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Research Article Arastirma Makalesi

Abundance and Dispersion Indices of
Helicoverpa armigera (Lepidoptera: Noctuidae)
on Tomato Plant in Nigeria

Nijerya'da Domates Bitkisinde Helicoverpa armigera
(Lepidoptera: Noctuidae)'nin Popilasyon ve Dagilim
indeksleri

ABSTRACT

Helicoverpa armigera is among the major insect pests that pose a threat to tomato production in Nigeria
with an insufficient understanding of its population parameters, and available environmentally friendly
control materials which are essential for the development of reliable and sustainable management
strategies that can minimize the frequent use of synthetic pesticides; which are hazardous to the
environment, non-target organism, and humans. The present study was conducted with the objectives
of establishing population abundance and dispersion of H. armigera. Surveys were conducted in the
savannah agroecological zone of Nigeria through fortnightly field visits to tomato farms from July to
September 2019 (rainy season), and month of December 2019 to March 2020 (dry season), making a
total of seven (7) and Nine (9) visits respectively. Ten plants were randomly selected and tagged from
each farm, for observation of the presence of H. armigera larvae on the upper and lower parts early in
the morning (6:00-7:30 am) on all sampling. Numbers found on each plant were counted and recorded
with dates. Data obtained were subjected to analysis of variance and the least significant difference
(LSD) at 0.05% level of probability was used to separate significant means. Data were further used in
calculating the various dispersion indices. The result indicates that H. armigera was higher at 8 weeks
after planting and aggregated on the upper part of the plant with a higher population in the dry season.
Abundance and dispersion indices of H. armigera on tomato plants reported in this study will provide
for appropriate decision-making in designing eco-friendly management of the pest.

Keywords: Tomato, Helicoverpa armigera, fruit worm, population, dispersion, Savannah

0z

Helicoverpa armigera, populasyon parametrelerinin yeterince anlasiimamasi ve sentetik pestisitlerin
sik kullanimini en aza indirebilecek glvenilir ve sirdirilebilir yonetim stratejilerinin gelistirilmesi igin
gerekli olan mevcut gevre dostu kontrol materyallerinin yetersiz anlasiimasiyla Nijerya'da domates
Uretimine mudahale eden baslica zararlilar arasindadir. Tarim ilaci; cevre, hedef olmayan organizma
ve insanlar icin tehlikelidir. Bu calisma, H. armigera' nin calisma alanindaki populasyon dagilimini
belirlemek amaciyla yapilmistir. Anketler, Temmuz-Eylil 2019 (yagmur mevsimi) ve Aralik 2019-
Mart 2020 (kurak mevsim) arasinda iki haftada bir domates ciftliklerine saha ziyareti yoluyla
Nijerya'nin savan agro-ekolojik bolgesinde gerceklestirildi. TUm 6rnekleme glinlerinde sabahin erken
saatlerinde (06:00-7:30) Ust ve alt kisimlarda H. armigera larvalarinin varliginin gdézlemlenmesi igin
her ciftlikten rastgele on (10) bitki secildi ve etiketlendi. Her bitkide bulunan H. armigera sayilari
sayildi ve tarihlerle birlikte kaydedildi. Elde edilen veriler varyans analizine tabi tutulmus ve anlaml
ortalamalari ayirmak icin %0,05 olasilik dizeyinde en kiguk anlamli fark (LSD) kullaniimistir. Veriler
ayrica cesitli dagihm indekslerinin hesaplanmasinda kullanildi. Sonug, H. armigera 'nin dikimden 8
hafta sonra daha ylksek oldugunu ve kurak mevsimde daha fazla ntfusa sahip bitkinin Gst kisminda
toplandigini gostermektedir. H. armigera’nin bu calismada bildirilen domates bitkisi Gzerindeki
dagilim ve dagilim indeksleri, zararlinin ¢evre dostu yonetimini tasarlamada uygun karar verme igin
saglam bir temel saglayacaktir.

Anahtar Kelimeler: Domates, Helicoverpa armigera, meyve kurdu, popilasyon, dagilim, Savannah
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Introduction

Tomatoes are among the most important commodities and
widely crop plants grown in Africa and the world (Ciceoi et
al., 2021). They are considered culinary vegetables which
are used in different types of recipes such as salads,
sandwiches or soups (Olugbire et al., 2020). It can be sliced
with a little onion and pepper and eaten with a local dish
known as "danwake" or eaten with a little oil and chilies as
spices. It can be processed into paste or puree, and used in
cooking or the production of fruit drinks and ketchup (Chula
et al., 2017; Ghaderi et al., 2017). In Nigeria, tomatoes are
sundried and ground into powder (Olugbire et al., 2020) for
use in preparations of different soups.

Nutritionally, tomatoes are filled with a variety of nutrients
like fiber, potassium, and vitamins A and C. Medium, red,
ripe tomatoes provide 22 calorie diet (Ghaderi et al., 2017;
Yasser et al.,, 2019), and contain 8 percent of dietary
potassium and 7 percent of recommended dietary
allowance (RDA) of iron for women and 10 percent for men
(Olugbire et al., 2020). Tomato contains high levels of
lycopene which is a very powerful antioxidant that prevents
the development of many forms of cancer (Hussaini et al.,
2016). The leaves have also been used widely as a natural
antiseptic agent because of their narcotic acid content
(Ugonna et al., 2015).

Nigeria was ranked the second largest producer of tomatoes
in Africa, and 16™ largest producer in the world (Ghaderi et
al., 2017), and about 1.8 million metric tonnes of tomatoes
were produced in Nigeria, which accounts for about 68.4%
of West Africa, 10.8% of Africa’s total output and 1.28% of
world output (Umar et al., 2015). Production in Nigeria
spread all over the country, the total arable land under
tomato production was estimated to be 1,000,000 ha with
an estimated output of 1.8mm tones per annum (Umar et
al., 2017). The major producing areas in Nigeria lies within
the area with a temperature range of 25-34°C (Ugonna et
al., 2015), these areas include most states (Bauchi, Benue,
Borno, Kaduna, Kano, Plateau, Sokoto, Jigawa and Yobe) in
the Northern region.

Tomato production is affected negatively by numerous pests
which result in poor yield, low quality, and financial loss.
Ahmed et al. (2022) reported about 200 species of insect
pests attacking tomatoes in Egypt. The major pests include
aphids (Aphis gossypii), white flies (Bemisia tabaci), thrips
(Thrips tabaci), leaf miners (Lyriomyza spp and Tuta
absoluta), and the fruit worms (Helicoverpa armigera)
(Kollie et al., 2014; Brévault et al., 2014).

Helicoverpa armigera is one of the most serious insect pests
of tomatoes worldwide. It is widely distributed in Asia,
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Europe, Africa, and Australasia. The larvae are the
destructive stage, they prefer to feed and develop on
reproductive structures in general, feed on buds, flowers,
and fruit which are rich in nitrogen (Liu et al., 2004); leading
to severe yield loss in greenhouse and open-field tomato
crops (Compolo et al., 2017). This moth has a high
reproductive potential, completing up to 13 generations per
year (Tropea Garzia et al., 2012).

In Nigeria, the use of synthetic pesticides has been reported
to be the main control measure used for the management
of fruit borer infestation on tomatoes and other crops
(Olugbire et al.,, 2020). However, Nigerian farmers lack
knowledge about safety and do not have access to
appropriate training that could help them cope with
pesticide hazards (Sule et al., 2020).

Lack of monitoring of insect pests may increase the
unwarranted frequency of pesticide application by our local
farmers, exacerbating the manifestation of the drawbacks of
synthetic insecticides on the environment. There is a
consensus among pest control specialists that insecticides
should be applied as a last resort and should be based on
the established threshold levels; which can only be
economically estimated when there are reliable data on
population dynamics, distribution, and dispersion of insect
pests among others. There is currently some paucity of
information in literature on most of the above insect
population parameters particularly for H. amigera in this
part of the world. Therefore, this study aims to determine
the population distribution and dispersion indices of H.
armigera on tomato plants in some selected tomato-
producing areas of Kano and Yobe State in Nigeria to
generate information on the same that can be harnessed in
the development of IPM systems for its management.

Methods
Study location

The study was conducted in two states (Kano and Yobe) in
Northern Nigeria. Two Local Governments were randomly
selected from each State. Thereafter, six villages (Lamba-
Burji, Takaraste, Doka, Gada, Gadana, and Ngalda) across
the four LGs (Madobi, Tofa in Kano State, Nangere, and Fika
in Yobe state) that are known for both dry and rainy season
tomato cultivation were purposefully selected for the study.
The mean annual rainfall in Kano and Yobe State during the
sampling at rainy season is 178.33+6.20 and 210.15+3.20
mm respectively.

Survey and Sampling Methodology

Field visit to tomato farms in the study area was done from
July - September 2019 (rainy season), December -2019
through March -2020 (dry season). The surveys were
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conducted each field starting from six weeks after
transplanting up to harvest since the activities of H.
armigera are high during this period in the tomato plant
phenology. In total, there were seven (7) samplings in the
rainy season and nine (9) in the dry seasons in each location.

In each of the selected villages, one farm was randomly
selected from which ten plants were subsequently randomly
selected and tagged for data collection. Each plant was
divided into two equal parts (upper and lower parts).
Observation for the presence of H. armigera larvae on the
upper and lower parts of the tagged plants was made early
in the morning (6:00-7:30 a.m.). Number of H. armigera
found on each plant was collected, counted, recorded with
dates and killed.

Statistical data analysis

To determine whether the mean population of H. armigera
larvae differed significantly between the upper and lower
parts of the tomato plant, the number of H. armigera larvae
counted on the upper and lower parts of the tomato plants
during each sampling visit were subjected to analysis of
variance using computer software Genstat Discovery Edition
for Windows. The least significant difference (LSD) at a
0.05% level of probability was used to separate significant
means.

Also, based on H. armigera larvae counts from upper and
lower parts of tomato plants, a mean number of H. armigera
larvae per tomato plant over time was calculated, and used
in calculating the various dispersion indices. Furthermore,
the spatial distribution of H. armigera larvae was
determined by different methods. The simplest method is
the variance to mean ratio, % /m where the value of $? /m<
1 indicates a uniform dispersion, while $2/m= 1 indicates
random dispersion and S?/m> 1 indicates an aggregated
dispersion.

Lloyd's index of patchiness is described as the ratio of the
mean of mean crowding (m*) to mean density (m). The
mean crowding was calculated using the formula as
described by Queiroz-Santos et al. (2018) and Sule et al.

(2012):
e [ o

Where

x is the mean density

S2 is the variance,

Lloyd’s (m”*) index =1 indicates a random dispersion; Lloyd’s
index > 1 indicates aggregated dispersion, and Lloyd’s index
< 1 indicates regular dispersion.

The degree of aggregation was determined by the most
commonly used dispersion indices, i.e., the Greens
coefficient (Cx). The Greens coefficient was calculated as
described by (Sule et al., 2012; Wade et al., 2018) using the
formula:

(5*/m)-1

Cx =
Xx—1

(2)
Where

S2=variance of mean,

m= mean number of H. armigera per shoot and

Yx =total number of H. armigera, where

Cx=1, the coefficients indicate a random dispersion; Cx>1,
it indicates aggregated dispersion; where Cx<1, indicates
regular dispersion

Table 1
Abundance of H. armigera Larvae on Tomato Plants
during Dry and Rainy Seasons in Kano and Yobe States

Mean number of larvae

Season Kano Yobe
Dry 6.5° 5.3°
Rainy 0.8? 0.8?
SE+ 1.85 4.10

Mean followed by different letters in the same column are significantly different at
p = .05 level of probability according to the least significant difference (LSD) test.

Results

Abundance of H. armigera Larvae on Tomato Plants during
Dry and Rainy Season in Kano and Yobe State

Table 1 shows the abundance of H. armigera larvae per plant
in both dry and rainy season in the Kano and Yobe states.
The result indicates that there is a significant difference (p<
0.05) between the dry and rainy season for both states.
Significantly high numbers of H. armigera larvae were
recorded during the dry season compared to the rainy
season in both States.

Table 2

Abundance of H. armigera Larvae on Upper and Lower
Part of Tomato Plant at 6, 8, 10 and 12 weeks after
planting in Kano State.

WAP Upper Lower
6 1.7% 0.7°
8 1.7% 3.8°
10 3.5° 0.8?
12 0.2° 0.3?
SE+ 1.44 0.99

Mean followed by different letters in the same column are significantly different at
p =.05 level of probability according to the least significant difference (LSD) test.
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Abundance of H. armigera Larvae on Upper and Lower
Parts of Tomato Plant at 6, 8, 10 and 12 Weeks After
Planting (WAP) in Kano State

Table 2 shows the abundance of H. armigera larvae on the
upper and lower part of tomato plants in Kano state at 6,
8,10 and 12 WAP. The result reveals a significant difference
(p <.05) in the number of larvae obtained at different WAP
in the upper and lower part of the tomato plant. On the
upper part of the tomato plant, significantly high numbers
of H. armigera larvae were recorded at 10 WAP, but this
number was not statistically different from the number of
larvae obtained at 6 and 8 WAP and the least number H.
armigera larvae were obtained at 12 WAP, however, this
number was not different statistically from the number of H.
armigera larvae obtained at 6 and 8 WAP. When the lower
part of the plant is been considered, a significantly high
number of H. armigera larvae was obtained at 8 WAP
compared to the remaining WAP, and the least number of
H. armigera larvae was obtained at 12 WAP but was at par
with the number of H. armigera larvae obtained at 6 and 10
WAP.

Table 3

Abundance of H. armigera Larvae on Upper and Lower
Parts of Tomato Plant at 6, 8, 10 and 12 weeks after
planting in Yobe state

WAP Upper Lower
6 3.7° 1.0%®
8 2.7° 3.3°
10 1.2° 0.28
12 0.2° 0.0°
SE+ 2.75 1.55

Mean followed by different letters in the same column are significantly different at
p = .05 level of probability according to the least significant difference (LSD) test.
Abundance of H. armigera Larvae on Upper and Lower
Parts of Tomato Plant at 6, 8, 10 and 12 Weeks After
Planting (WAP) in Yobe State

Table 3 shows the abundance of H. armigera larvae on upper
and lower parts of tomato plants in Yobe State at 6, 8,10 and
12 WAP. The result reveals that there is no significant
difference (p <.05) in the number of H. armigera larvae at
the different WAP on the upper part of a tomato plant.
When the lower part of the plant is being considered
significant difference was observed between the different
WAP. A significantly high number of H. armigera larvae was
recorded at 8WAP but was different statistically from the
number of H. armigera larvae recorded at 6 WAP, and the
least number of H. armigera larvae was obtained at 12 WAP
but was at par with the number of H. armigera larvae
obtained at 6 and 10 WAP.
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Table 4
Distribution Statistics and Dispersion Indices of H. armigera
Larvae on Tomato

Mean Variance Mean/ GC Lloyds
S/No.  (X) (S  (S¥X) shoot (C,) (M*)

1 0.75 28 3733 016 177.95 49.19
2 138 9363 68.09 030 32430 50.17
3 0.50 1275 2550 0.10 122.60 49.50
4 0.63 19.63 3140 0.13 150.70 49.27
5 0.75 2825 3767 0.16 180.54 49.63
6 0.88 38.63 4414 0.18 21141 50.18
7 0.88 38.13 4357 0.18 208.70 49.53
8 1.25 7775 6220 0.26 29750 50.21
9 1.13  63.63 56,56 024 270.58 50.51
10 1.00 50.75 50.75 0.21 24290 50.75
11 0.38 738 1967 0.08 9474 50.15
12 0.38 7.88 21.00 0.08 101.10 53.71
13 0.13 0.88 7.00 0.03 3437 48.13
14 0.75 2850 38.00 0.16 182.13 50.08
15 0.38 738 1967 0.08 9474 50.15
16 0.63 19.63 3140 0.13 150.70 49.27
17 0.50 1275 25,50 0.10 12255 49.50
18 0.38 713 19.00 0.08 9157 48.38
19 0.68 20.13 3220 0.13 15450 50.55
20 0.25 325 13.00 0.05 6297 4825
21 0.50 1250 2500 0.10 120.20 48.50
22 0.625 20.125 32.20 0.13 15450 50.55
23 0.13 0.88 7.00 0.03 3437 4813
24 0.75 28.00 3733 0.16 17896 49.19
25 0.75 2850 38.00 0.16 182.13 50.083
26 0.25 325 13.00 0.05 6297 4825
27 0.13 0.88 7.00 0.026 3437 48.13
28 0.50 12.75 25,50 0.10 12255 49.50
29 0.38 738 19.67 0.08 94.74 50.15

30 0.38 738 19.67 0.08 94.74 50.15

X=Mean, S?=Variance, 52/ X=Mean/shoot, C x=Greens coefficient and M*=Lloyds
Population Dispersion of H. armigera Larvae

The distribution patterns of H. armigera larvae on tomato
plants were established by various indices of dispersion. Our
result reveals the dispersion pattern of H. armigera larvae to
be highly aggregated within tomato plants. All the tomato
plants sampled, show variance to mean ratio (S?/m) of
greater than one with values ranging from 68.09 to 7.00
(Table 4). Furthermore, the Greens coefficient (C,) values
and the Lloyd’s mean crowding (m*)values of all the tree
sampled were greater than one confirming the distribution
of H. armigera larvae on tomato plant to be aggregative.
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Discussion

The Abundance of H. armigera larvae on tomato plants
depends on the season, cropping system, and
developmental stage of the plant. A significantly high
number of H. armigera larvae was observed during the dry
season compared to the rainy season in both states. This
may be due to the low quantity of eggs hatching as rainfall
might have washed away the eggs. The high population of
H. armigera larvae obtained at 8 and 10 WAP may be
attributed to the presence of fully grown unripe tomato
fruit, which coincides with 8 and 10 WAP. It was reported
that H. armigera larvae prefer unripe fruits to leaves and
ripe fruits (Czepak et al., 2013; Queiroz et al.,, 2018). Our
findings agree with Murua et al. (2014) who reported that
H. armigera larvae prefer green fruits, as well as that of
Mondal et al. (2019) H. armigera larvae reach their peak
period during the fruiting stage. However, our findings
contradict reports of Chula et al. (2017) who observed a high
larval population of H. armigera during the entire crop
period and the finding of Perkin et al. (2010) which reveals
that H. armigera larvae prefer the vegetative part of plants
over fruits.

The dispersion pattern of H. armigera larvae depends on the
egg-laying habit of the female moths, the age of the larvae,
variation in growth among the host plants, and the
occurrence of natural enemies, among other biotic and
abiotic factors (Khaing et al., 2002). The result shows that
the dispersion pattern of H. armigera larvae on tomato
plants is aggregated. This suggests their preference for the
upper parts of the plant over the lower parts. This outcome
conforms with Khaing et al. (2002), who reported an
aggregate distribution pattern of H. armigera larvae on
cotton plants. Mallampulli & Isaacs (2002) also reported the
aggregate distribution of H. armigera on high-bush
blueberries.

Abundance and dispersion of individuals are important
characteristics of populations, affecting their spatial pattern
of resource use and their effect on community and
ecosystem attributes. Thus, the results of this study may
come in handy for developing a successful management
strategy for H. armigera, particularly if IPM is desired, where
monitoring is an essential component to reduce
unnecessary insecticide application. However, since this
study was conducted in an open field in a savannah agro-
ecological zone, its application to other agro-ecological
zones needs to be investigated

Conclusion and Recommendations

The findings of this study showed that the population of H.
armigera larvae is aggregated on the upper part of tomato
plants at 8 WAP, exhibits higher densities during the dry
season, and prefers developed fruits. The dispersion pattern

of H. armigera larvae on tomato plants is aggregated. Based
on the findings, it is recommended that when managing H.
armigera, farmers should spray on a plant-by-plant basis and
concentrate their efforts on the upper parts of the plant.

Peer-review: Externally peer-reviewed.

Author Contributions: Conceptualization, H.S. and H.AY,;
methodology, H.S. and G.A.; formal analysis, G.A.; data
curation, H.A.Y.; writing—original draft preparation, H.S., G.A.
and H.A.Y.; writing—review and editing, H.S.

Conflict of Interest: The authors have no conflicts of interest to
declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Kavramsallastirma, H.S. ve H.A.Y.; metodoloji,
H.S. ve G.A.; bigimsel analiz, G.A.; veri dizenleme, H.AY;
yazma—0ozgun taslak hazirlama, H.S., G.A. ve H.AY.; yazma—
inceleme ve diizenleme, H.S.

Cikar Catismasi: Yazarlar, cikar c¢atismasi olmadigini beyan
etmistir.

Finansal Destek: Yazarlar, bu calisma icin finansal destek
almadigini beyan etmistir.

References

Ahmed, D. M., Mohsen, A. E. A. M., El-Deeb, M. A,
Alkhedaide, A., El-Tahan, A. M., & Metwally, E. S. M.
(2022). The larvicidal effect of neem azal T/S, clove oil,
and ginger oil on tomato leafminer, Tuta absoluta
compared to collagen. Saudi Journal of Biological
Sciences, 29(3), 1447-1455.
https://doi.org/10.1016/j.sjbs.2021.11.028

Brévault, T., Bernadas, G., Sylla, S., Diatte, M., & Diarra, K.
(2014). Tuta absoluta Meyrick (Lepidoptera:
Gelechiidae): A new threat to tomato production in
sub-Saharan Africa. African Entomology, 22(2), 441-
444, https://doi.org./10.4001/003.022.0202

Campolo, 0., Cherif, A., Ricupero, M., Siscaro, G., Grissa-
Lebdi, K., Russo, A. & Palmeri, V. (2017). Citrus peel
essential oil nanoformulations to control the tomato
borer, Tuta absoluta: chemical properties and
biological activity. Scientific reports, 7(1), 13036.
doi:10.1038/s41598-017-13413-0

Chula, M. P,, Jat, S. L., Kumar, A., & Nitharwal, R. S. (2017).
Seasonal incidence of tomato fruit borer, Helicoverpa
armigera (Hubner) and their correlation with abiotic
factors. Journal of Pharmacognosy and Phytochemistry,
6(4), 1445-1447.

Ciceoi, R., lordAChescu, M., UdriSTe, A. A., & BADulescu, L.
A. (2021). Insights on solanaceous resistance against
tomato leafminer (Tuta absoluta), with emphasis on
chemical compounds useful in integrated pest
management. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca, 49(4), 12543-12543.

Research in Agricultural Sciences


https://doi.org/10.1016/j.sjbs.2021.11.028
https://doi.org./10.4001/003.022.0202

120

Czepak, C., Albernaz, K. C., Vivan, L. M., Guimardes, H. O., &
Carvalhais, T. (2013). First reported occurrence of
Helicoverpa  armigera  (Hibner)  (Lepidoptera:
Noctuidae) in Brazil. Pesquisa Agropecudria Tropical,
43,110-113.

Ghaderi, S., Fathipour, Y., & Asgari, S. (2017). Susceptibility
of seven selected tomato cultivars to Tuta absoluta
(Lepidoptera:  Gelechiidae): Implications for its
management. Journal of Economic Entomology, 110(2),
421-429.

Hussein, J. B., Sanusi, M. S., & Filli, K. B. (2016). Evaluation of
drying methods on the content of some bio-actives
(lycopene-carotene and ascorbic acid) of tomato slices.
African Journal of Food Science, 10(12), 359-367.
https://doi.org/10.5897/AJFS2016.1470.

Khaing, O., Hormchan, P., Jamornmarn, S., Ratanadilok, N.,
& Wongpiyasatid, A. (2002). Spatial dispersion and
optimum sample size for cotton bollworm, Helicoverpa
armigera (Hubner) (Lepidoptera: Noctuidae) larvae on
cotton. Agriculture and Natural Resources, 36(3), 235-
241.

Kollie, M. H., Osekre, E. A., & Mochiah, M. B. (2014).
Management of Insect Pests using Chlorpyrifos
Applications at Different Growth Stages of Tomato,
Solanum  lycopersicum L., 4(14), 2224-3208.
www.iiste.org/Journals/index.php/JBAH/article/view/13978

Liu, Z., Li, D., Gong, P., & Wu, K. (2004). Life table studies of
the cotton bollworm, Helicoverpa armigera (Hibner)
(Lepidoptera: Noctuidae), on different host plants.
Environmental  entomology, 33(6), 1570-1576.
https://doi.org/10.1603/0046-225X-33.6.1570

Mallampalli, N., & Isaacs, R. (2002). Distribution of egg and
larval populations of cranberry fruitworm (Lepidoptera:
Pyralidae) and cherry fruitworm (Lepidoptera:
Tortricidae) in highbush blueberries. Environmental
Entomology, 31(5), 852-858.
https://doi.org/10.1603/0046-225X-31.5.852

Mondal, B., Mondal, P., Das, A., & Bhattacharyya, K. (2019).
Seasonal incidence of different insect pests of tomato
(Lycopersicon esculentum Mill.) and their correlation with
abiotic factor in lateritic zone of West Bengal. Journal
of Entomology and Zoology Studies, 7(1), 1426-1430.

Muruda, M. G., Scalora, F. S., Navarro, F. R., Cazado, L. E.,
Casmuz, A., Villagran, M. E. & Gastaminza, G. (2014).
First record of Helicoverpa armigera (Lepidoptera:
Noctuidae) in Argentina. Florida Entomologist, 97(2),
854-856. https://doi.org./10.1653/024.097.0279

Olugbire, 0.0., Aremu, F.J., Oke, D.O & Kolade, R.I. (2020).
Analysis of profitability and operational efficiencies of
fresh tomato marketing: empirical evidence from Oyo
state Nigeria. Journal of Agriculture and Food Science,
18(2), 109-119. https://dx.doi.org/10.4314/jafs.v18i2.8

Research in Agricultural Sciences

Perkins, L. E., Cribb, B. W., Hanan, J., & Zalucki, M. P. (2010).
The movement and distribution of Helicoverpa
armigera (HUbner) larvae on pea plants is affected by
egg placement and flowering. Bulletin of Entomological
Research, 100(5), 591-598.
https://doi.org/10.1017/5S0007485309990654

Queiroz-Santos, L., Casagrande, M. M. & Specht, A. (2018).
Morphological  characterization of  Helicoverpa
armigera  (Hibner) (Lepidoptera: Noctuidae:
Heliothinae). Neotropical Entomology, 47, 517-542.
https://doi.org/10.1007/s13744-017-0581-4

Sule, H., Muhamad R., Omar D., Hee A. & Zazali C. (2012).
Dispersion Pattern and Sampling of Diaphorina citri
Kuwaya (Hemiptera: Psyllidae) Populations on Citrus
suhuiensis Hort. Ex Tanaka in Padang Ipoh Terengganu,
Malaysia. Pertanika Journal of Tropical Agricultural
Science, 35(S), 25-36.

Sule, H., Haruna, Z.A., Halliru, M., Wudil, B.S., Sanda, N.B. &
Abdullahi, G. (2020) Pesticide utilization and associated
health hazards in Kano metropolis. Singapore Journal of
Scientific Research, 10, 52-58.
https://doi.org./10.3923/sjsres.2020.52.58

Tropea, Garzia, G., Siscaro, G., Biondi, A.,, & Zappala, L.
(2012). Tuta absoluta, a South American pest of tomato
now in the EPPO region: biology, distribution and
damage. EPPO Bulletin, 42(2), 205-210.
https://doi.org./10.1111/epp.2556

Ugonna, C. U., Jolaoso, M. A.,, & Onwualu, A. P. (2015).
Tomato value chain in Nigeria: Issues, challenges and
strategies. Journal of Scientific Research and Reports,
7(7), 501-515.
https://doi.org./10.9734/JSRR/2015/16921

Umar, A. S. S, & Abdulkadir, M. B. (2015). Analysis of
resource-use efficiency and productivity of residual soil
moisture tomato production in Kaduna State, Nigeria.
International Letters of Social and Humanistic Sciences,
51, 152-157. https://www.learntechlib.org/p/176589/

Umar, U. S., & Yaro, A. M. (2017). Profitability analysis of
fresh tomato retail marketing in some major markets of
Kano State, Nigeria. International Journal of Research in
Science; 3 (4), 13.
https://dx.doi.org/10.24178/ijrs.2017.3.4.13

Wade, M. J., Fitzpatrick, C. L., & Lively, C. M. (2018). 50
anniversary of Lloyd's "mean crowding": Ideas on
patchy distributions. Journal of Animal Ecology, 87(5),
1221-1226. https://doi.org/10.1111/1365-2656.12854

Yasser, M. M., Marzouk, M. M., Kamel, T. A., & Naaffa, A. M.
(2019). Effect of hot water treatment on postharvest
fruit rots and quality of tomato fruits. Plant Archives,
19(2), 2325-2334, https://plantarchives.org/19-
2/2325-2334%20(5166).pdf


https://doi.org/10.5897/AJFS2016.1470
http://www.iiste.org/Journals/index.php/JBAH/article/view/13978
https://doi.org/10.1603/0046-225X-33.6.1570
https://doi.org/10.1603/0046-225X-31.5.852
https://doi.org./10.1653/024.097.0279
https://dx.doi.org/10.4314/jafs.v18i2.8
https://doi.org/10.1017/S0007485309990654
https://doi.org/10.1007/s13744-017-0581-4
https://doi.org./10.3923/sjsres.2020.52.58
https://doi.org./10.1111/epp.2556
https://doi.org./10.9734/JSRR/2015/16921
https://www.learntechlib.org/p/176589/
https://dx.doi.org/10.24178/ijrs.2017.3.4.13
https://doi.org/10.1111/1365-2656.12854
https://plantarchives.org/19-2/2325-2334%20(5166).pdf
https://plantarchives.org/19-2/2325-2334%20(5166).pdf

