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(B) AT AR T 307 R S AKT 10% () A& 5 B KK IR T 3007 1 K KT 20% (15) = A A
FELAUEREEHLRB T R0 B4 2B EERNS BT ST =47 X, T 2011 4 4—10 A& H 4 R B
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Characteristics of crop water consumption under maize/pea intercr
opping systems with different irrigation levels

NIU Yi-ning', LIU Dong-mei*, LUO Zhu-zhu', CHAI Qiang'*?
(1. Gansu Key Laboratory of Aridland Crop Science , Lanzhou 730070, China;
2. College of Agronomy , Gansu Agricultural University , Lanzhou 730070, China)

Abstract: A field experiment was conducted to investigate the effect of root splitting on water use characteristics in
maize/pea intercropping system. The crop grain yield and water use efficiency (WUE) were also determined. Maize( Zea
mays) and pea( Pisum satiyum ) monoculture and their intercropping, with three irrigation strategies and three root sepa-
ration methods as the main treatments were evaluated at oasis agriculture area in Wuwei city, Gansu Province from April
to October, 2011 . Plastic film separation, nylon mesh separation and non — separation as three root separation methods in
maize/pea intercropping treatment, while the amount of water irrigation with local traditional apply (high level), less
than traditional irrigation by 10% (medium level) and less than traditional irrigation by 20% (low level) as three irriga-
tion strategies was used at crop growing period. Results showed that maize/pea intercropping increased the land equiva-
lent ratios (LER) and crop WUE by 13.01% ~42.13% and 3.07% ~ 43.38% compared with monoculture, respec-
tively. Crop grain yield and aboveground biomass of different maize/pea intercropping treatments were increased by
12.90% ~ 30.45% compared to monoculture. Grain yield of root without separation treatments were 13.79% ~
17.17% higher than the root separated with plastic film, and 1.12% ~ 3.52% higher than root separated by nylon
treatment. The amount of water consumes was not significantly different between the medium irrigation treatment (10%
lower than traditional irrigation) and local traditional irrigation, but it was significantly decreased than the lower irrigation
(20% lower than traditional irrigation) treatment. In conclusion, compared to monoculture cropping, maize/pea inter-

cropping system was beneficial to increase the LER and improve crop yield. Root splitting had no benefit on crop yield
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improvement and on LER increasing in intercropping system.

Keywords: maize/pea intercropping; irrigation levels; root splitting; land equivalent ratios; water use efficiency;

harvest index
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B2 o TEVEEFIYFEAY K 2046 %t PR VRS 2SR A
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IR RER A —RAE 6% ~ T% 2 [A1 . R, 18
IKGEEAT B, (A 9 U Ao ke 2 AR I AR 2
DI, & R LATRIME Sy A 1 22 b vl VR S 4 &
A BKE A R w2z —. B2,
BE AT SFKE S AR KR IACE Y 25 5
/IS AR 3 AR 3 0] A LA I 1 0 B0 1 A
SFIE R 4% ~ 9% , H K Z 5= T 18% o [HIAEAE
A A S TR AR ZR A s TR 4 18] L (R 07 o0 A ) A
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RIS BAEYAE K & & 1) K5y 3R 5E, K4 R
BRI 5 T AR (HK SRR R B g7
H RS BB AN R ERE R AR R AT 50 8, 454 T
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M FEA A RR M , A BT (8] VR B 4 v 7=
PR A R AR LI

IR TT VG S Bl X A 9T 5 O Rk R ]
EVEFAE . (AP Y HuRRTR 2D, K BN AL BRI T
YA ) AR o AART 7853 A > b 78 R DR AR
PR BRI A GER , $ a R VERF AR A 7K 23 R K3
K Jr 8 AR R AA 1)1 K B BRERIE AR, B AR
SR IX L2 R R A K R ik 1 i e R ME R, R I
AW LA R USRI 1) R oK TRV E B 2 R BiF 5
XFG R TR K 7K S TR AR 2R 43 B o) ] VR R
FA) 7= 8 FE K SRR A3 R AR ) e ], DA Ay by
R G IAME R8T K FAR SR LR ARHE
bR
1.1 RIEXHR

RIS LE H A s T H AR Rl R 5 iU
A 0 A I A5 2 T Al B FF 2802 5 M (103°
5'E,37°30'N) , J& & il T 5 X, 2 A K Bl S
i, HIEE 2, TROW, FELZ XN, EE2H T
Mo PR 1 776 m, AP H K R 156 mm A2 A7,
FEKAEBRAS AN A ZR Y AR AR R, E B e 7—
9 A AB/EFRT S, Rl BN EEEE A
1.2 REEIT
1.2.1 #X4%E4H  BLEB S (Pisum sativum ) Ry
MZ- 1,8 FEK(Zea mays) WP} 2 5o Bi 2011

E3H 24 H¥EFP,4 A7 HHP.6 A 30 BkdE; &
K 2011 44 H 20 H#EFF,5 A 3 HtHli,9 A 26 H
Wk, MREY) A= 1 78 . BAVEHE T M RIEHE 5.
i 225 kg-hm " 2(JRZE ), 150 ke* hm ™ 20T ; B4
K AEIVE E KA 360 kg hm =2, 32 FEIEAE :
WUIE B - FER B R = 3:6: 1 4 )fi, i 225 kg-
hm 2P, 05 L IE

1.2.2 RXEit IR AR K KT R
=S F (3R 1) R 8K 3% 5 1E o
AR EOK  EOK B = RO 2 KK
15 (M7 B AR AKT)  rh (AE B BT K 29I T 1y
RGBT 10% ) AR (A & BIE K K 2948 T 3
TG KK 20% ) = A0 EE 5 K 0] 9 5 B
MR T 353 S 43 B L JE B 9 43 R R AS 43 B = b
2, 34k 15 AN, A0 P 3 YR E S, I BEHLHES .

1 RIERE

Table 1 Treatments description

JRJekbE R
L g FK ] K [ MK ]
Wik EPS YRI5 (345 YEgi 5L
Pure Pure Maize/pea  Separate roots Separate roots
pea maize intercropping  with nylon with plastic
net film
PI, ClL C/Pl, NC/PJ, PC/P],
PL CL C/PL, NC/PL, PC/PL,
Pl CL C/Pl; NC/PL; PC/Pl4

TP - B C - FK C/P - FOKRMURBIE; 1 - HEBEKRT (1, 4
TrEGEHE K AL ;2 AT Hu 7 R e K At 109% 5 3, AR T Hu 7 (L e K
4 20% ) ;N - JRJE PRl 5 S - A B AR

Note: P— pea; C - maize; C/P — maize/pea intercropping; I — irriga-
tion level (1: local traditional irrigation level; 2: 10% lower than traditional
irrigation level; 3: 20% lower than traditional irrigation level) ; N — separate

roots with nylon net; S — separate roots with plastic film.

INXTEFL 24 (6 mx 4 m) , B/NXFPFA H 5K
o HAVEBE G (P) AR, #E Rl 150 kg-hm ™2, & B
SRATAN 447,47 20 em; BLAE FOK (C) AR, #5 Fi
BHE .25 Fikk -hm ™2, BN 2 47, ATHE 40 em,
B FRMEBIE (C/P): IS5 anE 1 fR,
i 98 80 em, BTN 4 47, 47HE 15 om, #FP i 75
kgehm™2; £ K 55 80 em, A% 5.25 F #k -
hm =2, B AP 2 47, 4706 40 em BEEE 32 om, Hi IR
i 5 SORHISE B AR R OK [ VR B &2 (PC/P) « FOK B 2 3k
AN, TEFE B 86 10 em. F2K 20 em 40 FH 38 R}
FEREAR (& 1), AR 1 m, HoE H 2544 ) P/C.,
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AP RE  ANTR KR K /58 584 R GEAE AR KRR AL 1 22 85

SHRIHERE MR 0. 12 mm 4% FBI AR ; 2 02 M AR
KIEWEHE S (NC/P) : AR A4 FA 300 H (1) )E Jg M,

HAITE PC/P,

‘ N 80 cm
[# A BB Root partition film

% #2 Ji Root partition film

80cm
f K 5 Root partition film

B1 EXEMEBRZRBEBSEHEERRSE

Fig.1 Distribution of intercropping crops and partition root film in maize/pea intercropping system

1.3 MEmMBEF*
1.3.1 23gAKa EYREFETRBGRS , 5390k 1
HETFM5E 0~ 120 em H3EHIKE
1.3.2 %4 =% FEWUBGRES, SR/,
e e e = mr fAE ) = .
1.3.3 izt Y5 (LER, land equiva-
lent ratio) : LER J& bR EVER SRR P 71
TR FPRACRTEARS . L Y LR R
LER = (Y,/Y,) + (Yi/Y,) (1)
o, Y, Y, 435380 B A () VR AR AR e 9 AR
Yyt e e Bk R e (kg + hm™2) 5 Y, A1 Y, 20903
7 R AE [V AR B (9 FF R £ (kg + hm™2) o 24
LER > 1.0 B, FREWATREDLH, X LER < 1.0
B A 2 34

1.3.4  RayflAzZE  KOSFHASCR(WUE) A
P 7K 0 A A 30 4 BT S5

WUE = Y/ET (2)

ET =P +1+2W_R-DP (3)

Hod ) Y EYIFPRL ™ 8 (kg « hm™2) 5 ET A2 B
FHEK 4 ZE W (mm) 5 PR AR A 0T G K
(mm) ; I FE A KIHE L (mm) ; AW ZREY)
AR A AR K 28 AL & (mm) 5 R A MR AR 00
H,OP S E K (W B, W R R
E) LA o, T K R KA, AN ETE If]
KA E T KBEE AT KB e R AR
W] DAZE AT, B AE YK o R FRCRIE T
KI5
WUE = Y/(P + 1+ AW) (4)

WUE JX WAEY) LK B R A FE AR R0OR
PR BROK S 1E T VR A KOl LR B FE AR
1.4 HiELE

¥ F EXCEL #5478 #C 5; F SPSS13 it

AEIEAT 5 2243 AN 1SD £ 1 A .
2 RS540
2.1 [EME 13 2 & b X B AR F0 2 vk B e Rz

AT 7K 7K ST B AR A B[R] A = Hb 24 5 b
(LER)#KF 1 (I 2), o] DL 4 A FHRCR 1 &
13.01% ~42.13% o BRARZ A (A1 £ K5 3 28 %
FRMEERION , 52 Wi = 1 ) F S B2 8, 76 1 KUK
SR AN BRAR B - b R 23R 43 ) B S B AR LR
RIFEARALFR 3R 5 T 14.79% A1 4.23% , J& 1o W B R
FERIBEIR AR R T 11.03% ., 7E I, #EKKFE T, A
B AR 0 501 B S B KR R T IR o R = i ) P 2R3 5
12.23% .2.16% , AN B AR F e Jg W B AR 2 [0 & A i
EES A SRR AR 22 5 B 7 L KK
SR AN BEAR EE Bk AR AN T2 90 R AR 4 - R
RO HIARE 13.74% . 1.53% , SRR AR LG JE Je W B
MR 12.40% .

1.6
1.4}

o ab b b

w12}
m
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e
g 0.8
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C/PIs
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NC/PI
NC/PI

At B Treatments
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Note: different letters indicated significance at P < 0.05 level.
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Fig.2 LER of different treatments under maize/pea

intercropping systems
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AR EOK BIVE B G0, 1 $E /KK SF LER L 1,
AT, FEAR K5 BIREAR 7.75% 1 5.76 % , H2E 5 8.
Z R BEAR N, I KK B 1 A L K OK R
3K 7.08% 1 7.37% . R EWIBEAR T, 15 7KK
FEE L L B AR T 4.41% , H2E S
= (BHE, LRl S5, I, A1, HEK KT LER
B EER,

2.2 AREME#EN TEY =233 R R A EKEm
2

) A 35 4 3 EOK B A U R A
PIPEEA (3 2) o [RIVEG T 7™ AR 4 7= ok L I B
VR P 4R 5 21.27% 1 23.75% . 1E 1, H#EK

HKETF ARBRAR SR B AR L JE T 9 B AR K ()1
Wi 2 U 7 RLAE W A A 0 L A AR
30.49% . 18. 76% . 27. 96% F 28. 34% . 19. 16% .
25.26% . TE L #EAIKET AR SR FER e
o WA T K )1 5 5 ) 28 5 7 o R A 9 7 o EE o
PEA3 2 8 29.65% 18.75% . 28.05% F127.17% .
21.18% .24.59% , B /EL# 5 2. 7E 1z #E KK
T ABEAR R B AR L JE e 9 B AR R K A B =
(LT 7 B R AR ) 7 i 0 ) LU AR R 12762 %
16.05% .26.80% 1 26.92% .23 .94% .25.22% , [Al{F
A TE.

K2 FARLETHENEFTE . EVTERKRELN

Table 2 Grain yield, aboveground biomass and harvest index under different treatments

LT Pt Grain yield/ (kg*hm™2) M1 A=) Aboveground biomass/(kg*hm™2) CFRAEEL Harvest index
Treatments Bi . Pea EoK Maize Bi 5. Pea EoK Maize Bi 5. Pea F K Maize

Pl 5411 +40.3a 12678 + 61a 0.43 +0.006ab

Pl, 5356 +35.2a 12489 + 47a 0.43 +0.009ab

PI; 5302+44.7a 12276 + 83b 0.43 £0.012ab

CL 8046 + 50.3a 19875 + 70a 0.40 +0.005a

CL 7993 + 85.2a 19632 + 170a 0.40+0.007a

ClL 7621 + 64.7b 19257 +230b 0.40+0.012a
C/PL, 3538 +£20.3b 6142 +75.2¢ 8009 +39.8c 14704 + 196b 0.44 +0.006a 0.43 £0.005a
C/PL, 3462 +23.6b 6026 + 68.2¢cd 7893 +52.8cd 14160 + 87bc 0.44 +0.006a 0.43 +0.008a
C/PlL 3249 £21.5d 5684 +20.3e 7670 + 37 .7de 13629 + 121cd 0.42 +0.009ab 0.42 +0.006a
PC/P], 3083 + 51. lef 5199 + 105 7206 + 10.91g 13674 + 652cde 0.42 £ 0.004ab 0.42 +0.005a
PC/Pl, 3038 + 12.6f 5177 +85.1f 7350 + 41.5fg 13027 + 282de 0.42+0.012ab 0.40 +0.009a
PC/Pl, 2827 +45.2¢ 4874 + 87 .4¢ 7056 +32.3¢g 12929 + 200e 0.40 +0.015b 0.36+0.017b
NC/P, 3368 + 15.6¢ 5973 +76.8d 7724 +44 . led 14006 + 185hc 0.44 £ 0.008a 0.43+0.015a
NC/PlL, 3337 +£49.5¢cd 5941 +110.1d 7773 + 63 . 7cde 13851 + 301cde 0.42 +0.006ab 0.42 +0.003a
NC/Pl, 3156 +19.3e 5677 + 47 .6e 7446 + 60 2ef 13638 + 134cde 0.42 £ 0.010ab 0.42 +0.008a

TE: A5 R R FRERRAE P <0.05 KV 5 83, N,

Note: different letters in the same column indicated significance at P < 0.05 levels; the same below.

AR AR Bk BiG B oK =
WA —ERE R HP R AR FREKKE T
SR ESALE AAEY T REERBE(K2);
AT RN LB A FHEA K F Ak e 2R e
EAREY PR IO E 2 TETCRRAR K E) R B
SR L EAKE T A T mAEY R L L,
KK A3 9328 1. 98% . 7. 72% F1 2. 91% .
5.02% 1, #EZKOKF & i m ALY w1 E
KK 5.85% .2.17% , H. 22 5% W E SRR
HRAFKREVEBI G T, 1 FEAKKF T LB R L #
Iy KK 421 0.81% .7.01% , 1, HEK K28 5% 77
B L HEAOK T 6.26%, HES 5518 e
RIBEAR TR EVEBE SR, 1, #EAKKE F 25 1

L Al 1 KK 4 5 0.67% F15.43% , 1, 435
FERLE L B 4.79% o 0] UL AT HUTT 109% REK
IKE AR 7= R0 24 b K KPG8 35 22 5, TR
T 20% W KK AR ™ 5 2% T 24 M K
KA
2.3 AEFEZEN T IEWFEK 3T FR R 0 2k 59
N

350 T AERRIVERAA T A AL PR AR
BN RIRK R KR RFEKE . FE 1 HEKAKTF
T, PRSI SLIAE K & EE R FRAR SRR AR BRAR e B
] B AR AR RE K 2 22.87% \22.81% .22.54% , #E
K22 5 2 R ORI RE K & EEASPRAR 5k A
B 2 T 1) B AR 1 FE K 2 40 3G in T 19 12%
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A 8 AN R S AR KPR T K /3 S [ AR GEAE I AE K R HE 2 87

19.18% .19.46% , H 22 5 W 3& 5 AN PR L 38 R 1 b
R JE I I o AR 1) A 7K St BE SR 1) S B FE K AR
0.38% .0.46% .0.80% , — A [AI/E Z [A FE/K & 22 5
AW TE L KT, ARSI 2K R LA
B ERH A FRAR L JE e I B AR 1 AR K o 43 31 s b
31.19% .32.07% .31.57% , H 22 5 5.3 ; Bk £ %
PIFEZK 2 LU BRAR SR A B AR | JE JB I B AR A #E /K
HIINT 20.21% .19.18% .19.77% , #E/K & E 7 &
Fo R L KRR, AR B O R AR K & AR
HE IR} A1 B A L T e 9 B AR ) A K S 43 O e b
28.85% .30.37% .32.16% , ¥e /K & 22 57 0. 3% ; B4k
FORIFETK 8 LEABRAR  ERHG B AR e e I BR AR 11
FEKEA AT 10.11% 8.15% .5.72% , H %5
B R BRAR R A B AR | 2 8 I BR AR I FE /K i L
AR B FE K R FAIK 0.38% ~ 10.75% o
#3 AELETHEFKEIEMRKENEWL
Table 3 Soil water storage before crop sowing (SWs) ,
after harvesting (SWh) , and crop water consumption

under different treatments

%‘H‘ﬁiﬁ% BeRTEE Mok ﬂgﬁ%!éi ,{/E%
S I 60/ &5+ . T HEr K & FEK &
Treaments  Sws il Trrigation T aq, T consume
/mm /mm /mm /mm /mm
Pl 347 46 240 207 +4.85h 425 +4.79f
Pl, 347 46 210 225+4.22g 377+4.23g
Pl 347 46 180 201£0.29h 371+0.24g
ot 322 82 550  275+7.28f 689+7.24a
Cl 322 82 495  223+9.80g 686+9.76a
Cl 322 82 440 265+5.39f 589 +5.49h
C/Ply 335 87 550  396+3.13a 576+3.02hc
C/Pl, 335 87 495 350+4.17h 567 +4.04c
C/Pl 335 87 440 320+0.64de 542+0.72de
PC/PI, 335 87 550  396+5.28a 576+5.13he
PC/PI, 335 87 495 344+2.00bc 573+2.15¢
PC/PI; 335 87 440 310+0.90e 552+0.93d
NC/PI, 335 87 550  398+5.10a 574+5.13c¢
NC/PI, 335 87 495 347+3.17hc 569 +3.05¢
NC/Ply 335 87 440 333+5.47cd 529 +5.30e

B ARG TR 245 HE AR 7K St A9 52 e A B, 7
1 F1 Ty SEAKIKF-FIAS [ PR AR AL BE T, 5K A) 4 38 52
TR K T B A, R IITE 1, I L K
KT KR R E 2R 18 L #AKKFT,
ANTF] A AR AL BRI RE K B 22 S AN .25 (H I EKOK
PP FORERERT 1 AL FEAOKF

TEA FIFEREACE AR R AR 227 A,
1@%5%%%%%@%% L>L>1,1 {%ﬂ(ﬂ(i’z'fﬂ;%*ﬂ%

KEBERT L ML KA, L L #EKKETR
VEVIRE /K B 22 52 AN 0 35 s A RORAB K 32 RN ] B
EBS L H T F1 L BEAOKFFOK BB E R T L #
KK FEARBEAR BIERL R, 1 A 1 KK 1
PIFE K 22 A (HEE ST L SR Fa AR )
YEFIE e BB AR I ERE T FE I RE K 38 el 22
S RE . mIATAL A TR ED K FI AR,
B K G 78 25 (4 FE 7KK B b 109% 1

IKEEATATHY
2.4 AEFEERX TIEW KD AR R RF
P 7K Y M) Rz

3 I3 AR R[] A A A0 3L 1) 7K 4 1) K
o A1 AT, AR R 7K 53 1) T R0% 2 5
F AR, [RIVEASFRAR 508} A AR L i 9 B AR Y 7K
SRR 4y 0 L AR B S AR T 27, 69% .
15.17% .25. 00%, tLHAE £ K4 = 1 32.82% .
21.56% .30.32% , 25 5 3 7E L HEZKKE T, [m4E
ANBEAR AR BRAR L JE 8 I BR AR 4 7K 43 R 4
S BAEHE 32 T 18.04% 4.79% \15.43% , It
PANERKIRE T 32.47% .21.56% .30.32% ; 1F 1
KRR (VRN B AR S8} A BRAR L JE e I B A 1)
KGR 02 43 50 e B B AR S T 12.50%
-2.98%.7.69%, LA EK4E = T 22.91%.
9.20% .18.68% . — A THEIVEALFR Y K 53 AR 43
TG 5 AR K a3 )T 8RS B 4 3.07% ~
43.38% , 15 (B VEFN AR K 43 WS REAH LA 195 B0 T, [8]
YEAK 53 R A A B i TR

20

1.8}
1.6}

K 43 FiH %% % WUE/(kg « m™)
<
oo

4k I Treatments

B3 FELETEKREERZHKSF AR
Fig.3  WUE of different treatments under maize/pea

intercropping system
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HE L SR FEAR B 7K 20 R 88 5 11.7% ;78 L ¥
TKAKET, TERAAR I 7K 43 1 FH A 43 A SR B AR |
Je T PIBEAR 7 13.92% F1 3.09% , JE T I Al L 98
BT BRAR K 3 R 11.7% , 2R B3 75
TEKACETS , ToRa R B 7K 43 1 808 53 5l 2 S0k B
H R R MIFEAR SRR 15.10% F1 5.21% , JE Jp M Fa AR
L SR FRAR A 7K 43 R 288 5 10.44%

FAETE I, L A BOK 43 R RCR 5 3L 1
L A FRES 16.07% F1 5.36% , 1, 1 T 24 #b 109% 7 K
KR HRCR L | ARG KA BRI 51133 %,
2 WE PAEEK, L TR K o R B L 1
AL ACBRESHEE T 11.49% s ABEAR TR B /EBI &,
L F L HEAKACE K 3 R AR IR W2 22 7, T
I, Al T3 K R R 22 5 3 5 7 S0 A B AR 6 K (1]
VEBEE AL IR T, 1, A 1, K50 FIHRCRA Y, 1 1, 7K
SYFIFREL T ML, BRAR T 2.40% , H#EF 58 78
Je e PIBEAR K BVE B &R, 1, Al 1, 7K 20 R 0%
AHAE T L KRR 1 F1 L BRIR T 3.19%, H.
5 . U B Y R T M E K R T 2
10% HE KX TRIVEVE P2 = TRIVE 1 7K 43 1] FHASCR 2 —
FER, 0T LR T 4075 10 % HE AR 24 1 ) 15 1
K, BB K A FRCR

3 SR

B VRS Tl 0 7= A RIORIR 5 K 43 3R 4 G BE
TR IR B A I ok ST g aiE sg -0 - 1Y 9
PR R N B b a2 o I 11 BB R T
GEASE SNITE AR e iU RS (I NVE:
30% ~ 50% , FaAt— B X (1) /N3 oK R) £ 1A
B — e 7 A 14 7R 509 LA b 40 1 B AR
1009 12) 7 T HG B B AT B 85 1R 7K 23 2 PR 3R A
G B, ARG P, P/C PP/CONP/C H
YEAR L, A RIS T 13.01% ~42.13% ;48
IFi [0 Ak 8L 4) 28 5 7= i A 9 7 i ) EE T e A
A= i 30.45% ~ 12.90% 1 19.16% ~ 28.34%
e AR M 59 125 K () T ol M 250, ) A
PRH VR 22 16 25 () b (4 28 A0 AR B B8RP Y
PR AR e S T P SO RN B R NS 7
I, FEK KSR, A B AR AL HL5 SR A B AR AL BEAH L
FEAE R 14.45% , FE R LT 34 ik MEVE T,
1M 16. 049 (1) 7= B AL 3457 A F X Hhy b 9% U8 110 M2 A
o ANFRHRALFES JE e I BE AR AL R ) = e 422 5
M 3.52% , X —LHK A TR RN TS B &
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