Journal of Agriculture and Ecology Research International

22(1): 26-35, 2021; Article no.JAERI.65911
I ISSN: 2394-1073

Pest Risk Analysis and Management Practices for
Increasing Profitability of Lemon Production

Shahriar Hasan', Md. Enamul Haque', Md. Safiul Islam Afrad’,
M. Zinnatul Alam?, Muhammad Ziaul Hoque'" and Md. Riazul Islam®

"Department of Agricultural Extension and Rural Development, Bangabandhu Sheikh Mujibur
Rahman Agricultural University, Gazipur 1706, Bangladesh.

2Departmem‘ of Entomology, Bangabandhu Sheikh Mujibur Rahman Agricultural University,
Gazipur 1706, Bangladesh.

3Pathology Division, Bangladesh Agricultural Research Institute, Gazipur 1701, Bangladesh.

Authors’ contributions

This work was carried out in collaboration among all authors. Author SH and MEH designed the
study. Author SH performed the statistical analysis, literature searches, wrote the protocol, and first
draft of the manuscript. Authors MEH, MSIA, MZA, MZH and MRI edited and improved the draft
manuscript. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/JAERI/2021/v22i130181

Editor(s):

(1) Dr. Daniele De Wrachien, State University of Milan, Italy.

Reviewers:

(1) Francisco Hernandez Rosas, Colegio de Postgraduaduados campus Cérdoba, Mexico.
(2) Jacinto Benhadi Marin, Instituto Politécnico de Bragancga (IPB), Portugal.

Complete Peer review History: http://www.sdiarticle4.com/review-history/65911

Received 06 January 2021
Accepted 10 March 2021
Published 20 March 2021

Original Research Article

ABSTRACT

The study aimed at assessing the pest risk and management practices of lemon production and its
profitability in Tangail district of Bangladesh. Household survey was conducted by an interview
schedule from 120 lemon growers who were selected as sample respondents following a
proportionate random sampling technique. Lemon butterfly and dieback disease were identified as
important problems in lemon cultivation. Lemon butterfly was found with the highest infestation in
Elachi lemon (70.0%) and Kagozi lemon (57.0%). Dieback disease was found with the highest
infestation rate of 49.3% in Elachi lemon, 38.0% in Kagozi lemon, and 33.3% in Sakara-2 variety.
Almost 82.5 percent of the respondents had medium to high adoption of pest management
practices. The adoption of pest management practices was positively related to the profitability of
lemon cultivation. However, there is further scope to make pest management practices sustainable
by enhancing the adoption of biological, cultural, and mechanical approaches.

*Corresponding author: E-mail: zia.bsmrau@gmail.com;



Hasan et al.; JAERI, 22(1): 26-35, 2021; Article no.JAERI.65911

Keywords: Lemon; Pest risk analysis; Profitability; Management practices; Bangladesh.

1. INTRODUCTION

Citrus plants are encompassed in the family
Rutaceae. This is well known for its regenerative
fragrance, thirst-mitigating ability, and dietary
allowance, providing the recommended adequate
vitamin C [1]. Citrus lemon is an evergreen,
small, medium-size plant that are cultivated in
the tropical and subtropical regions [2]. It is also
distributed widely throughout the Arab World and
Mediterranean region [3]. Lemon is eaten alone
as fresh fruit and also processed into juice, or
added to dishes and beverages [4]. Lemon trees
are grown in truly subtropical climates of the
world. Lemon fruits grow well between
temperature ranges of 13°C to 37°C.
Temperatures below — 4°C is injurious for the
juvenile plants. The best season of planting is
June to August. As a group of several species,
Citrus fruit is the most widely produced fruit and
is grown in over 80 countries [1].

Citrus fruits include oranges, lemons, limes,
tangerines, grapefruits, satsumas and pomelos.
The Citrus fruits comprise compounds called
flavonoids, which may have anticancer
properties. Studies show that Citrus flavonoids
may raise blood flow through coronary arteries,
reduce the ability of arteries to form blood clots,
and obstruct the oxidation of low-density
lipoprotein (LDL) (“bad”) cholesterol, which is a
primary step in the formation of artery plaques
[5]. Lemon is very important in respect of its
nutritional values especially in Vitamin C [6]. The
daily requirement of vitamin C is 30 mg per
person. It was reported that 90.0% of the people
of Bangladesh are suffering from vitamin C
deficiency [7]. Lemon can solve this Vitamin C
deficiency partially. It also contains some organic
compounds, which work against asthma,
antidepressant, stress relief, aids digestion,
colds, flu, fever, nosebleeds, mouth ulcers, throat
infection and boils [6]. In Bangladesh, about
69132 M. tons of lime and lemon are grown
annually [8]. In 2019, Citrus fruit production for
Bangladesh was 165,327 tons [9]. In recent
years, there is a steady increase in Citrus
production in Bangladesh. From 1992 to 2002,
yearly Citrus production of the world grew at a
rate of 2.3% and yearly all types of Citrus
production are over 110 million tons covering an
area of nearly 18.7 million acres among those
around 13.7 million tons are lemon and limes
[10]. Citrus fruit production of Bangladesh
increased from 23,513 tonnes in 1970 to 165,327
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tonnes in 2019 growing at an average annual
rate of 5.06% [9].

Pest risk analysis (PRA) provides the
fundamental principle for phytosanitary measures
for a specified area. It assesses scientific
standards to determine whether an organism is a
pest [11]. If so, the analysis assesses the chance
of spreading and introduction of the pest and the
magnificence of potential economic
consequences in a specific area, using biological
or other scientific and economic standards. The
PRA process consists of three stages: Stage 1-
Initiation, The identity of the pest or pathways
being analysed and the area in relation to which
the analysis is conducted (the pest risk analysis
area) is provided in the initiation stage. Stage 2-
Pest risk assessment. There are three steps to
the assessment of pest risk, which are i) pest
categorization, ii) assessment of pest entry,
establishment and spread, iii) Assessment of
potential consequences resulting from pest entry,
establishment and spread. Stage 3- Pest risk
management. Pest risk management is the
process of evaluation and selection of options to
reduce the risk of introduction and spread of the
pest [11].

Although Bangladesh is an important center of
origin, especially for lemon and lime, the overall
production is not satisfactory and cannot fulfill the
country requirement. Among the factors
responsible for low production and also low fruit
quality, insect pests are of major concern.
Ebeling [12] listed 823 species of insects and
mites reported on Citrus trees around the world.
In India, 250 species of insects have been
reported on various Citrus species. Batool et al.
[13] reported that Citrus diseases has founded as
probable denunciation to the production of Citrus
globally. Important insect-pests of lemon are the
leaf miner (Phyllocnistis citrella St.), the Citrus
thrips (Scirtothrips dorsalis Hood), the bark
eating caterpillar  (Indarbela  quadrinotata
Walker), scale insects (Aonidiella citrina Coq.),
mites (Panonychus citri), the fruit fly (Bactrocera
dorsalis Hendel) etc. According to Patel and
Patel [14] temperature helped psylla population
while leaf miner favoured mass of the weather
factors but sunshine hours. Other pests such as
nematodes (Pratylenchus sp.) and mealybugs
(Pseudococcus filamentosus Cockrell) attacks
Citrus (such as mandarins), especially in moist
climates [12]. Where lemon butterfly (Papilio
demoleus L) is distributed widely throughout East



Pakistan now Bangladesh [15]. Citrus aphid
(Toxoptera aurantii) is found throughout the year
in East Pakistan now Bangladesh [15].
According to Tariq et al. [16] production and
quality of Citrus fruit become affected due to lack
of information about control of diseases and plant
protection measures.

To prevent this pest risks out of the track,

farmers need to take some management
practices. There are mainly four types of
management practices such as cultural,

mechanical, biological, and chemical. Cultural
control skills address how someone cultivates
plants and are conducted for reducing and
avoiding pests. According to Ashraf et al. [17],
disease free nursery usage; adjustment of
transplantation, hoeing and weeding time;
resistant varieties, and selecting well-adapted
plants are some of example of cultural practices.
Mechanical control directly removes or Kills
pests, or physically prevent insect pests from
reaching their hosts using a barrier or trap [17].
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Adoption of pruning and removing of disease
plants, trapping pests, hand removal, and
mulching are mechanical control practices [17].
Use of predators, parasitoids, and pathogens are
some examples of biological control [17]. A large
number of people consider chemicals do not
have a space in IPM, but pesticides can be fit
well into an IPM program when it is used
responsibly. Yet, extensive use of chemical has
caused the spread of resistant strains of
phytophatogens, accommodate the effectiveness
of the treatment [18]. Chemical pesticides may
act as the last support for IPM program.

The majority of lemon varieties are grown
abundantly in the country, although a few of them
such as Eureka lemons, Femminello lemons are
not yet widely cultivated. However, efforts are
being made to increase the cultivation of those
lemon varieties. Since Bangladesh is one of the
most vulnerable countries experiencing bad
consequences of climate change [19,20,21] it is
essentially important to investigate the level

B9SA' E D000
g, (&
NS )
Tangail Sadar ~ TR N
. Pathrail & Basail
EroT 1 i
il t
B/ e
a2 e I}
AR G T
b I -
_ e ?331' A ek e - L~
T v R P : | Delduar g% ™=
I= e —~— 1} Atia | | \'
- ; —_ L | i = o s
) Fl_ o S A Ty : A .
| & ] o Deoli ~ .*\l')elduar ‘,
III g.‘ = . 1 g Y
| ¥ \'1 . Eliaiganj N S T —
| =0 rl__/.: | ; LA e L }‘1
4 T e 2
| - ) ===, i P
\_ I@;‘) ; -./ :'L_‘_‘__J.-__J
T~ Fazilhali
} | ) .':'ll' Fy /-j Mirzapur
o L% ¢
24°06" M /'_/’ B \"‘“; — —-:t
l\\‘:\"‘{-’& - l-""‘x \ ‘h' p _— i.r.
- - e ) Lauhati ik
DELDUAR UPAZILA \&% [ J ,‘% )
m -
2 2 e
M _":U_ \1! \\i J e Jr""-%"'{\
— gy ol =3
i #27 \ Y
L L o
L, ﬁ

Fig. 1. Map showing Delduar upazi

la ( @ ) indicating the study area [22]

28



of pest risks and their management at farmers’
field for a better adaptation of different lemon
cultivars with the changing environment. Hence
this study focuses on various factors to conduct a
pest risk analysis and suggest management
practices aiming to increase the profitability of
lemon production. The study aimed to (i) find out
the management strategies practiced by the
growers for controlling major lemon pests, and
(i) measure the impact of pest management
practices on the profitability of lemon production.

2. MATERIALS AND METHODS

The study was conducted in Delduar Upazila
under Tangail district which is located in between
24°05' and 24°14' north latitudes and in between
89°50" and 89°59' east longitudes [22]. The study
area was selected because of the high intensity
of lemon cultivation in Tangail district, a high
level of extension activities such as training,
technology transfer, and easy accessibility of the
researcher to the study area. A map of Delduar
Upazila (Tangail) has been presented in Figure

Diagnostic and descriptive research design was
followed in this study. All the lemon growers of
the selected villages were the population of the
study. Among them, 120 lemon growers were
selected as sample respondents following the
proportionate random sampling technique [23,
24]. Face to face interviewing by using a
structured interview schedule was used to collect
data [25].

Pest risks of lemon were measured on the
principle of the nature of the pest, and their
attack rates. Opinions about the intensity of pest
attacks on different lemon varieties were
collected and a score was assigned as ‘3’ for
frequent attack, ‘2’ for occasional attack, ‘1’ for
rare attack and ‘0’ for no attack. On the other
hand, respondents’ opinions about intensity of
pests in different lemon varieties was measured
using a summated rating i.e. 5 points Likert-type
scale [26]. The total score of a respondent was
attained by adding the individual score of each
item which was then cumulated and classified
into very high, high, medium, low and not
harmful, and a score of 4,3,2,1, and 0 was
assigned, respectively.

Management practices was measured on the
principle of the use of different management
strategies. A Four-point scale with their score as
‘4’ for regular practice, ‘3’ for frequent practice,
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‘2" for occasional practice, ‘1’ for rare practice
was used. The total score of a respondent was
calculated by adding the scores of each item.
Among the four pest management practices, a
rank order was prepared based on farmers' use.

After collection, all the raw data were then
checked and cross-checked, compiled, coded,
and entered into the computer for analysis and
interpretation using Statistical Packages for
Social Sciences (SPSS) software [27]. Various
descriptive statistical measures such as range,
mean, number and percentage distribution, and
standard deviation were used to describe and
interpret the data [24]. To test the differences
among the three (low, medium and high)
categories of adoption of pest management
practices ‘F-test’ was employed. Throughout the
study, a five percent (0.05) level of probability
was used.

3. RESULTS AND DISCUSSION
3.1 Insect Pests Attacking Lemon

Respondents of the study area mainly cultivate
five different Lemon varieties such as Elachi
lemon, Satkara-2, Ada lemon -3, Jara lemon, and
Kagozi lemon. They opined that leaf miner,
lemon butterfly, stem borer, leaf folder, citrus
whitefly, citrus fruitfly, thrips, citrus red scale, leaf
roller, red mite, citrus mealybug, and aphids are
some of the insect pests that hampering their
lemon production Table 1.

The most frequently occuring important insect
pest as opined by the repondents was lemon
butterfly with highest infestation rate (70.0% in
Elachi lemon and 57.0% in Kagozi lemon) in the
two major cultivated varieties. The next important
insect pest was leaf miner which caused 58.3
percent infestation in Elachi lemon and 55.0
percent in Kagozi lemon. Side by side 43.3
percent respondents found stem borer infestation
in Elachi lemon and 30.0 percent respondent
found aphid infestation in Kagozi lemon Table 1.

3.2 Diseases Attack on Lemon

The recorded diseases were dieback, canker,
scab, black rot, Citrus greening, gummosis, and
anthracnose Table 2. The most frequently
occurring disease was Dieback with the highest
infestation rate of 49.3% in Elachi lemon, 38.0%
in Kagozi lemon and 33.3% in Sakara-2 variety.
The next important identified disease was canker
which infect in Elachi lemon and Kagozi lemon.



3.3Intensity of Pests in Lemon

Cultivation

Comparing with other field crops and horticultural
crops lemon is less affected by the pest. But
nowadays due to some adverse climatic
conditions, both insect pests and diseases
become a major threat to lemon production. For
some pests the intensity was too high to cause
total loss of yield while some pests’ intensity was
not that harmful. However, Elachi lemon and
Kagozi lemon were found major cultivated
varieties of lemon and found the higher intensity
of attack on these varieties Table 3.

Table 3 revealed that majority (62.5%) of the
farmers opined that the intensity of pest attack in
Elachi lemon was high and 51.7 percent of them
opined that the intensity of pest attack on Kagozi
lemon also found high. It may be due to the
higher commercial cultivation of those varieties
compared to other cultivars. The more the
cultivation of a variety in a certain area, the more
was the acclimatization of a pest. That's why the
intensity of pest in Elachi and Kagozi lemon
varieties were found higher.
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an economic alternative to pesticide use. Pest
management is a complex process because
producers must deal with various pest species at
any given time. To mitigate the risk of these
pests farmers took different management
strategies. Some respondents were highly
motivated to use all the management practices
which are best suited to get rid of the pests. But,
some of them did not take any initiative because
of a lack of time and money.

Information presented in Fig. 2 showed that 67.5
percent respondents had medium adoption of
pest management practices, which is interrelated
to the respondence age and education.
Because majority of the respondence were
middle aged and had secondary level of
education, while 17.5 percent of them had low
adoption of management practices and 15.0
percent having high adoption of management
practices. It was found that almost 82.5 percent
of them had medium to high adoption of
management practices which lead them to
make a profit from lemon cultivation having good
yield.

Results presented in Table 4 showed that

3.4 Management Practices in Lemon highest percentage (79.1) of respondents used
Cultivation chemical control measures, which stood rank
first. Because the chemical control method is not

Pest management decisions affect the time consuming as compared to the others
producer's profitability, as well as the method as well as it takes rapid action and in

environment. Preventing pest problems using the
appropriate crop management program is often

most cases farmers focus on crop yields rather
than crop quality control. Though physical control

Table 1. Status of insect pest’s attack in different lemon varieties

Serial Name of variety Name of insect pests  Insect attack (% respondent

no opined )

01 Elachi lemon Stem borer 43.3
Leaf miner 58.3
Lemon butterfly 70.0
Leaf folder 25.8

02 Satkara-2 citrus whitefly 33.3
citrus mealybug 16.6
Stem borer 18.8

03 Ada lemon-3 citrus fruit fly 19.1
Thrips 141
Red mite 12.5

04 Jara lemon citrus red scale 19.1
citrus leaf folder 19.1

05 Kagozi lemon Lemon butterfly 57.0
Leaf miner 55.0
Leaf roller 15.0
Aphid 31.5
Orange bug 18.6
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measure was less expensive than the other
methods 72.5 percent respondents used it.
Nobody used biological control measures as they
did not know the procedure of utilizing biological
control measures.

Farmers used different chemicals against
different pests. When a pesticide was applied
within a few days the pests develop resistance
against the pesticide. So, a particular pesticide
does not work against the pest after some time.
Then the experts suggested new formulations.
To get rapid action against pests, farmers mixed
two or more different chemicals and apply it to
the plant. They apply different pesticides at high
doses to get rapid action against pests though it
is harmful to the environment. Therefore, the
numbers of chemicals used by the farmer are
higher. As shown in Table 5 almost 80 percent of
respondents used ‘Thiovit' followed by 73.33
percent used ‘Tilth’, 60.00 percent of them used
‘Ripcord’, and so on.

Along  with  chemical control measure
respondents were used several physical control
measures such as pruning, hand picking,
removal of diseased plant, cutting of branches
and use of ash. As shown in Table 6 more than
80 percent of respondents used ‘removal of
diseased plant’ followed by 72.5 percent of them
used ‘pruning’, 53.3 percent of them practiced
‘cutting of branches’ and so on. It revealed that
‘removal of diseased plant and ‘pruning’ were
extensively used in controlling the pest in lemon.
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Side by side, farmers were also attentive about
the use of cultural practices for pest
management in lemon. Majority of respondents
(64.1%) used to keep ‘healthy plants followed by
43.3 percent of them maintained ‘cleanliness of
field and 35.8 percent of them cultivated
‘resistant variety’ Table 7.

3.5 Impact of Pest Management Practices
on the Profitability

Pest management practices were taken to get
higher profit from lemon cultivation. Since lemon
production is highly sensitive to insect pests and
diseases, farmers were eager to take proper
management practices at an appropriate time to
get rid of those pests and diseases. It is
assumed that a farmer could make the highest
profit when he took proper management
practices.

Table 8 revealed that per hectare annual income
of respondents from their lemon cultivation varied
based on their adoption of management
practices. Respondents who adopted high
management practices earned Tk 101052 ha
year'1 followed by medium adopters made Tk
61172 ha™ year'1 and low adopters earned Tk
40500 ha” year'. Computed F-value (34.19")
exhibited significant differences among them at
1% level. So, it may be concluded that the higher
the management practice taken by the
respondents the higher was their profitability in
lemon cultivation.

Table 2. Status of disease infection in different lemon varieties

Serial Name of variety Name of disease Disease attack (% respondent

no opined)

01 Elachi lemon Dieback 49.3
Canker 41.3
Scab 20.0
Black rot 25.8

02 Satkara-2 Dieback 33.3
Citrus greening 16.6
Scab 18.8

03 Kagozi lemon Dieback 38.0
Gummosis 16.6
Anthracnose 12.3
Black rot 31.5
Canker 18.6
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Table 3. Respondents’ opinions about intensity of pests in different lemon varieties

Name of variety Intensity of pest(% respondents opined)

Very high High Medium Low Not harmful
Elachi lemon 35.0 27.5 9.2 5.0 8.3
Satkara-2 16.7 18.3 14.2 5.8 3.3
Ada lemon -3 19.2 14.2 10.0 5.0 15
Jara lemon 16.7 10.8 24.2 10.0 4.2
Kagozi lemon 25.0 26.7 8.3 11.7 5.0
90 -
80 67.5
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Fig. 2. Distribution of the respondent according to their adoption of pest management
practices

Table 4. Distribution of the respondent according to their use of different pest management

practices
Serial no. Pest management practices Number Percent Rank
01 Chemical control 95 79.1 |
02 Physical control 87 72.5 Il
03 Cultural control 58 48.3 11

Table 5. Chemical methods used by farmers for different pest management

Serial no. Name of the chemicals Number Percent
01 Bordeaux mixture 48 40.0
03 Thiovit 95 79.1
04 Actara 29 241
05 Malathion 36 30.0
06 Furadan 37 30.8
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07 Ripcord 72 60.0
08 Dursban 29 241
09 Bavistin 56 46.6
10 Ridomil gold 41 34.1
11 Tilth 88 73.3
12 Indofil 30 25.0

Table 6. Physical methods used by farmers for different pest management

Serial No. Physical methods used Number Percent
01 Pruning 87 72.5
02 Hand picking 23 19.1
03 Remove disease plant 97 80.8
04 Cutting of branch 64 53.3
05 Ash 48 40.0

Table 7. Cultural methods practiced by farmers for different pest management

Serial No. Cultural methods used Number Percent
01 Healthy plant 77 64.1
02 Cleanliness of field 52 43.3
03 Resistant variety 43 35.8

Table 8. Respondents’ annual income from lemon cultivation and their adoption levels of pest
management practices

Categories Annual income (Tk ha™) F- value
Low adoption of management practices 40500 34.19
Medium adoption of management practices 61172

High adoption of management practices 101052

Note: ** p<0.01

4. CONCLUSION high risk for lemon cultivation. Regarding pest

management, farmers mostly used chemical
Elachi and Kagozi lemon were found the most  control measures along with some physical and
widely cultivated varieties of lemon in the study  cyltural methods which means that farmers have
area with high intensity of pest attack. Lemon not yet made full use of the IPM method.

butterfly, leaf miner, dieback, and canker were  Nonetheless, the adoption of pest management
identified as major insects and diseases causing  practices had a significant impact on the
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profitability of lemon cultivation. This means that
the better the farmers’ management practices,

the more they get benefitted from

lemon

cultivation
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