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ABSTRACT: Uander natural storage conditions Maize grain
CVS. exhibited,decreasing of germinability, moisture content, 100
seed weight, protein % and during concequtive storage months,
while the average percentage of seed discolouration the electrical
conductance of seed solution increased with the long storage
periods. :

PDA medium, salt wart agar medium supplemented with 10%
of NaCl (SWA) and Blotter method were used. Four storage fungi,
 Aspergillus flavus, Linkex Fr, A. niger (group), Van Tiegh,
Penicillium expansum Link and Fusarium moniliforme, J Ve
Diagn were isalated from the one month post harvest or stored
maize grains, other contaminating fungi i.e. Rhizopus sp.,
Cephalosporium maydis corda, Alternaria alternata Nees,
Trichothecium roseum Link and Epicocum sp. Sacc were also
isolated. The storage fungi, 4. flavus, A. niger and Penicillum
expansum, exhibited higher occurrence at the late storage period,
while F. moniliforme decreased during consequtive storage
months, especially by Blotter method than the other fungi.

The tested storage fungi. could invade and kill grain germs
causing reduction in their germination as well as vegetative
seedling growth.” A. flavus and C. maydis caused the lowest
percentage of seed germination and survived seedling. The cultivar
S.C.15 was the most sensitive to infection. Also, relatively similar
negative effects on seedling length and fresh & dry weight were
found A. flavus and C. maydis affected leaves caused the drastic
decrease in chlorophyll a,b and carotenoids content. Single cross
hybrid 129 was the less sensitive in comparison with other
cultivars. Chlorophyll b in all treatments showed a daramatic
decrease % than other pigments. "
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INTRODUCTION

Fungi represent one of the major factors which usually induce
discolouration and deterioration of grins and seeds during storage
(Assawah and El-Arosi, 1960). Numerous reports had list alarg number
of fungi isolated from stored seeds, as Aspergillus spp., Penicllium
ssp.,Fusarium moniliforme. They were the sole agent of any
discolouration or/and deterioration of maize grains.

In Egypt, Assawah and El-Arosi (1960), Fathi (1966), El- Abbasi
(1990) and Zedan (1991) isolated some species of Aspergilli, Penicilla,
Fusaria and other fungi from stored maize grains and other seeds on
PDA, SWA media and Blotter method. Generaly, many :authers
mentioned that the seed borne pathogens reduce the quality of the seed
either for planting purpose by lowering germination capacity and
seedling growth or lowering its food and feed values by discolouration
and seed deterioration (Tewabech et al., 2001). ’

The present work aimed to isolate and identify the frequent of fungi
associated with the storage nine maize grains CVs. after 1.3. 5 and 7
months of harvest and their role in maize grains and seeds deterioration.

MATERIALS AND METHODS

Collection of grain samples: Grain samples of nine maize CVs.,
white cvs. namely, single cross hybrid (S.C. 14, 15 and 129) and triple
cross hybrid (T.C. 322, 324 and 326) and yellow cvs. namely, S.C. 155
and T.C. 351 and 352, grown in Sakha and El — Gemmeiza Research
Stations, Egypt, during four weeks post harvest of successive trial
seasons 2002 and 2003. Samples were stored in weft bags on shelfs under
lab. conditions over periods of 1, 3, 5 and 7 months.

Deterioration of maize grains during storage:

In each the storage periods, the factors on the affecting deterioration
of stored maize grains at the natural storage conditions were
determination:

a) The percentage of seed germination was determined using wetted
filter paper in Petri dishes according to ISTA rules (1993).

b) Seed moisture content expressed as percentage of wet weight was
calculated by the oven-drying method.
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¢) Also, one thousand randomized maize grains were used to detect
the average percentage of germ discolouration as described by Qasem
and Christensen (1958).

d) One hundred grains in three replicates was using to determination
of 100 grain weight.

e) Grain protein percentage was estimated according to the
improved kjeldahl method of A.O.A.C (1980). Percentage of protein was
calculated by multiplying the percentage of total nitrogen by the factor
6.25 and expressed as percent of seed on the seed dry weight basis
according to Jackson (1973).

f) Percentage of seed oil was determined according to the A.O.A.C.
(1975).

g) Electrical conductivity tests (E.C.) were recorded as u mhos/g
seed. The method adopted by Matthews and Alison (1987) was used
here.

Seed health test:

In each storage period, maize grains CVs (T. C. 324, T.C 326 grown
in sakha station and T.C. 351, T.C 352 and S.C 155 in El-Gemmeiza
station) were tested by standard Blotter method and the agar plate
methods of the International Rules for Seed Testing Association (I.S.T.A,
1993) was used for detect seed — borne micoflora.

Randomized, one hundred maize grain CVs were surface sterilized
using 1% sodium hypochlorite solution, then plated on to either potato
dextrose agar (PDA) or salted wort agar (SWA) medium (Smith, 1969)
or the Blotter method (Neergaard, 1977). Salted wort Agar medium
contained 15.0g, Malt extract, 1.5g. peptone, 1.75g. dipetassium
phosphate and Ammonium chloride per liter of distilled water. SWA
medium was salted with 10% of sodium chloride (W.V.) by relative
humidity (R.H.) 96.5% (Smith, 1969). The plates were incubated at 28° .
The incubation periods were 8 days in PDA, 7 and 10 days in alternating
cycles 12 hours darkness and 12hrs. light provided under cool white
fluorescent tubes in SWA and blotter media.

The single pure fungal colonies were made a ccording to Sheltye
and Sheltye, (1988), then cultures were purified by the single spore or
hyphal tip techniques. Identification of the genera and species of
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Aspergilli and Penicillia groups were carried out according to
proceedings described by Raper and Fennel. (1965), Raper and Thom,
(1949). Other isolated colonies were identified using the commonwealth
Mycological Institute, kew, Surry, England (CMI) description sheets,
Danish Government Institute of Seed Pathology (DGISP) publication and
some references published by Barnett and Hunter (1972) and Singh et af
(1991). Pure fungal cultures were maintained on PDA slants at 5°C.

Effect of artificial inoculation with storage fungi on seed
‘germination and growth characters: Visible disease free and
apparantly sound — maize grains cvs. were planted in greenhouse in
artificially inoculated soil with the fungal inocula, according to the
technique adopted by Papavizas and Christensen (1960). while untreated
soil also planted to serve as control (without Fungus) in greenhouse.
Percentage of germination and survived seedlings were recorded 4 weeks
from sowing. Seedlings were gently removed from soil at 4 weeks old
and washed carefully for determining the seedling length. fresh and dry
weight and chlorophyll a,b and carotenoids leaf contents. Equal numbers
of discs from the leaves of each maize cultivars were obtained, from
affected and health plants, chlorophyll a,b and carotenoids contents were
determined according to Mackinney's formula (1941). Absolute
methanol was used in extracting leef samples. optical densties of pigment
extracts were measured by aid of a Bechmann DB spectrophotometer at
wave length of 665,650 and 452.5 nm, respectively. The amounts of
chlorophyll a,b and carotenoids were calculated as mg/gram of leaves dry
weight.

RESULTS AND DISCUSSION

Date recorded in (Table 1), illustrate that average of percentage of
seed germination, moisture content, 100 seed weight, protein% and 0il%
decreased during consecutive storage months (from 98.11%, 14.66%,
31.15¢g., 6.89% and 5.79% at one month to 93.77%, 11.72%, 29.56¢g.,
3.68% and 4.67 at 7 storage month, respectively), while the average
percentage of seed discolouration and the electrical conductance of seed
solution increased with long storage period (from zero% and 3.61u mohs
to 16.37% and 5.11n mohs/ g. seed, respectively) These trends were also
recorded by Bhattacharya and Raha (2003) and El-Sharkawy (2004) who
found a gradual loss of carbohydrate (soluble and insoluble), protein
content, oil content and weight of 100 corn grains associated with the
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Table (1): Changes accuring in maize grains at the natural storage conditions:

Location
Cultivars
Germination
Moisture
content%
Discoloration §
electrical
conductivity |

S.c 129
T.c 322
T.c 324
T.c 326
T.c 351
T.c 352
S.c 155
Sc 15
Sc 14
F. test
L.S.D 5%

1 month

o
N
o
]
E
]
Q
=

3 month

5 month

7 month

Storage periods

F. test
L.S.D5%

¢ S.c =Single cross hybrid.
¢ T.c=Triple cross hybrid.
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long storage period. Also, Fahim et al (1982), Zedan (1991). Zedan and
Seif El-yazal (1992) and Abo El-Dahab (2006) who mentioned that
pathogenicity tests on cereal grains proved that the Aspergilli., Penicillia
groups and Fusarium moniliforme, as the storage fungi caused more
serious losses than the field fungi (Alternaria alternate and
cephalosporium maydis), and the extent of germ discolouration was not
in proportion with the magnitude of grain invasion or decrease in
germination. These findings suggest that the reduction in germinability
depends not only on germ invasion but may principaly attributed to the
interior changes in the grain constituents during fungal invasion. The
brown discolouration of the germs could result in the oxidation of some
components such as oil, protein and pigments. Zedan and Arab (1994)
found that A. flavas can readily enter the injured kernels forming visible
sporulation, bright greenish- yellow fluorescence (BGYF) on the glum
and high aflatoxin contamination. The apparent decrease in 100 seed
weight with long storage cauld be due to the degradation of cellulose,
starch and protein by fungi to initiate new vegetative cells and thereby,
consumed most of the released soluble sugars. Herter and Burris (1989),
Ismail et af (1989, Tekrony and Hunter (1995) and Abo El-Dahab (2006)
reported that seed vigour or seedling length of maize seed exposed to
drying injury changed a wide range of conductivity values, suggesting
that the leukage of electrolytes and sugars from seed or seedling cells
may be attributed to the impairment of membrane permeability which
greatly influences the normal physiological functioning of the cells
leading to disruption of the normal osmotic relation-ships. Increased
leakage of materials from essential metabolites necessary for their normal
functioning and this may explain the failure or delay of the seed
germination.

Fungi associated with post harvest maize grain CVs: The tested
maize grain CVs. obtained throughout one month post harvest, had no or
little visible discolouration and electrical conductivity, were used to
study grain micoflora at post harvest.

Examination of the inoculated plates in (Table 2), indicated that
PDA medium stimulated fast growing Fungi, i.e. fusarium moniliforme
covered all maize grains cvs. the plates, followed by A. niger,
Penicillium expansum and A. flavus. Also, this trend was found in
isolation %.0On contrast, Cephalosporium maydis and Rhizopus sp. were
not commonly associated with the grain samples. The total fungal
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(2): Average counts and isolation% of fungi associated with maize grains at one month post harvest.

Location

EL-Gemmeiz -

Cultivars

T.C. 382 S.C 155

PDA|SWA|BL.

enicillium expansum

Fusarinm moniliforme

ephalosporium maydis

N - - =t
= [solation%, SWA= Salted wort agar, BL.= Blotter, T.C.= Triple cross hybrid, S.C= Single cross hybrid.

Total fungal counts on PDA medium= 409 colonies.
SWA medium = 411 colonics

Blotter method=433 colonies

v-1v
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colonies on the standard blotter method or SWA medium were higher
than those on PDA medium (433, 4l and 409 colonies, respectively).
Similar results were recorded by El-Abbasi (1990), Zedan (1991),
Bhattacharya and Raha (2003), Fandohan et a/ (2003) and Abo El-Dahab
(2006) who suggested that defferences in frequencies of seed-borne fungi
obtained from different sample sources, cultivars (Mankevicione et al
2005) and the media (Flanning, 1982) used might be due to many factors
i.e. weather (climate, temperature, humidity) and/or insect damage and/or
soil conditions, subsequent handling of grain mass.

Fungi asseciated with stored maize grain CVs.: Data presented in
(Table 3) revealed that 6 identified genera and species of fungi were
consistently detected at the various storage months for five tested grains
CVs- sampled from Sakha and El-Gemmeiga stations. Aspergillus niger
was frequently associated with stored maize grains raised from two
locations at the three storage periods, it gave the highest average fungal
counts (117, 136 and 156) and average percentage of isolation were
about 25.3%, 26.1% and 27.5%, respectively. Penicillium expansum, A.
Sflavus and F. moniliforme exhibited the next frequency to A. niger at the
storage periods (109, 128 and 144 respectively)followed by P.
expansum, (48, 122 and 140 respectively) for A. flavus and (137, 125
and 111 fungal counts). The other isolated fungi; i.e. Alfernaria alternata
and Rhizopus sp. constituted the lowest average counts and isolation%
compared with the previous fungi.

A gradual increase in total fungal counts was easily noticed for the
maize grains stored for 3,5 and 7 months (463, 522 and 568,
respectively). Aspergilli and Penicillium xpansum showed a remarkable
progressive increase up to the 7™ month of storage. and were apparently
the most prevalent fungi during long storage of grains. Contrarily, total
count of F. moniliforme decreased during consecutive storage months.
Tanaka et al (2001) and Abo El- Dahab (2006) supported the same data.
They also added that the damage markedly increased by store
unfavourable, moist conditions and relatively high temperature.
Rocandori et af (1971) found that, in most cases, that storage conditions
were favourable for the preservation of viability in many grains were also
adequate for the survival of field fungi. They also concluded that the way
of harvesting, and weather during the period between ripening and
harvest are considered critical factors affecting seed deterioration and
microbial activity. As field and storage fungi readily survive under
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Table (3): Average counts and isolation% of fungi associated with stored maize grains on Blotter method.

Storage periods

CSY AOIIDN G DB [y

Three months Five months Seven months
Cultivars] 2 | @ | = | & | »n ¢ || ={ealwn || =!alwn
Isolated fimgi (M| @ [®m|@| L] eS8 S 12 1elqIQ|81"2 |
glolalujglylg|el|e|eiulag|dls|luelalu|o]lc]yl
. , 3 | €1 .2 ] & s | sl <l 2
spergillus flavus|21.3]20.9]21.1]22.4]20.2] 98 [21.2]23.6]25.0]22.0]24.8]21.5] 122 [23.4[24.0]25.9]23.4125.2]24.8] 140 |24.
. niger 25.524.2]26.3]25.5]24.7] 117 [25.3]26.5{25.0126.0(25.7(27.0] 136 [26.1|28.9]25.9]27.0[27.9127.5] 156 |27.
P f,',',',i,’,'fii',ﬁ" 23.4{24.2124.2123.4(22.5] 109 {23.5|24.5{24.0{27.0{23.8(23.4| 128 |24.5|24.8|24.1|27.0|25.2|25.7| 144 |25.
Fusarium
- 28.7129.7(28.4]28.7]32.6| 137(29.6/23.6]24.0]25.0|22.9{24.3| 12523.9/19.8/20.7/19.8]18.9{18.4) 111 |19.
noniliforme :
Cephalosporium |\ 1 F b L b le9|1o| - |19(19]60|11]08]|17{18]1.8]1.8[90]16
wydis ,
hizopus sp. 1110 - | -] -2 04/09[1.0] - [09[19(50[1.0[1.7]1.7]/1.0/1.0]/1.8[80]1.4
94 {91 {95 |94 [ 89 {463{100(106 (104 {100 {108 107522100121 (116|111 {111 (109568100

Total fungal counts

A.C.= Average count of fungi, 150.%= Isolation %, T.c.= Triple cross hybrid, S.C= Single cross hybrid.
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storage conditions until the following season, their presence in harvested
seed may provide a potential for seedling disease problems, or
discoloration and deterioration for grains. These points will be studied
and discussed in the coming investigation.

Effect of artificial inoculation with storage fungi on sced
germination and growth characters:

Data given in (Table 4) indicate that all the tested fungi could invade
and kill grain germs causing reduction in their germination, seedling
height, fresh and dry weight and chlorophyll a,b and carotenoid contents
of both seed maize cvs.-Leaves. The inoculated cultivars caused the
highest reduction in seed germination and survived seedling percentages,
compared with the control (uninoculated) treatments (78-8 & 93.9%)
and (70.8 & 90.0%) respectively. The cultivar S.C.15 was the most
sensitive to infection, while the cultivar T.C. 324 was resistant in this
respect. On the other hand, A. flavus and C. maydis were the most
effective fungi on the tested cultivars (75.6 & 70.0) and (76.9 & 70.6).
respectively.

Another point of view. The inoculated cultivars caused decrease in
vegetative growth. Data in Table (5) prove that inoculated cultivars
caused decrease in seedlings length percentage. The CVs. T.C. 324. T.C
326 and S.C. 129 showed the highest percentage of reduction (26.8 , 25.6
and 25.0%), respectively. No significant differences were found between
the fungi C. maydis, P. expansum, A. flavas and F. moniliforme in
reducing seedling height, 4. niger was the least in this respect (19.3%
reduction)

Data given in (Table 6) reveal that presence of significant
differences between maize cultivars. T.C. 326 showed highest decrease
in fresh and dry weight (36.9&44.0%), while S.C. 15 recorded the lowest
decrease% (17.2&20.5%), respectively.

Data in (Table 7) show that the storage fungi caused an obvious
decrease in chlorophyll a, b and carotenoids content of leaves. affected
cultivars as compared with the control ones. Data proved also that
chlorophyll, b in all treatments showed drastic decrease% than the other
pigments of affected leaves. A. flavus and C. maydis affected leaves
resulted high decrease in chlorophyll a, b and carotenoids as compared
with other fungi. Single cross hybrid 129 was less sensitive to infection
with fungi. In addition to, the reduction percent in chlorophyll a and b
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Table (4): Effect of storage fungi on the percentage of maize seed germination and survived seedling.

T.C 324

CT.C 326 |

Slavus

Aspergillus

Fusarium
moniliforme

Penicillium
expansum

80.0

82.5

Mean of
inoculated cvs.

80.0

82.0

control

95.0

97.5

_ F.test

seed germination of fungi=3.52,
Ger= germination%

.S.D- 8% for: seed germination of cultivars=4.32,

8.5 of cultiva
S.S of fungi =4.9,

8.8 = Survived seedlings%

rs .5.

Said
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Table(5): Effect of the storage fungi on perce|1tage of decrease seedlings
length (cm) at 4 week old.

SC| 8SC | SC |SC|TC T.C| T.C| T.C Mean
15 14 129 | 155 | 351 322 | 324 | 326 a

Aspergillus
[flavus
Aspergillus
niger
Cephalosperium
maydis
Fusarium
moniliforme
Penicillium
expansum
_ Meanof 5591 204 |25.00
inoculated cvs.
Control 384 | 37.00 | 41.1
' L.S.D. at 5% cultivars x fungi =8.6
L.S.D. at 5% cultivars =38
L.S.D. at 5% fungi =29

was higher than carotenoids content in all affected plants. These
findings coincided with those obtained by Zedan, and Seif El -Yazal
(1992), Teixeira and Machand (2003) and El-sharkawy (2004) who
suggested that the seeds might be affected by the mycotoxins secreted by
some fungal seed coating, especially Aspergilli and penicillia group
which might adduce the presence of aflatoxins. The negative effect of
toxigenic on seed germination and growth of plants suggested that
“toxigenic in seeds had functional role as anti-auxins probably by
inhibiting RNA synthesis (Van Overbreek, 1966) or inhibiting mitotic
division of meristematic cells (Berestetskil er al, 1978). As it was
reported by Durbin (1983) and Tewabech et al. (2001) the function of
pathotoxin in pathogenisis process, may be through accelerating
senescence of the host. It is well known that senescens is characterized
by decline in structure and photochemical activity of chloroplasts. The
question which arise now is: Why chlorophyll b showed dramatic
decrease than chlorophyll a and carotenoids content? in this respect,
Cohen et al (1979) found that photosystem II activity decline more
rapidly than photosystem I in senescing barley leaf discs. As reported by
Wessels (1977), fragmentation of chloroplasts into large units proved that
enrichment of photo system II is associated with an increase in
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Table (6): Effect of the storage fungi on decrease percentage in the fresh and dry weight of maize seedling.*
S.C15 { S.C14 {S.C129{S.C155|T.C351{T.C352|T.C322|T.C324|T.C326| Mean

Fungi LRI [{ ¥R gg|gege
z|3|2|3|2|3(2|2|2|8(2|3|2|8|2|3|3|3|3|3
clalelale|lalg|la|leldle|lalala|lelalm|lalals

As}’;{ﬁ_ﬁ"‘“ 31.1129.8(33.3|22.8(25.7(29.8144.7(41.1(47.7[31 3|46.8(39.1{41.0{36.8(39.6(38.1{49.7{52.0[39.9[35.

Aspergillus niger  19.8]19.1]29.4]21.1/20.8)20.4)39.2129.3/46.8]22.3]42.5/20.4]47.2)26.3]46.228.6,47.0/33.6/37.6/24.

Cephalosporium maydis|11.3]13.3]110.0/19.0/18.0|126.7]11.9}35.2]17.1)35.8;18.6]34.4|22.6]30.5]25.3)26.6]25.9/44.0}17.9)29.

Fusarium moniliforme {12.4]21.0]15.5]25.0(27.2j43.3{15.1}36.1|22.6]39.7}19.4)35.9|14.128.4113.5/33.321.1{42.4| 17.8|33.

Penicillium_expansum [11.3]119.1]11.126.9|12.4)37.3]23.9{39.6/37.1/39.7)37.9]39.4/38.1]33.7|22.5|36.2|41.0)48.0/26.1]35.

Mean of inoculated cvs.[17.2|20.5{19.9122.9|20.831.5]26.9136.3|34.3|33.8{33.1(33.8{32.6/31.1{29.4(32.6/|36.9|44.0{27.9]31.

Control 28[0612910.6)3.0]0.8{3.110.7]3.6/0.9]133[09({4.1!11.0/42]10]46]12} - | -
F.W.= Fresh weight and D.W.= Dry weight.
Fresh weight: L.S.D. at 5% cultivars =32 Dry weight: L.S.D. at % cultivars =29
L.S.D. at 5% fungi =24 L.S.D. at 8% fungi =2.0
L.S.D. at 5% cultivars x Fungi =7.6 L.S.D. at §% cultivars x Fungi =6.3.

200Z(2unr)6S-1¥ 7’104 Y 101235 19§ LBy 0YzZY-lY
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Table (7): Eftect of maize cultivars infection with the storage fungi on
chlorophyll a,b and carotenoids of the seedling leaves.

expansum

Cultivars
pigments
maydis
moniliforme

L.S.D. at 5%
cultivars
fungi
cultivars x Fungi
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chlorophyll, b. The decrease in chlorophyll b and carotenoids content of
maize leaves inoculated with the tested fungi may be due to accelerating
of senescence.

It may be logic to suggest that the further studies should be again
investigated in the, grain—hermitage or under modified storage conditions.
Moreover, more treatments are required to be conducted to reach the
maximum benefit of such means for minimizing these problems.
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