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Evaluation of Intercropping Pattern Based on Niche-fitness Model
and TOPSIS Model

WANG Linlin"®> YU Haiye'> ZHANG Lei'> TIAN Dongxu'? ZHANG Yuqing'® ZHAO Guogang'™
(1. College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China
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Abstract; Based on niche-fitness model, the suitability to habitat conditions of crops under four patterns
was evaluated in order to reveal the optimal intercropping pattern of lettuce. And the four patterns were
intercropping of lettuce with Chinese cabbage, radish, pea seedling and coriander, respectively. The
niche-fitness values of intercropping patterns of lettuce with Chinese cabbage, radish and pea seedling
were higher and closer, which showed that the habitat conditions of the three patterns can meet the needs
of crops and the habitat conditions were more suitable for their growth. Then TOPSIS model was used to
optimize the evaluation results. The relative approaching degrees of the three intercropping patterns with
the ideal scheme were 0.557, 0.800 and 0.265, respectively. It was showed that the intercropping
pattern of lettuce with radish was relatively close to the ideal scheme, which meant that the intercropping
pattern of lettuce with radish was the best pattern among the four intercropping patterns. Considering the
actual physiological indexes, it can be drawn that the intercropping pattern of lettuce with radish not only
had better effect on the growth of aerosol cultured lettuce, but also had better effect on reducing the
nitrate content in lettuce leaves. The combination of niche-fitness model and TOPSIS model had a certain
practical significance and it can be used for the optimal selection of different intercropping patterns of
lettuce. Limiting factor model was used to analyze, and the results showed that the limiting factor of the
intercropping pattern of lettuce with radish was the content of potassium in nutrient solution. The results
provided reference for the quantitative analysis of optimization of intercropping patterns.

Key words: intercropping pattern; aeroponics; nitrate; niche-fitness model; TOPSIS model; limiting

factor model

3| R B3 5 %, (ELTR) If 2 — b o) ' AR F R AR 1
YEW . RS BAE N TE LR B ) — T, R R R RO &
"R (Lactuca sativa L. ) VEO5H WM SRCEE R, RAGES B, i T e85 ol 6 il iR 15

il

Wk B, 2016 — 12 —21 &8l B39 2017 — 02 — 07

BEEWE % 8 H AR BIIE % JE1 (863 $1Hl) T H (2013AA103005 — 04)

PR FIRHE(1989—) 0, 1A, 3 BN Sl BEME VA 5 15 7 g H R 9, E-mail: linlinw14@ mails. jlu. edu. en
SEAEEE : HK (1979—) 4o, B HORE | 38 WA Ml 2 WY 3R B8 43 5 24 25O P9 , E-mail: 7_lei @ jlu. edu. en



292 o ML O % R

2017 4

R, B IR IR R S AR ARG . PG, K
AR 10 80% LA ok Hgi k', T i A R £k
A T B BT TE LA R385 1 I 95 R R K I 21
B U 2 X AR B B A A AE . A,
S A LA PR AR R AR R 2T B s E
PRI T T B 4 BEAT B S A7 A
N ) AR 2 T B R AR B S R 6 7 i, ey ) 24
A [8] — FH 3t () — A 1 30 P 20 47 B8 20 R 1) ol A
5 A R A B AR O S R P AR ek
MARZIKERE . MAER DRI SRR S 20 &
WA ST R S (EURH DG B g R DL B B S
RFFER N T35 B i 38 oK WL ARGE , IF B A AR
VEYIR) IR R DR 200 R &, k=2 — E 8 &
Iy BT A

20 20 90 AR LI , A A fL (Niche ) i —# &
TR R BT o AE A A O F i HE R o
A R Y & HUTCHINSON $2 A A8 25 7 2 4t
{3 1 ( n-dimensional hypervolume ) #5 2 , A= 25 v i& ‘H.
JE S ) R AE B Al B R AR B, B T —
AWM A M Y B A 05 2R A S R AR B R 2 1]
AT RE L, RAE 1 A — & BT IR R A2 W) Fh Xt
AR 8 S5 AR B, B A 5 R R AR R X ) e R E
R RS . HAT, A A AE Y e £ T
A SR R R g T . 3C
BRL8, 14 — 17 JAT X /N2 A5 U, R AR 250 1 H 8
MO B TEM A K ARG d s T R L
AR TIEREG R LIRSS RN LR R s
FRIE BT U5 P 1o 7 R e R R ) S BT OT I o

TOPSIS H5#Y Sy 2 3 PRAR A (4 30T BRAE U7 38
Ol AR ) 1 R AR R B R S S ke SR ) R T
PRy EANGRAR D 5L AR ETE AT AT O R AR R
— AN R BRI B OE FRAR Oy SR AR, X S £ B
M % fn . TOPSIS BER 2 2 @ 1 vk 36 43 7
AT, X T LR S A — 2 B WL, B REAR
BRGSO FRIR AR, B I R R A Y 0
FEA YA 72 v 32 R T A K IR A B A
PUHPE PR A7 R R R PR A A
L, BA—E WM TR L, CHR[26 - 28 ] DL fif
SCRVEL BB VEUA R R R 1R B TR AR A
H TOPSIS KR F 2 1 /K 3R 5 o b v, BAT —
FE B AT ATE

A SCEE A AR OG SCHR 5 5 B S PR SR 2, LA
BRI 2 AU AR B IR O R AR B FR
ALK G = VERWPBETER & 2 ME IR T
R o SR T BOR FERE S A& AL B AR
KA B 4 T I 35 0 il 5 AR SR AT LA, 2R

JH A 25 A 38 B AR TR A TOPSIS 7Y, % A 50 5 /)
R ERBR AN R S0 TR AR R 4 i
Frdfeast , LIS MASE Y 53 4 o J3E 48 /s A= 3 45 18] 1 A5
A o =

1 #&EE 4R

L1 ASEEE e
T 2 2 (3 05 00 T80 AL
SR R4 T B8 7 M2 B
S BRI T B
0o

X ..
Fizmin{7577”‘?7r’f} (j=],2,""n) (1)
X X

al X2 aj
A F——5 M T VR AR S L0
o ——5% i RS AR AR 2SR UL

w55 j A A A T R
n—HE N TR

{H 25 25 20 S0 25 PR T B9 2 UL £ A 5 R A2 Wi
I, SR LA b A TR B Y AR 2 L A X[
L0, 1] E i 73 A 3t B e A, TR, A SC 3o T A 25 00
P (¥ 0 30T AR

AR5 18 2 W 98 % G, 5 A 25 0 0 B A
T YT 5 PP s 3 0 A ] (8] VA 3 S 8 2% 1 Y 1
NERE) S R R B

R EDHEAT T m P25 A o3 5/ E
SN L AN AN B i F LR (B R
PER I AN AR P 8 SR A R R AR
BRI A CERBPROCR & & VBRI PP
ROEMERBPHOUR SRS BEESH TN
AR R CAE 2, (1) y2, (0) ooy, (o) I 0 B
B 26T B I AT IEAE X, = (o, (2) 2, (1) 5 o,y
x,(0)) X, RARAVEYIAE ¢ FhSE50 T (Y BL S BT U AL .
A on AR A DI B I e 3 2 B e AR« (a)
2y (a), o, w,(a), W42 9 g 3l (H H B X, =
(x,(a) x,(a) o ,x, (a)) B VR B i A 2540
HB A BRI — JBOE XN

F=0(X,,X,) (X, X eE") (2)
Af F— AR RS 00IE R
E"'—— AP A A0 n 423 18] P ) DX
Q(X,,X,)—X M X, (AR LI 5

H,Fel0,1],7£XE[0,1] I F{HEHBK, KR
Wy %F AR 358 2% P FD 0 (LR PR B o e b A A 7 0 R
F14 0t 3T A Y 3

' min{ lx, —x, || +Tmax{lx; —x, |}

.
Fo=—

lx, —x,| +Tmax{ lx, —x ||

(i=1,2,+,m;0<T<1) (3)



Hal

E I G5 BT AR A& TR A B A TOPSIS A5 B f ] 4 45 LA 293

Kb o, i M T AR MRS T AR AL
ERURIIEIEN
x5 A A S T bR AL )G i
T— RS

KT BT WA, AT LUBE S W, = W, F, =
0.5,H]

W,=lx,;-x,I (4)
P 1 m n
W,j:E;;WU (5)
Wmin + TWmax
i .5 (6)
W, +TW,,
R W, 5 x, 2 B4 X 9
W ——W M W, ——W, MY
W W, R E m— LA
B OE AR T A

1.2 TOPSIS #8
K FH TOPSIS A58 # x [] {5 450 20 HE A7 10 32 | HCASE Ay
i .
WA m SIS 0 AN B R JE A
X = (%), (7)
261 —fk Ak #
75 30 397 1) J
Y=(y) (9)
#£ TOPSIS % 13z F v, BCE (1 152 7 e — 0 o 22
[ P92, X PP 45 SR T B, A SR AR S R AL
B E ST F A 8 W= (w, w0, w,)
w, R n AT E FACE, R A R Y F W
TR ISR Y5 1k 46 P
Z=[WY],., =(z),. (10)
Xz, LA — LRI AL 3L S (1 (8
HI T 8504 T8 B A2 I 1] 8 %, R KB 5 AR 7Y
T8 bR 2 30 [ 8 AR, BRI o BRI, R E T AR )
MIEHE T RZ GBI RZ . RIGHHE—
AN S 5B 7 SR AR RS ST A ST Ep

Zuij -z)? (i=1,2,-,m) (11)

Z(zé,—;,*)z (i=1,2,,m) (12)

S 2 VR T OE S AR
BB VA 7 5 X BRAR 8 4 X B T
iz L

S=S"/(S" +5%) (13)
AT 2 30 2 B A K Y R B L 7 58, RIS SCHY S AL ()
PERE

2 IBMBEFTE

2.1 BBt

SEF 201541 H9 H—2 H 8 HEEFH MK
AW 5 A TR o Be B B i % (43° 51705 N
125°19'51"E) N 4T, Hi T 55 50 2 78 b 7 i 4 2 3k
A7, 3 A R R B AR A (22 £4) °C, M T 4%
HI7E (15 £2)°C o #hJER M AT LED #M6 R 48, #b
Se B ] 7 08 :00—18 ;00 , Hi 1 11:30—14 ;30 ¥ i
JERIK 5.5 ~6. 5 kix, HoA I H] B 't R B 35 4.5 ~
5.5 klx, %W K T R B R A H A 2
J7 R T R I R B 25 W G Oy . I A 3
W 55 5 I, K O 5 6] J% 15 min W57 15 min, £ [1]
Sy 45 6] Ff 60 min WEJitE 5 min, 5256 A ep AR I
JEIRATE IR pH H A HL 5 23R (EC) , i 5 3R
pH {E 1 EC {43 H = HI 7£ 5.8 ~6.2 F1 1 800 ~
2200 wS/em Z Ji] , ABG AR B 0 I 5 A K o

RS0 1) A SN R RRIAE SR A SRR 5/ A
S EREE b BT E SR T T AR R T R
A BRZS D HC e i A Sy 2 SR S AT R
W fh FHEZ S TR AT W, S AERANA
OB b FHRKW 3 ~4 M, S RS
5~6cm BEATRE T . ESRS 4 FRERSE A BILL 101
BRI R] A 38 8 A S I PR RS e Al TR AR
BifE (3 x4 fL) AT I% . e S RER A 1
B o

OO0OO0O OAOA
OO0OO0O OAOA
OO0O0OO0O OAOA

(a) Huf (ORBIEE
B RS R AUR &
Fig. 1 Sketches of sole cropping and intercropping patterns

2.2 WEHERKEATE

PUR 4848 T4 H 12:00 470 &, 2 R0 N &
845 30 d WA ME

(1) 8 FRWRJE - ] 19 35 1 JPB — 607 A #Y
e 485 A AU ASCHE A N0 6, 3000 0 07 Sy JE R O i B
BB T 6 em &AL

(2) 28 LI M S« 1 488 0 AR A A7 0
0]k 8 A7 Ay R T S B SR MM TET B S em
JEAb .

(3) 78 SR W i - ot PR 498 5 S 130 A
St DN 5 AL Ay R T B 5 5 SRR BT T 6 em 5
JEAL I i T A AR R DL 20 ~ 30 em/s [ 3
JE K gl A o



294 o ML O % R

2017 4

DL 8 bR ¥ F AR R E A 30 d J5 #0470 5E 12 SR
BN 25 HR AR A E 3 A2 {E .
(4) B IR W H A IR & iR T 0 R B0 A A
B E
(5) B IR H B IC R & &R AR BT 080
JE LA
(6) E IR #1 0 HR & & X 4 2 B B2 B
(K5 ) W AR 2 B 53 Jor 447 0 4t
(7) AR AR AR XS AR R A0 M B 308 o 6 5 ol -
i 557 o W1 = AN L TR AR e @ 1 S S o Sl
T BRI 72 2Rl EU — 88 B WinRHIZO [543 7 4k
PEIEAT 73 A Ak B
(8) R 1A 149 il 1R k2 it R K A 3 )
SE e B AL S A S AR R B o
2.3 HESWEHETE
X Microsoft Excel 2007 #F 17 % ¥ 4% ¥ 5 i}
BE,oRJH SPSS 17. 0 47 AH 5C 1 46 56 A1 22 S 3 1k
K5
SR FH 52 B LI 5 SO0 ) e R AL =2 b ok 2 o i
Fr e 4 LAk B, B
X, = x]/maxx; (14)
Arf o — A A R E
KA b o A Ak PR
xij.zxi'j/ (% Zx;) (15)

i=1

3 ZREGM

3.1 ETFAESUNEEERRTENSRAEEZRR
1.1 HETFH A

A 25 A0 38 B DT A DR Y ok A 25 b
TPV LA R AT R O T A R
PEA A 7 07 56 3 5 S 35 PR K OF P < 0,05 S AH O &
R <0.7 WA RMER B0 A SCR AR R
12255 S PR S5 AR 25 G B A2 SR VRN 1O B SR IR
W SRE MR ERBRBRA ERBTEITER
TRVOBERRTH IR S EMERR TR S E,
3.1.2 SN T RIS E

A 25 TR B 35 18 A R X T A 2SR 3 R B 1Y
IR EEEEM . EYX & ESHEF1ER M
A W] RRAE—— = 58 A5, B b RAH S5l (R PR
flo ZHOCHR[34 ], 456 SEPRS g 25 A FISCHR 16 ], 4
JE B IR S A T R ORI TS R ROV AR Y e i
1B S B S 56 2540 T T B I A 1) fe KR, IR, B
BERBEHEATRST® ERWPH TR T EMER
W AR G R B Y R I (O B SRR R LR TC R AR
TLETE,

3.1.3  HdEtsiEfe

0t b v A Ak P ) 355 R A0 () A Ak BRI
AL AL B AR P A [ TR ) AL L O B
R AL A B S R

T SCHESESG/NESE FEBEE D B A A S A
o a1 R 2 RS 3 MRS 4, A S AR
B S5,

PP DR 0 L A R 5 S D o SRR AR
BMA VCERBRMA CERRPATR GRS
TP G R A AR SRR o0 R A R, il A
LR AN AN 3N D S oE < h €20 v LK
PR P AR B 114 A B U 2% A AR N B 3 L 28 A
ARG B AN 1 s .

®1 mELE
Tab.1 Standardized values

H T x, X, s X, xs X
M1 1.042  1.006 1.017 0.966 0.974  0.994
B2 0.995 1.022  1.021  0.975 1.022  0.965
iz 3 1,022 1.030 1.054 1.054 0.859  0.980
iz 4  1.036  1.030 1.068 1.008 0.790 1.068
FEf§ 0.812  0.812  0.812  1.102  1.081  1.381

3.1.4  ASALEH AL

R 2 1 AR AR A 6 A2, & 515 & 1]
PERS T AR 38 0 A4 25 07 38 B 4 B 0,544
0.585.0.548 F10.503, H = 2 oy A0 B
JE B v A 1 RS 3 A0 AR A R R HLAR
FEAT BT 3 ] VR B T 1% AR BE B B A RE W 2
ER I oK, Bl & HAE K
3.2 EF TOPSIS HE T HE R F A EIERER

P A A 07 3 B AE TR ) 4% ] AR A8 X AT ) 3
ATUAE R T B 2 e 3 R A B Y[R A
B, [F I, 2R A TOPSIS 468 8 %6k i3 3 ] /F 46 2 ik
fritt— ik .

K AR 5 72 B0 1 7 45 RN T ARG, 15 3
W = (0.062,0.070,0. 048 ,0. 136,0. 553,0. 131) , i
738 2o 1345 B AR S AL R B, I3k 2 fir s i
T LI TR A ZE AR 2 N AT TR BRI, i LV 57
VLU R B VR BT 5 T AR R RN SR e R U AR
S Y i S B I B e B, DR TR AR O SRR
Xof IO 8] A e AL, T 0 B AR T 58 D) A X 4] ) B /)N
B, 45 a3 3 i

THRR A R 5 R X 2R,
BT R 2 AL 3 43 O 0.557,0.800 F0
0.265, 7] LA 2 A A X 4800 AR e KL, B AR SR
PEAR R ] 4L X Dy o 2 5 X b 1 e A T A
B,



Hal

E I G5 BT AR A& TR A B A TOPSIS A5 B f ] 4 45 LA 295

F2 R M E P
Tab.2 Weighted normalized matrix of alternative

patterns

FapiR S 21 % 23 24 25 26
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Tab.5 Effects of different intercropping patterns

on growth and quality of lettuce
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