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Effects of Intercropping Ratios of Sorghum bicolor and Sesbania cannabina on
Forage Productivity and Interspecific Relationships

DONG Zhi-xiao', FU Kang', LIU Ying-Jie', WANG Zhao-ting", TAN Xiao-ping',
FAN Wen-tao', ZHAO Jun-ming', MA Xiao", ZHANG Jian™
(1. College of Grassland Science and Technology, Sichuan Agricultural University, Chengdu, Sichuan Province 611130, China;

2. Sichuan Forestry and Grassland Development Research Center, Chengdu, Sichuan Province 610036, China)

Abstract: This study aimed to identify the optimal intercropping ratio of sweet sorghum (Sorghum bicolor) and
sesbania (Sesbania cannabina) in the Chengdu Plain region and to clarify its effects on forage productivity and
interspecific interactions. Five intercropping ratios (3:1, 2:1, 1:1, 1:2 and 1: 3; sweet sorghum : sesbania)
were established, with monocultures as controls. Agronomic traits, forage yield and nutritional quality were
evaluated to assess the overall performance of the intercropping system. The results showed that intercropping
significantly reduced plant height and stem diameter of both species. However, the nutritional quality of the
mixed forage was significantly improved compared to sweet sorghum monoculture. Crude protein, total digest-
ible nutrients and comprehensive quality indicators increased with the increas of sesbania proportion. Sweet sor-
ghum monoculture produced the highest fresh and dry matter yields, while the 3: 1 intercropping ratio achieved
the highest yield among the intercropping treatments. Interspecific interaction analysis indicated a facilitative
effect when the sowing ratio exceeded 1:1, whereas sesbania inhibited sweet sorghum growth at lower ratios.
Based on TOPSIS and membership function evaluation, the optimal sowing ratio in the Chengdu Plain was
determined to be 2: 1, corresponding to 14. 67 kg-hm ~? of sweet sorghum and 30. 00 kg+-hm ~? of sesbania.
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These findings provide a scientific basis for optimizing the sweet sorghum - sesbania intercropping system in the

Chengdu Plain.
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Table 1 The seeding rate configurations for Sorghum

bicolor and Sesbania cannabina

UNES ST
Qb Sowing rate of the plot/(kg+-hm %) (s
Treatment e FH 5 Ratio

Sorghum bicolor Sesbania cannabina

A 16.50 11.25 3:1
A, 14.67 30.00 2:1
A, 11.00 22.50 1:1
A, 7.33 30.00 1:2
A, 5.50 33.75 1:3
Ay 22 —

A, — 45
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FH S I R A (A (18))
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TE AAL R 2 A K, B8 AL AL FI ALK B2 ) i 2
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FE 85 ok e o ] 49 L f81) 348 o i St 5 38 (3% 3D
A, Ab R AR, BAS A, AL By ) i 3 A
6.91% F112.95% (P<<0.05) ; A A PR bk i e v,
T HAB & A B (P<<0. 05) . ZEHL 28 b a3 5 bk
e FEAL B ) F A8 5 i 3 R . A A BRSO,
AL, AL, Ay, AR AR B 43 ) 3 3 N 57. 18 %0,
59.95%,31.82%,26.83% F117.20% (P<<0.05) ;
AHI AL B R 0 2 /N T Al A B AR AL AL PR

2.1 AEEELRFNFESRMAERZERD () 1 8 LU I T LA AR R A A IR T
Ao s BL(P<C0. 05) o A HEAE 2% b B 0] 22 5 1 25, L
B 1 5 HL RO bR 2 LR IR TE of A AR , A BB (P20, 05).
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Table 2 Effects of varying intercropping ratios on the agronomic traits of Sorghum bicolor
e B kK o4 R R T e
Treatment  Plant height/cm  Leaf length/cm  Leaf width/cm leaf area/cm’ Stem diameter/ Dry t'o fresh Ste@ feaf
mm ratio/ % ratio/ %
A, 357.40+5.16"  103.20+2.68" 8.10+0.37"  695.18+35.44™  18.50+0.61" 0.277+0.001" 2.64+0.02"
A, 354.4049.10° 101.85+6.04" 7.054+0.49"  597.28+57.34° 18.97+0.76" 0.269+0.003° 2.4440.05"
A, 319.03211.53°  100.8842.53* 7.884+0.69° 661.05266.09" 19.2240.59" 0.22540.002 2.5340.03¢
Ay 337.2046.55" 100.00+1.68" 8.13+0.46" 675.86442.05" 20.8140.91" 0.23040.001° 2.654-0.04"
As 349.734+7.01"  102.18+1.33" 8.3140.43"  706.04+44.14"  21.11+0.53" 0.239+0.002 2.7340.08"
Ag 361.45+11.83° 105.83+2.71" 8.68+0.49° 764.23+61.38" 21.7040.83" 0.285+0.001* 2.7540.04*
AN S B R7R 22 5 1 3 (P<<0. 05), T[]
Note: Different lowercase letters within the same column indicate significant differences (P<C0. 05), the same applies below
®3 AREMELGIFNEZTRZERAOF M
Table 3 The impact of varying intercropping ratios on the agronomic traits of Sesbania cannabina
b 3 R = eyl T E-Uid
Treatment Plant height/cm Stem diameter/mm Dry to fresh ratio/ % Stem/leaf ratio/ %
A, 144.4042.98° 4.91+0.26" 0.2640.005" 5.43+0.05°
A, 146.184+6.31° 4.8340.67¢ 0.26+0.006* 4.67+0.13°
Ay 150.8544.45" 5.86+0.41° 0.254-0.007" 3.41+0.16°
A, 152.7047.64" 6.0940.61" 0.2240.004° 3.8240.21
A 154.90+4.85 6.59+0.32" 0.20+0.006" 4.55+0.13°
A, 165.6543.42" 7.72+0.30° 0.254-0.006" 4.954-0.21°
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2.2 Z[E)EE b B 34 47 B RO B T

AN [ [ 1 B A9) 8 2 52 i) s S8 0 F A 1 i
P (P 4D o R B A R S (A LA o i
1%, AgAb B 55 66 164. 84 kg+hm 2, i & i T Hifth
AR B (P<C0. 05) 3 A Ab B 1) 4] 57 43 SR Ay, Ay As
A, AL HR BN 14.66%, 21.60%, 34. 44 % F
200%(P<<0. 05) ; A Ab FRERAIL, 8 35 AR T oAb b B (P
<<0.05) ¢ 7E A\ ~As A VEAL B v sy B fif 27 3t DA

x4 TEEELFITRAESE

The influence of different intercropping ratios on forage yield

Table 4

A KEIE F ey, 3 T HAAR B (P<C0. 05) 5 H 35 fif B
PN DL A Ab B A5 AL B 22 R R 3 (P<<
0.05), 0 E = LR AL H R 5, W o T
il Ab 5 AL b R AR, W AR T A 2L 3 (P<20. 05) .
FE A ~ARI S TR R DL A A P B L A
Ab R B AR (P<C0. 05) 5 B 3% R it DL A AR 3R 5 5
BOA~A R IR 5 ) W R 143.41%, 92. 44 %,
22.86% F110. 42%(P<<0. 05),

Al

fif 5 7% 4t Fresh grass yield/ (kg+hm ™)

T4 74 Hay yield/ (kg+hm %)

b — .,
Treatment it M35 JE¥i s it i M B
Sorghum bicolor Sesbania cannabina Total yield Sorghum bicolor Sesbania cannabina Total yield
A, 55371.421064.78" 5158.83£296.00° 60 530.2541007.27" 15 344.814-245.53 1328.07471.46' 16 672.88+234.33"
A, 51 886.3541938.57¢ 6419.88+418.61°  58306.22+-1538.41" 13 948.12-383.87¢ 1679.86+87.53¢ 15 627.98+301.08°
A, 42130.4341301.12°  10661.58+£397.13' 52 792.014-1059.09° 9484.214 224 44 2631.234-121.48" 12 115.44+ 24680
A, 36535.9741326.20° 13 240.994343.92° 49 776.96-+1353.99 8392.104300.69° 2927.514103.11° 11 319.61+347.35°
As 29 204.70£3223.58"  15820.414620.90"  45025.11+3586.84° 6987.93£742.40" 3232.69+114.69" 10 220.62£760.14
Ag 66 164.8441 343.25 — 66 164.8441343.25° 18 878.394-455.23" — 18 878.39+455.23°
A, — 20176.75£592.00° 20 176.754592.00" — 4992.71489.13" 4992.714-89.13¢

2.3 AEEMELFIGESGAEERARNZM
Hi 6 5 R0, [A)F BE o) B 3 5 S IR A A
B)E IR A B T T DL A &b
PR (95.6200) , & = T AL AL, Ay AL A 4b
L (P<C0.05) ; A b PR A IR (93.58%0) oMLK 7 &%
R AR IR 2 T H A AR HE(P<C0. 05) , A,
b B KT b B (P<<0.05) . KLIE Wi & R
TE AL FR R e, ACKE B R ik, KL (A R L
A, 4b Bl B B, B A ~A, Ab BB AN 6.66% ~
12.19% , 3F LA A b B Ry e i o 76 A ~A b B

FHL AR [ 7 Bl P 5 R S m T e . R AT AR 3R
3 ik B RR A LGRS 2 B R, o A
b3 A, AL FI AR B T AR EE S BRALCRT AL A
BAN R RS HS A A,
AbEETC W S TR IR AR A i DL A A P A
o, A b 3 AL, AR T A b #E (P<20.05)
HE 6T ) P A (L Bl FE S5 JB) A Lb f51) 168 i 4 v, AL Ab
T AL AR AGAEHE(P<C0. 05) (& 1-AD
HH X S0 T e 1 7 Ak A A5 A X ) A (R R AR —
H(H 1-B).

RS5  AREEMELL G R EE 5 S B0

Table 5 Effects of various intercropping ratios on the nutrient composition of forage crops
Treatment  Dry matter/%  Crude ash/%  Ether extract/% Crude protein/ % nutrients/ % fiber/ gent fiber/ %
A, 94.5140.22" 6.5020.33" 2.1840.17" 8.4340.21° 55.5940.76°¢ 42.784-0.55" 63.3620.08"
A, 94.28+0.16° 6.1740.15% 2.1440.09" 9.6240.29 56.47+1.05b¢ 43.4840.23" 60.6440.54¢
A, 95.50+0.26" 5.8540.14% 2.0740.07" 11.7340.55° 57.7941.00" 41.4340.22" 57.5040.55¢
A, 94.7240.24" 6.74=40.24" 2.244-0.09" 12.374-0.25" 58.3441.30" 41.1340.69" 57.1640.24%
A, 95.62+0.17" 6.33+0.22" 2.16+0.08" 12.67+0.52" 58.80+0.90" 41.5540.51" 56.34+0.21°
Ag 94.1440.11° 7.26£0.17" 2.4640.11° 7.14+0.11" 54.7640.43° 41.3740.37° 65.8940.66"
A, 93.5840.23¢ 5.6540.32° 1.6840.17¢ 19.334-0.42° 57.4341.27" 41.7440.58" 52.0240.63"

24 AEEELRFNHEESREHEMEXREDN
A

AN 5] (8] L 48] H i e 5 R T 35 1) 5 4 C R R
PR ] CIE 2-A) , A A BRI &5 3 (RY D AT 35

(RY o) A AT 7= B 40 551 o4 1. 08 AT 1. 065 A, kb BT it
e B T FH 0 R R 7 4 D 1011 AL 015 Aghb
BRI e SR R 5 A X 4 Dk 100 FiT 1L 055
A A B g SRR T A R T 4 Dl 1. 33
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Fig.1 The relative feeding value (A) and relative forage quality (B)of forage as influenced by different intercropping ratios

e ARVNG FR R R 25 57 B3 (P<<0.05), T
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Table 6 TOPSIS analysis of various intercropping ratios in Sorghum bicolor-Sesbania cannabina systems

pusi AE PUAR fi B B AR fif B GeitiE Ci HE#
Treatment Distance to the positive ideal solution Distance to the negative ideal solution Statistic Ci Ranking
A, 0.374 0.441 0.541 3
A, 0.339 0.418 0.552 1
Ay 0.326 0.357 0.523 4
A, 0.338 0.334 0.497 5
A, 0.359 0.310 0.463 6
Ag 0.416 0.511 0.551 2
A, 0.511 0.416 0.449 7
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Fig.4 The correlation between different intercropping ratios and the production performance of forage and the
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Table 7 Comprehensive evaluation using membership function analysis of different intercropping ratios between Sorghum bicolor

and Sesbania cannabina
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A, 0.878 0.842 0.546 0.084 0.745 0.818 0.095 0.066 0.509 3
A, 0.830 0.767 0.354 0.181 1.000 0.622 0.238 0.266 0.532 1
A, 0.709 0.513 0.164 0.354 0.190 0.395 0.523 0.535 0.423 7
A, 0.644 0.456 0.687 0.429 0.087 0.371 0.593 0.711 0.497 4
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