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Abstract

The efficacy of different pesticides in grape mealybugs Maconellicoccus
hirsutus have not been investigated clearly in Nepal. This research intended to
outreach effectiveness of possible pesticides in mealybugs M. hirsutus infesting
grape vines. The research was conducted in Chandannath, Jumla district in the
selected grape vineyards (Vitis vinifera). Four treatments namely, insecticide
(soil drenching of Imidacloprid 200 SL @1.5 ml/I of water/plant), botanical
pesticide (neem oil Azadirachta indica 2 tablespoon mixed with one quarter
water and few drops of dish soap), entomopathogenic fungi (Beauveria
bassiana WP with 2 x 108 cfu/g)), and untreated control were applied in the
research plots to investigate their efficacy in the mealybugs M. hirsutus.At the
minimum temperature of 10°C the average numbers of mealybugs M.
hirsutus were 120, which then gradually increased to 300 and 470 at 11 and
12°C respectively. At 19 and 20°C the insect population rose to 2400 and 300
on an average respectively. With increase in relative humidity (%) from 50 to
60 the population of mealybug M. hirsutus also increased to 4100 from 1100
on an average. The temperature and relative humidity have non-significant and
significant relationship respectively with the population of mealybug M.
hirsutus in grape vines. Imidacloprid has highest effectiveness in comparison
to neem oil, B. bassiana, and untreated control, though it has numerous negative
consequences including growth of insecticide resistance in the pest population.
Therefore, Imidacloprid would be the best control strategy for mealybug M.
hirsutus, however, neem oil (Azadirachta indica) could be the most efficient
and sustainable option for managing mealybug M. hirsutus in grape vineyard.

Keywords: Grape; pest; relative humidity; temperature; yield.

Introduction

started before 70 years at the period of Rana regime (Dahal
et al., 2017). Rana’s may have imported some varieties of

Grape (Vitis vinifera) is regarded as one of the popular fruit
crops in world and is cultivated in tropical, subtropical, and
temperate region. Grapes are recognized for early fruit for
some civilization, and is famous for its quality, juice,
deliciousness, and refreshment (Jegadeeswari et al., 2010).
There are many applications of grapes such as this can be
consumed as fresh fruit, drinks as juices, wines, beverages,
and medicines, and stored as raisin so, has been determined
for world class fruit as worldly fruit (Dahal et al., 2017).
The cultivation and practice of grapes in Nepal has been

grapes for specific purpose. The area covered by the grape
production in Nepal is about 20 ha with all fresh grapes that
produces approximately 76 tones yearly (Atreya et al.,
2015). The opportunities of grapes farming due to its
attractive quality and quantity have enhanced numerous
farmers to grow different varieties of grape vines (Acharya
& Yang, 2015).

The vine mealybug is the major grape pest in the most
important grape-growing regions of the world (Argentina,
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California, Europe, Mediterranean Africa, Mexico, the Near
and Middle East and South Africa) (Daane et al., 2008,
2012). It has been considered that the spread of P. ficus in
Brazil (Pacheco da Silva et al., 2016, 2017) recognized
mealybug as a dangerous invasive species in grape-growing
sites worldwide (Daane et al., 2012). Vineyard mealybugs
feed on phloem pests which causes economic loss by
feeding damage to leaves with the consequences in lower
photosynthetic  capability, and the excretion of
carbohydrate-rich honeydew that again leads in making
leaves foul including stems and fruit with the accumulation
of sooty molds (Charles, 1982; Daane et al., 2012). Along
with such losses the insect pest transmits viruses called
grapevine leafroll associated viruses (GLRaVs), that results
in leafroll diseases with the consequence to increase the cost
of growing for the farmers as well (Engelbrecht & Kasdorf,
1990; Almeida et al., 2013; Ricketts et al., 2015). About 10
mealybug species have been identified in the world that
have risen to the level of economic pest in vineyards (Daane
et al., 2012). They have not only declined the product but
also minimized the marketable quality of the vines.

The study on environmental factors still lacks for the effect
in mealybugs in grape vines. Some past studies only
focused either in constant temperature or fluctuating
regimes that influence the population of these mealybugs M.
hirsutus (Persad & Khan, 2002; Serrano & Lapointe, 2002;
Babu & Azam, 1987). Hot and dry condition also favors the
insect pest in vineyard.

Traditionally to control the grape vine mealybugs synthetic
insecticides were sprayed throughout the season that
include organophosphates and neonicotinoids (Walton et
al., 2004, 2006; Daane et al., 2012), and revealed that these
have non-target effect in bees and pollinators (Manasour et
al., 2018). The effectiveness of the insecticides has been
considered lethal because the insects are difficult to
recognize and control as they are primarily located in
complex areas (i.e., under the bark and in bark crevices) and
on the roots up to 30 cm deep (Walton & Pringle, 2004;
Walton et al., 2004; Daane et al., 2012; Sharon et al., 2016)
protected from contact insecticides. At current period
systemic insecticide such as Spirotetramat and Imidacloprid
has been considered as an effective in controlling vines
Mealybugs without any side effects on non-target fauna
(Brick et al., 2009; Mansour et al., 2018). The oils from
botanicals are heavily used to manage these insect pests due
to the presence of their growth-inhibiting interventions,
safety to non-target insects, zero residual effect, etc.
(Oparaeke et al., 2005). Similarly, entomopathogenic fungi
(EPF) are considered as effective source of pest control
mechanisms which have relatively broader in the mode of
entry (both contact and systemic) and target group in
comparison with other methods. Semio- chemicals can be
used to reduce the population of these scale insects with
proper strategy. The use of semiochemicals for controlling

vine have promising control mechanism where insecticide
resistance in insects are observed (Cocco et al., 2014;
Daane et al., 2006; Mansour et al., 2017; Walton et
al., 2004, 2006).

In this study efficacy of various insecticides has been
investigated for the management of mealybugs
Maconellicoccus hirsutus in grapes (Vitis vinifera) in Jumla
district.

Materials and Methods

The research was conducted during May to October 2021 in
Chandannath, Jumla district in selected grape vineyards
(Vitis vinifera). Four treatments namely, insecticide (soil
drenching of Imidacloprid 200 SL @1.5 ml/l of
water/plant), botanical pesticide (neem oil Azadirachta
indica 2 tablespoon mixed with one quarter water and few
drops of dish soap), entomopathogenic fungi (Beauveria

bassiana WP with 2x108 cfu/g)), and untreated control

were applied in the research plots to understand their
efficacy in the management of mealybugs Maconellicoccus
hirsutus. In already installed vine field the investigation was
carried out in 5 sample plants form middle rows. The data
on population of mealybugs M. hirsutus with respect to
fluctuating temperature and relative humidity were assessed
in a regular manner. Regular weather data were collected
from Department of Hydrology and Meteorology (DHM)
through the district. The collected data were all tabulated
and systematically arranged treatment wise applying MS-
Excel which were subjected to Analysis of Variance
(ANOVA) and Duncan’s Multiple Range Test (DMRT-0.05
level) for mean separations using Gen stat software.

Results and Discussion

Effect of temperature in the population of mealybugs M.
hirsutus

The average numbers of mealybugs Maconellicoccus
hirsutus were recorded to be 120, 300, 470, 700, 980, 1100,
1330, 1500, 1800, 2400, and 3000 at the temperature 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, and 20°C. The temperature
was tallied during the summer season in the district. Mean
numbers of M. hirsutus was 1246 at the mean temperature
of 15°C (Fig. 1).

In our investigation the average numbers of mealybugs
improve with respect to the temperature. Still at lower
temperature their population were checked. Only after 19 or
20°C the growth and development of mealybugs started
improving at better pace. The study of (Babu & Azam,
1987) found that at higher temperature the reproduction and
growth of the mealybugs M. hirsutus increases in
grapevines. In one of the research Mani and Thontadarya
(1987) recorded high population of the mealybug, M.
hirsutus from January to May and gradual decrease during
June to December in some vineyards of India. This is due to
the declined activity of these scale insects a lower
temperature. Analysis of Dwivedi et al. (2003) revealed the
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non-significant relationship of mealybugs with the
temperature. Only a limited higher temperature favors the
growth and development of these pests.

Koli (2003) opined that grape mealybug were most active
and increase their population during September to March in
Rahuri (Maharashtra), India. Kulkarni et al. (2008) studied
the seasonal incidence of grape mealybug in National
Centre for Grapes, Pune and found that their population are
distributed sporadically where highest population of
mealybugs are observed (5-6 colonies per vine) at last week
of February to the last week of March. It means the numbers
of mealybugs surge during warmer and lowered during
cooler temperature.

Effect of relative humidity in the population of
mealybugs M. hirsutus

The average numbers of mealybugs M. hirsutus were
recorded to be 1100, 1400, 1600, 1950, 2100, 2470, 2730,
2900, 3400, 3700, and 4100 at the relative humidity (RH %)

50, 51, 52, 53, 54, 55, 56, 57, 58, 59, and 60 respectively.
The mean numbers of mealybugs were 2496 at 55% RH
(Fig. 2).

The population of mealybugs M. hirsutus rises with
increases in relative humidity (RH) between 50-60%. Such
pest has significant relationship with environmental factor
of relative humidity. Koli (2003) found that the mass of
mealybugs is positively correlated with the relative
humidity in the atmosphere. A study from Yadav et al.
(2004) reported that higher RH have positive effect in the
growth and fecundity of mealybugs whereby their numbers
influence with increasing RH and may decrease after very
higher relative humidity. Investigation from Katke et al.
(2009) have also supported our study that the population of
mealybugs are in line with rising relative humidity. Shelke
(2001) concluded that environmental parameters especially
temperature and relative humidity have direct effect in the
mass of mealybug population.

Temperature vs. numbers of mealybugs
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Fig. 1: Effect of temperature in the population of mealybugs M. hirsutus
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Fig. 2: Effect of relative humidity (RH) in the population of mealybugs M. hirsutus
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Effect of Treatments in The Population of Mealybugs M.
Hirsutus

The average numbers of mealybugs M. hirsutus were found
to be 2000 in each vineyard with different treatments before
the spray. In 4 days after first treatment the average numbers
of mealybugs were recorded as 1700, 1800, 1800, and 2250
in imidacloprid, neem oil, B. bassiana, and untreated
control sprayed grape vineyard respectively. Similarly, the
average numbers of mealybugs were recorded as 1700,
1750, 1770, and 2300 in imidacloprid, neem oil, B.
bassiana, and untreated control sprayed grape vineyard
respectively after 8 days of first treatment. After 12 days of
first treatment the average numbers of mealybugs noticed
were 1650, 1700, 1720, and 2470 in imidacloprid, neem oil,
B. bassiana, and untreated control sprayed grape vineyard
respectively. After 4 days of third treatment the average
numbers of pest found to be 800, 870, 888, and 3250 in
imidacloprid, neem oil, B. bassiana, and untreated control
sprayed grape vineyard respectively. Similarly, after 8 days
of third treatment the average numbers of pest were 790,
820, 827 and 3400 in imidacloprid, neem oil, B. bassiana,
and untreated control sprayed grape vineyard respectively.
Finally, after 12 days of third treatment the average numbers
of pest were 790, 817, 819 and 3700 in imidacloprid, neem
oil, B. bassiana, and untreated control sprayed grape
vineyard respectively (Table 1).

In our investigation the efficacy of imidacloprid was found
highest followed by neem oil, B. bassiana and untreated
control. In study is in agreement with the findings of Banu
etal., (2010) and Kanitkar et al., (2020) according to whom
the effectiveness of botanicals are at the top after
insecticides in controlling mealybugs. The neem oils are
effective and do not leave any residues as that of
imidacloprid, and regarded appropriate in managing
mealybugs in grapes (Verghese, 1997). Halder et al. (2013)
reported that neem oils are potential pesticides in killing
mealybugs compared with entomopathogenic fungi (B.
bassiana).

Many researchers found that neem oil is result oriented
(Hussain et al., 1996; (Verghese, 1997), and the extracts
from Azadirachta indica (Satyanarayana et al., 2003) were

effective against mealy bugs on various fruit crops,
however, lower than insecticides, which coincides the
results of our study.

Tanwar et al. (2007) and Sunitha et al. (2009) reported that
Imidacloprid was found most effective insecticide in
minimizing the mealybug attack in grape plants both in lab
and field. According to Ghorpade & Khilari (2010) also
convince that the relevant amount of imidacloprid sprays
control the insect pest population at higher rate in
comparison with other types of pest control mechanisms.

Effect of Treatments in Yield and Yield Attributes of
Grape Vitis vinifera

It was found that the average numbers of grape clusters in
imidacloprid, neem oil, B. bassiana, and untreated control
sprayed grape vineyard were 41, 40, 38, and 34
respectively. Similarly, the average total yield of grape
(kg/plant) in imidacloprid, neem oil, B. bassiana, and
untreated control sprayed grape vineyard were 7, 4, 3and 1
respectively (Fig. 3).

Our investigation confirms the highest efficacy was with
imidacloprid followed by neem oil, B. bassiana, and
untreated control in increasing numbers of grape cluster and
per plant yield by controlling mealybugs M. hirsutus in the
yard. A study of Mansour et al. (2010) confirms that the
phenology and production of grape could be found at top
level with the application of insecticides and botanical
pesticides. Amala et al. (2014) reported thatB.
bassiana was least effective in controlling the mealybugs,
and declining the yield and quality of crop. In the study of
Daane et al. (2006) we found the effectiveness of
insecticides not only managed mealybugs M. hirsutus in
grape vines but also improved the quality and quantity of
lant product. Despite of insecticide resistance in the pest
(mealybugs) Felsot et al. (1998) reflected the quick and
effective result of imidacloprid in phenological attribute of
grape crops. This was possible through the foliar application
of the treatment as per the recommendation of insecticides.
So, many researchers have provided the significant results
that is aligned with our investigation.

Table 1: Effect of treatments in the population of mealybugs M. hirsutus

Average numbers of Average numbers of | Average numbers of Average numbers of
mealybugs in imidacloprid | mealybugs in neem | mealybugs in B. bassiana | mealybugs untreated
sprayed vineyard oil sprayed vineyard | sprayed vineyard control vineyard

Before the spray | 2000 2000 2000 2000

First (4 DAT) 1700 1800 1800 2250

First (8 DAT) 1700 1750 1770 2300

First (12 DAT) 1650 1700 1720 2470

Second (4 DAT) | 1400 1580 1623 2600

Second (8 DAT) 1330 1450 1470 2740

Second (12 DAT) | 1300 1390 1390 2900

Third (4 DAT) 800 870 888 3250

Third (8 DAT) 790 820 827 3400

Third (12 DAT) 790 817 819 3700

Note DAT: Days After Treatment
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Effect of treatments in yield and yield attributes of grape vine
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Fig. 3: Effect of treatments in yield and yield attributes of grape Vitis vinifera

Conclusion

The investigation was carried out during May to October
2021 in the selected grape vineyards (Vitis vinifera). Four
treatments namely, insecticide (soil drenching of
Imidacloprid 200 SL @1.5 ml/l of water/plant), botanical
pesticide (neem oil Azadirachta indica 2 tablespoon mixed
with one quarter water and few drops of dish soap),
entomopathogenic fungi (Beauveria bassiana WP with 2 x
108cfu/g)), and untreated control were applied to
understand their efficacy in controlling mealybugs
Maconellicoccus hirsutus. The effect of temperature and
relative humidity in the population of mealybugs M.
hirsutus were found to be non-significant and significant
respectively. The population of mealybugs M. hirsutus were
found effectively controlled by Imidacloprid followed by
neem oil, B. bassiana and untreated control. The grape
clusters and yield were observed highest in imidacloprid
sprayed vineyards followed by neem oil, B. bassiana and
untreated control.
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