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Table 1 Characteristics of farmers in the survey sample
FE45 Index 43 4ii Distribution 5 . Proportion (%)

A1 Population 5 84
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Table 2 Sample distribution of intercropping
systems in the Hanggin Rear Banner

T L DS
g5 WX mHZE EXK mHZE Maize| Bt
Number  Area Wheat/ th.:at/ Watermelon/ Soybean Total
Sunflower Maize Sunflower

1 KEME 62 21 0 5 88

2 iEMME 5 10 0 4 19
3 o 6 10 0 4 20
4 Bl 0 0 0 9 9
5 ST 2 3 14 1 20
6  ZIEMFEH 0 1 15 0 16
7 it 0 0 0 10 10
8 XU 10 2 0 6 18
it Total 85 47 29 39 200
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Fig.2 Fertilizer application amount in different cropping systems
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Fig.4 Trrigation frequency and weeding frequency of different cropping systems
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(a), (b), (c), and (d) represent mechanization of wheat/sunflower, wheat/maize, watermelon/sunflower, and maize|soybean intercropping, respectively.
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Fig.5 Mechanization status of farming managements in different intercropping systems
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Fig.6 Reasons for adopting intercropping and sources of information on field management of intercropping
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Fig.7 Demands for technical guidance and willingness of intercropping

RA B P HAT M EE P .
3 e
3.1 HSRIEEEEEE IR RN

PR J5 R (8] 4 R R AR AT 2 AR B AR P 1)
BE OMNR/ERK. BKIRED - WREEyMmast
TEMIRIEAE UM/ B2 S5 EWIRIELE (7
SR/ HZE) o AH 2 b (8] /R Rl i R A X 4
Fl, 2021 I B BUABE ZIE A BK/PER. &
KA 1A H 284, 2/ H 2% F#Um H %%
AEHRVERNE, FOEEARRAER D, gt A RAR
T, RUILFERMAARIAREE . WFEA R B
KE, REVEHEIRNEERRBCONEZHE, BIEN
BRI, HAR A AF A S R A A = 1)

SRR R, ST AR S AR TR — KA
IE SRR AT A AT 2060, Bl Rk
B AIR ALY, RS 2 i R BN
TR 2 S5 A MRS AT DAK oY TIOR8 4 FH A
TR, AR T TR R R OR R K
EAAEIREFT 0 8 10 & B AR, S IR T e
I FAREDD), DRI, 75 R R G A B X A 1]
HREERERAR, UMt EamtHmrE. 4
g A b, MBS RS TR R, AEKE
PR R AR AR, AE AR, Hofh 2
B EEME MO TE 0. % 2 I EER R
I3 5 F DRy O B2 LA O, RIS S
TR AN R ) S G R T AR G v ot , =SB —
FOR A b LR oK, PERR S B



140 RZET

Crops 2026 55 1 H

SIEMFEER S, R, P/ H S R
Gy ARAE = TEMFEERT AR5 1) 52 M4
3.2 MBEEBEEERRITN R EFERIR

AR VA 45 TR A P RN VR, X 2% (A&
AR 2 RGP I T o 4 Fhia|EVER R rp /N 32/
) HSEEAE . N/ BREAERTE I/ H 2R
N ORI 2 AR I ECA A EE R R, 2 i
gt 7 e N/ H SR/ KB R
Faktr EAE, BN, BAE&
) H M FROKR 2 AL, EIEE )
FRE, AR EE, MR AT E
48%- 29%, XA 2 FPEEA R LM
MR . PHJI/ A H 25 B AR R Y& 2 F bR, K
o> AR PE T A S i Px Fhfiae 77 =0, A
VEJRTE St —F— AR, MHHAALE, 7R/
HEEEA/Er IR 2 B EYIAS F A KT, 2l
— WU, PEI/M H B EER R AR, &
578 IR Ao 2 B R0 o 3t T B S B e A AR FF —
B, TEGRE PG I 810 R I R 2 ie— 2 1) H 2%,
I H I HEEEE T RA R, AT L
JEUY, FHEC AR R BIER RS, ZERET
R o TR FOR K G AR A i AR 1)
KR, T KB AEE 4L 7 4 I U6
P, FBRIE TR TBUR S ME A
8%, ZHEPEKBFED, BiloR - ERGE
SRAZ I TR = S M T BoK = , [FR e
EINT KGR, A AR AN, TR B
774 B P SR TR B AR AR AR R

AHIF T 4 Fh B EAE R R IR I AR A =
H, BRI R AT — R A, BRI T 4
bR B R bR 0 R FE o — 5 TG 2 B M 1 5 A 1 F )
TS N A 3, B K VR BRI 5 K
I, JUHAE PR A R BB AR R ) B R B R
Je— KM . PLEOK|KEZRE B, i e fE
FAAERARIAIGEL 2 1D, BrE R <A BT
M, KRR P RAGEPEN TR, 755 K|IK
I [E) AV M B A i T DU B 2 AR, X A ]
PR K = R AR A PR U, R A DA 4
RIEF, AH T A7 AR R Pl 45 TR TN 5 30
YATEAR B 2 AN AR, AH B HAh 3 AR A
RiE, SRRELHIERE . H— 51, B
TR xSRI BAE AR BR AL Seb e 115, 53

[ A & P /KR it A 00, 2 BLR i TEY)
EIARNE N, b, BEKIRUE N 3 BUE K &
ETE, R, W AR I S BUENE S, TE
AR AEATORAR P A B v (A I A5 5K,
PEmr NDTRTE: BUHJEHE 56.0%48 1 1) oK it 2 &=
S HTE 300~450 kg/hm?, 4R ;=] 45 il A & 5 3k sk
o MASHEFORE A, 7 AR & AP i it A
BRRAN AR — 3, [FI S OREF T AR IR AR
FERIEAE &, DASCT AR S RS 3G, DA &
W VN2 TR EARR RG], A IS 8
205 5 K HANERFORE R S B &
Sy AE, AR IE N AE SRR IERH O
FBME: 5 Al BoKEE: 6 Ao ) &HK
wor B AL 1 Ik, FEANERGRE, FKRBEMAER
W HAT 1 VGBI, REXEIER, REEET
AN TE AR & EEN 40%, (BRI ER T /N
E 100% )t B &, H3 A 3090 A P A2 SRR it AL 2 1)
Bt b 8b, X ST h A B AR S TR i
JIESJBESRALAOSY, ] B 5 A S A ek 1) 3 O A
I, TR EF AR 0 B AR PR (8] A B IR R 2 A R AN
o A, B 2% 0 ) B BE 2 0 R B A PR AR
3G 0 R ™ ) BE YRR B, BB BREL I I TN Tk
A, AEVGRIS BRI N K B 2 S EUK
BRIRIR 9 L J 3 B A i s 000 it A i 2 38K
TR, W T R BAL 1) KU 2T, DL
PRI R P 23 U i ) A A ) W] R
33 MBEEEEFMELRIVESITIR

PRPERE R EERE N EEH RN T
W, RETEENATRE, 5 [E] i H
EAEME RS0 v R R R0, ST S (R
EIEMME MR, MR RATL R LT LS
WA B2

T, LAHUR SR Al B E MR R, ok
X TEEAEAR R oM R i 18 s IR R I & (B /R 1) 8]
RS, G AEAEY) I A S K T AR A2
BRI K> 753K Jb [ EE R R, Wnfe
VEVILAE PR 75 vT LAIRI RS 18 AR, 34 1 k2> it A ok
Ko, PIARIE TR > AR T B AUSR O &, fai A AR
FEAE, PRARAE = AR RY,

F, AR EMANE EAELE R BRI 32 22
(M)A A rh 2R R A PR, 3Gk R TR) =4
PR ARBR A, S0 5 B A A5G A 7= BRI AT R



SR 230 HH

(e AT E DO i I 1 ke A ™ BIR L BR 4 XL 3 0 Hr 141

11 e = HUBCRIAR SRR B 51U IR RIE A s N e 8] 22 1
FEBARIITE T, TFREAR SR B 22,

e, AU R IR B ORI, X F AT
FEM R BRI TG 3K 5 T 24 B4 1 ) B AR A 28 B 1
REERZ SR AT, HAE gk s nse Hith
A 18] B A AR 5 AR N A R JE itk |, 7 DAL
) B AR 2R SN A R B AR A AR &R, BL
A 1 AR YR TR BE MY A FE K, R/ EAA
HE B R, N R SRS, WA A
TR I A SR A P SEBL A HLALIE [, RAA L
AERARH 5 AL BEAL -

4 ZEig

WU Ja R R R Z (1 B B AR R R 5 5
INFE IR K NEE I H 3R I/ 1A H SR KR
EERR, Hp/NE/MBEZE, N/ REKREEFR
WA, 40005 42.5%H0 23.5%, ¥IRE R EH7
BRI 2%, LER 439008 1.48 Al 1.29. AJH
M EAE R R N AR 2840, (EY) PR
W, NEKZIE 20 AR NEIFEK. NE/
] H 28 RPN/ H 388 BAER, AR, &
KK 2 A A W A K, TR Ao [F) A UAER
FENUACFLRE 7T, N 22/ K B AR AR R UL FE
e, PO/ H S BN B AR, IRE1ED
BUIBACHEFE i T2 5EYD .

2 Hh [ AP 3 BEAEAE R TR IR 3=, —
T, [AEAERE S RS i oy R A, o
VR U BSORN o 5 B850 v 1 A L PR A R = A
MHEAIRS, T AESRA: H—Jm, HTR
FAOF R EAE A (RN EN A IR, A% G it A > 45
B0 b ) 2 A oA A7 R A S R ) ), (R
P 2 it R L A T3 i 70.7%. DR, EEAE
b — P BR R IE A [A) AR (1 H ) 87 2R 4 i A e
RS, DL AKIEREN s[RI s e B AR AL 4L
BRI oA B 7] S8 A G2 7= BERMI I A, T R B
W5 i s et o) 25 4 o R F9 FE ) 4 S DABR R A
G BeAbh, BETMHL AR PR, AR R AR 4
¥, RS E IR FER R, WE &R B
B

SE
[1] Chen W X, Wang G Z, Cai W N, et al. Spatiotemporal mismatch
of global grain production and farmland and its influencing factors.
Resources, Conservation and Recycling, 2023, 194: 107008.

[2] MaCY, Zhang W, Luo DL, et al Fungalendophyte promotes
plant growth and disease resistance of Arachis hypogaea L. by
reshaping the core root microbiome under monocropping
conditions. Microbiological Research, 2023, 277: 127491.

[3] Ahvo A, Heino M, Sandstrém V, et al. Agricultural input shocks
affect crop yields more in the high-yielding areas of the world.
Nature Food, 2023, 4(12): 1037-1046.

[4] Yang H, Zhang W P, Li L. Intercropping: feed more people and
build more sustainable agroecosystems. Frontiers of Agricultural
Science and Engineering, 2021, 8(3): 373-386.

[5] MR, AEM, XImHE, 5 W X BRI ED R
JR B —— DA B Vs R TR R B . R T,
2024, 40(1): 11-13.

[6] Z=FE. M EAE R AR FAEZS RGUIRSS T RE I FTadk Ji 55 15 g
R EAESREER, 2016, 24(4): 403-415.

[7] FHEE. CARFHRZ LR “ =mARIL” B RiER—piE
TESLAARPIRE R R A B B B . B, 1995(12):
7-9.

[8] Hong Y, Heerink N, Van der W W. Farm size and smallholders’
use of intercropping in Northwest China. Land Use Policy, 2020,
99: 105004.

[91 ZER:, TIRE, WAEZE, 5. R RN IR e .
TSR, 2022, 21(9): 62-66

[10] Huang C D, Liu Q Q, Li HP, et al. Optimized sowing date

enhances crop resilience towards size-asymmetric competition

and reduces the yield difference between intercropped and sole
maize. Field Crops Research, 2018, 217: 125-133.

[11] Yang S Q, Zhao Y X, Xu Y N, et al. Yield performance response
to field configuration of maize and soybean intercropping in
China: a meta-analysis. Field Crops Research, 2024, 306:
109235.

[12] Lamichhane J R, Alletto L, Cong W F, et al. Relay cropping for
sustainable intensification of agriculture across temperate regions:
crop management challenges and future research priorities. Field
Crops Research, 2023, 291: 108795.

[13] Horvath DP, Clay SA, Swanton CJ, etal. Weed-induced crop
yield loss: a new paradigm and new challenges. Trends in Plant
Science, 2023, 28(5): 567-582.

[14] HongY, Heerink N, Zhao M, et al. Intercropping contributes to
a higher technical efficiency in smallholder farming: evidence
from a case study in Gaotai county, China. Agricultural Systems,
2019, 173: 317-324.

[15] Huang C D, LiuQ Q, Heerink N, et al. Economic performance
and sustainability of a novel intercropping system on the North
China Plain. PLoS ONE, 2015, 10(8): e0135518.

[16] BEHGZR. N/ VT KRR R 458 20 i M it et
AR, 2015

[17] 8. BB e X oK™ B 2R 5L T sT. Jbat:
AR, 2018.

[18] WuY H, MaQH, MaLS§, etal. Interspecific competition and
productivity in a dryland silage maize/alfalfa intercropping
system. Food and Energy Security, 2023, 12(4): e474.

[19] Zhang L, van der Werf W, Zhang S, et al. Temperature-mediated
developmental delay may limit yield of cotton in relay intercrops
with wheat. Field Crops Research, 2008, 106(3): 258-268.

[20] ZhuJ Q, Vos J, van der Werf W, et al. Early competition shapes
maize whole-plant development in mixed stands. Journal of
Experimental Botany, 2014, 65(2): 641-653.



142 EP A& Crops 2026 5 1 1

[21] Fageria N K, Baligar V C. Enhancing nitrogen use efficiency in [23] Jensen E S, Carlsson G, Hauggaard-Nielsen H. Intercropping of
crop plants. Advances in Agronomy, 2005, 88: 97-185. grain legumes and cereals improves the use of soil N resources

[22] Robertson G P, Vitousek P M. Nitrogen in agriculture: balancing and reduces the requirement for synthetic fertilizer N: a global-
the cost of an essential resource. Annual Review of Environment scale analysis. Agronomy for Sustainable Development, 2020,
and Resources, 2009, 34(1): 97-125. 40(1): 5-14.

Analysis of Production Status and Limiting
Factors of Intercropping Systems in Hanggin
Rear Banner, Hetao Irrigation District

Hou Yue', Song Tao', Xu Junping’, Li Jie?, Zhao Qiang?, Li Chunjie', Chen Fanjun’

("College of Resources and Environmental Sciences, China Agricultural University / National Academy of Agriculture
Green Development/ State Key Laboratory of Nutrient Use and Management, Beijing 100193, China; 2Modern
Agricultural Development Center of Hanggin Rear Banner, Bayannur 015400, Inner Mongolia, China)
Abstract To clarify the production status and limiting factors of intercropping systems in the Hetao Irrigation
District, Hanggin Rear Banner, a representative area for crop cultivation in the Hetao Irrigation District, was
selected as the research site for the survey. Based on 503 valid questionnaires from 24 administrative villages
across eight townships of Hanggin Rear Banner, the results showed that the intercropping systems were widely
applied in Hanggin Rear Banner. There were wheat/maize, wheat/sunflower, watermelon/sunflower and
maize|lsoybean (mainly food and cash crops). The wheat/maize and wheat/sunflower relay were cropping the
most prevalent, accounting for 42.5% and 23.5%, respectively. Both systems significantly improved land use
efficiency, with land equivalent ratios of wheat/maize and wheat/sunflower were 1.48 and 1.29, respectively.
There were two main limitations of applying intercropping in this region. On the one hand, field managements
were more complex in intercropping than monocultures, with the average number of irrigations and weeding
times were higher, with an average of 1.0 and 0.9 times higher than in monocropping, respectively; on the other
hand, the average amount of nitrogen application in intercropping systems was 70.7% higher than in
monocropping. Overall, it is necessary to further explore field management practices and fertilization strategies
suitable for intercropping in the area to reduce water and fertilizer inputs. Meanwhile, the research and
development of intercropping machinery, herbicides and other related production materials should be

strengthened, and technical training should be carried out to enhance farmers’ understanding of intercropping.

Key words Status of intercropping production; Limiting factor; Hetao Irrigation District
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