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Effect of Inoculation with Arbuscular Mycorrhizal Fungus on
Nitrogen and Phosphorus Utilization in Upland Rice-Mungbean
Intercropping System

XIAO Tong-jian, YANG Qing-song, RAN wei, XU Guo-hua, SHEN Qi-rong

(College of Resoures and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095)

Abstract: [Objective] The effect of Arbuscular mycorrhiza fungi (AMF) on plant growth and nutrient utilization in upland
rice and mungbean intercropping system was studied. [Method] A pot experiment was conducted in greenhouse and AMF
colonization rates of rice and mungbean’s root, plant nutrient content and the ability of nitrogen fixation, and the changes of nutrient
content in soil were analyzed. [Result] The results of the experiment showed that the rate of AMF colonization of rice and
mungbean’s root reached 14.47% and 92.2% in intercopping system, and increased by 4.11% and 11.95%, respectively, compared
with that in monocropping system. At the same time the nirtrogen content in shoots and roots of mungbean and rice increased by
83.72% and 64.83%, 53.76% and 41.29%, and the content of iron in shoots and roots of mungbean increased by 223.08% and
60.19%, repectively. For the intercropping crops inoculated with AMF, the biomass of mungbean increased by 288.8%, whereas the
rice biomass had no significant change in all treatments with or without inoculation of AMF, the number and dry weight of nodules
also significantly increased when mungbean inrercropped with rice and inoculated with AMF. In contrast to that of non-inoculation
with AMF and monocropping, the content of nitrogen, phosphorus and iron in intercropped mungbean’s nodules with inoculation
increased by 80.14%, 69.54%, 39.62%, respectively. Additionally, intercropping with AMF inoculation significantly increased soil
nitrogen content, but reduced soil phosphorus content. [ Conclusion] It is concluded that nitrogen, phosphorus and iron content, the
numbers and dry weight of mungbean nodules increased, and the growth of mungbean was improved in upland rice-mungbean
intercropping system inoculated with AMF .

YefS BH: 2009-05-31; #EZ HHEA: 2009-09-28
E&WHE: R “973” HH (2007CB109304)
TEZBIN: HHE, Wit. E-mail: xiaotongjian66@126.com. MMAGE/E# 4, #4%, 1+, Tel: 025-84396212; E-mail: ranwei @njau.edu.cn



754 goE kW R % 3%

Key words: mungbean; rice; arbuscular mycorrhiza fungi (AMF); intercropping; nitrogen; phosphorus; iron; root nodule

0 35lF

[0 70E S Y WAR BB 5 MR 58 S A AR
O RAR , TR T AR T = REA0 K o FFR 43 (R RO
MR R A o BRI B B AN R AR P e B e
JIRAZEF W), U AR R AR ED A G R ]
2R G R R ) A I 5% 43 WS ) 56 Wi A o T
B DT AWt AR B S A K
R, R L2 BRI R0 L B B M LU N )
BIRICRM, JUHERE, AEREE (AMF)
RE 3 B VE Dy W o, O T 1A 22 W WSO i 2 T 9T e
ZWA, L S P bridhEE, BRI P JUAiAE T
TE BB AR (R R A Ak A 9 LR I 5096 1) T i 3 ik g A B
TRT BRI 22 WIAT 1) o T EL PR R R[] AR IR ] AT 1T 22 4
B 22 M (R B AR (R 53 03 (R e R 4RI T — 4 B )
AT, TR 2 M A R ) TR A 3k 1 AR 2 1 ik
2B, SeT SRMEY T RAF BRI EY IR VR (4 th
RZ, 2 SR B KAV DA A7 R T AR R 1
BEINT R HLBE I . AT IR A, R AR
1R YL R[5 Bk A B MR s A A th A 280 AR [
Pyl i B KRB, ST AR KRS GRMEY
) VR 7 B R 2 U AN 5 4 78 43 R 7 1 A H T )
N, RS T TSRS E D . s BN
FARciEE R W], fe AR KRG AE RGAFAER
RIPKRER R . CRUITUIA R Y BORETAAE IR
BB AT R IR 7 43 R O TR T K & R AR DG AT
IC, AHRAE ARG 4 G IR AR R b B P B AR B
W, T FCREAIAR N 75084k LSO P R R 1) 4R A K
B, HATWARIRIE . LU s ) ] 48
NGRS KRB AR AR R 4R AMF J5, AMF ZEPAH
VEPIAR 5 FEL 1) 22 57 SO P R E ) A B 7 43 R T IR 5%
il
1 RS
1.1 #ikEy

3K K B Bl g H A I (Oryza sativa ssp.
japonica Nipponbare) , Zg& a4 JIIEEE S (Vigna
radiata L. Chuanyuan) . R M HTZ 10%H,0,
HEE, BT IRIEUEAC A R S R KRR E
WG T 28°CHE R 2 MJaB Wi . kKB G 1
JE EHAE

1.2 it ESER

P TR VLR HE 21T 0—20 cm R )2 O
Kt 38 , TSR N pH 7.83 (K -
+=1:25), HHUK 13.67 gkg?, 4% 0.61 gkg?,
M 3.32 mgkg™, A 50.00 mg-kg™t. i 2
mm i, 7F 120°CFHm 8K 2 h, DURGE -3 )
FLR T BRI CR T LIRS WM R A (B -
=3 1) o WRPIIEAIL N pH 7.41, 4L
it 1.17 gkg?, 4% 022 gkg?, 4% 41.90 mgkg? ,
K 1.02 mg-kg™.

1.3 #HilERE

il AM O E RO . A% LB (Glomus
caledonium) , B5 90036; Ytk LAl 24 (Acaulospora
laevis) , TF*5 90034, &7l FH H [E R} Bt e sl It
G ST, FERh ) D =Bk 1 4 K%
BEARAS N Ar H B AR BB A AR AR B AR A AT
2o 10 YIRS B AMF R4 100 g T ASH
1500 MET
1.4 Rt

NI 4 DERALTE, 4 DB A KRG RAER
SRR, AR AMF, IS “HAE-AME” X
IKFEER Sk G AR HLAER AMF, 54 “A/E+AME”
IKHE S g SRR, HAER AMF, #5285 “RAE
-AMF” 5 KRGS Sk SIRAE HAR AMF, 524 8
E+AMFE” .

TR T0% P RE#E JE T, =1 30 cm, N4 25 em,
TR G 5 kgo  FTA 0T HECFH AL BT oA T 42 it
% 100 mgkg'[CO(NH,),], i 100 mg-kg™
(KoHPO,) , Hi%kH: 10 mg-kg™t (FeSO,) ity i
10 mg-kg! (ZnSO,) M NILAE. $EFf AMF B kb FT
5 AMF R0 3] - FEi= 1 - 10 [ Lufpl R 500 g AMF
WA, SRR R . AR A PR TR 4 PR
LE A RE, [AAEACERREA KRG 2 BRFIZR S 2 Bk K
Y RHLHES, FEACFEE AT 4 K. (R4 AEK 45d )RR
A WORIPRAE bR EIBRIR R 50 TF, RARM 281
AKIFPE T, JHTAI AMF 12965, MBS AR
3T
1.5 BEREEMEREZFITE

FK R IR EEAR R Bk, R uEs Y, A
AR AR REY, BHRSRE (trypen
blue) Yeklyets, MEHEMER R, oo

N



4 3] M RN R BTN LT 1) AR - S L A R 897 0 FUHIE AL 755

MJEFRK) L 0.5 cm>X 0.5 cm [k 75 EUEFIFg
AR S R E R TR Iy, FEfdilse B it 5 Sk 1
FAE (KL D MR (ND a3 (it
PR A (N 2543 = No/N; X 100; H
A LR AN I S ) 5 7K R F 100—400 X R e T
WS4 A BRI T
1.6 IREHAZE

B S0%IMIRRFE i, K BT AR, TR K 4R
+, UG, REFE, R T 60°C FHRRTE . AR
JAFER RS, e S BRI S . i R,
AR R . AR AR B B4t 2R
1.7 FRRESWAE

T FRRFIAREAE S A BRI TR A
SR W I e Y, R R R B
- AR YVE B T A, R RRLIR R ff p R YR 1R -
IR E T A . RECR YLK ZUEIE, R
FHERHULLEVENE, PR F R SO ENE -
1.8 HEAIEFS*

IRI6 s e vk 0 i A SPSS 11.5 3 AR kAT
ANOVA 7 #1, I M &/ B3 2 (LSD 0.05) X
A 3R] ) 22 S AT LU ARE o

2 %R

2.1 BEFEMERR PR T FKTEIR AWF BUREE

2 1] WL, AERP AP AT i AM LR R 4L,
R AMF I 21 S AUKTER R AMF (24, HEkE
(1) AMF 12 B30 iy Tk A%, 1 FL4k &2 557K AG 1) AMF
R Y RAE AR R 3 i T2 R E BUK R B A o
BARE B35 T AMF S KTBIR R 4%, 5
VEARLE 2> 5030 T 11.95%, 4.11%; {H RIS A/EE
[FAF, AMF XK RE 112 e 22 HARAE, 230 A 10.30%

R2 M ANF XEREFKFEEYERFIT

1 14.4%., HKFEAHLL, AME %45 e 2 1 &,
LEFAERITAIE T 23 ik 3 80.30%411 92.20%, [AfE
EHET AMF X4 0 112 4,

F 1 EREFEIERRPRIKER AMF BIRER

Table 1 Infection rate of AMF in monocropping and
intercropping systems

b3 AMF 244%. Infection rate of AMF (%)

Treantment £k Mungbean JK#& Rice

Hi/E-AMF  Monocropping-AMF 0 0

HAE+AMF  Monocropping+AMF 80.33 10.36

[A]{-AMF  Intercropping-AMF 0 0

{8 /E+AMF  Intercropping+AMF 92.28 14.47

2.2 3EMAVNF WESKIEEMERF M

M2 2 w0, R AMF R /R 54 m T4
e E, (e AEREESAE FER AMF LE AR
SE A RS BN T 146.80%F11 69.30%, LR {E
M R EER AMF [ 48 5 2B e L B A E N R
AMF Mgk G A EIEINT 60.80%, L HAEAEM
AMF [ AR T 288.80%. 7EA M AMF
W4T, AL G R AESE G AR R N T
129.60%. £2Ff AMF X} £¢ G AR L2 A, H ]
VR M Tt E IR k. Behlh AMF Rl /{4t
SRR ORI N, BN, SR AR AR R
VEERP AT N LE AR AR N T 370.40%.

SRS, R AMF FIEER KRG AL &
BAT R, AR KRG L) R AR e L R ek
AR HR AMF, [REY) W25 T /KR i)
Ay, AR RRAR T MR A, DRI TR R
BT KR L . ERAEA R AMF 251

Table 2  Effect of inoculum AMF on biomass of mungbean and rice

LhEE SR YR Rt Mungbean biomass and root -shoot ratio 7Kg A4 KM jet H Rice biomass and root-shoot ratio

Treantment Hy - Hy R bk ML Hy I 348 H R 9 W L
Shoot Root Total Ratio of Shoot Root Total Ratio of
(g/pot) (g/pot) (g/pot) root/shoot (g/pot) (g/pot) (g/pot) root/shoot

HAE-AMF  Monocropping-AMF 0.71d 0.27d 0.98c 0.38b 1.65b 0.57a 2.22a 0.34b

¥{E+AMF  Monocropping+AMF 1.72b 0.65¢ 2.37b 0.38b 1.47b 0.66a 2.13a 0.44a

[l /E-AMF  Intercropping-AMF 1.34c 0.91b 2.25b 0.68a 2.34a 0.13b 2.44a 0.06¢c

[A]/E+AMF  Intercropping+AMF 2.54a 1.27a 3.81a 0.50b 2.31a 0.15b 2.49a 0.07c

[ — A4 AR FREROR 0.05 BFEAKTF. FH
Values in the same column by different letters indicate the significant difference at 0.05 level. The same as below
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2.3 M ANF 3HE S FIKIEEA R R E R
3 WL, A AEL & mAE, #M AMF

R 3 EM AW MRS FUKFEERT RS ERNZMN

H B T AR AUKFERIR I R S N
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Table 3  Effect of inoculum AMF on the content of nitrogen in mungbean and rice

pused

Mtk & Content of N (g-kg™)

Treatment

£k 5. Mungbean

JKHE Rice

M 3% Shoot

R B Root Hh 1 Shoot iR Root

¥E-AMF  Monocropping-AMF 9.83+0.45¢
¥AE+AMF - Monocropping+AMF 10.69+1.66¢
[&]/E-AMF  Intercropping-AMF 14.71+0.92b
[a]{+AMF  Intercropping+AMF 18.06+2.01a

6.91+0.73b 6.38+0.92¢ 8.21+0.65¢

8.56+1.16ab 8.31+0.62b 9.37+0.77bc

8.04+0.96b 8.48+0.29b 11.08+1.24ab
11.39+2.52a 9.81+0.50a 11.60+0.92a
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VERRN AT N LUTE BAE AR A AF T b b0 & il =
Sy T 388.73%1 513.95 %. [AI/EERI4AE R,
KRG b bR LA N A N T
279.07%, {HHL N6 S RENFK T 1.63%. SE G RIK
FEAE T EA B A T LAE A EA M4 R 136
(IR & B BN T 204.23%F1 513.95%, Hi FHE&
WA N T 178.70%F1 277.44%. FERE1ESE
SRUKFE I A AR AR, IS T 4 S RK
Ay S 2H 2R ) Ml e v e e K
2.5 ERDANF X E S ARG S BRI

R4 HERAF MRS FUKFEERP B E EREMN

% 5 Al WL, AR BAEEEEAE, B AMF
R E S T SRR R RRR RS B AR
Bl AMF, [R)VEHR R FE B = T % W 1 b SRR 5611
B, HRVERR S TOKAR I IR S, R
T KRG L B . TR A I i A
K, GEGAEAEERI AT T LOAE A AR AT T 1)
My b RN MR Bk Ay i i T 223.08% Al
60.19%. KIELEIAMERRN ST LA A AR 251
TR B S BN T 157.14%, MU S AL
$em T 42.34%. (HOEIKARBRVEAFERI AT, M EAI
TS kA T o
2.6 IEMANF SRS ERERNEE
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Table 4 Effect of inoculum AMF on the content of phosphorus in mungbean and rice

Ab B

RI¥kBE & Content of P (g-kg™)

Treatment

£E17. Mungbean

JKF& Rice

Hb 3 Shoot

iR Root

i E# Shoot iR Root

HiE-AMF - Monocropping-AMF 0.71+0.14c
H/E+AMF  Monocropping+AMF 1.21+0.14c
[@){E-AMF  Intercropping-AMF 2.16+0.62b
[AlfF+AMF  Intercropping+AMF 3.47+0.42a

1.69+0.06d 0.43+0.01c 1.33+0.18¢
1.82+0.53c 1.21+0.18b 3.35+0.36b
2.68+0.28b 1.63+0.51b 2.79+0.81b
4.71+0.07a 2.64+0.11a 5.02+0.50a
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Table 5 Effect of inoculum AMF on the content of Fe in mungbean and rice

pused

KikkEk & Content of Fe (g-kg™)

Treatment

£k 5. Mungbean

JK¥& Rice

b 1B Shoot

R #E Root

Hh 13 Shoot R B Root

¥E-AMF - Monocropping-AMF 0.13+0.02b
¥E+AMF - Monocropping+AMF 0.15+0.04b
[&]/E-AMF  Intercropping-AMF 0.19+0.00b
[a]{+AMF  Intercropping+AMF 0.42+0.12a

1.03+0.10c 0.14+0.00b 1.37+0.13c
1.38+0.19¢ 0.34+0.04a 1.87+0.08a
1.36+0.15b 0.15+0.04b 1.60+0.15ab
1.65+0.08a 0.36+0.14a 1.95+0.43a

R 6 IET AN JHE S SEEIER RN

Table 6 Effect of inoculum AMF on nodulation of mungbean

S HRIRE AN IR+
Treatment Nodule number (g/pot)  Dry weight (g/pot)
FifE-AMF 42+2.52¢ 0.100.02¢
Monocropping-AMF

HLAE+AMF 58+2.08¢ 0.150.03c
Monocropping+AMF

IAE-AMF 7218.00c 0.200.04¢
Intercropping-AMF

IA/E+AMF 99:8.08a 0.4020.02a

Intercropping+AMF

40.00%7F1 57.70%; [AI{EHM AMF Ab B 4 (1) R
HORVRR R o3 LG () VE AN P AL 3143 73 384 0 T 38.00%
i1 95.60%, LU HL1FEAZ A4 B2y 514G 1N T 138.00% A1
309.30%.
2.7 HERhAMF FNEMEXTRERBA.BNSKIENS
g
2 7 WL, R AMF ARFE G354 s T 4 R
A BRI R . SAEER AMF b3Sk
HRBE S WA 1 R LU SR E AN B P A B 23 391 384 n T

F T EM A FEEMRERER, BANKS 2R

Table 7 Effect of inoculum AMF on the content of nitrogen,
phosphorus and iron in nodules of mungbean in
intercropping system

AbEE TR ICR D =

Treatment Content of nutrition elements in nodulations (g-kg™)
N P Fe

HE-AMF 17.52+0.72d 3.71+0.62¢c 0.530.11b

Monocropping-AMF

HAE+AMF 25.37+1.03b 7.42+0.37a 0.67+0.04b

Monocropping+AMF

iH] {E-AMF 23.36+1.17¢c 5.64+0.18b 0.7620.06b

Intercropping-AMF

[F] fE+AMF 31.56+1.37a 6.29+0.68b 1.27+0.07a

Intercropping+AMF

44.81%. 100%- 26.42%; [HJ/EE:F! AMF AbEEZE AR
R RN AR LU T VAN B P A B 43 0388 n T
35.10%. 11.52%. 67.12%; Lt HAEAER0ALEE 5> 5138
T 80.14%. 69.54%71 139.62%.
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Fig. 1 Changes of the content of total nitrogen in soil of

different treatments
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Fig. 2 Changes of the content of phosphorus in soil of
different treatment
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