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Effects of reduced nitrogen application on the yield, quality, and economic benefit of sugar-
cane intercropped with soybean. LI Zhi-xian'*”, WANG Jian-wu'””, YANG Wen-ting' ",
SHU Ying-hua'**, DU Qing"*’, LIU Li-ling"**, SHU Lei'** ('Institute of Tropical and Subtrop-
ical Ecology, South China Agricultural University , Guangzhou 510642 , China; *Ministry of Agricul-
ture Key Laboratory of Ecological Agriculture, South China Agricultural University, Guangzhou
510642, China; *Key Laboratory of Agroecology and Rural Environment of Guangdong Regular
Higher Education Institutions, South China Agricultural University, Guangzhou 510642, China).
-Chin. J. Appl. Ecol. ,2011,22(3) . 713-719.

Abstract; A two-factor field experiment of randomized block design was conducted in Guangzhou to
investigate the effects of reduced nitrogen application on the yield, quality, and total biomass dy-
namic of sugarcane as well as the economic benefit of the sugarcane population under different sug-
arcane/soybean intercropping patterns. Neither N application nor intercropping pattern had signifi-
cant effects on the yield and quality of sugarcane, and no significant differences were observed in
the yield and quality of sugarcane among all treatments. The land equivalent ratio (LER) of sugar-
cane/soybean intercropping at different N application levels was from 1.36 to 2. 12, suggesting that
sugarcane/soybean intercropping had higher LER than monoculture sugarcane. The total dry matter
(‘except root) of sugarcane in all treatments increased with plant growth, and the growth pattern
fitted sigmoid function. At lower nitrogen application level, the eigenvalues of the dynamic dry mat-
ter accumulation model were more coordinative, compared with those at higher nitrogen application
level, which meant that in the later case, sugarcane had an advanced peak growth time and short-
ened fast-growth duration, and thereby, its yield decreased. Therefore, it was possible to reasona-
bly adjust nitrogen application level to improve the eigenvalues of the sugarcane dynamic dry matter
accumulation model, and accordingly, to achieve high yield. The population economic benefit
under sugarcane/soybean intercropping was 3. 2% —-26. 3% higher at lower than at higher nitrogen

s [B 5K TS SRR 9T & R 1RIT0 H (2011CB100400) | FE ZK B 2 #1155 H (2007BAD8IB14 ) FlJ ™ Z- 44 Bl %1151 H (2008 A020100011) ¥ Bl
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application level, suggesting the increase of the economic benefit of sugarcane population under re-

duced nitrogen application. Among the treatments, 1:2 sugarcane/soybean intercropping had the

best economic benefit.

Key words: sugarcane/soybean intercropping; reduced nitrogen application; yield; quality; eco-

nomic benefit; Guangzhou.
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Table 1 Yields of intercrops and land equivalent ratio (LER) in sugarcane/soybean intercropping and monoculture systems
TERKT IR TR R SETaT: T
N application Intercropping Sugarcane yield (kg - hm™) Soybean yield (kg - hm™) LER
rate pattern 4 L l AR
Intercropped Monoculture Intercropped Monoculture
N, SB(1:1) 131740a 125175a 10748.3(4299. 3) ab® 9284.3 1.51
SB,(1:2) 140365a 11399. 6(9119.7) ab® 2.12
N, SB(1:1) 119155a 148090a 12434. 4(4973.8)a” 1.36
SB,(1 :2) 121170a 8571.0(6856.8)b" 1.61
[X 2l Block ns *
Jiti & /K N application ns «
[ERG Intercropping ns %
Nx[A]{E Nxintercropping ns -
A Cropping ns -
NxFfH Nxcropping ns -
[AI/ExFHE Intercroppingxcropping ns -
Nx A x[AI1E Nxcroppingxintercropping ns -

A AR AR B MR E AR B R OR SR 1, 365 A (A i T AR 9 KPR 1 Values in the parentheses were grain yields of soybean
in total intercropping area, values out the parentheses were grain yields of soybean in net area. ns:2% 5 AN 3 Not significant; * P<0.05; * * P<
0.01. [RFIARREFHEEFRRZESR .3 (P<0.05) Different small letters in the same column meant significant difference at 0. 05 level among treatments.

T[d] The same below.

L AR B H A AR bR 2R I
KE DB I 8. 7% 71.0% F13.9% , HIJ T .
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*2 AEMEEXHESEMEET
Table 2  Yield components of sugarcane under different
cropping patterns
Qb3 BREER PR E Y Bk Y
Treat- Effective Plant Stem Biomass
ment stem number height diameter per plant
(ind « hm™2) (cm) (cm) (kg)
SBN, 65500¢ 277. 3ab 2. 80ab 0.78a
SB, N, 69000bc 253.2b 2.78ab 0. 80a
SBN, 66500¢ 281. 0ab 2.91a 0. 69a
SB, N, 63500¢ 270. 8ab 2.81ab 0.67a
SSN, 74500ab 284. 3ab 2.79ab 0. 68a
SSN, 79000a 297. 3a 2. 69b 0.75a

TP TR H e A i B R34 T 35 52
2.2.2 A Y & 2RSSR RIEE R
(2) X HREA i BRI TG 15 B A [t 2K
SR HRE /R SA [ PRI AR X A R AR ) Bl A
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TREKE R Tl H AR 4 B e R o T /UK
S AR KT I AR H AR W e R R AEAR T
1o RO AN R A 3L 7o AR 4 i B e R AEAR TR
SB,N, >SBN, >SSN, >SBN, >SSN, >SB, N,,.

H1 4 AT, & ARAUKE T R Rl AR AR = Y
R A Py i e AN R RELE AT [R] 2 . SBN, (99 d) >
SB,N,(75 d) >SSN, (70 d) >SBN, (62 d) >SB,N,
(50 d)>SSN, (46 d) , P A=+ e o B 7 H REAE K Y
H175 ~ 192K, E AT HAEH R AR e ~

09

—a— SSN,
08} -o-SBN,
g —— SSN,
(=) 1
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B
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LER KK Planting days
1 AFEFHEET H BT R AR R
Fig.1 Dynamics of sugarcane dry matter accumulation under

different cropping patterns.
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Fig. 2 Dynamics of sugracane dry matter accumulative rate

under different cropping patterns.
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Table 3 Dynamic models of sugarcane biomass accumula-
tion under different cropping patterns

W FRRRSE R IS
Treat- Dynamic models of dry matter accumulation

ment

SBN, W=0.8082/[ 1+exp(5.6102-0. 0265¢) | 1.000 "~
SB, N, W=0.8397/[ 1+exp(6.9263-0.0351¢) ] 1.000* *
SBN, W=0.6867/[ 1+exp(7.5793-0.0419¢) | 1.000 " *
SB, N, W=0.6694/[ 1+exp(9. 1454-0. 0517¢) | 1.000 " *
SSN, W=0.6760/[ 1+exp(9. 8886-0. 0561¢) | 0.999 * *
SSN, W=0.7553/[ 1+exp(7. 1553-0. 0375¢) ] 1.000 " *

W THEHE Dry matter; ¢ ZERKEL Growth days.

R R BB AT R AR T H R K G
YEREZC(SBN, (SB,N, ) 14 H EAE W i 8l 25 B RURRE
SR IR T FRAERE X (SSN, ), A R T H A
P R - RIE AL
2.3 AN[FEVH R/ R G R ER R Y i BT 22 =
AN it K T Tl T 5 B T 4% it o 4
Prla) 22 AN 3% (2 5) , R Wit K7 L [a] fEAR
O HBE S TR S 22, BIMIREUKSE R T H RE/
KOGV ERRE A R Ok H e py DL 5T e 7™
2.4 ARIHE/ KEEERGENLTRLLG
M6 FTLIE B KE ARG T R
ta Y AR, o fIREUKE R, 4R B SBN, (SB, N,
] 1 R 48 1 28 UF 2 25 43 i) Lb B A T B SSN, &

Table 4 Parameters characteristic values of dynamic models of sugarcane biomass accumulation under different cropping

patterns

Ab ¥R MigEARTY R (W,) REAKERH () PR &R H (1) AR H (1) FRAERKEHE(v,)

Treatment Estimated maximum dry Beginning day Ending day of Maximum dry Maximum rate of

matter of rapid growth rapid growth (d) matter accumulation dry matter accumulation

(kg - plant™') (d) day (d) (g - plant™ - d7")

SBN, 0. 81 192 292 242 5.35

SB, N, 0.84 188 263 225 7.36

SBN, 0. 69 175 238 207 7.19

SB, N, 0. 67 177 227 202 8.65

SSN, 0.68 178 225 201 9.48

SSN, 0.76 183 253 218 7.09

x5 FAREAMEEATHENRRES

Table 5 Difference of sugarcane quality under different cropping patterns ( % )

yLpLil H i Plant of sugarcane BT Sugarcane juice
Treatment HERE ) 145y Wl S MOLRE HEWE > & JEORE o AL EIWAES
Sucrose Fiber Sugar Sucrose Reducing sugar ~ Apparent Gravity
content content brix content content purity purity
SBN, 15.50a 9.44a 19.57a 17.55a 17. 81a 0.47a 89. 69a 91.0la
SB, N, 15.63a 9.10a 19. 40a 17. 58a 17. 84a 0. 40a 90. 65a 91.97a
SBN, 15.54a 9.41a 19. 43a 17. 56a 17. 82a 0.42a 90. 33a 91. 66a
SB, N, 14.99a 9.46a 19.07a 16.98a 17. 26a 0.51a 89. 06a 90. 51a
SSN, 15. 63a 9.53a 19. 83a 17.73a 17.98a 0.49a 89.40a 90. 67a
SSN, 15.33a 9.37a 19. 40a 17. 35a 17.61a 0.49a 89. 36a 90. 73a
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Table 6 Difference of economic benefit under different planting patterns ( yuan - hm™)
Qb 7= Output cost £ A Input cost (23S &
Treatment HmE K qezly ek AT Economic
Sugarcane Soybean Pesticide Fertilizer Labor benefit
SBN, 44792 11883 2256 4695 15974 33750
SB, N, 47726 25547 2280 4695 17174 49124
SBN, 40514 14334 2256 5415 14464 32714
SB,N, 41198 20248 2280 5415 14870 38881
SSN, 42561 - 2267 4695 15021 20578
SSN, 50351 - 2267 5415 17771 24898

64. 0% F1 138. 7% ; 5 A KV T, &L B SBN,  SB,N,
[ 2R 48 19 28 55 20 45 43 0 L0 B4 HBE SSN, &
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T IRIWERE IR I 28 55 A0 2

3 it i
3.1 HE/ KERER

WA, HRE R AR AR AR AR 3 H e/ R
GHER LER KT 1, L0530 25 = T H0E 31. 4% ~
138. 7% , P, [RIVEANX B2 = R FH % iR g 3
R 2T RS , AN R A T H I/ K T -
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T R O 2 1 R G (PR AR s 4 ) ARl L 1]

VEVEIAS TR AE B B B i A= A A A, SR IBORH I Y A8 2
it
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