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Effects of cropping patterns on crop yields and interspecific
relationships in intercropping systems

RAN Manxue, SUN Dongbao, DING Junjun

(Institute of Agricultural Environment and Sustainable Development, Chinese Academy of Agricultural Sciences ,

Key Laboratory of Dry Farming and Water-Saving Agriculture, Ministry of Agriculture, Beijing 100081, China)

Abstract; In order to explore the efficient and reasonable planting pattern in the northern dry-crop area,maize
and hairy-leaved camas were selected as materials for the field experiment, which was conducted in a completely
randomized block design, combining rotational cropping and continuous cropping with intercropping and monocrop-
ping. Six experimental treatments were set up: maize rotation and monocropping, hairy vetch rotation and mono-
cropping, maize continuous and monocropping, hairy vetch continuous and monocropping, maize/ hairy vetch rota-
tion and intercropping ( maize rotational intercropping, hairy vetch rotational intercropping) , and maize/hairy vetch
continuous and intercropping ( maize continuous and intercropping, hairy vetch rotational and intercropping). The
response of crop yields to changes in cropping patterns, and the effects of crop rotation and succession on interspe-
cific relationships and biodiversity effects in intercropping systems was examined. The results showed that crop rota-
tion significantly increased the yield of hairy vetch by 12.66% ~21.11%, compared to continuous cropping under

the same cropping pattern. Under the same cropping system, intercropping significantly increased maize yield by
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21.92% ~26.66% and reduced hairy vetch yield by 7.46% ~16.43% compared to monocropping. The land equiva-
lent ratios of the intercropping systems in different cropping patterns ranged from 1.04 to 1.09 and there was a yield
advantage of intercropping over monocropping. The biased land equivalent ratio of maize was greater than that of
maize, and the intensity of crop competition was less than 0. Therefore, interspecific competition was greater than
intraspecific competition in the intercropping system, and maize was the dominant crop in the intercropping. Chan-
ging the cropping system from continuous cropping to rotational cropping could shift the biodiversity effect driving
yield and efficiency gains in maize and hairy vetch intercropping systems from a selection effect to a shift toward a
complementary effect by significantly reducing interspecific competition. By analysing the correlation between biodi-
versity effects and crop yield increases, it was concluded that both complementary effect and net effect were signifi-
cantly and positively correlated with yield increases in hairy vetch, and that yield advantages in intercropping sys-
tems stemmed from yield enhancement of the disadvantaged crops in the system. In summary, implementing the
maize/ hairy—leaved camas rotational intercropping system in the dry farming regions of Jinzhong, Shanxi Province
enhanced land productivity by changing the competitive dynamics between crop species, demonstrating significant
value for local agricultural practices.

Keywords: crop rotation; intercropping; crop yield; interspecific relationship; selection effect; complementary effect
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Table 1  Crop cultivation by cropping pattern in different years

F AR B4 Year
Planting
pattern 2021 2022 2023
NS Y S S TE X S
(R-MV) Maize ‘ Hairy Vet(?h Maize -
monocropping monocropping monocropping
Remy  CMHETHAE FOREAE T HE TR
(R-MM) Hairy vct(j'h Maize . Hairy VetL:h
monocropping monocropping monocropping
FKRAAE KRR ERHAE
C-MM Maize Maize Maize
monocropping monocropping monocropping
BHETHME  EHETRAE BTN
C-MV Hairy vetch Hairy vetch Hairy vetch
monocropping monocropping monocropping
oA/ B EBMET/ FA B
R-I H e TR R H T

Maize/hairy vetch Hairy vetch/maize Maize/hairy vetch

intercropping intercropping intercropping
oK/ B ER/ BN EAR/EM
H TR H T BT AR

Maize/hairy vetch Maize/hairy vetch Maize/hairy vetch

intercropping intercropping intercropping
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Table 2 Effect of different cropping patterns

on maize grain yield

A i L ARy
Year Treatment Grain yield/ (kg - hm™)
R-IM 12779.66+£657.21a
R-MM 10089.96+523.41b
2022
C-IM 11637.81+£718.26a
C-MM 9378.67+£610.94b
R-IM 14213.11+188.24a
R-MM 11658.11+216.64bc
2023
C-IM 12839.94+673.68ab
C-MM 10313.12+813.80¢
Ny
s, .
Variance analysis
A Year (Y) 37.329 <0.001 " **
L (VAL (S
Crop rotation/ 24.293 <0.001" " *
continuous (R)
B e/ Hffe
Intercropping/ 133.102 <0.001 " **
monocropping (1)
YxR 0.646 0.433
YxI 0.272 0.609
RxI 0.566 0.463
YXRXxI 0.043 0.839

R P RUA R N PR 22 ARG R R A R AR 47
PN [RIAR B ) 22 5 2 35 (P<0.05) 5 % | s s Al s MRIFIRTE P<
0.05 ,P<0.01 Fl P<0.001 KPR, T,

Note: All values in the table are mean + standard deviation.
Different lowercase letters in the same column indicate significant differ-
ences among treatments in the same year (P<0.05). *, * % _ and *
# * represent significant differences at P<0.05, P<0.01, and P<

0.001, respectively. The same below.
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Table 3  Effect of different cropping patterns on
hairy vetch yield

A} st 7
Year Treatment Yield/ (kg - hm™)
R-IV 4940.00+52.92b
R-MV 5693.00+119.65a
2022
C-1v 4223.00+50.33¢
C-MV 5053.33+230.29b
R-IV 6673.07+108.47b
R-MV 7210.97£77.02a
2023
C-1v 5509.83+378.70d
C-MV 6280.63+91.56¢
IR ; ,
Variance analysis
AE0Y Year(Y) 411.679 <0.001***
felE/ HEAE
Crop rotation/ 147.434 <0.001 " **
continuous ( R)
[E] 15/ AR
Intercropping/ 103.584 <0.001* " *
monocropping (1)
YxR 6.733 0.020 "
YxI 0.932 0.349
RxI 1.190 0.292
YxRxI 0.301 0.591

(b)2023

o
T

YA LLLER

S
w

LER of production

FEAE Y

0

R-1 C-1
Ab FE Treatment

@ 't % 1 Hariy vetch

B 1 2022—2023 FEMEEX T EEMRFEL LSt
Fig.1 Yield land-equivalent ratio for each crop under the intercropping model during 2022-2023
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Table 4 Effect of intercropping cropping patterns on interspecific interactions among crop species

i e KA 5 ik BE T T AN 5o L FRX T E T RIS
> Relative competitive intensity Relative competitive intensity Competitiveness of maize to
Year Treatment R . .
of maize of hairy vetch hairy vetch
2022 R-1 -1.53+0.08a -0.74+0.12a 0.40+0.03a
C-1 -1.48+0.14a -0.67+0.16a 0.40+0.15a
2003 R-1 -1.38+0.12a -0.84+0.03a 0.54+0.14b
C-1 -1.50+0.05a -0.77+0.14a 0.73+0.16a
(a) 2022 (b)2023
s 1200 F z o 1200
28 28 ¢
@5 1000 + @5 1000
;%; £ 800 Q«%g £ 800
o = r Q=
SE 5, ¢ SE & .
H2Z 600 + #H < 600
73 73
i 575 400 + 4 23 400
Ls ™ ™ ts ™ + n
] C IS¥e
Sa 200 Sa 200
R-I I CI | R-I [ I
4k HE Treatment b #E Treatment
@ {5 3N NE A LN SE W AN CE

B2 2022—2023 FEMERFEIEW =

BREY SRR GE RN B AN

Fig.2 Net effect of biodiversity, selection effect, and complementarity effect

of crop yields in intercropping systems during 2022-2023

=5 HEERSMIENTEMNED SFMERE(NE) |
R (SE) FAEAMYRL ( CE) FES R
Table 5 Variance analysis for net effect of biodiversity ( NE) ,
selection effect (SE), and complementation effect ( CE)

of crop yield in intercropping systems

5 NE SE CE
Factor F P F P F P
B4 Year(Y)  4.044 0.079 1.047 0336 5.484 0.047"
AR/ HAE
Crop rotation/  7.116 0.028* 8.709 0.018* 39.082 <0.001" "~
continuous (R)
YxR 0.006 0.938 9.562 0.015* 4.556 0.065

3 W %

R B RPAE 2R 50 00 A 9 22 B T LT 2
ANERAC AL LB B SE R L 2 Ry s Ve e
“ﬁ?ﬁﬁﬂmiﬁ%%%%mﬁﬂﬁﬁkﬁ
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Fig.3 Relationship between selection effect, complementary effect, and net effect and yield increase in maize
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Fig.4 Relationship between selection effect, complementary effect, and net effect and yield increase in hairy vetch
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