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ABSTRACT

Recently, radiation has been uved #3 2 fungicidal treatment in the post harvest techmology of fruits. The effect of gamma
uradiatix at doses of 5 - 3000 Gy, on spore germination and myecthial growth of four fingi (4ltermaria tenuissima, Bowvtis
cinerea, Pericillios expannon & Swmphylisms botryonan) pathogenic to stored pears were studied. Inhibition of spoTe
germunation was found to be divectly related to the strength of the radiation dose. B. cinerea and P expansion were radiation
sensitive, while A. ermdssima and S. botryasum were radiation resistant. Exposure of myoelial mat to different radiation doses
showed that a dose level of 1000 and 3000 Gy coutd be considered sufficient for decomtaminuition by the mdiosensitive and
rudio-resistant species, respectively. Regardless of mdex of mycelial ape, yotung mycelia were more resistant than mature
mycelia. The lower doses of gamma rediation increased total proteins snd total sohible sugars of all the fested fungal species

but did not effect lipid synthesis,
Key Words: Gamma; Radistion; Pathogen, Fungi and pears
INTRODUCTION

Radiation i3 the emission of anv rays or particles from
a souwrce (Uvanov & Isaacs, 1986). The cffects of gamma
radistion on the viability of microorgantsros have attracted a
great deal of attention. Gamma rays, electromagnetic nwaves
leaving any residoe, an advantage comparing fo other
dismfection treatiments (Adamo ef al, 2001). The exposure
of fimgl to pamma radistion sets of cham af resctions,
which give rise to chemical and metabolic or physiological
changes, so rradiation represent an additional stress on the
cells, which tend to disturb their organization (Lawrence,
1971). Ganma radiation was used for killing fungi by
Sedlackova (1992).

Gamma radiation applied to microbial community
leads to negative cffect on microbial metabolic capacity
(Jores et al, 2004). Fungi are more susceptible to radiation
damage than bacteria (Chou ef af, 1971} Elkhawas er al
(1999) reported that 2, 4 and 6 KGy of gamma rays reduced
microbial count. Fungi have been successfully mactivated
with gamma radiation doses rapging from 6 to 15 kGy
{(McNamara er af., 2003). Ths effect of gamma radistion on
Botrvtis cinerea was studied by Tiyaki (1993). Several
fungal species (dcremamium, Aspergillus, Cladorporium,
Fusarium, Penicillium & Trichosparan), were eliminated by
using CO- 60 irradiation tmit with doses ranging from 14.5
to 25 kGy, the mimimum dose required to kill these fungi
was 16 kGy (Silva et af_, 2006}

The problem of suvival of hving orgapisms
extreme environments has always been in focus. Among

living organisms, miKroofpamisms, inchading  the
filimentous fimgi we well known for their high
radioresistance (Magan, 1997). It iz evident that some fungi
have developed vay cfficient mechanisiis to protect
themselves against various sources of rediation, while
growing in highly mdioactive polluted environments (Strike
& Osman, 1993). Tiryaki (1990) slated that the sensitivity of
storage pathogenic fungi isolated from pears to gamma ravs
was as follow: Alternaria tentiissima and Botrytis cinerea
were the most resistant, while Penicillium expansum and
Rhizepus stolorger were the most sensitive.  Alterrearig
alternata can be inactivated at refatively high doses of
gamma irradiation ranging between 1.15 and 1.39 kGy and
was dominales other fungi inhabiting with radioactivity
ocations (Saleh ef of, 1988). In addition. two other
Alternaria species (4. fernds & A. cin), were demonstrated
to iolerate doscs of 4.2 - 457 kGy (Beraha ef al,, 1960)
ONeil et al. (1991) showed that Altermaria spp, were more
wsistant 1o radiation than Penicillfium spp. Intadiation (o 0.3
kGy did not prevent fingal speilage but iradiation with 1.5
or 2 kGy conirolled blue and preen moulds (Pernicithan
falicum & P. digitatum) (Watanabe ef al., 1976). Ziombra
(1994) recorded that spore germination of Plewrotus sp was
accelerated by nradistion with 100 and 200 Gy dose of
EAINME rays.

The present study investigates the cffects of gamma
radiation doses on fungi pathogenic o stored Pesrs. The
direct effects of gsmma irradistion on spore germination
and development of fungal growth, were examined
Irradiation of mycelia at different ages, was carried out. The
cffect of gamma mdiation on mycetial total protein, total
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soluble sugars and total Tipids were cxamined.
MATERIALS AND METHODS

Test pathogens. The micoorganisms (Alernaria
feruissima, Booytis cinerea, Penicillium expansum &
Stempinlium botryomnen) uscd in this study were isolated
from infecied Pear fruits. The developing funga! colonies
ware identified up fo the species level by mictoscopic
examination according i the keys of Gilman (1957), Raper
and Fepell (1965), Bamett and Hunter (1972) ad
Moubasher (1993).
Source of pamma irradistion. The source of mxdiation
uscd for the tested fungal species was Cobalt- 6 gamma
cell 3500. This source is located at amiddle Eastern
Regional Radioisolopes Center for the Arab countries
{Duakki, Cairo). The dose rate was 2.4 Gy/min
Expesure of the spores of the tested fungal species fo
gamma radistion. Spore suspension (10° spore/mL) from
pure 14 days olg cultnre of each of the tested fungal speces
were: irradiaied by parama radiation at dose fevels of 5, 16,
50, 100, 250, 500, 750, 1000, 1500, 200¢ and 3000 Gy for
difforent exposwne times. Sevoval prelimmary imals wore
made 1o estimaie the time mterval needed for inhibition of
spore germimstion of each species. This estimated time
irterval was taken as the maximim time limit for exposure
of the treated plates W radiation. Thice replicates were usexd
for each dose as well a3 for the control (non-irmadiated). An
ahquot ofO:!SmLofde.amdandnﬂn—madmtedspmc
szmwuepkﬁedon{mpckﬂcxsagarmednmma
Perri dish. The percentage of germination of imadiated and
non-iradiated spores (contro) were examined under the
microscope at different infervals {1, 2,3 & 4 days)
Radiosensitivity of tested fungi A loopful of non-
imadiated and irradiated fupgal spore suspeasion were
pliced separately in the cemter of sterile plate cultures
contamnngmLCzapek—Dotsagarmedmlnﬂw
memtime, 0.5 ml of imadisled and pon-uradiated funpal
spore suspension wexe inoculated separately in sterile 250
mL mmml flasks cach cotaming 50 ml Czapck-Doxs
media. Three replicates were prepared for each treatment
from both plates and {lasks ATl flasks were incubated ot
Z7°C for 7 days afier, wiich every flask was filtered and the
procuced mycechial mats were oven dried st 80°C until
constant weighis, The plates were moubated at 27°C for 7
days and the radial growth (mm) was mmsmcdcvczydav
during the mcubation period.
Relation of semsitivity to gamma radiation in mycelta
sge. Regardless of index of sample size utilized, sporc
suspension was oblained from diffcrent mycelial ages (1, 3,
7 & 12 days old cultures). The sporc suspension was
mradisted by pamma radiation fo compare gamma
sensytivity to mycelial age.
Effect of gamma radiation or tofal protein, total seluble
sugars and total lipids contents of the tested fungal
species. 0.5 pm of dry mycelium of each tested fimgal

sperics were added to 50 mb phosphate buffer pH 3.04 (5.3
mL of 0.2 M sodium dihydrogen phosphate sohition + 94.7
ml. of 0.2 M sodivm Phosphate dibasic anhydrons znd then
diluied to a volume of 200 mL), then left over night at room
temperature and fillered and the filtratc was used for the
subsequent work. Total proteins were quantitivaly
determined using the method adopted by Bradford (19761
Total sohible sugars was determined by the phenol- sulfiric
method as descibed by Dubosis et al (1956). Lipid
extraction was carned out twice by blending 2.5 gm diy
weight of fimgal species with 40 mb  of
chloroform/methanol mixture (2:1 viv) in a waring blender.
The totn] volume of the extract was measured, then mixed m

" a separating (unnel with 0.2 its volume of water. The

71l

mixdure was allowad to separate into two phases by standing
(Folch ef af., 195T) The lower phase was then measured
and dried at 40°C to copstant weipht for quantitative

estimation of toml lipids (mg/100 mg dry wt).

RESULTS AND DISCUSSION

Effect of pamma mdiation on spore germination of the
tested species. Table I indicates that afler onc day of
incubation, the non-irrachated spozes (comfrol) of all tested
species did not show any sign of germination. For all doses
of imadiation the sporc germimation increased with the
mcrease of the incubation period ARer four days of
mcubation, higher germination percenfages of non-
irradiated spores (19.0, 104, 9.4 & 12.79%) were achieved
for A femuissima, B, ciperea, P expansum md S
botryosum, respectively. The low experimental doses of
gamma radiation up to 100 Gy were significantly
stimulstory 10 spore pamination of B cinerva and P
expansum, compared 1o 250 Gy incase of A. tenuissima end
& botryasum. Salama et al. (1977) reported that low doses
of gamma rays stimulated spore germination and growth of
some fmpi The percemtages of spore germination of the
tested species decreused with furlber increasing the mdmtion
dose and were completely mhtbited at 1000 for B. cinerea
and P. expansien (radioscmsitive) and at 3000 Gy for A
tentiissima and 8. botryosum (radioresistant) and these were
congdered as the lethal doses. These resulls are m
agreement with that of Golan ef af. (2002), who stated that
inhibition of spore germmation was fomd to be disectly
correlated to gamma radiation dosc and that Pendcilliun
expanswn the capsal organism of the rot of stored mclons
was the most sengitive to radistion, while .Hlfernaria tamis
was mdistion resstant with 300 krad Difference in
sengitivity to gamma sadistion among genera may be
explimed on the basis that Bofrviis cinerea and Penicillivm
expanaon with lighter pigmentation and thin cell walls are
more sensitive to gomma rays thon the dark walled A
teraiissima and S botryosum spoves and that the effect of
radiation on spores dimmish as pigmentation increased
{(Wilson ef al, 1998) Kimwa and Tsuge (1993) reported
that 4. alternata is also well knovwn for producing melamm,
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Table L Effect of different doses of gamma rays on the spore germination of the tested fungal species

Ape (davy Porcemiage of spove germeination o different poriods
Daose (Gy) A temuivima B cmerew £ 8. bontryesow
tday Zéays ddays ddapy lday 2days Jdays 4days lday 2days Idays 4days Eday  Z2days Idays 4dmx

Cunlzro 0p 52 166 196 0B 35 10 4 00 20 53 94 09 41 8S 127
5 06 65 125 M) 00 48 %l 120 00 35 68 M0 00 S50 I1LO 158
19 00 72 170 W4 00 35S 1ES 54 00 40 %0 {24 0O &5 152 190
50 4 10 134 X0 21 60 120 130 10 5} w2 150 30 73 M0 I
100 58 125 203 32 15 &7 KT WS 22 64 16 173 43 woe 74 770
25 75 157 13 % 15 40 W09 170 09 27 70 123 A&} 135 M1 423
00 48 U3 144 4 L8 25 85 127 03 L6 45 95 38 90 Il 0
750 21 52 &5 180 @1 14 40 E3 0 08 20 40 12 40 686 143
1000 11 36 41 75 &0 Q0 @90 @0 60 00 00 08 ©F 22 30 5S¢
1500 @7 21 3k 33 00 00 00 0D 00 09 00 00 05 10 L7 31
2000 64 L3 20 22 60 G0 00 €0 00 Q0 00 0O 02 0% il 15
3000 ¢ 68 00 00 00 00 00D 00 00 00 00 00 0C OO 00 0O
LSO 2t 5% 16 27 36 TO 09 S 27T 22 05 L) 13 25 12 313 25 &4
Table IL Mycelisl growth of the tested fangzl species influenced by irradiation by gamroa ravs
Dese Radial growth (mmAfayx) Dey weipht (mg/50 mi)
Gy) Mean (mwmilays) % of comtrol Mesm (my) % of contrat

At Be Pr  Sb At _ Be Pr 5 Ar Be Pe 5B Ar Be Pe 53
Contre! 71 1Le 3 95 Wag e 100 100 951 107 15 100 000 100 100 100
5 74 1L7 105 &7 142 1063 1019 W21 9™ 121 92 nz I0L9 1131 1082 102
1o 80 112 ¢ W0 1127 1018 971 W53 98T  IL6 83 10.5 038 1084 975 105
50 25 04 96 03 1197 WS 932 1084 1006 102 75 10.8 052 953 %4 108
160 &7 4 98 104 1225 945 951 1085 1020 91 73 H 1973 850 835 1o
50 89 98 74 107 1254 #1 TL8 126 W3I3 84 63 112 W36 785 T4l 2
500 &I 92 65 43 59 6 641 6R4 11 76 60 24 HE  T0 83 %0
o 42 5D 45 31 92 455 437 326 6% 60 42 72 WS 61 H4 42
1000 28 6 07 18 22 00 a0 2 i a0 00 40 409 05 g0 p- 3
1500 15 00 02 00 2Ll 60 OO 74 23 00 00 Ll M4 05 5O it
2000 o8 co 0¢ 00 13 00 oo 21 L2 oa 08 06 126 0¢ oo 1
3000 80 0¢ GO0 086 08 40 00 a0 0o 0G 00 00 i34 a0 00 05
LSO =02 05 03 09 el 05 10 0z
b

Ar= Alternaria temiistime, Boe= Botrytis cinerex Pe> Percil i expunstine. St= Stermpindium botryanen

a black pigment that is produced and accumulstes inside the
mycelivm and there are some indications that the
radioresisiamce of microorgamsms may  result  from
melaization of therr cells (Pointing ez af | 1996}, Molanired
fungal penera were also found to dominate other fungi in
g0il commmmities affected by long-living madiomuchde
(Zhdancva ef al, 1994). Maxie of of. (2005) found thet
some plysiological effecs of gamma inadiation on
Alternaria ot did not protecd the lemon from the Tajury.
Inactivation of spores of Pemicillaom expanswm, Botrytis
cineroa md Alternaria terpiis was achieved by using gamma
radiation (50 Kuad) (Arie & Golmn, 2002). Schipdler £t ol
(1980) sisted that exposimg spores to gamma radiation lead
to fungal mutations and El-Bazza (1991) found that high
inoculzm levels were reduced by trradiation

Mycelial growth of the tested fangal species as effected
by gamma irradiation of sporex The lower doscs of
gamma rzys significantly increased mdial growth rate and
dry weight of A fermissima and S bomyonen (radio-
resistant) and the highest increase (8.9 & 10.7 mmv/day) and
(1033 & 1132 mg/50 ml) were observed at 250 Gy,
respectively. As radiabon dose Inereased over 250 Gy, the
growth parameter gradually decreased o reach a mimimum

at 2000 Gy and 3000 Gy was the lethal dose (Table IT). The
obtamed  lethal dose wvelue was b accordance with
Hassanem (1987), who reporied that lower doses of gamma
radiation increased the growth of Aspergilfus flavus and
ornplcte iohibition was observed at 3000 Gy. On the other
hand, ibe highest growth (11.7, 10.5 mm/day) and (12.1, 9.2
mg/f50 ml.) weze aciveved at five Gy for the radio-seqsitive
species  (Bottis  cinerea & Penicillium  expansum),
respectively and the lethal dose was 1000 Gy. The
difference in the response of the tested fungal species to
gamma radiation may be due to the presence of the mycclial
waler coudent, which oct as & mabmal mdioprotector (F1-
Sherberry, 1982) and also o the mduction of certmm
ezymes, which leads to recovery of radiation damage afler
wradiation (Nahed, 1999) or could be due to the formation
of chemical substances, which stimulate or retard the
process of growth. Vaniation in radiation resistance among
supersensitive to highly resistant to radiation (Mironenko f
al., 2000}, 50 Krad of gamma radistion did not prevent the
mitmg of fnats inoculated with B cinerea and Alternaria
sp. bt delayed discase development {Ane & Golanr, 2002)
Gamma mdiation acted on fungel development resulting in
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1.7% md 10.0%% light-red tomatocs infoction by Botndfis
cinerea and Rhizopus stolonifer, respectively compared with
67% and 100% infection in the non-treated ocontrols.
Irmadiztion at (.5 KGy totally eliminated decay by
Alternaria alternata (Golan et of., 2003). Control of grey
mold (Bomais cinerea) of strawberry fruits by gamma
irradiaion was recorded by Semmer ef &, (2005). Abo-Zeid
(1987) reportzd that the highest dry weight was recorded at
1000 Gy of gamma rays in the case of Aspergiilus koningi
and a1 1500 Gy for Aspergiflus flavis. Gamma fradiation
duses up o 1.5 KGy wete ineffective 10 cuntrol rots doe fo
Aliemaria citd (Ladaniva ef ai.. 2003). Radio-resistant
isolaics, which survived doscs lovels ranging from 3.0 0 5.0
kGy wae;, Rhizopus oryzae, Rhizopus stolonifer,
Pemicitium chvrysogemen and  Pevicilliven  corylophithes.
6.0 kGy was the lethal dowe for fungsl decordanination
(Mahmoud ef al., 1992a, b). Thruhim (1986} found that dry
tyechal weight of Paecilomyces violacea was significantly
increased at the two Jower irradiation doses (100 & 250 Gy)
over the control value by 11.38 and 19.8%%, respectively
whereas the higher rradiation doses of 2500 and 3000 Gy
reduced the dry weight by 63.44 and 70.4%, espectively.
Han and Yang (1991) found that the optimum imadiation
dose that gave maxmum produchon for Awricularia
aericuia was 2000 Gy bt for .4 fitscosurinea it was 100
Gy. Gamma irradiation causes inhibiion of spore
gaminstion md consequent decrease m myechial doy
weight, EL-Bazza ef af. (2001).

Comparstive sensitivity to gamma radiation of mycelia
age. 1 and 12 days old eultures of alt the tested fimgat
species of were inhibited by increase of gamma radiation
dose. This could be attributed to the fact that one day oid
culiure is m the lag phase of growth in which cells are
starling to form erzymes and intermediste compounds,
while the 12 davs old cultire 13 m the death phase of growth
at wiich the activitics and vitality of cells are at minimmm,
therefore such culbres could mot tolerate the effect of
radistion. On the ofber hand, myceliat growth at the 3™ and
7* days of incubation increased, when irmadinted with fow
doscs (5, 10 & 50 Gy) (g 1) Growth ot these days of
mcubation is in the acceleration and the exponential pheses,
mspectively and m both phases, the cells sre in active
growing phases. Accordingly, they could tolemats the
radiation effect (Matin et al, 1989, Kolicr ez al, 1993).
Sensitivity of conidia and mycelin of Botrytis sp. to gamma
radiztion wes stadied by Sommer et al. (2004), who stated
that regmdless of index of sample size utilized, young
mycelia were inore resistant and mature mycelia were more
sensitive than conidia, Resistance to radistion may be
atiribuled to DNA tepeir mechsnisms (Strike & Osman,
1993) and also the expression of heat-shock protem genes,
may play an important role in the resistance to jonizing
radiation among vatious ofgapisns, mcluding fongd
(Borcham & Witchel, 1994). The cells have evolved
biological defense mechanisms that can protect them against
n vartety of harmful environmental stress inchsding

714

exposuic to gamma rays (Borcham et al, 1992). Gammna
radiation as sterilization treaiment causes direct darnage to
cell DNA through jonization inducing mutation and killing
the cell it also has an indirect effect as a result of radiolysis
of cellar water and formation of active oxygen specics,
free radicals and peroxides causing single and double strand
DNA breakages (McNamara efal., 2003).
Effect of gammas radiation on total protein, total soluble
sugars and total fipids of the tesfed fungal species. The
lower doses of ganma radiation (5, 10, 30, 100 & 230 Gy)
weie nonssignifecantly stimudutory to e production of total
profems, total soluble supars of A temissma and S
botryasn bt significart inhibiton was achied above
250 Gy. The most stimulative dose of protein and sugar
contents m Botrytis cinerea and Penicillium expansian was
5 Gy, whereas higher radislion doses up o 250 Gy
decreasod the prolen content but still higher than the control
Fig. 2. Total protein, total soluble sugars and total
lipida contents (mg/160 mg dry weight) for the tesfed
fungal species inlluenced Dby differeat duoses of
gamma radiation.
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(Fig. 2). Osnmn et al (1987) rcported that gamma
wradiation caised memeases in lofal profem i Fisaion
solanyi, which supgested that protein might play a part m
protection apainst the bharmful effot of radiation. The
appearance of some amino acids only after imadiation and
their accumulation in amowmts highey than the control values
could be explained in the Light of their probable roles as
redio-protector Away «f af. (1982). Borelaun et af. (1992)
reported that new protem was formed to protect the ocll
agamst & varctly of harmful emirommental  stresses
inchudiog ionizing radiation exposiwe. Nalia of of. (1988)
stated that total profeins and some amino acids of uradiated
Pavetlormyees violncea were higher than the control. Low
doses of gamma mdiation wae stimulative (o the production
of reducing sugars i the growth medium (Hayashs, 1986).
This could be atinbuted to the fact that celfulose enrymes,
which are responsibie for cellulose degradation was proved
to be gamma radiation toferant enzymes as recorded by El-
yasesgy (1997). Regarding lipids, slighily non-significant
increase was recorded for all tested species at radiation
doses 5 and 10 Gy. Generally, tolal Bpids production was
slightly affected by gamma radiation in all tested fimgal
specics. No clear effect of radiation on the process of Hpid
synthesis m Penicilliion notatum and Aspergilius flavus
{Osman et al | 1988).

CONCLUSION

In the present work, low doses of gainma radmtion
infnbitory effects that increased with the inaeasiig of
gamma radiation dose. The lethal dase, were recorded at
1000 and 3000 Gy for radiosensitive and radio-resistad
species, respectively this was atirtbuted to the fact that these
The response of the imgus differed according to the fungal
species, stages of growth and doses of imadiation.
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