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ABSTRACT 

 

Four different muskmelon production systems (two conventional, one conventional IPM, and one 

organic IPM) were compared in field experiments at the Central Institute for Arid Horticulture, Bikaner 

for two years. The organic IPM system proved to be the most effective and economical approach (B: C 

ratio 8.80:1) against melon aphid (Aphis gossypii), leaf eating caterpillar (Diaphania indica), hadda 

beetle (Epilachna vigintiopunctata) and cucurbit fruit fly (Bactrocera cucurbitae) in which the lowest 

incidence was recorded as compared to other modules.  The organic IPM module-III comprised of 

growing resistant genotype (RM-50), spray of neem oil at 20 DAS, installation of pheromone trap (10/ 

hectare) at 42 DAS, spray of tumba fruit extract (TFE 5%)  at 50 DAS and spray of spinosad 46 SC at 

60 DAS was the most effective. The conventional I (farmer’s practices) was the second most effective 

system against major pests during both years. The benefit-cost ratio of the tested muskmelon production 

systems in the control of insect-pests decreased in the following order: module-III (B: C ratio 8.80:1)> 

module-I (B: C ratio 7.74:1)> module-IV (B: C ratio 6.60:1)> module-II (B: C ratio 3.56:1). 
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1 Introduction 

 

 

Muskmelon (Cucumis melo L.) is an important horticultural 

crop in India and worldwide, and plays an important role in 

international trade.  In 2011, 28.9 million tons of melons were 

produced worldwide, with China being the largest producer 

(17.1 million).  India was ranked as the fifth largest producer 

worldwide, with 948, 869 tons produced in 43,932 ha 

(FAOSTAT, 2012). Many different melon cultivars have been 

developed; including smooth skinned, such as honeydew, 

crenshaw and casaba, as well as netted varieties, like 

cantaloupe, Persian melon and Santa Claus or Christmas 

melon.  The marketable portion of the plant is the fruit.  The 

pulp of both unripe and ripe melons can be used as dessert and 

salad (McCreight & Staub, 1993).  Roasted seeds can be eaten 

or used for oil extraction. Cantaloupe melons are a good source 

of potassium, vitamin A and folate. Some varieties are cooked, 

or grown for their seeds, which are processed to produce melon 

oil.  

 

Insect-pests are major constraints for increasing the production 

of muskmelon in India. The major incidence of insect-pests are 

melon aphid (Aphis gossypii Glover), leaf eating caterpillar 

(Diaphania indica Saunders), hadda beetle (Epilachna 

vigintiopunctata Fabricius), cucurbit fruit fly (Bactrocera 

cucurbitae Coquillett), surface grasshopper (Chrotogonus 

trachypterus Blanchard) and the flower beetles, (Anthicus 

crinitus Laferte and Anthrenus subclaviger Reitter). The 

cucurbit fruit fly is a serious pest of muskmelon in India and 

its’ outbreaks cause substantial crop losses to growers. The 

extent of losses varies between 30 to 100%, depending on the 

cultivar and the season. This pest has been a major limiting 

factor in obtaining good quality fruits and high yield (Doharey, 

1983; Rabindranath & Pillai, 1986; Nath & Bhushan, 2006). 

The present investigation was carried out to evaluate an 

organic IPM module against insect-pests of muskmelon 

prevalent in the arid part of Rajasthan. 

 

2 Materials and Methods 

 

Field experiments were conducted at experimental farm of 

Central Institute for Arid Horticulture (CIAH), Bikaner (at 

28°06’N latitude, 73°21’E longitude and altitude of 234.84m 

above sea level) to evaluate the effectiveness of an organic 

IPM module against muskmelon pest during the summers of 

2011-12 and 2012-13. Seeds of muskmelon crop were soaked 

in water for 24 hours to soften their seed coat in laboratory. 

The crop was sown in February, 2012 and 2013 with four 

replications (blocks) for each treatment following a 

randomized block design. The area of each bed was 5 × 2 m 

and the plant to plant distance was maintained at 50 cm with 

drip irrigation system. All the recommended agronomic 

practices (e.g. weeding, fertilization, hoeing, etc.) were 

performed equally in each experimental bed. Four harvests of 

the fruits were done each growing season of muskmelon. Five 

plants were tagged in each treatment replicate and populations 

of melon aphid, leaf eating caterpillar, hadda beetle, and 

cucurbit fruit fly were recorded at fortnight interval from the 

appearance of pests. The whole plant was taken for observation 

of hadda beetle and leaf eating caterpillar. Melon aphid 

populations were taken as density per leaf. For cucurbit fruit 

fly observation, ten fruits were randomly selected from each 

experimental bed at each harvest; a total of 40 fruits were taken 

from each harvest and brought to the laboratory for 

microscopic examination. The infested fruits were sorted and 

the percent fruit infestation was calculated. The yield of fruit 

per plant was taken from all the four picking stages of 

muskmelon crop. The avoidable loss and increase in fruit yield 

over control was calculated for each treatment by the following 

formula. 

 

 

 

 

 

 

 

 

 

 

The formulae do not give the exact losses/ increase in yield 

because even in the treatment some damage occurs. However, 

this is considered to be the most feasible method for working 

out the percentage loss due to the insect pests in any treatment 

(Pradhan, 1964) 

 

2.1 Details of models  

 

MODULE-I: Farmer’s practices/Conventional I 

a.  Spray of Imidacloprid 17.8 SL @ 0.5 ml per 

litre of water at 30 days after sowing (DAS) 

b. Two spray of Dimethoate 30 EC @ 2 ml per 

litre of water at 45 DAS and 60 DAS 

 

MODULE-II: Conventional IPM 

a. Resistant genotype (RM-50)  

b. Spray of NSKE 5% at 40 DAS 

c. Spray of Dimethoate 30 EC @ 2 ml per litre of 

water at 60 DAS  

 

MODULE-III: Organic IPM 

a. Resistant genotype (RM-50)  

b. Neem oil spray @ 5 ml per litre of water at 20 

DAS 

c. Installation of pheromone trap (10/ hectare) at 

42 DAS 

d. Spray of tumba fruit extract (TFE 5%)  at 50 

DAS 

e. Spray of spinosad 46 SC @ 0.4 ml per litre of 

water at 60 DAS 

 

MODULE-IV: Conventional II 

a. Spray of Imidacloprid 17.8 SL  @ 0.5 ml per 

litre of water at 30 DAS  
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b. Spray of NSKE 5% at 40 DAS 

c. Spray of Dimethoate 30 EC @ 2 ml per litre of 

water at 60 DAS 

 

MODULE-V: No treatment/Control 

 

2.2 Statistical analysis 

 

Square root and angular transformations was used to achieve 

normality in the data before analysis (Steel et al., 1997), but 

untransformed means are presented in tables.  Yield and melon 

aphid, leaf eating caterpillar, hadda beetle, and cucurbit fruit 

fly populations where compared among programs through one-

way ANOVAs followed Tukey’s honestly significant 

difference (HSD) tests for multiple comparisons at P = 0.05. 

All treatments were performed in SPSS 16 software 

(O’Connor, 2000). 

 

3 Results and Discussion 

 

A significant difference in melon aphid populations was 

observed under the different modules (P < 0.05). The pooled 

results showed that the organic IPM module-III registered had 

a significantly lower aphid population (11.36/ leaf) followed 

by module-I/ conventional I (17.80/ leaf). The highest aphid 

population was observed for the control (30.78/ leaf) (table 1 & 

figure 1). All four modules of pest control programs had 

significantly lower populations of leaf eating caterpillar than 

the control. As for the melon aphid populations, pooled results 

showed that the organic IPM module-III program (7.91/ plant) 

followed by module-I (16.86/ plant) had the lowest leaf eating 

caterpillar populations whereas, the control exhibited highest 

(23.59/ plant). Effectiveness of organic amendments viz., neem 

cake and vermicompost besides neem derivatives against 

sucking pests has been documented by various workers (Singh 

& Singh, 1998; Giraddi & Smitha, 2004; Varghese & Giraddi, 

2005), which lend support to the present findings. Singh et al. 

(2012) revealed that module (M1) proved be the most effective 

treatment against shoot and fruit borer, Earias vittella F., 

yellow vein mosaic virus vector, Bemisia tabaci (Genn.) and 

red spider mite, Tetranychus cinnabarinus (Boisd.) in which 

lowest incidence was recorded as compared to other IPM 

modules.  

 

The module M1 comprised of hand picking and destruction of 

infested leaves, shoots and fruits, seed treatment with 

imidacloprid, application of indoxacarb, thiomethoxam, 

hexythiazox, deep summer ploughing and use of neem cake @ 

250 kg/ha before sowing was the most effective. Nathan et al. 

(2004) recorded that combination of neem seed kernel extract 

and Bacillus thuringiensis were effective in controlling the leaf 

folder C. medinalis. Spinosad 45 SC is a biological product 

from actinomycetes Saccharopolyspora spinosa was also 

effective in controlling rice leaf folder. Nalini et al. (2008), 

Karthikeyan et al. (2008) and Suresh et al. (2011) reported that 

application of spinosad 2.5 SC was effective against rice leaf 

folder. 

 

Table 1 Incidence of aphid (A. gossypii) and leaf eating caterpillar (D. indica) in different management modules of muskmelon crop. 

 

Treatments Aphid population per leaf Leaf eating caterpillar per plant 

2012 2013 Pooled 2012 2013 Pooled 

Module-I 17.45 (4.30)
b
* 18.15 (4.37)

b
 17.80 (4.33)

b
 16.65 (4.20)

c
 17.08 (4.25)

c
 16.86 (4.22)

c
 

Module-II 25.95 (5.19)
d
 26.58 (5.25)

d
 26.26 (5.22)

d
 20.00 (4.58)

d
 20.80 (4.66)

de
 20.40 (4.62)

de
 

Module-III 11.10 (3.47)
a
 11.63 (3.53)

a
 11.36 (3.50)

a
 7.60 (2.93)

a
 8.23 (3.03)

a
 7.91 (2.98)

a
 

Module-IV 20.55 (4.64)
c
 21.30 (4.72)

c
 20.93 (4.68)

c
 11.75 (3.57)

b
 12.25 (3.63)

b
 12.00 (3.60)

b
 

Control 30.50 (5.61)
e
 31.05 (5.66)

e
 30.78 (5.63)

e
 23.15 (4.91)

e
 24.03 (5.00)

e
 23.59 (4.95)

e
 

*Values in parenthesis are square root-transformed. Value following different letter are significantly different using Tukey’s HSD test. 

 

Table 2 Incidence of hadda beetle (E. vigintiopunctata) and cucurbit fruit fly (B. cucurbitae) in different management modules of 

muskmelon crop. 

 

Treatments Hadda beetle per plant* Fruit fly (%)** 

2012 2013 Pooled 2012 2013 Pooled 

Module-I 6.33 (2.70)
bc

 6.90 (2.80)
bc

 6.61 (2.75)
bc

 28.80 (32.44)
b
 29.90 (33.11)

b
 29.35 (32.77)

b
 

Module-II 8.80 (3.12)
de

 9.48 (3.22)
de

 9.14 (3.18)
de

 46.15 (42.77)
d
 46.99 (43.25)

d
 46.57 (43.01)

d
 

Module-III 3.50 (2.11)
a
 3.88 (2.20)

a
 3.69 (2.16)

a
 19.50 (26.19)

a
 20.33 (26.78)

a
 19.91 (26.19)

a
 

Module-IV 7.25 (2.87)
cd

 7.53 (2.91)
c
 7.39 (2.89)

c
 37.85 (37.92)

c
 38.55 (38.33)

c
 38.20 (38.13)

c
 

Control 10.50 (3.39)
e
 11.00 (3.46)

e
 10.75 (3.43)

e
 61.00 (51.34)

e
 61.90 (51.89)

e
 61.45 (51.61)

e
 

*Values in parenthesis are square root-transformed, **Values in parenthesis are angular-transformed. Value following different letter are 

significantly different using Tukey’s HSD test. 
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Table 3 Economics and assessment of losses caused by insect-pests in muskmelon in arid region of Rajasthan. 

 

Treatments 

 

 

yield 

(q/ha) 

 

Total 

avoidable 

losses (q/ha) 

Percent 

avoidable 

losses 

Yield 

increase over 

control (q/ha) 

Percent 

yield 

increase 

over control 

Return of 

increased 

yield (Rs)** 

Total cost of 

module 

expenditure 

(Rs)*** 

B:C 

Ratio 

 

Module-I 216.21 16.99 7.28 34.59 19.04 17295.00 2235.00 7.74 

Module-II 194.81 38.39 16.26 13.19 7.26 6595.00 1855.00 3.56 

Module-III 233.20* 0.00 0.00 51.58 28.39 25790.00 2930.00 8.80 

Module-IV 209.20 24.00 10.29 27.58 15.18 13790.00 2088.00 6.60 

Control 181.62 51.58 22.11 0.00 0.00 0.00 0.00 0.00 

* Highest yield in the module plots, ** Cost of muskmelon fruit in summer season was 500 Rs per qt. *** It includes module and labour 

charges 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Association of insect-pests and yield in different management modules of muskmelon crop. 

 

Both hadda beetle (P < 0.05) and cucurbit fruit fly (P < 0.05) 

populations were significantly different among pest control 

programs.  Organic IPM had the lowest infestation (3.69/ 

plant) followed by module-I (6.61/ plant) and at par with 

module-IV (7.39/ plant). The module-II was found to be less 

effective against hadda beetle as it recorded 9.14 per plant 

population but it still provided some control in relation to no 

treatment (control) (10.75/ plant) (table 2 and figure 1). Pooled 

results showed significant differences in cucurbit fruit fly 

populations between different pest control programs (P < 0.05) 

was found for the organic IPM module-III (19.91 %) followed 

by module-I (29.35 %). The module-II (46.57 %) was found to 

be less effective but provided some pest control in relation to 

no treatment (control) (61.45 %). Thus from the results, it can 

be inferred that organic IPM module-III was effective to 

control the fruit fly infestation. A Citrullus plant is reported to 

possess various pesticidal and medicinal properties (Nmila et 

al., 2000). Dry aqueous extract of C. colocynthis fruit has been 

used in Western Europe in pest control and as an insect 

repellent, placed between clothes or on carpets to repel insects 
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(Smith & Secoy 1981). Cucurbitacins, bitter triterpenes 

common to all Cucurbitaceae, are thought to be potent feeding 

deterrents for all insects not adapted to exploiting cucurbits 

(Tallamy et al., 1997). Different soil amendments like neem 

cake and vermicompost (either in combination with neem 

derivatives or alone) tried against chilli fruit borer has given 

good results (Mallikarjun Rao et al., 1998; Giraddi et al., 

2003).  The higher efficacy of organic methods (amendments 

viz., neem cake and vermicompost besides neem derivatives) 

than conventional methods against sucking pests has been 

documented in several studies (Singh & Singh, 1998; Giraddi 

& Smitha, 2004; Varghese & Giraddi, 2005), which lend 

support to the present findings. Singh et al. (2012) revealed 

that module (M1) proved be the most effective treatment 

against shoot and fruit borer, Earias vittella F., yellow vein 

mosaic virus vector, Bemisia tabaci (Genn.) and red spider 

mite, Tetranychus cinnabarinus (Boisd.) in which lowest 

incidence was recorded as compared to other IPM modules. 

The module M1 comprised of hand picking and destruction of 

infested leaves, shoots and fruits, seed treatment with 

imidacloprid, application of indoxacarb, thiomethoxam, 

hexythiazox, deep summer ploughing and use of neem cake @ 

250 kg/ha before sowing was the most effective. Nathan et al. 

(2004) recorded that combination of neem seed kernel extract 

and Bacillus thuringiensis were effective in controlling the leaf 

folder C. medinalis. Spinosad 45 SC is a biological product 

from actinomycetes Saccharopolyspora spinosa was also 

effective in controlling rice leaf folder. Nalini et al. (2008), 

Karthikeyan et al. (2008) and Suresh et al. (2011) reported that 

application of spinosad 2.5 SC was effective against rice leaf 

folder.  

 

The marketable yield of muskmelon fruits differed 

significantly under different modules during both the years as 

well as pooled results (P < 0.05) (table 3 and figure 1). The 

fresh fruit yield of muskmelon observed in the different 

programs decreased in the following order: organic IPM 

module-III (233.20 q/ha), module-I (216.21 q/ha), module-IV 

(209.20 q/ha), module-II (194.81 q/ha), and control (181.62 

q/ha) in pooled results. The same trend was observed during 

both the years. It can be inferred from the results that organic 

IPM module-III was highly effective and gave higher yield of 

marketable muskmelon fruits.  

 

The higher Benefit-Cost Ratio was obtained in the organic IPM 

module-III (8.80:1) followed by module-I (7.74:1), and lowest 

BCR was obtained in module-II (3.56:1). According to 

Gundannavar et al. (2007) a significant higher yield (5.13 q/ha) 

was recorded in module-I which was at par with module-II 

(5.04) and module-III (4.91). However, least yield (4.29 q/ha) 

was registered in module IV for controlling insect pests of 

chilli. Praveen & Dhandapani (2001) recorded cost benefit 

ratio of 1:2.60 when C. carnea+Econeem was applied on okra 

against major insect pests. Das et al. (2001) recorded the 

highest cost benefit ratio from application of acephate (1:58) 

followed by imidacloprid (1:4.63) in okra. Shukla et al. (1996) 

found fenvalerate highly cost effective with a cost: benefit ratio 

of 1:10.3. Singh & Kumar (2003) found neem products 

effective against jassid on okra and on the basis of cost: benefit 

ratio, neem seed kernel extract (3%) ranked first (1:10.7) 

followed by endosulfan (1:10.1). In summary, the reduction of 

insect- pests and increased yield of muskmelon crop could be 

due to the organic IPM module-III having growing resistant 

genotype (RM-50), spray of neem oil at 20 DAS, installation 

of pheromone trap (10/ hectare) at 42 DAS, spray of tumba 

fruit extract (TFE 5%) at 50 DAS and spray of spinosad 46 SC 

at 60 DAS.  In future the organic IPM module-III will be 

economic and therefore, can be used to reduction of insect- 

pests, environmental safety and increased yield of muskmelon.  
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