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Abstract: Cereal/legume-based intercropping systems have a significant effect on the soil by increasing nitrogen (N) content.
To understand the trends of N uptake, N nutrient competition capacity, and the legume nodulation characteristics in a
maize/legume intercropping system, we investigated the N absorption advantage in maize/soybean and maize/peanut strip
intercropping systems. We conducted a field experiment to study N accumulation, N nutrient competition, and the legume
nodulation N fixation regulation characteristics in different planting patterns, which were maize monoculture (MM), soybean
monoculture (SS), maize/soybean intercropping (MS), peanut monoculture (PP), and maize/peanut intercropping (MP). The
results showed that compared with the monocultures, intercropping decreased N accumulation in maize and soybeans and had no
significant effect on the N accumulation in peanuts. The trend of total N accumulation in the five planting patterns was MS > SS >
MP; PP and MM treatments exhibited the lowest accumulation and the difference was not significant. Moreover, the N accu-
mulation of MS treatment was 21.8% higher than that of MP treatment. Additionally, N accumulation of maize in MS and MP
treatments decreased by 20.5% and 11.7%, respectively, compared with MM treatment. N accumulation of grain, leaves, and
stalks of maize in MP treatment was 8.9%, 21.2%, and 14.3% higher than those in MS treatment. Furthermore, N accumulation
of soybean in MS treatment decreased by 28.5%, and the central and fringe rows decreased by 10.1% and 15.4%, respectively
compared with SS treatment. The effect of MP treatment on peanut N accumulation was not significant. The value of N nutri-
tion competition indicated that maize had a dominant position in MS, whereas it exhibited less competition in MP treatment.
Compared with SS treatment, the number of soybean nodules in MS treatment was higher at the fifth trifoliate stage and lower
after the full bloom stage. The effect of nodule fresh weight was not significant at the fifth trifoliate stage, and it decreased
after the full bloom stage. Nitrogenase activity of soybean nodules in MS treatment decreased, and the decrease was greater in
the central rows. Relative to PP treatment, the number and fresh weight of peanut nodules in MP treatment were higher at the
early flowering stage and lower after the acicula forming stage. The nitrogenase activity of peanut nodules in MP treatment
decreased, and the amplitude of the decrease was greater in the fringe row. Although the amount of N accumulation of crops in
the intercropping planting patterns was reduced, the total N accumulation of the intercropping system was significantly higher
than the monoculture planting patterns. The amount of N accumulation of MS treatment was the highest in the two intercrop-
ping planting patterns.

Keywords: Planting pattern; Maize/soybean intercropping; Maize/peanut intercropping; Nitrogen uptake; Nodulation nitrogen
fixation

] A 2 ol — ol UE S 2 2 AR 3T 3z
FIHES B AR, AR BB R DG . B K
JIE . 4% AR IE AR R RCREY, skgiia ek R
R ARHAERREMN A ) RF e, RiFED &
P RO R e M RS A —
E LA, AR B R A R A B ) A A )b AR
L A e L1 T = L1 A N T S 3 VR
PV T — R AR AR IR R, R
H R ERAK Ay L AR F AT, KRR
B, R4 b T 3 9 U 4 A 3 S SR LA E ) B R
AR 7 10 B, ) A W R AR R
FrVE AR = R 20 M A R 2 e AR R AR S0
FE43 2 6] 85 SR PRS0 I7 2 Wl 24 RARE
(Gramineae)E ¥ 5 & Bl (Leguminosae) /E ) ] £ A 2
e 3k 4 LR A TS SR R g
A A R T, DR A YA B ER I 9 Y A IR 1o
35 8 I A R P R A Y iR R, SR
VEY) 5 RAFHED 81 EAE 5 52 i &R 25989 [ A o
T U 25 POV g% W], K K (Zea mays) 5 K T
(Glycine max)EfE R4+, 5 HAEMLEE KGR

AL . BRRARR A EENR A i 2 P R . T
2P gE ], #MEZ (Avena sativa) 5 fE 4 (Arachis
hypogaea) B /F J& BEAR AL A= FF AL 45 FE W AR 4. AR
e T BT O S AR RO 1, (AR T
WIAE A i B R R, e T A AR T RURE T I R
X P25 SR, oK 5 i 5 (Pisum - sativum)[i]
YERG, S5 EM L, [BAES G A FORE A BOR
ARR E 0 B 5 S v, MU K s R 2 1k 0~500%.
$8 ] 2 0 1o kR B T SR PR, S T bt AR A
T, ERMEARERUCERAEKRETR, ERNEAR
1) 18 T SR B A T A% A ARR % RUBELE "k, B AE
AR A, B SRR [ AR M. DL R R
[ [ B R Gext Z RS W A AR m . ok
KGR TR PG 7 I b S 0 o e 22 429, i ot
KIGEA RME (A S TE 40 o RTIIE Y R BB oK
R FEA RIS BAR 1 Y 5 L (LER) R T 1,
H5 ML, FIfE 3 ARy s B AR,
R T A LA R 75 SR 1 R B RS R
P IR IR [ U8 T i AR A AT 56, AR SO E KRR R
O AR AT, BB R R R TR A

http://www.ecoagri.ac.cn



% 84

(197 S SRS S NANE 5/ NP (% SLTE (SR (R 7 ST O & L PN ) 1185

R BMAE I 5w ie S22 5 U K SR S5 [ R %5
AR, TRk S RE, BERERSIEDRE
TS KR RGPV E R LT RN ZS, W
WP VR M PR3 R, DU P e bk 2
T [ VE R A AR 2 % 75 40 1) AR A A 4
1 MBERE
1.1 RIa i = Rt

PR K K E A SRS B R IELT 6 5 (M
JA D KRR | Ra & 257 (P01 45 79 78 T Aol Bl 27
WFoEBedRAL) . KT 18 5 (U114 B Fe i A lb B2
W Bedefit), KU T 2016 4F 5—10 H eI 4 8
M =A™ FF 7R T S S T
1.2 RIEEIT

KRN FE 2R 3 5 A ROk
HAE(MM) ., KEHAE(SS). EERMEPP). BRI
GREMS) . FKRMEAERAEMP), K 9 m, 5
2.2 m, fF/NX 345, INXHIA 59.4 m*, AEALER 3 K

1

A PR R e A TR, AEATATHE 40 em,
SEATATHE 180 cm. [HIFE FKHEEE 17 cm, $E47 180 cm
WFP 3AT RS EEAE, IVER G lieA: 7 N THE 30 em,
KESCHE 11 cm, 7 1Rk, #8478 13 om, 9UE 2
P o B FOKFPAE 4 17, 2247178 40 cm, $E47 180 cm
PR 2 A7 K, FRAFNATIE 40 cm, RREE 34 cm; BAE
KGEACERE 517, 22171 7H#E 40 cm, $E17 180 cm
P 3fr REEfEA, KRG X 18.3 cm, /U 18k, f&
Aol 21.6 cm, ST 2 BR(ED 1) HAE L EVERBET,
FokGRE AT AL, F K PIOEAE, AR
Jiti N 72 kg'hm ™2, P,0s 105 kg-hm 2, K,0 112.5 kg-hm™;
B\ B N 108 kghm™? KH . 64— Wit
HE, JEAEHE N 60 kg-hm ™2, P,0s563 kg-hm™2, K,0 52.5
kg-hm™, ¥ NFTIRIIF I ATMENE .. 3 FEY 5 A 30
HHER, £k 9 4 HIER, K& 10 A 17 HIGE,
164 9 7 25 Hlksk.,

40cm 70 cm T4(] em' 70 cm 40 cm !
l; - =220 cm‘" - ‘| ILJO it

MM

40 cm)r 60 cm ; l](] cnﬁ(] cﬁ{ 60 cm
g 220 cnr ;

MS

60 em 30 cn30 ulj;b(} cm )i
220 cm y

;40 cm".- 60 cm ..’g.O ulT?O J.ﬁ 60 cm J
220 cm ?
PP

|

|:10 cm' 60 em '50 cn;rjﬂ cm 60 em
e 220 cm >

MP

1 FREMHERXTEE
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Table 1 Effects of intercropping patterns on nodule number and fresh weight of soybean and peanut at different growth stages

MR K& Nodule number per plant

HEEEF Nodule fresh weight (g-plant™)

= LB

Crop Treatment V5(ES) R2(AS) R6(FS) V5(ES) R2(AS) R6(FS)

K SS 31.8+1.57b 249.8+5.56a 249.9+4.10a 0.4%0.01a 5.2+0.19a 4.1%0.13a
Soybean MS 36.740.75a 177.242.16b 229.9+2.80b 0.4+0.02a 4.120.04b 3.8+0.16a

T PP 29.3+0.37h 217.9+0.30a 256.6+6.88a 0.420.01b 2.1+0.08a 2.9+0.07a

Peanut MP 38.7+0.39% 116.8+2.02b 205.8+1.25b 0.520.01a 1.240.06b 2.4+0.16b

SS: RITHAE; MS: T KRIKEIAME; PP: ALA 54, MP: FOKRMEAEIE, RGMAET R V5, Tt R2, BEAEW]; R6, Sokill, AR
AFH I ES, JFAE; AS, NEHY; FS, MU RSB R — 1R R AN R SRR B R AELE 0.05 KF 225 % . SS: soybean mono-

culture; MS: maize/soybean intercropping; PP: peanut monoculture; MP: maize/peanut intercropping. V5, R2 and R6 are the growth stages of soybean

of 5-trifoliate stage, full bloom stage and seed filling stage. ES, AS and FS are the growth stages of peanut of early flowering stage, acicula forming
stage and filling stage. Different lowercase letters of the same crop in a column mean significant difference between monoculture and intercropping at

0.05 probability level.
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Fig. 4 Effect of intercropping with maize on nitrogenase activity (A) and nitrogenase fixation potential (B) of nodule of soybeans in
central and fringe rows
C: SEATHI AT, B ST IAT; SS: KELEAAE; MS: FOR/KTZHME, Vb T, R2: BEALI; R6: Sk, AR FEERR
PAVEFIAAE G TP AT A4 TIR] 0.05 K- 25 R 2 . C: central row in the wide-rows; F: fringe row in the wide-rows; SS: soybean mono-
culture; MS: maize/soybean intercropping. V5: 5-trifoliate stage; R2: full bloom stage; R6: seed filling stage. Different lowercase letters mean
significant differences among central row and fringe row of monoculture and intercropping at 0.05 probability level.
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Fig. 5 Effect of intercropping with maize on nitrogenase activity (A) and nitrogenase fixation potential (B) of nodule of peanuts in
central and fringe rows
C: SEATHAY AT, B SEAT R YILAT; PP AEAR SRR, MP: EORMEAERIE, ES: JRIEM; AS: A, FS: 1R, R E%RR
BN A4 B AT A AT TE] 0.05 /KA |25 5% 83 . C: central row in the wide-rows; F: fringe row in the wide-rows; PP: peanut monoculture;

MP: maize/peanut intercropping. ES: early flowering stage; AS: acicula forming stage; FS: filling stage. Different lowercase letters mean
significant differences among central row and fringe row of monoculture and intercropping at 0.05 probability level.
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Table 2 N accumulate of maize, soybean and peanut of
maize/soybean and maize/peanut intercropping patterns
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Qb3 ER N KRE 14 JE8es
Treatment Maize Soybean Peanut Total
MM 152.6+2.49a — — 152.6+2.49d
SS — 356.8+1.91a — 356.8+1.91b
MS 121.3+£3.78¢c 254.9+0.95b — 376.2+2.95a
PP — — 153.4+4.95a 153.4+4.95d

MP 134.7+1.54b — 160.9+£5.93a 295.4+7.42¢c
MM: FOKBAE; SS: KREHAE; MS: F KRR RIE; PP: 4E
AR, MPr FORMEARTRIVE . RIS 5 AN [R) /NS S8 RO 7
0.05 /K¥ 25 8. MM: maize monoculture; SS: soybean

monoculture; MS: maize/soybean intercropping; PP: peanut mono-
culture; MP: maize/peanut intercropping. Values followed by dif-
ferent lowercase letters with a column are significantly different at
0.05 probability level.
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Fig. 6 Effect of intercropping patterns on N accumulation (A) and N distribution (B) of maize
MM: FREAE; MS: FOKIRERE; MP: FOKRMEARE . AR/NE FREFRR R AL HLE 0.05 /K-F F2 5 B3 . MM: maize
monoculture; MS: maize/soybean intercropping; MP: maize/peanut intercropping. Different lowercase letters mean significant differences

among planting patterns at 0.05 probability level.
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Fig. 7 Effect of intercropping with maize on N accumulation (A) and N distribution (B) in soybeans in central and fringe rows
C: TeATH R HAT; Fr SEATHIIAAT; SS: KT HAE, MS: FoRIKRTGIAME . RIR/ING “F8E 3R B RRIE A9 Fh 47 Fi14 7 18] 0.05 7K
- 225 B2 . C: central row in the wide-rows; F: fringe row in the wide-rows; SS: soybean monoculture; MS: maize/soybean intercropping.
Different lowercase letters mean significant differences among central row and fringe row of monoculture and intercropping at 0.05 probabil-

ity level.
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Fig. 8 Effects of intercropping patterns on N accumulation (A) and N distribution (B) in central and fringe rows of peanut
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VRS, C:central row in the wide-rows; F: fringe row in the wide-rows; PP: peanut monoculture; MP: maize/peanut intercropping.
Different lowercase letters mean significant differences among central row and fringe row of monoculture and intercropping at 0.05 probabil-

ity level.
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