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Gaseous hydrocarbon production by fungi and responses of a triazole
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Six tungr were asolated from banana (M acrminiara |

ev. Gnant governor) stored under high relatne

humidity, Within live hours of subculturing tungi produced ethviene. ethane und acetvlene in dillerent
concentration which decreased with culture age. Triazole inlibited such production. Ethvlene production
was substantiallv low in healthy nonintected zone of banana.
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INTRODUCTION

The production of cthylene by isolated fungi and
bv discased plants have been previously reported
(Fergus. 1954: llag and Curtis. 1968: Chalutz and
Devav. 1968: Dasilva ¢ al 1974: Vasvuk. [993.
Sadhu and Gupta 1996). A possible role which
ethviene mav plav in host-parasite mteractions
was presented by Frecbairn and Buddenhagen
(1994) in a studv on banana wilt discase causcd
by Pseudomonas solanacearum. Stahmann er a/
(1966) reported cthyvlene induced resistance 1o
black rot in sweet potato. However. the involment
of cthyvlenc 1 pathogenceity 1s  controversial
(Chalutz er al .1968: Dastlva er al. 1974: Popp er
al. 1993). Extensive studyv s theretore needed on
the production of ethyvlene by the pathogens under
i virro condition and the cxtent of cthyvlenc
production by the host-parasite complex.

This mvestigation was carried out with the fungi
(Aspergillus tlavus, Botrvodiplodia theobromae.
Curvilaria  fallax,  Fusarium  oxyvsporum. I
monilitorme. Penicilium citrinum) isolated trom
banana n order to observe the capacity of the
pathogens to produce gascous hvdrocarbons with
progress of growth under cultural conditions.
Ethvlene production rate has also been studied in
host — parasite region of banana. The amount of
cthyvlene production has been recorded m mfected
zone. healthy  zone and  intermediate  zone
(between healthy and infected zone) of coat and
pulp tiSsucs of banana. In addition the responscs
of a triazole derivative were evaluated on the
wascous hvdrocarbon production /i virro (Sadhu.
1994). Responses of triazole on inhibition ot
cthyvlene production has been reported in higher

plants (Grossman ct al.. 1989). However. such
studics have been made in fungi where the
methionine  pathwav of ethvlene production 1s
suspected to be not operative.

MATERIALS AND METHODS

Experiments were performed on tungi 1solated
from Banana Rcscarch  Station.  Chinsura.
Hooghlv. W B. thev were surface sterilized and
stored n high relative humidity at 30 £1°C until
fungi became visible. Fungi were 1solated from
stalks. coat and pulp tissucs of banana. Isolated
fungi were grown on potato dextrose agar (PDA)
medium (pH 6.3) at 30 + 1°C in dark. They were
identified by Commonwealth  Mycological
Institute (CML. UK. and Indian Agricultural
Rescarch  Institute  (India).  Pathogenceity  tests
were carried out with comdia from 6 dav old
culture which resulted in the development of
typical svmptom 6 — & davs after inoculation.

An noculum  plug (5 mm  diameter) was
transterred to PDA - slants contaming 8 ml of
media in borosil culture tube (13.2 ¢cm = 1.6 cm)
and cubated at 30 + [°C n the dark. Fresh
weights were taken at 0 and 10 davs after the
slants were imoculated by weighig the control
slants and moculated  slants  side by side
Ethviene, cthane and acctviene production were
measured from the slant cultures (3h and 10 d )
using the method described by Spalding and
Libermann  (1963).  Cultures  tubes
moculated and  scaled with rubber serum cap
asceptically and incubated at 26 = 17 C in dark for
5 hours. Gas samples were withdrawn with a
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Hamulton (T = AD gcas tight syrige and analy sed
m a Nucon 3700 gas chromatograph fitted with
Porapak T column ( ':~ [00) on a
flame 1omizaton detector Carner flon (N-) and
oven temperature were maimtamed at 30 mizmm
and 33 = 17 C respectnely to o deternune
concentrations of cthvlene. ethane and acetvlene
peak  Standard pascous muxtures were obtained
trom EDT Rescarch Co (UK ) Ethylenc. cthane
and acctvlene praduction were also measured i
10 dav old perturbed mother culture

Ethvlene  production  rate was  measured  m
healthyv. infected and mtermediate zones of pulp
and coat ussues of banana Banana was stored
room temperature (winter months) and pulp (10
mm - 3 mo) and coat (5 mm o« L3 mm) dises
were transterred m 3 mil capaciny elass vial fitted
with latex septum It was then incubated at 30 -
I C m dark Etnilene production rate was
measured at 3 hours and 24 hours of mncubation
durme  storage as desenbed above A wnazole
dernvatne namehy BAS HEW [E-phenosy -3-(1 H-
I.2 4-triazole-l1-vh-4-hvdroxy o S-dimetind
hesane| from BASF. Germany were mined with
PDA slants makimg 100 pg/ml (Sadhu and Gupta.
2000) which miubits fungal growth The slants
were moculated with the test fungr (3 ml dises
from actine  colonies) and levels of cthylene.
cthane and acetvlene were measured after 3 hrs
and 10 davs as outhined previoush

mess X0

RESULTS AND DISCUSSION

In the present study cthylene production trom
healthy and nfected region of banana during
storage was followed (Table 1) The possible role
of ¢thhlene i host-parasite mteractions of” frunts
after harmvest s of scienufic mterest and  great
commercial siomticance There s, however. hule
mtormaton available about the eftect of ethvlene

on discase development  The infected coat of

banana wiuch has dricd up. produced very hitle
amount  of  cthvlene.  Intermediate zone (1o
between healthy and intected zone of” coat and
pulp) produced more cthylene than intected sone
Intected pulp zone produced more cthylene than

healthy pulp 1t mught be duc to the presence of

fungt m ntfected  zone which  grow  towards
healthy zone (Achilea (et af 0 19850 Sadhu and
Gupta. 1996)  So the tung present e the
mtermediate zone became more active m cthy lene
production.  There was no direet relatonship
between the amount of  mnvechum formed and
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On livdrocarbon production

the amount of ctinlene produced (Fereus. 1954
Vasvuk, 1995) On the other hand Chalutz and
Devay (1968) i thair studies with Cerarocysin
timhriara tound  that cthnlene production was
dependent upon the rate and amount ot tungal
eronth on agar media and in host tissue but there
was  no  consistent  relationship between  the
relatne amount of cthviene produced 1w vivo and
mniiro

Fable L1 thvlene production from banana o\ acriminatay coat
and puip tssues ontected zone tonards healthy zone) stored m
room temperature  owinter  monthsy ot ditlerent hours ol

meubation dunne storgeye
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Mycchal gronth i werms of fresh waieht was
followed 10 davs atier moculanon and 1 was
observed that maxmum crowth was attuned by
Botrvodiplodia tolloned by
riflax,
Asperailluy Havies and Fusariem moiniliiorme

fiicobromae

Fusarimm — oxvsporim Cumvidaria
Pemetlfio cirmum showed slow rate of growth

Gascous  Indrocarbon production was  tollow ed
with the merement ot culture tresh werght i the
same svstem and ome Tt was observed from 3
hours 1o the 10 davs and most of the tungs
produced cthvlene. cthane and acetvlene (Table
2y The amount ot cthane producton was
general ey low exept cspergilins phns and
Fusarinr moinlirormae Tewas also obseryved that
production ot cthane and acenylene were Iughest
where ethviene production was maxmum i the
Masunum  devels  of all thiee
hnvdrocarbons were at the 3 I assessment sty

Same o svstein
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Fable 2. Gaseous hvdrocarbon tethvlenc. ethane and acetvlene) production from tungsl cultures (30°C i darky at 3 hr. and 10 dayvs

toHowing moculation

iunel
Hy drocarbon \ue
il mi) chr davsy Control i Havi 3. theobromuae L faliax L ONYNPOT N Fomomidiorme P.curanm
i-thylene 5h 0 1372.00 63781 119,00 R 1281.00 15911
18 418 + .88 072 + 745 + 1.87
10d 0 06:23 R.60 L23 752 7R 782
22 +0.29 +0.09 +0.12 2060 t0.12
Fthane 3h 0 .00 3310 (.83 0 114.70 047
093 +0.20 +0.10 t1.72 +0.29
10d 3] 8] ) ] 1] 0 0
welvlene Sh 0 O8O3 35910 7800 13.65 77980 7815
521 +2.80 + (.90 $0.28 +06.40 B2
1 d [t} .82 112 Y] .41 1] 290
+£0.01 008 +0.01 +0.96

tValues are mean £ 8 100

then decrcasing as the culture aged. In A, flavies
and ¢ jallax ethvlene production was almost nil
at 10 th dav and cthane and acctyvlene production
was not found. In other cultures hydrocarbon
production ratc was very low at 10 th day,
Ethyvlene and acetylene production was maximum

n A4 favus followed by I monilitormace.  B.
theobromace. P ciinum and (" fallax.
[~ oxvsporum  produced  mimmum  amount  of

cascous hyvdrocarbon (Table 2).

Fable 3. Production of gascous hvdrocarbon (ethylene. cthane and
acetvlene) from the perturbed mother culture (10 days old)

[ vdrocarbon (nl mb)

F'ungy Lthvlene Ethane Acetvlene
6R7.03 12.89 106.70
+4.23 +0.24 +1.20

12 theohroama 128.73 7.20 +42.80
Tl.}l .50 TN

t tlla 2992 1.20 192
H) 42 +0.05 .08

L oxvsporin 925 0 (}
.70

o moniliforme $38 23 2242 72.30
+31.02 +).37 108

1 citrinum 2840 0 142
+0.33

(Values are mean £ 8.15.)

The present study showed that the highest ability
for gascous hydrocarbon production appeared to
be immediately after the transfer of inocula in the
media ie. only after 3 hrs. of incubation. The

biosvnthesis of stress cthvlene in response (o
mechanical woundmg has been variously reported
(Willamson. 1930: Hvodo and Nishino. [981:
Hoffman and Yang. 1982: Vasvuk. 1995: Sadhu
and Gupta. 1996). Inoculum during transfer
suffers mechanical wounding at the cdge which
could act as an induction for cthylene production
(Table 3) This subscquently, decreased  after
mitial wound response. Results from this study
are consistent with the idea thar the physiological
stress resulting from mechanical removal of the
inoculum from the original culture (Table 3)
resulted m an  clevated  rate of  cthyvlene
production. Here in case of 4. flavus highest
quantity of ¢thvlene and acetvlene was noted. On
the other hand in casc of . fallax. F. oxysporum
and /7’ citrinum such production was significantly
low when comparédawith that of 4. flavis. But B,
theobromae  produced moderate  amount  in
companson to others (Table 2). In addition to
cthylene the tfungi have the ability to produce
cthane and acetyvlenc.

Tnazoles have been reported to have tungicidal
propertics (Ali er al.. 1979: Fletcher ef al.. Kar
and Gupta. 1991: Sadhu and Gupta. 2000).
irrespective of  weather thev are released as
tungicides or plant growth regulators. Thev
effectively mhibit GA. sterol and  ethyvlene
biosvnthesis (Grossman ¢f al.. 1989). Tnazole
(BAS 1. W) reduced ethvlene. ethane and
acetviene production in all the test fungi (Table
4). Trcatment with BAS 1lIl. W have been shown
to decrcase cthvlene production but increased |
amino cvclopropane carboxvhic acid (ACC)
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Friczole tBAS LW at 100 ng mby responses on gaseous hvdrocarbon (Ethyvlene. ethane and acetvlene) production 1rom

F'ime alter Lthvlene inl mb

Fthane cnl mly Acetviene inl ml)

Inocuiation

Fungi thdy Control I'reated Control Ireated Control Clreated
A Havus 5h 1372.00 257.50 X000 1215 06895 1OR.00
+8.15 +2 03 Hiul +().33 +3 0] 197
1o d ;23 sS40 4] 0 082 il
H) 22 HO23 +1.0]
B theobromae Sh 63781 296.20 3300 16.70 33900 179.30
=Y £1 .85 Hi 20 +0.10 +2 80 +1 .39
i) d 8.60) 4.91 0 (v I.12 0
fon | BT +( 10 00N
O fellax 3th 119 00 90,060 (.83 310 78066 (00
1 8% +] .42 = 10 07 0 )43
lod 1.23 1.23 0 1l () Ul
+ (9 +) 28
I oxvsporin 5h 33.12 875 0 0 13.03 4.20
.72 040 £0.28 08
100 h T2 223 N 0 041 0
.12 H) .05 +0.00]
I meniliforme 5h 1281.00 V372 114.70 0240 779.80 54320
745 =310 *]:72 130 =040 =32
lod 748 1.20 0 0 0 i
+i 11 H1.02
P citrivnam 3h 139 11 137.360 947 70X 813 84 00
+1.87 *l +).29 .21 EL A2 +1.20
ford TR 250 (] 1] 200 i
12 H).02 +H).03

i Values are mean £ 8.1

production in lcat” disces of barleyv (Grossman ¢t
al.. 1989).  Tnazoles 1in moderately  low
concentration (300 pg/ml) mcreased storage life
of banana (Sadhu. 1994). Rolc of gascous
hvdrocarbons in discase development and  their
protection by triazoles are under trial

REFERENCES

Achilea. O Fuchs. Y. Chalutz. I and Rot. I (1983, The
contribution ol host and pathogen to ethnlene
brosvnthests i Penicillium digitanon mleeted
atrus truit. Phvsiol. Plant Pathol. 27 @ 35 = 63
Hall. R. and Uletcher. RUIL (1979)
fungal growth by plunt growth retardants. Can, JJ.
Bor. 87 : 458 — do0)
Chalutz. Iand Devay. LE. (1908). Production of ethylene
i vitro and i vive by Ceratocvstis fimbriata m
relation o disease development. Phvropathology,

Al AL

Inhibinon ol

3
Dasilva. F. ) Henrkson. I and Henrikson. 1 F (1974
Eihvlene production by tungi. Plant Se. Letr. 20 03
- 00,
C.Lo (1934 The
Penicillign digitarim. \veologia. 46 :
RAL Hofstra. G oand Goo. ). G (1980)
Comparative  lungitoxic  and — plant — growth
regulating properties of tnazole denvatives lant
Cell Phvsiol. 27(2) : 367 - 371
Freebam. 11T, and Buddenhagen. LW, (1964 Fthyvlene

production by Psewdomonus

Nattre, 202 : 324
Grossman. K. Tauser. O Suuerbrev. 15 Iriweh. 11
Schimidt. O. and Jung. 1 (1989), Plant growth
returdants as mhabitor of ethvlene production. /.
Plam Plysiol. 134 1 338 - 343
NE md Yange SF (19820 Enhancement ol
wound mduced ethvlene svathesis by ethyvlene
prechimacterie cantaloupe. Plant Phvsiol. 69 :317 -
322

750 - 735,

Al

production of ethvlene 1

3M3=33

Fereus. Y
3,

Iletcher.

solanacearum.
i
RIRES.

Holtmam.

Ihvodo. T and Nishmo. T, ¢ 1981). Wound mduced ethylene




P Sadhuand Ko Gupta

tormation m  albedo  ussues ol cirus. Plan
Phyvsiol. 67 2 421 —~ 423

Hag. [ and Cortis. RW. (19080 Production of ethylene h
fungi. Science. 189 0 13537 - 1338

Kar and Gupta. K (19910 Flieer of triazole tpe plant
orowth reculators on suntlower and sattlower seed
viabihiy, Can L. Bor 69 0 1344 - 1348,

Popp. M Jolnson. LD and Lesney. MUS. (1995, Changes
m o ethnlene production and  monoterpene
concentration i slush pine and loblolly pme
following moculations with bark bettle vectored
fungt. Jree lhvsiol 15 807 = 812

Sadhu, 2P 1994 Brochemucal changes m Banana (A /.

ccummeata 1oy Giant governor) durng post-

harvest discase development with special relerence

1o ethnvlene production and 1= conwrol by triavzole

npe  plant erowth regudators. Pho 10 Thesis.

Burdwan University. Burdwan. W.B India

Sadhu. B0 and Gupta, K01996) Ethylene production by
fungt and its relation with disease development

lefv. P2 Ne IV 2 123 = 133

Sadhu. B.Pund Gupta. K (20000, Responses ol triazole type
plant erowth regalators on fungal growth.
Viveopathol. Kes. 38(2) : 73 =79

Spalding. D11 and Liberman. M. 1903). Factors allectung
the production  of  ctnlene by Peniciliium
digitem. Plamt Phvsiol. 4000 045 — 048,

Stahmann. M A Clare. DG and Woodbury, W T9o0)
Increased discase resistance and ensame activiny
mduced by ethvlene and cethvlene production by
black rol miccted sweet potato Ussue Pl
Physiol. 42 1 1503 = 1312

Vassuh. VA (19930 A phviohormone i the syvstem “plant
phytopathogenie tungt”. L kravinsiovi Botamcliviy
churnal. 32(4) : 303 = 314

Willamson. C.E. 19300 Ethvlene. a metabolic product of
diseased or mured plant. Phviopare 4000 205 -
208

i Accepied for publication February 28, 2002




