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ABSTRACT
One of the most important vegetable crops widely cultivated and consumed in the world is
tomato (Solanum lycopersicum L). However, tomato production has been decreasing at at the
various irrigation sites in Ghana due to the devastating effects of root-knot nematodes
(Meloidogyne spp.). In this study, the impact of drip irrigation regime, Velum Prime and neem
extract on root-knot nematodes and yield of tomato were investigated. The experiment was
carried out in a greenhouse (from May to August 2022, at the Council for Scientific and
Industrial Research-Savanna Agricultural Research Institute (CSIR-SARI), Nyankpala, near
Tamale, Ghana. A 3 x 2 x 3 factorial experiment laid out in a Randomized Complete Block
Design (RCBD) with three replications was conducted. The treatments consisted of irrigation
regimes (50% ETc, 75% ETc and 100% ETc), Velum Prime rate (0.625 and 1.25 L/ha) and
neem leaf extract, neem seed extract, and neem cake, each at 5 t/ha. Each experimental pot was
filled with 5 kg soil and infested with 159 ml of nematode-infected water. Results of the
CROPWAT model showed that the seasonal water needs for tomato ranged from 254 mm at
50% ETc to 508 mm at 100% ETc. The soil textural class was clay loam and field capacity of
the topsoil and subsoil were 31.70% and 31.90%, respectively. Application of 100% ETc with
1.25 L/ha Velum Prime plus of either 5 t/ha neem seed extract or 5 t/ha neem leaf extract
increased crop growth indices such as plant height. Irrigation at 75% ETc plus Velum Prime
(1.25 L/ha) and neem seed extract (5t/ha) increased number of leave per plant, whilst 100% ETc
irrigation with 5 t/ha neem seed extract, 1.25 L/ha Velum Prime and neem leaf extract and 1.25
L/ha Velum Prime with neem seed extract (5 t/ha) gave the highest leaf chlorophyll content.
The 75% ETc irrigation and 5 t/ha neem seed extract promoted flowering. Moreover, irrigation
with 75% ETc and 1.25 L/ha Velum Prime with 5 t/ha neem seed extract gave the highest fruit

set. Irrigation with 75% ETc combined with 5 t/ha neem seed extract increased number of fruits
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per plant. However, the greatest fruit yield of 1.7 t/ha was obtained by the application of 75%
ETc irrigation with 5 t/ha neem seed extract. Fruit yield correlated positively with plant growth
and reproductive indices of the plants (plant height, number of leaves, leaf chlorophyll, flower
and fruit counts) showing coefficient of correlations as: r = 0.78, 0.67, 0.96, 0.85, 0.95,
respectively. The study therefore revealed integration of drip irrigation, Velum Prime rate and
neem extract exhibited greater potential in increasing the ???? of tomato in root-knot nematodes

infestation soils at irrigation sites.
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CHAPTER ONE

1. INTRODUCTION

1.1. Background

Across the globe, most economies are built on agriculture, which also plays a crucial and
strategic role in the development of underdeveloped nations (World bank, 2020). Indeed, it is
the key to economic growth, raising living standards, increasing incomes, and improving food
security (Anonymous, 2011). In West Africa, agriculture is the engine of economic growth with
a gross domestic product (GDP) of 40% in a country like Ghana (Wood, 2013). The size of
cultivated land in Ghana increased from 28,400 ha in 1996 to 37,000 ha in 2014 (Kankam and

Adomako, 2014).

One of the most common vegetable crops cultivated worldwide is tomato (Solanum
lycopersicum L), and its output has increased significantly in 170 countries (Loeillet, 2019). In
terms of volume of production, tomato is the leading vegetable in the world, ahead of
watermelon and cabbage; but behind potatoes. According to Ling et al (2019), tomato crop is
now the most important vegetable crop of commercial interest, with a world production in 2017
of about 177 million tons for a surface of 4.78 million hectares, giving an average yield of 37.02
tons per hectare (FAO, 2017a). Tomato is one of the important vegetable crops grown
throughout the world and is next to potato in terms of the area but ranks first as a processing

crop (Mehdizadeh et al., 2013).

For several years, tomato production has decreased or even totally stopped in some farms due
to plant-parasitic nematodes particularly the Meloidogyne spp. The RKNs causes a lot of

damage in vegetable farms and are therefore considered as major limiting factor (Kane, 2018).

1
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Sikora et al. (2005), reported that nematodes damage, in particular root-knot nematodes, is a
major challenge to Ghana's tomato production. Tomato infestation is at the origin of an
enormous fruit yield loss by increasing the proliferation of plant-parasitic nematodes on the
tomato crop. Indeed, it acts as an energy sink, by absorbing the photosynthates necessary to the
plant for the production of fruits; hence reduction in fruit yield, poor quality of the harvest and

reduction of the shelf life (Kankam and Adomako, 2013).

Giving a crop the suitable amount of water at the right time, based on the depth of its roots, is
the process of irrigation. Irrigation is critical for agricultural development especially in crop
cultivation. According to Jagermeyr et al. (2016), access to irrigation water and water security
are critical factors in improving food security, increasing incomes, and in enhancing livelihoods
of rural communities. The availability of plant nutrients and the characteristics of the soil are
both impacted by irrigation, which may improve or decrease crop productivity. Even though
there are irrigation techniques that could reduce the incidence of root-knot nematodes (Bozbuga,
2020), limited studies have been conducted in Ghana to ascertain the impact of irrigation

methods on diseases attacking tomato in the field.

The use of chemical and botanicals on the management of Meloidogyne spp. have been reported
in literature. The synthetic nematicides are commonly used in developed cropping systems and
may directly kill nematodes or by paralyzing the nematodes for a long period of time (Wen et
al., 2017). Given the negative consequences on the environment and health of the population,
farmers are beginning to apply bio-nematicides. One of the most effective ways currently used
to safeguard crops against pests is the use of botanical pesticide (Singh et al, 2017). Several
substances immobilized young root-knot nematodes at very low concentrations, and some also
reduced egg hatching (Oka et al., 2007). In a study conducted by Kankam and co-authours,

2
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applying root-not nematodes treatment decreased nematode reproduction by 88% and tomato

yield by 44% compared to the non-treated inoculated control (Kamran et al., 2014).

1.2. Problem Statement and Justification
The significant damage that root-knot nematodes (RKN) causes to tomato crops annually
deserves special attention. RKN encounter between Meloidogyne spp. and tomato is centuries
old. They are well recognized to result in significant economic losses across the globe. They
have a diverse distribution, attacking many crops of economic importance, causing numerous
losses resulting in yield reductions (Umar and Aji, 2013). However, the production and
productivity of tomatoes have been greatly reduced or in some instances total crop failures are
observed in some farms due to poor soil fertility and damage by plant-parasitic nematodes
(PPN). Indeed, these nematodes cause a lot of damage in vegetable farms and are ranked among

major limiting factors (Kane, 2018).

Many studies have been done to evaluate the root-knot nematode's potential for damage on
different tomato cultivars; In the tropical area the loss is estimated between 24 to 38 % (Agbenin
et al., 2005; Bridge, et al., 2005); its yield loss capacity ranges from 25 to 100% (Tileubayeva

etal., 2021).

Nematodes that serve as parasites to crops present a serious damage, especially in light of
potential financial losses. Some species of the nematodes that science is aware of exhibit great
parasitic activity, which poses a serious threat to crop. However, even these genera are subject
to a variety of distributional influences, the most crucial of which are the host plant and the

characteristics of the soil. This study makes the assumption that the amount of water in the soil
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may have an indirect impact on the distribution of PPN among various tomato types and the
health of these plants (Avdeenko et al., 2021). The most damaging PPNs are considered to be
the RKN or Meloidogyne spp. which are responsible for yield losses worldwide and determine
the routine use of chemical pesticides (Sikandar et al., 2020). Other researchers who noticed
that these nematode species are common in vegetables have already reported the dominance of

Meloidogyne on vegetable crops (Altaibaeva et al., 2016).

The use of chemical pesticides on vegetable crops is common, and this condition poses a severe
threat to global vegetable output (Sikandar et al., 2020). Most producers use chemicals;
although, they pose serious problems including poisoning of producers, consumers and the
environment, loss of soil fertility and pest resistance (Gahukar, 2012; Altaibaeva et al., 2016;
Sikandar et al., 2020; Almonhithef et al., 2020). Considering the consequences of the use of
pesticides, the search for alternative ways to fight against PPNs and other insect pests is
necessary. Among these alternatives, botanical extracts with nematicidal effect are one of the

potential sustainable fight against root-knot nematodes (Topalovi¢ et al., 2020).

Several studies have used solution substances based on neem leaves against pests. These studies
have shown the effect of these extracts on the reduction of pests, their incidence and the yield
of crop (Affokpon et al., 2012; Gahukar, 2014; Mokrini et al., 2018; Ayisah et al., 2019; Kumar
et al., 2019). The current focus on pest management is using the combination of two or more
methods for effective reduction of pests damage. Several authors ( Trivedi and Barker, 1986;
Deravel et al., 2013; Bolou et al., 2022) have worked on culture rotation, the use of botanical
products (Azadirachta indica, calotropis procera, Khaya senegalensis), and products for
nematodes (methyl bromide, Fosthiawate, Velum Prime), but nematodes continue to be resistant

to treatment.
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Unfortunately, the effect of drip irrigation, Velum Prime rate and botanicals in integrated
management of the parasite was not highlighted. This study was conducted to contribute to the
understanding of how watering, Velum Prime, and neem extract affect nematode infestation of

tomato.

1.3. Objectives of the Study

1.3.1. General Objective

The main objective of this study was to develop an integrated management package consisting
of drip irrigation, Velum Prime rate and neem extract for root-knot nematode control and

improved tomato growth and yield.

1.3.2. Specific Objectives

1. Assess the interaction effect of drip irrigation, Velum Prime rate and neem extract on soil
properties.

2. Measure the interaction effect of drip irrigation, Velum Prime rate and neem extract on on
root-knot nematode infestation in the soil.

3. Determine the interaction effect of drip irrigation, Velum Prime rate and neem extract on

growth and yield of tomato.

1.4. Research Questions

i.  What is the effect of drip irrigation regime on the population of Meloidogyne spp. and

tomato yield?
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ii.  What is the effect of Velum Prime rate on the management of Meloidogyne spp. and
yield of tomato?
ii.  What is the effect of neem extracts on the population of Meloidogyne spp. and yield of

tomato?

1.5. Scope and Limitations of the Study
The study was carried out at the CSIR-SARI greenhouse located in Nyankpala, Tolon District,
northern Region, Ghana, from May to August 2022. It involved testing Pectomech tomato
variety under different nematode control treatments and irrigation regime. The main limitation
to this study has to do with my inability to determine number of root-knot nematodes in the soil

after harvest.
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CHAPTER TWO

2. LITERATURE REVIEW

2.1. Introduction
One of the most significant vegetable crops in the world is tomato (Solanum lycopersicum L.),
which is consumed by billions of people everyday (Baidya and Sethy, 2020). Tomato in terms
of area occupies the first place as a processing crop and one of the main sources of income for
many horticultural producers (Wossen and Berger, 2015; Ecker, 2018). Tomato production,
processing and consumption are accelerating at an unprecedented rate, with more than 39.7

million tons of tomatoes produced annually in the world (Ling et al., 2019).

In Ghana, tomato is produced on more than 4,410 ha with an average yield of 7.2 Mt/ha and an
achievable yield of 15.0 Mt/ha (Owusu et al., 2016). The vegetable occupies a central place in
the national diet and is consumed in large quantities (Benabderrazik, 2021). In Tropical
countries, such as Ghana, pests such as RNK infestations limit tomato production causing severe
economic losses by reducing both the quantity and quality of marketable fruit yield (Lannoy,
2001). In Ghana, tomatoes are produced on more than 4,410 ha with an average yield of 7.2
Mt/ha and an achievable yield of 15 Mt/ha (Owusu et al., 2016). In hot countries, especially in
Ghana, RNK infestations limit tomato production (Lannoy, 2001). In northern Ghana the loss

rate in 2015 was between 73 and 100% (Saydee, 2015).

However, management strategy should focus on the early phases of the crop and should strive
to safeguard the seedlings since young and sensitive seedlings of diverse crops are very much
more prone to assault than older plants (Adomako et al., 2017). A number of strategies have

been used to reduce crop parasitic nematodes with varying degrees of success (Wabere, 2016).



UNIVERSITY FOR DEVELOPMENT STUDIES

-

S

~—

To minimize the pest population in the soil, tomato growers use integrated control tactics, which
include preventive measures, on-farm approaches, and curative measures (cultural, biological,

and chemical).

2.2. Importance of Greenhouse Tomato Production in Ghana

The use of modern greenhouse technology was introduced into Ghana in 1996 by Prof. George
Oduro Nkansah (Nkansah, O. peronal communication, 2018). Ghana's tomato industry has
fallen short of its potential in terms of yield when compared to nations like Niger and Burkina
Faso (Vigbedor et al., 2022). Tomato yields in Ghana have increased from the national average
of 7.5 t/ha to 200 t/ha as a result of the usage of this technology in greenhouses (Nkansah, O.
peronal communication, 2018). However, farmers are confronted by a number of challenges
such as high input costs, poor market access, high perishability of products, competition from
imports, and pest and disease problems (Denny, 2019). A crucial aspect of greenhouse
production is the use of drip irrigation systems and the right application of fertilizers and
pesticides, which will ensure high-quality crop nutrition and boost the capacity to bear more

yield. It is crucial to create the optimal microclimate for the plants (Coleguwor, 2018).

2.3. Importance of Irrigation System
Water is of paramount importance in the life of man. “The largest worldwide user of water is
agriculture which accounts for 70% of total freshwater withdrawals (FAO, 2017). There has
been a global water crisis for crop cultivation for many years, and drip irrigation has been one
of the most popular suggestions for resolving it. It is viewed and encouraged as a strategy to use
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water more effectively in national and international policy texts (World bank, 2020a).
Impressive statistics and measurements typically back the idea that drip irrigation can save

water.

In many applications, such as the irrigation of most vegetables, cotton, sugarcane, orchards, and
vineyards, drip irrigation "has the ability to at least quadruple crop yields per unit of water,"
according to Postel (2000). According to research from Indian research organizations, drip
irrigation typically reduces water use by 30 to 60% while increasing yields by 20 to 50% for a
variety of crops such cotton, sugarcane, grapes, tomatoes, and bananas. Increased crop yields
and efficient water application lead to a doubling or tripling of water productivity. According to
Benabderrazik, (2021), who discovered a substantial correlation between Meloidogyne damage

and soil conditions, particularly soil water, irrigation is crucial for tomato growth.

2.3.1. Definition of Irrigation

Irrigation may be defined as the supply of water to crops through the use of techniques that meet
the needs of the plant according to the climatic, agricultural and other conditions that suit the

irrigation systems chosen (Benouniche et al., 2014).

Irrigation is a human chain, which obliges the farmer to bring water to agricultural crops in case
of water shortage (Aichouche and Amroune, 2020). Another strategy for increasing agricultural

output in both commercial and subsistence farming is irrigation farming (Adongo et al., 2015).

Irrigation as an abiotic factor may be conducted for the following reasons:

a) To add adequate amount of water to the soil to ensure the essential humidity for the

development of the plant.
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b) To refresh the soil and the atmosphere to ensure an environment that support the growth
of the plant.
c) To facilitate the tilling of the soil to provide good tilth for crop establishment.

d) To refresh the formation of buds through provision of the right moisture.

2.3.2. Types of Irrigation

Irrigated crop production is typically divided into 4 categories: high input, low yield and high
input, high yield (Mekonnen et al., 2019).
2.3.2.1.  Drip Irrigation

Drip irrigation is appropriate for fields with varied soil types including, shallow soils, steep
slopes, and undulating terrain (Coolong, 2016). Additionally, drip irrigation techniques have
been shown to considerably reduce water evaporation from soil and increase crop yield water
use efficiency. Alternative cropping techniques, such as winter crops and deep-rooted cultivars
that enhance the consumption of nutrients and water stored in the soil, may be used to take
advantage of such benefits (Evans and Sadler, 2008). According to Zafari and Mohammadi
(2019).

The drip system typically comprises:

a. A water source that supplies the system with the necessary amount of water.
b. A control valve that facilitates opening and closing the system's water supply.
c. Injection tools that are used to inject chemicals and fertilizers into the system.
d. A filtering system that removes impurities that could clog emitters.

e. Irrigation water pressure is regulated and managed via pressure gauges.

f.  Water is distributed to the laterals from the sub-main lines by the main lines
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According to Giordano et al. (2012), drip irrigation systems are a more efficient way to manage
water than dug-out irrigation and furrow, basin, or border strips, which have the capacity of high
percolation losses, uneven water distribution, and application efficiencies of less than 70%

(Nikolaou et al., 2020).

2.3.3. Objectives of Drip Irrigation

Given the demographic situation, Ghana is endowed with adequate water resources for irrigation
(Worglul et al., 2019). Extensification and intensification of irrigation are the answers to
achieving this goal given that Africa can fulfill its goals without a considerable increase in the

agriculture sector due to economic expansion and the decrease of poverty. (Adongo et al., 2015).

At the moment, Ghana has adequate water resources given the demographics of the nation. Total
water withdrawal as a fraction of all renewable water resources is 1.8%, with irrigation
accounting for an estimated 66.4% of this meager drain. Both the size and makeup of Ghana's
irrigation sector and its potential for irrigation are poorly recognized. Estimates of Ghana's
irrigation potential, which includes floodplains and valley bottoms, range from 0.36 to 2.9
million hectares. Determining the ideal combination of interventions for enhancing performance
and productivity in this sector, as well as for improving the planning of future irrigation
development initiatives, would be made possible by understanding the structure of Ghana's
current irrigation sector through systematic classification (Namara et al., 2011). The farmer is
the biggest consumer of scarce water resources and irrigation is the only source of water for
greenhouse tomato production. Among the irrigation systems (traditional, sprinkler, drip etc.),
the drip system is the most appropriate. Drip irrigation is the most effective water and nutrient

delivery adequate amounts of technology for growing crops, (Cabibel, 2020). In this system
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each plant receives exactly what it needs, at the proper moment, to grow effectively. It does this
by delivering water and nutrients straight to the rootzone of the plant at the appropriate times.
Farmers can increase yields while using drip irrigation to conserve electricity, water, fertilizer,
and even plant pesticide. Water saving is the main objective of the use of drip irrigation

(Benouniche et al., 2014). Drip irrigation has the following advantages:

a. Reduces water loss (water saving and efficiency) or increase productivity, (Brouwer et
al., 1990).

b. Reduces incidences of diseases (the variation of the soil water content has a considerable
repercussion on the nematofauna).

c. Ease of conducting fertigation.

2.3.4. Drip Irrigation Systems in Ghana

Global, population is increasing at an alarming rate, leading to increased food insecurity (Wazed
et al., 2018). Water is an abiotic factor in agriculture, so agricultural expansion and irrigation
can put pressure on the available water resulting in competition with other sectors and ultimately
scarcity of water. Agriculture must produce more while keeping environmental issues in mind.
The timing and volume of rainfall are insufficient in to meet the moisture requirements of crops

many parts of the world.

Therefore, irrigation is essential for supplying food and fiber demands as well as enabling
agriculture in semi-arid and arid areas to lessen drought. Given the decrease in overall
precipitation and the rise in intermittent dry periods during the wet season cropping period in
Ghana, the Ministry of Food and Agriculture (MoFA) is advocating small-scale irrigation (SSI)

as a climate variability adaptation tool (Darimani et al., 2021). To increase agricultural
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productivity for Ghana's growing population, efficient use of available watering is important.
Irrigation control is an important element in the control of nematodes: it is necessary to avoid
excess water, which is promotes the spread of nematodes. For example: The watering with the
ray by example are to be proscribed (Bertozzi, 2003; Saydee, 2015). A recent study showed that
increased number of leaves per plant was observed with 100% ETc irrigation compared with

50% ETc as reported by Silva et al. (2021).

Studies on tomato showed maximum number of leaves per plant was observed with 100% ETc

irrigation compared with 50% ETc as reported by Silva et al. (2021).

2.4. General Information on Root-knot nematodes (Meloidogyne spp).
All over the world, crop farmers are facing the menace of nematode pests, which are tiny worms
that can destroy crops worth ruin billions of dollars annually (Bozbuga, 2020). Meloidogynes
are thought to be the most destructive pests on vegetable crops, especially in nations with
tropical and hot climates, like Ghana. Nematodes that parasitize plants are the primary cause of
biotic stress in crops (Treonis et al., 2018). They are endoparasites, very polyphagous with a

very wide host range grouping many cultivated or spontaneous botanical families.

About 5500 plant species infected by nematodes have been recorded (Abad et al., 2008).Thus
Karsen (2002) discovered that this genus of species includes more than 100 80 specimen have
been related in the world. The common ones from the point of view of damage and distribution
have been have been reported to include Meloidogyne arenaria, Meloidogyne javanica,

Meloidogyne incognita, and Meloidogyne halpa reported (Bozbuga, 2020).

2.4.1. Systematic Position

13



RKN are animals of the phylum Nematoda (Medel et al., 1976). The complete classification of

Meloidogyne spp is presented in Table 2.1.

Table 2.1. The Systematic Position of Root-knot Nematodes, Meloidogyne spp.

Phylum Nematoda
g Class Secernentea
é Subclass Diplogasteria
E Order Tylenchida
g Sub-order Tylenchina
% Super- Family Hoplolaimidae
g Family Meloidogynidae
E Genus Meloidogyne
% Species Meloidogyne spp.
>
:

~

/1
\&

2.4.2. The Meloidogyne Cycle

Biotrophic parasites or species of the genus Meloidogyne spp. are sedentary endoparasites.
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Meloidogyne species, stationary endo-parasites with a life cycle reliant on feeding locations, are
responsible for RKN. It has a straight forward life cycle with an egg, four larval stages, and an

adult stage (Reddy, 2017).

2.4.3. Symptoms of Meloidogyne Parasitism of Tomato

Human agricultural activities have impacted the distribution of many animals. According to
Edwards, (1953) during his research on RNK on weeds and crops has listed 76 host plants in
Ghana. Banana, onion, bell pepper, watermelon, and tomato are the host plants that are
frequently (Clerk, 1974; Saydee, 2015). It has been noted that nematode (Meloidogyne spp.) is
responsible for the detrimental effect on tomato, which is the host plant that is most vulnerable

to the disease.
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Nematodes are tiny, worm-like, aquatic organisms that are widespread throughout most
ecosystems. The majority of parasitic nematodes may readily live in soil, freshwater, or
saltwater and feed on plants and microscopic creatures (Treonis et al., 2018). A few nematodes

include:

I.  Ecto-parasites, they remain outside the plant feeding on surface tissues by
inserting their stylet into the host tissue.
Il.  Endo-parasites, penetrate plant tissues completely or with a large part of their

body. They can be migratory in roots, stems, crown, buds and leaves.

Many plants parasitic nematodes can be discovered in the tissues of host plants when there is a
lot of moisture. Reliable diagnosis is more challenging since the symptoms of nematode
infection are hard to distinguish from those of many other infections and abiotic factors (Castillo
and Vovlas, 2007). The primary symptom of Meloidogyne infection is the formation of galls on
the roots. Despite variations in size and shape, these galls always have the same process of
creation and fundamental structure. Stunting, chlorosis, lodging, and wilting are examples of
symptoms that might appear on above-ground plant sections (Castillo and Vovlas, 2007). As
soon as the parasite enters the root, the second stage larva causes the hypertrophy of the cortical
cells by the secretions that it expels through its rostrum (stylet). It then migrates towards the
future vascular zone along which it manages to immobilize itself, the encephalon lodged in the
external part of this zone. Affected root systems may show intensely branched tips, stunted root
growth and absence of root hairs and dark reddish-brown lesions (Kurniawan, 2008). Roots that
have been damaged by nematodes are less efficient at uptake of soil nutrients and water. Root
tissue begins to deteriorate when worms feed on it and the pace of tissue degradation accelerates

as the number of nematodes feeding on the root rises (Windham and Edwards, 1999). When the
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swellings on the tomato roots are opened with a fine blade, small whitish beads, as big as half a
pinhead, can be seen in the tissue of normal appearance and turgidity, which are the swollen

adult females of the parasite.

2.5. Methods of Controlling Meloidogyne spp
Wilting and yellowing, wilting, root and tuber galling, stunted growth, root damage, and yield
loss are all common signs of nematode infection. A sizable portion of food production depends
on the efficient management of worms that parasitize plants. While plant illness can be
controlled with a single operation, most infections require the use of numerous control measures
and typically entail the manipulation and combination of cultural, chemical, biological, and

environmental components (Singh, 2001).

The major problem with tomato production in the world is the harmful effect of RKN on the
crop, which decreases yield and sometimes forcing farmers to abandon their farmlands. Since
young, sensitive seedlings of different crops are significantly more vulnerable to attack than
older plants, management strategy should focus on the early crop stages and attempt to safeguard
the seedlings (Adomako et al., 2017). A number of management methods have been used to

reduce crop parasitic nematodes with varying degrees of success (Wabere, 2016).

2.5.1. Cultural Practices
Cultural practices reduce the pest population in tomato crops without the use of chemicals, such
as crop rotation with resistant cultivars or non-host crops. According to (Kankam and Adomako,
2014), the implementation of these management measures may also be hindered due to the vast

host range of root-knot nematodes. The use of these tactics is hampered by rising tomato
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production costs and consumption. Root-knot nematode populations in the soil could be
decreased, for instance, by rotating or intercropping tomato and cucumber with non-host crops
like garlic (Allium sativum), marigolds (Tagetes sp.), lettuce, radish, cabbage, and cauliflower

(Griffith, 2000).

2.5.2. Chemical Control

In West Africa, Ghana was the second largest importer of insecticide and nematicides from the
United Kingdom (Lutuf, 2015). There are no nematicides that have been approved for protected
cultivation use in India as of yet. As a result, gardeners using polyhouses rely on other integrated
pest management techniques to handle nematodes. Combining all preventive and curative
methods is a successful tactic that local growers utilize to manage nematodes under polyhouses.
Synthetic substances have long been used to control PPN. Nematicides, a chemical technique
frequently employed in crop production systems, can either kill nematodes immediately or
paralyze them for some times (Wen et al., 2017). Usually, two main groups of nematicides are
used: contact nematicides (fumigants) and systemic nematicides (non-fumigants) based on their

volatility in the soil.

Systemic nematicides include a variety of chemical compounds that directly affect the biology
of the nematode. The most widely developed and used nematicides were carbamates and
organophosphates that directly affect the nervous system of the nematode (Noling, 2014;
Hajihassani et al., 2018; Sikora et al., 2018). In vegetable production, chemical nematicides
have played a key role in managing nematodes. These chemical products used by farmers are
quite efficient, but the current evolution of legislations compromises the future of chemical

nematicides because of the problems they can cause at the sanitary or environmental level (Seid
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et al., 2015). However, most growers prefer broad-spectrum fumigants because they are less
expensive and have more consistency in reducing nematode populations (Bosques, 2020).
Nematicides are harmful not only to nematodes but also to humans. Connection with some
chemicals during combining, employment, cleaning and storage causes certain diseases in
humans. Given the negative consequences on the nature and the health of the citizens, farmers

are beginning to practice biological control.

Effect of Velum Prime on Root-knot nematodes

Velum prime is a revolutionary nematicide that offers long lasting protection against root-knot
nematodes (Devindrappa et al., 2022). According to Seshweni (2016), numerous studies have
shown that Velum Prime action is efficient against nematode. However, any nematode
population may contain individuals who are naturally resistant to Velum Prime (Alheyalee and
Aljuboori, 2020). If this nematicide is applied regularly, the resistant individuals may eventually
dominate the worm population. Velum Prime might not be able to control these hardy
nematodes. By using excellent farming techniques, it is possible to keep Velum Prime effective

against the resistance of nematodes.

2.5.3. Biological Control

The accumulated knowledge of farmers, combined with access to modern techniques, will be
the key to sustainable agriculture (FAO, 1993). Agricultural and horticultural crops are
suffering significant losses as a result of PPN. In order to control nematodes in an
environmentally acceptable way, biopesticides of botanical origin have thus come to the
forefront of attention today. Today, one of the most effective ways to preserve crops is through

the use of botanical pesticides. Since many of them are still undiscovered, extensive research
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and testing are needed to find the botanical pesticides that are present in many plants in India
(Singh and Prasad, 2017). In the management of nematodes, botanicals have drawn a lot of
attention. There are four major ways to employ them: directly as a component of the plant, as
extracts from plant parts, as compounds with nematicidal activity, and as oil seed cakes or
mature crop leftovers. The indegenous knowledge of farmers, combined with access to modern
techniques, will be the key to sustainable agriculture (FAO, 1993). According to Saydee (2015),
botanicals also tend to protect the plant from soil-borne diseases which has been researched for
several decades. This management strategy uses one or more beneficial organisms to control a
pathogen. Biocontrol is more effective as a preventive treatment than as a curative method and
should not be used as a stand-alone technique (Kiewnick and Sikora, 2006; Panpatte et al.,
2016). A better understanding of the complex interactions between the microbial agent, the soil,
the plant, the pathogen and the environment will lead to greater commercialization of microbial
products against RKN. Several substances immobilized young RKN at very low concentrations,
and some also reduced egg hatching capacity (Oka et al., 2007). In tomato microplot studies,
reduction in nematode reproduction by 88% and increased in yield by 44% compared to the
non-treated inoculated management (Kamran et al., 2014). Botanical products are easy to
prepare, available in some places and often cheaper than chemical product. However, the level

of natural control is rarely sufficient to stop the harm nematodes cause to plants.

Biopesticides, living organisms or products derived from such organisms having the
characteristic of limiting or suppressing crop pests have been used for centuries by farmers
(Agbenin et al., 2005). In recent times, they are classified in three main categories according to
their origin (microbial, vegetable or animal) and present multiple advantages. They can be

applied in twain conventional and organic agriculture, some of them allows plants to resist
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abiotic stresses and in general, they are less toxic than their chemical counterparts. Biopesticides
are required for increased profit from farmers, especially in the context of integrated pest
management techniques, despite their common reputation for being less effective than the latter.
The future development of biopesticides depends on many constituents, such as government
policies in terms of research support and regulation, the tactics of the major crop protection

companies, and the evolution of consumer choices according to (Deravel et al., 2013).

Insecticidal properties of neem

Neem (Azadirachta indica) is an attractive green pant with a multitude of leaves. A "God's
miracle™ tree, "universal”, "with a thousand virtues" (Assouma and Yacoubou, 2021), native to
Southeast Asia, it has been used for thousands of years, particularly in India, for its extraordinary
insecticide, medicinal and cosmetic properties. For more than 5,000 years, Indian
pharmacopoeia has used its seeds, bark and leaves, and texts indicate dozens of recipes and
traditional prescriptions (such as therapeutic, insecticides, antiviral, etc. (Jean, 2009). Numerous
studies have shown that its phytosanitary action is efficient against over 300 species harmful

organisms including (insects, nematodes, mites, fungi and bacteria) ( FAO, 1993; Bélanger &

Musabyimana, 2005).

2.6. Integrated Pest management (IPM)
Integrated Pest Management (IPM) is a practical and environmentally responsible method of
pest control that combines a number of methods for pest and disease management (Domingues
et al., 2015). IPM programs make use of up-to-date, thorough data on pest life cycles and how
they interact with the environment. Using this knowledge in conjunction with existing pest

control techniques, pest damage is managed in the most cost-effective manner, while posing
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the fewest risks to people, property, and the environment (Abrahamsson et al., 2010). IPM
makes use of all effective pest control methods, including but not limited to the prudent

application of pesticides.

Integrated management strategies for Meloidogyne spp. parasite of tomato are the preventive
strategies and on-farm techniques or curative combined with chemical and/or botanical methods
adopted by farmers to reduce the parasite population below economic threshold. For example,
a study conducted on tomato by Aminisarteshnizi (2021) found that neem extract maximized
plant height compared to the Velum Prime. Similarly, Javed et al. (2007) and Sekanjako (2021)
reported that the application of pesticides, neem extract and Velum Prime prevented RKN eggs
from hatching and stopped development of embryo inside the egg by killing the embryo or
young adults of the first stage. Hadian et al. (2011) and Waisen et al. (2021) also reported that
the number of tomato leaves per plant obtained with neem seed extract (5 t/ha) was higher than

observed for neem cake extract (5 t/ha), neem leave extract (5 t/ha) and Velum Prime.

2.7. Overview of Tomato

2.7.1. Origin and History of Tomato

Tomato (Solanum lycopersicum L.) is a climacteric plant, native to the fertile valleys of Mexico.
The plant with produces very small fruits was first domesticated in Mexico and improved by
Aztecs. It was first cultivated and improved by the Indians of Mexico who adopted the Aztec
name "tomatl", before being brought to Europe by the Spanish conquistadors. The lycopersicon
genus includes only nine (9) wild species of which only two are edible, the “currant tomato™
(Solanum pimpinellifolium) and the "cherry tomato” (Solanum lycopersicum var cesariforme)
which is the ancestor of the current tomatoes (Bénard, 2009; Broglie et al., 2005). Solanum

22



UNIVERSITY FOR DEVELOPMENT STUDIES

-

S

o

lycopersicum var cesariforme, could be the direct origin of the varieties currently cultivated
(Idrenmouche, 2011). The cultivated tomato is diploid (2 n = 24), autogamous, of recent
introduction, phenotypically quite diversified but with a very reduced genetic diversity
(Philouze, 1993). According to Schumann, 1996 ; Degioanni, 1997 cited by (Bénard, 2009)
claims that “as early as the 16th century, Italians were the first to consume tomatoes, especially
in sauces, and so it arrived in France through Provence in the 17" century, before being
popularized in Paris during the revolution”. Due to its resemblance to the mandrake, the tomato
has long been considered poisonous, and was associated with all kinds of evil virtues. It was
therefore first used as an ornamental plant, until 1778 when it joined the catalog of vegetable
seeds of Vilmorin-Andrieu According to Degioanni, 1997 ; Mikanowski, 1999 cited by (Fall,
2018). In the 19th century, the consumption of tomatoes increased when the fruits and
vegetables grown in the south of France were transported to the north by rail. One variety of
tomato is called PLM: Paris-Lyon-Marseille. At the same time, tomato became popular by being
cultivated in family and workers' gardens. The first varietal researches will begin in the 20th
century, for a more regular production of tomatoes, more resistant to diseases, and more fruitful.
Production methods are also evolving, with year-round greenhouse tomato production,
particularly in the Netherlands, gaining popularity. On the other hand, in the United States, the

crops are still grown in open fields in a mechanized way.

The production and consumption of tomatoes have become very important, and since the 1990s,
consumers have complained about the standardization of this product and the loss of taste of
tomato. Currently, research is directed more towards characterization and improvement of the

organoleptic quality of tomato fruit.

2.7.2. Botanical Description of Tomato
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Tomato is an annual herbaceous plant from the herbaceous family; creeping port, hairy and with
rather climbing stems. It is cultivated by its citrus fruit, is aromatic when crumpled. This
vegetable plant size varies from 40 to 5 according to the species and the mode of culture (Fall,

2018).

The seed is hairy and small (0.003 to 0.004 g per seed); its germination is epigeous. The plant
produces 7 to 14 compound leaves after the cotyledonary stage before flowering (Chaux and
Foury, 1994).

Tomato can have roots that can reach 1 m in depth (Chaux and Foury, 1994), with a strong

taproot that can produce a high density of lateral and adventive roots.

Tomato stem can tigernate between 2 to 4m depending on the varieties and growing conditions
(Naika et al., 2005). Two kinds of hairs are distributed on the stem and leaves: glandular hairs
that contain an essential oil, which gives the smell of the tomato and green coloration and simple

hairs.

Leaves are simply arranged in spiral and they are compound, alternate, without stipules,
measuring 10 to 30 cm wide and 15 to 50 cm long. Elliptical leaflets are oblong covered with
glandular fur (Naika et al., 2005). The glandular leaflets are sometimes pinnatifid at the base.

The inflorescence is a cyme of 6 to 12 flowers. The petiole measures between 3 and 6 cm.

The flower is bisexual, regular with a diameter of 1.5 and 2 cm. They grow opposite to the
leaves or between them. The tube of the calyx is short and hairy, the sepals are sometimes
persistent. The corolla is made up in general of six petals which can reach a length of 1 cm.

Flowers are of yellow color. The androecium is formed by four stamens, the anthers have a
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bright yellow color and surround the stylet which has an elongated sterile end (Broglie et al.,
2005). They are of pentameric type:

5 Sepals + 5 Petals + 5 Etamines + 2 Carpels

Tomato fruits are flattened, oval or globular in shape with a diameter that varies from 2 to 15
cm (Fall, 2018). Its color varies from yellow to red to orange when ripe. The tomato citrus can

weigh from a few grams to nearly two kilograms (Naika et al., 2005).

2.7.3. Economic Importance and Nutritional VValue of Tomato

Tomato is cultivated almost everywhere in the world, in all climatic zones and in relatively cold
regions. Its volume of production on the global scale the second most important vegetable crop
after the potato. In fact, a hatch of 182,258,016 million tons and an average yield of 3.83 kilos/m?
and an amount of 4,762,129 million hectares are kept annually to this crop (FAO, 2018).

The consumption of tomato fruits contributes to a healthy and balanced diet. It is rich in vitamin
C, vitamin A, B carotene, organic acid, sugar, and its richness in lycopene pigment makes it a
vegetable with anti-cancerous properties (Blancard et al., 2009). Tomatoes are eaten fresh in
salads or cooked in relish, soups etc. They can be processed into pate, puree, juice and ketchup.

Canned fruits are processed products that also have an economic importance (Naika et al.,

2005).

2.7.4. Fertilization of Tomato

A mineral fertilizer amendment was introduced to enhance soil physical characteristics and
maintain soil moisture by better retaining irrigation water (Kane, 2018).

The following chronogram was adopted in the fertilization trials:
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Before transplanting: a thorough fertilization with 200 kg/ha of fertilizer grade 10 — 10 - 20
(10% Nitrogen (N), 10% Phosphorus (P20s) and 20% Potassium (K20)). 15, 30, 50 and 80 days
after transplanting (DATP) maintenance fertilization with 200 kg/ha of N-P-K fertilizer (10 —

10 - 20) and 150 kg/ha of urea.

CHAPTER THREE

3. MATERIALS AND METHODS

3.1. Description of the Study Area
The trial was conducted at the Savannah Agricultural Research Institute of The Council of
Scientific and Industrial Research (CSIR-SARI) in Nyankpala, in Ghana's Northern area, in a
greenhouse. Nyankpala is at latitude 9° 407532°“N and longitude 0°987150“W, 17 kilometers
west of Tamale (Figure 3.1). The area has a wet and dry season with a monomodal rainfall
distribution of about 1026 mm from May to October, with peaks in August and September. The
mean annual minimum temperature is 23.4 “C and the maximum is 39°C (Lawson et al., 2013).
The vegetation cover is predominantly Guinean savanna with short drought-resistant trees and

grasslands.
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Figure 3.1. Geographical Location of SARI Greenhouse
(Field experiment, 2022).

3.2. Experimental Design and Treatments
The experiment was a 3 x 2 x 3 factorial laid out in Randomized Complete Block Design
(RCBD) with 3 replications. The treatments included a drip irrigation regime of 100% crop
water requirement (ETc), 75% ETc, and 50% ETc combined with VVelum Prime rate of 0.625
L/ha and 1.25 L/ha and neem treatments including, as neem leaf extract at (5 t/ha), neem seed

extract at (5 t/ha), and neem cake (5 t/ha).

3.2.1. Tomato Variety

The Tomato variety utilized for this experiment was Pectomech. This variety was chosen
because it was commonly used by farmers in the area due to its adaptability to the weather

conditions prevalent in Tamale.

3.2.2. Nursery Preparation and Practice
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The nursery was carried out under the glass in plates of one hundred and four cells in order to
obtain good germination and emergence of seedlings, quality plants and to reduce the duration

of the nursery, which is 25 days after sowing.

3.2.3. Area Preparation

Pots were installed in the greenhouse. Plot size included nine (9) line of 3.32 m long and 2.80

m wide, giving 9.30 m?, and the diameter of pots was 33.00 cm.

3.2.4. Soil Sampling and Analyses of Soil Physico-Chemical Properties

In order to predict the water needs of the crop, the irrigation schedule, and the application rate
of neem leaf extract, neem oil, and neem cake, soil studies were undertaken to ascertain the
physical and chemical characteristics of the soil. Soil samples were collected at random from
four different locations on the experimental field in a zigzag pattern at depths of 0 - 20 cm, 20 -
40 cm, and a composite sample was taken for analysis. Following air drying, mixing, and sieving
with a 2 mm sieve, the soil samples sub were subjected to laboratory analysis for physical and
chemical characteristics in terms of soil texture, initial soil moisture content, saturation, bulk
density, total amount of water available, organic matter, soil pH, porosity, and saturated

hydraulic conductivity.
I. Infiltration Test

Pots of 50 cm in diameter were utilized for the experiment with four perforations which made
water drainage possible. Before the commencement of the test, the bottom of the pots was filled
with about 3 cm of gravels, this further eased the drainage process and prevented soil loss during

the test. Water was added to the soil so that it reached a moisture content of about 6 % on a
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gravimetric basis. The pots were then gradually filled with the soils to the height of about 20
cm. The rate of infiltration was then determined making use of a mini - disk infiltrometer. This
was done at a pressure of 2 bar (Libutti et al., 2021). Readings of soil water was taken every
minute until total infiltration was achieved. This process was done for each of the pots. The
cumulative infiltration (IC) over time was measured whereas the rate of infiltration (IR, cm /
min) was obtained from the difference between two cumulative infiltration data against time (t)

(equation 1).

Ir= % ............................................................................... Equation 3.1

ii. Soil Texture

The soil textural class was determined using the USDA textural triangle and the hydrometer

method for assessing the soil particle size distribution (Beretta et al., 2014).
iii. Bulk Density

To accurately determine the bulk density at the experimental plot at two (2) distinct depths (0 —
20 cm and 21 — 40 cm), core samples of undisturbed soil were taken from two (2) points. The
soil samples were uniformly weighted after being oven dried for 24 hours at 105°C to determine
the dry weight. The bulk density was calculated using the Callo-Concha et al. method (Bd) as

presented in Equation 3.2.

B Equation 3.2

where, Bd = bulk density (g/cm?)

Ms = dry weight of soil (g) and
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V¢ = total volume of soil in the sampler (cm?).

Iv. Saturated Conductivity

_M1-M2
M2-M3

SC

L00 e Equation 3.3

where, M1 = mass of saturated soil core (g)

M2 = mass of oven dried soil core (g)

M3 = mass of empty core (g)

V. Field Capacity

The moisture content at Field Capacity was determined using the pressure plate apparatus
method, the collected soil samples were saturated in water for a day (24 hours), before placing
in the apparatus. Moisture extraction was done at a pressure at 0.33 bars (Protocol for Analysis,

2021).

Vi. Permanent Wilting Point (PWP)

The minimum point at which a plant may access water is when the quantity of water in soil is
held by forces greater than 15 bars, and is referred to as the PWP (Ewaid et al., 2019). The
membrane device was used to determine this Permanent Wilting Point. The semi-disturbed
sample was soaked in this arrangement and put inside a metal. After the samples were saturated
for 24 hours, a 15-bar compressor high-pressure was achieved in the pressure membrane
extractor. When the samples reached equilibrium, they were taken out, weighed (Wy), oven-

dried at 105° C, and weighed (W-) once again as presented in aquation 3.4.

WL-W2 =P WP Lo Equation 3.4
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Where:

Permanent wilting point (PWP) (%)

W1 = Soil's initial weight before drying in the oven (g)

W2 is the soil's final weight following 105° C. drying (g)

3.2.5. Soil Chemical Analysis

Soil samples were collected from the WACWISA field at depths of 0 — 20 cm and 0 — 40 cm in
the soil profile. The entire field was laid in blocks and the soil samples were taken from each
block, and composite samples was obtained for the analysis at the UDS Nyankpala soil

laboratory to determine pH, EC, and organic carbon (OC).

3.2.6. Soil Sampling and Nematodes Extraction

I. Soil Sampling
In the Northern Region of Ghana, at the Kumbungu and Tolon Districts, respectively, soil
sampling was done at the Bontanga and Golinga irrigation schemes; three (3) plots were
sampled: a rice field, an old tomato field (not cultivated) and an okra field. In each elementary
plot, the sample was taken at a depth of 20 cm with an auger using the Z method (Figure 3.2).
The auger is driven into the ground and then carefully removed to leave the soil in its place as
it was in the field. Thus, 3 sub-samples per elementary plot were taken and mixed in a bag to
form a composite sample. This composite sample was collected in a well-labelled transparent
plastic bag and stored in a cooler for transport to the CSIR-SARI pathology laboratory. The

procedure is the same for all elementary plots.
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Figure 3.2. Soil Sampling Method at Bontanga and Golinga Irrigation Schemes (Sampling

v

Design). (Field experimental,2022)

ii. Nematodes Extraction from the Soil

Soil nematodes were extracted according to International Standard 23611-4 using modified
Baermann method (Whitehead and Hemming, 1965). 20 g of each sample was sieved (1 mm
mesh) to get rid of the gravel and then placed on the double-ply tissue paper on top of the sieve
and the tray containing 240 ml of water. Within 24 hours the nematodes passed through the
sieve into the water in the tray. This was collected in 200 ml beakers and allowed to stand for 5
minutes, a rubber hose was introduced into the beaker to reduce the solution from 200 ml to 50
ml. The solution was transferred to a 50 ml beaker then observed and with the binocular
magnifying glass at magnification (x) 2000.

The solution was divided into 4 equal parts, poured on petri dishes and observed with the

binocular magnifier x 2000; after which pots were inoculated.

3.3. Drip System Installation and Testing

3.3.1. Installation of Drip Irrigation System
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The system includes a water supply, main and sub main lines, laterals, and drip emitters. Pipe
water served as the irrigation system's water supply. This was acquired at Tamale, after which
it was transported to Nyankpala. A tanker was used to pump water into a 10,000 L PVC polytank
that was used as a storage reservoir. Low-density polyethylene pipes measuring 16 mm
(LDPEP) and the corresponding fittings were used to install the system. The drip irrigation
system included a screen filter that was used to filter impurities out of the water to prevent
emitter clogging, a mainline of one inch that supplied water to nine sub-mains of one inch, nine
(9) sub-mainlines that supplied water to three replications, and nine lateral that carried water
inside the plant. The drip tape's emitters were positioned 40 cm apart so that each emitter could
feed water to a single plant. One emitter's discharge rate was 1 L/h. The polytank had to be

manually opened and closed in order to regulate how much water was emitted from each emitter.

3.3.2. Testing of Irrigation System

After installation, the system was checked for leaks, pressure variations, and non-uniformity.
This involved estimating the volume of water flow per period, a distribution uniformity test was
conducted. Catch cans were positioned at random over the entire experimental site, and the
water volume was measured against time. After which amount of water collected from each
catch can against time was noted and arranged in descending order. Additionally, catch cans
were positioned in each of three replications, with the amount of water collected per unit time
being recorded. The four lowest values from each replication were averaged and average of all
the values in each replication was noted. Distribution uniformity of more than 80% were

considered acceptable (equation 3.5).

Average of the all lowest*i

DU = TOTal Aarage  TTTTTeeTeTeeee Equation 3.5
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Where: DU = Distribution uniformity (%)

3.4. Irrigation Water Requirement (IWR)
The following estimations were used to determine how much water the plant will require

throughout the growing season.

» Estimation of Crop Water Requirement
The Meteorological Station provided the climatic database and for the 51 years (1970 - 2021),
which were taken from the CLIMWAT 2.0 climatic database to be used in conjunction with the
CROPWAT program (FAO, version 8.0). This which enables the calculation of irrigation for
various crops for a variety of climatological stations around the world (Ewaid et al., 2019).
CLIMWAT includes the location's coordinates and altitude together with seven long-term
monthly climatic characteristics. The monthly average and minimum temperatures (degrees
Celsius), wind speed (kilometers per hour), mean relative humidity (percent), sunshine hours
(hours), rainfall data (millimeters), and effective rainfall (mm) where used as the metrics. The
FAO Irrigation and Drainage Paper 56 was used to determine the crop coefficient (Kc) for
tomatoes (Allen et al., 1998; Ewaid et al., 2019). The beginning, mid-season, and end-season
Kc values are 0.90, 1.15, and 0.80, respectively. Daily crop coefficients for development and
late season were interpolated based on the Kc values of the crop and the length of each growth
stage. The growth stages are 20 days, 30 days, and 40 days, respectively, for early development,

midseason, and late season) (equation 3.6).

P I R RN Equation 3.6

where:
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ETc= It is the ratio of the crop ETc to the ETo
ETo = is the evapotranspiration
K¢ = is the crop coefficient

For localized irrigation systems with a ground cover (Pd) of 95%, the equation by Keller and
Bliesner (1990) was used to convert the ETc to ETcrop-loc. The adjusted ETc was then

determined using aquation 3.7:

Ta=Ud X (0.1 X (Pa )0 e Equation 3.7
Td = ETcrop-localized

ETcrop-localized = €Stimated ETcrop at peak demand for localized irrigation (mm/day)

Uq = conventionally estimated peak ETcrop (Mm/day)

Pa = percentage ground cover (%)

» Estimation of the Net Irrigation Requirement (IRn)
Improved irrigation management in the field is determined by a good understanding of crop
water needs and irrigation schedules. The IRn for this experiment became the modified ETc
under the suppositions of no leaching (LR) and no leaching (Pe) (Petkov, 2021). Losses incurred
during the application of the water were not taken into account by the IRn. The formula: was

used to determine the IRn.
IRn = ETC 'Pe

NOte, Pe = 0, therefore, IRn = ETcrop-IocaIized
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» Estimation of the Gross Irrigation Requirement (IRg)
In calculating the gross irrigation requirement, water losses that occurred during transportation
and application in the field were taken into consideration. Due to the use of the drip application
method, a field application efficiency (Ea) of 95% was used to calculate the gross irrigation
demand. According to Coolong (2016), the application efficiency of drip irrigation typically
ranges between 90% and 95%. Equation 3.8 was used to determine the gross irrigation

requirement:

R = e Equation 3.8

Where:

IRg = Gross irrigation requirement (mm)

IRn = Net irrigation requirement (mm)

Ea = Field application efficiency (%)

3.4.1. lrrigation Scheduling

The following methods were taken to arrive at the estimations, which were then used to schedule

the irrigation water.

» Estimation of Available Water Content (AWC)
The available water (15 bars) is the difference between the Field Capacity (0.33) and permanent

wilting point (Waller and Yitayew,2016).

AW C = FC — PW P e Equation 3.9

Where:
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AWC = Available water content

FC = Field capacity

PWP = Permanent wilting point

» Estimating Total Available Water (TAW) of the Soil: TAW was computed using
equation 3.10;

TAW = (OFC = OWP) ZL ..o e Equation 3.10

Zr = depth of the root zone

OFC = will be the soil water content at field capacity (%),

OWP = water content at the wilting point (%)

» Estimation of Readily Available Water (RAW) of the Soil
The easily accessible water for this experiment was determined by dividing the available water

content by the management-permitted depletion (equation 3.11).

RAW = AWGC X MAD . ... e, Equation 3.11

where:

RAW = Readily available water to plant at all times,

AWC = Available water content,

MAD = Management allowable depletion that was selected concerning soil texture, crop,

climate and it should not affect the yield.
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For the RAW to be converted to the volume it was multiplied by crop area (intra spacing x

interspacing).

RAW (liters) = RAW (mm) x Crop area (M?) x 1000............ccoeevviuneinnennn... Equation 3.12

» Estimation of the Maximum Irrigation Interval (days)

1D = Equation 3.13
Rn
Where:

ID = The maximum irrigation interval or the irrigation frequency (days)

RAW = The readily available water (liters)

IRn = The net irrigation requirement in (l/day)

All irrigation were completed in order to restore the field’s capacity.

» Estimation of the Irrigation Run Time (hours)

where:

Ta = Irrigation run time (hours),

IRg = The gross irrigation requirement (1),

Q = Emitter discharge (I/h),

By multiplying the data by 60, the irrigation run duration was converted from hours to minutes.

» Estimation of Water Content for Next Irrigation

WNI=FC—(AMOC)MAD. ... e Equation 3.14
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where:

WNI = Water content for next irrigation (liters),

FC = Field capacity,

AMC = Available Moisture content,

MAD = Management Allowable Depletion (%)

3.4.2. Cultural Practices

3.4.2.1. Transplanting
The replanted seedlings were strong and healthy. Before transplanting, the nematode- inoculated
pots were cleared of weeds and irrigated to Field Capacity. Tomato seedlings were transplanted
using a 40 cm spacing between plants, two plants per pot, and a total of 36 plants per plot. Early

in the morning, the seedlings were transplanted into holes that were 10 cm deep in the pots.

3.4.2.2.  Trellising
By supporting the plants with twine ropes, the trellis system in the greenhouse was utilized to

train the tomato vines for better growht.

3.4.2.3.  Fertilizer Application
After transplanting, liquid NPK Grower fertilizer grade 15: 15: 15 was applied at 2 L/ha at 1
WATP. The NPK fertilizer grade 23:10: 5, 2% + MgO + 3% S + 0.3% Zn was then applied at
584 kg/ha, with the basal dose of 5 g per pot of diameter 0.33 m at 2 WATP and top dressed

with 1 ml/L foliar fertilizer at 5 WATP.

3.4.3. Plant Protection Data
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3.4.3.1. Chemical Control
Velum Prime is effective on RKN. For crops grown under cover such as tomato, the chemical

at 0.625 L/ha and 1.25 L/ha was applied with a sprayer at 5 DATP repeated at 25 DATP.

3.4.3.2.  Biological Control
Pesticidal plants could be used as an alternative to chemical pesticides for the management of
bio-aggressors of vegetable crops (Bolou et al., 2022). Indeed, various species of botanical
plants, for example, Neem can be used in the form of plant extracts (aqueous extracts, essential
oils or cake) as foliar protection (Nahak and Sahu, 2015) to control pests. Neem is an amazing
natural phytosanitary plant, which we call “the miracle of God”.

» Neem Leaf Extract Preparation and Application

The materials used in the preparation of neem leaf extract include the following: Neem leaves
(Azadirachta indica); 125g dry chilly; 125 g of garlic; 250 g rapped plain soap; ¥ L oil. Grinder
(mortar and pestle), Basin for harvesting and preparation of plants pair of shears and secateurs,

sieve or fine strainer, funnel for filling the water and 20 L storage cans.

» Preparation and Treatment

The preparation results from the fermentation of a broya in water in a controlled and
spontaneous way. This includes grind or peel a basin of Neem leaves (broya), with 125 g of dry
chili pepper and 125 g of garlic, as well as 250 g of grated soap. The whole product obtained
was diluted in a 20 L storage container, and finally stirred. Every morning the container was
opened for 5 minutes, then we close it and this was repeated for a week: that is to say seven
days. Thereafter, the mixture was filtered with a fine cloth followed by the addition of % L of

oil and then stirred. At the time of the treatment, we realized a dilution of 1 L of the finished
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product; for 4 L of water. The diluted product was then ready to be sprayed on the plants, 5

DATP and every 10 days intervalles.

» Neem Seed Extract Preparation

Moldy seeds were sorted out and the remaining good seeds were dried in a thin layer under well
ventilated shed. The dried seeds were stored in bags in a dry place for later use. A mortar and
pestle were used to crush the seeds gently to remove the shell without breaking the kernel.
Separate the hulls from the almonds, sorting to remove moldy almonds. The almonds were
crushed gently so as not to extract the oil. A 1.5 kg of the powder obtained was mixed with 10
L of water and the mixture was allowed to stay overnight. The mixture was filtered through a
fine cloth to obtain the extract. The extract was diluted to 5% by adding 1.5 L of the extract to
10 L of water. Liquid soap (ordinary soap) was then added at a rate of 100 milliliters for 10 L
of solution. Considering the fact that the solution is very sensitive to the sun, spraying was done

in the evening at 5 DAT and repeated at 10 days intervals.

» Neem Cake Preparation

The by-product of the solvent extraction process of the neem as well as the cold pressing of
neem fruits and kernels is known as the biotic manure of neem cake. Because of a component
that stops soil microbes from turning nitrogen molecules into nitrogen gas, neem cake appears
to increase soil fertility. It is a nitrification inhibitor and extends both the short-term and long-
term availability of nitrogen to crops. Because it still contains limonoid, organic manure derived
from neem cake shields plant roots from worms. Neem cake could cause stunting and even

plant dieback (phytotoxicity) if applied after transplanting. Nematicidal action of the cake on
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nematodes and on soil fertility is only apparent after some time. For these two reasons, neem

cake was applied (5 DATP and every 10 days). An application of 5 t/ha of neem cake was done.

3.5. Plant Sampling
Plants were properly identified with colorful, numbered ribbons preferably attached to a hook.
Growth measurement: weekly growth, chlorophyll and length of mature leaf was taken. Each
week, the string at the end of the plant was marked with a felt pen. The distance between 2
marks gave us the weekly growth. Weekly growth was obtained by measuring the distance
between the apex and the mark made with a felt pen on the rope during the previous week, which
became our growth point to measure. The measurement at the tip of the plant stopped at the
apex of the growing part of the plant, ignoring the young leaf which later pointed up. The
diameter of the stem (indicator of the vigor of the plant) was taken during the growing process
(mark of the previous week). When there was an obstacle such as a cluster or a leaf, the

measurement was taken just below.

3.5.1. Agronomic Data

Eighteen (18) tomato plants were randomly selected from each plot and tagged. These plants
were then monitored throughout the growth season, and the following data sets were gathered

from the field.

» Plant Height: Each of the tagged plants was measured at two weeks intervals until 8
WATP. The height of the plant was measured from the base to the tip of the youngest

leaf using a meter rule.
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» Number of Leaves: At two weeks interval until 8 WATP, the leaves of the tagged plants
were counted and the average were recorded.

» Chlorophyl Content: the chlorophyll content of tomato leaves was taken from 6 WATP
from 3 leaves per plant from the tagged plants with the aid of a SPAD meter.

» Number of Flowers per Plant: The number of flowers per plant was determined by
counting for each of the tagged plants and the averages recorded.

> Fruit Set Rate Per Plant: This rate was calculated as a percentage of total flowers as

flowing:

Total number of flower - aborted flower

Set rate = Total number of flowers

X 100%....coueiiiiiiii Equation 3.15

» Number of Fruits per Plant: The number of fruits per plant was determined by
counting for each treatment.
> Yield (t/ha): The weight of the fruit (kg) was multiplied by the plant population per

hectare and the result divided by 1000.

3.5.2. Data Analysis

The data collected were arranged in Microsoft Excel (2019) and subjected to Analysis of
Variance (ANOVA) using GenStat 12" edition statistical package. The factorial treatment
combination of irrigation level, Velum Prime and neem products in General Treatment Structure
(in Randomized Blocks) was used to analyze the data. The differences in treatment means were
compared using the least significant difference (LSD) at the 5% probability. The relationship

between, yield, and yield components was examined using correlation analysis.
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CHAPTER FOUR
4. RESULTS AND DISCUSSION
4.1. Soil and Water Properties

4.1.1. Physical Properties of Experimental Soil

Laboratory analysis of the physical properties of the experimental soil showed that the soil
texture was clay loam. The soil bulk density ranged from 1.37 to 1.43 g/cm?®across soil depth of
0 — 40 cm with topmost layer recording the least. Field Capacity was 31.70% for the topsoil (0
to 20 cm deep) and 31.90% for the sub-surface soil (20 to 40 cm deep). On dry weight basis, the
soil moisture content at the Permanent Wilting Point decreased with soil depth from 18% and

19% (Table 4.1).

Table 4.1. Soil Physical Properties of the Experimental Site.
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Soil physical properties Soil Depth

0-20cm 20-40cm
% Sand 42.00 43.60
% Clay 30.00 31.00
% Silt 28.00 25.40
Soil texture Clay loam Clay loam
% Gravel by Mass <2mm 43.30 53.40
Total organic matter % 2.10 1.40
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Permanent wilting point % 18.80 19.20

Field capacity % 31.70 31.90
Bulk density (g/cm™) 1.37 1.43

Soil Moisture content 15.20 16.10
Porosity % 36.20 52.20

(Field Experimental, 2022).

At the experimental field, the soil had Clay loam texture with 43.60% sand and 31.00% clay
and 25.40% silt across the soil depths. The result is comform with the findings of Ochsner et al.
(2001) and Ahmad and Li (2021) who reported that the soil texture in Nyankpala varied from

clay to clay loam and is generally rich in clay content.

The bulk density of soil is regarded as a index parameter since it is related to soil compaction
and a number of other physical, chemical, and biological characteristics. The top surface soil
layer (0-20 cm) had lower bulk density value than the sub-surface layer, which might be
attributed to high organic matter concentration in the top soil. The bulk density of the soil at the
time of the experiment ranged from 1.37 to 1.43 g/cm® According Carter (1990) and
Shammaryet al. (2017), the bulk density generally within desirable range for mineral soils,
ranges from 1.10 to 1.60 g/cm?® (Lu et al., 2014; Martin et al., 2017). Thus, the soil used in this
experiment was suitable for maximum air and water flow for crop root growth (Shammary et

al., 2018).
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The soil organic matter was low and decreased with increasing soil depth. The results are similar
with the report of Shammary et al. (2018) and Mokrini et al. (2018) who stated that organic
matter decreases bulk density, as noted in this experiment. The soil organic matter might have
influenced the soil moisture content at field Capacity, although there was minimal difference

between the top soil (31.90%) and sub-surface soil (31.70%).

Generally, field capacity of clay-loam soils ranges from 23 to 35% (Assouline and Or, 2014:
Andrenelli et al., 2016). Thus, the values recorded in the current investigation were within the
range reported earlier. Additionally, there were variations in the moisture content at the
permanent wilting point, which ranged from 18.90% to 19.20% on weight basis (Table 4.1) and

these results conform with the range indicated by Busscher (2009).

Infiltration rate

The soil water infiltration rate in this experiment was 31.30 mm/hr upstream and 27.30 mm/hr

downstream, with an average of 29.30 mm/hr (Figure 4.1).
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Figure 4.1. Infiltration Rate and Cumulative infiltration Depth for Upstream before the

Experiment. (Field Experimental, 2021).

The average infiltration rate in this experiment was 29.30 mm/hr, which is comparable to
findings for a vegetated Clay loam soil, which is within the 20 — 30 mm/hr range (Libultti et al.,
2021). This indicates that it takes an hour for water to permeate 29.30 mm of soil layer. See and

Ward (1990) both defined this rate (29.30 mm/hr) as moderately invading.

4.1.2. Soil and Irrigation Water of Chemical Properties

The pH value of the soil used in this study ranged from 6.7 to 6.8 with the sub-surface giving
the highest pH value (6.8). Organic carbon level was high at subsoil depth of 1.18 to 1.19%,
whilst organic matter varied from 2.36 to 2.38% across to soil depth (Table 4.2). The irrigation

water chemical analysis showed a pH of 7.9 which was considered normal. Table 4.2, shows the
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irrigation water’s electrical conductivity (EC) was 241 (u/cm) and irrigation water’s nitrate was

34ppm.

Table 4.2. Analysis of Chemical Properties of Soil and Irrigation Water.

Soil Chemical Properties Soil Depth

0-20cm 20 - 40 cm
EC (uS/dm) 28.90 28.70
pH 6.70 6.80
0.C (%) 1.18 1.19
O.M (%) 2.36 2.38
Irrigation Water pH EC Salinity(u/cm) TDS NO3-

(W/cm) (ppm)
7.90 241.00 14.40 120.30 34.00

EC = Electrical conductivity, O.C = Organic carbon, OM = Organic matter TDS = Total
dissolvable solids

(Field experiment, 2022).

The findings of the soil chemistry analysis by electrometric method showed that the pH value
varied between 6.70 and 6.80. The soil reaction of the study region was identified as mildly
acidic by Woznica et al. (2019), with a classification range of pH 6.50 - 6.90. Interestingly, pH
range of 6.50 to 7.00 predisposes availability of majority of nutrients to plants (Zhang et al.,

2005; Woznica et al., 2019). In the experimental field, the soil had high electrical conductivity
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(Table 4.2); and could be classified as saline (Zhang et al., 2005) and Woznica et al (2019),

respectively.

The topsoil profile had the least amount of organic carbon, while the lower layer of soil
contained the most. Soil organic carbon values between 0.50 and 1.50% is regarded as low, and
since the soil in the study area had less than 3% OC, is an indication that the soil is poor in
nutrients (Nocita et al., 2013). This is consistent with similar studies that found nitrogen as the
most restricting soil nutrient due to low OC content and its high volatility and ease of leaching
(Plante and Parton, 2007). The results also indicates that the irrigation water with an Electrical
Conductivity (salinity) of 241 p/cm was in class one (C1), revealing sustainability for irrigation

and low in salinity hazard as stated by Ohtsuka and Komatsu (2005).

4.1.3. Crop Water Requirement of Tomato

The highest net irrigation water application per experiment period was 508 mm under the 100%
ETc irrigation regime, while the minimum was 254 mm under the 50% ETc highly stressed
regime (Table 4.3). The 90% field application capacity method was used to compute the highest
gross irrigation seasonal water need (564 mm), which was obtained from 100% ETc, while the

lowest of 50% ETc, was from 282 mm.

Table 4.3. Crop Water Requirement Irrigation Regimes of Tomato.

Month Ke ETo 100% ETc 75% ETc 50% ETc
(mm/dec) (mm/dec) (mm/dec)

May 0.90 5.68 51.12 38.34 25.56

May 0.90 5.68 51.12 38.34 25.56
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May 0.90 5.68 51.12 38.34 25.56

Jun 1.15 4.92 56.58 42.44 28.29
Jun 1.15 4.92 56.58 42.44 28.29
Jun 1.15 4.92 56.58 42.44 28.29
Jul 1.01 4.33 43.73 32.8 21.87
Jul 1.01 4.33 43.73 32.8 21.87
Jul 0.08 4.33 43.73 25.98 17.32
Aug 0.80 3.89 31.12 23.34 15.56
Aug 0.80 3.89 31.12 23.34 15.56
Total 508.00 381.00 254.00

(Field Experiment, 2022).

Water is necessary for plant growth and development. Based on the seasonal water application
depth from transplanting to harvest, the seasonal crop water requirements of tomato varied
depending on the treatment. The control treatment (100% ETc) produced the maximum net
irrigation water application of 508 mm, whereas the minimum net irrigation water application
of 254 mm (50% ETc) was produced by the stressed treatment. The 90% field application
capacity method was used to compute the highest gross irrigation seasonal water need (564

mm), which was obtained from 100% ETc, while the lowest 50% ETc gave 282 mm.

Kuscu et al., (2014) obtained an optimal irrigation application rate of 512 mm for tomato
seasonal water requirement. As anticipated, the full irrigation regime of 100% ETc had the
highest seasonal ETc, which was undoubtedly caused by the favorable soil moisture during the
cultivation period. In contrast, the treatment with the highest water deficit provided the lowest

seasonal crop water demand (50% ETc). The results from the study are consistent with the
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predicted 2011 values of seasonal ETc for tomato (512 mm for the treatment with full irrigation
( Kuscu et al., 2014; Zhang et al., 2017; Cui et al., 2019Ewaid et al., 2019 and Wu et al.,
2021).These authors found that depending on the environment, humidity, wind, and tomato-

growing season, the water requirements of tomatoes ranged from 400 to 600 mm

4.1.4. Nematode (Meloidogynes) count
A total of one thousand three hundred and eighty-four (1384) nematodes were collected from
seventy (70) water samples at Golinga and thirty-two (32) nematodes from ten (10) samples at
Bontanga irrigation scheme. After the analysis, the total quantity of water in which nematodes
were found at Bontanga and Golinga was 10.5 L from which 159 ml was applied per pot to
infest the experimental soil. The density of nematodes per volume of water found in the sampled
soils was higher than reported earlier (Kwara et al., 2014: Avdeenko et al., 2021). The results
of this study showed greater populations of plant parasitic nematodes in the soils of northern

Region, Ghana, which calls for urgent soil management practices.

Total Nematodes
Bontanga
2%

Total Nematodes
Golinga
98%

Figure 4.2. Nematode count from Bontanga and Golinga irrigation scheme waters

(Field Experiment, 2022).
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4.1.5. Distribution Uniformity of the Drip Irrigation System

When employing drip irrigation systems, indicates how evenly water is spread. When the
irrigation application is not constant, of the irrigated area will get varying quantities of water
applied. To calculate the DU, 12 Catch cans were used in each replication. The distribution
uniformity of the experimental site was found as 90.3 % in the field, with the second replication

recording the highest DU at 90% and replications 1 and 3 recording the least at 88% (Table 4.4).

Table 4.4. Distribution Uniformity Test Values.

Replications DU (%) Qa (I/h)
Replication 1 88 44
Replication 2 95 43
Replication 3 88 44

(Field Experimental, 2022).

The DU at this experimental drip irrigation system varied from 88% to 95% (Jamrey and Nigam,
2018: Lozano et al., 2020: Kah, 2021). These results are in agreement with earlier reports which

indicated that the DU value of a drip irrigation system range from 85% to 100%.

4.2. Effect of Irrigation Regime, Velum Prime rate and Neem Extract on Tomato

4.2.1. Plant Height at 4, 6 and 8 WATP

At 4 WATP, both interactions and main effects were not significant (p > 0.05) on plant height.
However, at 6 WATP, plant height was significant influenced by all interactions and main

effects (p < 0.001); except Velum Prime rate by neem extract (p < 0.01). Similarly, at 8 WATP,

52



UNIVERSITY FOR DEVELOPMENT STUDIES

;)

ey

%

/1
<

plant height was significantly influenced by all interactions and main effects at (p < 0.001);

except Velum Prime rate by neem extract (p < 0.01).

At 6 and 8 WATP, the results obtained showed that plants treated with full irrigation (100%
ETc), 1.25 L/ha Velum Prime and 5 t/ha neem seed extract gave the highest plant height of
80.67 cm and 90.70 cm respectively (Table 4.5). However, 50% ETc with 0.625 L/ha of Velum

Prime and neem cake (5 t/ha) gave the least 47.60 and 54.00 cm respectively at 6 and 8 WATP.

Table 4.5. Effect of Irrigation Regime, Velum Prime rate and Neem Extract on Plant

Height per Plant at 6 WATP and 8 WATP.

Irrigation Velum 6 WATP 8 WATP
Regime Prime

Neem Extract (t/ha)

(% ETc) (L/ha) NC NL NS NC NL NS
50% 47.60fg  66.70f 57.00fg  54.00f 62.67f 60.00fg
75% 0.625 54.00g 69.00cd  62.00d 61.00g 73.67cd  69.00d
100% 62.00bc  53.00cd  72.00bc  73.00cd  77.33bc  78.00bc
50% 54.00f 54.00f 56.00fg  59.00fg 61.00f 63.00ef
75% 1.25 61.30de  71.00bc  73.60b 68.00de  78.00bc  80.67b
100% 70.00d 79.30a 83.60a 69.00d 86.33a 90.67a
LSD (5%) 5.334 5.315

p-value 0.001 0.001
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(Experimental Field, 2022).

The interaction effect of irrigation by Velum Prime rate by neem extract was significant on plant
height at both 6 and 8 WATP. Plant height was highest with irrigation 100% ETc by Velum
Prime (1.25 L/ha) and neem seed extract (5 t/ha). The results revealed that water, Velum Prime
and neem seed extract have the potential to improve the growth of tomato plant. Plants treated
with 100% water and neem seed gave the highest plant height, as compared to 50% ETc with
0.625 L/ha Velum Prime and neem cake extract (5 t/ha). These results clearly revealed the
potential of water, Velum Prime and neem seed extract to improving tomato growth. This was
in line with a study conducted on tomato by Aminisarteshnizi (2021) who reported that neem
extract increased plant height as compared to the Velum Prime. Javed et al. (2007) and
Sekanjako (2021) earlier found that the neem extract and Velum Prime can prevent RKN eggs
from hatching and stop the development of the embryo inside the egg by killing the embryo or

young adults of the first stage before the could hatch.

4.2.2. Number of Leaves (V(x + 0.5)) at 4, 6 and 8 WATP

At 4 WATP, analyses of the results indicated that the irrigation level of Velum Prime rate by
neem extract, Velum Prime rate by neem extracts, irrigation level by neem extract and irrigation
by Velum Prime rate and also the main effects of Velum Prime rate and Neem extract were not
significant (p > 0.05) on number of leaves per plant. However, irrigation regime had
significantly (p < 0.001) effect on the number of leaves per plant. According to these results,
full irrigation (100% ETc) produced more leaves per plant than 50% ETc, but similar number

of leaves was obtained with 75% ETc (Figure 4.3).
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At 6 and 8 WATP, the analyses of variance indicated the interaction between irrigation by
Velum Prime rate by neem extract, irrigation regime by neem extract, and main effects were
significant (p < 0.001) on number of leaves. However, irrigation regime by Velum Prime rate,
Velum Prime rate by neem extract were not significant (p > 0.05). The full irrigation regime
(100% ETc) with Velum Prime rate (1.25 L/ha) and neem seed extract (5 t/ha) gave highest
number of leaves per plant (4.94 and 5.29) respectively whilst the 50% ETc with Velum Prime
(0.625 L/ha) and neem cake extract (5 t/ha) had the least values (3.43 and 4.18) respectively at

6 and 8 WATP (Table 4.6).

w

I N (
o oW g

o =
(G2 I ]

Number of leaves per plant

o

50% ETc 75% ETc 100% ETc
Irrigation regimes

Figure 4.3. Effect of Irrigation Regime on Number of Leaves at 4 WATP. Bar = SEM
(Field Experiment,2022).

At 4 WATP, the findings are consistent with those of (Qu et al., 2022), who observed that
irrigation regimes between 75% ETc and 100% ETc produced more leaves than 50% ETc. The
findings of the present study is also in agreement with Fernandes et al. (2022), who observed

that tomato leaves were negatively affected by water stress at 50% ETc as compared to 100%

55



UNIVERSITY FOR DEVELOPMENT STUDIES

3

2

%

53

ETc, which was full irrigation. The additional number of leaves could be a result of the plant

getting enough water for increased growth when irrigated at 75% ETc and 100% ETc.

Table 4.6. Effect of Irrigation, Velum Prime rate and Neem on Number of Leaves per

Plant (V(x + 0.5)) at 6 and 8 WATP.

Irrigation Velum 6 WATP 8 WATP
Regime Prime

Neem Extract (5 t/ha)

(%ETc)  (L/ha) NC NL NS NC NL NS
((x + 0.5))

50% 3.44q9 3.80f 3.80f 4.18h 4.29fgh  4.45efg

75% 0.625  3.39g 4.18de 4.06ef 4.26gh 4.78bcde 4.71cde

100% 4.63bc 4.14e 4.56bc 5.03abc  4.63defg  4.09bcd

50% 3.43¢ 3.80f 3.80f 4.22h 5.30a 4.41efgh

75% 1.250  4.18de 3.49¢ 4.42cd 4.67cdef 4.14h 5.12ab

100% 4.02¢ef 4.74ab 4.94a 4.45efgh 5.14ab 5.29a

LSD (5%) 0.2438 0.3508

p-value 0.001 0.001

CV(%) 1.2 0.3508

(Field Experiment,2022).

At 6 WATP, number of leaves, which is one of the principal parameters of tomato growth which
gave the highest number of leaves per plant (4.94) with 100% irrigation, Velum Prime (1.25

L/ha) and neem seed extract (5 t/ha), but water at 50% ETc with Velum Prime (0.625 L/ha) and
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neem cake (5 t/ha) gave the least mean leaf number (3.44). However, 100% ETc with Velum

Prime (1.25 L/ha) and neem leaf extract (5t/ha) was similar to the highest.

At 8 WATP, 50% irrigation with Velum Prime (1.25 L/ha) and neem leaf extract (5 t/ha) gave
maximum number of leaves per plant, whilst stress water of 50% ETc with Velum Prime (0.625
L/ha) and neem cake (5 t/ha) had least (5.29). However, the combination between 100% ETc
with Velum Prime (1.25 L/ha) and neem seed extract (5 t/ha) and same level of irrigation and
Velum Prime rate plus neem leaf extract and also 75% ETc with Velum Prime rte (1.25 L/ha)

and neem seed extract (5t/ha) gave similar effects as the highest entry.

At 8 WATP, it was surprising that water stress at 50% ETc combined with Velum Prime (1.25
L/ha) and neem leaf extract (5 t/ha) enhanced leaf production per plant; although combinations
of 100% ETc and also 75% ETc with extracts of neem seed and neem leaf increased the
parameter. This could be an indication that 50% ETc in combination with Velum Prime and the
neem extracts provided adequate conditions for leaf growth and production. The present results,
however, is in contrast with earliers findings which showed that maximum number of leaves
was attained at 100% ETc as compared to 50% ETc (Silva et al., 2021). Hadian et al. (2011)
and Waisen et al. (2021) also reported the number of leaves obtained with neem seed extract (5
t/ha) was greater than what was observed for neem cake extract (5 t/ha), neem leave extract (5
t/ha) and Velum Prime (0.625 L/ha, 1.25 L/ha). The present results somehow agreed with these
findings as the least leaf production was observed with neem cake under 50% ETc with 0.625
L/ha of Velum Prime. Probably neem cake could be releasing some allelopathic chemical to

hinder the growth of tomato, which might need further research.

4.2.3. Leaf Chlorophyll Content (Spad unit) at 4, 6 and 8 WATP
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The leaf chlorophyll content of the tomato plants were statistically affected by Velum Prime
rate X neem extract interaction and irrigation x neem extract (p < 0.001) interaction at 4 WAT.
All other interactions and main effects did not have any significant effect (p > 0.05). Similarly
at 6 WATP, Velum Prime rate x neem extract interaction, irrigation x neem extract and the main
effect of neem extract were significant (p < 0.001), but other sources of variation were not
significant (p > 0.05). At 8 WAT, the interaction between Velum Prime rate X neem extract,
irrigation regime x neem extract and the main effects of neem extract were significant (p <
0.001) on leaf Chlorophyll Content. However, interaction between irrigation by Velum Prime
rate by neem extract, irrigation Velum Prime rate, Velum Prime rate and irrigation were not

significant (p > 0.05) on leaf chlorophyll content.

The results showed that plants treated with full irrigation (100% ETc) with neem seed extract
(5 t/ha) had the highest chlorophyll content of 52, 55 and 65 respectively at 4, 6 and 8 WAPT
(Figure 4.4) and the tomato treated with 50% ETc by neem cake (5 t/ha) had the least (25, 35
and 45 values) respectively. However, at 4 and 6 WATP 100% ETc with 5 t/ha Neem leaf

extract gave similar effect on the highest entry; but not at 8 WATP.
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Figure 4.4. Effect of Irrigation and Neem Extract on Tomato Chlorophyll at 4, 6 and 8
WATP. Bar =SEM

UNIVERSITY FOR DEVELOPMENT STUDIES

(Field Experiment,2022).
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Table 4.7. Effect of Velum Prime rate and Neem Extract on Tomato Chlorophyll at 4, 6

and 8 WATP.
Treatments Velum Prime rate (L/ha)
0.625 1.250 0.625 1.250 0.625 1.250
4 WATP 6 WATP 8 WATP

NC (5t/ha) 26.11b 26.98b 36.00b 45.21a 71.78c 73.28c
NL (5t/ha) 37.73a 35.21a 47.73a 36.98a 77.52c 83.00a

NS (5t/ha) 35.52a 35.82a 45.84b 46.02a 76.89b 85.44a

LSD (5%) 2.971 2.869 3.117
p-value 0.001 0.001
CV (%) 2.00 2.50 5.40

(Field Experiment, 2022).

At 4 WAT, plants treated with Velum Prime rate (0.625 L/ha) and neem leaf extract had the
highest leaf chlorophyll (37.73 Spad) as compared to Velum Prime rate (0.625 L/ha) by neem
cake extract (5 t/ha) treatments. However, the interaction between Velum Prime (1.25 L/ha)
with 5 t/ha neem seed extract, Velum Prime (1.25 L/ha) with neem leaf extract 5 t/ha and Velum
Prime (0.625 L/ha) with 5 t/ha neem seed extract had similar effect as the treatment that gave

the highest.

At 6 WAT, plants treated with Velum Prime rate (0.625 L/ha) and neem leaf extract had the
highest leaf chlorophyll (47.73 Spad) as compared to Velum Prime rate (0.625 L/ha) by neem
cake extract (5 t/ha) which gave the least leaf chlorophyll (36.00 Spad). However, Velum Prime

(1.25 L/ha) with 5 t/ha neem seed extract, Velum Prime rate (1.25 L/ha) with neem leaf extract
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5 t/ha and Velum Prime rate (1.25 L/ha) with 5 t/ha neem seed extract gave similar effect to the

highest.

At 8 WAT, plants treated with Velum Prime rate (1.25 L/ha) and neem seed extract gave highest
leaf chlorophyll (85.44 Spad) as compared to Velum Prime rate (0.625 L/ha) by neem cake
extract (5 t/ha) which recorded the least leaf chlorophyll (71.78 Spad). However, Velum Prime

(1.25 L/ha) with 5 t/ha neem leaf extract also gave similar effect.

At 4, 6 and 8 WAT, the interaction between Velum Prime (0.625 L/ha) by neem seed extract (5
t/ha) gave highest leaf chlorophyl content, showing that Velum Prime at the lower rate combined
with 5 t/ha neem leaf extract adequately management the nematodes for the tomato for enhanced
chlorophyll synthesis. Limited report is available on this subject; therefore, the present findings
will serve as bench mark for future research on treatments promoting leaf Chlorophyll content

in tomato due to nematode management.

4.2.4. Flower Count (V(x + 0.5)) Per Plant at 6 and 8 WATP

At 6 WATP, interaction of irrigation regime by Velum Prime rate by neem extract, irrigation
level by neem extract, Velum Prime rate by neem extract and the main effects were significant
(p < 0.001); whilst irrigation regime by Velum Prime did not have significant (p > 0.05)

influence on number of flower per plant.

At 8 WATP, the interaction of irrigation regime by Velum Prime rate by neem extract and all

main effect (p < 0.001) affected flowering.

Tomato treated with 75% ETc combined with Velum Prime (1.25 L/ha) and neem seed extract

produced about 5 flowers per plant respectively at 6 and 8 WATP, whilst the least flower count
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of about 1-3 were produced by by the application of irrigation regime 50% ETc with Velum

Prime rate (0.625 L/ha) and neem leaf extract (5 t/ha) respectively at 6 and 8 WATP (Table 4.8).

Table 4.8. Effect of Irrigation Regime, Velum Prime rate and Neem Extract on Tomato

Flower Count (V(x + 0.5)) per Plant at 6 and 8 WATP.

Irrigation Velum 6 WATP 8 WATP
Regime Prime

Neem Extract
(% ETc) rate (ml) NC NL NS NC NL NS

(V(x + 0.5))

50% 2.12i 1.56j 4.75a 3.39i 3.08j 4.14fF
75% 0.625  3.08fg 3.67¢c 4.41a 4.06fg 4.53c 5.15b
100% 2.91g 3.08fg  3.42ef  3.94gh  4.06fg  4.18ef
50% 2.91gh  291gh  3.19f 3.94gh  3.94gh  4.14f
5% 1.250 2.79h 4.30b 4.75a 3.85h 5.05b 5.43a
100% 3.53cd 3.53cd  3.39de 4.42cd 4.30de 4.42cd
LSD (5%) 0.184 1.398
p-value 0.001 0.001
CV% 1.60 0.80

(Field Experiment,2022).

At 6 WATP, the interaction of irrigation regime (75% ETc) by Velum Prime rate (1.25 L/ha) by

neem seed extract (5 t/ha) on flower count was significant (p < 0.001) due to the treatments.
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Similar results were obtained at 75% ETc with 0.625 L/ha plus Velum Prime and 5 t/ha neem
seed extract and also 50% ETc with 0.625 L/ha Velum Prime and 5 t/ha neem seed extract at 6

WATP.

This result could possibly be due to the neem seed extract increasing plant nutrient and
immobilizing nematodes in combination with Velum Prime and irrigation to support flowering.
Overall, combination effect of 75% ETc, Velum Prime (1.25 L/ha) and neem seed extract (5
t/ha) gave the highest number of flower per plant (5.43 and 5.15) respectively at 6 and 8 WAT.
The results of the present study clearly indicated its potential to provide integrated management
of nematodes for increased flower production which could enhance fruiting in tomato. Limited
report is available on this subject; therefore, the present findings will serve as basis for future
research on treatments promoting flower count in tomato under root-knot nematode infested

fields.

4.2.5. Tomato Fruit Set

Fruit set was calculated using equation 3.15, with irrigation regime, 1.25 L/ha and neem extract-
treated plants recording fruit set (85 to 100%), while irrigation regime with 0.625 L/ha Velum

Prime and neem extract supported between 60 to 87% (Table 4.9).
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Table 4.9. Effect of Irrigation Regime, Velum Prime rate and Neem Extract on Percent

Tomato Fruit Set.

Treatments Velum Prime rate (L/ha)
Irrigation 0.625 1.250
regime Neem extract (5t/ha)

NC NL NS NC NL NS

%

50% ETc 60 82 87 85 86 88
75% ETc 67 87 95 98 99 100
100% ETc 78 87 88 89 89 97

(Field Experiment,2022).

Plants treated with 75% ETc with Velum Prime rate (1.25 L/ha) and 5 t/ha gave the highest fruit
set whilst irrigation 50% with Velum Prime rate (0.625 L/ha), led to low fruit set rate. However,
75% ETc with 1.25 L/ha and neem leaf extract and also 75% ETc with 1.25 L/ha and neem cake

extract was similar to the the treatent that gave the highest.

4.3. Fruit count at 8 and 9 WATP
AT 8 WATP, interaction of irrigation regime by Velum Prime rate by neem extract, irrigation
levels by neem extract, irrigation by Velum Prime, Velum Prime rate by neem extract and main
effects of Velum Prime rate and irrigation were not significant (p > 0.05). However, the main

effect of neem extract was significant (p < 0.05) influence on tomato number of fruits.

At 9 WATP fruit count was not influenced (p > 0.05) by irrigation regime, Velum Prime rate

and neem extract, irrigation regime by Velum Prime, irrigation by neem extract, Velum Prime
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by neem extract and main effect of Velum Prime. However, crops treated with irrigation and

also neem extract determined (p < 0.05) fruit count.

Results obtained showed at 8 WATP plant treated with neem seed extract at 5 t/ha gave the
highest fruit number per plant, whilst neem cake gave the least (Figure 4.5). At 9 WATP, results
obtained indicated that plants treated with 75% ETc had the highest fruit count, whilst neem

seed extract (5 t/ha) gave higher fruiting count (Figure 4.6).
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Figure 4.5. Effect of Neem Extract on Fruit count at 8 WATP. Bar = SEM
(Field Experiment,2022).
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Figure 4.6. Effect of Irrigation Regime on Fruit Count at 9 WATP. Bar = SEM
(Field Experiment,2022).
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Figure 4.7. Effect of Neem Extract on Fruit Count at 9 WATP. Bar = SEM
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(Field Experiment,2022).

At 8 and 9 WAT, the application of neem seed extract gave the highest number of fruits of 2
and 3 fruit count per plant respectively; whereas neem cake recorded the least. This outcome
was consistent with research done by Sora and Sakata (2022), who found that neem seed extract
led to more fruits per plant. In the current experiment, using neem extract might have
significantly reduced the negative impact of the nematode infestation that could reduce the fruit
count in tomato. Also, at 9 WATP, 75% ETc irrigation level produced more fruits, whereas a
50% ETc irrigation regime decreased fruiting. These findings were in similar with the findings
of Assouma and Yacoubou (2021), who reported that neem seed extract and moderate moisture
levels produced increased fruit counts when compared with other treatments in their experiment.
Neem extract proved efficient for improving resistance of tomato to virulence nematodes.
Findings of this research on watering effects on fruit count showing 75% ETc as optimum is in
agreement with those of (Chen et al., 2013), who found that deficit irrigation adversely affected

fruit number when compared to plants watered at 75% ETc and 100% ETc.

4.4. Tomato Fruit Yield
The analysis of variance showed that fruit yield was affected by interaction of irrigation regime
by neem extract and main effect of neem extract (p < 0.001). However, all other interactions

and main effects did not (p > 0.05).

Irrigation of tomato with 75% ETc with neem seed extract of 5 t/ha maximized fruit yield of 1.7
t/ha, while the lowest was 0.6 t/ha for the irrigation regime of 50% ETc with 5 t/ha neem cake

extract (Figure 4.8).
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Figure 4.85. Effect of Irrigation Regime and Neem Extract on Fruit Weight. Bar = SEM
(Field Experiment,2022).

The effects of irrigation with 75% ETc and 5 t/ha of neem seed extract increased the values
recorded for most of the measured indices. The findings from the study suggested that the
moderate irrigation regime combined with neem extract, could have dual effects in this
experiment, by augmenting nutrient availability to plants and, more importantly checking root-
knot nematodes (Meloidogynes spp.) infestation for effective tomato growth and fruit
production. It has been reported that neem extract could promote nutrient uptake by crops
(Gobezie, 2022). The findings are consistent with research by Oke et al. (2020), which found

that applying 75% ETc with neem seed extract improved flowering and yield.
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4.5. Correlation Analysis
Total fruit yield correlated high and positively with fruit count, flower count, flower abortion,
chlorophyll, number of leaves and plant height; with corresponding coefficients of correlation

(r) of 0.78, 0.67, 0.96, 0.85, 0.95 (Table 4.10).
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Table 4.10. Correlation Analysis of Fruit Yield and Yield components

PH NL CH FL FB FR FY
PH 1
NL 0.78** 1
CH 0.53 0.29 1
FL 0.76** 0.67** 0.78** 1
FB 0.31 0.51 0.53 0.48 1
FR 0.29 0.53 0.96** 0.72** 0.57 1
FY 0.69 0.32 0.78** 0.85** 0.53 0.95** 1

PH = Plant height, NL = Number of leaves, CH = Chlorophyll, FL= Flowers, FR = Fruit, FY =

FY = Fruit Yield, ** = Highly correlated.

(Field Experimental, 2022)
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CHAPTER FIVE

5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions
The current study evaluated the impact of integrated application of drip irrigation regime, Velum
Prime rate, and neem products on root-knot nematodes control and growth and yield of tomato

in the Northern Region of Ghana. The research revealed the following:

a) Interaction of 100% ETc irrigation with 1.25 L/ha Velum Prime and 5 t/ha neem seed
extract and also irrigation 100% ETc with 1.25 L/ha Velum Prime and 5 t/ha neem leaf
extract produced the tallest plants with heights of about 90.67 cm and 86.33 cm

respectively.

b) Combination of irrigation 100% ETc with Velum Prime rate (1.25 L/ha) and neem seed
extract (5 t/ha), 100% ETc with Velum Prime rate (1.25 L/ha) and neem leaf extract (5
t/ha) and also 75% ETc with Velum Prime rate (1.25 L/ha) and neem seed extract (5t/ha)
increased the number of leaves per plant than the other treatments.

c) Irrigation regime at 100% ETc with 5 t/ha neem seed extract, 1.25 L/ha Velum Prime
rate (1.25 L/ha) with neem leaf extract and 1.25 L/ha Velum Prime with neem seed
extract (5 t/ha) increased chlorophyll content of leaves compared to the other treatments.

d) Irrigation at 75% ETc with 1.25 L/ha Velum Prime neem seed extract (5 t/ha) enhanced
fruit set..

e) Tomato plants treated with irrigation at 75% ETc plus Velum Prime rate (1.25 L/ha) plus

5 t/ha neem seed extract produced more flowers.
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f) Irrigation of 75% ETc and plant treated with 5 t/ha neem seed extract increased fruit

number per plant.

g) Tomato plants treated with 75% ETc by 5 t/ha neem seed extract gave the highest fruit

yield.

5.2. Recommendations

a) Treatment of 75% ETc irrigation plus neem seed extract could be used to enhance
tomato fruit yield under root-knot nematode infested soils.

b) Future study with the treatments applied here should consider counting root-knot
nematode populations in soils and plant roots to ascertain the relationship between
root-knot nematode population and impact of the management method.

c) Future studies should indicate dose applications of the botanical extracts in quantity

used per pot.
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APPENDICES

Appendix 1. Crop Water Requirement

Month Decade | Stage | K¢ ETo 100 % ETc | 75% ETc | 50 % ETc

(mm/dec) | (mm/dec) | (mm/dec)

May 1 Ini 0.90 5.68 51.12 38.34 25.56
May 2 Ini 0.90 5.68 51.12 38.34 25.56
May 3 Ini 0.90 5.68 51.12 38.34 25.56
Jun 1 Dev 1.15 4.92 56.58 42.44 28.29
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Jun 2 Dev 1.15 4.92 56.58 42.44 28.29
Jun 3 Dev 1.15 4.92 56.58 42.44 28.29
Jul 1 Mid 1.01 4.33 43.73 32.8 21.87
Jul 2 Mid 1.01 4.33 43.73 32.8 21.87
Jul 3 Mid 0.08 4.33 43.73 25.98 17.32
Aug 1 Late 0.80 3.89 31.12 23.34 15.56
Aug 2 Late 0.80 3.89 31.12 23.34 15.56
Total 508 381 254

Kc = crop coefficient, ETo = evapotranspiration of reference crop, ETc = crop
evapotranspiration, (mm/dec) = millimeter per decade, Ini = Initial Stage, Dev = development

stage.

Appendix 2. Nematodes Count

Bontanga | 1 2 3 4 5 6 7 8 Total
Samples | 10 3 0 1 5 3 0 10 32
Golinga

Nematodes (1% | Nematodes

Samples count) (2" count) Total
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10

18

Total Nematode count,

Golinga

1352

Total Nematode count,

Bontanga

32

Total

1384

Water quantity/mL

10.5

infected pot

66

Each pot (L)

0.159091

Appendix 3. Distribution Uniformity test values

Replications

DU (%)

Qa (I/h)

Replication 1

Replication 2

Replication 2

0.88

0.95

0.88

0.44

0.43

0.44
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Appendix 4. Plant Height at AWATP

Source of variation d.f. S.S. m.s V.I. F pr.
Irrigation 2 502.8 2514 1.74 0.191
Velum Prime 1 294.0 294.0 2.03 0.163

m Neem extract 2 40.4 20.2 0.14 0.870

g Irrigation.Velum Prime 2 60.8 30.4 0.21 0.812

E Irrigation. Neem extract 4 503.4 125.9 0.87 0.492

g Irrigation.Velum Prime.

é Neem extract 4 419.4 104.9 0.73 0.581

% Residual 34 4917.2 144.6

E Total 53 8333.3

b

:

<
L,ﬁ/ Appendix 5. Plant Height at 6 WATP

Source of variation df. ss. m.s. V.I. F pr.
Irrigation 2 2902.93 1451.46  140.48 <0.001
Velum Prime 1 362.96 362.96 35.13 <0.001
Neem extract 2 815.81 407.91 39.48 <0.001
Irrigation.Velum Prime 2 233.37 116.69 11.29 <0.001
Irrigation. Neem extract 4 354.85 88.71 8.59 <0.001
Velum. Neem extract 2 140.04 70.02 6.78 0.006
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Irrigation.Velum Prime. 4 389.96 97.49 944 <0.001
Neem extract
Residual 34  351.30 10.33
Total 53 5605.26

Appendix 6. Plant Height at 8 WATP
Source of variation df ss. m.s. V.I. Fpr.
Irrigation 2 2902.93 1451.46  140.48 <0.001
Velum Prime 1 362.96 362.96  35.13 <0.001
Neem extract 2 815.81 40791  39.48 <0.001
Irrigation.Velum Prime 2 233.37 116.69 11.29 <0.001
Irrigation. Neem extract 4 354.85 88.71 8.59 <0.001
Velum Prime. Neem extract 2 140.04 70.02 6.78 0.005
Irrigation.VVelum Prime. 4 389.96 97.49 9.44 <0.001
Neem extract
Residual 34 351.30 10.33
Total 53 5605.26
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Appendix 7. Number of Leaves at 4 WATP

Source of variation df. ss. m.s. V.I. F pr.
Irrigation 2 396.93 198.46 16.38  <0.001
Velum Prime 1 31.13 31.13 2.57 0.118
Neem extract 2 23.59 11.80 0.97 0.388
Irrigation.Velum Prime 2 1.59 0.80 0.07 0.936
Irrigation. Neem extract 4 28.52 7.13 0.59 0.673
Irrigation.VVelum Prime.Neem extract 4 20.07 5.02 0.41 0.797
Residual 34 411.85 12.11

Total 53 1101.87
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Appendix 8. Number of Leaves at 6 WATP

Source of variation d.f S.S. m.s. V.I. F pr.
Irrigation 2  478.259 239.130 133.12 <0.001
Velum Prime 1 31.130 31.130 17.33 <0.001
Neem extract 2 104.148 52.074  28.99 <0.001
Irrigation.Velum Prime 2 49.593 24.796  13.80 0.006
Irrigation. Neem extract 4 9.630 2.407 1.34 <0.001
Velum. Neem extract 2 9.926 4.963 2.76 0.007

99



UNIVERSITY FOR DEVELOPMENT STUDIES

53

o
Eat

e

Irrigation.VelumPrime 4 129.185 32.296  17.98 <0.001
.Neemextract
Residual 34 61.074 1.796
Total 53 879.204

Appendix 9. Number of Leaves at 8 WATP
Source of variation d.f. ss. m.s. V.I. F pr.
Irrigation 2 335.259 167.630 39.62 <0.001
Velum Prime 1 24.000 24.000 5.67 <0.001
Neem extract 2 82.926 41.463 9.80 <0.001
Irrigation.Velum Prime 2 32.444 16.222 3.83 0.006
Irrigation.Neem extract 4 22.741 5.685 1.34 <0.001
Velum Prime.Neem extract 2 24.778 12.389 2.93 0.067
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Irrigation.Velum Prime.

Neem extract 4 97.111 24.278 5.74 <0.001
Residual 34  143.852 4231
Total 53 799.259

Appendix 10. Chlorophyll content at 4 WATP
Source of variation d.f. ss. m.s. V.I. F pr.
Irrigation 2 735.156 367.578 38.24 <.001
Velum Prime 1 2.756 2.756 0.29 0.596
Neem extract 2 233.896  116.948 12.17 <0.001
Irrigation.Velum Prime 2 39.591 19.796 2.06 0.143
Irrigation. Neem extract 4 365.067  91.267 9.50 <0.001
Velum. Neem extract 2 890.863 445431 46.34 <0.001
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Irrigation.Velum Prime.

Neem extract 4 31.870 7.967 0.83 0.516
Residual 34 326.792 9.612
Total 53 2649.699

Appendix 11. Chlorophyll content at 6 WATP
Source of variation df. ss. m.s. V.I. F pr.
Irrigation 2 898.303 449.151 50.07 <0.001
Velum Prime 1 2.802 2.802 0.31 0.580
Neem extract 2 265489  132.745 14.80 <0.001
Irrigation.Velum Prime 2  42.188 21.094 2.35 0.111
Irrigation. Neem extract 4  391.136 97.784 10.90 <0.001
Velum Prime. Neem extract 2 899.710  449.855 50.15 <0.001
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Irrigation.Velum Prime.

Neem extract 4 29.996 7.499 0.84 0.512
Residual 34 305.006 8.971
Total 53 2860.663

Appendix 12. Chlorophyll content at 8 WATP

Source of variation df ss. m.s. V.I. F pr.
Irrigation 2 731.23 365.61  33.37 <0.001
Velum Prime 1 6.13 6.13 0.56 0.459
Neem extract 2 285.40 142,70 13.03 <0.001
Irrigation.Velum Prime 2 57.70 28.85 2.63 0.861
Irrigation. Neem extract 4 419.27 104.82  9.57 <0.001
Velum Prime.Neem extract 2 844.80 42240  38.56 <0.001
Irrigation.VelumPrime.Neem extrat 4  18.27 4.57 0.42 0.795
Residual 34 37247 10.95

Total 53 2738.63

Appendix 13. Flower count at 6 WATP

Source of variation d.f. S.S. m.s. V.I. F pr.

Irrigation 2 525.444  262.722 628.07 <0.001
Velum Prime 1 88.166 88.1667 210.77 <0.001
Neem extract 2 320.444 160.222  383.03 <0.001
Irrigation.Velum Prime 2 1.444 0.7222 1.73 <0.001
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Irrigation. Neem extract 4 241.777 60.4444 14450 <0.001
Velum Prime. Neem extract 2 23111 115556  27.63 <0.001
Irrigation.VVelum Prime.
Neem extract 4 59.111 147778  35.33 <0.001
Residual 34  14.222 0.4183
Total 53 1276.833

Appendix 14. Flower count at 8 WATP
Source of variation df. ss. m.s. V.I. F pr.
Irrigation 2 6.960202 3.480101 602.85 <0.001
Velum Prime 1 1.300577  1.300577 225.29 <0.001
Neem extract 2 4198160 2.099080 363.62 <0.001
Irrigation.Velum Prime 2 0.105110 0.052555 9.10 <0.001
Irrigation. Neem extract 4 2989771 0.747443 129.48 <0.001
Velum Prime. Neem extract 2 0.408718 0.204359 35.40 <0.001
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Irrigation.VelumPrime.

Neem extract 4 59.1111 14.7778 30.69 <0.001
Residual 34 0.196274 0.005773
Total 53 17.091545
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Source of variation d.f. S.S. m.s. V.I. F pr.
Irrigation 2 80.70 40.35 3.02 0.061
Velum Prime 1 37.50 37.50 2.80 0.103
Neem extract 2 20693 103.46 7.74 0.002
Irrigation.Velum Prime 2 411 2.06 0.15 0.858
Irrigation. Neem extract 4 33.41 8.35 0.62 0.648
Velum Prime. Neem extract 2 24.11 12.06 0.90 0.415
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Irrigation.Velum Prime.

Neem extract 4 03.78 23.44 1.75 0.160
Residual 36 481.33 13.37
Total 53 961.87

Appendix 16. Fruit count at 9 WATP

Source of variation df. ss. m.s. V.I. F pr.

Irrigation 2 157.00 78.50 4.06 0.016
Velum Prime 1 71.19 71.19 3.68 0.064
Neem extract 2 310.11 155.06 8.01 0.001
Irrigation.Velum Prime 2 2381 11.91 0.62 0.546
Irrigation. Neem extract 4 58.22 14.56 0.75 0.564
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Velum Prime. Neem extract 2 31.59 15.80 0.82 0.451

Irrigation.VVelum Prime.

Neem extract 4 163.41 163.41 40.85 2.11
Residual 34 657.89 19.35
Total 53 1511.33
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Appendix 17. Fruit Yield

Source of variation df. ss. m.s. V.I. F pr.

Irrigation 2 2272 2136 18.17 0.31

Velum Prime 1 1830 2787 1.43 0.486
Neem extract 2 25150 12575 19.68 <.001
Irrigation.Velum Prime 2 3600 1830 2.87 0.086
Irrigation.Neem extract 4 35702 26575 21.65 <.001
Velum Prime.Neem extract 2 2600 986 0.97 0.652
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Irrigation.Velum Prime.

Neem extract 4 1150 575 0.27 0.852
Residual 34 1304 38
Total 53 91608
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Appendix 18. Field Picture with Tomato 2 WATP (left) and Neem Extract Preparation

(right)
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Appendix 19. Field Picture with Treatment At 3WATP
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Appendix 20. Field Picture with Data Collection (left) and Tomato at the Fruiting Stage

(right)
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Appendix 21. Tomato Field at 12 WATP
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