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Abstract

A study was conducted at a farmer's field in Nowshera, Pakistan, in 2024 to investigate the effects
of various botanical extracts, including neem seed extract, turmeric extract, heng extract, garlic
extract, and the synthetic insecticide emamectin benzoate, on the tomato fruit worm, Helicoverpa
armigera. The results indicated that the lowest number of larvae per plant (0.38 larvae/plant) was
observed with emamectin benzoate, while the highest number (0.95 larvae/plant) was recorded in
the control. Emamectin benzoate also yielded the highest tomato production, with 7497 kg/ha,
compared to the control plot's lowest yield of 3597.7 kg/ha. The percentage of fruit damage was
significantly lower in the emamectin benzoate treatment (8.73%), with the control showing the
highest damage (18.32%). Based on these findings, it is concluded and recommended that
emamectin benzoate is the most effective treatment for controlling Helicoverpa armigera,

resulting in the highest yield and the lowest percentage of fruit damage.
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Introduction

Tomato (Lycopersicon esculentum Mill) has rapidly become one of the world's most important
food crops in less than a century. Despite being botanically classified as a fruit, the tomato is
traditionally considered a vegetable (Anonymous, 2000). Like many agricultural crops, tomato is
susceptible to infection by many pests, with the fruit borer, Helicorpa armigera, being a major
threat. The polyphagous larvae of this moth are known to feed on a variety of crops, including
corn, tobacco, and cotton, as well as other vegetables. In particular, in tomatoes, larvae can damage
the fruit at any developmental stage, rendering it unmarketable (Gajete et al., 2004). Tomato
production in Pakistan is very low compared to developed countries. Among the many factors
contributing to this low yield, insects represent a major constraint. Although several pests affect
the tomato crop, the most destructive is the tomato fruit borer. Despite the widespread use of
insecticides to manage this pest, many of the chemicals used fail to provide adequate control.
Furthermore, the use of chemical pesticides often leaves toxic residues on the fruit, and over-
reliance on these chemicals has led to the development of resistance in pest populations (Natekar
et al., 1987). Therefore, the adoption of organic amendments, plant-derived products, and
microbial-based pesticides offer promising alternatives for pest management. Natural pesticides
offer a viable alternative to synthetic chemicals, as they are environmentally friendly and pose
minimal risk to natural enemies, humans and other animals. For example, most botanical pesticides
exhibit low to moderate mammalian toxicity (Hasan, 1992). In light of the significant threat posed
by H. armigera, the present study was conducted to evaluate the effects of botanical insecticides

and chemical treatments on yield and quality of tomato crop.
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Materials and Method

In 2024, experiments were conducted using a randomized complete block design (RCBD) with six
treatments and three replications at a farm field in Nowshera. Experimental plots, each measuring
5 by 1 m, were spaced with 0.60 m between plants and 1 m between rows, with a total field area
of 360 m2. Each plot contained 16 plants, and recommended agricultural practices were followed
throughout the study. Treatments included crude extracts of neem seed, turmeric, garlic, and henge

along with chemical treatment with emamectin benzoate and untreated controls.
Treatment preparation

The insecticide emamectin benzoate was procured from the local market. Crude extracts of neem
seeds, turmeric, henge and garlic were prepared following the procedure described by Munir

(2006).
Data collection

Data were collected weekly throughout the experiment. The treatment was applied immediately
after the first fruit set and reapplied at 15-day intervals until the fruiting stage was completed.
Mature tomato fruits were harvested separately from each plot and the weight and number of
damaged fruits were recorded for each plot. The total yield of tomatoes was calculated by summing

the yield from each pick for each plot.
Yield = Total weight of tomato collected from each plot
Percent fruit loss is determined using the formula:
Percent Fruit Damage = (Number of damaged fruits / Total number of fruits) x100
Data analysis

Data analysis was performed using the statistical package STATISTIX 8.1. Significance of results
was determined using ANOVA at the 5% significance level, as described by Steele and Torrey
(1980).
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Results and discussion

The results of the study on the larval populations of Helicoverpa armigera following the
application of various spray treatments, including garlic crude extract (0.90 larvae per plant), heng
crude extract (0.82 larvae per plant), turmeric extract (0.81 larvae per plant), neem extract (0.46
larvae per plant), and emamectin benzoate (0.38 larvae per plant), are presented in Table 1. Data
collected at weekly intervals reveals significant differences in larval numbers across treatments.
On May 9th, the lowest larval count (0.72 larvae per plant) was observed in T35, followed by T1
(0.78 larvae per plant), T2 (1.02 larvae per plant), and T4 (1.12 larvae per plant), all of which were
lower than the control (1.22 larvae per plant). The data from May 16th showed that T5 continued
to have the lowest larval count (0.58 larvae per plant), while the count in T6 (1.25 larvae per plant)
was statistically similar to that in T1, T2, T3, and T4. On May 23rd, the highest larval population
was recorded in T2 (1.22 larvae per plant), with T6, T3, and T4 following at 1.18, 1.08, and 0.98
larvae per plant, respectively. T1 and T5 had the lowest counts, at 0.75 and 0.68 larvae per plant,
respectively. By May 30th, TS5 had the lowest larval count (0.38 larvae per plant), significantly
lower than T1 (0.52 larvae per plant), T4 (0.92 larvae per plant), T2 (0.95 larvae per plant), T3
(1.02 larvae per plant), and T6 (1.05 larvae per plant). Data from June 6th indicated the highest
larval count in T3 (0.98 larvae per plant), with T2, T4, and T1 following at 0.92, 0.85, and 0.32
larvae per plant, respectively. TS had the lowest larval count (0.08 larvae per plant), while T6
recorded 1.02 larvae per plant. On June 13th, TS again showed the lowest larval population (0.08
larvae per plant), followed by T1 (0.15 larvae per plant). Larval counts in T2, T4, T3, and T6 were
0.78, 0.83, 0.92, and 0.92 larvae per plant, respectively. Notably, by June 20th, no larvae were
recorded in any treatment. Across the observation period, the highest infestation occurred during
the first two weeks (0.99 larvae per plant), with subsequent weeks showing a decline in larval
numbers: 0.93, 0.81, 0.72, and 0.61 larvae per plant in the 3rd, 4th, 5th, and 6th weeks,
respectively, and no infestation in the final week. The overall mean data conclusively indicated
that TS5 (emamectin benzoate) resulted in the lowest larval count (0.38 larvae per plant), followed
closely by T1 (neem seed extract) with 0.46 larvae per plant. These treatments were significantly
more effective than T2, T4, and T3 (0.81, 0.82, and 0.90 larvae per plant, respectively). The control
treatment recorded a larval count of 0.95 larvae per plant. These findings, summarized in Table 1,
clearly demonstrate that neem seed extract and emamectin benzoate significantly reduced the mean

larval population compared to the control and other treatments. Although some reduction in larval
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populations was observed with these treatments, the differences were not statistically significant.
These findings align with Prasad et al. (2006), who reported that emamectin benzoate 5 SG
effectively reduced dead hearts and fruit damage in brinjal. Similarly, Udikeri et al. (2004) found
emamectin benzoate and spinosad to be the most effective treatments, as they recorded fewer
damaged bolls in the cotton ecosystem, corroborating the present results. Supporting evidence also
comes from Ganeshan et al. (1995), who documented the mortality rate of H. armigera larvae
following the application of neem 1% and a combination of neem, annona, and mahua 1% under
laboratory conditions. Hegde (2004) observed a minimum number of larvae per plant with the
application of NSKE 5% in okra, while Sarode et al. (1995) reported a 63.39% and 53.48%
reduction in H. armigera larvae 7 and 14 days after applying NSKE 5%. Additionally, Rao et al.
(1991) noted that neem oil (3000 ppm) and solvent-based NSKE, EC (1500 ppm) significantly
reduced the number of Helicoverpa larvae per 10 plants. In the present study, garlic did not show
any significant effect on H. armigera larvae, suggesting that garlic alone may not be effective
against H. armigera in the tomato ecosystem. When considering the mean larval count, emamectin
benzoate treatment resulted in the lowest larval infestation, followed by neem seed extract. This
could be attributed to the rapid action of synthetic pesticides or the quicker degradation of botanical
insecticides compared to synthetic ones. Barnby et al. (1989) reported that azadirachtin and its
derivatives undergo photodegradation, leading to a significant decrease in their biological activity,

which might explain the lesser efficacy of neem-based treatments in this study.
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Table 1: Mean larval population trend of Helicoverpa armigera during 2024 under field

condition.
May June
Treatments gth 16t 23 30t 6th 13t 20" | Mean
Neem extract (T1) 0.78 | 0.72kl | 0.75jk | 0.52n 032 | 0.15r | 0.00t | 0.46¢
Turmeric crude extracts 1.02¢ef | 1.08 cd | 1.22ab | 0.95gh | 092h | 0.78; | 0.00t | 0.81d
(T2)

Garlic crude extracts (T3) | 1.12¢ | 1.22ab | 1.08 cd | 1.02ef | 0.98fg | 0.92h | 0.00t | 0.90b
Heng crude extracts (T4) | 1.08 cd | 1.12¢ | 0.98fg | 0.92h | 0.851 | 0.83s | 0.00t | 0.82¢
Emamectin benzoate (T5) | 0.72x1 | 0.58 m | 0.681 0.380 | 0.08s | 0.08s | 0.00t | 0.38f
Control (T6) 1.22ab | 1.25a | 1.18b | 1.05de | 1.02ef | 0.92h | 0.00t | 0.95a

Mean 099a | 099a | 093b 0.81c | 0.72d | 0.61e | 0.00f -

Mean in columns followed by the same letters are non-significant 5 % level of probability

LSD (0.05) for Treatments= 0.01
LSD (0.05) for Intervals= 0.01

LSD (0.05) for Treatments x Intervals = 0.04

Yield (kg/ha) and fruit damage (%)

In term of total yield (kg ha™), the highest yield was recorded in emamectin benzoate (7259 kg ha”

1 as followed by neem extract (7497 kg ha™'), turmeric crude extracts (5992 kg ha™') and heng

crude extracts (5857.3 kg ha'') while lowest yield was recorded in garlic crude extracts 4758.7 kg

ha') as compared with control treatment (3597.7 kg ha!). Similarly, in case of fruit damage (%),

lowest percent fruit damage was recorded in emamectin benzoate (8.73%) as followed by neem

extract (10.03%), heng crude extracts (13.23%), and turmeric crude extracts (14.03 %) while

highest fruit damage (%) was recorded in garlic crude extracts (15.91%) as compared with control

treatment (18.32%). In this study, heng and turmeric were tested for the first time against

Helicoverpa armigera in the tomato ecosystem. The results, however, were not promising and

indicate a need for further investigation. These findings are consistent with those of Sardana and
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Kumar (1989), who observed that neem oil at 2% not only increased yield but was also as effective
as monocrotophos at 0.05%. Similarly, Phadke et al. (1988) reported that Neemark, an herbal neem
extract, at 0.5% provided the highest yield in treated cotton plots, attributing the protection to the
antifeedant properties of neem oil and neem seed extract. Mahadevan (1998) found that 'econeem’
at 10 ppm (3.3%) was particularly effective in controlling H. armigera on tomatoes, resulting in
high yields during both summer and winter seasons. In the present experiment, neem treatments
were found to be as effective as the synthetic insecticide emamectin benzoate in reducing crop
losses. This is in line with the findings of Srivastava et al. (1984), who reported that an 8% neem
seed kernel extract significantly reduced damage by H. armigera on red gram, yielding results
comparable to treatments with Fenvalerate and Quinalphos. Overall, all treatments had a
significant impact in reducing fruit damage, demonstrating that neem seed extract was as effective
as emamectin in controlling H. armigera and preventing significant crop damage. Kumar and
Sangappa (1984) also noted that neem oil at 3% or 5% resulted in the lowest pod damage when
applied against H. armigera on gram, outperforming synthetic insecticides. Although turmeric
extract, garlic extracts, and heng treatments did not reduce the fruit borer population in this study,
there was a significant difference between the control and treated plots, likely due to the antifeedant

activity of these treatments as reported by Vijayalakshmi et al. (1996).

Table 2: Yield (kg/ha) and fruit damage (%) in tomato crop during 2024.

Treatments Total yield (kg ha™) % fruit damage
Neem extract (T1) 7259.0b 10.03 ¢
Turmeric crude extracts (T2) | 5992.0 ¢ 14.03 ¢
Garlic crude extracts (T3) 4758.7 ¢ 1591b
Heng crude extracts (T4) 5857.3d 13.23d
Emamectin benzoate (T5) 7497.0 a 873 f
Control (T6) 3597.7f 18.32 a
LSD (0.05) 4.34 0.22

Mean in columns followed by the same letters are non-significant 5 % level of probability

VOLUME 18, ISSUE 9, 2024 https://www.lgjdxcn.asia/ 93-102




LN\ oot ©f Soning Tt ity
ISSN No: 1008-0562 O latural Science Eoddition

Conclusions and recommendations

It is concluded from the results that among the treatments, emamectin benzoate showed highest
effectiveness against the pest and in term of yield and % fruit damage emamectin benzoate was
recorded as best treatment in the experimental area. Emamectin benzoate is recommended for the

control of Helicoverpa armigera in tomato crop.
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