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EVALUATION OF ROLES OF INHIBITOf,S AND

Niifi;Eiii;lNr ru sorr MYcosrAsIS
BY
i,. ,*O-O""ORYA ANd K. R. SAMADDAR
';; ;*;; ;,' ;;- ;", onv, t< ot v o' i u n i w r si t 1" K o t v ani' w e s t B e n g a t

Nutrient-independen,.o-1"r:'"::.r-,1;;;l#";r.,"#lJ;.1'l'li,il'#iff;',iil1i,tl"l1#
serminare uhen incubated on ll,,'"n"'11_::l:::lli',i,""'",".i-rr.. No funsisraric substance

ohane discs pre-incubated on sorrwere not 
'"ll!]:.":].:^t::^:l"'l,tll;;"i;.. agar discs exposed

il;llffi ::::l jililJ: 
H', J:l :i1i,*::""i;"]ii:ii;:*: ;: Iiu 

-ffi,;"ll' 
lxl,1

indicllted rhat volatile funsislatic factor(s) 
X[r":;'iffi;;:', 

'niiri,orv 
to tte te.r propastrles'

illt,l":,:',TJ;'."i::li;-i:T:il1ili:"#;';;;i' conrinuo'Lrs teachine with drippine

water, but did so whe" r"u"r,"a *rrt 
''til'zl'**"o"" *i,,ton ot proFafu,les leachates obtaioed

nreviously. Exposure to rtu"t'''g cJ"'"u"tti'it'" s"tn'in'tion pore' tialofthc l(stpropagules'

I o's of enctogenous m"t'tc,ri"= r"'" ti" tpt,l"' '" 
ti" *'t was denulslratcd bv rapid diffusion

of 3 2 P and 1 4 C metabolites from t'""t 
"i't""oto ; il h thcse late ll( cl isotopes a'd incubated

on soil. There lvas little or no Iott "i 
iJ'ot"i* metabolites lro control sFoles incubated

on slides. 'I hc data ltoa tunoo* to"nitti"rri 'o"u'i""tn"to t"t ilre cnrrsation o[ soil mycostasis'

INTRODUCTION

occurrence ol'fungistasis in soils of India including tl: di:lt:t: of Nadia or west

Bensal has been l'eported f u'"i'*i"*'"'J-iuti'uaaot' 1975 ) The lungistasjs

of these soils could be annulled' o' nt"it*1"'-tt"n or by amendment with flutrients

and thercfore is of "Biotic ' tYPe'

ln geueral' the biolic fungislasis is explained either by-rhe-presence of inhibitots

in thg soil ( Dobbs and 
"''*''' 

inti ''*ars:rr 
and F-ol^1:]:J' 

11:',1'l-liiJiii.'trii", tt,]rlnt "utrient-sink 
imposed by soil mictoorgatttsms 1 -

i6ii"t".ui'*o le?7: Filono\'j! and Lockwood' l98l ''

The ob.iective of the investigation as to test the 'inhibitor' ancl "nutrieut-sink"

hypotheses with respect tt t;;"t;i;;' Kalvani l Nadia I u.'ing a lew Ntrt'ient

d e pendent and independ€nt tro91"{'*^ 1'',:*''n-il: l1H;i"Xl .T;I"ff:
r tre drnu'ibre and/or r oratire t:',::::; ';ilili ,i:" ;il',n.',0o,. ro the soil ai a

also made to determine thc

cause of mycoslasis'

MATERIALS AND METHODS

A cultivated sandy loam ( pH,?0; ED5'' 8)anda lailow loam (pH' 7 4; EDii
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very high ) were used. Soils alter collection were stored as described previouslv
( Bhattacharya and Samaddar, 1977 ). This soil is referred as nalural soil. Soit
was sterilized when required by autoclaving at l5 psi for 40 min. on two successive
days.

Nutrient-dependent conidia oI Penicillium chrysogenum and Nutrjent.independent
conidia of Currularia lu;nta. Helminthosporium oryzae, pyricularia orl.zue and
sclerotia of fuIacrophonino phaseolina werc used. The mailtenance of the fungi
and preparation of propagule suspensions wer.e done foflowing the melhcd of Setua
and Samaddar (1983).

The double cellophone (DC) method of Weltzien (1963) was used Jbr deiecrion of
diflusible furgistatic pl.;nciple. For assay of volatile lungistatic factor. the soil
emarlaiion (SEA) rnethod ofHora and Baker (1970) was used.

For soil extracts, 200 g ol air - dried, natural or of sterilixed soil was extracted with
100 ml of water.. HCI (01NandN), NaOH ( 0.1 NandN), ethaflol, methanot.
ether, pet ether aud chlorofrom ethanol ( 2 : I ) mixture. Soil-water suspensions
were vr'gorously shaken in a rotary shaker lor I hr, the slurr.y rvas centriftrged (3000
g for l0 min ) and the sup€rnatant was filter slerilized ( Bact. fiker.No. 5, Cor.ning)
before assay. Soil suspensions in acid or alkali were shaken overnight. cenlr.ifuged,
the pH ad.justed to 6.8 with acid or alkali and flher slerilized before assay. Soil
suspensions ir ot'ganic solvents were shaken for I hr and cenlrifuged. Thc
supernatant was evaporated to dryless in a flash eyaporatoi at 30.C. The tesidue
was dissohed in 50 ml of distilled water, centrifuged and filter. sterjlized beiore
as \aY.

Spores or scleroiia of test fungi were Ieached by dripping gla-(s disrillcC walcr-
0.01 M phosphate buffer, nutrient solntion or leachates of pr.opagLilcs obtriired
previously following the method ol Ko and Lockwood (i967).

Test fungi were gr:own on PDA supplemented with 1rC-glucose ( 50;rc,ml ) orr:p
-orthophosphale ( tO0pc.rnl ). 3 ? p-orthophosphate was diluted with phosphate
buffer ( p,'l 6 0 ) and added to the medium. After 2 weeks gl.owth propaguie
samples were collected and washed 3 times by centrirugalion. The stor.ed soir was
remoistened to 601b watef-holding capacity" packed In a small petri dish ( 2,5 cm.
diam ) and surface smoothed. A large cellophane ( 4 cm diarn ) disc was placed
over ihe soil surlace and on top of this was placed a smaller disc ( 2 cm. dian ) of
dialysis casing. Cellophane and dialysis casing discs werc boiled. waslred and
sterilized ( I5 psi for 15 min. ) before use. Samples of spore suspensiol (0.05 inl)
were placed on the small disc and the Petri dishes were piaced insidc sealed cham_
bers ccntaining C0, traps ( l00pl of lM NaOA and 0.2 M Ba(OH),, in a planchet).
Spore-bearing discs placed on sterile glass plates and praced inside seared chambers
with C0" lraps served as controls. The spor.e-bearing discs were periodically
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removed and tfansferfed to p]anchets, glued, dried quickly undel a lamp and

,"*""r",,, **.*ed' The -0, t'op' conraining 1 aC0' due to. respiration ol the

*"'p"*"f"r'"rJ ,frat respired by soil organisms were also counted The C0' lraps

i, 
"""ri."t "n",,o.rs 

gave the amount respired by spores only. The loss of radio-

;"il-;;;; the sp-ore to the soil was calculated by subtracting the count due to

spore rgspiration in C02 - traps The results presented are avelage of three replicate

spore-bearing disc'

Measurrent of 3'P-actirity was carried out in a lead shielded end window counter

",,r"n"J 
,. a scaler ( Atomic Energy Establishlle11t' Trolbav ) using stainless

;;;,;t;;.ir. A window less gas-flow counter ( '\tomic 'Energv 
Establishnent'

T.o,riay ) was used for counting 1rC'actirity'

Phosphate buffer was prepard following the method ol Gomoli ( 1955) Carbohy-

ir"r"i"i.t.t*l.n *as done by the anthrone melhod ol Morlis (1948)' Amino

;; ;; reiated compounds were estimated bythe ninhyt 'in method o[ Moore and

Slein (1954).

T able 1. Gemination ol Nopagules of nutient-independent fungi on

cellophane discs incubated on soil

Mean (9i,) germination

organisms Slideb
control

1

Crrrr Fal

1
-cul-- - i

21
Cult l-al

M.

93
90
a7
88

16

0
16

11

10
0

12

30
6

14
20

1l
5

B

12

16
12
19
18

6
B

'10

'l
otyzae
otyzae

after Iemfistening, packed in Petridishes'

germinalion was d€termio€d 6f1er 24 hoursSoil samples were removeC on indicated davs

propagLlles placed and assayed Percentage

of incubation'
b Cellophane discs with propagules were incubated on sterile glass sliles in moist chambers'

c The cultivated soil (cult ) hac a cropping history of rice and jute in lotation' The fallow

soil (Fal) had no crop fcr last 20 years'

RESU LTS

Te,l for diffttsible fuflgistatic factor

To test the diffusible natu|e of the fungistatic factor present in soils' propagules

*lr"-r"O"r"r.O from the soil by a cellophane mcmbrane and their germinatior

;;;:-*":-n, indicared significan, il,hibi,ion of germination of rhe propagules

or the cellophane disc kept in contact witl.r borh cullivated and {allow soils The

fallorv soil appeared to be slightly more ftrngislatic-than the cullivated soil' The

"Ur.r".i 
*friO1,i"n of germination coulcl be due to diffusion of lungistalic substance
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through cellophane or due to loss of endogenous nufients from plopagules through

cellophane.

To test the latter possibility cellophane disc were incubated in contact with soil

for 24 hrs, .ernJred, seeded with propagules and incubated on glass slides for

another 20 hrs. Germination of ptopagules on dics pre-incubated on soil was com-

parable to controls. In another experiment cellophane discs were incttbated on

soit at 1" and 28"C fot 24 hrs and then extracted with stelile walel at 0"c ard the

extractsassayedforfungistaticactiv;tybyslidegerrninationbioassay.Gel.mination
of plopagules oI test fungi was not inhibited in any of the extracts'

Test lor volqtile lungistatic /actors

Sterile water agar discs were placed on glass slides kept in the atmosphere above

the soil. Agar discs exposed above distilled water were used as conlrols Fungi-

static activity of these agar discs was tested Results indicated ( Table 2 ) that

there was no inhibiticn of germination of the propagules cn the agal discs pre-

incubated in the almosphare of the soils irrespeclive of whethet llle discs were

removed frotn the soil atmosphale alter 24 hrs oI lelt there'

Table 2. Getminatirn of popagules ol nuttient independent fungi on agar discs

exposed to atmospherc above the rcmoistened soil

Mean (9;) germination

Days aller remoistening the soil a

organism Control " -__--ErIinAa- Fallow

_:_
PLc PRd PL PR PL PR

-T_J_-_4-
PL PR PL PR PL PR

C. lnnate Bg

H, otyzae 96

P. otyzae 81

M. phaseolina 85

aAir.driedsoi|su/ereremoistenedlo60%WHcandstoledinstoppeledcontainers.sanrples
were removed on indicated daysafter remoistening' lakenin Petri dishes and assayed for

, volatile factor. using sEA method. The agar discs altel oxposure 10 soil atmosphere were

handled as PL and PR as discribed below'

b Agar discs exposed over distirleC water for 24 hIs were seeded wilh propagu'es and percen'

tage germination de ermined after 24 hIs'

c PL:Pre.incubated and left; agardiscs exposed to soil atmosphere for 24 hrs, seeded with

propagules and left in the soil atmosphere for anolher 24 hrs, after which pelcentage germi-

nation was determined.
d PR:Pre-incubated and removed! agar di6cs exposed to soil almosphere for 24 hrs, temo'

ved, seeded with propagules and incubated on slides ifl moist chambers for anolher 24 hrs

after which percentage germination was determined'

89
95
81

82

!5
BO

80

94

96
91

80

89

81

80

96

75
83

80
94
87
84

94

90
85

85
94
80
81

90
9B

84

92 91 85
98 95 93
85 33 90
85 80 81
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E.ffect of soil ?xtracls

The effbcts of soil sxtracts on the germioation of propagules of the test fungi are

strown in taule 3. It is evident that the soil extracts were not inhibitoly to the

germination of the test organisms ( Table 3 )'

Table 3, Getmination ol lungal prcpagules in extrccts of a lallow soil

lvlean (%) germinationa in soil extractsb with

organisms controt"

-ul 

96 a5 - zs gs 95 98 91 ?? :: :lC, lunata

H. oryzae i, 90 ib 80 98 95 so 85 91 91 94

;; ;; Bo 78 85 a2 1-1 99 t^i 2? l:P. otyzae'i."olil'ir,* ; ii ei eo tu ao 82 -j'--ix--ry
a Average of 400 Propagules

b Soil extacts were mixed with washed propagule suspensions

c Germination in distilled water.

E/fect o.f leaclting on propagules ge nination

Propogules of test fungi were exoosed to continuous leaching Results indicated

/ Tahlc 4 \ sisnificant inbibition of germination o[ all test itrngi When the pro-

:"-"t ilieaci; *itr' o'tZ glucose solution' Iittle or no inhibition ol germina-

X"i, il";t;;; ct'o,iouti* potential of c' lunata decreased following

ir"i'rt aJi n., with distilled water' Germination of pleJeached spores was

,"^""i i"-rOZ "t 
the controls of C ' lunala' Leaching wilh water for 24 hrs had

;;I ;,';t;; germination of H' orltzae'but after 72 hrs of leaching germination

Table 4. Ge ninatioh of fungal prcpagul"::r'"t"d: ""':'il "'c 
d:''g l"""hl'!

Mean (%) germinatit n

Leached with

organisms a slideb Nat. Soilc 0.19;
G tucose

C. lunala
H otyzae

P. chtysogenum

8-7

85

o1az1d

10
16

0

8
3
5

0

85
80

80

75

l
l

I
,!

i

a Except P. chtysogenum all test fungi were nutriont'independent'

b Washed cellophane discs placed on stides kept in moist chambers served as controls'

c Washed celtophane discs placed on natural soil using DC method

d percentage germination in presence ot 0.1% glucose solution'

I
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potential was decrtased 30-40% of controts The linear growth rate of germ tubes

of conidia of H. oryzae pre-leached for 24 hrs was significantly reduced ( 10-60% )

as compared to non-leached controls'

Propagules leached with 0.1f glucose or leachates obtained by leaching a separate

Uut.t 
"of 

p.opugut"s, germinated readity' Leachates of H' oryza-e' C' lunata and

M. phaseoliia contained authrone and ninhydrin positive materials The stimulaticn

of germination by propagule washings in the leaching system was found to be

nonlspecific since spore washings of H- orytae could stimulate the germinaticn ol

C.lunota or M. phaseolina and Yice'Vctso.

Loss of enilogenous metabolites from spore to soil

Spores ofP. chrl'sogenum and H. oryzae labelled with mdioaclive metaboliles

( 3'P-or 14C- ) were incubated on soil and the amount of radio-activity lost as a

function of time was determined. Loss of radioactivity from spcre-bearing discs

kept ou slides in moist chambers served as controls. Results indicated ( Fig l )

.upid lor. of 32P- and r1C- metabolites from spores ol both the test fungi when

incubated in contact with natural soil. The rate of diffusion of labelled metabolites

from spores to the soil was initiallv very high and about 30-50"1 of the endogenous

metabolites rvere lost within 24-41 hrs. of exposure to soil' Thereafter' the Iate

I'ig. I

9

:

2

P chavsooenum--o--a

--o---o H oryzqe

HR3, ON SOIL
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declined and leached a steady state which persisted duling the period of

observat ion'

DISCUSSION

rhe observation that the. propagurl ;;Hiil:.,:[l i,; ::[:i.:':itl1[il'T
:H: ;nHil:::1ll'fl:::: I"' i' i n.'*'" n o*.''l-' 

-:1 l' ['i" l3'il'1,i.1
:;:Xilff "k'vpothesi 

s-''o":'"'l 
^':-::::,1ii:T:. 

";::,'J", germinat ion or

ro tr," soit throush the *tln*^l:#', 
T,,i*""#" "ro 

-t".kwood 
1964 : Ko and

or.:prgrles in such assay 'y:]:it ,l^'.:'",:i"""",r.a bv rhe facr thal cellophane

Lockwood, re67 r. rhis possrhiriry tll,:::::'::iil';,i,XJi: 
nln,,inu,ion ,no no

di.cs previously kept in conlacr 
;'J":i:;;ir;;; such diic,. rlre results are ttr

funeisraric substance (s1 could 
|[;:,,;;;-;"od. r967: Loc\wood. ls77 )'

corrifirmation oI Previous worts

voratirle tunsistatic subsrancersI as,IffTT 
,:'-:i.l"ffl5:",I tl'lilLilt"lLlii'

i:,',:',,-,;".:[,fILT' * J L ;*t [inT;l *,T:' ;T. ;.,lff ::: [:j:." :;
rell.ricted to cettain soils and a

i""rir,,'''1" **t natural soili Ko rnd Hora l972 \'

No ri.,nsisratic substance f]^'""":tj,.:' ;:]il:',j':I",'J''il""f,1JilT",..],1'1il.:.:
solvents and extraction ot";::.[;'", i,rl" ,o**. ".lr_r:1,:l:"].^::"'il":lil;lrrom the soil mav be ]il:[i;;J;h ;;bstances during isol

soils or irractivation or remo\

ilri,ill;;'' 'ix' 
le6?: Schuepp and creen leb8 \'

:tn"*.r *:,I;:'i i:1+\:;X"i':' HT:;: :il[.T:.. ffi iTi l:T J*
* [, .l:lT .T i;fl:X':"*: ]:;':l-''*-:: : :{, i.;: il," Ji::i, ;, : I i:i
f ockwood r e6T : l ock wood,rli'rl 

;,,.""';" ;;'i:- :. ].1 i:.,.:']i:T J,l'ffi 1:

i',fi'.|.ffi:: J#";:."';#;;i;,i'or p,op"sut.,-Ll','l,..on,.n,ion 
or ro:s or

l"i*,""1"'- n"t 
'ou'lv 

obtained spore-washings *T::]1, 
dcpletion o[ Ilurrienr\'

;;:;:;;: nutrients during ''i:'l:';,"1n:,':::ll:,tJl*:il;-or H' orvzoe ttnd

howe\er" was 'nuth 
gttu':l] 

T'Xli"ll"'-"tt' "htr 
intuburion on soil for 3 drls'

C.lututa germinaled weli in otstrtle1.,,':"-^t""trt 
of these spcres occufied even

rvhereas significant decrease in germination potential ol thes

"i"t 
Z+ tl" exposure to dripping water'

The experiments in which radio-labelled spores were"e::::t":i:r:t't:;flt:'1*;

e\idencethatsoilftlngislasismaybetoduetolo{\otenoog

_l
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spores to the soil. About 30-50f of the initial radioactivity of spores were lost

.,^^, "qnirllv within a short time of exposure to soil Evidently spores in contact
!st) r.vrurJ 

ents' ihe results are in confirmation of earuer
with soil lose endogenous nutnr

;;r"iil;;* uJ t-o"t*ooo, 1e?5a' b; Sneh and.L:ckwo:d' 1e76; Filonow

and Lockwood, 1983 )' Why loss of endogenous nutrients prevents germination

;;;;;;-il;n"odent spores, however' is not clear and warrants investigation'
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