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Abstract: Cotton-grain-rape broadband crop rotation can efficiently utilize farmland resources; however, the utilization characterist-
ics of the light energy resources of different crops in this planting system are still unclear. Three treatments were used in this study:
cotton monoculture (T1), wheat-maize rotation (T2) and broadband crop rotation of cotton-grain crop-rape (T3). The yields of cotton,
maize, and wheat, and dry matter weight, leaf area index, extinction coefficient, light energy interception, and other indicators were
determined. Compared with T1, T3 increased the yields and dry weight of cotton by 15.20% and 10.35%, respectively. Compared
with T2, T3 increased the yields of maize and wheat by 21.61% and 11.53%, respectively, and the dry weight of maize increased by
6.17%. From July 16th to September 13th, the leaf area index of T3 significantly increased by 7.21%—12.76%, compared to that of
T1. In July 24th and August 4th, the light interception rate of cotton of T3 significantly decreased by 3.59% and 3.24%, respectively,
compared to that of T1. The leaf area index, extinction coefficient, and PAR (photosynthetically active radiation) interception effi-
ciencies of maize and wheat did not differ significantly under different treatments. Compared with T1 and T2, the light interception of
the entire growth period of cotton was reduced by 3.14% in T3, while the light interception of the entire growth period of maize in-
creased by 0.76% significantly. No significant difference was noted in light interception throughout the wheat growth period. The
light-use efficiencies of cotton, maize, and wheat increased significantly by 18.81%, 6.76%, and 14.10%, respectively. In this experi-
ment, the edge row advantage and rotation effect simultaneously increased the yield of cotton, maize, and wheat as well as the above-
ground dry matter weight of cotton and maize, improved the accumulation and distribution of crop dry matter, and thereby enhanced
the light energy utilization efficiency of cotton, maize, and wheat. This study clarified the effects of cotton-grain-rape broadband crop
rotation on the yield and canopy light energy utilization of cotton, maize, and wheat, providing a theoretical basis for the promotion
and application of this model.

Keywords: Cotton; Maize; Wheat; Broadband rotation; Yield; Light use efficiency
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Fig. 1 Schematic diagram of wide-stripe rotation of cotton, wheat, maize and rape
a: Ter VRS — R I b TEAF AR AEMAEIE . o WARAEE/NFZE; = A EKEZE . a: broadband crop rotation plangt map of the first year;

b: broadband crop rotation planting map of the second year. ® means cotton or wheat; % means maize or rape.
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tation; T3: broadband crop rotation of cotton-grain-rape. * indicates significant differences among treatments at P<0.05.
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T3 4b 4 A F WOk B8 8k 2 2 B 2> 7.19%.
1.79% 1 3.14% (P<0.05, [€] 6A). N[RIf & ks & I,
T3-HATHRAE 24 B WG RE K B4 T3-rP E) 47 &8 3%
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Fig. 5 Effects of different planting methods on PAR (photosynthetically active radiation) of cotton canopy
A AL TR 6:00—18:00 A R0 4 H 4T 4t ; B: AR AL TE /2 DM T KA 50~550 om 52 000 H BUROEG A MU ST . T ARAESAE; T2: M-
TR AEPIR T3: MR- -SSR A o 20 [l Hh 3R 7S AN [ B 2 ) 28 57 83 (P<0.05), i Pl v AR [ /N =58 32 79 A [ B 18 ) 22 5 {883 (P<0.05),
A: PAR at the top of cotton canopy from 6:00 am to 18:00 pm; B: daily accumulation of PAR at the top of cotton canopy from 50 cm to 550 cm away of the

maize. T1: cotton monoculture; T2: wheat-maize rotation; T3: broadband crop rotation of cotton-grain-rape. In left figure, * indicates significant differences

among different distances at P<0.05. In right figure, different lowercase letters indicate significant differences among different distances at P<0.05.
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Fig. 6 Effects of different planting methods on light interception of the whole growth period (A) and the whole year (B) of cotton,
maize and wheat
RRINE F0f FeoR AN [a) 4k B H] 22 57 8 2% (P<0.05), T1: cotton monoculture;

T2: wheat-maize rotation; T3: broadband crop rotation of cotton-grain-rape. Different lowercase letters indicate significant differences among treatments at
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Fig. 7 Effects of different planting methods on dry matter weight of cotton, maize, and wheat
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ARG 7B R 78 AN [R) Ab B A 22 53 & 3 (P<0.05). T1: cotton monoculture;

T2: wheat-maize rotation; T3: broadband crop rotation of cotton-grain-rape. Different lowercase letters indicate significant differences among treatments at

P<0.05.
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Fig. 8 Effects of different planting methods on the yield of cotton (A), maize (B) and wheat (C)
T1: MRAE AR T2: /N - K — AR PN T3: MR -H-T 3R i 481 o A/ NS 7R FROR O [R) 4b B W) 22 53 1 3 (P<0.05). T1: cotton monoculture;
T2: wheat-maize rotation; T3: broadband crop rotation of cotton-grain-rape. Different lowercase letters indicate significant differences among treatments at
P<0.05.

x1 AE#MESXINRE EXRMNE=EHHEE RN

Table 1 Effects of different planting methods on yield components of cotton, maize and wheat

H4E Cotton K Maize /NFZ Wheat
b o o -
Tré;}fem = BARREYEL B TEEL R TR L5y TR T E
Plants Boll number  Single boll Spikes Kernels per  1000-kernel Spikes Kernels per ~ 1000-kernel
(x10*hm™)  per plant weight (g) (x10*hm™?) spike weight (g) (x10*hm™) spike weight (g)
T1 7.02+0.04a 12.6+0.3¢ 6.05+0.21b — — — — — —
T2 — — — 6.60+£0.03b  503.1+33.6b  301.7+5.5b 608.1+18.0b  32.7+0.7b 38.3+0.3¢c
T3 7.02+0.03a 14.0+0.7b 6.28+0.07ab 6.78+0.08b  591.7+18.1a  304.0+3.1b 621.0+3.0b 35.6+0.4b 40.3+0.1b
T3-H117
. 7.02+0.04a 15.5+0.7a 6.35+0.07a 7.48+0.38a  596.8+8.5a 308.9+3.9a 851.0+27.2a 45.0+2.1a 42.740.7a
T3-side row
T3-i12%7
w2ty — — — — — 631744756 35.3+1.8b  40.9+0.6b
T3-sub side row
T3-Hflf7

. 7.02+0.03a  13.4+0.7b 6.25+0.07ab 6.60+£0.05b  590.4+23.6a  302.4+2.9b 586.6+6.8b 34.3+0.4b 40.1+0.0b
T3-middle rows

[RIZNVEHE J5 AR RING FHE R R 2257 8. 3% (P<0.05), Different lowercase letters in the same column indicate significant differences at P<0.05 level.

wzza T1
AT T3 A BE TR B E RN (3R 1. g%_%@idmw
A B A, A A 1 U R AR T L 3T Middierow
TR SO £ R 5 — A P R, =01 f
-5 S F R (AT T B b, wF2|
5 1R PR R A0 R R0 H B B4R T 17.00% B0
w2 0.8 <
#2): R Z 06 | ?
25 R-HR- R AN R EM K AL R AR Sost
B2y 0.2 %
#1 o LN L . .
AR AL BN VE W sE R AR R an 1 9 Irw . it Tk N
T3 AbHL R, MRAE . oK /N G RE A A0 8 43 Coton. - Maize - Wheat
_ - s we B9 AEFIESXIRE EXFNEERAERDY
x2 AEMEAXHEMELM MY SELE =1

Table 2 Multiple-crop index and land equivalent ratio of

different planting methods Fig. 9 Effects of different planting methods on light use effi-

ciency of cotton, maize and wheat

JIT] FRMEE L B N
Treatment Multiple-crop index LER T1: AL AR, T2: /NAZ- R AR PR T3: RS GE e 11F
T1 1.00 1.00 ARG 8 Fon A F ) 22 5 8 3% (P<0.05), T1: cotton monoculture;
- 2.00 1.00 T2: wheat-maize rotation; T3: broadband crop rotation of cotton-grain-rape.
' ' Different lowercase letters indicate significant differences among treat-
T3 2.00 1.17

ments at P<0.05.
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