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Two .. ".titn"flt. ~.,,,, coodu««l un<k, <00,,,,11«1 <nv;",nm"",,1 ""ooil"'"' to d<t<,m,,,,, tl>< ,ff""" of ,I>< d .. "" 
fung;o id<>. II<nlat<-, A I;'.,,,- .00 Rid"",;,". o n dlid.""y of P ""ak, hom tl>< ",;1 "od ",,,,,ro. oem .. '0, [;vinO 
"' .n'_ fun~.1 ;nterl"", QI on;"" plan" (jill; ... ""'" 1..) .,,,,,;',0<1 ",;,h GI._ ",. ' City B...<;h' (\\' UM IH P 
_h«l '" ,I .. ""il dKl ,,.,. 'pp. ",,,,I, ;nc ...... ,h. "' .. of ,,,,,,,t« (Hu.) of P <0 .1 .. pl u " vi> ,h. fun.,1 P"" "" of 
tho myc""h;, • . 

llenl.« .. du."d P on"",.. .O>d ,,,no!,, """"" th, i",.,;"". in (>nO QI , .... "p"';"""". 'Tho HI< of PuP"" P" 
m I,";,,~ .. ',m.' ~.,.ph"" ~ •• no, , tk,t<d bu, ," <kvdopm'''' 0/ ''''ing .. ""n,' hyph .. ;n , .... ",n~ ..... du<<<I, 
,h. """",bu';on of , h . f"o~ .. ' 0 r up,ok< w .. """II . A~io" • ...doc"; . ' o· .... h of both .hoot< and roo". bu, 
"I'P"'''''Y ;"""'''''''' .h • •• ""mltl .. ;oo of I' on , .... ,iM"", comp,,"; ,.."h "",,'rob, Ri<lomil r«l"""d I' ;olk>"..".. 
m of """ .n<! P upt.1« p" m );v;" • • ".m.' hypha< , bu' h.d "" df«, 00 ,I>< .". of P 'nm.f., .,,,.,.. th. m«'!oc., 

Th" Iod ", . "J",,"o" ;o , .... ov.,,11 """"ibu,;"" Qf ' " fun!!,,, '0 P """"''''' . 

'N T ROD U CTIO I< 

A">e<.me'" QI ,he <ll"" •• "f fung;~id<. "n .he 
fune.ion of mycOT,h'.a. j, import.", '" ,h. conl<x' 
of de'~lopm<nt of .~ricult",.1 and horticulturol 
m.n.gement proo.ic"," ,h., mnimi", the corm;· 
bu.i,~,. of .foe lung' '0 pl.m nu"i.i"" .nJ g ... "",h 
,..h il. minimi.in~ 'he eff"," of fun~.1 pl.nt ".tho-
1«"" I" • p«vi,,", ""per "'e «ported the dre«. of 
,h,~ fungicide., Iknlote. Ali." •• nd Ridomil. on 
vesicul.r·.,buIi<ul . r myeo"hi .. , (VAM) coloni .. · 
,ion "f ,he ",,,,, of Alii.", "PO I. , . nd on the 
in,."""iono be'",,,,,n <:<>Ion;"".ion. P up .. ke a"d 
plan' Krow,h (Subrn." Smith & Scott, l'!'il), In 
.greem.nt wi,h r",v i ... ", work (e.g . H . I" &: S ."d,~. 

1982 ; Fitter, 1981; W" " Fitt<r & WatkinlOOf'l , 199J). 
(I<nl"< .ppe .. ~d '0 a<t only on the fung" • • ",clucing 
pe' con' colon i .. ,;"" anJ COl",,,,).,e""}' "p,ake "f P, 

• " .... n' """",,, I~, ... ..,. '" M,..", .• ,·, n,.,.."","" '" 
fl;..t""., _ ... ' ",."."" 1J";V~;'r,"""" '.'41. , ...... _ ; •. 

t '1'0 ~""'" "",,..._"""...,.,"' .. odd,.....,. 

and plan' ~row'h. In con" .. " AIi<tt~. ond '0. I .. ,", 
extont , Il.idomil, exerted efT""" on 'he p l.n, .. wd l 
.. "" ,he fung"". 

In ,hi, I"'per we .x'end ,he . naly,i, 01 .be <ffec,. 
of fun~icidn '0 • mo", d et.iI«l • ..., .. men' of 
m)·~"rrhi .. 1 col""i • ., io" .nd ,he fu"ct;"'n "f ,he 
'ymbi" . .. , includ ing ,h. developm<n' ond efficienq 
of 'he <xternal hyphae in t .king up P from 'he "",il, 
,he • ...,. of int<tf.« ~><''''«n pl on,.nd f"ngu" and 
,h< t'>. .. of P uptake and ,,"nofd'o ,h. pion •. Tb<o< 
proce..." are.1l es ... nti.l for the functioning of the 
.rmhio.i. in '",m. of P nu"i' ;,m .nd hence pl.n, 
~rowth (J akob",,,, Abbo" & RONon. l'!'ila, b , 
Smith <f ai" 19'14; Smi,h & G i.ni"'"i·Pe.r .... n. 
1995) .nd i, ;. impottan. '" u"ders,ond how ,hey ore 
inHu.n""" b}' fun~icid .. , P inHow (rato of P uptttke 
per un i, len g,h of roo' per ,mi, t;me) . nd ftu. (,.,He "I 
P ,ran, f" Imm lungu, ." pl. m pe r uni, .c<. of 
interfoce per unit time) ore "" rometo" ,ha, c.n be 
u""d to as", .. 'he e fficiency of .he V AM . ymbio, i • 
with ••• pee' to l' ur .. k • . ""v ironmen •• 1 and chemi· 
cal f""I0 .... ,uch .. tho "".ion of fungic;d .. u!>On 
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Two experiments were conducted under controlled environmental conditions 1o determine the eflects o the three
fungicides, Benlate?, Alietze® and Ridomil®, on eficiency of P uptake from the soil and transfer across the living
Plan-fungal interface of onion plants (Allium ccpa 1) associated with Glomus sp. City Beach’ (WUM 16). P
applied to the soi did not apparencly increase the rate of transfer (8x) of P to the plant via the fungal partrer of
the mycorshiza.

Benlaie reduced P inflow and transfer across the interface in one of the experiments. The rate of P uptake per
m living external hyphae was not affected but, as development of living external hyphae in the soil was reduced,
the contribution of the fungus to P uptake was small. Aliette reduced growth of both shaots and roots, but
apparently increased the accumulation of P in the tissues compared with canttols, Ridomil reduced P inflow per
m of root and P uptake per m living external hyphac, but had no efect on the rate of P transfer across the interface.

This led to a reduction in the overall coneribution of the fungus to P nutrition.

Key words: P inflow, P flux, Alliun ccpa, Glomus sp. ity Beach’, fungicide.

INTRODUCTION,

Assessment of the effects of fungicides on the
Sunction of mycorrhizas is important in the context
of development of agricultural and horticultural
management practices that maximize the contri-
butions of the fungi o plant nutrition and growth
while minimizing the effects of fungal plant path
gens. In a previous paper we reported the cffeets of
three fungicides, Benlate, Aliette and Ridomil, on
vesicular-arbuscular mycorrhizal (VAM) coloniza-
tion of the roots of Allium cepa 1. and on the
interactions between colonization, P uptake and
plant growth (Sukarno, Smith & Scott, 1993). In
agreement with previous work (e.g. Hale & Sanders,
1982; Fitter, 1985; West, Fitter & Watkinson, 1993),
Benlate appeared to act only on the fungus, reducing
per cent colonization and consequently uptake of P,
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and plant growth. In contrast, Aliette, and to a lesser
extent, Ridomil, exerted effects on the plant as well
as on the fungus.

In this paper we extend the analysis of the effects
of fungicides to a more detailed assessment of
mycorrhizal colonization and the function of the
symbiosis, including the development and efficiency
of the external hyphae in taking up P from the soil,
ehe area of interface between plant and fungus, and
the rate of P uptake and transfer to the plant. These
processes are all essential for the functioning of the
symbiosis in terms of P nutrition and hence plant
growth (Jakobsen, Abbott & Robson, 1992a, b;
Smith et al,, 1994; Smith & Gianinazzi-Pearson,
1988) and it is important to understand how they are
influenced by fungicides. P inflow (rate of P uptake
‘per unit length of root per unit time) and flux (rate of
P transfer from fungus to plant per unit area of
interface per unit time) are parameters that can be
used to assess the eficiency of the VAM symbiosis
with respect to P uptake. Environmental and chemi-
cal factors, such as the action of fungicides upon




