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Efficiency assessment of maize-based diversified cropping systems,
including intercropping, relay cropping, and multiple
cropping in Northwest China arid regions

SHI Duopeng, ZHANG Ligin, CUI Yunling, SUN Hezhe
(Institute of Soil, Fertilizer and Water-saving Agriculture, Gansu Academy of
Agricultural Science, Lanzhou, Gansu 730070, China)

Abstract; A field experiment was conducted in 2024 at Jingtan Village, Beitan Town, Jingyuan County,
Baiyin City, Gansu Province, to evaluate the impact of diversified cropping systems on maize production efficiency
and land utilization. Four treatments were established: T1 ( maize monoculture), T2 ( maize-soybean intercrop-
ping) , T3 (maize-pea relay cropping then multiple cropping baby Chinese cabbage) , and T4 ( maize-wheat relay
cropping then multiple cropping green manure ). The results showed that diversified systems (T2 ~T4) exhibited
land equivalent ratio (LER) exceeding 1. Compared with monoculture (T1), maize net area yield significantly in-
creased by 49.09% to 79.98%, with T3 achieving the highest yield (33 751.74 kg + hm ). Treatment T2
exhibited optimal maize plant height and leaf area across all growth stages and recorded the highest water use effi-
ciency (WUE, 46.24 kg - hm™> - mm™") , representing a 64.15% improvement over T1. Cumulative relative effi-
ciency (CRE) and competitiveness ( CI) of maize showed a significant positive correlation with final yield. Systems
T2 and T3 demonstrated higher cumulative relative efficiency during early growth stages, establishing the foundation
for subsequent high yield. Treatment T4 displayed superior maize yield stability and sustainability, with sustainable
yield index (SYI) and stability of maize yield (SY) values of 0.46 and 0.45, respectively. In conclusion, diversi-

fied cropping systems significantly enhance land use efficiency and maize yield. The maize-wheat relay cropping
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then multiple cropping green manure system (T4) demonstrated optimal integrated performance, representing a

suitable diversified cropping pattern for Northwest China arid regions.

Keywords: maize; diversified cropping; stability of maize yield; interspecific competition; land use; North-

west China arid regions
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Table 1  Nitrogen fertilizer application for different cropping patterns
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T4 52.5 112.5 112.5 37.5
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Table 2 Dynamic changes in maize plant height and

leaf area in different cropping systems

g RIERRREC Y e
Treatment Days af'ter maize Plant height Leaf area
sowing/ d
T2-0 33.19+4.28Ab
T2-M 37.06+4.34Aa
T3-0 g 31.08+3.68Ab
T3-M 37.04+4.57Aa
T4-0 30.85+4.52Bb
T4-M 37.68+4.49Ba
T2-0 85.95+£12.91Ba  1596.56+350.52Ab
T2-M 87.27+16.10Ba  2312.87+666.77Aa
T3-0 $3 80.22+12.21Aa  1576.60+641.39Ab
T3-M 96.93+9.89Aa  2326.41+611.87Aa
T4-0 74.00£9.74Ca 1113.27+416.55Bb
T4-M 82.31£10.17Ca  1742.75+712.26Ba
T2-0 164.40+20.15Aa  3786.27+1008.56Aa
T2-M 166.80+22.07Aa  4129.01+1263.92Aa
T3-0 6 156.13+22.49Ab  3109.69+755.29Bb
T3-M 184.20£17.98Aa  3803.98+627.59Ba
T4-0 140.53+14.10Bb  1994.01+655.20Ch
T4-M 157.60+11.49Ba  3953.31+887.05Ca
T2-0 284.92+11.19Aa  6272.78+1765.66Aa
T2-M 272.98+35.80Aa  5976.67+2454.21Aa
T3-0 % 263.80+37.80Aa  5056.20+1281.34ABa
T3-M 276.60+11.91Aa  5528.24+1939.63ABa
T4-0 240.73+18.12Ba  3743.22+1033.93Bb
T4-M 255.33+22.92Ba  5341.79+2055.81Ba
T2-0 287.00£24.01Aa  4680.77+1017.28Aa
T2-M 288.73+19.31Aa  4924.29+1295.35Aa
T3-0 135 256.20£22.31Bb  4256.01+712.58Aa
T3-M 27547+£12.48Ba  4281.01+1104.26Aa
T4-0 236.90+18.27Ch  3235.20+818.68Ba
T4-M 258.47+14.92Ca  3719.20+1287.77Ba

TE : A FAS R S 7 B 3R 75 AN [) Ak B ) 22 5 W 2% (P<0.05 ), AN
[Fl/NE FREFRIR R — AL B R OR [RIAT 2 6] 22 53 .3 ( P<0.05) ;0 M 43
SIREIAT PATAE TR EK, TR,

Note: Different capital letters in the same column indicate differences
among treatments ( P<0.05), while different lowercase letters indicate
differences among rows within the same treatment ( P<0.05). “0” and
“M” represent maize in the outer row and middle row positions, respec-

tively. The same below.

FKIERT 37~53 d, T2 Fl T3 Ab 3 ok EH
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FT3 Ab B oK BRURH X R0R48 5053 5 4 T4 Ab 3
(0.28) i 4515 242.86% 11 189.29% ; T2 F1 T3 AbHH
AT E A BBARRTRCRIEEIY R T 1, mH T £
K BB SRR /N T 1, WAL AT £ oK R
FEUREOF 24 238 48 B0 o0 0l 35 A7 I 3 42 & 200.00% F11
154.35% , L AKFEFIG 69~99 d, T2 Fil T4 Ab 3 £k
SRR RCRAE /N T 1, H T2 8 T4 fh P 2%
P25 300.00% , FRFEFG 135~174 d,T4 b H £
K BB R AE R (3.12) 43 B T2 F T3 B4R
1 43 5 A1 156 £i%
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kg « hm™, T2 ~ T4 Ab 3 FOKGr RIFL ™ 245 T1 b #E
i F T 49.09% ~79.98% , T4 AbBR T A ¥4 1 £
N 27 959.45 kg + hm™ | T2 F1 T3 40 BH E K &+ i 2
PR A T4 AR PR E AR 16.12% F1 20.72% .
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Table 3 Cumulative relative efficiency index of maize

and companion crops during the co-cultivation

period in different cropping systems

fb BCXHVED)  FORIEFE KA R RCRIE L
i Companion Days after maize ~ Cumulative relative
Treatment . .. .
crop sowing/d efficiency index
T2-0 S 1.38+£0.41Ba
T2-M 1.28+0.67Ba
T3-0 2.20+£0.53Aa
P 37~53
T3-M 2.52+1.04Aa
T4-0 W 0.24+0.15Ca
T4-M 0.47+0.17Ca
T2-0 S 1.44+£0.94Aa
T2-M - 0.48+0.30Aa
T3-0 1.17£0.28Aa
P 53~69
T3-M 0.46+0.22Aa
T4-0 W 0.38+0.24Ba
T4-M 0.17+0.07Ba
T2-0 S 0.57+0.31Ab
T2-M 0.95+0.08Aa
69~99
T4-0 W 0.16+0.03Ba
T4-M 0.21+0.06Ba
T2-0 S 0.63+0.19Ba
T2-M ) 0.57+0.18Ba
T3-0 0.03+0.00Ba
B 135~174
T3-M 0.02+0.00Ba
T4-0 C 3.41+1.38Aa
T4-M 2.84+1.00Aa

H:S.PW.B K& G HIERE BT NE s XS
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Note: S, P, W, B, and G represent soybean, pea, wheat, baby

Chinese cabbage, and green manure Vicia sativa L., respectively.

FRE 12.03% ~64.15% , T2 REFH KK 73 F 3
R, 4624 kg - hm™ - mm ™, BE®H T T3 #
T4 AbFH BN 28.09% ~46.48% ; T3 AbFH E KK 53
RIS T4 AEPE 55 P 14.48%
24 ARMEERFEXRFEHNRREEREMEMD

CIEcod:s

gk 5 P, T2 Ab B R FR £k 520.00 7,
B T4 Rb IR FE IR 11.52% ;T3 A 38 E 16,59
T m™? B T4 A PRHE T 15.45% , 78 S5 R A
S e B LA B K 7 B AR M T LAZE A A
FRE AR ZR TR e e Pk A B TOPAG R AE AR 2R 1Y
AIRELRME AR S REGE/N TS B B oK
P R MR, U8 B AR 2R X A B AR AR g
e R AR R OBRER E, T4 Ab R S R AR /D
(0.01) , ATHpLE = P8 BRI Bk P~ i A e M fe i, 4
Sk 0.46 F10.45 ; FOK ™= FEA e tEHET A T4>T3>T2,
25 AAMEFERERFEIMYS LR ity

=tk

W 6 Frn, T2~ T4 AbH + b 2 5 bR T 1,
o T4 A0FE 4 b Y i R 1,93, 40 A T2 A T3 Ak
T B 56.91% M1 16.27% ;T3 1248 1 M1.66,
A5 T2 MhIR I R 34.96% , T2 ~ T4 403 T KA +

x4 AEMEERPERSERTE
TR S R AL E
Table 4 Net area yield and net area water use efficiency

of maize in different cropping systems

AR AR K 23 R IR R
b . .
Treatment Net area yield Net area water use efficiency
reatmen /(kg - hm™) /(kg - hm™ « mm™")
Tl 18752.85+£976.17¢ 28.17£2.31d
T2 32466.10+1713.23a 46.24+0.80a
T3 33751.74+1269.70a 36.13+2.02b
T4 27959.45+142.95b 31.56x1.49¢

B RVING Rk R b BRI 25 573 35 (P<0.05) . TR,
Note : Different lowercase letters in the same column denote the signif-

icant differences among various treatments (P<0.05). The same below.

RS AEAMEARPERTEMREFEREESER TR

Table 5 Components of maize yield, yield stability and system sustainability in different cropping systems

o P - AR 2k KRR M
Jasty hﬁﬁl ?ﬂi/-g R (B - ) 1%?%( IS aricizp it E?K)tgi u;f’flﬁ
Treatment Spikelet 1000—-grain E ber/( Ears S Variable Sustainable Stability of maize
reatment number weight ar number/ ( Ears - m™) coefficient yield index yield
T2-0 535.60+34.04Aa 341.51+28.47Aa
14.74+1.05ab 0.09 0.420 0.33
T2-M 504.40+53.64Aa 343.33+14.47Aa
T3-0 489.47+41.01ABa  351.87+6.81Aa
16.59+1.03a 0.07 0.437 0.36
T3-M 443.13+68.65ABa  352.19x16.72Aa
T4-0 414.00+41.05Ba 336.52+11.91Aa
14.37+0.78b 0.01 0.460 0.45

T4-M 481.07+95.59Ba 339.58+2.08Aa
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YEIA SIS, G0 2 iR, Bk T3 Ab A ik ik
SRt B KT g F1 A -0.09, Hofth ik R Bk 524 134
KT 0, T2(FEECAEY A R E) Al T3 Ab PR (FEECAVED
KB EKZEF 155100 1.07 F00.86, B.E = T
T3 AL BEFETC i i EK e d )1, SRR N
11 AT R S HAE AR Y e S A I N A 58 4 00 4%
A5 T3 AHE Mk SR A AT ERES TR
-0.42, T A7 EARTEG AL TR (0.25) ;T4 A 3R
FERCAED R/ NZE B, AT B oK TE 4 F1 R -0.12, 1 Hh
T EKTEG I THR#(0.64)

xo ARMEGZRPIMUBILR EREIEHSE
Table 6 Land equivalent ratio and maize partial land

equivalent ratio in different cropping systems

KA -4 Y B g
Ab s . . .
Partial land equivalent Land equivalent
Treatment . . .
ratio for maize ratio
T2 0.87+0.08ab 1.23+0.10¢
T3 0.90£0.07a 1.66+0.77b
T4 0.75+0.04b 1.93+0.18a
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co-growth period
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Note: Different capital letters indicate differences among
treatments (P<0.05), while different lowercase letters indicate
differences among rows within the same treatment ( P<0.05). S,
P, B, W, and G represent soybean, pea, wheat, baby Chinese
cabbage, and green manure Vicia sativa L., respectively.
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Fig.2 Competitiveness index of maize and companion crops

during co-growth period in different cropping systems
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