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Abstract

There is a reduction in this production rate of guava cultivation since last few years as the fruit
cultivation has been adversely affected by different varieties of fruit flies (Bactrocera spp.) infesting
different orchards in different areas of Uttar Pradesh. These insect pests severely damage the guava
fruits, rendering them unfit for consumption and off-market. In this research, we have carried rigorous
investigations in the various orchards of Saharanpur district of Uttar Pradesh state of India, for a course
of five months (October-February) over a time duration of three years (2021-2023) to identify the
complexity of species of fruit flies that are causing harm to significant guava types including Allahabad
Safeda, Chittidar, Arka Mridula and Harijha. The capturing process was conducted using self-made traps
of plastic material coated with parapheramone, methyl eugenol, as fruit fly attractant placed in various
guava orchards. In this research a total of 247, 251.8 and 272.6 mean number of fruit fly species were
captured during 2021, 2022 and 2023 respectively. The findings showed that out of eight total fruit fly
species captured during the season four, namely Bactrocera dorsalis, B. zonata, B. Correcta and B. tau
belonging to the genus Bactrocera, were significantly overrepresented in all these varieties of guava with
mean numbers (Per month) 99.8, 73.8, 42.4 and 22.4 respectively for the year 2021 and 102.4, 71.2, 48.8
and 15.8 for the year 2022 and 125.8, 83.8, 40.6 and 14 for the year 2023. Allahabad Safeda was
recorded with the highest mean number of fruit flies captured numbering approximately 129.82 per
month followed by Arka Mridula, Chittidar and Harijha numbering 76.18, 23.70 and 17.13 per month
respectively. Subsequently, for the next two years 2022-2023 Allahabad Safeda variety was again
recorded with highest number of fruit flies captured numbering 130.61 and 121.94 followed by the rest of
three with mean numbers 73.26, 29.24, 18.69 (2022) and 75.91, 34.81, 39.94 (2023) respectively.
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Introduction

The guava (Psidium guajava), also referred to as the "Apple of the tropics” or "Poor man's
apple”, is one of the most significant fruit crops in the Myrtaceae family. It originated in
Central America, and the Portuguese brought it to India in the seventeenth century M. With
45% of the global crop, India is one among the leading growers of guava worldwide. On a
yearly basis, India produces approximately 24,968,000 metric tons of guava. With an
estimated market share of 22.93% and an annual yield of 928.44 tons, Uttar Pradesh is the
India’s leading guava grower, followed by Madhya Pradesh and Bihar with 16% and 10% of
the market share, respectively. Where farming has been gaining popularity recently, harvesting
in India has increased by 64%, and guava production in India to 55% over the past four
decades 2. Guava is grown in tropical and subtropical regions and tolerates high temperatures,
which makes India a favorable place to harvest guavas. India offers a vast array of guava
varieties. However, the most popular guava cultivars in India among fruit pulp manufacturers
are White Guava and Pink Guava. In India, certain guava varieties are named after their
birthplace or shape. The Sardar and Safeda kinds from Allahabad are the most popular in India
due to its exceptional quality, ability to yield, and global recognition. The guava varieties that
are most common in India are the Bengal Safeda, Allahabad Safeda, Pant Prabhat, Sardar
(Lucknow 49), Lalit, Dhareedar, Chittidar, Harijan, and Arka Mridula. Additionally, hybrid
types such as Arka Amulya, Kohir Safeda, and Safed jam were produced.
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With more than 4000 species spread among 481 genera, fruit
fly genera (Diptera: Tephritidae) are among the most varied
groups of pest insects of great concern Bl In Asia and
Australia, tephritid flies of the genus Bactrocera with 28
subgenera comprising approximately 500 known species of
Bactrocera . These insect pests have wreaked enormous
havoc on mangoes and guava with their fruit-eating larvae.
Owing to their extensive host range, considerable tolerance to
climatic changes, and strong dispersal capacity Pl these
insects have spread throughout the Asia-Pacific area over the
past century, from Hawaii to India and covering all South-
East Asia. Mango and guava have been established to be hosts
of two significant pest species: B. zonata and B. dorsalis 1.
There has been enormous damage done to the guava fruit by
these species in India in the past decade which resulted in the
decrease in productivity rate. However, certain control
methods have been implemented by the Govt. and semi Govt.
organizations to reduce the population of these insect pests.
Techniques for managing these bothersome insects have been
devised to remove fruit fly infestations in guava orchards.
Owners of large-scale guava and mango plantations employed
sanitation and control methods like hydrolyzate + spinosad
and methyl eugenol + malathion to eradicate the pest
infestations growing in the guava and mango orchards.

In this article we have studied the diversity of fruit flies of
genus Bactrocera infesting various orchards of Saharanpur
district of Uttar Pradesh India. The research was carried
during the peak season of guava cultivation in Uttar Pradesh
i.e. Oct-Feb. The data provided in this article is aimed to bring
into the notice different species of genus Bactrocera and their
population during the peak months so that necessary
controlling measures should be taken by the guava fruit
growers to minimize the harm caused by these insect pests.

Materials and Methods

This research was carried in the five orchards located few
kilometers away from Glocal University Saharanpur Uttar
Pradesh for a period of 5 months from Oct-Feb during 2021-
2023. Fruit fly trapping was accomplished by using
parapheramone traps coated with methyl eugenol as a fruit fly
attractant with 4 guava varieties. To track fruit fly activity in
guava orchards self-made traps (20 in number) were installed
at different locations. These were prepared from yellow
colour plastic material and casted into jar-style traps
measuring around 10 inches in height and 5 inches in
diameter. These traps include several holes in the sidewalls,
each measuring approximately 1.5 inches diameter, that serve
as fruit fly entrance points. The top and bottom were closed in
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such a way that they could be easily opened later. Bottom of
the trap was provided with perforations to drain the rain water
out of the traps. Inside the trap a wooden stick measuring
around 2 inches and small thickness coated with fruit fly
attractant methyl eugenol was suspended from the top with a
nylon fibre. These traps were installed on several guava trees
hanging at a height of 1.5 metres from ground. A typical view
of the trap and fruit flies trapped can be seen from Figure 2.1.

Fig 1: (a) Typical view of a fruit fly trap made from plastic material
hanging on a guava tree. (b) Fruit flies trapped in different traps for a
period of 7 weeks.

These traps were weeks investigated counting the number of
fruit flies trapped then cleaned and reinstalled back. Data was
taken from all the traps and calculations regarding the number
and different types of fruit fly species was then calculated and
is tabulated in results and discussions section. The fruit flies
that were trapped in different self-made fly traps were
gathered carefully and carried in air tight containers to
laboratory for taxonomic identification. Of all the species that
got trapped our primary focus was on genus Bactrocera
eliminating others genera or species. The morphological
characteristics of each specimen were investigated under a
high-resolution microscope and with the help of scientific
taxonomic keys [1 following eight species of genus
Bactrocera were recognized and labelled accordingly (as can
be seen in Figure 2.2) viz.

. dorsalis

. Zonata

. Correcta

tau

. cucubitae

. tuberculata

. scutellaris

. diversa
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Fig 2: Shows taxonomic identification of different species of genus Bactrocera
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Results and Discussions

We have collected fruit flies from all the 20 traps installed in
various guava orchards of Saharanpur district of Uttar Pradesh
prevailing a few kilometres from Glocal University
Saharanpur U.P, India. We primarily focused on the genus
Bactrocera eradicating all species from any other genera. The
duration of capturing process was continued for a period of
five months from October to February for three consecutive
years 2021, 2022 and 2023. The data obtained from observing
and identifying all the fruit fly species is tabulated in Table
3.1. From the table it can be clearly seen that a total of 247
species per month were collected for the year 2021 and the
species B. dorsalis is found to be dominant with a mean
population of 99.8 per month. This finding agrees with the
results found by Vignesh et al. . They captured fruit flies in
the guava orchards of Tamil Nadu state India and throughout
the collective period species B. dorsalis was found to be
dominant. The next dominant species was recorded as B.
zonata with a mean population of 78.8 per month followed by
other species as given in the Table 3.1. The species B.
Correcta and B. tau were recorded with a mean population of
42.4 and 22.4 per month respectively. These findings can be
compared with the results found by Kadam 2012 1. During
his research he also found the species B. dorsalis, B. zonata
and B. Correcta most abundant. Verghese, Abraham et al. 19
found B. dorsalis and B. Correcta affecting guava fruit in
Bangalore. Madhura et al. M also recorded the species B.
dorsalis, B. zonata and B. Correcta most prevalent affecting
guava fruits in Bangalore. Haseeb et al. [, reported species
B. zonata as most abundant fruit fly species in Aligarh.
Kawashita et al. ] also recorded B. dorsalis, B. Correcta and
B. zonata as most abundant fruit fly species damaging guava
fruits. Dale et al. ™ have also reported B. dorsalis and B.
zonata as most harmful species to guava in Gujarat. Kapoor et
al. 8 recorded species B. Correcta, B. dorsalis and B.
zonata as most abundant guava affecting fruit fly insect pests
in India. Jalaludin et al. 161 also have recorded species B.
zonata as dominant species. Kumar et al. [*1 have reported
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that B. dorsalis, B. Correcta, B. Diversa B. Zonata are mostly
abundant species found in mango fruit in Saharanpur and
Meerut districts of Uttar Pradesh. The rest of the species were
found to be in smaller numbers as recorded in the table.
Comparing the relative numbers for different months we can
see there is a large number of fruit flies during the month of
December. However, the other proportions during other
months of collection period are not that much scattered. From
Figure 3.1, we can see that the species B. dorsalis comprises
of around 40%, 41% and 46% of the total species captured
during 2021, 2022 and 2023 respectively. Whileas, species B.
zonata comprises of about 30%, 28% and 31% respectively
and the species B. Correcta comprises of 17%, 19% and 15%
respectively of the total species trapped during 2021-2023.
Comparing our findings with the results of Khan et al. 18
they have got species B. zonata as most abundant species
comprising around 50% of the collective population. Mondal
et al. M, recorded species B. Correcta on guava with 90%
population. Ukey et al. [ recorded species B. dorsalis
comprising 49.95%, B. zonata with 31.36% and species B.
Correcta with 19.95% in Maharashtra.

We have calculated single factor Analysis of Variations
(ANOVA) technique for Table 3.1 to check whether the
variations in mean per month for every single species in the
entire collection in all the three years are significant or not.
We also hypothesized that whether these variations are due to
different biotic and abiotic factors like relative abundance of
different species within different genera, average monthly
temperature, average monthly rainfall, and humidity etc. or
these variations occur only by chance or some random effects.
The results of single factor ANOVA technique for all the
three years have been plotted in Table 3.2. From the ANOVA
table we got a ‘p’ value which is very much smaller than 0.05
for all the three years can clearly indicates that the variations
in the mean number per month for every year are indeed
significant and these variations occur due to various biotic
and abiotic factors and not by chance.

Table 1: Shows the number of different species of genus Bactrocera collected from 20 traps over a five-month course

Species/Year/Month 2021 2022 2023
Oct | Nov | Dec | Jan | Feb | Oct | Nov | Dec | Jan | Feb | Oct | Nov | Dec | Jan | Feb
B. dorsalis 98 | 112 | 112 | 97 80 78 | 112 | 110 | 105 | 107 | 126 | 126 | 131 | 112 | 134
B. zonata 75 76 79 72 67 83 77 58 58 80 85 86 80 85 83
B. Correcta 57 51 35 37 32 43 42 57 53 49 39 46 44 39 35
B. tau 19 26 23 25 19 14 15 25 15 10 10 18 18 14 10
B. cucubitae 7 1 4 1 4 1 5 16 6 3 11 1 8 1 0
B. tuberculata 1 2 8 2 0 3 4 2 4 3 0 1 2 3 3
B. scutellaris 0 1 3 0 1 0 12 1 0 1 2 0 9 0 0
B. diversa 6 0 1 0 1 1 0 6 0 0 0 0 0 1 0
Mean (Per Month) 247 251.8 272.6
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Table 2: Shows the one-way analysis of variations of means per month of each species in the entire collection for 2021, 2022 and 2023 respectively

Single Factor ANOVA
SUMMARY
Gronps Conint St Average  FVariance
B. darsalis 5 499 99.8 175.2
B. zonata 5 369 73.8 20.7
B. correcta 5 212 42.4 119.8
B. rau 5 112 2.4 10.8
B. cucubirae 5 17 id 6.3
B. rubercuiara 5 13 2.6 0.8
2021 B. seurellaris 5 5 1 1.5
B. diversa 5 8 1.6 6.3
ANOVA
Seurce of Variation 55 df MS F P-vaiwe F erit
Between Groups 50508.78 7 7215.539 164.7383 2.0820E-23 2.312741
Withm Groups 1401.6 32 43.8
Total 51910.38 39
SUMMARY
Groups Count Sum Average Variance
B. dorsalis 5 512 102.4 193.3
B. zonata 5 356 71.2 149.7
B. correcta 5 244 48.8 41.2
B. tau 5 79 15.8 30.7
B. cucubitae 5 31 6.2 33.7
B. tuberculata 5 16 32 0.7
2022 B. scutellaris 5 14 2.8 26.7
B. diversa 5 7 1.4 6.8
ANOVA
Source of Variation 5S df MS F P-value F crit
Between Groups 51596.78 7 7370.068 122.137 3.01373E-21 2.312741
Within Groups 1031.2 32 60.35
Total 53527.98 39
SUMMARY
Groups Count Sum Average Variance
B. dorsalis 5 620 125.8 71.2
B. zonata 5 419 83.8 5.7
B. correcta 5 203 40.6 19.3
B. tau 5 70 14 16
B. cucubirae 5 21 4.2 24.7
B. tuberculata 5 0 1.8 1.7
2023 B. scutellaris 5 11 2.2 15.2
B. diversa 5 1 0.2 0.2
ANOVA
Seurce of Variation 55 dr MS F P-value F erit
Between Groups 77146.78 7 11020.97 572.5178 9.4077E-32 2.312741
Within Groups 616 32 19.25
Total 77762.78 39
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Percentage of fruit flies for different species captured during 20242023
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Fig 3: Shows the percentage of species captured per month for three years period
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Fig 4: Shows the percentage of total fruit flies captured with different varieties of guava

Table 3: Shows mean number of Bactrocera spp. per month captured during Oct-Feb for different guava varieties.

2021 2022 2023
Species/Variety Agg?:‘db:‘d MAr{('i‘jla ChittidarHarijhaAlslg?::jb:d MAriré‘l‘j‘laChittidar Harijha Agg?:‘;’:d M'A;:é(:laChittidarHarijha

B. dorsalis 56.80 | 28.94 | 898 | 499 | 37.80 | 3482 | 1843 | 11.26 | 7171 | 2516 | 18.87 | 10.06
B. zonata 5314 | 1107 | 443 | 517 | 6622 | 285 | 071 | 142 | 2514 | 3352 | 503 | 2041
B. Correcta 1187 | 2374 | 594 | 085 | 2098 | 2196 | 3.42 | 244 | 1421 | 1218 | 934 | 487
B. tau 560 | 1120 | 224 | 336 | 490 | 916 | 111 | 063 | 812 | 490 | 014 | 084
B. cucubitae 041 | 061 | 126 | 112 | 000 | 353 | 236 | 031 | 092 | 000 | 000 | 328
B wberculata | 023 | 021 | 034 | 1.82 | 003 | 054 | 000 | 262 | 173 | 000 | 000 | 007
B. scutellaris 013 | 040 | 047 [ 000 | 059 | 000 | 221 | 000 | 000 | 007 | 143 | 0.70
B. diversa 155 | 000 | 005 | 000 | 000 | 039 | .01 | 0.00 | 041 | 0.09 | 000 | 0.00
Mean (Per Month) | 129.82 | 7618 | 23.70 | 17.13 | 13061 | 73.26 | 29.24 | 18.69 | 121.94 | 75.91 | 34.81 | 39.94
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The diversity of Bactrocera spp. with different varieties of
guava has been tabulated in Table 3.3. From the table it can
be clearly seen that the variety Allahabad Safeda was
recorded with the highest number of fruit flies during the five
month collection period. Of the total collection around
129.82, 130.61 and 121.94 mean number per month was
collected from this variety for 2021, 2022 and 2023
respectively. The second highest mean numbers were
recorded for the variety Arka Mridula comprising of mean
numbers per month 76.18, 73.26 and 75.91 for 2021, 2022
and 2023 respectively. Chittidar and Harijha were recorded
with comparatively lesser mean numbers per month equaling
around 23.70, 29.24, 34.81 and 17.13, 18.69, 39.94
respectively for the years 2021, 2022 and 2023. For the
consecutive three years Allahabad Safeda was dominant
variety for which we got huge number of species. From
Figure 3.2, we can clearly see that Allahabad Safeda variety
of guava is mostly infested in all the three consecutive years.

Conclusions

According to our research observations and findings,
Bactrocera spp., is a major issue in the guava fruit production
in Uttar Pradesh especially in Saharanpur district. Among the
eight different species of genus Bactrocera recognized
affecting guava fruits, only four species namely B. dorsalis,
B. zonata, B. Correcta and B. tau were found most abundant
in  Allahabad Safeda, Chittidar, Arka Mridula and
Harijha varieties during the guava fruity season of 2021,
2022 and 2013 in guava orchards of Saharanpur district of
Uttar Pradesh India. The quantity of insect pests captured in
different guava varieties, on the other hand, varied
significantly with Allahabad Safeda being mostly damaged.
For the consecutive years we observed that their infestation is
growing per year. The understanding of the species complex,
range, and population abundance of Bactrocera spp. may aid
in the development curative and control methods to meet their
growing population.
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