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The effect and mechanism of intercropping pattern on yield and economic benefit
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Abstract: One of the tasks of agricultural ecologist is to increase agricultural yield. How to improve agricultural practice is
the biggest challenge in drought and barren environments on the Loess Plateau. Many studies have attempted to increase
yield through the integration of plant population density, water and fertilizer use efficiency in this region. Intercropping,
which is the simultaneous growing of two (or more) crop species in the same field, is a good solution to resolve this
problem. Especially under low input conditions, the high yield attributes to resource complementarity in the intercropped
system in which the component crops use the resources efficiently by dynamically balancing the different absorbing time,
space-occupying or phenology. Maize ( Zea mays L.) and soybean ( Glycine max L..) are important crops in China selected

as the inter-planted crops. A field experiment was conducted to investigate the yield and economic benefit in the intercrops
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of maize (Zhengdan 958 and Yuyu 22) with soybean (Zhonghuang 24 and Zhonghuang 13) in two planting patterns (2:2
and 2:4) respectively on the Loess Plateau, and the sole crops set as controls. Based on the interrelation between varied
components and planting patterns as well as their relation to crop yield, competition indices, economic indices and water
use efficiency under intercropped, we look forward to understanding potential regulation and mechanisms of maize/soybean
intercropped system and serving for the agricultural production. The aboveground biomass, grain yield and water use
efficiency were surveyed in each planting pattern. Several indices of competition and economic were calculated and used to
evaluate the intercropped systems and analyze the competitive relationships between intercropped components. The results
showed that the land equivalent ratio ( LER) and relative crowding coefficient ( K) were greater in maize-soybean
intercropping than that in sole crop, indicating an advantage of intercropping. Yield of maize in maize-soybean intercropping
was higher than that in single crop. The actual yield loss (AYL) , aggressivity (A) and competitive ratio ( CR) indicated
that maize was the dominant species in maize/soybean intercropped system. Zhengdan 958 and Zhonghuang 24 showed more
competitiveness on the water than the other two varieties in intercropping cultivation. The highest values of monetary
advantage index (MAI) and intercropping advantage ([A) were recorded by the intercropping pattern of Zhengdan 958 and
Zhonghuang 24 (with 2:4). The highest water use efficiency of maize was in intercropping pattern of 2:4, followed by
intercropping pattern of 2:2, and sole crop was the lowest. As mentioned above, maize and soybean intercropped system had
an obvious advantage in enhancing yield. The increases in biomass, yield and water use efficiency were caused by different
varieties interaction and plant patterns significantly. Zhengdan 958 intercropped with soybean ( Zhonghuang 24 and
Zhonghuang 13) had advantage, indicating that Zhenggdan 958 is able to improve intercropping advantage. Zhengdan 958
and Zhonghuang 24 intercropped in patterns of 2:4 obtained the highest yield and water use efficiency among all treatments.
Therefore, we suggest that Zhengdan 958 and Zhonghuang 24 intercropped in patterns of 2:4 had the highest economic

benefit than the other patterns and thus may be adopted and popularized by farmers.

Key Words; dry matter accumulation; land equivalent ratio; intercropping advantage ; maize-soybean intercropping
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Table 1 Effect of variety and intercropping pattern on yield and aboveground biomass ( mean+SD)

B 5 2 ZEB 7 Yield/ (Mg/hm?) Hii b 2E¥)H Aboveground biomass/ ( Mg/hm?)

Intercropping pattern Tk Maize K& Soybean SR Total F K Maize K 5. Soybean S Total
A 12.47+0.45a 12.47+0.45a 20.40+4.65ab 20.40+4.65abed
B 12.54x1.11a 12.54x1.11ab  27.45£2.06a 27.45+2.06a
C 2.5420.30a 2.54+0.30g 6.99+1.68a 6.9921.68¢
D 2.68+0.26a 2.68+0.26g 5.54=1.75abhd 5.54x1.75¢
A2C2 10.03+0.79b 1.02+0.09d 11.05+0.85abd  16.11x0.95b 2.52+0.60ce 18.63+1.67be
A2D2 9.88+0.33b 1.10+0.05¢d 10.99£0.32bd  13.89£2.29bcd 2.52+1.11de 16.41+3.24bed
B2C2 7.37+1.42¢ 1.08+0.09cd 8.45+1.46def  15.45+3.01bc 2.56%1.10bcde  18.0123.00bcd
B2D2 7.7820.64c 1.3620.20bcd 9.14x0.45ce  23.23+1.94a 2.39:0.84e 25.62+2.70a
A2C4 7.37+0.39¢ 1.76+0.22b 9.13+0.51ce 9.95+1.22d 3.3920.67de 13.44£0.55d
A2D4 6.8020.82¢ 1.76+0.17b 8.56+0.65cef  11.29+2.45cd 3.56+0.54bcde  14.85+1.98cd
B2C4 6.40+0.95¢ 1.3720.19bc 7.77%0.77ef 16.10+0.38b 3.57£0.82bcde  19.67%0.51b
B2D4 6.26+0.80c 1.4320.26bed 7.69+0.59f 14.32+1.87be 4.29+1.63abede  18.61+3.22bc

A B.C.D 4y AR H A 958 F E 22 il 24 R it 13, A2C2 ,A2D2 B2C2  B2D2 43 B R FB 8 958 Sl 24 hit 13, E 22 St
24 HEE 13 L 2:2 J7aURI ; A2C4  A2D4 B2C4 B2D4 43 Bl R MR B 958 S 24 ik 13,7 K 22 5P #E 24 P EE 13 L 2:4 52 URh R ; RIBIR
7] B Ab 3 ) 22 5 8 2 (P<0.05)
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Table 2 Effect of variety and intercropping pattern on LER and K ( mean+SD)

W7 = 424 . Land equivalent ratio HIXFIBF B Relative crowding coefficient
Intercropping pattern LER , LER | LER K, L K
A 1.000+0.00a 0 1.000+0.00d 1.000£0.00¢ — 1.000+0.00d
B 1.000+0.00a 0 1.000+0.00d 1.000+0.00¢ — 1.000+0.00d
C 0 1.000+0.00a 1.000+0.00d — 1.000+0.00a 1.000+0.00d
D 0 1.000+0.00a 1.000+0.00d — 1.000+0.00a 1.000+0.00d
A2C2 0.805+0.07b 0.405+0.02d 1.211£0.05a 4.489+1.57a 0.683+0.06¢ 3.011+0.33a
A2D2 0.794+0.05b 0.414+0.05d 1.208+0.10ab 4.102+1.48a 0.714+0.14¢ 3.068+0.53ab
B2C2 0.585+0.08¢ 0.427+0.04cd 1.012+0.06¢cd 1.461£0.44bc 0.752+0.13bc 1.062+0.14cd
B2D2 0.627+0.11bc 0.512+0.12bed 1.139+0.07a 1.867+0.98abc 1.129+0.50abc 1.832+0.21a
A2C4 0.592+0.04¢ 0.699+0.10b 1.291+0.14ab 2.942+0.50a 1.267+0.49abc 3.886+0.63ab
A2D4 0.545+0.05¢ 0.664+0.13b 1.208+0.08ab 2.424+0.45ab 1.206+0.85abc 2.679+0.46ab
B2C4 0.518+0.13¢ 0.540+0.01b 1.058+0.11abed  2.365+1.27abc 0.588+0.03¢ 1.367+0.47abed
B2D4 0.499+0.04¢ 0.531+0.05bc 1.030+0.01bc 2.013+0.37ab 0.575+0.12¢ 1.129+0.05bc

LER,, ,LER, 25378 ER IR G A 1 24 & [ (Land equivalent ratio, LER) ;K , K, 435387~ T K AR 5 A9 AR X4 55 22 20 ( Relative crowding

coefficient, K)

x3

SEFFEMERRIT A F1 CR BN (CFEIE bR )
Table 3 Effect of variety and intercropping pattern on A and CR ( mean=SD)

7= B ) Aggressivity Fi4r L3 Competitive ratio

Intercropping pattern A, A, CR , CR |
A2C2 0.800+0.17a -0.800+0.17h 1.996:+0.26ah 0.507£0.07a
A2D2 0.760£0.04a -0.760+0.04b 1.92420.11a 0.521£0.03a
B2C2 0.315£0.23h -0.315+0.23a 1.388=0.31h 0.746£0.17a
B2D2 0.229:£0.44ab -0.229+0.44ab 1.30420.55ab 0.8500.30a
A2C4 0.7290.04a -0.729+0.04b 1.709=0.14ab 0.588+0.05a
A2D4 0.638+0.34ab -0.638+0.34abh 1.698=0.44ab 0.620+0.18a
B2C4 0.7420.39ab -0.742+0.39ab 1.924:0.51ab 0.544£0.14a
B2D4 0.700+0.21ab -0.700+0.21ab 1.905+0.38ab 0.5380.10a

A, AT RIS ERFIRE IR 5 J1 (Aggressivity, ) ;CR,, , CR, 7351378 FE R AR E A5 4 LR ( Competitive ratio)

2.2.3  SERRPEEARSC (AYL) S5HE A7 13580 SPT)
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0.630) , Tk AYL 520 IEAE , # B AR X BRAE T AT (R 7 =X 6K = & 4 FIr s in, i K =09 AYL B B2D2 1
A2C4 A, A Al R K G- A b . 5 LER,K,A Fl CR 25— 3, #BHL 958 [ /ERY AYL
WERTHBE 22, SPLAYLERUL], A2C4 1Y SPI femy , HKCH A2C2 Fil A2D2, & FPTa] Y SPT LLAS S R 5 i
MIFEEZE R —B( £ 4) .

2.3 B

JIT R R R T AE T R TR E 22 5B 24 L 2:2 [AlVESS, Hofd kb 38 BAT 2503 (14 S IFAE) ,
Hrb A2C4 1 1A {Hdmcrs , ROy A2D4, TR KSR TR A B B A VEOR S (14, M EAR) | TR 209 [
ERAA W . A2D4 Tl A2C2 [RIVEM 2GR H o R, S5HB5R 958 [MIFERY 14 @ T 518 E 22 [AfE, & A
W7 20 B K TA A S H B A B PR AL, o A2C4 By TRIVE DG 3 g WA B s 3o TR Y JA T o, 3R
h A2C4 EVER S o . MATCIE(E) RIA F KRR G RELEAAE a3 o A2C4 MAT S, Hk
g A2C2, 5B ER 958 [HIVERY MAL BH = F 514 & 22 [AIFER) MAL(ZRS) .
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F4 BFIMEEFRIT AYL 50 SPI BISIE CFIH +hR i)
Table 4 Effect of variety and intercropping pattern on AYL and SPI( mean+SD)

it S U Actl i Sytem sty i

Intercropping paitern AYL , AYL AYL, SPI
A2C2 0.611+0.13ab —-0.189+0.05a 0.421+0.10be 15.1
A2D2 0.588+0.10ab -0.172+0.09a 0.416+0.20abc 15.0
B2C2 0.169+0.15¢ —0.145+0.08a 0.024+0.07d 12.7
B2D2 0.254+0.21be 0.025+0.23a 0.278+0.10c 14.1
A2C4 0.777+0.13a 0.048+0.15a 0.825+0.28ab 16.0
A2D4 0.634+0.14ab —-0.004+0.20a 0.630+0.06a 14.9
B2C4 0.553+0.37abe —-0.190+0.02a 0.363+0.36abed 13.2
B2D4 0.497+0.13ab —-0.204+0.08a 0.293+0.05be 12.9
AYL,, , AYL 43878 FOR AR T SR 7 5 2k ( Actual yield loss)

®5 @MAEMEF I 1A F1 MAT B0 P ELbRME2)
Table 5 Effect of variety and intercropping pattern on IA and MAI ( mean+SD)
B fE 77 = [BIYEHE# Intercropping advantage wm ﬁEj’%\*ﬁﬁ
Intercropping pattern Monetary advantage index
A, I, " MAI

A2C2 1.343+0.58ab —-0.834+0.10a 0.509+0.51ab +4632+1.20E3a
A2D2 1.293+0.46ab -0.756+0.21a 0.537+0.66ab +4581+1.85E3ab
B2C2 0.372+0.66¢ -0.639+0.18a -0.267+0.48b +531+1.13E3cd
B2D2 0.558+0.94hc 0.109+0.51a 0.666+0.52ab +3048+1.14E3ad
A2C4 1.710+0.57a 0.211+0.33a 1.920+0.90a +5403+2.44EK3ab
A2D4 1.395+0.63a -0.019+0.43a 1.375+0.21ab +3911+1.05E3a
B2C4 1.216+1.66abe -0.834+0.04a 0.382+1.61ab +1298+2.04E3abc
B2D4 1.093+0.57ab -0.896+0.18a 0.197+0.40b +809+0.27E3bc

A, , IA, A3 MR KA R A R VR 3 (Intercropping advantage )

2.4 A[FEIEERE K M IR

TR ARG I e TR 5L, KEL A i 8 24 R BT 13 727K 20 AR J5 A k35 22 5+
(8] 1577 30 TR BRI R HACR M bR v 5 24 R/ T 2:4 [aIFESE, oAt Ab B B Bcfy g ks 5 1
TN FAE K o R FIZCR e TR . TSR R ARG 7K 73 R AR A A ik 2 DX, A 958 ] 1175 2K T /K 4y
AARCR W55 T E 22, T KRPIR R A Ko RO AR 3 = T 50E (P<0.05) o [HIfF 2:4 Bk
HI IR 25w T 2:2( 3K 6) o

3 it

31 ERMREEERG P& 8 A Yy i i s Fp B AR

TEI % SR AIVE R G, FOR T 7 i S T AR L AR A 22 5 7k, T L A AR 19 i 2 52 38 1) V-1 %y oK
SIMAE LB, 2:2 AR FRARFE AR T 2:4 VR A REARFE L, [RIAE XSRS 958 A kL™ it AHXS B & 22
MBI, ERH FAY R R S AT R ARG AR RELZEE ™ A E AR Y R AR T A
YRR, (B AR B2 52 R U525 R AR

Osman F1 Nersoyammﬂ R G R-ARABHEE ) s re ok A T 28T o He ] s e 1Y I‘ETJ1/|51%:—E§(66333) 5
SR HANATF 52 LA SR ARASRH AR ) 7= fit AR AR 32 R L B 52 e 2 BSR4 SR B oh R ) 3% 4 LR
RABHAVER =BT HAER 7= . Bedoussac 1 Justes' ™ & BLWi 5.-/N27 [0 V5 ) b b A= ) 5 M HE A4S 1 B
VERS N 20%F1 120% , (BABAT] ARS8 AL T AR Y EOKF- . REXE T2 5 7 i A b AR 4y i i STk 3 i) B A vl
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Table 6 Water use efficiency under different treatment( mean+SD)
K E Soybean
A 5 - KSR o KT RIFHACR
Intercropping pattern FEAHE/mm Water use efficiency/ FEKI/mm Water use efficienc/
Water use (kg b2 mm™!) Water use (kg hm™2 mm™")

A 359.3+6.74ab 34.6+0.60d
B 361.1+6.36ab 34.7+2.79d
C 365.4+6.54abc 6.94+0.85abcdef
D 359.1+6.30abc 7.47+0.68ac
A2C2 369.8+2.95a 54.2+3.86abc 362.7+2.80abc 5.64+0.45¢f
A2D2 365.0+4.28a 54.1+2.35abe 370.0+£4.24ac 5.97+0.31bedef
B2C2 366.4+3.99a 40.3+8.10cd 365.1+3.90ac 5.90+0.46def
B2D2 340.4+8.72¢ 45.8+3.91be 365.4+8.68ahc 7.42+1.07abedf
A2C4 365.5+0.73a 60.5+3.28a 356.2+0.70bc 7.41+0.95abed
A2D4 354.4+4.50bc 57.6+6.90ab 356.1+£9.21¢ 7.41+0.70ac
B2C4 359.8+7.42ab 53.3+7.14abe 368.5+7.00ac 5.60+0.86f
B2D4 367.0+11.0ab 51.1+6.19abe 362.9+9.84ahc 5.92+1.10cdef

32 EHEEL

T 2% JEMRIVE )T B LER A1 K Y975 T84E(1.00) , H LER & 1.012—1.291, BIFA/EF A0 1.2%—29.1% +
M FR A BE A B 5 TR VR[] 45 4 7= i, 2R B0 H I S A TR VRO 345 - b R R R 02 r g B B TR A 2, b
REHTAMFE LS - — 3, Lithourgidis 2> HF 58 B b 5 RAFRL (/NFE B4 FIB/NE ) W FEZ5 SR LER
1.08—1.19; Dhima %S BFSE 87 B & 5 RARE (/NFE BB/ R ) (918 /E LER 4 1.05—1.09 , {HAH HLRT A
WFFT , AR SCHIFFE 3458 R K B AR X6 S I B4 B8 58 X, i R S5 T 8 S ke A TR A 7 o i o R LR ) S
7

LER {H /R REE 5 5 W i AS [R] ) 4 7 X8l Fh S BOW R F= 3 sk 33 2%, (5 AYL {E AT 3R AR A2
AYL (EZ5 R KW 958 75 2% [/ Jy b & 5% = s B g BEAH LU K 22 W3 43.6% (P<0.05) , &
KAEFREL 958 5 #s 24(2:4) [AIVE )T 20 F 5L BE 77.7% 5 KA 7= (AYL, =+0.777) . KRGk B2D2 A2C4 [I/E )5
PR O I Z A FLAth a1 VE T SR R B P R R (AN TR) o T 7= e 2 VA X, 4 R U B
2 ATy S ) N AR T ORI ™ H AT R R T A Y AR

K A CR %k >R FH ¢ B [l VE R 5 4 BE 1 R AR RO BF oS F5 b, L4 SR R W AR BT 5 S Tl 7 X P o 2k
A AR LS A, B R K E R BT % E I PR 958 S rpe I W & T 22, A48 4R
PR 2:2 [al/E 2R, AR A 058 Se e I BB R T E 22,1 2:4 [MfE N, & e P W ENA R E, 45
RULHBRK 33841, IR 4 ] REAR R B b5 i [RIVEVE D (R AH EAE

SPT N FRAEAIE R G A 7= S Fda e M —Fh g bn  HLES R BT % R R R G AT e m e e v, B
958 [M/E RGuAeE M 3 = T K 22 MWE RS, HAWA S & B, 96 8/ N2 FIgi /N A7 80:20 [ LY H:
)V X A R A e R

YRR IREE KRR Z BRI , SURME R IO R E A Y e BB bR . —,
GEIEIMERRK T FEMAIE R Z — R R P E B - s BB R R L, TR MR B ) S B
B P S RIS N RE I RE ) 7 . BRATTAIF o 45 SR 7, #B 5 958 () LER K AYL A1 SP1 ¥ T4 &
22, e I BF RURR AN LA KT G T K A LT JR 2R R 28 R IR T 5 S R e R X R R e e g, BRI
IR RN K IR B 55 4 AT R R B IR X RIVEAEY 7 B0 £ R R FBER 958 F T T A 1 ) 4% Fil
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IR AE - M AR R R G ) R R E 22 .
3.3 Rmie%

PRI & 22 S50 24 DL 2:2 [AIVESL, HoAth Ab BB VR 14 3598 IEAH, 2 B [RIAE b PA/E B — e e i e 3
A FI MAL R W [RIVE R G2 BRI a5 1 AT A7k Bt F 55 a4 7 32 B R AR 3, L P KB 958 i 24 L)
2 :AFTLUIVE AT KBy 1A AT MAT{E, LS5 R 5 LER M A v 4 8 5t S — 3,
3.4 KA FIHRCE

TR FE 45 2 W TR A K R R o T K VIR R 25 A0 Tk o se b i ™
WFFE 2RI, FORAR A bR G K204 3 BB, 1 ELAE K 43 i PR35 T, B ORAR RN A F VR S AT
], T ELA= K B R T4 AT 27 BFSE e IR BA 958 AR /K 43 I ACE B T E 22, 3% Sl 3 A5 5k
PRI S 285 5 — 3, R I U B /K 0 1 36 4 B ] BB YO E T 8 38 IX RIVEVEI I 45 . TRIVE K 3 R 5% B
B TR ST 45 R ST —2, L 55 & IRV BLVE AR LE , RIVE R AR = 1 6K 2 & it W B 3, i
VERZK A3 R ISR I 4

4 Hie

5 AR EL , R MR G BV REAS A A A B0, HoA TRIVEOE S, AN TR) T R R S i b B [ VR D7 =X ]
VR b A=Yy R B AN AR TR] . EORKRER 958 55K R (i 24 FIHP BT 13) MIVEIL T & 22 5 R4,
TET T2 R LRI, PR R M —K 5 958 A A T mMEIL . EXRRERERS T, £
KNPEHH R : F AR KRR w5 TR 5, 1T HL AR 7 2 K 20 AT B s T B, S5 958
e 24 DL 2:4 [T A, PR D7 AR DI T AR A 1R A T 3K REAE fi R A Ml R A R 2 B Ak
fi, WP 12 R A AHET
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