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Ecological evaluation of different multiple cropping systems in red soil drylands. CUI Ai-hua,
ZHOU Li-hua, YANG Bin-juan, HUANG Guo-qin" ( Centre of Ecological Sciences Research ,
Jiangxi Agricultural University, Nanchang 330045, China).

Abstract ; In order to maximize the ecological function of red soil drylands and to determine the de-
sirable multiple cropping systems, we evaluated the productivity, circulation of materials, energy
and value flows in four multiple cropping systems on the basis of a consecutive three-year field ex-
periment. Four multiple cropping systems were designed: treatment A ( CK) : wheat/soybean-sesa-
me; treatment B: mixed green manure (rape X Chinese milk vetch X radish)-soybean || maize-
mung bean | sesame; treatment C: ryegrass-peanut | maize-millet | buckwheat; and treatment
D: rape-mung bean || sweet potato; where interplanting was expressed as ‘/’ , intercropping as

‘|, planting after harvest as ‘=’ , and mixed cropping as ‘X’. Thirteen variables were em-
ployed to compare economic, ecological, and social benefits among the four cropping systems using
grey relational analysis. The results showed that ‘ mixed green manure (rape X Chinese milk vetch x
radish ) -soybean | maize-mung bean || sesame’ exhibited the highest grey relational degrees in
terms of economic, ecological, and social benefits, and a highest grey relational degree at 0.847 in
the integrative benefit. This treatment was the best multiple cropping pattern suitable for red soil
drylands. Thus, this cropping system could have a positive impact on the layout and optimization of

the structure of agricultural production in red soil dryland regions in the future.

Key words: red soil dryland; multiple cropping pattern; grey relational analysis.
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TCZ A G R T BE VT LIRS 1) ) o A R A=
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SFUURR SRR T A R AR 2R X LA R A AL
ok 2 ALt 2 9 R 0 2 i 1Y) A 3SR 17 48 5,
PR B RN PR N e B S I E AR A
I R 5 04 & A= i DUAR AR 42 L ( Helicoverpa
armigera Hubner ) FIFSC W, [ Prodenia litura ( Fab-
ricius) | IYSEMAAN I, RE DR D % 75 & A AP 2 o5
LR H P AR AR B AR EL AL T HAL R AR AR =X
Sriiie prd b N 1 At A S R TP U FA R SN
] EARFE RG4S =Rl AT o0, R s T 476
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REAK+BRE/ MK B/ ARAE+ 5 E KT
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ey , 25 SR W | R R B 5 A (HL BB ol 38 1 3 0 fb 7
AR 80 A W), (W) )RR 1 5 - S S . H T
WH9E 2 2R PR LU R A R Ge i A 8 T RERY
SO NS AT R A SCER AN [F] 25 A 5 G
T RGN L5 5 DIRE , Il i g BT 0
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FE EZS P R R A L1 Bt Al AR 7 AR U A
PGB
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1.1 W5 IXHENL

RIS 7E HLA MR gy 21 3 s VL P AR b K2
B (28°46'4" N,115°55'2" B, JF4¢ 24 B i B vt )
IR b HEAT 0 e JE 2 M 1 2 AR YR
16.6 °C, =10 °C H ¥ 5532 °C , Fr&e KE LM 255
d AR H B AR ST 101.76 K + em ™ 4R H R
W4k k 1601.9 h, TCFEW 272 d, 4E K & 1712.9
P AR IS 32 2 i AP R R RS DL R
G R IR 7 5 S5 AR it SR IR 21 8 2 b 1 2

e 5 A A S B, A ) AR — 3L
IRIOHT AL AR . R 1.304 g - em™, B
fLBRBE 53.0% , BAEFLBRIE 41.6% ,pH 4.75, F AL
T 2978 ¢ - kg, RATE 1.34 ¢ - kg, BR A
T 90.00 mg - kg, WA R 118 ¢ - kg A
W& 76.35 mg - kg, &4 55.38 ¢ - kg,
B R 107.5 mg - kg
1.2 Kkt

[ 6] 52 AR B 6] K 2009 4F 11 H (& 2459
FiAE ) 2 2012 4F 11 H (RKZEAEPIR) | 32 3 44
B3t 4 M4 RER DX 111 m, %8 3 m,
HIFA 33.3 m? FHALIXZHHES). AR B A (CK) o /NEE/
KIG-ZRR A0 B IRFE SN (58 x5 = 3 xIE
BN K| BR-ERE | 2R AR C. RAER-IE
A EKRZE | FE A D, e | HE
(“/TFRENE, || T FREME, < -7 RoRHEEAE, X7
FIRIRNE) 3K 4 Fp A Fh Jy 22 28 o Bb 27 4 0 AL 4y
BRI

PR S Al A Rl 8210 s AR Nk ¢ R
BN AR RVLRIM R B O Bk
15 /N ER 85 s R /L 507 s KK
CURINERAERE s AEAEh B 116 5k Tk R Lk
FAOGERAN MEREM HE RN MHERK
Bl BN\ T IR RTINS

JAE T 28 A0 FR A /INFE RS Rt A
WA 350 kg - hm™, Jiti &AL 1 4351 24 . 0,200 i1 225
kg - hm™ jifi iR 2 4394 270,300 F1 80 kg - hm ™. 4b
B H, K || KRR AR i B i I 4 R 350
kg - hm™ i EALA 43518 200 1 225 kg - hm ™, Jiti
PRZE 43120 300 #1400 kg + hm™, 2 R it AE /K - [
ALRER C i, BOK || AEAR S LR AE | S Ak 4 AN AR
ZM 350 .20 F1 300 kg - hm ™2, S it 45 BE R AL
SALEP IR 23 94 325,220 F1 320 kg + hm™, 5
2% it A5 B W A | S AR 0 N R 2K 43 31 220,200 A
150 kg + hm™. Zb 38 D o il St 25 SE A | (1L 81
FIPRZ 43514 150,250 H1 80 kg « hm™, &% 5 jifi £5
BEw I S 1L B RN IR &R 43 1 S 200, 100 1200
kg - hm™, H 25t £5 86 B A0 | S04k 4 Fn iR 2 43 51
375 .80 F180 kg « hm™>.
1.3 MWW H S5k
L3 10 iCsas RAVEY I AR B AN [R] 4
HIRh T A2y ARNE 55 T8 S AR
FE TG R S A0 B 2 R Tk,
1om? 0 LA o o, A% ORI T o i
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FREEBR, B E 45 48 bR 9 B BR A, 1 82 $)
Xy () ] Xo(1) | 1X(2) }vooe ] XKyl |
(k=1,2,3,--,n) , 15025 A0 FRLASC BAIGUR HR A LAY LE
BB X, (k) (i AALEFE) TR M IX, (1),
X, (2)X(n)|(k=1,2,3,--,n;i=1,2,3,---,m).
XoF 2% FE An R R Bt HE AT o R WA, 2 ifEfb AL
S Fr A EHERAE T 0~ 1 Z [0). X5 T8 A 8 R 4 1Y
IEFRAR, RAHAR S R .
~ x,(k)—min[ x,(k) ,Lx,(k) ]
" max[ x, (k) La,(k) ]—min[ x, (k) ,Lx,(k) ]
(5)
X TR AR N B R bR SR AR .
vio max[ x, (k) ,Lx, (k) ]—x,(k)
" omax[x,(k),Lx,(k) ]-min[ %, (k) ,Lx, (k) ]
(6)
SR 2 TE R AL AR 4 A B A FR AR Y TE
EWE, TTEAFE .
X=X,
Xmax_Xmin 7
A X bR E R RO s X 0 X O X AR BR R
(IS PNIERETZNIEN
ZIEI | X, (P) | 5HEES | X, (P) | HOCHEK

x100%

(1)

!

X,'=

KA, (p) R p B ZI P LA F 50 B9 b o 22, BRI
A(p)= | x(p)=x,(p) | (1<ism);A,  FIA K
FIr A HeBsE 1 51 451 Bs Z1) o ok 22 vh A B R E AN B/
{H ;p RO HEREL, — L R HL0.5.
INBEIB A AR R,

n=;WA@> (9)

o, W, AR BB, AR 9T R4S SR A R BN
LR 0.5, 485345 0.3, 41438047 0.2.
1.4 Fdaabr

2L 3 AR I K e — 3k, A SC L 2011
AE 11 H—2012 4F 11 A D %08 4 4. iz H Excel
2007 Ak FRAS .

2 ERESH
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e A R G DIe ) 2R IE bR s 2 AE
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TR A %5 60.8% 184.3% .140.7% 94.8% 1 65.0% , 4b
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Table 1 Yield and photosynthetic productivity of crops under different multiple cropping patterns
YLl EEM [B7ha A
Treatment Growth Crop yield (kg - hm™ - a™!) Photosynthetic productivity (kg + hm™2 - d™!)
period EAYV Tk s FEFr - A EASV I TR s FiFf 1 A
(d) Economic Straw Whole Economic Straw Whole
yield yield yield yield yield yield
A /NFE Wheat 190 781 1914 2694 4.11 10.07 14.18
K Soybean 81 1786 2203 3989 22.04 27.20 49.25
2 Sesame 108 911 2257 3168 8.43 20.90 29.33
44 Total 379 3477 6374 9851 9.17 16.82 25.99
B {RIBLE Mixed green manure 152 - 2931 2931 - 19.28 19.28
K Soybean 81 966 1392 2357 11.92 17.18 29.10
F oK Maize 91 32366 4937 8173 35.56 54.25 89.81
Z R Sesame 108 676 1628 2303 6.26 15.07 21.33
2% 57 Mungbean 93 557 913 1470 5.99 9.81 15.80
A4F Total 525 5435 11799 17234 10.35 22.47 32.83
C  MEW Ryegrass 153 - 9931 9931 - 64.91 64.91
124 Peanut 143 2079 2254 4333 14.53 15.76 30.30
K Maize 91 2874 4609 7482 31.58 50.64 82.22
3 Grain 100 327 709 1036 3.27 7.09 10.36
777 Buckwheat 66 312 617 929 4.73 9.35 14.08
44F Total 553 5592 18119 23711 10.11 32.76 42.88
D liZ% Rape 191 1340 3887 5227 7.02 20.35 27.36
HZ& Sweet potato 143 2696 4035 6730 18.85 28.21 47.06
2§ 5J. Mungbean 107 226 357 583 2.11 3.34 5.45
44F Total 441 4261 8278 12540 9.66 18.77 28.43

A /NF/KE-Z K Wheat/soybean-sesame ; B IRFFLENE (IR XE R IEXCHE M) -KE || FAK-LRE || 2K Mixed green manure (rape X Chi-
nese milk vetch X radish) -soybean || maize-mung bean || sesame; C: B B 484 || TK-3E | 372 Ryegrass-peanut || maize-millet | buckwheat; D

-2 || H 3 Rape-mung bean || sweet potato. T[] The same below.

W (F2) 4B B .C A1 D 3 AR A gt e
71°48.09%10"° ~25.97x10"° J « hm™ - a™',B 4b ¥ %
A, CARERR . A B HE XTI A 5 82.1% 1 73.7% ,D
SCFR ST IR A AR 43.3% 3 2855 14 77 1 RS ) e 7
TR —F A B A C TR A
45.4% F1 41.2% ALFE D LLXT IR A I 43.3% ; AR &
Fhor G Bh e LAAL B C e, Ab B B k22, 4351 L
SRR A [ 85.2%F1 80.2%.

A RDOGRERCR | AT 7 R G RERICR A B
RERCRIILIALIE B fiermy , AbFE C IR Z, AL FE D A%,
AEFE B FC AP RDOGRERCE | AT 7 mOLRERL
N Bh RE SR 4 EL X BB A 5 82.7% 1 81.3%
45.8%135.9% 85.5%#1 80.2%.

UL ESrHr e LR B B AE DAL B C f s
Gh, BHIHA T T AT AT 1 R ROERERCR |
2R P HDOGRERCR A B RERCR I LIALFE B 5.
2.2. 2 UIE RN F A X EE AR
G ) it EOR AR A W A A A BT R A RS
FILHR , 41 C H O N P K55, BETEADMERRZ
i) £ 3 , I B e R M U o A 45 A BRI
(1) FE 20 R AR 43 55 i — B0, B & % K 43 i)

FASCRAEY T AT, 5 B X 21 48 52 s AS [ 42 b =X
NP K % A F%m #4750 (R 3) .

REFRN A C W NBEAREZ, N 469
kg + hm™ 705 HLAL B A B F1 D % 59.1% . 7.4% Fil
185.8% , 7= AL LIALFE C 5, ik 316 kg - hm™2, 4
SHEALFR A B A1 D 15 41.2% .30.5% Fl 187.6% , N
AP L AL I A ey, o8 0.76, 4031 B F A%, 161
AbFE A XA N BRI 5, AL B X N 15
AR

BEEFR T PO, A S LIALPE B fe i, 18
214 kg « hm™ , HKJEALHE C, A0 B B 7051 LALEE A |
C F1'D 1 35.9% .8.1% F1 96.3% ; 7= i LIAL B C %
5,15 82 kg « hm™ 43| lLALFE A B I D 532.5% .
2.1%F1 150.0% ; P, O W P~ L LLAL ] C d5emi, by
041,73 M LA FE A B 1 D % 5.1% . 10.8% #
10.8% , Ut WAL B C X Wl 22 (0 e Ak % o, FE Wl B2
K MAEEE B A1 D Xl 2= A A R e AIX, {H AT DA%
NE 3% AR TIe BEYAE K.

BEFRAT K, 0 M AR LI C fem, ik
514 kg + hm™, 43 FL AR BR A B Al D & 120.0% .
18.5% F1117.4% ; 7= it & LA AL B C e 5 , 5293

1= Ry=;

i,
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Table 2 Primary parameters of energy input and output of different multiple cropping patterns (x10" J - hm™ - a™')

FEAR Index AbFE Treatment A (CK) B C D
BRIGLET T /N Wheat 3.70
Gross productivity K5 Soybean 6.02 3.55
2k Sesame 4.54 3.30
TRIFLEAE Mixed green manure 5.24
EK Maize 11.73 10.74
£§ 7. Mungbean 2.15 0.85
JRZZ T Ryegrass 4.64
AEH: Peanut 6.51
3€ Grain 1.57
374 Buckwheat 1.31
l3E Rape 5.58
HZE Sweet potato 1.66
&I Total 14.26 25.97 24.77 8.09
GV /N Wheat 3.70
Economic productivity K Soybean 6.02 3.55
ZK Sesame 4.54 3.30
F K Maize 11.73 10.74
5358 Munghean 2.15 0.85
14 Peanut 6.51
3€ Grain 1.57
7 Buckwheat 1.31
l3E Rape 5.58
H 2 Sweet potato 1.66
31 Total 14.26 20.73 20.13 8.09
iBhAE H HLEE Organic energy 2.45 6.33 6.74 2.43
Auxiliary energy TeHLAE Inorganic energy 4.12 5.51 5.43 2.85
11 Total 6.57 11.84 12.17 5.28
KFHAE Solar energy AAEARS  Annual radiation 4118.2 4105.3 4277.8 4060.1
RIRA T TR SRR PR OGRERUR Light energy efficiency 34.6 63.3 57.9 19.9
Ecological efficiency of biological output
of field (%) ZTPROLHERCR Light energy efficiency 34.6 50.5 47.1 19.9
of ecological output
I BIRESL % Efficiency of auxiliary energy 16.0 28.8 28.5 13.0

YrHEFRES % SCHR[ 11,17 Reference for energy conversion' 170 G HLEEALIE I AR H K55 50 91 Fh 7 FI 40 NEE H & 45 ToHLAE EEAIEILIE
424 ¢ B4 Organic energy included labor, seeds, quantity of green manure returning, efc., and inorganic energy included chemical fertilizer, pesti-

cide, farm implement, eic.

*3 OERMAREMA NP.K HWBWANFIHH
Table 3 N, P, K input and output of different multiple cropping patterns in upland red soil

P TN Gl T

Treat- Input (kg - hm™2) Output (kg + hm™2) Ratio of output to input

ment N P,0; K,0 N P,0; K,0 N P,0y K,0
A 295 158 234 224 62 110 0.76 0.39 0.47
B 437 214 434 242 80 188 0.56 0.37 0.43
C 469 198 514 316 82 293 0.68 0.41 0.57
D 164 109 237 110 40 101 0.67 0.37 0.43

TR BNFEAAE PRSI 55 5 7 AR SR 25t ) B it 355047552 B SCHk[ 9-10] Nutrient input included chemical fertilize, seeds,

quantity of green manure returning, etc., and the output included the content of seed, stem and leaf. Refered literatures [ 9—10] for energy conversion.

kg - hm™ 43 HLALFE A B A1 D & 166.0% .56.0% & Z R N PLOS AT K, 0 =42 /T
F1191.0% ;K,0 P8 L LKL BE C dReids, o 0.57, 4351 1, 6B IR 00 A B A R T S BSR4 10 R A
FLALFE A BRI D & 21.3% 32.6% 1 32.6% , B AL HAFIZIHER M/ E S RGN T RFEL R .

B C AR AR e A B B AN D X R R 2.2, 3 LR MR R E RO XM E TR RRE R H
TEHA. RBRG e IBI AR A5 MR SRS
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ARG 2 (KRB ESZF RS, ELARER
W WG A5 BAT A (A 4 KIIRE, I
E T UAEAES RGP EACEA R B, I HAEA
S Z R TR

Hi 2% 4 T, 4 b B0 3 77 {76 12819 ~ 24838
JC - hm™ AbFE B d5 i, FUALFE A 55 13.9%, 4b B C
D HMETXR A X ATRES A B P2 BRI A%
B A R A5 A A 7RO R 7E 8865 ~ 11486
JG « hm™ LA B d5 g, HOROE AR B €, 4300 L
IR A 5 29.6% F1 22.1% ; WAL= (1 1) a3
— 3, R DIAL I B femy, HR AL AL AR A
Ak 2 FH BRI FN 55 sl = (R LUAR B A By,
HAy 3 AMAbH i 2K B>C>DU AR B 4l
A Bl T HEHAEY M 2EA TR, XK
38.5% W AN TR AW Z, T 8Ok A ™
(B A 2% FH B R R AN 55 sl = (B R BT 4 B AL

x4 AERMAEREMAFXNNMERISHE
Table 4 Value flow parameters of different multiple crop-
ping patterns in upland red soil (yuan - hm™)

T H Item A B C D
BA Y5 Material 6622 8897 8483 6220
Input 3547 Labor 2043 2580 2344 2456
s /N Wheat 1951
Output KT Soybean 8928 4829

Z R Sesame 10926 8107

Tk Maize 7443 6609

A6 Peanut 10393

3 Grain 1506

4 Buckwheat 937

i3 Rape 6701

H Sweet potato 4313

4315 Mungbean 4458 1806
BT Total value of output (yuan - hm™2) 21805 24838 19444 12819
MEEA Total input (yuan - hm™2) 8865 11486 10827 8676
4 Net income (yuan + hm™2) 12940 13352 8617 4144
XA Value of each cost 2.46 2.16 1.80 1.48
Al 3% 22 Rate of return (%) 14597 11625 79.59  47.76
7B 85.54 7136  55.14 2531

Net value rate of labor force (yuan + d™!)

L NAR N 3 AER T R AR, NE N 2.5 08 - kg, RER
5.07C - kg™, ZWRN 12.0 € - kg™, EAK N 2.3 5T - kg™ HEEN 5.0
JC - kg HEHN 4.6 00 - kgT!, FEE A 3.0 90 - kg, WEEHEN 5.0
JG - kg™ HE N 1.6 90 - k™!, 48334 8.0 JT - kg™! The price of the

products were based on the average price of 3 years, with wheat 2.5

yuan, soybean 5.0 yuan, sesame 12.0 yuan, maize 2.3 yuan, peanut 5.0
yuan, grain 4.6 yuan, buckwheat 3.0 yuan, rape seed 5.0 yuan, sweet
potato 1.6 yuan, mungbean 8.0 yuan per kilogram. JR & 4 2.10 JG -

kg™ EREEREAE K 0.55 G - kg™, SALAT M 2.00 G - kg! The price of
urea was 2.10 yuan, Ca-Mg-P fertilizer 0.55 yuan, KCl 2.00 yuan per
kilogram. 5747 15 JG + d™! The price of labor force was 15 yuan per day.

2.3 LU RHORIRSE RO U SRS A DI REREIE

FH Hb RN S b 45 G 1 D RE 2 AT AT A AR S R G0 P
ARz —, HEBREARR SRR —m
B R S A, 7R R R A b Y R SR
VEd) 48 %0005 ¥ DAL 3R B B 5, 0 0 Fe 4 IR
100% ,2.4%%1 50.9% , T FF b H 5 i = 2R HESK
WH . C>B>D>A, X i B iR 2% I F g I i H A
B A S MO P A B B [ IR B4R (Tl 38 x 48
mEXAC M M) R || FK-GRE | ZHR] M EE
PRGBS T HAMAS AR TASR
B E I RRLE R .
2.4 ZUHER MR R A 7 I RE MR 2SI LA
i

BEER AN A R R RS A IR
TR A 5T 38 K 0 S B B ik 1019
LT 4 B[R E A7 2 & DI RE Rl as
TTEEA TN AR A S RG34 BB T4 A
B AW AE = H G — , A AR IR TN BEE 6
JEUO ZE AT R AR R R TR EUA T AL 25 (R
1B BFRA A A A Al B R ) |
ABREE (R R CREROR AT G RERUR |
HBIRERCR FEATIHIL 5 FRHAEY) 5 E0) Akt 2L
% (57 B R AR 2R R Y )
13 MM AR PRI TITA.

M2 6 i LA ALBR A B C.D Z2A3GE R

*5 AERMAREMAFXAFESRELER
Table 5 Comparison of utilization/ cultivation functions of
different multiple cropping patterns in upland red soil

b3 Lk THRGEL FREYREC FSFREHE
Treatment Multiple Land Crop index Quantity of
crop index equivalent of land straw return
ratio nourishing (kg - hm™2)
A 2.5 2.05 0.53 4736
B 5.0 2.10 0.80 9633
C 4.0 1.69 0.46 10018
D 2.5 1.81 0.53 6353

®6 FREMAXEEHLFNKEXKERHRF
Table 6 Grey relational degrees of comprehensive benefits
of different multiple cropping patterns and their rank

b SE  ENNE  HeNE  SeNE HE7

Treatment Economic  Ecological Social ~ Comprehensive ~ Rank
benefit benefit benefit benefit

A 0.501 0.456 0.434 0.474 4

B 0.874 0.806 0.842 0.847 1

C 0.793 0.699 0.601 0.726 2

D 0.577 0.550 0.599 0.573 3
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