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Abstract

A pot experiment was conducted to determine the ef{ect of arbuscular mycorrl-rizal fungi (AMF) and a piar-rt grouh-pro661lno

rhizobacteria (PGPR) on the uptake of heavy metals by lady's fingers growrr on soil amended with sewagc slur^ ' '

seedlings were grown in soil amended with 5% (w7'w) sewage sludge. G/o,r, s |1u)sseae and Baci/Lus.rrr,,,"rr.;d;;;";:::

inoculated individually or in combination to the respective pots. Plants inoculated with both mycorrhiza and bacteda had signifi_
cantly higher shoot, root and fruit felds compared to the non-inocuLated plants. Plant's uptake o{ N ancl p was subsequently in-
creased with microbial inoculation. In general, the uptake ol heavy metals (Cd, Pb, Cu and Zn) was higher in the pLant shoots
and roots than in the fruits. Microbial inocuiation had no signilicant effect on heavy metals uptake except for Zn Highest Zn
content was observed in the fruits oI plants inocuiated rvith both AIvIF and P(}PR. High mycorrhizal root infection was rr[y5srved

in plants inoculated wrth AMF individually or in combination with LIPVIBIO.

tents of N, P, Cd, Pb, Cu and Zn. Mycorrhrzal roor inf""t;.^

and total soil bacterial population wcre determrned.

Results

Inoculation with both AMF ( (). nnsseau) and P(l.pR
(Bacillu:; UPMtslC) significantly incrcaseC shoct (leaf and

stem),  root  and f ru i ty ie lds of  lady 's f inger (TabLe 1).  Plant '

s uptake of N and P was subsequentlv increased with rnocula-

tion. In general, uptake of lreavy nrelals (Cd, Pb. Cu antl

Zn) was higher in plant shoots and roots compared 10 that in

fruits. Microbial inoculation had no significant effect on heavy

metals uptake except {or Zn, Higirest Zn content was ob-

served in the fruits of plants inocr-rlzited wrth both AMI' and

PGPR (Thble 2). Gncentrations o{ N and Cu in fruits dif-

fered signi{icantly between trezrlnter}ts, Mycorrhizal roor in-

{ection wa.s significantly high in plzurts inocuLatcd with ,\MF

individually or in mmbination with LrPMII1O.

Thbte 1,. Effect of ANF and PGPR on ciry weights ol sir<xrt'

root and fruit oi hdy's finger

Introduction

Sewage sludge is increasingiy being r-sed as soii ameliorants.

and presence of healy rnetals may pose long'term nsks to enl'r-

ronmental quality and sustainable food production Arbuscular

mycorrhizal fungr (A'N,IF) has been knowr-r to lxnetit plzurt growth

by increasing the uptake of nutrients {rom soil. Previous studies

have shown the ability oI AMF to tolerate soil mntamirnted with

heary metals (Heggo er rzl. , 1990; Hetrick et al. , 7994:urd Zhu

etaL,,26JI). Mycorrhizrl infection reduced the concentration of

Zn, Ci and NIn in plant leaves. Besides AMI', there ar-e other

beneficial micrcorganisrn-s that rnay contibute to the plants' tol

erance to healy rrretal contarnnation Plant grow*rpronroting

rhizobacteria (PGPR) improves plant growth tbrough several

mecha"risms. such as increased nutrient uptalie. phytohorrnone

production and nitrogen fixation Several mecharusrns are involved

in reducing the toxic effect of heav-v metals to plant growth, in-

cluding the imrrobilization oI metals in or ne,ar the roots and by

reducing the metal translocation to the shoots. Currently, there is

irsufficient infortration on the interactions between mycorrhizal

{ungr and PGPR on plant growth and heavy rreml uptake in con-

taminated soil. The following study aimed to determine the,e{fect

of AM and RIPR on growth and uptake of heary metals of lady'

s finger grown on soil amended wrth sewage sludge

Vlaterials and Methods

Lady's finger (AbeLmochus esculmtus) seedlings were

transplanted into pots containing nuxed soil amended with 526

sewage  s l udge  (pH ,u , , ,  7 . 2 .  To ta l  N  1 .2506 ;  To ta l  P  13 .  99

r n g ' k g - ' ; C ] d 0 . 3 2  m g .  k g - '  ;  C u  2 . 6 7  m g ' k g  ' ;  P b

3 . { i  m g .  k g  ' ,  Z n  1 9 . 6 3  m g .  k g  ! ) .  I n o c u l a t i o n  t r e a t -

ments were' 1) Non-inoculated Control, 2) GLomus ,nosseae
(AMF) '  3)  Bnci l lus sphaer icus UPMB1O (UPMB1O),  4)

.qMF + UPMts1O. Plants were grown in glasshouse condi-

tion, and fruits were harvested three months aiter transplan

ting. Whole plants were harvested and separated into leaves,

stem, roots and fn-lts. Plant tissues were arnivzed for con-

5 4 8

. Shoot Root
. lnoculat lon t reatment

r g . p l t i r  < g . p l t  '

F rur t

( g '  l ) l t  
' /

Control
AMF

LFMBlO
AMF+UPMB1O

+7. 55b
53.72n'
; ,  ?  ? i n

6 1 . 8 6 ' ,

B. 28'
12.66^
9. 02',
I 3. 08^

I . 8 8 "

l')7r'

? .  ; 6 '

i i .  i5 '

Thble 2. Effect of AX4F and PGPIi on uptake o[ Zn :rt ']ifler

ent parts of I;rdy's {inger

' ( o t t t  l  r u r L  '

l n o c u l a t r o n  , .  . . , . , , l r  '
u g  '  P I t - '  u g  '  p l t  '  u g ' P l t  

'  u i { ' l " '

C -on t roM 1 ' J1 "

25.  95" 7.  { ) (  ) '  7.  l r l '  ) '  r \ lA,IVIF
uI,MlJlO 28. 60',  13. ()?" ?.9i l  ' r  I"

A*MF-1-UPMtslO :2.27' 1r. r ix '  6.sl 1.. f6

Means with the same1",*- -. 
"oan"f*nLlv 

tlrfferent

at 5 ?1 level



F

Disctsslon

Inoculation with AMF and PGPR individually or in com-

bination increased the growth. yield and nutrient uptake (N

and P) o{ Lady's finger grown on soil amended with sewage

sludge. At the rate o{ 5% sewage sludge application, the up-

p|<e o{ heavy metals by plants was relatively low and below

fre pernritted contamination level. Significantly higher Zn

conrenr was observed in fruits o{ pLants inoculated with com-

bined AMtr and LPMIIIO. Interactions between AM and bac-

teria stimulated root development and subsequently Zn up-

take. The higher uptake of Zn compared to other heavy met-

ds could be due to the relatively higher availability of Zn in

sewage sludge. In contrast, under high Zn contamination my-

corrhiza nuy reduce Zn uptake in shoots as a protection

against the toxc ef{ect (Zhu et ttl. , 200I'). The study indi-

cares that AMF and PGPR could be used in the phytoextrac-

tion of Zn in Zn-contaminated soils.
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