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ABSTRACT

There are several production constraints in maize cultivation in Nepal, and fall armyworm
(Spodoptera frugiperda J. E. Smith, 1797) is considered one. Fall armyworm (FAW) is an
invasive, polyphagous, and voracious agricultural pest in maize crops. The current study aimed
to understand the host plant selection behavior of the fall armyworm on different popular maize
varieties in lab and field conditions. The lab experiment (choice test) was conducted at the
Department of Entomology, AFU, in June 2022. Cohorts of fifteen third-instar larvae were
used for laboratory bioassay in a Completely Randomized Design (CRD) with ten replications.
Ten different maize varieties (7 open-pollinated varieties and 3 hybrids) represent treatments
at both conditions, which are popular and recommended in Nepal. The number of larvae settled
on each maize variety was counted at 1 hour, 4 hours, 12 hours, and 24 hours after larvae were
released. The results showed that the selection of maize genotype by fall armyworm larvae
was initially random. However, at the end of the experiment, there was a significant difference
in the settlement of FAW larvae among the varieties. The larvae settled on different maize
genotypes of their preference. Rampur Hybrid- 12 was least preferred whereas Posilo Makai-
1, Rampur Composite, Arun- 4, and Manakamana- 7 were more preferred by FAW. The field
experiment was conducted in 2022 in Gorkha, Nepal. The experiment was carried out in
Randomized Complete Block Design (RCBD) with ten treatments, which were replicated three
times. The data were collected at every 10-day interval after 20DAS (V4 stage). Based on the
percent plant infestation with live larvae and the intensity of foliar damage, Rampur Hybrid- 12,
Deuti, and Manakamana- 3 were comparatively less attracted toward FAW. In contrast to that,
Manakamana- 7, Rampur Hybrid- 16, Rampur Composite, Arun-4, and Arun- 2 were found
to be more prone to fall armyworm attacks. Not all varieties are equally susceptible to FAW
damage. These findings have important implications for understanding the range of preference
by FAW on different maize varieties.
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INTRODUCTION
In Nepal, maize (Zea mays) is the second most important crop among cereals in terms of area
(9,85,565 ha) and production (31,06,397 Mt) with 3.15 t/ha productivity after rice, which
shares almost 29% of the total area and 27% of the total production of cereal crops in 2021/22
(MoALD, 2023). Maize production is affected by insect pests and diseases with major loss of
fall armyworm (Ranum et al., 2014). Fall armyworm (Spodoptera frugiperda) is a polyphagous
and more devastating agricultural pest but prefers maize and sweetcorn (Montezano et al., 2018;
Sparks, 1979). In Nepal, this pest was first noticed in Gaidakot, Nawalpur district, on the 9"
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of May 2019 (Bajracharya et al., 2019). Now, this pest has spread to more than 72 districts of
Nepal with a loss of 20-35% (PQPMC, 2019). The larval stage of this species feeds on growing
maize leaves, forming elongated papery windows and moving to whorl with moist sawdust-
like frass near the funnel and upper leaves (CABI, 2017). This pest has unique morphological
features in larval and adult stages, as the larva contains a white inverted Y’ on the head, distinct
black spots on the body, and four “dots” that form a rectangular shape on the eighth abdominal
segment of the larval abdomen (Kalleshwaraswamy et al., 2018). This has a wider host range
and prefers many categories of crops. Some crops/hosts are more favored, and some are the
least preferred. Such a preference ability of FAW in the different hosts is influenced by chemical
(Olfactory or gustatory) or physical (tactile or visual) stimuli (Shelton & Badenes-Perez, 2006).
An understanding of the host preference of fall armyworm larvae helps to develop a non-
chemical pest management strategy. These strategies can be employed to develop tolerance
varieties of maize against fall armyworms.

Pesticidal management is the common practice of FAW management in Nepal (GC et al.,
2019), but such pesticides increase the resistance to the FAW population (Yu, 1991) they
have deleterious effects on humans and the environment (Lewis et al., 2016). The use of sole
synthetic insecticides is undesirable in the integrated pest management (IPM) program (Day
et al., 2017). A reliable, durable, safe, environmentally friendly, and cost-effective breeding
strategy involving native host plant resistance (HPR) offers a potential control measure among
all pest management programs against FAW and other insect attacks in crops (Sharma & Ortiz,
2002). Resistant maize cultivars play an important role in minimizing the use of pesticides,
helping in reconstructing natural balance, and aiding in the movement of bio-control agents
(Anuradha, 2012; Hafeez & Zia, 2009; Jindal & Hari, 2008; Vishvendra et al., 2017). Varieties
and cultivars with a high ability to resist and tolerate insect-pest prevalence can play a major
role in maize breeding programs and the economic value of various pest management measures
(Anuradha, 2012; Yonow et al., 2017). Therefore, the main aim of these experiments was to
study the host preferences of FAW larvae by screening maize varieties.

MATERIALS AND METHODS
Laboratory Experiment
Preparation of maize cultivars for choice study
The experiment was carried out in the Entomology Laboratory of Agriculture and Forestry
University, Rampur, Chitwan, Nepal (27.650407° N, 84.350143° E, and 228 masl) in June
2022. Ten different released maize varieties (Table 1) were collected from the National Maize
Research Programme (NMRP), Rampur, Chitwan, for the preference study (choice test). The
plants were grown in pots (25 cm diameter x 30 cm height), which were filled with a soil mix
of 4 kg (The composition of black soil, compost, and sand at a proportion of 2:1:1) and watered
at three-day intervals. Five seeds of each variety were placed in each pot for regular obtain
of fresh leaves for the choice study. Pots were placed in the open corridor at the Department
of Entomology. There was one pot for a single variety, so there were altogether ten pots for
growing ten different maize varieties.

Colony management

The fall armyworm eggs were collected along with the maize leaves from a nearby pesticide-free
maize field and placed in normal aerated polythene bags, which were taken to the Entomology
Laboratory. Egg masses were then kept in the white transparent plastic box (19.00 cm x 12.50
cm x 7.50 cm) and placed inside the bug dorm (24.5 % 24.5 % 24.5 cm). After the hatching of
eggs, fresh maize chopped leaves (Variety: Rajkumar) were continuously supplied to larvae.
Similarly, each day, leaves with fall armyworm larvae were transferred to another new box (size
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same as above) and gently brushed with a fine hair brush. A similar process was continued until
the emergence of third-stage larvae (cohorts). The third instar stage is larger than the second
instar stage, with a body length ranging from 5.1 — 7.8 mm and a head capsule width ranging from
1.0 — 1.3 mm (n=140). The dorsal surface of the body is brownish-green with the appearance
of white lines extending along the body (Kasige et al., 2022). Before the commencement of the
laboratory experiment, larvae were kept at starvation for 24 hours.

Table 1. Different maize varieties used in the fall armyworm choice test

Name of maize Certification Days to Recommended Hybrid/
variety y e a r maturity geographical location OoPV
B.S.(A.D.)
Rampur Composite 2032 (1975) 110-115 Terai, Inner Terai & mid OPV
hills
Arun-2 2039(1981)  80-90 Terai, inner terai & foot OPV
hill (<1000m)

Rampur Hybrid-12  2078(2022)  160-165(winter) Terai & inner terai foot Hybrid
120-150(spring) hills (<700masl)
Manakamana-3 2059(2002) 142 Mid hill of E, C & W OPV
Development Region
(1000-1700 masl)
Arun-4 2072(2015) 113-115 Eastern terai, inner terai & OPV
mid hills of mid-western
region
Rampur Hybrid-14 2078(2022)  155-170(winter) Terai & inner terai foot Hybrid
120-145(spring) hills (<1000masl)
Rampur Hybrid-16 2078(2022)  160-175(winter) Terai & inner terai foot Hybrid
125-150(spring) hills (<1000masl)

Manakamana-7 2074(2018) 158 Mid hills (700-1600 masl) OPV

Posilo Makai-1 2065(2008)  145-155 E-W mid hill below 1600 OPV
masl

Deuti 2063(2006)  130-135 Mid-hills OPV

(MoALD, 2023)

Host preference (choice test) study

Maize leaves of ten different varieties were collected from potted plants of age 25 days with 4
to 6 fully developed leaves separately and made pieces of equal length of 10 cm with the help of
sterilized scissors. Three leaf pieces of each variety were taken and placed at the bottom of the
round plastic bucket (15 cm diameter x 10 cm height) equidistant from the center of the bucket
around the perimeter. Freshly cut leaves were used for feeding the worms each day. Cohorts of
third-instar larvae were used for laboratory experiments. Fifteen 3™ instar larvae were released
at the center of each round bucket and covered by transparent muslin cloth from the top to prevent
escape. The laboratory experiment was carried out in a Completely Randomized Design (CRD)
with ten treatments which were replicated ten times. The numbers of larval settlements on each
maize cultivar were observed in 1 hour, 4 hours, 12 hours, and 24 hours of experiment setup.

Field Experiment

A field experiment was set up in the Gorkha district of Nepal (28.050691°N, 84.485242° E, and
448 masl) in March- July 2022. The soil type of the field was clay loam and received an average
annual rainfall of 1491.5 mm. This location was situated under mid-hill conditions having
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sub-tropical to temperate climates. Ten different cultivars of maize (Table 1) were selected for
study. The plot size for each maize cultivar was 4x3m?, having 4 rows with 20 plants in each row,
and this was replicated three times using Completely Random Block Design (RCBD). Row-
to-row and plant-to-plant distance was 75X20 cm?® The normal agricultural practices, such as
planting, weeding, and fertilizer application, were done as per the recommendation by NMRP,
Rampur, Chitwan, Nepal. Data were collected from the middle two rows of all the plots. The
FAW infestations as well as the FAW population, were assessed from maize planting to harvesting.
The first observation was initiated when the crop coincided with the 21-day-old (V4 stage).
Observations were made on the number of total plant stands, number of infected plants, and
number of live larvae. The presence or absence of foliar damage on the upper four leaves and
whorl were recorded. The data was collected every 10-day interval after 21DAS.
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Fig. 1. Meteorological data during the experimental period

Statistical analysis

The collected data were tabulated and maintained in the Excel sheet and were transformed
to square-root transformation. Analysis of variance (ANOVA) was used for the data analysis
using the Rstudio (4.1.3 version), and multiple comparisons among the treatments were done
by using the Least Significant Difference (LSD) test at 5% and 1% level of significance (Gomez
& Gomez, 1984).

RESULTS AND DISCUSSION
Laboratory Evaluation
Larvae settlement of fall armyworm on 1 hrs (F
p<0.001) and 24 hrs (F 5,
but there is no significant result on 4hrs (F

&£ 050~ .1.99; p<0..05), 12 hrs (Fy; 540 = §.§1,
=40.38, p<0.001) were significantly different among the varieties
aroon— 1:59, p>0.05) of larval settlement.

Larva settlement at 1 hour of release

On lhour of fall armyworm larva released, the highest mean number of larvae were settled in
Posilo Makai (1.367+ 0.18), which was statistically at par with Rampur Composite (1.304=+

0.67), Manakamana-3 (1.264+ 0.34), Arun-2 (1.205+ 0.40), Manakamana-7 (1.095+ 0.47) and
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Arun-4 (1.021+ 0.42). The lowest mean number of larvae was recorded in Rampur Hybrid-14
(0.898+ 0.32), Deuti (0.898+ 0.32), Rampur Hybrid-12 (0.950+ 0.33), and Rampur Hybrid-16
(0.950+ 0.33), which were not significantly different from each other (Table 2). The selection of
resistant varieties and genetically modified seeds plays a vital role in controlling fall armyworms
(Burtet et al., 2017).

Larva settlement at 4 hours of release
The data taken on 4 hours of larvae released exhibited non-significant differences (p>0.05) in
settlement among the treatments.

Larva settlement at 12 hours of release

However, in 12 hours, the preference of fall armyworm larvae was greatest in Rampur Composite
(1.716+ 0.25) and Posilo Makai-1(1.610+ 0.09) as compared to other varieties. The lowest
number of larvae was recorded in Rampur Hybrid-16 (1.018+ 0.27), Deuti (1.053+ 0.32),
Rampur Hybrid-12 (1.105+ 0.30), and Rampur Hybrid-14 (1.105+ 0.30) and were statistically
on par with each other.

Larva settlement at 24 hours of release

After 24 hours of larva release, the maximum number of larvae was recorded in Posilo
Makai-1 (1.892+ 0.15), which was not significantly different from Rampur Composite (1.838=+
0.16), Arun-4 (1.809+ 0.18), Manakamana-7 (1.755+ 0.15), and Arun-2 (1.697+ 0.15). But
significantly lower numbers of larvae were settled in Rampur Hybrid-12 (0.862+ 0.25), which
was statistically on par with Rampur Hybrid-14, Rampur Hybrid-16, and Deuti (0.966+ 0.27)
(Table 2). In our study, the order of preferences by fall armyworm was as follows: Posilo
Makai-1> Rampur Composite> Arun-4> Manakamana-7> Arun-2> Manakamana-3> Deuti>
Rampur Hybrid-16> Rampur Hybrid-14> Rampur Hybrid-12. According to the annual report
of NMRP, Rampur, Chitwan, Nepal (2021), classification of maize genotypes against fall
armyworm based on leaf damage rating (1-9 scale) were; highly susceptible (>7-9) = Arun-
6; moderately susceptible (>6-7) = Posilo Makai-1, Rampur Composite, Arun-2, Arun-4,
Manakamana-7; least susceptible (1-5) = Manakamana-3, Deuti and Rampur Hybrid lines. Our
result was per the NMRP (2021) annual report, which explains that Posilo Makai-1 and Rampur
Composite were the most preferred varieties by FAW. Arun-2, Arun-4, and Manakamana-7
were the medium preferred genotypes, whereas Manakamana-3, Deuti, and the Rampur Hybrid
series (i.e., RH-12, RH-14, and RH-16) were categorized as the low preferred maize varieties
by FAW among the tested ones. In the case of hybrid varieties, Lackisha Navin et al. (2021)
agreed that nutritional and secondary metabolite variations among the maize hybrids influence
the feeding preference of the fall armyworm.
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Table 2. Third instar larva settlement on leaves of different maize varieties in different

time intervals under laboratory conditions, Chitwan, Nepal.

Maize varieties

Mean (+ SE) number of larvae settlement

1hrs 4hrs 12hrs 24hrs
Rampur Composite  1.304+ 0.667® 1.331£0.505  1.716+0.2532 1.838+0.1562
Arun-2 1.205+0.4042° 1.334+0.496  1.416+0.326% 1.697+0.150°
Rampur Hybrid -12 0.950+0.330° 1.244+0.240  1.105+0.296¢% 0.862+0.250°
Manakamana- 3 1.264+0.3382* 1.296+0.150  1.280+0.262¢%  1.244+0.240°
Arun- 4 1.021+0.4182* 1.311+0.448 1.470+£0.394%¢  1.809+0.175°
Rampur Hybrid -14  0.898+0.322° 1.105+£0.296  1.105+0.296% 0.966+0.273¢
Manakamana- 7 1.095+0.4722® 1.237+0.549  1.364+0.394%¢  1.755+0.150?
Posilo Makai- 1 1.367+0.1842 1.457+0.293 1.610+0.0922 1.892+0.1512
Rampur Hybrid- 16~ 0.950+0.330° 0.950+0.330  1.018+0.267¢ 0.966+0.273¢
Deuti 0.898+0.322° 1.037+0.371 1.053+0.317¢ 0.966+0.273¢
Grand mean 1.095 1.230 1.314 1.40
p-value <0.05* ns <0.0071%*** <0.001 %
LSD (5%) 0.353 0.345 0.267 0.192
CV% 36.297 31.522 22.892 15.425
SEm (%) 0.056 0.049 0.077 0.137

LSD denotes the least significant difference, CV denotes the coefficient of variation, SEm denotes the standard
error of mean, and means in columns separated by the same letters are not statistically different by LSD at P< 0.05;
the value after + indicates standard error.

Field Evaluation

There was a significant difference in the percentage of plant infestation among the tested crop
varieties. Leaf damage inflicted by FAW larvae was significantly different among tested crop
varieties in 21, 31, 41, and 51 days after sowing (DAS). Based on damage symptoms on the
whorl and upper four leaves, Rampur Hybrid -12 and Manakamana -3 were found consistently
superior compared to other varieties (Table 3). The data recorded of S. frugiperda on 21 days
after sowing revealed significant differences among the treatments, with the percentage damage
ranging between 3.42% to 5.60%. The Rampur Hybrid- 12 has outperformed among the rest of
the varieties with 3.42% plant infestation, followed by Manakamana- 3, Deuti, Posilo Makai-1,
and Rampur Hybrid- 14 with 3.75%, 3.96%, 3.99%, and 4.11% plant infestation, respectively
and were at par with each other. Among tested varieties, Arun- 2 (4.63%), Arun-4 (4.71%),
Rampur Composite (5.15%), Rampur Hybrid- 16 (5.40%), and Manakamana- 7 (5.60%) were
the preferred ones by FAW, which were statistically at par with each other.

The data observed on 31 days after sowing exhibited significant differences among the varieties.
The lowest infestation was recorded on Rampur Hybrid- 12 (3.50%), and it was followed
by other varieties, viz., Deuti (4.02%) and Manakamana- 3 (4.09%), and they were found
at par with each other. However, significantly highest damage percentage was recorded on
Manakamana- 7 with 5.58% followed by Rampur Hybrid- 16 (5.41%), Rampur Composite
(5.29%), Arun- 4 (4.92%), Arun- 2 (4.82%), Posilo Makai- 1 (4.56%) and Rampur Hybrid- 14
(4.29%), respectively and were found statistically at par with each other.

The data recorded of S. frugiperda on 41 days after sowing elucidated significant differences
among the varieties. Rampur Hybrid- 12 recorded minimum leaf damage (3.19%) and it was
found to be significantly superior to Deuti (3.39%), Manakamana- 3 (3.49%), Posilo Makai- 1
(3.69%), Rampur Hybrid- 14 (3.91%) and Arun- 2 (4.21%) and were statistically at par with
each other. In Manakamana- 7, higher leaf damage of 5.25% was noticed, which was followed
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by Rampur Hybrid- 16, Rampur Composite, and Arun- 4 with 4.91%, 4.85%, and 4.46% plant
infestation, respectively, and were statistically similar with each other.

The data recorded of S. frugiperda on 51 days after sowing illustrated significant differences
among the tested varieties, with the minimum crop damage percent recorded on Rampur Hybrid-
12 (2.36%), which was statistically at par with Deuti (2.76%) and Manakamana- 3 (2.76%).
Medium preference of FAW was observed on Rampur Hybrid- 14, Posilo Makai- 1, and Arun-
2 with percentage plant infestation of 3.25%, 3.40%, and 3.62%, respectively. However, the
significantly highest FAW damage percentage in maize plants was observed in Manakamana- 7
with 4.67%, followed by Rampur Hybrid- 16 (4.22%), Rampur Composite (4.11%), and Arun-
4 (4.06%) and were found at par with each other (Table 3).

Table 3. Plant Infestation Percentage on Maize by Fall armyworm Larvae in Gorkha,
2022
Crop Varieties

Plant Infestation %
21 DAS 31 DAS 41 DAS
5.15(26.00)*® 5.29 (28.07)® 4.85(23.17)®
4.63 (20.93)%d 4,82 (23.21)*¢ 4.21 (17.31)>

51 DAS
4.11 (16.52)%
3.62 (12.74)b

Rampur Composite
Arun-2

Rampur Hybrid (RH) -12 3.42 (11.21)°  3.50 (12.25)  3.19(9.71)°  2.36 (5.09)'
Manakamana-3 3.75(13.58)c  4.09 (16.81)% 3.49 (11.78)%  2.76 (7.19)
Arun-4 471 (21.74)  4.92 (24.25)%  4.46 (19.40)™  4.06 (16.12)

Rampur Hybrid (RH) -14
Rampur Hybrid (RH) -16

Manakamana-7

Posilo Makai -1

Deuti
Grand mean
SEm

LSD

(A

p-value
F-value

4.11 (16.44)

5.40 (28.80)°
5.60 (31.30)°
3.99 (15.64)%
3.96 (15.21)
4.47

0.23

0.66

8.54

4% (<0,001)
11.24

4.29 (18.59)
5.41 (29.55)°
5.58 (31.41)°
4.56 (21.20)0
4.02 (16.17)
4.65

0.21

0.73

9.13

4% (<0,001)
7.67

3.91 (15.65)%
491 (23.73)®
5.25 (27.10)°
3.69 (13.35)%
3.39 (11.01)%
4.13

0.23

0.80

11.31

5% (<0,001)
6.98

3.25 (10.43)%
4.22 (17.55)®
4.67 (21.40)
3.40 (11.16)%
2.76 (7.16)
3.52

0.24

0.72

11.95

5% (<0,001)
9.54

CV: Coefficient of Variation; LSD: Least Significant Difference; SEm: Standard Error of Mean; ***: Significance
at <0.1% (p<0.001); **: Significance at 1% (p<0.001); *: Significance at 5% (p<0.05); DAS: Day After Sowing;
Mean values in columns separated by the same letters are not statistically different by LSD at P< 0.05; Fig. in
parenthesis indicate original values.
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Fig. 2. Average number of fall armyworm (FAW) larvae on various maize varieties in
Gorkha, 2022

Based on the percent plant infestation with live larvae and the intensity of foliar damage,
Rampur Hybrid- 12 was least preferred by fall armyworm, followed by Deuti and Manakamana-
3. Whereas, Manakamana- 7, Rampur Hybrid- 16, Rampur Composite, Arun- 4, and Arun-
2 were more preferred among the tested varieties. The annual report of NMRP (2021) also
explained a similar finding. According to them, out of 38 tested varieties, none of the genotypes
were found resistant/tolerant against fall armyworms in this study period. However, Arun-3,
EEYC-1, SPPTLYQ-A, CORRALJOS002SIYQ, Mankamana-3, Rampur-4, Deuti, BGBYPOP,
05SAVDI, R-POP-2, KSYNF10, S0128, Rampur hybrid-10, and CAH 1715 were found to be
less susceptible to the fall armyworm. Rampur Hybrids have more hairs on leaves and stems,
so it may be one reason to be tolerant against FAW (Tiwari, 2022). Physical characteristics of
host plants, such as trichomes, wax amount, thickness and toughness of leaves, and secondary
toxic metabolites can influence host-plant selection behavior (Gatehouse, 2002). The density of
trichomes plays a crucial role in plant resistance and influences chewing damage by S. frugiperda
(Moya-Raygoza, 2016). Among the hybrid lines, Rampur Hybrid-12 has a tight husk covering
and has small hairs on leaves, stems, and cob during the research observation, which may
be one reason for FAW tolerance. The cultivation of maize hybrids with tight husks is found
to be effective in reducing FAW damage (Firake et al., 2019). Rampur Hybrid-12 is a heat-
stress-tolerant and FAW-tolerant hybrid variety, as explained by NMRP (2021), which was also
observed in our study. Hybrid had lower leaf damage percentage and scorings as compared to
other lines as given by Asare et al. (2023), which is somehow similar to our findings. Among the
various cultivars of maize crop, FAW preference may differ, and this is influenced by cuticular
lipids (Yang, 1993a), the presence of wax materials on the leaf surface (Yang et al., 1993b), and
antifeedants or anti-repellents may also affect the preference level. Maize varieties and cultivars
with a high ability to resist and tolerate insect-pest prevalence can play a major role in maize
breeding programs and the economic value of various pest management measures (Anuradha,
2012; Yonow et al., 2017).
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CONCLUSION

Currently, the control of fall armyworm has been dominated by the use of chemical insecticides,
with their adverse effects on the environment, human health, and natural enemies, as well
as the cost implications. The findings of this study are important for understanding the host
preferences of FAW to create and design sustainable management options. The outcome of this
research offers a safe, reliable, environmentally friendly, durable, and cost-effective approach
to controlling the fall armyworm. The main objective is to provide practical recommendations
to the farmers to select the more tolerant variety of maize against fall armyworm to increase
maize yield. Tolerant maize varieties play an important role in minimizing the use of pesticides.
Results showed that the preferential association of fall armyworm was not the same for all
tested maize varieties. Some are more preferred, and some are least preferred. None of the
maize genotypes were found to be completely resistant to fall armyworm. Based on our results,
Rampur Composite, Arun-2, Arun-4, Rampur Hybrid- 16, and Manakamana-7 were the more
preferred genotypes, whereas Posilo Makai-1 and Rampur Hybrid- 14 were medium preferred.
However, among the hybrid lines, Rampur Hybrid -12 and among the OPV, Manakamana-3 and
Deuti were less preferred genotypes by the fall armyworm. The selection of tolerance varieties
against FAW is a sustainable strategy for pest management. These research findings are useful
to maize-growing farmers for the selection of suitable varieties that are least preferred by FAW.
However, these findings only provide a basic idea of the varietal selection of fall armyworm
among tested varieties, but testing of such genotypes in a wider group of plant species and on
a wider field areas considering growth and development parameters, oviposition preferences,
etc., is suggested for more realistic results.
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