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Abstract— The interrelationship between factors of climate change and oriental fruit fly Bactrocera dorsalis have not
been investigated thoroughly in Nepal. Thus, a study was conducted to understand the effect of different factors of
climate change on growth and development of oriental fruit fly B. dorsalis. The study was carried out in laboratory
conditions of the Entomology department, Agriculture and Forestry University, Chitwan, Nepal where samples of
oriental fruit fly B. dorsalis were collected and reared in the artificial condition. Oriental fruit flies B. dorsalis of a
specific stage were tested in the environmental chambers to determine their interlinkage with fluctuating relative
humidity and temperature. Sample insects were also kept in the chambers to detect their effect by variable carbon
dioxide (CO;). At 5% temperature the average numbers of B. dorsalis were 15, however, their growth and development
changed leading to their numbers equal to 13 at 15°% and 1 at 40°c. The average numbers (i.e., growth and
development) of oriental fruit fly B. dorsalis observed were non-significant with variable temperature. Growth and
development of B. dorsalis found positively correlated with the relative humidity. Maximum development and increase
in pest population detected between 60-70%. Relative humidity (RH). Growth and development of oriental fruit
fly B. dorsalis were positively correlated with changing carbon dioxide (CO3), however, significant increase in pest
population found at 570 ppm carbon dioxide. Therefore, the factors of climate change found directly interrelated with
the growth and development of oriental fruit fly Bactrocera dorsalis.
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l. INTRODUCTION To reduce the impacts of fruit-fly the female fruit
fly management programs that focus on their behavior and
habits have been targeted [5]. The attraction of flies could
be initiated where protein odor and host fruit odor (with two
classes of volatile cues) would be applied for female fruit
flies to focus protein-rich food sources and oviposition sites
respectively [6], and thus may be explored as an attractant
[7 8,9, 10, 11]. The attraction of odor cues released for the
use of female flies has been regarded as strong influence on
food and host choice that female fruit fly makes through
their physiological status (e.g., mating status, age, and
hunger level) [12, 13]. It is also known that an unmated
female fruit fly is regarded as highly responsive to protein-
based odors, and a mated, sexually mature female fly are
potentially attracted in host fruit-based odors [13, 14].

Oriental fruit fly, Bactrocera dorsalis (Hendel)
(Diptera: Tephritidae) is considered as the most destructive
pest of tropic areas which feeds on fruits and vegetables
globally. This pest has more than 430 hosts with many
economically important crops. Oriental fruit fly reflects
trade barriers in while supply agricultural products to other
countries [1, 2]. Although established in Hawaii since 1964
[3]1, B. dorsalis has not been observed on the U.S. mainland
despite repeated incursions since its first detection in 1960
in California; but both the acceleration of both size and their
frequency could be detected there. From 2018 in Florida the
B. dorsalis have created huge loss on international trade and
market through its decline in quality and quantity [4].
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The B. dorsalis have remarkable developmental
phase in olfactory behavior. After reaching male adults at
sexual maturity, they attracted and forcefully consume
methyl eugenol (4-allyl-1,2-dimethoxybenzene) [15].
Females observe to become more sensitive to extended
variety of volatile compounds during the oviposition time
and are attracted then to stimulate oviposition [16]. Such
behavior of insect helps to study the optional strategy to
manage the pest.

Climatic changes are assumed to affect the
geographic extension of numerous organisms that also
includes pests influencing their capacity to overwinter in
new areas, with exploring heal and cold stress and
transforming their growth and development at different
circumstances [17]. The acceleration of global warming
may further change or even expand the PGDs of non-native
79 species including fruit fly [18, 19].

Most of the olfactory, reproductive, attractive,
growth, etc. behavior of oriental fruit fly depends on
existing abiotic factors of environment. Oxygen plays a
vital role in animal growth and development (Frazier et al.,
2001). Some study also reflects that low oxygen affects the
development of Drosophila melanogaster [21]. Minimizing
oxygen concentration is a strategy that has been potentially
used to manage postharvest pests at room temperature [22,
23]. Level of carbon dioxide have also been regarded as
important factor for development and growth of oriental
fruit fly B. dorsalis.

The increase in temperate due to global warming
have shown multi-results on our ecosystem. Such
transformation in temperature has both negative and
positive aspects in feeding, reproduction, movement,
oviposition, etc. behavior of the insect pest behavior [24, 25,
26]. Insects encounter frequent short-term episodes of
fluctuating temperature. With changing climate, insect

1. RESULTS

Effect temperature in the population of oriental fruit fly
B. dorsalis
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behaviors may change frequently. It is crucial to know the
effect of changing climate in insect behavior and nature.
Some implication in B. dorsalis may be that the pest
populations generally rise during increased in some seasons
[27, 28]. It has been investigated that B. cucurbitae adults
can withstand the temperature of 41-47°C, however, higher
than 51% make them lethal and inactive. Adults are always
regarded to be useful at higher temperature [29].

Therefore, this study will be concerned on the
growth and development of Oriental fruit fly B. dorsalis in
changing climate.

1. MATERIALS AND METHODS

The study was carried out in laboratory condition
of Entomology department, Agriculture and Forestry
University, Chitwan, Nepal during January 2022 to
December 2022. Samples of oriental fruit fly B. dorsalis
were collected and reared in the artificial condition. Oriental
fruit fly B. dorsalis of a specific stage were tested in the
environmental chambers to understand relative humidity
and temperature. Sample insects were also kept in the
chambers to detect their relationship with variable carbon
dioxide (CO»). The test insect i.e. 30 laboratory reared
pupae (1 day old) were placed in plastic containers (20 cm
x18 cm) designed with three windows (6x4 cm) on the sides
and one at the bottom covered with a cotton cloth to
facilitate ventilation and balance of the temperature. All the
stage of oriental fruit fly were reared in the laboratory
condition and regularly monitored for the study. The
tabulated data (with MS-Excel) were analyzed by using
MSTATC package. Duncan’s multiple range test (DMRT)
was deployed to compare the mean at 5% level of
significance.

It was recorded that there were 15 numbers of oriental fruit
fly B. dorsalis before the monitoring. The average numbers
of oriental fruit fly B. dorsalis transformed to 13, 13, 12, 10,
7,4, and 1 at 10, 15, 20, 25, 30, 35, and 40°% temperature.
The mean value of pest was 9 at 21.250c mean temperature
as in Figure 1.
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Fig. 1. Effect temperature in the population of oriental fruit fly B. dorsalis.
Effect of relative humidity (RH) in the population of average numbers of oriental fruit fly B. dorsalis changed to
oriental fruit fly B. dorsalis 17, 20, 27, 32, 50 and 110 at relative humidity (RH%) 20,

30, 40, 50, 60 and 70 respectively. The mean value of

It was found that at 10% relative humidity (RH) the average
oriental fruit fly B. dorsalis was 39 at 40 mean RH as

numbers of oriental fruit fly B. dorsalis were 15. The
described in Figure 2.
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Fig. 2. Effect of relative humidity in the population of oriental fruit fly B. dorsalis
Effect of carbon dioxide (CO:2) in the population of before recording. The number changed to 25, 37, and 55 at
oriental fruit fly B. dorsalis CO; (ppm) 440, 500, and 570 respectively as shown in

It was found that in average 20 numbers of oriental fruit fly Figure 3.

B. dorsalis were present at CO, 380 ppm which were just 5
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Fig. 3. Effect of carbon dioxide (CO;) in the population of oriental fruit fly B. dorsalis

V. DISCUSSION

Increase in temperature resulted decline in the population of
oriental fruit fly B. dorsalis. After 25% their growth and
development were potentially affected which thus lowered
their numbers as well. In the present study growth (duration)
was negatively influenced by temperature [30].
Investigation of Mohamed [31] also supported our result
that the growth, fecundity, and development of fruit fly are
negatively correlated with the increase in temperature. After
certain temperature (i.e., higher 36°%) the flies cannot
withstand and become lethal. Study of Duyck and Quilici
[32] found that there was a narrow reproduction and growth
of larvae and adult of fruit flies while inkling the
temperature. The studies of [ 33, 34, 35] confirms that
oriental fruit fly was affected by increasing temperature,
especially in their feeding, mating, movement, and growth
habits. After certain temperature they become very inactive
and stop their activities. Extreme high temperature is
considered as relative concept, and these studies relates the
implication of extreme high temperatures on flies that have
targeted more on warming and heat waves, especially in
summertime focus more to temperatures and heat waves
that occur in summer that may hinder physiological and
behavior of the pest.

The growth and development of oriental fruit fly B. dorsalis
surged gradually with relative humidity. Highest population
of oriental fruit fly B. dorsalis were observed at 60-70%
RH. The study of Sahoo et al. [36] revealed that abiotic
factors such as rainfall, RH, etc. have direct effect in the
growth and development of fruit fly mass. In one of the
study Bateman [37] described the ecological parameters
such as relative humidity has influential effect in the
reproduction and development of fruit fly species. Some
relevant findings [38, 39, 40, 41, 42,43] and the thermal

mortality rates [44, 45, 46, 47] also confirms that
environmental factors such as relative humidity provides
certain consequences in growth, fecundity, and
development of oriental fruit fly.

The growth and reproduction of oriental fruit fly B. dorsalis
raised with increasing carbon dioxide level. Highest
activities and growth of oriental fruit fly B. dorsalis were
observed at 380 ppm towards 570 ppm CO>, It seems that
insect pest could know the location of CO; sources such as
plants and increase volume levels might influence the
insect’s CO»-sensing system [48]. It has been observed that
level of CO, may differentiate in varying insect categories
and families such as lepidopteran larval duration consumed
longer duration at raised CO, of 550 and 700 ppm on
Spodoptera litura compared with ambient CO, [49]. In
Bactrocera tryoni, the quantity of carbon dioxide stimulates
and attracts in oviposition [50, 51]. It reflects that increased
level of CO» have increased activities of insect B. dorsalis
and significantly related with its growth and development;
indicates our findings coincides with previous studies.

This could be related with the influencing improve in body
system, physiology an immune of insect pest where and is
because of higher fungal spore synthesis as noticed at the
higher CO, concentrations [52]. Stange [51] found that
oriental fruit fly require higher CO> and increased CO; have
positive effect in development and reproduction of oriental
fruit fly B. dorsalis.

V. CONCLUSION

The study was carried out in laboratory conditions
of the Entomology department, Agriculture and Forestry
University, Chitwan, Nepal during January 2022 to
December  2022. Samples  of  oriental  fruit
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fly B. dorsalis were collected and reared in the artificial
condition. Oriental fruit flies B. dorsalis of a specific stage
were tested in the environmental chambers to detect their
interrelationship with relative humidity and temperature.
Sample insects were also kept in the chambers to detect their
relationship with variable carbon dioxide (CO;). The
average numbers (i.e., growth and development) of oriental
fruit fly B. dorsalis observed are non-significant with
temperature. Growth and development of B. dorsalis found
positively correlated with the relative humidity. Maximum
development and increase in pest population detected
between 60-70%. Relative humidity (RH). Growth and
development of oriental fruit fly B. dorsalis were positively
correlated with carbon dioxide (CO), however, significant
increase in pest population found at 570 ppm carbon
dioxide.

REFERENCES

[1] Weems, H. V., Heppner, J. B., Nation, J. L., & Steck, G. J.
(2016). Oriental Fruit Fly, Bactrocera dorsalis (Hedndel)
(Insecta:  Diptera: Tephritidae); EENY-083, IFAS
Extension; University of Florida: Gainesville, FL, USA.

[2] Dohino, T., Hallman, G. J., Grout, T. G., Clarke, A. R., Follett,
P. A, Cugala, D. R., Tu, D. M., Murdita, W., Hernandez, E.,
Pereira, R., et al. (2017). Phytosanitary treatments
against Bactorocera dorsalis (Diptera: Tephritidae): Current
situation and future prospects. J. Econ. Entol., vol. 2, no. 110,
pp. 67-79.

[3] Steiner, L. F., Mitchell, W. C., Harris, E. J., Kozuma, T. T., &
Fujimoto, M. S. (165). Oriental fruit fly eradication by male
annihilation. J. Econ. Entomol., vol. 58, pp. 961-964.

[4] Steck, G. J., Fox, A. J., Carrillo, D., Dean, D., Roda, A., Epsky,
N. D., Smith, T. R. (2019). Oriental fruit fly eradication in
Florida 2015-2016: Program implementation, unique
aspects, and lessons learned. Am. Entomol., vol. 65, p. 108—
121.

[5] Shelly, T., Epsky, N. D., Jang, E., Reyes-Flores, J., 7 Vargas,
R. (2014). Trapping and the Detection, Control, and
Regulation of Tephritid Fruit Flies; Springer: Dordrecht, The
Netherlands.

[6] Fletcher, B., & Prokopy, R. J. (1991). Host location and
oviposition in tephritid fruit flies. In Reproductive Behavior
of Insects; Bailey, W.J., Ridsdill-Smith, J., Eds.; Chapman
and Hall: New York, NY, USA, pp. 139-171.

[7] Robacker, D. C., & Heath, R. R. (1996). Attraction of Mexican
fruit flies (Diptera: Tephritidae) to lures emitting host-fruit
volatiles in a citrus orchard. Fla. Entomol., 79, 600-602.

[8] Prokopy, R. J., Hu, X. P., Jand, E. B., Vargas, R. |., & Warthen,
J. D. (1998). Attraction of mature Ceratitis capitate females
to 2-heptanone a component of coffee fruit odour. J. Chem.
Ecol., 24, 1293-1304.

[9] Cornelius, M. L., Nergel, L., Duan, J. J., & Messing, R.H.
(2000). Responses of female oriental fruit flies (Diptera:
Tephritidae) to protein and host fruit odours in field cage and
open field tests. Environ. Entomol., 29, 14-19.

International Journal of Horticulture, Agriculture and Food Science (IJHAF)

9(1)-2025

[10] Barry, J. D., Miller, N. W, Pinero, J. C., Tuttle, A., Mau, R.
F. L., & Vargas, R.I. (2006). Effectiveness of protein baits on
melon fly and oriental fruit fly (Diptera: Tephritidae):
Attraction and feeding. J. Econ. Entomol., 99, 1161-1167.

[11] Siderhurst, M., & Jang, E. (2006). Female-biased attraction of
oriental fruit fly, Bactrocera dorsalis (Hendel), to a blend of
host fruit volatiles from Terminalia catappa L.J. Chem.
Ecol., 32, 2513-2524.

[12] Prokopy, R.J., Drew, R. A., Sabine, B. N., Lloyd, A. C,,
Hamacek, E. (1991). Effect of physiological and experiential
state of Bactrocera tryoni flies on intra-tree foraging
behavior for food (bacteria) and host fruit. Oecologia, 87,
394-400.

[13] Diaz-Fleischer, F., Pifiero, J.C., & Shelly, T.E. (2014).
Interactions between tephritid fruit fly physiological state and
stimuli from baits and traps: Looking for the Pied Piper of
Hamelin to lure pestiferous fruit flies. In Trapping and the
Detection, Control, and Regulation of Tephritid Fruit Flies;
Shelly, T., Epsky, N., Jang, E.B., Reyes-Flores, J., Vargas,
R., Eds.; Springer: Dordrecht, The Netherlands, pp. 145-172.

[14] Miller, N.W., Vargas, R.l., Prokopy, R.J., & Mackey, B.E.
(2004). State dependent attractiveness of protein bait and host
fruit odor to Bactrocera cucurbitae (Diptera: Tephritidae)
females. Ann. Entomol. Soc. Am., 97, 1063—-1068.

[15], K. H., & Nishida, R. (2012). Methyl eugenol: its occurrence,
distribution, and role in nature, especially in relation to insect
behavior and pollination. J. Insect Sci., 12, 1-74. doi:
10.1673/031.012.5601.

[16] Jayanthi, K. P., Kempraj, V., Aurade, R. M., Roy, T. K.,
Shivashankara, K. S., & Verghese, A. (2014). Computational
reverse chemical ecology: virtual screening and predicting
behaviorally  active  semiochemicals  for Bactrocera
dorsalis. BMC Genomics, 15, 209. doi: 10.1186/1471-2164-
15-209.

[17] Wagner, T. et al. (2023). Predicting climate change impacts
on poikilotherms using physiologically guided species
abundance models. Proc. Natl. Acad. Sci.,, 120,
€2214199120.

[18] Cornelissen, B., Neumann, P., & Schweiger, O. (2019).
Global warming promotes biological invasion of a honeybee
pest. Glob Chang Biol., 25, 3642-3655.

[19] Thomas, C. D (2010). Climate, climate change and range
boundaries. Divers Distrib., 16, 488—495.

[20] Frazier, M. R., Woods, H. A., & Jon, F. (2001). Interactive
effects of rearing temperature and oxygen on the
development of Drosophila melanogaster. Physiol. Biochem.
Zool., 74, 641-650.

[21] Kloek, G. P. (1979). Oxygen levels safe for continued
reproduction of Drosophila in normal and hypobaric
atmospheres. Aviat. Space Environ. Med., 50, 1126-1128.

[22] De Lima, C.P.F. (1990). Airtight storage: Principle and
practice. In Food Preservation by Modified Atmospheres;
CRC Press Inc.: Boca Raton, FL, USA, pp. 9-19.

[23] Chiappini, E., Paola, M., & Piero, C. (2009). Mortality of
Tribolium confusum J. du Val (Coleoptera: Tenebrionidae) in
controlled atmospheres at different oxygen percentages. J.
Stored Prod. Res., 45, 10-13.

Article DOI: https://dx.doi.org/10.22161/ijhaf.9.1.1 (Int. j. hortic. agric. food sci.)

https://aipublications.com/ijhaf/

Page | 5


https://dx.doi.org/10.22161/ijhaf.9.1.1
https://aipublications.com/ijhaf/

Pant and Dawadi

[24] Bale, J. S., Masters, G. J., Hodkinson, I. D., Awmack, C.,
Bezemer, T. M., & Brown, V. K., et al. (2002). Herbivory in
global climate change research: direct effects of rising
temperature on insect herbivores. Global change boil., 8, 1—
16.22928417.

[25] Kurz, W. A., Dymond, C. C., Stinson, G., Rampley, G. J.,
Neilson, E. T., Carroll, A. L., et al. (2008). Mountain pine
beetle and forest carbon feedback to climate change. Nat.,
452, 987-990. pmid:18432244.

[26] Bjorkman, C., Kindvall, O., Hoglund, S., Lilja, A., Bérring,
L., & Eklund, K. (2011). High temperature triggers latent
variation among individuals: oviposition rate and probability
for outbreaks. PLoS ONE., 6, ¢16590. pmid:21304605.

[27] Laskar, N., & Chatterjee, H. (2010). The effect of
meteorological factors on the population dynamics of melon
fly, Bactrocera cucurbitae (Coq.) (Diptera: Tephritidae) in
the foothills of Himalaya. J of Appl Sci Environ Manage., 14,
53-58.

[28] Zhou, S.H., Zhang, F. P., & Fu, Y. G. (2016). Impact of high
temperature on the growth and development of melon fly.
Oxid Commun., 39, 977-984.

[29] Jiang, C. M. (2006). The population system and integrated
quarantine management of melon fly. PhD Thesis. The
University of Fujian Agriculture and Forestry, China.

[30] Chapman, R. F. (1998). The insects: structure and function,
4th edn. Cambridge University Press, Cambridge, p. 770.

[31] Mohamed, A. M. (2000). Effect of constant temperatures on
the development of the peach fruit fly, Bactrocera zonata
(Saunders) (Diptera: Tephritidae). Journal of Agricultural
Science., 31, 329-337.

[32] Duyck, P. F., & Quilici, S. (2000). Survival and development
of different life stages of three Ceratitis spp. (Diptera:
Tephritidae) reared at five constant temperatures. Bulletin of
Entomological Research., 92, 461-469.

[33] Lomeli-Flores, J. R., Barrera, J. F. , & Bernal, J. S. (2010).
Impacts of weather, shade cover and elevation on coffee
leafminer Leucoptera coffeella (Lepidoptera: Lyonetiidae)
population dynamics and natural enemies. Crop Prot., 29,
1039-1048.

[34] Wang, H. S., Xu, H. F., & Cui, F. (2006). Effect of high
temperature on fecundity and ovary development of beet
armyworm Spodoptera exigua (Hiibner). Southwest China J
of Agri Sci., 19, 916-919.

[35] Liang, L. N., Zhang, W., & Ma, G. A. (201). A single hot event
stimulates adult performance but reduces egg survival in the
oriental fruit moth, Grapholitha molesta. Plos One., 9,
e116339. pmid:25551751.

[36] Sahoo, S. K., Saha, A. and Jha, S. (2016). Influence of
weatherparameters on the population dynamics of insect-
pests of mango in West Bengal. J. Agrometeorol., 18 (1), 71-
75.

[37] Bateman, M. A. (1972). The ecology of fruit fly. Ann Rev Ent,
17,493-518.

[38] Messenger, P. S., & Flitters, N. E. (1958). Effect of constant
temperature environments on the egg stage of three species of
Hawaiian fruit flies. Ann. Entomol. Soc. Am., 51, 109-119.

[39] Vargas, R. 1., Walsh, W. A., Jang, E. B., Armstrong, J. W. &
Kanehisa, D. T. (1996). Survival and development of

International Journal of Horticulture, Agriculture and Food Science (IJHAF)

9(1)-2025

immature stages of four Hawaiian fruit flies (Diptera:
Tephritidae) reared at five constant temperatures. Ann.
Entomol. Soc. Am., 89, 64—69.

[40] Vargas, R. 1., Walsh, W. A., Kanchisa, D., Jang, E. B. &
Armstrong, J. W. (1997). Demography of four Hawaiian fruit
flies (Diptera: Tephritidae) reared at five constant
temperatures. Ann. Entomol. Soc. Am., 90, 162—-168.

[41] Vargas, R. 1., Walsh, W. A., Kanehisa, D., Stark, J. D. &
Nishida, T. (2000). Comparative demography of three
Hawaiian fruit flies (Diptera:Tephritidae) at alternating
temperatures. Ann. Entomol. Soc. Am., 93, 75-81.

[42] Vargas, R. L. et al. (2010). Area-wide suppression of the
Mediterranean fruit fly, Ceratitis capitata, and the Oriental
fruit fly, Bactrocera dorsalis, in Kamuela, Hawaii. J. Insect
Sci., 10, 135.

[43] Vargas, R. 1. & Carey, J. R. (1990). Comparative survival and
demographic statistics for wild Oriental fruit fly,
Mediterranean fruit fly, and melon fly (Diptera: Tephritidae)
on papaya. J. Econ. Entomol., 83, 1344—1349.

[44] Wang, J., Zeng, L. & Han, Z. (2014). An assessment of cold
hardiness and biochemical adaptations for cold tolerance
among different geographic populations of the Bactrocera
dorsalis (Diptera: Tephritidae) in China. J. Insect Sci.
Ludhiana, 14, 292.

[45] Jang, E. B., Nagata, J. T., Chan, H. T. & Laidlaw, W. G.
(1999). Thermal death kinetics in eggs and larvae

latifrons (Diptera: Tephritidae) and
comparative thermotolerance to three other tephritid fruit fly
species in Hawaii. J. Econ. Entomol., 92, 684—-690.

[46] Xie, Q., Hou, B. & Zhang, R. (2008). Thermal responses of
oriental fruit fly (diptera: tephritidae) late third instars:
mortality, puparial morphology, and adult emerge. J. Econ.
Entomol., 101, 736-741.

[47] Armstrong, J. W., Tang, J. & Wang, S. (2009). Thermal death
kinetics of Mediterranean, Malaysian, melon, and oriental
fruit fly (Diptera: Tephritidae) eggs and third in stars. J. Econ.
Entomol. 102, 522-532.

[48] Rao, M. S., Manimanjari, D., Vanaja, M., Rao, C. A., Srinivas,
K., Rao, VUM. et al. (2012). Impact of elevated CO2 on
tobacco caterpillar, Spodoptera litura on peanut, Arachis
hypogea. Journal of Insect Science., 12, 103-109.

[49] Guerenstein, P. G., and Hildebrand, J. G. (2008). Roles and
effects of environmental carbon dioxide in insect life. Annual
Review of Entomology, 53, 161-78.25.

[50] Stange, G. (1996). Sensory and behavioural responses of
terrestrial invertebrates to biogenic carbon dioxide gradients.
In: Advances in Bioclimatology, (ed. G. Stanhill) Vol. 4,
Berlin, Springer-Verlag, pp. 223-253.

of Bactrocera

[51] Stange G. (1999). Carbon dioxide is a close-range oviposition
attractant in the Queensland fruit fly, Bactrocera tryoni.
Naturwissenschaften., 86, 190-192.

[52] Coakley, S. M. & Scherm, S. H. (1999). Chakraborty Climate
Change and Disease Management. Annual Review of
Phytopathology, 37, 399-426.

Article DOI: https://dx.doi.org/10.22161/ijhaf.9.1.1 (Int. j. hortic. agric. food sci.)

https://aipublications.com/ijhaf/

Page | 6


https://dx.doi.org/10.22161/ijhaf.9.1.1
https://aipublications.com/ijhaf/

