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ABSTRACT 
 

Aim: Physiological variations in Cucurbita moschata due to infection with a Nigerian strain of 
Moroccan watermelon virus (MWMV): Lagenaria breviflora isolate was studied. 
Study Design: Randomized block design was used. 
Place and Duration of Study: Botany Department, University of Calabar, Calabar, Nigeria 
between March and May, 2015. 
Methodology: Seeds of C. moschata were sown, on germination inoculated with the virus and 
analyzed for possible variations between healthy and inoculated plants. 
Results: Results analysis revealed increase in all amino acids investigated. Highest significant 
(P=0.05) percentage variation in amino acids of inoculated and healthy were -40.0% for aspartic 
acid, -36.1% (histidine), -29.7% (proline), -28.8% (lysine), -23.3% (glysine), -16.6% (phenylalanine) 
and -12.6% (glutamic acid). Infection of C. moschata with a Nigerian Strain of MWMV: Lagenaria 
breviflora isolate caused significant decrease in leaf nitrogen and relative water content of 
inoculated plants compared to the healthy. Highest percentage decrease in leaf nitrogen was 
40.7% at 2 weeks after inoculation (WAI) and lowest of 25.0% at 10 WAI. The virus caused 
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decrease in relative water content of 29.6% at 6 WAI. Activity of oxidative stress enzymes: 
peroxidase (POD) and polyphenol oxidase (PPO) and enzymes of the oxidative pentose phosphate 
pathway: glucose-6-phosphate dehydrogenase (6PGdH) and 6-phosphogluconic acid 
dehydrogenase (G6PdH) were significantly (P=0.05) increased in infected C. moschata- MWMV 
plant. Enzymes activity was significantly higher in inoculated than in healthy plants at all stages of 
growth with decrease at later periods for both inoculated and healthy plants. Percentage increase 
in POD, PPO, G6PdH and 6PGdH activity due to infection at 8 WAI had values of -40.5%, -46.7%, 
-98.9% and -89.1% respectively. 
Conclusion: The Nigerian strain of MWMV: Lagenaria breviflora isolate caused significant 
variations with increase and decrease in biochemical and physiological components of C. 
moschata affecting its growth and yield. 

 
 
Keywords: Cucurbita moschata; amino acids; enzymes activity; leaf nitrogen; Moroccan watermelon 

mosaic virus; relative water content. 
 
1. INTRODUCTION 
 
Cucurbita moschata (Duch ex. Poir) (family: 
Cucurbitaceae) is an important annual 
dicotyledonous crop, with creeping or climbing 
stems bearing tendrils. It is cultivated as a 
vegetable crop for its leaves and fruits in the 
southern parts of Nigeria, where it also act as 
effective cover against soil erosion and competes 
favorably with weeds. Attack on cucurbits by 
viruses affects basic physiological processes 
creating an imbalance in components. Variations 
in plants physiological and biochemical 
components caused by plant viruses are the 
underlying factors for poor crop yield. Virus 
infection of plants is accompanied by variations 
in cellular metabolism of host plants with effects 
on whole plant functioning. Plant viruses are 
among the most destructive pathogens, 
responsible for damages on most agronomically 
important crops, with loses estimated at tens of 
billions U.S. dollars annually [1], which might 
increase since viruses constitute the largest 
cohort of emerging crop diseases [2].  

 
The production of cucurbits worldwide is limited 
by several viruses. Moroccan watermelon mosaic 
virus (MWMV) strain is one of the viruses 
reported on C. moschata. It is a Potyvirus (family: 
Potyviridae) causing severe damage to cucurbits 
with symptoms in susceptible plant of mosaic, 
leaf malformation and green banding [3]. 
Previous studies focused on strains of Moroccan 
watermelon mosaic virus isolated from Lagenaria 
breviflorus and Coccinia barteri [4], Changes in 
growth, chlorophyll, phytochemicals, proximate, 
minerals and antinutrients of C. moschata due to 
a Nigerian strain of MWMV were studied [5]. To 
appreciate these changes, the present study was 
conducted to examine variations in some 

physiological and biochemical components 
between healthy and C. moschata inoculated 
with MWMV: L. breviflora isolate. Variations in 
components such as amino acids, relative water 
content, leaf nitrogen content and enzymes 
activity between healthy and inoculated C. 
moschata plants were investigated to explain 
poor growth caused by MWMV infection. 
 

2. MATERIALS AND METHODS 
 

2.1 Planting Materials 
 
Seeds of C. moschata were purchase from a 
farmer at the University of Calabar Staff Quarters 
whose plants were monitored on the field for 
symptoms expression. Two seeds were sown in 
each polyethylene bag filled with steam-sterilized 
soil. The work was carried out in the Botanic 
Garden greenhouse of the Department of 
Botany, University of Calabar, Nigeria with 
average temperature of 25±3oC. The seeds 
germinated six days after planting and the 
seedlings staked to enhance performance. 

 
2.2 Inoculum Preparation and Plant 

Inoculation 
 
A Nigerian strain of Moroccan watermelon 
mosaic virus: Lagenaria breviflorus isolate used 
in this study was maintained in L. breviflorus. 
Young symptomatic leaves were collected, 
ground in a sterilized mortar and pestle in 
disodium phosphate buffer 0.03 M, pH 8.0. The 
inoculum obtained was applied on C. moschata 
seedlings dusted with carborundum (800-mesh) 
at two-leaf stage mechanically by leaf-rub. The 
inoculated leaves were rinsed with water and 
observed for symptom development under 
greenhouse condition of 25±3oC. Prior to 
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inoculation, plants to be inoculated and those of 
the control were arranged in a randomized block 
design (RBD) with a total of 60 plants. Thirty 
plants were inoculated with the virus and the 
other thirty plants were inoculated with the buffer 
only to serve as control. Cucurbita moschata 
inoculated with MWMV were left for symptom 
development such as mosaic, leaf            
malformation and green banding typical of 
MWMV infection. 
 
2.3 Determination of Variation in Amino 

Acids Content Due to MWMV 
 
At eight weeks after inoculation, inoculated and 
healthy leaves of C. moschata were harvested, 
shade-dried, pulverized and used for amino acids 
analysis. This was conducted by methods 
described by [6]. About 0.8 g of dried sample 
was weighed into an extraction thimble and the 
fat was extracted with chloroform/method (2:1) 
mixture using an extraction apparatus as 
described by [7]. The extraction lasted for 15 h. A 
known weight of the defatted sample was 
weighed into glass ampoule to which 7 ml of 6 N 
HCl was added and oxygen expelled by passing 
nitrogen into the ampoule. The glass ampoule 
was then sealed with Burnsen burner flame and 
put in an oven preset at 105oC ± 5oC for 22 h. 
The ampoule was allowed to cool before its tip 
was broken open and the content filtered to 
remove the humins. 
 
The filtrate was evaporated to dryness at 40oC 
under vacuum in a rotary evaporator. The 
residue was dissolved in 5 ml acetate buffer (pH 
2.0) and stored in plastic specimen bottles, which 
were kept in the freezer. Ten µm of the solution 
was dispensed into the Technicon Sequential 
Multi-samples Amino Acid Analyzer (TSM) to 
separate and analyze the free acidic, neutral and 
basic amino acids of the hydrolysate and the 
period of the analysis lasted 76 min. 

 
The chart recorder of the TSM produced the 
chromogram peaks (each representing an amino 
acid) from which the value for each amino acid 
was measured. The half-height of the peak on 
the chart was measured and width on the half-
height was accurately measured and recorded. 
Approximate area of each peak was obtained by 
multiplying the height with the width at half-
height. 

 
The norleucine equivalent (NE) for each amino 
acid in the standard mixture was calculated using 
the formula: 

NE =  
Area of norleucine peak

Area of each amino acid

 

 
A constant S was calculated for each amino acid 
in the standard mixture: 
 
Sstd = NEstd x mol. Weight and µMAAstd 

 
The amount of each amino acid present in 
inoculated and healthy samples of C. moshata 
were calculated in g/14 N or g/100 g protein 
using the following formula: 
 
Concentration (g/100 g protein) = NH x W@HN/2 
xSstd x C 
Where: 

 

C =  
Dilution x 16

Sample (g) x N%10 x vol. Loaded
 x NH x W (nleu)

 

 
NH = Net height 
W = Width 2 half height 
Nleu = Norleucine 

 
2.4 Relative Water Content and Leaf 

Nitrogen Content Determination 
 
Variation in relative water content between 
healthy and C. moschata inoculated with a 
Nigerian strain of MWMV was determined at 2, 4, 
6, 8 and 10 WAI by the method of [8]. Ten leaf 
pieces of 2 cm diameter were cut from healthy 
and inoculated plants and weighed immediately 
to obtain their fresh weight (FW). Turgid weight 
(TW) was measured by weighing the leaf 
segments after 24 h of immersion in distilled 
water in a sealed flask at room temperature. Dry 
weight (DW) measurement was carried out by 
weighing leaf segments after 48 h at 70oC in an 
oven and the RWC of leaves calculated and 
expressed as a percentage. Variation in leaf 
nitrogen content between healthy and virus 
inoculated plants was determination using 
standard Kjeldahl techniques. 

 
2.5 Enzymes Determination 
 
2.5.1 Enzyme extraction 

 
Enzyme extraction buffer comprised of 50 mM 
mixed monobasic potassium phosphate salt 
(KH2PO4), 50 nM dibasic potassium phosphate 
(K2HPO4), to this was added 4 g of polyvinyl 
polypyrrolidone (PVPP) a phenol absorbent. The 
mixture was thoroughly mixed with the aid of a 
magnetic stirrer and adjusted to final pH 7.0. 
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Enzyme extraction was carried out at 4oC with 
0.2 g of MWMV inoculated and healthy leaf 
tissues of C. moschata harvested randomly from 
experimental plots at different periods of growth 
were homogenized in pre-chilled mortar and 
pestle in 10 ml extraction buffer. The 
homogenate filtered through cheese cloth and 
the filtrate centrifuged at 4,000 rpm for 4 minutes. 
The supernatants for inoculated and healthy 
samples were stored in an ice chamber and used 
as crude enzyme sources in assaying POD and 
PPO. 
 
2.5.2 Enzyme assay 
 
Enzyme assay was conducted using a mixture of 
50 mM mixed monobasic potassium phosphate 
salt (KH2PO4), 50 nM dibasic potassium 
phosphate (K2HPO4) and pH adjusted to 7.0. 
Readings were taken at appropriate wavelength 
for each enzyme with the aid of a 
spectrophotometer (Model 722S, England). 
 
2.5.3 Peroxidase assay (EC.1.11.17.7) 
 
To assay buffer of 2 ml in a cuvette was added 
0.1 ml of 10 ml guaiacol and 0.1 ml enzyme 
preparation. The reaction was started with the 
addition of 0.1 ml of10 mM H2O2, making up the 
final assay volume of 2.3 ml. Absorbance 
readings were taken at 436 nm at 1 minute 
spectrophotometrically using the assay buffer as 
blank. The expressed POD activity was 
calculated using an extinction coefficient 6.39 
mMcm-1 for guaiacol dehydrogenation product 
 
2.5.4 Polyphenol oxidase assay (EC.1.14.18.1) 

 
To a cuvette containing 2 ml of assay buffer was 
added 0.1 ml of 10 mM dihydroxyphenylalamine 
(DOPA) and 0.1 ml enzyme preparation. The 
reaction was initiated by adding 0.1 ml of 10 mM 
H2O2 in a final volume of 2.3 ml. The absorbance 
was taken at 1 minute spectrophotometrically at 
470 nm [9]. The activity of PPO expressed was 
calculated using an extinction coefficient of 1433 
nMcm-1. 

 
2.5.5 Glucose-6-phosphate dehydrogenase 

(G6PdH: EC1.1.1.44) and 6-
phosphogluconic acid dehydrogenase 
(6PGdH: EC 1.1.1.49) assay 

 
These enzymes activities were conducted 
spectrophotometrically at 3oC following the 
reduction of NADP at 340 nm. The assay 
mixtures consisted of 100 ml triethanolamine 

hydrochloride-NaOH, 10 ml MgCl2, 10 ml NADP, 
10 ml 6-phophogluconate or glucose-6-
phosphate and 5 ml of crude enzyme extract at 
pH 7.5. To 2 ml assay buffer contained in a 
cuvette was added 0.1 ml of 0.8 mM 6PGdH or 
0.1 ml of 0.83 mM MgCl2, NADP and 0.1 ml 
crude enzyme extract added to start the reaction 
in a final volume of 2.4 ml and readings taken 
spectrophotometrically at 430 nm for inoculated 
and healthy leaves samples of C. moschata for 4 
min. All G6PdH activities were corrected for the 
possible complicating effect of 6PGdH on the 
G6PdH assay [10]. 
 

2.6 Statistical Analysis 
 
Data obtained were analyzed using the 
independent t-Test statistics and the significant 
difference between inoculated and healthy 
plants. Results were also expressed as 
percentage difference and differences between 
mean values were determined at 5% probability. 
 

3. RESULTS 
 
3.1. Variation in Amino Acid Profile of 

Cucurbita moschata Due to Infection with 
a Nigerian Strain of Moroccan 
Watermelon Virus: Lagenaria breviflora 
Isolate 

 
There was significant variation in amino acids 
content of inoculated C. moschata plants 
compared to the healthy. Healthy plants had 
lower amino acids than inoculated plants. 
Infection of C. moschata with MWMV: L. 
breviflora isolate caused significant (P=0.05) 
increase in all amino acids. Inoculated C. 
moschata had the highest increase in histidine, 
followed by aspartic acid, lysine, glycine, 
phenylalanine and glutamic acid with mean 
percentage increase of 13.55 ±0.02, 13.73 ±0.06, 
6.66 ±0.03, 5.83 ±0.02 and 4.56 ±0.01 g/100 
protein respectively compared to healthy plant 
values of 9.61 ±0.01, 12.19±0.01, 5.17±0.01, 
4.73 ±0.02 and 3.91 ±0.01 g/100 protein 
respectively (Fig. 1). 
 

3.2 Variation in Leaf Nitrogen Content 
and Relative Water Content of 
Cucurbita moschata Due to Infection 
with a Nigerian Strain of Moroccan 
Watermelon Virus: Lagenaria 
breviflora Isolate 

 

Variation in RWC of healthy and inoculated C. 
moschata showed significant (P=0.05) 
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differences in content. Inoculated plants had 
lower RWC than the healthy. Insignificant 
variation in RWC was found at initial period (2 
WAI) of growth with value of 42.14 ± 1.00 for 
inoculated and 43.56 ± 1.13 for healthy plants. 
However, significant variation in RWC occurred 
with prolonged infection. Moroccan watermelon 
mosaic virus caused significant percentage 
decrease in RWC of 57.61 ± 0.04 for inoculated 
C. moschata as against 80.67 ± 1.10 for healthy 
plants at 8 WAI (Fig. 2A). Variation in leaf 
nitrogen content of C. moschata inoculated with 
MWMV was found. Inoculated and healthy plants 
had the highest leaf nitrogen content at 2 WAI. 
However, leaf nitrogen content decreased with 
increasing period of growth for healthy as well as 
inoculated plant samples. Mean percentage 
decrease in leaf-N of inoculated plant sample at 
2 WAI was 41.61 ± 0.01 and 70.15 ± 0.03 for 
healthy plants. At 10 WAI inoculated C. 
moschata had leaf nitrogen content of 29.19 ± 
0.02 and 38.91 ± 0.03 for the healthy plants 
samples (Fig. 2B). 
 

3.3 Variation in Peroxidase (POD), 
Polyphenol Oxidase (PPO), Glucose-
6-Phosphate Dehydrogenase 
(6PGdH), 6-Phosphogluconic Acid 
Dehydrogenase (G6PdH) Activity of 
Cucurbita moschata Due to Infection 
with a Nigerian Strain of Moroccan 
Watermelon Virus: Lagenaria 
breviflora Isolate 

 

Results as presented in Fig. 3A, 3B, 3C, and 3D 
revealed that MWMV: Lagenaria breviflora 
isolate caused (P=0.05) increase in all enzymes 
studied. Inoculated plants had higher enzymes 
activity than the healthy. All enzymes activity 
increased from 2 WAI to 8 WAI and decreased at 
10 WAI. Peroxidase activity at 8 WAI varied with 
an increase of 5123.43 ± 0.0001 for inoculated 
and 364.68 ± 0.003 (u/min/mg of protein) for 
healthy plants. At 10 WAI enzyme activity varied 
with increase of 4819.19 ± 0.0006 for inoculated 
and 3112.88 ± 0.006 u/min/mg of protein for 
healthy plants (Fig. 3A). Polyphenol oxidase 
activity varied between inoculated and healthy 
plants of C. moschata. Variation at 2 WAI for 
inoculated and healthy was 15.56 ± 0.0002 and 
10.89 ± 0.0004 u/min/mg of protein, 20.31 ± 

0.0003 and 13.66 ± 0.0004 u/min/mg of protein 
at 8 WAI, 18.75 ± 0.0003 and 13.52 ± 0.0004 
u/min/mg of protein at 10 WAI. Polyphenol 
oxidase activity decreased at 10 WAI for both 
healthy and inoculated plants (Fig. 3B). Variation 
in enzyme activity of the oxidative pentose 
pathway G6PdH was found due to infection of C. 
moschata by MWMV. A similar trend of increase 
in enzyme activity at early period of growth and 
decrease at later period was found for both 
healthy and inoculated with activity of inoculated 
being higher when compared to the healthy. 
Activity of G6PdH was higher in inoculated plants 
and lower in healthy ones. Activity at 8 WAI for 
inoculated and healthy plants of 3.98 ± 0.0033 
and 1.73 ± 0.0033 µmol.NADPH formed/min of 
protein (Fig. 3C). Moroccan watermelon mosaic 
virus significantly (P=0.05) increased 6PGdH 
activity of inoculated C. moschata compared to 
the healthy. Variation in activity of 6PGdH in 
inoculated and healthy plant were 3.12 ± 0.002 
and 1.65 ± 0.0004 µmol.NADPH formed/min of 
protein (Fig. 3D). 
 
4. DISCUSSION 
 
Physiological variations in C. moschata due to a 
Nigerian strain of MWMV: L. breviflora                  
isolate was studied. The study elucidated 
variations between healthy and MWMV infected 
C. moschata in order to ascertain its effects on 
host plant physiology. The virus caused 
significant increase in amino acids content of C. 
moschata. Virus infection in plants has been 
associated with a plethora of biochemical and 
metabolic changes [11]. Variations occurred 
between amino acids of MWMV infected C. 
moschata which was higher in content than their 
healthy plants counter parts. This result is in 
agreement with report that Tomato yellow leaf 
curl virus infection of tomato plants significantly 
affected the mole percentage of free amino       
acids in phloem sap of tomato plants [12]. 
Increase in amino acids in this study could be 
attributed to increase in protein since amino 
acids are units of protein. In an earlier study, 
increase in protein was reported by [5] in C. 
moschata inoculated with a Nigerian strain of 
MWMV: L. breviflora isolate, in cotton plants 
infected with Cotton leaf curl virus (CLCuV) 
[13,14].  
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H = Healthy 
I = inoculated 

 

 

Fig. 1. Variation in amino acids profile of Cucurbita moschata due to infection with a Nigerian 
Strain of Moroccan watermelon virus: Lagenaria breviflora isolate 

H = Healthy 
I = inoculated 

 

Fig. 2. Variation in A=leaf nitrogen content and B=relative water content of Cucurbita moschata 
due to infection with a Nigerian Strain of Moroccan watermelon virus: Lagenaria breviflora 

isolate 
H = Healthy 

I = inoculated 

  

  

Fig. 3. Variation in A=peroxidase (POD), B=polyphenol oxidase (PPO), C=glucose-6-phosphate 
dehydrogenase (6PGdH), D=6-phosphogluconic acid dehydrogenase (G6PdH) activity of 

Cucurbita moschata due to infection with a Nigerian Strain of Moroccan watermelon virus: 
Lagenaria breviflora isolate 
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Leaf nitrogen content of infected plants was 
lower than that of healthy plants. Nitrogen is 
essential constituent of protein, enzymes, amino 
acids, nucleic acids and chlorophyll. Though 
nitrogen is a constituent of amino acids and 
enzymes which were increased due to MWMV, 
leaf nitrogen was significantly decreased in this 
study. Decrease in leaf nitrogen may be 
attributed to reduction in chlorophyll reported 
earlier by [5] since leaf N is an integral part of the 
chlorophyll molecule. Nitrogen is required for the 
synthesis of NADH, ATP, carbohydrates and 
lipids. Nitrogen is a determinant of growth and 
has the potential of improving the quality and 
yield of crops. Reduction in leaf N content may 
affect both growth and yield of inoculated plants. 
Nitrogen is an imperative factor in plant growth 
and governs a major constituent of chlorophyll. 
Moroccan watermelon mosaic virus altered leaf 
nitrogen content of C. moschata creating an 
imbalance in its content which resulted in 
variation affecting its physiology. The virus also 
caused decrease in relative water content. 
Variations in RWC in leaves of C. moschata due 
to MWMV is consistent with the report of lower 
water content in virus-infected leaves than in 
corresponding healthy tissues [15]. Relative 
water content in leaves of pepper plants infected 
by TMV decreased significantly [16]. 
Physiological processes of C. moschata are 
powered by water, and when water is lose, 
processes such as photosynthesis, respiration, 
transpiration, nutrients transport, buffering the 
plant against wide temperature fluctuations, are 
altered when leaves lose water. Reduction in 
relative water content decreased the efficiency of 
these processes. Photosynthesis is one of the 
physiological processes highly sensitive to water 
and a slight loss of water content in leaf 
decreased its efficiency. Relative water content is 
an indicator of water status of plants important in 
maintaining cell turgidity, structure and growth. 
Decrease in RWC in this study may be due to 
openings created for viral entry to leaves tissues 
during virus inoculation. Decrease in RWC was 
reported by [17] in Phaseolus vulgaris infected by 
Telfairia mosaic virus. 
 
Antioxidative enzymes activity varied between 
inoculated and healthy plants with increase in 
POD, PPO, G6PdH and 6PGdH. Activity of 
oxidative stress enzymes (PPO and POD) were 
enhanced in inoculated plants. Higher POD and 
PPO activity in inoculated C. moschata plant and 
lower activity in the healthy revealed a clear 
variation in the activity of these oxidative stress 
enzymes. Inoculated plants displayed greater 

enzymes activity than their healthy counter parts. 
In other host-virus combination, [18] reported 
enhanced activities of peroxidase and polyphenol 
oxidase in viral infected leaves of sunflower 
plants than in the healthy [19] reported increased 
PPO levels in a plant when wounded or infected. 
Enhanced enzymes activity in this study could 
due to enzyme activation, high energy demand 
imposed on C. moschata by MWMV. Increase is 
suggestive of MWMV alterations in the activities 
of enzymes. Increase was a response to stress 
imposed on C. moschata by MWMV. Inoculated 
plants used energy faster than the healthy plants. 
Increase could be an indication of enzymes 
participation in scavenging reactive oxygen 
species. Enhanced enzymes activity could also 
be attributed to symptom severity which became 
obvious with prolonged period of development. 
These enzymes are very important in the 
physiological processes of plants. Peroxidase is 
an oxidoreductase enzyme widely distributed in 
plants and it control the peroxidative damage of 
cell walls of antioxidative enzyme system [20], 
they also control plant growth and development, 
construction, rigidification and lignifications of cell 
walls, protection of tissue from damage and 
infection caused by pathogenic organisms [21]. 
PPO is a nuclear encoded enzyme that catalyzes 
the oxygen dependent oxidation of phenols to 
quinones. Polyphenol oxidase is a tetramer that 
contains four atoms of copper per molecule and 
binding sites for two aromatic compounds and 
oxygen [22].  
 
Enzymes activities of the oxidative pentose 
phosphate pathway (G6PdH, 6PGdH) were 
found to be higher in leaves of C. moschata 
inoculated with a Nigerian strain of MWMV: L. 
breviflora isolate when compared to the healthy. 
There was a clear variation between inoculated 
and G6PdH, 6PGdH activity, with C. moschata 
plants containing the virus exhibiting greater 
enzymatic activity than the healthy plants. Similar 
reports of a massive accumulation of glucose-6-
phosphate in pepper-tobamovirus interaction are 
found [23]. [24] documented increased G6PDH 
activities in locally and systemically infected 
leaves of tobacco with Potato virus Y. Glucose-6-
phosphate dehydrogenase is an important 
enzyme of the OPPP responsible for NADPH 
production. The pathway metabolises glucose-6-
phosphate to ribose-5-phosphate, which is 
required for the de novo biosynthesis of purine 
and pyrimidine nucleotides of viral RNA. 
Glucose-6-phosphate dehydrogenase catalyzed 
the oxidation of Glucose-6-phosphate (G6P) to 6-
phosphogluconolactone concurrent with reducing 
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NADP to NADPH. The product 6-
phosphogluconolactone is first converted to 6-
phosphogluconate by 6-
phosphogluconolactonase and then 
decarboxylated by 6-phosphogluconate 
dehydrogenase, yielding another mole of NADPH 
and ribulose-5-phosphate. The NADPH (reducing 
power) generated by the OPPP is essential in 
sustaining the reductive biosynthesis of fatty 
acids, isoprenoids and aromatic amino acids in 
the dark and nitrogen assimilation useful to the 
plant. The OPPP is an alternative pathway for 
energy generation, alterations in G6PdH 
enzymes activity of this pathway affects energy 
production. All enzymes activity decreased at 
later periods of growth and development. This 
decrease in enzymes activity is an indication of 
senescence which is characterized by a decline 
in physiological and metabolic activities. 
Variations in the components studied explain the 
poor growth reported of C. moschata infected 
with a Nigerian strain of MWMV [5]. 
 

5. CONCLUSION 
 

The following conclusions are made from this 
study; that MWMV: L. breviflorus isolate caused 
significant variation in all amino acids with 
increase in MWMV infected C. moschata and 
decrease in healthy plant samples. Variation was 
found in peroxidase, polyphenol oxidase, 
glucose-6-phosphate dehydrogenase and 6-
phosphogluconic acid dehydrogenase activity 
with higher enzymes activity in inoculated C. 
moschata plants and lower activity in the healthy 
ones. Moroccan watermelon mosaic virus 
caused decrease in relative water content of 
inoculated plants compared to the healthy. The 
virus infection also led to significant variation in 
leaf nitrogen content with lower amount in 
inoculated plant and higher amount in healthy 
plants. These changes affected C. moschata 
growth and yield. 
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