.48 2.57 3.59 6.64
3 AR 0.40 2.19 2.5 5.14
Sweet clover
Bk (4
4 . [Ej){z(jﬁj\) 0.74 3.16 1.18 5.08
Sorghum ( Lujuren)
ML (EH)
5 Oats ( Xiyue) 0.45 1.98 1.60 4.03
6 CHLT0 A 0.44 1.93 1.15 3.52
Dongmu 70 rye
7 AR 0.64 2.23 0.11 2.98
Sudan grass
ey SIZ =yt L
8 AR (RS 15 0.18 0.74 1.67 2.59

Triticale ( Jinsicao 1)
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