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Abstract ; It’s difficult to restore vegetation in limestone area, due to the severe and thin seil layer of the limestone habitat.
However, some plants adaptive to limestone soil like Broussonetia papyrifera grow in this habitat, the reason maybe that
these plants possess rhizospher microbes like Vesicular-arbuscular mycorrhizal fungus. In this paper, an experiment was
conducted on Broussonetia papyrifera seedling by disposals of single inoculation , co-inoculation and non-inoculation using
three mycorrhizal fungus, which are Glomus. mosseea, Glomus. versiforme and Glomus. diaphanum. Some physiological
indexes of leaves are measured to study the metabolism response in this experiment after 3 months. The resulis show that the
concentrations of soluble sugar, protein , proline and chlorophyl a and b are significantly increase in the leaves of the host
plants in inoculation group compared with none-inoculation. However, the malondialdehyde concentration decrease or
remain equivalently in inoculation disposal. All the substances have certain correlation at physiological metabolism. Even as

metabolite, there are different physiologically response in different inoculation disposals by AMF. The interactional selection
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exist in host plants and AMF. It could be conclude that inoculation AMF could enhance the stress tolerance of Broussonetia

papyrifera seedling growing in limestone habitat.

Key Words: VA fungus ; Broussonetia papyrifera; Material metabolism

BB RE Y ESE R A, VA EHE ( Vesicular-arbuscular mycorrhizal fungus, DA F & #8 VAMF)
R—ERBEREZLFEYERIEXRRWER, BER5 BN EERAERERR, BB EMWERJE
YA A IR R S R K. KT VAMF SR EsHE WA K, SR R g A AmE" >, REE
ARATEEEROEYRRT VAM BENGEE™ B EE THERERE L ESEE RS T
SHEIVGRFIB . A RAEBEERRNESR (L ET RS, K0T 6k) , 2 KA TR B R TR SR K
£ A HIRE R A . FTRBXER MR ERIY I PH R AR B RS E R, VA B
518 FHE Y R34 A T Tk 2 B AT R BR A , R 4 K18 FAE MR i e AR, 384 15 £ A M3 8%
B HAD TR BN, BB TR TS S A SR, . AREBXEEIKERT 5% X MFAR SR
ABRZHWAR, RIS RZESFAY Rt m G5 T R 4 S E R a4 Y77 Wi 138
FARERERERHEYAR? RESEEMNEYRAEE R RHRILEXRAR? HRER XM X
VB REWEENE? BRI ERE, FEHTARSER FRBREEEMN IR, T4k, N HAERE
A KA WBARK T B s i X A P A A B 5030 ok ST, T B IR
WX ABEAER R EAERMEANEREEXRNAESERR, REARKEHEGKEN —RBEERR, HRERE
BT ARG ZamEEYRZ —, B 7R8I 0 ~ 1400m # 1 3# &F IR X A= < 4F P 3 SR
ER 6 ~22°C A HREKE 400 ~ 1600mm  EE Y R ¥ N HIERAHIEN BB 38R . A SLR B KA M
XA 9 TG A AR W R e T R AP SR I, TN 8 HAE R AT , UM GRS B T #% VA BRI R Y2 BERUN
MRE A KA BUES RERA EEN B ALERE L,

1 SLmH#E

BRI R FEE VG BRE R ( Glomus. mosseea, GM) B BB 1) Fr a8 E MR PR 40 BS , 49 300 M HEF/20g; i R IR EE
( Glomus. versiforme ,GV ) F LB B 15 RARBR 43 B , 4 1000 NF/20g; 3% Y BRE T ( Glomus. diaphanum, GD) ,
B BT KREMRER 208 , 4 900 47/ 20g (LI W RMBHZ B Y B S RBH R TGE) . HYH T2
2003 4F 8 AR T 3= LB A KA L b [F—HE MR 8% ( Broussonetia papyrifera) . +3BEERR T 2003 4 11 A
BEBRIBSANARE L EAKL, HiAh TR maE i R %

F1 fulHEEAER

Table 1 Physico-chemical characteristics of soil on the experiment

AR O AR MR RS AW SR AR

Organic Available Available  Exchangeable Total Total Total A

pH K hydrolysable K A K i Water
contaminant o potassium phosphorus calcium potassium phosphorus nitrogen ofFicient
nitrogen coefficien

(%) ke R (k) (k) (k) (k) (gk)
6.815 2.674 68.355 108. 415 1.7615 2326.4 14.625 0.4655 1.337 0.943
2 XWHE

SERERH (M + ) FIXTRAM - ), §—H N5 B 3 B ( Single-inoculation ) F11E & # # ( Co-
inoculation, CI)4bH, & MGbH S5 MEE .
2.1 XA

7 KRG HRFF7E 10% 19 H,0, IR 20 min, FIJCHE /K Mk 3 K. HEEKE 2K ENRE A
Pk 5% ST 4 ml/m’ EE RS BRI S) 0. 14 MPa, 124 ~ 126 °C LK 1h 5 AN S B S 200R

hitp : //www. ecologica. cn



12 4 MERE % :VA T X ( Broussonetia papyrifera) 4l By BRAVH BB 5457

#FHo FREAPE BB R R EXKE 30 min, HRREERRR 1.5 ke/ARAMMKY 190 mm x 150 mm 28
BHEREN , & o
2.2 B

BRHEHM+) ORAEM, SRR EER GM.GV.GD #£ 205 SR A, FHTERANKE 1%
T, AR BT, A —ERRRR B R T KB (— 5 EEMH TR 5 — T H RS AR
HTSH) o BAEEE S ANEE, ZEF AT Cl, @R, LUFRFE 7 Bk AR, _ BB F & 20g T B2
TRIERAEN, BSEFEBRABME T, RE R ERR RS, B EMLE S AER  ZEMAAED 8L,
O .OBEHANEFE , BRATE KGR, frai H L — M H SRR EK.

XA CK(M - ) ZAAEM VA B, ORSEFXHR, FEFBEL_EEH GM.GV.GD 3t 205 SR
7 (3£ 20g) #47 0. 14 MPa,124 ~126 “C K 20 min JF¥ 58 T KE + b, FHRREGFRRES HEHIE 208 A
200 ml LR KR 10 min J5 FHXUZUREGS U, BOLURH 10 ml 0 F K EMY L RRIERR T B B UMY
HAAEYH X R —2L A ERAKBEARF T, B R KE LRSS R, S0M08 5 MEE,
QbR , FIREFRBUE B 20 g BE1T 0. 14 MPa,124 ~ 126°C KT 20 min /G 58 T RE L b, Fi&
R B BRI 20 g 2 HIIA 200 ml T /KR 10 min J5HADURIRACL 38, 20 BB R 10 ml IIFFX
EWEAY L, R EBAKE R T, B2 K DA bR i, B0 S AN ER, SRS F
HIFo
2.3 EhRIE

LTS 3 AR RHATER RAETEERIE . IHERRINE R el = Lb Gk , TP MORE A I R R
Wk, | AR ER A MBI E R, IR BRI E R =W Gk, N BN ER AN L L ZRILE
%A EERNERARRE Y,
2.4 HRERIREE

Rtk R L, SR PR K BT R AR (R e

2.5 HiEabH.

SPSS 11. 0 4&it 434 , EXCEL

£2 TELEIHHHEBRENRN
e E

3 —n% lﬁﬁ*ﬁ Table 2 The effects of Colonization rate on Broussonetia papyrifera
3.1 VA %ﬁ&tﬂi’a‘%ﬁ@ﬁﬁ%ﬂ@% $E‘J§éﬂﬁ| seedlings in different inoculating disposals

@jﬁé’zﬁ 3 /I\H Eﬁﬂ%ﬁﬁﬂ@?ﬁ%%%ﬂ% il 1R # Colonization rate( % )
2, EGM\GV\GD ﬂ] CIl4 ﬁﬁtﬂqj,ﬁg&%%%ﬁ Disposals M+ M-
CLIRA 40T, K 5] 83. 1% , BRfR N B IR EE oM 76.50 %461 0

GV 71.63 £3.30 0
- Yus

63.05% . M7E M - REBEFpALB b, KL BB Y RY D 6805 45,1 )
jb 0, CI 83.41 £4.37 0
3.2 WM

VSR A M P — R RSB I YR , TV & B AR R TS AR, SRS AR
S, [ 1A, R A I RAE R 3 FORIE VA JUE (GM. GV .GD) AR  HUBKTT VL
B A R IR B R SR BEXHR T M RHERM AL LUR A B B W 8, S RS 1 g B TT Wb
B 39. 11 mg, $B8 T 45.33% sBFROM BTN RRIES , 58 1 g WA AR HERE& B0 21. 60mg B0 I
AT 161.82% o SEEIRBEM TV L IIA BAERIAL 29, 12me/g BEDE, B IR 178.13% s FEVG RIEBBEF
48 23. 99me/ g BEN T XI 8. 89me/g BENH TR, 2 T 169.85% . R AHLRIE KA HARBON B AL RN,
HWRB NS B RES A ERES, DR TH AL — KT LRA B IR A AR AR
HEBRBOTLSAES o GEVHAMHTRN , R AL S AT R L2 S0 B (p <0.05) UMk B3 (AT ) =
0) , TREEFHALTH A B TIB A A SR TV & B2 5 B . BRI VA EUBRBOS RN &
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YRR, B Z PR K E R B BT
TR, NIRRT T 8 5 B SR 9k o A B
VAM fEARES NM R A B 8 R W) V5 el , = W
VA ERAHE RS TERNR T RN ERB,
3.3 BHRK

HE 2 T AR VA EEEWMGE R EAK
HSREEWNT , SETIMRSER 3", Hgnig
A A EEVERRIER 38.20% i FRIRERE 73.71% &
NIRRT 147.27% JRAHEFIALIE 38.59% , IV MNE
5EARSEZRERNE S WITLUE N, &L
E—3, B BRI RTE B P AR Sl P A B |
FAET —ERR R, XTUNE 3 B4, &its
PR EMN VA BE G, EREARS RN RER
HEE, K VA EFEEBEEAKRTFEARNS
&, —BIAEARA BT, SRR AR TN
HEHE REASREEEN—MEE, 26
MHEZRAHH R EARSBERADE , KNAEE
MMEEX—KF L 4 FbBEEE 2R, BRI
WM F , EF VAMF J5RE4 T BRI 55 R,
REH R,
3.4 jRER

IEEREAYIERNBERTYR, RS
Ve A B e dE AR . 1B 3 WA S v A
M+5M-2REERSEFARBEER, & EF
ST EEFP A Y IR S BRI R BN A BT R, HoH EE T
REEAHE 3. 15mg/g THE, XA 0. 60mg/g T
ME, 5 425.00% ; i RIREE 2. 52mg/g T3, Xt
BB 0. 56mg/g F M &, £ 7 350. 00% , BN K BE
3.09mg/g FH&E, W 0. 8Tmg/g THE,EHT
255.17% IR A BRI KN 3. 43mg/g TH-E ,5THR
1. 2mg/g FHE, R 99.42% ., BERR—FHIRR
MR, KA E G T S RERR,  RMERSE KD
BHAFE T, BER S B2 DO YT 3

AV MRS & (mg/ke)

Soluble sugar concentration

a
20
15 - b
10 - b
0 1 1

b
GM GV GD CI

B 1 VA EEXHRTREEES BN
Fig. 1 The effects of VA fungus to soluble sugar concentration of
Broussonetia papyrifera
HPARTHRAE - VAERAEN M+ EM-ZHEREE
ZE HATERRHOM+ 5 M- ZREBEFER(P < 0.05)
The different letters indicate significant difference between the M + and
M- at P < 0.05 ,while the same don’ t differ significantly using
certain VAMF disposal,, " [7] the same below

250 M+ OM-

7
m
Z
7B

150 |- :E . Jb_é

100 —

BH AR
Protein concentration (g/kg)

N
[}
T

0 I I
GM GV GD CI

B2 VAEExHRTELDRSRKIEN
Fig. 2  The effects of VA fungus to protein concentration of

Broussonetia papyrifera

ro MARENHARS BBR , HHBRGH I EHRPUK AR ERZ . AEREEEFKRGT
BEATHY, TAE AR I RE AR A A T W0 BAS BRI RE B , AR AL LS AR B b AL T TR 22 S M 2k B B /K F, 3R
R A RCE G A YRR VA BRR BB R E SRR AR R, MR RAEREII R E NS
ARF. AKAETEEBESFERE THEMNERE M, XY MBS KA X AFER T S04
S RA YRR A S, TR S AP EREEA B RN KR, A4 B G KA KD T Be T8R4
Bo ALB PO RAMMPIERM AMF 5 HIERR S 2N, i ARIIE NS,

3.5 W_§&

HYHEREBEEE T EZGE , AE R ERIE S AEH,. WE(MDA) REIEL AR RA™
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Yy, e 8 URBEYE XSS F R . MDA IR B R BRH G, W S & H R BRI,
UK R T R RS, BB P AR SRR N , AT SR ZHBR , 38 VT LU AT 48 2K 20 T O B R pA 5t , BRI R 5
R AL, Bk MDA poF BT RE AN B —E & o B 4 RUIEFF VA R , i gh ik
M A MDA & BREMRT , MAEE N IREE M SI &ML 8 MDA & B LM i 3859 0. 03047 pmol
F10.03055umol, —HE A EFM, EVHREEZMALI 1g - MDA & &4 34 0. 02854 umol 01
0. 03683 wmol , P& T 47. 20% ; FEFP IR BREEE 43 H) 4 0. 02758 wmol F1 0. 03683 wmol , fEAK T 33. 54% ; i 1R
EEFPLLELT 29 0. 03968 wmol F1 0. 04704 pumol , A 18. 62% o Giit M TR RES LS HNRA R
EFEF(P=0.020) , HRREFSIFERMOEREG BEZF BARKEW, Ui ETGRESE RIS
BB M EE A B BT, VA EBRES TR AR I i) MDA & &, 3R W] VA REFEIE T
PRIEE B PR EALT R AR AR, X 5 U R -3

45 M+ O M- 0.06
a M+ O M-

4.0
a

3.5

3.0

S
o
W
T
=
=
&

25

2.0

1.5

-
P A (umol/g)
Malondialdehyde concentration
(=)
(=
(V5]
T
7=
] e

1.0

0.5

JiHi -2 & Proline concentration (mg/g)

0

GM GV GD CI

GV GD CI

B4 VA HEXHRSRIER
Fig.4 The effects of VA fungus to malondialdehyde concentration of

B3 VA HEXHAHRERABOPR

Fig.3 The effects of VA fungus to proline concentration of Broussonetia
. Broussonetia papyrifera
papyrifera

3.6 VA HEXIHRLEILEAREER

WYL R REHTCEER, MR R S BN RMREZM TAEYCEEM. SR chl a.chl b
WE B FRERIEI, g2 EARK VA AHETAR, 7EENRESMBESEMLET VAR
HRE X B M S R TTRRBR, Chl a 23 4R = T 67.09% F1 89.16% . Chl b 73 HI4_ & T 54. 52%
60.73% . LAb 4 FEFAG T, BEVIRRER , R IRBER IR AP LB 5 H N i CK ZH7E chl achl b B
ERBE , MELRES AR M FRXTMANED, ZREEE(R3), HER a SHERDIHERE
EHRKA(r=0.987,p=0.000) (% 4) . B T AR EFXARBEYET SR TR EFER S,
RBAEEM LR EKF Lo

£3 EWHTRE VA REXMERHEHERS BRI (ng/s H#HE)
Table3 Inoculated different VA fungus’ effects on chlorophyl of Broussonetia papyrifera seedlings( mg/g weight of leaf)

Ab3 Disposals GM GV GD CI

H4%%& a Chl a M+ 6.00 a 4.59 a 4.22 a 5.87 a
M- 3.59b 3.21b 3.65b 3.10b

H4tE b Chl b M+ 1.97 a 1.57 a 1.39 a 1.9 a
M- 1.27b 1.21b 1.36 a 1.24 b

3.7 VA HEAET A EYIRME ST
HR4BH A _ENFESHHEARTEAR, HARLASAR(HER a AIHER D) FEHER

hitp : //www. ecologica. cn
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FASR, TS5 A RIEAR R, (B XHA BE, MRS ERR(P=0.045) MK (P =0.002) B9 &
BREIEMX, EARSHARBBEMR(P=0.002) , 5H%R a BEMK(P=0.032), HARSMHE
Ra MR Db BEMRK(P=0.012 f10.018) , RAXEYRAELEBRBMBENSRSERAE —EXR, U
VR e S R BULRS - 7 e S i

F4 MRHEH K ERBWRAXS R

Table 4 The correlation on leaves metabolism substances of Broussonetia papyrifera seedlings

B [ AR =1 JHER HEER a HERDb
Substances Malondial dehyde Soluble sugar Protein Proline Chl a Chl b
T 0.061 -0.363 -0.337 -0.423 -0.342
MT Sialdehvd 1. 000 0.885 0.377 0.414 0.296 0.406
alondialdehyde 8 8 8 8 8
0.718* 0.898 ** 0.628 0.648
Sﬁjﬁlﬁﬁ 1.000 0.045 0.002 0.095 0.082
oluble sugar 8 8 8 8
0.898 ** 0.451° 0.678
ﬁ[’:’lﬁ 1. 000 0.002 0.032 0. 065
Protein
8 8 8
0.824° 0.798*
mﬁ@ 1.000 0.012 0.018
Proline
8 8
0.987**
MR a
Chl a 1. 000 0. 000
8
H4%E b Chl b 1. 000

#* P <0.05 £57: 53 Correlation is significant at the 0. 05 level (2-tailed) ; * * P <0.01 257 § 3 Correlation is significant at the 0. 01 level (2-
tailed )

4 g

VA AR E R 8 ERARE R E S % R AR BRI AL B AR P A KA B AR R 4R
Fr VA BB G, XA E M A T, AR E AR S B R B RN, BN R B B R A 4l
BRI EE —ENER . XSHEMKEYFREL R S5E EHRZ BRI RAHEE —E X R, R R
LB VA Bl 518 BN Z BR R BN A — BB RIS, B R 50 m—5" ™, %0
PIXIAFEE VA AR RBIER A —HE, ENZAFE—ENHEEE, TREEHTH VAMEKREER
VB H NM (SRR ) Hvk— Bohim  BOA N RA 2T VA HARMTTR N, Befh VA EE R R
o BB AR IR B R B R BR VR R, B O A R T3 VA SRR BT 2 4%, B B R RO 8 E &
BT o K AMNA T A VA BRE SO H AT B IR T R RO R SR TS 1, fR VR T bR N.P.K
HIRBCMIR R ER B/ T oK S BURAEYE= R b Tl ire + 88 R I HEAT 8 A
W, R RN Y R AER F 20k B K Y, R YNNI B B YRR BT R s, HE
KRN e TR IR, 15 EAR YIS e 1R A BB SR R A BRI R E B IR, HE T ot
BIEYILIYESS B S EBRABMEZE DRREPHY KBTI YRANER LAY ERREBRUEY
RS, TR VA BB T WA & 8. BREUKME T, WARE T AW R
SR, IR E T BB RN . T, MR, WESE R YR, MR EX )
REGENEIN T R T ERMBBEEN, W VA BRERA BTy RAARY AP RRER, AR R
Wy I, R T AR K S I SN B B R, (A AN K A B R T I A M P 3, BT 42 % T /8
HUE I

b VA B G, 8 TE YRR Ems, an s, MaR U LEORENRER, VA KRR T
SBREBBEN , B TR RO KA X TRAESFREAEY, XY RO EE N T HE EEYNBER
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T, S T B4 T /K T o ERM , X T BB R4S IR LA 38 T R T R AR R REFACEA ST
RERER—FP AN B, AR MRAE “ 7 P IR & B M VA LB/ UNAX— &, BTE
FFYRTERN IR R, VA BRI R ZE06A 4 BRI Chl a R Chl b, AT IR 65 88 B3 3E , 3%
FEARSTH 75 SO MR EL, JeaRE g, (SRR S Y RG LR R, A8 ERIE I HESY
AR, AR B R RRAFHE R B, 18 EXIAR VA LBEEG WA —, RHEEX VA KE
H—RE RN

AP VA RR % B2 R R 15 BN A AN EA R R, L AOES @K Chl a 7 Chl b &£, [F
IREEN B R, KU VA KEER 718 AR BTSN, BREERA RER S TREET R IR
WEHF . FYRAEERNB LAE—EM X,

References:

[1] Huang Y, Chen Y J. Effect of rhizospheric environment of VA mycorrhizal plants on forms of Cu,Zn,Pb and Cd in polluted soil. Chinese Journal
of Applied Ecology, 2000,11(3) :431 —434.

[2] FengG ,Yang M Q,Bai D S,et al. Influence of VA mycorrhizal fungi on availability of different phosphates in calcareous soil. Plant Nutrition and
Fentilizer Science, 1997,3(1) ;43 —48.

[3] FengG, Bai D S,Yang M Q,et al. Effects of salinity on VA mycorrhiza formation and of inoculation with VAM fungi on saline-tolerance of plants.
Chin J App Ecol, 1999,10(1) .79 —82.

[4] LiJP,Li T, Zhao Z W. Diversity of arbuscular mycorrizal fungi in the hot-dry valley of Jinsha river. Mycosystema, 2003, 22(4) ;604 —612.

[5] LeiZP,Wang C W,Wu B Y. The application of biological preparation on afforestation by P. tabulaeformis and P. orientalis. Journal of Beijing
Forestry University,1991,13(1) surpp. :79 —87.

[6] ZhuS Q,HeJ]X. A study on microhabitats to karst forest in Maolan. in; Zhu S Q. Ecological research on karst forest ( Il ). Guiyang: Guizhou
Publishing House of Science and Technolog, 2003.38 —47.

[7] GongMQ, Chen YL, Zhong C L. Mycorrhizal research and application. Guiyang: China Forestry Publishing House, 1997.

[ 8] David P Janos, Michelle S Schroeder, et al. Inoculation with arbuscular mycorrhizal fungi enhances growth of Litchichinensis Sonn. trees after
propagation by air-layering. Plant and Soil ,2001,233.85 —94.

[ 9] Gehring Catherine A. Growth reponses to arbuscular mycorrhizae by rain forest seedlings vary with light intensity and tree species. Plant Ecology,
2003,167(1) :127 —139.

[10] Yan X F, Wang Q. Effects of ectomycorrhizal inoculation on the seedling growth of Quercus liaotungensis. Acta Phytoecologica Sinica, 2002, 26
(6) ;701 —707.

[11] Yan X F,Wang Q. Effects of co-inoculation with two ecomycorrhizal fungi on Quercus liaotungensis seedlings. Acta Phytoecologica Sinica, 2004 , 28
(1):17 —23.

[12] HeXY, WuQF, Zhou Y Z. Study on the joint symbiotic association of Robinia Pseudoacaca and the microbion. Scientia Silvae Sinicae, 2002,38
(4) .78 —83.

[13] Zhang Z L, Qu W Q, et al. Practical instructions of plant physiology. Beijing :Higher Education Press, 2004.

[14] Wang J Y, Ao H, et al, eds. Technology and principle of plant physiological and biochemical experiments. Northeast Forest University
Press, 2003.

[15] Schulze E D. Air pollution and forest decline in a spruce (Picea abies) forest, Science, 1989, 244 ; 776 —783. Smith, S. E. & D. J. Read.
Mycorrhizal symbiosis. (2nd edition). San Diego: Academic Press, 1997. 164, 233 —289.

[16] HeX L, Zhao L L, Li S X. Effects of water stress and VA mycorrhizal fungi on the growth of mongbean. Acta Agriculturae Nucleatae Sinica,
2000,14 (4) :290 —294.

[17] Subramanian K S, Charest C. Influence of arbuscular mycorrhizae on the metabolism of maize under drought stress. Mycorrhiza, 1995, 5,273
—278.

[18] Subramanian K S, Charest C. Nutritional, growth, and reproductive responses of maize ( Zea mays L. ) to arbuscular mycorrhizal inoculation during
and after drought stress at tasselling. Mycorrhiza, 1997, 7.25 —32.

[19] Wang Y Z,Ke Y Q,Pan T G. Effects of different mycorrhizal fungi on physiological metabolism of tobacco seedlings. Chinese Journal of Applied
Ecology, 2002, 13(1) :84 —90.

[20] Paull R E. Postharvest Senescence and Physiology of Leafy Vegetables. Post News and Inf, 1992,1.:11 —20.

hitp : //www. ecologica. cn



5462 £ &5 % # 27 %

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Streitwolf Engel R ,ez al. Clonal growth traits two Prunella species and determined by co-occuring arbuscular mycorrhizal fungi from a clacareous
grassland. Ecology , 1997,85.181 —191.

Van D er Heijden M G A, et al. Different arbuscular mycorrhizal fungal species are potential determinants of plant community structure. Ecology,
1998, 79(6) :2082 —2091.

He Z Q,He C X, Zhang Z B, et al,Physiological Study of Tomato Growth Effects Induced by Diferent Arbuscular Mycorihizal Fangus ( AMF)
Strains. Journal of Shenyang Agricultural University,2006,37(3) :308 —312.

Ruiz Lozano J M, Azcén R. Mycorrhizal colonization and drought stress as factors affecting nitrate reductase activity in lettuce plants. Agric Ecosyst
Environ, 1996,60.175 —181.

Ruiz Lozano J M, Azcon R , Hyphal contribution to water uptake in mycorrhizal plants as affected by the fungal species and water status. Physiol
Plant, 1995,95.472 —478.

Wang Y Z,Zhang M Q,Ke Y Q. Effects of mycorrhizal fungus on sugarcane growth under water stress. Journal of Fuian Agricultural University
(Natural Sciences Edition) , 1994 ,23(4) ;383 —385.

Ren A Z, Gao Y B, Wang W. Photosynthetic pigments and photosynthetic products of endophyte-infection and endophyte-free Lolium perenne L.
under drought stress conditions. Acta Ecologica Sinica, 2005,25(2) ;225 —231.

SE 3k :

(1]
[2]
[3]
[4]
[5]
[6]
[7]
[10]
[11]
[12]
[13]
[14]
[16]
[19]
[23]
[26]
[27]

B2, AR BREYIRERIEXNG F 1 3P Cu.Zn Pb.Cd FEAKIZ M. N FIAEAZEHR ,2000,11(3) 431 ~434.

BE, R, BT, VA EREEMNA K EL AR SHREG AR, Y E R SRR R, 1997,3(1) 43 ~48.

BE, BT, FRK. EREX VA ERE RIS VAM B XHMEY TR SRR, IR, 1999,10(1) .79 ~82.
FET, %, B2 YT TRAA CUER) ASERARS U . BWRS,2003,22(4) :604 ~612.

BRE, LEBR, RS EWHEIFITERAIEE BRI A. UMl k2R, 1991,13(1) 385,80 ~87.

RFHR LR, % RZBH RN ERRMERT . RTFHREH, B RAE PR (D). 5t SUNBHE AL, 2003.38 ~47.
SEIEK, BRELE , fhs2 . . BARBT R BB, Jbat - o EARll At , 1997.

R, £ F. EMIMERRIL RS £ R KA. Y AE SR ,2002,26(6) 701 ~707.

B, EF. WA SMERREBEIRFE RSN, EEREIR, 2004,28(1) .17 ~23.

IR, RER, AEZ. R ERAEREMRE. HolbPaE,2002,38(4) .78 ~83.

KER, BHE, TR AWEEEIRES. LR FEHF HEA,2004.

FRE, M, S5, HYERE LIRS R, B/RE  RIUHl A2 1 iRt , 2003,

BU2EAL, TR, AT KA HRE R VA BAREM MR E AR KRN, BoRER, 2000,14(4) 290 ~294.

ETUI S, BIEE. AR B R EEL AR, NRESSER, 2002, 13(1) .84 ~90.

PUBEE BB KA, & ARASEREENERER MR EBFRNEM. WHARLREER,2006—06,37(3) :308 ~312.
EFL AT EF §. K2 MHE T B R EXH R LB, R AR, 1994,23(4) :383 ~385.

ERZ BEHE, TE TEWETRERRBRENRZ LG ERMAE WM. £54), 2005,25(2) :225 ~231.

hitp : //www. ecologica. cn



	12D119.pdf
	12D120.pdf
	12D121.pdf
	12D122.pdf
	12D123.pdf
	12D124.pdf
	12D125.pdf
	12D126.pdf

