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GENERAL INTRODUCTION 

Soil represer~ one of the most dynamic living 

ent:i. ties wh:i.c h har·bour· "'' Vi::'\ I"' .i.~-::~ty of mic1··obE~s 1 :i. kE~ Pt··otl::>zo.:,,, 

'1'unqi, bacteria, actinomycetes etc. Some of the· 

specialized symbiotic forms eg:mycorrhiza, Rhizobium .::tnd 

Frankia l!Jh.i.ch an? din-:ctly invcd.".n?.d in plant nutr·:i.tion • The 
I 

~Jem.ts ',Franki"a/ (LE•chev.:1lier· and Lec:hevalier·, .1990) belonqsto 
. . 

actinomycetes and is able to '1'ix atmospheric nitrogen in root 

nodules of non-leguminous (actinorhizal) plants (Callaham et 

al., So far 24 genera of woody non·--1 !-?gLtm:i.nous 

angiosperms have been reported to form symbiotic association 

~'l.i th Frank ia (Dixon and Wheeler, .1786) • 

•'='C: t:inor·hi Zi::\ l pl.::\nt!:..;. howr:~vpr·, possess a wide 

tolerance which extends from temperate to subtropical and 

tropical zones of the globe. "l"h~-::~ pot.E-:·nt.J .. :,,.l bio 1 01;1 i c:: "'' 1 

nitroqen fixation by actinorhizal plants in forests has 

gained much attention in present days especially to minimize 

the use of costly inorganic nitrogenous fertilizers. Further, 

biologicial fL-:at:ion o·f n.i.tr·ogen by Frankia noc:ll .. tl.::ltf:?.d plants 

.1. 



represent a substantial contribution to the global nitrogen 

cycle (Torrey, 1978) especially in the forests, wetlands and 

abandoned fields of the temperate and t~opical ~egions of the 
i . 

(Bond, 1976) which is comparable to leguminous system 

in agricultural ecosystems. Besides, the actinorhizal plants 

have recently been increasingly exploited for reclamation of 

hostile wastelands, (Perinet et al., 1985; Wheeler et al., 

19Q6), softwood production (Leikola, 1976; Gordon and Dawson, 

1979; Pregnet and Camire, 198~), short term forestry ( Gort1on 

et al., 1979), improving soil fertility (Tarrant and Trappe, 

1971; M:ikola et al., 1983; Dawson, 1986), nurture plants· 

(Thiagalingam,1983; Turner.~ al., 1978), wind breaks (Geary, 

1983; Midgley et al., 1983) and stabilization of lands 

(£3:i.lveE::..ter, .1.9T7; 1'1idglf?y .et al., .1.9t:r::q. 

the natural conditons however, it is 

difficult to visualize a habitat in which both nitrogen 

iF-tr-busc:u 1 <::ir· mycor-rhizal 

microendophytes exist in isolation • In majority of the 

instances their ecological niche overlap depending upon the 

availability of nutrients to the host and consequently 

resulting into continuous interactions among themselves and 

hr.n:.t plc~nts·. 

have been reported to ·for-m 

symbiotic association with VAM fungi (Williams and Alden, 



.1 <'J] 6;: ~1.) i 11 :.i. c:1tn~:;, J.<J77; Flo!::.F.::·!, .1.'?BO; Clell.:,\nd et al ... , 

1 '186) • Frank ia and \/AM ·fLtng .i. asEoc .i a ted ~-J:i. th nrJn-

leguminous plants ameliorate plant growth especially by 

supplying N and P to the host hence afford an ecological 

advantage over plants ~orming single symbiosis or without 

symb.i.osi~s. In ·fact,, plants ·for·mi.ng t !'" .i. pa ~~ t i. t!:? 

associations are true pioneer species in colonizing nutrient-

deficient and hostile habitats (Daft and Hacskaylo, 1976). 

"l"ht:·? r·olE~ o·f myc:or·r·hi:<~iiill ·ft.tnq:i. in plr.:1nt nutr·itiot·) 

has received a great deal of attention which pertains to the 

mineral nutrition especially the uptake of non labile P. An 

adequate supply of P is important for satisfactory nodulation 

nitr·oqen ·f.i.>:c:lt.:lon by Rhizobium 

(Demeter·.io et al ... , 1972) which may be accomplished by 

mycorrhizal symbiont (Carling et al ... , .1'.:,;>78). 

fungi m~y also aid in the uptake of other 

likP Cu, (.' .. , 
,::>, ... n ;::1nd 1'1n (St.;;~r·ks, .1.97.1.; .197:::;.; 

Gray and Gerdemann, 1973; Mcsse et al., 1976; Kothari et al., 

1991) which may consequently lead to enhanced nodulation and 

nitrogen fixation by legumes (Crush, 1974; Daft ;:mel E 1 ..... 

CU. ahmi ~ 1976; Smith and Daft~ l.9T7). In non-leguminous 

similar enhancement of nodulation~ l"lC:1d!.l 1. f::? 

activity and plant growth characteristics in response to VAM 



symbiosis under nutrient deficient conditions has 

(Rose and Youngberg, 1981~ Gardner et al., 

nusS<:J' 1989; Jha et al., 1993). The tripartite association 

invo l v in<J nnn·· .. l t;~qumc .... · Frank ia .. · .. V?il'1 funq :i. Y"££!pr .. r::!~SE!n ·~ onr:: o'f th~::o 

mor::;t compl.:.~>: ~syE.ten·~ :i.n wh:it:h rf!at:h m:i.cr·o~:;ymbic:mt :i.nter·ii:\t:t.S 

between themselves and wi.th the hnst plant • No :infoJ··mation 

. 1. s ') r"'?E.''"'.· r·1 ·t .l 't' "'v" ·i 1 at· J P c .. ··, l ~- P cc· !:"'• ·:: c:::.or-~1 r·l it r .. nr,er· 1' i >:at ion t r:" • c .. l c:l •. c. ! . .. .!> .. 1 I .. ..:> .. c.l- ~ .. .. ::J _ 1 by 

root nodules in actinorhizal system involving VA mycorrhizal 

symbiont .in term~:; of in vivo mor .. phology o·f micr"<::lt:?nclophyt.t:?Er. 

knc:n>J 1 edge on 

• 
f ird d cond.i tiom~ Whl·?.rf.~ C:lrl c?.lrTi::"IY r.:d' limiting fcT:ICton; 16 

Direct effects of Rhizobium and VAM fungi on each 

other are evident (Bayne et al., 1984; Bethlenfalvay et al., 

1985; Brown and Bethlenfalvay, .1987) c::'lnd e>: hi t:li t both 

nutritional as well as non-nutritional, host mediated effects 

(Harris et al., 1985; Brown and Bethlenfalvay, .1987; Brown et 

al,, 1988). Since the demonstration of importance of VAM 

fungi in nitrogen fixation (Asai, 1944) most of the interest 

of fermer in the acquisition of P under P stress (Bares and 

Azccn-Aguilar, 1983). This role is clearly important and may 

in1' luence nodule activity either through the 

/f. 



1983~ Carling et al.~ 1978) or may directly or preferentially 

Van Nuffelson and Schenck, 1984). Further~ the effect of 

Rhizobium on VAM fungi has been indicated (Pacovsky et al., 

1986) which may be mediated by production of polysaccharides 

by Rhizobium ( Azc::on .. ··PH]L.t.i 1 i:\\1~ et al., .1. <rtJO) or 

affecting metabolism of mycorrhizal fungus (Paccini et al., 

.19DfJ) • in contrast to leguminous system, 

little i~:> knoli'm <::\bout thfH: r,~t·fr-£-t:t o'f 'v'f·W·1 ·fung:i. on Frankia 

(Fraga-Beddiar and Tacon, 1990) and absolutely nothing on 

effect of latter on former. 

Fixation of atmospheric nitrogen by actinorhizal 

tree speties contributes a substantial a~ount of N to the 
i 
I 

fore~;;t eco!:,y~,tems-, (Bond~ 1,<;)67; FE·?n;tu:::.o'f'l ~ 1.971; To1··Tey, 1971:3) 

and a large proportion of latter is accreted to soil system 

by annual litter-tall (Tarrant and Miller, 1963; 

and Newton, 1971; Debell and Radwan, 1978) thus contributing 

to exisl'r.ng·.· soil orc.Janic matter (Tarrant and Millrr ~ • 0 :! ' 

Bormann and Debell, .1.981). This process may lead to elevated 

level of organic:: matter which may eventually influence the 

<;,.)I''ClWth, survival~ infectivity and effectivity of VAM fungi 

(DaniE;)l~:=.on .::1ncl •,Jir:::.!:;E•r .. , 1S)fl9) and Frankia micr·o"':r .. ,dophytf:::s;. 



plant phenclicm rmleaned from organic matter are 

knov1n to ii:\'f·fc=:•c:t in vitro gi'"O~·Jt.h <~ncl !5ul~v.i.val o·f both Frankia 

(Perradin et al., 1983; Vogel and Dawson, .1.985) and VAM 

endophyte~:; et al,, 199.1) • no 

investigation is available on the effect of organic matter on 

growth, survival, infectivity, effectivity of endophytes and 

their interactions in tripartite association. 

Soil pH has been known to affect survival and 

et ·fE·~c t.i v .i. t.y of !:~ymbiotic Frank ia ( f:ll~i 1 or .:mel Mc:Cor·mic k, 19€32; 

Burggraaf and Shipton, 1982; Favre-Raynaud et al., 

Smolander and Sundman, 1987; Smolander et al., 1988) and VAM 

fungi (Kruckelmann, 1973; Graw, 1979). Further, the optimal 

pH requirement may also differ from microendcphyte to 

microendophyte and between host plant and microendophytes. 

Etfectiveness of tripartite association involving legumes may 
! 

be severely affected by soil acidity (Newbould and Rangeley, 
I 

.t<}EJLf). But :i.n non-·-lr2cJumr::?~5, ~:;t.ud:i.f!~!::; in thi~:; ·f':i.r21c:l d.r12 1<.:\ck:i.nu 

and warrant more endeavour. This is practically important as 

the supporting soil system is consta~tly becoming acidic due 

J•·ap.i.d replenishment of exchangeable c<J~tion~ .. ; wit.h 

increasing soil N content (Crocker and Major, 

and Radwan, 1983) and may exert harmful etfect on the growth, 

survival and ettectivity of mycorrh1zal symbionts (Danielson 

and Visser, 1989) which is important in terms of nutrients 



l'"t :i. t.I'"OqE:•n fixation and survival hu!:st 

c:o 1 <'::.n .i. :;~ inq the degraded ecosystems. The increasing soil 

ac1d1ty may also influence growth~ survival and nodulation by 

Frankia (Rodriguez -Barruec:o et al., 

Houwers, 1979; Smolander and Sundman, 1987) which is closely 

associated with N nutrition of pioneer actinorhizal species. 

q r· ow :i. r .. , q in infertile and hiqh P-fixinq soils 

ma1nly due to capacity of mycorrhizal fungi to absorb and 

transfer P to host root beyond the depletion zone (Rhodes and 

Gerdemann, 1978; Li et al., 1991). The ability of fungus in 

the uptake and efficient utilization of P from sp0rinqly 

~:::.n 1 ub l r:~ ( u n <:~ v •~ :i. 1 a b 1 r,~ ) rock phosphate sources under acidic 

with consequential :i.tnpl'"DVr2d nc:Jdu 1 <.it ion <Jnd 

nitrogen fixation by legumes is evident (Mosse et al.~ .Fil/6; 

Pairunan et al., 1980). This is par~icularly important in 

tropics and subtropics in which many P-deficient soils occur 

.:i. n clt-:::•VE? lOp :i. rlfJ Etncl UJ"l cJp l'"dC:•\IE? J tlp.i. nq C OUI'"I t I" .i.E~!;~ v'J ht·?I'"E:' C 0~:> t C:.1rld 

rap1d fixation of soluble fertilizers preclude their use. 

the increased application of soluble P may inhibit 

m !•' c c;- I'" r .. h .:i. z .::\ .l and spread thus ... 1 
... , 

nutrition which may be detrimental to nodulation, 

i .. I . 
· 1 >:a · :: .:t. on p,r,:;.i.rni .:;( .l N ~ J. ?flO ) • 



T h f:'i! r· f!:) 1' t::l r· fi.~ ~ the application of reck P may serve as excellent 

alternative to soluble P fertilizer~ in order to alleviate 

p 1 i:':\fl'l. pl'"tlduc: t . .i. vi ty. In contrast. tc:J 1 P<JUI!l.i.f"'C)US 

,stud .i.es :i.nvol v .i.ng non--·1 f::?gumf:?·-Frank ia-·VAI'1 fun~~us 

symb:i.o!:;t::?s, t.he:i.1·· interaction and overall effect on host 

plant growth under unavailable P sourced~ unknown and 

\.'Jarl~ant investigation which may be helpful in the future 

programmes on reclamation of nutrient-defi2ient habitats 

where P forms o~e of the major factor limiting plant growth. 

North-Eastern region of the country which is rich 

in plant diversity is recently being threatened by continuous 

encroachment of forested areas, shifting cultivation ( ,J hum) 

and other human activities. However, the hills of the region 

are moist and favour development of variety of plant species 

among which actinorhizal species of Alnus nepalensis D.Don, 

M.,·rica e.sculant:a Buch .. ····Ham.<~:-: D.Don, Coriaria nepalensis Wall 

and Elaeagnus spp. grow luxuriantly on nutrient deficient 

!:~o.:i.l5:; .::lnd J'"f::)pr·ti.•sr,~;:-nt r:~ dom.:i.; .. :·,nt Vf.=<JPt.::,t:.:i.on alonq w.:i.th pine 

A.nepalensis 1s more versatile, hi:.'H'"cly and 

economically .important species particularly colonizes hostile 

soil c:ond.i.t.icns o·f Ei::\stel''f"' l .. ·limc.1lr..1va.. It ·f.1· .. , .• , 1,_,,c:_~ c· 11 1J···t r t· 1 , .. •• .~.. ~.:> .. r3 1 "l.c:'=' 

amount of atmospheric nitrogen consequently improving N 

status of ftp•.~.g.l·.l.E~ ·fot-e .. ••.~ .. ·t t ··' ' ... f.;)CO!S'y'S .. em (Sharma and Ambasht,l984; 



Hi···, .. ,,,, ... ,.,., ... ,, :• .1. <:.~nn) .. 

not been accomplished although some information on VAM fungi 

from forested areas is available (Sharma et al., l9U6), 

studies are important to alleviate r , ... <'' <·l • 1 c ·1 .. ·1· '· 1· ·1·' · fj ..... ,_ .......... 'I 0 ·f 

actinorhizal tree species. 

Keeping 1n view the above pbJectives, the present 

investigation has been carried out as outlined below 

study of microsymbionts ( !::;ymbiot.i.c: 

Frank ia .:1r·,d 0.../P,t-1 ·f'unq i) tnC:li'"PI .. ,o 1 oqy .:~!ssoc :i.<:1 "tE::·d w:i. th sE·?aEona 1 

chanqes in nitrogen fixation (nitrogenase activity) by Alnus 

nepalensis D. Don under field conditions. 

In vitro i ~:;o ].,;;, t :i. or·, , 'l t . t . c: u. · :. :1. v a .... :1. on 

c he::\ r- iO:iC: tc~r· i ;-:~ ii:l t. :i. on ot Frank ia E1ncl ~)(.),1"1 t ur·, <J "'' 1 microendrophytes 

'from root nodules and 'forest soils supporting A. nepalensis. 

I ,..., v E~ !::; t:. :.i. <] ii:l 'l:. :i. C) n •::: . leading to interactions between 

.1., :::;oi 1 r::cll, 

2.. Soil organic: matter and 

··::-· ... '" Unavailable phosphate source 



and the1r effect on nodulation~ nitrogenase activity~ 

uptake and growth of n. nepalensis seedlings under controlled 

cond.i.t:i.on!s. were CClYYied out, 

11) 



REVIEW OF LITERATURE 

FRANKIA SYMBIOSIS : 

First report of root nodules in non-leguminous 

plants was made by Mayen (1829) who observed that alder 

growing in deep shadow or proximity of water had a remarkable 

tendency to produce nodules. 

IAior·onli.n (.1.fl66) observed inter-cellular hypt"lii~f2 

which formed round swellings. He proposed the name Schinzia 

alni for the nodule parasite on alder. 

concluded that a microbe was 

indeed involved in the nodule formation in actinorhizae and 

pn.1posed ;;,, rH?:?~-J r·,;;~m~:::~ to th"·?! on;;~an:i.!::;m, Frankia .subtili.s. 

1"1ol.lt::'l'" ( .1.D?O) proposed a new species Frankia 

bruncho.stii on th!':~ b.::1~:;i~:; of cytnJ.c)<.J.i.<::,:\1 cl.i.t·f<:?l'"f:?f1C:E~s b<-:.~t~·J<~'!E?n 

tt·H:~: ~:;tn.tc:t.un;~s o·f m:i.cn:H;:ndophyt.e!!::. in Alnus c:1nd M}lrica. 

Shibata and Tahara (.1.917) provided evidences for 

an actinnmyc:ete-like organism in the ac:tinorh:i.zal nodules, 

which was con-firmed later on by Krebber (.1.932) 

(1933, 1938 and 1962). 

J. .l 



(1933) demonstrated the susceptibility of 

vr.,\tr· iou•.==:. c:::. pr-•c: iF·'''"· o·f Casua r ina to the •e=.am<-::~ nod ul c:~ c~ndnpl···ry t<·::~ ;::,nd 

carried studies in cross inoculation among four actinorhizal 

p 1 ;:;,n t. ~::. p<-:=:)C i c~r::; .• 

Ferguson and Bond (1953) provided evidences for 

the fixation of nitrogen in the root nodules of host 

with nodule suspension. Besides~ nodulation 

occurred freely over pH range of 5.4 - 7.0 and sub~equent 

better plant growth in the pH range 4.2 

higher oxygen requirement of root nodules was shown. 

Ziegler and Huser (1963) showed that root nodules 

t')·f Comptonia peregrina po!ssf~~~.:.!:, rd. tJ~agen·-.. f .i.>: in~.1 abi 1 :i. ty r.:md 

forest soils in North America. 

Emp l C:ly .i.nq 
• • :1. ::;, 
1sotop1c N as a tracer, Delwiche et 

exhibited a strong ability to fix atmospheric nitrogen. 

Inves:;.tig.::-it:ions; o·f Daly (1':76~·) confir-med th;::tt Alnus 

rugosa. wa~~; c:ape?.bll:? at cont.tr·ibut.:i.n<] <]lr·eatly tn n:i.tlr'Clgen 

of the\ soil a~ a rate excess of 150 lb/acre/year. 

J.:? 

]. E?.Ve 1 



DE~t:::k.:.inq 0 p:i. r·r E:•cl po!::;~o;:i. bi 1 :i. ty 

geographical adaptations of the nodule endophyte. 

Rodriguez-Barruecu ·f' CJUI" .. Id that 

jorellensis incKt.tl ;~ tf:?d I-'d. th nodu J. E.'~ tlomcH]f.tl"lc:l te q I~E!W v i~~<JI'"Ot.ts l y 

and fixed atmospheric nitroqen while plants inoculated with 

nDdu 1 ~~ s:.t.l~sp~;::n!::.:i.on of A, glut inosa ·fr.wmE~d .::~bl..\nt:jan·t nc1du 1 f~~::; bt.1t 

fixed little or no nitrogen. 

Bond 

specialization of the nodule symbionts of particular host 

spr::~c: i~::?s:, oc::t:::ur·r·t:::'c:l in .· 1'1">-·rica much mc)r~:·! thr.:1n in Alnus. 

Wheeler (1969) reported the occurrence of diurnal 

variation in nitr~gen fixation in actinorhizal plants even 

und<:::>r· the constant t.E~mpf!:!r··;,:ttL.II~e condi t:.i.c:Jn!:;. Whf.~!ele:f( 19'71) 

demonstrated that extracts of nodules contain 

glucose an~ fructo~e. 

Angulo Carmona (1974) amply described the process 

of formation of an infection thread-like structure in Alnus 

rubra. 

Br::!c:king (1970 ) proposed a sub-division of Alnus 

type endophytes into nine species with the generic name 



Fran I: ia. b,.,.,, m;cH::I <::H"' c: l'"t:::Cml!!!~"" :l. n <::)t::: u l i::\ t :.\. t::H'l bi:i\ I'" I'" :1. <·:·:~ l'"!ii> b<·i:d:.wt:·:H:iH'l p :t ili\l"l t. 

·f ii:111l.:i. J. :i.E'£!: .• 

Lalonde and Devoe (1975) reported polymorphic 

endophytes in the cells of root nodule enveloped by a 

membrane called host plasma-lemma • They added that the 

perforations through which endophyte penetrated the host 

cells may be a result of enzymatic degradation regulated by 

penetrating hyphae. 

Lalonde and Knowles (1975) revealed that the 

endophyte capsule was composed mainly of granular and 

fibrillar non-sulphated~ de-esterified pclygalacturcnic acid 

They indicated that multivesicular bodies were 

responsible for the synthesis of capsule surrounding the 

rmdcphy'b?. 

Wheeler and Lawrie (1976) demonstrated that a vEry 

·f r·c:1c: tion o'f :1.4('' ,, 'l t I . t t r.:1 c <::: 1 .. 1 m u . .::1 · ·. E? c: J. n ... ·w? .:i.n'ff:?CtE::Jd ui 

nodule indicating that carbon compounds arriving in these 

cells are rapidly utilized. 

Van Dijk and Merkus (1976) showed that in 
+· 

!">p<::~t· .. ~~) 

nodules sporangia begin to develop at a short distance behind 

the nodule lobe apex in the region where vesicles, hyphae and 

nodule cells are no longer viable. Besides, they recognized 



two t. Y pr::.•s:, of r·, :.i. t. r·clc;;J E·:·r·, .... ·1' :i. ;.: :i. r·, <] n ocl u 1 £:::!''> :i. n i::\C: t. 1 n c·, , , :i. ;,~ ;:;,1 

HovJr::-~v<·::::r·, 

+ 
r:;, p Q , ... 1::: o r·· 

spore formation by 

rlQ difference in the tissue C::l , ... <J ii:\ n :i. ;.~iii! t. j. ort 

nodules was noted. 

, I t. ~~ .. 

:in 

Akkermans et al. (1977) and Van Straten et al. 

{ .1 (?77) detected nitrogenase activity in the root nodule 

homoqenate prepared i .. n::Hn ~linus, Hippophae, Shepherdia c:wtd 

N>;r·rica under anaerobic conditions when wit.h 

exoqenous MCJ - ATP and Na2SD4 as reductant. 

Field studies of Johnsrud (.FOB) th.:~ t. 

as 434 Kg N/ha and was affected by temperature and l:i.qht 

Go1··don ;;,,nd ( 1.C:f"/B) indicc:\tf2d th.::\t 

nitrogenase activity of root nodules was determined both by 

ho!::;t .::\S ~'lE~ 11 ar::, Frank ia ur::notypF~. 

Tor·rf.~Y (.197El) th;:ct FranJ:ia 

isolat<:?d fn:Hn ,qJnus, Nyrica and Comptonia nodulat.l2d fr·e<:.~ J. y 

and established effective symbioses among themselves. 

Mi;,:~n iiH·lcl Bond ( :1.97B) d<·:o:mnnF,tr··;::,tE:·d thi:i,t ons;et o·l' 



nitrogRname ~ctivity in ycur,g noduleru of ~lder coincided with 

t. h f? p11'- t:J <J Lt c.·. ·!·.· •. 1·. < .•. , r·1 t· 1 · l · · o·· sym3lo·:lc vesicles by the endophyte and 

concluded that vesicles were the site of nitrogen fixation. 

Van D.i.jk (1978) concluded that tha difference 
r' 

betlo\tf?t::'n r·oot:-·nL/dUlE•s in ac:::tinorhizae · t.oJ:i.t.h or- wi t~hot.tt 

sporangta- was caused by genetic differences of the nodule 

symbiont. 

The first successful isolation of root-nodule 

r:mdophyte ·f t~om Comptonia was tnc:\de by C.::~ 11 ahc!:ltn et al. ( l'-i7El) 

employing enzymatic maceration and selective incubation. The 

filamentous bacteria grew slowly in yeast extract medium, 

induced actively nitrogen-fixing nodules and promoted plant 

growth vigorously without the exogenous supply of N. 

Sprent et al. (1978) observed seasonal variation 

in the nitr·ocJenase:=~ <.:\c:t.iv.i.ty in N}f·rica gale which r·e;;~chl?.d it.s 
I 

peak durin~ late Jyly-August and declined in October. 

Wheeler et al. (1979) demonstrated that acetylene 

reduction activity of alder was maximum at 15 - 30 % oxygen. 

They found high activities of perodixase and 0-diphenyl-

nitrogenase activity but with cellular senescence. 



Dij k. ( 1'779) c:c::rnc luciEc:l of 

nodulation depends on soil conditions and endophyte strain. 

c'ilnd 

confined to microsymbiont. 

ve~:.ir.: 1 r.=.- to reduce acetylene 

( .1?,;77) 
) 

dE:t.PC tF:d 

incubated 

anaerobically in the presence of ATP and dithionite. 

concluded that the final steps in t~e formation of citrulline 

takes place in host cytoplasm. 

Hall et al. (1979) on the basis of growth response 

cd' 

( l '//'?) !:'>iqr·, it icci:1n t 

correlation between leaf area, nit~ogen fixation and 

photosyn t hE':t :i c: 

glutinosa p 1 r.mh~ .. 

. ·1 t I .l n DC: U .. i" ~F·C: A. 

They indicated that genet1c variations in 

rate of nitrogenase activity and photosynthesis in black 



et al. (1980) d~mcnstrat&d non-infectivity 

!3 pr:.·c: J F~ !5 • 

Tor·rpy c"H"iC'.I T· b keiMA ( l ·:~···r:>) Je.r .• , ...... . "T/1 ob~:>far"V€':.•<::1 thi:':1t in Nyrica 

and Camptonia l~oclt hail'" in·f'I:·?Cti.Dr .. , \o\1,~~!:::. ·fol lo!-'JtH:J by p 1·- 1:::~· .. ·nodull:\:' 

formation thereafter secondary nodules were formed sparsely 

and in a precisely ordered ~equence. 

Br:nson et al. showed that hydrogenase 

activity in the vesicle clusters may be driven by a range cf 

artificial electron acceptors. 

Bhuwaneshwari et al .. (.1.9UO) 

inoculation technique to establish loci of the infection 

pn::1c::es;~; by Franh ia. 

Ingestad (1980) found that a continuous supply of 

combined N in small doses stimulated both nitrogen fixation 

/ 

and growth of alder seedlings. 

Akkermans and Roelofsen ( .1 C?BO ) thr.·:lt 

vesicle clustars suspension had higher nitrogenase an~ 

hydr .. ogene:'\Sl7:' activity when incubated ;;,\n C::lei'"Ob:.i. c: i:':\ 11 y · 

concluded that the fixed nitrogen is excreted as ammonia into 

ho::;t r.:ytopl.::1!:':>m. 

lU 



Houwers and Akkermans (1980) found that many soils 

none at all. Further, they showed that nodul8 homogenate 

+ inoculum prepared from spore nodules was thousand times 

infective than those prepared from spore nodules. 

Baker and Miller (1980) discovered the macrofossil 

of actinorhizal root nodule dating to about 11500 radiocarbon 

years old in North Vermont, U.S.A. From the qualitative 

differences observed among the root nodule endophytes, they 

concluded that the fossil nodules contained actinomycetous 

morphologically similar to that e>: t•~~n t 

Elaeagnaceae. 

Bc:da~'r et al. 

sere-group and were totally dissimilar to those exhibited by 

Frankia .i.sol.atr.;Js ft··cJm Elaeagnus <JI'"C1Up. They di~:;t.ingl.\i~;;hed 

Franhia is.;ol.::\'1':.~::~.; :i.ntD two ~-;F.?t··otypf:~!s; sE;Jt'"CJtypE~ .1. ( iscJl.::~t<·?S 

from Alnus~ Comptonia, r.~nc:l Nyrica) ii:'1nd s;er·ot:.ypF.? 2 ( i!::>olc:~t~:: 

·from I 
Elaeagnus). 

Burggraaf et al. (1981) 

ii:\C tinorhi :;:: .::t 1 nodules by employing selective inc:ubation 

coupled with double agar layer technique. 

:\.'} 



('t!··k.t:::·t· .. m.-::tn•::; et al, (.lri'H.l.) t:!Pl.c:c::tc::d t.l·l;::<t. i:i< Vi'~l··:i.pty o-f 

~n2ymes ~ssociat0d with tricarboxylic acid cycl0 were active 

in vesicle clusters. 

Nor·rn.:-:1nd i::\nd L.;::<lonciF!! ( .t?U2) r·c·pcr .. tc!C:I t.1·1r:: occ::u·, ... r·(:!:nCF! 

of d.i.\IE~t· .. ~:: • .i.t.y of FranJ~ia :l.•::;t:::cl.:~t.cd ·fl· .. om dct:.i.tiOI' .. Il:i.:;:;:~J. plant!:; Cl-1' 

pr·ovf:n .::::. c: E~!=:.. 
'-" 

·+· t hr:~ t s:;po1··r::~ 

characteristics could contribute in establishing the taxonomy 

c,·f' nitr .. ogr:::ni3!':~t:·' i::<c:t.i ... lit'/ C)'f' r .. c:•nt. r·lc::cdulF"<::=. t::)'f Nyrica gale .::1nd 

relationship between occurrence of vesicles 

nitrogenase activity. 

Franl~ia isolates from various ac:tinorhizal plant!::, 

severely affected by water potential. 

D:i.l l<Jn (.1.702) ev.:;,lua tf:?d 

r~·f' ff~C ti ·v•enr.~ss bf:?twr.c-~:7:n FranJ~ ia :.i. •:::. C:• 1 i::'l t. f.~: !'; 

artinorhizae and ac:tinorhizal plants in terms o'f nitrogen 

fixing abilities. They c:onc:lucled that ef'f'ic:iency of nitrogen 

·r .i ::: i':'l t i un \fJj.'.'l ~:. rfliiil i l' .. f J. y cl f.": t.e r .. rn i I''! bel l:::•y <.:: C!lf'! l•i:':i t. i 1::! :i. J. i t.y Dr I ;u::; t:. i:':'ln c:l 



Frankia !::>t1··,:71.i.nr:s .. 

l···lu•s!::;·· .. J),::'InE~ll thii:lt 

in media with Tween 80 were repressed in the nDdult'E! 
et ct.J. 

symbios:;.ir::~.HuSS-D<rne1l"(l.9B::~ b ) c:onc::J.ud!~:d t.hc:~t. .::~ mon? c:omplf.;:o>: 

mechanism of ammonium influence than a simply short term 

reduction in supply of carbon compounds to the nodules may 

oc: c t..tr" • 

Burggraaf and Shipton (1982) showed that optimal 

"'~. (") ..... ·:r r.; t1 C' • .... .. • .. ,l ,_, 

Ch:i.nq et al. ( l'-tB:~::) !:~yrnbiotic: 

of presence of cytochrome system. 

Dixon and Wheeler (1983) reviewed the effect of 

ab.i.<Jt:i.<: !:;?l"lV i I'"OrliTl<:::?n t,:i\ J. factors on nitrogen fixation by 

acti~orhizal plants. 

Employing crushed nodule inoculum, Coyne < l. 9f.:r.::.) 

not~?d in tel'"···qEmf-::tir.: ~;pf?c: .i ·f ic :i. t.y :i.n t.h~:~ ·f ii:Hn:i.l y Casuarinaceae 

~.? l. 



Shipton and Burggraaf t. ht:l t 

npt.irn;:,,J. qt··m.,tth c:•·f Franl~ia :i.!::.oJ.,,;,t:.t2!:::. ft· .. nrn Casuarina~ Hippophae 

;·~nc:l M . ') ·· .. . .. , ·1 - t .. ~. o 0 1"' )lr~ca cc..t..urr E-:.r.. d ...... •.. .. .... Growth was gener~lly favoured 

at pH 6 and 8 and declined below -6 bars water potential. 

Quispel et al. (.1.983) made the comparison of lipid 

lipid extracts from alder were essential for the isolation of 

Frankia 'fn:Hn Alnus glutinosa~ Hippophae rhamnoides E1ncl N}'·rica 
gale. 

et al. ( l?Er::.) c•l::• "''.C! I'·\/ eel tl·"rdt. ·r r:::-r .. ul :i. c 

;::, c i cl ~· 0-coumaric acid and 8-coumar:i.c acid were effective in 

inhibiting growth and decreasing t.I·:E~ nurnbc?t·· c:• f Franl' ia 

:= pc 1'"•':\n<;J.i. <.~ .. that these active 

, .. ~:Hn p otJn d f'· p , ... r::· ::,. c~n t. :i. n a c: t. :i. nor .. hi:;: c:l t:::· rn :i. ~:) 1·, t. ;,·;, c: t. E:l !"; '' c hf.·::-rn i c:: i::ll 

rnc>c:li;:~tc:•l'"~"·'' betWF'<;?n hn!'"t cell!:::. <::1ncl ":=.-.,·rnhic:::·l::.:i.c:: FranJ~ia. 

on DNA homology Frankia strains 

di~:,.t.:i.nquic.:.hr,,!d :i.nt:o twD qcnDqt··oup~::. i.e. Lhu!:';c:· with , .. ·r.=.:J.c;,t:.L..,,.c:ly 

high homology to strain Ar 14 and those with low homology to 

•:= t. , .... ~ i n (.~ ,.. .1. ·<1· (An et al., 1983) .. 

Benson and Hanna (198~) distinguished 43 alder 



t:. he.· b ;:., !:; :i. !':; C:< ·f' p , ... u t (·:;~ i n p ;,,, ·\:. l·. r::· r r i !:;; o ·I' who 1 f.:·:· c t:o 1 l 

1 y<;,:.a t:P<:: ... 

Granhall et al. (1983) demonstrated that: repeated 

c~ pp 1 :i. c: C:\ t ion o·f inorganic: N did net suppress nitrogenase 

whereas an initial large N application effectively inhibited 

nor:lulat:.:i.on and nitrogenase a~tivi~y ~nd f'' ., ., 
···:~.nr.·,\ .... y 

that mode of N application was more important than the total 

'T'it:''"'' et al. ( .tc;>u:::;.) 

9 
Cpi .1. <::md (.~CN :1.. tJ u t. :.t 1 :t ;~ r.;:c:l pr·opiorrc:-;t.E' ·f'or·· 

growth except Eu11c. The size and number of vesicles were 

greater in media without ammonia and the sporulation of all 

isolates was C-sourc:e dependent. 

Akkermans et al. (.1.983) th;::d.: Frankia 

cells grown with tween 80 or acetate as C sources contained 

cycle enzymes but r0pressed 

propionate as well as in symbiotic stages in nodules. 

l<nowl ton and ( 1. 7(]:~: ) thc>l:. 

number of nodules in the presence of Pseudomonas cepacia. 

r:·ur,.ther·-, they observed the interaction between seedling, 



substrate pH and bacteria in the promotion of nodulation. 

Burggraaf and Valstar (1984) concluded that host 

plr.~nt s,r_~lE'!C:t'3 Frankia str·;,:t:.i.n~-:-~ du1···:.i.nq infE"!ction r.:1nd nodulr.,:. 

·foJ··ma t..i.on. 

root nodules of actinorhizal plants and soil samples using 

sucrose density fractionation and simple N- tree medium. 

Moiround et al. (1984) shewed the inability of 

Frankia to .grew at temperature 1:'.'.i°C 

irrespective of their origin from cold areas • 

• ':'lcc:or·cl :i.nq to t.hF.:!m, Frank ia r·c;.~rnainE?d vi ab 1 f:;! f.'=!VE?n "" t 1 <JW 

tf.?rn pr? ,~a t.u 1~1::::. 

. 
Seiler and Johnson (1984) observed that moisture 

stress greatly reduced shoot~ root, nodule and total dry 

weight and nitrogenase activity of actinorhizal plants. 

Lec:hevalier and Ruan ( .1. 9!:14) 

d.iV<::'l'"~;,:i.t.y of FranJ~ia ~;tr·r.~:.i.nr::.; :i.s;.~ol;:~tec:\ fr-·om Comptonia r.~nd 

Ceanothus. 

r·:, /I 
,,: .. ···, 



tl!c::·! , ... t hn l :1 ~·~ ~o:~r! v :l. i':l 1:. hi'·:~ pr· r.' p :l. nn y l ···r: !:)CJ"I ;.~ yrn!:i;' f.) PtY:\ t hWt''il y • r:·u , ... t h 1\1) , ... ~ 

propionate was considered most efficient carbon source in the 

.·\. r·,r:lu.c: t: ic•n c::··f r·, .i t.,···onc-:on io:'t!'::.c:· ;::tc t. :.i. v :i. t.y by Fran}~ ia. 

and Amh.:~c::~ht. (l9B4) the 

seasonality of nitrogen fixation in root nodules of Alnus 

nepalensis .. 

Studies of Van Dijk ( .1. 9BL~ ) the 

and its absence in areas without ··~ ho£.;t. plant.. 

Gauthier et a1. (1984) suggested that there may be 

a cont1nuum between typical strains of Rhamnales and some 

strains of Casuarinaceae .. 

( l c;>FJ4) sign:if:icc:tnt 

in 

protease, urease and a-glucosidase. 

L. r::·c:: hc:-:·v Etl i P r· (1984) categorized Frank ia i ~:,o 1.::1 tes 

from varibus actinorhizae into two physiological categories. 

H;:,,ter-::•;:: et al, (.lci'BI.l·) i~::;olii:lt<:e:or.:l t~·Jo Frankia str·-ains 

from root nodules of Alnus nitida from North Pakistan. 

The result of Carpenter et al. ( l S'El4 ) indic::at£?c:l 



th~t both host and endophyte genotype may affect the 

efficiency of host-endophyte symbiosis. 

Lopez and Torrey (1985) showed the presence of 

several tricarboxylic acid cycle enzymes in the vesicle 

Vc:u-rer}S=lSC h C:tnc:l Tor-r-ey ( 198~·) opined that the 

ability to form sporangia in symbiotic stage is controlled by 

endophytic strain rather than host genotype or host-endophyte 

combi.ni:71t.:i.on .. 

Reddell and Bowen (1985) revealed that more than 

orH·::~ Frankia r::.tn::t.i.n may c<.."lf2>:.i.st in ~;arm? nodL!les. 

Jiaben et al. (1985) concluded that Franl~ia 

:i. !:::.c) 1 <"'t t:.e-:r:::. ·f r··om /H nus and El aeagnus ~:;hc:ow considerablE~ var i;ation 

and divided them into two groups. 

{',r, et al. (.19B~'.i) th.:~t n:~st.r ic tion 

'f'r·.::·tqmr.~nt•:::. br.~tndin~J pc:tt.tr:-r··nr:::. WE'!r-e uniql.lf? ·fur each Frankia 

isolate and suggested that this method was efficient in 

distinguishing morphologically indistinguishable isolates. 

1'1<-:·?.f:~f::..tr.-:'l"iS et al. (.1.9B~5) ~:;howed thi:'lt mcJ!:;;t o·f the 

nitrogenase activity was located in the vesicles of the 



nodule endophyte. 

Vogel and Dawson (1985) observed that none of 

Frankia :i.~::.cd..:d.:l'?!o:. h.::HJ thP .::d:i.i.l:i.ty t:o uti.J.i:<:f? ph<-:?nol.ic: acids as 

( 198~.\) developed a new spot 

ino~ulat:i.on technique for the nodulation of host close to the 

point of inoculation. 

Weber (1986) after surveying several alder stands 

+ in Finland concluded.that both spore and spore nodule types 

co-exist~d in the alder forests. 

L~urent and Lalonde (1986) suc:cess·fLI 11 y 

:i.~:;Dlat.<·?.d ::::.o FranJda :i.soletf?.s fn1m l~oot. nodules <J·f l't~·rica 

gale and chr.:u,-ac:tf?l'-.i:;:ed them on thr.-? basis of mor-phological and 

b:i.ochem:i.cal criteria. They observed that 12 strains were 

in fee t.ive on 01~ ig ina l host. .::md Alnus gl utinosa while 5 wel~e 

.i.md·fec:t.ivf::~ but e·ff<~l:tive .in Elaeagnus and Hippophae. 

Righetti et al. (1986) studied the effect of soil 

rnoi~::.t.t.tr·e, F;. !' K and micro-nutrients in the nodulation of 

ac:tinorhizal plants. 

Faure-Raynaud et al. (1986) showed that growth of 

mo<:::.t. of the-' Frankia ·.isol.::,t:.t.~f"; vJt.'IS pH ciE~pr.':'ndE~r·,t. 



and Frej (1986) recorded Frankia in 

soils devoid of host plants tor decades. 

et al. ( .1. 9El6) , ... f?por·t£:?c::l t.hc:tt both Alnus 

t:.o t:.l···,f.-?: t::,·c:or:::.y~::.t.c::•rn .. Ful·-tnel···, t.hF: :i.~~ol;;"!ltec:l Frankia ·fr-om A. rubra 

A. glutinosa varied morphologically and i.n 

found no difference in plant 

biomass between nitrogen fixing and nitrate fed alders. 

Sundstrom and Huss-Danell (1987) r·£:::vealed that 

nitrogenase activity of actinorhizal plants was severely 

affected by drought stress. 

Irnmuno····uolcl lclb!:·:•J.intJ ~studiE?'"· c:cmducted by 1'1r~es;t£:.~r,s 

( :l.9H7) that nitrogenase activity was located in 

Frankia vc·~=:= . .:i.c:lc~:=. hut. not. in l··,yphr.:tf? .. 

Vi~man and Huss-Danell (1987) found that cyanide 
but 

inhibited oxygen consumption in vesic:lesAwas not affected by 

salicylhydroxamic: acid, an inhibitor of alternate respiratory 

Pi'\t•··,v.•dy :i.r·,cl:i.c::i:it.l.nq th<:'='t. Frankia h;:;,s an aerobic metabolism. 



Torrey (1987) proposed that the environment within 

the nodule determines the formation of spores. 

et al. (1987) and Sheppard et al. (1987) 

c'b''''.t·:·:•J'"\/f.,·d that mineral N and soil factors may influence the 

ho~::..t ..... ·Fran/~ ia c:ornh.i.nat:i.on .. 

Parsons et al. (1987) c:onc:luded that outer wall of 

Frankia vesicles was thickened by multiple liquid-like 

monolayers in proportion to part1al ambient oxygen level. 

C:Jucd';::tn and T.i.nc:p:.i.u (.1.7H'l) ob!'Sf:;!J''"Vf.:~d that soil pH 

and calcium carbonate were the main variables influencing 

nodulation and nitrogen f1xat1on in purple coloured soil. 

Tisa and Ensign (1987) revealed the indispensable 

role of calcium in both vesicle development and nitrogenase 

E'l c:: t. i v .i l. y h'/ Frankia ~::t.r"<':1.inr:::. is-,o}i:';ltnd i'n:Hn Elaeagnus ii:md 

Ceanothus .. Further~ they suggested that cyanide insensitive 

respiration may be involved in protecting nitrogenase inside 

the vesicles from oxygen .. 

et al. ( 19ElB demonstrated that 

':::.t.tl'"•/.iv;;:d c::d' Frankia :in ~::.cd.l at pH> 6.0 ~·J.::t!O:> bt?ttt?l'" th.:~n .:~t pH 



) concluded that the stimulatory effects 

n"f' cl,::~·,,.. em Frankia m<:~y bE~ dtH? tc:< ,::~ch;;cwpt.ion of inhibitot~y 

compounds secreted by alder. 

Huss-Danell and Hahlin (1988) showed that addition 

of ammonium to alder strongly reduced 
14c content in vesicle 

L...,;·,,lonc::lra et al. ( :1.98B) c:lernonstr .. .:,,ted the:'t. in vitro 

r::=.por··u l ;,:~ t .. i. on b·:l Frank ia t-J,:~r:::. cleter·mined by t.~u:~ endopt·ryte strain 

infecting the host. 

Harrison and Seiler (1988) showed that direct 

moisture stress exerted no effect on acetylene reduction and 

nodule sugar content. 

Hur:::.s .... ·Dt:",nell et al. (1989) observed a strong 

correlation between nitrogenase activity in alder and number 

of hours of sunshine under field conditions. 

FranJ~ ia 

Murry and Lopez (1989) found that in pure cultured 

hydrogen stimulated hydrogenase activity at supra 

opt1mal oxygen concentrations. 

nyt. l'.PI' .. (1989) noticed that coarse roots of alder 

..::·'··' 



were found close to the trunk of trees while fine roots were 

evenly distributed in the stand. Further~ he attributed 90 % 

of the below ground biomass in the uppermost soil profile to 

availability of soil oxygen in peaty soil. 

H;::~hn et al. (1989) proposed a new definition of 

the family Frankiaceae based on RNA catalogs and reverse 

transcriptase sequencing. 

Simonet et al. (1989) delineated 5 closely related 

Frankia from alder hosts on the basis of presence of plasmids 

and southern hybridization to a nif AB probe or to a cryptic 
Frank ia p1···obE! .. 

l3erJ'"Y et al. (.l9B9) .idt-m t:.i 1' iecl ·five Indole 

compounds secreted by Frankia unci!2F" dE~·f inf!!!C:I c Ll 1 t. Ll r· c:'ll 

conditions by using gas chromatograph and mass spectrometry 

technique. Their result indicated that utilization of indole-

3 - ethanol by plants le2d to modification of pattern of root 

primordium initiation. 

Seguin and Lalonde detected pectolytic 

.::ic:t.i.v.it.·'l i.n t.hc·'2 nodulc:2 i::\nd c::ultul~l~ ·filtl~ates of t=.;rJme Frankia 

~=· t 1'· <:"1 .l n ~:;. 

Hennessey et al. (.1.989) concluded that nitrogenase 



i:':' c:: t. i \/ .i t '/ ~·.1 i''l c::. limited by xerotolerance of host rather than 

that of endophyte. 

ObsE'!I'-vc·,,t.io"ns> of 'ljr2pkemc:t i::tnd Mur·ry (l.9BS,) r·evealed 

t.h.::d:. nodu 1 Ps o·f Casuarina po~;sf?.Ss a b.:1n~ ie1~ to o>:ygen 

diffusion as supplied by host tissue and not by symbiotic 

Frankia. 

Dobritsa and Stupar (1.9B9) obser-v£i'd multiple 

.i.n i'<·::.?c t.:i.c;n o·f •'~c t.i.n<JI~h:i. :;:"" 1 p 1 .':In ts w:i. th vat~ .iour:; Frank ia str·ains 

and also the p~esence of more than one strain in a single 

nnc:lulc. 

c::onc:luded that 

inhibition of nodulation by nitrate in actinorhizal 

resulted from suppression of root hairs. 

the 

plants 

{',b~:;~y ~:;<:;?ke::n~a et al. ( .1.990) !::.ug<aestf.::d ·that symbiotic 

Frank ia oht:.<·:iin r,::.ug<:tr.. vi,.,, c:lfE!CJ r-;::tda ti on o'f' pee: tic: substances or· 

polysaccharides which are constituents of capsule surrounding 

Frankia .i.n alciE>r· h<J!::.t:.r,:;. 

Observation of Huss-Danell and Bergman ( 19"10) 

proved that o~~et o'f' nitrogenase synthesis in vesicles occur 

at certain stages of the vesicle development. 



spore~ r~hibited greater specific 

t:.hat o"f They 

that competitive ability varies with strains and 

that the effectiveness is affected even if nodulated plants 

are transplanteG into soil. 

Faure-Raynaud et al. (1990) reported the diversity 

n·f Frankia i!:.,olEd:.t:o:r::; fr-c::.rn nodult:?!:> o1' Alnus rubra by comparing 

the protein and other enzyme p~tterns. 

Lundquist and Huss-Danell (1990) assigned the loss 

c:.f n:i.t.r .. oqF::n.:·,,~scO? c:\Ct.:i.\tity D:f'~ intact plants to the deactivation 

vesicles. 

Lundquist and Huss-Danell (1991) proved that the 

loss of nitrogenase activity in actinorhizal plants subjected 

to darkness was largely due to loss of Mo-Fe protein in the 

Kurdali and Domenach (1991) reported that the rate 

of nodulation of host was affected by nutrient supply and 

\ 

FranJ:ia pc•pul;:,,tion, whic::h d~:.;•c::r-·e.:·~~:l;E·d w.it.h ~~oil dtilpt.h. 



c DliC J udeid 

(·:·" ·:-: U c:l ii:~ t C' c::;. 0 ·f hosts f2cilitate the infection process by 

~:: t .i mu J i"t t :i. nu <JE:•I'''rfli r·r i':1 t . .i. C)n n"f' Frank ia ~:;por·r::.•!:;. 

F'r.::or· .. r-,,.. et al~ ( .1. 9<::.·· J. ) :in Vf~S; t. i <;;I .::1 tt;?cl the 

ult-.r-,:·,1•:::.tn .. tct.ur-.,;,l dE:t:.i:,,il~::. cd' nodulE'!~:; cd' Cowania subtintegra iiHHj 

not<·:·?d that endophytic actinomycete was present in host 

c: r::o r· t. :i. c: '"' 1 cells in the form of septate hyphae and elliptical 

vesicles but not in sporangia! form. 

Investigations of Bosco et al~ (1992) r·E:-:ovea 1 E•c:l 

t.hc3.t·. Frankia c::.;tr·-a.inc:; .i.s:;olat<:~c:l fr·-om an Elaeagnus species w<;?l~e 

able to cross the inoculation barrier and 

species as w~ll. 

in·fect. Alnus 



in the year 1849, for the first time 

the presence of a septate fungus in the roots of 

D !'" C: h :i. cl ~· Neottia nidus. the identity and tht?. 

significance of fungus was not recognised. 

( .1. HB~::,) :.:.n tr-oc:luc:!:::!cl thE· t:.E;:.r-m '1 mycor·r-hi za 11 

de5ignate symbiotic assoc:1ation of plant root and the fungus. 

H<':~ cl.i\/.idt::!c:l myc:or"l'"h:i.::r.:t .int·.o ti-'Jo br·oad catet]or·ir:-s, ill. 

ectot:.rophic and endotrophic:. 

Garrett (1950) remarked that the mycorrhizal fungi 

from aggressive parasites by p1··og l"·ess:i. Vf.?. 

l t t ., . t . n C') r-, ..... . f.':! • :. -, "'' . . ..,,. i::' r" 1. E· · .. 1. €;:· !:::. :~ymbiotic stage 

became indefinitely prolonged. 

obc.;erVE?CI l·,yphal int.er·connec ticln 

successfully estabilished mycorrhizal 

using surface-sterilized spores I sporocarps and observed 

better growth of the mycorrhizal plants. 

Gerclemann and Nicolson (1963) were able to isolate 
' 

endogonaceous spores from soil employing wet sieving and 



decanting technique. 

Baylis (1967) reported phycomycetous mycorrhiza in 

several tree species including gymnosperms from a rain forest 

in .., , ........... l ..... r·l c·l 2>aylis(194?-,'l.J •::· , .. ) .c .. ... r..( ( .. \ . ff (,. • ~·" ... the £-:~r.:: o 1 og i c:: ii:ll 

significance of mycorrhiza in forest where P availability was 

Mosse and Bowen (1968) published a key for the 

:.idF·n t :i. ·f ic:: <:t t. ic::•n ct different spore-types based on the 

characteristics of cytoplasm, :::.t.t···uc t.ur·r:~ o·f 

presence or absence of attached hyphae, nature of attachment 

1·1 •.-'t y rn ;·,·~ r·r ( J '~17 0 ) ·t c•u r·r d t h.:.-l t my c: C:<l'". , •.. hi ;-~ i:":l J. :i. n ·f E~C: t. i •wr .::u·1 c:l 

endogene spores population in wheat were influenced by 

·(·· , •.. ,_,, ·:· ·t· ITl'"'"'f"l ·t· c:; .Haymctn("")t~)~P,.?.,9.! •r..~c·l 1"1)".".> '-' :t' ITllllll I""! I till t"" ""' , •. .. rc .. d .. '·- .. .... • .-1 ... . .... ... 'v '-" . '·" " . .. .S. .. o·f 

•::; pni'""C·'!'; .:·:,nc:l I; :i. q h<''~':E t myc: ot~ , ... hi-:::.::~ J. infect :i.c::•n dut'"' :i. nq st.tmmet•". 

c lr:'i'll'" t•nut!:c :i.11 I<CJI .. I ::~c1lut:i.on C:~nd st:r.:t.i.ninq in tt·-ypan bluf: fot·· 

t:. he r· ;::1 t::< .i cl .:,1 !::: ~::;c•::::. ~:;rnF:•n t:. o ·f my c:: o r-·t·- hi z a 1 :i. n ·f l?.c: t ion in r-oot. s. 

Hayman and Mosse (1971) observed significantly 

t.hr-:· ~='-lrc:•ot:. c:lt··y t'Jc:•i!Jht. :i.r·r onion C::\nd Caprasama 



p 1 ;'\I"!!· ••: :l.nnc: u l ,·, t.:·:··LI ~ .. ,:!. t. h Endogone 1 .. \ndc:·r· F' .... ·df::.··f1 :l. t.:: i f~in t !!iit:):1.1 • 

Daft and Nicolson (1974) reported the mycorrhizal 

in plants growing on coal strips. Tht~y found 

infecticns in those plants to be heavy and stressed the 

E?coloq:i.c<::\1 siqnificance of mycorrhizae in such nutrient 

c!E•'f :.i. C:. :.i. F·:n t he::\ l'"•:::.h h,:·:\ hi tr.:\ t ~:;.. 

Gerclemann and Trappe (1974) published a monograph 

on t.1 .. ·1c ·f .::~m :i.l·i E:nc:lc:•<Jonac:<?aE? l•'l i th 5<-:?~,J lrt1~J .::~ tion o·f qenus Endogone 

.in t.c:• seven c:l.ist.inct genera and provided the detai 1 e<.i 

description of the species tounc:l in north-west Pacific. 

An experiment of Rhodes and Gerdemann (1.975) 

that the absorption of P and its translocation to 

ho!::;t b·'/ hyph<::IE? of Glomus fasciculatum which e:-:tendt~d beyond 

the P depletion zone of mycorrhizal onion to at least 7 em 

from the root surface. 

(1975) studied the effect of ecological 

factors on mycorrhizal association of Khaya sp. and concluded 

that environmental variables like moisture level, light and 

nut. r .. . i Pn t. !'::.uppl y c-::;.: r.~r t.ecl in·fluenc:e on in·fec t.ion c:\nc:l 

sporulation by VA mycorrhizal fungus. 



( .l -=-17 :.=.) "found no 

f t b d 1:::. significant difference in specific activities o· aJsor e 

in mvrorrhizal and in non-mycorrhizal plants. 

Kinden and Brown (1975) 

!::: t:t···uc::: tut···E? of VA mycorrhi2al root 

investigated on the ultra­

yellow 
cYf "poplar· .::md shoi-'H:-c:l thE~ 

occurrence of inter and intra-cellular vesicles. T h~?y 

(1975) further demonstrated the formation of int.re:t···cellL\li:'H" 

haustoria-like arbuscules in the host root cells. 

Khruscheva ~1977) found that P and N decreased the 

occurrence of vesicles whereas addition of K to N and P 

fertilizer increased its presence in wheat. The addition of 

lime to NPK fertilizer proved beneficial for mycelial gn.:;,wth 

but decreased the process of vesicles formation. He finally 

cone 1 uclf:7)d that vesicle formation was dependent on mineral 

metabolism and physic-biochemical processes within the host 

pl;:mt. 

JJec: k. Er· E5er·demann ( 19T7) 

tolorimetric method for quantification of VAM based on yellow 

pigments in infected roots in onion. 

Sanders et al. (1977) found that out of four VA 

enc::lophy t.e inoculated on onion, three enhanced 

whereas one showed no growth response. 



(.'1.7'77) 

and abundanc0 of different VA endophytes in 

~=== c::. .i 1 ''='· c• ·r r·,~, , ~:=:. t. ,. · "'' 1 .1. "'' • T hc:y ( l. 97B) ev;:~luc::\t.Pd th!? 

0ffect of three introduced VAM fungi :i.r·, 'f i.E'! ld sail in·fested 

!-',1 i t·.!·, f C:•U I'" .·i. f"i rl :i. t:.l r:·:·!l"i UU o,::. '.) (~, c:•n cl C< p l"tY t. E:-~::. .;·:, f 1 cl 'f Dl.\1'"1 cl t 11 i::\ t in t. r .. od Ll C E~d 

enduphytes differed in their ability to increase growth and P 

content of subterranean clover which were related to rate of 

mycc:<t'"r•·h.i.·z;;:,J clevc~lopmE'nt. v,,, .. ·,r::.·ri limit.~2c:l by F' supply. 

Couper and Tinker (1.978) by means of radioactive 

and split p~ale culture techniques observed that the amount 

S and Zn translocated was in the ratio of 35:5:1 

whereas the mean influx in the hyphae was in the ratio of 

Rhodes and Gerdemann (1978) studied translocation 

of Ca and P using t I'" i:':\ C: f:? I'" tE~c: hn .i q Uf'~. ThE?Y ·found that 

rout can explore P and Ca at a greater distance 

~rom root surface than non-mycorrhizal one. They added that 

Ca is translocated to roots through mycorrhizal hyphae less 

r·· ;::q::d. cl l ·y- t:. l"l i:'l n F' • 

Ratnayake et al. (1978) proposed a hypDthesis that 

P inhibition of mycorrhizal symbiosis is associated with a 

membrane mediated decrease in root exudation. 



M~n;e et al. (1979) prov~d th~t con~~ntr~tion of P 

was the regulatory factor in the determining colonization, 

infection and spore production by VAM fungi .. 

1"1acDc::ma 1 d anc:l Lewis (1978) reported acid 

phosphatase activity in and growing fungal structure of 

Glomus mosseae. 

Powell and Daniel (1978) succeeded in introducing 

G. tenuis into the soil already infested with the indigenous 

myc:or-r-hi za 1 fungi and was the most efficient fungus in 

stimulating P uptake. Mycorrhizal plants were more efficient 

in recovering added P fertilizers than their non-mycorrhizal 

COLin tel~ par-t. 

Gianina~zi-Pearson and Gianinazzi (1978) 

c: lO!SE' correlation between the 

reported 

spec i ·f ic 

phosphatase activiy and development of the infection and host 

g ,~owth. 

Carling et a1. (1979) found that the number of 

infection units in young soyabean seedlings increased with 

the .inc:n:ase :in Glomus "fasciculatum inoculum ti 11 a ma>:imum 

was attained. 



Skipper and Smith (1979) observed th~t overall 

cultivar response in unlimed soil at pH 5.1 was gre~ter for 

Gigaspora gigantea and at pH 6. 2 ·for· Glomus mosseae. 

Gr·aw ( 1979) observed that Tagetes minuata and 

Guizotia abyssinica r·eacted di·fferently to changes in soil pH 

and to fertilization with various P in spite of colonization 

with same stTain o·f Glomus macrocarpum. 

Dichotomous synoptic keys for the identification 

of mycorrhizal fungi were published by Hall and Fish (1979). 

G.i.aninazzi et al. (1979) observed a significant 

acid ph~sphatase activity in little vacuolated, immature 

terminal arbuscule whilst strong alkaline and a - napthnyl 

phosphatase and B-ghycerophosphatase activity was localized 

within vacuoles of mature arbuscules and intercellular 

hyphae. Further, in the root cells neither acid nor alkaline 

phosphatase distribution was found to be modified by 

mycorrhizal formation. 

Owusu-Bennoah and Wild (1979) found that 

inocLtl at. ion w.i th Glomus mosseae increased seed 1 ing growth and 

P content in both irradiated or non - radiated soils. 

Successive autoradiographs showed that for the mycorrhizal 

41. 



and nomyccrrhiz~l roots~ most P upt~ke w~s within 0.2 ~nd 0.1 

em respectively of the root surface. 

Hase 1--1-'Janc:l ter (1979) found a close relationship 

bet\o'Jeen V.~M infection and host vigour. She observed that 

in·fec:tion level increased with decrease in altitude of 

sampling site. 

Mishra and Sharma (1979) studied the mycorrhi2al 

~:;tatus <J'f ~ ·fol~est trees and distribution of Endogone 

species in the humid forests of Meghalaya. 

Wi 11 ic:IITlS (1979) identified spores of three VA 

fungal species i.e. Glomus, Gigaspora and Acaulospora sp. 

iSl")lated f I'" r.:Jrn the 
R-

rhj.zospherjc soils and l~oots of two 

ac tinorh.b:a 1 plants i.e. Cercocarpus manta nus and Purshia 

tridentata grolo'd.ng at several locations in North and SOLith 

Arm~~ ric a • 

Bagyaraj and Manjunath (1980) found that 

inoculation ot cotton~ cowpea and Eleusine coracana with 

Glomus ~asciculatum in soil with low p availability 

significantly increased root and shoot weight, P and Zn 

content df plants but Mn was .similar to that of non-

mycorrhizal plants. 



Jenson and J~ckobsen (1980) found abundant VAM 

infection in barley roots grown in least soil P and least 

infection in roots with high soil P. Infection also 

decreased with increasing nitrogen fertilizer. They found a 

C:]. OSE?. relationship between spore count and infection 

inh'.:H"'fSi ty. 

Chambers et al. (1980) nbserved decreased VAM 

development in young clover seedlings which was attributed to 

addition o·f combined N. 1-1 NH4+ 1owever, was foLmd to be more 

effective than N03 • 

~Johnson et al. (1980) also found reduced 

infection by Glomus 'fasciculatum r.:md G. mosseae in response 

to high N fertilization. 

St. John (1980) found a strong association between 

root depth and mycorrhizal infection. Surface roots were 

much more likely to be infeccted by VAM fungi than deeper 

ones. 

Rose (1980) after surveying 25 flowering non-

lr.:gumr:~ plant ,species from seven angiosperm., families 

concluded that these non-legumes.form mycorrhizal association 

w:i. t.h Gigaspora~ Glomus~· Acaulospora and E7ltrophospo.r.t:l.,. and 



ether undescribed VAM t~xa. Spores of first three gener~ of 

fungi were found most frequently from soil sievings. 

Hose and Tn:lppe (19e:JO) descr-ibed 3 new Glomus 

!5pl~<.: iem; a!ssoc iated with an ac tinor-hi za 1 shrub. 

Qiovometti and Masse (1980) reviewed various 

methods of assessment of VAM infection in plants and 

calculated the standard errors for four methods I..! Sed 

extensively by most workers. 

Nemec: (.1981) histologically demonstrated t.he 

distribution of dehydrogenase in young arbuscule, hyphae and 

He also detected peroxidase and catalase 

activities in senescing arbuscules. 

Mishra et al. (1981) observed highest mycorrhizal 

infection and growth when 40 or more endogonaceous spores 

were inoculated per plant. 

Cooper 

translocation of 

and Tinker (1981) concluded 

P in the hyphae occurred by 

that the 

protoplasmic 

streaming. They however, did not rule out the possibility of 

bulk flow of hyphal content under a water potential gradient. 

Wang and Hayman (1981) found that level of 



.:\\mmc:H"Iiwn n:U~r·,;;,t.r.~~ in Trifolium c:l.i.d nr.lt El'f·fec:t myc:orrhi:zal 

colonization but was adversely reduced in onion. 

According to Gianinazzi-Pearson et al. (1981) the 

principal role of VAM fungi is the utilization of soil P 

more efficiently where the source of P for both mycorrhizal 

and non-mycorrhizal plants remains the same. 

Biermann and Linderman (1981) proposed a method 

for the assessment of VAM using less number of root segments. 

According to them, the result can be obtained within 

confidential limit of 10 X of the mean. 

Chilvers and Daft (1981) observed morphological 

diversities of VAM infections in different genera of host 

plants. They did not observe any relationship between spore 

population and VAM infection but indicated that mycorrhizae 

were sign:i.'ficantly less lH~ely to bear root hairs. 

l<ariya and Toth (198.1) investigated 

ultrastructure of mycorrhizal association between 

the 

Zea 

diptoperennis and Glomus fasciculatum. They observed that in 

response to penetration of cortical cell walls thin out and 

form a "collar" around the endophyte. Host cell cytoplasm 

was never observed to be in direct contact with endophyte but 



was seperated by an interfacial zone consisting of host 

plasmalemma, interfacial matrix and fungal cell lo'Ja 1.1 • 

Further, the arbuscules were formed by repeated branching of 

endophyte and its deterioration started from finer branches 

and proceeded backward to the point of penetration. 

Azcon and O'Campo (1981) observed that 

concentration of nutrients in plant tissues did not affect 

level of VA jnfection in wheat cultivars inoculated with 

G 1om us mosseae. They further noticed that lack of sugar 

exudation from the roots of non-host wheat plants was solely 

responsible for the absence of mycorrhizal infection. 

Posi t.i ve r·eponse in growth of Nicotianum tabaccum 

inoculated w:i. t.h Gigaspora marginata and significantly greater 

number of spores were detected in soils with lowest 

fertilization level Cnios:., 1981). 

Manjunath and Bagyaraj (1981) further studied the 

ef·fec:t o·f' di·ffer·ent components of VPMinoculum on the grawth 

onim1 and suggestt:d that both e>: tra-matrica 1 

chlamydospores and infected root segments stimulated the 

plant growth but the latter was more efficient compared to 

former component. 

The VAI'1 fungal inoculum potential was 

46 



significantly reduced below 30 em depth and approached nil at 

less than 1 meter soil depth (Schwab and Reeves, 1981) 

Smith and Walker (1981) suggested a model which 

allows determination of rates of infection per unit length 

and time and the rate of fungal growth in the cortex, which 

may be useful in distinguishing environmental effects in 

phases of colonization (in soil, at root surface and within 

thf: l'"f.JOt) • They further found that root tip is nearly 10 

times mo~e infectible than average of whole root. 

T1··appe (1982) proposed a synoptic key for the 

identi ·f ic::ai ton of genera and species of zygomycetous 

mycorrhizal fungi~ 

Etonfcmte- Fasolo anc:l Grippiola (1982) based on 

their electron microscopic studies on symbiotic association 

bet\o'Jeen Glomus 'fasciculatum and Vi tis sp. cone lLtded that 

ther-e occur·l"ed a gr•~dual s.i.mpl if ica tion of the wall components 

from the extra-radical hyphae to the intra-r-adical one. 

Hogber-g (1982) studied the mycor-rhizal infection~ 

in various tropical forest ecosystems of Tanzania and 
--------

reported a dominance of endomycorr-hizae. 



Stahl and Christensen (1982) found that relative 

prominence of different VAM fungi was related to the 

locations~ abiotic factors and identity of plant 

!:':>ymbicsis. 

Bethlenfalvay et al. (1982) determined fungal 

both extra and intra-radical by chitin assay 

technique and found that the intra-radical mycelium increased 

throughout the life span of host whereas extra-radical one 

vli:>s rna:-: :i.tnr.":'ll till onset of soy:bean pods and decreased 

thereafter. The ratio of extra-and intra-radical hyphae also 

decreased through association. They considered that this 

ratio to be an index of usefulness to host growth and its 

high value coincided with the significant growth enhancement 

o-1' hc::·~:::.t. 

Whittingham and Read (1982) showed that direct 

transfer of nutrients between living source and sink plants 

occurred b; connecting mycorrhizal hyphae. 

Marx et al. (1982) on the basis of ultrastructural 

studies and localization of ATPase activities in arbuscules~ 

pt··nvE~cl t.hat. thE~ nutt··iE~nt l?>:charl!Je in VA rnyct1n~hizaE~ oc:c:Lirs 

across the living host fungus interface ancl P transfer from 

fungus to host by active transport mechanism in the finer 



branches of arbuscules. 

Kucey and Paul (1982) determined the biomass of 

Ill '/ C: 0 I'" 1··· h :i. :;: r:'l J. fungi associated with bean roots by converting 

the fungal biovclume to biomass using conversion factor of 

0. :::r.~.\ em 
..... ::::; 

Azc:on et al. (1982) proved that soil nutrients 

intluPnCf.'!d development by acting in the 

establishmGnt of infection rather than spread within the root 

!::;y •::; t.Prn. 

Buwalda et al. (1982 a) showed that in early phase 

of infection, the r·ate ot spread is not significantly altered 

by the presence of greater length of uninfected roots and 

concluded that the initial relative growth rate of VA fungus 

was mainly limited 

.. , t . 1 .• i:':\ v i:':i :.1. .. a ::r :1. J. ·,:. y of 

by its internal metabolism rather than 
Buwatda et i!IJ. 

s~ut.::•str-t~d.:t:::. A· • ( 1982 b) also found 

by 

that 

inherent rate of spread of fungus was not markedly altered by 

application ot P. 

Smith (1982) reported that the inflow of P (moles 

P absorbed/unit length/unit time) into mycorrhizal roots from 

soil exceeded that of non-mycorrhizal roots over a range of P 

High rates of P uptake were associated with 

reduction in R/S ratio. 



Allen (1982) cb~erved incre~sed w~ter tr~n~pcrt 

and reduced resistance to water inflow with mycorrhizal 

in ·fe•r.: tion. He suggested that one major factor involved may 

be increased absorptive root surface area provided by VAM 

fungal hyphae. 

increased 

Observation of Same et al. (1983) showed that the 

P supply decreased the I per;cent r·oot length 

infection and concentration of soluble carbohydrate within 

I Further pe~cent root length infection was closely 

related with concentration of solu~le carbohydrate within the 

root. 

Hepper (1983) stated that application of nitrate 

,~esul ted in highet~ level of VA inh~ction by Glomus mosseae at 

high P level. At high P concentrations, infection was 

inhibited but at low concentration, infection level was 

related to N content of the host. Treatments with low N 

resulted in~few arbuscules and intercellular hyphae. 

Bolan et al. (1983) demonstrated that in clover 

there was a marked threshold level of P application below 

which the non-mycorrhizal plants took up little P and grew 

poorly. VAM inoculation eliminated this threshold even when 

large amoun~of iron-hydroxide were present. 



( :1. ~:rn:::~ ) t.hii~t 

increased growth of shoot, P concentration and P uptake at 

all P levels but was most pronounced at low soil P level. 

noted that VAM increased N and P uptake 

decreased Ca, Mg~ Zn concentration in shoots. 

E<.i.enn.::mn C:ind Lind~:?nn.:m (.1.c183) shawed, .. that int.l"'a .. ·· 

radical vesicles increased inoculum potential of mycorrhiza. 

Daft and Hogarth (1983) working with maize and 

c:::rr .. ,:i.on :i.nd:.i.c:<'.ll.E·r.:l t.h.:~t Glomus caledanium wa~"· lE:~ss E~·f'ticient 

thE1n G. claram and !5uggest.E•cj "'' mi >:r.::)d .i.nocl.tl i.~ i'or ~~·f fer.: ti ve 

field inoculations. 

Schwab et al. (1983) were of the opinion that 

F
., 
" nl.ttr· i tinn host does not affect pre-· 

penetration stages of mycorrhiza formation. External hyphal 

growth following initial penetration of host was reduced by P 

nut.l'"i t.ion .. subsequent ability of fungus to form 

secondary infections was decreased resulting in overall 

decrease in mycorrhizal formation normally in high P. 

Olivers et al. (1983) observed that variation in 

mobility pattern of soluble alkaline phosphatases in the 

extracts of mycorrhizal roots depended upon VA endophyte 



.involvr:~d .. They auggested that theae enzymea were of fungMl 

01'" :i.<J .i. 1'"1. 

et al. (1983) developed immuno--· 

·f 1 ou r"<·:·~!'"..c Pn t. E1ntib<:Jdy tr~c::hniqur:.· E~mp loy ing wh:ic h 

distinguished VAM fungi from non symbiotic fungi. 

Hall et al. (1984) indicated that VAM stimulated 

thF! !':-hoot qn·mth of Lol ium perenne L. gr·eatest and with 

highest level of applied P and/or N :in nutrient (P and N) 

They suggested that applied N and possibly P 

resulted :in mycorrhizae making a more important contribution 

to plant P or Cu status. 

Buwalda et al. (1984) concluded that the host 

regulatesthe rate of growth of the mycorrhizal fungus. 

:::;ni'.i. th et al. ( .V78~=.) a~.;sayed the enzynH:.:>s in the 

mycorrhizal and non-mycorrhizal root and shoot extracts and 

concluded that VAM fungi were able to assimilate ammonium via 

.::md Timmer dr~'monst.r·.:.~ tecl that 

addition of superphosphate reduced root colonization and 

~Jr .. ovJth r"f?~:;ponr:::.f? o·f n:mt r::;toc::k o1' Car.izo citrange ;and sour 

•::;_ ...... 
'··'··· 



Ol'"i:":in(JE·' .. They showed thQt rock phosphate has a long term 

available P compared to superphosphates which leached easily. 

No further P fertilization was necessary if rock phosphate 

was used and VAM inoculated in soil-less media. 

Frankl01d and Harrison (1985) reported that VAM 

.i.r·1·f'E~ct.ir.:m in Acer ~<'Ja~-; h.icJhly COI'T(~~lated I<'J:i.th soil ·fact.or·s 

had greater .influencP on VA fungal 

f r.~c: tor·~.:, .. 

infection than soil 

~::ur<:1kOV f.~fft~ct.s 

environmental var1ables in endomycorrhizal ·f o ,,. m .:~ t .i. on in 

plants and distribution of VAM fungi in nature. 

Davis and Young (1985) observed that different VA 

fungal species behaved differently in their effectiveness in 

to 1 f:?l".,'" t inq liberal fertilization as well as their potential 

for stimulating or depressing plant growth. 

0' Cc11npo i.''ll"ld f CJI.lrld no di t~ec t 

relationship between suqar concentration in root and VAM 

infection in wheat and concluded that sugar in root extracts 

of these plants may not be a decisive factor in plant 

susceptibility to mycorrhizal infection. 



Abbott and Robson (1985) were of the view that 

differences among isolates of VAM fungi in distribution of 

t···,ypt···,i':.e .:i.n the soil may he as important as differences in 

length of external hyplli~e ~·Jhen sF.~ 1 ~;:c tinq ·fungi t. h a t a l'"f·:? 

effective at increasing nutrients level. 

~JE~n .,.., .. ,d Ht:?pp•:,~ ( .1. <"785) c: ha,~ac t.E~I~ .i. zed 6 ~~pf?C: i1:s Df 

Glomus by c::;ubjec:ting !'spc·r··.::! P>:tr.::.ct!::; to polyac:r-ylamiclr-:! g~;?!l 

electrophoresis and selective enzyme staining technique. 

Smith and Roncadori (.1.986) reported that Glomus 

intraradices~ G. ambisporum~ and Gigaspora 

generally stimulated plant growth equally at. 24 and 

G. ambisporum 1/li::\~s slightly mew~-:: <~~·f·fective at 36°C. 

and (l9El6) i'ound 

marginata 

::=s.o0 c but. 

n?.c:luced 

mycorrhizal infection at increasing P levels but the rate of 

colonization and infection plateau varied with different VA 

Glomus mosseae IIE~<:5 ~:d·f~:~ctive at lt1w and medium P 

caledonium .=~t high~ me>dium and low P. They 

finally concluded that analysis of VAM symbiosis with single 

endophite cannot always be used as a basis for generalization 

about VA fungi and that selection of field inoculants should 

account of endoph~tebehaviDur in soils given 



A~con et al. (1986) demonstrated that significance 

of VAM in growth and P uptake by soyabean and provided 

evidence of a key role of this symbiosis in P cycling in 

natural calcareous soils. 

Noordwijk and Hairiah (1986) surveyed the VA 

mycorrh1zal association in rain forest of North Sumatra and 

depicted that VAM infection of most root samples of mixed 

vegetation was negatively correlated with both pH and P 

. ] t .. , . t E1VcLI. .. ,;,\ :n ... ~ .. y. 

Dmi t.h et al, ( .19B6) i'H:Iic:;::d:.ed that VAM infection 

occur both immediately behind the root ape~ and l.l~ .. t.o ,......j-

considerable distance (55 mm long) behind the apex in 16 days 

u 1 d 1::< l i''' n t •::: ... 

Aldwell and Hall ( 1986) obsa::or .. ved that Glomus 

masseae ~:wcc~:"?s~:;·fully competed <-'l<]<.:d.nst Acaulospora laevis and 

spread through the soil at approximately 600 mm per year. 

('q:.pl.ic;::tt.:.i.nn cd' P ter··til.i.7t'?rs:. to the s;o:\.1 did -not 

impose any effect on the rate of migration. 

Sharma et al, (1986) recorded eight species of 

E nclouonEtc:r:~.::tf.-? bE:> 1 onrJ .:i. nu to Glomus, Gigaspora and 

Sclerocystis, Gigaspora gregaria .:mr:l S. microcarpus werf-~ 



reported by them tor the first time from the forest of North-

Schubert et al. (1987) noted that the total 

I I . 1 ) . ex·:re-rac1ca. myce.1um of VAM fungi increased i::''lnd 

reached maximum length 8 weeks after inoculation unlike 

inability rate which decreased from an initial value of 100 % 

to less than 15 % after a period of 5 to 8 weeks. Thus, they 

suggested that the viability of extraradical mycelium may be 

impor·tant factor influencing nutrient upt;ake and 

translocation by VA mycorrhiza. 

Dodd et al. ( .19B7) 'found C:lC: id 

phosphatase act1v1ty in mycorrhizal wheat and onion though 

this increase was different in plants inoculated with 

d :i. ·f ·f er·r:2n t VA endophyte. th.i.t:;;. incr .. ease in 

phosph.:.~ta~;f::? ,:;,c:t:i.v:i.ty :i.nducf?d by Glomus geosporum and G. 

mosseae became apparent between 25 and 51 days after sowing. 

application of monoclonal antibodies, which react strongly 

w:i.th sprores and hyphae. r:.·LII~thf?r", they .....,.., indicated the 

occurrence ot various strains o'f VAM fungi ·f rc:lm var· ioL.I~5 



Sylvi~ (1989) inrlicstad th~t production of ~ctive 

hyphae in abundance lagged sev~ral weeks behind that of root 

c: c::o 1 c:•n :.i. ;:: i::, t. :.i. on . 

Gemma and Keske (1~88) observed a pre-infection 

stimulation of root growth wMi<:h they attributed as non-

nutritional benefit of the VAM symbiosis. 

Dixon et al. (1988) reported decrease in exudation 

of reducing sugars and amino acids from citrus seedlings 

and root P increased. They ·found lr:ss 

exudation of reducing sugars and amino acids from mycorrhizal 

than non - mycorrhizal roots. 

!~l.:,, .:i. n ;~ (l9BO) Eigni ·f icii1nt 

.i.mpt··ovf'.•mr.-:~n t:. in dry matter production of red clover and P 

upt~ke by VAM fungi The two VAM fungi 

investigated possessed varying degreiof <·:·? ·f ·f fE <: t. .i. v <~~ n <~ r::; s • 

Rosendahl et al. (1988) quantified VAM fungi by 

polyacrylamide gel electrophoresis technique and referred to 

it as most effective compat'"t?c:l to root staining and 

Avio and Giovannetti (198B) demonstrated that 

cellulose sources reduced t··a t(~ o·f infection by all VAM 



endophytes tested. However, the effectiveness of cellulose 

in reducing VAM colonization was influenced by the addition 

Baas et al. (1989) concluded that biotic factor 

in rhizospheric soil affected uptake of P and under stress 

conditions, latter can be compensated by VAM fungi. 

Davidson and Visser (1989) investigated the effect 

of forest soil acidification on mycorrhizal development and 

revealed that only a restricted number of VAM species could 

cause infection in acid soil. 

formed by some endophytes under such conditions did not 

impart beneficial role to the host. 

Amijee et al. (1989) observed that addition of P 

to soil did not affect the rate of extension of roots but 

increased the initiation of lateral roots. Low content of P 

in soil also affected the fungal behaviour and increased the 

length of root available for colonization. 

1 e~ve 1 

Manjunath et al. (1989) suggested that higher 

o'f r·oc: k P was requir·ed t.t:) attain gr·owth f.ii<_Bil'IJ'"E'F'ek,~~-B-
that obtained with application of soluble P fertilizers. 

Auto-radiographical studies of Tang et al. (1989) 



showed that mycorrhizal infection enhanced 45Ca absorption 

and transport was remarkably greater in mycorrhizal than non­

myrorrhizal counterpart. 

B~:.·~ 11 et al. (1989) noticed that both P and Zn 

nutritions were atfecte~ by VAM activity but most prominent 

role of VAM fungi in oxisols soil was the uptake of P. 

Gianinazzi-Pearson et al. (1989) repor·ted that 

r-·oot. P>:udr.·:,t.Ps of c:lcJVPr inc::r·east?.d in vitro spore germination 

r.:tncl IT'f'Phi::tl qn3\.'Jth <:rf Giga:spora margarita. In addition, 

flavonones and flavone induced rapid growth of spores at 

low concentration. They suggested that the presence of such 

chemicals in ~oct exudates may promote cell to cell contact 

between VA symbionts during early preinfection phases. 

r:;:r.:tj i::"lpak. Sl:? et al. ( 1 C.?B9) ·fc::H.md that 

mycorrhizal colonization was negatively correlated 

r·oot 

with 

medium P and shoot P concentration. They also showed the 

interspecific variation in plant growth in response to VAM 

inoculation at different P levels. 

F'i::tula .:-:tnd ( .1 <:790 ) 

•:::.uo:::.p!·'~r,•:::.ion cul t:.un·:'!d Pueraria c:r.~ll~~ st.imulr.":'lte hyphal gr·owt.h of 

VA endophyte by ac:c:umulating and leaking active metabolites 



.i 1 i l.c:• ·t. hE! rncd .i. um .. 

Antonio (1990) concluded that spore-like structure 

in t.hr::- mycelium which ultimately forms ~:preti~1m in 

LE .. ll ""urfdce. mod :.i. ·f' .:i. Pd environment at a root epidermal 

::;:i.dhu et al. ( .l.<:il 1:.?0) ich:mt.i.f.i.ed Glomus "fasciculatum 

and Scutellaspara calaspara ~o-Jh.i.ch colon.i.zed the r·oots t1f 

·f r.~!::. t q n:Jwi nq Casuar ina equiseti "fal ia in t:;c::md durH?ES .::md 

suggested the importance of these VAM fungi in the successful 

c:olcm:.i.~~c:"lt..:i.on crf ho~::.tilE·i "'-··=~nd dunr.;:-~.:;. by Casuarina spF2cies. 

( .1. r190) thr.?. 

production of xylanase in VA fungal cultures and stressed the 

possible participation of xylanase secre:tion in the process 

of penetration of host. roots and its effect in host-endophyte 

relationship in VAM symbiosis. 

Sequiera et al. (1990) attributed the ameliorative 

effects of VAM on growth of host plants in highly acid or 
,. 

overlimed soils was related to improved nutrient uptake. 

Sylvia and Neal (1990) concluded t.h;:,,t. pl r.:1nt. N 

stress may affect the resistance of the host plant by VAM 

·funqi .. 



Smith and Smith (1990) in their review con~idered 

the implications of the involvement of mycorrhizal fungi in 

the nitrogen nutrition of the plants and also that in nature, 

plants may be nutritionally linked by mycorrhizal hyphae. 

:i.n i'E:c tion 

hi<,;Jhf.~l·· in 

Spr.:1nu et al. (.1.990) 1'ounc:l that during early 

stages~ the specific 

myco•·-··- hi:;: a 1 !'"Dots 

<::1<::: t .i. \/it i e~.:; of Chit i nase ~·JeYe 

than i~ non·····mycan~hi ;;:a 1 ones. 

after the establishment of symbiosis reverse was 

tnJ!:::. 

Eissenstadt and Newman (1990) found that 5 weeks 

<J 1 c:l Pl antaqo seedlings had more mycorrhizal .in"f'ec.:t.i.on When 

qr·oi-'WI ~·J:.i. t:h l Eli''!J£':~1·- mycor···-hi ;·~i::\ l plant.~; than when grown .::11 onr:?. 

l'1n1·· ton !.::.tudir:?d t. hf:? phylc!geny o·f 

endogonaceae and subdivided 1t. 1nto two broad categories on 

the basis of structures formed in mycorrhizal I'"(JOtS. He 

hypothesized that they have evolved from a common arbuscular 

i'.\n C E'r:;. tO I'". 

BayE>tchko and Tewar:i. (1990) concluded that the 

pi'~t.-.tQI···n ot root colonization by Glomus dimorphicum was 

in·f J.upnc:E:d by the host genome and that. fungal morphology in 

t. hF! ,·-r::cc:•t:. t:'; ..... i:'l r·ied .-::,n c:l not d .i ,;,,unos; tic: ·for·· myc:: or· r· hi z .~ 1 E~'PE-?r.: i E~!::',. 



Dl'"i·:IUili.:J!·:::·r· .. qr::·r·· et al. (1991) showed that the length 

of arbuscular colonized root length per appressorium was 

I'"QdUC: E.'d in J'"e~;pon~;.£-~ to :i.nc:r··eas.:::•d ~.;hoot p 

concent~ation and concluded that this was mediated primarily 

through an inhibition of intra-radical development. 

Li et al. (1991 a) demonstrated that hyphae of VAM 

fungi have the ability to form a P depletion zone and a zone 

of altered pH in the adjacent soil leading to c:om-;ich=rab 1 e 

difference between soil condition at root-soil 

hrJ\Vf? 

also shown that mycorrhizal plants have uniform P depletion 

I 
up

1
to 11.3 em compared to non-mycorrhizal 

counterpart which extended to maximal of 1 em into the outer 

compr.~r· .. tmE•nt .. 

Data by Kothari et al. (1991) showed that VAM 

uptake and translocation to the host is important in 

increased acquisition of P and Zn by mycorrhizal plants. 

et al. ( JCjl9l.) t:;>rnp 1 oyed ~;;.p 1 it. r·ocJt: 

technique to separate plant and soil mediated effects of P in 

thP 'f'OJ'"Illi:~ t:.:i.on of mycor··r··hi z.:~r? b·'/ Scutellospora on .i. ts c.: lover· 

hc:;.!:oL i:::r··,c:l <.c::•rtc:.l.uc.lc·d t.I··,<Oil:. l.hr:· c!·ff<?ct.•:;. o·f lu>:UJ'"Y amount. ot P on 



rhe findings of Nair et al. (1991) auggest t.hci'ilt 

formononetin and biochanin may act as a signal 

vesicular-arU~scular mycorrhizal symbiosis. 

( .t 99.1 ) in his review article has 

discussed the interactions of effects of excess N on nutrient 

loss of mycorrhiza and soil acidification and 

that excess N may destablize the forest ecosystem 

and contribute to forest decline. 

Pedersen et al. (.199.1) observed that soil extracts 

of asparagus stand caused a reduction in root colonization 

and plant growth an~ ultimately affecting the survival of 

i::\nc:l Fittt::"?r (1992 a) investigated the 

seasonal patter·n of mycorrhizal occurrence and morphology in 

various host plants under field conditions. Thf:.•y noted a 

inter-specific variation in infection amongst most of the 

pl ;::tnt. var···:.i . .::~t:.ion in hyphc:~l 

arbuscule and vesicle density varied litt.lf:? It-lith 

........ Sanders qnd Fitter 
LJ.tHr.-:·. "' (.19':_;'2 b) did not nb!::H':)J,..V£':~ r .. E~l;,:~tion!:::.hip bf.,)twer.~·n \lAM 

in fc-•ct·.i on i''lflcl shoot concentration of P, Cu~ 

a 

. ., 

.... n i::tnd Mn or~ 

biomass ancl only inAfew cases was nutrient inflow 

related to infection. 



G0zey et al. (1992) noted that a critical 1 <=:·nu t.h 

of mycorrhizal root was found to be associated with onset of 

,, pr:::ct··u .1. '" (: .i. c·r·, ~ .. •f···,.i c 1·1 \/.:'It'·· .i E~d f:)L~ t.t.•JPE'n cl :i. ·f ·f E·r··en t './(.~1'1 ·funq .i. • Fu ,.- t t·lf'~r··, the 

1 ;:,\ t. t· F! r·· behaved differently in terms of intensity of 

•::.rH:::I··t.tl ;:1 t. ion .-:.1ncl length o-f f.'.'>: tc:>t''Tl a 1 myc: r.::' 1 .ium pn::lduc t ion . 

D:.i.llot .. , demonstrated that the VAM fungi 

isolates showed considerable amount of host preference. 

Jackobsen et al. (1992) showed that Glomus species 

I I I I 32F~ ·c , •.. i:":\n r,:;. pc·r- \:. E"C rnC:•!::; ·c to shoot over soil-root distance shorter 

than 1 em, while A. laevis transported longer than 1 em. 

Simon et al. (1992) obtained for the first time 

the DNA sequences from VAM funui by directly sequencing 

amplified fragments of nuclear genes coding for small subunit 

.:,\nd They suugestecl that this technique as coupled 

with molecular technique will facilitate rapid detection, 

identification and possibly quantify VAM fungi. 

( .. , . (·~ . I t 1 
~arc1a-~arr1co e a _ (1992 a) showed an 

in endo- and exoglucanase activities in VAM plants at the 

beuinning of entry point formation and arbusclue development. 

They attributed some of cellulase activity to be of VAM 

C)t'· :.i. lJ .i r·, .. Garcia.- q~.~{Jgot:~t ~~vr;· !::;u9gt-:".·~::.t:ed t. hat:. E~ndolJ lur:: ,;,1na~:;eE:; mr~~Y 



ho involved in the proc~ss of colonization of lettuce roots 

1:;-y· Glomus fasciculatum. 

et al. (1992) concluded that the isolate 

n·f Glomus intraradices J.n ~::;ymbi.o~::.:i.•.:~ ~·J.ith cuc::umbE:t··· ~tJas ablt.~ to 

absorb N from growth medium and transport of it to the host 

over a distance of 5 em or more. 

SOIL ENZYMES 

DEHYDROGENASE 

Levels of dehydrogenase activity of soils are 

c: nn !:;. :i. dE? t···<·:-::·d to give some guide to the microbial i::"\ct.ivit.y o·f 

the soils and have been increasingly investigated since the 

. I :l t . :t r·, ··:.r-oc u c: ·-.. 1. C!n of the method for estimation of th.i.!5 activity 

Stevenson (1956) modified Lenhard's technique and 

presented evidences for the reliability of the dehydrogenase 

as a means of estimating total microbial activity in soils. 

H~ however~ did.not find relationships between dehydrogenase 

activity and bacterial numbers unless organic: amendments were 

made to the soil. 

( .. , ·· .... ·· ··1 ·· t 1 ( ·t 0 '· t• ) l ··1 ., ·t· ·· ··· ·t· ---·1 ... , "L - t· .. ' · .. , "L • ... •· c·--t--· "l .... c::\.:" .tt. c::\ e a . ... TCJ--•, I' <.. L .. f.-.~L .. !dt r f., .. d .. .1. ,f:: .. 'r LL•n .. " .cHl r 



·f' 1 uc t.t.li:'~ t. ion !is in 

mic: I' obi;:,], numbE~,.-.,,~ .. On addition of n~trients, it paralleled 

with the rapid multiplication of gram-positive bacteria and 

decreased subsequently when the metabolic activities of 

Sk.uj .:i.n!::; ;::,nd ( 1 C,il6EJ) the 

dehydrogenase activity of geologically preserved soils with 

freshly collected desert and cultivated soils and finally 

concluded that the activity did not reflect microbial nlllnbel"" 

but to represent rate of overall metabolism. 

Ross (1971) reported that formazon production was 

significantly greater in systems incubated anaerobically than 

.in systems without complete anaerobiosis. the 

addition of glucose and NAD together did not prevent decline 

in rate of formazon formation on prolonged incubation. 

CEII::;idr.:l (1977) while trying to explain microbial 

metabolic activities observed a close relationship between 

cl <'''' 1··· · 'c··il'" c··, c··J c:::. r· ·:: "''· ,.,.., ·:: < .: ·t· 'l. ' ' ·1· t· v .. , r· c·l !'" £·"' "'' r· ·1· r .. .. , ·t· ·t' c-1 r·l .. ... I 'y .. .. :: ... I (.J .... 'f.- t.J ... .. ~ " .. . . 1 r..\ I .. . .. -d .J. . t::1. •• -. ... • 

Hc!·,inn<·?l' .. ;:,nd Uttl'"!::.chlf:?l'" ( .1.?'/B) I'"E!pot~ted that hic.~het~ 

v '''' J uE:•t:::. ·f 01'· <:-:!n ;.~ '/rllE·s, !";o:.i. 1 r::.r~.~ c:1n i c mE:' t t.t-!r.. <:':lncl moi ~:; t:.u r .. f~ WPI'"f.~ 

1' our·,cJ .i.t·, the~: t.ur:t l<:'lyE·J··•:::. n·f !:=.o.i 1 i::~ncl clec:tr·r:~.:::~sf.'!d 1-'l:.i.th increc.'\~:.e 

·· ... :· 



in "'~oil dt.:·~pt.h" 

F'uql··, :1. n d :1. c.:·,, tr2d t.hat. t.hl:-:? 

dehydrogenase assay can providP a valid indication of soil 

. t . ·1 rn .1 c: r .. o .::. .1. i:''t .. i':l C l .i V :i. t·. :i. F• e:; .• 

Burns (1982) investigated the soil en2yme activity 

thi:!l t. !otal activity of an enzyme in soil 

C: C)ffl p r .. :i. r:;E•cl 0 'f activities associated with soil c::onsti t.uent.s 

i.e. viable microbes~ cell debris, clay and humic colloids. 

(.1984) reported that there was a high 

positive correlation between dehydrogenase activity and 

substrate concentration, incubation~ temperature and soil pH. 

Further, a highly negative correlation between dehydrogenase 

'':1nc::l o;.:yqE:~n con t.F:!n t. existed. 

Das and Mishra (1986) while investigating 

0 
dehyd~genase activity in pine forest could not establish 

C:::OI"'I'"E~ J. i:''l t. :i.on between dehydrogenase and total m:icr .. ob.ial 

population and suggested that these two were governed by 

different environmental factors. 

(.19B6) E>stabl.i.shr.~d positive 

c: c:• I' .. I' .. <:·' 1 •''( t . .i. on om on g dehydrogenase activity~ Sf.J i 1 pH c:md 



VekPm~ns et al. (1989) investigated tttJI:?.nty 

soils for their biochemical and 

microbiological properties. Inspite of very different nature 

of the characteristics studied, close relationship between 

respiration and glucose mineralization rates, biomass, 

<''tncl J. ik.P t:'tlkr.:~l:i.nE" phosphatas-,e •~nd 

dehydrogenase was found. 

,Jh<::t et al. t.h.:~t c:lehyd r·clt;;JF:~n C:\ ~-;e 

activity showed a marked variation in soils sampled from 

different locations. 

PHOSPHATASE 

•':\C t.i.v :i t.y :i.nc.1e>: of 

potentially available P in soil. (.1<"742) 

that acid phosphatase present in plant roots and 

acid soils was responsible tor the hydrolysis of organic P in 

c:;.u:i.l .. 

Uolehiewska (1956) found that highest phosphatase 

aciivity was in surface soil and the activity decreased in 

l L•''·' 1 'r· u ·I':.\ 1 <-::· sc:::. :.i. l .. 



Keilling et al, (1960) and Hoffman and Eliar-Azar 

reported the exist~nce of close correlaticm o1' 

tot:.;:~ 1 1'>1. 

co1···1r·c? J i:~ t.ion 

Khaziev anrl Burangulova (.196~r) found 

phosphatase activity and soil 

positive 

o1 ... g.:mic 

anti vlE~bley inve~;t.igated 

moc:hanism of organic phosphorus breakdown by microbes. 

thf~ 

They 

that roots and microbes were major sources of 

phosphatase in soil. 

Dixon and Webb (1966) found positive relation of 

phosphatase activity with Mg and suggested that it is due to 

Mg ions being natural activator of the majority of enzyme 

activities on phosphorylated substrates. 

(JCj>6]) hypnthC-:"?Si ZE•d that soil 

r:•IJU~='·I.:.I··~;:\ tc?!:::.f:?!::. hyc:J r·o 1 ys(~? thE' pho~::;pha l:r.:?··-·r-:~:.l:t::~rs; to i no•·-g an ic F' 

available to higher plants and soil microbes. 

Parkinson et al. (.1986) indicated that phosphatase 

activity decreased along depth due to decreasing microbial 

... (] 



·r .. ::lt··,,:,, t.i::\b,,~:i. ,,:, n cl H I'· c:· m r·, t::· I' · (1969) the 

influ0nce of pH on phosphatase activity. 

NE'·<::\ 1 ( 19T';) observed the marked in ·f 1 uence of 

vegetation on soil phosphatase acitvity . 

Ladd and Butler (1975) suggested that positive 

relationships with organic C content is probably associated 

hound :i.n humn-protein complex wl pr·otec ts thr: 

enzymes from ~egradation 

Spiers and McGill (1979) reported that increasing 

P supply increased microbial synthesis of phosphatase • 

(.1.979) the 

vc::tr~idtion o·f phosphdtase activity in WOIJdland 

·rhr.·::·y not.r::~d 2--·::::. pE'C:\~·:.!::; :Le- in sumnH~r· ~ 

.·-.nc:l Eiland ( .1. t?BO) e!::,tr.:\bl. i~~hed 
"'' 

relationship between P fertility, phosphatase activity and 

t) ·r F· c: r::. , .. , t. f::· r ., t· in soil..They also suggested that there is a 

natural regulation of phosphatase activity in soil and it l. c: . -~ 



the 
enh~nced when~latter is depleted of available P. 

phosphatase activity to low organic content,lower microbial 

population and biomass. 

Kulin~::.k;:,, et al. ( 19!T?) c::oulc:l not ~;?st.abl is:;h 

between microbial popul C:\ t.ion and phosphr.:\·tc:~se 

<.~ct..1.\1.1.ty. They also did not find correlation between soil 

water holding capac1ty and enzyme activities. 

Stroo and Jencks (1902) ''-F.? pel,.- t~:~d significant 

positive correlation between phosphatese activity and soil 

I'" C·::• 1:''· pi I'" f.'l t :i. on .. 

Frankenberger and Dick (1983) found significant 

posit.j.ve correlation of alkaline phosphatase with respiration 

such correlation was absent. 

Harrison (1983) studied the relationships between 

·!'.he• in t.E:·r·,!:::.i t.y D'f phc·:.ph,:;·l t.i::l!:;e r:ilt: ti Vi t.y and phys:.i.o-·C hemic: a 1 

characteristics of soil and their possible interactions with 

dl::·pl. h ,, soil type, season, vegetation type or parent 

in woodland soils. His result indicated that 

intensity of activity and soil properties differed with soil 



depth, coil tyre, season o~ veget~tion type. 

1985) report~d that the concentration 

of o~ganic r was the strongest predictor of 

i::tC "\':. :i. V.i. ty. 

Pang and Kolenko (1986) thr.~t. thr=~ 

iO:IC t .\. \/ i t·.y C::rf phosphatase depends on soil~ 

1 oc: "'' t i or·, f... l . J . t . .. err· ·:·.J .. l ;.: a. :.:.ton ~::.o :i l phosphates 

Tarsar and Stores ( .1.'-Jlf37) found t.hr:'ilt ma>: .i.mum 

phosphatase act1v1ty was at pH range of 

that the activity appeared to be dependent on the 

concentration of organic matter content of soil. 

Fl ;,,, 1 :i. ~1 r.,, r- et al. (l9flB) !':; tud :i. ed t.hr: acid 

,,, .. ,c:,r:: p ,,,:,, t i''t ""F' i·J C' l. j v :.i. t. y :i. n ~:;r::r :i. 1 r::; () "f t:. he! (.~, p pi:':\ lrO:\C hi i:':\l'l I'"Cg ion . T hr.-?y 

that activity was more in moist soil compared to 

the air dried soil. They also observed a positive correlation 

with soil moisture, C and N contents of soils. 

l' i:':'ll'" i:':\ ·f cl i.':\ ,, .. et al. ( J Cj>fJCJ) thE~ i:':\C :id 

r 

phosphatase to the number of fungi. Both acid and alkaline 



i::l n d :t n u r" <.J t!:l n :t <::: r"• r. '"'nd m :1. c:: 1::) , ... b :i. ti':l 1 

popu 1 i::\ t:i.on~;. 

noj o et al. revealed that phosphatase 

;:,\c::t:i.v:.i.ty VJ;,:'~'· <:onc:c•l,L.r·.:,\t.E·cl in t.hc~ li::lr·upr·· !::;oil 

was associated with plant debris and less humified organic 

m ;,:, t. t. r:·? r· ~:; • 

et al. stnmg 

correlations between soil phosphatase activity with total N 

<':lnd o1···q ;:;,r·,.ic C. 

Fo~ and Comerford (1992) noted a significant acid 

p i·•<J!'o· r:. 1-·, ,:,, t.;:~ !::.c· ic'l c::):. :i. v :i. t y i. n t.l···,r? u ppt':? r· ho r· :i. ;,: on!:::. of t hf:? so .i 1 t1 f 

1 rn:: d t. i c:on !:::. • They also found that P fertilization 

FR~NKI~-VAM FUNGI-NON LEGUME INTERACTION 

Rose and Youngberg (1981) showed for the first 

t.imr:: ·u···,;::d:. du.::d 1 y incKu l.::-1 t<?d (Frank ia c::tnd \.'AM fungi) Ceanothus 

seerllinqs exhibited hiqher dry weights of shoots and roots~ 

numher of nocltJle, nodule weight, nitrogenase activity as well 

,:,,c;:;. l·t.i<JhL'I'. 1E1 \/L1 l o-f N~, r:· iC~ncl Ca :i.n pl.:·,,nt t.i.~;!SU€1!::,. c:ompo~.;.:?d to 

"''· :i. r1 <J 1)! j r·1 C::<C t.t 1 i.:\ tc:•cl C OUI. I .. E• r· p.::l r·· t. 



et (:1.904) by 

.i r·, <Jc:: u 1 c-:1 1:. :.i. on regimes demonstrated significant 

.i. m r:• , ... n ._ .. c::• m c:• ,..., l:. in nodulated mycorrhizal Hippophae rhamnoides 

C::OIHpi:~l'"~;:•d to singly ·inoculated plants with respect to plant 

growth, uptake of P and nitrogenase activity when grown under 

nutfO::i.E':•nt. clpf.i.c::i.~-::~nt:. cond.it.inn~:;. 
J 

Russo (1989) investigated the interaction between 

Frankia and ~ VAM on growth and nitrogen fixation of Alnus 

acuminata seedlings under three different P 1 t:.~ve 1 ~-;. 

indicated that at low P level alder seedlings inoculated with 

both Frankia ;:~nd Vf.)M ·funqu•:;, Glomus intraradices !:">hOWf??d 

!:o .. i qr·, :i. f i c: i:Jr·, t:. 1 y J·, i <;.:J I .. ,H ,... '"c: E:• t '/ 1 f::.onE~ I'"E'c:luc t :i. on '"'c t i v :i. ty iand ove1··.::\ 11 

plant growth over singly inoculated plants. 

Berlinger and Torrey (:1.98?) d£~monsti'"C.'I ted t.hi:.it 

Comptonia i:,,nc:l /'t}lrica p 1 ;.·,,n "1:.~:. ir·,oc::u 1 <:~tE'd t-Ji th .::tc:: tinomycEJt.E~~ 

Frank ia:, ''J.i t.h VAM ·ft.mgw; Glomus intra radices or· vJ:i. th Franlda 

i:irH·I Gl. intraradices tugrd.·.her· WE'!r·e :.i.n·fer.::t.F.:-c:l by Frankia only. 

Unin"l'c!ct.c·d Campania develnpr7.·d vH::>ll I·'JhE~n supplir~cl vJ:i.th m:i.nf.'~r·r.~l 

,., u t.r i 1-··r• L .:::. but cl c:·q c:::•n e r· i:':l tf.7.•cl w hc:·"n vJa t.c , ... r-:·:·cl ~·J .i. t h ~:>D 1 u t. :ion li::\c:king 

combined N or with deionized water. 

Fraga-Bedcliar and racon (1990) demonstrated that 

'v'(.~l'-1 ·fur 1lj u~:::. lfld r .. k r.>cll y :i mpt'"DV~?d nodu 1 r:~ numb~C:r·, the:? i r· ~'Jt7~ :i. g ht .:.~nd 



I'; 'it I" I '•f) l''·:•r1 ·I' ·.i :: i:':'i '\:. :i. (::ln •'·\'\ t. V•'i:l I'" :i. DUm; F' l1:;;•VE·~ l m>. Th~y not~d th~t VAM 

improved nitrogen fixation by undetermined mechanisms rather 

th~n by providing P to the host. These unknown mechanism 

c::c::•rt t r .1. hu tE! tc:• .;::,n irH.: I'"Eta~::.c:;>d rH.Imbf::::>l'" of Frank ia in ft":?C tion r.:~nd 

Visser et al. (1991) in tMeir field investigation 

revealed that shoot height, and weight, root weight, nodule 

weight and myc::orrh1zal root length of dually inoculated 

El aeagnus i:"H"tc::l 

t·.J-,c,:·.i 1·· ur·t.i rtuc:u 1 ''''ted c::oun t.c-:;~r·· pdr·t~;;. 'fhF:' !::;hoot. pr·oduc ti vi ty was 

highly correlat~d with nodule status and the soil amendments 

( pr:·i::ll i:':l l'l c::l fit :i. l't t-:':) I'" i:':'1l !':'.C) :i. 1 !'''· ) V i::'l r-- i C:::<U S 1 y symbit1n't: 

clL'\<'c·lopmE'rlt. dr-,d .. pl.::~rtt. IJI'"DvJth in Elaellgnus and Shepherdia 

":.PE~c::IJ i. n CJ <::: .• 

Raman and Elumalai (1991) surveyed the mycorrhizal and 

actinorhizal status of Casuarina equisetifolia in the coastal 

region of Madras and found th~t plants .were more mycorrhizal and 

produced more nodules at soil pH more than 7.5. 

Jha et al. (1993) also noted synergistic effect of VAM 

fungi on nodulation and nitrogen fixation by Frankia under P 

defj.cient conditions which decreased with increase in soil P 

concentration. 



Climate, Soil and Flora of the Study Site. 

Pn?sent "field investigr.:'"ltion wr. .. H.:. c:arTied out at u.pper­

Shillong located at 1726 mMSL, latitude 25° 34' N and 

1 •t :1 °1° •"l'·'e·. E;>·c:::·t· Jc•"t···r.--' 1..1"1] t" t] . ong1·.uc £;? -,.. • •• cl .:::.l.n ... d-~ .... ld.::>l. n.l ... c.:;, ·cE·~q ·1a .. Et")"iil ( P l r.:Yt:.es .1 . 

2). The climate o"f the site is sub-tropical monsconic type. 

Based on meteorological conditions, a year may be 

broadly sub-divided into spring, rainy, autumn and winter 

seasons. The spring season extends from March to April which 

is characterised by high velocity of wind, less humidity and 

moderate temperature. In fact, this season represents a 

period of transition between winter and rainy season. The 

rainy season extends from May to Septembe~ 

maximum rainfall (approximately 70 - 80%) occurs during June 

t.o August. Further, optimal conditions 

tempeJ·-atuJ~e, sunlight and other climatic factors mark this 

season, leading to maximal growth o"f plants in this season. 

Autumn, a transitory period between rainy and winter, extends 

from October to November. This per··:ioc:l 

character1zed by less or scanty rainfall, dropping down of 

... .,' 
·' \ .. .' 



Plate 1. Di s tant view of the for est s tancl of Alnus nepalensis D.Don • 
at Uppe r Shill ong 



Plate 2. A closer view of the forest stand of A. nepalensis. 



temperature and humidity conditions. Finally~ winter onsets 

with the approach of December and persists till the end of 

February. The climatic variables like temperature, r-cdnfall 

and humidity drop down to minimal value in this season. 

The ~verage seasonal rainfall ranged from "':rt-'1 ... )-'· to 

2009 mm during study period. The average minimum and maximum 

temperatures varied from 6.3 to 23.5 

7 t.o '.?? .• '-· c:> C J • 1989 19c:)·-> I -- C'J ~ CJLir~ng . . , n. i::lnC: 

0 (' 
' , 0 

6. 9 t.o 2~:.. 5 

1991 respectively. 

C and 

The 

relative humidity varied from 61 to 90 %, 59 to 92 % and 56 

to 93% during 1989, 1990 and 1991 respectively (Fig. 1). 

Soil: 

Greater Shillong plateau falls under the Gondwana 

( Mf:?SClZOiC) period. The plateau is constituted by rocks of 

Pre-Cambrian age consisting of rocks of hard crystalline 

granites, gneiss and granulites (Singh, 1971). The soil of 

the study site is red laterite under red or brown loam type, 

sandy loam laterite in texture (Sand 54.1%, Silt 25.9% and 

clay 20%). The soil exhibits acidic reaction throughout the 

Flora: 

Present study site was a pure stand of Himalayan 

aldet~ (Alnus nepalensis D. Don) spn;:-ad ovet·- an an?.:::~ o·f about 



7 hectares. The age of this forest grove is estimated to be 

about 40 years and extends from a hillock to a neighbouring 

vallE~y. The estimated density of trees is 432 trees per 

hec: t.a n·:?. In fact, the stand comprises mostly of established 

trees except in some pockets where stem cutting or/and self-

n?genet··at.:i.on has given r·ise to saplinr;)!::.. Othet~ pre~dominant. 

under·stor··y plant species of the forest include Rubus 

ellipticus, Litsea cubeba, Qsbechia crinata, 0. nepalensis, 

Cassia mimosoides, Arundinella hhasiana, Houtt.,·nia cordata, 

Haedvchium aurantiacum, Trichosanthes spp. and Eupatorium 

adenophorum. 



Chapter- I Seasonal changes in the mor-phology and 
population of micr-osymbionts {Frankia and 
vesicular-arbuscular mycorrhizal (VAM) 
fungi} associated with nitrogen fixation 
in Alnus nepalensis D. Don woodland. 

Intr-oduction: 

l\lon--·1 ~;!gum:inDt.t!'~ i::i 1 der .. · pC.lSS(~S'>!E', .i ng 

nodules typically colonize. nutrient-deficient habitats and 

p'f'fic:.i.r:::ntly ·f' :i. X atmospheric nitrogen ( Bee: k .:i. mJ , .1.970; 

Akkermans and Van Dijk~ Bh<i\1'-mi::\ .::~nd 

.1.9B4) .. Apart from diurnal se<:tsonial 

in nitrogenase activity (niti'"D!Jf:~n ·f .i.>: a t .. i. !::Jn ) 

nodules is evident (Tripps et al., 1979; Sharma and Ambasht, 

17H4) .. An array of soil~ envirDnmental and host factors such 

,;~ ~"-· tE'tnPf.·?l'" i::\ tu I'"E~ (BE1rlf.:'!Ck!·?!, .1.770; Ak k e1'·manr:::, ~ .1.97.1.; 

.1. (~)7 .l:; BE·)ckinq !' l :i. u h t. i n 'f 1 u >: 1.969) and 

197.1.; Huss-Danell and ~3ellsb?dt, 

Pizzelle et al. 1992) are known t.CJ influence the 

process of nitrogen fiMation. In nature~ vesicular-arbuscular 

mycc:•l''l'" hi :;:.i:.~ l fungi often form association with many of 

(Daft and Hacskaylo, 1976; Williams and AldDn~ 

1976; Williams, 1979; Rose, 1980; Gardner, 1986).Apart from 



increased uptake of P lMosse~ 1972) which is inevitably 

related to nitrogen fixation, mycorrhizal fungi also aid in 

.1.S'71; 

1973; Gray and Gerdemann, 1973; Mosse et al., 19'76; 

Rhodes and Gerdemann, 1978; Zaag et al., 1979; 

a 1. , It is indicatd that enhancement of nodulation 

and nitrogen fixation is a response to improved nutritional 

the host plant rather than a direct effect on N 

upt.i::1ke (Carling et al., 1978) although some investigators 

have indicated the potential of mycorrhizal endophytes in N 

uptake directly from the soil (Ames et al., 1983; Azcon and 

1992; Johnsen et al., 1992) 

The tripartite association involving non·-1 egume-·-

Frank ia .... ·Vf.)t1 'f'UI"'il]i represents one of t.h~? most. comp 1 e>: 

between in which each microsymbiont interacts 

themselves and ~lso with host. plant. No in·for-mation is 

presently available on the seasonal fixation of atmospheric 

1"1 :i. t.I'"DCJE•n by Frankia in act.inol~h:i.:<~.,~l system involving VA 

endopl· .. ,yte in ter·m,-, o'f in vivo morpholot:;Jir..al changes in 

symbiotic orqanisms whict1 merits investigation and which may 

i=:!dc:l .::1 .:::.iiJn:i.·f:i.cc::lnt. :i.n'f'Dl'"ll'l•'~t:i.nl) tc) the:~ tl·-:i.patitr~".' symb:i.o~;.is. 

the role of P (Russo, 1989; Jha et al., 

(Tisa et al., 1981) and Co (Dixon and Wheeler~ 

.. i,: 



19 U :·:~: ) :i.r·, nod u 1 .. ,,, t. :.\.or .. , .. ,,, n d r·, :i. t. r" DI;J 1::.m ·f' i :-: ,,.,, t. ion by non ..... 1 E:~l;;) u mt:? , the 

.imp 1 ication ·· o·f m:i.nel'"f.!l 1. nutrients critical 

fix~tion under n~tur~l field conditions is lacking. 

IH nus nepal ens is D. Don , an ac: t.inor·h.i za 1 

natur~lly or in plr.~ntr.:lt.i.clnt::> in hostile 

pltilnt. 

~;;o .i 1 

conditions of Eastern Himalaya possesses nitrogen - fixing 

i':lb.'.t. 1 :l.ty (Sh~rm~ and Ambasht, 1984; Sharma, 1986), which ·in· 

addition also grows luxuriantly in higher altitudes of North-

[:,i:':'ISt J ncl .'.t.i::1. It is economically important especially in 

improving soil fertility, land reclamation, short term energy 

plantations, so·ftwood production and soil stabilization. 

Taking above facts into consideration, 

in v ~-:-:!~'"· I. :.tq i''• t:. .:t r::cn hi::l!"- hE·!Prl c:.-:~r .. r·:i.Pd out t.o Pvalui::ltE~ ~::.ea~:.onBl 

changes of microsymbionts in 

n:.t.tr .. oqer, 'l'.i>:i':d:.ion by lllnus nepalensis under field c:onditic•n!:-~,. 

Materials and methods : 

The present investigation was carried out at L~per 

~::; l··,.i. 1 1 uncJ ( Study site ) from July 1989 to April 199.1. Thr:? 

c;:;i':11Tipl:i.I"IIJ ~·li:''l~::: C:I::CI"ir:IUCtE•cl C:cf'l PVE>r"y J.ht.h di:':\)1 o·f' ,July, 

January and April thus covering all four seasons of the year. 

:')I 



Collection of plant and soil samples 

The plant and soil samples were collected from 

five randomly chosen spots in A. ~epalensis(Himalayan alder) 

q I''"ClDVC2. After removing the ground vegetation manually, the 

root nodules and mycorrhizal roots along with the soil 

collected aseptically with the help of sterile trowel from 0-

c:::m (D 1 ), .1.~'.',--::::;o em (D:?,) and 30-45 em (D~) on volume 
'"•' 

basis 

.... ,"::-

i.e ·-·' The composite samples obtained by mixing five 

samples were transferred to sterile plastic pouches, 

t.n laboratory and stored at ti 11 ·furt.hel~ 

:i. n v c:-~:; t. :.i. CJ d t·. ion . 

Soil temperature 

On each samplinCJ, soil temperature was recorded 

using .::~ soil thermometer. 

Soil moisture content : 

The moisture content of the soil was determined by 

dt'"Y incJ .1.0 g of freshly collected soil samples in a hot air 

CrVC'7.•n -· '1" •I () "i C) (' ·t·. ·i, } } r::< \,. ..t ... \., '"' ..\ the constant weight was obtained (24 h) • 

The percentage soil moisture content was calculated 

following formula: 



Moisture content (%) ----------------- X 100 

,,,J .1. ·-·· .,. . I . J .. n:.t··::t.a .. weight of soil before drying 

W2 - Final weight of soil after drying 

Soil pH : 

Ten g fresh soil was suspended in 50 ml 

distilled water in a beaker. The soil-water mixture was 

stirred for 20 min on a magnetic stirrer and pH of the soil 

suspension was read with ~lectronic digital pH meter. 

Organic matter : 

Walkley and Black's (1934) rapid titration method 

was followed for the determination of soil organic matter. 

To 1.0 g sieved, dry soil (<0.2 mm) l<ept .i.n .:~ 500 ml 

con .i.e: .:31 flask, 10 ml of lN K2 Cr2 07 was pippetted and was 

t.hc•I''OUtJhly" m:i.::·:Pd by swil·-l:i.n<;J t.ha ·fl.:~sk. Then 20 ml of cone. 

poured, thoroughly mixed and 

allowed to st~nd for 30 m:i.n at room temperature. 

the solution was diluted to 200 ml with distilled water and 

w:.i.t.h .1.0 ml .::11 on<;;J'~.,,:i. t.h 
I 

..,.. 
·-' 



I . I 'I . c: ll.' .. ,c:.:·r·, y· .. i''llll.l nl·:~ ind i<::: ;·,, t.OI'" .. The 5olution was finally 

with 1 NFeS04 solution. A control (blank) was maintained by 

adding above reagents only. Three replicates were used for 

each analysis. ·The organic matter content of the soil sample 

was determined according to the following for·mula 

B- 8 X 0.003 X 1.724 X 100 
Organic matter (%) -

w 

B - volume of FeS04 used for blank titration 

W - weight of the soil sample (g) 

1.724 =conversion factor from organic C to organic matter 

Total nitrogen: 

Tci'tal soil nitrogen was estimated by semi-

m.i.cr·o~jeldi:"!hl mE~thod a~.; !::;uq~~est.ed by Allen (.1974). Ha 1 ·f a 

q. n·f cii'"Y ~ sieved soil (<0.2 mm) was transferred to 

l<::jcld,O!hl flask and 2 g of K2S04-HgO catalyst (20:1) mixture 

and 3 ml cone. H2S04 were added and heated mildly on the 

digestion rack till the frothing subsided. The sample was 

digested on strong heat till the solution became pale green 

to colourless. Thereafter 20 ml distilled water was added 

while the digest was still warm~ mixed thoroughly and was 



w~s ~bsorbed in 4 % boric acid indicator solution and finally 

titr·ated with N/140 HCl. The nitrogen content was estimated 

Nitrogen (%) - (T - B) x N x 140 

T ..... ~:.\.:1mp 1 e t.i. tr·r.~t.:i.on 

B ..... BJ..:,\rlk t:i. tl":?l'·at:i.cm 

N ..... Ncwma l.:i. ty 

(''\ .::) ..... SampJ.F.~ \.'It-:? i<;J h t (g ) 

Available phosphorus 

Olsen's extractant was employed for the extration 

of available (NaHC03 extractable) phosphorus (Olsen et al., 

1954), wh~ch was• prepared by dissolving 210 g NaHC03 in water 

and adding 100 ml 1M NaDH. Finally the solution was diluted 

t-. c::r ~.'.'• L and pH adjusted to 8.5 + 0.05 with 0.1 N HCl or 

Estimation of available P was done following 

molybdenum blue method (Allen, 1974). Five g s.i..::?ved soil 

(< 0.2 mm) was transferred to 250 ml capacity polythylene 

container to which 100 ml Olsen's extratant was added with a 



pinch of activated charcoal and stirred for 30 min on a 

rotary shaker. A control was maintained which contained only 

Olsen's extractant and was treated in similar manner as 

to soil extract. The soil extract was filtered through 

Whatman No. 44 filter paper and was neutralized with 10 

H2S04 containing 0.1 % nitrophenol indicator. Thereafter 2 

ml of the filtrate was p1ppetted into 50 ml capacity 

volumetric flask to which 5 ml of distilled water and 1 ml of 

Then, 1 

ml of SnCl2 solution was added, mixed proper!~ was 

diluted to 50 ml and finally left for 30 min at room 

temperature. The optical density of blue coloured solution 

was read at 700 nm and converted to known units through 

standard curve of P. The available phosphorus was calculated 

using the following formula : 

C (mg) x solution volume (ml) 
Available P (%) - -------------------------------------

10 x aliquot (ml) x sample weight (g) 

where, 

concentration of p obtained from 

standard curve. 

Exchangeable potassium : 

Exchangeable soil potassium (K) was determined 



suggested by Allen (1974). Ammonium acetate solution (1 M~ 

pH 7.0) was used for the extraction of exchangeable bases 

i~. K, Ca, Mg and Mn and was prepared by mixing 575 ml 

glac1al acetic ac1d with 600 ml ammonia solution which was 

diluted to 10 L with distilled water. The pH of the 

solution was adjusted to 7.0 + 0.05 with acetic acid or 

ammonia solution. 

sieved soil was transferred to 1~ · 

capacity polythelene container containing 250 ml c:lmmon i um 

acetate extractant and was stirred for one h on a rotary 

The solution was filtered through whatman no. 44 

filter paper and absorbance of the filterate was recorded at 

nm UF.5inq I< lc:71mp .in <a.tomic c::\bSOI'-pt:i.cm 

spectrophotometer (Perkin Elmer 2380, USA ). The potassium in 

the sample was determined according to the following formula: 

C (ppm) x solution volume (ml) 
Exchangeable K (%) - _4 

1u x sample weight (g) 

C - ppm of K obtained from the standard curve. 

Exchangeable magnesium : 

Exch~ngeable soil magnesium (Mg) was estimated 



following the atomic absorption spectrophotometric method 

(Allen~ 1974). The soil e~tract used tor the determination 

of K w~s used. The ~bsorhar1ce of the extr~~t was read in an 

atomic absorption spectrophotometer using Mg lamp at 285.7 nm 

and was e~pressed 1n percentage. Exchangeable Mg was 

calculated using following formula : 

C(ppm) x solution volume (ml) 
Exchangeable Mg (%) - .4 lU x sample weight (g) 

Where~ 

C - concentration of Mg obtained from 

the standard curve. 

Exchangeable calcium : 

Exchangeable soil calcium (Ca) was determined using 

the same e~tract employed for the estimation of K and Mg and 

following atomic spectrophometric method (Allen, 1974). 

However, absorbance of the extract was read at 422.7 nm 

using Ca .lamp. 

Extractable manganese : 

Extractable soil m~nganese (Mn) was estimated 

employing the same extract used for determination of 

e~changeable cations and following atomic aborption 

spectrophotometric method (Allen~ 1974). The absorbance of 



thP extract was read at 279.5 nm using Mn lamp. 

Determination of enzyme activities of the soil : 

Total phosphatase activity : 

Soil phosphatase activity was assayed following 

the method of Tabatabai and Bremner (1969). To 1.0 g sieved 

(<0.2 mm) soil, 4 ml of modified universal buffer 

(),.~2~5 ntl toluene and 1 ml 0.115 M disodium p-nitrophenyl 

phosphate hexahydrate were added and shaken vigorously. The 

flask was plGgged with cotton plug and finally incubated at 

37° C for 1 h. Thereafter, 1 ml of 0.5 M CaCl2 and 4 ml of 

0.5 M NaOH were added t0 the flask and mixed thoroughly. The 

control was maintained using foresaid reagents only. The 

soil suspension was filtered through Whatman no.1 filter 

p0per and absorbance of the filtrate was read at 420 nm in a 

spectrophotometer (Hitachi 220, Japan). The amount of p-

released was estimated from a standard curve of 

p .. ···r·,.i. t,·-npl .. ,<::·nu 1 and was expressed as umoles of p-nitrophenol 

..... 1 ... 1 
released g · dry soil h 

Dehydrogenase activity : 

Dehydrogenase activity of soil sample was assessed 

by using 2,3,3 triphenyl tetrazolium chloride (T.T.C.) 

reduction technique as suggested by Casida (1977). One g 



of freshly collected soil was transferred to clean dry test 

l•.t..tb!:·:~ to which 0.1 g CaC03 and 1 ml of 1% w/v T.T.C. 

added and mixed well. The test tube was plugged with a 

''!I"-[) "' '")II h rubber stopper and incubated at ~u L for ~~ • Tl·-.e T. T. C. 

to triphenyl formazon as a result of dehydrogenase 

activity was extracted with methanol. The soil of the tube 

was quantitatively transferred to a Whatman No. l f i. 1 ter· 

paper with small quantity of methanol and washed into 50 ml 

capacity volum~tric flask until 50 ml filtrate was obtained. 

Three replicates were maintained in each determination and a 

con t.J'U I was maintained which contained only above reagents. 

The absorbance of the pink-coloured filtrate was read at 485. 

nm on a spectrophotometer. The dehydrogenase activity was 

calculated using the standard curve of triphenyl formazon and 

was expressed in terms of --· j 
ug formazon formed g · dry soil 

, .. ),~ •. ·····l 
.l .. i· I I 

Assessment of nitrogenase activity : 

N:i. t.,··nsJenasi·:~ r.-~ct.:i.v.i.t.y o·f root nodules of A. 

nepal ens is ·fo 11 ow:i.nq acetylene n?duction 

t.t:::'chnique 1968) N Tht?. 

assessment of nitrogenase activity was carried out on each 

Immediately after collection~ the root-nodules 

were separated manually from soil~ washed :i.n a j l;?t o·f 

t.1·· .::-~ n !'-~ ·f P , •. , •. (ed to .1.0 ml 

;···,,·\ 



l.:int'. t l ;.:.:-!:•; ;:,,, ·, d H>F:·,·:,J r::·d w:l. t h ;;,, :J. I'" ..... t. :.i. c,:;J h t. m;u b,;r, m;f:;),'i,\ 1 • Clnr.~ m:lll:l.l.i.·t~r"f.+) 

of air was withdrawn with the help of syringe, replaced with 

l ml of acetylene (to impart 10% v/v acetylene) The 

samples were incubated for 1 h at room temperature and the 

aliquots of the gas phase (1 ml) were withdrawn and C2H4 

was analysed in a gas chromatograph ( T•~acOI'" 540) • 

The apparatus was fitted with flame ionization 

detector and 2.13 m stainless steel 0.32 mm diameter column 

packed with Porapack R. The temperature programme was 

:i. !:sot hF!I'" rn;;:, J ; injector 64°C~ column 54c~ and detector 

All gases used were of purity grade in which following flow 

l'"i:!\ tE> 13 ~<'IE:r·r~ mc::~.i.nta:i.ned 

. -- .1. 
m l m.1.n . 

, ... , ... _, 
,: .. 

"t" ] . -1 ..:::.) rn . rn1n ; 
' --1 

rn1n 

The nitrogenase activity was determined using 

following formula : 

C~.J .. !iJ. cii'"F'c:\ crt the samplf=:> >: vol .crf CJc:\s~ phas:..£;? >: vel. of sample injected 
N:i tn:::q;::.:•l ... ,,,,,c,"~:~· ,_ _ __ ...................... -..................... -....... ________ , ___ ·--·-----·---------·--·---·----··-·· 

I · " ..... ,.. ·-·f c~ +-t ,, · ..... 1 
c'K:·:.:.\.V:tt·:'f' HI t:.c:l U <::. 4 " q dr·y noc:Jt.tlf2 >: im:Ubat.i.r.J1 r,-er"iOd 

Determination of root nodule biomass 

The root nodules were manually separated 

t.llDI'"OUCJ h J y in a jet of water, 

f <:::C l l 0\o'JE?cl by subsequent washing with Tween 80 and water. The 



t h E·~ n p l '''' c:: f:~ cl D n filter paper fold tt:> 

ellow excess moisture to be absorbed. Dry weight of nodule 

was estimated after oven drying the root-nodules at 60°C till 

constant weight using electronic balance (Sartorius 6110) and 
..... ·-:r 

('" >V''"'Ol"'C":.'.>:I • .. '1:'>'" t•i" '••' •·'J \'"1 :::1 vJ.::\ .:::· E.,. f.! 1 (., .. :::·-"<'"c. .l.ll 9 I·· f_ 1 . ... r.. rn so .1. . • <.:1 .um<t • 

Population of root nodules : 

. The s~il-free root nodules were further separated 

:i.r·•t.D var .. :i.ou~?- r.~gE~ clc:~!::,s g1roupt:; i.e. young, m•?d.iurn and old / 

senescing ones on the basis of their si~e~ shape and colour. 

Nodule number of each age group was recorded and was 

expressed as population of nodule of each age group per unit 
.... 

soil volume (15 em-~). A count of total nodule population was 

Morphology of symbiotic Franhia 

1. Light microscopy 

The root nodules collected on each occasion were 

(formalin, 5 parts 90% ethyl alcohol~ 90 parts 

acetic acid, 5 parts) for 48 h. Further processing of root 

nodules was done following the method of Johansen (1940). Ten 

FAA fixed nodules were then randomly selected and p.:::~ssec.1 

't:hi'"CJU<jh E·'t.hyl a.Lcol•c•l qr·i:H1:i.<-:::·ntr::> i.e. ~:.iO, 70~ f.-10~ 90~ 



The solidified nodule blocks were trimmed, and cut 

into 5-10 urn thick sections at regular intervals 

longitudinal plane using a microtome (Weswox, MT 1090 A). The 

~:; ~::-~ c: t. :.i. o n ~:; obtained were transferred 

dep6rafini~ed with xylene and passed through a 

gradient of tertiary butyl alcohol (TBA) viz; 30~ 50~ 70~ 80~ 

90, 95 and 100 % in a descending manner. It was stained with 

0 .. 1~·: t:c•lu:i.dir1e blur.:~ in boric acid solution and again 

cl E' , .. ,yc:lr· .. c-~ t r:~d in above TBA gradient followed by treatment with 

Then they were mounted on l1ttle amount of DPX and 

covered with clean coversl:i.ps .. ov•:n 

dr1ed at 45-50°C for 24 h and observed on the phase contrast 

m.i.c , ... o~,.c:opt:.> (Leitz DX 20) for the evaluation of symbiotic 

Frankia in t.l .. ,c, r•ot:lulE·. 

2. Scanning electron microscopy (SEM): 

randomly selected young root nodules 

in each season were washed, 

~:;c~c: t :i. on c~d (> 1 mm thick) and were fixed in FAA for 48 h at 

4c::'c .. \<'Ia!!:', ·follClWE>cl 

for the preparation of nodules for SEM investigation. The 

fixed nodules were then washed 3 times in sodium cacodylate 

hu ·f ·fE~I' .. pH 7 .. 0), post fixed in 1% Os04 .i.n 0.2 M 



0 
cacodylate buffer at 4 r for 2 h and passed through a 

dehydration series of acetone in water i.e. 30, 50, 70, 80, 

90 and 95 % for 30 mins each. The samples were twic:l"S> 

dehydrated in 100 % acetone for 30 mins, critical point dried 

u~::.itliJ C02 c:lnc:l wer"f:O! coi:':\l:f.;~d with i:':' thin layer· of gold in an it')n 

(Jeol Jrc 1100, Japan). The prepared samples were 

visuali2erl under the scanning electron microscope ( ~J f.UJ J. 

35 CF, Japan) at an accelerating voltage of 15 KV. 

Isolation of soil Franlda 

SoilS collected from D1, D2, and D3 depths on eac:h 

<:':.i'~mpl:l.nrJ d.::1t:.f2 ·fr-om Himi:'~l.:~y;,:~n alder- ·for-E::.>st weYe used for the 

."lficl (;:-nurnf.21' .. ,::\ t:i.nn Frankia. They 

:i. <::;.o 1 i:!l b::d and estimated by following sucrose density 

·f , ... ,:,lc:: t .. ion i'~ t ion technique (Baker and O'Keefe, 1984) with some 

mod .i ·f i. c: .::~ t :i. on!:: .• F' .i V<='? g of fresh soil was transferred to 

sterilized capped 250 ml capacity conical flask and to it 50 

ml steam sterilized distilled water w~s aseptically added, 

stirred for 10-15 min and allowed to stand for 30 min at 

room temperature. The soil solution was filtered through a 

sterile cotton pad in another Eet of sterile conical flask. 

·rwo ml of filter·ed soil solution was 

over eac::h 60, 45 and 30 % steam sterilized sucrose solution 

in sterile graduated centrifuge tubes and was capped with 

flame sterilized aluminium foil. c:F.:~n t.r" :i. 'fugation 



interface of 60-45 % sucrose was collected using Freeman's 

;,;~ul.c:otn;,:lt.c·r.l p:.i.ppcl·.tE· ;::wrd irroc:uJ.,~,,t:.F:.·d orr to P1:;.otr·idishes l.l!!:;ing. 

pt)ur·· r;:tl.r.:d:.r.:~ nH2th1Jd (r.Hlut:ion 1:1.00). Di·f·fE•n-::-nt rllf£~dia f.e. 

st~ndard agar with lecithin and Tween 80, Actinomycete 

' oi.!::;o 1 c:~ t.i.on. r.:,CJar··, a.c: tid .i.onE·! '"'c~~.:\\t'" be\\ Sf.~ ~·Ji thc::Jut. ac tid.ione 

Himedia, India) and defined proportionate minimal (DPM) media 

tf?r::.t~-:;:c1 to isolc3t.r.-:~ Frankia fl~om the 

composition of DPM medium (Baker and O'Keefe, 1984) is as 

f' D 1 J C:::ri,Jc.::. :: 

Macronutrients Concentration (g/1) 

LO 

l'lqSoq 0 • .1 

C;::~Co::';. 0.01. 

Sodium propionate 

.. 
Micronutrients Concentration ( mg/1) ( lcdomle uTJQ 

1. ~K>O 
C.l:llue.-rt, 1979 ). 

'/l·l· .. ;Cl 
.(. .. 800 

ZnDCl 4 • 71·1~,?0 600 

CuSU 4 .. '/~·hU .. : .. 100 

200 

10 

1 () ~) 



All above media were steam sterilized at 15 psi 

and 

with 400 mg/1 cyclohex1m1de and 15 mg/1 of nystatin. ThF:~ pH 

u·r t. h t:,, m t:c- d :i. i':\ v,,,:,\ !:o. i'il d j u !::; t r~ d to 6 .. !:1 :~::. !" ... > • ··.·.> "", .. ·• t) '"' ·f c·> r · e· .., .. ·t· ,.., c: 1 ., , . .; r·' c·, 
' • "·· •• . •. C:\\ •. \ ··'-' .. , • ... • ::J • 

Preliminary test revealed that DPM medium was highly superior 

t.O n t. 1··, r::· r-· m C! d :.i. i':\ .. ·r i··,er··c,:o·f or·£c!, ·f' u r· t.hPr· i E;o 1 ii:\ t ion of Fra.nJ: ia. 

·f I'" OrB ~~D:i. J. fJ!:"?I'···fc<l'"mE•d cmly DF'M medium. 

lvlic r-·onut.1·· :.i.E·:·n t. solution suggested by Lalonde and Calvert 

(1979) was more suitable than that of Hoagland (Hoagland and 

.1.9~''•0) ·for·· Fra.nl:ia. CJr-ot.-Jt.h in synth.::~tic: mt~c:lia h.:.~nc£:.:> 

former was incorporated for further investigation. The slow 

IJI'"C<vl:i.nq, rn:J.c: ,--o~;copic ( < :!. mm d :i. r::um:d:. !? , •• ) and microaerophilic: 

(growing submerged in solid agar) colonies were counted. The 

j::<DpUli:OII." .. lC:•n o·f Frank ia. t.-Ji:~r:::. dt~~tE~r·m:i.nl:.,~cl us:i.ng ffJllowing 

"f'DI'"IllU J. a : 

No. of colonies x dilution factor 
Frankia population - --------------------------------------

Incculum(ml) x dry wt. of 1g fresh soil 

Morphology of soil Fra.nJda. 

(.)·ft£·?r·· 60 day!:; o·f :i.ncub.::1t.ion, slot.-J grot.-Jing Frankia 

colonies were harvested aseptically with the help of ster·ile 

pastPur pipette and were transferred to clean glass slide. 

They were stained with 0.1 % of toluidine blue in boric acid 



'fc:.1··· .l~':.', m:i.r·, rnc:r-,..lnt.F"d t·'lith tl···,r:-:., hF:)lp o·f' :? -··· 3 c11~ops of ~:.i ~~ ;;~cidic 

(_] 1 }"CC:\I''Ul and observed under the phase contrast microscope. 

D i ·f ·f' F"l···r::!n t •::; t l'··uc:: tu I'F:''"· r::r"f Frank ia :.i. "E'!, \/P~:::. :.i. c:: 1 P~"·, S?.por· i:'lniJ i .:~ ,~,,nd 

hyphae were noted. 

Nodule nitrogen content : 

Nitrogen (N) content of root-nodule was estimated 

by SE~mi·····m:.i.CI'··ol(jro~J.d,:~hJ. lllF'thc:•d ((.)lJ.r?n~ .1.9'74). Ovf:?n 

dried~ sieved ((0.2 mm) 

rnl 

HqCl c:<:£~taJ.·y·~"·t. mixture and 3 ml of cone. 

digested till the colour of the extract becomes colourless or 

pale yellow. After digestion, the aliquot was diluted to 50 

ml with distilled water and was distilled in the presence of 

40 X. N<:'IDH. 

The released ammonia was absorbed in 4 

acid indicator and finally titrated with N/140 HCl. 

t t f. I ·1 ' I t . I c::on·:en: o· nocu .. e was ce·:erm1nec as 

( T - B ) x N x .1.40 I S 

·r s.:~mpl£~ t.i.tJ~at.ion 

Fe b 1 an k t :.i. t·_,,_ at. i em 

l\1 nr.:ll' .. m;:, 1 i t.y 

sample weight (g) 

., ,. 



Assessment of mycorrhizal infection : 

On each sampling, the washed roots were cut 

into approxim2tely 1 em long segments. Hundred segments were 

randomly chosen and transferred to 100 ml c::c:mic:al 

flask containing 30 ml of 2 % KOH. The samples were cleared 

and stained following the method of Keske and Gemma ( 19B8) • 

After autoclaving at 121 r for 5 min with KOH, t.he 

were washed with djstilled water, then decolourised with 

i':\lk . .::~linr.~ H2·n2 and wa!:';;hE'CI t··Jit.h 1 to.! HCl citnc:l 1-'Jatf'::':'r". They WE?re 

stained with 0.05 % trypan blue and mounted on lactophenol in 

groups of 20 segments on microscopic slides for observations 

t.tr·,<JPI'.. ph,:·'l ,,;.(:'·~ c nn t:.l'"•'"!s t m :i c 1···o•c.;c o pf?. 

The infection was assessed following root-slide 

technique of Read et al. (1976). The mycorrhizal in ·fee: tinn 

was determined as follows ~ 

No. of infected root segments 
VAM infection (%) - ---------------------------------- x 100 

Total no. of root segments examined 

Determination of mycorrhizal root biomass : 

Fine mycorrhizal roots (<2 mm) separated from 

by floatation method (Mckell et al., 1961) 

pl2ced on a 60 u m sieve followed by thorough washing under 



a jet of tar water. After several washings, the roots were 

transferred to filter paper to absorb extra moisture from the 

sur··facE"~s D'f r·oot.s. ThE•y wer·f.~ plac!E'd in·~ hot. c:dr· ov1:~n at. 60 ° C 

for 24 h and dry weight was determined on an electronic 

b.:,, lance. 

Determination of chitin assay : 

The methods of Ride and Drysdale (1972) was 

followed for the assessment of chitin content in infected 

Huncl red m9 of dried and ground roots 

was boiled in cone. KOH (120 g dissolved in 100 ml distilled 

0 
water) at 120 C for 30 min. 

employing 75 and 45% ethanol. Subsequent removal of alkali 

was done through centrifugation with distilled water. The 

,.-r:~s.idue in the ·form of "chi tosan" was dr.~am.i.nated vd. t.h NaND
2

, 

KHS0
4 

and NH
4

so
3

NH
2 

which was finally reacted with 3 methyl-

2 benzothiazolone- hydrazone hydrochloride (MBTH) and FeC1 3 • 

The absorbance of the solution was read at 650 nm and 

] . HCl. g .ucr.Jsam1ne was also reacted with MBTH and Fec1 3 
·f 01'" 

cnmpar·.i.!:,;on. The chitin content was determined from 

standard curve of glucosamine HCl and was expressed in ug 

chitin mg 



Morphology of symbiotic VAM fungi 

1. Light microscopy 

The VA mycorrhizal roots of A. nepalensis sampled 

at each season was washed several times in water, which was 

c:u t. :i.nt.o and 

c\ 1'.':~ <:·;.c.: 1··· \. b r::;. c.\ earlier (Keske and Gemma, 1988). The cleared 

mycorrhizal roots were mounted on lact.ophenol in 

20 root segments on clean glass slides. ·rhe I'"C)Ot 

<;::. E·:• tJ rn C·?! n t. r::; ur·rdPJ'" a c r.m t:. r· c:\ ~:; t. 

Different structures of VAM fungi, i.e. vesicles 

and arbuscules were recorded. 

2. Scannin~ electron microscopy (SEM) : 

mycorrhizal roots of various seasons 

hand sectioned in transverse plane (> 2 mm), ·f :i. >a:n1 in 

·fr:rr·· .fj.fJ 1·, i':d:. 4 c, vJc:\ !.':'· hE!d :::; t. :i. m !?! ~3 i n sodium cacodylate 

l:::r U 'f ·f E~ I~ and prepared similarly as described for root nodule. 

'fiEF.'• t]O}c:l coated root sections were mounted vpr·t:.:i.c:ally on 

copper stubs and viewed in a scanning electron microscope at 

an accelerating voltage of 15 KV. 

Assessment of endogonaceous spores : 

rhe endogonac:eous spores were :i. s;o J. <:r tr.:>d t:"tnd 

I.·, 



enumerated from soil samples by wet sieving and decanting 

technique of Gerdemann and Nicolson (1963). Ten g 

dried soil was suspended in 2 L of tap water·, stir-red 

with glass rod for 5 min and was allowed to stand for 25-30 

mins. Clear soil suspension was passed through a 

series of sieves of different pore sizes ranging from 500 to 

60 urn. The sievings were transferred to glass beakers and 

filtered through Whatman no. 1 filter paper. Each sieving 

collected on filter paper was scanned under a stereo-

microscope for the enumeration of endogonaceous spores. A 

count of total fungal spores and their individual abundance 

was noted. They were picked up manually and identical spores 

were separated and stored in Ringer's solution. They wen? 

mounted on polyvinyl lact.ophenol (PVL) on glass slides. 

Ringer's solution and PVL medium were prepared as described 

bel.oltJ. 

Ringer's solution : 

SodiLlm chloride 

Potassium chloride 
Calcium chloride 

(anhydrous) 
Sodium bicarbonate 

(anhydrous) 

- "7.5 g 

·-- 0.075 g 
= (>.1 g 

= 0.1 g 

All above constituents were dissolved in 1L 

of water and pH of the solution was adjusted to 7.4 with 1N 

:1.0.1. 



Ni:.OH/ .l.N HC 1. 

PVL Medium 

Polyvinly lactophenol medium was prepared by 

dissolving .1.5 ml of PVA granules in 100 ml of distilled water 

on a water bath at 80 C for 48 h • The solution was mixed 

with 22 parts each of lactic acid and phenol. The resulting 

solution form PVL medium was used for permanent mount of 

.:.~ndc)gonace~Dus The endogonaceous Sp01'"f2f.:> WE·~1···e 

identified ud,t.o spE•cies level following the keys proposed by 

Hall and Fish (1982). 

Statistical analysis : 

Data for· plant .::md soil materials were ~~ubjected 

to standard error (S.E ) and lattic square design (LSD). The 

coefficient of correlation was calculated by using Karl 

Pearson's correlation coefficient. (Zar, 1974). 

RESULTS 

Soil temperature : 

mt:\rkf~d seasonal variation in thE-? 

t•:m pe1•· a tLI r·•= was observed. The soil tt-:?m per· a tu l'"t:.~ 

significantly (P < 0.05) high during rainy and low during 



winter season. In a given season, the soil of 

thre£~ soil- depths i.e. n1 , D~ and n3 also var··ied (Fig. 2). 

Soil moisture : 

Seasonality in the soil moisture content was 

evident, which was recorded significantly (P<0.05) high 

during rainy and low during winter season. In rainy season, 

soil depths o 1 and n2 contained more moisture content 

however, it was recorded more in soil depth o3 during winter 

Sf.?asc:m (Fig. 3). 

Soil pH : 

The soil at all depths exhibited acidic 

reaction throughout the year but more acidic values were 

recorded from upper soil depths during winter. Generally, 

s.i.gni ·f icant (P<0.05) difference in the soil pH was recorded 

among various soil depths in any given season (Fig. 4). 

Organic matter : 

A distinct seasonal variation in the soil 

organic matter content was evident. Most of the organic 

matter wa!s t~estricted to soil depth D1 , ~'lh.ich decn:?ased with 

increase in soil depth. Further significantly (P<0.05) high 



content of organic matter was noted during rainy and low 

during winter season (Fig. 5). 

Total nitrogen : 

In general, total soil nitrogen was 

significantly (P<0.05) high du~ing rainy and low during 

winter. Like organic matter, soil nitrogen content was 

highest in soil depth o1 and its content declined with 

increase in soil depth (Fig. 6). 

Available phosphorous : 

Available soil phosphorous also exhibited a 

distinct flux and was affected by seasonal changes. It was 

generally recorded significantly (P<0.05) high during rainy 

and low during winter season. The soil phosphorous level was 

significantly (P<0.05) high in soil depths o1 and low in D~ 

(Fig. 7). 

Exchangeable potassium, calcium and magnesium : 

Exchangeable potassium (K), calcium (Ca) and 

~agnesium (Mg) exhibited the similar trend throughout the 

year. Their concentration was significantly (P < 0.05) high 

during rainy and low during winte~ season. However, unlike N 

and P, exchangeable cations were more in o2 and o3 soil depth 

104 



than ~ during rainy and following seasons. Generally in most 

of the seasons significant (P<0.05) variation in 

exchangeable cations content was observed amongst 

different soil depths (Fig. 8~9,10). 

Extractable manganese : 

t~ 

the 

Plant available Mn content of the soil also 

followed the same pattern as that of cations. However, more 

Mn was recorded in ~ and decreased with increase in soil 

depth (Fig. 11). 

Total soil phosphatase activity : 

A distinct variation in the phosphatase 

activity of soil as modulated by seasonal changes of 

environmental conditions was observed. The soil exhibited 

significantly (P<0.05) high phosphatase activity during 

winter and low during rainy season. In majority of 

instances~ soil depth o
1 

showed higher phosphatase activity 

than corresponding lower soil depths (Fig. 12). 

Dehydrogenase activity : 

The soil exhibited a marked change in the 

dehydrogenase activity as influenced by seasonal changes. 

Generally dehydrogenase act~vity of soil was significantly 

105 



(F'< 0.0~·) high during winter and low during rainy season. 

The activity was recorded higher in the soil depth n
1 

which 

decreased exponentially in the subsequent soil depths 

(Fig. t:::q • 

Nitrogen fi>:ation rate of root nodule : 

The nitrogen fixing (nitrogenase) activity of 

seasons. In the present investigation rate of nitrogen 

fixation by root nodules was recorded high during rainy 

season which ranged from .18.2 - 20.3 umoles CiH4 g dry 

nodule h 

winter. 

and dropped to a minimum value of 3.0 during mid­

A rise in the nitrogenase activity was evident on 

the arrival of spring and persisted till the end of autumn 

(Fig • .14). 

Nodule biomass : 

Rate of production of nodule by actinorhizal 

Himalayan alder varied markedly amongst various seasons of 

the year. Nodt.lle prodt.H:::t.ion per·· unit ,;,w·ea n:,~ached a peii~k 

stage during rainy season and was least during winter season 

(Fig. 15). However, nodules were encountered only from the 

soil depth ~ and especially abundant in upper 0 10 em 

soil. The root-nodules were completely absent in soil depths 



Population dynamics of root nodules 1 

Total number of root-nodules was significantly 

(P<0.05) high during rainy and low during winter season thus 

marking a clear seasonality in terms of total nodule 

population (Fig. 15). Qualitatively too, population of young 

and medium nodules was markedly dominant over old nodules •.. 
during mid-rainy than that in other coforesponding seasons of 

the year (Fig. 16). During winter, ratio of young+ medium 

(active nodules) to old nodules decreased considerably and 

the reversed was true during rainy season. Pale-white and 

spongy nodules were formed abundantly on the advent of 

spring. 

Morphology of Frankia in vivo 1 

The 
\ 

morphology of symbiotic Frankia in the young 

root-nodule was generally characteristic for each seasons of 

the year. Symbiotic: Frankia usually colonized c:ortic:al c:ells 

of the nodule and extended till the endodermis or peric:yc:le. 

Colonization by Frankia was ma>rimum during winter and minimum 

during spring season. The percentage of c:ells containing 

Frankia vesic: les in the apical zone o·f the nodule was 

markedly low and high during winter and rainy season 

10'7 



respectively (Fig. 17;Plate 3 & 4). In middle and basal zone 

of nodule, the percentage of colonized cells with vesicles 

was high during rainy season compared to following seasons 

(Fig. 17;Plate 5,6,7 & 8). However, the vesicle size 

increased in time where older part of nodule i.e. basal zone 

contained lesser and bigger sized vesicles.Production of 

sporangia in the middle and basal zone of nodule exhibited a 

t 
clea~cut seasonal variation. Maximum percentage of host 

cells with sporangia was observed during winter, followed by 

autumn season and total absence during spring season (Fig. 

18; Plates 5,6,7 & 8). Further, basal part of nodule 

harboured more Frankia sporangia than middle whereas apical 

zone lacked sporangia at all seasons (Fig. 18; Plates 3, 4, 

Similarly, number of host cells with Frankia 

hyphae/microcolonies in various zones of nodule showed marked 

difference among various seasons (Fig. 19; Plates 3,4,5,6,7 & 

8). 

Morphology of Frankia in Vitro 1 

Frankia colony appearedafter 7 weeks of 

incubation and exhibited slow growth on DPM medium. Their 

colony size was <1 mm in diameter and grew submerged in agar. 

The identifying morphological features which characterized 

108 



Frankia were the presence of thin < I > 1 um diameter, 

cushion-like hyphae, electron dense vesicles borne on a short 

stalk on parental hyphae and presence of typical sporangia 

(Plate 9). 

Frankia population : 

The population of soil Frankia e>:hibited a 

distinct seasonal variation. Total platable Frankia 

propagules ranged from 562 to 10,982 g dry soil. 

Significantly (P < 0.05) h:i.gh number of Frankia was recorded 

during rainy and low during winter season. Besides, majority 

of soil Frankia were confined to soil depth 01 and decreased 

exponentially with increasing soil depth (Fig. 20). 

Nitrogen content of root nodule : 

A marked variation in the seasonal nitrogen 

content of nodule was noted. Nodule nitrogen content was 

statistically (P<0.05) high during rainy and low during 

winter season (Fig. 21). 

Mycorrhizal infection : 

Mycorrhizal infection by VA endophyte was 

recorded high (>90 %) in all the seasons of the year. 

Besides, the seasonal variation in the intensity of the VAM 

109 



infection was not clearcut which, however, showed higher 

infection during winter and low during rainy season (Fig. 

22). Further, like root nodules, mycorrhizal roots were 

confined only to soil depth o1· and absolutely absent beyond 

15 em depth. 

Mycorrhizal root biomass : 

The dry weight of fine mycorrhizal roots was 

markedly affected by seasons. Maximum biomass of mycorrhizal 

roots was recorded during winter (0.402 - 0.42 g per 15 em 

soil volume) and was lowest (0.27 - 0.29 g per 15 em ) during 

rainy season· (Fig. 23). 

Chitin content : 

The chitin content of VAM fungi in mycorrhizal 

roots of Himalayan alder showed 

It was high, 

I 
a clear.cut 

-1 63 ug mg 

seasonal pattern. 

dry root during 

winter and declined " to a minimal value of 32 ug during 

rainy seasons (Fig. 22). Chitin assay unlike mycorrhizal 

infection 
I 

provided more clea~cut picture. However, both the 

techniques led to a similar pattern of fungal colonization of 

host root. 
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Morphology of VAM fungi in vivo : 

The morphology of VA endophyte colonizing 

mycorrhizal root was found to be distinctive in different 

seasons. The seasonal variation in colonization of outer and 

inner cortex was however, not distinct. Endophytic fungi 

produced more arbuscules in the rainy season than following 

seasons. Besides, vesicle population increased with the 

increase in time. Ratio between arbuscule and vesicles 

decreased and reached a minimal value during winter season 

(Fig. 24;Plates 10 & 11). In fact, arbuscules degenerated 

after growing seasons (April - October) and was almost absent 

in mid-winter. VAM fungal endophyte in some cases varied in 

the morphology especially the diameter of hyphae (Plate 11). 

Endogonaceous spore dynamics : 

Majority of the endogonaceous spores were confined 

to Dt and ~ soil depths which decreased e>:ponentially with 

further increase in soil depth. Its number increased 

exponentially during winter and decreased during rainy season 

(Table 1). Various types of spores were encountered which 

showed varied abundance in various seasons and soil depth. 

Glomus mosseae was found to be dominant in almost all seasons 

(Table 2). 
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was 

Nitrogenase 

significantly and 

activity (acetylene reduction assay) 

positively correlated with soil 

temperature, soil moisture, soil pH, soil organic matter, 

total N, available P and exchangeable Mg and Mn (Table 3). 

Similarly significant correlations were established between 

nodule weight and soil pH, moisture and organic matter (Table 

3). Nodule number was positively correlated with most soil 

characteristics such as temperature, organic matter, total N, 

available P, Ca, Mg and Mn (Table 3). 

Correlation between VAM infection and soil 

characteristics like soil temperature, pH, moisture, total N, 

available P, K, Ca, Mg and dehydrogenase activity was 

significantly and negatively established (Table 4). Chitin 

content also was significantly and negatively correlated with 

above soil characteristics except for soil pH, moisture, Mg 

and Mn (Table 4). 

Statistically significant and positive 

correlation was established between nitrogenase activity and 

number of cortical cells with vesicles and nodule N, and was 

correlated negatively with sporangia containing cells (Table 

5). 

Nitrogenase activity was significantly and 
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negatively correlated with VAM infection and chitin content 

(Table 6). Similarly, nodule N was correlated negatively with 

VAM infection (Table 6). 

Discussion : 

Seasonal variation in soil temperature and 

moisture content may be due to changes in the environmental 

condition • Besides, soil pH exhibited seasonal 

fluctuations which may be attributed to variation in organic 

acid content of litter deposited in the preceeding season. 

Suitable level of soil factors like temperature, moisture and 

pH during rainy reason may be related to higher activity of 

nitrogenase enzyme in Himalayan alder nodules (Akkermans, 

1971; WheelerJ 1971; Sharma and Ambasht, 1984). 

High level of soil organic matter and total N 

during rainy season might have resulted from the 

decomposition of litter shed during January-February months. 

This finding is ~uppo~ted by the result of Sharma et al. 

1986). The available P was found to be high and low during 

spring and winter respectively. This may be explained by the 

fact that the nutrients released from that locked up in 

litters due to microbial decomposition and its absorption by 

plant roots throughout the growing seasons (April to October) 
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Table 1. Depth~ise and seasonal variation in the endogonaeeous 

spore population in Alnus nepalensis forest soil. 

Soil depths RAINY AUTUMN WINTER SPRING 

1989 1990 1989 1990 1990 1991 1990 1991 

Dt 11 B 54 57 102 96 27 20 
(0-15 Ctl\) 

D2 6 6 56 50 105 97 22 19 
<15-50 em) 

D3 2 3 21 19 32 20 8 7: 
(30-45 em> 



Table 2. Seasc:niill 8c depti'J..Iise var:i.atic:n in relm~tive iilb.lndanc:e ('Y.) of V~ fl.ll"lgti\1 

spores of A .. nepalensis forest soil. 

---· .. ----··-·-.. ·-·---------·-·--·--····-····-·---··-·---·········-····---·--····-·-···-··········--······---·······-·······--·-··········-···-··---·-

HAINY 

VA sr-ec:ies 

Glomus tortlostm 9 

G .. macrocarpus 18 20 21 20 

G .. trDSsese 23 :.'0 38 20 

G .. intra radices .17 .l.l:> ,.,-:r 
.L.~· 17 

Gigasp:3ra g l'liil'l}'Ar.ia. 19 1l. 
,. 
..) 1~5 

Gi .. gigantea 10 16 2 9 

Acaulosp:3ra .1.3 17 11 .10 
scrobiculata 

-··-······- ----------·· 
Each value is the mean crf f.3 r~:::pl icates 
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Table ":! ·-·· C'.t."1rrelaticn coefficients (r) i'or soil noisture, temperature, 

organic matter, total nitrogen, available phosphorus, exchangeable 

Potassium, Calcium, Magnesium, Mangar1ese, total phosphatase, dehydrogenase, 

nodule nitrogenase activity, nc:x:lule dry \o',lf?.ight and total nc:x:lule nLunber. 

Sources of variaticn Nitrogenase act.ivi ty f\bdule dry 1\bdLtl e number 
(Acetylene Reduct.ic:n) \o',lf?.ight 

Soil P-i 0.823 * 0.908 * * 0.210 

Soil moisture 0.967 * * 0.908 * * 0.59C> 

Soil temperature 0.879 * * 0.615 0.824 * 
Soil organic matter 0.939 * * 0.846 * * O.B.:."\8 * * 
Soil total N O.EB'.5 * * 0.:565 0.904 * * 
?~ve:d.l.::\ble P 0.784 * 0.510 0.906 * * 
E:-:changeable ~·· .. 0.407 0.060 0.692 

II Ca O.Y . .X) 0.269 o.s.:.-v * * 
II 1'1;) 0.727 * 0.450 0.952 * * 

E:-:tractable 1'11 0.914 * * - 0.068 0.852 * * 
Total pt-osphatase 0.652 0.549 0.655 
activity 

Dehydrogenase - 0.123 - 0.197 - 0.622 
activity 

Significant at P<0.05 and 0.01 lev·els respe:ctively. 

Witt-cut asterisk statistically insignificant at above levels. 



Table 4. r.orrelaUc:n c:OE?ffic:ients (r) for soil temperature, p-1, 

moistllre, organic: matter, total nitrogen, available 

phospl-orlls, e>:c:hangeable potassiLun, c:alc:iLun, magnesiLun, 

manganese, total phosphatase, dehy·drogenase, mycorrhizal 

infecticn and c:hi tin c:c:ntent. 

So..1rc:es of variation Mycorrhizal Chi tin c:c:ntent 
infecticn 

Soil temperat.Lire - 0.795 * - 0.758 * 
Soil P-i - o. 7&:..> * - 0.018 

Soil noistL\re - 0.857 * * - 0.579 

Organic matter ,. 0.035 - 0.7('17 * 
Total N - 0.842 * * - 0.766 * 
Available P - o. 784 * - 0.883 * * 
E>:changeable K - 0.798 * - 0.912 * * 

ll Ca - 0.761 * - 0.913 * * 
II l"k;J - o.s::-.4 * * - 0.688 

E>:tractable M1 - 0.6-"!.4 - 0.474 

Phosphatase 0.669 0.715 * 
activity 

Dett!.rdr.wenase 0.774 * ac·. v~ 0. 7:'(> * 

Significant at P<0.05 and 0.01 respectively. 

Wi thc:x..1t asterisk statistically insigni f ic:ant at these levels. 



Table 5. Correlation coefficients (r) for nitrogenase activity, nodule nitrogen, 

cortical vesicular cells, cortical hyphal cells, cortical sporangial cells 

and total colonization. 

Sc:urces of Nitrogenase NcxJule Cortical Cortical Cortical Total 
variation activity nitrogen vesicular hyphal sr.orangial coloni-

cellR cells cells :zation ., 

Nitrogenase 0.986 * * 0.913 * * - o. 784 * -- 0.652 - 0 • .200 
activity 

Cortical 0.913 * * 0.902 * * -~ 0. 579 -· 0.863 * * - 0.393 
vesicular 
cells 

*' * * Significant at P<0.05 and 0.01 resp:c:tively. 

Wi tt-a..1t asterisk statistically insignificant at these levels. 



Table 6. Corr-elatic:n coefficients (r) between mycorr-hizal infec:tic:n, chitin 
:i 
-~ 

cc:ntent, r-oot dry weight, arb..ISCL\les and vesicle nLunber-s and nitr-ogenase 
>----

activity, total nodule nLunber, nodule dry weight and nodule nitrogen. 

Sa..trces of Nitrogenase Total nodule Nodule dry Nodule nitrogen 
variatic:n activity nLunber- weight 

Mycor-r-hizal - 0.840 * * - 0.56:3 . 71..,.. * - t>. ..:.\ - 0.855 * * 
infec:tic:n 

Chitin - 0.7:::-4 * - 0.753 * - 0.261 - 0.499 
cc:ntent 

Mycor-rhizal - 0.479 - 0.703 - 0.168 - o.cl92 
r-oot bicmass 

Arb..lscule 0.60.1. (1.314 0.564 0.621 
nLI/TlOOr-

Vesicle - 0.535 - 0.794 * - 0.318 - 0.5...:.'3 
nLunber 

*' * * Significant at P<0.05 and 0.01 levels r-espectively. 

Witha.tt asterisk statistically insignificant at above levels. 



Plate 3 . Longitudinal section of apical zone of nodule showing 
morphol ogy of symbiotic Frankia . A Rainy (x 200); 
B = Au t u m n ( x 3 1 2 . 5 ) ; C = Hi n t e r ( x 2 0 0 ) ; D = S p r i ng 
(x 200); (Vc = vesicle cluster, me = micro-colony ~ cw = 
cell '"all) . 



Plate 4 . Sca nning electron micrographs of L. S . throu gh apical zone 
of the field col lee ted root nod ule of A. nepal ens is. A = 
Rainy, bar= 10 urn; B =Autumn, bar= 10 urn ; C = Wint er, 
bar = 10 urn; D = Spring, bar = 10 urn; (vc = vesicle clus­
ter; me = micro-colony, cw = cell wa ll). 



Plate 5. Morphology o f Frankia in the middle zone of root nodules 
of A. nepa lensis . A == Rainy (x 200); B = Autumn (x 200); 
C =-Winter (x 200) ; D = Spring (x 200); (vc = vesicle 
cluster, s p = sporang ium, cw =cell wall). 



Plate 6 . Sca nning electron microgra phs showing Frankia structures 
in the middl e zone of field collected root nodules of A. 
nepalens is. A= Rainy, bar = 10 urn; B = Autumn, bar = 10 
urn; C = Wi nter, bar = 10 urn; D = Spring, bar = 10 urn; (v = 
vesicle; vc = vesicle cluster, sp = sporangium, s = spore, 
cw = cell wall) . 



Plate 7. Morphology of Frankia in the basal zone 
of A. nepalensis in vari0us seasons . A 
B =-Autumn (x 200); C = \Hnter (x 200); 
(vc = vesicle cluster , sp = sporangiu m, 

of the root nodule 
= Rainy (x 200); 

D = Spring (x 200) 
cw = cell wall). 



Plate 8 . Scanning electron m:_crographs showing Frankia morphology 
in the basal part of root nodule of A. nepalensis. A = 
Rainy, bar= 10 urn; B =Autumn, bar= 10 urn; C = Winter, 
bar = 10 urn; D = Spring , bar = 10 urn; (v = vesicle, vc = 

vesicle cluster, sp = sporang ium, s spore, cw = cell 
wall). 
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Plate 9 . Light micrograph showing morphological features of Frankia 
isolated from soil suppor ting A. nepalensis (x 500); (hm = 
hyphal mat, sp =sporangi um). 



Plate l O.Li ght ~icrographs showing in vivo structures of vesicular­
arbuscu l ar n1ycorrhizal fungi of A. nepalens is . A "' Rainy 
(x 200); B "'Autumn (x 312 . 5); C-= Winter (x 78 . 7); D = 
Spr ing (x 312 . 5); (ar "' arbuscule , v = vesicle) . 



Plate 11. Transverse section through the mycorrhizal root of A. 
nepalensis showing structures of vesicular-arbuscular 
mycorrhizal fungi. A = Rainy, bar = 10 urn; B = Autumn, 
bar = 10 urn; C = Winter, bar = 10 urn; D = Spring, bar 
10 urn; (ar = arbuscule, v = vesicle, cw = cell wall, h

1 
= 

hyphal type 1, h
2 

= hyphal type 2). 



leaving aside least in soil. ~xchangeable cations which 

showed same seasonal trend as that of available P may be 

explained similarly. The leaching of exchangeable cations by 

heavy torrential rain during rainy season may be responsible 

for displacement of more cations in lower horizons. Further, 

decomposition of litter and the release of nutrients also may 

have had some influence on the seasonal fluctuations of soil 

micronutrient Mn. The role of soil nutrients such as P, Ca, 

Mg, Mn and others may be important for symbiotic nitrogen 

fixation by Himalayan alder as its concentration was 

positively related to nitrogenase activity. This is 

supported by the findings of Tisa et al. (1981~ Dixon and 

Wheeler. (1983~ Russo {1989) and Jha et al. (1993~ 

More phosphatase activity during winter, a 

non-growing season indicatesthe deficiency of available soil 

P following its active absorption by plants during growing 

seasons. Mycorrhizal fungus and other soil microbes may be 

responsible for the release of extracellular enzyme. 

Intensity of phosphatase activity in soil may be related to 

soil pH, N content, organic matter, moisture, exchangeable 

cations and plant available P (Burangulova and Khaziev, 1965; 

Hoffman and Elias-Azar,1965; Ross et al., 1975) and P 

nutritional status of the roots (Bileski, 1973). It has been 

shown to vary with soil depth (Harrison, 1979),season 

(Harrison, 1979; Harrison and Pearce, 1979). 
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Besides, a spurt in the dehydrogenase activity of 

the soil during winter may be related to the hostile 

environmental conditions which may have imposed certain 

effect on the soil microbes consequently leading to rise 

their metabolic activity. Above finding is supported by 

work of Lenhard (1956), Casida et al. (1964) and Jha et 

(1989). A seperation of peakactivity in time between 

phosphatase, dehydrogenase and nitrogenase may be related 

environmental factors which selectively affects and 

microendophytes. 

in 

the 

al. 

soil 

to 

root 

A marked seasonal fluctuation in nodule 

nitrogenase activity was observed. This aligns with the 

findings of Sharma and Ambasht (1984). The seasonality in 

enzyme activity may be attributed to factors like soil 

temperature, number of hour of illumination and 

photosynthesis by host (Wheeler, 1971; Wheeler and Lawrie, 

1976g Huss-Danell, 1978) and metabolic state of 

microsymbiont. 

The restriction of root nodule to upper soil 

depth may signify the role of oxygen in nodulation of 

Himalayan alder as observed by Dalton and Zobel (1977). 

Higher nodule biomass recorded during rainy 
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season may be attributed to the favourable climatic and 

edaphic factors. Rate of nodule production in rainy season 

was higher than in winter. Sharma and Ambasht (1984) also 

noted a high nodule production during rainy season. A fall 

in nodule production may be explained by the arrival of 

unfavourable climatic and soil condition like low P (Kant and 

Narayan&, 1978)~ soil temperature (Redell et al., 1985; 

Sharma, 1986), pH (Bond, 1957) moisture (Kant and Narayan~ 

1978) deficiency of nutrients (Robson and Loneragan, 1978) 

and low inoculum potential of infective Frankia. 

Total number of nodules produced by Himalayan 

alder during rainy season exceeded than in any other seaso~ 

~e· proportion of young and mature (active) nodules was 

highest during rainy season which indicates that production 

of young nodules and thcir transition into mature and later 

into old ones may be equivalent. This may be considered as a 

ecological strategy to maintain nodules of various age 

classes by host plant. 

The characteristic morphology of symbiotic 

Frankia in various seasons may have some ecological 

implications. The dominance of vesicles in nodule cortical 

cells during rainy season which coincided with the rate of 

nitrogenase activity indicates that vesicles are the site of 
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enzyme activity. The findings of Mian and Bond (1978), 

Schwintzer et 
r 

al. (1982) co~oborated above. Besides, the 

cells in basal and middle zone of nodular tissue harboured 

abundant Frankia sporangia during mid winter. This indicates a 

termination of active growth and nitrogen fiMation by nodule 

endophyte which coincided with the onset of unfavourable and 

hostile conditions. Data of Torrey (1978), Akkermans and Van 

Dijk (1981) and VandenBosch and Torrey (1985) substantiate 

above findings. The ecological implication in the formation 

of sporangia by endophyte also may be related to the 

maintainance of soil Frankia by its dispersal after nodule 

decay (Van Dijk, 1979) and to tide over ttie hostile 

environmental condition so as to allow endophyte to infect 

new root sites in the following growing season (Akkermans 

and Van Dijk, 1981). 

A variation in nitrogen content of nodule was a 

characteristic feature of the season. N content of nodule 

tissue was correlated positively with nitrogenase activity 

which ·agr-ees. with the findings of Domenach et al. (1989). 

Franl<ia strains isolated from soils supporting A. 

nepalensis e>:hibited a branched, septate, 1 um diameter and 

cushion-shaped hyphae, electron dense vesicles borne on short 

stalk and multi- locular sporangia which resembled those 
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obtained from root nodules. Baker and O'Keefe (1984) also 

isolated Frankia directly from the soil. 

The population of soil Frankia was markedly 

influenced by different seasons of the year. Reduction in 

population during winter may be attributed. to unfavourable 
A, 

physico-chemical properties of soil. So.i.i pH, moisture, 

aeration, and nutrients may thus probably ~affect Frankia 

abundance. Rodrigues-Barrueco (1968)and Akkermans and Houwers 

(1979) found that soils devoid of detectable Frankia were 

acidic. In addition Smolander and Sundman (.1987) and 

Smolander et al. (1988) revealed positive correlation between 

the number of nodulation units of Frankia and soil pH. 

Further, the Frankia population was maximum during rainy 

season which may be due to suitable environmental and soil 

conditions for their rapid growth and development. Smolander 

et al. (1988) and Smolander (1990) revealed that available 

cations have significant effect on nodulation capacity. 

Frankia have been shown to proliferate in the rhizospheric 

region of host (Lalonde et al., 1981; Diem et al., 1982; 

Vergnaud et al., 1985). The role of host root exudates 

certainly important in its proliferation (Dewadar and 

Mansour, 1992)when a part of photosynthetically fixed carbon 

may be secreted by host plant in the form of root exudates. 

118 



In addition, restriction of Frankia propagules to 

soil depth Dt may be related to absorption of cells to clay 

as noted for Rhizobium (Marshall, 1969). Presence of nodule 

endophyte in the lower horizons may be related to its 

dispersal by mass water movements (Hamdi, 1974; Worrall and 

Roughley, 1991) and earthworms (Reddell and Spain, 1991). 

Moreover, aeration, light, nutrients and other unidentified 

factors may restrict e>:tranodular growth of Frankia in deeper 

soil horizons. 

Mycorrhizal infection was high throughout the 

seasons of the year although highest infection was recorded 

during winter season. This indicated that the host Alnus 

nepalensis is highly mycotrophic which may be attributed to 

low soil P level and its high P requirement for nodulation 

and nitrogen fixation which may eventually be fulfilled by 

mycorrhizal endophyte under P deficient field conditions. 

This is in line with the findings of Asai (1944). However, in 

rainy season mycorrhizal infection was lower than other 

corresponding seasons which may be attributed to the 

regulatory influence of soil moisture conditions on VA 

mycorrhizal development. Khan (1978) also found that high 

soil moisture content resulted in reduction of root infection 

by symbiotic: fungus. In addition, higher concentration of 

available P and N in the soil and plant are often related to 
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reduction of mycorrhizal development (Hayman, 1970; Chambers 

et al., 1980; Subba Rao and Krishna, 1988). 

The nitrogenase activity of nodules was negatively 

correlated with VAM infection, which suggests that under 

field conditions the microsymbionts have tendency to behave 

differently in response to prevailing environmental 

conditions and may have implication in their varying 

tolerance to 

understanding 

involved in 

photosynthate. 

environmental factors. Further, mutual 

between microendophytes itself may be 

order to avoid competition for the host 

The biomass of mycorrhizal roots was recorded 

low during rainy as compared to winter season. This may also 

be related to the decreased production of fine mycorrhizal 

root by host in response to high moisture level. 

Chitin assay showed a seasonal variation in its 

content which was generally correlated with 

infection and this supports Jd:::lll" the findings of 

(1983) and Peterson et al~ (1991). 

mycorrhizal 

Bhattarai 

A seasonal variation in the morphology of VAM 

'fungi in vivo was correlated to the environmental changes in 
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different seasons. High number of arbuscul~ during rainy 

season may indicate that nutrient transfer between host-

fungus is • sz active. A relationship between population of 

arbuscules and nitrogenase activity signifies the role of 

former in the exchange of nutrients especially P between host 

and fungus (Cox et al., 1975) which is essential for 

nodulation and nitrogen fixation. Decrease in ratio between 

arbuscules and vesicles during winter was also observed by 

Doud and Chaney (1986). This increase in vesicle population 

during non - growing (dormant season) may be explained as it 

acts as a storage organ and fungal inoculum as well 

(Gerdemann and Trappe, 1974a Biermann and Linderman, 1983) 

which are related to host root infection and supply of 

nutrients for nodulation and nitrogen fixation when limiting. 

Further, the mixed infection of host root by two 

or more endophytes as evidenced by the presence of 

morphologically distinct fungi agiees with the findings of 

Mc~onigle and Fitter (1990) and Rosendahl et al. (1989) who 

noted infection of host roots by several species of 

mycorrhizal fungi under field condition • 

Population of endogene spores in soil also showed 

a distinct seasonal fluctuation. Fungal spore count was 

high 
sed son 

during winter and low during rainyA. Advent 
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unfavourable climatic condition may have induced spore 

formation by VAM fungi, which may be better adapted to 

tolerate harsh soil and climatic conditions. Further, it may 

also be related to the fact that production of more and more 
e 

VA spore may ensure more infection of host root the~by 

ensuring its survival. A decreased spore abundance with 

increasing soil depth in alder stand agrees with the 

findings of Schwab and Reeves (1981) and Allen et al., 

( 1984) • Quantity of endogonaceous spores affected by 

the soil (Hayman, 1970; Khan, 1971) and host factors like 

root exudates. Their density may be correlated with 

infection level (Daft and Nicolson, 1972). 

The present finding of occurrence of more than one 

endogonaceous spore types from field conditions agrees with 

the findings of Crush (1973),Hayman et al. (1975)1 
o..nd. RZl~upa.+hy et al. (193S) 

Abbott and Robson (1977) ~who also observed spores of more 

than one species of mycorrhizal fungi in the rhizosphere : 

soi IS. The dominance of Glomus mosseae in most seasons 

indicated its competitive nature and may in - fact be 

selectively preferred by host. This agrees with the findings 

of Mosse (1973) and Schenck and Kinlock (1980). 

The significance of negative correlation 

between nitrogenase activity and VAM characteristics such 
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as mycorrhizal infection, chitin assay and endogene spore 

abundance may be ecologically important and indicates that 

despite mutual synergistic effects (Visser et al., 1991) they 

behave differently in their growth and development in 

response to climatic factors. In addition,it 

signify that this could be their mutual ecological 

to avoid inter-symbiont competition under field 

where several limiting factors are operative. 
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Isolation, cultivation and charactwrization of 

Fr•nki• from root nodul•• of Alnua nepaJ•n•i• 

D. Dan growing in fiwld condition • 

INTRODUCTION 

The group 

induce nitrogen-fixing 

(actinorhizal) plants 

of microorganisms that are able to 

root nodules in non-leguminous 

has been broadly classified under the 

genus "Fr•nki••. Till date, more than 200 species of non-

leguminous plant species belonging to 24 gen•ra have been 

recorded to form actinorrhizal associations (Dbcon and Wheeler, 

1986). After the initial hurdle before 1978, the first 

successful isolation of nodule endophyte ~n axenic culture 

followed by demostration of nodulation of its original host was 

made by Callaham •t •J. (1978). Since then hundreds of 

of 

•J., 

Fr•nkia isolates have been obtained from root nodules 

different Alnua app. (Baker and Torrey, 1~791 Wheeler •t 

1986J Baker , 1989) and other actinorhizal plants (Diem 

1984J and Domergues, 1982J Diem •t •J., 1983J Zhang •t •J., 

Luis and Lalonde, 1986J Hiyoshi et •l., 198SJ Racette 

Torrey 1988J Favre-Raynaud •t •J., 1990). 

and 

Apart from the obvious interest in mechanism of 

symbiotic association with plant roots and ability to fiH 

124 



atmospheric nitrogen, members of Franlcl.a initiate curiosity 

mainly by virtue of their characteristic morphologically 

diverse structures, infectivity and effectivity with original 

host and other hoata and compatibility in terms of biomass 

prodLtction by its hosts. 

A significant variation in efficiency of nitrogen 

fixation by Fran/cia both between strains from the aame plant 

species (Wheeler et al., 1~86; Hooker and Wheeler, 1987; 

Normanda and Lalonde, 1987) and between strains from different 

plant species (Dawson and Sun 1981a Dillon and Baker 19821 

Weber et al. 1987) haa been documented. In addition, the 

nodulation capacity of Frankia isolates is known to differ 

remarkably with various host speciaa which in turn may be 

controlled by both endophyte and hoat plant (Nesme et al., 

1985). Beaidea, instance• that Frankia atraina are unable to 

nodulate original heat but ether heat apeciaa have also been 

demostrated (Zhang •t al., 1984). 

Studies pertaining to growth of micrcendophyta on 

various C sources have demonstrated that a wide variety of 

augara, sugar alcohols and organic acids aerve aa C acurcea. 

Marked differences in the pattern of C and N utilization are 

ahown to occur from strain to strain (Akkermans •t al., 1983; 

Shipton and Burggraaf 1983 a, Shipton and Burggraaf 1983 ba 

Tiaa •t al., 1983). 

Attempts in the recent yaara to claaaify existing 
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Frank1a i•olat•• by micromorphology (Bak•r •t aJ., 1911), 

physiology (lechevalier and Ruan, 1984J Lechevalier •t al., 

1983J Horriere, 1984), cellular proteins (Benson and Hanna, 

1983), cell composition (Mort et al., 1983) infectivity and 

effectivity (Normande and Lalonde, 1982J Burggraaf and Valstar, 

1984J Zhang et al., 1984), chemota>eonomy (lechevalier and 

Lechevalier, 19BOa Lechevalier et aJ., 19821 Chaboud and 

Lalonde, 1983), cytogenetical (Normand et al., 1983J Simonet et 

al., 1984J Parson et al., 198~) and genetical (An •t aJ. 19ee, 

Simonet et al., 1989; Sylvie et al., 1989a Bloom et al., 1989J 

Dobritsa and Stupar 1989J Simonet et al., 1990J Nazeret et al., 

1991) aspects have led to the cleavage of nodule endophytes 

into several large groups (Baker et al., 1981J Baker, 1982J 

Lechevalier et al., 1982). However, lack of phenotypic 

characteristics correlating with DNA-DNA hybridization data 

still prevents them giving species status (lechevalier and 

Lechevalier 19B9a Lechevalier and Lechevelier, 1990). 

The ability to fix atmospheric nitrogen 

symbiotically depends on both host plant genotype (Gordon and 

Wheeler 1978• Huss-Danell 19BOJ Palmgren et al., 1985• and Hahn 

et al., 1988) and the Frank1a strain. Efficiency of the 

nitrogenase activity also has been shown to vary between 

different host-endophyte combinations (Dawson and Sun, 19B1a 

Dillon and Baker, 1982J Normand and Lalonde, 1982J Sellstedt 

et al., 1986J Hooker and Wheeler, 1987J, Weber et al., 19S7). 
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Ecolo;ical importance of actinorhizal 

species is tremendous especially in afforestation, 

plant 

land 

reclamation, soil melioration and short term forestry AJnu. 

nepalensts D. Don , a fast-growing tree species is considered 

to be a useful nitrogen fiMing plant which colonize• the 

nutrient- deficient and ho•tile habitats of Eastern Himalayas 

(Sharma and Ambasht, 1994) and also grow naturally or in 

plantations in higher altitudes of Khasi Hills (India). 

Keeping in view the crisis of pre•ent time, 

e•pecially to reduce the inve•tment in nitrogenou• fertilizers, 

in increasing plant productivity and reclamation of denuded 

lands as created by human interference, the i•olation, 

characterization and screening of efficient Frankia strains in 

terms of its compatibility and effectivity with host is mo•t 

demanding. Unfortunately little i• known about the occurrence 

of Frankia in the Indian subcontinent (Hafeez •t aJ., 1994a 

Chaudhary and Mirza, 1997) and North eastern part of India, 

harbouring different actinorhizal plant• Therefore, the 

present study was conducted to isolate and characterize 

endophytic Frankta from the root nodules of A. ~p•l•n•t• 

growing at Upper Shillong area (Study site). 

MATERIALS AND METHODS 1 

1. Isolation of Frankia from root nodule• of A.nepelen•t• 1 

The root nodules of A. nepaJ•n•i• collected from 
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Uppe~ Shillon; w•~• wa•h•d tho~ou;hly und•~ a Jet of tap wate~. 

The healthy nodules (pale-white in colou~).were then •orted out 

and washed several times in tap water followed by breaking up 

nodules manually into individual nodule lobes. The cleaned 

nodules after Tween 20 treatmenta,were then tran•fe~red 

sepe~ately to conical flask containing 2 Y. v/v glutarald•hyde, 

2 Y. v/v sodium hypochlorite (Na0Cl2)• 5Y. w/v bleaching powder 

(CaOC12)• 1 Y. w/v osmium tetroMide (Os04) and JOY. v/v hydrogen 

pero)tide (H2~) and the fnteJtWkof contact were 15, 20, 20, 2 and 

10 min respectively. 

Solid media 

technique A 1 

After thorough washing with sterile di•tilled 

water, nodules were homogenized in a sterile morta~ and pestle 

using little amount of sterile water. Then 2 ml of filtered 

nodule eMtract was layered upon 60, 45 and JO Y. •team 

sterilized sucrose solution in sterile graduated centrifuge 

tubes and was capped with heat sterilized aluminium foil. The 

tubes were centrifuged at 2,500 g for 20 min and the 

solution lying in the interface of 60 and 45Y. •ucrose solution 

was used to inoculate media using pour plate technique (1a100) 

coupled with double agar layer. The media tested were defined 

proportionate minimal (DPM) media, Q mod, BAP M0 B and DPM/N 

(DPM plus BmM NH4Cl). A thin layer of medium was poured over 

the solidified inoculum. All the media were supplemented with 
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micronutriants solution (Lalonde and Calvert, 197~), 400 mg/1 

cyclohe~imide and 15 mg/1 of nystatin. The.pH of media was 

adjusted to 6.7 6.8 t 0.05 before autoclaving. The 

compositon of various isolating media used in this study was as 

follows• 

•· Da1inad propianata minimal (DPM) madia (Bakar and o•kaa1a, 

1984) 
As described in chapter I 

b. Qmad (Lalande and Calvert, 1979) I 

Campan•nt Canc•ntratian (mQ/1) 

K2HP04 300 

NaH~04 200 

MgS04. 7H~ 200 

KCl 200 
Yaast e~tract ~00 

Bactopaptone 5 g 

Glucose 10 g 

Ferric: citrate (1'Y. solution) 1 ml 

1-a Lecithin ~0 

Minor Salt• 
According to Lalonde and Calvert 

c. BAP ••dium (11urray •t aJ., 1984) • 

Campan•nt Concentration (Q/1) 
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I<H2P04 

NH4Cl 

MgS04.1H~ 

. CaCl2.2H~ 

F•Na-EDTA 

Sodium propionate 

11ic:ronutrient• 

0.21,7 

0.095 

0.010 

0.010 

0.480 

According to Lalonde and Calvert, (1979). 

Vitamin• (ntg/1) 

Thiamine Hfl I 10 

Nicotinic acid 1 50 

PyridoMina H41 I 50 
1 ml 

Folic acid I 10 

Calcium ~antothenate I 10 
~ 

and Riboflavin 110 

Agar 1 10 g 

d. tt6s (modified from Baker and Torr•y, 1979) 1 

Cotnpanent Concentration (g/1) 

Yeast eMtract 5 

De>etrose 10 

Casamino acids 5 

KH2P04 1 

MgS04. 7H~ 0.1 
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CaCl2 .2~0 

CoCl2 

FeNa-EDTA 

According 

Vitamin solution 1 

0.01 

0.001 

0.01 

to Lalonde and Calvert 

As described in BAP 
Agar lOg 

•· DPM/N (Noridg• and B.naon, 1986) 

Component 

KH~04 

MgS04.1H~ 

CaC1 2 

Sodium propionate 

Ammonium chloride 

Micronutri•nta 1 

Concentration (g/1) 

1.0 

0.1 

0.01 

1.2 

8 mM 

( 1979) • 

According to Lalonde and Calvert (1979). 

Agar 10g 

Techniqu• B 1 

After surface sterilization, the nodule lobea 
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were washed thorouohly in sterilized distilled water •nd the 

nodule epidermal layer was peeled off using sterile ra%or under 

the laminar flow chamber. The nodule cubes were washed B 

10 times in sterile distilled water and were aseptically 

placed on the solidified medium followed by pouring a layer of 

medium so as to cover the nodule lobe in the Petri dishes. 

Technique C 1 

The surface sterilized nodule lobes were washed 

thoroughly to remove the surface sterilant and were crushed in 

sterile mortar and pestle. The homogenate was filterad 

aseptically through sterile cheese cloth (pore size 20 um and 

50 um) wsing a vac::uum pump. The filtrate was collected in the 

sterile Erhlenmayer flasks and was inoculated onto various 

media employing pour plate method (dilution 11100) coupled with 

double agar layer technique. 

Technique D 1 

The nodule lobes after surface sterilization were 

microdissected and two nodule slices were placed on the 

I 
solidified nutrient enriched Qmod medium in the Petr~dishes at 

+ 0 28-1 C for 14 days in dark. The microbe-free nodule lobes were 

homogenized using a tissue homogenizer with little amount 

of sterile water. The filtered nodule homogenate was 

inoculated in Petriplates containing solidified media. 

All above procedures st~rting from surface 
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sterilization of nodule lobes to inoculation were carried out 

in a sterile laminar flow chamber. The inoculated 

0 were incubated at 28 ± 1 C for 60 days in dark. 

Liquid media 

Technique E 1 

The surface sterilized nodule lobes were waahed 8-

10 times with sterile distilled wate~ aseptically 

transferred to Erhlenmayer flasks containing 20 - 30 ml liquid 

media (minus agar) 1 

cotton plugged. 

crushed with sterile glass rod and 

Technique F 1 

A variant of technique D in which tha culturally 

sterilized one nodule lobe was placed aseptically in the 

Erhlenmayer flask containing liquid media and crushed into 

finer pieces with sterile glass rod and capped with sterilized 

cotton plugs. 

Technique B I 

The micro-dissected nodule lobes as described in 

technique B were placed in liquid media and crushed into finer 

fragments using a sterile glass rod and plugged with sterilized 

cotton plugs. 

Technique H 1 
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of nodula homo;enate obtained •• in 

technique A was diluted to 100 ml with different media and 1 ml 

inoculum was used to inoculate Erhlenmayer flasks containing 20 

ml media. 

After inoculation all above Erhlenmayer flasks 

were then transferred to BOD incubator maintained at 28±1°C and 

kept for 60 days in dark. 

Morphology of Nodul• endophyte 1 

The slow-growing actinomycete colonies appearing 

after 60 days of inoculation with less than 1mm diameter were 

harvested aseptically with the help of micropipette and placed 

on clean glass slides, stained with 0.1% toluidine blue in 1Y. 

boric acid and mounted on 5Y. acidic glycerol. The slides were 

visualized under the phase contrast microscope (Leitz DX 

20). The dimensions of the Frankia hyphae, vesicles and 

sporangia were recorded. 

Cultivation (subculture) 1 

Isolated Frankia strains were subcultur•d at 4 to 

8 week intervals. The inoculum harvested, either by pasteur 

pi~ette (solid medium) or centrifugating at 2,000 g (liquid 

medium), washed thrice with sterile distilled water diluted and 

homogenized by repeated passage through a sterile 0.8 mm 

needle. They were inoculated into 50 ml •• ,.:1lp 

Erhlenmayer flask containing 20 ml sterile DPM medium under 
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0 

~septic laminar flow chamber and inoculated at 28 ±1 c. 

Utiliza~ion of carbon and ni~rogen sources 1 

colony morphology, pigmentation and micromorphology were 

harvested separately with Pasteur pip:ette or centrifugation at 
a 

2,000 g, washed 3-4 times in sterile distilled water andAlittle 

amount of sterile water was added. Frank1a inoculum was then 

homogenized using 0.2 mm diameter syringe by passing throu;h it 

15-20 times. The protein content of inoculum was 

estimated following the method of Bradford (1976). Each 

inoculum was treated with 1 ml NaOH (1N) and was heated at 90°C 

for 30 min, followed by addition of 5 ml of 0.5% alkaline CuS04 

reagent. The solution was miMed thoroughly and 1 ml of Folin 

Ciocateau reagent (1a1a Folin 1 water) was added and stirred 

to allow simultaneous miMing of reagents. After 30 min, 

absorbance of the solution was read at 600 nm in 

spectrophotometer. The protein content of the Frank1a isolates 

was determined using the standard curve of bovine serum albumin 

(Fraction IV). Thereafter 0.5 ml of the standardized Frank1a 

inoculum was added separately to 50 ml 

Erhlenmayer flasks containing 15 ml steam sterilized basal 

medium (DPM) with various C sources. Standardized Frank1a 

isolates were inoculated similarly in the basal medium 

containing various N sources. 

The composition of basal medium and concentration 
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of various C and N sources used were as follows 1 

Basal medium 

Components 

KH2P04.7~0 

MgS04.7H:zO 

CaC03 

Concentration (g/1) 

1.0 

0.1 

0.01 

Micronutrient solution 

Ac:c:ording to Lalonde and Calvert (1979) 

pH was adjusted to 6.8 + 0.05 

Carbon (C) aourcea 

Glucose 

Fructose 

Starch 

Sodium propionate 

Sodium pyruvate 

Tween 80 

Sodium acetate 

Suc:c:inic: ac:id 

Nitrogen (N) aourcea 

Ammonium chloride 

Potassium nitrate 

Glutamic: ac:id 

Thymine 
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, , 

) 

Concentration used ( S/L ) 

0·~ 
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Five flasks were used for each Fr•nht• strain in 

each C and N source. The Fr•nkia inoculum thus added to 

medium containing single C or N source was cotton plugged and 

incubated at 28° + 1°C in dark. After the eMpiry of each 

eMperimental period L~ 7, 14, 21 and 28 days, three flasks 

were withdrawn from each treatment and Frankt• was harvested 

aseptically by centrifugation. After washing with distilled 

water for 3-4 times the protein content of it was estimated 

following 

eMpressed in 

the method suggested 

-1 ug protein 15 ml • 

Growth of Frankia 

by Bradford (1~76) and 

isolates under various 

temperature conditions was performed using same basal medium as 

above for growth with C or N sources with sodium propionate as 

sole C source. The temperature regimes tested were 15, 20, 25, 

28, 30, 35 and 40°C. The growth response of Franh1• isolates 

on different temperature was estimated by determining protein 

content (Bradford, 1~76). 

Brawth of Frankt• an different pH r•gimes 1 

In eMperiment specifically designed to assess 

influence of pH on Fr•nkia isolates, the growth medium used 

composed of basal medium as desQribed earlier with the .. 
inclusion of a C source ~e sodium propionate and was buffered 

with either PlPES or phosphate buffer (Burggraaf and Shipton, 
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1982) I 

aseptically added and the growth of Frankia under various pH 

regime after 21 days of incubation at 28°C was determined as 

described earlier (Bradford, 1976). 

Assessment of nitrogenase activity of Frankia in vitro 1 

Nitrogenase activity of different Frankia strains 

was assessed by a gas chromatograph • The apparatus was fitted 

with a hydrogen flame ionization detector and 2.13 m stainless 

steel with 0.32 mm diameter column packed with 80-100 Poropack 

R. The temperature programme was isothermal• injector 64°C, 

column 54°C and detector 100°C. All gases used were purity 

grade in which the following rates were maintained, H2 - 25 ml 

-1 -1 -1 min , 02 - 100 ml min and N2 - 25 ml min • 

Culture tubes filled with 5 ml sterilized liquid 

OPM medium (plus propionate or plus ammonium chloride) was 

inoculated with 1 ml standardized Frankia strains and 

+ 10 maintained at 28- C. On each occasion after the termination of 

experimental period, i.e, 7, 14, 21 and 28 days, three tubes 

were randomly withdrawn from each treatment and fitted with air 

tight suba seals. Further experimental process and assessment 

of nitrogenase activity were performed in the same manner as 

stated in Chapter I. The activity, however, was expressed in 

nmole C2H4 5 ml-1 h-1 • 

Nodulation test and Frankia strain reiaolation • 
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Five 1 month old •••dlinga of Alnu. n.p•J•n•1• 

obtained by growing NaOCl2 (5 Y. w/v) sterilized seeds on 2Y. 

agar, were washed several times in sterile distilled water and 

transferred aseptically to the 500 ml capacity Erhlanmayer 

flasks containing solidified agar and moistened with 1/4 

strength of N-free Hoagland solution (Hoagland and Arnon, 

1968). After one week of transfer, seedlings were inoculated 

with 1 ml homogenized 12-13 weeks old Frankia isolate. 

Inoculations of seedlings with Frankia isolates were also 

carried out in sterilized sand in polyethylene jars. 

The inoculated seedlings in the Erhlenmayer flasks and jars 

were kept in growth chamber maintained at 25/18°C day/night 

temperature and 14/10 h day/night photoperiod. Inoculation of 

Frankia was performed again after 2 weeks as described above. 

Each inoculation experiment was repeated at least twice and the 

nodulation was assessed after 2, 4, 6, 8, 10 and 12 weaks. 

Nodule was considered to be formed only if root swelling was 

conspicuous under steraomicroscope. 

Nodules induced by Frankia strains on aMenically 

grown seedlings were recovered, washed thoroughly and 

disinfected with 30Y. H202 for 10 min in dark. After thorough 

rinsing, the nodule lobes were singly to 

Erhlenmayer flasks containing 15 ml sterilized DPM medium, 

crushed to finer fragments and incubated for 60 days at 28±~= 

in dark. 
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A•••••ment of nitrogen••• activity of root nodule 1 

\ 
After each harvest,the root "system of nodulated 

plants was washed thoroughly in running tap water, e~cised 

with sterile razor and was treated with 0.1Y. (v/v) Tween 20 for 

~ min. They were washed thoroughly with distilled water. The 

root systems were · .. tranaferred to 10 ml capacity serum 

tubes and fitted with suba seals. Further determination of 

nitrogenase activity was carried out in the same manner as 

described in Chapter I. The nitrogenase activity was expressed 

-1 -1 as nmole C2H4 h seedlings 

RESULTS 

Techniques of isolation of Frankia 1 

Among various techniques applied for'the isolation 

of Frankia, microdissection coupled with double agar layer 

(Technique B) and sucrose density fractionation with pour plate 

coupled with double agar layer (technique A) in solid media and 

modified crushed nodule method (technique E) in liquid media, 

proved to be most successful. 

Surface sterilizing agent 1 

Surface sterilant/ like H~2 and were 

evaluated to be mara effective ones in eliminating surface 

contaminants amongst various chemical agents tested. 

Isolation media a 
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For th• iaol•tion o1 symbiotic Frankia 1rom th• 

root nodules of A. nepalens1s into axe~ic culture, an array of 

media 

media 

ranging from simple N-free DPM medium to very complex 

6 including Qmod M B, BAP, whose constituents included a-
I 

lecithin and various vitamins were used.Only DPM and Q mod media 
~ 

supported the growth of different isolates of Frankia (Table 7). 

Morphology of Frankia 1 

All the Frankia strains showed a characteristic 

cushion-like, branched, septate hyphae ranging from 0.5 - 1.2 

um (Table 8). Spherical to ovoid vesicles were produce~ 

terminally borne on short parental hyphae ranging from 2-6 um 

in diameter. Sporangia were either intercalary or terminal, 

whose frequency increased with the increaaing age of Frankia in 

culture. Variation in the dimension of sporangia was moat 

pronounced amongst Frank ill iso\E,tes (Plates 9a, t;'b & 9c). 

Three strains of Frankia i~e. AnF 1, AnF2 and AnF3 

isolated from the root nodules of A. nepalen•i• occurred in the 

same locality (Upper Shillong). StrainsAnF1 and AnF2 were 

isolated solely ~n DPM (solid) while AnF3 was obtained with DPM 

(liquid)_and Qmod (liquid) media. Colonies of all the Frankia 

isolates did not exceed 3 mm in diameter on DPM agar medium 

after two months of growth (Table 7). Production of pigments 

was characteristic for the Frankia isolate AnF1 and AnF2 which 

produced dark-brown and yellow-brown pigment respectively. 
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Plrlt 12. t1or phology of in vit ro cultured Frankia s t rains is olated 
from root nodules of A. nepalensis . A Frank i a AnF 

1 
( x 

312 .5); B ~F. AnF
2 

(x 31 2.5); C =F . AnF
3 

(x 200); (hm­
hy phal mat; sp = spora ngium ) . 



Franki.a strain AnF;:s however, produced no pigment (Table 7). 

The colonies were transparent on periphery and dense in the 

centre and grew submerged in the agar layer or at the bottom of 

1 iquid medium.· 

Production of vesicles and sporangia in 

Franki.a isolates tested depended on the composition of 

medium (Tablell ). DPM medium was most effective 

all the 

grow in; 

in the 

induction of vesicles or sporangia for all the isolates 

whereas, they produced less vesicles and sporangia on Gmod 

medium. Vesicles were generally repressed on BAP medium but it 

was effective for AnF2 and efficiently induced sporangia 

production. On DPM/N medium, vesicle formation was repressed 

in AnF1 and AnF2 but not in AnF3. However, it did not 

increase sporangia development in the -· . -. ·two strains. 

Brawth of Franlc1a an various car·bon saurc••• 

The growth of Frank1a isolates on various C 

sources after 7, 14, 21 and 28 days is summerized in Table 9. 

Some interesting comparisons in terms of the ability to use C 

sources by Franlci.a isolates emerged. Isolate AnF1 •~hibitad 

strong growth on propionate and pyruvate but showed poor 

utilization of glucose, fructose, starch, Tween eo, yeast 

e>ctract and succinic acid. Its growth on sodium acetate was 

better than the above C sources. Frankia isolate AnF2 showed 

greater versality on glucose, fructose, starch, propionata, 

pyruvate, sodium acetate and succinic acid. However, it did 
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C sources like sodium ~ropionate, ~yruvate, glucose 
and 

fructose~-succinic acid were utilized by AnF3 but lesser 

versality on starch and sodium acetate sources was noted. 

However, the strain grew poorly on Tween 80 and yeast extract 

amended media. 

Utilization of nitrogen aourcea 1 

The growth performance of three Frankia isolates 

diffe~variously on various N sources (Table 10). Isolate AnF1 

exhibited better ~rowth on NH4Cl than other N sources. 

However, ammonium chloride and aspartate we~e somewhat better 

utilized than other N sources by AnF2 strain. Growth response 

of AnF3 was generally similar to AnF1 except that former showed 

better growth on casamino acid amended medium. 

Effect of temperature on Frankia growth : 

Effect of temperature on the growth of three 

Frankia isolates was markedly distinct. The optimum 

temperature requirement for the growth was 28 - 30°C for all 

the three isolates. Further increase or decrease in 

temperature proved detrimental for their growth. No net gain 

in total protein yield was observed at 40°C. Growth at 33°C 

however, was marginally better for most Frankia isolates than 

at 40°C. Frankia AnF1 was most sensitive to decrease in 

temperature followed by AnF2 except for AnF3 which showed 
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25) I 

Effect of pH on Frankia growth 1 

The growth response of Frankia strains AnF1, AnF2 

and AnF3 to various pH regimes differed ¥&1 !o~. No isolate 

grew at pH 4.0. The optimal pH requirement favouring growth of 

Frankia isolatesAnF1 and AnF2 was between 6 and 7 and for AnF3 

around 5 (Fig. 28). With increase in pH over 7.0- e.o, the 

growth of Frankia isolates was affected to some extent. 
fVlO'YL-

Generally the growth of Frankia isolates was .at:tpar ,,.... in medium 

buffered with phosphate than buffered with PIPES (Fig. 26). 

Nitrogen fixation by Frankie strains in vitro 1 

The rate of nitrogen fixation by various Frankia 

isolates on propio,nate and ammonium chloride amended media 

showed interesting features with the lapse of time. Propionate 

generally induced higher activity of nitrogenase than ammonium 

chloride. However, with increase in time, the difference in 

nitrogenase activity of Frankia grown on two energy aourcea 

narrowed (Fig. 27). However, unlike propion•te, generally the 

activity of ammonium chloride grown Frankia increased linearly 

with time. 

Nodulation and reiaolation 1 

The nodulation time for each Frankia isolate 

varied significantly (Fig. 28). StrainsAnF1 and AnF2 ware more 
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effective in nodulatin; ori;inal hoat i.e. A. nepalen•i• within 

30 days of inoculation, However, the isolate AnF3 could induce 

nodules only after 30 days of inoculation. Generally tha 

morphology of reisolated strains of Frankia from root-nodules 

of its host resembled original ones (Table 11). 

Nitrogen fiMation by Frankia in vi~ 1 

The efficiency to fix atmospheric nitrogen by root 

nodules induced by various Frankia strains on its host varied 

markedly (Fig.29 

higher nitrogenase 

AnF3. 

). The nodules produced by 

activity than those induced 

Dominance of Frankia 1 

AnF1 showed 

by AnF2 and 

It is evident from T·,able 12 that strain AnF 1 was 

most dominant Frankia in root nodules of A. nepalen•i• over 

various seasons and strain AnF3, the least one. 

Discusaiona 

The success in the isolation of endophytic Frankia 

in axenic culture using microdissection in combination with 

double agar layer may be related to efficient elimination of 

contaminating organisms associated with nodule epidermal layer. 

The advantage in the use of double agar layer in solid medium 

is two-fold i.e. in the maintenance of microaerophilic 

conditions as required for tha growth of Frankia strains as 

well as in spatially separating the contaminants as also noted 
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Table 7. Colc:ny char-acteristic/ of thr-ee Frankia isolates obtained 

nodules of Al nt.15 rep.:dell!!£.i.s • 

Fr-~:~nkic:l Colc:ny Colc:ny Pigmentatic:n t1:x:le of gr-o.Nth 
Str-ains size shape 

( rrvn) 

PnF1 1-3 diffuse diffusible br-o.Nn gn:1.'1ing sutmer-ged in 
ir-r-egular- to dar-k br-o.Nn agar- or- botton of 

liqLiid media 

PnF•-, 
,/,., 

1-·3 diffLise diffusible light gr-owing sul:rner-ged in 
ir-r-egular- br-o.Nn agar- or- botton of 

liquid media 

PnF-:r ..... < 1 minute gr-o.Ning at the botton 
ir-regular of liquid media 

fr-on r-oot 

~; 

Obtained 
en 

DPM 
(Solid and 
liquid) 

Qnxx:l /Di=t1 
(Solid and 

liquid) 

DPM 
(Liquid) 



Table 8. Measurements of hyphae, vesicles, sporangia and aporaa 

of FranJcia strains isolated from Alnus nepalf!tnsi•. 

Frankia 
Strains 

Hyphae 
(um) 

0.5 - 1.0 

0.5 - 1.2 

o.e - 1.0 

Vesicles 
(um) 

2 - 5 

3 - 6 

3 6 

Sporangia 
(um) 

20 - 60 

20 - 40 

10 - 25 

Spores 
(um) 

1.5 - 2.0 

1.0 - 2.0 

< 1.0 



Table 9. Gr-OAJth per-i'onnance <;-tg pr-otein /15 ml medium) of thr-e?e FranJ,ia str-ains 

on differ-ent Car-t:x::n scx..tr-ces after- var-ia..ts e>:per-imental per-iod. 

-·-----
Gr-0~-~t.h of Frankia (j-19 pr-otein /15 ml) mean + S.E 

Harvesting per-iod (days) 

Car-ben 7 14 
SCA.II'"Ce5 

PnF1 PnF2 PnF3 PnF1 PnF2 PnF3 

Glucose 8 + 2.1 16 + 7.1 72 + 5.8 9 :t 3.5 12 :!: 2.8 49 + 10.5 

Fn.tct.ose 7 + 1.7 22 + 5.1 51 + 6.5 5 ::!: 1.1 10 :!: 2.5 35 + 13.8 

Star-ch 10 :!: 2.8 15 :!: 6.2 16 :!: 2.2 8 :!: 3.1 15 :!: 7.2 19 + 5 

Sodium 206 :!: 40.1 58 :!: 8.9 154 :!: 61 271 :!:22 61 + 15.2 113 :!: 42.2 
Pt~op-

ion ate 

Sodium 171 :!: 29.5 40 :!: 6.2 129 + 17 156 + 16.2 25 :!: 10.4 121 + 31.2 
Fyn.1vate 

T~-BC> 4 + 1.1 12 + 1.81 11 + 1.0 2 ::!: 0.8 8 + 1.6 15 + 2.8 

Sodium 16 + 5.2 25 ::!: 3.2 34 + 15.4 14 :!: 3.6 21 + 5.8 29 + 6.8 
acetate 

Succinic 5 :!: 1.0 17 + 5.5 23 + 5.8 5 :!: 2.9 15 :!: 6.2 11 + 6.3 
ac.id 



T.:1ble 9. (Contd.1 

Grcwth of FranJ:.ia (J-19 protein /15 ml) mean + S.E 

Harvesting period (days) 

Carl::x:rl 21 28 
so.. trees 

PnF1 PnF2 PnF3 PnF1 PnF2 PnF3 

GlLICDSe 6:! 1. =' 5 :! 2.2 31 + 21.2 1 + 0.6 2 :! 1 16 ± 5.9 

Frt.lCtOC"..:>t? -:r ·-· :! 2.1 6 :! 2.8 17 + 6.4 1 :±: 0.3 1 :±: 0.2 5 :t 1.5 

Starch 4 + 1.5 9 ± 3.5 10 + 3.1 3± 1.1 3 :±: 2.1 2 + 1 

Sodium 131 :±: 28.6 31 + 12.1 45 :±: 20.1 104 + 15.8 19 + 5.8 18 + 7.1 
Pr-op-
ion ate 

Sodium 102 + 41.5 16 + 5.5 ::::6 + 12.1 96 :±: 25.5 8::!: 2.7 11 + 3 
Fyruvate 

TWE?E'f"'-80 00 (X) 6 + 3.<) 00 (X) (X) 

Sodium 9 :±: 2.2 13 + 6.8 15 + 6.1 4 + 1 5 :±: 1.2 7 + 2 
acet.;:,te 

9...\cc:inic ..,. 
._:, + 0.7 6 + 1.2 5 + 1.4 2 :±: 0.8 2 :±: 0.6 (X) 

acid 



Table 10. GroMth response of three Franlia isolates on different nitrogen sources lpg protein 15 al -1) after 

various experimental period. 

SroNth of Frankia ~q protein 15 al-l) ~ S.E 

Harvesting period (days) 

7 14 21 28 

Nitrogen AnF1 AnF2 AnF3 AnF1 AnF2 AnF3 AnF1 AnF2 AnF3 AnF1 AnF2 AnF3 
sources 

Inorganic sources : 

Ammonium 23 16 14 18 15 10 7 6 5 3 2 3 
chloride + 5.0 ~ 5.5 + 2.8 ~ 10.5 + 1.3 !. 4. 3 !. 2.8 !. 2.1 !. 1. 5 !. 1.2 !. 1.0 ~ 1.2 -
Potassium 6 8 19 8 11 14 4 5 4 1 1 2 
nitrate + 1.1 ~ 3.1 + 3.9 + 4.2 + 3.2 !. 4.6 !. 1.1 !. 0.6 !. 0.3 ~ 0.6 !:. 0.4 !. 0.8 

Organic sources : 

Glutamic 28 5 s 21 7 6 8 3 4 4 00 1 
acid !_11.9 !. 1. 4 + 2.1 + 5.8 + 2.8 !. 1.3 !. 1. 7 !. 0.6 !. 1. 5 !. 1.1 !. 0.2 

Casamino 7 8 10 9 4 7 6 3 5 2 . 2 1 
acid + 0.9 !. o. 9 t 3.1 + 1.8 + 1.3 !. 2.0 ~ 0.7 !. 1.0 !. 3.1 !. 0.6 !. o. 7 !. 0.1 -
Aspartic 8 20 5 8 17 3 4 10 00 2 00 
acid + 2.1 !. 5.7 + 1.5 + 1.1 + 6.7 !. 0. 9 !. 2. 4 !. 2. 9 !. 0.2 !. o.s -



Table 11. Production of vesicles and sporangia by three Frankia 

isolates on different growth media. 

Browth AnF1 AnF2 AnF3 
media 

Vesicles Sporangia Vesicles Spo'J:angia Vesicle• Sporangia 

DPM + + + + + • 
Qmod + • • • 
BAP • + • + 

M6B • + + + 

DPM/N • + • • 

+ • present, - • absent and 



T.:,\blE": 12 .. Is:.c.)J..::1+:i.c:n c:rf Frank:i.a strains frcm 1-·limalayan alder nodules collected in 

di ffen::nt s:.easrr1s. 

Gn:J~-'Jth F~ainy 

DF'I'1 + +· 

!.:lmc:d + + __ .,,_,. ___ , __ ....... ~.------·----
Dat.::~ qiven above <:\r-e 

PutLum 

PnF.t PnF2 AIF3 

+ + + 

+ ..... 

Winter 

PnF 1. PnF2 PnF3 

+ + 

+ + + 

ccndens:..ed 1'ran t~o-.o years study. 

Spring 

PnF 1. AIF2 AIF3 

+ + 

+ 
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in vitro. 
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by In •olid cultur•, 

efficiency of sucrose density gradient technique coupled with 

double agar layer mainly be attributed to higher precision in 

isolating Frankia to a particular sucrose band and 

microaerophilic nature of Frankia. In liquid culture~ modified 

nodule crushing method proved beneficial in the isolation of 

Frankia, which rende~effective disintegration of endophyte 

containing nodule cells ultimately leading to dispersal of 

infective/viable Frankia propagules directly in contact with 

nutrient medium. 

The role of hydrogen peroxide and osmium tetroxide 

as potential surface sterilizing agents which are basically 

strong o>:idants has · also been noted by Berry and Torrey ( 1979) 

and Lalonde et a1. (1981) respectively. These sterilants are 

efficient in eliminating surface contaminants from nodule lobes 

without causing a harmful effect on corticals cells containing 

symbiotic Frankia. 

Various media employed for the isolation of 

Frankia are comple>: and are supplemented with yeast extract and 

various nutrients which are believed to promote Frankia growth 

in culture media i.e. lecithin (Lalonde and Calvert, 1979), 

root lipid extract (Quispel et a1., 1983) and various vitamins 

(Baker and Torrey, 1979). However, in the present study, 

successful isolation of Frankia from Himalayan alder nodules 

was_· achieved using simple DPM medium (Baker and O'Keefe, 
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1984), its variations and slightly complex 

(Lalonde and Calvert, 1979). Baker and 

' 

Gmod (-lecthin) 

O'Keefe (1984) 

formulated and successfully used DPM medium to selectively 

isolate Frankia from RJnus, Casuarina, Myrica, Pursh1a and 

·other actinorhizal plants and rhizospheric soil. However, 

advantages in using nodule lobes or nodule homogenate may also 

be attributed to the fact that active compounds (Gispal and 

Tak, 1978) necessary for the growth of symbiont in axenic 

culture may be provided by nodule itself. 

In vitro morphology of Frankia isolates 

resembled other Frankia strains isolated from 

of alder (Berry and Torrey, 1979• Benson, 1982J Normanda and 

Lalonde, 1982; Baker , 1989). Vesicles and sporangia were 

produced by all three Frankia strains, though at different 

degrees. The isolates producing abundant sporangia formed 

compact flocks and grew at slower rate. Formation of sporangia 

was dependent on constituents of media (Berry and Torrey, 1979) 

and may also be determined by genetics of organisms involved 

(Hafeez •t al., 1984). The variability in the size of sporangia 

of different strains align with the findings of Berry and 

Torrey (1979). The decrease in frequency of vesicles when 

supplemented with ammonium N sources may be related to 

suppression of vesicle formation in response to exogenous N 

supply. 

The observations on temperature requirement 
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1o~ th• in vitro ;rowth o1 Fr•nki• i•olat•• •how•d that all th• 

three isolates grew optimally in the range of 28-30°C, beyond 

which growth was hampered. Shipton and Burggraaf (1983) also 

found that optimal temperature for the growth of most Franki• 

isolates was around 30°C. In addition, better growth response 

of AnF1 over AnF2 and AnF3 at 28 - 30 ° C temperature range may 

afford additional advantages for its symbiotic growth with A. 

nepalensis in the growing season (March - October) when the 

soil temperature increases from 15°C in March to 21°C through 

July to October. However, better growth performance of Franki• 

0 at 15 C may provide advantagee over coisolates and 

AnF2 during relatively shorter colder part of the year i,e. 

Nov - Jan for growth and symbiosis with its host. 

The higher growth response of 

isolates, in the present study when buffered with phosphate 

buffer was supported by the data of of Burggraaf and Shipton 

(1982). Hampered growth of all Frankia isolates at pH 4.0 may 

be explained by detrimental effect of acidity on i~ which was 

supported by findings of Bond (1951), Bond et al., (1957) and 

Frej and Huss-Danell,(1987). An optimal pH range for AnF1 and 

AnF2 was- between 6 and 7, however, in natural conditions, the 

soil pH of Himalayan alder stand ranged from 5.5 to 5.65 during 

rainy season· and thus may not be favourable for infection and 

growth by them. However, their higher dominance over most 

seasons of the year may indicate that pH optima for in vitno 

soil ) growth may be different than that during symbiosis with 

148 



host. B•aid••• th• comp•tition b•tw••n th• iaolat•• AnF 1 and 

AnF3 may be less e>tpec:ted especially during winter season with 

low soil pH as the optir.na1 pH of two isolates lie between b-7 

and around 5 respectively. Result of Kurdali •t al. (1990) 

substantiates above findings. 

The different utilization capabilities shown by 

three Frankia isolates in terms of C and N substrates for 

energy sources is particularly interesting and indicated that a 

considerable diversity related to ecological relationships of 

these c:oisolates may occur. However, possibilities of other 

factors like inoculum density, age and pregrowth conditions may 

also influence the adaptations of Frankia strains to various 

substrates so that in short term they do not appear to be 

utilized. 

The limited growth response of AnF1 on glucose 

and starch may not represent an ability to cleave glucosidic: 

bonds. However, the possibility may be that heat degradation 

took place or that growth was supported by traces of fatty 

materials and proteins which may be found in starch. Lack of 

growth of AnF1 on tricarboxylic acid possibly indicates the 

absence of suitable uptake system rather than a deficiency of 

tricarboxylic acid cycle enzymes. Total absence of growth of 

Frankia isolates in most C sources after 21 days of growth may 

be thus attributed to autolysis of Frankia cells, which is 

supported by the findings of Berry and Torrey (1979) and Murry 
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•t al. (1984). Autolysis may be an important feature in 

aymbiosis since hyphal and vesicles disintegration is observed 

in ageing nodules (Newcomb •t al., 1978)aa well as carbon-rich 

synthetic media (Murry •t al,, 1984). Further lack of growth of 

Franld.11 atraina AnF 1 and AnF2 on medium supplemented with Tween 

80 could be related to lack/repression of uptake system or 

glyoxylate cycle enzymes (Blom, 1982• Blom and Harkink, 1983). 

There appears to be no evidence to speculate 

that these Fr11nkia can act as primary colonizer of organic 

debris. It is however, feasible that they could act as 

secondary colonizer utilizing simple breakdown products 

released through the activities of other microbes. many organic 

acids are commonly found in the aerobic and anaerobic soils. 

Root exudates may contain a range of organic acids or amino 
t. 

acids which incll.,de those most commci~ly found to be utilizable 

by them (Rovira, 1965) suggesting that substrates for the 

growth of Frankia are commonly present in soils. All of these 

traits are characteristics of organisms equipped for ii\ 

symbiotic and /or rhizospheric existence. 

ammonium 

explained 

Frankia isolates AnF1 and AnF2 preferred 

chloride than potassium nitrate which may be ~•tte~ 

by better assimilation of NH4+ and utiliz~it for 

growth. Preference of Frankia isolates to ammonium chloride as 

the sole N source has previously been documented (Shipton and 

Burggraaf, 1982J Lechevalier et al., 1983a Shipton and 
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Burggraaf, 1983). Besides, better growth yield of AnF1 and AnF2 

on asparate and glutamate may be due to suitable assimilation 

activities of the organisms. Out of all combined N sources, 

yeast extract seemed to be least effective in stimulating 

growth of most of Frankia isolates, which may be due to the 

absence of uptake systems. 

Nitrogenase inductioh was influenced by the 

nature of nutritional factors. Depression in nitrogenase 

activity in the NH4+Cl grown Frankia may be related to the 

suppression in the induction of vesicles and nitrogenase enzyme 

in response to e~rogenous N supply. The support comes from the 

study of Murry •t aJ., (1984). In contrast stimulation of 

nitrogenase in propionate may have resulted from availability 

of suitable C source for the rapid growth of Frankia thus .,. 
leading to enhanced activity1to fulfil, __ nJ._j;_rpgen r~j;lyirement in 

After 21 days of growth of Frankia 
its absence in environment. 

on NH 4cl, the nitrogenase a~tivity increased. It indicated that 

Frankia strains have used up nitrogen supplied externally and fixed 

nitrogen under stressed condition. The acetylene 

reduction by all the isolates confirmed that that these strains 

are true nitrogen fi>rers like other Frankia strains (Gauthier 

et al., 1981J Diem •t al., 1982). 

The difference in the rate of nodulation of 

Frankia isolates may be due to variation in compatabilities 

between host and Frankia strains. Most of them could nodulate 
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(1990) also noted that Frankia inoculated plants developed 

nodules after 4 weeks of inoculation. However, Neame •t al. 

(1985) showed that nodulation by Frankia isolates varied from 7 

to 16 days. A variation in the nitrogen fi~ing activity of 

nodules formed by different Frankia isolates signify the 

existence of host-endophyte compatibility (Dillon and Baker, 

1982). 

Based on the above criteria, Frankia isolates 

obtained from root nodules of A. nepal•nsis growing in the same 

locality, may be grouped into three different "ecological 

niche" groups. Besides, it also signifies the diversity of 

Frankia strains in the same alder stand as evidenced by Benson 

and Hanna (1983), Hafeez et al. (1984) a~d Burggraaf and 

Valstar (1984). 

Dominance of AnF1 strain in most part of the 

year indicated it broad ecological amplitude adopted to 

different climatic and edaphic conditions over other 

coendophytes. Burggraaf and Valstar (1984) and Faure-Raynaud •t 
also 

aJ.,(1992)A concluded that host genotype exerts preference to 

endophyte strain from the populations of Frankia in soil which 

host occupies. 
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Isolation and characterization of 
Chapter 

arbuscular Mycorrhizal(VAM) endophyt•• fro• Alnus 
111 ' I 

Introduction 1 

In nature more than 200 specie& belonging to 24 

genera of nonleguminoua plants bearing Frank1a nodules (DiMon 

and Wheeler, 1986) are economically important for symbiotic 

nitrogen fiMation in the tropical and temperate regions of the 

world. In addition to Frank1a symbiosis, many of them harbour 

VA mycorrhizal symbiont• in their root system thus forming a 

formidable tripartite symbioaea which conaequently aid in the 

plant nutrition and growth. Several reports may be cited 

demonstrating the occurrence of VAM symbiosis in majority of 

actinorhizal plants (Williams and Aldan, 1976• Daft and 

Hacskaylo, 1976l Williams, 1979l Rose, 1980J Rose and Trappe, 

1980J Clelland et al., 1983; Gardner, 1986J and Sidhu •t al., 

1990). In fact, such dually infected plant species are the true 

colonizers of bare and infertile habitats unsuitable for other 

plants lacking symbionts (Daft and Hacskaylo, 1976). Besides, 

such plants may be regarded to be of utmost importance in the 

improvement of infertile lands. 
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Majority of fungi involved in VA mycorrhizal 

associations generally produce spores which mainly is evaluated 

on the basis of morphological characteristics (Mosse and Bowen, 

1968J Hall and Fish, 1979J JibaJi-Hare •t •J., 1986). However, 

characterizations of VAM fungi based on biochemical (Sen and 

Hepper, 1986), immunological (Wilson •t al., 1983J Wright •t 

•l,, 1987J Williams •t •l., 1987) and genetical aspects (Simon 

•t •1., 1992) have also proved useful. The microscopic 

characters which include the finer details complicate~ the 

identification of different fungal species. As a result, the 

taxonomical studies on endogonaceous members have been 

fragmentary, though, they play an important role in plant 

nutrition. 

In North-East India a vast array of wild plants 

flourish· many of which are actinorhizal. Later groups of 

plants form symbiotic association with VAM fungi. Little is 

known about VA symbiont of forest sails of the region (Sharma 

•t •l., 1986). Considering their universal occurrence and 

their role in plant nutrition, an investigation on VAM fungi of 

actinorhizal hosts could add to the present knowledge of 

range of mycorrhizal associations and their implications on 

afforestation programmes in the near future. 

The present investigation was undertaken to access 

mycorrhizal association of actinorhizal Alnus n.p•l•n•i• D. Don 

growing in monocultural condition (Study site). Endogonaceous 
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spores have been indentified and described in this chapter. 

Isolation of Endogonaceous fungi 1 

The spores of endogonaceous fungi were isolated 

from the soils of Himalayan alder (A. nwpal•n•1•) forest 

following wet sieving and decanting method of Gerdemann and 

Nicolson (1963) as described previously (Chapter I). The 

spores were separated from soil debris and were transferred to 

watch glasses containing water. The identical spores were 

separated and stored in glass vials containing Ringer's 

solution. The different types of spores were mounted in 

polyvinyl lactophenol (PVL) on glass slides for microscopic 

observations. Ringer's solution and PVL medium ware prepared 

as described in Chapter I. 

Establis~ent of culture of VA mycorrhizal fungi 1 

Isolated spores of VAM fungi were surface 

sterilized following the method of MacDonald (1981). The 

spores were transferred by micropip=ette to 45 mm diameter 

filter paper disc, which was covered by identical disc thus 

forming filter paper sandwich and was placed in. a plastic 

filter holder. They were sterilised at 121°C for 15 min before 

'· addition of spores. Then the surface sterilant solution, 2 Y. .. 
w/v chloramine-T with 0.02 Y. w/v streptomycin sulphate plus a 

trace of Teepol (Mosse, 1959) was injected from sterile syringe 

through 0.22 um porosity membrane filter until eMcess liquid 

155 



emerged. A total of 20 ml sterilant was used for sterilizing 

200 spores and the contact time being 20 min. The sterilant 

was removed from spores by pasaing 200 ml aterile distilled 

water. The sterilized spores were stored between damp filter 

paper The sterilized suspension of 

isolated spores of VA endophyte• was in:oculated on sterilized 

potted garden soil 2 em below the soil surface. The germinated 

seeds of maize, obtained from surface-sterilized seeds, were 

placed on the VAM treated soil and covered with soil. The host 

plant was grown for a period of 2 months and was allowed to 

dry. 

Description of •ndoganaceous fungi a 

Seven species of VA fungi were identified from the 

soils of Himalayan alder forest. The description of each of 

them ia as followsa 

Glomus 1 

Four species of BJoaWJ were identi 1 ied -L.e. BJomWJ 

mo••eae, G. macrocarpus, G. intraradices and B. tortuosum. 

1. Glomus mosseae (Nicol. and Gerd.) Gerdemann and Trappe 

Sporoc:arp unknown, chlamydospores yellow to brown, 

globose to ovoid ranging from 90-110 um in diameter and the 

thickness of spore wall 7 um (Plate 13 A). 
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2. (Nicol. and G•rd,) W~Jker. 

Chlamydospore& formed singly in soil, sporocarp 

unknown, globose or sub-globose, 110 - 150 ~ 110 143 um 

smooth, dark brown to black, spore wall 10-15 ~m thick, 
·' 

" . 
perforated and hyphal attachment 12 - 15 um ii-I diameter 

(Plate 13 B). 

This species was also described in agricultural 

fields by Bhattacharjee •t al. (1980). 

3. G. intraradic•• Schenck and Smith 

Sporocarp unknown, chlamydospore• forma singly or 

in clusters in the root, chlamydospore& predominantly globose 

to subglobose 93-120 ~ 112-130 um diameter. spore wall 3-15 um 

thick, yellow to grey brown. Spore content globular, yellow to 

light brown, wall of spore •~tending into the hyphal attachment 

forming an tubaeform flare at the junction of hyphal 

attachment, 9-33 um wide (Plate 13 c). 

The occurrence of this species from the soils of 

Florida, USA was first noted by Schenck and Smith (1982). 

4. 8. tortuosum Schenck tc Smith 

Sporocarp unknown, chlamydospore• formed singly in 

soil but occationally adhering in pairs. Spores yellow to dull 

grey-brown with a mantle of sinuous hyphae closely appressed. 
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0 

Plate 13. Spores of Glomus species isolated from soils of Himalayan 
alder forest. A = G. mosseae (x 200); B = G. macrocarpus 
(x 200); C = G. intraradices (x 200); D ~ G. t ort uosum 
( x 78.7); (sh-= subtending hypha; sw = spore wall; s = 
spore) . 



Chlamydospores largely globose to subglobose 94-180 >t 112-230 

um diameter. Spore content globular but occasionally obscured 

by the mantle. Width of hyphal attachment at the spore base 9-

20 um (Plate 13 D). 

This species was first described by Schenck & 

Smith (1982) from Florida, USA. 

81gaspora 1 

Two species of B1gaspora were identified i.e 

81gaspora g1gant•• and 81 .. grvgar1a. 

1. 81. g1gantea (Nicol. and Berd.) Berde•ann and Trapp• 

Azygospores formed singly in soil, 260 - 370 x 260 

350 um globose, greenish yellow, spore wall 9 - 16 um, 

suspensor-like cell bulbous, 42 -48 um in diameter, giving 

rise to a suspensor hyphae which projects to the spore, 

vesicles not observed. 

This form was also reported from the 

woodland of Dehradun by Bakshi (1974) (Plate 14 A). 

1. 81gaspora gregar.ia Nicol. and Sch. 

mixed 

Azygospores formed singly in soil, 200- 300 um 

in diameter, globose, dark brown, spore wall 12 - 25 um thick 

suspensor-like cell 50 um in diameter concolrous with spores 

and giving rise to a slender hyphae projecting into the spore 

surface. 
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Plate 14. 

s 

Spores of Gigaspora species isolated from 
forest soil. A Gi. gigantea (x 200); B 
(x 200); (sh sub tending hypha, sw 
s = spore) . 

Himalayan alder 
Gi. gregaria 
spore wall, 



present investigation namely R. scrobicuJata. 

1. Acaulospora scrobiculata Trappe. 

Sporocarp unknown, spores formed singly in soil, 

sessile, borne laterally on thin-walled hyaline hyphae that 

terminate in a thin walled vesicle, spore shape varing from 

globose to ellipsoid, 100 - 200 um, olive to light brown, 

spore surface evenly pitted (Plate 15). 
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Plate 15. Spore of 
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sw 

Acaulospora scrobiculata 
pit; s spore). 
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Interaction between Franhia and Glomus mosseae on 
Chapter 

P uptake, nitrogen fixation and seedling growth of 
IV 

Alnus nepalensis under various soil pH regimes. 

Introduction: 

Soil reaction affects plant growth and survival by 

mediating the availability of nutrients. Differential tolerance 

by various plant species may be an important ecological 

strategy to occupy and establish in varying soil conditions. 

Alnus nepal ens is D. Don (Himalayan alder), 

actinorhizal plant species colonizes the hostile nutrient-

deficient soil conditions in Eastern Himalaya (Sharma and 

Ambh.:~st, 1986) and flourishes well under moderately acidic 

conditions as other alder species (Fergusson and Bond, 

Wheeler et al., 1986). This preference of host plant in 

particular soil pH may also determine the growth of endophyte 

( Gl'"aw, .1979; Lambert'et al., .F780) • 
I 

Surviv<11l r.md ef·fr.-?r.:tivity n·f ~:;ymbic:lt.ic Franl:ia ~-:~nd 

VAM fungi which form tripartite symbiotic association with non-

legumes may be influenced by soil reaction. Susceptibility and 



C: C)n <:':.F·'C}UF:'f"' 1'. :.i. d 1. c:lr:.•i:'tt.h o'f Frankia :tn h.iqhl y EilC::.idic: 

(Durggraaf and Shipton~ lt'JBb; 

Smolander and Sundman~ .1.987; Smolander et al., 

ameliorative proli'feraticn and growth at higher pH (Burggraa'f 

<:tnc:l ~:lhi pton, 1982) than its host may a'ffect symbiosis, 

e-ffectivity and fate of both host and endophyte. Soil reaction 

h;:~s 

( FPr·<;;Jus~;on 1 ,... ...... ~ •. ".r ;::t .. ::, ; 

noclu 1 ;::1t:i.on 

Seiler and McCormick, 

Smolander et al., 1988) and nitrogen 'fixation by symbiotic: 

FranJda ( nt--:-cldr::d l, 19H6) • 

In c"'r.:ldit.ic:cn, influence o·f soil reaction on VAM 

fungal abundance (K~!kelman, 1973), spore germination (Green et 

al., 1986), infection (Skipper and Smith, 1979; Vourdwijk and 

Ha:.i. r" i ii~n, 1986) and symbiotic: ef'ficienc::y .1. 97~1) 

PV .i.dE?fi t.. tl·"rf:? erpt.im;;~l pH requirement may differ 

between endophyte to endophyte and bPtween host and endophytes. 

Studies on legumes have indicated that seril acidity severely 

affects e'ffic::ienc::y of tripartite symbiosis (Skipper and Smith, 

Newbould and Rangeley, t1cm :.<: .i 

Cc~t·"thlr"iqht, .1984) • Like in lequminous system, evidences of 

!'=,t:i.mu 1 a t.i.on of growth of non-leguminous hosts by clu;"' J. 

inoc:ulatiern under nutrient -de'fic:ient conditions are well 

due: umF~n t<;?d (Rose and Youngberg, 1981; Gardner et al., 

1989; Jha et al., 1993). However, information on the 
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effect of soil pH in the surv1val, infection and their 

e·f ·fee t.i. vi ty .in tr· i pal~t.i. te a!::.soc .ia t .. ion in\lolv.in<;;J .-ald~?r 

(non 1 E'!gume) Fra.nJ~ia - \.'At-1 micro~:::)"mbiont~:; .is:. li:H::king and 

has practical importance as the soil system supporting 

alder forests is continuously becoming acidic due to release of 

litte~bound acidic substances and rapid replenishment of 
t 

exchangeable with increase in soil N (Crocker and Major, .1955; 

Debell and Redwan, 1983; Van Miegroet and Cole, 1984). 

Keeping above facts under consideration, the 

present work was conducted to assess the interaction between 

Frank ia and \JAM fungi and the.i.1~ e·f ·fr:.~ct on =,e!?.d l in<;l gi'"OI>'rt.h of A. 

nepal ens is at various soil pH n:::-q .i.me unde1·· contl·-ollf.?t:1 

environmental conditions. 

Materials and Methods : 

Collection and sterilization of soil 

Sandy loam soil collected from thr: Alnus 

nepalensis fon?st stand possessing .fnl lowing phys.icn-·chemical 

properties Le. CEC- 22 Meq/100 g soil, sand 54.1%, silt 25.9% 

and clay 20%, pH - 5.21, organic matter - 4.11%, Total N 

0.229%, available P 0.021 %, exchangeable K 0.090 

%,exchangeable Ca- 0.061% and extractable Mn 0.00.11.% \I'Jas 

mixed with sand in the ratio of 2:1 (!::,oil: sand). A·f tHY" 



moistening to field capacity, the soil was autoclaved at 15 
. ., 

lb/inch' for 1 h. The sterilization was repeated again after a 

gap of 24 h and was allowed to stand for 15 days. 

Adjustment of soil pH 

The soil used for the experiment was acidic (pH 

5.21). Four pH levels were maintained with above soil i.e. pH 

4~ 5, 6 and 7. The pH of the soil was raised with application 

of fine CaC03 powder following pH-base saturation method as 

suggested by Thompson and Trceh (1985). For the determination 

of cation exchange capacity (CEC), 10 g dry soil sample was 

leached with 250 ml ammonium acetate (1 M) to occupy all the 

exchangeable cation sites. Excess ammonia was n:moved by 

leaching with ethyl alcohol (90 %). The amount of ammonia held 

in the sample was replaced with 1 M NaCl and distilled into 

another container and was titrated with N/140 HCl. The 

CEC was expressed in terms of milliequivalent per 100 g soil 

(Meq/100 g). Further soil pH was determined as described in 

chapter I and pH-base saturation curve prepared using which 

CaC03 requirement of the soil was evaluated. 

soil into acidic condition was achieved by application of 3% 

(Ryan et al., 1975) and the amount of l·hcc·J· ..: .... ) ·4 (~::. /.) 

required to lower pH was calculated (Thompson and Troeh, 1985). 
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The pH of the soil was adjusted after the steam-sterilization 

of the soil. 

Collection of seeds and raising of seedlings 

·rhe mature · E;;eeds of A. nepal ens is wer·e r.:oll ec: tr:~d 

in the month of March 1992 from Himalayan alder stand at Upper 

Shill onr:l •. The husked, healthy seeds were surface sterilized 

with 5% w/v bleaching powder (CaOCl~) and were thoroughly 

washed with sterile water. After 24 h of soaking, the imbibed 

seeds were then aseptically transferred to sterile solid water 

in Petr1dishes and grown under controlled growth 

' 
conditions maintained at 10 Klx light intensity with 14 h light 

and 1 " t j ., ... I " ~ t• #'"\ ~ 0 "\ 1 0 .. o 1 car, .. C'yt..lf.':. a .. .~; .... • L dc:~y <::\nd .. B C nicJht 

Relative humidity of 60-80 % was maintained throughout the 

experimental period. 

Preparation of Frankia inoculum 

Frankia st.r·ain ( abbreviat:.ed as 

Frankia)isolat.ed from root. nodult:::-r:;; o·f A. nepalensis \I'H"~s 

selected for this experiment. Ten week old culture growing in 

DPM liquid medium was harvested aseptically by centrifuging at 

2000 g for 15-20 min and washed 3 to 4 times with sterile 

distilled water. The inoculum was homogenized by passing 15-20 



times through 0.1 mm di~meter syringe and diluted to known 

concentration Le. 104 cells per ml with sterile distilled 

water by following the method of Burggraaf and Shipton~ (1983). 

mild sonication, :i.nor.:LI 1 urn dens:i. t.y of Frank ia 

estimated with the help of Petroff Houser chamber (height 0.01 

mm) using phase contrast microscope. 

Preparation of VA l't)lcorrhizal inoculum 

Glomus mosseae (Nicol. J!< Ge~nj.) 13f::~nh-;:omann 8< 

Trappe, a dominant VAM fungus in Himalayan alder stand 

(chapter 1) was maintained on maize and onion host plants in 

the glass house. Eighty ·f i vr-:.- endom}f·corrhizal spores w•~re 

suspended in 50 ml of sterile distilled water along with 200 mg 

of infected maize/onion roots (infection level > 60%). 

Inoculation of root microsymbionts and plant growth conditions : 

One month old, uniform sized and healthy Himalayan 

alder seedlings growing in water agar were harvested, w~shed 4-

5 times with sterile distilled water and transplanted at the 

rate of 5 plants in 1L conical flasks containing soils of 

val~ ious pH. Each seedling \l'la~:; .i.noculatr.:~d ll'l.i.th lml Frankia 

inoculum in the rhizosphere with the help,of sterile syringe. 

VAM fungal inoculum was placed 2 em below soil surface before 



myc:<Jn ... h.izr.:d. treatments. They were watered with sted.lf: 

Th<'~ conical flasks were capped and transferred to 

controlled growth conditions and maintained as desc: r i bE.~d 

earlier in this chapter. 

Harvests 

Harvests of seedlings were a1' ter· 30, 60, 

90 and 120 days after inoculation. ·200 seedlings from each 

treatment were harvested along with intact root system from 

randomly sampled conical flasks. The soil adhering to the 

root system was collected and stored at 4°C and the roots of 

the seedlings were washed thoroughly under a jet of tap water. 

Evaluation of seedling growth : 

On each occasion, plant growth performance was 

evaluated by recording root, shoot and plant height with the 

help of simple scale and was expressed in mm seedling l..f.?af 

area was measured using planimeter and expressed in mm 

seedling Stem diameter was measured with slide caliper and 

expressed in mm seedling 

~ 

Thf.< plants vJel'"f? r.1ven~ried at 
I 

60 C till constant with weight and shoot weight and R/8 ratio 



was calculated. 

Nodulation, nodule biomass and nitrogen fixation 

After each harvest, the number of nodules formed 

per plant was recorded. After thorough washing, the clean 

capacity serum bottle and capped with suba seal and sealed with 

a layer or two of parafilm to avoid loss of gases from tube. 

injected into and let at room temperature for 1 h. The details 

Chapter 1. However, the activity was expressed as n mole of 

seedlings Thereafter the nodules were oven dried 

.':!It 
0 

60 C till const.:mt weight. W't$,F"' dt_ld.rlVt:?t.l\ .:.~nd dr·y Wf.?ight was 

recorded with the help of electronic balance. 

Assessment of rhizospheric Franlda population : 

Frankia population C)'f 

estimated following sucrose gradient density technique of Baker 

and O'Keefe (1984) with some modification as described in 

Chr.:~pter· I. 



Determination of VAM infection, arbuscules and vesicles 

On each sampling, the root system of seedlings 

was washed thoroughly under tap water and cut into 1 em 

segments. Hundred randomly sampled root segments were cleare~ 

~stained following the method of ~~oske and Gemma ( 1999) and 

VAM infection was determined following the root slide technique 

of Read et al. (1976) as described in Chapter I. The 

population of fungal arbuscules and vesicles was 

using above stained root segments. 

Estimation of endogonaceous spore population : 

determined 

Wet sieving and decanting technique of Gerdemann 

and Nicolson (1963) was used to isolate and enumerate 

endogonaceous spores from rhi:zosphere soils as described in 

Chapter I and was expressed in g dry soil. 

Determination of phosphatase activity 

The rhi:zosphere activity of soil phosphatase was 

determined following the method of Tabatabai and Bremner 

(1969). To 1 g sieved soil, 4 ml of modified universal buffer 

(pH 6.5), 0.25 ml of toluene and 1 ml of 0.115 mM p-nitrophenyl 

phosphate solution were added • The conical flasks were 
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0 
swirled~ plugged and incubated at 37 C for 1 h. The details of 

the technique followed a.re desct~.ibed earl..ier in Chapter I. 

Analysis of nutrients in seedlings 

Oven-dried root and shoot plant materials were 

s!::pere~te 1 y ground e~nd sieved through 0.2mm sieve e~nd finer 

material (< 0.2mm) was employed for the analysis of N~P, K and 

Mn. 

Plant N determined following semi-

micro~eldahl method (Allen~ 1974). @round plant 
o.~g 

material..4was digested in microJcjeldahl flasks alonglwith 2 g of 
I 

K2so4 -HgQ mi>: ture and 3 ml of c:onc:.H2so4 . A·fter digestion~ the 

u+o 20 m 1 with volume of aliquot WC\S made distilled water. The 

tec:hnique used is described earlier in Chapter- I. 

For the estimation of P, molybdemun blue method 

(Allen, 1974) was adopted. T~~o hLmd red mg ground 

materie~l was digested in trie~cid mixture (Conc.HN03 , H~so4 e~nd 

60% HC1D4 in 4 ratio of 10:1:4). The digested material was 

made ' up to 
I 

50 ml with distilled water 

Whatman filter paper (no. 1). Two m1 

and f i 1 tet'"ed throLtgh 

of filtrate was 

taken in a test tube to which 5 ml distilled water and 1 ml of 

ammonium molybde~te we.Yeadded and shaken vigor·ously. Thereafter, 
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1 ml of stannous chloride was added and stirred thoroughly. 

After making up the volume to 50 ml, the absorbance was read 

after 30 min at 660 nm and converted into known units through 

standard curve. The following formula was used to calculate P 

in plant tissues. 

P(mg) x extraction solution used (ml) 
p ( I. ) --------· 

10 x aliquot (ml) x weight of sample (g) 

C = Concentration of P obtained from standard curve. 

Plant K and Mn were determined by atomic 

spectrophotometric 
• the 

method (Allen, 1974) by using..,same aliquot 

-employed for estimating P. However, the absorbance was recorded 

at 766.5 ~nd 279.5 nm for K and Mn respectively and their 

conten~were determined using formula as stated forK (Chapter 

I ) • 

Statisticai analysis : 

The effect of C]Y"OWt.:h regimes, treatments 

(symbionts) and harvests on various characteristir.:s of 

microendophytes and plant. growth performance was evaluated 

using 3 way analysis of variance (ANOVA). The coefficient of 

correlation was calculated using Karl Pearson's correlation 

coeficient (Zar, 1974). 
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RESULTS 

Plant growth 

The gr .. owth response of A. nepal ens is seed 1 ings 

inoculated sin-gly or dually with Frankia or I and VAM fungi and 

noninoculated ones was markedly influenced by soil pH. Better 

seedling growth was achieved by seedlings of all treatments at 

pH 6.0 below which growth was reduced. 

Shoot height, root length, plant height and stem 

collar diameter increased as the soil pH increased and highest 

response was recorded at soil pH 6.0. The most effective 

increase was achieved by dually inoculated plants. A variation 

in above plant growth characteristics in most pH levels and 

harvests amongst singly, dually or noninoc:ulated plants was 

evident (Fig. 30, 31, 32 & 33). However, mycorrhizal and dually 

inoculated plants showed better· growth than Frankia inoculated 

and uninoculated ones at low pH soils. 

Biomass of shoot, root and whole plant increased 

in time and with increase in soil pH. Mycorrhizal plants 

performed better t.han Frankia nodulat.ed and noninoculated 

plants especially at low pH but was less efficient in terms of 

biomass accumulation than dually inoculated ones at 

corresponding pH (Tables 13, 14 and 15a ~Maximum biomass 

1?.1. 



production by seedlings in all the treatments was, however, 

achieved at pH 6.0. Besides, clearcut differences in above 
\ 

plant characteristics of sing 1 y, · · dua 11 y inoculated or 

noninoculated plants at any pH level was evident. The R/S 

ratio increased with the decrease in soil pH. However, dually 

inoculated plants had low ratio than other singly inoculated 

and noninoculated counterparts at all soil pH and harvests 

(Table 15bJ. Besides, mycorrhizal seedlings exhibited lower 

ratio as compared to Frankia inoculated or noninoculated 

seedlings. 

Variations in leaf number and leaf area between 

singly, dually or noninoculated plants emerged after 30 days of 

growth. High values of leaf number and leaf area were obtained 

on pH 6.0 and declined with decrease in soil pH. However, both 

plant characteristics increased with increase in time and this 

increase varied with the pH of the soil and the type/(s) of 

endophytes involved. (Fig • 3 4 & 35 ) • 

3 way ANOVA showed that most of above plant growth 

characteristics were significantly (ANOVA P < 0.01) affected by 

soil pH, harvest- and endophyte/(s) (Table 16). 

Nodulation, nodule biomass and nitrogen fixation 
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The formation of root nodules increased in time 

and with increase in soil pH and decreased with decrease in pH 

value above or below pH 6.0. Dually inoculated seedlings 

c:te·vr:d~Jped mor··e nm:lules by these or1ly with Frankia .inoculated 

at most pH levels (Fig. 36 ) • 

The biomass of root nodule was markedly affected 

by soi 1 pH and the endophyte/ ( s) (Fig. 37 ) • Better gr·owth of 

root nodules was noted at higher soil pH. At low pH level, the 

gr·owth of root nodules in F"k"47iJd.ct inocula·ted seedlings was poor 

as compared to that in dually inoculated plants. 

The rate of nitrogenase activity of root nodule 

was most favoured at soil pH 6.0. However, considerable 

difference was recorded in nitr·ogenase activity between Frankia 

inoculated and Frankia + G. mosseae inoculated seedlings at 

most pH levels (Fig. 3B'). 

Frankia population 

Frankia population of rhizosphere soil generally 

increased in rhizosphere cl·f Frankia and Frankia + G.mosseae 

inoculated plants and was maximum pH 6 and decreased with 

increasing soil acidity. Besides soil Frankia abundance varied 

markedly in singly (Frankia) and dually <Fr.,nlti• + G'.mosse••> 

.1T3 



inoculated plants at all soil pH levels except at pH 4.0 (Fig. 

3 g ) • 

Both nodule c:har·acteristics anc:l Frankia population 

were significantly (ANOVA P < 0.01) affected by soil pH, 

harvest ~nd symbionts (Table 17). 

Mycorrhizal infection and dynamics of arbuscules and vesicles: 

The intensity of VA mycorrhizal infection varied 

greatly between Frankia + G. mosseae and only G. mosseae 

inoculated plants at all pH levels. However, infection level 

of dually inoculated seedlings was significantly higher than 

those of mycorrhizal inoculated ones at pH range 5-6 (Fig. 40 ). 

The arbuscules were more abundant than the 

vesicles at higher soil pH. However, with the increase in time 

their ratio declined. More arbuscules were produced at pH 

range from 5.0- 6.0 than at any other pH level. Generally, 

dually inoculated plants produced more arbuscules than singly 

inoculated ones at more pH and harvests (Fig. 41 ). 

In vivo produc-;tion of ves.ic les by G. mosseae was 

highest at pH range of 5-6 for both singly and dually 

inoculated plants but latter maintained their lead throughout 

.1'7·(.~ 



the e>:perimental period (Fig.42 J. 

Endogonaceous spore population 

The abundance of endogonaceous spores increased 

with time and increase in soil pH. The highest number of 

endogene spores wetS encountered at soil pH 6.0 which decreased 

with increase or decrease in soil pH. A marked variation in 

the production of endogonac:eous spores was evident between G. 

mosseae and Frankia + G. masseae .inoculated seedlings 

especially at higher pH levels (Fig. 43). 

Soil phosphatase activity 

Total phosphatase activity in the rhizosphere 

soil decreased with the increase in soil pH. However, the 

activity was detected only fr·om the r·hizosphere soils of 

Frankia + G. masseae and G. masseae inoculated plants. 

Generally higher phosphatase activity was recorded from 

rhizosphere soil of dually inoculated plants as compared to G. 

masseae inoculated ones at pH range 5-7 (Fig. 44). 

Generally VA mycorrhizal infection, arbuscule and 

vesicle populations and spore counts were significantly (ANOVA 



P < 0.01) controlled by soil pH levels, harvest periods and 

symbionts (Table 18 ) • Similarly, rhizosphere phosphatase 

activity was affected by soil pH, harvests and symbionts (Table 

h9) • 

N, P, K and Mn contents of seedlings 

Generally~ N, P, K and Mn content in the shoot 

were more in plants growing in slightly acidic soil pH than at 

low pH levels. However, differences in the nutrients content 

of singly, dually and noninoculated plants at most pH levels 

and harveEr.ts was recorded (Fig. 45a, 46 a, 47•a I!( 4'0a). 

In root too, nutrient. content varied among the 

plants of various groups. However, nodulated + mycorrhizal 

plants contained increasingly more element than 

singly or noninoculated counterparts (Fig. 45·b, 46 b, 47.b I!< 

48 b) • 

The nutrient (N,P & K) contents of both shoot and 

root tissues were significantly (ANOVA P < 0.01) affected by 

soil pH, harvests and endophytes (Table 19). Mn was affected 

by above factors only in shoots (Table 19) . 

.1'76 



Significant positive correlation was established 

between mycorrhizal infection and nitrogenase activity, number 

o·f nodules, nodule dry weight and Frankia pt)pulation at all 

soil pH levels except at pH 4.0 where insignificant 

relationship~ between mycorrhizal infection and nitrogenase 

activity was observed (Table 20). Similarly, correlation 

between mycorrhizal infection and Frankia populat.ion was 

negatively established at pH 4 (Table 20). 

Correlation between nodule nitrogenase activity 

and mycorrhizal characteristics showed that former· was 

positively but insignificantly related to mycorrhizal infection 

except at pH 5 whereas relationship between former and endogene 
• 

spore number was positively established only at pH 5 and 6 

(Table 21). Correlation between nitrogenase activity and 

arbuscule and vesicle populations was insignificant (Table 21). 

Discussion 

The variation in the growth performance of A. 

nepalensis seedlings in various soil pH may be attributed 

mainly to the availability of nutrients for their growth and 

development. 

VII mycorrhi_z.;d f-un9i e>:ert profound inf lLtence on 
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Tllllt 13. EffKt of franUa, IJoau IDJHit ud FranU1 ,. B. IDJHit on ahoot dry 1tigltt (ag attdlint-U of A. 

nepaJtftlil lttdlinga gra.n at varioua toil pH. 

Hlrvtatint prriod (daya) 

loU 30 60 90 120 

pH 
1 2 J 4 1 2 3 4 1 2 J 4 1 2 J 4 

4 2.4 2.1 1.7 3.9 2.7 3.2 4.2 1.6 2.9 3.7 5.1 '·' 3.0 4.0 6.1 10.0 

5 1.1 4.2 5.0 7.1 5.4 7.2 8.3 13.6 6.9 11.1 13.4 21.3 8.8 16.2 18.1 10.1 

6 3.6 5.6 6.3 9.2 6.1 9.2 u.o 17.3 8.8 15.9 18.1 21.5 u.o 27.9 29.1 45.9 

7 3.4 5.2 5.7 1.1 6.1 1.4 10.3 15.6 7.9 15.4 16.9 27.1 9.2 25.1 26.4 41.4 

1 • Control 2 • frantia 3 • s. IOJJtlt a 4 • frantia ,. 1. IOJJtlt 



Tablt 14. Efftct of Frantia, 8. IDJJtlt and Frantia f 1. IDJJtlt on dry wtight of rDDt (It lttdling-1) of -· 

ntpaJenJiJ 1etdling1 grown at v1riau1 pH ltvtll. 

Harvtsting period (days) 

Soil 30 60 90 120 

pH 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

4 o.s 0.9 1.1 1.2 0.9 1.1 1.3 1.7 1.1 1.4 1.7 2.6 1.1 1.6 2.0 3.1 

5 0.9 1.1 1.2 1.5 1.6 2.2 2.2 3.1 2.1 3.4 3.3 4.5 3.1 5.1 4.4 6.2 

6 1.0 1.4 1.5 2.1 1.8 2.5 2.4 3.8 2.5 4.5 3.9 6.1 3.1 7.5 6.2 9.8 

7 1.0 1.5 1.4 2.0 1.9 2.2 2.3 '1.5 2.4 4.1 '1.7 6.0 2.1 7.3 6.0 9.5 

l • Control 2 • FranAia 3 • 8. 1011111 • 4 • FranAia + &. IDJJIII 



Table 15a. Effect of Frankia, Glo1u5 1055111 and Frankia + G. 1055111 on plant dry weight(mjseedling-11 of ~. 

nepalrnsis grown at various soil pH levels. 

Harvesting period (daysl 

Soil 30 60 90 120 

-- ------pH 
2 3 4 2 3 4 2•' • • o( 3 4 2 3 4 . ' ----- ------- ----

4 3.2 3.7 4.9 5.2 3.7 4.3 5.6 7.3 4.0 5:2 • 6.8 11.1 4.2 5.6 8.3 18.5 

5 4.1 5.4 6.3 8.6 7.0 9.5 10.6 16.7 9.0 14.6 16.7 25.8 12.0 21.3 22.5 36.3 

6 4.7 7.1 7.8 ll.4 7.9 10.7 13.4 21.1 11.3 20.5 22.1 34.6 14.2 35.4 35.3 55.7 

7 4.4 6.8 7.1 10.1 8.0 10.6 12.7 19.1 10.4 19.5 20.7 33.8 12.0 32.5 32.4 50.9 

1 = Control 2 = Frankia 3 = G. I055rar • 4 = Frankia + G. tossrar 



Tablr J5b. Effrct of Frankia1 6. tossrar and Frankia + 6. tossrar on R/S ratio of A. nrpalrnsis srrdlings groMn at 

various soil pH lrvrls, 

Harvesting period ldaysl 

Soil 30 60 90 120 

pH 
2 3 4 2 3 4 2 3 4 2 3 4 

----
4 0.33 0.32 0.31 0.32 0.35 0.34 0.32 0.31 0.37 0.37 0.33 0,31 0.38 0.39 0.31 0.29 

5 0.31 0.27 0.25 0.22 0.30 0.31 0.25 0.22 0.30 0.30 0.25 0.21 0.35 0.31 0.24 0.20 

6 0.297 0.258 0.244 0.23 0.29 0.27 0.22 0.22 0,28 0.28 0.21 0.21 0.28 0.26 0.21 0.21 

7 0.308 0.283 0.245 0.24 0.31 0.27 0.22 0.22 0.30 0.29 0.22 0.21 0.30 0.29 0.23 0.22 

l = Control 2 : Frankia 3 = 6, IDSSPIP & 4 : Frankia + 6. IOSSPBI 



Tablt 16, F valutt of thrtt way ANOVA for thoat htltht, raat ltntth, plant htltht, shoot wtltht, root Wtitht, 

plant dry weight, R/8 ratio, 1te1 collar dia1eter, leaf nu1ber and leaf area 11 affected by soil pH, sy1biont1 

and harvests. 

Sourtn of Shoot Root Plant Shoot Root Total RIB Stn tolhr Leaf Lttf 
variation hl!ight length height wtitht wtitht plant wt. ntio di111eter nu1bn lrtl 

pH 77.17'. 2~3.461 • 144.881 • ~.61 1 • 84.271 ' 100.251 • 205.431 • ,,84 •• "6.271 • 261.411 • 

Harvnh 159.701 ' 1139.771 ' 379.oo' ' 7.908 • 191.788 • 169.568 • 0.79 3.741 
312.ao' ' 545.011 • 

Sy•bionb 164.441 • 1380.161 ' 409.731 • 9.oa' ' 75.54 •• 104.33 •• 174.331 • 53.921 • 357 .so' ' 675.25. • 

rH x H 5.~1· • 25.86 •• 11.45 •• 1.61 14.13. ' 14.81 •• 2.58 •• 1.09 2. 91' ' 15.131 • 

rH X 9 5.24 •• 8.52 •• 7.63• • 1.23 4.oo' ' 5.79• • 4.121 • 7.16' ' 1.64 10.111 • 

H X S 13.7f,• • 62.708 • 211.211 • 1.93 9.79• • 12.421 • 4.538 • 0.92 9.221 • 28.151 • 

• • Significant at P < 0.01 level. 

Without •!teri!k !tatistitally insitnifitant at above level. 



Table 17. F values of three way ANOVA for nodule number, nodule 

weight, nitrogenase activity and rhizospheric Frankia 

abundance as affected by soil pH, symbionts and harvests. 

Sources of Nodule Nodule Nitrogenase Frankia 
variation number weight activity population 

pH 251.45* * 4- 1...,..* * 102.62* * 2023.19* * ...:.... . _ .. 

Harvests 63.42* * 56.16 * * 62. sa* * 9.97* * 
Symbionts 365.49* * 66.10* * 136.99* * 495.44* * 
pH H 5.36* 5.53* 9.83* * * * >: 49.54 

pH s 39.05* * 6.4o* 17 .28* * 76.49* * " ,, 

H s * * 9.39* * 9.13* * 0.81 " 8.59 

*, * * Significant at P<0.05 and 0.01 level respectively. 

Without asterisk statistically insignificant at above levels. 



Table 18. F values of three way ANOVA for VAM infection, 

arbuscule and vesicle populationsin vivo and rhizospheric 

spore number and phosphatase activity as affected by soil 

pH, symbionts and harvests. 

Sources of VAM Arbuscule Vesicle Endogonaceous Total 
variation inf'?ctinn number number spore phosphatase 

population activity 

pH 226.54* * 251.13* * !"'~'"" ..,..5* * 109.11* * 84.63* * ,_ ---. _ ... ,_ 

Harvests 104.58 * * 4.99* 17.56* * 143.86* * 30.40* * 

Symbionts 94.02* * 19.51 * * 29. 53* * 64.99* * 36.95* * 
pH H * * * * 2.01 * * 2.34 >: 5.54 6.51 5.54 

s 1.51 3.55 * 1.31 pH >: 1.04 4.95 

H }! s 0.36 0.34 0.02 1.15 0.50 

*, * * Significant at P<0.05 and 0.01 respectively. 

Without asterisk statistically insignificant at above levels. 



TabJt 19. F valuts of thrtt way ANOVA for nutrftnt conttnts of A. nrpalrnsis fn shoot and root tfssuts as afftcttd 

by soil pH, root sytbionts tnd harvtsts. 

Sourcts of Shoot N Root H Shoot P Root P Shoot k Root k Shoot Mn Root "" 
Vlriation 

pH 10.11* a 57.81 •• 106.73* * 914.70* • 254.63* • 360.70* • 342.35* • 6.23 •• 

Harvnts 7.97• • 28. n* • 33.06 •• 84.51. * 76.93 •• 93.65* • 8.20 •• 1.47 

Sytbionh 9.55* • 77.8o* • 213.73* • U85.18t t 586.66 •• 498.53 •• 19.26 •• 0.84 

pH X H 1.39 3.37• • 1.31 7.72 •• 2.67* 5.24* • 3.62* • Lll 

pH X s 1.98 8.72• • u.18• • 93.oo• • 21. n• • 9,87 •• 13.03 •• 0.97 

H X 8 0.97 5.81 •• 3,42 •• 5.92 •• 5.6o* • 5.52* • 0.85 0.99 

• • Significant at P < 0.01 ltvel. 

Nithout asterisk statistically insignificant at above ltvel. 



Table ~~). Cor-r-elation coefficients (r-) b:?twee1 mycor-r-hizal 

infEct.ic:n and nodule number·, ni tr-oger1r.:\se activity, ncx:IL1le 

dr-y WE.'.ight and Frankia popL.llat.ic:n at eli ffer-ent levelp of 

soi 1 r~··l. 

Scur-c<?.S of 
va,~iat.ic.n 

Soil ~1·1 

Myc:r.Jrrll.i.zal ~5 

in f 12<.: tir"J~ ( '%. ) 
6 

7 

1\k.:x::lule 
number-

- 980:::* !). - ~· 

- 986* u. 

* 0.987 

Ni trr.:qenase 
activity 

0.181 

0.954* 

0.91.8 

0.850 

1\k::Jdule dr-y 
1<\if:?ight 

0.998* * 

<") 9t:::-:•* "' . '-'"-.. 

0.847 

0.866 

Frankia 
IXJP..Ilatic:n 

- 0.996* * 

o. "TZ\2. 

0.554 

0.5~"tl) 

·----·-------------------
*, * * Si<;Jnif.i.carrt .:tt. p:··o.o5 and 0.01 levels r-espectively. 

Wi t.ht:J\ .. rt aster-:i.==-,k !?~t.atistic:all y insigni f ic:.:mt at at::ove levels. 



Table 21. Correlation coefficients (r) between nitrogenase 

activity and mycorrhizal infection, arbuscule, vesicle and 

rhi:zospheric spore numbe~ at various levels of soil pH. 

Sources of Soil pH Mycorrhizal Arbuscule Vesicle Spore 
variation infection number number number 

---
4 0.128 - 0.375 0.110 0.293 

Nitrogenase 5 0.954 * 0.937 0.393 0.981* 
activity 

0.970* 6 0.918 0.833 0.897 

7 0.847 0.506 0.908 0.943 

* Significant at P < 0.05 level. 

Without asterisk statistically insignificant at above level. 



growth of seedlings, which was attributed to better uptake of 

nutrients by them in soils of lew fertility (Gerdemann, 

.1.97~\). Increased growth of mycorrhizal plants has often been 

,:1 t tt··· .i. bu tf:~d to .i.rnpt··ovl?d up ta kt?:' o-f' pho~=.pllot···\ .. 1~'·. Hr.~t~lr:~y (.1.969) 

demonstrated that mycorrhizal roots take up several time mere P 

than non -mycorrhizal ones. Improved growth of nodulated + 

mycorrhizal plants at slightly acidic pH may be associated with 

higher availability of nutrients which are explored and 

translocated to host root by extra-radical mycorrhizal hyphr.H?. 

The efficiency of mycorrhizal plants may also depend on pH of 

Kruckelmann (1975)~ Seikh et al. (.1.975) and Hayman 

and Tavares (1985) also revealed that soil pH considerably 

influenced VAM fungal activity. This may be due to effect of 

soil pH conditions 

hypll<:~P by VAM ·fungi (Zhao, 

'for-mi:.'l t.i.on 

1. 9BB ) • 

mycorrhizal plant at low pH may be related to decrease in 

efficiency of VA mycorrhizal endophyte (Mosse~ 1972; Grew, 

to a particular soil conditions (Lambert et al.~ 1980) may 

also be responsible for decreased activity of G. mosseae at pH 

4-5 range as latter was isolated from A. nepalensis forest soil 

with average pH of 5.3-5.8. It has also been demonstrated that 

Glomus spp. perfm·m better most 1 y at sl :i.ght.l y a c.: :i.dir.:: to nt-?\..\t.ra 1 

pH conditions (Green et al., 1976). Further, depression in 

root and overall growth of seedlings at highly acidic soil may 



be attributed to aluminium and manganese toxicity as noted in 

nt:llPI". p J. o1nt !5p!?C .if.~S 

Sheppard and Floate~ 1984). Danielson and Vesser (1989) and 

p,,··inr->~s •'"nd './.i.lar.ino (.1.7?0) r·C:?Vf~~;::~l<~~d th.::1t. thr."' c:olon.i.::~;::~t.icm nf 

host root by VAM fungus under hostile acidic soil condition. 

failed to improve establishment of host plant. 

detrimental effect on the survival of microendophytes caused by 

toxicity of metals in acidic pH may have considerably affected 

pl.::~nt. gr·ovJt.h. Toxicity of metals on the survival of other 

micro-organisms has. previously been demonstrated (Harding and 

L•Jhittnn~ 1977; Rai et al.~ 1981). 

7 may be explained by 

A decrease in plant growth 

r.1t pH nv.::li 1 abi l.i ty 

mic:ronutrients essential for growth. 

Higher nodulation~ nodule biomass and nitrogen 

fixation in nodulated + mycorrhizal seedlings at pH range 5-7 

is in accordance with the findings of Wheeler et al. (1981). 

This improvement in dually inoculated plants may have been 

accomplished by P mediated effects of VAM fungi (Gardner· et 

al.~ .19B4; Russo, 1989; Jha et al.~ 

lr.:?gumf?S (A~sai ~ 1944; Carling et al.~ 1778). Be•;:;:i.dr,~!:> ~ 

imp1··ovement~; in legum.i.n<JL\S ~::.ystem havr," bt?.l?.n d<.;~monst1···ated trJ be 

mediated by qualitative and quantitative-> changes in the free 

amine acids (Young et al., 1972; Krishna and Bagyaraj, 1983) or 



hormones (Munns and Mosse, 1980; Manjunath and Bagyaraj~ 1984). 

A similar situation may be conceived in non-leguminous (Alnus) 

·r;:,,r::nrl (.tc;c_ro) r·evr:·~i:-:llf:.~d t.h<:lt ~:;t.:i.mul;:,lt . .i.on o·f Frankia by \/(.)M ·funqus 

may be mediated by other unknown mechanism. An A mel i ell'·'" t eel 

nutritionAl str.:~tus due to improved uptake of N (Smith~ 

1982;Ames et al.~ 1983; Smith et al.~ 1985; Johnsen et al., 

K (Smith, 1982; Nielsen r.:~nd Jensen~ 1983), ·Cr.:~ 

1984; Tang et al., 1989) and Mn (Kothr.:~ri et al., 1989) by VA 

mycorrhizal endophyte may have additive effect on above. A 

decrease in nodulation and nitrogenase activity at low pH may 

have resulted due to toxicity of aluminium on nodulation 

(Paulino et al., 1987; Mays de Manzi and Curtwright, 1984)which 

di n:>c:t 1 y interferes with uptake and translocation of P and 

other vital nutrients essential for nodulation (Hutchinson et 

a 1. , .t 97 .1.; l"h..t<.:;JWi I'" a, .1. 980).. 

A m.::tr·ked stinn..llati<:m o·f scl.i.l Franlda by VHM tungi 

may br::! br·oLtght about. by selective pn:Jli·fel'"'i:\ticm of Franlda by 

I'" DOt e>:ud '"' 1:e!s of mycorrhizal plants. Clue l.i. t:,!':\ ·t: .i. ve and 

qur.:~ntitative changes in the root exudates of mycorrhizal 

legumes have been previously shown to selectively attract and 

proliferate rhizobia thereby increasing nodulation (Git.tE;.> et 

al,, .197t:l). 

·f C)<·~ 
•• \. ~--·' • ••• 1 



l'lyc:orTh.i.:zal infection was markedly influenced by 

Frankia in du;:.d.ly ino<:ul<.?.b?d plr..,n·t.~;. Our· ob!ser·v.~t.i.on is 

supported by the findings of Berlinger and Torrey (1989). The 

stimulation of mycorrhizal infection may have brought about by 

c:tJ;,:HHJn~:; in honnoni:ll quality ;:1nc:l lpvel!::; (VJhr:·:·•=~lf:?r· et al.~ .1.979; 

Ben~y et al., .t.<rEJ9). The poss.i.b:i.l i ty o·f Franlda <?.ffec:tinf:l 

directly on fungal metabolism by secretion of fungal specific 

polysaccharide or other mechanism cannot be excluded as 

observed in legume-rhizobium-VAM fungus association (Azcon et 

al.~ 1980; Paccini et al.~ 1988). However, the root infection 

.~·t. lo~<'l levt?l o·f scl.i.l pH w.:-:~s not . .i.mpr··oved <;::>vf::>n in Franhia + G. 

mosseae combination which may be related to hampered survival 

r.·~nd .:,,·f·fpc:l::.lv.it.y t:)·f' Franl:ia (Hodr·.i.qur.;~z-···Bur·r·upc::o, .1.'-?6B; Bmnlandt?r· 

et al., 1.9DH) ;,:utd 'v1f) r.:?ndophyte (Gn::~pn et al., lcllh; Clri::1t.-l, JCjl]<l; 

Z lli':\0 ~ 1 9BB) • 

Increase in arbusc::ules and vesicle population in 

the pr···f,~t:;H?rH.:e o·f Frank.ia may br,~ a syn~:~r··qisti.r.:: ~:;:-·ffect n.-:J.a1:ed to 

exchange of more nutrients and its storage which is directly 

related to symbiotic nitrogen fixation and improved plant 

gr-clwth. 

An amr:1l iorati ve ef ·f'ec t. r.:d' Franh ia on endogonar.::ecn.l~-:;. 

spore in dually inoculated plants may be important which 

fin~lly lead to more root infection nnrl improved uptake of 

lDl 



nutrients from the soil. This synergistic influence of nodule 

r.~ndopt1yt1~ on G. mosseae m;ay be mt:?d.iated by qual:i.t.3t.i.Vf.? ancj 

quantitative changes in hormones (Wheeler et al.~ 1979). 

The confinement of phosphatase ac:tiv.i.i:y .i.n 

nodulated + mycorrhizal and mycorrhizal seedlings possibly 

indicates the origin of enzyme system from VA mycorrhizal (G. 

mosseae) fungus (Gianinazzi-Pearson and Gianinazzi~ 1978). The 

increased activity of phosphatase enzyme in soils of low pH may 

signify P stress. A decrease. in its activity at pH range 6-7 

may thus be attributed to availability of P in above pH range. 

A similar observation was made by Harrison < 1 ~ .. n:r::::) • An 

inc: n·?.:,,~;r::>cl ac: ti v l. ty o·f thE~ f."-'ru:ymr.:> in Franl~ ia + G. mosseae 

infected plants may be synergistic effect of former on latter 

which may lead to increased acquisition of P~ a cr1t1cal factor 

.i.nvc)lVE~d in nodulation i::"'nd n.i.t.I,..D<J<·'m ·f.i.>:t-:\t:i.on. 

r and Mn content of dur.~ 11 y 

inoculated plants may be associated with greater uptake of 

these nutrients by mycorrhizal fungi. This is in agreement with 

the findings of Rose and Youngberg Amel iorat£:?d N 

status in dually inoculated plants may be attributed to two-

fold ir'l'f lt.lt'mt:e of VAM ·f1.1ngus Le. the stimulation of nitrogen 



fi>:c~tion C)f Frankia (Rose and YoLmgber-g, 19E11; l'?ar-dner- et al.~ 

1984; Russo~ 1989; Jha et al.~ 1993) and absor-ption of N 

dir-ectly fr-om soil (Smith , 1982; Ames, 1983; Smith et al.~ 

1985; Berea et al.~ 1988; Azcon-Aguilar- and Barea, 1992 

Johnsen et al., 1992). These complimentary effects of 

microendophytes on each other- and over-all plant growth under­

nutr-ient depleted (acidic conditions) habitats may be pr-omising 

for the establishment and pr-oductivity of actinor-hizal tr-ee 

species, which may be exploited for- the reclamation of degr-aded 

wastelands. 



Chapter 

v 

Introduction 

Interaction between Frankia and Glomus masseae on 

P uptake, nitrogen fixation and growth performance 

of Alnus nepalensis seedlings under various soil 

organic matter levels. 

A wide variety of actinorhizal trees and shrubs 

harbour ni trogen-f i>:ir1g endophyte ·i~e. Franl,ia in their root 

nodules (Bond, 1976). They fix atmospheric nitrogen at rates 

comparable to legumes and consequently play an important role 

in replenishing N in forest soils (Tarrant and Miller, 1963; 

Berg and Doerksen, 1975; Miller and Murray, 1978). t...:onstant 

fixation and accretion of nitrogen and deposition of organic 

matter through annual litterfall (Tarrant and Miller, 1~63; 

Bormann and Debell, 1981) may predispose soils harmful for the 

growth, survival, infectivity and effectivity of VA mycorrhizal 

(Davidson and Visser, 1989) and Franlda endophyt.es. Besides, 

inhibitory role of peat (Sheppard et al., 1989) substrate N 

(Bond and MacKintosh, 1975; Ingestad, 1980; Huss-Danell et al., 

1982; MacKay et al., 1987) and nitrate (Kohls and Baker, 1989) 

in nodulation and nitrogen fi>:ation by Frankia is evident. ln 

.lB-<'.J. 



~ddition pl~nt ph~nclic compcundg rele~~ed from organi~ m~tter 

may affect growth and survival of Frankia (Perradin et al., 

1983; Vogel and Dawson~ 1985). VAM fungi which form symbiotic 

association with legumes and nonlegumes and indu~e etticient 

uptake of soil P unavailable to nonmycorrhizal ones. This 

leads to ameliorative nodulation and nitrogen fixation by these 

hosts under P deficient conditiona (Rose and Youngberg~ 1981; 

Gardner et al., 1984; Russo, 1989; Jha et al., ~~~SJ. 

Changes in soil fertility due to amendments with 

mineral fertilizers or organic matter may affect efficiency and 

survival of mycorrhizal fungus. Organic matter/manures may 

often favour mycorrhizal development compared to minen:\ 1 

fertilizers (Sharma et al., 1986; Jha, 1990). Despite the 

ecological significance of tripartite association involving 

nonlegume--Frankia-VAM fungi in improving soil fertility~ sht11~t 

term energy plantations, reclamation of denuded and hostile 

habitats and other economical importance, the information on 

the influence of organic matter amendment on the infectivity 

and ef fee ti vi ty of microendophyte~:; Le. Frank ia and VAM fungi, 

their inter-actions during the gro~~th of host are not available, 

which could add to the present limited knowledge on tripartite 

association. This is practically important from the view point 

of reclamation of nutrient-deficient wastelands. 



The present invemtig~tion ~imm to ev~lu~te the 

intel~action between Frankia and VAM m.iCI'·oendophytes, in vitro 

survival, infectivity and effectivity on P uptake~ 

ni tr·ogen f i>:ation and seed 1 ing gr·o~Jth of A. nepal ens is under 

various soil organic matter levels. 

Materials and methods 

Collection and sterilization of soil 

Sandy-loam laterite soil with CEC - 25.2 Meq/100 

g, sand - 66 %, silt - 24 %, clay - 10 %, pH - 5.34, organic 

matter - 3.40 %, total N - 0.343 %, available P - 0.022 %, 

exchangeable K - 0.121 %, Ca -0.094 %, Mg - 0.072 % and Mn 

0.0013 % was collected from Botanical garden of North-Eastern 

Hill University, Shillong (Meghalaya). It was mixed thoroughly 

with builder's sand in a ratio of 2:1 (Soil: Sand), moistened 
"") 

to field capacity and was steam sterilized at 15 lb/inch' for 1 

h. The sterilization was repeated twice at a gap of 24 h and 

was allowed to stand for 15 days. 

Amendment of soil with organic matter 

Litter was collected after 1 month of litterfall 

(February, .19<r2) from Himalayan alt:1er stand, upper· Shillong • 

.1.Bb 



It was oven-dried at 60°C till constant weight was achieved and 

was milled in a mechanical grinder. On the basis of rate of 

annual lit:t.erfall in Alnus nepalensis stand and organic matt.er 

contents in soil supporting various forests (Ugolini~ 1979; 

Thompson and Troeh~ 1985), four levels of soil organic matter 

i.e. 0 N (l.mamended soil), 1 N (l. lac kg organic matter/ ha 

soil), 2 N (2 lacs kg organic matter I ha) and 4 N (4 lacs kg 

organic matter I ha) were maintained by adding and mixing 

thoroughly the milled litter to the sterilized soil and filled 

in sterile 1 L. 

sterile cotton plugs. 

conical flasks and capped with 

Organic bound phenolic compound in the litter was 

determined following the method of Chattopadhyay and Samaddar 

( .1 986) • One g of ground fine litter in a centrifuged tube 

was treated with 5 ml of sodium lauryl sulphate (3% w/v) and 

centrifuged at 2000 g for 5 min. After discarding supernatent, 

the residue was washed successively, once with 5 ml sodium 

lauryl sulphate, twice with 5 ml of water, twice with 5 ml of 

ethanol and twice with 10 ml of diethyl ether. After each 

washing they were centrifuged and supernatent discarded. The 

residue was allowed to dry and was resuspended in 3 ml of 0.5 M 

NaOH in centrifuge tube. After standing overnight it was 

centrifuged and supernatent was saved. Then 1 ml of the 

.1.El7 



extr~ct w~~ diluted to 8 ml mixed with 1 ml o.~ M N~OH and 

Folin-Ciocalteu reagent and absorbance read at 290 nm in a 

spectrophotometer. The O.D. was converted into known units 

using 

litter. 

litter. 

standard curve of phenol and was expressed in ug/g 

The organic-bound phenol estimated was 84 ug/g dry 

Collection of seeds and raising of seedlings 

of March, 

Shillong. 

Seeds of A. nepalensis were collected in the month 

1992 from Himalayan alder stand located at Upper 

They were husked from female catkins and were 

transferred to conical flask containing 5% (w/v) CaOCl2 and 

allowed to stand for 20 min at room temperature. Further 

process of seedling germination and growth was carried out as 

described in.Chapter IV. 

Preparation of Frankia inoculum 

Inocull..tm of Frankia isolate AnF1. (abbreviated as 

Frankia) was prepared and di lLtted to kncwm ccmcentJ"'at.ion 

as described earlier in chapter IV. 

Preparation of VA Mycorrhizal inoculum 

VA mycorrhizal fungus Glomus mosseae was selected, 



cultured and maintained as described in chapter IV. Eighty 

five endomycorrhizal spores suspended in 50 ml sterile water 

and 200 mg infected root (infection level >60X) were prepared 

as mentioned in chapter IV. 

Inoculation of root microsymbionts and plant growth conditions: 

One month old healthy seedlings of A. nepalensis 

growing on water agar were harvested and washed several times 

in sterile distilled water. Five seedlings were transplanted 

in each conical flask containing different level of organic 

matter·. Transplanted seedlings in each conical flask were 

inoculated either with Frankia, G. mosseae or· both (Frankia + 

G. mosseae). The controls were maintained by addition of 

steamed ster-ilized inoculum of Frankia .mnd G. mosseae. The 

seedlings were watered to about 20 X w/v soil moisture content 

and plugged with sterile cotton. They were transferred to 

gr·owth chamber 

;nentioned in 

and maintained under 

chapter· IV. They 

similar conditions as 

whenever 

necessary in order to maintain 20 X w/v moisture content. 

Harvests 

Harvesting of seedlings was conducted after 30, 

60, 90 and 120 days of inoculation as mentioned in Chapter IV. 

i8S' 



Evaluation of seedling growths a 

At each harvest~ growth characteristics like root 

length~ shoot height~ total plant height~ root~ shoot and plant 

dry weight~ R/S ratio~ stem collar diameter~ leaf number and 

leaf area were determined similarly as described in chapter IV. 

Nodulation, nodule biomass and nitrogen fixation 

At each harvest~ the root system of the seedlings 

was thoroughly washed~ excised and transferred to 10 ml 

serum bottle. After stoppering with suba seal~ 1 ml 

Df .:~.ir was; w.ithdn!lwn and replaced w.ith 1 ml C2H2 !-'J.itt1 the help 

of a syringe. Further process of estimation of nitrogenase 

activity was done similarly as described in Chapter I. 

t' ·-1 However, the activity was expressed as nmDle C2H4 , seedling 

-.t Thereafter number of nodules formed per seedling was 

counted with the help of stereomicroscope. The dry weight of 

the nodules was determined after drying them in a hot air oven 

at 60°C till constant weight and was expressed in mg seedling 

1 

Assessment of rhizosphere·Frankia population : 

Population of Frankia in the rhiz<:lsphere . soil was 

estimated following the method of Baker and O'Keefe (1984) as 

.1.90 



described in Chapter I. 

Assessment of VAM infection, arbuscules and vesicles 

On each sampling, the roots of s:,eed 1 ings were 

washed and cut into 1 em segments. One hundred segments were 

randomly selected~. cleared and stained employing the method 

of Koske and Gemma (1988). The assessment of VAM infection was 

carried out following the method of Read et al. (1976). The 

detail of the above techniques is mentioned in Chapter I. 

Number of arbuscules and vesicles were determined using stained 

·-1 n.mt segments and e>:pressed as em · r·oot 1 ~mg th. 

Determination of endogonaceous spore population 

Air dried rhizosphere soil was used to determine 

endogonaceous spore number after its isOlation using wet 

sieving and decanting technique (Gerdemann and Nicolson, 

·-1 
and expressed as g dry soil. 

Determination of total soil phosphatase activity 

Phosphatase activity cd' tt1r-:1 r·hi:zospher·e soil v1as 

assayed following the method of Tabatabai and Bremner (1969) 

.1 <:,l 1. 



as described in Chapter I. 

Analysis of nutrient contents in seedlings 

Oven dried root and shoot samples were ground 

seperately~ sieved (0.2 mm) and used for elemental (N~ P~ K and 

Mn) analysis. The N content of the plant tissues was estimated 

following semi-microkjeldahl method (Allen~ 1974) as elaborated 

in Chapter I. Phosphorus content in plant tissues was estimated 

following the molybdenum blue method (Allen~ 1974), potassium 

and manganese were determined employing atomic absorption 

spectrophotometric method (Allen~ 1974) as outlined in chapter 

IV. 

Statistical Analysis 

The effect of organic matter, root symbionts and 

harvests on various characteristics of microendophytes, 

nutrients content, nitrogen fixation and growth performance of 

seedlings were evaluated using 3-way Analysis of Variance 

(ANOVA). Interactions between endophytes were evaluated using 

coefficient of correlation (Zar~ 1974). 
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RESULTS 

Plant growth performance 

Seedlings of A. nepalensis inoculated II'J.it.h Franl,ia 

+- G. mosseae responded best t..tp to 1 N level of organic: matter 

amendments~ whereas, those seedlings either inoculated with 

single inoculum or without an» performed better at higher 

organic: matter levels (1 N-2 N). The growth of seedlings with 

or without symbiosis was however~ adversely affected at 4 N 

organic: matter dose. A marked difference was observed in 

overall growth pattern between dually~ singly and noninoc:ulated 

seedlings especially at low organic: matter level. 

Root length , shoot and seedling height and stem 

c:oller· diameter increased with Clr·ganic: matter amendment Ltpto 1 
I 

N level fer all groups of plants. However~ this increase was 

more pronounced in dually (Frankia +G. mosseae) inoculated 

seedlings. With further increase in organic: matter content of 

soil, seed 1 ing gr·owth was depr·essed en:pofen t.ia 11 y .i rTespec: ti ve 

o·f inoc:ul ations with sing 1 e or both mic:ro..symbionts. Di f fer·enc:e 

in above growth c:harac:teristics of seedlin~s with organism/s or 

without it was c:lear·c:ut 

4 

\. 
or·g•~nic: matter· level bLtt 

narrowed with increasing level of latter (Fig.49~ 50~ 51 & 52). 



~ccumul~tion of mhoot~ 

!5+.~ed 1 :ing biomass in<:n?ased in time ·for r:lll treatments up,'to .1 N 

organic matter level beyond which it declined sharply. Higher 

biomass was r::\ch.i.eved by Frankia + G. mosseae .inocul.:~ted 

seedlings over singly or uninoculated counterparts (Table ,.,,., 
.t. • ..:.. !I 

23 & 24). However, the difference narrowed markedly at higher 

level of soil organic matter. In terms of R/S t··a tio ~ 

mycorr-t1i:zal plants exhibited lower values th<m Frankia 

inoculated or uninoculated control ones but lacked behind 

duc:~lly inc)ct.tlated cmes at mnst. levels o·f organic mr::d:.ter· (Fig. 53). 

In terms of leaf number and leaf area too, dually 

inoculated plants generally maintained fair lead throughout the 

grow·th pt::~riod over· G. mosseae, inoculated and 

noninoculat.ed ones at most levels of soil organic matter. 

However~ this difference was more evident at low organic matter 

levels (Fig. 54 8~ 55). Seedlings inoculated with G. mosseae 

performt:c:l better· than Frankia inoculated and t.m.inoculated 

controls especially at lower organic matter level. Both leaf 

number and leaf area increased with time. 

All above plant growth characteristics were 

significantly (ANOVA P < 0.05 & 0.01) influenced by soil 

organic matter levels, harvests and symbionts (Table 25). 

1')4 



Nodul•tion, nodule biomass and nitrogen fiHation 1 

Number of noduleE=, seedling incr-eased 

exponentially in time and with increasing soil organic matter 

dose upto 1 N level beyond which they showed an exponential 

decr·ease and was totally abst..~nt at 4 N level both for FranJda 

and Frankia + G .. mos.seae colonized seedli.n~:JS. Di ·f fen~mce~ .in 

the number· of nodules betwc~~en Frank ia i.nocu 1 a ted and Frank ia + 

G .. mosseae inoculated seedlings was clear· cut. at lower level of 

soil organic matter (Fig. 56). 

As for nodule number~ nodule biomass per seedling 

also .i.ncrr:ased 
I 

in time and u~to 1 N level and ·then mad~ed 1 y 

decreased at 2 N level. It was totally depressed at 4 N level 

of or·gan.ic: matter (Fig. 5'7). Seedlings inoculated with Frankia 

+ G .. mosseae ac::c:umulatec:l h.i.ghel'" l'"'odule biomc.'\!:>:; than Frankia 

inoculated counterpart especially at low organic matter doses 

Nitrogenase activity nodules~ generally 

followed the similar trend as for nodule biomass (Fig. 58). 

Frankia population 

The population C:)'f rhi zospher·e !:~.oil Frank ia was 



markedly affected by level of soil organic matter and harvests. 

Th~~ number· f.)'f Frank ia i.nc n:ased with inc:r·ease in soi 1 organic 

content but was severely affected at higher doses. 

d .i ·f ·ff?.renr.:f,? .in .i. tr:; abundance:~ wa~;; noted .in ,, .. h.i. <:r.1sphr.~n;• o·f Frank ia 

and Frankia + G. mosseae inoculated s•:edlings (Fig. 59) • 

Control and VA mycorrhizal fungus inoculated plants did not 

har·bour Frank ia in their· r·h.i. zosphere. 

Nodule number, noc:ILile biclmass~ nitrogenase 

a<:tivity and Frankia popL\l.at.i.ort ltiE?I,..f.? s.igr ... i·f.ic~arlt.l'l (At,l(J'VA F· < 

0.05 & 0.01) influenced by levels of organic matter, harvests 

and root symbionts (Table 26). 

Mycorrhizal infection, arbuscules and vesicles 

Root. infection of Himalayan alder by G. mosseae 

.i.nr.: t"'eased in timf..~ and 
, 

upto 1. N 
I 

level matter. 

Un:i.noculat.ed and Frankia inoculated ~;eedlinq~; did not shovJ root 

infection at any stage of growth. mosseae 

inoculated seedlings exhibited less mycorrhizal dependency than 

those of Frank ia + G. mosseae .inocu 1 a ted r.:mPs:. be~·t.:vH:"~f.·?n 0 N-·1 N 

dose of organic matter (Fig. 60). 

Number of arbuscules was higher than vesicles in 

the beginning but the ratio decreased as the time increased. 

JCilf.:> 



This decline was however~ more pronounced at lower level of 

OI'"CJan .i.e rna t t.er··. The number of arbuscules and vesicles was 

generally more in dually inoculated plants as compared to 

mycorrh1zal alone at a given level of organic matter and 

harvest (Fig. 61 & 62). 

Endogonaceous spore population 

The number of rhizosphere endogonaceous spores 

increased with time at all soil organic matter levels. 

HcwJever·, spor·e prodt.u::tion by G. masseae t.-Jc:i1~; mon"' at lc:lwer 

levels than at hjgher doses of organic matter. Generally, marked 

difference in the spore population in singly and dually 

inoculated plants was observed at low organic matter levels 

( Fi<.J. 63). 

Total phosphatase activity 

Soil phosphatase activity increased with the 

increasing level of soil organic amendments at the beginning 

but declined substantially with increase in time. However, at 

low organic matter level the activity increased with increase 

in time. Generally at any given time and organic matter level, 

t.ota 1 ph<::~spha ta~;e ac ti v .i t.y o·f r··hizosphet~e soil 

betweE~n G. mosseae and Frankia + G. masseae inoculated plants 



but !'. t lf·~ d :J. ·f ·f' f.~ r"li;~n cr.:~ n ,y,, I'" Y"C:)Wf;)d w :I. t h :l r1 c:: r·e~''" ff!ll:;) :i.. n fl!\(~1 :1. J. <::It'"~~ &In .i. c: 

rnat.t.eJ'" lfo?vel (F.i.g. 64). Uninoculat.ed and Franlda inoct..lli::~ted 

plants did not exhibit phosphatase activity in its rhizospheric 

c:.:.ni l . 

All myr.:c)r"r"h.i. :;::,;~ 1 c hi.~r·.:~r.: ter· i stir.: s 

significantly (ANOVA P < 0.05 & 0.01) influenced by organic 

matter levels, harvests and symbionts (Table 27). Similarly~ 

to tea 1 phosphatase activity of the soil was influenced by 

organic matter levels, harvests and symbionts (Table 27). 

N, P, K, and Mn contents in plant tissues 

mosseae) 

Shoots of noch.1l.::1t.ed + myc:orTh:i.z.::~l (Frankia + G. 

seedlings contained more N, P, k and Mn than roots. 

Moreover, concentration of these nutrients was higher in dually 

inocul<..'\ted SE;?edlint]~;; r.:ornpaned to e.it.hel~ Franlda nodulated, 

mycorrhizal and uninoculated controls. However, a marked 

variation in the nutrient contents in shoot of singly, dually 

and non-inoculated seedlings was observed at most harvests 

especially at low organic matter level (Fig. 65a, 66a, 67a & 

Generally, the concentration of nutrients in root 

also followed the similar trend as above (Fig. 65b, 66b, 67b & 
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14 Q---0 FRANKIA 20 ••~-.e FRANKIA + G. MOSSEAE 

13- 0 N 1 N 

14 

H 
H 
0 12 
U) 

..... 
I 

bO 

.., 10 
0 ..... 
:< 

z 8 
0 
H 
E-< 
< 
H 
:=> 
p.. 
0 
p.. 4.4 
< 
H 2 N 4 N 
t>G z 
< r:x: p.. 3.6 

2.8 

0 

30 60 90 120 30 60 90 120 

HARVESTING TIME (DAYS) 

Fig. 59. Population of Frankia in the rhizospher:e soil of !· nepalensis inocu­

lated with Frankia and Frankia + G. mosseae at various levels of soil 

organic matter. 



0-----'0GLOMUS MOSSEAE •e--e• FRANKIA + G. MOSSEAE 

2 N 4 N 

o( 
30 60 90 120 30 60 90 120 

HARVESTING TIME (DAYS) 

Fig-. 60. Effect of G. mosseae and Frankia + G. mosseae on the mycorrhizal association 

(%) of A. nepalensis seedlings grown at different levels of soil organic matter 
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Fig.61. Number of arbuscules in mycorrhizal root of A. nepalensis seedlings grown at 

different levels of organic matter. 
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6f3b). 

Nutrient contents of both shoot and root tissues 

were markedly influenced by organic matter levels~ harvests and 

microsymbionts (Table 28). 

A significant correlation was established between 

mycorrhizal infection and nodule number~ nodule dry weight, 

ni trc:)genase ac ti vi t.y and Frank ia population r.:,t. 1 ow !::;oi 1 organic 

matter levels (0-1 N) except at 2 N and 4 N doses where 

mycorrhiz.-al in·fec:tion was negatively correlated with Frankia 

population (Table 29). 

Positive relationships was established between 

nitrogenase activity and mycorrhizal infection and 

endogonaceous spore number at all organic matter levels (Table 

However, ;:~ct..i.v.i.t.y corre 1 att~d 

insignificantly wit.h arbuscule and vesicle populations (Table 

Discussions 

The improved growth of mycorrhizal + nodulated 

plants in soils amended with organic matter may be attributed 



Table 22. Effect of Frankia, G. 1osseae and Frankia f G. ;osseae on dry weight of shoot (ag seedling-!) of A. 
( 

nepalensis seedling grown at various levels of organic ;atter. 

Harvesting period (days) 

Soil 
organic 30 bO 90 120 
matter 

2 3 4 2 3 4 2 3 4 2 4 

0 2.5 3.1 4.1 5.9 4.0 7.1 9.5 14.2 6.3 10.8 14.5 22.8 8.8 14.5 22.0 29.1 

3.8 4.7 6.2 10.3 b.4 12.3 14. s 28.1 11. s 19.6 24.0 41.0 17.2 28.7 36.0 60.1 

2 2.b 4.2 5.1 6.8 4.4 7.3 9.1 12.6 6.2 10.6 12.2 20.5 e.5 13.8 20.6 29.5 

4 2.1 2.6 3.8 4.1 2.5 3.0 5.1 5.6 2.7 3.4 5.7 6.9 3.2 4.0 7.2 8.2 

1 = Control 2 = Frankia 3 = S. aosseae ~ 4 = Frankia f S. aosseae 



Table 23. Effect of Frankia 1 G. 1osseae and Frankia f G. 1osseae on root dry weight (1g seedling-!) of A. 

nepalensis seedlings groMn at various levels of organic aatter. 

Harvesting periods (days) 

Soil 
organic 30 60 90 120 
matter 

2 3 4 2 3 4 2 3 4 1 2 3 4 

0 0.9 0.9 1.2 1.6 1.6 2.5 2.8 3.9 2.8 3.8 4.1 6.2 4.1 5.4 6.3 7.8 

1.0 1.3' 1.4 2.5 2.3 3.5 3.9 5.9 3.5 5.4 5.0 8.1 5.0 8.0 7.6 11.2 

2 0.8 1.3 1.5 2.0 1.6 2.4 3.0 4.0 2.4 3.7 3.9 6.2 3.3 5.3 6.5 8.9 

4 0.7 0.9 1.2 1.5 0.9 1.1 1.8 1.8 1.1 1.2 1.9 2.3 1.3 1.5 2.4 2.7 

1 = Control 2 = Frankia 3 = G. 1osseae & 4 = Frankia f G. 1osseae 



Table 24. Effect of Frantia, SJotuJ IOJJtlr and Frantia f 8, IOJJrlr on pl1nt dry wtight (tg lttdllnt -11 of A. 

nepiJtnJiJ grown at various levels of organic tattrr. 

Harvtating ptriod (days) 

Boil 30 60 90 120 
organic 
tatttr 

J 2 3 4 1 2 3 4 J 2 3 4 1 2 4 

0 3.4 4.0 5.3 7.5 5.6 9.6 12.3 18.1 9.1 14.6 11.6 29.0 12.9 19,9 21.4 36.9 

1 4.8 6.0 7.6 12.8 1.7 15.1 18.4 34.0 15.0 25.0 29.0 49.1 22.2 36.7 43.6 71.3 

2 3.5 5.5 6.6 8.8 6.1 9.7 12.1 16.7 8.6 14.4 16.1 26.7 11.8 19.1 27.5 38.4 

4 2.9 3.6 5.0 5.7 3.4 4.2 6.9 7.4 3.1 4.6 7.7 9.2 4.5 5.6 9.7 10.9 

1 • Control 2 • Frantia l • B. 1011111 and 4 • Frantit f &. toJIItr 



Tablt 25 F valu11 of thrtt •ay ANaYA ttat for plant trDith characttr1at1ca (ahoot ltntth, root ltntth, plant 

htight, shoot wtight, root Mtight, plant Mtight, RIB, sttl di111ttr 1 ltaf nu1btr, leaf artal as afftcttd by 

organic aatttr level, treat1ents and harvtst. 

Sources of Shoot Root Plant Shoot Root Plant R/9 Sttl Leaf Leaf 
nrhtiDn ltngth ltngth htight weight llight •ight dhltttr nuabtr lrtl 

~~ttl~c 137.17
1 1 

251.51
1 1 225.991 1 112.731 1 202.661 t 129.00* • 95.841 

t 341.491 • 156.15 •• 103.371 • 

Harvtsts 92,84• 1 71.261 1 107.661 1 108.331 t 363.351 1 141.751 1 3.74. 236.75 •• 165.42 •• 86.20 •• 

Sy1bionts 98.661 1 131.671 t 140.661 t 84.51 •• 147.39 •• 97.37 •• 53.92 •• 324.92 •• 166.66 •• 163.36. • 

011 1 H 12.67 •• 12.17 •• U.341 I 14.60' • 28.57 •• 16.83. • 1.08 15.53 •• 13.14 •• 8.45. • 

ott • s 9.51 •• 11.$8 •• 14.15 •• 9.47 •• 8.20 •• 9.61 •• 7.16 •• 34.66 •• 6.6 • • 11.42 •• 

H 1 S 8.u, 1 2.09. 6.62. • 7.35 •• 9.66 •• 8.06. • 0.92 10.18 •• 1.101 1 6.34 •• 

•• • • Significant at P<O.OI and 0.01 ltvtll rttpectivtly • 

Without asttrisk statistically insignificant at tht11 ltvtls. 



Table 26. F values of three way ANOVA test for nodule number, 

nodule weight, nitrogenase activity, Frankia population as 

affected by organic matter levels, symbionts and harvests. 

Sources of Nodule Nodule Nitrogenase Frankia 
variation number weight activity population 

Organic 
4'5.13* * .... ~ 97* * * * 678.04* * matter ..;. .... ...:_ ..... 6'5.93 

Harvests 14.'57 * * 14.32* * 16.58 * * 12.60* * 

Symbionts 3.20 18.30* * 27.11* * 138.66* * 

OM H •"1'5.61 * * 4 ..,...,* ' 4.97* 17.03* * >: . .:;~_,_ 
OM s 2.71 6.57* 11.30* * 8.85* * ,, 

H >: s 1.81 2.60 2.35 1.'51 

Significant at P<0.05 and 0.01 levels respectively. 

Without asterisk statistically insignificant at above levels. 



Table 27. F. values of three way pt.(JVA test for VPM infec::ticn, 

art:uscules and vesicles and endogcnacecx..ts spore pop..tlaticn 

and total soil phosphatase activity as influenced by soil 

organic matter levels, symbicnts and harvests. 

Sa.trces of VPM Arb..tscu 1 e Vesicle Endogc:nacecx..ts Phosphatase 
variaticn infec::ticn number number spores number activity 

Organic ,. 

* * ~5.63* * 141.::::-.o* ~ 101.28* * * * matter 145.61 .. 20.48 

Harvests 45.57 * * 1.94 6.85 * 131.93 * * 40.30* * 

Symbicnts 44.18* * 81.81 * * 9.:::.\4* * 46.49* * 78.71* * 

()'1 >: H s.a:,* * 17.19* * 6.24* 2.75 24.60* * 

()'1 >~ s 2.B.) 9.7o* * 0.91 7 "'>"9* * 9.36* * . ._, 

H >: S 2.20 1.40 0.91 3.45 0.';..'9 

Significant at P < 0.05 and 0.01 levels respectively. 

With:ut asterisk statistically insignificant at above levels. 



Table 28. F values of three "BY ANOYA for nutritnt conttnta of root and ahoot (nitro;tn 1 phoaphorua, potaaaiua and 

manganese) as influenced by organic 1atter levels, symbionts and harvests. 

Sources Shoot Root Shoot Root Shoot Root Shoot Root 
of variation nitrogen nitrogen phosphorus phospho.rus potassiua potassiu• .anganese .anganese 

Organic 56.35. l 53.40 l * 545.22. * 196.76* * 188.15$ $ 568.88$ $ 230.76* $ 2.38 
matter 

Harvests 14.49* • 15.18* * 215.97 •• 94.24* l 12.93* * 42.oo* * 4b.82t t 3.55* 

Symbionts 36.88* l 28.33. * 74b.44* • 239.94* * 27.10. t 233.42
1 * 105.82* * 3.76 * 

OM x H 3.44. l 3.87* l 11.22* l 8.66$ l 1.19 2.81* 4. n• ' 1.10 

OM X s 9.8s* * 7.48. l 56.21' l 26.o8* * 16.20 • • 40.38 •• 20.07. * 1.18 

H x S 3.18. l 2.95 • • 7.25* l 2.os* 1.47 1.41 1.36 3.02* 

f I f $ Significant at P<O.OS and 0.01 levels respectively. 

Without asterisk statistically insignificant at above levels. 



Table 29 : Correlation Coefficients <r> between mycorrhizal infection and nodule 
number, nitrogenase activity, nodule biomass and Frenkia population at 
various levels of organic matter. 

Sources of 
Variation 

Hycorrhi z al 
infection<;.> 

Organic 
matter 
le.-vel 

0 N 

1 N 

2 N 

4 N 

Nodule 
number 

0.999** 

0.97'5* 

0.901 

-

Nitrogenase 
activity 

0.958* 

0.994** 

0.992** 

- -

Nodule dry 
we.-ight 

0.930 

0.976* 

0.994** 

*,** Significant at P<0.05 and 0.01 levels respectively. 
Without asterisk statistically insignificant at above.- levels. 

Fremkia 
Population 

0.910 

0.730 

-().941 

-0.740 



Table ~~~). Correlatic::n coefficients (r) between nitrogenase activity 

mycord·d. ::::.:.~1 in·fect.icn, art:uscule, vesicle and spore pop..tlaticns 

different levels of soil organic flk:ttt.er. 

So .. tn:f~:::, c:rf' 
val~iation 

f:loi l Dr"QC::1nic 
matter levels 

------·-M--·-·~--·---OOOo .. ooOM-0_0 .. 

0 "' 
Ni trogerle:1s-:.e 
e:1ct.i vi t.y :1. N 

~, ... _ N 

Mycc1rrhizal 
in ·f ec t.i en 

" Cf58* u .. "' 

0.99'~* * 
. 99:'* u. . ..: . * 

--

Art:x..tscule 
nLUnber 

0.905 

. 99..,..* u. ..:\ * 
0.086 

Vesicle 
number 

0.466 

0.894 

o.::::-47 

*' * * Siqni'ficant at P<0.05 and 0.01 levels respectively. 

Wit.l·lcll..rt. aster:.i.:.".k ~:;t.;::d.:istically in!significc::1nt. at these levels. 

Spore 
m.unber 

0.997* 

0.990* 

0.965* 

* 

* 

and 

at 



to the role of mycorrhizal fungi in nutrient cycling and their 

uptake 

(Fogel 

thereby reducing the loss of 

and Hunt, 1979; Fogel, 1980). 

nutrients by leaching 

Poor performance of 

nonmycorrhizal seedlings may be assigned to the absence of 

fungal symbiont which might have resulted in inability of these 

plants to mobilize and transfer nutrients from the soil. 

In the present investigation, improved growth of 

seedlings in dually inoculated sets was achieved due to 

improved acquisition of N, P, K and Mn which are directly or 

indirectly associated with host growth. Similarly, Hayman 

(1978) Abbott and Robson (1982) also attributed vigorous growth 

of mycorrhizal plants to efficient uptake of nutrients 

especially P by mycorrhizal fungi. The role of mycorrhizal 

fungi in conserving nutrients in their tissues and their 

release to the host in times of deficiency has also been 

correlated to the improved plant growth (Trappe and Fogel, 

1977). In the absence of mycorrhizal fungi, the immobilization 

and transfer of nutrients from decomposing soil organic 

substances to plant roots could considerably be reduced. In 

fact, mycorrhiza has also been assigned to have role in 

mineralization of N (Jayachandran et al., 1992) thus may short 

circuit elemental cycle. These features may have added to 

optimal growth of plants with dual symbionts under natural 

200 



c 1:m d :1. t .1. CH'l I!!'> • 

The suppressed growth of seedlings at higher level 

of soil organic matter may be related to r·elease of 

metabolically active phenolic and acidic compounds from organic 

matter as well as supra-optimal levels of nutrients which 

additively may have rendered root symbionts as well as 

symbiosis ineffective. In fact, the very survival of root 

endophytes in acidic conditions may have been severely affected 

at high organic matter level. 

species with or without simbionts under acidic peat has 

been demonstrated (Hooker~ 1987). 

Dec rrc~.:,,set1 nodulation~ nodule b.iom.:~ss 

also 

and 

nitrogenase activity at higher level of organic matter may be 

attributed to higher concentration of nitrogenous compounds in 

!5o.i 1 whic:: h may havr: render·ed Frank ia symbiosis inef fee ti vE.~ 

Kohls and Baker (1982) also indicated that exogenous nitrate 

supply reduced nodulation and nitrogen fixation. In tact at 4 

N 1 eve 1 the tot a 1 absence o·f nodu 1 es indicates t.ha t Frank ia 

propagules might have been rendered dead in soil by phenolic 

c"'\C: tion (Pedersen et al.~ 1992) or highly acidic pH (Smolander 

et al. ~ 1988) which is elev:ated by the presence of higher 

concentration of combined N released from organic matter thus 

preventing the formation of root nodules (Bond, 1956; Gardner 

:?OJ 



and Bond, 1957). Further, deleterious effect of phenolics and 

soil pH on survival, colonization and efficiency of VA 

endophyte, which is associated with synergistic behaviour on 

former may have added to depressed nodule characteristics. 

Decreasing trend in the nitrogen fixing activity of nodule with 

higher organic matter may be due to inhibition of nitrogenase 

by combined N (Stewart and Bond, 1961; Bond and Macintosh, 

.1.975; Ingestad, .1.980). Besides, at low soil organic matter 

level, the nodulation, nodule biomass and nitrogenase activity 

1-'H::?I'·e markedly stimul.:.'lted by G. mosseae. 'fhis:- stimulation may 

have been accomplished by P mediated effects (Smith et al., 

.1.9f:l~3) or altered supply of hormones and proteins (Munns and 

Mosse, .1.980; Manjunath and Bagyaraj, 1984; Young et al., 19'72; 

Krishna and Bagyaraj, .1.983) as evidenced in leguminous systems. 

Fraga-Beddiar and Tacon (1991) revealed a synergistic effect of 

"/(·)1"1 fungus on Frankia t-'Jhich m.:3y bE• tm?d.i.ab~d by unknow1 

m~~,c: han ism. The ameliorative ef·fE?.c:t. o·f G. mosseae on Franlda 

abundance may be brought. about by qualitative and quantitative 

alteration in the root. exudates of mycorrhizal plants (Gitt.e et 

al., 1978). 

Reduction in mycorrhizal colonization and number 

t'J'f ar·bus<:Ltl es, vesicles and spores at higher organic matter 

i:"'fllt?.n d rnE·?n t 5', may be attributed to supraoptimal levr';)ls of 



n 1.1 t r .i ~:m t. m1 ~ Y" t:1) 1 1:.: 1::' "~ rn (::l ·f t. t:n: .i. (::: ,ri\r'l (::1 p l'lt::::r·t (;) 1 .i. e: (::: Cl m p t:H..H'l r.:l m1 ( P f.+H::I t~ , ... !ill f.fH'l e t 

al.~ 1981). Sharp decline in soil pH resulting due to release 

acids might have prevented germination of 

myct1r·rh.i. z a 1 spores (Green et al.~ .1976) thus 

infection and affectivity of mycorrhizal fungus. This leads to 

hampered plant growth (Masse, 1973; Arines and Vilarino, 1990). 

However, at low level of organic matter, the stimulation of 

mycor-r-hi z.:d infec t:.ion by Frank ia in dua 11 y .inocula ted sr-=ec:ll ings 

was observed as noted by Ber·l inger· and Tor-r·ey ( 198c!). Frank ia 

associated with roots, may also be involved .in altering 

hormones qualitatively and quantitatively (Wheeler et al., 

.1.'-7'79) thus favouring VAM colonization and activity. Fur-ther, 

din?.ct st..imul.::d·.ion of VA f:;;>ndophyte by Frankia may be-! nper·ative 

by the production of polysaccharides or other active compounds 

as noted in legum.innus systems (Azcon et al., 1980; Paccini et 

al., 1988). This synergistic behaviour may be important in the 

uptake of non-labile nutrients which consequently improved 

nodulation, nitrogen fixation and plant growth. 

The stimulation in the production of arbuscules by 

G. mosseae inoculated plants under nutr-ient dedic.ient 

conditions may meet the high demand of P of nitrogen fixing 

ol·-ganisms. This is an ecological advantage to nodulated + 

mycnrrhizal plants over those with single symbiosis or without 

it especially under nutrient-depleted soil conditions where 

~;?():::; 
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consequently leading to poor performance by them. 

Further, the production of endogonaceous spores by 

B. mosseae in Alnus-F,.-anlda-6. mosseae symbiosis was r:.mh.:.:m<:t~d 

at lower level of organic matter which may be attributed to 

~-t.imu 1 i::\tor·y activity o·f F,.-ankia. ThP alter-ed met.atml ic 

activity of VAM fungus as induced by for-mer- may be functional. 

This syner-gistic effect may be mediated by alteration of 

honnmlr~t;:.; by F,.-ank ia ( L1JhPE•l !'~r et al. ~ .1. 777) en.. othE?r· unknovw1 

nH::?C hc:H'l i Sill. This incr-eases the possibility of infecting mor-e 

plant roots thereby ensuing the supply of P,which is a cr-itical 

factor- for nitr-ogen fixation (Asai, 1944) and plant gr-owth. 

detection of phosphc3 t.aSf.? activity in 

mycor-r-hizal and nodulated + mycor-r-hizal seedlings and its absence 

franlda and uni.noculated 

counterpar-ts signifies that the enzyme may possibly be funq.:~ 1 

specific (Gianinazzi-Pear-son and Gianinazzi~ 1978; Tisser-ant et 

al., 1. <jl93) • The ecological implication of this may be 

impor-tant in the acquisition and tr-ansfer of P to nitr-ogen 

fixer-s (Asimi et al., 1980). Improved phosphatase activity in 

nodulated mycor-r-hizal plants as compar-ed to mycor-r-hizal ones 

may be attr-ibutf-:?d to synergist!<: e·f·f!..":?Ct of F,.-anJda r.m G. 

mosseae activity by pr·ovidin<;J Ol'"l].3nic nitt~ogen to ttu2 latter-



~ .. 1h.i.ch .in n=~tur·n Y"Pndr:>.r:s morP P ·for .. r·t.itr"C:HJPn ·fi.;·:i::~tion ,:,mt::l plant 

g I'"O~·Jth .. Phosphatase activity of soil increased at beginning 

after amendment of organic matter and gradually decreased with 

time. This observation is supported by the findings of Appiah 

et al., (1964) and Vlasyuk and Lisoval (1964). 

reduction in the activity at high organic matter level may be 

related to detrimental effect of phenolics and acid substances 

on myr.:nr-rhi za l fungu~"-~ G. masseae which is Y"f.·~~:.pon!?~ibl~? ·for· 

enzyme activity. Increase in the level of P with increased 

application of organic matter may also have contributed to it. 

Generally nutrient contents .i~. N, P~ K and Mn in 

the shoot and root tissues of nodulated + mycorrhizal plants 

were markedly higher than singly or non-inoculated plants at 

all levels of organic matter~ which may be assinged to greater 

P >: p 1 or .. .::~ t i c:m of soil volume and uptake of nutrients by 

mycorrhizal symbiont. Increasedacquisition of nutrients such as 

N~ P and Ca in tripartite symbioses has pn:,~viou~5ly bl"::?en 

(Rose and Youngberg, 1981; Gardner et al.~ 1984; 

1'-:tE-!9; Jha et al.~ 1993). This combined effect of 

symbiotic root endophytes in the acquisition of nutrients in 

nu tr- ien t (organic matter) depleted soil conditions may be 

instrumental in the improved survival and better performance of 

plants with dual symbioses (Harley, 1969; Daft and Hacskaylo~ 

.1.9'76). 



Chapter 

VI 

Interaction betweem Franld'-t 1!\lld Glomus massl!PlHI on 

P uptake, nodulation, nitrogen fixation and their 

influence on seedling growth of Alnus nepalensis 

at different levels of rock phosphate amended 

soil. 

Introduction : 

Phosphor·LIS:, is the most important nutrient for 

growth~ nodulation (McLaclan and Norman~ 1961; Gibson~ 

and nitrogen fixation by legumes (Demeterio et al., 1972). 

Howeve1·· ~ in natural conditions P forms the most limiting 

nutrient due to its short circuit and rapid fixation in many 

soils of tropical and subtropical regions. In such 

circumstances nitrogen fixation and growth of nitrogen fixing 

legumes may severely be affected (Mosse et al., 1976; Mosse 

et al., 1 1781). 

However~ colonization of legumes by VAM fungi can 

increase P uptake in infertile and high P-fixing soils 

1973; Barrow, 1975; Powell and Daniel~ 1978) mainly 



diAr to c~pncity nf mycorrhiznl funqi to ab~orb P from the 

soil and transfer it to the host root (Starks~ 1971; Mosse~ 

1973; Mosse et al., 1976). It has been suggested that 

mycorrhiza in addition~ aids in the acquisition of other 

vital nutrients such as s~ Cu~ Co~ Zn~ and Mn (Gray and 

Gerdemann~ 1973; Rhodes and Gerdemann~ 1978; Zaag et al., 

1979 Kothari et al., 1991) which may directly or indirectly 

lead to enhanced nodulation, nitrogen fixation and host 

growth (Crush~ 1974). Hewitt (1958) reported that under 

field conditions P or Cu concentration in plant tissue 

influences the infectivity and the rate of nitrogen fixation 

by legumes. Further, intensity of mycorrhizal colonization 

positively influences development of nodules in legumes and 

favours effective symbiosis (Crush, 1974; Carling et al., 

1978). 

The increased application of soluble phosphate in 

soils may inhibit mycorrhizal infection (Menge et al., 1978; 

Ratnayake et al., 1978) and its spread in host root which may 

lead to detrimental effect on nodulation, nitrogen fixation 

and plant growth (Asimi et al., 1980). It is evident that P 

source for both mycorrhizal and non-mycorrhizal plants remains 

the same (Sanders and Tinker, 1971; Hayman and Mosse, 1971; 

Tinker, 1975; Powell, 1976) however, 

absorb more P than non-mycorrhizal one. 
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of rock phosphate by mycorrhizal fungi leading to improved 

n.i.t.1··oq.:m ·fi>:at . .i.on by Rhizobium i~:; l'v.i.dr:?nt. (Me>!sse et al.~ 

1976; Pairunan et al., 1980). In tropics and subtropics~ 

however~ many P-def.i.cient soils occur in developing and 

under-developinq countries where cost and rapid fixation of 

soluble P feY""I:iJ.izer·s pr·eclude theil( use. the 

app 1 i.Cr.:\ tion o·f cheaper and efficient rock phosphatf.?. 

fertilizer may serve as alternative to soluble fertilizers. 

Most of the investigations on the role of P sourc:e/s on 

tripartite symbiosis have been restricted to leguminous 

systems due to agronomic importance whereas same on non-

et al., 1993). Little is known on the uptake of P and growth 

performance of actinorhizal host on insoluble P sources (Jha 

et al., 1990) which may be important from the view point of 

reclamation of denuded lands of North-East India where 

traditional cultivation practice (jhum) and various human 

r.:~c:t..iv.i.t . .i.~:-:~s h;-,,·vl"? r·r.:?E?..ult.E:?c:l1nthe'deqr·.::ldat..i.nn o·f ·fr··r.~g:i.J.e PC::Cl~~ystem. I .. 

This mc-an·-mad f::' catastrophe may lead 

desertification of land if timely action on afforestation of 

same is not initiated. 

Alnus nepalensis~ .:,1 fast qr·c)wirliZJ <.;~c::t:inor·hizal 

species which forms symbiosis with VAM endophytes colonizes 

nutrient-deficient habitats in Eastern Himalaya and North-



India" may ba important from tha V .i.E!Wpt:l:in t. c:l·f 

revegetation programme. 

'fhere·fore, the present experiment has been 

design€,~d t<::> .investigate the in ter·ac t..ion between Frank ia rJind 

VAI'1 funqus in ia 1 der--Frank ia-VAI"I ·fungus symbims.-:?s em P uptake, 

ni tr·og.:m f i>:ation and seedling ~~r·owth o·f A. nepalensis under 

various levels of rock phosphate. 

Materials and methods 

Collection and sterilization of soil: 

Sandy loam laterite soil from Botanical garden of 

the North Eastern Hill University, Shillong, with following 

physicochemical properties i.e. CEC 25 meq/ 100 g, sand 66 

x~ silt 24 %, clay 10 %, pH - 5.34, organic matter - 3.41 %, 

total N 0.343 %, available P - 0.022 %~ exchangeable K 

0.121 %, Ca - 0.094 X, Mg - 0.072 % and Mn - 0.0013 % was 

collected~ mixed with builder's sand (2:1), moistened to 

field capacity and sterilized as described in chapter IV. The 

ster· i 1 e soi 1 wa::, allowed to stand for 15 days. 



Soil amendment with Mussourie rock phosphate: 

Mussourie rock phosphate contained total P 8.1 %; 

0.5 % NaHC03 soluble P~ and 2 % citric acid soluble P. MRP 

is present as carbonate-fluoropartite which constitutes about 

69 % of the total MRP. The rate of rock pho~;phi:"'l te 

application varies from few hundred to 1000 kg 

(generally between 25 and 150 kg of phosphorus) per hactare 

( Thorn.:;nn and Troeh, 1985). Tak inq abovE7:~ ·facts into 

<::ons.i.d~'~r·r.:~tion ~ 5 1 e\te 1 s o·f RF' .i.e. .1.. 0 N ( minur:5 F~P 

amr.:::n r.:l ml:'?n t ) ' 
'") .. : ... .1./2 N (20 k <;} P/hr..~ r:".o:i.l ) ::::;" 1 I'.J (40 kq P/ha) 4. 

r~ 

.r::. "' (BO k<] PI h.:~) '"'nd 
.. 
,.) .. 4 N (.1.60 kq P/hi::~) l<'l~~l'"f.·? mr.:d.n ti::~.in~::d. 

The soil amended with above levels of RP was mixed 

·t:.l .. lor·ouqhly~ f.i.lled ("700 q appn.:J>:.) .i.n .1 L cap~::u:: .i. t.y 

conical flasks and stoppered with sterilized cotton plugs. 

Collection of seeds and raising of seedlings: 

Seeds of A. nepalensis WE?.n? r.::ollec:ted in thE?. mc:mt.h 

of March, 1992 from Himalayan alder stand situated at. Upper 

Hh.i.llnn~J. Tht?y were husked, surface e:.'lnd 

germinated in 1 % water agar medium as described in chapter 

IV. 



Preparation of Frankia inoculum: 

Ten ~\lf.-:~t':)k old cult:L1r-e-::· o·f Frankia r:mF 1 (abbr .. eviat.e~c:l 

·"~r.; Frankia) in DPM liquid medium was harvested~ 

\o'JE!!"'.h£~d ;,:~nc:l inoculum wa~:::. pr·epar .. E~d r.,,cr::ol···cJirlqly E!f:5 q:i.ven in 

Chc"'pt!?l'" IV. 

Preparation of VA mycorrhizal inoculum: 

Glomus mosseae ~·Ia!:::. cu l tun·?cl and n~c:-:\.i.n t.::d.ru,~d on 

maize under greenhouse condition. The inoculum was prepared 

as described in chapter IV. 

Inoculation of microsymbionts and plant growth conditions: 

Healthy l. month old Himalayan alder seedlings 

growing on 1 % water agar medium were harvested~ ~·lashc-:?d 

several times in sterile distilled water and 5 seedlings were 

t.1··ansp J. an ted in each conical flask containing soil amend!?d 

with various level of rock phosphate. For each level of RP, 

four inoculation regimes were maintained Le 

J. Uninoculc::,tec:l r.:ontr·ol (·-Frankia- G. mosseae) :2, -+· Frank ia 

+ G. masseae and 4. + Frankia + G. mosseae. Control 

plant~- r"E!ceived t.,.Jic:e .:"utoclaved inoc:t...\lum o·f Frankia and G. 

2.11 



mo!f:seae. lhm sepdlinqs were watered ~nd grown in aimilar 

condition as stated in chapter IV. 

Harvesting: 

Harvests of seedlings were conducted on 30, 60, 

90, and 120 days after inoculation of microendophyte/s in 

similar manner as in chapter IV. 

Growth performance of the seedlings: 

Various parameters for the assessment of seedling 

growth were used. The details of these are given in Chapter 

IV. 

Nodulation, nodule biomass and nitrogen fixation: 

Thoroughly washed root system of 

excised and transferred to 10 ml It 

was stoppered with suba seal and sealed with parafilm. 

Thr.m 1 ml o·f .:dr· was withdrawn ·fr .. om t.hr.:~ bottle r::md Y"E7~pl.::n::£7?d 

bottle. The details of acetylene reduction technique used 

for the determination of nitrogenase activity Cl.Ye. 

described in Chapter I. The activity was expressed in nmoles 

c2~-14 
.... j h . ..... j 

seeding ·. The nodules were detected under .. t. hf.?. 

:?J .. ::: 



~:; tE?.I'"F.'OITliC: I'"OSCOpf.? and was e>: p1···e~-;sed as 
••. 1 

!5f:'?edl.i.nq ". 

Thereafter~ nodule dry weight was determined by drying them 

' h t ' t 6 - 0 ('' t . 1 1 t t ' t t ... ' :1 J.n a o·:. aJ.r" oven a o " · J. cons :c~n· .. lfle.1.g 1 .. w;"'s '""C':,ll.evec .• 

Population of rhizospheric Frankia : 

Frank ia population o·f the d1.i zospheric soil was 

determined following method of Baker and O'Keefe (1984) as 

described in chapter I. 

Assessment of VAM infection, arbuscules and vesicles: 

On each sampling, the root system was washed and 

cut into 1 em long segments, cleared and stained following 

the method of Keske and Gemma (1988). VAM infection was 

determined following the method of Read et al. (1976) 

outlined in chapter I. Number of arbuscules and vesicles 

was recorded using stained root segments and expressed as ern 

1 
r·or.:Jt l~::mqth. 

Determination of endogonaceous spore population: 

Air dried rhizosphere scd.ls wet'e us~?cl ·fo1·· the 

isolation and enumeration of endogonaceous spores by wet 



sieving and decanting technique (Gerdemann and Nicolson~ 

1963) as described in chapter I. 

Determination of rhizospheric phosphatase activity : 

Total phosphatase activity of the rhizosphere 

soil was assayed following the method of Tabatabai and 

Bremner (1969). One g· 

was taken in a 50 ml 

air dried and sieved (0.2 mm) soil 

conical flask. Then 4 ml of 

modified universal buffer (pH 6.5)~ 0.25 ml of toluene~ 1 ml 

of 0.115 M p-nitrophenyl phosphate solution were added to the 

flask containing soil. It was cotton plugged and incubated 

at 37° C for 1 h. The details of the method ha~been given 

in chapter I. 

Analysis of nutrient contents in seedlings: 

Oven dried root and shoot samples were ground 

separately and sieved. Fine ground plant ti~sue (<0.2 mm) 

was used for the analysis of N, P~ K and Mn. 

For the estimation of N, 0.2 g ground tine plant 

material was digested in Kjeldahl flask along with 2 g of 

K2S04 -HgO catalyst and 3 ml of Cone. H2S04. N content in 

tissues were determined following semi-microKjeldahl method 
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(Allen~ 19'74). ·rh~::> details of the t.echn:i.qu£~a,;e descr-ibed in 

Plant P was estimated following 

blue methrJd (A 11 en, .1. 9"7 4) • fine· plant 

thf.? molybdenum 

0.2g 
mate1~.i.al .II was 

digested in tr-iacid mixtur-e, diluted to 50 ml with distilled 

water and pr-oceeded as described in chapter IV. 

For- the deter-mination of K, same aliquot used for-

analysis of P, was employed whose absorbance was r-ead at 

'766.5 nm in atomic absorption spectrophotometer- using K lamp 

(Allen, .1. 9'7 4) • 

Plant Mn content was determined using same aliquot 

as used for K and taking the absorbance of aliquot at 2"79.5 

nm in atomic absor-ption spectr-ophotometer- using Mn lamp 

((.ill en~ .1.9'74). The procedures are described in detail in 

Statistical analysis: 

Data for- plant VAM i::H1d nodL1le 

characteristics were subjected to 3 way ANOVA. Coef ·f .ic .i.ent 

of cor-relation was employed to assess the r-elationship 



RESULTS 

Plant growth: 

Positive gr·nwth r·esponE~E~ o"f A. nepa.lensis E:.f?"!E•dl inq 

to increasing levels of RP was observed which var1ed among 

dif-ferent treatments. Mycorrhizal plant was superior in 

almo!::.t all l~:~vels c:Jf RP while Frankia nDdulated 

uninoculated plants grew well only at higher level of RP. 

However~ growth response of nodulated + mycorrhizal 

exceeded others at most soil P levels. 

plants 

Shoot height, root length, total seedling height 

and stem collar diameter increased with increasing level of 

F~P. Highe~=..t t.;~r·owt:.h n.-.;,.E:~ponse by Franlda and ncminoculat.!::-.:-d 

control seedlings was observed at highest level of RP whereas 

mycorrhizal plants performed better at 2 N RP level. Frankia 

+ G. mosseae irl"fec.ted plant!::. q1rew b+?tter· than either· G. 

mosseae o1r Frankia inocuJ.,:~ted one~-:; at r.71ll RP levels and 

harvests (Fig. 69, 70, 71 & 72). 

The rate of seedling growth also followed above 

trend in which nodulated + mycorrhizal plants accumulated 



more biomass than singly or noninoculated ones at all RP 

amendments and harvests (Table 31~ 32~ 33 & 34). 

Number of leaves and leaf area increased with time 

and increasing RP level. Mycorrhizal plants produced more 

lr::-'aVE·~-::. ,,,,nd l~:.>.:~f ar·l?.r.:l over .. the nonmyc:or··r .. h.iz,:,,l Franl~ia i::lnd 

nnn.i.noc:ulated DrH?~5. Hc)wevel~~ Franl~ia +- G~ mosseae in·f~;?ctet1 

plants showed more vigorousity than singly inoculated or 

uninoculated ones at any level of RP and harvests (Fig. 73 & 

74). 

Seedling growth features like shoot height~ 

length, seedling height~ stem collar diameter~ root, 

anrl plant biomass~ R/S ratio, leaf number and leaf area were 

significantly (ANOVA P < 0.01) influenced by RP~ harvests and 

endophytes (Table 35). 

Nodulation, nodule biomass and nitrogen fixation: 

Nodu 1 es t.-Jer·e deVE?.l opt-'?d on 1 y by Frank ia and Frank ia 

+- G. mosseae inocLdated plants. The ,··oct nDdulf?.s c.'\ppean:?.d 

after 30 days of inoculation in both singly and dually 

inoculated plants. The nDdule number increased exponentially 

with increasing concentration of soil P. After 30 days of 

growth, dually inoculated seedlings produced 2-3 times more 

:2:1.7 



nudu 1. t::•!::: .• ~r::. compal···!::d to Frank ia inoc:u 1. a t.E1d one~::; ( F :i.g. ?~)) • 

Nodule biomass also increased in time and with 

increase in soil P level. In Frankia noduli:cted plants~ 

nodule growth was poor and the rate of biomass accumulation 

lagged behind that of nodulated + mycorrhizal seedlings at 

most RP levels (Fig. 76). 

The activity of nitrogenase enzyme of root nodules 

~<'J<'-"!5 mad~.edl·y· hig he1·- .i.n Frank ia + G. mosseae than in FranJ~ ia 

inoculated one at all level of RP amendment (Fig. 77). 

Rhizospheric Frankia population : 

Linear· gr·owth of Frankia wa!::. observe•c:l .:~t. c:li i'·fer"f.!•nt 

P lev!::ls in the rhizospher·e soil ot r:==.inql·y· (Frankia) .:;,nd 

dually (Frankia +G. mosseae) inoculated plants. 

difference in its population was noticed between nodulated 

and nodulated+ mycorrhizal seedlinqs (Fig. 78). 

1"1ost. of th~~ nDciU h? c hal'"aC tr~r· i t::.t.i.c:r,:; by Frank ia c':lnd 

its population weresignificantly (ANOVA P < 0.01) affected by 

HF·~ tli::tr .. v"~?r:c-t.s Dnc:l r··not symbiont~"· (Ti:,,blP ::=:.6). 



VAM infection and dynamics of arbuscules and vesicles : 

Generally~ VA mycorrhizal infection increased in 

time at all RP levels. Nodulated +mycorrhizal plants were 

than mycoJ~J·-h:i. z a 1 pl,'i!nts alone 

corresponding level of RP and harvest (Fig. 79). 

Number of arbuscules was more than vesicles at 30 

days but the ratio decreased with the increase in time. The 

dec: ,·-ease in ratio of arbuscules to vesicle was ffir.:J1'"8 

(Fiq. 

A Vc:ll'".i.at:..i.on in the population of arbuscules 

br:?tween G. mosseae i:\nd Franl~ia + G. mosseae :i.r..-fe~c::tr:.•d plants 

was detected especially at higher level of RP application 

(F'.i.q. 00). 

Endogonaceous spore number : 

The abundance of endogonaceous spores increased in 

t J • t h . . J J f 1- F'' '·t , .. , ~-• J J .. .i.me an<:.• W.l. :tncJ•·eas~nq .!!?V£-? .. o·· -< · up
1 

.. o .. ::. '" .r:?ve .• 

innn.\latecl nn1y 1-·ri.t.h G. mosseae PI'"Dcluc.r.::•d lF:~!:::.~::. ~:;pDI'"PS:- th<~n 

t.h<::'lt by Frankia + G. mosseae symbio!:::.:i.!:', <':It most HP levels 

(Fiq. r:r.?.). 



Soil phosphatase activity : 

Phosphatase activity decreased with increasing 

level of RP application. It was detected lowest at high RP 

amended soil. The activity was detected only in the 

rhizosphere. soil of mycorrhizal and nodulated+ mycorrhizal 

plants. Interestingly~ a marked variation in the enzyme 

activity in above groups of plants was evident (Fig. 83). 

VAM infection~ arbuscule~ vesicle and spore number 

was evidently (ANOVA P < 0.01) affected by RP levels~ 

harvests and root endophytes (Table 37). Further~ RP~ 

harvests and treatment had profound influence (ANOVA P < 

0.01) on phosphatase activity (Table 37) . . 

N, P, K and Mn concentrations of seedlings : 

Root ~nd shoot tissue of nodulated + mycorrhizal 

plants harboured maximum N~ P~ K and Mn as compared to singly 

inoculated or noninoculated counterparts (Fig. 84~ 85~ 86 & 

87). However~ roots contained less nutrients than shoot. 

Nutrient contents of root and shoots were 

significantly (ANOVA P < 0.01) influenced by RP, harvests and 
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microendophytes (Table 38). 

infection exhibited a 

positive correlation with number of nodules~ nitrogenase 

activity and nodule biomass (Table 39). Further, a erratic 

relationship was established between VAM infection and 

Frankia population (Table ::~9). 

Corn~ 1 at ion between nitrogenase activity and 

mycor...-h.i za 1 infection was positive at moderate level of RP. 

Insignificant positive correlation was established between 

nitrogenase activity and arbuscule and vesicle populations 

(Ti::'lble 40). 

Discussion : 

The resu 1 tE<J that. VA mycor-Thizc:ll 

association has profound influences on nitrogen fixation and 

growth of alder seedlings which has widely been supported 

from the investigations in mycorrhizal legumes especially 

growing on soils with low P availability (Hayman 1982; 

Tinker~ 1982; Smith et al-~ 1982; Barea et al-~ 1989). 

Better growth response of mycorrhizal plants at 



llblt 11. Effect of franti11 8, IOJHit lad fr1nti1 + 8, IOJHII on S~oot flry •itbt (If JH11Jint-J1 of A. 

ntpllrnsls ero~n 1t v1rio11 JtvtiJ of roct pbospblt11. 

HlrYtstint ptrial (flays} 

RP IIYtJJ 30 40 90 120 

J 2 3 4 J 2 3 4 J 2 3 4 J 2 3 4 

0 2.5 J.J 4.J '·' f.O 7.J '·' Jf.Z 6.3 JO,I J4.5 22.1 1.1 Jf.5 zz.o Zf.J 

J/2 2.4 3.7 4.1 7.J f.O 7.3 JO.Z J5.5 6.3 JJ.O J5.Z 23.4 9.0 15.3 22.1 33.5 

J 2.1 4.l 4.9 7.8 4.6 7.8 JJ.4 16.8 7.J u.z 17.0 27.3 JO,Z J4.8 25.J 36.7 

2 3.9 5.2. 6. 10.6 5.9 9.5 J3,9 23.9 8.8 J4.3 J9.5 34.8 12.5 J9.3 21.1 45.7 

4 4.8 6.8 7.7 J3.4 7.9 u.z J6.J 25.5 u.o 20.3 zJ.8 36.7 J5.J 25.J 30.9 47.9 

J • Control 2 • fnnU1 l ::r 8. IOJHII lnd f • Franlil + 8. IDJitlt 



Tible 32. Effect of frinAia, 6. 10sseae and franAia f 6. 10sseae on root dry weight (19 setdling-11 of R. 

nrpalrnsis seedlings grown at different levels of rock phosphate. 

Harvesting period (days) 

RP levels 30 60 '10 120 

2 3 4 1 2 3 4 2 3 4 1 2 3 

0 0.'1 0.'1 1.2 1.6 1.6 2.5 2.8 3.'1 2.8 3.8 4.1 6.2 4.1 5.4 6.3 7.8 

112 0.'1 1.1 1.3 1.'1 1.5 2.5 2.8 4.2 2.6 3.'1 4.0 6.1 3.8 5.0 5.9 8.4 

0.'1 1.2 1.3 1.8 1.6 2.7 3.0 4.3 2.8 4.5 4.4 7.0 4.0 6.1 6.3 9.1 

2 1.2 1.5 1.4 2.4 2.1 2.9 3.2 5.2 3.1 4.8 4.8 7.6 4.5 6.8 6.5 9.7 

4 1.4 1.'1 1.8 3.0 2.4 4.1 3.6 5.4 3.7 5.8 4.'1 7.8 5.0 1.2 6.8 10.1 

1 = Control 2 k franAia 3 = 6. aosseae l 4 = Frantia f 6. aosstie 



Table 3 3 , Effect of Frantia, 61oaus aosseae and Frantia + 6. aosseae on plant dry •eight l•g seedling -1) of 11. 

nepalensis gro•n at various levels of rock phosphates (RP). 

Ht:tr1J~S1i'!,2 i ¢>t:iod ( Z>ays) 

RP levels 30 60 90 120 

2 3 4 1 2 3 4 2 3 4 1 2 3 4 

0 3.4 4.0 • 1 
J,"' 7.5 5.6 9.6 12.3 18.1 9.1 _4.6 18.6 29.0 12.9 19.9 28.4 36.9 

112 3.5 4.8 ,),1 9.0 5.6 9.9 13.0 19.7 8.9 14.9 19.3 29.5 12.9 20.3 28.6 41.9 

1 3.8 5.4 6.2 9.6 6.3 10.5 14.5 21.2 10.0 16.7 21.~ 34.3 14.2 22.9 31.4 45.9 

2 5.1 6.7 7.6 13.0 8.0 12.4 17.1 29.1 11.9 19.1 24.3 42.4 17.1 26.1 35.4 55.4 

4 6.2 8.7 9.6 16.4 10.3 18.3 19.8 31.0 14.7 26.1 16.7 44.5 20.1 32.3 37.7 58.0 

1 = Control 2 = Frankia 3 = 6. aosseae and 4 = Frankia + 6. aosseae 



Tabl1 14. Effltt af FranAia, 8, 1011111 and FranAia + 8, 1011111 on root/shoat ratio of A, n1p1Jtnaia lltdJinga 

grown at difftrtnt JrvrJs of roct phosphatr. 

Harvrating ptriod ld•r•J 

RP 30 60 90 120 
1tvt1J 

l 2 3 4 J z 3 4 2 J l 2 3 4 

0 0.3 0.3 o.z o.z o.3 0.3 o.z o.z 0.4 0.3 o.z o.z 0.4 O.J o.z o.z 

J/2 0.3 O.J 0.2 0.2 o.J O.J 0.2 0.2 0.4 0.3 0.2 0.2 0.4 O.J 0.2 o.z 

J 0.3 O.J 0.2 0.2 0.3 O,J 0.2 o.z 0.4 O.J 0.2 0.2 O.J O.J o.z o.z 

2 0.3 0.2 0.2 0.2 o.J O.J 0.2 o.z O.J O.J 0.2 0.2 0.3 0.3 0.2 0.2 

4 0.2 0.2 o.z 0.2 o.J o.z 0.2 o.z o.J o.z 0.2 o.z 0.3 0.2 0.2 0.2 

J = Control 2 = FnnU1 J = •• 1011111 I 4 = frlnlil + e. 1011111 



Tablt 35. F valuta of thrtt way ANOVA for plant growth characteriatica (shoot height, root length, plant height, 

shoot weight, root weight, plant weight, R/S ratio, 1tt1 collar dia1eter 1 leaf nulbtr and ltaf area) 11 

lnflutnttd by rock phoaphatt ltvela1 root 1y1bionta and harvt1t1. 

Sourtta of Shoot Root Phnt Shoot Root Plant R/S ltn ltlf ltlf 
variation height length height lllil)ht lllil)ht wtil)ht ratio diaMttr n11btr arta 

Rod P 80.47 •• 1.09 89.32 •• 256.49 •• 134.76 •• 278.41 •• 161.48 •• 151.66 •• 46.u' • ne.n* • 

Harveah 283.01 •• 3.88• 392.52• • 1121.o1* • 2131.os' • 2284.44* • 21.901 • 1004.11* • 657.551 • 900.05 •• 

Syabionta 341.82 • • 5.17 •• 498.54 •• 1550.97 •• 1044.66 •• 1731.05 •• 908.90 •• 1297.53 •• 761.16 •• 1662.35 •• 

Rock P x H 6.81 •• 0.94 4.49 •• 9.32 •• 3.81 •• 9.26 •• 1.93 2.56 •• 0.69 6.99• • 

Rod P x I 4.88• • 0.97 8.56• • 17.73 •• 6.53 •• 17.70 •• 5.421 • 6.71• • 3.04• • 4.18• • 

H 1 S 21.01' • 0.35 30.:n' • 120.67 •• 67.89. ' 131.06. ' 21.15' • 37.77' • n.ot* • 66.09' • 

• • Significant at P<0.01. 

lithoat aateriak, statiatitally inaignificant at abovt ltvtl. 



Table 36. F values o-f three way ANOVA -fot- Nodule number, Nodule 

dry weight, Nitrogenase .activity and rhizospheric FranJ:ia 

population as a-f-fected by rock phosphate, symbionts and 

harvests. 

Sources o-f Nodule Nodule Nitrogenase FranJda 
variation number weight activity population 

Rock 
79.62* * * * 66.46* * 70.75* * Phosphate 23.50 

Harvests 111.44 * * 220.88* * 81.75* * 12.95* * 
Symbionts 659.97* * 306.60 * * 200.61* * 111.18* * 

RP X H 2.21 0.77 2.60 0.85 

RP X s 10.97* * 3.65 * * 8.22* * 0.93 

H X s 35.47* * 43.63 * * 12.50* * 1. 20 

* * Signi-ficant at P<O.Ol level. 

Without asterisk statistically insignificant at above level. 



Table 37. F values of three way ANOVA for VAH infection, 

arbuscule and vesicle populations, spore abundance and 

rhizospheric phosphatase activity as influenced by rock 

phosphAte levels, symbionts and harvests. 

Sources of VAtl Arbuscule Vesicle Endoganeous Total 
vRriAtion infection number number spore phosphatase 

population activity 

Ror:J( 

* * 183.76* 19.13* * 8.92* * 142.66* * Phosphi"'ltr.> 6.83 

H;,rv~e;te; 74.97* * 24.55* * 2.56 296.76* * 1.22 

Symbionts 51.01* * 98.38* * 16.43* * 78.76* * 133.ao* * 

P.P .. 1.09 20.54* * 4.81* * 2.09 4.66* * X 

RP s 1.79 4.63* 0.54 1.79 9.o* * >: 

H ~: s 0.80 1.59 0.75 4.77* 0.56 

*' * * Significant at P<0.05 and 0.01 level respectively. 

Nithout asterisk statistically insignificant at above lavel!s. 



Tablt 38. F valu11 of thr11 way AnOVA tor nutritnt conttnts of root and shoot lnltrovrn, phoaphorua, potaasiut and 

tangane!e) I! influenced by rock phosphate, syabionta and harvests. 

Sourcn of Shoot N Root N Shoat P Root P Shoat l Root K Shoot 1tn Root It\ 
variation 

Rod 28.608 • 23.781 • 131.981 • 30.621 • 36.411 • 65.8, •• 3.55. 165.701 • 
Pho!phate 

Harvnh 175.358 • 86.101 • 298.778 • 50.221 • 73,381 • 176.648 • 0.41 63.281 • 

Sytbionh 5?8.351 • 259.16 •• 2045.1 •• 338.841 • 715.641 • 737.808 • 13.351 • 315.441 • 

RP x H 1.51 2.051 3.701 • 1.26 1.47 3.9o
1 

' 0.76 0.51 

RP x 9 8.se' ' 7.431 • 10.401 • 2.371 3.55• • 9.77• • 0.92 6.741 • 

H X 9 43.608 • 19.931 • 30.01 •• 5.7(1' • 12.588 • 10.b71 • O.b5 3.791 • 

f, • t Significant at P<0.05 and 0.01 Ieveli resp!ctively. 

llithrmt asterhk stati!titally insignificant at above levtll. 



Table 39. Correlation coefficients (r) between mycorrhizal 

infection and number of nodule, nitrogenase activity, 

nodule dry weight. and rhizospheric Franlc i.a 

population at. various rock phosphate levels. 

SourceS~. of Rock phosphate l't.unber of Nitrogenase l'bdt.tle RhizO!!pheric 
varia tim cMtE!ndments nodt.tle!> activity dry weight Fran/ria 

number 

ON 0.986* * 0.961* * 0. 92'..(1 * 0.913 * 

1/2 N 0.991* * 0.918* 0.933 * 0.::::.82 

1"1ycorrhizal 1 N 0.726 0.672 o.~ 0.615 
infec:tic::n (/.) 

2N 0.9&:.1* 0.993 * * 0.971* * 0.986* * 
4N 0.976* * 0.955 * 0.832 0.438 

*' * * Significant at P<0.05 and 0.01 respectively. 

"Ji tho..tt asterisk statistically insignificant at these levels. 



Table 40. Correlation coefficients (r) for nitrogenas@ activity, 

mycorrhizal infection, arbuscule, vesicle number of A. 

n~palensis and rhizospheric spore populations at different 

roc~ phosphate levels in soil. 

Sources of Roc~ p t1ycorrhizal Arbu!':>cule Vesicll! Spore 
VAriation levels infection numbf"'r number number 

0 N 0.988 .. - 0.899 0.461 0.982. ,. 

1/2 N 0.943 0.944 0.879 ·-0.998 ' 

Ni tn:tg"!na~P 1 N 0.618 0.531 0.861 ~ 0.965t 

activity 2 N 0.9981f ~ 0.197 0.883 0.941 
t-

4 N 0.955* 0.996-.IK 0.928 0.962 Jf 

significant P<0.05 and 0. 01 respPctively. 

Without asteris~ statistically insignificant at these levels. 



to improved P uptake 

by mycorrhizal fungi (Hayman 1975; Powell and Daniell~ .1.970) 

mainly due to their capacity to absorb P from deficient soils 

and transfer it to host root (Rhodes and Gerdemann~ .1.978; li 

et al., 1991a & b). Mycorrhizal roots have been shown to take 

times more P than no~nycorrhizal ones (Harley, 
I 

1969). Higher biomass of mycorrhizal plants even at low soil 

P indicates the efficiency of mycorrhizal fungi at P stress 

conditi.ons where non-mycorrhizal plants failed to grow which 

may be considered as an ecological advantage to these plants 

in colonizing soils of low fertility. Mosse et al. (19'76) 

attributed superior growth of mycorrhizal plants to low 

threshold value of absorption compared to non~nycor .. r .. h:i. z.a 1 
I 

Thus the symbiosis enables plants to acquire optimal P 

with enhanced exploration of soil by external hyphae beyond 

the depletion zone (Hayman and Mosse~ .1.971 and Rhodes and 

Gerdemann~ 1978). 

The improved nodulation~ nodule biomass~ nitrogen 

fixation and consequently superior plant growth may be 

attributed to synergistic effect of VA mycorrhizal fungi on 

Frankia as observed in nodulated mycorrhizal J. eqUtnE?-!5 

(Rendente and Reeves, 1981; Saif~ .1.987; Medina et al., 1988; 

Rarea et al., .1.989) which may be achieved by increased P 

uptake from P-deficient soils. Similar view is shared by 



c~rlinq et al. (1978)~ Asimi et al. (1980) and Bethlenfalvay 

(1981). Thus improvement of P status may also 

influence other factors involved in the nitrogen fixation by 

Frankia such as trace elements~ essential hormones and supply 

of photosynthates (Munns and Mosse~ 1980; Manjunath and 

Ba<.:.JY•"'''-a..i ~ .t,c,,B4). A st.i.mul.':':\tir.m in the Franlda i::tbundancP- by 

VAM fungi in dually inoculated plants may be explained by the 

fact that root exudates of dually inoculated plants may 

highly oi' Frankia. Thir::. .is 

substantiated by the findings of Gitte et al. (1978). 

Higher level of rock phosphate was not found to 

c1E>pn;,>ss thf? mycOI'"Thi za 1 status c:-rf A. nepal ens is sepd 1 ings 

which was attributed to sparingly soluble nature of it. The 

findings of Barea et al. (19BO) supported the results. 

l·lowever· ~ .i.nC::I'""E?af-',ing J.evel o·f SCd.UblE~ p in !Jf""O\.'Jinq tnE~dium hi::"\5 

been shown to adversely affect mycorrhizal infection (Menge:.~ 

et al., .1978). 

Significant improvement in mycorrhizal in·fec::tion 

h·'/ G. mosseae in dt.ti::tlly inocul.::d:.r~d (Fr·anl:ia +G. mosseae) w.:-:~~; 

t.:1 t.t1·· i buted t.o r:::.ynerq is tic: behaviour- o·f Frank ia em in fee: tion 

by G. mosseae. This may be mediated by hormonal action as 

noted :ln lf.,~qumef.', (Azc:on •t-al.~ .19?B; Br.:\r·c:·et cHJcl {)zc::on-·-(.)quilEtr~ 



.l9!:T3) polysaccharides (Azcon et al., 1980)~ or directly 

affecting fungal metabolism (Paccini et al., .1.988). It may 

also involve alteration of proteins (Young et al.~ 

Krishna and Bagyaraj, 1983). Further higher population of 

and in dually inoculated seedlings may be 

practically important in the higher exchange of nutrients 

(Cox et al., 1975) consequently leading to higher nitrogen 

f.b:at:.ion and plant. grc)wt.h. Enh.::\nc::£-::>d production of 

endogcnaceous spores by VAMfungi in nodulated + mycorrhizal 

plants may have implications in the achievement of higher 

mycorrhizal infection of host root thereby ~;t . .imulating 

nodulation and nitrogen fixation. 

The presence of phosphatase activity only in 

mycorrhizal and nodulated mycorrhizal plants indicate that 

majority of the activity is fungal specific as noted by 

Gianinazzi-Pearson and G.i.an.i.n;:~zzi (1978).Improvement .i.n 

mycorrhiza-specific phosphatase activity in nodulated + 

mycorrhizal plants may be assigned to stimulated activity of 

Franlda in on:ler to provide mon.~ P .::~nd othf?r .. nut-.r-ient:s to the 

host thereby increasing nitrogen fixation and predisposing 

hDst to grow luxuriously in nutrient ( p) defichmt 

s.i. tuatinn~ .• The role of phosphatase in the conversion of 

unavailable P into available form is well known. Higher· 



111' :.1. q r' :i. ·f' i es 

available P stress~ which triggers enzyme synthesis. 

Improvement in the nutrient contents i.~ N~ P~ K 

and Mn of nodulated + mycorrhizal plants may be assigned to 

greater exploration of soils by VAM hyphae leading to 

increased uptake of these elements. Improved acquisition of 

these nutrients by VA mycorrhizal fungi in nonlegumes has 

also been previously demostrated (Rose and Youngberg~ .1'7Bl.; 

Gardner et al., 1984). This improved nutritional status of 

tr· .i pi::l r·ti t£;? symbiosis lllii:\y be by bt::-ne-1' i c:: :i. a 1 
p 

interactions of microend~hytes and thus be responsible for 

the increased growth of the host plant in degraded habitats 

~'I h !? r·· f~ t. h CIS(·;:~ with single or without symbiosis fail t:.o 

establish (Harley, 1970; Harley, 1973; Daft and Hacskaylo, 

.1.976). 

, .•.• 1""':!::: 
.L .. :: ..... \ 



GENERAL DISCUSSION 

Seasonality in the activity of nitrogenase 

f?n<.~yme (n.i.ti'"O<]Pn ·fi>:inq lr•::\t.f?) in 1··nnt ncldult-~~:; n·f Alnus 

nepalensis D. Don Ltndelr field c:c.mdit.inn Wi:~s observl=d. It 

ha1 .. r.: '\':. '!,) dJ._.,o A .f: .. t.n noted by other investigators ( P,k ker·m.:1ns ~ .1.97.1; 

Pizelle~ .1975; Tripps, .1979; Sharma and Ambasht~ 1984; 

Sharma, 1988). Seasonal changes in nitrogen fixing activity 

of nodules were due to the complex interaction between a 

varie·t.y o·f soi 1 ~ c:: 1 imat.i.c, hm:;t:. and endophytri' ( Frankia) 

factors. The peak enzyme activity during rainy season may be 

attributed to conducive moisture~ temperature, soil pH and 

soil nutrients which were directly related to nitrogen 

fixation by Himalayan alder. Sharma (1988) and Huss-Danell et 

al. (1989) established a significant relationship between 

former and soil temperature. Soil variables like soil 

moisture also exert marked influence on nodulation and 

nitrogen fixation (Righetti et al., 1986; Sharma 1988). 

Apart from role of P which is indispensible 



essential nutrients like Ca (Tisa and Ensign~ 1987) and 1'1o 

(Zh12nevskaya et al., 1982) are also intimately associated 

with ·former-. Onset of nitrogen fixation coincided with 

sprouting of leaf buds in spring and a peak activity during 

rainy season signify the importance of photosynthate in the 

induced alder nodules. Wheeler (1971)~ Wheeler et al. 

(1983)~ Wheeler and Lawrie (1976)~ Huss-Danell ( 1 '-778) and 

Huss-Danell and Sellstedt (1985) also have demostrated the 

role of photosynthate in nitrogenase activity in m;:tny 

.:~c tinor·hi ~ i:l 1 The metabolic state nDdule 

endoptryt.f? i.E'· Frankia it!:",!7?lf ls important which exhibits 

pleomorphic characteristics (Lalonde and Calvert~ 1979) and 

the vesicular form is mainly associated with 

·f i >: ''" t :i. on ( Ak kennan~:;~ Akkermans and Houwers~ j 9 el···• . c: .. ::• ~ 

Noridge and Benson, 1986; Meester, 1987). Similarly decrease 

in the enzyme activity during winter may be related to water 

stress (Dalton and Zobel, 1977; Seiler and Johnson~ 1984) ' 

low temperature (Winship and Tjepkema, 1985; ~~ss-Danell et 

al., l?E17), soil acidity (Guofan and Tingxiu, 19fll)' 

nut r· i £?.n t. stress and competition for metabolic 

(Pi~zelle, 1984). 

The proportion of active (young and mature 

•'') .· 
.:: ,:. 



aged) nodules to old and senescing ones varied among various 

seasons which may be attributed to continuous transition of 

nodules of one age class into another with increase in time 

·factor·. This finding is in con·for·mi ty 1-'~i th t.he 

investigation of Sharma and Ambasht (1986). Restriction of 

root nodules to uppe~most 15 em soil depth (01) indicated the 

importance of aeration in nodulation. Sharma (1988)~ Rytter 

(1989) and Kurdali et al. (1991) have also observed a similar 

vertical pattern of nodule distribution in various alder 

stands .. In the p•··esent investigation A .. nepalensis pr-oduced 

su ·f f .i c: :i. £-~n t.l y 
. . ·-.1. 

mor-e nodule b1omass un1t area dur·.i.nq l'"i:iliny 

season and least dur-ing winter which asree with the data of 

Akkermans and Van Dijk (.1.976) and Sharma and Ambasht (1986)~ 

which coincided with seasonal fixation of a t.mospher .. i.e 

This implies that nodule tissue is directly 

associated with nitrogen fixation by Himalayan alder • 

High abundance of vesicles of 
. 
ln vivo FranJ:ia 

fixation which indicated their importance in the process. 

Mian and Bond (1978) also found that n.itroqenase activity was 

induced concurrently with spontaneous production of vesicles 

by f.mclophyte in the root. nodule~::; nf Alnus ni tida. ~3ymb.ioti.c 

Franl~ia also existed in the form of hyphal masses 

( rn.i.c r·c)c:ol r.:m.i.es) 
was 

and sporangia whose intensity Adifferent .i.n 



different zones of cortical tissue and seasons. H:.i.t;Jh 

abundance of sporangia in the cortical cells of middle and 

of nodules coincided with 

nitrogenase activity during winter. This may be ecologically 

important from the view point of nitrogen fixing activity by 

Franlda and l;atb?l'·'s dispf,~l··sal intn soil cdh?l' .. nodule d<=:.::~th 

and decay (Akkermans and Van Dijk~ 1981). 

Popu 1. ;:\t.ion of soi 1. Fran/: ia e.>: hi b.i. tr?d .::~ mal~ ked 

Climatic~ soil and host factors were mainly 

responsible for it. Conducive climatic and edaphic regimes 

were instrumental for high abundance of Franhia during rainy 

season. Rodriguez-Barrueco (1968) and Houwers and Akkermans 

(1981) too have indicated poor nodulation capacity in acidic 

soil which increased positively with increase in medium/soil 

pH. the amount of host root exudate supporting 

point of its in~~~endent Dur· ing r·ainy 

season~ a part of total photosynthate fixed by host may be 

secreted in the rhizosphere soils in the 

exudates which may highly favour its growth. 

·for·m of r·oot. 

Tht<~ quantity 

and the nature of exudates may also regulate its vertical 

d .i. s tr· i bu tior1 in so:i.l. In this in-..lt?~s t ig at. ion Franhia 

propagules were found to be mostly confined to soil depth D1 



exponentially with increasing soil depth. Our finding is 

by Lalonde et al. (1981) who showed t.hc=.·~ 

aeration and other un .i.dr::-n t.i. f :i.r>d 

factors (Van Dijk~ lt?f.l4) may be operative in the 

\tet·· t.i c <:tl d :i. s tr- i but :i.on o'f' •:;oi 1 Frank ia. 

Production of more vesicles in the nodule 

c:c::cr·te;·: by Frank ia dur·ing r·a.1.ny r:;r:-;::,Eon c:oJ.r·,c:: :tdE~d pof:~i ti vr~ 1 y to 

the nitrogenase activity and nodule N content. This ind..i.clc?.l tes 

th£;1 fact that ves1cles are · 1t t · . t 1ni ac·: genu1ne s1·.e ni t.t•-rJqen 

f1xat1on in root nodules. However~ varied intensity in the 

nodule cortex may be related to the metabolic state of host 

cell (Akkermans and Van Dijk~ 1976). 

Mycorrhizal association which may be considered as 

an adaptive strategy o'f' higher plants in nutritionally 

stressed conditions was a rule rather than e>:ception. 

(~c::tinor-hizr.~l A. nepal ens is h.:~r·bour··pd myc:or·r·hi :<~.::1 1 ~symbion ts 

thus forming formidable tripartite association in colonizing 

leguminous host on VAM association (Danielson and Visser~ 

.1.790) evaluated in terms of mycorrhizal intensity which was 

than 90 %~ is thus evident. This association 



llr, 1 pS tlost in th£;! uptetkE! o·f' qr·oi··Jth--·li.mit.i.nq nut.r· ir::n t'E.'. 

especially non-labile ones like P and other essential 

elements consequently leading to higher nitrogen fixation and 

plant productivity in forest ecosystem where P cycle is 

closed (Mosse and Philips~ 1971). 

Availability of soil P and its concentration 

in host tissue may be important to determining its intensity 

1973; Braunberger et al-~ 1991). In c:tdclition~ 

int:r::·n!=.',ity of in·fF.'Ct.ion m.:~y be rr.= .. J.."::It.:r.:?cl to other- !:':.oil.!:> (H,::Iyman~ 

1970; Furlan and Fortin, 1973) and host characteristics 

( 1"1osse ~ 1973; Thompson et al.~ 1991). A low level of 

intensity during rainy season may have accom-

plished due to increase in tissue P content which may be 

in~::.tn..tmenta 1 in regulating VA colonization (Ross, 1971.; 

1973; Menge et al-~ 1978~ Robson and Abbott, .1. 9!:16 ) • 

In addition~ an increased level of soil moisture during rainy 

have depressed infection by VA endophyte. 

Khan 

infection at high soil moisture content. Besides~ a reduced 

lr~vPl o·f VAMinfection undt?r· ·f'iPlt:l c:oncl:i.tionr::; mi:"iiY h;:,,vp bf.~f:?n 

,:;~ccnmpl ish~-:.•d as a result mutu.:."'ll rn i c I'"C1!:=n do phy t. .i c: 

undPrst.anding in terms of tolerance o·f 

conditions ensuing prolonged survival and benefit to host and 

, .. :,··::··I 
.· ... ' .. \ 



Production of more arbuscules by VAMfungi in 

mycot··r·hi za 1 r-t')ots o·f A. nepalensis dut·-:i.n<::J t··a.iny Sf.:?a~::.on may 

have 
the 

some ecological implication asAformer was positively 

r·£::-l.::tted to n.itr·og£?.n 1'i>:.:~tion by Frankia. Thi~::. ~:;igni·fies th.::\t 

arbuscules are the site of exchange of metabolite and P 

between host and VA endophyte which may be beneficial for 

nodulation and nitrogen fixation. Cox et al. (1975) and 

Gan.iner· et al. (1984) have also demostrated the role of 

arbuscule in the exchange of materials between fungus and the 

host. an increased abundance of vesicles during 

(dormant) season may be important in the release of 

stored nutrients to host during period of nutrient deficiency 

(Gerdemann and Trappe, 

inoculum potential of fungus (Gerdemann and Trappe, .1.9'74; 

Biermann and Linderman~ 1983). 

A high abundance of endogonaceous spor·es 

during winter unlike its coendophyte Frankia~ was observed. 

Gemma and Keske (1998) also recorded high spore density 

during winter. This may be due to differential response of 

VAM•?nct<:Jphytr:? to pr-E?.va.i 1 inq so.i J. .::~nd c 1 im.::' tic ctJnd .i tions;. Lov~ 

soil temperature and low soil moisture during winter may be 



l''l'''nr·•nl'i''''.·.l.blc:~ ·J'Dr· thr:·~ .1.ndur::t.:.l.on of' !"l:,.oruJ,.:,1t.:l.c:.rt by r•ndl.::tphyt.f,·) 

funiJU~;. which E:?nr~ble).i.t. t.o tidE~ OV<21". un·f;,~'~[J:.)?:abl<'? cond.i.ticms 

ensuing renewed infection and growth fn / following growing 

However, this spacing in time of peak endophytic 

;,~bundancE) may be a predetermined strategy by them to avoid 

intorendophytic competition in space and in time. The host 

root exudates may play an important role in the confinement 

of majority of endogonaceous spores in upper soil depth 

(Gianinazzi-Pearson et al., 1989). Abundance of VAM fungal 

species which varied in time and in space may be related to 

adaptive capacity of fungal symbionts to a pi·'ll'" t .lCU 1.:~1·· 

~H:.r.:thl ""'cl Chri~te.nsen(199r~~~d:.Pc:l 
" 

adaptation of VAM 

!':; ppc: .i. F~!::-, t<::l t hr.0 p;;.. r .. t i. <:: u 1 ''"''" !=::.c::o :i. l c nnd :i. t. i <:::•1'1 <::> .. l'l .. ,c , .. t~ r:=,u 1. t o ·f 

also suggests that differPnt species of VAM 

funqi have different survival strategies for existence. The 

dom:.i.rH:mc~'? o·f G. mosseae in tim!:? .::md in ~•.pac:F.:·: DVt:r- ot:.hEH" 

fungal species may be related to vigorousity of the species 

which in addition, may also be influenced by selective 

:i.n·fJ.uenr.:~? by host pl.::~nt spE~r.:.ies on~;:,r .. t:.i.c:ule:1r !::,ite. Bt:?~;.i.de!:.;~ 
£:?phe merc.'ll na tun:? o·f Gigaspora ~;pE~c: if::s in 

factor like temperature which may favour its growth. The 

-i0 
~t:. i!:~ a·f fol· .. ded by t.hP :i.nve•:;t.i.qation<::; of '.Jel'"flli':'\ ( l(l02). 

Occurrence of more than onP fungal species in 



fungal species with varied hyphal dimension. McGonigle and 

F .i. t t.1:.>1' .. (1988) and Rosendahl et al. .i.n thr~ir· 

:i.rlVf.~~;t:i.q•:~t.icms i:71 1 !:::,n sht:WH~d thi:!l-1::. undE:·l·· "f if.;~ 1 d cnnd.i. t:i.on!:; a 

single host was colonized simultaneously by many VAM species. 

The success of microdissection with double 

lt:IYE~r· t.E?c:hniqur:-:~ in t.tlE~ :isnl;:;,tic:orl of ~;;·,.rnbiot.ic: Frankia 

·fn::Jm ~·-not nodt..ll!·?~; D·f IL nepalensis C.JI'"l::JW:i.nq undr.·?l'- "f:i.r:dd 

conditions may be attributed to efficient elimination of 

(Lalonde et al., 1981) treatment . pr?f.-?l.i.nq oi' 

surface epidermis, microaerophilic conditions as afforded by 

dc"J\..1 h 1 E? i:'1q i:ll'" layer which impart efficient separation of 

residual contaminants in space may be instrumental in the 

.i !:-'-!:) 1 .::~ t :i.on of Fran/{ ia . 1'1od .i. ·f i f.·?d f 1··ac t i r.:m;:~ t. ion 

gradient technique coupled with pour plate and double agar 

layer was also effective in the isolation of nodule endophyte 

in pure culture. Baker and O'keefe (1984) also successfully 

i~:::.nl;:;~.tE?d numel'"ClU!::; Frankia st.:l"<:!lin!:; ·fl'·om nodule!;;; i::l.l1d soil 

In addition, modified crushing 

technique was employed successfully in the isolation of 

Franl~ia from A. nepalensis nodulE"~S :i.n liquid medi.::\. This m.:~y 



I , .. ,,, v t) h r:1 f·:·) n ,.,~ r:: c n m p :t :.1. r,•; t ·, 1:·:~ t::l by r.·:·) ·1' ·f! :1. c: :1. II.·) n t , ... !:·) m C) v ,.,.,, :l c:) ·f' c: on t li:\ Ill .i. n ii:'l t. :.1. n 1~1 

ot' .. <Jan.i~.;:.m!:; and l'"f~leasl? o·f Franl~ia pn::)pagul.f:?S .i.n su·fficient 

,.;~mount to t-•f'fcc:t it!:5 ql··owth in r,::}"nthE>t.i.c: rnr?cl:i.r.~.. Thf;: i::'lmount 

of inoculum has also been considered to influence successful 

isolation of nodule endophyte in axenic: culture (Rosbrook~ 

l. 990) " 

phenomenon related to C-source as noted by Tisa et al. 

Symbiot . .i.r.: Franl:ia .ir,:,olc:lt.f:?d 'f'r .. om thf::: nodul1:::: ot 

phy!:do 1 oc;t.i.c:a 1 and nodulation 

r.:haracterstics, which differed markedly from each other. 

Thi ~:, obsr.F:r"vat.ion ·f :.i.nd.i.nq!::; 

investigators who isolated and characterized more than one 

Frankia strain~:, fr .. om C'"OCJt noc:lulr:.:>::. of c.-~c:tinor .. hi:<:c~l pl.:~ntE:. 

al., 1983; Hafeez et al., 1984; Baker, 1987). 

The fact that mo!:::.t o·f tiHr.:• Franlda i!'.:·mlates 

utilized propionate as carbon source i~dicates that these 

endophytes possess the enzyme system to ~tilize above carbon .,. 
!30UI'"C:f?. • The findings of Murry et al. (1984) substantiate 



n I iti v f"• ,. f·:' 1:•u .1 l t • I k'I\-Jf'·\1 n· r· • ii,i di f f e re.n1:Y c:· n r~nrr q t"'' t;')'f F ra nJ: ia :!. fl~D 1 n~ t. r~ 1111 

in their capacity to metabolize other carbon sourc~for the 

growth may be explained by the presence or absence of 

glycolytic pathway activity. Similar variation in t.he 

same host has previously been reported (Blom~ 1982; Murry et 

al ·., 1984). 

by Franl: ia 

strains suggeststhat they could act as secondary colonizers 

utilizing simple breakdown products released through the 

enzyme activities of other soil microbes. Many organic acids 

are commonly found in the aerobic and anaerobic soils. 

exudates contain a range of organic acids~ amino acids and 

many simple carbohydrates which include those most commonly 

found to be utilizable by them (Rovira, 1965) suggesting that 

c: on c:::. t. i tuEin t s; ·for- t ht=:~ g f"DvJt h o·f P::·: t.r·· <::1noc:lu 1.:\ r.. Frank ia f.il f"f.? 

commonly present in soils. 

Di ·f·fr::~r"f::·?ncf.:)c::; in the qr .. owt.h pt·:·:'l'·'fnr· .. manc::f.·:~ o·1' FranJ:ia 

isolates in medium supplemented with different nitrogen 

sources was observed in which NH4Cl~ 

~·JD<::: hr;:.tt.e~r.. ut.il.i.:.:::er.l by Frankia :.i.!::,oli::\tc!:': .• 

Frankia to NH4 Cl as N source ha~also been noted by Shipton 

.·· .:''··' 



tin !"I [tu t' 't.:Jt;;J I"';;,, f:\ ·f' ( l <:Jf::l:? ) ~ L. r::·~t::: hr~v ri:l 1 :l. fi71"' et a l • ( .l 9fl::~ ) i:':\1'1 d El h ;1. p t.<Jn 

Poor· gr·-o~'lth on )lt.:"?i:\St c1f Frankia 

isolates may be related to lack of uptake system. 

Sui tab 1 £-? gr·owth o·f m.~~j or· i t.y o·f Franh ia at ;;;, 

l ... · · L.. t· · ... ,e .,. - 0 c·· 1· J 1 · ( ~- 1· ·:.empr::>r·r.:n .. ure rarHJF.! ue .Ween .<: .. -" .• :.() ... i':\~, "C:<l..lnCr E~i:H" 1£-?f" r.:<un;;JrJrc:\i::"l . 

i"nd Bhiptcm, 1982; Hafeez et al., .1.?8-<1-) I'"F.!VE-?a lS that 

temperature maxima for all strain' overlap. 

competition for infection, nodulation and effective symbiosis 

by in addition~ may also involve competitive and 

adaptive ability of the strains (Kurdali et al., 1990). 

Higher versatility of AnF1 and pH 

around 6 and 7 indicatesthat these strains are neutrophilic 

and possibly may form effective symbiosis with host at above 

sed. 1 pH t··anqe. 
the 

OnAcontrary, better growth response of (.)nF .. ,~ ·-· 

at lower pH than other strains suggest5 their 

potentiality to grow on low pH soils where other coendophytes 

are unable to survive and form symbiosis. 

its original host was evident which may be ascribed to the 

decree of infectivity and compatibility of host-endophyte 

comb in.:~ t.i.on. Gr .. e.:~ tr:?r v :i.qr.~·-o!:'.i ty o'f Fran/~ ia f~nF1 compi:\l~t~d t.o 



formation of association with its host. 

r::· u r· t h P r· , in vivo d i. 'f f F~ , ... E~ r ·, c: E:· <:;; :i. n :i. n d u c: t ion ;:;, n cl 

quantity of nitrogen fixation by root nodules of Himalayan 

as induced by various Frank ia st.t··;,:~.i.n~::. m<E~y be 

attributed to differences in effectivity and compatability 

with their host. Dillon and Baker (1982) also observed a 

marked variation in the nitrogenase activity of various host-

endophyte combinations. 

HighE"~r· r·;:,\tt::? nt nit.r·ogF.;•nd~''·f.'? i:":lc:tiv.i.t·y· o·f Frankia 

isolate especially 

carbon-source may be 

in medium amended with propionate 

~7!>:pl;~:int?d b·'f' thf::~ ·f'ac::t. th~t~ttE·r· mr.:ty 

<:~s 

be 

suitable energy source which may stimulate endophyte to 

produce more enzyme. Conversely, depression in nitrogenase 

activity of NH4+ grown cells (Callaham et al.~ 1978; Fontaine 

et al .. ~ 19B4; 1"1ur-r-y et al., .1. 1:;>B4) b&:! relat.r.~'d to 

~,:.u ppt""£·?s.~:;.i on of enzyme nitrogenase in the presence 

Tht:.~ dominance• o"f Frankia f.~nF.1. in rnD~:;t. oi' thr.~ 

of the year may be attributed to suitable 



ccnditianm fer •~tr~ncdul~r In 

addition~ it also may be ascribed to compatability with its 

host. and selectivity of latter ii:lS ~t-H~ll (Fii:ll(l'"e~·-Haynaud et al. ~ 

1 <":i'92) • 

The results have shown that tripartite 

association involving Alnus-Frankia-Glomus is more ef·fic.i.ent 

in te1pms o·f seed 1 ing gr·owth ,;;y;;; &iliill¥l~ii111"\~~~£; those w.i th single 

without symbionts over a range of soil pH. This 

enhancement of host growth may be achieved by positive 

interaction between microendophytes in terms of uptake and 

accumulation of nutrients especially P and N leading to 

optimal host performance. This ameliorative growth in dually 

inoculated plants was maximum at soil pH 6~ which may be 

attributed to availability of majority of nutrients essential 

for plant growth and their effective utilization by 

endophytes. The effectivity of latter may also depend upon 

pH range of growing medium as both the endophyte were 

effective in slightly acidic soil. This may be attributed to 

the adaptation of both Frankia and G. mosseae in A. 

nepalensis stand where aver·age soil pH nanged.from 5.3 - 5. 7 

during January (winter) and July (rainy) respectively. Pot'lr 

pen··fc)rmance o·f seedlings infected with Frankia and G. mosseae 

in soil with lower pH than 5.0 may be explained by 

detrimental effects of soil acidity on survivial and/or 



!? ·f f .i. r.: .i. tr.m 1:: y Cl'f' mir.:ro~ymbiont~ either in b:l.pwu··ti te C:H" 

tripartite rJissociat.ion .involving Alnus. Low sur·vival and 

nodulation capacity of Frankia in acid soils/envir·onment have 

been shown by Burggraaf and Shipton (1982)~ Shipton and 

Burggraaf (1983) and Smolander et al. (1988). Similarly 

Hayman and Mosse (1971) observed negligible infection of host 

root by VAM fungi in acid soil of pH 3.3 - 4.6. Further~ 

toxicity of Al and other micronutrients at low pH also may 

be responsible for depres!sed growth c)·f A. nepa1ensis seed! ing 

either with or without symbiosis. Similar instances of Al 

toxicity on root and overall plant growth under acidic 

conditions were observed by other investigators 

(Sheppard and Floate~ 1984). The uptake and 

translocation of P~ Ca, Mg, K, Fe, Zn, Cu, and Mn by plants 

may severely be affected by Al toxicity (Hutchinson et al., 

197.1; Muc;~wi •··a, 1980 ) ; 

Ameliorative nodulation, nodule number, nodule 

weight~ nitrogen f i>:a tion and Frank ia abundance in 

tripartite symbiosis at a pH range around and above 5.0 may 

be important from the view point of performance of Himalayan 

alder seedlings in harsh habitats. This e·ffect of G. mosseae 

on Frank ia may have been accomplished by impt~oved supply o·f 

P. The support comes from the fact that nonmyc:orrhizal 

actinorhizal (Alnus) plants lagged that of ·form•?r· in mr.)!St o·f 



nodule aspects which explain the beneficial role of VAM 

fungus on it. However~ the role of hormones or unknown 

mechanism (Munns and Mosse~ 1980; Fragabeddiar and Tacon~ 

.1990) may not be excluded, which n?qLt.in:s fur-ther 

investigation. However, depression in nodule characterestic 

by Frankia even .in the pr-esence o·f VA1"1 fungi at pH 4 may be 

n?lated to detrimental effects of acidity on survival of 

both microendophytes (Burggraaf and Shipton, 1982; Smolander 

et al., 1988; Kruckelmann, 1973; Green et al.~ 1976) as both 

the root endophytes were isolated from soil with pH range 

5 .. 3-5.7. 

symbiosi~,, 

Under such (acidic soil) conditions, mycorrhizal 

if formed may also be ineffective in imparting 

benefits to the host (Danielson and Visser, 1989; Arines and 

Vilarino, 1991). 

VAM infection, arbuscule and spore population 

of G. mosseae were remarko.bl y improved .in the presence of 

Frank ia at pH range of 5--7 thus indicating a di n~c t positive 

interaction. Induced increase in VAM characteristics by 

Frankia may be related to syner-<Jist.ic e·ffect of latter on 

former (Berlinger and Torrey, 1989). Increased population of 

rh.izosphere spores o·f G. mosseae in dually inc.1cL1lated plants 

was evident. Qualitative and quantitative changes in the 

root exudates and hormones selectively promotory to VA 

241 



by Frank ia ( Wh.mf.:~ 1 er· et al, ~ J. 9'7f'i) 

responsible for the ameliorative effects of latter on former. 

However~ decreased synergistic effect of nodule endophyte on 

VAM at highly acidic soils may be attributed to harmful 

e f feet of 1 at 'l:er- on Frank ia !SLtr\d. v<:d (Rodriguez-Barrueco, 

1968; Smolander et al.~ 1988) which may consequently hamper 

ameliorative effect on VA mycorrhizal endophyte. 

Presence of phosphatase activity only in G. 

mosseae and Frankia + G. mosseae inoc:ul.::'lted plants ~5uggests 

that the enzyme/s system may be of fungal origin (Gianinazzi­

Pearson and Gianinazzi, 1978). Increased activity of the 

enzyme at acidic pH may be instrumental in colonization of P 

deficient harsh habitats by these groups of plants (Daft and 

Hacskaylo, 1976). 

Analysis of nutrients in seedlings indicated 

that uptake and assimilation of N, P~ K and Mn in most of the 

occasions was greater in tripartite symbiosis than in 

bipartite or those without symbiosis. Similar observation 

has been made by Rose and Youngberg (1981), Gardner et al. 

(1984) and Russo (1989). The increased uptake of nutrients 

by dually inoculated plants under infertile soil conditions 

may be related to synergistic interactions between Frankia 

and G. mosseae, which .b3 inevitably related to r-obust growth 



of the host. 

The impr·oved gro\I'Jth of A .. nepa.lensis seed 1 ings 

with Frankia +G. mosseae over singly inrxulated (either· with 

Frankia only or G. mosseae) and uninoculated controls at most 

levels of organic: matter may be attributed to improved 

nutritional status especially N and P nutrition·. The role 

of G.. mosseae was evident. in impr·oving P status by 

extramatric:al mycelial network beyond the depletion zone 

which remained absent in nonmycorrhizal counterparts (Rhodes 

and Gerdemann, 1975; Xiao et a.l .. , 1C"f91). the 

nutrient conserving capacity of mycorrhizal fungi in their 

tissue and its release whenever in short supply may also· 

afford considerable advantage over nonmycorrhizal plants 

especially in nutrient -deficient habitats. 

The difference in growth response of dually, 

singly and uninoculated however, decreased with increasing 

level of soil organic matter which may be due to availability 

of growth -limiting nutrients. The role of mycorrhizal and 

nodule symbionts in improving plant growth 15-' evident 

especially undf:.H"'hO·l'lfertile conditions (Masse, 1973; Asimi et 

al .. , 1980) which, however, does not confer benefit under the 

situations where nutrients are plentiful. 



t:l f" ci'i! till ·t:. :l. 1:~ t'"f.·~due 't:..i.c:)n :.ln 

paramete~s of all groups of plants at 4 N level of organic 

matter may be attributed to supraoptimal level of nutrients 

which may consequently affect colonization and beneficial 

role by microendophytes. The decrease in soil pH and 

increase in phenolic substances with organic amendment may 

have caused harmful effects on microendophytes (Smolander et 

al.~ 1988; Peterson et al., 1991). 

A complete inhibition of nodulation and nitrogen 

fixation at 4 N organic matter level may have resulted due to 

sLtpf"aopt.ima 1 level of nutf"ients especially combined N and 

partly be attributed to detrimental effects of plant 

phenolic:s on Frankia. and G. masseae. F'E?Y"r·.:-:\d.in et al. (198:~q 

and Vogel and Dawson (1985) showed that plant phenolic 

compoLmds have deleter.iDLIS F.dfect on Fra.nl,ia sur·v.ivc."<.l while 

Kohls and Baker (1989) also have demostrated the suppression 

of nodulation by high nitf"ate level in the gf"owth medium. 

In contrast, the enhancement of nodulation, 

nodule biornas~,;. and n.i.tf"ogen fi>:ation by Frankia. in thE~ 

~ll·-esencf.-) of G. masseae r.:?!specially at lcw1er· dosf.?!S I::Jf Dl'"qanic 

matter may be attf"ibuted to synef"gistic effects of endophytic 

fungus on Frankia. activity vJhich may bf::~ bn:Ju~.lht about by 

improved P nutrition (Gardner et al., 1984; Russo, 1989; Jha 



et al., 1993) which also may influence other factors like 

supply of photosynthate trace elements and essential 

hormones (Munns and Mosse, 1980; ManJunath and Bagyaraj, 

1984) . Inability of optimal nutritional conditions in 

st. i mu 1 .:.~ t .in g nodule in the pn\'!sent 

investigation, may partly support the hypothe~is that VAM 

fungus, in addition to P supply, may also act by means of 

hormonal action or some unknown mechanism (Fraga-Beddiar and 

Tacon, 1990) • In fact,VA endophyte preferentially 

influencing nodule function as noted .in Gl )~'cine-Rhizobium-

Glomus association (Berea and Azcon-Aguilar, Van 

Nuffelsen and Schenck, 1984) may be expected. However, the 

actL1al mechanism of i:\ct.ic.m remainsto be el_u.cid<lted. H.ighe1·· 

abundance o·f r·hi zosph€;!1"' e Frank ia in tr .. i. pat~ti tr:? as soc: ic.~t.i.c:m 

involving Alnus-Franlda-Glomus !::~speci<dly at low soil organic 

matter level may be attributed t:.D qualitatiVE?. .::md 

quantitative changes in the root exudates of mycorrhizal 

plants (Gitte et al., 1978). In fact, hormones and compounds 

essential for thE;! £?.Nt.n:modular· <;;Jr .. owth o·f Frankia may al:.o be 

in·vol V!?d in syner·gistic effect of Glomus on ear· I i.e1~ (Munn and 

Mosse, 1980; Krishna and Bagyaraj, 1983). 

An amel ior·ated myc::or-rhi za 1 intensity, 

arbuscules and endogonaceous spore abundance in dually 



inoculated (Franl<ia +G. mosseae) ~".-PPc!J.:i.n<J!::. <~t J.nvJ or·<;;~an.ic 

matter dnses are ecologically important. This synergistic 

effect may be related to improvement in uptake and transfer 

of P and other essential nutrients ·~irectly involved in 

nitrogen fixation and overall plant growth. this 

may be mediated by nutritional, hormonal or other unknown 

mec han i !Sm. Pacc:ini et al. (1988) concluded from their 

studies that rhizobial effect on VA symbiont may be direct by 

affecting fungal metabolism which doPs not occur via TCA 

cycle. However, possibility of hormonal action may not be 

excluded as quantitative changes in the hormonal content of 

Franl<ia colonized plants are evident (Wheeler· et al., .1<":?79). 

The result of phosphatase activity of rhizosphere 

soil indicates that enhancement of the activity in dually 

inoculated plants. This; syner·g:i.st.ic: ef·fe~ct. elf Frankia on G. 

-1-
mosseae at low pH soil may be important. fi'"C)ffi t.ht~ viewpoint of 

-I -

acquisition of P by plants which becomeslimit.ing to plants 

with single symbiont or without it. 

Superiority of dually inoculated plants over 

singly or uninoculated seedlings in terms of nutrient 

accumulation at low fertility level clearly indicates that 

both endophytes help .in .;~cquisi t.ion i::\bove 



nutrimnta ffind prediapcse host to eatabliah in nutrient 

dE?·ficient hostilr.-:.> habitats whetcv.-:.> thrJr..;e with !5ing 1 e 
·.~-, 

0~ 

c;:.r· without it f .:.d. 1 to ~=-ur·vivr.-:.- (Daft and 

Hacskaylo~ 1976). 

Improvement in the growth response of dually 

inoculated (Frankia + G.. mosseae) singly or 

control seedlings over a range of rock 

phosphates may be attributed to proper·· 

utilization of rock phosphate and assimilation of atmospheric 

ni trogr.~n. 
bef~er fAan 

The mycorr·hi za 1 pl .::mt.s per fo-rmed -" nc::mmyc:orThi :za l 

ones with the virtue of possession of extramatrical hyphae 

which provide extra absorbing organ beyond the depletion 

zone. As P is critical factor for plant growth and nitrogen 

f i>:ation ~ presence of VAM fungi may be important in the 

productivity of tree seedlings in forest ecosystems where P 

is in short. · su.pply. However, the c:apac: :i. ty of mycorrhh~a in 

the mineralization of organic phosphate sources (Jayachandran 

et al .. , 1992) will provide mycorrhizal plants an additional 

asset over nonmycorrhizal one. The improvement in growth of 

dually inoculated plants at elevated level of rock phosphate 

unlike soluble P sources, indicates that sparingly soluble 
; 

source of P may be beneficial in the productivity of tree 

seedlings. Moreover~ with further increase in rock phosphate 

level, the grovrth <Jf either· Frankia and ncm.inoculated plants 



also increased. This may be due to increased availability of 

P which otherwise was im:;ufficient to them at. lower d<:Jses of 

rock phosphate application. Mycorrhizal + nodulated plants 

were however, more effective even at lower level of rock 

phosphate which may be attributed to efficient utilization of 

P sourct~ by G. mosseae. Lf.?ss, root to shoot rat~o of dually 

inoculated seedlings over singly or noninoculated Dnes 

indicated more proportionate growth. Rose and Youngberg 

(1981) have also indicated similar results. 

Ameliorative ef·fects rJf G. mosseae em Frankia 

induced nodule characteristics we~ evident which may be 

attributed to improved uptake and utilization of 

phosphate by the earlier one. The present investigation 

revealed that. the highest level of rock phosphate 

application did nat inhibit the nodulation and nitrogen 

fixation where application of soluble P source at high level 

caused detrimental lllYC:OI'"I'"h.i :;:a J. ''""d nc)dul e 

characteristics as in leguminous system (Asimi et al., 

.t <:tao) • Apart ·fr·om the indirect. inflUE'!I'iCE?.' of G. mosseae on 

Frankia, qualitative and quantitative alteration of root 

.::\nd by tun<JUs c:~timu 1 C".'lting 

pr-olifer·ation, entry and effectivity of Franlda may also be 

truf.:>. The support comes tram the fact that even highest p 

amendment in the form of rock phosphate did not stimulate 



Frank ia.. 

An increment in mycorrhizal infection and 

other char·ac:teristic:s of G. mosseae in tripartite over 

bipartite i.e. Alnus-G. mosseae assoc:iat.icm Vki'=> '-·~'-·:" \.ollJi.t;h 

may be attributed to qualitative and quantitative changes in 

hormones by Frankia (Wheeler et al,, 1979) or other mechanism 

involving endophyte-endophyte interactions. This feature of 

endophyte interactions involving synergistic: role on 

activities of eac:h other may be important which consequently 

leadsto robust growth of their hosts under nutrient deficient 

conditions where plants with single symbiosis or without it 

fails to perform well. 

F<es1..1l ts of phosphatase activity of 

rhizospheric soil showed that only mycorrhizal i.e. Frankia 

+ G. mosseae and G. mosseae) inoculated plants possessed the 

activity which may be related to the fact that the enzymes 

may be fungal specific: (Gianinazzi-Pearson and Gianinazzi, 

1978) . The activity of the enzymes was stimulated by 

Frankia. Further, higher activities in little RP amended 

soil signify the P stress, which triggers enzyme synthesis by 

G. mosseae. The investigation of Tarafdar et al. (1989) 

supported above finding. Excretion of the enzyme may be 

instrumental in the efficient utilization of nonlabile soil P 

• 



by mycorrhizal plants. Ecological implication of the 

possession of the enzyme by G. masseae leading to .improved P 

supply may directly predispose host to fix more nitrogen and 

to grow luxuriantly. 

A significant improvement · in the nutrient. 

contents of dually inoculated seedlings over singly or 

uninocul a ted count.erpar·ts signi f iesthat brJth Frank ia and G. 

mosseae interact posi t.i ve 1 y .in t.he acquisition o·f nu tr ien ts 

in nutrient-deficient. conditions. This interaction may be 

important in plant productivity in abandoned lands where P 

~ a growth-limiting factor. Hence, it may be exploited in 

the revegetation of wastelands. 



SUMMARY 

Present investigation was carried out to evaluate 

the interaction between symbiotic Franlda and vesicu 1 ar-

arbuscular mycorrhizal ( VAI'l) fungi on nutrient uptake~ 

nitrogen f i>:ation and grm•rt.h C)f Alnus nepalensis D. Don • 

Signi f i.cant. changes in the ni t.rogen-f i >: i.ng 

(nitrogenase) activity of r-oot nodules of A. nepalensis under 

field conditions in different seasons were observed. A marked 

higher activity was detected during rainy and low during 

winter season. Seasonal standing nodule biomass was high 

during rainy and low during winter season. Former was 

with 
intimately related A nitrogen fixation rate. Root nodules~ 

however~ were restricted only to the uppermost soil depth 

(0-15 em). Qualitatively, active nitrogen-fixing 

nodules .i.e. young and medium aged ones formed a significant 

proportion of population during rainy season. However~ the 

ratio of active to old and senescing nodule decreased 

exponentially in winter season. Total nodule population per 

unit soil volume too showed a marked seasonality. Nitrogen 



content of root nodul~~ ~how~d a ~ignificant ~:,om.i. t.i ve 

correlation with nitrogen-fixing capability of nodules. 

Population of Frankia Ltnder Himalayan 

nepalensis) for"est soil e>:hibited a marked 

alder (A. 

seasonality. 

AbLtndance of Frankia was recorded highest during rainy and 

low during winter months. Irrespective of seasons~ uppermost 

soi 1 depth ( DJ.) harboured m.:n: imum Frank ia propagul es which 

decreased exponentially with increase in soil depth. 

Ultrastructural and light microscopic studies of 

nodules revealed that the proportion of nodule cortical cells 

containing vesicular form of Frankia varied remarkably during 

various seasons and was characteristic of the seasons. 

Highest value during rainy and lowest during winter seasons 

was recorded. However, in a given season occurrence of 

vesicles in the cortical cells of apical, middle and basal 

zones of nodules varied. In addit.i.cm, the abundance of 

nodule cells with hyphal and sporangia! 

endophyte in apical, middle and basal zones 

among various seasons. 

form of mic r·o 

differed 

less 

Intensity of mycorrhizal infection varied to 

extent in different seasons which was high and low 



1'1yt:l::>r"r"h:l. :r.111l 

roots were highly aerobic as they were confined to 0-15 em 

soil depth i.e D1. The seasonal assay of chitin in the 

mycorrhizal roots of Himalayan alder also showed a similar 

trend as that of mycorrhizal infection. The bioma~-;s o·f 

mycorrhizal roots~ however~ was more during winter 

and low during rainy seasons. The morphology of VAM 

the endophyte in mycorrhizal roots was distinctive of 

s~?:!asons. VAM produced more arbuscules than vesicles during 

rainy season whose ratio decreased with increase in time and 

reached minimum during winter months. In many c:as•?s, 

were found to be colonized by finer VA endophytes (in terms 

of hypha! diameter) along with other fungal endophyte. 

Majority of endogonaceous spores were confined to 

D1 and D2 soil layers which declined considerably with 

further increase in soil depth. Maximum number of spores weTe 

recorded during winter and minimum during rainy season. 

1·; different species of VAM fungi were identified whose 

abundance varied in space and in time. Glomus mosseae was 

dominant species encountered in me~~ of the seasons and soil 

depths. 

Nitrogenase activity of nodules showed a positive 

and significant correlation with soil temperature, soil 



exchangeable Mg and Mn. 

Generally correlation between VAM infection and 

above soil physio-chemical characteristics was negatively 

established. 

Furt.her a strong negative relationship was 

established between nitrogenase activity and mycorrhizal 

Nodule N infection, chitin content and vesicle number. 

content was negatively correlated with mycorrhizal infection. 

Besides a clear cut positive and significant 

relationship was noted between 

nodule N, cortical vesicular c::ell s, but 

activity and 

was negatively 

correlated with sporangia! and hypha! (microcolonies) cells. 

Amongst various isolation techniques tested, 

microdissection coupled with double agar layer, modified 

sucrose gradient density technique and modified nodule 

crushiniJ tect1nique pl~oved to bE" most efficient for the 

isolation of symbiot.ic Frankia from the r·oot. nm:lules of A. 

nepal ens is in solid and 1 iquid r.:ul t.Ltre~:, n;:.spec ti Vt:?l y. 



were .isolated and characterised on the basis of 

morphc)log.ic:al, physiological and host nodulation 

charac:ter·istic. All Frankia strains st1e1wed a characteristic 

cushion-like branched, septate hyphae ranging from 0.5-1.2 

um in diameter. Vesicles were produced by all isolates 

especially in N-free medium, whose diameter varied to some 

e>: tent .• A marked variation in the dimensions of sporangia 

prr.)dlll:ed by various FranJda was evident .. 

Optimal gr·nwth of all three Frankia isc)lates was 

observed between temperature range 28-30° C. None of them 

could perform well above 35° C. However, AnF3 grew better at 

lower temperature than other isolates. Growth response of 

Frankia st.rains to various pH e>:hib:itec:l an interesting 

feat.ure. Frankia AnF.1 and AnF2 grew better· at pH 6-7 and 

AnF3 at pH 5.0. No isolate could grow at pH 4.0. 

In vivo nitrogenase .:~c:tivit.y differed ·for ear.:h of 

the isolate when grown on either propionate or ammonium 

nitrate amended medium. The activity was stimulated by 

earlier source and repressed by the latter one. 

The nodLtl a ticm pf.?riod Frankia was 

c:harac:teristic: for eac:h strain. AnF1 and AnF2 could nodulate 



.its or igin.::l J. host. i.e. Alnus nepal ens is D. Don .::\'f t.er ~:.0 days 

and anc:l AnF3 after 45 days of :inoc:ulat::i.on. Nt'Jdt.l J. e 

actinomycetes reisolated from the root nodules of host 

resembled original isolates. The activity of nodules formed 

by AnF.t was significally higher than with An f.,.. ·-' 
str·ains. 

Three Frankia isolates e>:hib.i.ted an inten;,>~sting 

seasonal dominance under field condition as assessed by 

isolation from root. nodules. Frankia f.ltnF1 wa!s dominant 

throughout the year while AnF3 was active only during winter 

season. 

The soi 1 s suppor-ting A. nepa.lensis h.:~rboun~d 1 

VAM fungal species v~hich belonged t.o Glomus, Giga.spora and 

Acaulaspora genet'"a. 

Seedlings of Himalayan alder inoculated either 

with Frank ia, Glomus mosseae sing 1 y OJ'" in comb.ina tion and 

noninoculated one responded differently to various soil pH 

levels. The dually inoculated (Frank ia + G. mosseae} 

seedlings showed higher growth than singly or uninoculated 

counterparts specially at slightly acidic (pH 5) to neutral 

soil pH (pH '7) • Ht.,wever ~ .i.n gn'Jwth 

performance between singly or dually inoculated plants 



n£:"'Tt:>Wt·~d ~t pH 4. Franl' ia + G. mosseae .i.n1;,c:u 1 r.~t.ec:l plmu·tt:.s 

possessed lower root-shoot ratio than singly or uninoculated 

controls at most pH levels. 

The formation of root nodules increased in time 

and with increase in soil pH and decrease with decrease in pH 

value above or below pH 6. Dually inoculated seedlings 

developed more nodules than those inoculated only with 

Frankia at. mc)<.::d:. pH levels. The biomr.:\ss of root nodule 

induced by Frankia was amelior·at.ed by the colonization of 

root by Glomus mosseae. ThE::! r·ate of ni t.r·ogenase '"'c t.i vi ty of 

root nodules di·ffered considerably between Frankia inoculated 

and Frankia + G. mosseae inoculated ones at all soil pH 

levels except at pH 4. 

Conversely~ the status of VA mycorrhiza~ in terms 

colonization~ arbuscule and abundance 

ameliorated in Franlda -Alnus -G. mosseae symbioses. 

synergistic behaviour· was altered or repressed 

decreasing soil pH. 

was 

This 

with 

Total phosphatase activity of soil was higher in 

rhizosphere of dually inoculated plants than in only G. 

mosseae .i.nocul a ted one elspec ia 11 y at modF.?rate soi 1 pH .i..e .• 5-



7 but w~s equal or las~er at aoil pH 4.0. 

Concentration of N, P, K and Mn in seedlings of 

Himalayan aldet'" was significantly improved by dual 

inoculat.ion with Frankia and G. mosseae. A marked clif·fen·:mce 

in the nutrient contents of dually, singly or noninoculated 

control plants was evident at most soil pH and especially 

between pH range of 5-6. The nutrient content was however, 

strongly affected by soil pH, type/(s) of organism involved 

and harvest period. 

The seedlings of A. nepal ens is respc:mded 

positively to Franlda and G. mosseae inoculation either 

singly or in combination at low to intermediate dose of 

organic matter amendments. Dually inoculated plants showed 

v igorow·3 growth than sing 1 y inocula ted either ~o-d. th Frank ia or 

G. mosseae especially at 0 Nand .1 N S!)il organic matter 

levels. Seedling growth was adversely affected by the higher 

doses of organic amendments. Non-mycorrhizal controls showed 

an increasing trend of growth with increasing gradient of 

organic: matter. Frankia +G .. mosseae incJCLtlated seedlings 

exhibited low root-shoot ratio than singly inoculated or 

noninoculated counterparts at low to intermediate levels of 

organic matter. In terms of stem collar diameter, leaf number 



and lffiaf ar~•~ dually inoculat~d ~eadlings ~hawed higher 

values than singly or uninoculated controls. 

The nodulation~ nodule biomass~ nitrogen fixation 

and rhi zosphe1~e Frank ia abundance was m;,:~r·ked 1 y stimu 1 a ted by 

G. mosseae in alnus -·Frankia G. mosseae symbiosis. 

However~ this ameliorative effect was depressed exponentially 

with increasing organic matter level in soil. 

Seedlings C)f Himalayan aldE'!r· colonized by Frankia 

+ G. mosseae e>:h.ibi ted more mycotrophic: bf?haviour than those 

1-'d.th only G. mosseae normally at lowr.>r·· level o·f or·gan.i.c 

mat. ter·. The abundance o·f ar·busc:u 1 E~s, vesicles and 

endogon ;ac erJu~.:; spore was remarkably improved in 

inoculated vd.th Frankia +G. mosseae which diminished sharply 

with increasing level of soil organic matter. 

Total phosphatase activity in the rhizosphere 

increased initially depending upon doses of organic matter 

<.."lmendments, which however, was assayed only in Frankia + G .. 

mosseae ar1d G. mosseae .inC)CLil atE<?d p 1 ants. Mcwe activity was 

estimated in dually inoculated plant than singly inoculated 

counterparts. 



Frank ia + G. mosseae :i.m:11:~ul. ild.:t:t;!t:l pl i:!lrl t.n~ c::1::mt.r:dm~d 

higher concentration of N~ P~ K and Mn both in shoot and 

roots than in singly or noninoculated ones. Generally shoot 

harboured higher nutrients than roots. 

Study on in te1··ac tion betwE::>f.m Frank ia and G. 

mosseae at dif·fer-ent level~s of phosphate in 

container·ised ~.;eedlings of A. nepalensis 1-'Jas condur.:ted. 

Himalayan alder seedlings inoculatE~cl with Franlda and/or G. 

mosseae responded differ-ently to various rock P levelt=.; in 

soils. Frankia + G. mosseae and G. mosseae inoculated 

seedlings performed better at intermediate to high (4 N) 

levels of rock P~ while uninoculated contr-ols and Frankia 

inoculated ones performed better only at highest dose. At 

any rock P level, r-oot/shoot ratio was considerably lower for 

c::lua 11 y inoculated seedlings as compared to singly 01'" 

noninoculated controls. 

Himalayan ald£~~r- seedlings inoculated with Frankia 

+ G. mosseae e>:h.i.bited 2-:~:. fold£.:; gr·eatc~,·- n<:ldulat.ion, nodule 

biomass and nitrogen fixing ability than those with only 

Frankia. However~ incr-ea~~ing level of r·oc~~. P reduced this 

difference 

rhi zosphe1'"e · 

The number- o·f Frankia 

soil was increased in the 

propagules in 

pr·esence of 



myr0rrhi1Bl twnqu• in B tripBrtitm •vmbio~i•. How•v•r~ Thi~ 

effEKt. was not observed in only Frankia .i.noc:ul;:\tf?d seedlings 

even at highest level of rock P application. A significant 

difference in latter population was recorded at low to 

intermediate rock P lev£.,15 bet.v~een FranJda + B~ mosseae and 

only Frankia infected seedlings. 

The c:lepr-:1ndency of ~se£~c:ll inq~; of A. nepalensis on 

mycor·rhi ~a 1 ·fLtn~lLIS, G.. mosseae wa~,; mol''e in Frank ia + 8 .. 

mosseae than those only with G. mosseae. This~ however, was 

least affected by increasing rock P level in soil. The 

produc t.icm of arbuscules and endogonaceous spores was 

distinctly more in dually inoculated seedling than those only 

vd.t.h G .. mosseae symbiont .• 

Total phosphatase activity in rhizosphere{ soil 

was significantly higher in the rhizosphere of tripartite 

symbioses involving Alnus Frankia G. mosseae than 

bipar·tite (Alnus -G. masseae) c:mt-;~s. The r.:\t:t .. ivity 

was absent in the rhi zo~.;phen:~ o·f Frank ia inocu 1 at.t.•d or 

noninoculated seedlings. It was high in soils with low level 

of rock P and decreased with increasing level of latter. 

Further~ at 30 days, the activity in rock P amended soil 

increased but showed low value at later stages. 

2b1. 



mycclrrhi za 1 

distinctly 

ln t:.t~~ r .. m ru~ f.:)'f' 

(Frankia + 

hight'?r level 

G. 

rJf 

n 1..1 t. r ... 1. f.·~n t. c: 1::ln t.r.~n t !~ ~ n r.n:l\ .. 11 at. ed 

masseae) s~:.~ed 1 ings har·bour·ed 

nutr·ients ( N, p~ ~: and Mn) in 

st1oot and root. tissues than Frankia nodl.llated~ mycord·lizal or 

nr.m.i.noc:ul a ted ones. Seedlings with two m.icrosyrnbionts 

maintained their lead for nutrient contents throughout the 

experiment irrespective of rock phosphate level in soil. 
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