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Effect of AMF Inoculation and Root Separation on Plant Growth and Phosphor-
us Accumulation in Soybeans Growing on Purple Soil under Intercropping Con-
ditions

JIA Guang-jun', LIU Yong’, GU Lin-jing' , ZHANG Nai-ming', HOU Zeng-long' , DUAN Hong-ping',
XIA Yun-sheng'

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. Guangdong Institute of Eco-environment and

Soil Sciences, Guangzhou 510650, China)

Abstract: Soybeans are often at a competitive disadvantage condition in the maize/soybean intercropping system. A pot exper-
iment was conducted to study the possibility of enhancing phosphorus (P) uptake efficiency of intercropping soybeans through
inoculating with arbuscular mycorrhizal fungi (AMF) , and to provide scientific basis for the P management of soybean produc-
tion in purple soil. The plant growth and P uptake by intercropped soybeans on purple soil were studied. The intercropping
maize and soybean roots were separated by different conditions (not separated, nylon net separated, plastic cloth separated)
and three different kinds of inoculation status (none-mycorrhizal (NM) , Glomus mosseae (GM) , Glomus etunicatum (GE)).
The results showed that the mycorrhizal colonization rate of intercropping soybean roots under inoculation with GM or GE had
no significant difference among different roots barriers. AMF inoculation inhibited the roots elongation of intercropping soy-
bean, and GM inoculation could significantly improve the soybeans biomass, as well as make the soybeans uptake more P and
grow better when the roots was not separated. While GE inoculation could not promote the P accumulation in soybeans. The
effects of different roots separation on soybean was also different respectively. The soybean roots length under the plastic cloth
treatment was the shortest, and soybean biomass under roots separation was greater than the treatment of the roots not separa-
ted. Without roots separated treatment, it could improve the P accumulation in soybeans. In all treatments, the treatment of
GM inoculation and roots not separated was the best one for intercropping soybean plants growth and P accumulation.
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MK M EH B ( Arbuscular mycorrhizal fungi,
AMF) 2+ 3P SR BB MM AEYZ
—o PERIE , AMF A 538k 1 90% LA I A4 R
TR AR R BT KT AMF ] {2 3 A bk ) B 2%
(3 A SR T R EEAHSY , — 7 TN AMF g4y
WA BILTR PB4 1 M M W N e A A BILIRE , R
FARA IR Y =R AME R LU 5

s A #1:2014-07-05
EEWH : HE HRPRAHRL 4 (41161041)

R RETE TR B () B R i 1 5 M, AN 32 R IR BIE S
SN S A R PRI R T, MR ST T 4 A
AMF AT BN T K X B R — 5 i R/ \ 45 i 1R 4
BERRAR AT . 55— 7 I, AMF 0] DLl 3 K 32
FE IR 2R A IR WA T A, R Ak 1 48 pHL, 38 5 5k Y
AR, TR B PR 1) AR P A2 i AL Rk ) 2
i

F—1EHER NV 42(1989-) , 5w+, EEMNF AR IFRIELY IS . E-mail ; jiaguangjunl @ 163. com,
BIRAEE  FizA:(1975-) 5 B2, FENHEREREI S5 Q42558 E-mail ; yshengxia@ 163. com,



34 B) A AMF HeRh S5 EAR 2200 B 0 X0 58 €0 b b T S A K Rl 3R M 52 ) 437

ORI E R EE N LIER R IFHES
P EL P B IR, i AP B R R
R, T HERRA B = 2R VR 7 ) R PR
2 T B NE AL Y K 8 2 B R
IR AR,z A2 Tolk A A RE T ARl
A PE XL 1 oK, B E IR AL AN D)
—J7 T, R ) it e S A 3 B 2R A I R
IRIFRSEE R 5 S . HATA & AME 59858 AL D5 4
JRAE ST R TE G 22, Bt X R 77 5 0 1 10
MRATFE D WARIE , 72X A 17 55 T AR B b
S0 AR i, AR R AL R 2 e
At FH 4, AN AT S Aol A 7=l ok 2 B A, HL AT
DAY - S 3R A 3T 2K T 9 20 A Tl 3R 0 A i U
IEE L8

FK/ ARG EAE Sy —Fof UL 194 1 8 16 1 ol A
R, A HAEAR A6 K L A IR AT T
AT W T IR AR AR PR, e
B i T 1 R o S 2 0% P AL A OB Wl S b |
FRAE AR T, LA, (R AR e il e T 2% Rk A
DR L, e R R KR, W B SRR
RGBT AT 1 T K/ R ERAE
FAEL R AR S R 2 %8 9k ) WSO 8 0 #5255 , A T8
TR R PR RIS TE i1 Wi AMF &)
REAE 1K LW A AR R B v o AN B 50 R T 4k
JPERIHER AMF $i 75 6] £ K SR SR 14 ml
RETE 5 I MERR R 0 B U7 205 AMF fE 580+ | ok
FIZEHMIGE , BAERIT M PR30 1)V RS2 A A K
RS BB R 22 5, e VR R G P E
AR A AU B AR 2R b R BB AT 4 2 TR, DA R A
77 BB R A B R AR Al

1 #R5FE

1.1 ##l

Wty NS RS B T NI o S W s i E = N
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Table 1 Variance analysis of AMF colonization rate and growth indices of soybean plants under

different AMF inoculation and roots separation ways

S AR e e LiESN EYit Dry biomass M L
Factor Colonization rate Root length b |35 Shoots 2 2 Roots Roots/shoots ratio
HAAEER AMF inoculation A NS
MR A BE 773 Roots separation way NS NS NS & % NS
TARERD x iR R =X NS
AMF inoculation X roots separation way ’
TERLUURT 43RIFR P <0.001 P <0.01 Fil P <0.05 JKFE; NS FORARE; FRE,

4% P<0.001;
2. 1.1 KRR AR 2AR R AR Je R BARK 09 % 0
F1 3% 2 6K nT R, R AR b P OISR AR R G,
TR AMF B AR B TGI8 (] R 28 23 B 77 308
AR IBIR Y
MER/RERZ AT FRALBERTE , NM Ab 1
REMARZ K T, M GM Fl GE 4b P
ZIAIJG 22 5 TR AR AR R JE T Ak B, NM
ARFEAN GE b PR R AR 25K T GM b B, AR
ZA P SR A Ak BER AS H A A B R TR 3
T GE 43, {H 5 GM A FEJC B 22 5% . NM 4b Bt
&, AN i Ak BRI R JE ) Y R AR K T R 3 22
S, B SORL A Ab BR A R BRI 3 N TR g3 B A
o GM ALFER AN 73 B Ak 215 i Ak P 8] G 12 25
Sto GEARFET AR A B e e ) 4k B A R BAR K
S AN B AL BRI SRR A Ak B N B R
SRR b R 2 18] OF B R 2 . X UL T HR
GE FLEAME T, AL A B Je e 9 4 AT Bl R 2 AR
EILELIN NS
2.1.2 REAET AR ZHA LY FH Y0
2 BRI A BRAL IS R CM B R
o L FRAE Y KT GE ARBE, A GE B Y
REGHT AP e R T AR AR B e e 9 4k Bt
T AR GM Ak B 0 R 7 L 0 A o 4
KT GE RbF, ASHz ol 4b 38 1 R AR 5 A 9 o B3
RTFFLAAEBE, WRAFE LM AL BT, GM Ak P
KRG AR R AE YRR . P 455 CM K
FRlEL P SR A b B R G R R R i iR . NM 4k
R AR AR BRAL BE A R S B AR R T
SrPRAsb B AR AR A e 5 e TN o B Ak B
Ferp R e JE M Ab B R AR R AR W ok, U
HREr b Ak LRE S (8 o A 320 9 R S AR
EMHBMREARZEYRAOAR, CM AEHT,
AR Ak BB DR R A 5 O 0 o Ak B

", P<0.0l; " P<0.05; NS: not significant. The same below.
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Table 2 Colonization rate and growth indices of intercropping soybean under different

AMTF inoculation and roots separation ways

KbFR Treatment =t o, 2 ot
Fese A4 Dry biomass/g+pot ™! MR
R4 licE Colonization Root length Roots/shoots
Roots separation way ~ AMF inoculation rate/ % Hh F- 5 Shoots M Roots ratio
NM 0b 205.3+10.8 a 4.16 +0.33 bed 0.58 £0.04 d 0.14 +0.02 cd
e
GM 45.0+7.0 a 106.4 £12.5 e 4.95 +£0.06 ab 0.68 +0. 08 cd 0.14 +£0.02 d
No separation
GE 40.2+3.3 a 121.9 +£10.0 de 3.79 £0.37 cd 0.99 +0. 06 ab 0.27 £0.03 a
I ALy NM Oy 191.5 +16.5 ab 4.87 +0.13 ab 1.21 £0.05 a 0.25 +0.02 ab
Nylon net GM 38.2+£7.2x 105.9 +£10.2 e 4.83 +0.02 ab 0.81 =0.09 bed 0.17 £0.02 cd
separation GE 46.6 £5.7 x 166.4 +14.8 abe 3.50+0.23 d 0.93 +0. 09 be 0.27 £0.04 a
SR B NM 0B 157.2 £10.9 bed 4.25 +0.23 bed 0.90 £0. 09 be 0.21 £0. 01 abe
Plastic-film GM 47.8+1.3 a 142.6 £11. 8 cde 5.39+0.50 a 0.96 +0. 16 ab 0. 18 0. 03 bed
separation GE 39.8%5.0 a 116.8 +8.3 ¢ 4.37 £0.07 be 0.83 +0. 04 be 0.19 +0. 01 bed

RSIRIRING SR AE P <0.05 ATPAP1E BEES,

A DR RV B 835 S A R AR [ PR R 2R (abe wxyz oBy) , Tl

Different small letters in same column show significant differences at P <0. 05 level. Different letter systems (abc, xyz, aBy) indicate not signifi-

cant interaction between roots separation way and AFM inoculation. The same below.
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Table 3 Variance analysis of phosphorus indexes of intercropping soybean plants under

different AMF inoculation and roots separation ways

| %E Shoots 2 £ Roots
e \ AR BRI R
B h BRSO W BRSO -
Factor P uptake efficiency of roots
P content P uptake Pcontent P uptake
AR 4%EA AMF inoculation NS
%43 BR )73 Roots separation way NS NS

FHER x AR ZR M 73X

AMFinoculation x roots separation way

M5 4 AT AR A A FEAE T, GM Ab B Ay
KROMABEN R D E ST GE A3, (H 5 R HEF
WEERTC 25 . RS e AT, R TR &
WS R BE NM, GM , GE &b 3 AH 5 B fI% 1
O NM b R FAR RS i KT GE
AbE, AR R IEBAT A FE T, GM LAY K TR R
W dm , 1 NM AR GE Zb B H] TG 3 25 &
VLA GM ECIE 7] R REAS B AT Hb AL 1 K AR R X i R
A I I

AR LT AR R 0 B AAR 2 B JE e I 4b
FRAY R AR R0 5 1 0 5 R TR R B 9k A b 2
TR GM 5 GE B, K KR UAR A8 & = 7E 3
Fhor B 2T 00 W 2 S BRI 43 B AL BEOFOR
B P R R AR R W &

2.2.2  RE A2 4E K S A AR SO Z 69 %
H2¢ 4 w0, AR R B JE T X A 28 R A A BT, 3
P[] 42 Ak 3 1 R o b sl i A £ 2 ) 2% 5%

AW WEADFALET, CM AL AR b |-
PR 35 KT NM AR GE Ab 3

NM AEBEA GE ARFER , R b i Y W i
TEARFMRZR 3B 07 e e W25 22 5% . GM b3 T,
HRF AN B Ak B DR S M b P W B R T
MR Jrbasb B, I LABS JE Je P Ak A AR, 1 55 0t i
R R — B, U W e Ak B A BE D
AT BRI R AR R . BT A Ak B LA
GM-AN Bk BT A R S S ol A o e i, 3
A1 GM - Ak B AT RE 2 (R SR B 2R B 22 14 1] 3
EAERIERS

H1 4 AHER HH RAA BRI, RER AR
WS B B G GM NM 4 PR 17 B A1 64
P AB=F 2T W 2 . AR B e e ) b P
T AR AR P A R AR R O R T R
AbFR . MR ZR B EERHE AR BER , GM AR B R AR &
Wi S GE Ab B 2 6] Gt 25 22 5 (H 3 KT
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T AFERR AL FR T GM Ab B Y K SAR 2 W IR
KT GE LhFH, iR ZR % JE 0 X R e 48 ) A Ak 3
T3 FhAS ] HE A Ak 3 2 [R) 4 AR 2R IR SORCR TG
EXR

NM F1 GM AbBEF | AR 28 A 43 B ) K S AR R
WSRO 3 = T b Ab B, GE AbBE R, R AN
Sy BN oy A AL B G 3 25 5 o o GM-AR 4y P A

2.2.3 AR AMF At 54k & 5 fa s Xk 24k 2 BIRGAR R R ICSCR A i ROR B
x4 AEBEREMARRSIRES N TEIEXE M AR ROBHER
Table 4 Phosphorus indexes of shoots and roots of intercropping soybean under different treat
ments under different AMF inoculation and roots separation ways
AbFE Treatment i |3 Shoots R % Roots MR R
RF =X AR FEFD W A i ot AR P uptake efficiency of
Roots separation way ~ AMF inoculation P content/% P uptake/mg-pot ~ Pcontent/ % P uptake/mg-pot roots/ pug+mg ~!
NM 0.39+0.04 a 15.92£0.57 b 0.24 +0.01 ab 1.36 +0.09 ¢ 30.29 £2.06 a
RO
GM 0.46 £0.05 ab 22.69 £2.63 a 0.24 £0.03 a 1.67 £0. 31 be 36.89 £6.01 a
No separation
GE 0.27 £0.03 ¢ 10.41 £2.25b  0.18 £0. 02 bed 1.83 £0.28 be 12.43 £2.51 b
IENACE NM 0.32 £0.04 be 15.68 £2.41 b 0.25+0.02 a 2.97+0.29 a 15.69 £2.53 b
Nylon net GM 0.23£0.02 ¢ 11.25+1.16 b 0.22 £0.02 abc  1.75 +£0.01 be 16.04 +0.49 b
separation GE 0.31 £0.03 be 10.87 £1.71 b 0.17 £0.02 cd 1.57 £0.01 ¢ 13.95+3.38 b
SR A B NM 0.38 £0.01 ab 16.15+£1.09 b 0.15+0.01 d 1.38+0.19 ¢ 19.60 £0.55 b
Plastic-film GM 0.28 £0. 04 be 14.96 +0.46 b 0.25+0.02 a 2.49 £0.63 ab 18.94 +2.29 b
separation GE 0.28 £0.01 be 12.24 £0.46 b 0.20 £0. 01 bed 1.66 £0. 15 be 16.68 £0.13 b
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TR 2R 23 BRoIR G052 0 1 AR AR 230 ) AR P i
A P T L ) A A R ) L S A s i, o —
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EHNP B R ERGGHK T . RAHFSF 5%
WU BT R WA R AMF AT DU 3 =0 R
ORI SN Wi ML, T AR AF 5 o R 2 b A
Wiedek AR ZR AR AORIR U (R A GM AR BN SR BE
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ot i SRR W O A ) S e 5 PR 2 R B AMIF Fif 26
A, Horh G LT Al A3 28505 ) 4 DR 52 ) i 5 57
LNV
3.2 RESBRAXMEEXREERE#RERRY

S0

RS He B B RE 58 73 #3720 BE IR, Horh
HRBFH TR IR 4 (ST B AR A K
AR PR SR AR 25 B S A A B R AT TR AR
IO ARG 4 251 SR FH AR AR X /N K R A
FERHEA —B R E R AR AR R 2R Y
TERRIBRMAT AL BE R e BLH — 2 B L3, 3 al e
TV R AR PR A MR 25 B S A Ak L mT LA 4 A
FRTEPH BUE T, BEE R A K BERIEIR
BROC MR A W5 i OO A, R b A
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T RS 1, ELAR 2R e Ak B0 — 7
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G B A OGS T) A DR S AR AR B ) Bl B 358 A R T AR
F oY) AME (3L [RIVERT 1)1 R RS i 2%
EELEARFR P, A T — T (B L
KREAE GM-AJpbadh PR A fe dE, X e 28 i
R o

HERh M BT REAMEE IR R Ak 54 45 4
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KT A ROIR B 5 GM-AS 3 b Ak B2 48 w5 ) £
RGO e 2 o

S 30k

[1] Smith S E, Read D J. Mycorrhizal symbiosis[ M].
demic Press, 1997.379-383.

London: Aca-

(2]

[4]

(5]

(6]

(7]

[8]

[9]

[10]

(1]

[12]

[13]

R 2L AN R IR X 21 = i B AR B A0 T AR B 9
FRBEE PR [ ], BT A= 252 4f, 2003, 14 (5) :781-784.
(Song Y C, Feng G, Li X L. Effects of different P sources on
phosphatase activity of mycorrhizosphere of red clover inoculated
with AMF [ J]. Chinese Journal of Applied Ecology, 2003, 14
(5):781-784. )

I ek, TR, A R ISR R VA TR AR L X
TPIBEE FE I DTk [T ] B4, 1997, 11 (4) : 237-242.
(Feng G, Yang M Q, Bai D S, et al. Contribution or soil-**p, fer-
tilizer- P and VA mycorrhizal fungi to phosphorus nutrition of corn
plant[ J]. 1997,11(4) :237-242. )

ZEIEMR I . AR AE S AE [ M. Ut B ST A,
2001. (Li X L, Feng G. Arbuscular mycorrhizal ecological physio-
logical[ M ]. Beijing: Sino-Culture Press,2001. )
SRR 2R A, OB, S L R A R AT e ML T X 2
TR BT ()] 4 EE 4z, 2011, 42 (4) - 852-858.
(Zhang G S, Li Z J, Ai R, et al. Impacts of native and exotic
vegetation types on a cambisols properties in the mid-Yunnan Plat-
eau[ J|. Chinese Journal of Soil Science,2011,42 (4) . 852-
858.)

AEPTA] AU, E/NE . SR - SR T A DLBR AR TR
FRIELT]. Aol T #2244 ,2013,29(5) :81-88. (Hua K K, Zhu
B, Wang X G. Characteristics of dissolved organic carbon trans-
port via overland flow and interflow on sloping cropland of purple
soil[ J].
neering,2013,29(5) .81-88. )

X RS A, 4. ER KR RESM T BER %
WeAILT]. gl 4 92441, 2007,26 (4) :288-291. (Liu J
X, LuY G, Yuan H W, et al. Study on phosphorus being ab-

Transactions of the Chinese Society of Agricultural Engi-

sorbed and utilized under the condition of soybean and maize inter-
cropping[ J]. Journal of Mountain Agriculture & Biology ,2007 ,26
(4):288-291. )

TR, R, L AE L TR AR 2 K B SR 43 TR MO RIAR P
MBI ], PYALAE Y74, 2010 (2) :350-356. (Xu Q,
Cheng Z H, Lu T, et al. Effects of intercropping on growth , nutri-
ent uptake and rhizosphere environment in plants[ J]. Acta Botan-
ica Boreali-Occidentalia Sinica,2010(2) :350-356. )

Phillips ] M, Hayman D S. Improved procedures for clearing roots
and staining parasitic and vesicular arbuscular mycorrhizal fungi for
rapid assessment of infection [ J]. Transactions of the British My-
cological Society,1970,55:158-161.

Giovannetti M, Mosse B. Evaluation of techniques for measuring
vesicular arbuscular mycorrhizal infection in roots [ J]. New Phy-
tologist, 1980 ,84 :489-500.

B H . IR T (5 3 R [M]. JE5T: b E Ol AR
#1,2007 :268-270,389-391. (Bao S D. Soil Agro-chemistrical A-
nalysis[ M]. 3rd ed. Beijing:China Agriculture Press,2007:268-
270,389-391. )

Azcon R, Ambrosano E, Charest C. Nutrient acquisition in mycor-
rhizal lettuce plants under different phosphorus and nitrogen con-
centration [ J]. Plant Science,2003,165;1137-1145.

Satter M, Hanafi M, Mahmud T, et al. Influence of arbuscular
mycorrhiza and phosphate rock on uptake of major nutrients by A-
cacia mangium seedlings on degraded soil[ J]. Biology and Fertili-

ty of Soils, 2006,42 . 345-349.
(T4 448 W)



448 X =

and land use history on the bacterial diversity in black soil [ J].
Soybean Science,2008,27(3) :480-486. )

[13] FIRAS, VA, 2257, 55 . AN R OB =5 00 28 R B o
RELREERISEIA[T]. 282 2455, 2008,27 (7) : 1134-1140.
(Meng Q J,Xu Y L,Li C J,et al. Effects of different vegetation
coverage on microbial functional diversity in black soil [ J]. Chi-
nese Journal of Ecology,2008,27(7) :1134-1140. )

[14] Bossio D A, Scow K M. Impacts of carbon and flooding on soil mi-
crobial communities ; Phospholipid fatty acid profiles and substrate
utilization patterns[ J]. Microbial Ecology,1998, 35.265-278.

[15] Hemlmm, 707K, £ 741,% . R PLFA J7 k0P R R] L #f
FTr AN bR E MRS S R g [T ], P EROE R,
2010,43(9):1834-1842. (Bi M L, Yu W T, Jiang Z S, et al.
Study on the effects of different land use patterns on microbial com-
munity structure in aquic brown soil by utilizing PLFA method
[J]. Scientia Agricultura Sinica,2010,43(9) :1834-1842. )

[16] Gladys L. M, Laure B, Alexandra G, et al. Rapid effects of plant
species diversity and identity on soil microbial communities in ex-
perimental grassland ecosystems [ J]. Soil Biology and Biochemis-
try,2006,38 ; 2336-2343.

[17] &M, SRaTHy, FIR =, 55 . B R ZAR PR A9
R [ J]. AR, 2003 (6) :4142. (Tai L M, Zhang
H M,Yan F Y, et al. Effect of the amount of soil microbe in soy-
bean hizosphere under the condition of soybean continons or cam-
panion cropping[ J]. Soils and Fertilizers,2003 (6) :4142. )

(18] Zuii, SRIEEK, PNOEUR, 55 . 40 34 15 X S 200 v R L 1 o
Mg [J]. N A 25244 ,2009,20 (12) :3109-3114. (Li K,
Guo X W,Sun Y N, et al. Effect of grape-replanting on soil bacte-
rial and fungal populations [ J]. Chinese Journal of Applied Ecolo-
2y,2009,20 (12).3109-3114. )

[19] gy 2ok . Bt 2 A< 30 3 VE - S 1o 26 W i 9 5 1) I
SRR )], B 2524 ,2013,40(2) :255-264. (Ma N N, Li
T L. Effect of long-term continuous cropping of protected tomato on

soil microbial community structure and diversity[ J ]. Acta Horticul-

[21]

[22]

[23]

[24]

[25]

[26]

turae Sinica,2013,40(2) :255-264. )

VPHET, SRR, FOLME . RN M]. IR IR
WA KA R, 1995 :57-66(Xu Y L,Han X Z, Wang G H.
Research of alternate-year and continuous-cropping on soybean
[M]. Harbin; Harbin Engineering University Press,1995:57-66)
R . R AR SR AR T 0 D 1 2 e o o
[D]. dbgt: # E Bl 24 Bg,2012. ( Wei W. The suppressiveness
caused by long-term continuous cropping of soybean on the root rot
and pathogens [ D | . Beijing;: Chinese Academy of Sciences,
2012.)

A, I, TARRS . AE R EAR PR PR 7 4k S - el
WEPELT]. ER RN ,2012,45(19) :3955-3964. (Gu Y, Qiu
Q,Wang Z M. Effects of soybean continuous cropping on microbial
and soil enzymes in soybean rhizosphere[ J]. Scientia Agricultura
Sinica,2012,45(19) :3955-3964. )

XVEE XIMET, 56 H 3, 4 KGR HAR B 1 S 4= )
ARG R [T]. b E R ,2010,43(5) :1000-1006.
(Liu S H,Liu S Q,Zhang Z K, et al. Influence of garlic continu-
ous cropping on rhizosphere soil microorganisms and enzyme activi-
ties[ J]. Scientia Agricultura Sinica,2010,43(5) :1000-1006. )
BRI, BRI, S5 B E S EAE LR R 2
FEPEEER[T]. b EAE R 224, 2012,18 (6) :53-59. (Duan Y Q,
Jin Y,Chen Z B, et al. Comparison of bacteria diversity between
tobacco plantation soils of rotational cropping and continuous crop-
ping[ J]. Acta Tabacaria Sinica,2012,18(6) :53-59. )

TG, ik, EIF, 5 . oK A B H i A Xk o 8 o A= T
IREZREER [ T]. A 5%k, 2010,30(22) :6173-6182.
(Shi P,Gao Q,Wang S P, et al. Effect of continuous cropping of
corn and fertilization on soil microbial community functional diver-
sity[ J]. Acta Ecologica Sinica,2010,30(22) :6173-6182. )
Smalla K, Wachtendorf U, Heuer H. Analysis of BIOLOG GN
substrate utilization patterns by microbial communities[ J]. Ap-

plied and Environmental Microbiology, 1998,64(4) :1220-1225.

(L% 441 70)

[14] ZEif, ZEke, skamapi. A o/ FoKIMVERERD AM B8 58 H
X R e e (s [T ] e AR Al 24,2005, 13 (3) 1 136-
139. (LiS M, Li L, Zhang F S. Effect of inoculation of arbuscular
mycorrhizal fungi and Rhizobium on the P uptake in faba bean/
maize intercropping system[ J]. Chinese Journal of Eco-Agricul-
ture,2005,13(3) :136-139. )

[15] ds, SNty 250 . ) AR LA H R 9 A R R 3R 3 ik
roszma )] AP E IR S IEEAR ,2009,15(1) 18, (Yu C B,
Sun J H, Li L. Effect of interspecific interaction on crop growth
and nutrition accumulation[ J]. Plant Nutrition and Fertilizer Sci-
ence,2009,15(1) :1-8. )

(161 N, 977550 S0, 55 . FRAR XTI/ TR M EF A K
R[], FZEY#4H,2003,23 (1) :71-74. (Hao Y
R, Lao X R, Zhao B Q, et al. Effect of separating root method on
wheat and corn intercropping system [ J ] . Journal of Triticeae

Crops,2003,23 (1) :71-74. )

[17]

[18]

[19]

RAVH6, Marschner P3R4SR, 55 . N/ BT, FAR/ & LFIN
2/ FOK )1 X AR s 200 B RF 9 25 M g R [T ] A 254,
2006,26(7) :2268-2274. (Song Y N, Marschner P, Zhang F S,
et al. Effect of intercropping on bacterial community composition
in rhizoshpere of wheat ( Triticum aestioum L. ), maize ( Zea
mays L. ) and faba bean ( Vicia faba L. )[J]. Acta Ecologica
Sinica,2006,26(7) :2268-2274. )

He Y, Ding N, Shi J C,et al. Profiling of microbial PLFAs: Im-
plications for interspecific interactions due to intercropping which
increase phosphorus uptake in phosphorus limited acidic soils[ J].
Soil Biology and Biochemistry, 2013,57 :625-634.

Betencourt E, Duputel M, Colomb B, et al. Intercropping pro-
motes the ability of durum wheat and chickpea to increase rhizo-
sphere phosphorus availability in a low P soil[ J]. Soil Biology and
Biochemistry, 2012,46:181-190.



