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ABSTRACT

Inoculating Navel orange fruits with the tested bioagents decreased the
severity of fruit-rot and resulted in an increase in the firmness and ascorbic acid
content with considerable decrease in fruit acidity These changes differed
according to the concentration of the tested bioagents. Also, exposing orange
fruits to different doses of UV light after inoculation with any of the three
pathogenic fungi has significantly reduced fruit-rot severity after storage The
reduction in fruit-rot severity due to UV irradiation was reflected on increasing
firmness and ascorbic acid and decreased titratable acidity compared with
unexposed fruits. In addition, the fungus G. candidum was most inhibited by UV
irradiation more titan A. citri and B. theobromae. Also, dipping Naval orange
fruits in some safety chemical agents, at different concentrations after inoculation
with pathogenic fungi led to significant reduction in fruit rot severity compared
with untreated fruits. SOPP followed by sorbic acid in addition to Kaligreen were
the best chemical salts for controlling fruit-rot Increasing the concentration of
these sails from 500 to 1500 ppm caused great reduction of fruit rot. it also
caused considerable increase in the firmness and ascorbic acid with considerable
decrease in titratable acidity compared with untreated fruits with the tested salts
(control).

INTRODUCTION

Citrus is one of the most important fruit crops in Egypt and many other
countries in the world. Several pathogenic fungi attack citrus fruits during fruit
development as well as after harvesting, marketing, exportation and storage
causing serious losses. Brown and McCornack (1972) and Eckert (1981)
reported that Alternaria citri is one of the causative fungi of navel orange fruit rot
occurring during cold storage. While, Pelser (1975). Ahmed (1980). and Abdel-
Aziz (1980) reported that Geotrichum candidum. Diplodia natalensis. and some
other fungi cause serious post-harvest decay of orange, lemon and grapefruits
Vazquez et al. (1992) indicated that stem-end rot (Diplodia natalensis). Sour rot
(G. candidum) and blue and green mould (P. digitatum and P italicum) were the
most important fungi, which increased with increasing storage time. Nagve and
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Dass (1994) indicated that 43 and 47% of the total losses of mandarins in truck
and train transport, respectively, were due to post-harvest discases.

On the other hand, Chalutz and Wilson (1990) and Huang ef o/. (1992)
reported that the yeast Debaryomyces hansenii isolated from the surface of lemon
fruit and Bacillus pumifus at 1.6 x 10'° to 1.6 x 10'? cf/ml inhibited disease
incidence of P. digitatum, P. italicum and G.candidum of seven citrus fruit
cultivars. Rivka and Kahan (1967) observed that the combined action of 20mg
diphcnyl/Petri dish and sublethal dose, 60 krad of Co™ gamma rays had
completely inhibited the growth of P. digitatum and Diplodia natalensis.

Ben Yehoshua ef al (1992). and Droby et af. (1993) minimized
postharvest decay caused by P. digitatum on different harvested citrus species and
grapefruit rot,. Monilia fructicola on peach, Alternaria spp., Colletotrichum
gloeosporoides on apples using heat treatment or UV illumination. El-Sheikh Aly
and Baraka (1997) exhibited that combination treatments of hot water (53°C) plus
UV at 365am for 3 minutes, followed by hot water plus UV at 254nm or hot
Katigreen plus UV at 365 for 3 minutes had significantly decreased the decay of
mangoes.

Wild (1976) obtained good control of P. digitatum and some control of
souf tot, G. candidum on Valencia and Navel oranges with sodium
orthophenyliphenate at 1.0%, applied by shower or flood for 30 second, followed
by foam wax treatment. Wild (1981) found that the incidence of orange molds
treated with SOPP at 0.6% was only 2% compared with 20% incidence with
potassium sorbate at 2.0%. Nelson eral. (1983) showed that potassium sorbate
(2% dip.) used in combination with benomyt or TBZ has significantly reduced P.
digitatum decay in citrus fruits.

This work aimed for searching about new applicable techniques such as
biological control, Ultraviolet light, chemical salts to minimize post-harvest
losses and consequently to minimize using fungicides in this field.

MATERIALS & METHODS

Post-harvest manipulation techniques

Three different isolates of fungi, i.c., Giotrichum candidum, Aliernaria
citri and Botryodiplodia theobromae isolated from rotted navel orange and tested
previously for their pathogenicity (Ahmed, 2001) were used in this study.

1-Biological control;

The effect of the bioagents T. harzianum and T. hamatum!” and the
commercial biocides Plant-Guard (one ml contains about 30x10° spore. of T.
harzianum) and Rizo-N (one g contains about 30x10° cfu of Bacillus subtilis) on
major post-harvest Navel eorange fruit rots was studied under cold storage
conditions during 1999 and 2000 seasons. The tested bioagents obtained kindly
from Integrated Control Dept.. Phytopathology Institute, Agric.. Res., Center,
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(ARC), Giza. Also, the commercial products were obtained from El-Nasr Co. for
fertilization and bio-fungicides at Sadat City.

Healthy mature Navel orange fruits free from mechanical injury and
wounding were selected and surface sterilized in sodium hypochlorite 1.0% for §
minutes. Fruits were inoculated by spraying with spore suspension (1x10*
spore/mi) of any of A. citri, B. theobromae or G. candidum prepared by collecting
the surface growth of 10 day-PDA cultures with sterilized brush in sterilized
distilled water. After inoculation, fruits were sprayed immediately with different
concentrations of sporc suspension, i.e. 4x10% 9x10° and 13x10° sporcs/ml
prepared for the 2 grown bioagents (7. harzianum and T. hamatum) and also of
commercial biocides (Plant-guard and Rizo-N). Inoculated fruits but sprayed with
sterilized distilled water were used as a check. Fruits were left (o air dry, then
packed in carton boxes and stored at 8°C and 90% RH for two months in storage
refrigerator of Miser-California Project, Fac. Agric., Cairo Univ. Each treatment
was replicated three times, each replicate containing 10 fruits. At the end of
storage period (60 days), scverity of infection, titratable acidity (Ta), ascorbic
acid (Vitamin C) and firmness were estimated for both inocufated-treated and -
untreated fruits as follows:

a- Severity of infection
Severity of infection was determined according to the numerical rates
suggested by Fallik er af. (1993) as follows:
Grade Description
0 No decay development.

Decay up 0.5 cm in diameter without sporulation.

Decay between 0.5 to 1.0 cm in diameter with sporulation.
Decay between 1.0 10 2.5 cm in diameter.

Decay between 2.5 10 4.0 cm in diameter.

A b W N em

Fruits completely rotten and heavily covered with mycelium.

Infection degrees per each replicate were converted to disease index
(discase severity) according to the equation suggested by Townsend and
Heuberger (1943) as follows:

Disease severity (%) = X 100

T(nxr)
N

Where: n= Number of fruits in each numerical discase grade; r = Number of the
disease grade and N= Total number of inoculated fruits multiplied by the
maximum numerical discase grade i e. 5.

b. Firmmness:
Firmness of the treated and untreated mature Navel orange fruits was

determined as pound/inch® by using Idaho pressure tester with a No. 16 brass wire

(2771000 of an inch in diameter) for a plunger, reading from 0 to 400 grams.
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<. Ascorbic acid (Vitamin C);

An extract from fruits was obtained by blending 25 g pulp tissues of
navel orange fruits in a blender for 5 minutes in 25 ml oxalic acid 6% equivalent
to the tissues (w/v). The homogenated tissues were filtered through several layers
of cheesecloth. The liquid fraction was then centrifuged at 1200 rpm for §
minutes. The cleared filtrate was used to determine ascorbic acid. Twenty
milliliters of filtrate (for each treatment) was transferred to Exlenmeyer flask
(100mt) then the volume of filtrate sample was completed to 100 ml using oxalic
acid 3%. The sample was centrifuged again for 5 minutes, then 10 ml was
transferred to flask (100 ml) and titrated with stain (6.2 dichlorophenol-
endophenol) until appearance of pink color. Amount of ascorbic acid was
calculated according to the following formula (A O.AC., 1970):

. VxS8xD
Ascorbic acid (mg/100g sample) = x 100
Weight of sample
Where: V = Volume of stain that needed for equation,
8 = Smain vigor (No. of Vitamin C mitligrams that equate with | ml of stain, and
D = Dilutions of prepared sample,

» Stain vigor was achieved by taking 10 ml of prepared Vitamin C, then the
stain solution was pipetted till appearance of pink color, then stain vigor could
be determined by calculating number of stain mitliliters that necd for equating
1 mg of Vitamin C.

« Stain solution was preparéd by solving 50 mg of stain in 250 ml of warm
distilled water and the solution was kept in brown bottle in refrigerator till use.

d. Titratable acidity (Ta):

Titratable acidity in the treated and untreated mature Navel orange fruits
were determined by titration 10 ml of the juice against 0.1 N NaOH using
phenolphthaline as indicator The percentage of acidity was calculated as citric
acid according to the following equation (A.Q.A.C., 1970)

Volume of NaOH (ml) x N of NaOH (0.1)x 0.064 100
X

Acidity % =
Volume of sample (ml)
2- Ultraviolet radiation
Prepared mature Navel orange fruits as previously mentioned were
sprayed with spore suspension of G. candidum. A. citri and B. theobromae (1x10°
spore/ml) using sterilized atomizer for each fungus. Twenty-four hours after
inoculation, fruits were divided into lots, each of 30 fruits. Three lots from the
inoculated fruits with each fungus were used for each particular treatment and
exposed to UV light at 254 or 365am for 1,3 and 5 minutes. Another inoculated
lots of cach fungus were left without exposing and served as a check. All
treatments  were packed and stored as mentioned above. Severity of infeetion and
quality constituents was determined for inoculated-treated and -untreated fruits as
. mentioned before.

3- chemical salta:
Harvested siature Navel orangs fiuits were prepared as mentioned
before, inoculated 5% spore suspensivry: of any of, 4. citri, B. theobromae and
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G. candidum (1x10° spore/ml). Fruits were put in polyethylene bags for 24 hours
after inoculation, then immersed for 5 minutes in 500, 1000 or 1500 ppm solution
of sodium ortho-phenyl-phenate 35% (SOPP), potassium hydro-carbonate 80%
(Kaligreen), ascorbic acid, salicylic acid and sorbic acid. In check treatment,
inoculated fruits immersed in sierile distilled water.

Each treatment contained 3 replicates and each replicate contained 10 fruits.
Treated fruits were allowed to dry at room temperature (22-24°C). Al treatmients
were packed and stored as mentioned above. Severity of infection and quality
constituents was determined for inoculated-treated and -untreated fruits as
mentioned before.

Statistical analysis:
Most of the obtained data were statistically analyzed using the
completely randomized, and the split plot designs (Snedecor and Cochran, 1967).

EXPERIMENTAL RESULTS

1-Biological control:
A~ Effect on fruit rot severity:

As shown in Tables (la &1b) of seasons 1999 and 2000. Data indicate
that the two tested bioagents, i.e. 7. hamatum and T. harzianum as well as the two
commercial products of Plant Guard and Rizo-N caused significant reduction to
the severity of fruit-rot.

Data of 1999 scason (Table 1a) show that the most effective treatment
was T. hamatum followed by T. harzianum, Rizo-N and Plant Guard.

The tested pathogenic fungi were greatly differed in their response lo the
inhibitory effect of the tested bioagents. In this respect, severity of infection
caused by G. candidum was greatly decreased by using the tested bivages,
which recorded 2.22%. Meanwhile, in case of inoculation with any of 5
theobromae and A. citri, the severity of fruit-rot was higher, being 12.78 and
1L t1%, respectively. The concentration of the tested bioagents has significantly
effect on reducing severity of fruil-rot. Increasing the used concentration
significantly increased the efficacy.

During 2000 scason (Table 1b), the effect of the tested bioagents on
reducing fruit-rot severity was greatly different. Rizo-N followed by T. hamatum,
T. harzianum and Plant Guard recorded the highest efficacy in case of infected
fruits with G. candidum respectively, Meanwhile, The same trend was recorded in
case of infected fruits with A. citri and B. theobromae comparing with control
treatment but lesser than the efficacy in case of the first pathogenic fungus.

The same trend of the efficacy of the tested bicagents on the pathogenic
fungi was also, recorded during 2000 season, but with low averages compared
“with 1999 season. No obvious sympioms of fruit-rol were noticed on fruits
wooulated with G candidum at any of (he tested concentrations with the
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exception of Plant-Guard at 4x10° spores/ml. Meanwhile, B. theobromae
followed by A. citri were less affected respectively. Fruit-rot severity has also
significantly decreased by increasing the concentration of the tested bioagents.

B- Effect on fruit quality characters

Data of season 1999 in Table (2a) indicate that there was an increase in
fruit firmness of the inoculated fruits with the spore suspension of the tested
pathogens. The same trend was observed in case of ascorbic acid in inoculated
fruits and treated with the three concentrations of spore suspension of the tested
bioagents compared with the infected fruits and untreated ones. Increasing the
concentrations of the bioagents increased ascorbic acid content. However, the
highest concentration gave the highest levels of these contents, On contrary,
ac:dlty showed the converse effect, whereas acidity content decreased by
increasing of the bioagent concentration. In this respect, inoculated fruits with G.
candidum, A. citri and B. theobromae and untreated with bioagents have more
acidity.

The same trend was observed during season 2000, Tt is clear from data
presented in Table (2b) that firmness of both inoculated and treated fruits showed
higher levels than those inoculated with the same fungi and untreated with the
spore suspension of the tested bioagent,

Concemning ascorbic acid and acidity. inoculated and treated fruits with
different concentrations of spore suspension of the tested bioagents demonstrated
the lowest levels if compared with untreated ones, however untreated fruits
contained higher amounts of ascorbic acid and acidity than treated ones,

2-Effect of expesure to ultra-violet radiation
A- On fruit-rot severity:

Data of 1999 season (Table 3a) indicate that both UV wavelength. i.e.
254 and 356-nm have significantly reduced fruit-rot severity compared with the
controi treatment. The average percentage of fruit-rot severity caused by the
tested fungi was greatly differed due to the inoculated fungus.

In this respect, the fungus G. candidum was the most affected fungus.
which caused the lowest average of fruit-rot severity afier exposing to UV,
Mecanwhile, the fungus A. citri was the least affected one followed by B.
" theobromae. Fruit-rot severity decreased due to increasing the exposure time to
UV radiation, i.c. 1, 3 and 5 minutes. The respective averages of fruit-rot severity
were 19.34, 14.28 and 9.56%, respectively.

Analogous results were also obtained during 2000 scason (Table 3b)
where fruit-rot severity was significantly decreased by increasing UV dose and
time of exposure to UV. Also, the fungus G. candidum was the most affected one.
Meanwhile, both B. theobromae and A. citri were less affected.
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Table (1-s): Effect of treating Navel orange fruits with the tested bioagents
before storage on costrolling fruit-rot during storage for 60

days at scason 1999.
. No. of %% severity of infection
Bio-agents | ¢ o0/ mi *i 7 %3
3x 10 6.67 1333 1333
T. harzianum 9x 10° 4.44 11.11 i1l
- 13 x 10° 0.00 8.89 3.89
4x10° 2.22 (THEE 15.56
T. hamatum 9 x t0° 2.22 %.89 13.33
13 x 10° 0.00 6.67 11.11
4x10° 122 1778 1778
Plantguard 9x 10° 0.00 13.33 15.55
13 x 10° 0.00 8.89 11.11
4x10° 6.67 15.55 17.718
Rizo-N 9 x 10° 2.22 11.11 1111
13 x 10° 0.00 8.89 889
Check (control) 17.78 3111 3333
* =01, candidum. *¥= A citri *3= B theohromae
L.8.D. at 5% for: Bioagents (B) = 2.99 BxC=298

Concentrations (C}= BxF=134
Fiti (F) = 3.97 CxF=19%9
BxCxF=656

Table (1b): Effect of treating Navel orange fruits with the tested bioagents
before storage on controlling fruit-rot during storage for 60
days at season 2000.

= . - -
Bio-agents S:):::ffm I o Ye ueventy* ¢2)f infection o
4x10° 6.00 1778 13.33
T. harzianum 9 x 10* 0.00 15.55 (et
13 x 10° 0.00 TR 6.67
4x10° 0.00 1333 17.78
T. hamatum 9 x 10° 0.00 111t 111
13 x 10* 0.00 6.67 889
4x10° 345 1333 1333
Plant-Guard 9x10° 0.00 289 1.1
13x10° ! 0.00 6.67 6.67
4x10° 0.00 111 15.55
Rizo-N 9x16* 0.00 8.89 ITRE
13 x 10* 0.00 6.67 8.8Y
Check (control) 13.33 32722 35114
*|= (. candidum. = A citri *3= B theobromae
L.S.D. at 5% for:
Bioagents (B) = 2.81 BxC=217
Concentrations (C)=2.15 BxF=210
Fungi (F) = 3.07 CxF=103

BxCxF=537
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. Table (3-a): Effect of exposure Navel vrange fruits to ultra violet radiation
before storage on controlling fruit-rot during storage for 60
days at scason 1999,

Wave length Exposure % severity of infection
(nm) time (min.) *1 *2 *3
1 13.33 26.67 - 2533
254 3 8.0 21.33 18.67
5 5.33 14.67 13.33
1 10.67 20.0 200
oS 3 6.67 14.67 16,33
5 4.0 10.67 933
Check (control) 22,67 41.33 40.0
*1= G candidum. *2= A citri *3= B theobromae

L.S.D. at 5% for;
Exposure doses (D)= 2.0.3 DxT=402
Fungi (F) = 3.41 DxF=428
TxF=201 DxTxF=214

Table (3-b): Effect of exposure Navel orange fruits to ultra violet radiation
before storage on controlling fruit-rot during storage during

season 2000,
Exposure . . .
Wave length timf:] (min.) %o severity of infoction
(am) *q *] *3
1 5.33 28.00 32.00
254 3 222 22.67 26.67
5 0.00 13.33 18.67
1 0.00 24.00 2533 |
365 3 0.040 20.00 21.33
5 0.00 933 13.33
Check (control) 2933 44 00 44.00
*1= G candidum *2= A citri *3= B. theohromae
L.S.D. at 5% for:
Exposure doses (D) = 2.30 DxT=210
Time (T)=5.10 DxF=260
Fungi (F) = 2.81 TxF=206
DxTxF=307

B- Effect on fruit quality characters of Navel orange fruits

Results in Table (4a) show that firmness was increased by increasing UV
doses and with increase of exposure time. However orange fruits exposed to
365nm for 1, 3 and 5 minutes were firmer than those exposed to 254 for the same
time. At the same time, the UV-exposed fruits exhibited higher amounts of
ascorbic acid compared with unexposed fruits. Meantime, the lowest wavelength
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of UV increased ascorbic acid. while UV at 365 affected on these contents and
gave the lowest levels during 1999 season. On the contrary, there was a
remarkable decrease in the titrable acidity of the exposed treatments to UV
radiation comparing with inoculated fruits but un-exposed. :

The same trend was observed during 2000 season where results in Table
(4b) revealed that UV at 365 nm gave the highest levels of firmness if compared
with UV at 254 min and non-irmadiated fruits. While, in case of ascorbic acid,
exposed fruits to UV at 254 nm for 1, 3 and 5 minutes exhibited high amounts
than those exposed to UV at 365 nin for the same rime. However, non-exposed
fruits to UV rmadiation were acidic. While, exposed fruits to UV at 254 nm have
higher amounts than exposed to 365 nm. The exception was the inoculated fruits
wilth A. citri and exposed 1o 365nm for 3 minutes, which showed highest levels of
titrable acidity compared with exposed fruits to 254 nm for 3 minutes.

3-Effect of some chemical salts:
A- On fruit-rot severity;

Data of 1999 season (Table 5a) revealed that SOPP followed by sorbic
acid were the most effective salts in reducing fruit-rot severity, being 14.57 and
15.80%, respectively without significant difference. Meanwhile, ascorbic acid.
kaligreen and salicylic acid were. comparatively, less effective. Also. increasing the
concentration increased the efficacy of the tested salts. In this respect, the averages
of the fruit-rot scverity afier the treatment with 500, 1000 and 1500 ppm of the
tested salts were 25.34, 15.95 and 8.15%, respectively with significant differences
among the three values. Control treatment recorded 40.47% fruit-rot severity after
60 days storage. The tested chemical salis did not exert significant variation
among the figures of fruil-rot severity due 10 the inoculated fungus, where A.
citri, B. theobromae and G. candidum caused 15.56, 16.44 and 17.41% friit-ro
severity,

Data of 2000 secason (Table Sb) show that the efficacy of the tested
. chemical salls was more efficient in reducing fruit-rot scverity compared with
1999 season. In addition, SOPP followed by Kaligreen were the most efficient,
being 1037 and 12.84% fruit-rot severity. respectively. without significant
difference. The treatment with  sorbic acid recorded the third in its eftect. being
14.32%. On the other hand, both ascorbic acid and salicylic acid caused the
lowest effect, being 1630 and 17.53%, respectively. without significant
differcnce. Control weatment showed 45 19% fruit-rol severity. Also, increasing
the concentration has increased the efficacy of the tested salts, On the other hand,
B. theobromae was not able to cause infection to the fruits treated with SOPP at
1500 ppm. In addition, the previous fungus was the most alfected by the
treatment  with the tested salts followed by A. citri then G. condidum. The
respective  averages of fruit-rot severity were 11.70. 1318 and 17.93%.
respectively,
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Table (5a): Effect of dipping Navel orange fruits with some chemical salts in
different concentrations on fruit-rot severity of stored fruits for

60 days during season 1999. .
Chemical salts Conf;j?pm) - Yo severity 9{2 rot infection .
500 222 20.00 1555
SOPP 1000 17.78 17.78 15.55
1500 8.89 0.00 £3.33
500 2000 28.89 3143
Kaligreen 1000 1778 15.55 20.00
1500 8,89 11.11 17.78
500 4172 2445 1778
Ascorbic acid 1060 17.78 22.22 13.33
1500 6.67 1111 222 |
300 4177 3445 445
Salicylic acid 1000 22.22 8.89 17.78
1500 13.33 4.15 11.11
500 26.67 24.45 1172
Sorbic acid 1000 11 13.33 17.78
1500 6.67 6.67 13.33
Check {controf) 43 89 35.36 37.78
*|= (5. candidum *2=A, citri *3= B. theobhromae
L.S.D. at 5% for: Salis (§)=3.53 SxC=399
Concentrations (C) = 2.36 SxF=102
Fungi (F} = n.s. CxF=695
SxCxF=8383

Table (5b): Effect of dipping Navel orange fruits with some chemical salts in
different concentrations on fruit-rot severity of stored fruits for

60 days during scason 2000.

Chemical salts Com{:;‘ (Spm) o Yo seventy 01'2r0t infection -
500 1773 15353 1111
SOoprp 1000 15.56 £.89 6¢.67
1500 11.11 6.67 (.00
500 15355 17.78 20.00
Kaligreen 1000 13.33 13.13 1t
1500 6.67 8.89 8.89
300 3536 26.67 1355
Ascorbic acid 1000 20,00 13.33 8.89
1500 8.89 11.1} 6.67
300 3333 15.53 2667
Salicylic acid 1000 24 45 1333 13.33
1500 17.78 8.89 445
300 222 2222 1778
Sorbic acid 1000 17.78 889 13.33
1500 8.89 6.67 ik.11
Check (control) 66.67 33.33 3556
*1= (r. candidum *2= A citri *1= B. theobromae
L.S.D. at 5% for: Salts (8)=2.59 S§xC=391
Concentrations (C) = 3.09 SxF=4.12
Fungi (F)= 3.24 CxF=695

SxCxF=6.03
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B- Effect on fruit quality characters of Navel orange fruits
Data shown in Table (6a) indicate that there was an increase in fruit
firmness due to the treatment with the different concentrations of the tested salts
compared with untreated fruits. However, SOPP and Kaligreen each of 1500 ppm
gave high levels of firmness. The same trend was observed in case of ascorbic
acid, which then incrcased in the treated and inoculated fruits with the tested
fungi compared with untreated and inoculated fruits. Meanwhile ascorbic acid
reached its higher amouat in the inoculated and the treated fruits with 1500 ppm
_of any of salicylic acid, ascorbic acid and sorbic acid. It is also clear that the
amount of acidity was decreased in the infected and the treated fruits with any of
the different concentrations of salts. Meanwhile, the amount of acidity was
increased in the infected and the untreated ones.

The same trend was obtained during 20600 season.

Data of Table (6b) demonstrate an obvious increase in the firmness of
the infected and the treated fruits with the differert concentrations of salts.
Inoculated and treated fruits with the highest concentration of any of ascorbic
acid, SOPP and sorbic acid were firmer more than inoculated. treated and
untreated fruits. On the other hand, inoculated and treated fruits with different
concentrations of the tested salts exhibited high amounts of ascorbic acid than
tissues of untreated fruits and infected with the same fungi. In this respect,
treatment with SOPP and salicylic acid at any of 1000 and 1500 ppm showed the
highest contemt of ascorbic acid. Conceming titrable acidity contents, data
demonstrate that acidity was decreased in the treated fruits with the different
concentrations of the tested salts and inoculated with any of G. candidum, A. citri
and B. theobromae compared with infected fruit with the same fungi and
untreated with the salts.

DISCUSSION

Navel fruit orange is onc of the most important fruit crops all over the
world including Egypt. Under Egyptian conditions. Navel orange is liable to
attack by many fuongal diseases such as Alternaria sp., A. alternata, A. citri,
Botryodiplodia  theobromae, Cladosporium herbarum, Geotrichum candidum,
Penicillium digitatum, P. italicum, Phomopsis citri, Thielaviopsis paradoxa and
Nigrospora sp. (Ei-Shamaa, 1983 and El-Ashmawy, 1998).

Conceming treating Navel orange fruits with any of the tested bioagents,
the severity of fruit-rot was decreased by increasing the concentration of the
tested bioagents. In this concem during 1999 season, both Rizo-N and 7.
hamatum were the most cffective treatment followed by 7. harzianum then Plant
Guard. Moreover, the fungus G. candidum was greatly affected by ‘the tested
bioagents. Meanwhile, both A. citri and B. theobromae were the lowest affected.
While during 2000 scason, the obtained results were different where the fungus T
harzianum was the most effective followed by the corumercial products of Plant
Guard and Rizo-N. Meanwhile, 7. hamatum recorded the lowest effect. The use
- of the bioagents in reducing the infection with many fungal diseases was used for
successful control uf raany discases such as fruit-rots, soil-bomne diseases and
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foliage diseases. Although the reduction in the controlled diseases by the
bioagents still not enough or satisfied. but on the view of the human health,
products of biological production are prevalent in many European and Amcrican
countrics as well as, to somewhat, in Egypt. Therefore, the obtained results are of
great importance for citrus exporters. in order 1o reduce or avoid the damage
caused by the storage fungi. Inoculating Navel orange fruits with the three tested
pathogenic fungi then treated with the tested bioagents resulied in causing an
inctease in the firmness and ascorbic acid with considerable decrease in fruit
acidity. These changes were differed according to the concentration of the tested
bioagents. The same trend was obscrved during both experimental seasons. Many
investigators used the bioagents in controlling many fungal diseases, i.c. soil-
bome disease. fruit-rots and foliage diseases (Chalutz ef al., 1988; Huang e of
1992, Abada, 1994: Elad and Kapat, 1999 and Moustafa, 1999). Also, the mode
of action of the tested bioagents was emphasized by many investigators like Chet
(1984) who mentioned that Trichoderma spp. apparently acts as a mycoparasite,
which detects its host from some distance, binds it self to the pathogenic fungus
by sugar-lectin linkage and begins to excrete extra cellular lytic enzymes such as
B-1, 3 glucanase, chitinase, protease and/or lipase.

It has been found that exposing orange fruits to different doses of UV
light after imoculation with any of the threc pathogenic fungi significantly reduced
the percentages of fruil-rot severity afier storage period lengthened to 60 days.
This reduction was more cfficient with using dosage of 356 nm than using 254
nm. In addition, the fungus G. candidum was the most affected by UV irradiation
more than A. citri and B. theobromae. The results are similar to somewhat during
both experimental seasons. The reduction in fruit-rot severity due to imadiation
with two doses of UV was reflected on increasing firmness and ascorbic acid
compared with unexposed fruits 10 UV irradiation. In addition, increasing UV
dosage from 254 to 356 nm and the exposure time from one minute to five
minutes increased this increase. Opposile results were recorded in case of the
tiratable acidity which decreased due to exposing the inoculated fruits to UV
irradiation. The obtained results are very promising and could be used for treating
cittrus before storage with UV irmadiation in order to minimize fruit-rots,
especially under natural conditious of fruit infection with the pathogenic fungi.
Also, this trcatment is very safe for the human health compared with using somc
toxic chemicals for this concemn. In this respect, many investigators used
iradiation with UV or gamma ray for controlling postharvest diseases and
obtained considerable reduction in fruit-rots caused by many causals like Maxie
et al, 1970, Splading and Recder, 1986, Ben Yehoshua ef al., 1992; Droby ef al.
1993, Farooqi, 1994 and El-Sheikh Aly and Baraka, 1997.

Also, dipping Navel orange fruits in some safety chemical agents, at
different concentrations afier inoculation with pathogenic fungi led to significant
reduction in fruit rot severity compared with untreated fruits. In addition,
increasing the concentration of these salts from 500 to 1500 caused great
reduction in the disease. Morcover, the effect of the tested chemical salts on the
pathogenic fangi was not gready didfood. However, the fungus A. eiird was the
st affecters during 1999 sezcon and & dheodromae during 2000 season. Ak,
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the inoculated fruits with any of the tested pathogenic fungi and dipped in the
tested salts caused considerable increase in the firmness and ascorbic acid with
considerable decrease in titrable acidity compared with untreated fruits with the
tested salts (control). The obtained data revealed that the tested chemical agents
could be used for treating citrus fruits including Navel orange fruits before
storage in order to minimize the infection with the causals of fruit-rot with no risk
from the residuals of these salts. In this respect, these results are in agreement to
somewhat to those obtained by Wild (1981), Nelson ef al. (1983) and Smilanick
et al. (1995).
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