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Influence of mycorrhizal inoculation on competition between plant species and

inorganic phosphate forms

ZHANG Yuting, ZHU Min, XIAN Yanxiangwa, SHEN Hong, ZHAO Jian, GUO Tao "
College of Resources and Environment, Southwest University, Tiansheng Road 1, Chongging 400716, China

Abstract: Arbuscular mycorrhizal fungi ( AMF) form mutualistic associations with more than 85% of terrestrial plant
species and play key roles in nutrient cycling and ecosystem functioning. Most plant individual stimulates nutrient
availability through their fungal partner. Highly mycorrhizal-dependent plant species derive more benefits from AMF in
comparison to low mycorrhizal dependency plant species. But the effects of AMF on the competition between mycorrhizal
and non-mycorrhizal plants remained largely unclear, particularly in an environment with low phosphate bioavailability. The
increased phosphate availability for host plants and enhanced plant phosphorus nutrition is a major outcome of the AM
symbiosis and then AMF colonization could and consequently increase plant biomass. The larger plants are then expected to
be successful competitors.

In our previous, AMF colonization significantly decreased phosphorus concentration and content of rape roots compared
with non-inoculation treatments, while in contrast mycorrhizal association improved phosphorus nutrition of maize plants.
The results clearly showed the beneficial effects of mycorrhizal associations on AMF host plants in competition with non-host
plants. In this previous research, plants were cultivated in purple soil with higher phosphorus availability which is more

important as this determined the effect of AMF inoculation on host plant P nutrition. Then in this research, calcareous
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fluvo-aquic soil with lower phosphorus availability was used and different form of inorganic phosphorus were measured to
reveal the effect of AMF inoculation on competition between mycorrhizal plant and non-mycorrhizal plants species.

Maize (Zea mays L. ) and rape ( Brassica napus L. ) plants were cultivated in three different interaction patterns,
namely intraspecific ( monoculture) , intespecific (intercropping) and no interaction ( nylon net split). All plants were
inoculated with Glomus intraradices, Glomus mosseae or remained uninoculated. The strength of competition was measured
as the reduction in biomass caused by the presence of a competitor. The results showed that AMF inoculation decreased soil
inorganic phosphate significantly and transformed more Ca,,-P and O-P into higher availability phosphorus form. In the
intercropping treatment, the inoculation improved the plant growth and phosphorus uptake of maize, and meanwhile
decreased the growth and phosphorus uptake of rape significantly. Our results clearly showed the strong competitive strength
and phosphorus competitive strength of maize to rape. , and the beneficial effects of mycorrhizal associations was due to the
favorable growth of host plants over non-host plants. It reveals that AM fungus may play an important role in structuring
plant community and needs a comprehensive insight to understand the effect of AM fungus on plant biodiversity in

ecosystems.

Key Words: calcareous soil; interspecific competition; inorganic P forms; arbuscular mycorrhizal fungus

BRVE AR E KB B LT EFRTRZ — A H 0T A2 A ARG, A ik 49y LR A 2K
Wik = 38 AL 5270 M Ca,-P  Cay-P Ca,y-P Al-P Fe-P FIMAE5 A8 (0-P) %5 6 Fh2EA1 Horp gl ka4
TR TR B S LEREIR ) Ca,o-P A1 O-P 235155 T 70% F1 10% |, TR YIA R Z8BeAL 5 209% ) HARE
BRGR YA LA [ B A a7 shid B E N ARBE IR EE | i TRl 25 S o B A A EE R, TR
FRAFL P A B MR AT 0 6T = R 8 7 v W SR R LR A B B 25 51, R o8 R B, AR AR (arbuscular
mycorrhizal, AM) ECE S F AR AR oA sy b 56 R 45 B A %50R 396 iy 5057, 0 Ca, -
P Cag-P Al-P, 035 17 32 A 90 0 3% 20 R 00, 3E BAAR B 9 6 AR B = 560 84035 4 A L RR A ML, Qv 5%
( Brassica napus L. ) MR Z8 76 S S5 A4 T 38 2l iR AILRR 43 Wb i R BRI 398 pHL (8, (B TR 465 1) s i 135 4 1=
BN A R R AR AM TR E o VA 9 A AR W A A BEOIR 0 R 3R 3 ) B IR AR ECRE 77, T LA T
WA RS RGN AR S R G OR R R 4 A e A A LA B R T SR AR AR UL IR 4
VR4 [ B, S RS 3 5 MR 400 5 2 O 2R AR RIS B DR ) 42 5 A A B v 2 4 10

FE N ANEFTENEGT AM BB 6 R 9 Fp (0] 55 S (52 g vh , Z P TERE S AM B A 3G AR 56 R ikl
Pyt R AR AR R Y AR ST, TG B AR AR AR R A AR B AR AL R R S 4 G R A SR D
ARG 8 D KRNI A I 498 L A TR RIS R, S B FPOR [R] AM B TR A + 3845 ML I 25
FIAE P W SR A S, AU e ) AMD B0 B S 0 R SR T ML 20 5 B R ARAE 4 AR B AR AL 5 4 5 R v
PIFER
1 M#FFEE
1.1 Rk

HHEAEY) . oK Zea mays L. (ZRH 80 5 ) FINMZE Brassica napus L. (Hfiri 23) o Pkik K/ — 00k 1 15
B, H 10% H,0, RHLIHTE 10 min, FH A B F/KMPE 3 WOFHRI S h( oK) 501 h(IlE) J5 ¥ 50 TR
JEACE T 25 CrEESS R TMEZ . B 1 d R,

PR 3 AN g AR, 2 121 CIRHK AR EE 2 b, HIEAR A PE A A HUR 7. 41 o/
kg, 2% 0.30 g/ke, Blf# A 12.93 mg/kg, 2 0. 75 g/kg, B RUBE 16. 29 mg/kg, &8 17.52 g/kg,pH (H,0)
8. 1, fH H 4 AL SR 1 PR,

ALK F . Glomus mosseae (G. m) K1 Glomus intraradices (G. i), PIAEMIEEFIFNER B thE AR K FE%
RSB0 MR & A AM BT PR 22 1 B AR YA B 25 > 10 /g
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F1 HIKTERELTNBESE

Table 1 Content of inorganic P forms in soils

Ca,-P Cag-P Ca,,-P Al-P Fe-P 0-P L

Content C/T Content C/T Content C/T Content C/T Content C/T Content C/T Total
/(mg/kg) /% /(mg/kg) /% /(mg/kg) /% /(mglkg) /% /(mgkg) /% /(melkg) /% /(mg/kg)

6.53 113 42,57 7.37 398.06 68.92  15.63  2.71 3437 595  80.38  13.92 577.54
C/T RIS TTHLBES it 5 AR A T 704

1.2 it

R N F R, R — AR =, &
TR AR R0 A ARk P R AL (1R 155 em,
HPEAE 22,5 em) (B 1) A SRE B (143 B o, F

S IR RN U e 0 s A R A P i, 3 2% i JETN—— B
Jie B Bl AR TR K TR 2545 B LG R 2 6K Intercropping  Cropping with mesh barrier ~ Monocropping
FMES BRI T 3 PRI AT . O RER (R E1 3 MARMEERFEE

A3BE) s QJE e 43 B F AT A 2 ( BIAE AR 2 )11 30 um Fig.1  Schematic diagram of three different cropping patterns
JEIRM 53 ) 5 @ BAERL (MR SE 25 0R) o AN
FEFPAEFRALES X R RN G om HEFh G, i FE IR Y 10% ISR, AR e N 53R Ak L s 7
MRE 5%+ 1600 g, H A 160 g HeFp 5, RIVERERIZUE + 3200 ¢, BeFP7 320 ¢, % HE AL N AAH [ 5
I C KRR (121 CIBHAKE 2 h) , AL 9 b B B E R 4 Wk, ALY NH,NO,
AL (N 50 mg/kg) 4EFPFK 4 10 3038 10 0, FRAK 1R A& 2 JAJE, DUE RSB — SO R [ 8 1
%2 bk, BEAN, Rl e SRR ERE T R K 1Y 70% |, AR 58K 276 mL, H 5 RANFE KAy, i AR
VU R KA S FOC IR R = 0T, B R A AT #b 7o 00 B N DG BRI ] (13 h/d)
1.3 FE& T

EPIA K 70 d SRk, i BRI R 43T MBI MDA AR [RIA B X 2y 3 R P AR R, B
TRT5 08 F IR RO TR Sl AR R A A S e 4R R T S AR BT S 3 AR B AR (Bt R
FIBCAAN/IN) | T KA ZR €0 v ELBOML, AR e T Bkt RS 95% LA AR R, /KB Tk T4, HUBEAR 1
g BT 1 em KAREE, MEMR RIZYLR, BT AOEES 105 °C A /NG 70 CHET FHT A4 K P il
i, BT RRR A E XA

P 3 Y S A AL R L A R A I , pH B I K B 122, 55 RE I RE S (R Bl
SR FHALAR 5 bk A3 0 22 R AT DA A R A e A SR L5 TR AR AR e R R A 58 L
2P - HETCHUR I 52 SR AR 25 w0 e LB R
1.4 %dgaba

N FH SAS #54 (Version 6. 12 ; SAS Institute, Cary, NC) SHRIBIEIE T N E S 40471 ,5% /K F F 1LSD
2 H LIRS 0 25 A TP (B 2 ) ) 2 5 Bl 2 ke

e AR 55 4 i 7 2 e — R VE AR 5 — RV E D O IR S G 8 K/ AR L LIVES) a HEXHED)
b A, A,>0, % a e P EESIBRT b2 A, <0, KM b SEFRENIRT a, AN,

Y, Y,

ub:Ym ° Yia Y.sb : Yib
Ky, Y, .Y, .Y, R EEEY o SRAVEVEY o JRMEVEY b CAAEVE b AR Z, 2, 5 R AE
Y a A1 b FERWERF A TR Fo ] (FEASRER b 3350 1:1) .

o HRIE R FR AVE T EY) a 0% TAEY) b X H—F2 052 SR8 T KN, B RRAEY 554 37 70 fig
B AR W] LU R A B0 A0 BT S5 4 s G s P Aol .

A
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PU. - F /PU.,
“~pU, - F,/PU,
K, PU., F1PU, 5359 RAEY a FWEY b EIRIVEh BRI & PU_, F1 PU, 43 S RVEY) a FIFEY) b 7E A
B SCER s F, R F, 43 BIZORVEY) a FVEY b TR 4E B8 BEARXS T2 /E Bt (AR B =58 R 1:1)
2 GRE5HE
2.1 AR YRR R A ROR

RIGLE LI (K 2) , ISR AM HF 5 B AL BIRAR R 1AM H R YL E5H , AR b 2
T WA ERM R AM H RIS, TR 6. i 1 G. m W E R ATWELE] AM HIE R Y YR
TE 48% —62% 2 18], AR 3T AR R M) AM B ER YR A BT AR, R/AMER I : VR > e T2 N7 B>
VR, 5EAEATEAH L, MY EA RN G. i F1 G m W EORIR R AM H R YR RIFEAR T 17.4% F122.2%
(P<0.05) . RP7EMGRIG AT, AR A AR ML A IR0, L T RARAE AR 2 AM BB 1R UL R PR A 1Y)
638

1 PR 2R 25 00 T AT AT, T KRN S A A 4 1 1 32 B B P b BN b A i 35 2 ( P<0. 001 ) . A
X FANERIALER R AM B B E R T R AR R A L R AR AR A T, AM B X K A AR A
KRG A EES JE T W o B> BAt  [FERMERES R 3670 6. @ F 6. m J5 Bk 38T B AR 0 HE 4351
HPE T 88.0% 1 67. 1% b N HE AL/ 5 425 1 89. 8% F179.6% ., [RIVEFIEFNIE Je I 43 B A AR A5
T 4R AM ECBE b 25 BRI A R . L3 A 350 0 1 2, IR RP R AR X A0 R AER S 2 5 T e e 43 B
FA . UERHTE GRS 25 F R, e AM ECR A SF (VR R 2R P R ARAE A ( 0K ) AR R [l 4] T R TR AR A )
(IR K,

CR

x2 AEMERAMBEMLGEEZGTHERESLEMERTE

Table 2 Root colonization rate ( %) and dry weight of plants under different cropping patterns and mycorrhizal inoculation treatments

PR R R b b TR RY/ % ERTH/ (/%) MR TH/ (g/4)
Cropping pattern and Root colonization rate Dry weight of maize Dry weight of Rape
mycorrhizal inoculation F K Maize 2% Rape MoK Shoot A Root b [ Shoot M AR Root
[&]/E Intercropping

CK ND b ND 7.98+0.84 b 2.96+0.34 b  3.65+0.26 a 0.47+0.08 a
+G. 1 49.54+4.36 a ND 15.00£1.40 a  5.61+0.57 a  1.58+0.48 b 0.20+0.09 b
+G. m 48.01+4.39 a ND 13.33£0.96 a  5.31+0.31a 1.80+0.36 b 0.24+0.01 b
FH4{H Mean 32.52 B 12.10 A 4.63 A 2.34 B 0.30 B
JEJE M 538 Mesh barrier

CK ND b ND 7.89+0.36 b 2.53+0.14b  4.32+0.26 a 0.75+0.07 a
+G. i 55.69+3.51 a ND 13.30£0.37 a  4.06+0.16 a  3.17+0.19 b 0.45+0.04 b
+G. m 53.48+3.08 a ND 12.71+1.07 a  4.21+0.37 a 3.25+0.19 b 0.51+0.02 b
SEH{E Mean 36.39 AB 11.30 B 3.60 B 3.58 A 0.57 A

i Monocropping

CK ND b ND 8.09+0.32 b  2.54+0.08 b  3.81+0.25 a 0.58+0.13 a
+G. i 59.96+3.39 a ND 10.89+0.40 a  3.26+0.06 a  3.73x0.52 a 0.55+0.12 a
+G. m 61.70+3.30 a ND 11.91£0.72 a  3.4120.27 a  3.74+0.64 a 0.54+0.13 a
SFHIE Mean 40.55 A 10.30 C 3.07¢C 3.76 A 0.56 A

F5 24347 Significance due to:

FiAEAR = Cropping pattern * ok ok koK ok * ok %k T T
FERPALFE Tnoculation %% ok % % % % % % %ok % P
HEFh b B FA . s s . .

Inoculation X Cropping pattern
ND SR TR EL R s A F/NE F B0 ) — R AR AN FHER AL IITE P = 0. 05 /K22 5 W VE A FIRE T E R A R A A =X
SEBRAFIIMEAE P=0.05 K220 ETE; = P=0.05 K- REMZESR, * =« FRTE P=0.01 KP-BEMIRESR, = * =« FRIRTE P=0.001 KV
FMER NS FRAEF
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2.2 fHARBEEFRRG

W 3 PR, SRR A EE , e AM ECRR G P T K i1 35S RIHR 22 W i bt 2 S S5 B g AR A R/
WU TEE > JE 2 W 43 B > BAE b [E AR N N #2268 6. 0 1 G m A0 P K b 13 % o0 4 =i T
46.1% F123.0% (P<0.05) , M T HEW B R 582 55 T 38. 1% F146.4% (P<0.05) , {HTE 3 FhAS [l FhAF A
Forf, FoR ML E SRR RS B PR T 14. 5% —28. 2% F19. 0% —27. 6% , 3% o fe-FE Bk A= My R
Fb 3R 1 T W A B S SR 3 AR R

FRZ , ZEEVERAE RN E B W 2 B R T, SR 3 B X B B, 36Rh AM ECR A0 BRI S b - 3R AAR 2=
I AF 4t 22 S SRR AT, L TR VR R AR = 21K e e I o B A, L b (B VR AR =X R 48R 6. @ R G mo i
S b T B R A MIFRAR T 35. 5% F129. 5% (P<0.05) , 1 7l W s 0t 43 W B AR T 47. 2% 1 35. 4% ( P<
0.05), [AFEXPIFMET, oo B FRIR R B 21 BE TS (P<0.05) , X 0l RE& i T AM EE#m T JE R
AP IE R AR B s TR TR e &,

#3 FELGEEHTERMBE EH REHS ERREE

Table 3 phosphorus concentration and phosphorus uptake in maize and rape plants
KM FE P nutrition in maize

TS 20 B i b 3 %t Concentration/ % Wit Uptake/ ( mg/40)

Cropping pattern and mycorrhizal inoculation Hb [ it b [ RZR
Shoot Root Shoot Root

[A]4F Intercropping

CK 0.15+0.008a 0.11+0.005a 11.94+0. 6¢ 3.34+0.27b

+G. 1 0.12+0.009b 0.08+0.005¢ 17.44+£1.00a 4.60+0.59%a

+G. m 0.11+0.003b 0.09+0. 005b 14.69+0. 89b 4.88+0.23a

SEHI{H Mean 0.13 A 0.10 A 14.69 A 4.27 A

JETEIM 73 F Mesh barrier

CK 0. 14+0. 006a 0.10+0.005a 10.98+0.81¢ 2.45+0.06b

+G. i 0.11+0.007b 0.08+0.007h 14.25+0.79a 3.43+0.36a

+G. m 0.10+0.012b 0.07+0.007¢ 12.94+0.74b 3.11+0.46a

SEHE Mean 0.12 B 0.09 B 12.73 B 3.00 B

HifE Monocropping

CK 0.12+0.004a 0.08+0.003a 9.50+0.50 ¢ 1.98+0.06b

+G. 1 0.10+0.005b 0.07+0.001b 10.56+0.61b 2.25+0.02a

+G. m 0.10+0.003b 0.07+0.005b 11.94+0.74a 2.42+0.28a

SFIIME Mean 0.10 C 0.07 C 10.67 C 2.22¢C

75255347 Significance due to:

FEAL S Cropping pattern e *ow ok R * %k

R A3 Tnoculation w ok K% % ® ok ok -

FEFP AL P > FRARAR

InoculationXCropping pattern * e e o

MW E SR P nutrition in rape

AR RN i A 3 78 Concentration/ % S Uptake/ ( mg/ %)

Cropping pattern and mycorrhizal inoculation | i ES |3 RE
Shoot Root Shoot Root

[E]E Intercropping

CK 0.22+0.020b 0.20+0.005b 7.89+1.04a 0.95+0. 16a

+G. i 0.33+0.044a 0.25+0.010a 5.09+1.07b 0.50+0.20b

+G. m 0.31+0.019a 0.26+0.022a 5.56+0.97b 0.62+0.06b

SEH{E Mean 0.29 A 0.24 A 6.18 C 0.69 B

JE e 43 Mesh barrier

CK 0.19+0.007b 0.18+0.016b 8.11+0.55a 1.33+0. 14a
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MW FR P nutrition in rape

PR AN S AL B it Concentration/ % W% WS Uptake/ ( mg/pot)
Cropping pattern and mycorrhizal inoculation H | RA Wb B W&

Shoot Root Shoot Root
+G. 1 0.22+0.016a 0.21+0.014a 6.90+0. 54b 0.93+0. 14b
+G. m 0.22+0.026a 0.20+0. 006a 7.15+0.55b 1.03+0.03b
SEH{E Mean 0.21 C 0.20 B 7.39 B 1.10 A
HifE Monocropping
CK 0.24+0.015a 0.19+0.013a 9.07+0.75a 1.10+0. 18a
+G. 1 0.24+0.016a 0.20+0. 009a 8.80x1.07a 1.07+0.26a
+G. m 0.24+0.022a 0.19+0. 028a 8.90+1.85a 1.03+0.39a
SEHI{E Mean 0.24 B 0.19 B 8.92 A 1.06 A
52387 Significance due to;
FHEARFC Cropping pattern ok % % ok ok w ok sk % % sk
PR AL Tnoculation S * o w o -
FeAh ik il x AR . e x . w NS NS

InoculationXCropping pattern

2.3 HERRSESRE S AR S B e A LR

HE 2 7R, AR4EFD AM BRI, FORMTEFEE M Tlse 20 6. i f1 6. m JEHSEF e i hlEm T
1065.7% F1729.9% (P<0.05) , JCit el AM B IE 54, F KA BEE R 58 4 LR KT 1, %W
TEARAE 398 FORN B (14 35 4 BE T B0 T 360 6. i RN G m S5, T K X S X W ) B G R4
BT 104, 1% F145.0% (P<0.05) , UEIAFE A ME 3 | TR I35 4R 1 RO (193 4 LE S5 T 2%
Rl AM JTIR W] DL R S FOR IS R ) R SR i se g L %, IR H, 6. i IPERZEART 6. m, AHXT
T G om AN G i 5 E RIS M T e T R IR 4358 4 LR 4 S 5 T 28. 8% F129.0% (P<0.05)

2
o
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Fig.2 The relative competitive strength and phosphorus competitive ratio of maize Intercropping with rape

2.4 BHETHIBESHE
2.4.1 HIETHEES &

K ANFLA RN e S TE S TCHLEE & 2 DL Cay-P R E, b B TEHLEE & 219 67.3% —72. 8% ; IR K
O-P, 5 3 CHLBE A0 12. 0% —14. 5% ; Ca,-P Fe-P Fl Al-P & ¥ T ICHLBE 1) 8. 0% ; Ca,-P #i%
AL T S 1% 2 (R 4) .

TEMRIVEREE R, 35600 AM B R AL B 4 Ca,-P  Ca,-P  O-P FLE JCHUHE & 2 I T R 42 Fh o BE Ak 38 i
Cag-P Al-P Fe-P 7t H4 TAHEMXS BALFE 580 6. @ A1 6. m ACTR -3 BEHLBE & 840 0 B K TR 8
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FhXtHE 4.6% F18.2% (P<0.05) ,

PRARAE Y AN AR A ) 2 e M B A AR RS, 76 B oK % 00 T3 rh  $28h AM LR /S Ca,-P . Cay,-P FILETC
MLB & 48 S0 B AR T AR AR X FEAL 38 1] Cay-P  AL-P Fe-P il O-P & 04 i TR R X BEAL BRAG#a %Y 5F H.
FeAh AM B B9 HER STCHLEE B i 2 B IR T AR A AL 3.0% (P<0.05) . TEMSREM LT, +
Herp i LB AR AL R R AN ] AM B A T AR 28 6. i J5 Ca,-P Cag-P Ca,y-P  Al-P  O-P FlE JCALBE
B N T AR A BRAL B I Fe-P % it W35 = TR IRAL S JF H 3 B S e B &L T
KRR IRAL BRI 5. 0% (P<0.05) ;%50 G. m J5 Ca,-P Cag-P Fl O-P £ 1 KT AR L Ah v FE AL 3 i
Al-P Fe-P 7 i I 3 5 TR AP0 AL 2 Y + 8

KBRS B T3 R 4R AM ELE 5 Cag-P  Ca,,-P O-P LA JCHLHE & H15 B EK T R BERh xR
ABR T3 Ca,-P AL-P Fe-P & 87H W35 & T ARIEA T FAS BRI S, I HIERN 6. i F1 6. m J5 380
TeHUBS B 43 ) A T AR5 W BR AL B 6. 0% 1 3. 5% (P<0.05) . AEFEARALY (138 ) SAVERIAE S (4 + 158
O EERR AM LB 5 A A B TCALRE LR TCAT U 75 -5 A R OGS A FHAH L A B 19 25 5 (P<0..05)

x4 FENBEHTIEFEEESTINHESE

Table 4 Content of inorganic P forms in soils of different treatment

+5E RETESTCHLE & i Content of inorganic P forms/ (P, mg/kg) BICHLE
Different room of soil Ca,-P Cag-P Ca,o-P Al-P Fe-P 0-p Total/ (P, mg/kg)
[E]{E Intercropping

CK 5.06+0.28a 23.58+3.59b  388.84x11.51a  12.98+0.51b 30.38+0. 66b 77.93£1.70a 538.77+10.41a
+6G. i 4.11+0.19b 25.3242.54b  361.90%22.20ab  14.39:0.76a 32.87+0. 60a 75.20+2.39a 513.79£19.63b
+G. m 4.36+0.25b 34.3243.35a  339.93%20.87 b 15.12+0.27a 32.28+0. 66a 68.65+4.11b 494.66+25. 65b
FH{H Mean 4.51C 27.74 C 363.55 B 14.16 A 31.84 A 73.93 A 515.74 C

JeJe W 53 H £ K E Maize room

CK 5.54+0.20a 32.30+1.46b  387.12+9.57a 12.23+0.85b 30.92+0.22b 63.38+0.87¢ 531.49+9.97a
+G. i 4.18+0.06¢ 41.46+0.7la  347.11£10.58b  14.88+0.50a 32.63+0.81a 75.25+0.69a 515.51£10.56b
+G. m 4.75+0.30b 34.03£3.81b  358.79£20.22b  15.15+0.62a 32.71+0.87a 70.07+2.04b 515.49+22.86b
FH{H Mean 4.82B 35.93 A 364.34 B 14.08 A 32.09 A 09.57 B 520.83 C

JeJe M 43I E Rape room

CK 5.39+0.26a 33.33+2.48a  387.44%8.10a 12.830.30b 30.52+0. 76b 78.57+0. 62a 548.08+9.87a
+G. i 4.12+0.08c 26.28+0.50b  370.86+2.26b 12.09+0.51¢ 32.74£0.57a 74.38+3.18b 520.48+4.97b
+G. m 4.91+0.38b 27.70£1.29b  392.24+1.65a 13.60+0.47a 32.50+0.32a 72.93+2.86b 543.88+5.02a
FE{H Mean 4.81B 29.10 C 383.52 A 12.84 C 31.92 A 75.29 A 537.48 AB
LUERN

Monocropping of maize

CK 4.18+0.22b 40.85+1.3la  389.89+7.35a 11.83£0.22b 31.74+0.31b 71.34+1.98a 549.83+4.73a
+G. 1 4.65+0.55ab 30.22+0.80c  368.97+3.87c 14.510.33a 32.09+0.35b 66.36+1.91b 516.80+5. 16¢
+G. m 4.95+0.09a 33.20+1.61b  377.53+2.67b 14.39+0.72a 32.88+0.36a 67.38+2.55b 530.33+5.77b
FH{E Mean 4.59 BC 34.76 A 378.80 A 13.58 B 32.24 A 68.36 B 532.32 B
HAEIMZE Monocropping of rape

CK 5.3420.47a 29.92+5.60a  391.23+8.78a 12.96+0.77a 31.83+0.49a 74.33+1.28a 545.61£10.91a
+G. 1 5.50+0.51a 32.55+4.88a  387.37£3.02a 13.20+0. 68a 31.98+0.78a 75.29+2.32a 545.89+11.22a
+G. m 5.72+0.45a 32.24+3.75a  386.60x11.96a  13.10%1.1la 31.98+1.39a 73.73+1.75a 543.38+16. 18a
FHH Mean 5.52A 31.57B 388.40 A 13.09 C 31.93 A 74.45 A 544.96 A

J5 2500 Significance due to:

A Cropping pattern * KK * ok * ok ok ® kK NS * % % EE
FERIE I Tnoculation % % % NS % % % % % % % % % % % % % % %
B Hix AR ® ok % * ok % * % * ok ¥ * * k% * ok

Inoculation X Cropping pattern
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2.4.2  TEEAFA S TOHLBE R IR

FIREAE I , S5 ARFIAEAR P ) S 4 A AH L, 3P OR[RDE 25 B JC AL RIS TC LR & 1t 356 AN W) R B 1Y
R (1 3) , L2 4 P A BRI A Ak B 19 8 25 5

PR AR A AR B R A 0 AU VE AR R | A B2 Ao X B Ak 3L 4 S C LB s/ L Cag-P O 5 5 EALBE A A
Y 49.0% ,HK K Ca,o-P Fl Fe-P 4351 b7 JCHLBE IR /D B9 23. 8% F1110.3% , $%F1 6. i J5 T IETCHLBE I
DL Cay-P M3, IR B 56. 7% , A Cag-P Al O-P, 2351 5 TEHLBS IR D B 19 27. 1% Ff18. 1% , 4%
i G m 5 BIETHLBREA LA Cayo-P N, I/ BB 70. 1% , 2K R O-P 1 Cag-P, 53 51 b7 TEHLBEIE D B
1Y 14.2% F110.0% .,

JE IR Ay BRI AL, 76 TR 28 A -4 A H Ak BEAL B 4= S R ALBE I L O-P oA 3=, (5 TE AL s /D
1 36.9% , HRK N Cag-P Fll Cao-P, 2351 i ToALBEIR > S5 19 22.3% Fl1 23.8% , P AM ECTR 9 38 oL
BRI LA Cayo-P T 2390 5 b S 1Y 82. 2% 1 63. 3% , Hokoh O-P, 439 i EHL I I/ BB 110 8. 3% FiI
16.6%

JE IR A BRI AL 32 2 e e | AR X BEAL B+ ETEHLBE IR LA Ca,y-P T Cag-P R 3, 4331 5 JEHL
U/ B9 36. 1% F1131. 4% , LUK Fe-P, (5 TOHUBRIR > B 1 13.1% , #8106 @ J5 BIETCHLEEIR AT
L Cay,-P Fl Cag-P 4 3, 090 50 Bt 1 47. 7% F128. 6% , Hok hy O-P, i TCHLER IS/ M 19 10. 5% , H+
e JCHLBR D B AR TR AR AL PR T 93.7% , 4EFP 6. m J5 BIETCHLHEE A LA Cag-P F1 O-P
Sy a3 I B 44. 2% F122. 2% KR Ca,y-P, o5 TCHLBEIS/D B 17.3%

FOKFAAEFPAE IS | AR AZAO B AL 3 4 34 TR S TCHLBE D 1t DL O-P I Cayo-P 2 32, 4390 o JC LB D8/ A8
Y 32.6% F129.5% , RN AL-P, (5 TTHLBED S0 13.7% . 58 6. i 1 6. m J5 HIETCHL#k > DA
Cayo-P 3,705l b /b S Y 47.9% F1 43, 5% , ok ol O-P 435l 5 T WL s /b S i 19 23. 1% #127.5%
Cag-P 435 3 T 20.3% £119.9% .,

AR ARAE Y (%) BAAERNARLIS | X HEOR R R Al AM L 1 45 A B A JCHLBAE I /0 8 e 5 G I g A8k, HL
BILL Cay-P Fl Cag-P 4 3, — 3 Z AL TCHLBE I A B 1 60% L) L, Fok ok O-P, g7 i /b BB 9 16. 1% —
19.5%

[ Cay-p W Cagp [ Cay-P Al-P ] Fe-P O-P

100

80

60 -

40 |

20

FIBATCHBEE D 1t o5 TCHLBE D B 4 E
The decrement percentage of different inorganic P forms/%

BfE REMARIERE BREMARIEE HEERE AR E
CK+G.i+G.mCK+G.i+G.m CK+G.i+Gm CK+G.i+G.m CK+G.i+G.m

E3 RREAEBEET MR EHELHBED TSI

Fig.3 The decrement percentage of different inorganic P forms
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3 itig

AR R T HFFE Rl AM ECR X BRARAE 0 AN AR M4 35 4 OSSR, B2 8 T 3 RO ) A9 b AE 7 28, 405
BLAUL A MR 4 ANl B AR AR A B R B S P E RS . FERMERESNT AR AR R AR B 22 5 3E FAR R AR
REEZ A SR A EAER 0% S0 B f R A BLAVE F G R I o am Bl . e B 2 B s, SR A AR 2R [E] 1)
B AR B R, (EAR 2850006 (45 ML R A B 1 400 S50 1T BE S FEAB AR 2R 1] 5S40 HL AML LB A9 B 22 7]
PLZEIE e e M BRI SEAR =, 8 T I 5T R AR B 22 5 A BRARAE AR R0 3240 R ) SE AR T, e SRR A
PR A AR 2R B) A AH ELVE B 50 4T R, PRARATLI AR 2 | A AR B 22 A AE AR A AR 5 1 I Ve A R
VRIS 24T, th T b 2ol B K, Moo 2R AEY A K i BRI R 7, 1 K S50 38 4 - 4 v
W TRt RN B TR e S
3.1 AM EFEXHEY) R E 55 RE T A5

AM B BRI XA 420 T 75 45 R 52 e AV PP AR S5 AS Rl R ) (A I TRARAL ) X AML LT 42 % I N A [
117 22 B AS [ 3 17 L R R =2 TR A B B 6 75 97 0 B 5 S 25 e — A B 2 S 4 BOTE L BE (AR
) YIS [ PR Ah i — K o Al s A LR O3S B A AR A0 A SR FR O AR g AR R oK
A=Yy R T e A B R BRI (22 2) TSR AP AR B, B Y R AN SRAR R A 56 2 AH BLAVE
B, JHISR 9 3 17 B 2 RAIR , FLARIGR A 1R RE 0 e T

Bl o (e 4) AR AM BB, 5 KBRSt B B R < 2 T 190 23 B b < [0/ A, T ik
SRS LA R, U6 BH FORA TN B A SE S mE IR 40 W RE 71 (181 2) , Ho B R AT 8 2 R R 7E A 1
T BYIRBE TR LA hin 7 AR P K A4 MR 2 AR X T 9 S A0 /N A AR 2R T LA X B 3R 40 1 5 A W
F1P iR AM BT A 4 R SRR AR s (RIS R R T R AR K A AR BE 4
FIXTBE SR A 1 5 4 LUK BN T RIARAB P 7 P 8] 55 5 v 5 L 34, 3R 300 RN ISR 1 58 4 Ty ik — 25 1
B 2) ol 0L R AM X TS S A TR T eI A T RS A AR T AR
FI T AR 7 10T B RTU8 F AL AR B AR, A5 TR AR A AR A5 B K W Se e pl 38, RIS AR 9% &2 31, A
Al f) AM FLER 45 5 18 AP SE S e D RS AR5 6. @ MPERIEE T 6. m, FEULIFSTH  EARAES)
FRIENE N A TR DY FAEAEN , S PIFP A L 58 i, e AM B 38 5 ——AE AR 1)
XN RE (AR ) W/ R A S O R U — R, RTL AE RIS AR T, BRARAE ) AR AR A ) L AT
T A BB LA 0 0 A M - SRR AML TR T DA Bh o 4 A 0 TR ARAE 0 5 S A e R AR IR B
ALY 5 R AR A ) () 3 A7 B
3.2 AM HEXEVEAR R HHETCHLBE S 152

A1 R IR LB AT L2 N Ca,-P  Cag-P  Ca,,-P  Al-P Fe-P FIPH P 25 485 (0-P)6 Fh2 B A [R4 4
B TEHLBEA S22 AR K, Ca, -P 2y BRI WL, JEA ) B8 R IR, AL-P Fe-P Fl Cay-P HRMENLT Ca,-P,
AR A 058 A OB, 1T Cay,-P 1 O-P 78 %6 309 P i LA R 4 WSOR P A A0 (0 T e R R

FAL IR 70 d BORPAE, th T REAR S TR AR B M T 22 B - 8 v oA R BT IR B = (B IE 8 T TSR &
KX TELEPERETR Ca,y-P 1 O-P 1& AL ANGE

FERP AM B 5 A] RUEFE A R 138 B JE——Ca , -P T O-P $46 A 3UHHE S AL 45 R e SR ]
24 TR AR AT ) AN E TR ARATL ) A7 A 18] 55 VR FH IS, T2 Fh TR AR % TR AR A 242 7 SR MU 75 7 1% 3 R A KT PR AR
FEY AR EARRE ) RIS 7= A R, BIFSE  30, AML L TR AT FRARAE A (oK) (2 4 e Al i 7= 2E T I 1
PEIEVE FH 0 RIS, X JE B AR AR (=% ) 1) 24 40 A I A o = 2E T 8 25 Bkl A ( P<0. 05) , I FLIX Fil
AR AR N0 S A/ D i B AR AT 470 A, 2 R R BT 22 B M 381) 17%) 9800 181 Ay 388 38 K, SR BN SRVE R < JE e
043 b Ff A < ) VR b AR

JE T 90 3B K 2 R K B R A 13 v R R AM ELTE B9 E K B S LA O-P Fl Cay,-P R
R O B SRR O B A EALBE R R DL O-P R 3, R R O-P A R A TR AL R T e
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R AM B, 3P ICHLBE 1) & B R, BLCHLBR 80 5 2L Cayo-P 03, 0] AM H 5 £k
MRS A I, FORTE AR P e PE R IR 0 R X 4 A8 T 0U2R | T BB FOK B AR A Y HY B HLIR
Wit FRAL 25 A o B AR PSR T X R e MRS B A TEAL D SR A R R e R A 35 LB A ek
FHLL Cayo-P Fl Cag-P R 3, THSEHE 2R 4000 AR RS R AN SE SR R nT DAY b 1 39 b v P DU HEmT RAYR 1k
AT IRAE IR Ca-PP0) AN O-P A —E G ILAE

AORNE I RERD AM B S INGR T 5E TN Ca,o-P AOIEALF T, I SE 0 32 B AL R A DRI
4 TR FR A ) R E R AR AT A7 A o 1) S A B, 3R 22X 38 Ca,o-P AT 3G A0 A FH . 5 K 32 [B) /A
BEUR AN ERP ) IR 3 EHLBEI D L) Ca,-P  Cay-P A 4R AM B # 5 Ca,,-P F1 O-P AU/ 51 A
In, GEBIFE ISR 2R FOK B AM ECTR P 22 — 3506 T 8l e IR 0 W SOR s 2L R se e AR FH T, 3880 17 X
HEBTAEEBRIR Ca,o-P A1 O-P (364, HEZLL Ca,-P A E, JEIRM A RFEIMSE S A 3 TR E 2
AT LAZEIE e 0 0 B oK 3 B A 2SR S AR PRy Bl R R 3 6. i J5 3B Cao-P | Cag-P FLE TCHLEE R
i B ARSI, XA SR 6. 0 B fE EAEY) B R TE S A3k

TEAEFIE T R, 3 2R AR TOHLBE AL 3 AL T — AW AL ) s A R v FEAE AR PR | TR AR PR A o
2R A BB TR IR B = (TS LT, AR SR TR AR A Py Bl ik [ B AR KRR 2R 1 sl 3 9 B 2 s i e AL
Wi O-P 1 Ca,o-P $EATEEAL ,— 5 TH AN TR R S 540 T R DR S8 , 05— 5 o] HH o B RS
A ) ZEATFZT 2 3 o JRh AM L RR S 45 A RS JCHUBI £H 2 25 ARG T X6 HE A0 38 I s UE 52 1k — ok,
B AM B 2 BIEARBETR 1L Ca,-P!7', I, Ca,,-P 35 AL A9 I038 n] AE & R EARAER
It AR Z 58 /R T TSR 22 20 W A 85 it A T RE 48 0, (2 2 = SRV I s [ AL A SO R R A 7
Ak,

TR A VR S 1AM BB AE PR 1] 5 445 FH 0 24 A A R P 3 h &R 28
TCHLE S AR5, i — 20 UESE T AM HL R LE SR (= AR AR ) 9% U5 K HCRE 7 AR X 55 4 e ) i S 24
TE AT BRI B B = A 0T, AM L T RE A AIE 0 - 33 X5 1 Wl DR ) A Rl U Ak, DA ] VR AL AR B 11
AR B RAS B 2 0 TOALBE OE R, 0Css 1 BRARATL 0 TR B4 i) 1 S PR A 1 A K Rl o SRR B T
HAE W ()55 53 55 S LE R RNRN ) 52 S B8 7, FRERAE FARAE Y A B 5k B AT 5 A 3 mst, 52 hh AM EC TR 40 o] 52 1
PRARAE ) AR AR e SR, el s i b 260k A B Tt — P T N2 g AM HEELAS RS
HEVER
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