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Effect of AMF Community on the Biomass of White Clover, Uptake of Phosphorus and Soil Phosphomo-
noesterase Activities

ZHONG Min!, HUANG Yi-zong"", WU Wen!, SUI Li-hua', JIA Yan', WANG Xiao—hui!, HAO Xiao-wei!, WANG Xiao—-ying!, WANG You-—
shan?

(1.Research Center for Eco—environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2.Institute of Plant Nutrition &
Resources, Beijing Academy of Agriculture and Forestry Science, Beijing 100089, China )

Abstract: Arbuscular mycorrhizal fungi(AMF) play a crucial role in phosphorus circulation of plants and soil. Effects of different AMF com—
munities upon white clover growth, uptake of phosphorus and soil phosphomonoesterase activities were performed by pot experiments. The
results indicated that soil phosphomonoesterase activities, uptake of phosphorus and white clover biomass were enhanced significantly in each
treatment with AMF inoculation. Among these eight treatments, biomass of plant tissue was highest in the Mnp treatment. In this treatment,
plant total biomass, shoot biomass and root biomass were highest, which were 64.48%, 61.48% and 84.91% higher than control treatment(—M )
respectively. Each AMF treatment induced positive effect on the uptake of phosphorus and phosphomonoesterase activity. The total phospho—
rus and shoot phosphorus of white clover in Mck treatment were 107.18% and 91.91% higher than control treatment respectively. Activities of
alkaline phosphatase and acid phosphatase in Mck reached were separately increased by 54.33% and 138.43% compared with those in the
control treatment. Pearson correlation analysis between AMF genus and phosphomonoesterase activities showed that alkaline phosphomo—
noesterase activities were positive relationship with abundance of Acaullospora while acid phosphomonoesterase were positive relationship
with abundance of Paraglomus. Inoculations of AMF community could significantly influenced white clover growth, uptake of phosphorus and
phosphomonoesterase activities in soil.

Keywords; arbuscular mycorrhizal fungi( AMF) community; phosphomonoesterase; phosphorus; white clover
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YEREPWAER EE AT BRI LFE LR, BR
AZ RS SEYR N &M CE R, R E R
VIR BRI AS , BRI R R A EZE SR
TLERZ U ART , 138 Wy e 28 B SR 2 A I B
[ R A PP, S 2 - S 3R A AE A 0O Rl
%o BT REALE BEA 4 DL K 5 Je A ()l , B A
T4% (5 4L - BB , B 3R A ) P 1R A B IR
IECBRR FL B (AMF ) 2 H AR 5 i A7 7E B9 —Ff £
A, BIARRYR YL AT LA g EAEYI & B0
FRor B, JE AT TEARBE A 1 T R R A X B R (9
UTIQR

TEFTA I EIRILR P, B S BRIE BR K R il
Y] o AMF ) SO FRBER MR, x4
AR R R — B S S AR R A K, +
e Bl R R A AR R R & H A
AE, DA fHomE & B A0 e P M AR IO A A A K
BRI . AMF KR GLBEB (78 TR Y TETE FEL
RAIHR P FEIR AR 23, WA T B s - S 1 2 ) A 2
P, X548 T RAR R PR 22 AR T, AMF ik a]
PARLHEARRER O PRI S e M T 3R e
PRI M2 7 R BGE TR LY &, T fie it
TP EZR IR o - SRR AR 1 E R 1%
A LRI ke A B LA A e, PP 3
BERE SR E G, P SRR B ARE E— R
SRR T E S A BITIE S A AR R BE
5 WREIREEY , (BN T AMF 25 RE% /I i Sk
PREHEAKIERE , A —2eBE5EIA N AMF "] LU
SRR PO

YT AMF 738 TR R B SR EROVERT, FIA
AMF X &# AT EMBE 23 Z XRE, 2
H AT B2 X H— AMF SRR BT, ok T
AMF BB LD o AR SCE PRI 2 LA R
HEZAF T 132 AMF BEVEAE A ERV R, BT AMF
FETON B =R AE A AR O - S A TIR B T T I 14
AR , B TR H BE A R R AR B R A AR
A9 AMF Bk , N TR A B9 2 7 I AR B A7 o

1 RS

1.1 it 1

A% TR B P EREER S ROl A S SE R,
Hihh iz EE +, H3E pH7.91 (UKL 2.5
1), B8HLE 1.66% , 5% P 5.49 mg-kg?(0.5 mol - L™ fY
NaHCO; $2H¢), & N0.68 mg-g?, 4 K 9.28 mg-g

(ICP —OES, Optima 2000DC, Perkin —Elemer Co U. S.
A)o BEXTERT, it 2 mm FEEREH.
1.2 it EF

BB 7B B E R R R AR
i 7 AN E AL o AL IR 4G T 1989
K, RANE -ER—FERBERAE T 7T AR
HE AL 3R 56 HAK K Ry : CKOARHEAEATHE ) .NP(N P
FLHE ) .NK(N.K fLAE ) .PK(P.K fLAE ) NPK(N.1/2
OM (CHHUIERLAES f—¥, 2K A N.P.K
Feor o mANAL L NPK AH[R]].OM(AHLAE ) . B4FEHE
ABE &2 300 kg N-hm2(JRE ), 135 kg P,0s -hm2(id B
FRES ), 300 kg KO -hm(HRIRHR ). A HLAEALFAY N
P K #4382 5% NPK LR N P K & & AH[F,
JERHUR B ZFT 3, i EE S AR PRI
B, AHUCEHER KBERIM, SEEHEY 181t
hm?( ABFE ). IE R IR0 BI3RIS /) AMF 7%, #K
it & Mck ,Mnp ,Mnk ,Mpk ,Mnpk ,M1/2om #1 Mom,
B 77 F U T AROMRL S B A 8 I 5 VIR 5T o
B, o EEYRE EREE AT RARSNE Z R
Prib 1o A ARER B P AT R BRI 1,

® 1 SBEEAFREEEMHAREREEE
Table 1 Diversity of AMF communities originated from

a long—term fertilization field

AP 20 g BeRbs TR T RUA
Glomus  Acaullospora  Paraglomus Entrophospora

Mck 42 36 13 0
Mnp 354 0 0 0
Mnk 929 18 1 1
Mpk 40 7 1 0
Mnpk 12 1 18 3
M1/20m 98 1 0 0
Mom 23 3 12 0

¥ :a, AMF 248538 B AR HE AR5 AR AW # % o
Mck : CK ; Mnp : NP ; Mnk : NK ; Mpk : PK ; Mnpk : NPK ; M1/20m:1/20M ;
Mom:0M,

1.3 RI4bEE

IR A A B (M) FI4EFRD 7 F AMF B
( 4> % 32 & Mnpk .Mom.Mck . M1/20m ,Mnp ,Mnk
Mpk )3t 8 b3, B AL EE 4 IRER . HF B A
B 20 g B, A HERh b 304 200 A K TR A 3 A 42
T35 20 g F1 20 mL 231 20 g FEFPFIIER (AT
R T R AR IER ) DARIE 3 M X R A
—ﬁ(o Eﬂﬁﬁ%ﬁﬁ’% NH4NO3\KH2PO4 %ﬂ K2504 Hf
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N 100 mg-kg™.P 40 mg-kg™ K 160 mg kg™ i) FHEY
SRA LES A Y S B = B (Trifolium
repens L.). ¥EFPAIET 1 d ¥ =M EFpF7E 10% H,0,
W HIRIE 10 min HATRIENHT, A5 HZEE K
YT E TR IELR L, 25 CHEE FH R E —
BRMEEF, HFEERA 1L PVC BRE, B2
900 g +, HAREF 25 KL, M 4 d FEAME BRKE
FHIEAY 12 MR PV HAMEAREE 5K , 1S K IR RRTE
H AR &/ 80% A o iR T H E R Bk B3
AR PORRIREHT, RIFER/M_ERE 16
h/8 h, FL R b IR BE 73 25 CHI 18 °C,
1.4 HmEE

HYAERK 14 FE, REA=HERTLES0g
BT 4 CHRAE Aok B = Eah B35 A T34
43, BB TKUEEIRT . FEHLIEEL 0.6~1.0 g Fé MR R
i, BT FAA BEEW (13 mL 5 mL 7KESER |
200 mL 50% ) LB )" A7, REIE TR R Je 3 A
HARREMRFERZ 65 CHT EEEH,
L5 B

PR R Y 3 5 . B AR A i 2RI /K bk
2~3 I, FHBIAR 0.5~1.0 cm KRR EL , B THR/IMK
Hr, A 10% KOH ¥ ,90 “C/k A ZE Wi (BBl ,
FEIBIK Mg T4, I 2% HC1 F W ER AL 3 min, 54
B 5 0.05% & B 5 FFLER H IS i 44 2 15 min,
FEAH WA RS BT R T A 25
MREL , I IR BT R T H B AR R e 20,

FEMRAE Y B S P& Bl e - AE AR kb b T 35
Gror AT FRENEAY R, BT R SRS
FH HNO; JH2, /7 EfYHERTH P TRERE

501

(ICP-OES, Optima 2000DC, Perkinv Elmer Co U.S.A ),

- SRR B TR A I R < IR 4 CIRTF RO BT i 1
1 g, in 1 mL EXFAEERBERR — 40 115 mmol - L™ /Y
SRS, FEN 4 mL Z2opik (D05 BRMEBR R T
iF, F pH6.5 #4922 1k ; D i B 1 BERR BN , A pH11
AT 37 CHEFRFE S 1 h, 85 H 4 mL
0.5 mol -L'NaOH & 1§z i, Fh0 1 mL 0.5 mol - L™
CaCl, E7MES, MERIEALIE. IEBIRAE 400 nm
Ak Ho 8 o s M B Ry B g v (LU 31153
AIXT AR pNP (pNP XAHEERR ) BE (DL pg
T,
1.6 ¥R

HlEAL B TE SPSS13.0 ZEit ki T 58, KA
A 7 223 7 (One-Way ANOVA)Fl LSD L H I
B LR 2 5 B

2 HR

2.1 BREBEE

AN B AL TR B AR (R YL AR , B Fp AL
RREREHEE, FRELREEIIAFBEENRE,
FEAREEFP (-M) b FE 5 18.96%~42.68% (&l 1), o
Mom b B H="MENERELERER, X7
42.68% ; FLYR R Mnk 4B, N 37.21%; B R %
TR AL EE R Mck, (R 18.96% . &4 Ab FH 5 %f
HR(-M) R B 2257
22 B=EMHEEYE

MM REREEREN A =AY R
B E, NEMEREENA=HELEYERIK,
MEMEREELOEYENAEARBRENERS. 5

=
40t ab b
35t B tiae
I ¢
-}i?& 301 d —E—
= o5t K
u d
E 20t
i
15+
10
5 -
e
0 -M Mck Mnp Mnk Mpk Mnpk  M1/2om Mom
sz

Error bars: +/- SE, RF/INE FRFRRNA RIS R Z AT 5% B EKE. TR,
B 1 EMAEERRERSEENA =N ERRELRNZM

Figure 1 Mycorhizal infection rate of white clover within different AMF community inoculations
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X B& (~M)AH Lt , Mck \Mnp ,Mom ZbBEXT [ = mH-B S A
Y& A5 8 3 (P<0.05) ,Mck \Mnp . Mnpk Zb#X} H
SMEREYREMEE (P<.05), T Mck,Mnp,
Mnpk ,Mom ZbFEX} 7 = i FLZEMH-A: P 8 520 (g 3 (P<
0.05), Mnp Ab¥EF =it B S YR 2R AR Y E A
MR AWy & 53 Ee o BE AL B 1 64.48% .61.48% 71
84.91% (& 2).
23 H=MEMBRKE

P 3 0] D0, R R RS L TR B VK R S

A = E BRI S0 BRARBRAR L, Mck \Mnp
Mnpk 4b B (5 = M5 B A9 % 0CE B 2 0 4R
107.18%.94.08%.82.3% ., B AL BIAR FL B 4 ot
R 25 I RAR 2R X B IR WA A A BIE A o Mck,
Mnp Mnpk 43 (7 = -2 25 - 0 SCRE U B AR
HEAMBIHERS 91.91%.85.33%.80.58%

EE =M R A YR SRR R R R RS
TSR (3R 2), A B E = RS B
SHERRER RAEYRAESEYEZ YR B EN

RIS ES
-1 O 2k a
B SEya
6L abc a ab
abed
a
L st ab bed bed b
& d be b cd
a0 C|
g “
g o
2 L
1F g b i cd be: ab d abed
-M Mck Mnp Mnk Mpk Mnpk M1/20m Mom
Ab3
B2 #MAREREFH#ENA=HEENENIIE
Figure 2 Biomass of white clover within different AMF community inoculations
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Figure 3 Phosphorus uptake of different plant issues in different treatments

R2 BSHERREER EWEMBR K Pearson HXRE

Table 2 Pearson correlation coefficients between AM infection rates, biomass and phosphorus uptake

iEe = MY HRAEY) BB MR BRI
B ER 1 0.251 0.054 0.350% 0.102
SRR 1 0.849%* 0.842% 0.038
HRA Y 1 0.810%* 0.039
B B 1 0.079

AT B T

1

¥ #P<0.05 7£ 0.05 /K BEHE, **P<0.01 7£ 0.01 /KF B EHE,
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IEARK R, MAKEREREE S =MHEAEY)
&2 BERIGHAT Pearson ST (3R 3), KRN
Glomus B EARE 5 A =M E AV EAREY &
BERBERIEMXRER, EM Acaullospora J&F1 Para—
glomus JERRERN S H =ME#HREEER BEN
IEMRK R

3 MABREREEEESH=HELEYE.
TSR ULEY Pearson tH3C R E
Table 3 Pearson correlation coefficients between abundance of

different AMF genus, biomass and phosphorus uptake

. IETERE R R
Glomus Acaullospora  Paraglomus Entrophospora
R 0.506* NS NS NS
WREYR  0406% NS NS NS
BER SR NS 0.436* 0.595%* NS

I+ * P<0.05 7E 0.05 /KB E MK, *+P<0.01 7E 0.01 KF BEH
*,NS: N,

2.4 T IEREES B R TR T

ME 4 FTLIEH, R R BRI AT
A HE RV R B T RN B 0 TR B TR S 1 A 4R
i, R ER LB L R M R B MR RS 1 R 2~5
i, Mpk Ab3E Y R 1 TR BRI Tl V5 1 S 3 v T LA
AEFE, H BR AL AR i 197.34% , Mck il Mom &b B
V4D P T R P T A 0 1 S v T LA AR 3, 3 S L
St B AbFRER B 54.33%F1 53.24%, 383 Pearson FH3E
MRS, HIEBERREE RS AMF H)E FIEAR R
PeREA R =M HERFRBYRRE AMF HEKA &
EFMRXR, B LEREBRENEEE0 S B E
B IE AH & (r=0.362,P<0.05), Glomus J& 1 En -
trophospora J& I B AR B 5 1 48 () R 14k R W R Tl

2T bR (ALP)

a ab

£ J‘—E _j_l;

N
(=]
T

—
W

T T
[}

ab

PR TR GG M /g NP-g b
S

W
T

cd

EHEBRBEMRKR . B Acaullospora J& B AR
BRI T w R S M 2 B3 Y B AR
(r=0.435,P<0.05) , $F} Paraglomus J& R A H AT
5 T R PR R R B M A A St K (r.=0.360,
P<0.05), A=MHHEERBELERYE Glomus J§ En-
trophospora J& A caullospora J& 1 Paraglomus J& i) #4
FEIITARRK R

3 it

3.1 EfMAREREFEFENEYEKHEMD

BRI EREER A REEEREE =
HERAEYEMBERIE, FE6 = EER,

(1) PVRE AR B3 AT ik 38 rh gl ) KU AL B 8
i - e [ TEAS R BE R AL A AT R AOTE S 3
HEBRGS SHRTEIIN BHEY,

(2) MR B S A AR R o {2 i 1
B YUBRIR I R A ALBR X 1 HEBE IR i A0 R R
PR VLB AR FE 2R,

()M ERAR B R 2 A K BIEYR R AR
AR HIEPRIK P R FFERMAHEYRR . XFA
[F] A4 FP AL B, B F AR B VR R[], o0 1 38k
AR 2 A LB R AN R, TRAR B 2 Fr g 31
B - BEE BB —E, BrLATE AL T 3 = i E R
MESR

HE=MEgRKESRAYEZE B EH
KRFR, TREREM A ER LR ERE T =
FOAR R AR B S B A5 , AT B = B 8
AV B, X SETANE R —E"?, Pearson
MM AL, R Glomus BREBEESHA=
HRAYENRAYER BENIEMIXKR, XA FE

B BRERHR SR (ACP)

a

N

be

d
d B L[ Bl
0 -M Mck Mnp Mnk Mpk Mnpk M1/20m Mom
Qb

B 4 #Emh A B AR B B B X 1 SRR R A AR AR A MR R

Figure 4 Soil phosphomonoesterase activities within different AMF community inoculations
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2 B A A 4 i+ R W+, BT Glomus
J H AR P B R AR K X B =
- BLAR R AR VB SR B O 5 TaG AR P B K, AT
HXPHE YA AR #EVE FIARXS F 5351 3 1N B Y BIAR
ER K

32 MM EIRE R EX T R B AR A A
Eap 2]

T B A B Bl AR A AR KRR R
YER, LA HIBER LI PR B S (BA
PUBR BT £ P R B ) VE I T e AL LB R A
REBAE AR RIBCR ™, BRI, S mERR I PT LIAE
R DUBE AT 35 L 3w A ) 2R AL TE R R R
F8PRP, A caullospora J&F1 Paraglomus R ERE R 5
HE=MEMBEREREREBEFEMER, XS A-
caullospora J& F1 Paraglomus J& P E & X} 1 B AR
B TE MR A Ko HEFPRY A caullospora J& I HIAR
PR 5505 B R R I 1 2 B 35 EAH 2 (r=0.435,
P<0.05), Paraglomus J& B8 AR EL T #1750t 12 25 % i
T A ER PRI BE 14 (r=0.360, P<0.05 )R UESE 13X
— 5, Acaullospora J& 1 Paraglomus J& R EEH W] 2.
FE U IR BEIR TS, AT RE 5 HAE S 7E M
B IRBRE 19 2% 1 T AR AR R8T ELX R & Y
BIRE W IR TR R, BB, BRI IR R AR
XFHEAS AMF BER ARG, I 1 SR BERR G
T T X P BT AR L T B RUR

CAPIFR, AMF 7] LUR SRR T SRR A Y
o, AMF f42 3 30T 52 ) - S mR I i R B 1,
i P Tl 2 g U R/ INHL BT DL S B AMIF () 355 P20, [
S B A R RS 4 A 3855 FT BB IE R AMF RYL RS
G5 RS X B =M BB AR R YR 5 I AR
Wil Z [ EA TR AR ST , R ILEA TP Z A 2 B H B
FEIIEAHRK R (r=0.495,P<0.01) , FHIE AMF 1]
Mel AR AR s 3B , AR AR PRt X I A Y P
FRBEAY 43 WA, AN ST Hh 1 SRR M AR Tl I 14 LU R
PERRRRREE M , X 5 AR 5T B A ZE M 1
HEE R —E, FEYIAR R SRRV B AR B AY 322
REP, A R R I AME MR AR E A AT LA AR R
PEBERRAE , (5 A A IS AR LT 2 75 BB 7 A PR 1
BRI 1A — BB S5 18 o A6 i B =M B AR
2 YL 5 - SRRV RR B M A A TE B3 B AR
P, U ER AR BT AT BB RE S M BR M R R T
BN T ER M R I 1 ) e T BB PR T AR Y R)
EAEFBIRM . Bef AMF BEPEXT 3 =B Y2 B

MR T LK R T T B R TS R RO RO M 45 SRR I, R e o
AL THAT A RO AR R = R BRI AR, AT 2
E =M E R YR, XS RO AR A R R

4 INGS

(1)EFP A IR BRI ATk B = M BL A 4R
£, JuHIE Mck Mnp . Mom 4ZMBRAYRCR TR B &

(2) AP IR LRV 7] B AR i 1 =
LT BRI M, Mck \Mnp . Mnpk £ S:20 [ = - Bk
M W B B E X IR AR R 23 4R = 107.18% ,94.08%
82.3%,

(3)FFh KL AR B AR 75 AT A [RIF2 B {2 i+
SRR MR B R R AN AR M R R R MR RS PR 4R L T
A AMF BEEEFp AL PR, Mpk Ab JH X R 14 i R A T
P S M Y 52 T B SB35, T Mck T Mo Ab 350 X6 P ol
PR EATREE MR e .2 . BWARIRY2R A caullospora
JBHFES T B R M 2 B Y IEAESCR
A, BRIRYLE Paraglomus JEH T E S BRIEBER B
FRB S 2 B E IR,

S 30k
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