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Yield advantage of the silage maize | lablab intercropping system in response
to spatial configuration

Zhang Yi-Yin', Wang Bin"", Wang Teng-Fei, Xiao Ai-Ping, Hu Hai-Ying, and Lan Jian"

College of Forestry and Grassland, Ningxia University / Ningxia Grassland Rangeland Engineering Research Center / Key Laboratory of Forage
Efficient Production Mode Innovation, Ministry of Agriculture and Rural Affairs, Yinchuan 750021, Ningxia, China

Abstract: A well-designed soybean—corn intercropping system can provide significant yield advantages. However, the underlying
mechanisms by which compensation and selection effects contribute to these advantages across ecologically distinct environments
remain insufficiently understood. This study, conducted from 2021 to 2022, examined silage maize and lablab. Sole-cropped si-
lage maize (SM) and sole-cropped lablab (SL) served as controls. Four intercropping treatments were established: silage maize
interplanted with one (ML), two (ML,), three (ML3), or four (ML,) lablab seeds per hole. To clarify the roles of the complemen-
tarity effect (CE) and selection effect (SE) in intercropping yield advantages, forage productivity, land equivalent ratio (LER),
yield increase rate, relative interspecific competitiveness (RC), and net effect (NE) were analyzed across treatments. Results
showed that intercropping silage maize with lablab significantly enhanced forage yield, with all intercropping systems outper-
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forming monocultures. Among them, ML, yielded the highest total dry matter (35.19 t hm™) and crude protein (3.24 t hm™), rep-
resenting increases of 28.48% and 64.64%, respectively, compared to SM. All intercropping treatments exhibited LER values

greater than one. LER was significantly and positively correlated with the compensation effect, but negatively correlated with the
selection effect. Similarly, yield increases in silage maize were positively associated with the compensation effect (P < 0.001) and
negatively associated with the selection effect. The productivity gains in ML, and ML, were primarily driven by the compensation
effect, while those in ML; and ML, were mainly attributed to the selection effect. These findings suggest that as the proportion of
lablab increases, the dominant mechanism driving yield advantages in the intercropping system gradually shifts from compensa-

tion to selection.

Keywords: silage maize || lablab; intercropping; yield advantage; ecological niche complementarity; compensation and selection
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Fig.1 Meteorological data at the experimental site
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IR FHBEALIX BT, W& 4 RS [R] [E /R
X, A E R ARS8 1 K F (intercropping
of silage maize with 1 lablab per hole, ML,). # " £ K
5449¢ 2 Rif7 L 5 (intercropping of silage maize with
2 lablab per hole, ML,), HIV" £ K 5%49T 3 kil &
(intercropping of silage maize with 3 lablab per hole,
ML), I E K5 AT 4 ki $i 2 5 (intercropping of
silage maize with 4 lablab per hole, ML), LIFAEH
IF” % K (single crop of silage maize, SM) . HL{EH [ &
(single crop of lablab, SL, 47T 3 RL)E R XTI, FpiE
AN 2, it 6 NAbHE, AP 3 ANER, B
I8 A/RX, /NXTEF 90 m? (10 m x 9 m), il
MALEAL K, % IBANA 2SS &, BAERIE AR
YR SE AT A AL, SR X% 7 Uk A, AT
70 cm, ZE47 30 cm, ¥REE 23 em. $i S 40 SRS E
FI R R, EFHRTHOE 150 kg hm > R

(P,Os=46%)F1 120 kg hm > HRER 1 (K,0 = 50%)1E K
FEAE, 78T IR ORIR N WA 22 0136 )it 300 kg hm
JREE(N=46%). 156 i 5 FH 3 v i 78, 30 90 i ] B
100 cm, 7%k [EIRE 20 cm, A=K ZEHEK 4 K, BURHE
KA 64 mm, 47 mm, 60 mm, 54 mm. 7EH
I FARBTIANTRRAE 1 k. B EKRSHEET
2021 4F 5 7 19 HeEF . 9 A 7 HER, 2022 4 5
H 20 H#ERN . 9 A 14 Hgk. AHslbRHEANE B
W 1 Jim .

1.3 MEmMBEIrERE

1.3.1 #& TEA R o, I F K481 4
(jointing stage, V6). KHIW [ 1(large trumpet stage,
V12). 22 (silking stage, R1)FI%E S ] (grain filling
stage, R2)73 51 %f v $ii [ 52 4347 ] (branching stage,
Bl). W (budding stage, B2). i {£H(initial
flowering stage, R1)FVEIEM (peak flowering stage,
R2). TH W ERSATH, 12/ ABEPLIE A 4 1y

F1 HiAHMRHER
Table 1 Information on experimental materials
MR TR sty ol iz TR KA
Material name Variety Purity (%) 1000-grain weight (g) Source
FIE XK JeE 1321 Xianyu 1321 99.0 373.00 TR A B R B AT BR A F
Silage maize Ningxia Nongken Maosheng Grass Technology Ltd.
R & {8 High 98.0 189.50 A6 E Bk Ol A B F]
Lablab Beijing Best Grass Ltd.
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Fig. 2 Field planting pattern diagram for intercropping silage maize and lablab

SM: HUEF I OK; SL: RN R, MLy BFICER SR 1R O RE; MLy B E R 540 2 R ML fR; ML;: H I E K

5470 3 R B EIAE; MLy I E KRS80 4 Rh B AR,

SM: monoculture of silage maize; SL: monoculture of lablab; ML;: intercropping of silage maize with one lablab per hole; ML,: intercrop-
ping of silage maize with two lablab per hole; MLs: intercropping of silage maize with three lablab per hole; ML,: intercropping of silage

maize with four lablab per hole.
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R BRI G OB, /A R,

Yo —PxY,

OYyy (%) =—M "M 100% (5)
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Fig.3 [Effects of different intercropping patterns on plant height of silage maize and lablab

EFERNE 2. EIPOAR[E/NG FREFR R AT 25 5 B3 (P < 0.05). V6., V12, R1, R2 4FHMREFFIFRK W Ko, ok 22
FIVES I, 23 0 iy B 4B (BL) . RS II(B2). U601 (R1)FEEAE I (R2)

Treatments are the same as those given in Fig. 2. Different lowercase letters indicate significant differences between treatments (P < 0.05).
V6, V12, R1, and R2 represent the jointing stage, large trumpet stage, silking stage, and grain filling stage of silage maize, respectively,
corresponding to the branching (B1), budding (B2), initial flowering (R1), and full flowering (R2) stages of lablab, respectively.



o 2 4]

FRIEFHAE: TR TR | 7 B S IR 2R G i 0 3 xd 22 ] I 5 o 557

PR R, (R4 bR () A7 7 25 5, LR AE
RN T I G RR , 2021 AFE T 2022 AR [R/EAL B
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(P <0.05),
22 B EXNMNEBSEEHANFUWRIANES
oL ie

& 4 R 2021—2022 4E ARl [l fERE = R i o

12,000

2021

SL

] ML,
ML,
B ML,
6000 { E=8 ML,

el
(=3
(=3
(=}

3000 4

Dry matter yield of lablab (kg hm™)

Bl B2 RI R2

30,000
2021

SM
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V6 Vi2 Rl R2
Growth stage

B4 AREEEAMEEER. REZFYRSEHFNE

MW ERY T YRR REFEREET . AL
B IR R, P R 2R R 7
AR B R AE . 2 AR R, I ORI 2
FEA T H T B A R (2021 4E T 2022 4FE 535
FEAR 55.21%F1 54.09%), {HAEE/EARE A, FiM
T 5T R B A BE A LU R g B, o ML, A
T R B/ o 6T ROk, AR R
T T YA R, R A, 2021 AR
2022 4R35 FE B4R 3.97% 1 3.11%., IH4h, 2022
Ak 22 3] 28 FE N I ORI R B AN [ [ 1
AR 4 ) 8 A7 A 25 5, 2 AR 6 P ML, A BRAE IR
PRI F R e, H5 SM Ml SL A B2
S E (P <0.05),
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2022

9000 4
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Fig. 4 Effect of different intercropping patterns on dry matter yield of silage corn and lablab

EFERE 2, EIPARR/NG FREFOR AT 25 5 B3 (P < 0.05). V6., V12, R1, R2 4FHMREFFIFRK W Ko, ok 22
FOHESEI, Sr 3 ML W AR (B . B I(B2) . HEMIRDFURIEBIR2).

Treatments are the same as those given in Fig. 2. Different lowercase letters indicate significant differences between treatments (P < 0.05).
V6, V12, R1, and R2 represent the jointing stage, large trumpet stage, silking stage, and grain filling stage of silage maize, respectively,
corresponding to the branching (B1), budding (B2), initial flowering (R1), and full flowering (R2) stages of lablab, respectively.

23 RGEFHTU

MR 2 FroR, FIE K SH 0 G R R RS
TR SR PR PERE, 2 AU AR R, 2021 4R 1
TR RAE H 7 S T 2022 4F 2 AR 4
SRR, EEBER T AR, K 2021
4F ML;. ML,. ML; Fll MLy Zb FE5¢ SM 4351l 2 = T

16.22%. 29.01%. 14.96%F1 10.52%, 2022 4E43 5
T 16.15%., 27.94%. 15.11%F01 14.39%., MA
FAPRATLIE N, 2 80 ML, A0 B R 1k 26,
H A5 HAb AL B 22 53 B 25 (P < 0.05)., Hrb 2021 4R A
2022 4F ML, b % SM 4351 i F 425 T 64.36%H1
64.92%,
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Table 2 Effect of different intercropping patterns on system hay yield and crude protein yield
P e FIE KT B PGB BT B R H 7
ear o Silage maizejlay yield Lablab ha?f2 yield Total ha}iz}/ield Crude proteiizn yield
(thm™) (thm™) (thm™) (thm™)
2021 SM 27.76+0.27 ¢ — 27.76+0.27 d 2.02+0.02 d
ML, 29.43£0.27 b 2.83+£0.29d 32.26+0.46 b 2.77+0.04 ¢
ML, 31.43+0.35a 4.39+0.09 ¢ 35.82+0.43 a 3.3240.04 a
ML; 26.85+0.27 d 5.07+0.27 be 31.91+0.07 b 2.96+0.01 b
ML, 25.18+0.21 ¢ 5.50+0.11 b 30.68+0.14 ¢ 2.994+0.01 b
SL — 10.42+0.43 a 10.42+0.43 ¢ 1.55+0.06 ¢
2022 SM 27.01+1.67 ab — 27.01£0.68 ¢ 1.91+0.05d
ML, 28.82£1.71 ab 2.56+0.14 d 31.38+0.72 b 2.59+0.06 ¢
ML, 30.40+0.79 a 4.16£0.12 ¢ 34.56+0.69 a 3.15+0.06 b
ML; 26.23+1.05 ab 4.86+0.16 b 31.09+0.88 b 2.98+0.08 a
ML, 25.73+0.68 b 5.16+0.18 b 30.90+0.81 b 2.98+0.08 a
SL — 9.95+0.36 a 9.95+0.36 d 1.47+0.05 a
Ay Year (Y) * * * NS
FE 70 Planting patterns (P) o ok ok ok
YxP NS NS NS NS

AEFEFAE 2, FHRARR/NG FHER R R 22 57 03 (P < 0.05), “—"F/RTL =" *: P<0.05; **: P<0.01; ***: P <0.001; NS £/R2%

FARE,

Treatments are the same as those given in Fig. 2. Different lowercase letters indicate significant differences between treatments (P < 0.05),
“—” indicates no yield. *: P < 0.05; **: P <0.01; ***: P <0.001; NS represents no significant difference.

24 TiHELE

WE 5-A FiR, B E KRS HE GRAE B E RS
TR AHZCR . 2 FREEGE R, HI R
b Hb 2 H(LER) B BTRR B3 8 THLEL (2021 4E4y
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AR ] 55 4 ) K & (K 5-B), AN [R] 4L B[R] 3
e E 225 (P < 0.05). 2021—2022 4EH7E ML,
MR IR EIRK, 4350 0.66, 0.68, 2021 4E ML,
B ML, ML;, ML,%35l 0.15, 0.42, 0.47, 2022
4E ML, % ML;, ML, 205155 0.43. 0.46,
2.5 {EHIEFE R IR IR SRR AME R

XFREI K || $r B GRS PR B3 7= R ARk
AT AT (B 6), S5FEFHH, TR Ab B A 5 I oK 3
FEREF W EP < 0.05), PIEVEHESRLE 2021
2022 4ETC B FE 2 (P > 0.05), I E K = R
(L S 406 e 1 0 52 S B s N e g, L ML A
BRI RS 7 R R, (HIZ A B L S 7 R

M fE, RINW; ML, . ML, ML, #il ML, 23
[ I K3 7 58 2 4R 3443511 54% . 91% . 96%
1 89% (& 6-B, E), it B34 7= 0051 H-11% 6%
—0.5%1 6% (& 6-C, F); HIEXK | filD RS
PREH N3, HorpF5 0 oK A2 P 5% 5 K,
PO Z BN, RPWFLFK | HiE G R h
P78 G B HE S R I ORI LR G R 0 4
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