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ABSTRACT

Sudden wilt disease of Cantaloupe (Cucumis melo var.
cantaloupensis) is considered one of the main problems face planting
of this crop in Egypt and all over the world. This disease led to great
conflict between researchers concerning disease etiology, which
ranged between specialists from agricultural practices till
phytopathogenic fungi (i.e., Monosporascus cannonballus, Fusarium
oxysporium and Pythium sp.).

In the present study, it was postulated that the causal of such
phenomenon may lead to imbalance of water absorption by plant
roots. Therefore, ATPase activity and sugar fractions were determined
in roots of diseased and healthy plants.

Obtained data indicated that ATPase activity was greatly
depressed in roots of diseased plants as compared to healthy ones.
Data also indicated that the total and reducing sugars were very low in
diseased plant roots compared with healthy ones.

Irrigation of uninfected plants at flowering stage by water
contained specific ATPase inhibitor (Omeprazole) led to appear
disease syndromes on 62.5 % of treated plants.

So the obtained results led to postulate that plant suffer from
reduction of ATPase activity and reducing sugars may be predisposing
factors that plants easily infected by different phytopathogenic fungi.

Key Words: Cantaloupe — ATPase — Sugars - ATPase inhibitor -
Sudden wilt.
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INTRODUCTION

Cantaloupe (Cucumis melo var. cantaloupensis) is one of the
most important vegetable crops either for exportation or for local
consumption in Egypt. This crop suffers from many diseases; the most
dangerous one is sudden wilt. It causes devastating losses of plant
productivity and may led to plant death.

The disease appeared when cantaloupe hybrids became widely
spread in agriculture (Martyn, 2002), therefore the etiology of such
phenomenon varied according to the specialists. From one hand,
horticulturists see that such phenomenon may attribute to agricultural
practices (Bruton et al., 2000); however, plant pathologists attribute
this phenomenon to phytopathogenic fungi (Pivonia et al., 1997,
Aegerter et al., 2000 and Sales et al., 2003)

However, the nomenclature of this phenomenon was varied; it is
sudden wilt or Monosporascus Root Rot and Vine Decline of Melons
(MRR/VD). Also referred to as sudden death, melon collapse,
Monosporascus wilt, and black pepper root rot.

Symptoms of that phenomenon appear when plants reached
flowering stage, that, epinecity, wilt and collapse of shoot system
followed by complete death of plants are occurred.

In this study, it was postulated that water absorption by root
system is a critical point of disease development. Since water
absorption is an physiologically active process (Pivonia et al., 2002),
therefore, the activity of ATPase in roots of diseased and healthy
plants were determined, in addition to total, reducing and non
reducing sugars as well.

MATERIALS AND METHODS

1. Plant materials

A pot experiments were conducted under green house
conditions. Cantaloupe seeds (Galia hybrid) were planted in pots (30
cm in diameter) containing natural clay soil obtained from the land of
Faculty of Agriculture, Ain Shams University, Shoubra El Kheima,
Kaloubiya Governorate.

Eighty pots were planted, and then one plant was left in each
pot. Plants were fertilized and irrigated as usual. When plants reached
the flowering stage (72days after seeding), early symptoms of sudden
wilt began to appear on some plants.
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Plants were divided into two categories, healthy and diseased.
Twenty plants of each category were taken-off carefully; roots were
individually separated, washed several times by tap water then left to
dry. Roots were cut into small pieces, then two grams (fresh weight)
were taken represented the roots system. One gram was used to extract
protein containing ATPase and the other was used for extracting and
determination of sugars.

2. Determination of ATPase activity

ATPase activity was determined according to the method
adopted by Bisswanger, (2004) as follows:

One gram (fresh weight) of root was grinded in 3 ml Tris-Hcl
buffer (0.05 M, pH 7.4) containing 1 ml sucrose (0.25 M). The
homogenates were taken in Eppendorf tube for centrifugation at
1500 rpm for 10 min at 4 °C. Reaction mixture consisted of : half ml
of crude extract, 1 ml Tris-Hcl, 0.5 ml ATP solution (by dissolving
80 mg ATP in 30 ml distilled water), 0.5 ml KCL (400 mM) and the
volume was completed to 4 ml by distilled water in a test tube. The
mixture was incubated at 30 °C for 30 min., then one ml of TCA was
added to the mixture to stop the reaction.

After incubation, 2 ml of the mixture were mixed with one ml
of ferrous sulfate-ammonium molybdate (5g ammonium molybdate
and 200ml H,SO4 5N) then left for 2 hours. Color density was
determined at 820 nm using spectrophotometer Unico-2100 model.
The amount of liberated phosphate (function of ATPase) was
calculated using standard curve of potassium phosphate (KH,POy).

3. Determination of soluble sugars
The concentrations of total soluble, reducing and non reducing
sugars, were determined according to Schales and Schales (1945)

Preparation of crude ethanolic extract:

Sugars were extracted according to Ackerson (1981) as the
following procedure:

One gram of fresh samples was extracted using 80% ethanol at
70°C by refluxing for 1 hr for three times. The supernatant was
evaporated at 55°C, then the dried film was dissolved in 5 ml of 10%
isopropanol and the total volume was made up to 15 ml.
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3.1. Determination of reducing sugars

Reducing sugars were determined colorimetrically by using
alkaline potassium ferricyanide solution as the following procedure:

Sample extract (0.3 ml) was pipette out into a series of test
tubes, then the volume was completed up to 1 ml with isopropyl
solution, 1.5 ml of alkaline potassium ferricyanide solution was
added, mixed well and boiled in water bath for 20 min, cooled and
then the volume was raised up to 10 ml with distilled water. Optical
density was recorded against isopropyl solution at 420 nm. The
amount of reducing sugars was calculated according to the standard
curve of glucose.

3.2. Determination of total soluble sugars

One and half ml of HCI (2N) was added to 3ml of the sugar
extract and heated in a water bath at 60°C for 30 min. The solution
was cooled then neutralized and the total volume was made up to 15
ml with distilled water. The total soluble sugars were determined
colorimetrically by using alkaline potassium ferricyanide solution.
The amount of total soluble sugars was calculated according to the
standard curve of glucose.

Non-reducing sugars = total soluble sugars - reducing sugars.

4. Effect of ATPase inhibitor on disease incidence of sudden wilt

Sixteen healthy plants of cantaloupe (Galia hybrid) cultivated
under plastic house conditions in sterilized soil (pots 30 cm
diameter) were chosen to study the effect of inhibition of ATPase
activity on sudden wilt incidence. The specific inhibitor of ATPase,
Omeprazole (Ci17H9N303S;): benzimidazole, 5-methoxy-2-[[(4-
methoxy-3, 5-dimethyl-2-pyridinyl) methyl] sulfinyl]-1h-
benzimidazole) was produced by Schwartz Pharma Co., was
dissolved in distilled water to get a concentration of 50 ppm. Eight
plants were irrigated one time by water containing ATPase inhibitor
(50 ml/pot), meanwhile, other 8 plants were irrigated by water free
of ATPase inhibitor. Then plants were irrigated when need and left
for further observation of sudden wilt incidence as leaf epinecity and
vein collapse.
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S. Effect of ATPase inhibitor on morphological characters of
ATPase inhibitor treated and untreated plants.

Healthy and diseased plants were subjected for measuring the
growth characters of booth root and shoot systems.

6. Statistical analysis:

All experiments were set up in a complete randomized design.
Data were subjected to analysis of variance (ANOVA) using the
Statistical Analysis System (SAS Institute, Inc., 1996). Means were
separated by Duncan’s multiple range test at P< 0.05 level.

RESULTS AND DISCUSSION

1. Activity of ATPase in healthy and diseased cantaloupe plant
roots.

Liberation of phosphate from ATP was determined as a
function of ATPase activity in roots of diseased or healthy plant
roots. Such activity was determined in plant roots when disease
symptoms started to appear on plants (72 days from seeding).

Data presented in fig (1) illustrated that the activity of ATP was
significantly higher in healthy plants comparing with diseased ones.
The activity in healthy roots was three folds that of the diseased

plants.
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Fig (1): Effect of sudden wilt disease on root ATPase activity.

Significant difference using Duncan’s multiple range test at P< 0.05 level.
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2. Total, reducing and non-reducing sugars in roots of diseased
and healthy cantaloupe plants.

All figures of sugars (i.e. total, reducing and non reducing)
were determined in roots of healthy and diseased plants. Data are
presented in Table (1).

Total soluble sugars in healthy roots were significantly higher
than in diseased ones. They reached 3.82 mg/g fresh weight in
healthy roots while it was 1.41 mg/g fresh weight in diseased roots.

On the other hand no significant difference was observed
between healthy and diseased plants in non reducing sugars.

Reducing sugars were clearly reduced in root tissues of the
diseased plants. They reached 2.65 mg/g fresh weight in healthy
roots and 0.37 mg/g fresh weight in diseased roots.

Table (1): soluble sugars analysis of root system of both healthy
and diseased plants (mg/g fresh weight).

Soluble sugars
Total Soluble
Plant Reduced Sugars Non Reduced Sugars
Sugars
Healthy 2.65* 1.22° 3.83*
Diseased 0.37° 1.05% 1.41°

Values followed by the same latter are not significantly different at P = 0.05
according to Duncan’s multiple range tests.

3. Effect of ATPase inhibitor on disease incidence and
morphological parameters of cantaloupe plants.

After 35 days from treatment of plants by ATPase inhibitor,
disease syndrome started to appear on some of the treated plants only
and no any disease syndrome were observed on non-treated plants.
Five plants out of 8 treated plants showed disease syndrome (table
2).

Morphological parameters of diseased plant were determined.
Treated plants were divided into two categories, first one is plants
showed symptoms (5 plants) and second one is plants appeared
healthy.
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Table (2): Effect of ATPase inhibitor on incidence of sudden wilt
(sterilized soil) after 35 days from the treatment.

No. of plants | % Plants
Treatment No. olfat;fsated showed showed
P sudden wilt. | sudden wilt.
Treat.ed by ATPase 8 5 62.5
inhibitor
Without treatment 8 0 0.0

Growth characters of both root and shoot systems were
measured. Data of this study are presented in table (3).

Comparing morphological parameters of diseased plants and
healthy ones that treated by ATPase inhibitor indicated that such
parameters were significantly lower in diseased plants than of
healthy plants.

No significant differences were observed between healthy roots
of plants treated by ATPase inhibitor or non treated healthy plants,
but significant increase was observed in foliage of healthy treated
plants.

Table (3): Effect of ATPase inhibitor on morphological features of
cantaloupe plants showed sudden wilt comparing to healthy ones
after 35 days from the treatment.

Root system Shoot system
Treatment W

L.(cm W.(em) | V.(ml | L.(cm : V. (ml

(cm) (gm) (ml) (cm) (gm) (ml)

Diseased treated 32° 16.282* | 16.76* | 221> |[241.964°| 272.8"
Healthy treated | 51.5* | 19.1366 | 19.3* | 367.33* [925.986%| 1072.7*
Het“‘“hy“"“ 541 | 20.758* | 22.02* |268.86™|399.99% | 481 88

reated

Values followed by the same latter are not significantly different at P = 0.05
according to Duncan’s multiple range tests.
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DISCUSSION

Sudden wilt disease of cantaloupe started to breakthrough when
hybrid cvs began to widely cultivated (Martyn, 2002). Disease
etiology led to great conflict between specialists. Etiology of such
disease ranged from agricultural practices (i.e., excess or decrease of
available water for plants, soil type (sandy or sandy loam etc.) or
fertilizers to phytopathogenic fungi such as Monosporascus
cannonballus (Reuveni et al., 1983 and Hamza et al., 2007),
Acremonium cucurbitacearum (Garcia - Jimenez et al., 1989) , A.
cucurbitacearum , Monosporascus cannonballus , Rhizopycnis
vagum , Fusarium solani, Macrophomina phaseolina , Pythium sp.
and Verticillium dahliae (Bruton et al., 2000) and three factors have
been implicated with the cause of the disease complex; i.e.:
agronomic, pathogen and plant factors (Horlock and Akem 2004).

Disease syndrome started to appear on plants at flowering stage
and progress on plant till its death. Syndrome started as leaf
epinecity till sever wilt without discoloration (i.e., chlorosis) and
ended by plant death.

Since mineral and water absorption is active process depend on
energy liberated from hydrolysis of ATP by ATPase (Levitt, 1946),
therefore, the activity of ATPase was determined in healthy and
diseased plant roots when the first symptom of syndrome started to
appear.

Obtained data indicated that the activity of ATPase in roots of
diseased plants was less than that found in the roots of healthy plants
to very great extent. Do such decrease in ATPase activity is a
primary reason of disease incidence?

In this case, inhibition of ATPase led to induce such
phenomenon on 62.5 % of treated plants. If inhibition of ATPase
activity is the causal of such phenomenon, why disease syndrome
did not appear on all treated plants? It could be suggested that there
were genetic variation between plants whereas 5 plants were
responded to the inhibitor out of 8 treated plants.

For answering such question, sugar content (i.e., reducing, non
reducing and total sugars) was determined in healthy and diseased
plant roots. Data obtained clearly indicated that total and reducing
sugars were very high in root of healthy plants than those found in
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diseased plant roots. These results are in agreement with Jang Hoon
(2004) who found that quick fruit removal of plant, led to reduce
disease severity than on plants with fruits. This treatment led to
increase root growth and carbohydrate accumulation in cantaloupe
roots. He postulated that root sugar concentrations affected infection
efficiency and disease progress of Monosporascus root rot and vine
decline.

Reducing sugars undergo different metabolic processes, i.e.,
glycolysis and tricarboxylic acid cycle, through which ATP is
synthesized. Dose the decrease of ATPase refer to the great decrease
of reducing sugars in plant root? This point needs further studies.

The role of ATPase activity in disease incidence was studied by
inhibit its activity using specific ATPase inhibitor (Omeprazole). In
order to exclude the role of phytopathogenic fungi in disease
incidence, eight plants cultivated in sterilized soil were irrigated by
50 ppm of Omeprazole, then irrigated by water free of inhibitor and
left for further observation; other 8 plants were served as control.
Thirty five days later, symptoms of disease started to appear on 5
plants out of 8 treated plants. Non treated plant still healthy.

As the writer as aware, no previous attempts was carried out
before to induce disease syndromes artificially.

According to the obtained results it could be concluded that
reduction of ATPase activity may be the predisposing agent for the
presence of many phytopathogenic fungi associated with root system
of diseased plants and owing to the decrease of total and reducing
sugars and ATPase activity, that the plant became unable to defend
itself against these pathogens.
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