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Relationship between arbuscular mycorrhizal fungi and soil factors
in the rhizosphere of different tree species in Pb-Zn polluted mine

XU Jia*, TANG Ming®

(a College of Life Science sb College o f Forestry . Northwest A&F University sYangling s Shaanzi 712100, China)

Abstract: [Objective] The research was conducted to explore the relationship between soil factors and
arbuscular mycorrhizal fungi(AMF)and glomalin. [Method]) Seven soil samplings in the rhizosphere of dif-
ferent trees were collected in Qiandongshan Pb-Zn mine, Feng County, Shaanxi Province. We investigated
the relationship between them. [Result] AMF colonization was up to 44. 64% on average,the spore density
averaged 2. 34 per gram soil and the species difference was significant, but the rate of AMF colonization
was not correlated significantly with the spore density. Glomalin was related with available P and available
K(P<C0.01) ,and related with cation exchange capacity(P<C0. 05) , this indicated AMF can secrete glomalin
to promote the formation of soil aggregates, enhancing the fertilizer retention capacity and buffering capaci-
ty of the soil. The principal component analysis shows that available K,alkali-hydrolyzable N,available P,
soil organic carbon,urease,total N,alkaline phosphatase and cation exchange capacity are the main factors
of indicating the soil nutritional status in Pb-Zn polluted mine. [Conclusion) Our results showed that AMF

was strongly correlated to the soil factors and glomalin. These were useful indicators for the building and
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perfecting of the index evaluation system in heavy-metal polluted areas.
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SR A b 7 B G JRUEL A A 1L B B T DX b A
106. 39°E/33. 52°N, ¥4k 1 317~1 345 m, b FZE W
LU s M Jom 1Bt LM A L AF 2R 114 °C L 4R
IRk 613, 2 mm™ . XN 32 24 A A AL (Pi-
nus tabulae formis Var.) ., & # (Ailanthus altissi-
ma Mill.) . B #5 ( Sabina chinensis Linn. ) . ] #
(Platycladus orientalis 1.) . ¥ # ( Broussonetia
papyrifera L.). B # K ( Pistacia chinensis
Linn. ). ¥ #5 (Cotinus coggygria Scop.). ¥ #k
(Juglans regia L.) | B # (Robinia pseudoacacia
Linn. ) . K A # (Populus purdomii Rehd.) Fll 7K ¥
Xl (Fagus longipetiolata Seem. ) ZE AR,
1.2 #MRXRE&E

2012-05, 2R A2 1056 DX P9 (81 AF DA L o 0 K X
B IR R F A AR X7 R AR B AR B 14
A BRI BE AL IE B 5 BRFE R (AR 6. 3~8. 3
cm) , REARFER FE AR R PG AL 4 A 5 7 BORBE AT BR 2
FEA S em BRYRZE 5 RAE 5~30 cm WM,

BRREIEMHER L0 E R AR R AR
B AP RER 2 1 min, ICEEHE Y 251
JARBR T BUR R AR PR - — A %6 A B H &
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Table 1

AMF colonization and spore density of different trees

PRAR T WA E IR/ % KR YR/ % W22 2R/ % MRRR/ % MTHEE/ gD

Species Vesicle Arbuscule Hypha Colonization Spore density
[ #1 Sabina chinensis 42.63+1.01 a 0a 11.33+0.84 b 56.97+4.10 e 1.9040.03 d
Mi#1 Platycladus orientalis 27.00+0.66 d 0a 35.2740.58 f 48.66+5.10 d 5.50+0.07 g
Wik K Pistacia chinensis 0a 0a 0a 0a 0.65+0.05 b
¥k Juglans regia 7.41£0.60 b 5.8440.53 b 29.1242.56 ¢ 32.4142.90 ¢ 1.104+0.08 ¢
Hil# Robinia pseudoacacia 8.73+0.23 b 17.16+0.63 ¢ 25.23+4.31d 28.50+4.90 b 3.10+0.06 e
KEW Populus purdomii 11.22+0.33 ¢ 27.40+0.73 d 23.4744.36 ¢ 56.6643.70 e 3.65+0.09 f
IKE X Fagus longipetiolata 0 a 0 a 0a 0 a 0.50%£0.04 a

TE < [ 50 BUR 5 bR AN B /NE B3 3R 7E 50K 28 3. 3R 2.3 [l

Note: Different letters in the same column mean 5% significant differences. The same as table 2 and table 3.

2.2 AEMARRTENRESZSENEITNE
B2 2 7] W, AN [ AMOR AR B + o EE-GRSP &
AN 0.02~0.16 mg/g, F¥ N 0. 07 mg/g; T-
GRSP & & 4 0. 10 ~0. 22 mg/g, F ¥ 0. 13
mg/g, MR FR + H EE-GRSP #l T-GRSP & &
B Blak 0. 16 F1 0. 22 mg/g, 5 H itk A 2% H
WE KA+ iy EE-GRSP & & 5% % (0. 02
mg/g) » W HEAMRPR £ 1) T-GRSP & & £ L (0. 10

mg/g) s % MK [ # br £ 19 EE-GRSP fil T-GRSP
2 S YRR R K.

B2 2 i8] LA Mk FUK S X IR e 6
BT 5 B R IR 3 P SR IR (0. 20 mg/(g -+ h)),
B IR T AR o - S A R 1 95 A L IR
K KRR PR 4 % 5 (0. 63 mg/(g » h)), WEMAEA
T 1% PEAZ AR AR B 4 5 v (1. 40 mL/ (g « h)), 8 A H
PR (1,08 mL/ (g« h)) . 3% T HAARA
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Table 2 Glomalin related soil proteins (GRSP) and soil enzyme activity in the rhizosphere of different trees

o ) ] VR TG 1 44
I SRICRRER/  BREEE/ WS/ L SO T T Y
Shecies (mg+g b (mgeg D (mgeg '«h1) Alkaline (mLe+g'+h1)
opecies EE-GRSP T-GRSP Urease ; i Catalase
phosphatase
R #1 Sabina chinensis 0.0940.04 0.12+0.02 ¢ 0.21£0.02 b 0.55+0.04 ¢ 1.3240.03 b
41 Platycladus orientalis 0.16£0.06 g 0.224£0.03 g 0.21+£0.02 b 0.55+0.01 b 1.314£0.03 b
% A Pistacia chinensis 0.04+0.02 b 0.10+0.05 a 0.20+0.03 a 0.51+0.01 a 1.0840.00 a
Bk Juglans regia 0.05+0.04 ¢ 0.12+0.03 b 0.24+0.01 e 0.51+0.01 a 1.4040.02 d
Hil# Robinia pseudoacacia 0.0940.07 e 0.14740.04 e 0.23740.02d 0.63+0.01d 1.3740.03 cd
KEW Populus purdomii 0.02%£0.05 a 0.15+0.04 f 0.224+0.02 ¢ 0.51%0.01 a 1.3540. 00 be
KH X Fagus longipetiolata 0.07+0.04 d 0.124+0.03 d 0.2640.00 f 0.63+0.01d 1.3840.02 cd
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H 2% 3 AT L A TR AR AC AR B+ A5 BIL s 7% o LA K
T X R (3. 83 g/kg) o HR Ry H AR R OK A - 18 A
(7 HLBR & e ik (2. 55 g/kg) . AR PR 4 50 &
it DUK T K . 3k 275, 81 mg/kg; BRI 5 K A
W B B AR S AR bR £ b A S R 2 R AN R
A, HA R (1] 22 55 25 3K 3 B K F . K KIARBR
- SO B R L ik 0. 18 mg/kg; BRIFIM S %
A KRR IR R A% 1 MR B TR o i 22 S
AN AN  FL A AROK ) 22 S 3 5K 3 W 2 OK O, B
WEr AR & ERE. N 3. 70 mg/kg; B M5
FIEAR RS KT RRE LA S REFAD

E,WMMAATRUKEXRIR &, 2,057
mg/ kg, B A5 % AR KRR K A 5K E
K22 AR E . K KA BR A v PHE 38 ¥ 0t A
=58 11,95 cmol/kgs K 147 5 M AR L 5l 452 14 4R Fr
THE PR ER AR E,

AN TR AR AR B 4 s 8 i 22 R 3 I A AR
PR A 45 7 g (505. 73 mg/kg)  [RIAIAR By 4475 5%
AR T MIAR (505, 17 mg/kg) , 17K 75 X AR PR £ 45
A (503, 83 mg/kg) . RAEHL Y 1 HERY
T E K L AR T = bR E (v (Pb) <500
mg/kg) . J& T 5 Y H3HE,
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Table 3 Soil nutrients and Pb content in the rhizosphere of different trees
oA R Lty ¥ (me kg1 2R/ A, A/ s e/ ALK/
Shecies (mg+* kg 1) ?\quﬁf (mg* kg ) (mg* kg D) (mg+ kg ') (cmol « kg™ 1) (gekg M)
opecies Pb Content ¢ Total N Available P Available K CEC SOC
hydrolyzable N
I?Li?na chinensis 505.1740.23 a 1.8040.06a 2.144+0.02a 0.09740.06 ab 205.46+2.17 a 10.16+0.04 a 2.55+0.03 a
?gulil?y(‘laduvurienlaliv 505.734+0.52a 1.914+0.18a 2.36+0.02a 0.14+0.03 ¢ 266.224+1.87d 11.14+0.04 b 3.47+0.07 ¢
%}%{j‘ia chinensis 504.534+0.45a 1.884+0.19a 2.44+0.04a 0.08£0.05a 215.384+1.09 b 11.60+0.02d 3.45+0.05 ¢
i%lzsanvregiu 504.034+0.67 a 2.16+£0.09b 3.704+0.15d 0.16+0.05 c 217.15%3.19 b 10.29£0.05a 3.1040.01 b
I@{)%nia pseudoacacia 504.10+0.55a 2.554F0.09 ¢ 3.2840.09c¢ 0.1140.04b 254.42+2.08 ¢ 11.3540.02 ¢ 3.5740.05 cd
Ij}oi‘ljis'purd()mii 505.0040.38a 2.474+0.06 ¢ 2.99£0.62b 0.114+0.05b 251.434+0.68 c¢11.20740.05 be 3.57=+0. 04 cd
==

KA 503.8340.29a 2.5740.07 ¢ 3.6940.11d 0.18+0.09d 275.81+£0.50 e 11.954+0.05e 3.83+0.08d

Fagus longipetiolata

2.4 AMF EZRX KRBESESTEBEMN

GRSk

AFEIRAMER L i AME (2 QAR B0+ el i
PERY AR SCPE 23 7 45 2R (R 4D R W], L IEIR IG5 1k S

{f1 - % J£ . EE-GRSP

S K T-GRSP 4 B2 5%

M. 5 AMF &z ff“%;%mﬁz%ﬁ*ﬁ?é;ii%ﬁ
A A B G RS % L EE-GRSP & &, T-
GRSP &5 K& AMF iz e 32 58 5 2% A 5 5 i 1
98 2 0 P 5 At 2% T8 s oK DLt 35 R DG

x4 AMFEEAR KESZSESTEHEEMNEXESN
Table 4 Correlation analysis between AMF, GRSP and soil enzyme activity

. , MR o T 8
i 5 I ity Alkaline 1 A Spore EE-GRSP  T-GRSP
Index Urease Catalase .
phosphatase density
PR fiff Urease 1
Bl Rl Alkaline phosphatase —0.058 1
ot E Ak il Catalase 0.982* * 0.078 1
17 % B Spore density —0.654" 0.156 —0.645* 1
EE-GRSP —0.530" —0.407 —0.660" 0.592" 1
T-GRSP —0.572* 0. 051 —0.609" 0.965" * 0.699" 1
AMF E &Y% Colonization —0.808" * —0.459 —0.751* 0. 285 0.048 0.217
TE: x o« "RORIEE A OC (P<C0. 01) % » "3R8 AR (P<C0.05), 5[],
Note:“ * % "mean correlation is significant at the P<C0. 01 level; “ * "mean correlation is significant at the P<C0. 05 level. The same as table 5.

2.5 AMF BGZEX HKRBHESESTERINE

ek

M5 TTLLFE
IR SR M CEAN B F A RA ST

WA AMF 52 “%E%i

2 Y
FTEX

AEMAREE £ H, AMF i 72 B 5 T-GRSP 4

x5
Table 5

S R R R R R E MG
CEC 1 EE-GRSP & & £ 2 % 1F #H ¢ ; T-GRSP %
B AR R A R R R EE MG,
CEC fil EE-GRSP % fit it . % I 41 3¢ ; CEC 545 41
B R A

AMF E#Z KEEZAE5TEFRINEIMESH

Correlation analysis between AMF, GRSP and soil nutrients

16 47 RERC s wEm o mnw  AMEERE RPER S g
Index hydroly;able N Available P Available K Y SOC colonization d‘ensity GRSP
s fft 4 Alkali-hydrolyzable N 1
R Available P 0. 359 1
B Available K 0.620* 0.813** 1
CEC 0.880" * 0.675" 0.918** 1
A HLER SOC 0.869" * 0.413 0.741* 0.882"* 1
AMF B2 Y% AMF Colonization —0.521 0. 381 —0. 216 —0. 387 —0.070 1
1T % & Spore density 0.143 0.906* * 0.795** 0.557" 0.202 0. 326 1
EE-GRSP —0. 447 0.219 0. 318 —0.031 —0. 260 0.047 0.590" 1
T-GRSP 0.062 0.842** 0.810** 0.523" 0. 244 0.223 0.965** 0.699~
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2.6 TEEERF AMFAFEESHKEEZSEN TR AR B 3 A A A BT DL
ER DS R TR R AL R FE 0. 850~0. 883) 4 B
X 11 A~ 88 K R A7 32 5 4 A, MR A AR G 4R K, BB S B4 B V5 e IX BB 7 R0 . 56
PRI R T 1, 07 22 BBk F 85 00 iy ] 1R FELEA T - HE R O A 2L o R
AE 3 AN A A A A R AR A S sT R A WURR IR 4 L R R W & CEC 4548 b 1 A8
RULFE 6, HE 6 n[HL5 1 M & fE B SAEEH 2 M LRE T AME i+ % 5 f +
MEEE AT 42% 55 2 EAAY A 23.89% L, 45 3 ERMEREE R WA RE AL E 1 R 7 2 sk
FRL 16,670, RITTTERE 87. 9820, T 1 FEK WM UE SRS EEER.
6 tHEFAMFAFZRESHEEZARBIM OSSN ER BEERIHKE

Table 6 Principle component loading matrix,eigenvalue,and contribution rate of soil factors, AMF spore density and GRSP

miH 1 ES %2 EWsr ERIES Y
Item PCA1 PCA2 PCA3
kM Urease 0.757 —0.542 0. 299
WM iR A Alkaline phosphatase 0.679 —0.051 0.008
it E AL A il Catalase 0.582 —0.162 0.792
1T % i Spore density 0. 054 0. 894 0. 370
T-GRSP 0.225 0. 894 0. 344
OB Available P 0.850 0.208 0. 069
Wit A Alkali-hydrolyzable N 0.876 —0.211 —0.017
4 A Total N 0.730 —0.562 0.120
R Available K 0. 883 0. 460 —0.062
CEC 0.617 0. 200 —0.760
H WLk SOC 0.779 0.230 —0.511
BAFE{H Eigenvalue 5.217 2.628 1.834
Biik% /% Contribution rate 17,42 23. 89 16. 67
5 W B Bt 05 P A D S A R . AR AR B A g v ik
N b . = = ) I3 \1 v
il AL AL SRS M S AMEF 7 % B A S AR gL R
TEEHLI 7 FhAROR v, 2K X FIBE 7 R A &R 5t O 2 R O XA RT RR R T R
bR WA E) AME (23, KT IR T RHIAT, P At #5 R SL.
N S BE B AN 5 TE G A B R AR BE Purin 61 f1 Singh 217 fF 58 IA Ny BR 4 5 R

AR AR LR T IX R A R B B R S 6 R 2 A LA R () EE A NS 4y L L T A R
PR N AW AMF (242, AR5 &M, A [F #k R RS E M 12E T R ) - S Rl R, AT AT A kAT AL
ARMBR £ h AMF ffl 7% FE 22 5 0 8, X vl fig 5K IR . AR A, PR REERTES -
[ MAAR PR 9 AMF FeE AROR IR . R S SR O R SO e ST R R ARG,
B AMF {2 4 19 3 3% K MK 5 XA Bs £+ & 3 5 EAVRAHCH AT E ., SR X LS
AMF ]+, 3X A] GE & H T B 30 A 40 1 AR &R & 4 3] MR 4 R T5 e mAR I A e 2 AR AMF 4K, |
W AR FK T X JR 300, 3 B2 AF ) R A1 TR 22 B i 1 WA Al RE M T AMF 43 Wb R 48 45 3, i al £ 1
IERRE ) 38O AME il FAPE T REARRMKT N sRfm R S RMmMAE. AP RH, LI SR EHEH
PR . TESLHEMS PR FIEMEC, REHE
AMF XJ 0 M2 2 0947 G 25 5 i Al 1) I A T2t A] DL S ke Y O E AR A M g RN 2%
AMF #RA0 B 22 53 W6 HEMEYS o WRR S HESE wpgE AT . LA 0L, AMFE AT L i 4 o0 BR 9 B
KB RF R PR+ AME i3 )5 15 5l % 12 FAR HE 4 PR AK 0 T8 B, 1 T 4 5 A Y AR AR RN
ity o AL UG VA PE AR W R AR OG . I FERY gmabge Sy ik H SR R AL . LA
WL K B0 5 B0 5 AR Fl AMF 78 7 25 1 5 IR e . TR WP — X AMF PR 5 £ 5 F #4004
Pl A 5 P i R 3 IE A 56 . Khan 25 X ZHFTFHESE . LLFE AN AMF 76 5 4 8 75 e
R A B - SR 0 B PR 0 S R R CA R e S R A ) 0 2 S R L
Pb & & 52 1 2 ARG, IR IR B A o 4 Ak 0B T
PERTAE S 49695 e 48 4% . Lin S5 W BR.Cd [s2m]
A1 Pb Xt £ 18 IR | %% b B L 981 % R I8 AT AL A [1] Dickson S,Smith F,Smith S. Structural differences in arbuscu-
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