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Abstract 

Root-knot nematode (Meloidogyne incognita) is one of the most destructive soil-borne pathogens that severely affects tomato 
(Solanum lycopersicum L.) production worldwide, including Bangladesh, causing signifi cant yield losses. The present study was 
conducted to evaluate the nematicidal potential of neem (Azadirachta indica A. Juss) based products for the management of M. 
incognita and their effects on tomato growth and yield under both pot culture and fi eld conditions during 2017-18, 2018-19, 2019-
20, and 2020-21 cropping seasons. Different neem formulations, including neem seed extract, neem leaf extract, neem oil, and 
commercial neem cake, were applied to artifi cial root knot nematode-infested soil amendment. In pot house condition, all neem 
based product was effective against root knot nematode and increased plant growth parameters. In the fi eld condition, results 
revealed that all neem products signifi cantly reduced root-knot gall index, and increased plant growth parameters such as shoot 
and root growth, as well as fruit number and yield of tomato compared to the untreated control. Among the tested treatments, 
neem oil cake and neem seed extract treatment exhibited the best nematicidal activity, with a reduction in gall index and 
remarkable improvement in plant height, shoot weight, root weight, fruit number, and total yield of tomato. Neem leaf extract, neem 
leaf powder, and chemical nematicide Furadan 5G treatments also performed better in the reduction of gall index, improving plant 
growth and yield of tomato compared to the untreated control. These fi ndings suggest that neem-based products, particularly 
neem oil cake and neem seed extract, are effective, eco-friendly alternatives to synthetic nematicides for sustainable root-knot 
nematode management and yield improvement in tomato production systems.
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obligate endoparasites induce characteristic root galls that 
interfere with the normal uptake of water and nutrients, 
leading to stunted growth, chlorosis, wilting, and substantial 
yield reduction [5,6]. Plant-parasitic nematodes have been 
implicated as a major constraint to tomato production [7]. 
Yield losses in tomato caused by M. incognita have been 
estimated to range between 30–100%, depending on the level 
of infestation and environmental conditions [8]. 

Chemical nematicides such as carbofuran, fenamiphos, 
and oxamyl were once widely used to suppress nematode 

Introduction
Tomato (Solanum lycopersicum L.) belongs to the family 

Solanaceae and is one of the most important vegetable 
crops cultivated worldwide for its high nutritional and 
economic value. It ranks next to potato and sweet potato 
in respect of vegetable production in the world [1,2]. 
However, its productivity is severely constrained by plant-
parasitic nematodes, particularly root-knot nematodes 
(Meloidogyne spp.), among which Meloidogyne incognita is 
the most prevalent and destructive species [3,4]. These 
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populations; however, their extensive use has led to several 
adverse consequences, including environmental pollution, 
residue hazards to other beneϐicial soil micro ϐlora, risks 
to human and animal health, high cost, and development 
of resistance [9-11]. In view of these limitations, there is 
a growing emphasis on identifying safer, biodegradable, 
and environmentally friendly alternatives for nematode 
management. Environmentally friendly alternatives 
management, like various soil amendments by green 
and compost manures, organic and inorganic fertilizers, 
botanicals, bio-control agents like nematophagous fungi, and 
soil bacteria, are found to be more satisfactory to reduce the 
nematode population and increase crop yield [12]. Among 
such alternatives, botanicals have attracted considerable 
attention due to their bioactive secondary metabolites with 
nematicidal, repellent, or antifeedant properties [13,14]. 

Plant-derived products, especially botanicals such as 
Azadirachta, Eucalyptus, Chrommelina, Sida acuta, and 
Targetis, have gained attention as sustainable substitutes due 
to their biodegradability, low toxicity, and multiple modes of 
action against pests and pathogens [9,15]. Neem (Azadirachta 
indica A. Juss), belonging to the family Meliaceae, is one of the most 
promising plant sources of natural nematicidal compounds. 
Its bioactive compounds, particularly azadirachtin, salannin, 
nimbin, and related limonoids, exhibit strong antifeedant, 
repellent, growth-disrupting, and nematicidal effects [16,17]. 
Various neem-based products such as neem seed cake, neem 
oil, neem leaf extract, and azadirachtin formulations have 
been shown to possess strong nematicidal activity against a 
wide range of plant-parasitic nematodes [18-20]. Moreover, 
neem products improve soil fertility and stimulate beneϐicial 
microbial populations, thereby enhancing overall plant vigor 
and yield [21,22]. In addition, neem products are compatible 
with integrated pest management (IPM) strategies and 
contribute to soil health improvement. However, in spite of 
the wide distribution of root-knot nematode on many crops in 
Bangladesh, little work has been done on the management of 
root-knot nematode in the country, and so far, no efforts have 
been made to exploit locally available botanicals, especially 
neem-based products, for the control of root-knot nematode. 
Considering the increasing demand for environmentally safe 
management practices, neem-based products represent a 
promising approach for the control of M. incognita in tomato 
cultivation. The present study was undertaken to assess 
the nematicidal potential of various neem-based products 
against M. incognita and to evaluate their inϐluence on the 
growth and yield performance of tomato.

Materials and methods
Pot house experiment

The study was conducted in the pot house of the Plant 
Pathology Division, BARI, Gazipur, during the Rabi season 
of 2017–18. Seven treatments were evaluated: i) Furadan 

(F) 5G @ 15 g pot⁻¹, ii) soil application of neem leaf powder 
@ 15 g pot⁻¹, iii) soil application of neem leaf extract (1:10 
w/v), iv) soil application of neem seed extract (1:10 w/v), v) 
soil application of neem oil (1:10 v/v), vi) soil application of 
neem oil cake @ 100 g pot⁻¹, and vii) untreated control. The 
experiment followed a completely randomized design (CRD) 
with four replications. Pots were ϐilled with sterilized loamy-
sand soil. The sterilized soil was inoculated with chopped, 
severely galled roots of Indian spinach at a rate of 10 g kg⁻¹ 
of soil. Neem leaf extract, neem seed extract, and neem oil 
were applied twice—once at the time of transplanting and 
again 40–45 days after transplanting. Neem leaf powder 
and Furadan were applied only at transplanting, while neem 
cake was thoroughly mixed with the soil 21 days before pot 
ϐilling to allow decomposition. Twenty-ϐive-day-old tomato 
seedlings (cv. BARI Tomato-15) raised in sterilized soil were 
transplanted, with ϐive seedlings per pot. Standard cultural 
practices, including weeding, fertilization, and irrigation, were 
performed as required. After 65 days of transplanting, plants 
were carefully uprooted to avoid damaging the root system 
and washed with running tap water for data recording.

Field experiment

The ϐield experiment was carried out at the Plant Pathology 
Division, Bangladesh Agricultural Research Institute (BARI), 
Gazipur, over three consecutive Rabi seasons, viz. 2018–19, 
2019–20, and 2020–21. The study was laid out in a randomized 
complete block design (RCBD) with seven treatments and 
three replications. The treatments included: i) Furadan (F) 
5G @ 45 kg ha⁻¹, ii) soil application of neem leaf powder @ 
2–3 g plant⁻¹, iii) soil application of neem leaf extract (1:10 
w/v), iv) soil application of neem seed extract (1:10 w/v), v) 
soil application of neem oil (1:10 v/v), vi) soil application of 
neem oil cake @ 600 kg ha⁻¹, and vii) untreated control. Each 
unit plot measured 3 m × 2.5 m, with a one-meter spacing 
between adjacent plots. A plant-to-plant distance of 50 cm 
and a line-to-line distance of 60 cm were maintained. During 
seedling transplanting, root-knot nematode–infected roots of 
Indian spinach were chopped and incorporated into the soil 
at the rate of 1 g per plant. Neem-based treatments, namely 
neem leaf powder, neem leaf extract, neem seed extract, and 
neem oil, were applied twice: ϐirst at the time of seedling 
transplanting and again 40–45 days after transplanting. The 
chemical nematicide Furadan 5G was applied only once, at 
the time of transplanting. Neem oil cake was thoroughly 
mixed with the soil and kept moist for 21 days before 
transplanting to ensure proper decomposition. Tomato 
(Solanum lycopersicum) cultivar BARI Tomato-15 seedlings 
were raised in sterilized potting mix and transplanted at the 
four-leaf stage (4 weeks old). Additionally, ten extra seedlings 
were transplanted between two rows in each plot. Necessary 
intercultural operations, including weeding and irrigation, 
were carried out following the recommended practices for 
tomato cultivation [23].



Nematicidal Potential of Neem (Azadirachta indica A. Juss) Based Products against Root-Knot Nematode (Meloidogyne 
incognita) and Yield Enhancement in Tomato

099www.plantsciencejournal.com 099https://doi.org/10.29328/journal.jpsp.1001161

Data collection and statistical analysis: After 65 days 
of transplanting, ten additional plants from each plot were 
carefully uprooted, and their root systems were thoroughly 
washed under running tap water. Data were collected on 
shoot length, shoot weight, root length, and root weight. The 
severity of root galling was assessed using a 0–10 gall index 
scale as described by Zeck [24]. In addition, the number 
of fruits per plant and fruit yield were recorded from ϐive 
randomly selected plants in each plot, and the fruit yield was 
expressed in tons per hectare (t/ha). Data were subjected to 
analysis of variance (ANOVA) appropriate to the RCBD using 
the statistical software MSTATC program. Treatment means 
were separated using least signiϐicant difference (LSD) at p ≤ 
0.05.

Results and discussion
A. Effi cacy of neem products and nematicide on 
root-knot nematode in the pot experiment

The effect of different treatments on the suppression 
of root-knot nematode (Meloidogyne incognita) and the 
enhancement of tomato plant growth under pot house 
conditions is presented in Table 1. The average shoot length of 
tomato plants in the control treatment was 46.12 cm plant⁻¹. 
Application of different neem-based products and Furadan 5G 
signiϐicantly increased the shoot length, ranging from 62.17 
to 71.00 cm plant⁻¹. The highest shoot length was observed 
in plants treated with neem seed extract and neem oilcake, 
followed by Furadan 5G, neem leaf extract, and neem leaf 
powder. Similarly, the highest shoot weight (191.90 g plant⁻¹) 
was obtained with neem seed extract treatment, followed by 
neem oilcake, neem leaf extract, Furadan 5G, and neem leaf 
powder. The control treatment produced the lowest shoot 
weight (118.00 g plant⁻¹). The maximum root length and root 
weight were recorded in the neem oilcake treatment, followed 
by neem seed extract, neem leaf extract, Furadan 5G, and neem 
leaf powder, while the control exhibited the lowest values. 
Treatment with neem products and Furadan 5G markedly 
reduced the severity of root gall formation compared to the 
control. The highest gall index (8.46) was observed in the 
control, which was reduced to values between 4.17 and 5.88 
in the treated plants, indicating effective suppression of M. 
incognita by neem-based treatments and Furadan 5G.

B. Effi cacy of neem products and nematicide on 
root knot nematode in the fi eld experiment

Severity of root-knot disease: In all experimental years, 
the severity of root-knot nematode infestation in tomato was 
signiϐicantly reduced compared to the control as a result of 
soil treatments with neem-based products—namely neem 
leaf powder, neem leaf extract, neem seed extract, neem 
oil, and neem oil cake—as well as Furadan 5G (Table 2). In 
the ϐirst year, the control plot recorded the highest average 
gall index value of 5.27. This was reduced to a range of 
2.00–2.80 following treatments with neem-based products, 
neem oil cake, and Furadan 5G. The lowest disease severity 
was observed in soil treated with neem oil cake, followed 
by neem seed extract, neem leaf extract, neem leaf powder, 
Furadan 5G, and neem oil. The highest reduction in root-knot 
severity (62.05%) was achieved with neem oil cake, while 
reductions of 59.58%, 56.93%, 54.46%, 53.13%, and 46.87% 
were obtained with neem seed extract, neem leaf extract, 
neem leaf powder, Furadan 5G, and neem oil, respectively. In 
the second year, the control plot exhibited a maximum gall 
index of 4.27, which decreased to 1.60–2.33 under various 
treatments. All treatments signiϐicantly reduced disease 
severity compared to the control. The greatest reduction 
(62.53%) was again observed with neem oil cake, followed 
by neem seed extract (60.89%), neem leaf powder (51.52%), 
and neem leaf extract (50.12%). The least effective treatments 
were neem oil and Furadan 5G, with reductions of 47.78% 
and 45.43%, respectively (Table 2). In the third year, all 
treatments signiϐicantly lowered root-knot disease severity 
relative to the control. The highest gall index (4.51) was 
observed in the untreated control, while treated plots showed 
values between 1.16 and 1.98. Neem oil cake remained the 
most effective treatment, providing a 74.28% reduction in 
disease severity, followed by neem seed extract (68.29%), 
neem leaf extract (67.85%), neem leaf powder (61.19%), 
Furadan 5G (58.98%), and neem oil (56.09%) (Table 2). The 
reduction in nematode population through neem treatments 
aligns with previous ϐindings. Javed, et al. [19] reported that 
neem extracts suppress nematode population density due to 
their nematicidal properties. Similarly, Singh and Hali [25] 
demonstrated that neem seed extract has strong potential to 
control root-knot nematodes in tomato. Ntalli, et al. [26] also 

Table 1: Effect of neem product and nematicide on the root knot disease incidence of tomato in a pothouse.
Neem-based products and Furadan 5G with a 

dose
Shoot length 

(cm)
Shoot weight 

(gplant-1)
Root length

(cm)
Root weight 

(gplant-1)
Gall index 

(0-10 scale)
Furadan 5G @15 gpot-1 68.42 ab 172.30 ab 22.00 d 33.50 bc 5.09 b

Neem leaf powder @ 15 gpot-1 68.06 ab 170.60 ab 26.46 bc 33.08 bc 4.33 c
Neem leaf extract (1:10 w/v) 68.38 ab 187.00 ab 27.25 bc 33.33 bc 4.17 d
Neem seed extract (1:10 w/v) 71.00 a 191.90 a 28.67 b 34.92 ab 4.29 d

Neem oil (1:10 v/v) 62.17 b 155.50 b 24.75 cd 31.25 bc 5.88 b
Neem oilcake @100 gpot-1 69.33 a 175.80 ab 32.92 a 38.25 a 4.33 d

Control 46.12 c 118.00 c 17.25 e 30.25 c 8.46 a
LSD (p = 0.05) 5.811 30.46 3.084 4.139 0.571

In a column, similar letter (s) do not differ signiϐicantly at 5% level of probability.
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conϐirmed the efϐicacy of azadirachtin-based formulations in 
suppressing M. incognita under greenhouse conditions. These 
results are further supported by the ϐindings of Sharma, et al. 
[27], Rather and Siddiqui [28], Ganai, et al. [29], Satyandra, et 
al. [30], Babu and Rana [31], Archana and Prasad [32], Resha 
and Rani [33], and Khan, et al. [34] who reported that organic 
soil amendments, including dried poultry litter, municipal 
refuse, and various oil cakes (groundnut, mustard, and neem), 
effectively suppress Meloidogyne incognita. Likewise, Akhtar 
[18] and Chitwood [10] conϐirmed the strong nematicidal 
potential of neem-based products against M. incognita and 
other plant-parasitic nematodes. 

Shoot growth: The average shoot length of tomato plants 
under control treatment was 54.87 cm plant⁻¹ in the ϐirst year, 
which increased to 71.00 cm plant⁻¹ in the second year and 
declined slightly to 63.45 cm plant⁻¹ in the third year (Table 
3). Soil application of neem-based amendments—including 
neem oil cake, neem seed extract, neem leaf extract, neem leaf 
powder, neem oil, and Furadan 5G—signiϐicantly enhanced 
shoot length compared with the control across all three 
years. Shoot length varied from 72.27 to 83.67 cm plant⁻¹ in 
the ϐirst year, 89.93 to 105.10 cm plant⁻¹ in the second year, 
and 70.40 to 82.40 cm plant⁻¹ in the third year. During the 
ϐirst year, the tallest plants were recorded in plots treated 
with neem oil cake and neem seed extract, followed by neem 
leaf extract, neem leaf powder, Furadan 5G, and neem oil. A 
similar response pattern was observed in the second year, 
where neem oil cake, neem seed extract, and neem leaf extract 
produced the greatest shoot elongation. In the third year, all 
treatments exerted a comparable stimulatory effect on shoot 
growth; however, neem oil cake again resulted in the maximum 
shoot length, closely followed by neem seed extract and neem 
leaf extract. Across all years, neem oil and Furadan 5G were 
consistently the least effective treatments in promoting shoot 
length (Table 3). With respect to shoot weight, tomato plants 
grown under control conditions recorded 178.7 g plant⁻¹ in 
the ϐirst year, whereas application of neem-based products 
and Furadan 5G increased shoot weight to 221.2–320.1 g 
plant⁻¹. The greatest improvement in shoot biomass during 
the ϐirst year was achieved with neem seed extract and neem 
oil cake, followed by neem leaf extract, neem leaf powder, 
and Furadan 5G; neem oil exhibited the lowest response. In 
the second year, the minimum shoot weight (230.7 g plant⁻¹) 

was observed in the control treatment, while neem oil cake 
produced the highest shoot weight (408.0 g plant⁻¹), followed 
by neem seed extract (392.7 g plant⁻¹) and neem leaf extract 
(389.3 g plant⁻¹). Neem oil again remained the least effective, 
followed by neem leaf powder and Furadan 5G. A similar trend 
was noted in the third year, where neem oil cake and neem 
seed extract resulted in the highest shoot weights, whereas 
the control and neem oil treatments produced the lowest 
shoot biomass (Table 3). The superior performance of neem 
oil cake may be attributed to its dual role as a biofertilizer and 
disease suppressant, which enhances nutrient availability and 
suppresses nematode infestation [35]. The present ϐindings 
are consistent with those of Sharma, et al. [27], who reported 
that neem product applications increased root and shoot 
growth, and with Pandey, et al. [36], who found that neem 
seed cake signiϐicantly improved plant height and leaf number. 
Similarly, Kumar and Khanna [37] observed enhanced plant 
growth with aqueous neem extracts, while Javed, et al. [38] 
demonstrated that neem formulations, applied both as foliar 
sprays and soil treatments, provided systemic protection 
against Meloidogyne incognita, leading to greater vegetative 
growth and biomass accumulation in tomato.

Root growth: Soil amendment with neem oil cake, neem 
seed extract, neem leaf extract, neem leaf powder, neem oil, 
and application of Furadan 5G signiϐicantly enhanced root 
growth of tomato plants compared to the control (Table 4). In 
the ϐirst year, the shortest root length (13.80 cm plant⁻¹) was 
recorded in the control treatment, whereas the longest roots 
were observed in plots amended with neem oil cake (21.93 cm 
plant⁻¹) and neem seed extract (21.33 cm plant⁻¹). Neem leaf 
extract also markedly improved root length (19.20 cm plant⁻¹). 
Moderate increases were obtained with neem leaf powder, 
neem oil, and Furadan 5G, which produced root lengths 
ranging from 17.20 to 18.13 cm plant⁻¹. A comparable trend 
was evident during the second year. Neem oil cake resulted in 
the maximum root length (27.67 cm plant⁻¹), followed closely 
by neem seed extract (27.40 cm plant⁻¹) and neem leaf extract 
(25.67 cm plant⁻¹). The control treatment recorded the lowest 
root length (20.27 cm plant⁻¹). Although neem leaf powder, 
neem oil, and Furadan 5G signiϐicantly increased root length 
relative to the control, their effects were inferior to those of 
the leading neem-based amendments. In the third year, root 
length under the control condition was 17.80 cm plant⁻¹, 

Table 2: Efϐicacy of soil treatment with neem-based products and nematicide on the severity of root-knot disease (Meloidogyne incognita) of tomato in three consecutive years.

Neem products and Furadan 5G with a dose
Gall Index (0-10 scale) Reduction of gall index over control (%)

2016-17 2017-18 2018-19 2016-17 2017-18 2018-19
Furadan 5G @45 kgha-1 2.47 bc 2.23 b 1.85 bc 53.13 47.78 58.98

Neem leaf powder @ 2-3 gplant-1 2.40 bcd 2.07 bc 1.75 bc 54.46 51.52 61.19
Neem leaf extract (1:10 w/v) 2.27 cd 2.13 bc 1.45 cd 56.93 50.12 67.85
Neem seed extract (1:10 w/v) 2.13 cd 1.67 c 1.43 cd 59.58 60.89 68.29

Neem oil (1:10 v/v) 2.80 b 2.33 b 1.98 b 46.87 45.43 56.09
Neem oilcake @500 kgha-1 2.00 d 1.60 c 1.16 d 62.05 62.53 74.28

Control 5.27 a 4.27 a 4.51 a - - -
LSD (P=0.05) 0.389 0.530 0.501 - - -

Values within the same column with a common letter do not differ signiϐicantly (p = 0.05).
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while the application of different amendments increased 
root length to values ranging from 20.25 to 28.60 cm plant⁻¹ 
(Table 4). Root weight followed a similar pattern across all 
years. The control treatment recorded root weights of 17.60, 
27.00, and 24.65 g plant⁻¹ in the ϐirst, second, and third years, 
respectively. In contrast, soil amendment with neem-based 
products and Furadan 5G resulted in higher root weights, 
ranging from 22.76 to 28.39 g plant⁻¹ in the ϐirst year, 31.87 to 
39.13 g plant⁻¹ in the second year, and 26.35 to 35.00 g plant⁻¹ 
in the third year (Table 4).

These ϐindings are consistent with those of Sharma, et al. 
(2007), who reported that the application of neem products 
enhanced root length in tomato. Similar ϐindings were also 
reported by several researchers. Akhtar and Alam [39] 
observed that neem products signiϐicantly reduced nematode 
populations and improved root and shoot growth in tomato. 
Khan, et al. [40] also found neem oil cake to enhance root 
biomass and reduce root-knot severity in M. incognita-infested 
tomato plants. Furthermore, Gowda, et al. [41] reported that 
neem leaf extract-treated tomato plants exhibited greater 
root length and dry weight compared to untreated controls, 
conϐirming the plant growth-promoting potential of neem-
derived compounds.

Crop yield: Soil treatment with neem-based products, 
namely neem oil cake, neem seed extract, neem leaf extract, 
neem leaf powder, and neem oil, along with Furadan 5G, 
consistently enhanced fruit number per plant and fruit yield 
per hectare across all three years of study (Tables 5,6). Under 
control conditions, the fruit number per plant was 23.67 in 
the ϐirst year, 29.87 in the second, and 27.50 in the third year 
(Table 5). However, with neem-based products and Furadan 
treatments, fruit number increased remarkably to 31.33–
37.67, 31.73–42.00, and 31.50–39.50 in the ϐirst year, second 
year, and third year, respectively. In the ϐirst year, neem oil 
cake treatment produced the highest increase by 37.16% 
more fruits per plant than the control, followed by neem seed 
extract, neem leaf extract, and Furadan 5G. A similar pattern 
was observed in the subsequent years, where neem oil cake 
continued to outperform other treatments. In the second year, 
fruit number rose by 28.88% under neem oil cake treatment 
compared to control, while neem seed extract and neem 
leaf powder increased fruit number by 27.97% and 26.43%, 
respectively (Table 5). 

Regarding fruit yield, control plots produced the lowest 
yields: 40.09 tha-1 in the ϐirst year, 45.47 tha-1 in the second 
year, and 43.33 tha-1 in the third year (Table 6). Application 
of neem-based treatments and Furadan 5G increased yields 
substantially. In the ϐirst year, yields ranged from 50.00 to 
68.53 t/ha, with neem oil cake achieving the highest yield 
(68.53 tha-1), followed by neem seed extract (64.07 tha-1). 
This represented a 41.50% yield increase over the control, 
with other treatments showing gains of 37.43% (neem seed 
extract), 26.84% (neem leaf powder), and 26.48% (neem leaf 
extract). Neem oil and Furadan 5G were less effective, with 
yield increases of 19.82% and 20.46%, respectively, compared 
to the control. In the second year, treated plots yielded 57.20–
69.79 tha-1, with neem oil cake again producing the highest 
yield, showing a 34.85% yield increase over control, followed 
closely by neem seed extract, neem leaf extract, neem leaf 
powder, and Furadan 5G with increases of 33.32%, 32.92%, 
31.58%, and 28.63%, respectively over control. In the third 
year, the highest yield of 69.58 tha-1 was achieved with neem 
oil cake, followed by neem seed extract (66.25 tha-1), neem 
leaf extract (65.83 tha-1), and neem leaf powder (61.25 tha-1). 
The control plot produced only 43.33 t/ha. Once again, neem 
oil and Furadan 5G were the least effective, producing 55.83 
and 57.92 tha-1, respectively, though they still increased yield 
by 21.44% and 25.19%, respectively (Table 6). The consistent 
improvement in fruit number and yield across years suggests 
that neem-based amendments effectively suppress root-knot 
nematodes, which are known to hinder plant growth and yield 
[19]. These ϐindings align with earlier studies—Saravanapriya 
and Sivakumar [42] found that neem and other botanicals 
signiϐicantly boosted yield over untreated controls, while 
Khan, et al. [40] reported that neem leaf application increased 
fruit number and weight in eggplant due to improved soil 
organic content. Similarly, Adegbite & Adesiyan [13] and 
Alam, et al. [43] observed that neem cake treatments not only 
reduced nematode infestation but also signiϐicantly enhanced 
tomato fruit weight and yield.

Correlation and regression analyses further conϐirmed 
the impact of neem treatments. The relationship between 
gall index and fruit yield, shoot weight, and root weight was 
linear and negative, with correlation coefϐicients (r) of 0.820, 
0.673, and 0.755, respectively (Figure 1). The effects were 
signiϐicant, indicating that gall index accounted for 67.30% 
(R² = 0.673) of the variation in fruit yield, 45.30% (R² = 0.453) 

Table 3: Effect of soil treatment with neem-based products and a nematicide on shoot growth of tomato in three consecutive years.

Neem products and Furadan 5G with a dose
Shoot height (cmplant-1) Shoot weight (gplant-1)

2016-17 2017-18 2018-19 2016-17 2017-18 2018-19
Furadan 5G @45 kgha-1 72.87 b 90.67 b 70.65 bc 248.9 c 349.3 c 201.4 b

Neem leaf powder @ 2-3 gplant-1 74.13 b 92.07 b 73.47 ab 277.5 b 356.3 c 207.2 b
Neem leaf extract (1:10 w/v) 76.80 b 101.70 a 75.70 ab 286.2 b 389.3 b 221.5 b
Neem seed extract (1:10 w/v) 83.33 a 102.80 a 78.05 ab 320.1 a 392.7 b 247.2 a

Neem oil (1:10 v/v) 72.27 b 89.93 b 70.40 bc 221.2 d 348.0 c 198.7 bc
Neem oilcake @500 kgha-1 83.67 a 105.10 a 82.40 a 314.6 a 408.0 a 262.3 a

Control 54.87 c 71.00 c 63.45 c 178.7 e 230.7 d 173.8 c
LSD (p = 0.05) 5.736 6.449 9.572 20.10 9.507 25.45

Values within the same column with a common letter do not differ signiϐicantly (p = 0.05).
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in shoot weight, and 57.00% (R² = 0.570) in root weight. 
These results demonstrate that neem-based soil amendments 
not only suppress nematode damage but also improve overall 
plant growth, likely due to the addition of essential nutrients 
and organic matter to the soil.

Conclusion
Although all treatments performed better than the 

control, neem oil cake and neem seed extract proved to be 
the most effective. These treatments signiϐicantly enhanced 
plant growth and yield parameters—including plant height, 
number of leaves, number of fruits, and fruit weight—while 
also reducing the soil nematode population and the number 
of root galls. Therefore, neem oil cake and neem seed extract 
can be recommended as suitable alternatives to synthetic 
nematicides for root knot nematode management.
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