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Effects of different intercropping systems on cotton yield, biomass accumula-
tion, and allocation
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Abstract: The development of cotton intercropping system is the main strategy to alleviate the conflict between cotton and other
crops for land in the Yellow River Basin of China, but the mechanism of cotton yield increases in cotton intercropping system is
still unclear. In this study, a two-year field experiment with cotton-based intercropping systems (wheat/cotton, garlic/cotton, and
peanut/cotton) and three root partitions (no, mesh, and plastic partitions) to study the effects of different crops intercropped with
cotton on yield, biomass accumulation and allocation. The study showed that: (1) The land equivalent ratios (LERs) of different
crops intercropped with cotton were greater than 1, indicating that the cotton intercropping system in the experiment had inter-
cropping advantage. The resource competitiveness of wheat and garlic relative to cotton was greater than 0, indicating that wheat
and garlic were dominant species in the co-growth period of wheat/cotton intercropping and garlic/cotton intercropping systems,
whereas the resource competitiveness of peanuts relative to cotton was less than 0, indicating that cotton was dominant species in
peanut/cotton intercropping system. (2) Dry matter accumulation of the leaf and stem in sole cotton cropping system was more
than that of intercropping systems at bud stage, while the dry matter accumulation in intercropping systems was more than that in
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sole cotton cropping after the flowering and boll stages. The reproductive organs dry matter accumulation in intercropping sys-
tems was also higher than that in sole cotton cropping system. (3) The distribution rate of the stem and leaf in sole cotton was
significantly higher than that in cotton intercropped with wheat, garlic, and peanut at bud stage and initial flowering stage, but the
difference was not significant at full-bloom and open boll stages. However, the opposite pattern was observed in dry matter dis-
tribution rate of reproductive organs. These results can provide theoretical support for the mechanisms of cotton intercropping
advantage and scientific basis for the productivity improvement of intercropping systems.

Keywords: intercropping; root partition; yield advantage; biomass allocation
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Table 1 Growth process of cotton

Growth period (d)

Cropping Root Flowering and boll

system partition Emergence stage Seedling stage Squaring stage formation stage Full growth period
2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
SC N 19 Aa 12 Aa 32 Ba 39 Ba 26 Ba 28 Aa 53 Aa 52 Aa 129 BCa 131 Ba
M 19 Aa 12 Aa 33 Ba 39 Ba 26 Ba 28 Aa 51 Aa 54 Aab 128 BCa 133 Ba
S 19 Aa 12 Aa 32 Ba 38 Ba 26 Ba 29 Aa 53 Aa 49 Ab 131 BCa 129 Ba
IC(W) N 19 Aa 12 Aa 34 Aa 43 Aa 26 Aa 28 Aa 54 Aa 54 Aa 133 Aa 136 Aa
M 19 Aa 12 Aa 36 Aa 42 Aa 27 Aa 29 Aa 52 Aa 51 Aab 133 Aa 133 Aa
S 19 Aa 12 Aa 35Aa 42 Aa 27 Aa 29 Aa 52 Aa 52 Ab 133 Aa 135 Aa
1C(G) N 19 Aa 12 Aa 33 Ba 39 Ba 25 Ba 29 Aa 54 Aa 54 Aa 130 ABa 134 ABa
M 19 Aa 12 Aa 32 Ba 38 Ba 25 Ba 30 Aa 56 Aa 53 Aab 132 ABa 133 ABa
S 19 Aa 12 Aa 32 Ba 39 Ba 26 Ba 30 Aa 53 Aa 52 Ab 131 ABa 132 ABa
IC(P) N 19 Aa 12 Aa 33 Ba 38 Ba 25 Ba 29 Aa 52 Aa 55Aa 129 Ca 135 ABa
M 19 Aa 12 Aa 33 Ba 38 Ba 24 Ba 30 Aa 52 Aa 54 Aab 128 Ca 134 ABa
S 19 Aa 12 Aa 33 Ba 38 Ba 25 Ba 30 Aa 51 Aa 51 Ab 128 Ca 130 ABa
0.05 R
0.05 SC: 3 IC(W): ; IC(G): ; IC(P): 3 N: ; M: ; S:

Different uppercase letters in the same column indicate that the differences between different cropping systems under the same root partition
at the 0.05 probability level, and different lowercase letters in the same column indicate that the differences between different root partitions
under the same cropping system at the 0.05 probability level. SC: sole cotton; IC(W): intercropped cotton with wheat; IC(G): intercropped

cotton with garlic; IC(P): intercropped cotton with peanut. N: no partition; M: mesh partition; S: plastic partition.
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Table 2 Yield and yield advantages in intercropping systems

Treatment Paired crops (t hm?) Cotton (t hm™?) Partial LER
Year Cropping Root Inter- Inter- LER Paired ..

system partition crop Sole crop Sole crops Cotton  Aggressivity

2019 w/C N 22.20 Aa 17.63 Ab 470Aa  3.87 Ab 1.23 A 0.42 A 0.81A 0.04 A

M 20.29 Aa 17.81 Ab 529Aa  4.07Ab 1.25A 0.38A 0.87A —0.16A

S 23.73 Aa 19.25 Ab 451 Aa  4.58AB 1.07 A 041 A 0.66 A 0.24 A

Mean 22.07 a 18.23 b 483 a 4.17b 1.1I8A 0.40 A 0.78 A 0.04 A

G/C N 14.37 Aa 9.72 Aa 4.80 Aa  3.87 Ab 1.38A 0.53A 0.86 A 0.30 A

M 15.75 Aa 11.91 Aa 5.17 Aa 4.07 Ab 1.32A 0.47 A 0.86 A 0.12 A

S 13.77 Aa 12.37 Aa 538 Aa 458 AB 1.17 A 0.38A 0.79A  -0.03A

Mean 14.63 a 11.33b 5.11a 4.17b 1.29A 0.46 A 0.83A 0.13A

P/C N 4.06 Aa 6.40 Aa 5.75Aa  3.87 Ab 1.21A 022 A 099A —0.82A

M 4.41 Aa 5.51 Aa 5.07Aa  4.07 Ab I.LIT A 027 A 0.84 A -047A

S 4.03 Aa 5.71 Aa 5.93 Aa 4.58 Aa 1.10 A 0.23 A 0.87 A -0.59 A

Mean 4.17b 5.87a 558a 4.17b 1.14A 024 A 090A -0.63A

2020 Ww/C N 16.73 Aa 12.78 Ab 4.08 Aa  3.01 Ab 1.35A 0.44 A 091A —-0.03A

M 16.10 Aa 11.06 Ab 399Aa 3.08 Ab 1.35A 0.49 A 0.87 A 0.16 A

S 15.05 Aa 12.70 Ab 3.82Aa 3.15Ab 1.22A 041 A 0.81 A 0.05A

Mean 15.96 a 12.18b 397 a 3.08b 131 A 0.45 A 0.86 A 0.04 A

G/C N 28.12 Aa 22.83 Ab 3.71Aa 3.01 Ab 1.24 A 041 A 0.83A  —0.01A

M 28.71 Aa 22.23 Ab 3.85Aa  3.08 Ab 1.28 A 0.44 A 0.84 A 0.05 A

S 30.04 Aa 24.69 Ab 3.87Aa  3.15Ab 1.24 A 042 A 0.82 A 0.02A

Mean 28.96 a 23.25b 38la 3.08b 1.25A 042 A 0.83 A 0.02A

P/C N 1.67 Bb 2.20 Ba 3.72Aa  3.01 Ab 1.09 A 0.27 A 0.83A -044A

M 1.93ABb 2.88ABa 4.23Aa 3.08 Ab 1.14 A 022 A 092A -0.71A

S 1.96 Ab 3.10 Aa 3.84Aa  3.15Ab 1.03 A 021 A 0.82A  —0.58A

Mean 1.85b 273 a 393a 3.08b 1.09 A 023 A 0.85A  —0.58A

0.05 s
0.05 W/C: / ; G/C: / ; P/C: / 3 N: s M: ;S

Different uppercase letters in the same column indicate that the differences between root partitions under the same cropping system at the
0.05 probability level, and different lowercase letters in the same column indicate that the differences between sole and intercropping under
the same root partition at the 0.05 probability level. W/C: wheat/cotton; G/C: garlic/cotton; P/C: peanut/cotton; N: no partition; M: mesh
partition; S: plastic partition; LER: land equivalent ratio.
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Table 3 Analysis of variance for the effects of different factors on yields of cotton and paired crops
/ Wheat/cotton / Garlic/cotton / Peanut/cotton
Source of variance Wheat Cotton Garlic Cotton Peanut Cotton
F P F P F P F P F P F P
76.71 <0.01 37.97 <0.01 273.64 <0.01 6574 <0.01 11943 <0.01 81.77 <0.01
Year
30.16 <0.01 23.78 <0.01 32.28 <0.01 32.16 <0.01 26.81 <0.01 5568 <0.01
Cropping systems
1.40 0.27 048 0.63 1.14 034 241 0.11 0.09 092 149 025
Root partitions
x <0.01 097 050 0.49 2.31 0.14 051 0.48 274 0.11 342  0.08
Year x Cropping systems
x 1.24 0.31 0.59 0.56 097 039 094 041 1.33 029 265 0.09
Year x Root partitions
x 0.13 088 226 0.13 0.51 0.61 0.13 0.88 028 076 030 0.75
Cropping systems x Root partitions
x x 0.99 039 092 041 037 070 0.06 0.95 1.01 038 1.62 0.22
Year x Cropping systems * Root partitions
23 (Tw),
4 , 2019 2020 (R%)
2019 , 0.9741  0.9946 ( P <0.01), s
17.5%~23.3% 17.1%~ 2019
38.6%; 2020 , , 78~85d s
, 255.33 kg hm? d',
10.2%~32.7% 19.4%~25.0% 13.6%~27.6% 2020 68~75 d ,
, , , 315.97kghm>d" 81~94
2.4%~9.8% d , >
4.8%~7.9% 2 288.07kghm>d"'  82~85
s d s s
, 362.38 kg hm™
d' 2020 , 85~90d |, ,
2.4 258.18 kg
hm>d”, 92~107 d ,
2 210.92 kg hm 2 d™!
89~97 d
« 95 ; ,
Logistic C W= Wy/(1+ae™) 288.07 kghm > d"' 86~94 d
Logistic (T)) ,

(T>) (V)

258.46 kg hm™> d™'
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Table 4 Differences of cotton yield components under different treatments

2019 2020
Variate Cropping system N M N N M S
Mean Mean
SC 524Aa 542 Aa 5.64 Aa 543A  5.46Ba 531Ba  5.25Ba 534 B
Boll weight IC(W) 570 Aa 574 Aa 576 A2 573A 559 Aa 561 Aa 577 Aa 5.65 A
© IC(G) 559Aa 5.6l Aa 5.69 Aa 563A  538Ba 552Ba  5.39Ba 543 B
IC(P) 562Aa  5.76 Aa 5.76 Aa 571A 572 Aa 573 Aa  5.61 Aa 5.68 A
Mean 5.54a 5.63 a 571a 5.54a 5.54a 551a
SC 38.19Aa  38.04Aa  37.65Aa 3796 A 39.80Aa  39.69Aa 40.11Aa  39.87A
Lint percentage ¢ (w) 38.08 Aa 3829 Aa 3758 Aa  3798A 3980Aa  39.92Aa 39.63 Aa 39.78 A
(%) IC(G) 37.54Aa 3796 Aa  38.16Aa 3788 A 3886Aa  39.88Aa 39.96Aa  39.57A
IC(P) 38.11Aa  3833Aa 3801 Aa 3815A 3941Aa 3979Aa 39.68Aa  39.63A
Mean 3798 a 38.155a 37.85a 3947 a 39.82a 39.85a
SC 73.54Ca  7473Ca  79.89Ca  76.06C 5507Ba  57.93Ba 60.13Ba  57.71B
No. ‘ifbo”s o) 82.33BCa 9249BCa 78.72BCa 8451 BC 73.11 Aa  7139Aa 6629Aa 7026 A
(x10%bolls hm 5 86.45 ABa 92.15ABa 96.05ABa 91.55 AB 68.85Aa  69.86 Aa 71.81 Aa  70.17 A
IC(P) 101.94 Aa  87.54Aa 103.15Aa  97.54A 65.17Aa 7390 Aa 6832Aa  69.13A
Mean  86.07 a 86.73 a 89.45 a 65.55a 68.27a  66.64a
Source of variance Boll weight Lint No. of bolls Boll weight Lint No. of bolls
percentage percentage
Cropping system (C) ns ns * * ns *
Root partition (R) ns ns ns ns ns ns
X C xR ns ns ns ns ns ns
0.05 ,
0.05 *: P <0.05; ns: 1

Different uppercase letters in the same column indicate significant differences between different cropping systems under the same root partition at
the 0.05 probability level, and different lowercase letters in the same column indicate significant differences between different root partitions
under the same cropping system at the 0.05 probability level. *: P < 0.05; ns: not significant. Abbreviations are the same as those given in Table 1.
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Table 5 Effects of different treatments on the accumulation characteristic values of cotton above-ground biomass

R W T T, AT T Vi
Year Cropping system Root partition (x10°kghm?)  (DAP) (DAP) (d) (d) (kg hm?d™")
2019 SC N 0.9300 16.22 63 112 49 87 217.98
M 0.9625 16.33 56 100 44 78 246.36
S 0.9975 17.06 63 107 44 85 255.33
IC(W) N 0.9939 14.92 55 94 38 75 256.82
M 0.9961 14.24 54 83 30 68 315.97
S 0.9958 16.69 55 91 36 73 307.66
IC(G) N 0.9975 14.21 61 101 40 81 235.14
M 0.9840 21.38 66 123 57 94 247.58
S 0.9826 19.01 68 112 43 90 288.07
IC(P) N 0.9586 16.23 65 98 33 82 322.57
M 0.9081 17.59 67 99 32 83 362.38
S 0.9831 16.83 61 110 50 85 223.06
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Year Cropping system Root partition (x10°kghm?)  (DAP) (DAP) (d) (d) (kg hm?d™")
2020 SC N 0.9988 11.02 66 104 38 85 189.38
M 0.9978 13.95 72 108 36 90 258.18
S 0.9976 12.36 68 101 33 85 249.06
IC(W) N 1.0000 12.85 75 110 35 92 239.92
M 0.9828 15.92 74 126 52 100 201.13
S 0.9913 17.65 79 134 55 107 210.92
IC(G) N 0.9901 13.40 68 110 42 89 208.14
M 0.9937 15.50 72 123 51 97 198.79
S 0.9999 15.32 74 111 37 93 274.08
IC(P) N 0.9939 12.55 70 102 32 86 258.46
M 0.9943 14.13 67 104 37 86 249.90
S 0.9960 16.19 71 116 45 94 235.09
Wt ; T 3 T 5 AT 3 Tt

s Ve

1

Wy the theoretical maximum value of cotton plant biomass; 7: the start time of rapid biomass accumulation; 7,: the end time of rapid bio-

mass accumulation; A7, the duration of rapid biomass accumulation; 7,,,: when the maximum relative growth rate occurs; V;,: maximum rela-

tive growth rate. Abbreviations are the same as those given in Table 1.
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Fig.3 Above-ground biomass accumulation of cotton under different treatments
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(d): open boll stage (143 days after emergence in 2019, 134 days after emergence in 2020). Abbreviations are the same as those given in Table 1.
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