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Evaluation on comprehensive benefits of multiple cropping systems on upland red soil
HUANG Guo-Qin, LIU Xiu-Ying, LIU Long-Wang, YE Fang, ZHANG Ming-Ling, SHU Yan-Hong  ( Rescarch Center on
Ecological Science, Jiangxi Agricultral University Nanchang 330045, China) . Acta Ecologica Sinica ,2006,26(8) :2532 ~ 2539.

Abstract: The development of multi-component and multiple cropping systems is reviewed, and their comprehensive benefits are
critically evaluated. The theories underpinning use of multiple cropping systems have matured, and the approach is widely
accepted and practiced because of its potential role in sustainable agriculture. However, research evaluating its comprehensive
benefits and optimization of system models are still at an early stage. It is difficult to evaluate the comprehensive benefits because
of the complexity and diversity of the ecosystem. Therefore an evaluation indicator system for multi-component and multiple
cropping systems was set up according to the principles and methods of ecology and system engineering, and grey relation
clustering analysis used to evaluate the comprehensive benefits of multi-component and multiple cropping systems. Finally
screening allowed identification of the optimized model, based on orientating experiences with upland red soil at Jiangxi
Agricultural University from 1984 to 2004 . The results showed that the grey relation degree of “cabbage/potato/ maize-sesame” was
highest among 23 multi-component and multiple cropping systems, and corresponded to the optimized system. It provides optimal
social, economic and ecological benefits, based upon improved yields and farmers’ income while achieving sustainable
development of agricultural production. Therefore its use in future could be beneficially extended on upland red soil over a large
scale. The grey relation degree of “canola || chinese milk vetch/maize/maize || mung bean” was next best, and is suitable for more
extensive use on upland red soil at the outskirts of the city. These two planting patterns should be actively pursued in the
adjustment of planting structure and optimization of planting patterns on upland red soil in the future.

Key words: upland red soil; multiple cropping systems; grey relation analysis; clustering analysis; comprehensive evaluation
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AEEHEREETAEENRLIERR. REARXMSHANCEEHER, ANERERE R
BFatBRSAEERMMBA, T —EERREEFRIKREBHEEF AAHRES" . KBELUK, H
FHER B KRB HEZHERE T, W ESEHRAASENT LA BHEAEEHZTS LA
AR EHRREE, SEARERBNEFEEIRAHE, S50, AEEHBENET TR ENZTF
R E—CRELEHUBENEFEZFRERBENTE W EHLHIHREE™ KEHEK, UEKLEER
NS R EAE S AR S SR AF,

R, HTFREFAEEMBART ERFBEIER, LB KERRELE, BRKG TR, EHETH
HMEMEEY ERZBMAAEANETERMRAENZBMHERE, BEYEBR RN BAHREMER,
AMUEREEDAEMNHAERN K FHE  BETERE MATUREFR S BERE, F NP K HELE
HNEHE,BH EAEALMNALMKEL BEACEEHABSZFIHL SR BNEEEREZ """, FEM
1984 £ FHIR , EVLAR NV R FRERZRB AT OREBHERMEREER EFMHSHBAR" VKB E
MR, ZEASEHITT 20a( AEE MRS CEEMEH - EEKANSRMHEER, 2FR ¥4
EHHTLE SN MR, UEAF ERERET N, 24, MABNARMEREN R ERAZ/H T E
HITEEEMT -  BROEMERE AL RS ERIR. 2 XETRKEOREHIL K XBEES,
FRAMBUK B XBEBEIIE, PO EREH 200 EMNTHRABFT B3 HEAMBERENES 25 4%
BHRTERSN, AT ORMEEN, EERERRAEHRHEEEOREHMEORAFHEER, DE
HEPRAE TR S E KR, AT 2138 8 /F X ARk 92 T | B 8 0 AT 5 88 R e 1 BRUR Bk o
1 R T I 0 LS TR

R I H 8 RAE VLG 4R b K2 4R 218 56 95 (28°4604.476"N, 115°5002.040"E) 4 , 1984 ~ 2004 4E 6], 4E - ¥ K,
BHN17.6C, HEHSIE = 10CHESFIR K 5600C, e 255d, FFEWHBEBEEH BN 114.39 x 4.186)/
e’ BEF- ) H BEEHECH 1820.4h, T 272d, P HREK B 1624.4 mm, WHEREK, LBALE,WEF
WLOETEYERAERKRPEFE AR ANBRAETR D, T BAFENCAK I RBENOE  BE IR, T
MR ASCEBRIET 1984 ~ 2004 FAEVLE R KEREXBWEHITH O BEEMERMERELS.
R SRR B 5T K E ALIR B b 45 B 5T s 4R FI RO K R BT I SE ORI R0 @

2 EMHREERER

KA 1984 ~ 2004 SEFEVI R RE A E B EARLMM 23 HE T EZRMERENER, BHN .
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Ks(IDWE | EZF/ER/EXRNEE; (1) R xHE-EX-EXR;(B3)EZE/KE | EX/EXK;(14)
B/ EXR/HE(15)ME-ZE | BE;(16)BEX | A ;(INRBFBRE-EX-KZ;(18)BERE/KT-BE
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Table 1 The indicators of comprehensive benefits evaluation for multicomponent-multiple cropping systems

BE—RIEH B _RER B=%IE
The first-class indicator The second-class indicator The third -class indicator
4 AR 2% Ecological benefits 7= 4 fE Output energy( GJ/hm?) (1)

£ AHE Input energy( GJ/hm?) (1)

fie B 7™ tt Energy output/Energy input (1)

I HEF A # Solar energy utilizing rate( % ) (1, )

% 4+ # A Nutrient input N(kg/hm?) (15)
P, 05 (kg/hm?) (Ig)
K, O(kg/hm?) (1)

3% 434 4 Nutrient output N(kg/hm?) (I3)
P,0; (kg/hm?) (1)
K, OCkg/hm?) (Ipo)

3% 434 A/#8 45 Nutrient input/Nutrient output N (1))
P,0s(1};,)
K,0 (I3)
% F %3 Economic benefits B P{E Gross value(yuan/hm?) (I,,)

B A Gross cost(yuan/hm?) (I;5)
B A Net income(yuan/hm?) (I;s)
JRAE B FZE Cost payoff rate( % ) (I)5)
H L% Social benefits £ T ¥ Labor input number(d) (Ijg)
% 51 8 F={H Gross value/labor input( Yuan/d) (I;5)
Fl $# 2 FE Technological progress rate( % ) (I )

£2 BHSRAERETINERRAYEBERS LS REHERY "
Table 2 Original data of assessment indicators for 23 multiple cropping systems and an indicator series of reference cropping system

Cr:pﬁfyims L L Iy L Is Is L Ig L Lo
Xo 236.34 9.38 3.39 1.45 196.90 93.00 103.20 384.90 268.50 312.00
X, 19.86 40.17 0.49 0.66 245.20 217.95 103.20 91.80 34.50 22.95
X, 19.32 44.60 0.43 0.91 215.20 164.25 229.50 19.35 6.45 32.25
X, 15.03 38.10 0.39 0.74 245.20 213.45 103.20 60.00 22.50 15.00
X, 32.99 48.08 0.69 0.98 334.90 294 .45 112.35 112.35 42.15 28.05
Xs 26.67 45.08 0.59 0.96 286.45 177.75 163.20 102.75 38.55 25.65
X 34.62 43.87 0.79 0.99 245.20 247.95 255.00 104 .85 35.40 50.55
X 230.57 84.97 2.1 1.43 284 .40 138.00 254.50 242 .30 86.50 178.80
Xs 236.34 69.67 3.39 1.39 300.40 174.50 300.00 265.80 123.20 246 .80
Xy 154.13 81.38 1.89 0.90 298.20 212.20 298.30 234.20 168 .30 263.00
X0 123.41 130.38 0.95 1.05 310.40 218.30 318.91 221.30 143.20 256 .20
Xy 117.39 71.34 1.65 0.75 265.80 187.00 275.00 185.60 89.40 188.00
Xz 125.67 87.65 1.43 0.81 196.90 176 .40 245.00 145.30 98.40 190.30
X5 21.57 53.52 0.40 0.53 259.00 187.00 278.50 189.80 99.80 194 .50
X1 21.11 51.76 0.41 0.46 248.40 189.00 289.00 190.30 100.10 214.30
Xis 20.33 51.30 0.40 0.51 268.00 200.00 256.70 178.40 132.40 210.20
X6 41.12 103.75 0.40 0.87 276.00 168.00 247.60 212.90 89.40 162.80
X7 39.59 102.38 0.39 0.83 396.80 168.00 288.80 268.70 120.10 174.70
Xis 36.81 97.82 0.38 0.77 388.70 240.00 330.00 300.40 117.20 166 .40
Xy 36.34 97.26 0.37 0.77 483.00 160.00 275.00 384.90 109.70 153.20
Xz 14.57 11.92 1.22 1.34 444.00 126.00 384.00 346.50 268.50 312.00
X2 10.33 9.38 1.10 0.86 363.00 93.00 295.50 279.00 180.00 264.00
X2 27.19 24.11 1.13 1.45 424.50 120.00 360.50 324.50 254.50 294.00

Xn 16.57 14.99 1.11 1.37 372.00 103. 319.50 309.00 225.00 276.00

W
o
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Zx2
Farttiiiims L, L, Ly Ly Lis L Ly Lig L Ly
X, 1.13 0.46 1.12 74947.20 1535.05  48202.20 247.50 164.00 164.50 98.99
X, 2.67 6.32 4.50 3323.70  1655.50 1668.20 100.77 280.00 55.60 20.60
X, 11.12 25.47 7.12 3694.80 1535.05 2159.75 140.70 265.00 69.50 23.20
X; 4.09 9.49 6.88 3526.50  1668.10 1858.40 111.41 260.50 62.10 24.40
X, 2.98 6.99 4.01 5351.55  1951.30 3400.25 174.26 259.00 58.00 30.40
X 2.79 4.61 6.36 3077.40 1672.90 1404 .50 83.96 283.50 41.20 26.20
X 2.34 7.00 5.04 5661.60 1804.75 3856.85 213.71 242.50 65.40 31.20
X; 1.17 1.60 1.42 16544.37  6246.00  10298.37 164 .88 225.00 73.53 64.20
X; 1.13 1.42 1.22 18558.51  6347.90  12210.61 192.36 270.00 68.74 93.20
X, 1.27 1.26 1.13 16485.15 5296.00 11189.15 211.28 180.00 91.58 74.30
X 1.40 1.52 1.24 11683.70  4998.00 6685.70 133.77 180.00 64.91 45.60
Xy, 1.43 2.09 1.46 17135.80  5055.00  12080.80 238.99 164.00 103.85 85.60
X2 1.36 1.79 1.29 14789.40  4864.40 9925.00 204.03 195.00 75.84 63.40
X 1.36 1.87 1.43 8536.80 2475.80 6061.00 244 .81 320.00 81.30 44 .30
X4 1.31 1.89 1.35 8888.70  2591.60 6297.10 242.98 312.00 79.00 44.60
Xis 1.50 1.51 1.22 8528.60  2454.30 6074.30 247.50 318.00 81.20 44 .50
X 1.30 1.88 1.52 17689.50  5946.50  11743.00 197 .48 187.50 62.60 97.55
Xy 1.48 1.40 1.65 13973.60  6046.70 7926.90 131.09 180.00 44 .00 63.05
Xis 1.29 2.05 1.98 13458.40  5855.70 7602.70 129.83 165.00 46.10 56.86
Xy 1.25 1.46 1.80 16465.20  7133.60 9331.60 130.81 217.50 42.90 30.30
X2 1.28 0.47 1.23 15240.30 11289.00 3951.30 35.00 243.50 164.50 84.30
Xy 1.30 0.52 1.12 17625.20  9424.50 8200.70 87.01 265.00 128.20 84.60
X5 1.31 0.47 1.23 74947.20 26745.00  48202.20 180.23 268.00 130.00 98.99
Xy 1.20 0.46 1.16 25612.90 12486.00 13126.90 105.13 254.00 99.50 94 .34

* BRPEZBRMERLE X, WBHFMMELK  Reference cropping system is represented as X,
3 BAHHEELERSH
3.1 MBUREXEKERITE

BRREAHBHES LR WE R B, BESERBRRAE MRS BT X (), BRH
(X (DX (2, { Xo(n) (B = 1,2, -, n)o i B 7% b B8 & B0 T35 47 BT A4 B 09 3051, #4 B b 58 4 37
X ()G B AEBEFA) , RARAIX (1), X (2) X, (n)l(k =1,2, -, n; i =1,2, =, m)o RIEHEHE
HITR— b B 2R — kA BB AEBYET 0~ 1. Hhad T 157 E R KB EHE, A TR 4
ﬁ:

%, (k) — min(x, (k) ,Lxy(k)) .
max{x, (k) ,Lxy (k) — min(x, (k),L 25 (k))’

X F 8 b {E B /BT ) S AR R R T AL
max(x, (k) ,Lxy(k)) - x,(k)

X (k) =

X(k) = G (k) Ly (B)) — min(, (k). Lao (F)) (1)
HRXRZBEEF (X, ( p)} SHERIIFIX.(p) | WXBEREAR L p) THTFRITE.
A A

AH, A(p) TR p RHZABHBEFFINIMESTZ, B A, (p) = 1x(p) - x(p) 1 (1sism); A, F
A AANRFTBEUBFINENHN LN EFHBRKESE/NM. o RASTHEAR HELEY BB AL
MEPERKIEBHREL BEXKARZENEREEN, 0€(0,1), —BRELATHMR 0.5, XBERAFMHE
BEHNo<L<l,

FRMABURERE . S MHEEXNIFH N ERRHNEEREREAHRN, B TS/ XEKRER
FHAREW,), S EHEEXMN TN ELEE, BEitEALHA:
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ro= > wl (k) (3)
k=1

FHAEMBBRONEDFN N BT 0.5, £FKE 0.3, #2838 0.2, H PR EBEE 0.15, IEKI K 2%
0.15, FH m LB FHI 3T R — H P 3 B0 KB BE R A/MUF HE P i ok AR X KT, EEBRBRE N
BFIIHTEHFINRE R R

RELRLR TEARAMEREGEEBBNRBEENE 3,

23 BHEIRMNARESSUBHOK B RBKERES

Table 3 Grey relation degrees of comprehensive benefits of 23 multiple cropping systems and their taxis
£ A4 (1, ~ I3) Ecological benefits

MHERLE - R LHRMB (L, ~ ;) HEWIE (s ~ L) SamRsE HF
Cropping systems \ Economic benefits Social benefits Total weight benefits Taxis
Energy benefits Fertilizer benefits

X, 0.5198 0.3681 0.5198 0.3656 0.4748 22
X 0.5427 0.3927 0.5427 0.3901 0.4752 21
X5 0.5246 0.3698 0.5246 0.3891 0.4755 20
X, 0.5609 0.4131 0.5609 0.3937 0.5010 18
Xs 0.5124 0.4047 0.5124 0.3594 0.4692 23
X 0.6062 0.4131 0.6062 0.4161 0.5255 14
X, 0.5133 0.7929 0.5133 0.4983 0.5772 6
Xs 0.5413 0.8482 0.5413 0.5623 0.6140

Xo 0.5710 0.5267 0.5710 0.6338 0.5952 4
X0 0.4975 0.6085 0.4975 0.5452 0.5490 11
X 0.6210 0.4677 0.6210 0.7498 0.6275 2
X 0.5635 0.4903 0.5635 0.5500 0.5698

X3 0.6535 0.3673 0.6535 0.3921 0.5586 9
X 0.6481 0.3621 0.6481 0.3943 0.5572 10
Xis 0.6601 0.3641 0.6601 0.3933 0.5634 8
X6 0.5493 0.4635 0.5493 0.7033 0.5831 5
Xy 0.4880 0.4559 0.4880 0.5633 0.5206 16
Xis 0.4884 0.4410 0.4884 0.6039 0.5228 15
X 0.4814 0.4399 0.4814 0.4310 0.4935 19
Xz 0.4047 0.4759 0.4047 0.7409 0.5421 12
X2 0.4419 0.3798 0.4419 0.5989 0.5116 17
Xz 0.7364 0.5284 0.7364 0.6899 0.7022 1
Xxn 0.4460 0.4854 0.4460 0.6150 0.5352 13

MERIFAEL  REEEAT 0.6 WHHERAZSRBR/NMIFR X, “BR/DHRE/EX-ZHK") >
X ("X | B3 ERKEXRI2E")> X,(“BE-EX/HE"), R, XBEE/EKXT 0.5 /T 0.6 Byfil
RAGERBRPRFH X, (C“HR/KREZ | EX-ZH") > X (“BE/EXKHE") > X,(“$zE-FEX/EX
IRE")> X, (“ExExBK-EXK-EX") > X, (“HX-ZF | HE") > X,(“"E3%H/ KT | EX/E
K> Xy(“BE/IEKR/HE") > X, (“"BEEXxEZE/KE-EKR") > X, (“HE-KE | EX-ZHK”) >
Xp("BE-TIN-EX") > X (“EBR-FX-ZHK") > X, (“BERE/KG-BEXK")> X, (“BIERIE-EX-
KE")> X, (“RE-HA-FE") > X,("BE-ML"). HRHEREXBEE/EY /T 0.5,
3.2 EBESW

BELE r, THRMRKEKEER BE RE, EXETRBAXKEEZRES E, RPEEPE—TEK

dy =1r -1 | (4)

M ERMRERBEELED, HPEE DR EMNAKITHXRER. BHEFERER D REM

BIXR R, HPEBHERTE

d

gij:l_;&(y—D) (5)
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R max(D)RRBERE D PHEKRKETE,

BELASR TBEARMAEAESHUSNEBXRER Re, HH 3x23 MR (B), BEERF
MFHEARL N X0 I Re SEMEP BEUXBKEESEKNMERSE X, XN 8% 22 17158 22 FIMBEE+
FRBAB(FEEF N 0.8195), XBE RN AFHHERE X FEMBFENHEEHTE - R HKRKE
TR RGN IR IR KM (0.9939) MK MRS SR BHIITE ZNMHERE X, RIEAH,
B X,

ERELHEAC BESKEENAESEERHLHETHHE, BMA=0.93,MX 23 MARIWHEREAT S
K S FRAR .

" Xn;

B Xu,Xe Xos

B X Xy X Xis s Xis s Xias Xio s Xoo s Xag s Xe» Xig» X7 s Xop» X5

£ X, Xy

£ XX, X,

BARERMR 2 HEANAER, EAZBMHHERLA T, X, B AR/ DRE/ FXK-Z R FHEBEHIEN
BMMHERELE, X, , X, X, FHEERXR TREMEER, X, L, , X, FHBETHEMMEAL. M _AMHEER
G, Xy, X, BEAUBHRIAME, ULREALERTREMMRRETERARMEERENHKS ,IFAT
RAZHFHERAAEZ SR EVERR T " BHERASE, X5TREREAYE,

4 EBMERENEEIESN

ERMHALG AR ETERRTAS SR HEUB=ZENE—. EBHERMMEELE T, 5K
PLES, X, B “AR/ SR E/EX-ZR BTEOHERBERSESAKREGHE, ARAARE, £ R 5E
Y- EE HESHFREEE R .2 XNSSHEER, EHERERTZHEAMIARMTE L2 E
BEB—FHEbATIIERBAZMESE/N, FIEMARERS  BEFRSEEFE, B NP KHERLES
G AAREFMAESKEMAFERERN  RPIENBRAMERS , ENELEREX KEBEE,

HR,EZRFHEESED, X, (“HE | #ZB/EXR/EX | EE"), X, “BE-ER/HE")M X, (“H3E/
K| EXR-ZRDWESHAEGEFUBHEE BEHTAIRAKR HAKERHE, B, 5FEMBHIF
HURT,EETHH MM T RABBLLIEBEXHET WA

ML EBIERN RN B 4 HAHEREFATURE, X, (AR/ S8/ EX-EMOM X, (HE | £z
BIEK/FR | BE)FMAEER, BA WSS XA EERS NV FENSRME IR, HES
Wit EFHBEIE SR BHIRTRTNEEHEER, SR O EREX BN EHA DA R EY
R EAFREZ L.

B X, X Xy X SRR AKNRIB T ZRHERE, ENNES K HERZHEY
&, AL TPERFELUEKE, BEEME D,

o, ERMfEL S RERME S FAN X, X, X, X, X, IR T _BMERK, i TEMEOHELRS
S, A ARAE, EMHERK O LEFAARUEAR-AMERS, ARA L EIARLES, T RBL™
HASHEMESHEEE AR, EEA%BHIFREL "M E", —BKR, A EEELERH F KRR
AT,

5 #Hig

ML 23 Fa s 2 SR I R EMUX L RER TEH N THAE - 2N —AMHEERZS KRB
B =AM RS TORREA R 3t & P48 50, TS B3 7= 18 i 330 B A9 5 38R AU R A AR X LU
“BE-BEEKRAEEN =AML ENKEIARKAZRENREFEY  REERBEYF-ENE NS
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FREMFRAEIR. BMEZ . ARBROREHBHERELH T 20 42 80 FRKEKFREFRH,
0 FRUFEEXRIFEMRFAL=Z2F, B 21 HLVHREFAX 4 TEMHNZBAMESEH, RBT, RHE 20
TR, Xt 23 FR R R R G AT K B KB4, IR 1R R R B SRR B, AT LR K47, AR %W,
“BR/BRE/EKR-ZRXEEERK,AS . EF MG ERR, RO EE ™ Bl EEHRER
B, “B¥ | BzFERK/EXR I KE" R, EETHFINAMNERHNBBALRENEX, XS FOHEME
DX Rl 85 #9 A R R RR AR 5 S AL R A BUR B UG
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