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Effect of sugarcane//soybean intercropping and reduced nitrogen rates on

sugarcane yield, plant and soil nitrogen
YANG Wenting, LI Zhixian, SHU Lei, WANG Jianwu "

Institute of Tropical and Subtropical Ecology, South China Agricultural University ; Key Laboratory of Ecological Agriculture of Ministry of Agriculture, South
China Agricultural University; Key Laboratory of Agroecology and Rural Environment of Guangdong Regular Higher Education Institutions, South China

Agricultural University, Guangzhou 510642, China

Abstract; Sugarcane ( Saccharum sinensis Roxb) is an important sugar crop in China which mainly produced in subtropical
and tropical region of China. Wide row spacing (120 cm) and initial slow growth rate of sugarcane offers a suitable space
and resources (water, nutrition, light) niche for intercropping in sugarcane. Meanwhile, over input of nitrogenous fertilizer
was also a big problem which results in soil acidification and environmental pollution. How to reduce nitrogen application
and design suitable sugarcane intercropping pattern is the key techniques to make the sugarcane production more sustainable
in south China.

In order to explore the sugarcane fresh yield and dynamic changes in nitrogen uptake by sugarcane, soil nitrate,
ammonium and microbial biomass nitrogen, a field experiments were conducted in 2010 at experimental farm of South China
Agricultural University (23°08'N, 113°15'E). The experiments were the randomized block design with two levels of N
fertilizer (300 kg/hm’, 500 kg/hm’) and four cropping patterns ( sugarcane monoculture, soybean ( Glycine max L. )
monoculture,, sugarcane//soybean (1:1 rows) intercropping, sugarcane//soybean (1:2 rows) intercropping). All the

treatments have three replicates, each plot (4.8x5.5 m) grows four rows of sugarcane except the soybean monoculture
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treatment in which grows 16 rows soybean.

The results showed that sugarcane fresh yield significantly decreased in 1:1 and 1:2 rows intercropping systems
compared to sugarcane monoculture under reduced N application (300 kg/hm’) , but the LER (land equivalent ratio) of
the two intercropping treatments were bigger than 1, and harvested 1.52 and 3.25 t/hm’ soybean respectly. There is no
significant difference between the sugarcane fresh yield of the two nitrogen application levels. Nitrogen rates and cropping
patterns did not influence sugarcane’s nitrogen uptake, soil nitrate and microbial biomass nitrogen when the sugarcane
harvested. Soil nitrogen in the plough layer changed with crops growth, the lowest content appeared at tillering ( soybean
harvest) growth stage of sugarcane, soil nitrate nitrogen content was remarkably higher in sugarcane//soybean intercropping
(1:1 rows) than sole cropping in this stage. In conclusion, intercropping patterns improved the LER, reduced nitrogen
application did not notably affected sugarcane fresh yield, and the soil nitrogen content in plough layer was not different in
all treatments. Sugarcane//soybean intercropping under reduced nitrogen application is feasible to practice in consideration

of improving the utilization rate of land and agricultural environmental protection.

Key Words: sugarcane-soybean intercropping; yield; nitrate nitrogen; ammonium nitrogen; microbial biomass nitrogen

H I (Saccharum sinensis Roxb) Ay P HGHT 1) ZERIEY) , 3 E 2t 526 3 KRH R E |, 2007 4
PRI RN 1.23x10° hm®™ HRERTIAE K208 M4 T B4 58 (120em) |, 1 01K iF 8] + 3t R 30) O eAn +
R IEA AT AT IR T FE ok 7 (i i SRU A0 A B 42 | 3 R T ) ML it P 2o B P TREIX A 4—8
£ EUIE A it PR AL o T A P AR i IE IR 2, 5 R T R 1R Ak it B AL R 5 e o)
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1 MPEFEZE

1.1 XX o e o
T 2010 423 F % 2010 4F 12 Afefemidkol k£ soo] o % %
S (23°08'N, 113°15'E) HEAT 2010 467 HAEFLY 2 aoo = 1
WK 2145.3 mm, 4F H BN ECFE 1175—1643 b, 4F ¢ 3007 N
B e 86 “CIRLTE 36. 6—37. 3°C, AE MU AR e 2 2O) lo ¢
~1.6—3.0C, HREZE R IBIE (2010 4F 3 H—2010 45 & *®] | o %
12 ) PR H 23. 56°C, B /K iy 1948.2 mm, 5/ O 2 3 456 78 90112 " -~
LR B0 UL TR 1 (ERER BT 2010 4R 7N T AR A Monih
) o I R AR LD, B E AT LT B 21. 08 g/ E1 2010 M ABTERNAKRER

ke, BEL 75. 38 me/ke, YR 75. 04 mg/kg, W Fis 1 The data of precpitation and average temperature per
61.71 mg/kg. month in 2010 Guangzhou
1.2 e g R

TG AL H R S AR R BB 00-236 ( Saccharum sinensis Roxb. cv. Yuetang00-236) , A s 2R F 20 S
B ST R S T 2R ArBE R R BT A B E 3 (Glycine max L. ev. Maodou No.
3), R LEF 20 100d,

FRAJE 4 Hly H 7 it S T Bt KT, B R 525 kg/hm®, ki it &0 R 300 kg/hm® o A 36 2R F it &
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KA AR S R BB, A UK, 3 R H IR S, — N R AC (8 R 2 B A X R s 7 A b B
(1), RERBFEHLX A3 KEE /NXK N 5.5 m, 568 4.8 m, /DX A 26.4 m?, HEEATHE 120
em, KGATHE 30 em, #REE 20 em, HEESAERIIMERE/ N XA FIRL 4 17, KESAAE 16 17, B47F0 25 0, BIE
R 2 ¥k, HRE /RS (1) FTEE// R (1:2) B 4 BIFRAS 4 17F0 8 17K,

F1 HE/XEEMEBBRKEIET

Table 1 Field experiment design of sugarcane//soybean intercropping

Ab B Treatment Jiti 07K SF- Nitrogen rate/ ( kg/hm?) A 772 Cropping patterns

SsN, 300 HAEHTE Sole sugarcane

IsbN, 300 HIE//KE (1:1) Sugarcane/soybean
Is2bN, 300 HE// K (1:2) Sugarcane/ soybean
Sh 0 HiAER K Sole soybean

SsN, 525 BAVEHTIE Sole sugarcane

IshN, 525 HE//KE (1:1) Sugarcane/soybean
Is2bN, 525 HE// K5 (1:2) Sugarcane/soybean

H [EAEE T 2010 453 H 15 HEEFHEE,3 A 16 HEEFI R 6 A 20 H KRGk, 12 A 26 H HEEBGR .,
2010 43 A 13 Hifi 20 (LA 150 kg/hm® | S BEBRES 1050 kg/hm®, A HE(N P :K=15:15:15)750 kg/
hm*),5 H 8 HiBfiEENE , B it S L8 300 kg/hm?® , F Bt AL BB il IR R 225 kg/hm® I8 & Jite S0 Ak BB Jifs
PRZE 113 kg/hm*;7 A 1 HEEICZENE, H HLiE 2 AL BB i /R R 672 ke/hm®, U il 20 Ak BE 38 it iR % 295 kg/
hm? it AE f2 A LA FH ()45 22 55 2009 4R A4 — 20,

1.3 BRI H ik
1.3.1 AR A 2010 4F 3 A 2] 2010 4F 12 A H A E]

Sy AE H RS BERIIA (K IFAE) (5 5 H) CH BRI (K EUEK) (6 20 H) (H M9 A
24 H)FH BRI (12 A 26 H) 7R R/ X R B ACRPE R H RER AR 3 #%, 25 (T 105°C T &% 30 min,
80°C k24 W H-F Wy ik, AR L A PR B e 2 R AR R 7 o o 7 o 1 YU A 7 B0 ) BB
NS 3 4TS HRBRRST-SA (L, AR /N DX R S AR BSORT R 2R B B A AN T i, R S A H R AR AT
STEERII A BER ] A ISR AT A/ NS 2 AT R S TR BRI 45 (d=5 em) HL0—30 em 1Y
3RS IRG AT ok 2 mm G T4 °CYRARDRAE TR I 3B A A BAS A T R E D AL
1.3.2  +Hi24%5 H (Land equivalent ratio, LER) FHRAGT & [AI/E =B i3, HatE AR 4.

LER = Y,/ Y,+ Y./ Y,
Kb, v, Y AR R SR R (Vhm?) 3 Y, Y 20 B B R SR R (v/hm?)
1.3.3  HHREES A H,S0,-H,0, 1 & -1 E R E ", b5 A 2% &R H &AMt 6 B ik
BN F RS A R A KCL IR - I 5 b (3™, etk W A W i R S0 TR ZR B BB = I L
@ik,
1.4 %dEaba

KH Microsoft Excel 2003 F1 SPSS 13. 0 % 4 #F 47 % 41 Ab ¥ F1 4 11 43 #7, H LSD ( Least Significant
Difference ) %*ﬁgﬁﬁﬁﬁ%‘@( P<0.05),

2 HERE5SH
2.1 N[RIFPRE f]EXH TRERT A 2 A )

WA, Isb A1 1s2b FRAEAR R H e ff 51 = o LU SRR 0 0l (38 R R T 16.92% M116.01% (£ 2) 30
FE 5 B R KSE I [RIE 5 BAE [R) (%) H e o= e S 8 25 57, AN [R) B9 R0/ T A T 3 = i Y
A b 2SR 3K AT R 5 K AR B HA A W [ AUVE A DG F T AR R home T RR A B K S R A A RR 25U 1s2b
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Fl Ish AbBRAG 2 F1 4 45 T ARG EESE = A F B 25, PR e =itk a R %25, Nt &
LeRFE , WAt Z K E/E LER K F 1,40 F 1.08—1.38 ZJH],

R2 TRMEHENHENXEZSE>S
Table 2 The sugarcane and soybean pod fresh weight yield of different cropping systems

T A K/ (kg/hm? ) R R HRESE T =R/ (1/hm? ) KEESEF= R/ (1/hm? ) =g
Nitrogen rate Cropping pattern Sugarcane fresh weight yield ~ Soybean pod fresh weight yield LER
300 Ss 125.07+4. 54a — 1
300 Isb 103.91x6.92h 1.52+0.35¢ 1.08
300 Is2b 105.04=3.05h 3.25+0.27h 1.38
525 Ss 117.65+5. 55ab — 1
525 Isb 107.83x6.20b 2.01=0.35¢ 1.25
525 Is2h 114.7122. 60ab 2.40=0. 34bc 1.37
0 Sh - 6.0320. 44a 1
[ BB Jo N TRl 1 R 22 533K 5% 8 3 /K- (P<0.05)
2.2 OR[EIFPRE B H AR W AR 22 st
(I 2 ITUATE AR R R R R B 2 S0 .
FET IR, AE W T UK R R R R S ST
WSO MR S A S0k 301 g 0, T i B it LK T, H R g i
XTRE B W— ELAESE AN, TCie 2 el i i EUK ik 2 g
R ECET RS R TR Rk a g 8 : :
AR LA W 25 5 MR R, R ; :

R BAT ik 25 5% 1 ) H e B bR 28 e o
2.3 AS[ERPAE S BE T HEAS R AR B A I S A
P

B PR 2 5 b e U A R TE A KL 3 7T
VA 78 HORERE A, A b PREN A R 2R, B A
FEH 5 R 10. 68 me/kg, 76 H REATBERII (KT
16) i BT AR A A RS A AN A 77 A B, 7 HRE A BE R I (R AR ) | e it A K
T, ERE 12b B B S A S R & T Ss, Fhm 1 27.33%  H R AR Z0KF T, FiE
(] ) - A A A & O R 25 R (EUR AH [R) A ) VR AR U HE AN [ it 20K - 1) R B B 3 25 5% IsbN T 8

Cropping stages

2
Fig. 2

HEAREEMBRRMERNETERAERIIEE
The nitrogen uptake per plant in different sugarcane

cropping systems under different growth stages

M E AR FRER IR 225215 5% . K- (P<0.05)

16 1 a 0 SsN1 £ IsoN2
B IsbN1 B 1s2bN2 a
14 t 3
_ 1s2bN1
% 12 L o SsN2
S | o
3 \ i
S 8¢ o EE
8 2 o8
[) LR =
B 6t \ e
=] \ a ab ﬁ
= e abr bab te]
5 47 o b T =
o] o L ﬁ
™ s el
2 r ™ s ﬁ
o
. : w A
Growth stages

B3 HEAREEHHARMESNETIEHESAAE

Fig. 3 The soil nitrate nitrogen content in different sugarcane cropping systems under different growth stages
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Lt 1sbN2 FEAR T 67.27% ,1s2bN1 X HE 1s2bN2 FEAR T 49. 28%  1E H U, 4% 4~ Ak B [a] 4 S A 25 20 7%
AR WEES
2.4 SRR T H RS FAE B RHE 3 S /i sh 545k

X TR UL, IS AR AL, IS A S AT RN, W 4 FrR 7R RER T, DI S A A R
XN 2,85 mg/kg, HIREARA S i HATTE H IECGR A 0 e 2 2 5 e it 0K R S TR Y - e
AR PR EE 3 T 65.09% ,55.30% ;5 Bt 2K T R H AT Bk & i L By I 2 0
T, Ay BN T 69.44% ,53.71% , HAWA BN & B E] SR SR TR EER,

6 r

]
B a a
a
5 o L
_
2% & N
o S
E3E a i
=G b
= a b +b
(E S
8 o S
e o RS
g o S
o S
= o S
8 o S
o S
o S
o S
o S
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Fig. 4 The soil ammonium nitrogen content in different sugarcane cropping systems under different growth stages

2.5 RN[EIRRE T H RS [ AR i SRR Y A Y A sh AR AL

SR Wy L Wi R D A HURUR f i R — R, R R AR LS ) B — N B e bR, WA 5 R
A . SRR W A i R A BRI AR DR — B, D RUK P AN R AR S ) 1 3 2 5 (R
TEH R RIKE T Isb BT L Ss 5 61.51% (RN B F 255 . A H A F W, Joil & il it %20 2
FEH IR A, HEERIVER ST A9 SR E Y E Y RS B 5 H R A L2 A B8 22 57 s MR MR ST
ARt RK - A 2 e 3 L S M A R A

N ap

58 O SsN1 [ SsN2
< g B IsbN1 3 IsbN2
ég 1S2bN1 5 Is2bN2

&

2

o

s

o

o

8

£

3

1 1 1 J
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Fig. 5 The soil microbial biomass nitrogen content in different sugarcane cropping systems under different growth stages
3 1tig
[ FE 2 b E AR G AL 1 — 843, ENAMR Z BT KRB , RPFIAR AR B VR REHE = RARHEY 1Y 7
P R AR NARBFFR SRR, HRERIE R AR, R ff i 7= ek o Ol it R S5 R it
R TR W25 57, R W] 300 kg/hm® (it (5 I AN 23 5% ) H e 6 87 53X 5 W] — 000 1 2009 7 i fief

http ; //www. ecologica. cn



20 34 WsCss A H R/ R SR RIS T 200 H R ™ B AR PR e 1 R R 95 6113

PR RARI W 300 kg/hm® (14t R AEISHE 2 H AR KRR MR, i 2R EZIEA SR InH
REEEE A U BI SR A RN/ R G TRER R R Y AR it KSR ) FE AR X fef o
HFFEIR T 16.92% F116. 01% {5 1 > 5 Fo 1 T8 & B TRIE AT DA 4t g - SR T AR A 7 g TRl sp A
W2, RIVE R 50T ARG H e A8 (il H A s 28 80 7 i ] Bt 2 H et - i N R RN 22—,
HREROKE T VRS A B 22 7. TR T 525 ke/hm® M 0, AUIE LR 758 /2, KT XF
HRER SR A A /b, SRR, HRE// KOG RIVERR T MR FH 32 PRt K7 B IVERC R LER
KF 1R T —& B EEIL

MH TER S R R SRR A H IR G AR 1 SRR T A bR RS it s TR X T R T
TG AR R 2RI A1 | BVFECR RS H e SR 2 A AR A BU T, 76 H REA TR Ah T AR TEU R &, T
BN AC RSO | RIVE R IR T R R a0 sk, RS FFE B RE i 4R it — 8 5 i AU, AT R
B, H BRI ) VA = T R AR 2R 2 WS A i o B VRS X P i B, ik 5 R 0/ R A A T A R
HZE RIS R, FE U it KT T, Bk U A R A 25 8 K, 13X 5 R g 45 21
AR AT BE F T AR AR B X AN AR AW it RER T AR B R AR TS, (R AE H L
RACE T Bbk & A BRI A TS K, AT R S 8 m Pt AU A DG, T AN TE 25 AR A5 1 S IR 52 /N 22 s o ]
VERE R B, i 4 g/m” N 8 g/m® I, /N IRBUR R M RE S Rl , i /N2 P= s IR I A 1 o) 7
ARG L R BT 2SS, BIVAE [) — R A X P Ak R A o i 2 ) 344 o vy 2 346 n ) e AR H
TR TG R

TR A EUE P R R E M LA R R E R A R, HEMSAMESA
P BEE YA KB AR, 76 H o BE R B3 (R G IR ) 8 B S A, 17 76 A K 0 AN I SO b T3
%X AT RE S AP A A B AR LA SO A AG 56, 76 A B R R A AL T AR KORE X R T R AR WA S
99, AT T AR, RIS SRR S RS AT AR LA B R - R Y 0 B A ) o R — R AR i B R R A
R, R N LT, BAA R LA S R 2 AR AL (R — AR E B AN [ A A
B AEAE— B 25 5 A6 HRE AT BE R Dl i R/ TR VEAR X i A8 20 7 i s B A v, R W 1 R (R4
KA FT L IRHRAC 7, T Sy H e S KB 22 (9743, DD R R R R A XU > 5 A 43 i3 e Hp
WRUE R TR 7 1 KR ((NH,),CO) H 2 H R AR A 3 h e AL & 5 2470 1 3
255 R UTE AU RKT T AR T IERF AR AR 35 T /3R i AU

TSGR Y A Wy i R IR DR S Ry, A MR o T I — 0 R TP AR SR
SHIEIR N TR R MR R A R S E A . EASIRER D, T L —ZE H RO | E FIAR R gt — B
I ) P R ot Ry B 0 A R BRI T R BRETE (A5 H R R AT R Y R S A, TEH AR
AE A, A5 AL 3R] - R P i T 3 25 5, R UK RN RIS 2] B e e A ) - SR W i A R
R, 3% SR v A K R B R I LA A S e Y R A S R R E W 3
B i R AR B R BT RS BRI R R e X SR 0 A B IE AT G AR T IA AE AE K
& R IRy, R KA AR AR, BEAR T I LA B T T R IERE Y R A
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