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ABSTRACT

Fusarium moniliforme, F. tabacinum, F. solani, F. semitectum, F. tricinectum,
andF. nivale, were isolated from un-sterilized and sterilizedirggaof the single cross
(SC-3062), double cross (DC-Dahab) and the feméled line (FIL-X) of yellow corns.
Fusarium moniliforme was located in the most different seed parts. Epaton infection
with F. moniliforme was high in FIL-X comparing with SC-3062, meanwhilee embryo
of DC-Dahab was free from the funguigisarium nivale andF. solani caused highly
significant infection percentage at 17% moistumetent after 45 days post infestation of
corn grains. The infections were increased signifiy at 20 and 23% moisture content
and reached 100% for all testedsarium spp. after 45 days post infestation. Corn grains
of SC-3062 is more sensitive than DC-Dahab forcinde with tested-usarium species.
Increasing moisture content levels comparing totrobnncreased total protein, total
carbohydrates and oil percent gradually in allstéd yellow corn grains witRusarium
spp. The highest amount of fumonisins was recoidethfested yellow corn grains
(17.1ug/g) with F. moniliforme at 23% moisture content. All fungicide treatments
significantly reduced infection % on corn grainsDf£-Dahab, SC-3062 and FIL-X and
had no effect on germination % except vitavax inewaeduced germination percent of
DC-Dahab and SC-3062 corn grains. As well as, ergosorn grains of hybrid DC-
Dahab and SC-3062 to different hot water treatm@s’CC/5min.) had no effect on
germination % but had a great effect on infectiorahe same conditions. Treating
corn grains with fungicides before storing at rommperature increased germination %
and decreased infection percentage with kernelpeihogens. The best effective
fungicide was benlate on corn grains of SC-3062 @@dDahab. Treating corn grains
with fungicides before storing at 8°C revealed eagdecrease in infection percentage
with kernel rot pathogens at zero time. These dseewere clear after storage where
increasing storage periods till 90 days decreadedtion % of the two hybrids (SC-3062
& DC-Dahab) and FIL-X.
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INTRODUCTION

Corn ZeamaysL.) is one of the most important grain crops &kiothe world.
It is used mainly for animal feeding, poultry wéadither as green fodder or a main
component of dry feedand human consumption in some growing countries.
Moreover, there are a new industrial uses of canot ss the industrial corn products
for clean environment, production of corn oil aratrecrefining for producing corn
germ, corn oil, starch, starch syrup conversioeladl by fermentation, dextrose and
high fructose corn sweetned$.$. Feed Grains Council, 1994

A wide variety of microorganisms are present on amdgrain kernels.
Jayaweeraet al. (1988); Singhet al., (1988 mentioned that, several species of
Fusarium are known to invade the seed coat, endospermhandmbryo resulting in,



failure of germination. The kinds and abundancéhete microorganisms depend on
factors such as the climate under which the gramesproduced, the conditions of
storage, and the portion of the grains of whichgheducts are composélhalil et
al., 1980; Schaafsmat al., 1993 and Sobek and Munkvold, 1999)he fungi that
invade and damage grains and their products ardedivnto two general group.
field or storage fungi, according to their ecol@jicequirementfayneet al., 1988
Desjardins et al 2000 and Perezet al. 200). These mold fungi are making un-
desirable and measurable effects on grain qualkg Wdiscoloration, reduced
germination, heating, mustiness, sour odors, ch@mitianges, loss of weight,
reduction in grade and mycotoxin contaminatidBaihal EI-Din et al, 1987,
Logrieco et al., 1995; Kederaet al., 1999;and Paeiret al., 200).

Many investigators were controlling of fungi thaused molds on corn seeds
with several methodse., by fungicidesanils, 1983; Diabet al., 1989 and Liet al,
1999; hot water Danils, 1983 and varietal resistancéViésterhazy, 1983; and
Zamani et al., 2000.

Misr-Pioneer Seed Company produced a large numbgood white and
yellow corn hybrids. Pioneer yellow single cros®tg 3062 is one of them and was
developed locally by Pioneer Research Center, Et996. The only disadvantage of
this hybrid is its susceptibility for infection waitkernel rots. Thus, this work aimed to
throw the light on the associated fungi with diéfler hybrid seeds and their abilities
for infection under different conditions as welldetermining some chemical changes
related to infection. Also, evaluation of some cohtechniques for limiting mold
fungi associated with hybrids of corn seeds.

MATERIALS & METHODS

The present work was carried out during the peoib#999/2001, in the Plant
Pathology Lab., Agric. Bot. Dept., Fac. Agric. Mwshtohor.

I- Sampling, Isolation and Identification
Sampling:

Randomized samples of two yellow corn seed hyb(®S-3062 and DC-
Dahab) and female inbred line (FIL-X) which used fwoducing SC-3062 hybrid,
including rotted ears and/or grains which colledredn Seed Station of Misr Pioneer
Seed Company.

Isolation:

One hundred kernels of each tested yellow corn bgbdds and inbred line were
used for isolation. Corn grain samples were distefi by immersing into 5% sodium
hypochlorite solution for 2 minutes, washed thordugn three changes of sterilized
water, and dried between sterilized filter papderized grains were transferred to
potato dextrose agar (PDA) plates then incubate2bd and observations were daily
recorded (Christensen, 1957) The isolated fungi were purified using hyphal tip
technique(Riker and Riker, 1936) and then identified according to their morpholagic
and microscopical characters as describedebget al., (1991)and confirmed by Fungal
Taxonomy Dept., Plant Pathology Institute, ARC, figy

[I- Location of Fusarium moniliformein seed parts:

One hundred seeds were taken from artificially stéd corn ears with spore
suspension of. moniliforme using silk spray infection method in the field.cha
sample of SC-3062, DC-Dahab and FIL-X were usethis study to determine the
locationof Fusarium moniliforme in seedparts (i.e. endosperm, embryo and pericarp)
according to the method describedbynald, 1968



[1I- Artificial infection of yellow corn grains wit h Fusarium spp.
Samples preparation

Samples (each one 450 g) of tested yellow cormgrsC-3062, DC-Dahab and
FIL-X) collected from Seed Station of Misr Pioné&ed Company were scratched by
shaking with sand for 1 mirke{sa (Nawal)et al. 1999, disinfested by immersing in 5%
sodium hypochlorite for 2 min, washed thoroughlyhwveterilized water and dried in hot-
air oven at 44°C for 24 hr®sman (1982. Each sample was divided into three equal
amounts served as a replicates {émtedFusarium spp and control), then all samples
were divided into sub-samples and transferred timee sterilized glass containers 1.0
liter (Eisa (Nawal)et al., 1996).

- Moisture content percentage:

Moisture content percentages were determined ifplegnof tested corn grains (250
g) at room temperature (25-27°C) by Motomco appar&erial No. K-1799, USA as
recommended by Federal Grain Inspection Servic8#, Dept. of Agric., 1994). The
Motomco Model 919 (Moisture Meter) is a portablecgsionic measuring instrument
designed for the determination of moisture contenereal crops and in a wide variety of
other products.

Preparation of spore suspension:

Spore suspension was prepared from pure culturéssafium spp (15 days old)
grown on PDA plates (9 cm). The tested grains vimveulated with final density of
approximately 3000-3500 spore/gram of corn grasndesscribed byHisa (Nawal)et al.,
1996. Moisture content of corn grains was adjusted tad¢lg@ired moisture (13, 15, 17,
20, and 23%) as described by approved method ofriéame Association of Cereal
ChemistsA.O.A.C., 1990.

A- Infection %

Infected grains were counted in three replicatessH{ replicate was 100 kernel),
then infection percentage of grain was calculatethe same replicates according to
Papvizas and Christenser{1960.

B- Biochemical changes in corn grains associatedttvithe Fusarium infection(s):

a- Total protein:
Protein was determined by Kjeldahl method accortiimgO.A.C (1990.

b- Total carbohydrates:
Carbohydrate was determined using the phenol-stidphaid method described by
Duboiset al. (1956 using the following equation.

Carbohydrates % = Readout of Sx concentrabn of st x100

wt.of Sx Reacoutof thest
where: S = the sample st = the standard wt =hwéimams)

c- Determination of totat oils %:
Oils % was determined using continuous extractiaethod as described by

A.0.A.C. (1990 as follows:
Ether Y%= (flask weght + fat) - empty flask weidnt

(sample weight)

x100

C- Determination of Fusarium spp. mycotoxins (fumonisins):

Fumonisin as a special mycotoxin producedHogarium spp. was determined
as described i\.O.A.C. (1990)in sub-samples of corn grains previously infested
with the different~usarium spp. and incubated for 45-days.



IV- Control trials
1- Effect of hot water treatment on the developmenbf Fusarium spp in tested
corn seeds:

In this experiment, maize seeds of SC- 3062, DCabaand FIL-X were
soaked in distilled sterile water at 18-22°C fohr4. Then the seeds were subjected
for soaking in hot water for 5 min at different geenatures i.e. 45, 50, 55, 60 and
70°C. Maize grains without any hot water treatmeatved as a control. Three
replicates of each treatment (50 seeds/replicage® Wlone. Seeds were plated onto
the special germination paper directly and incutbat¢ 25-27°C for 12 days.
Percentage of germinated seeds and infectionFbsarium moniliforme were
recorded.

2- Effect of seed disinfection on Fusarium rot indence and seed germination.

To carry out this experiment, 150 seeds of eacB@f 3062, DC- Dahab and
FIL-X were used for each treatment in three repdisg50 seed for each). Corn seeds
were soaked in a water solution of vitavax-200, eagtan 50% at 2000 ppm for 24
hr before examining the presenceFoimoniliforme. Also, corn seeds were soaked in
acetone solution of vitavax-200, and captan 50%2C80 ppm for 24 hr. before
examination. Control treatment was seeds withoutasa sterilization. The aim of
this experiment is to determine seed germinatioart¥é the presence éfusarium
throughout estimation infection % according to #&ble symptoms and confirmed
by microscopic examination in the tested seeds iti@atbated at 27°C for 7 days
according to the method adoptedbgniels (1983.

3- Effect of systemic and non-systemic fungicidesnd storage for different
periods at 8C and room temperature on kernel rot development:

To carry out this experiment, corn seeds of SC-3@82-Dahab and FIL-X
were stored at 8°C and at room temperature (Thepkcates for each treatment and
150 g seeds/replicate). Seeds were tested soansakte treatment, and after three
months. The seeds were examined for presenEesafium moniliforme by the color
or originated colonies and confirmed by microscapiamination.

The following systemic and non-systemic fungicidesre applied as seed
dressers i.e., benlate 50 % (Benomyl), vitavax RO@rboxin- Thiram), redomil-
mancozeb 58% (Mitalaxil- Mancozeb), dithene-M-45afMozeb 80%) and captan
50% (Orthocide). Seeds were mixed by the fungicidefree conc. 1, 2 and 3 g/kg
seeds and stored for 3 months. Control treatmerst et without any chemical
treatment and stored for the same storage periodmastioned above. For
examination, 150 kernels of maize seeds from egedtment were transferred onto
moisten special germination paper (50 seed for)eact incubated at 25 °C for 7
days. Percentage of germinated seeds was detehnand, the developed visible
fungal colonies were identified as mentioned before

Statistical analysis:
Data obtained were subjected to the proper anabfsimriance according to
SnedecorandCochran (1989.

EXPERIMENTAL RESULTS

1-Isolation and frequency of fungi associated withun-sterilized and sterilized
kernels of two yellow corn hybrids and one femalenbred line:
Data as shown immable (1) revealed presence of 217 fungal isolate that
isolated from un-sterilized kernels of two yellowre hybrids (SC-3062 and DC-
Dahab) and one female inbred line (FIL-X). Theseghl isolates were belonging to 5



genera and 15 species. These isolated fungi werdifieed asAspergillus flavus (36),
A. niger (18),A. versicolor (17) and one isolate &. terrus andA. ochraceus. On
the other hand, 27 isolate belongRasarium moniliforme, 14 isolate for each d#.
tabacinum andF. solani, 13 isolate fofF. semitectum, 9 isolate forF. tricinectum and
8 isolate forF. nivale. Only one isolate is belonging t®enicillium funculosum.
Meanwhile, 23 isolate were found to belong to eawct of Alternaria and Rhizopus
spp and 12 isolates were unknown fungi.

SC-3062 showed the highest frequency (112 isofatlywed by DC-Dahab
(56 isolate) and FIL-X (49 isolate). Meanwhil@, flavus, F. moniliforme, F.
semitectum, F. tabacinum, F. nivale, Alternaria and Rhizopus spp were showed the
highest frequency percentages on SC-3062. WhHe,flavus, F. solani, F.
moniliforme, and Alternaria and Rhizopus spp were showed the highest frequency
percentages on FIL-X. As well a&, niger, A. flavus, A. versicolor, F. moniliforme
andRhizopus spp were showed the highest frequency percenta@gCeDahab.

On the other hand, data in the same table indicated that, sum of 187
fungal isolate, isolated from sterilized kernelstwb yellow corn hybrids (SC-3062
and DC- Dahab) and FIL-X. These fungal isolateohglalso to 5 genera and 15
species. These isolates were identifiedAadlavus (28 isolates),A.niger (26), A.
versicolor (11), A. terrus (9) and 5 isolates oA ochraceus. Meanwhile, 22 isolate
belong toF. solani, 16 isolates td-. moniliforme, 15 isolate toF. semitectum, 10
isolate forF. tricinectum 8 isolate for. tabacinum and 7 isolate foF. nivale. While
6 and 5 isolates foP. funculosum and P. digitatum respectively. Meanwhile, 16
isolate were found to belong fdternaria and 2 isolate to Rhizopus spp while only
one isolate was unknown.

Table (1): Isolation and frequency of fungi assoctad with un-sterilized and sterilized kernels of tvo yellow corn
hybrids and one female inbred line.

Un-sterilized kernels of corn hybrids Sterilized kenels of corn hybrids
Isolates SC-3062 FIL-X DC.Dahab SC-3062 FIL-X DC.Dahab
% to % to % to % to No % to % to
No. total | No. total | No. total | No. total " total | No.  total

A. flavus 18 16.1 10 20.4 8 14.3 9 111 9 13}8 10 24.4
A. niger 1 0.9 2 4.1 15 26.8 11 13. 5 7. 10 244
A. terrus 0 0.0 1 2.0 0 0.0 1 1.2 5 7.1 3 7.8
A. ochraceus 0 0.0 1 2.0 0 0.0 2 2.5 3 4.4 C 0.4
A. versicolor 8 7.1 1 2.0 8 14.3 6 7.4 3 4.4 z 4,
F. moniliforme 18 16.1 3 6.1 6 10.7 6 7.4 10 154 D 0
F. semitectum 10 8.9 2 4.1 1 1.8 3 3.7 11 16.p 1 2]
F. tabacinum 10 8.9 2 4.1 2 3.6 6 7.4 1 1.5 1 2.
F. tricinectum 5 4.5 3 6.1 1 1.8 8 9.9 1 1.5 2.
F. nivale 8 7.1 0 0.0 0 0.0 5 6.2 1 1.5 1 2.
F. solani 7 6.3 7 14.3 0 0.0 8 9.9 13 20D 1 2]
P. funculosum 0 0.0 1 2.0 0 0.0 2 2.5 2 3.1 2 4.
P. digitatum 0 0.0 0 0.0 0 0.0 3 3.7 1 1.5 1 2.
Alternaria sp 12 10.7 8 16.3 3 5.4 8 9.9 0 0.1 8 1
Rhizopus sp 10 8.9 5 102 8 143 2 2.5 0 0. 0,
Unknown 5 4.5 3 6.1 4 7.1 1 1.2 0 0. G 0.
Total 112 49 56 81 65 41

SC-3062 showed the highest frequency (81 isolaikywied by FIL-X (65
isolate) and DC-Dahab (41 isolate). Meanwheniger, A. flavus, F. tricinectum, F.
solani, F. moniliforme, F. tabacinum, A. versicolor, andAlternaria spp.were showed
the highest frequency percentages on SC-3062. Mam\. solani, F. semitectum,



F. moniliforme andA. flavus, were showed the highest frequency percentag&slen
X. While, A. flavus, A. niger, andAlternaria spp were showed the highest frequency
percentages on DC-Dahab.

2- Location of Fusarium moniliforme in seed parts:

Data inTable (2) clear thatF. moniliforme was located in the most different seed
parts. Meanwhile, the occurrence percentage diutigus was high in the endosperm of
FIL-X (88%) followed by 41% in the pericarp of SO&2. The results indicated also that
embryo infection withF. moniliforme was high in FIL-X comparing with SC-3062,
meanwhile, the embryo of DC-Dahab was free fromftimgus. The least occurrence
percentage df. moniliformewas recorded in all different parts of DC-Dahab.

Table (2): The occurrence percentage df. moniliforme in different seed
parts of yellow corn kernels (SC-3062, DC-Dahab angiL-X.)

Seed parts SC-3062 DC-Dahab FIL-X
Embryo 6 0 18

Endosperm 11 2 88
Pericarp 41 3 12

3- Atrtificial infection of yellow corn grains with Fusarium spp.
A- Effect of seed infestation of yellow corn hybrig (SC-3062 and DC-Dahab)
with someFusarium species on infection percentage.

Data inTable (3) show that alFusarium species can not able to infect seeds
of yellow corn hybrid SC-3062 at 13 and 15% moistapntents. While, infection
appeared at levels 17, 20 and 23%. The resultslglshow thatF. nivale and F.
solani revealed highly significant infection percentage smeds at 17% moisture
content after 45 days post infestation. Meanwlilesemitectum andF. moniliforme
gave the lowest infection % at the same conditespectively. It is pronounced that
infection % were gradually increased proportionatlynoisture content of seeds and
incubation periods. The infections were increasaphificantly at 20 and 23%
moisture content of seeds and reached 100% feestbdFusarium spp. after 45 days
post infestation. Also, the results show that editédFusarium species in this study
are not able to infect yellow corn hybrid (DC-Dahamder 13, 15 and 17% of
moisture contents. While, 20 and 23% of moisturateots were favorable for
infection. F. moniliforme caused 22 % infection at 45 days post inoculatidiowed
by F. semitectum andF. solani at the same time. It is clear also that infecbmvere
affected by the time of incubation periods and %mafisture content of seeds. The
seeds of SC-3062 are more sensitive for infectitth Wwusarium species than DC-
Dahab. Incubation periods, moisture content % ape tof Fusarium affected
infection percentages also.



Table (3) Infection percentage as a result of inféstion of seed corn hybrids with
Fusarium species

Infection % of yellow corn seeds
1 *IL.P SC-3062 DC-Dahab
Tested fungi -
(day) Moisture contents %
13 15 17 20 23 M 13 15 17 20 28 M
15 0 0 1.5 100 75.017.3| O 0 0 0 3| 0.6
E. moniliforme 30 0 0 45 33.0 94.026.3| 0 0 0 0 8|16
45 0 0 12.0 68.0 10Q 36.0f O 0 0 2 221 4.8
M |00 00 60 370 8.7 263 00 00 00 07 11033
15 | 0o 0 10 220 700186/ 0 0 O 0O 0] 00
_ 30 | 0 0 45 430 990293/ 0 0 0 0 0|00
Fosemiteetm | s | 0 o0 80 500 100334| 0 0 0 1 16/ 34
M |00 00 45 413 89F7 271 00 00 00 07 5313
15 | o 0o 75 140 81025/ 0 0 0 0 0] 00
) 30 0 0 26.0 70.3 98.0389| 0 0 0 0 0 0.0
F. solani 45 | 0 0 410 910 100464 0 0 0 2 7|18
M 0.0 0.0 248 584 93.0 353 0.0 0.0 00 0.7 ?.8.6
15 | 0o 0 15 100 540131 0 0O O O 0] 00
_ 30 | o o 33 363 96272/ 0 0 0 0 1|02
Fotabacinum | 05 | 0 0 210 610 100364| 0 0o 0 1 4| 10
M 0.0 0.0 86 358 835 256 0.0 0.0 00 033 1.p4
15 0 0 2.1 46.6 65.022.7| O 0 0 0 0 0.0
) 30 0 0 26.6 73.6 96.639.4| O 0 0 0 0 0.0
F. nivale
45 | 0 o0 520 900 100484/ 0 0 0 1 5|12
M |00 00 269 701 872 36/8 00 00 00 033 [LD4
15 | o 0o 00 40 10028/ 0 0 O 0 0]o00
30 0 0 2.1 8.0 16.05.22| O 0 0 0 0 0.0
Control
45 | 0 0 40 130 2909200 0 O O O 2|04
M |00 00 203 83 183 574 00 00 00 00 0673
Grand Mean 0.0 00 121 418 769 26.2 0.0 0.0 0039 3.78| 0.83

I.P. (day) = Incubation period (days)
L.S.D at 5% for:

Fungi (F) = 0.31 TxM= 0.49
Hybrid (H = 0.22 FxT= 0.5
Times (T) = 0.22 TxH= 031
Moisture = 0.22 FxM= 0.70

FxH= 0.45 HXM= 0.40

4- Determination of total protein, total carbohydrates and total oils in infested
yellow corn grains (DC-Dhab & SC-3062) withFusarium spp at different
moisture contents.

Results inTable (4) show that total protein in infested yellow corede of DC-
Dahab and SC-3062 witfusarium spp ranged between 7.5-9.5 and 7.5-9.1 respectively
In this respect, the highest total protein % waserd@ned in infested seeds of DC-Dahab
with F. moniliforme andF. semitectum (9.5%) followed byF. tabacinum at 23% moisture
content while, the least total protein % was reednd infested seeds wikh moniliforme
at 13% moisture content. It is pronounced from ltesof DC-Dahab that increasing



moisture content levels increased total proteircqrar gradually in all infested yellow
corn seeds and control. Concerning SC-3062, tHeekigotal protein % was determined
in infested seeds of SC-3062 wkh solani andF. tabacinum at 23% moisture content
while, the least total protein % was recorded iiested seeds witk. nivale at 15%
moisture content. It is clear also that increasimgsture content levels comparing to
control increased total protein percent graduallgli infested yellow corn seeds. On the
other hand, total carbohydrates in infested yelbonwn seeds of DC-Dahab were ranged
between 66.0-72.6%. The minimum total carbohyd¥ateas recorded in infested seeds
with F. nivale at 23% moisture content while the maximum perees determined in
infested seeds witk. semitectum at 17% moisture content. Concerning SC-3062, total
carbohydrates were ranged between 68-74%, the omiminotal carbohydrate % was
recorded in infested seeds wihtabacinum andF. moniliforme (68%) at 13 and 15%
moisture content respectivelyhile. The maximum was in infested seeds Withsolani
(74%) at 23% moisture content. Meanwhile, there avassitive correlation between the
determined total carbohydrates and seed moistuntertts of SC-3062 that infested with
Fusarium spp comparing to control treatment. In this respédw determined total
carbohydrates were increased remarkably in alkiate seeds of SC-3062 at moisture
contents 20 and 23% comparing with control. Resslisw that total oils in infested
yellow corn seeds of DC-Dahab witfusarium spp. ranged between 4.2-5.8% and
between 3.3-4.1 of SC-3062. The least oils % wesmkned at 13% moisture content in
infested seeds of DC-Dahab wihmoniliforme, F. solani andF. tabacinum (4.2%). On
the other hand, the highest oil percent were détedrat 23% moisture content in seeds
of DC-Dahab infested witk. solani, F. tabacinum and F. moniliforme. While, it was
4.1% at low moisture content (13-17) of seeds 0f3862, which infested withF.
semitectum, F. nivale and F. moniliforme. The results cleared also, that oil percent
increased at the high moisture content (20& 23%ifiested seeds of DC-Dahab while,
the reverse was true, where oils were decreasatested yellow corn seeds of SC-3062
at moisture content levels 20 & 23% comparing tatrcd.
5- Determination of fumonisins mycotoxin g/g) in infested corn grains with
Fusarium spp. at different moisture content levels.

Data in Table (5) indicate that fumonisins mycotoxins began to appea
infested yellow corn seeds of SC-3062 at 17% mastontent level and reached the
maximum production at 23%. Meanwhile, no productias recorded at low
moisture levels (13 & 15%). Therefore, the highastount of fumonisins was
recorded in infested yellow corn seeds (Lg/ty) with F. moniliforme at 23%
moisture content. Also, afusarium species were able to produce these mycotoxins
but differed in their produced amounts at 23% nupestexceptF. tabacinum. F.
moniliforme followed by F. nivale are consider the highest producer isolates of
fumonisins than other tested isolates On the otinrd, un-infestedreatment
(control) recorded fumonisins production ([{1g2g) at 23% moisture content only.



Table (4): Determination of total protein and total carbohydrates in
infested yellow corn grains (DC-Dhab & SC-3062) wit
Fusarium spp at different moisture contents

DC-Dahab | SC-3062
Moisture content % in infested corn grains
13 15 17 20 23] 13 15 17 20 2B

Tested fungi

Total protein

F. moniliforme 75 75 82 91 99 77 77 84 80 89
F. semitectum 7.8 7.6 7.8 9.2 9H 7.9 7.8 7.9 8.0 8.3

F. solani 76 79 79 90 9278 79 79 84 91
F. tabacinum 76 79 82 90 9478 76 79 84 90
F. nivale 78 79 82 90 9379 75 80 81 85
Control 78 82 84 89 9279 75 175 75 78
Total carbohydrates
F. moniliforme 718 713 719 70.1 68p684 680 685 700 71B
F. semitectum 724 726 726 69.0 71p69.0 720 724 720 73D
F. solani 724 722 722 71.0 67p69.0 69.0 69.0 719 74p
F. tabacinum 715 719 710 70.0 69§68.0 689 700 702 73D
F. nivale 723 718 701 68.0 66p689 684 690 710 724
Control 723 720 710 69.0 681689 680 680 670 67p
Total fatty oils
F. moniliforme 42 44 44 54 57 40 41 41 39 JF6
F. semitectum 43 46 49 56 59 41 39 36 36 33
F. solani 42 42 45 56 54 40 40 38 36 33
F. tabacinum 42 44 47 55 5 40 41 38 36 JF6
F. nivale 44 45 49 56 54 41 41 38 34 3F4
Control 44 47 48 50 54 41 40 40 43 42

Table (5): Determination of fumonisins mycotoxin g/g) in infested corn grains (SC-
3062) with Fusarium spp. at different moisture content levels.

Fumonisins mycotoxins fig/g)
Tested fungi (SC-3062)
Moisture content % in infested corn seeds
13 15 17 20 23
F. moniliforme 0 0 2.3 5.4 17.1
F. semitectum 0 0 0 0 1.2
F. solani 0 0 0 0 1.2
F. tabacinum 0 0 0 0 0
F. nivale 0 0 0.54 0.8 2.3
Control 0 0 0 0 1.2

6- Control trials:
A- Effect of hot water treatments on seed germinadn and infection % of F.
moniliforme the causal agent of ear and kernel rots of yellowoen hybrids
Data inTable (6) revealed that exposing seeds of yellow corn hyb@dDahab to
different hot water treatments (45-70C/5min.) haml effect on germination %
comparing to control treatment. Meanwhile, it hagreat effect on infection % at the
same conditions where, infection % at 45 and 50@ewid®%. In the same time,
infection percent were 1 and 1.5% at 70 and 60@eively. Also, positive correlation
between the high water temperature and diseaseotevds noticed. On the other
hand, The same trend was recorded on SC-3062 comgegermination % and



infection % where, the hot water at 55-70C decreasgnificantly the infection % on
seeds of SC-3062. Concerning FIL-X, all hot wateatments had no clear effect on
germination % or infection % comparing to un-trelabees.

B- Effect of disinfection seeds of yellow corn hylils using fungicides for controlling

Fusarium moniliforme the causal agent of kernel rots.

Data in Table (7) show that all fungicide treatments reduced sigaiftly the
infection % on seeds of DC-Dahab, SC-3062 and Flcetnparing with control
treatment. Therefore, all used treatments had festefn germination % except vitavax
in water reduced germination percent of DC-Dahath 88-3062 seeds comparing to
control treatments. On the other hand, vitavaxaaman in water as well as vitavax and
captan in acetone decreased significantly infedticidence on seeds of SC-3062 and
FIL-X and to 0% on seeds of DC-Dahab.

Table (6): Effect of hot water treatments on seedegmination and infection % of
F. moniliforme the causal agent of ear and kernel rots of yellowocn

hybrids
DC-Dahab - -
Hot water for SC-3062 FIL-X Grand Mean
(5min.) Germ. | Infectio| Germ. | Infectio | Germ. | Infectio|] Germ. | Infectio
% n% % n% % n% % n%
45°C 100 10.0 92.0 48 70.0 48| 87.33 35.33
50°C 100 10.0 93.0 44 66.0 421 86.33 32.00
55°C 100 6.0 93.0 31 76.0 40| 89.67 25.67
60°C 100 1.5 93.0 29 77.5 451 90.17 25.17
70°C 99 1.0 93.5 25 77.0 39| 89.83 21.67
Control 100 8.0 92.0 48 86.0 491 92.67 35.00
Grand Mean 99.83 6.083 92.75 37.50 75.42 43.83 89.329.14
L.S.D at 5% for:
Temperature (T)/ germination (G)= 1.20 Hybrid (Hféction (1) 1.138
Temperature (T )/ infection (1) 1.61 TxHXxG 2.08
Hybrid (H)/germination (G) 085 TxHXxI 2.79
Hybrid (H)/germination (G) 085 TxHXxI 2.79

Table (7): Influence of corn seed disinfestation #atments on seed germination and
% of infected grains with Fusarium spp.

Fungicides DC- Dahab SC-3062 FIL-X | Grand Mean |
(2000 ppm/24 hrs soaklGer o5 Inf. % Ger.% Inf. % Ger. %nf.% Ger. % Inf.%
Vetavax in H,O 90 0 86 6 67 34 81.0 13.3
Captan in H,O 99 0 93 2 70 16 87.3 6.0
Vetavax in Acetone 100 0 93 18 70 26 87.7 14.7
Captan in Acetone 99 0 93 10 72 28 88.0 12.7
Untreated (control) 100 8 92 48 86 49 92.7 35.0

Grand Mean 97.6 1.6 91.4 16.8 73.0 30.4 87.3 16.3

L.S.D at 5% for:

Treatments(T)/ germination (G) 1.84 Hybrid (H)/lcfien (1) 1.27

Treatments(T )/ infection (1) 1.94 TxHxG 3.18

Hybrid (H)/germination (G) 1.20 TxHxI 3.36

10



C- Effect of dressing grains of three corn cultivas with different doses of five
fungicides on % seed germination and % infection wh kernel rot pathogens
after storage for 0 and 90 days at room temperaturand at 8°C

Results inTable (8d) indicated that treating corn seeds with fungiside
increased germination % and decreased infectiorceptage with kernel rot
pathogens. The best effective fungicide was benlaiten used at rate 1g/kg seeds on
seeds of SC-3062 and DC-Dahab where the germin&bioreached 100% and
infection % stilled 0% at zero time. The same trera similar also on seeds of SC-
3062 and DC-Dahab at 90 days storage period fotlote vitavax on DC-Dahab
only, meanwhile, increasing storage period decegsemination % of stored seeds
to somewhat. Also, using all fungicides at 1g/kgdsehad different fluctuated effect
where the infection appeared and the germinati@nedsed in case of FIL-X as well
as increasing storage periods for all treated sdedseased infection %. On the other
hand, using fungicides as seed dressing at ratel Ba/kg seeds resulted in similar
trend to the previously recorded results on DC-Datwad SC-3062 with some slight
differences in germination %. In all cases, usitfifgrent fungicides reduced infection
percent comparing to control as well as using fcidgis led to reducing infection on
FIL-X with increasing storage periods. Dithene-M4aptan and redomil-mancozeb
were the least effective fungicides comparing witlenlate and vitavax. Also,
increasing storage periods gradually affected geaition of corn seeds but generally
it was better than un-treated ones in all casedl atorage periods.

Results inTable (8b) indicated that treating corn seeds with fungisidéerate
1g/kg seeds before storing them at 8°C realizeghtsincrease in germination %. In
this respect benlate fungicide was the best. Onother hand, treating corn grains
with fungicides before storing at 8°C revealedeagdecrease in infection percentage
with kernel rot pathogens at zero time comparingcdatrol treatment (untreated
seeds). These decreases were clear after storage wiereasing storage periods till
90 days decreased infection % of the two hybrids8862 & DC-Dahab) and FIL-X.
The best effective fungicide was benlate when wdedte 1g/kg seeds on seeds of
SC-3062 and DC-Dahab where the germination ancttiofe % were 100% and 0%
of most cases at different storage periods at &6 the other hand, using fungicides
as seed dressing at rate 2 and 3 g/kg seeds lmtoege at 8°C resulted in similar
trend to the previously recorded results on DC-DalsC-3062 and FIL-X with some
slight differences in germination % at differenbrsige periods. In this respect,
increasing concentrations of used fungicides (k¢ggéeds) decreased infection % to
high extent reached in most cases to 0% companimgntrol treatment at the same
conditions. Also, these treatments improved gertion&6 of SC-3062 and its FIL-X
but this effect was not clear on DC-Dahab. In gehedressing corn seeds with
fungicides reduced infection percent comparing ¢otl as well as integration
between dressing and seed storage at 8°C led twingdinfection to high extent
reached in most cases 0% depending on types @fdsseeds. Furthermore, all tested
fungicides (Captan, vitavax, Dithene-M45, Redomidnnozeb and Benlate) were
more effective in reducing infection under storaj&°C.
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Table (8a): Effect of dressing seeds of three cowrultivars with different doses of five fungicides
on % seed germination and % infection with kernel ot pathogens after storage for 0

and 90 days at room temperature.

% Germination % Infection
Fungicides SC-3062 FIL-X DC-Dahab SC-3062 FIL-X DC-Dahab
0d 90d 0d 90d 0d 90d 0d 90d 0d 90d 0d @0
1g/kg seeds
Captan 94 80 82 84 98 100 51 5 56 5 4 0
Vetavax 93 88 85 80 100 94 54 6 53 10 3 2
Diathene M45 96 88 86 88 98 100 14 10 28 4 2 4
Radomil mancozib 96 86 80 92 94 100 10 13 44 8 10 2
Benlate 100 98 86 96 100 100} 0 2 32 2 0 0
2 g/kg seeds
Captan 98 88 90 86 100 100 50 3 49 7 4 0
Vetavax 96 92 86 88 98 96 33 4 47 6 3 4
Diathene M45 98 92 90 92 96 100 8 7 16 4 14 3
Radomil mancozib 98 96 86 90 94 98 6 3 10 5 8 3
Benlate 96 100 94 96 100 98 0 0 16 1 0 0
3 g/kg seeds
Captan 96 84 92 88 100 10Q 51 2 41 4 2 0
Vetavax 94 90 84 82 100 94 22 0 47 6 4 4
Diathene M45 94 94 90 88 100 10 10 4 16 6 1 0
Radomil mancozib 88 98 84 94 100 94 10 2 6 4 4 2
Benlate 100 98 90 98 100 10Q 0 2 2 0 0 0
Control 92 72 76 76 100 86 | 55 28 71 28 6 16

Table (8a): Effect of dressing seeds of three cowultivars with different doses of five fungicides o
% seed germination and % infection with kernel rotpathogens after storage for 0 and 90

days at 8°C.
% Germination % Infection
Fungicides SC-3062 FIL-X DC-Dahab | SC-3062 FIL-X DC-Dahab
0d 90d 0d 90d 0d 90d 0d 90d 0d 90 d 0d @0
1g/kg seeds
Captan 94 94 84 88 98 9¢ 51 4 20 10 0 0
Vetavax 93 90 90 90 96 109 54 4 18 6 0 0
Diathene M45 96 98 84 92 94 94 14 6 28 8 2 2
Radomil mancozib 96 94 84 94 96 94 10 5 24 16 2 2
Benlate 100 100 90 96 100 op 0 0 6 0 0 0
2 g/kg seeds
Captan 98 94 80 90 98 9 50 1 10 6 0 0
Vetavax 96 94 86 88 96 9 33 1 10 8 2 0
Diathene M45 98 96 86 88 98 9 8 5 16 6 0 2
Radomil mancozib 98 98 82 96 100 9 6 2 16 10 0 2
Benlate 96 94 92 96 98 109 0 0 4 0 0 0
3 g/kg seeds
Captan 96 92 80 82 100 48 51 0 9 6 0 2
Vetavax 94 92 82 90 98 100 22 0 4 4 0 0
Diathene M45 94 96 94 86 100 8 10 2 8 6 0 0
Radomil mancozib 88 94 80 92 98 6 10 2 10 6 2 4
Benlate 100 96 92 90 100 98 0 0 2 0 0 1
Control 92 88 78 82 100 9 55 8 33 39 2 3
DISCUSSION

Corn ZeamaysL.) is one of the most important grain crops &kiothe world.
A wide variety of microorganisms are present on iangkrain kernels. Stored ears and
grains are subject to attack by different fungimuparvest i.eFusarium moniliforme,
F. graminearum, F. oxysporum, Aspergillus flavus, Aspergillus niger, Penicillium
spp, Nigrospora oryzae, Mucor sp. andRhizopus spp. (brahim andFarag, 1965
Gamal EI-Din et al, 1987).

12



Isolation and identification of fungi associatedhwin-sterilized and sterilized
kernels of two yellow corn hybrids (SC-3062 and D&hab) and one female inbred
line (FIL-X) revealed presence of 217 and 187 funigalate respectively that
belonged to 5 genra and 15 species. These isdlatgdwere identified as follows\.
flavus, A. niger, A. versicolor andA. terrus andA. ochraceus. On the other hand.
monliforme, F. tabacinum, F. solani, F. semitectum, F. tricinectum andF. nivale were
isolated. Also.P. funculosum and P. digitatum, as well asAlternaria and Rhizopus
spp were isolated. The above mentioned resultsnhaagreement wittODsman et al.
(1988), Naguibet al. (1989),Paul andMishra (1992)andEisa (Nawal)et al. (1996)
they reported in general that there are a largebeuraf fungi associated with cereal
grains i.e., Alternaria, Cladosporium, Macrophomina, Fusarium, Rhizopus,
Aspergillus andPenicillium were the most common and wide spread field fungi.

Concerning frequency of fungi on un-sterilized ssed. flawus, F.
monliforme, F. semitectum, F. tabacinum, F. nivale, Alternaria and Rhizopus spp
showed the highest frequency percentages on SC-806ik, A. flavus, F. solani, F.
monliforme, and Alternaria and Rhizopus spp revealed the highest frequency
percentages on FIL-X. As well a4, niger, A. flavus, A. versicolor, F. monliforme
andRhizopus spp showed the highest frequency percentage oD&@Gb. In contrary
their frequency on sterilized seeds, niger, A. flavus, F. tricinectum, F. solani, F.
monliforme, F. tabacinum, A. versicolor, and Alternaria spp. showed the highest
frequency percentages on SC-3062. Meanwhite, solani, F. semitectum, F.
monliforme and A. flavus, showed the highest frequency percentages on EIL-X
While, A. flavus, A. niger, and Alternaria spp showed the highest frequency
percentages on DC-Dahab. These results are in Ingrimith Abbas et al. (1988b)
they isolated 81 isolates d¢fusarium sp from corn ears in Minnesota, USA and
Similar results were obtained also Algou-El-Ella (2002) verified this results where
he isolated 7 genera and 31 species of fungi franeties, hybrids and imported corn
grains. Most of his isolated fungi were in agreemaith these results in type and
frequencies. It was clear th&usarium spp. were the highly fungi from both the
sterilized or un-sterilized grains. Meanwhile thvegre used in all this study.

Isolation trials from different seed parts of yall@orn kernels of SC-3062,
DC-Dahab and FIL-X cleared th&usarium spp were located in the most different
seed parts. Meanwhile, the occurrence percentadbeofungus was high in the
endosperm of FIL-X followed by the pericarp of S@62. The results indicated also
that embryo infection withFusarium spp was high in FIL-X comparing with SC-
3062, meanwhile, the embryo of DC-Dahab was freenfthe fungus. The least
occurrence percentage bBfisarium spp was recorded in all different parts of DC-
Dahab. Similar results were obtained MWicklow (1988 andSingh et al., (1988
who found thatFusarium moniliforme, the most common fungus, grew on 52 % of
maize kernels as well dayaweeraet al., (1989 who mentioned that several species
of Fusarium are known to invade the seed coat, endospermrendmbryo resulting
in, failure of germination.

F. nivale and F. solani caused the highest infection percentage on infested
seeds at 17% moisture content after 45 days péestation. It is pronounced that
infection % were gradually increased proportionatlynoisture content of seeds and
incubation periods. The infections were high afBfl 23% moisture content of seeds.
Also, all testedrusarium species in this study are not able to infect seddellow
corn hybrid (DC-Dahab) under 13, 15 and 17% of mooéscontents. While, 20 and
23% of moisture contents were favorable for seéttion with allFusarium species.
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F. moniliforme caused the highest infection % at 45 days posuiation followed by
F. semitectum andF. solani at the same time. These results could be intenpieght
the findings ofKhalil et al. (1980 and Kedera et al. (1999) who, showed that
infection of inbreds and of their hybrids Bysarium moniliforme was 19-79% and 5-
60% respectively. Seeds of SC-3062 are more semsitan DC-Dahab for infection
with tested Fusarium species and infection pergestaffected also by incubation
periods, moisture content % and type of Fusaruiite findings ofHoenisch and
Davis (1994)supported these results where they attributeddtfierences among
hybrids for resistance and susceptibility to inf@ctwith Fusarium to different factors
like differences between inbred and hybrids, sitiweinbreds were generally more
susceptible than the hybrids. The resistance toekénfection by a funguBusarium
moniliforme could result from factors in the cytoplasm or maelfactors operating in
the pericarp, endosperm and embryo or it may behiic&ness of grain pericarp and
aleurone layers of maize hybrids play a role inistasce to ear rot caused by
Fusarium moniliforme (Scott andKing 1984).

The highest total protein % was determined in ii@f@sseeds of DC-Dahab
with F. moniliforme and F. semitectum followed by F. tabacinum at 23% moisture
content while, the least total protein % was reedrdn infested seeds with.
moniliforme at 13% moisture content. It is pronounced from ltesaf DC-Dahab that
increasing moisture content levels increased tptatein percent gradually in all
infested yellow corn seeds and control. While, G+362, the highest total protein %
was determined in infested seeds wkthsolani andF. tabacinum at 23% moisture
content. Regarding total carbohydrates in infesteltbw corn seeds of DC-Dahab,
the minimum total carbohydrate % was recorded fasited seeds witk. nivale at
23% moisture content while the maximum percent determined in infested seeds
with F. semitectum at 17% moisture content. Concerning SC-3062, tlagimum
total carbohydrate % was in infested seeds Withsolani at 23% moisture content.
Meanwhile, there was a positive correlation betwettie determined total
carbohydrates and seed moisture contents of SCtBa@éMhfested with-usarium spp
comparing to control treatment. The least totad 8@ in infested yellow corn seeds of
DC-Dahab withFusarium spp was determined at 13% moisture content With
moniliforme, F. solani and F. tabacinum. On the other hand, the highest total olil
percent were determined at 23% moisture contesgéals of DC-Dahab infested with
F. solani, F. tabacinum and F. moniliforme. The results cleared also, that total oil
percent increased at the high moisture content (28%) in infested seeds of DC-
Dahab while, the reverse was true, where totalvedse decreased in infested yellow
corn seeds of SC-3062 at moisture content level& 2Z8% comparing to control.
These results could be interpret in light the firgdi of Arinze and Yubedee (2000)
who mentioned thafusarium moniliforme [Gibberella fujikuroi] caused biochemical
changes in maize grains as result of infection aded that levels of starch, sugar,
protein, fat, fiber and dry matter were reduced.

Concerning the production of fumonisins mycotoximsnfested yellow corn
grains. Results indicated that fumonisins mycotsxegan to appear in seeds of SC-
3062 at 17% moisture content level and reachedrtieimum production at 23%.
Meanwhile, no production was recorded at low moestlevels (13 & 15%).
Therefore, the highest amount of fumonisins wa®nded in infested yellow corn
seeds (SC-3062) witk. moniliforme at 23% moisture content. Also, &blsarium
species were able to produce these mycotoxinsitiatet in their produced amounts
at 23% moisture except tabacinum. The results indicated also tHfatmoniliforme
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followed byF. nivale are consider the highest producer isolates of fusmas than
other tested isolates. These results are in harmahythe findings oLogrieco et al.
(1995)and Kedera et al. (1999)who found that F. moniliforme (G. fujikuroi) were
high fumonisin-producing species on Kenyan maizeil&r results were obtained
also byDesjardins andPlattner (2000)andPacinet al. (2001)

Exposing seeds of yellow corn hybrid DC-Dahab a@d3862 to different hot
water treatments (45-7G/5min.) had no effect on germination % compariog t
control treatment. Meanwhile, it has a great effent infection % at the same
conditions where, infection % at 45 and°60was higher than at 70 and°€0
respectively. While, FIL-X, all hot water treatmsnhad no clear effect on
germination % or infection % comparing to un-trektnes. These results are in
harmony with the results dEl-Meleigi et al., (1980 who reported that seeds free
from Fusarium moniliforme could be obtained by combined ethanol and hot wate
treatments an8alamaandMishricky (1973 they suggested that corn seeds could be
disinfected by soaking in tap water for 5 hrs amatemperature and then for 10 min
at 53-56°C.

As for control treatments, all fungicide treatmengsluced infection % on
seeds of DC-Dahab, SC-3062 and FIL-X comparing withntrol treatment.
Therefore, all used treatments had no effect omgtion % except vitavax in water
reduced germination percent of DC-Dahab and SC-3@@2ls comparing to control
treatments. On the other hand, vitavax and captawater as well as vitavax and
captan in acetone decreased infection incidendegto extent on seeds of SC-3062,
FIL-X and DC-Dahab. Regarding to storing treatedncseeds with fungicides at
room temperature (20-28°C) or at 8°C, treating se@ds with fungicides and stored
at room temperature increased germination % anckdsed infection percentage with
kernel rot pathogens. The best effective fungiewds benlate when used at rate 1g/kg
seeds on seeds of SC-3062 and DC-Dahab at zerdilird@ days storage periods.
Meanwhile, increasing storage period decreased igatibn % of stored seeds to
somewhat. On the other hand, using fungicides ed desssing at rate 2 and 3 g/kg
seeds resulted in similar trend to the previouslyorded results on DC-Dahab and
SC-3062 with some slight differences in germinationin all cases, using different
fungicides reduced infection percent comparingaotiml| as well as using fungicides
led to reduce infection on FIL-X with increasingorstge periods. Dithene-M45,
captan and redomil-mancozeb were the least effedtimgicides comparing with
benlate and vitavax. Also, increasing storage perigradually affected germination
of corn seeds but generally it was better tharreatéd ones in all cases at all storage
periods. The same trend was noticed when seeds stered at 8°C with clearly
minimizing kernel rot %. In this respect, the pmsly results were confirmed by
Singhet al. (1971), Papayanet al. (1975 El-Khadem et al. (1979 they showed that
benlate was very effective in eliminating seed ftotgi. While, vitavax-captan was
very effective in controlling post-emergence lossassed byrusarium monilifonne.
Also, similar results were obtained byniels (1983 El-Sawahet al. (1984, Diab et
al., (1989 Xu et al. (1997) andLi et al. (1999) All of them verified that seed
treatment by fungicides i.e. benlate and vitavast some others controlled grain rot
and minimized loss of grain germination.
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