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Introduction

The tomato (Lycopersicon esculentum Mill.) belongs to the family Solanaceae
and is a widely cultivated, nutritious fruit (Haque et al., 1999). It originated
from the highlands of South America where it was originally called “tomato”.
It is globally recognized that tomato holds a prominent position in vegetable
production and consumption, closely following potatoes and sweet potatoes
(Hossain et al., 2010). Tomatoes are good for health as they provide minerals,
essential amino acids, sugars, dietary fibers, and vitamins (Sesso et al., 2003).
Tomato cultivation is experiencing increasing popularity in Nepal, with
districts such as Kavre, Dhankuta, Sarlahi, Dhading, Dang, Kathmandu,
Rupandehi, etc (K. Singh et al., 2015). On a global scale, the leading countries
in tomato production include the United States, China, India, and subsequently
Turkey (Villanueva Gutierrez et al., 2018). The tomato alone covers 22,566
hectares of land with an average productivity of 18.01 mt/ha (MoALD,
2018/2019). In the Lamjung district, tomatoes are among the major
vegetables, following cauliflower and cabbage, occupying an area of 177
hectares with average productivity of 14.4 mt/ha (MoALD, 2018/2019).
Root-knot, caused by Meloidogyne spp., stands out as one of the most
widespread and devastating biotic stresses that tomatoes face throughout their
growing season (Hunt et al., 2009). Meloidogyne incognita is extensively
prevalent and is regarded as a highly significant pest in terms of economic
impact (Hussain et al., 2011). Among cultivated vegetables, tomatoes,
eggplants, okra, peppers, gourds, and melons are highly susceptible to root-
knot nematodes. With a host range encompassing 44 plant families, this
disease is prevalent across tropical, subtropical, and some warm temperate
regions worldwide (Hayward, 1991; Ji et al., 2005). The typical symptoms of
infestation include the formation of galls of various sizes on the roots of plants.
Since RKNs extract nutrients and minerals from the plants, symptoms such as
stunting, chlorosis (yellowing), premature wilting, malformed fruits, and
reduced plant growth become evident (Williamson, 1998). Plant growth and
productivity can be negatively impacted by reduced nutrient and water uptake
due to the presence of M. incognita infection, which leads to the deformation
of roots (Kepenekci et al., 2016; McCarter, 2008). Nematode control is
primarily achieved through various methods, including plant resistance, crop

Table 1. Treatment Details

Root-knot nematodes (RKNs) are microscopic soil-borne pests that pose a significant threat by attacking the
roots of numerous plant species. This causes a lot of damage and can reduce the amount of crops produced.
RKNs have a unique ability to survive in the soil for extended periods, even in the absence of a host plant
which has increased its threat by making it more devastating. An experiment was done on a tomato field at
the Lamjung campus that had the root-knot nematode problem to see how well different treatments worked
on these nematodes in tomato plants. Treatments like Neem cake, chicken manure, Lantana camara,
Trichoderma, and Fosthiozate, were arranged in Randomized Complete Block Design and replicated four
times. The disease parameter i.e., the root-knot index was recorded along with the growth parameter yield at
the time of harvest. Chicken manure worked the best in reducing the root-knot problem, with a score of
(0.87), and it helped produce the highest yield (12.38 t/ha). Neem cake and Lantana camara also did well.
Also, the more root-knot issues there were, the fewer tomatoes were produced. This connection was very

Root-knot nematodes, Tomato, Meloidogyne incognita, botanicals, management.

rotation (Chitwood, 2002), and the use of biocontrol agents (Mukhtar et al.,
2003; Rahoo et al., 2011). Due to the economic and hazardous consequences
associated with chemical nematicides, researchers have shifted their focus
towards implementing biological methods to control Meloidogyne spp
(Randhawa et al., 2001). Bio-control presents a viable and environmentally
friendly alternative for safeguarding plants, offering significant potential for
advancing sustainable agriculture. The effectiveness of bio-control is
contingent upon factors such as the specific nematode species, the host plant,
the root exudates it produces, and the other crops involved in the rotation (S.
Singh et al., 2010). Root-knot nematode infestation leads to an average loss of
20.6% in tomato yield (Sasser, 1989).

Once a field becomes infested with RKN nematodes, complete eradication
becomes a challenging task for farmers. However, it is possible to manage
their population below the threshold level. In the study area, there has been
limited assessment and research conducted on the spread and eco-friendly
management of root-knot diseases. Hence, this research aimed to explore
alternative management strategies and sustainable approaches by utilizing
various biological agents and plant extracts to mitigate the impact of these
diseases.

Materials And Methods

The experiment was done at IAAS Lamjung Campus in Nepal between March
and July 2022. This place is 700 masl and known to have a worm problem
affecting plants. The test was done on a tomato variety called Srijana. The
experiment followed a Complete Randomized Block Design (RCBD) using
six different treatments like Neem cake, Chicken Manure, Lantana camara,
Trichoderma, and Fosthiozate each replicated four times. Each plot measured
3m*2m with 16 plants, spaced at 50 cm*50 cm apart, with rows set 75
cm*75cm apart. There was a 1-meter gap between each trial and 50 cm
between plots. A 20-ton FYM was used as the base, and the advised fertilizer
mix of N: P: K @ 200:120:100 kg/ha was added. Other agronomical practices
such as irrigation, weeding, pruning, staking, and plant protection were carried
out as required.

S.N Treatments Application dose Application time
Tl Neem Cake 3t/ha of water 2 weeks before transplanting
T2 Chicken Manure 10t/ha 2 weeks before transplanting
T3 Lantana Camara 0.5%(W/w) or 10t/ha 2 weeks before transplanting
T4 Trichoderma 200 gram/6kg of manure 7 days before transplanting

TS Fosthiozate 2ml/1 of water 7 days before transplanting

T6 Control Use of recommended dose of fertilizers only

Root-Knot index

The root-knot index, a disease parameter, was recorded, along with growth
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parameter yield at the time of harvesting of tomato The tagged plant was
carefully uprooted after 90 days of transplanting and the roots were washed
gently with tap water and root-knot was observed. The degree of root-knot
nematode infection was recorded according to the rating degree given by
(Thies et al., 1997) as under:

Yield

The fruits harvested from the selected plants were taken and weighed an
average yield was calculated

Statistical Analysis

The data of the experiments were statistically analyzed, using RStudio for

root-knot index with a score of (0.87), which stood out from the others. Neem
cake was next best with (2.62), then came Lantana camara (2.91), Trichoderma
(3.31), Fosthiozate (3.5), and the group that wasn't treated was last with (4.75).
It is important to highlight that the control group displayed the highest root-
knot index, indicating its ineffectiveness in managing the nematodes. In the
end, the data showed chicken manure worked the best, followed by neem cake,
Lantana camara, and Fosthiozate. The group that wasn't treated did the worst
against the root-knot nematodes.

Table 2. Gall Index value to score Root-knot nematodes on tomato

. . . S.N Score Index value
analysis of variances. All the values were presented as the mean which was 1 1 No oalls or 62e mass present
compared according to Critical Difference (C.D.) at P = 0.05 level. Duncan's Og g P .

. L . 2 2 1-3% roots galled or covered with egg mass
Multiple Range Test was employed to test for significant differences between 3 3 4-10% roots ealled
the treatments. 0 g
Results 4 4 11-25% roots galled
. 5 5 26-35% roots galled
Root-Knot index 6 6 36-50% roots galled
Six treatments were tested to see how well they tackled the Root-knot ? &
. . . . 7 7 51-65% roots galled
Nematodes problem in tomato plants using environmentally friendly methods. .
H . 8 8 66-80% roots galled
The results in (Figure 1) show all the treatments helped reduce the Gall index 9 9 ~80% roots salled
compared to the group that wasn't treated. Each one worked in different ways 2 £
against the worms. The data showed clear differences (p<0.001) in how
effective they were. Chicken manure exhibited the highest reduction in the
Table2: Effects of different treatments on Gall index and Yield of tomato
Treatment Shoot Length Root Length Shoot diameter Root weight Yield (t/ha) Gall index
Neem Cake 141.32 24.32 4.27 38.18 9.59* 2.9100°
Chicken Manure 143.81 25.12 4.28 37.81 12.38° 0.8750°¢
Lantana Camara 143.31 28 4.72 42.50 9.33" 2.6250°
Trichoderma 138.31 26.87 4.61 44.18 8.13° 3.3125°
Fosthiozate 134.06 29.18 4.19 38.18 5.66° 3.5000%
Control 136.44 27 4.46 39.46 4.59¢ 4.7500°
LSD(0.05) 18.89 6.43 0.57 9.50 1.87 1.29
SEM(+-) 2.55 0.88 0.078 1.286 0.39 0.35
F-Proab ns ns ns ns ok HHE
CV% 8.98 15.95 8.67 15.73 15.03 28.625
Grand Mean 139.54 26.75 4.425 40.057 8.28 2.99

Note: SEM+, Standard Error of mean, C.V, Coefficient of variation, LSD, Least significant difference. Means in the column with same letter (s) in superscript
indicate no significant difference between treatments at 0.05 level of significance; "***' Significant at 0.001 level of Significance; "**' Significant at 0.01 level
of Significance, '*' Significant at 0.05 level of Significance. Value in parenthesis indicates the original mean value.
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Figure 1: Effects of different treatments on the Gall index of Tomato

Yield

Six treatments were tested to see how they could safely help tomato plants
grow more and deal with the Root-knot Nematodes issue. The results in
(Figure 2) showed that every treatment helped the plants produce more than
the group that wasn't treated. Each method had different impacts on the plant's
growth and health. The data showed clear differences (p<0.001) in how much
each group produced. Chicken manure made plants grow the most, giving
(12.38 t/ha), which was notably more than the rest. Neem cake came next with
(9.59 t/ha), then Lantana camara with (9.33 t/ha), and Trichoderma with (8.13
t/ha). The group that wasn't treated grew the least, with (4.59 t/ha). Summing
up, chicken manure worked the best for growth, followed by neem cake,
Lantana camara, and Fosthiozate. The group that got no treatment grew the
least.
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Figure 2: Effects of different treatments on Yield of tomato
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Figure 3: Correlation between Yield and Gall index

The presented graph illustrates a significant negative correlation between the
Yield and Gall index, with a significance level of 0.001%. This indicates that
as the severity of the disease increases, there is a corresponding decrease in
crop yield, resulting in significant losses. The adjusted R-square value of 0.45
implies that 45% of the changes in the dependent variable can be attributed to
the factors included in this model.
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Discussion
This finding aligns with the research conducted by (Abdel-Dayem et al., 2012)
which also highlighted the nematicidal and fertilizing properties of chicken
manure. The elevated levels of Nitrogen and Phosphorous present in chicken
manure have positively impacted plant growth, resulting in increased
resistance against nematode attacks. It is because of the addition of nutrients
to the soil as a result of organic matter decomposition, the direct killing or
inhibiting effects of decomposed materials on nematodes, and the root's
capacity to absorb water and nutrients required for photosynthesis. Similar
results were also documented by (Pérez et al., 2005) who observed that
chicken manure exhibited effectiveness in reducing the gall index, particularly
under elevated temperatures. Specifically, at a temperature of 30°C, the
efficacy of chicken manure against the gall index was notably high. This result
was supported by (Chindo et al., 1990) who reported an increase in yield
attributed to various factors. This can be attributed to several factors, including
enhanced nutrient availability for the plants, improved soil conditions leading
to increased root growth, and subsequently, better utilization of soil nutrients.
These factors collectively minimize nematode damage. Additionally, the
application of poultry manure brings about changes in both the biotic and
abiotic environment surrounding the plants, ultimately altering the
relationships between hosts and parasites.
(Sumbul et al., 2015) also reported that oil-cakes serve as a highly suitable and
readily accessible substrate for promoting the robust growth of beneficial
microorganisms, thereby benefiting plants in numerous ways. It has been
observed that these microorganisms play a crucial role in accelerating the
decomposition of oil-cakes. Consequently, this decomposition process aids in
reducing the nematode population, offering a valuable benefit to the plants.
(Bhattacharya et al., 1987) also reported similar findings regarding the
decomposition of the Neem cake. They discovered that among the various
chemical constituents found in neem kernels, the nematotoxic properties are
solely attributed to a group of compounds called limonoids, which belong to
B-furano-triterpenoids. Neem cake is rich in nitrogen content, making it a
valuable source of organic manure in agricultural fields, leading to an increase
in crop yield. Furthermore, the roots of plants grown in soil amended with
neem cake undergo physiological changes that make them unsuitable for
nematode penetration and development. This contributes to a certain level of
resistance in plants against nematode infections.
(Ghimire et al., 2015) also reported a similar finding of larvicidal activity of
lantana camara due to the presence of camaric acid and olenolic acids. (Qamar
et al., 2005) also found similar findings which explain the different
metabolites like lantanoides acid, camaric acid, and oleanolic acid possessing
nematicidal activity. A similar finding was found by (Sahebani et al., 2008)
who explore the different defense enzymes leading to systematic resistance in
plants. The presence of Trichoderma harzianum in the roots resulted in an
increase in the activity of defense-related plant enzymes, such as peroxidase,
chitinase, B-1,3-glucanases, lipoxigenase, and phenylalanine ammonia-lyase.
Since nematode eggshells contain proteins and chitin, which are targets for 7.
harzianum and other nematophagous fungi, these fungi produce extracellular
chitinase, protease, and other lytic enzymes that aid in egg penetration. In the
untreated control group, the crop yield was significantly lower due to the
severe infestation of disease and the development of root-knot, which hampers
the efficient uptake of nutrients.
Conclusion
The treatments showed noticeable differences in both disease parameters and
yield. The results showed chicken manure worked the best at fighting the root-
knot nematode disease and increasing tomato yield, with neem cake and
Lantana camara coming next. Different organic amendments have diverse
effects on nematode suppression, which depend on various factors such as the
types of compounds released, dosage, soil characteristics, and nematode
population levels. So, it's recommended to keep using eco-friendly treatments
that are available and affordable for the best long-term results. This method
can be an alternative to chemical solutions and can help keep the environment
clean. It's best to use this technique to prevent issues and be a part of global
efforts to keep soil good for growing in the future.
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