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T HEREZETDRRE AMERE
SHKEBRZHTM

DAL I 1 52
G P = A
(1. ek drlae2zbe, WALRE 07100252, PEILRMBLE K2t mlaz 2B, Bevitan 712100)

FHE 12009 4F 7 A ALE P52t FRTG 75 44 A 4032 #8521 1D R ( Hippophae rhamnoides L) $EH1 /340 X BB HL 3 > BL RV -, 73 T O —
10em 10 —20cm 20 — 30cm 30 —40cm F1 40 — 50cm /2 RAE VO RAR B+ 560 5 FEE T VDR Bl AM LR 5 BR G822 28 W] 4
i 3o 5 T IEPF ARG . BRI, VDBRE S AM ELEE R AT (Y 9w 2 Y (Arum-type) AECEIAR . AM L [ 7 A R LI T
W SR AR S SR A IR DG . KBRS R ZAC AR AM LT AN [7) 45 440 5 e 40 X A %% 8 T WY Wl 22 031, L8 o =8 o2 T B
FAIREHD , RAE RGBS B 5 16 -2 BETE 3 AR X B - J2 I i AR, S [ 45 040 o e 3 e R G A i - 2 Ik i
RARG, LAt 2 A b JE ] I 28 A R 5 AML L T4 e v B %6 R e KT 2% BE 3 HH A 0 — 30em W& 2, AR H SR B2 R
(TEG) MG 1R R F R H (EEG) T it E 3 M REH A 1 )2 IR AR, AHOCPEST IR W 795 B ST 22 8 T 5 I3 2 il %
FLEE R M B IEA DG, AM E 22 A EE S 5 38 pH (AL C B8R N RISRAL P ik | Rt R i 12 ity 0
PR 25 TEAR DG ARCE 5 T IR N & S AIREEE L 0 3 TEAE DG, Zonge Pk A 3R] AM B TR UAS [R] 2 46 45 14 1
P73 TEG #1 EEG & i ST [F], X T TEG : B 22 >98 7> 58 AL C> AL P>MRAEBEMEE>pH 8, X T EEG . i13E>78 1>
W22 A ML C>AL P, G5 HEI, AM BLTR L T4 | R 2258 B PR N IR e 8 3% & e — R 1 RB LR & RN - 48 AM KL
RS AL C SSRGS BERE | ] LIAE 3 S D RE T A fi b itk — 2B TR A ST

SRR : AM LT ; BRIETE K 25 (A M1 5 YOI RS S Y

Spatial distribution of arbuscular mycorrhizal fungi and glomalin of Hippophae

rhamnoides L in farming-pastoral zone from the two northern provinces of China

HE Xueli" ", CHEN Cheng', HE Bo’
1 College of Life Sciences, Hebei University, Baoding Hebei 071002, China
2 College of Life Sciences, Northwest A&F University, Yangling ,Shaanxi 712100, China

Abstract; Arbuscular mycorrhizal fungi ( AMF) are important functional components of ecosystems and are the most widely
distributed microbes among the soil microorganisms. Glomalin, which is produced by AMF, is a kind of glycoprotein that
can be extracted from soil. Tts ubiquity, coupled with apparent recalcitrance of glomalin and consequent long residence time
in soil, can result in glomalin comprising large pools of soil carbon and nitrogen. Hippophae rhamnoides L is one of the
excellent sand-fixation plants that can not only well adapt to arid desert environment, but also fix sand and improve the
texture or fertility of soil, so as to keep the balance and stability of the desert ecosystem. In this paper, the spatial
distribution of AMF and glomalin, and the relativity of AMF and glomalin with environmental factors in rhizosphere of
Hippophae rhamnoides L were investigated in farming-pastoral zone between Inner Mongolia and Hebei province. In July
2009, we collected the root and soil samples from three different sample sites, which are Da Liandi, Huang Liutiao and east
of Duo Lun, respectively. Root samples were collected from four robust Hippophae rhamnoides L, and soil samples were

collected from three sample sites and divided into five layers on the basis of depth, from top to bottom: 0 —10 c¢m, 10 —

WA : KA AFA LTI H (30670371 ,40471637)
r# B #3:2010-07-05; &1T B 81:2011-01-11
# WIRAER Corresponding author. E-mail ; xuelh1256@ yahoo. com. cn
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20 ¢m, 20 —30 e¢m, 30 —40 cm, 40 —50 cm, respectively. The results showed that a good symbioses relation is formed
between AMF and Hippophae rhamnoides 1.. Mycorrhizal type is Arum-type. The distribution and activity of AMF, the
content of total extractable glomalin (TEG) and easily extractable glomain (EEG) were significantly affected by ecological
conditions and soil depth. In Daliangdi and Duolun sites, there was no obvious difference in the spore density, but in
Huangliutiao site was much higher; the colonization of AMF showed the same trend with spore density. Meanwhile the
arbuscule was only found in Daliangdi site. The maximal value of the spore density occurred at the 0 —10 cm soil layer in
three sites, and then decreased with the increasing of the soil depth, and the percentage of AM fungal colonization showed
the same trend in Daliangdi site, while no obvious difference was found in the variation laws of different structures of AM
fungal colonization in other sample sites. The highest colonization rate and spore density of AMF were found in the 0 —30
cm soil layer in each site. The highest contents of TEG and EEG occurred at the 0 —10 cm soil layer, and then gradually
decreased with the increasing of soil depth. Spore density had significantly positive effects on total, hyphal and vesicular
colonization. Different structures of AMF had significantly positive effects on soil pH, organic C, alkaline N, available P,
urease and alkaline phosphatase. Arbuscular colonization had a positive effect on alkaline N and urease. The result of
multiple linear regression equation showed that different colonial structures of AMF and different soil factors had different
impact on the content of TEG and EEG. For TEG: hyphae>spore> vesicale; organic C> available P> acid phosphatase. For
EEG . vesicale >spore> hyphae; organic C> available P. Spore density, colonisation of hyphae, the contents of TEG and
EEG were remarkably correlated with the contents of soil nutritions and the activities of soil enzymes, and in the future
research, these indexes can be used as parameters to monitor the development of AMFcommunity, organic carbon dynamic

and nutrition cycle in sand soil.

Key Words: arbuscular mycorrhizal fungi; Glomalin; spatial distribution; Hippophae rhamnoides L.; farming-pastoral zone

AM (arbuscular mycorrhiza ) F & —3&) 2 0 A TRiHA S RGP ROA fi HEBUEY), fES 80% DL b
SEHPIY U B E AR SR AR A IR AT O TR A R R R A K B R YRR A A
WA Pl - S TP R D TR 22 P 286 R G R A AR R R X, RE S 4R vy L R I SRR A RS E A, I b E R i
AR AR AR S RGP KR T R R AR

BRPEFE R (Glomalin) & H1 AM HLIE A 1 —F & & 8 B T ROMEE 1, FEAFE T AM EC 3 3 22 (R fiE 1
RERZER rh X AED AM BLTA A B 14 A ) S 2B BRI RER Ol E BT 4 BR YRR 5 B A 22 R0 T AR g 1 a0E A 3
Ja, OSCh EIEAPLIR, Z 5 18 C N JEFR, X Bk R R BT 5T al gk — L WTRl AM ELRR 7R 245 L A5 M 2
HEE SR W) FE R i AL AN

VP ( Hippophae rhamnoides L) J& T %1 FF} ( Elaeapnacae ) V> Bl ( Hippophae ) , VM HEAR S/ NE AR, T2
G3AT T RRN SR X JCHFR EDE A 5 90% v BB IR A R E , VB RSE R M SRR E S
A AW R E SRR TR, R I VR v e AR R A AR B K AR AR B KU VD R S AR
FH 2T 5 DX K b PR IR B AR 18 S AR Rl R SC B Ao, sG A1, VIR 2R RE A ~2 S R A A TR AR e TR 1
MR, B R I [ AR o T 3Ry B kst ke B R O AERR AL B R R,
Tt AM ELEE VDR Frankia S50 38, A ROOAEHE TIPBE AR A K, 4k, th T A S8ad BEU DL K4
BRAURABALRISE I, VDR A PRS2 B FE A AR 7 B AR S DI RER ™ E I 55 . A AR M BOR O AR
VDR IR, AN UREfE E 21 3 N BB AT, 1T ELREAS S A i B AR BRI, M A7 1 5 DX A 25 2R 8-
FE

T4 FA 52 P R B T F - 52 5 DX R ) e Ao ot IR 0 Ry e JE e 84 14 o A
R E SR T 20 ASIR TR T2 R S5t P A S A U0 R P AML L T R Bk 3 2 R =5 1R o A1 e
TN T S R AEAT THESE, LME S S8 M AM B BT (2 8 5 AR A A ORI AR K A A B0 ,
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AT A IR PR 178 A SR L 1) SR
1 #RFFE
1.1 HEHAEA

TTALA W R B BRIEAT 7 T 41°52/724"N 115°51'891" E, #F4K 1355m , T30 g vb i SR 485 4, 520l
TE NI, 7T 42°15'842"N [ 116°10'741"E 1k 1313 m, H3EACNRKIP +; N5l 2R BIRAE, (i T
42°11'601"N 116°36'870"E , ik 1312m , + 3R R vb 5245 1
1.2 BRIk

2009 4 7 A3 4 i MR ZRIECHRT B MR I 248 BLIRAR 3 M FEHb BRI I 4 RAE K R AP A VD R, 0 35 A
FREAR B8R J A A P 242 365 T, 4% 0—10 ,10—20 20—30 ,30—40 40—50cm 3£ 5 4>+ )2 R EMRFEF +
FE B AR A BRI RE R AP SRS BT A P20 SR KUT i 2mm 0, FH T AM L 96143 25 i+ 8
PR I R, WCHE P AR A FH T A R 45 g R B S UL

1 pH (EAEEFREETHNE , APl C FIEARRRAN A L™ Bl N kY 8%, 3k P A NaHCO, 12
PP Lk IR Hoffman 55 Teicher 3%, Gl i /A il A1 PR M % 192 13 FH 24C2E 1Y) Tabatabai F1 Brimner 75
PRI IS PE A TR R IR 1 b el R R R I P O R R A T A PR B R N (pNPP) U (ne/g)
TR,

BREER F IR Wright'” FUEHUS 9 David 2 B EDE . SIRBERER R (EEG) B 1g M1+ ik
B, A 8 mL 20 mmol/L (pH 7. 0) AP FRENIZ 27, 7€ 103 kPa 121°C 5514 F #E L L 90 min J5, 7€
10000xg T EL> 6 min, WA EIHHG SBRRER R (TEG) 1 g X LTl d, A 8 mL 50mmol/L (pH
8.0) AR ANIZ HE ], 7E 103 kPa 121°C 45F T iEZ242 M 60 min, FH & 42 HL 2 ¥ ;10000xg T 250> 5 min,
WA BIEWR ., A3 EYEW 0. 5 mL A S mL % H s G-250 YL@, #F 595 nm K N EH A, FHAR I
HEARR, % Dk B, ShbsEi g R ek HE R S,

HRIE Smith 25 A0 )5 B0 E AR AL 4 Phillips #71 Hayman“H JEIE AM BB E R, MR 4
HEL 20g KT -, FHVRH OHT-ERE B 005 203 AM E 71 7R B fBs 0 sl 40, LA 100g XL
T AT,

SKHI SPSS 13.0 A=W Ge it o Hr i s g0 B s 24 T 8 1A
2 BER55H
2.1 VAR S5 Fn2E A

WFFE R I, VD AR ZR AR B AM FL7R = BB IR P iUt B A2 78 ( Arum-type ) AABETRAR 8- &k J5 72 AR K
HAMER2Z (B 1-1)  RAMALUSER L ZE R BRI 22 (E 1-2) , kD22 (K 1-3) ,
TE TR J2 20 6 T B i 200 L P e T 22 00 s R Tt i (T 1-4 ), RV/INAN G TR AR 22 R IR R R | i 20 $50%
ARAKN(E1-5) . B JERRSER (E1-6) .

2.2 VhTARFE AM ELIEZS [E)43A

R 1 A0l A — ARO[ )2, AM BB 602 B Bl = 2 IR k2> RIRA 0—30em + )2 17 %
B 2 ST 30—50em )2 IS 0—10em )2 8% 5 B & T 20—50em 12 ; 2878 0—10em +)2
il B m T 30—50em 12, ARFEHF— 12, RPENS LM FHEERRK, BERTZRR
(0—20cm +JZBRAM) FIEEHIS5AT

FOEIRAT o B e i J2 IR 2R W AT 5 B0 R N 22 A0 R R B 3R AR A T A, B R e B B
£ 20—30em + 2, AFREEHE — )2 ,0—20em )2 88 5 R AR RN . ORI > 248 7R > F M 554
20—50cm 2 BRER R, K BEF A AR IC I & 22 31, (035 W 38 3 T oo 4k, KORIRAT R 248 457
P BB FE AR IO 25 S 3 R T AR

KRB 22 B 0—30em T2 B EE T 30—50em T2, BM) S 22 58 5l R W 1+ 2R % TS
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31 %

E1

IR E RS
Fig.1 Arbuscular mycorrhizal structures of Hippophae rhamnoides L
LR AT (x400) ;2. SMETR22(x400) ;3. T 22 R (x400) ;4. B 22 Y BUEAE (x400) ;5. 18 (x100) ;6. ABL(x400) (Gs: B & Y4
Filh: MVEREZ He: W22 v, WHFE;A. ARG Hy: )

K ,20—30cm )2 . AR L E RIS L2 EW B2, ARBHF— )= ,0—20em L/RF2Z
SE T RALAHH RGNS > ZAR IR > SIS KAIRAT R ZAE 2R 20—500m )2 3 22 % Fi AR TC I W 22531,

(HE 5 T oM o RIS PR 228 SR de i, B AR R A1

£1 WHIRE AM EEZTESH
Table 1 The spatial distribution of AM fungi in the rhizosphere of Hippophae rhamnoides L.
25 5E R MeE et B PN & %
Site Soil layer colonization colonization colonization Total colonization Spore density
KPR 0—10 95.0023.56Aa 70.00=4.97 Aa 12.00+2. 58a 97.00=0. 82Aa 16142328 Aa
Da Liangdi 10—20 93.0022.58Aa 55.00=4.55Ab 14.00+2.94a 94.00=1.83Aab 1453189 Aab
20—30 92.0024. 08 Aa 40.00+4.97 Ac 3.00+1.83b 92.00=+5. 60Abc 1148+212Ab
30—40 80.00+4. 16Ab 28.00=4.24Bd 2.00£1.41b 89.00+2. 94 Ac 729+162Ac
40—50 81.00+6.06Ab 20.00+4. 69 Ae 2.00+0. 82b 83.00=1.83Ad 501+84Ac
SEHIME Average 88.20A 42.60A 6.60 91.00A 1089A
M ST 0—10 23.00+7.02Cc 5.00+2.58Cc 0.00 26.00=1.83Cd 565+363Ba
Huang Liutiao 10—20 48.00=6.48Ch 15.00+2. 16Cab 0.00 50.00+3. 65Ch 350+135Bab
20—30 66.00+8. 04Ba 16.00+2.94Ca 0.00 71.00+3. 16Ba 230+78Ch
30—40 29.00+8.52Bc 13.00+2.58Cab 0.00 33.00+3.37Bc 104£48Ch
40—50 30.00+5. 35Bc 12.00+1.83Bh 0.00 32.00+2.71Be 70+16Bb
SEXIME Average 39.20B 12.20B 0.00 42.40B 264B
EZ(% 0—10 82.00+4.69Ba 21.00+4.97Bc 0.00 85.00+2. 58 Bhe 11412711 ABa
Duo Lundong 10—20 73.00+7. 16Ba 24.00+3. 16Bc 0.00 73.00+4. 08Bd 878178 ABab
20—30 88.00+7.35Aa 31.00+2.94Bb 0.00 90.00+3. 56Aa 661+158Babc
30—40 80.00+14.3Aa 45.00+4.76Aa 0.00 87.00+1.83Aab 459+98Bhc
40—50 74.00215.0Aa 23.00+2.58Ac 0.00 82.00+1.83Ac 204+139Bc
F-IH{H Average 79.40A 28.80AB 0.00 83.40A 669AB

(VS B J5 bR AR ] /INE B R [l — AR [] b 2 22 1) 2% 57 .35 (P<0. 05) s B A IR RS 82 R[] — £ J2 A [l 2 ] 22 53 3%

(P<0.05)

RBEJFA L B R R B SR IR0 A | 4% 1SR (8 22 57 3 BMI IR R 22 AR AR A0 R e 3R o 2
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SeTHIE M, BN RHE 20—30em + 2 HK, 281 30—40em HEHRK, AFEEEHIFE— 12, KBIEF 0—
30cm 2 904 G S R T AR ; 30—40em )2 08 RE R AE 2SR AR K KIRIRA M Z R 4R
40—50cm 2 13 8 FE R B = TR MIART . ORI - 2 v A R R R S, BN AR A B AR, AR AR R
PRI R R B, 0—20em +J2 ARG RE A % 35 = T 20—50em +)2
2.3 YRR R RN TS A A

W& 2 fioR 3 AFEHL 148 BB IR 3R ) SR Bk 98 5 2K A i Y B - 2 R R AR, R TR R M [ — £
2, RBIRA SRS EMSAT . 13 pH 7E 6. 82—7.96 Z[E754k | B HEHI S5 FEHL 0—20em 12 9 55 R 1
A, HAb Y R

x2 WEHRETERFZEENH
Table 2 The spatial distribution of soil factors in the rhizosphere of Hippophae rhamnoides L

. e MEREER Sy PR Bk AHHLC i N
?ﬂiﬂz i’:’z fiz o (TEG) % (FEG) pH /(e/ke) / (mg/ke)
/(g/kg) /(g/kg) Organic matter Alkaline N
KB 0—10 3.81+0.21Aa 2.3920.19Aa 7.72+0.19Aa 14.09+0. 98 Aa 127.68+15.1Aa
Da Liangdi 10—20 3.29+0.11Ab 1.70+0.32Ab 7.8+0.18Aa 11.24+1.87Aa 101.08+16. 8Aab
20—30 2.92+0.37Ab 1.54+0.43Ac 7.83+0.18Aa 10.58+2. 62Aab 93.52+20.2Ab
30—40 2.80+0.30Ab 1.40+0.35Ac 7.88+0.19Aa 10. 67+2. 78 Aab 94.36+21.2Ab
40—50 2.19£0.13Ac 0.86+0.24Ad 7.96+0.24Aa 7.16+2.57Ab 64.12%15.6Ac
A Average 3.00A 1.58A 7.84A 10.75A 96.15A
Hel 2t 0—10 0.32+0.12Ca 0.20+0.05Ca 6.82+0.16Ch 1.70+0.54Ca 18.48+5.08Ca
Huang Liutiao 10—20 0.29+0.13Ca 0.15+0.04Cab 6.94+0.12Cab 1.27+1.16Ca 17.99+11.4Ca
20—30 0.17+0. 14Cab 0.10=0.06Chc 7.010. 15Bab 1.23+1.34Ba 14.70+11. 1Ba
30—40 0.08+0,.02Ch 0.05+0.01Ce 7.10£0. 14Ba 0.43+0.13Ca 7.35+1.34Ca
40—50 0.05+0.03Ch 0.04+0.02Cc 7.12+0.14Ba 0.38+0.32Ba 6.79+3.92Ba
SEXIME Average 0.18C 0.11C 7.00C 1.00C 13.06C
2R 0—10 2.19+0.13Ba 1.16+0.02Ba 7.27+0.22Bc 9.24+2.41Ba 73.08+8.20Ba
Duo Lundong 10—20 1.83=0.11Bb 1.04£0.06Bb 7.38+0.24Bbe 7.58+1.88Ba 70.84+11.7Ba
20—30 1.60=0.24Bc 0.9420.09Bb 7.67+0.30Aabc 8.18+1.49Aa 72.80+14.5Aa
30—40 1.43+0. 13Bed 0.82+0.08Bc 7.85+0.32Aa 6.93+1.29Ba 61.32+7.78Ba
40—50 1.27+0.03Bd 0.74=0.08Bc 7.73+0.29Aab 6.79+1.30Aa 70.56+18.2Aa
F-H{E Average 1.66B 0.94B 7.588B 7.74B 69.72B
- e AP W MEENS SN
Site Soil layer / (Iflg/kg) /(pgeg +h™) / ('Mg'g -h™h) / fug'g -h™)
Available P Urease Alkaline phosphatase  Acid phosphatase
KK 0—10 12.65+4.06Aa 0.30+0.08Aa 145.52+27.5Aa 28.08%5.13Aa
Da Liangdi 10—20 7.20+2.05Aab 0.16+0.03Ab 100.77+16. 1Ab 23.8526. 16Aa
20—30 5.40+2.95Ab 0.10+0.03Ab 85.70£21.0Abec  23.79%6.12Aa
30—40 5.02£2.65Ab 0.13+0.02Ab 68.60+8.74Abc  22.71+7.26Aab
40—50 5.89+5. 10Aab 0.11x0.04Ab 43.86+9.53Bc 14.40+3.42Ab
EH{E Average 7.23A 0.16A 88.89A 22.56A
EHISHA 0—10 1.00£0.41Ca 0.08+0.04Ba 25.72+10.2Ba 6.94+1.28Ca
Huang Liutiao 10—20 0.24+0.21Ca 0.04=0.04Bab 19.85+16. 4Bab 6.74+3.47Ca
20—30 0.18+1.75Ba 0.03+0. 03 Aab 16.33+15. 1Bab 4.88+3.16Ca
30—40 0.46+0.36Ba 0.0120.01Ch 4.05+1.95Bb 4.25+1.57Ba
40—50 0.50+0.46Ba 0.01+0.01Bb 4.05+3.71Cb 3.12+1.42Ba
SEXIME Average 0.48C 0.03AB 14.00B 5.19C
EZ (%' 0—10 5.28+2.16Ba 0.18+0.17ABa 109.03+7.84Aa 17.37+5.13Ba
DuoLundong 10—20 3.12+1.78Bab 0.11+0.06ABa 95.63+31.5Aa 13.51+3.47Bab
20—30 2.68+0.66ABab  0.02+0.06Aa 102.19+32. 1Aa 12.22+3.28Bab
30—40 2.48+0.75ABb 0.07+0.02Ba 89.46+19.3Aa 11.24+1.70Bb
40—50 3.05+1.26ABb 0.08=0.05Aa 80.03+16.0Aa 11.62+3.31Aab
SEHIE Average 3.32B 0.09B 95.27A 13.19B
[F) B SR AR AN ] NG 88 35 R Al — e MRS ) 12 2 (8] 22 5 2 25 (P<0. 05) s B AN [A) K5 5 01E 35 ROR [A] — 1 2 [ A 3t 22 ) 22 St 2%

(P<0.05)

http ; //www. ecologica. cn



1658 A E = 31 &

BRI 2SR A HL C Fadfg N b+ 2 IR TG 225 . KRBRA 0—20em +JZ2AHHL C 8w
T 40—50em )2, KBICATAE N BE 2 I A [FAE AR [R] £ )2 ,0—20em H2HHL C 22 5 1
B RBICH > Z RIS EMEAT ;20—50em 2, KPIEHNMZRR AL C TR EZES A5 T HU
b, B N A AR S APl C 8, HEIARSLEES P SRR EES HAbFE & 2R P &
bl 2 IR ML (2484 40—50em HJZERSM) o AFFEHARR )2 ,0—20em +2HEL P & &, KK >
ZRIRSEMIFFAT ;20—50em )2, KRBEEH R P B2 & T EMIAH .

TR 0—10em + JZWREEE M 0% 5 T 10—50em + )2, #HI A 0—10em + )2 IRBE G T B KT
30—50cm 1 )2, 2R L LI IREGE M2 R A B2, AR R — )2, KGRI M & 2 IR 7
4=

3 ANF B A G R T PR P B R S P A KA 48 H BRAE 0—10em + 2, B+ Z IR M FEAL, AR
FRIA] )25, KBRS R ZAC AT IR BTG PR 25 008 K (40—50cem 1 JZBRAL) |, 10 T s 55 AT A b 5 1 P ol
PRSI , KRS > 2 AR > EMI AT (30—40em +JZBRAL)

2.4 UPBURFE AM H 5 449 R 5G4

FHOCHE AT BT AE R W], AM LA 6L -9 B 55 DA 22 08 B % U020 5 B 3 0 G B 3 W I 38 LA G, 5 B
P TC ARG . T 22 B T2 WA E P | e 2R SR % B 5 T - S R (R PR W R W R A ) 1A
B IEAN G ; WBUE TR S0 N FIREE % IE S,

#£3 AMEHSTERFHEXESH

Table 3 Relativity analysis between AM fungi and soil factors

aHLC BRYEBERR MG R TR R I

IgE| ) % N Y P Jig ity . . 7%
pH Organic R K Alkaline Acid . X
Ttem Alkaline N Available P Urease Spore density
matter phosphatase ~ Phosphatase
24 5E B R
ﬁgﬂiﬁz . 0.669 ** 0.819 ** 0.818 %" 0.595"" 0.543 " 0.751"" 0.130 0.593 **
Hyphal colonization
U b2 it 3%
wlgeck 0.555°  0.766"°  0.786""  0.704**  0.582°"  0.655"" 0.024 0.694 "
Vesicular colonization
NS B
ABLER A . 0.193 0.206 0.318 = 0.103 0.326 * 0.212 0.281 0.287
Arbuscular colonization
B . . -
i - 0.743 " 0.820 " 0.831 " 0.602 *" 0.496 ** 0.760 " 0.109 0.567 **
Total colonization
FEE 0.337** 0.769 ** 0.734 " 0.620 *" 0.704 ** 0.643 " 0.085 1

Spore density

# FIRPIH ZTE P<0. 05 K EA BFMKNE; « « FIRPIH ZIE P<0.01 K EA R B EAHE

2.5 YDA Bk R R A AM LA E FE 4 R S S R T 1 22 SR [ I A
MR 22 TN E A FEA SR 4351 DA S R 25 3R M0 2 4 BUOR B 25 R O i IR ot DA AM L 1 7 B 2%
TR o A AR, HEAT 2002k A 3B R B/ 3k SRR TS A R R stepwise ¥ 5 BRA 1 2
PR A R G O 2R A B, DT e 80 5 X R 7 3R 3% it I 2w A R A5 B v 1A 5 R A
SIREHERMGIRPORER RS AM HE & E L5 208k mIH
BT ¥,=0.414X,+0.239X,+0.385X,  (F=95.752)
HRID  Y,=0.291X,+0.371X,+0.364X, (F=87.191)
SRR XM R PR E R R S 1IN T 2oL m A 75
FREM Y, =0.176X,+0.456X,+0.238X,+0.213X,  (F=168.199)
HRENV  V,=0.797X,+0.226X, (F=442.449)
K, Y, WEIREER Y, 7 S ORI R R X, N TR 22 08 T8 %5 X, 98 8 JH 3 X, I % B X, 0
pH; X WAL Cs X WAL Py X, N R VEREIR N
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RIS & TT TG ISE F 0 S AR /N T 0. 05, 0B [l S0 R84 1A 7 R 804 B 35 78 S % 4%
FEGHAT ¢ K5, 45 R4 BAE HEAKCEER/INT 0. 05, UEEH A B 75X Y A2 #RAR i 3
3 it ES&R
3.1 VDR FE AM ELRE A OC R Sas [l  m vk

ST KR VDA R BEPE AM FLTR i BE ARG R DRI | B0 SR N 2240 R b P38 5 3 232 4 3l Ry
91.0% 42.4% H183.4% ,SEX41 15 B 43 51 °h 1089 1~/100g.264 1~/100g F1 669 1~/100g, 1361 70 B ML £ RE
5 AM HFEIES R IE SRR B R E AR AR AR W AR RAFIER AR MR AR B ERA
Sk AE] E AR YA BRI AR AR 2R, LA i A R BERE 0, 1 il YD AR 2R B AR KB AR AR, FR
T AM EL T I8 22 W) Az G B e 4 I 48R, B LAVD IR AR RFFAEXT AM LR A= Gl A F 5 [l g, v R &
HAT MR AR AE A, B SAS FOH LR S8 T Ak, AR BT i Bl /s W RE AL SR K1) R 2 B /N5 TR
ALEFITF AM BFEZ Y,

FHOCHE AT 45 SR B, AM LA 160 9% B 55 10 5% | DA 22 P10 S B S Bl 2 TE A G 55 AR B 38 TG Wk 35 A
etk AR PR E T HRIEEE Y X ATfE S AM B AT B B LR, FEN AM K
P B RREAE TIPS B I R] | T 22 02 DS R 5 45 4 v e 12 1 O3, TEAR AR R N A R
A, 558 08 O T 2258 B R A R T 18 R AE T S ER5E R A K A WSORVE FR R 5 53 41, i 3 AR PR 2 s I i
WK, 2 B ) PEAR A SN KA A7 AE , A B A T B A2 301 2 2k A 38 v | e B HE AR B 4 FH 4 22 8% e LAt A
PIRR AR,

AT LI, AM EL TR A8 FH 3R A1 B B TR B AR A R B — o 1 22 S ke, TR 22 B R AN 4
FEAS FE R B R AE Y EAE 0—30em ¥ +)2, 11 3 MM A ML C fE N FIEESL P & i (H B 2 4 e 0—
30 em 1JZ2 . ARG R R T RE R L AM BB ORI B JR TR 2245 K DL RAR & B AR 2R
FINE B R, WivR 2 HB S A S K AR H IR )2 5, X TR 22 08 B A= 18 ] 5 3R & s 0 2 A
B 228 AT R IEVE R, R T VB EARIE A ; 5 V0 BAR 28R AML ECT AR B R AR 2 e M A DR A 61
3.2 UDBURME AM HE S HEEE TR

AM FLH RN AR RS FIEARIR R A IE O T R X AM B 5 s FA A8 B A AR R 52
M i R [ AR 25 5 ARG, A HL C R P RIBRAR N 55 AM BB B 24 R0 5 Ul S b
IEARSE, ULPHTE TS 13 T, — e Vu T P 4 v 3 AR 07 A T AM B 1R 22 A KRN BRI AR TR B, T A ASE 7R
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FHOCHE AT W, 1438 pH ST 220 % W48 E T 3, B0 B R R 285 BE A b 3 TE ARG, 38 pH B
PR IR) AM ELRR 7 A0 B AR B, AM BB AU RCPE R pH RN AR 46 3 ke 38 pH 2k 555, 1t
WIFZEREPE 3R AM FLRRERS SVD IR RIE R AL AE R . AL C B N FIEEAL P 57625 BEAl
FIEARDG X AT RERE T VDR R 1 1 25 P R R A, e 1 58557 20 PR vy WA AILST RV PE T AL
A IAE WAL S W0 A RS A, B TAE RSO ) 78T 2800 L s R 4 i A TR BB ) AM
FLDA G S AV B A & i, RIEIE 8 Xt AM FLR P A — @ AR EE . RlE A ALBTER T2 AR A K Y 2
AEFRAN I8 ] BE 5 ARSI TR 22 U8 A7 RN AE A A DG, DA T 38 2k A BIL 5 R) 2 52 e A AEAR AP I 2 T 1) & B
TR,

AM FLH 2] 5345 5 SRR PR UIAR G . R PR 7E R TR TE i 2 v | TR 22 e W) AR e Ao 12 40 B
FOARAR T R S Ok [ S S A AR R A AR T 00 s AM L RR X IAR AR Y, SRR 1 A A TR
R0 - S > ol i AR AR B 22 o - S RIS 5 R B SN AT R A — b BE R A RIOR T B R
P52, DR B S Pt s e 1 I AL G ML R A RS A S AR TCHL AR RE T . I8 Bt B v A H Y
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