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ABSTRACT 
 

The effects of some cultural practices and some plant extracts on wilt disease of 
tomato (Lycopersicon esculentum Mill) in Owerri, were studied. The experiments 
were conducted in 2010, 2011 and 2015 at the Teaching and Research Farm and in 
the Crop Science and Technology Laboratory of the School of Agriculture and 
Agricultural Technology, Federal University of Technology, Owerri, Imo State, 
Nigeria. The investigation consisted of three (3) different experiments and each 
repeated two times. Experiment one dealt on the effects of some mulching materials 
and some tomato cultivars on wilt disease of tomato. The design was a 3x4 factorial 
in randomized complete block design (RCBD) in four (4) replications. Experiment 
two (2) dealt on the effects of some plant extracts and tomato cultivars on the wilt 
disease of tomato. The design was a 3x4 factorial in RCBD with three (3) 
replications. Experiment three (3) studied the effects of plant spacing/ density and 
inter- cropping on wilt disease of tomato. The design used was a 4x4 factorial in 
RCBD with 4 replications. Data on growth, flowering, yield, disease incidence and 
severity on tomato were collected and statistically analysed using Genstat Version 4 
analytical software, while the means were separated for difference using Fisher’s 
Least Significant Difference protocol. Percentage wilt disease incidence was 
significantly (P<0.05) affected in the 3rd and 5th week after transplanting (WAT) in 
2010 and in 6 WAT 2015 due to tomato cultivars. In the 7th week, mulching 
significantly (P=0.0.5) affected tomato wilt. The wilt incidence was lowest (31.0%) 
under grass mulch in 7th (WAT) in the 2010 experiment and the wilt severity was also 
lowest (1.75) at 2 WAT in 2015. Wilt incidence was significantly affected (P<0.05) 
by interaction between cultivars x plant extracts at 4 WAT in the 2011 experiment, 
whereas spacing significantly (p<0.05) affected wilt incidence in the last experiment 
at 2 WAT in 2011 and 8WAT in 2015. In the case of wilt severity, tomato cultivars, 
spacing, inter cropping, cultivars x mulch interaction, and cultivars x plant extracts 
interactions, all significantly (p<0.05) affected tomato wilt severity in 2010 and 
2011. There was generally a poor yield of the tomato crop in the whole experiments. 
However, the number of fruits for Rio Grande cultivars significantly (p<0.05)  
increased at 8 WAT in the first experiment in 2010 and second experiment in 2015. 
For effective control of tomato wilt ROMA VF cultivars should be grown under grass 
mulch; Tropimech tomato cultivars should be left unmulched. Also, Ocimum viride ( 
Basil plant (Nchuanwu)) with its interaction with Tropimech tomato cultivars 
significantly (P<0.05) reduced the tomato wilt incidence (20.75) to the lowest in the 
2011 trial. Spacing distance of 50 x 25cm under the intercrop of soybean/tomato/okra 
combination significantly (P<0.05) reduced tomato wilt incidence to the lowest 
(9.5%) in 2011. More attention should be directed on the effect of plant extracts on 
the tomato wilt disease in future, to determine the effects of specific rates of Basil 
plant leaves on tomato wilt disease. 
 
Keywords: effects, cultural practices, plant extracts, wilt, disease, tomato 



 

CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Historical Background and Economic Importance of Tomato 

Tomato Lycpersicon esculentum MILL is a plant in Solanaceae (or night shaded) 

family. The early history of tomato is not known with certainty. It appears to have 

originated in tropical America probably in Mexico or in Peru (Gould, 1983). The 

western coast of South America in present day Peru was where eight species of 

tomato genus were considered to grow wild in the Andes Mountains, the principal 

mountains of South America and one of the greatest mountain systems of the world 

(Raymond, 2007).      

Tomato belongs to the genus, Lycopersicon, and in the family, Solanaceae or night 

shade. The family also includes crops and garden plants, such as potato, tobacco, 

egg plant, petunia, as well as many poisonous plants. Some of the species and their 

common names include, L. esculentum esculentum (tomato), L. esculentum 

cerasiforme (Cherry tomato), L. pimpinellifolium (currant tomato). The 

resemblance between leaves and flowers of potato plants validates the taxonomic 

grouping of tomato. Botanically, tomato fruit is a berry, consisting of seeds 

distributed within a fleshy pericarp developed from an ovary. The name tomato 

also refers to the fruit of the plant, once thought to be poisonous, tomatoes have 



 

become one of the most widely grown and commercially important vegetable 

crops. 

The numerous varieties differ greatly in plant form and fruit type, the latter ranging 

from a small currant size through cherry plum, and pear forms to the large, nearly 

round fruits, 10 cm or more widely grown. (Raymond, 2007). All forms include 

red – and yellow – fruited varieties. Tomatoes are a valuable source of food 

minerals and vitamins, particularly vitamins A and C. Fresh tomato fruit contains 

carbohydrates, 4g, water 95g. Tomato is ranked the 16th among all fruits and 

vegetables as a source of vitamin A; 13th in vitamin C, and when adjusted for 

consumption, the most important provider of these two vitamins in the diet. In 

addition, studies have shown that people who eat large amount of tomatoes or 

tomato products may be at lower risk of some kinds of cancer, especially cancer of 

the prostate gland, lung and stomach. 

Tomato grows best in well-drained soils that are well supplied with organic 

matters. Sandy soils are suited for early production. Tomatoes do best in well – 

fertilized, sandy loams, but they can also grow well in almost any type of fertile; 

well – drained soil. Shelter from wind is important especially for early production. 

Tomatoes can be direct – seeded or transplanted as seedlings. Direct seeding is 

used if soil moisture and temperature favour rapid germination and if mechanical 



 

harvesters are used. Tomato growers with a shorter growing season and most home 

gardens employ transplant seedlings. 

The production of tomato, both on small scale or in commercial, quantity is fraught 

with some pathological problems. These factors can cause rapid deterioration and 

spoilage of the produce during post-harvest operations. The diseases are caused by 

either bacteria, fungi, viruses, parasitic flowering plants nematodes and adverse 

environmental conditions. Bacterial disease are marked by various symptoms, 

including soft rot, leaf spot, wilt of leaves and stems, canker, leaf and twig blight, 

and gall formation. Bacterial disease, like, bacterial wilt, is caused by 

Pseudomonas solonacearum which is a soil-borne bacterium, affecting the roots 

and stems of the plant; bacterial canker, caused by Corynebacterium michiganense, 

which is seed-borne, forming cankers on the stems and petioles. 

Viruses cause a wide range of host reactions as to the bacteria and fungi. Typical 

symptoms of viral infections include mosaic patterns, yellowing of foliage, vein 

clearing, ring spot, stunting and premature death, malformations and over growth. 

Some of the important virus diseases of tomato include tomato ring spot virus, 

alfalfa mosaic virus, tobacco leaf curl, tomato yellow mosaic, etc. virus diseases 

are infectious and are transmitted largely by vectors, including insects and 

nematodes. Control of these organisms is the best means of reducing the disease 

incidence. 



 

One example of a parasitic plant that attacks tomato is broomrape (Orobanche 

ramose). Having no green foliage, broomrapes fasten themselves to the roots of 

other plants and eventually destroy them by taking their nutrients. 

Nematodes or roundworms are an important cause of disease in tomato plants. 

These include root-knot nematodes, which cause fleshy root knots or galls on 

tomato roots. 

Non-parasitic diseases of tomatoes attributable to adverse environmental 

conditions are numerous and include many of economic importance. These include 

blossom end-rot, chilling injury, cat-facing, growth cracks etc. 

The majority of plant diseases are incited by fungi. Fungi can infect all parts of 

tomato plant; including leaves, stems, flowers, roots, and fruit. The physical 

manifestations in tomato include wilting, root rot, cankers, various types of 

mildews, blights, lesions and leaf spots. The effects of fungal diseases can be 

devastating. Some fungal diseases on tomato plant include Fusarium and 

verticillium wilts. The pathogens respectively implicated include F. oxysporum sp. 

lycopersici and V. dahlia. 

 

 



 

1.2 Statement of the Problem 

There are many constraints in the production of tomato in Owerri. This statement 

is in accordance with personal communication with few local farmers and other 

people in Owerri. Some of these limiting factors border on the pathological 

aspects, which are prevalent in the study area (personal communication). These 

diseases are those chiefly caused by fungi, bacteria and viruses, leading to common 

and serious tomato problems. However, in addition, there are non-parasitic factors 

that militate against the production of tomato. These include unfavourable 

environmental conditions, such as excessive moisture or drought, extremes of 

temperatures, and lack or excess of certain mineral elements. 

These problems have resulted to little or no production of the crop in the area. 

Consequently, farmers, sellers and buyers have consistently and solely depended 

on the purchases from other major production zones of the country, mainly the 

northern parts. Transportation costs and hazard further constitute serious threats to 

their lives and profitability from the tomato business. These problems could be 

drastically reduced if not totally eliminated when the crop is produced within the 

geographical areas of the South east of the country, thereby enhancing the chances 

of more economic and financial returns. 



 

Ploetz (2000) reported that fungicidal control of diseases was available, but was 

very expensive forms, with high risk of environmental pollution and human health 

hazards. Also, Thomason and Caswell, (1978) and Salako, (2002), reported the 

costly nature of synthetic chemical control of soil-borne pathogenic fungi and 

nematodes of crops, as being virtually unaffordable by many farmers. Anastasia et 

al. (1977) corroborated the foregoing, stating that many of these chemicals often 

have side or residual effect, such as soil toxicity, environmental and water 

pollution or poisoning of farmers during application. Several plant products have 

shown success in plant disease control and are known to be harmless, ecological 

friendly, non-phyto-toxic and readily available, unlike synthetic treatment 

chemicals. The extracts of these plants have been reported to exhibit market effects 

on the growth and development of fungi (Tang’an et al., 2002). It has also been 

found that the leaf extracts of certain plants exhibited nematostatic and nematicidal 

properties (Onifade and Fawole, 1996). 

While significant progress has been made in breeding of improved cultivars of 

crops there is the increased cost of production using the improved cultivars. Thus, 

the search for new naturally derived, locally available, and environmentally 

friendly products to control diseases is an important part of sustainable agriculture 

(Sanchez et al., 2002). The antimicrobial effects of plants – bitter leaf (Vernomia 

amygdalina), neem leaf (Azadirachta indica), garlic (Allium sativium), ginger 



 

(Zingiber officinale), nchanwu (Ocimum viride), have been reported (Rembold, 

(1989); Peter (2000); Nwufo and Emebiri (1988), Obilo, et al., (2005) and Obilor, 

(1998)). 

The influence of cultural practices in the control of plant diseases has been studied. 

Such cultural measures include intercropping (a form of multiple cropping), use of 

plant extracts, plants spacing or plant densities. Some important reasons for 

intercropping include soil conservation, pest, weed, disease control and 

improvement of soil fertility. The adoption of control measures, such as cultural, 

biological, chemical and host plant resistance in several countries such as Brazil, 

USA, etc, resulted in increased performance of crops. In Nigeria, especially, south 

east, there is dearth of information on the effect of such cultural practices on the 

control of Fusarium wilt disease of tomato. Moreover, many reports about some of 

the cultural practices were directed on these effects on crop yields and yield 

attributes not on diseases, (Obasi et al., 2010 and Sokoto et al., 2010). It is this gap 

in knowledge that this research aims to fill. 

1.3 Justification 

There is therefore, the need to critically consider some of the limiting factors in the 

production of tomato in Owerri. This research will then focus on disease factors, 



 

particularly, fungal diseases prevalent in Owerri metropolis that hinder the 

production of tomato. 

 

1.4 Objectives of Research 

 The objectives of the research are to: 

(i) Isolate, characterize and identify the causal organisms associated with infected 

parts (roots, stems and leaves,) of tomato cultivars (ROMA VF, RIO 

GRANDE and TROPIMECH). 

(ii) Determine if the isolated fungi are pathogenic; 

(iii) Determine the effects of some mulching materials (grass mulch, wood 

shavings and palm kernel shells) and some plant extracts (Basil/Sent plant 

leaves (Nchuanwu-Ocimum viride), ginger rhizome (Zingibar officinale), 

neem plant leaves (Azadirachta indica)) on wilt disease of tomato. 

(iv) Determine the effects of inter – cropping and plant spacing on incidence and 

severity of wilt disease of tomato. 

(v) Determine the effects of mulch material, plant extracts, intercropping and 

plant spacing, interactions on tomato wilt disease. 

 

 



 

CHAPTER TWO 

2.0 LITERATURE   REVIEW 

2.1 Tomato: Taxonomy and Production 

The Latin name of the tomato species is Lycopersicon esculentum Mill. Tomato is 

a member of the family Solanaceae. Common names for tomato are love apple, 

tomato (Spain, France), tomater, Vilayti (West Africa), tomato (Mexico), jitomate 

(The Carribean, and pomodoro (Italy) (Amati et al., 1989) 

Tomato is a herbaceous plant which can reach a height of more than two meters. It 

is usually grown as a perennial crop in some parts of the world however, it could 

be grown as an annual crop. The same plants are harvested for several years in 

succession. There are three different types of tomato plants which can be 

distinguished, the bushy types, the tall types and semi-bushy types (Amati et al., 

1989). The fruits are of different shapes thus: 

(i) A quick-maturing cultivar with flat, ribbed fruits 

(ii) Late cultivar with large fruits 

(iii) Anglo-Dutch cultivar 

(iv) Cultivar with oblong fruits 

(v) Various cultivars of cherry tomato-blossoms with growing clusters along the 

steams. 



 

Self-pollination takes place when the flowers bloom. Both the stem and the leaf of 

tomato are covered in fine hairs. Some of the hairs are glandular. These contain an 

oily substance which gives tomato its characteristic fragrance and which stains 

hands green (Amati et al., 1989). The first harvest is possible 45-55 days after 

flowering, or 90-120 days after sowing. The shape of the fruit differs per cultivars. 

The colour ranges from yellow to red. Tomato contains much vitamins B and C, 

yellow tomatoes have a higher vitamin content than red tomatoes (Amati et al., 

1989). 

The time to set tomato plants or to direct-seed tomatoes in the field is, governed by 

weather and soil conditions. Tomatoes grow best with average monthly 

temperatures of 700F to 750F of (21 to 240C) but can be grown on average monthly 

temperature as low as 650F (180C) and as high as 800F (270C),(Porte, 1952). 

. Tomato growth is impaired by temperatures below 500F (100C), definite chilling 

injuries occurring around 400F (40C),(Porte, 1952).Temperatures that fall below 

550F (130F) or rise above 950F  (350C) for several hours when flowering is taking 

place and when flowers are opening at pollination time usually result in poor fruit 

set or no set at all (Porte, 1952). 

The question of when to plant depends on a number of factors; geographical and 

climate conditions, transplanting or direct seeding, and mechanical or hand-



 

harvesting.  Of these, temperature stability seems to be the most important factor. 

In a situation where most of the crops are direct-seeded and mechanically 

harvested (California) scheduled planting are essential. This is also important to 

ensure continuous delivery of quality fruit to the processor. It has been found that 

when soil temperatures reach 570F (140C) or more for 3 consecutive days, planting 

may begin (Sims, et al., 1968). In early planting, seed development is slow in later 

planting, the seedlings grow more rapidly and often go from cotyledon to first true-

leaf stage in a day or two (Sims, et al., 1968). 

Raising tomato seedlings can be achieved in three principal ways namely: on 

seedbeds, in seed trays and in seed pots. 

Theoretically, a seedbed can be any size desirable usually open for walking in 

between the beds. To plant tomatoes, 3 grams of seeds per meter square, is needed, 

which is about 30grams of seeds per seedbed. Tomato seeds are sown in rows, 5cm 

apart or between the rows, they are pressed about 1.5cm in the soil, which should 

be pressed slightly and moistened after sowing. The seedbeds should be protected 

from bright sunshine, heavy rains and excessive drying by covering them with 

palm leaves, if dry, the top centimeter of the soil should be moistened, about once 

or twice per day, preferably in the morning. The leaves and top layer of the soil 

should be dry before night. 



 

Seed-trays are also easy way to nurse healthy tomato seedlings. They are easy to 

transplant and to water. Besides this, it is also possible to use a better soil mixture 

for the seed trays than for the seedbeds. 

 

2.1.1 Field Preparation for Tomato Production 

A field can be prepared by ploughing or digging up so that organic manure can be 

mixed with the soil. Level or sunken beds are suitable in day seasons or dry areas, 

and on sandy soils. The uptake of water by the plants is increased and the soil is 

prevented from being washed away. In humid areas or in the rainy season, and on 

clay soils, it is better to plant on raised beds to prevent water-logging. The height 

of the bed can vary from 20-50cm, and depends on rainfall, the type of soil, and 

slope of the land. The distance between rows and plants are largely determined by 

the type of crop (Amati, et al, 1989) 

Table 1: Planting distances for the three types of tomato plants 

Types of plant Distance between Rows and Plant 

Bush type 1.0  x 0.3m 

Semi-bush type 1.2 x 0.5m 

Tall type 1.4 x 0.5m 

(Adopted from Amati et al., 1989) 



 

If the tomatoes are to be supported with sticks, the distances between rows can be 

increased by 20-40cm. 

Transplanting of tomatoes to beds in the field takes place 3 to 6 weeks after 

planting (WAP) (Amati et al., 1989). The seedlings should be about 20cm tall. It is 

best to transplant the seedlings in the evening or in humid weather. This prevents 

the roots from drying out. The soil should be moistened a couple of hours before 

transplanting them. When removing the seedlings, a large clump of soil should be 

allowed to attach to the roots to prevent them from being damaged. After 

transplanting, mulch should be placed on the ground around the base of the plant. 

The plant should be moistened immediately after transplanting, care being taken 

not to wet the lowest leaves, to avoid the growth mould. The newly transplanted 

plants should be protected from heat during the first 5 days, for example, by 

covering them with large leaves and other materials. 

2.1.2 Fertilization 

It is reported that to get very high yield, tomatoes need to be fertilized. There are 

two groups of fertilizers, organic and inorganic (or chemical) fertilizers. Farmyard 

manure, poultry manure and compost are the three types of organic fertilizers used. 

The three most common kinds of farm-yard manure are horse, cow and pig 

manure. Of course, horse manure has the best balance of nutrients. If only farm-



 

yard manure is used, the 3 to 5 kg/m2is a reasonable amount to apply (Amati, et al., 

1989). 

Poultry manure is usually 3 to 4 times as strong as farm-yard manure. It is very 

valuable kind of manure as plants can easily absorb the nutrients from it. However, 

care should be taken not to use too much though, not more than 1.5kg/m2. A good 

way to apply poultry manure is by first mixing it with an equal amount of crumbly 

soil or sand. It is important to have organic fertilizer that has decomposed well, and 

which is not too sticky or too wet. 

In relation to tomato production, chemical fertilizer does not improve the structure 

of the soil, but enriches the soil by adding nutrients. However, it does not pay to 

use a lot of chemical fertilizer in small-scale cultivation, and in situations of 

fluctuating prices and low yields (resulting from diseases, unfavorable weather or 

poor soils). 

In the tropic the application of chemical fertilizer ranges between 40-120kg/ha of 

nitrogen 30 -90kg/ha phosphate and 30 – 9-kg/ha potash (Amati et al., 1989) 

2.1.3 Staking and pruning 

Advantages in staking or otherwise training tomato plants off the ground include a 

frequent increase in the percentage of marketable fruit, easier harvesting, and 

reduced injury to both plants and fruit in harvesting (USDA, 1972). Staking 



 

procedures that require little pruning seem best because pruning is costly, and 

removing laterals means removing potential flower clusters, so both early and total 

yields per plant are often reduced. The practices of staking and pruning are most 

likely to be profitable when a long harvest season is possible and fairly uniformed 

production over the season is desired. 

For tomato, pruning is important. Pruning the side branches is called nipping. 

Pruning the top of the stem is called heading. Need of pruning depends on the 

following factors. 

- The types of plant, certain types, notably the bush type are not pruned. 

- Climate, in humid areas or during the rainy season, the chance of infection 

as a result of pruning wounds is large. Therefore plants are often not pruned. 

Size and quality of fruit, if plants are not pruned, will grow at random and fruit 

will be smaller. It is better to guide the growth of the plants by pruning. 

Trimming of leaves can also be carried out, especially old, yellow or sick leaves 

should be removed from tomato plant. This controls the development and 

spreading of diseases. Amati et al., (1989) also recognized some ways of 

supporting the stems of tomato plants. Tomato, especially the tall type can be 

tied to sticks to support the stems while they are growing. The sticks should be 

tied loosely and in order not to damage the roots of the plants, sticks should be 



 

put in place before transplanting. The sticks should be at least 1.5m long, as 

they will be pushed 40 – 50cm into the ground. It is also useful to make fencing 

of sticks and rope to support tomato (tall type) for several reasons. 

- Plants get better support 

- There is better ventilation, so less chance of spreading of diseases and 

plagues, especially in humid areas or seasons. 

- It is possible to cultivate more  plants per hectare and weeding and 

harvesting is easier 

Fencing can also be done for bush type tomatoes, to prevent heavy cluster of 

fruit lie on the ground rot easily, increasing the chance of disease and insect 

damages. This can be prevented by: 

- Placing a fence of two parallel strings on either side of plants. 

- Planting on ridges or mound 

- Placing straw or mulch at the base of the plant. 

2.1.4 Weed Control in Tomato 

In Tomato production weed control can be accomplished by a combination of 

mechanical cultivation and chemical control methods. In cultivation, weeds can be 

removed by various types of cultivators (Gould, 1983). Another method that is 

used extensively where seasonal farm help is available is hand removed of weeds 



 

by hoeing; however chemical can be used. Detailed herbicides application (rates, 

liming, and equipment) are specific for the types of weeds that might be growing in 

the plot. 

Weeds present problems either because they complete for light, water and 

nutrients, or because they transmit diseases. Therefore, controlling weeds before 

they produce seeds will prevent further dissemination of weeds. To avoid tomato 

root damage, too frequent weeding with hoe should be avoided. Also there should 

not be too deep hoeing. 

The principal purpose of cultivating tomatoes is to eradicate weeds (Porte, 1952). 

Certain weeds that are related to tomato, such as the horse nettle, are carriers of 

tomato disease and not only should be kept out of the tomato field. Thus, after 

emergency, hoeing of soil towards the plant is beneficial in the following ways      

- Many small weeds close to the tomato plant row will be smothered. 

- Tomato plants will develop roots farther up the stem. 

- Surplus moisture will not collect under tomato plants where it encourages 

diseases, but tends to run-off from the plants and to collect between the rows. 

The first cultivation may be fairly close to the recently set plant but later 

cultivation should be shallower and father from the stems. Shallow cultivation 2.5 -



 

5cm should be given tomatoes, especially, the first month after planting. A healthy 

tomato plant has an enormous spread of feeder roots close to the surface as well as 

at considerable depth in the soil. When these surface roots are destroyed by 

cultivating too deep or too close to the plant, fruit production will usually be 

decreased significantly (Gould, 1983). Cultivation should not be continued when 

the plants have spread out in the rows, otherwise the vines and the growing fruit, as 

well as the roots will be injured by the cultivating equipment (Porte, 1952). 

Weed control either by machine or by hand hoeing should be only often enough to 

provide effective weed control (Pierce et al., 1963). Therefore, cultivation should 

be reduced to a minimum for the soil type, the crop, and the field or weed 

conditions. Whenever tomato vines are wet with dew or rain, they should be 

allowed to dry before cultivating, weeding, or handling in any way. Such 

operations tend to spread the spores of various tomato fungal pathogens. Brushing 

against the vines while walking through the field when they are wet is likely to 

increase the spreads of disease. 

2.2 Economic Importance of Tomato 

Tomato is an indispensable constituent of the diet of over 100 million Nigerians 

(AVRDC, 1989). It is used mainly in the preparation of soups and stews which are 

essential to staples based on cereals and root crops. Although it is widely grown in 



 

Nigeria, the major areas of production are in the Northern Guinea Savanna 

ecological zone between latitudes 100N and 120300N. Up to 50,000ha of tomato 

can be under cultivation and yearly production approximately 600,000 tonnes with 

average yield of 12 tonnes /ha (AVRDC, 1989). 

Tomato is the important vegetable in a vigorous north south trade in Nigeria. Its 

production offers employment to a large number of small-scale producers who 

sometimes make gross margins of significant amount per hectare. A large number 

of people are also engaged in transportation, packaging, sorting and sale to 

consumers. The production of the crop for the processing companies located in 

various parts of northern Nigeria also provides employment and revenue to local, 

state and Federal governments, (AVRDC, 1989). 

2.3 Factors Affecting Nutrients Content of Fresh Tomato 

The nutritive value of processed tomato products depends both on the initial 

nutrients concentration in the fresh tomato and on the effect of processing and 

storage of the finished product. Factors affecting nutrient concentrations in fresh 

tomatoes include heredity, soil and plant nutrition, cultivation, handling practice 

and maturity of the fruit. 

Ascorbic acid has been shown to vary with varieties of tomatoes. Anderson et al., 

(1954) found a variation from fruits ripened in air or ethylene, although ripe fruits 



 

are richer than green fruits ranging from 15 to 22 mg per 100g of different varieties 

grown side by side on the same soil. On the other hand, Gurrence (1939), reported 

that statistical differences between varieties seldom occur in field experiments. He 

emphasized the relationship between a particular variety and the environmental 

conditions in determining ascorbic acid content of tomatoes. 

Soil conditions and plant nutrition have been indicated as altering the ascorbic acid 

content of tomatoes. Hester and Kohamn (1940) claimed a relationship between 

the ascorbic acid content of tomatoes and the soil type in different locations. 

Cultivation practices also contributed to ascorbic acid content variation. 

The maturity of the tomato fruit also affects the ascorbic acid content (Hamner et 

al., 1945). Some reports have indicated that ascorbic acid content of mature green 

fruits is essentially the same as for fully ripened ones (Maclin and Fellers, 1938; 

Pope, 1972; Scott and Krammer, 1949). Others have indicated that ascorbic acid 

content increases with red-ripeness; and yet others reported that ethylene-ripened 

tomatoes are lower in ascorbic acid than vine-ripened fruit. 

Environmental conditions have a marked influence upon ascorbic acid content. 

Hamner, et al (1945) reported weekly variations associated with environmental 

conditions. The vitamin A content of fresh tomatoes, like that of vitamin C, is 

subjected to wide variation.  



 

Many reports are in agreement that vitamin A potency or carotene content of 

tomatoes increases during ripening. These are an indication that vine-ripened fruits 

are more potent sources than fruits detached while partially green and of methods 

of ripening. However, ethylene-or-air-ripened fruits are equivalent to vine-ripened 

fruits in vitamin A potency. 

The vitamin A potency also varies markedly with variety. The red varieties being 

much more effective than the so-called pink or white varieties. Environmental 

conditions, such as exposure to light, are also important. To improve the vitamin 

potency of tomatoes, the utilization of fully ripened fruit of the proper varieties 

seems the most promising procedure. 

2.4 Nutrition and Medicinal Importance of tomatoes 

Fresh tomatoes, tomato juice, and other processed tomato products make a 

significant contribution to human nutrition due to the concentration and availability 

of several nutrients in these products and to their widespread consumption (Gould, 

1983). Nutritionists have known tomatoes to be good for man. There is a research-

based information as to why this is so. Nutritional contents include vitamin C, 

potassium, fibre and vitamin A (in the form of health promoting beta-carotene 

which the body converts to vitamin A), vitamin C, the anti-scorbutic Vitamin 



 

necessary for normal metabolism, wound healing, and collagen synthesis, is 

correctly associated by consumers with tomato juice and other tomato products. 

Jones, (1999) reported the per capital yearly consumption of tomatoes in USA to 

have increased from 7.54kg in 1985 to 8.54kg in 1995; expecting a continued 

increase due to some health benefits associated with tomatoes in the diet. 

Specially, these include a ranking of 16th among all and vegetables as a source of 

vitamin A, and 13th in vitamin C, and when adjusted for consumption, the most 

important provider of these vitamins in the western diet. Whole red- ripe tomatoes 

contain nearly all the vitamins C activity in the reduced ascorbic acid form. 

Dehydro-ascorbic acid has been reported to be from 1-5% of the total ascorbic acid 

in tomatoes (Bauerfeind and Pinkert, 1970). Gould, (1983) noted the ascorbic acid 

concentration in fresh ripe tomatoes to be about 25mg per 100g. Thus, a small 

tomato supplies about 40% of the adult United States Recommended Daily 

Allowance (RDA) of 60mg and about two-thirds of the RDA of 40mg for children. 

A quantity of tomato juice about 227g served as drink could supply approximately 

35mg of ascorbic acid or about 60% of the adult RDA and 85% of the RDAs for 

children. Thus, it is entirely possibly to meet ascorbic acid needs in the diet from 

tomatoes and their products alone. 

Fresh ripe tomatoes and tomato juice contain 1000 international units (IU) of 

vitamin A per 100g. Booker et al (1940) gave a figure of 1150 IU per 100g. On the 



 

basis of these figures, a small tomato or glass of juice should supply 20% or more 

of the adult recommended daily allowance of 5,000 IU. It is clear, therefore, that 

the tomato makes a very important contribution to the vitamin A requirement of 

the human diet. 

Tomatoes also contain significant amounts of lycopene, beta-carotenes, 

magnesium, niacin, iron, phosphorus, potassium, riboflavin (vitamin B complex), 

sodium and thiamine. Of the minerals present in tomatoes, iron has been reported 

as the most important in terms of providing adequate nutrition (Gould, 1983). The 

contribution of tomato products to iron nutrition in the future may be seen as 

increasingly important. 

Tomatoes are an excellent source of lycopene and numerous studies have 

confirmed that people who consume large amount of tomato products experience 

marked reductions in cancer (Gould, 1983). Lycopene, a carotenoid responsible for 

the colour in tomatoes and other fruits, has long been known as a powerful 

antioxidant that decreases cancer and heart-disease risk. Carotenoids ,along with 

phenolic acids and flavonoids, are all phytochemicals, the nutritionally beneficial 

active compounds found in every fruit and vegetable. Antioxidants protect the 

human body from cell and tissue damage, which occurs when harmful molecules 

called free radicals, released as oxygen, are metabolized by the body (Friendlander, 

2002). Although lycopene is available in all ripe tomatoes a greater supply is more 



 

useful to the body in cooked tomatoes. Other researchers have also reported on 

tomato’s medical value and its content of lycopene (Gould, 1983). Nwawuisi et al., 

(2006), in addition to vitamins A and C, also reported tomato as containing 24 

percent oil, which can be extracted from the residual pulp. The semi-drying oil is 

used as a salad oil in the manufacture of margarine and soap, while the fruits are 

used in canning industries and could be made into sauces, like ketchup, puree, 

paste, powder and jam (Macdonald, 1990). 

2.5 Diseases of Tomatoes 

Tomato is cultivated almost throughout Nigeria, but the most important areas of 

production lie between latitudes 7.50N and 130N, mostly in the North and South-

western parts of the country (Denton and Swarup, 1983). Tomato is also produced 

near perennial river banks in the Southern States of Nigeria (Anon, 1989). 

 The major factors militating against minimum tomato production are pests and 

diseases. Tomatoes are prone to numerous plant diseases, more than other 

vegetables. At least twenty-five (25) diseases, caused by different parasitic 

organisms, have been reported by various authors in Nigeria (Denton and Swarup, 

1983).  

2.5.1 Fungal Diseases of Tomatoes 



 

In southern rainforest zones of Nigeria, tomato varieties are plagued with disease 

problems. The fungal diseases that infect tomato plants include the following nail-

head spot, early blight, late blight southern blight, septoria leaf spot, anthracnose 

rot, freckle or black mold, Verticillum wilt and Fusarium wilt. 

Nail head spot is a disease that attacks tomato fruit, caused by the fungus 

Alternaria tomato. Alternaria species are among the commonest saprophytes on 

decaying vegetation of all kinds, however a few have been reported to attack living 

plants (Gould, 1983). The disease is now controlled largely by the use of varieties 

of tomatoes resistant to the infection. 

Another species, Alternaia solani causes early blight and is one of the common 

diseases of tomatoes. Gould (1983), noted that fruits may be infected at any stage 

of their growth and first symptoms are minute spots. Early blight is the first disease 

that attacks tomato plant each year. As the name states, this fungal disease appears 

early in the growing season on the older lower leaves and causes them to brown 

and yellow, it slowly spreads and moves up the plant onto the rest of the leaves. 

Fruits may be infected at any stage of their growth. As the spots become older and 

larger, the centers are more definitely sunken, and become grayish-brown, in 

addition to moving up the individual tomato plant, early blight will also spread to 

other existing tomato plants in the garden. Warm rainy weather is most conductive 

to infection and rapid development of the disease on the foliage and fruit. Moulds 



 

of this group may be recognized by the Indian-club shaped multi-celled spores of 

rather larger size. The filaments are septate. The best way to deal with early blight 

is to prepare and control it early. One cultural method is to make sure mulch has 

been placed around the plants throughout the garden. Since early blight is a fungal 

disease and spread through spores, mulch will help limit the amount of water and 

spores that the spattered up on the plant during rainfall and overhead irrigation. 

Late blight is caused by the fungus, Phytophthora infestans, and can also infect 

eggplant, as well as other members of the Solanaceae. Fruit infections usually 

begin on the shoulders as the spores are dripped from the foliage above. Greasy, 

green-brown lesions are characteristic of this disease. The lesions enlarge until the 

entire fruit is covered. The fruit may remain firm or may soften as the disease 

progresses. Dutta, (1979) suggested some control measures as follows: 

- Spraying young plant, every 10 or 15 days, with Bordeaux mixtures (copper 

sulphate and lime). 

- Selection of disease- free planting materials particularly from non-infected 

areas. 

Burande, (2007) reported that Anthracnose is caused by three species of 

Collectotrichum/namely C. coccoidies, C. dematium, and C. gloeosporiodes, 

noting that this disease was first observed in the year (1979). Whereas Gould 

(1983) and Delahaut, (2007) reported the causative agent of the disease to be C. 



 

phomoides and C. coccoidies respectively. The fungus penetrates apparently 

healthy uninjured fruits and develops under the skin of the tomato, first producing 

small circular, sunken, water-soaked spots. These spots soon become darker and 

more depressed, similar in appearance to cavities produced by smallpox (Gould, 

1983). The spores themselves are pinkish and are splashed about by rains to infect 

the surrounding fruit. The rot usually occurs in the later part of the tomato season, 

as fruit is most susceptible to infection as it begins to ripen. This means that the 

fruit rot is more likely to develop on ripe or over-ripe fruit late in the season. 

Infection occurs when the developing fruit is still small but symptom expression 

does not appear until after the fruit is harvested (Delahaut, 2007). Secondary 

infections are common in fruit infected with anthracnose and as a result, multiple 

fruit rots may be present concurrently. The pathogens are seed-born or may over 

winter in the field on infection debris. Over head irrigation and wet weather 

worsen the disease (Delahaut, 2007 and Burande, 2007). It is important to use 

clean seed, crop rotation, and plant spacing which allow optimum air circulation 

and promote drying of the plants after irrigation, rainfall, and heavy dews. Since 

the pathogen has a broad host range that includes many common weeds, the farm 

should be kept weed-free; root injury should be avoided and fruits should be 

harvested as soon as possible after ripening. 



 

Delahaut (2007) further described another disease, “freckle” or “black mold”, 

caused by the fungus, Alternaria alternate f sp. lycopersici. When the disease 

begins on green fruit, it is called freckle and appears as small specks that are 

slightly sunken and surrounded by a yellow halo. As time goes on the lesions 

enlarge in size to about ¾ inch. The individual lesions are often dark with 

concentric, lighter rings. Once the fruit ripens, the lesions stop expanding. Fruit 

spots are not always obvious at harvest but develop 3-5 days after harvest. Fruit 

that is infested while ripe is called black mold and develops large sunken, black 

lesions that may cover up to 1/3 of the fruit. Susceptibility varies depending on 

tomato varieties and symptoms often appear on the side of the fruit that is exposed 

to the sun. The pathogen over winters on decaying plant debris and is spread by 

wind and splashing rain. Control is recommended through the use of resistant 

cultivars. 

2.5.2 Fungal Vascular Diseases of Tomato 

Tomato fungal wilt (vascular) infections are caused by the pathogens, namely, 

Verticillum and Fusarium species, normally called Verticililum and Fusarium wilts 

(Nesmith and Hartman 1982). Verticillium alboatrum and Fusarium oxysporum f. 

sp lycopersici are the fungi that cause similar wilt disease in tomato. Fusarium 

wilts is more common in replant fields and gardens while Verticillium wilt has 



 

been destructive on greenhouse tomatoes and in commercial staked tomatoes 

(Nesmith and Hartman, 1982). Verticillium wilt is more of a problem at cooler 

temperature while Fusarium wilt is considered a warm temperature disease. Both 

are favoured by wet conditions and are soil-borne.  Miller et at., (1996) included V, 

dahliea as another pathogen that is responsible for Verticilluim wilt disease of 

tomato. Miller et al., (1996) listed solanaceous crop plants (tomato, potato, pepper, 

and egg-pant) as the targets of the wilt organisms, and may be affected at any age 

by the fungi. The wilt organisms usually enter the plant through young roots and 

then grow into and up the water -conducting vessels of the roots and stems. As the 

vessels are plugged and collapse, water supply to the leaves is blocked. With a 

limited water supply, leaves begin to wilt on sunny days and recover at night. 

Wilting may first appear in the top of the plant of in the lower leaves. The process 

may continue until the entire plant is wilted, stunted or dead. Tomato and potato 

plants may recover somewhat but are usually weak, unthrifty, and produce fruit of 

low quality. 

Fusarium and Verticillium may be introduced to the soils in several ways: old crop 

residue, transplants, wind, water, implement-borne soils, or mulches. These fungi 

become established readily in most soils and can remain in the soil for years 

(Nesmith and Hartman, 1982). When susceptible tomatoes are planted in infested 

soil, their roots are also subject to attack by these fungi. Agbenin et al., (2000) 



 

reported that Fusaruim wilt problem is aggravated by root-knot nematodes. In 

most of the tomato growing fields in the Fadama, severe infestation by root-knot 

nematodes have been reported in fields where vascular diseases are endemic. 

Fusarium wilt is in important disease of tomato in the Nigeria Fadama. Nwawuisi 

et al (2006) described F. oxysporum as the most severe wilt pathogen. Miller et al., 

(1996) stated that Fasuarium and Verticillium wilts are rarely significant in field 

grown tomatoes due to the widespread incorporation in tomato cultivars of genes 

for resistance to the pathogens. However, the resurgent interest in planting 

“heirloom” tomato varieties which do not carry resistance genes has resulted in 

increased incidence of Fusarium and Verticillium wilts. Additionally, new races of 

both pathogens have been identified that are capable of overcoming the resistance 

in many popular tomato varieties. Verticilluim race is now common in tomatoes. 

The spread of F. oxysporum has be described by Peter (1998), Nwawuisi and 

Osakwe  (2003), Sherf and Macnab (1986). 

The micro-conidia of the fungus are common in the air in green houses. The spores 

may be found in stems of infected plants, on straw mulch between rows and 

decaying tomato in and outside dump piles. These Spores become a source of 

inoculums as they enter the soil. 



 

Mortality due to Fusarium wilt has been rated to be very high at seedling stage, 

which can occur at any time of the day and night (Sherf and Macnab, 1986, Oha 

zurike and Obi, 2000).  This led to the assessment of the wilt disease as one of the 

diseases that plague tomatoes in southern rainforest zone of Nigeria and accounts 

for, among things, the limiting factor in tomato production in the area. 

Nesmith and Hartman, (1982) and Miller et al., (1996) suggested the control 

measure as use of resistant varieties designated with the letter “V” of “F” in seed 

catalogues. Variety names followed by the letters “VF” or “VFN” are resistant to 

both wilt diseases. The letter “N” signifies resistance to root-knot nematode. If 

root-knot nematode is also prevalent, control for nematodes is necessary for VF 

resistance to be effective. Miller et al. (1996) also stressed the necessity of crop 

rotation. Because Fusarium and Verticillium fungi are widespread and persist 

several years in soil, a long crop rotation (4 to 6 Years) is necessary to reduce 

populations of these fungi. No solanaceous crop should be used in the rotation, and 

if Verticillium wilt is a problem strawberries and raspberries should be used 

because of their susceptibility to the fungus. Instead, cereals and grasses should 

form a component of the rotation. 

Other control measures include: 

 Keeping rotational crops weed-free 



 

 Removal and destruction of infested plant material after harvest 

 Maintenance of high level of plant vigour with appropriate fertilization and 

irrigation, avoiding over-watering, especially early in the season. 

It is pertinent to state that if soils are severely infested, production of Solanaceous 

crops may not be possible unless soil fumigation is an option (Miller et al., 1996). 

2.6.1 The Use of Plant Extracts in the Control of Plant Pests and Diseases 

Pests and diseases are the most biotic factors militating against agriculture in 

Nigeria. Conventional pesticides and their application equipment are expensive 

and the pesticides are neither user- nor environment–friendly. Beside, 

conventional, synthetic pesticides cause development of resistance in susceptible 

pests and often change status of non pests into economic pests. Hence, pest and 

disease management using conventional pesticides is hardly sustainable to 

resource-poor peasant farmers, who constitute the bulk of the fulltime farmers in 

the country. Where necessity demands that pesticides must have to be used in pest 

or disease management, the cost-benefit ratio is usually high, thereby eroding the 

marginal profit the farmer may be left after settling bills on other equally expensive 

farm-labour service and other farm inputs, such as fertilizer. 



 

A number of plants have been used as pesticides. One of such plant is neem 

(Azadirachta india A. Juss), a multipurpose pesticidal tree crop that is abundantly 

cultivated in many parts of Nigeria, especially, the North. 

Though the full economic benefits of the tree is hardly utilized in the country’s 

agricultural systems, other than managing desert encroachment in sprawling neem 

plantations, wind breaks and shelter belts, and provision of shades and firewood, 

neem is widely utilized in Asia for sustainable pest and disease management 

(Neem foundation, 1997). Crude preparation of neem pesticides can easily be made 

by a farmer himself for dual pest and disease management, and for the treatment of 

malaria and other disorders, for which reason the tree is widely referred to as 

“Village pharmacy” (National Research Council, 1992). In Asia, neem is not only 

important in medicine and for the management of crop pests and pest of stored 

products, it is also important in the management of blood sucking pests of 

veterinary and medical importance, and it is also useful in soil fertility, fertilizers 

and land preparation management (Saxena, 1996) Neem bio-pesticides are safe to 

the user and the environment, but they are also effective for sustainable pest and 

disease management in low-input agriculture. The bio-pesticides are cheap and 

simple to prepare and apply, hence capable of maximizing profit. 

 



 

2.6.2 Pesticidal Activity of Neem 

For the farmer to ensure sustainable pest and disease management neem is a 

pesticidal tree crop that can offer some solution. It is pesticidal against several 

pests and diseases, including insects, bacteria, nematodes, viruses and fungi of 

agricultural veterinary and medical importance (National Research Council, 1992, 

Neem Foundation, 1997 and Dreschsel et al., 1991). 

The pesticidal properties of neem have been attributed to a group of chemically 

related compounds called the terpenoids (or the limonoids) and some non-

trepenodial bioactive compounds (Schmutterer, 2002). These compounds are found 

all over the tree, in the fruits, seeds, seed kernels, twigs, stem barks root barks, 

flowers, the seed oil and the woody tissues. These groups of compounds include 

various classes of diterpenoids, tritewrpenoids, trinotriterpenoids –D-Lactones etc, 

and numbering over 25. This vast array of bioactive compounds in neem act in 

concert and in several ways inimical to the pests and disease pathogens, thereby 

giving no room for development of resistance. The chemicals exhibit significant 

antifidant, fungicidal, pesticidal, microbidal, and insect growth disrupting 

properties. They cause reduction in pest activity, feeding, fecundity, longevity etc. 

they also causes reduction in population and deter settling on hosts and indirectly 

reduce transmission of viruses by affecting their vectors. (Schmutterer, 2002). 

Neem biopesticides can inihibit growth and reproduction in insects, viruses, 



 

bacteria, fungi, protozoa, nematodes, mulluscs and crustaceans (Schmutterer, et al., 

1981, and Schmutterer, 2002). Neem biopesticides are effective on insects at 

concentrations ranging between 10-1000 ppm. Azadirachtin is the best known and 

the most important limoinoid in neem, and its concentration in seed kernels is said 

to be about 2-419 by weight (National Research Council), 1992 and Rembold et 

al., 1987). Generally, neem components, e.g. nimbin and salamin, are nematicidal 

against several phytophagous nematodes (Anguina trilici, Globodera pillia 

Meloidogyne inconita, M. avanica,) etc, (Schmutterer, 2002). Over 700 pests and 

disease pathogens have been reported tobe susceptible to various extracts and 

manufactures biopesticides prepared from fruits, seeds kernels, twigs, stem back 

and root back of neem tree (Yar’adua, 2007) .Yar’adua, (2007) listed some fungi 

susceptible to neem to include Alternaria alternata, Aspergillus flavu, A. niger, 

Colletotrichum capsici, Fusarium oxysporum fsp lycopersici, F. monilliformis, etc. 

2.7.1 Plant Disease Control through Plant Spacing 

The proper distance of planting has been a concern of farmers for centuries. Plant 

pathologists have made relatively few studies of’ the effect of plant density of plant 

diseases, although it is recognized that dense populations usually contribute to 

disease epidemics. The epidemic rates of disease increase with increasing crop 

density. Antonovics and Levin(1982) and Burdon and Chilvers (1982) reviewed 

the literature on host density as a factor influencing plant disease, they showed a 



 

positive correlation between host density and disease incidence for most of the 

literature reviewed, while a small percentage gave a negative correlation. Those 

references showing a positive correlation primarily concerned fungal diseases 

while over half of those with negative correlations related to viral diseases. 

Cowling, (1978) noted that in dense plant stands the distance pathogens or their 

vectors have to travel is reduced, splash dispersal of inoculums become easier, and 

wounding during cultivation may increase. Leaves may touch and root contacts 

increase. In closely packed plants the micro-environment changes; temperatures 

become more uniform, relative humidity increases, and leaves stay wet longer after 

rain or dew (Thurston, 1992). 

Plant density is affected by many practices such as spacing (between plants or 

between rows), thinning, fertilization, water management, staking, trellising, and 

harvesting plants or plant parts (Palti, 198I). Host density is further manipulated by 

inter-cropping, and one of the reason for the common use of inter- cropping by 

traditional farmers may be its important role in disease management. Ukwu, et al. 

(2010) also reported the influence of plant spacing on crop yield. 

2.7.2 Effects of Dense Plant Stands on Diseases 

More commonly, dense stands increase disease incidence and severity .Closer 

spacing causes the canopy to close more rapidly, producing a cooler more humid 



 

micro-environment. Free water is necessary for the germination and penetration of’ 

many fungal spores, and dense stands allow free water to remain on plant parts for 

longer periods than in widely spaced stands. 

Campbell, (1949) reported less gray mold of’ beans (Botrytis cinerea) with wider 

spacing. Burke (1964) found less Fusarium root rot of beans (Fusarium oxysporum 

f. sp. phaseoli) when plants were widely spaced. In the 1950s, due to increased 

demand for seedlings, nursery men expanded their nursery size and increased 

seedling density in their nursery beds. Crowding of seedlings resulted in serious 

epidemic caused by species of Pythium, Fusarium, Rhizoctonia and 

Cylindrocladium (Cowling, 1978). 

Experimentally, wider spacing was reported to reduce disease caused by several 

pathogens (Berger, 1975, Steadman et al., 1973). Palti, (1981) gave examples of 

increased disease in dense crop plantings. Foliar pathogens that are favoured by 

high moisture, pathogens whose inoculums is disseminated by splashing soil and 

soil-borne fungi and clamping -off organisms are more serious in dense crop 

stands. Palti noted that transmission of viruses, and plant -to-plant infection by 

other pathogens, were increased by plant contact. Thresh, (1982) wrote that dense 

stands facilitated virus transmission by pollen and active arthropod vectors, in 

addition to transmission by vectors such as fungi, nematodes, and wingless insects. 



 

2.7.3  Disease Control through Crop Density Manipulation 

In Indonesia most cultivars of maize are susceptible to downy mildew 

(Peronosclerospora maydis) but indigenous farmers usually space rows at wide 

intervals and often plant rice between the rows of maize. This spacing facilitates 

air circulation and rapid drying, so that the maize plants dry rapidly in the morning, 

thus reducing the number of hours favourable for fungal infection. Harwood 

(1979) mentioned that when maize is grown in Southeast Asia in rows two to three 

meters apart and inter cropped with other crops, such as mung bean, rice, peanuts, 

or soybeans, the maize has little downy mildew. 

Hirst and Steadman, (1960) found that as the density of potato foliage increased in 

the field, the microclimate became more favourable for Phytophthora infestans 

(Late blight). The conditions within a dense canopy of potato foliage are usually 

ideal for infections by P. infestans in comparison to those found in sparse, easily  

aerated foliage planting density was manipulated to prevent touching. In drier, less 

fertile conditions plant density was not increased, as yields could be reduced. Rate 

of sowing was also altered depending on soil Fertility, weed pressure, and seed 

viability. Manipulations also included training climbing beans on stakes, and 

farmers stated that staked plants should not touch one another. The investigators 

noted that avoiding plant contact and reducing humidity by regulation of plant 

density reduced disease incidence. 



 

Rust of snap beans (Uromyces appendiculatus) could be prevented by staking the 

plants to give them better ventilation. Such practices affect the crop microclimate 

and many significantly reduce the incidence of some diseases. Staking and pruning 

were also used by traditional, famers to alter the architecture, and thus the crop 

density, of beans in East Africa. 

Plant architecture is important in the management of web blight of beans 

(Thanatephorus cucumeris). The upper foliage of some bean cultivars usually 

escapes infection, since inoculums contained in splashing rain cannot reach it. 

Schwartz and Galvez, (1980) suggested that upright plant architecture, an open 

canopy, and wide plant spacing all contribute to the management of web blight. 

The movement of air within a crop canopy affects the dispersal of plant pathogens 

and their insect vectors. Air movement also affects temperature, humidity, and 

deposition. Farmers in Tabasco, Mexico increased distance of planting between 

bean plants for better management of web blight of’ beans (T. cucumeris) in an 

area where yield losses of’ up to 95% of bean production due to web blight have 

been recorded.  

Adequate aeration is important in the prevention of’ many diseases, and good crop 

ventilation is enhanced by sowing or planting in rows parallel to the direction of 

prevailing winds. Thinned foliage has better ventilation and light penetration and 

reduced humidity, and allows quicker drying, these generally lead to less disease. 



 

One of the major problems of the high yielding varieties of rice in Asia is sheath 

blight caused by Thanatephorus sasakkil. The disease is especially destructive 

under conditions of high humidity and high temperature. The density of plant 

stands greatly affects humidity and the high-yielding varieties are generally planted 

in dense stands with high population, which tends to greatly increase the incidence 

of sheath blight. 

2.8  Disease Control through Adjusting Time of Planting 

Time of planting is of paramount importance to traditional farmers, as it has 

considerable effect on plant diseases and crop yield. In extreme cases, it may mean 

the difference between abundance and famine. 

Palti, (1981) stated that the choice of sowing dates in relation to plant diseases has 

one principal aim of’ reducing, to a minimum, the period over which infective 

agent, propagule, vector meets susceptible host tissue. Paiti, (1981) reviewed the 

choice of planting dates as they affect disease management. Diseases can 

sometimes be avoided by planting at times of the year unfavourable for disease 

development. For example, dry seasons are unfavourable for the germination and 

Apenetration of the spores of a fungus such as Colletotrichum lindemuthianum 

(causal agent of anthracnose of beans). Thus, by planting beans so that they will 

develop during the dry Season, the disease can be avoided. 



 

Planting dates are thus of considerable importance in plant disease management. In 

many cases early or late sowing allows plants to escape pathogen attack. Plants are 

often more susceptible at certain stages of’ development, and they may be 

susceptible to a given pathogen in the seedling stage and resistant at a later stage. 

Early planting in temperate region reduced Fusarium scab of barley (Gibberella  

zeac) as infection occurred most commonly when soil temperatures are high. 

However, Gibberella fujikuroi attacked maize in early spring, causing seedling 

blight. Thus, late planting can help to reduce maize seedling blight, as seedlings 

were most susceptible during germination and the early seedling stage, especially 

if the soil was cold (Thurston, 1992). 

Mohamed and Jeri (1989) suggested that date of planting is of great importance to 

traditional famers as a means of avoiding disease. 

2.9  Disease Control through Mulching 

Mulching has been simply defined as application of a covering layer of materials to 

the soil surface, or any covering placed over the soil surface to modify soil 

physical properties, create favourable environments for root development and 

nutrient uptake and reduce soil erosion and degradation (Wilson and Akapa, 1983). 

Crop residues are frequently used as mulches. Pathogens are often killed by the 

heat generated in the production of compost. (Hoitink and Fahy, 1986). 



 

The list of materials used as mulches includes cereal straw, stalks, crop debris, 

sawdust, leaves, grass, corn stover, manure, weeds, some aquatic plants, various 

plastic materials, aluminum foil, paper, and live in mulches, which are similar to 

green manure (Akobundu, 1984; Karunairajan, 1982). Live mulches are 

intercropped with the crop of interest for their mulch value. 

Mulches reduce rain splashing, an important means of dissemination for numerous 

bacterial and fungal pathogens. Valverde and Bandy, (1982) cited figures 

indicating that mulches reduced temperatures in the upper 10cm of soil by 20C 

during hot days and by5°c in the afternoons. Such temperature changes can have 

significant effects oil the ability of’ soil- borne plant pathogens to cause disease. 

Wrigley, (1988) cited a number of benefits from mulching coffee with non-living 

crop residues. He suggested that mulches reduced soil temperatures, protected 

against rain, conserved rainfall, increased soil nutrients, increased soil organic 

matter, produced conditions ideal for root growth, reduced weeds, reduced soil 

acidity (which could in turn reduce the incidence of’ wilt disease) and increased 

coffee yields. 

A variety of effects on diseases, positive and negative, results from the use of 

mulches. Many authors suggest that mulches may reduce the incidence and 



 

severity of plant diseases. Mulches contribute to disease management in a variety 

of ways. 

Reduction or prevention of soil splashing is an important function of’ mulches in 

the management of some plant pathogens (Fitt and Mclartney, 1986, Moreno and 

Mora,1984). According to Fitt and McCartney (1986), Rain splash is the second 

most important natural agent, after wind, in the dispersal of spores of plant 

pathogenic fungi. Intercropping cassava with maize, melons, or other crops 

reduced soil splashing by rain and significantly decreased the severity of cassava 

bacterial blight (Xanthomanas campestris pv manihotis) in Nigeria (Ene, 1977). 

Mulches reduced the incidence of a cassava stem tip dieback of unknown etiology 

in Zaire. Mulching may prevent direct contact of the borage fruit, or vines with the 

soil and thus prevent diseases transmitted from the soil. Moisture is preserved 

during dry periods by mulches, so they help provide a constant water supply to 

plants, this can in turn reduce the incidence of’ wilt disease. The severity of’ the 

disease blossom end rot of tomatoes can be reduced by mulching (Rowe-Dutton, 

1957). 

2.10  Disease Control by Intercropping  

By intercropping is meant the growing of two or more crops in close proximity to 

promote interaction between them. It can be regarded as a specialized form of 



 

mixed farming in which two or more crops are grown simultaneously in the same 

field in a defined row arrangement. This system of farming is also known as 

multiple cropping. This arrangement leads to an improvement in the fertility of the 

soil and hence, an increase in crop yields. This is as a result of the fact that when 

two or more crops are properly chosen, the products and refuse from one crop plant 

help in the growth of the other and vice – versa. For example, Jeranyama, et al., 

(2002) reported that legume intercrops are a potential source of plant nutrient that 

complement organic fertilizers in small holder system in Zimbabwe Good supply 

of plant nutrients in the soil in some cases, is necessary in combating plant 

diseases, due to the increased resistance conferred to the crop plant.  

Intercropping of compatible plants also encourages biodiversity, by providing a 

habitat for a variety of insect and soil organisms that would not be present in a 

single crop environment. This biodiversity can in turn help to limit outbreaks of 

crop pests (Altieri, 1994) by increasing the diversity or abundance of natural 

enemies. 

Variety of purposes has been produced for using intercropping as a cultural 

practice. These include insurance against crop failure, better and more efficient use 

of labour, prevention of erosion and reduction in damage caused by crop pests and 

diseases (Andrews, 1975; Okigbo, 1978; Watters, 1971). It is an established fact 

that cropping systems greatly influence the agronomic and overall yield of crops, 



 

the dynamics and epidemics of insect pests and diseases as well as the environment 

(Wilson and Agboola, 1979; Agboola, 1987). 

Intercropping makes room for interaction and competition among crops with 

different morphological qualities and patterns of resistance to pests and diseases 

with an overall increase in yields of the various crops in the intercropping 

arrangement as well as the cumulative yield. The yield will normally far exceed the 

sole crop (Agboola, 1987; Sterner, 1984; Harry and Ohanuna, 1990).  

Beets (1982) also highlighted the positive effects of multi-cropping, which include 

better utilization of environmental factors, greater yield stability, soil and crop 

protection, variability of food supply, increasing returns per unit area and insurance 

against crop. 

Intercropping has also been defined as cropping system where two or more crops 

are grown simultaneously on substantial part of their growing periods, but crops 

are not necessarily sown or planted at exactly the same time. 

Intercropping provides an effective and efficient utilization of resources, economic 

stability for farmers, and is a dominant system of farming in Asia, Africa and 

South America, where population pressure is high and resources are limited (Davis 

and Woolley, 1993). A useful strategy in areas with unreliable rainfall distribution 

is to intercrop a relatively short duration crop with a long-season one for which the 



 

periods if maximum demand on water resources are different (Davis and Woolley, 

1993). In Africa, more than 75% of the total area under cultivation are 

intercropping systems. The reason for the foregoing is not far – fetched. 

Intercropping can affect disease and pest incidence and severity. (Van Rheenan et 

al., 1981; Ofuya, 1991;), intercropping cassava with cowpea reduced egg 

populations of Aleurotrachedes socialis and Trialeurodes variablis, while 

intercropping cassava with maize did not reduce egg populations; indicating that 

the success technique can depend on the inter cropped species. However, 

intercropping is a promising means of reducing pest populations for small scale 

farmers. Thus, the combination of improved genetic resistance with the benefits of 

intercropping should result in a more sustainable control of disease and pests 

(Davis and Woolley, 1993). Besides the decrease of bacterial blight under the 

cassava – maize intercropping system. Moreno (1976) and Moreno (1979) also 

observed of super-elongation of cassava (Elsinoe brasiliensis) and of rust 

(Uromyces manihotis), and a reduced incidence and severity of mildew, super-

elongation, and antracnose  (Colletotrichum sp.) in a cassava –common bean 

association in Turrialba, Costa Rica. 

Generally, intercropping has been reported as one of the measures to reduce 

cassava bacterial blight (Nyango, 1979; Terry, 1974). The use of intercropping was 

proposed as a means to reduce cassava bacterial blight in the dry Savanna (Tabot, 



 

1995) and in the humid forest (Arene, 1976). Significant reductions of cassava 

blight severity in cassava intercropping with cowpea and maize compared to 

cassava monoculture were observed in the forest Savanna transition zone of 

Nigeria, with the highest disease reduction of 53% in a cassava maize intercrop, 

without significant yield effect due to cropping system (Fanou, 1999). The latter 

author suggested that intercropping could have a barrier effect to inhibit the 

transport of inoculums of X. axonopodis manihotis. Since bacterial diseases are 

generally disseminated in the field by rain-splash and aerosols combined with 

wind. The effect of intercropping severity may vary with intercrops used and 

across ecozones. 

Ofuya, (1991), Davis and Woolly (1993), also gave evidence that intercropping 

can influence disease and pests incidence and severity. Intercropping was proposed 

to reduce Balstonia solanacearum, causing bacterial wilt in potato (Autrique and 

Potts, 1987; Kloos et al.,  1987) and tomato (Pan, 1990), while other studies only 

revealed a slight reduction or no reduction of bacterial wilt under intercropping of 

tomato with cowpea, soybean or welsh onion (Michael et al., 1997). Also, Sikirou 

(1999) did not observe clear effects on cowpea intercropped with maize or cassava 

in the forest savanna transition zone of West Africa. On the other hand, cassava 

maize intercropping increased the severity of powdery mildew, and a bean – 

cassava associated showed no effect on scab, rust, and Cercospora leaf spots of 



 

cassava (Moreno, 1979). Also, a reduced bacterial blight incidence and severity in 

cassava intercropped with maize and melon in the humid forest zone was observed 

by Arene, (1976) 

In crop yield; This is as a result of the fact that when two or more result of the fact 

that when two or more crops are properly chosen, the products and refuse from one 

crop plant help in the growth of the other and vice – versa. For example, 

Jeranyama, et al., (2000) reported that legume intercrops are a potential source of 

plant nutrient that complement organic fertilizers in small holder system in 

Zimbabwe Good supply of plant nutrients in the soil in some cases, is necessary in 

combating plant diseases, due to the increased resistance conferred to the crop 

plant.  

Intercropping of compatible plants also encourages biodiversity, by providing a 

habitat for a variety of insect and soil organisms that would not be present in a 

single crop environment. This biodiversity can in turn help to limit outbreaks of 

crop pests (Altieri, 1994) by increasing the diversity or abundance of natural 

enemies. 

Variety of purposes has been produced for using intercropping as a cultural 

practice. These include insurance against crop failure, better and more efficient use 

of labour, prevention of erosion and reduction in damage caused by crop pests and 



 

diseases (Andrews, 1975; Okigbo, 1978; Watters, 1971, Chigbundu, et al., 2010.). 

It is an established fact that cropping systems greatly influence the agronomic and 

overall yield of crops, the dynamics and epidemics of insects pests and diseases as 

well as the environment (Wilson and Agboola, 1979; Agboola, 1987). 

Intercropping makes room for interaction and competition among crops with 

different morphological qualities and patterns of resistance to pests and diseases 

with an overall increase in yields of the various crops in the intercrop arrangement 

as well as the cumulative yield. The will normally far excess the sole crop 

(Agboola, 1987; Sterner, 1984; Harry and Ohanuna, 1990). 

 

 

  



 

CHAPTER THREE 

3.0  MATERIALS AND METHODS 

3.1  Location of the Study Area 

The experiments were carried out at the Teaching and Research Farm and at the 

Crop Science and Technology Laboratory of the School of Agriculture and 

Agricultural Technology, Federal University of Technology, Owerri, Imo State, 

Nigeria, during the 2010, 2011 and 2015 cropping seasons .The experiments were 

repeated two times. 

3.2  History, Climate and Vegetation of the Area 

The climate of the study area is predominantly a humid tropical type noted by a 

heavy bimodal rainfall pattern (FDALR, 1985). Owerri records mean annual 

rainfall of about 1,800-2, 190mm, which spans a period from early March to 

October, with a dry spell, commonly referred to as August Break. The dry starts in 

mid November and terminates in the middle of March (FDLR, 1985). The mean 

annual rainfall is bimodal with its peaks in July and September (Nwosu and 

Adeniyi, 1980). This relatively short dry period forms a gap of two periods of 

heavy rainfall (May to July and September to October). The minimum and 

maximum mean annual temperatures are, respectively, 22.50C and 31.90C, with 

relatively humidity of about 82.6% (Nwosu and Adeniyi, 1980). 



 

The area is a rainforest, with its woodland characterized by lush vegetation and 

comparatively high temperature and rainfall throughout the year. Being a 

rainforest, it is among the world’s most biologically diverse ecosystems, with high 

percentage of plant and animal species. (Loso, 2008). The soils of the area are 

characteristically ultisols-highly weathered and leached acidic soils, with high 

concentrations of aluminum. It is also low in mineral reserves and natural fertility. 

Farmers in the area adopt some farming systems as a means of improving soil 

fertility (Ononiwu, 1990). 

3.3  Nursery Work 

Tomatoes: ROMA VF, RIO GRANDE and TROPIMECH, whose seeds were 

sourced from National Institute for Horticultural Research (NIHORT) Ibadan and 

IMO Agricultural Development Programme ADP Owerri, were raised on sterilized 

nursery soil in a screen house of the Department of Crop Science and Technology.  

3.4   Isolation of fungi from infested soil and wilt infected Tomato plant   parts  

To investigate and characterize the aetiology of the disease affecting tomato, the 

following procedures were followed. Soil samples were randomly collected from 

three sampled infected tomato plants’ rhizosphere per plot size of 2.25m2. This was 

done with the aid of a hand trowel and bulked together. From these same sampled 

infected tomato plants, the roots, stems, and leaves were harvested for incubation. 



 

The plant specimens were sampled during the vegetative and reproductive stages 

of the disease infection in order to identify the pathogen responsible for the 

disease. 

3.4.1 Preparation of Potato Dextrose Agar Medium 

Potato dextrose agar (PDA) medium was prepared by weighing out 200g of Irish 

potato tubers. The tubers were peeled, diced, washed and boiled in 500ml-beaker 

in a sterilized chamber. The supernatant liquid was filtered out through cheesecloth 

into a one-liter capacity conical flask and made up to 1 liter with sterile distilled 

water. Twenty (20) g agar powder and twenty (20)g of dextrose were added to the 

broth, and heated on the hot plate in order to melt the substances and homogenize 

the whole substances (Ofoh,2005). The 1-liter conical flask was plugged with 

cotton wool and then covered with aluminum foil for sterilization. Sterilization was 

done in an autoclave at 1.50kgcm-2 at 1200C for 30 minutes. The PDA medium was 

dispensed in Petri-dishes after autoclaving and allowed to set subsequent isolation 

procedures. 

3.4.2  Isolation of Fungi from the Soil 

The soil washing Techniques was employed. This involved the transfer of 

microbial propagules from soil to the culture medium with the aim of obtaining a 

pure culture (Mehrotra and Aggarwal, 2001). In this technique, 2 grams of the soil 



 

sample were placed in a 500ml sterile beaker and water was used to fill the beaker. 

The soil was allowed to settle for 5minutes and the suspension was poured off. The 

washing continued until a clear supernatant liquid was obtained. 1ml of an anti-

biotic (streptomycin) was pipetted unto 10ml of agar-medium in sterilized Petri-

dishes to suppress any bacterial growth.  

The washed soil was transferred into each of 6 sterilized Petri-dishes with the aid 

of a sterilized spatula. Thirty mills (30ml) of prepared agar medium – potato 

dextrose agar (PDA) - was transferred into each plate and carefully agitated to 

disperse the soil particles. The whole set-up was incubated for 7 days in the 

laboratory incubator at ∓	310 C. Observation was made daily for the growth of 

fungi. Subsequent pure cultures of the mixed fungal growths were obtained for 

subsequent identification with 40 magnification lens of an electronic microscope. 

3.4.3  Isolation of Fungi from Infected Plant Parts 

Infected tomato plant samples (roots, stems and leaves) were obtained during the 

fungi vegetative and reproductive stages when only the pathogen responsible for 

the infection is present (Mehrotra and Aggrawal, 2006) and taken to the laboratory 

Contaminating saprophytic organisms and soil were eliminated by surface 

disinfection as prerequisite for successful isolation. This was done by washing the 

samples severally in running tap water and later in distilled water. The samples 



 

were further surface-sterilized with 70% alcohol and rinsed in several changes of 

distilled water. Tissues of the samples with distinct lesions were lifted with flamed 

forceps and plated onto hardened PDA medium in six Petri-dishes, and each 

sample well labeled for identification. The dishes were incubated and observation 

was made after seven (7) days for fungal growth and sporulation.  Later the 

predominating fungi were re-isolated unto fresh PDA for growth in pure cultures.  

Fungi were identified by means of a compound microscope   on the basis of spore 

morphology, colour of mycelium and nature of hyphae as described by Scagel et 

al., (1984) and Barnett (1998). Slides of the spores were prepared and viewed 

under the 40 magnification lens of an electronic microscope for the shapes and 

sizes of the spores.  

The four fungi identified were Fusarium oxysporum, Septoria lycopersici, 

Rhizoctonia solani and Phytophthora infestans  

3.5.0  Pathogenicity Tests 

 In order to establish that fungal isolates from the soil, and infected plant parts 

were pathogenic, pathogenicity test was carried out in the Screening House of Crop 

Science and Technology Department. Pathogenicity test was carried out using 

Koch’s postulates. 



 

To test the pathogenicity of the four identified pathogens: Fusarium oxysporum, 

Septoria lycopersici, Rhizoctonia solani and Phytophthora infestans, three agar 

discs containing each of the pathogens taken from the pure culture, were used. The 

total number was 12 discs. With a sterile No 1 cork borer, 2cm long cylindrical 

cores were removed from the middle of the standard nursery black poly-bags 

containing sterilized soil. Agar disc, containing two-day old fungal cultures of each 

fungal isolates were used to inoculate the 12 black poly-bags containing the sterile 

soil by the aid of the cork borer. Thereafter healthy ROMA VF tomato cultivar 

seedlings from the School Farm (4 weeks old) were transplanted at the rate of one 

seedling per bag. The 3 uninoculated poly-bags served as the control.   

The transplanted seedlings were cordoned off with plastic sheets and watered 

daily. Observation was made for any disease symptoms.  

3.6.0 Soil Sampling and Land Preparation 

Random soil samples were taken from different locations to the depth of about 

20cm.These samples were bulked and thoroughly mixed together to obtain a 

uniform sample from which soil physical and chemical analyses were performed, 

before application of the treatments. The collected samples were air-dried in the 

laboratory, and sieved using a 2mm-mesh sized sieve pan. 



 

The experimental field was manually cleared; the trash packed, and stumped using 

the available traditional implements machetes, rakes and spades. The area was 

mapped out into four blocks with each block containing twelve plots (beds). Beds 

were prepared in the convention method, by first pulverizing the soil, by the use of 

spade. All the plots had equal dimensions of length and width (2.25x 1m). 

3.6.1  Field Experiments 

 The field experiments consisted of three (3) different experiments done in 2010, 

2011 and repeated in 2015 cropping season. 

3.6.2  Experiment 1: Effects of Mulching Materials and Tomato Cultivars on 

the Wilts Disease of Tomato. 

The organic mulch materials which included dry (pasphalum) grass, palm kernel 

shell and wood shavings were obtained from different locations. Dry grass mulch 

was obtained from the road lawns in the Owerri Municipal, palm kernel shells 

were obtained from David oil Mill at Umuchima, Ihiagwa and the wood shavings 

were obtained from Njoku and Sons Saw Mill  at Naze,  Owerri. 

3.6.3  Experimental Design and Treatment Combinations 

 The experimental design used was a 3 x 4 factorial in randomized complete block 

design (RCBD), in four (4) replications. The treatments comprised (i) three levels 



 

of factor A- three tomato cultivars (A1, A2, A3 = ROMA VF tomato cultivar, RIO 

GRANDE cultivar and TROPIMECH cultivar   respectively). The experiment was 

carried out at the Teaching and Research Farm of the Department of Crop Science 

and Technology (050, 27’N and 070, 02’E) using a 3x4 factorial in RCBD in 4 

replications.  

(ii) Four levels of factor B – four mulch materials (B0,B1, B2 and B3  ≡ No mulch 

(control), Grass mulch, wood shavings and  palm kernel shells respectively). There 

were a total of 48 treatment combinations (that is, 12 treatment combinations per 

block). The treatments were randomly assigned to the experimental plots by the 

random numbers (Wahua,1999). Randomization was done separately for each 

block. 

  



 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1:  Tomato Cultivars used in the experiments         
(x100) 

ROMA VF 
RIO GRANDE 

TROPIMECH  



 

3.6.4  Transplanting to the Experimental Plots 

The three tomato cultivars seedlings (ROMA VF, RIO GRANDE and 

TROPIMECH) were transplanted to the experimental plots at the Teaching and 

Research Farm of the Department of Crop Science and Technology at six (6) 

weeks old, in the month of April , 2010 and May, 2015 respectively. Nursery trays 

were adequately watered before the crops were lifted. Trowel was used, and 

enough soil lump was included as the seedlings were uprooted to ensure minimal 

root distortion and damage, and high survival percentage in the field.  

The spacing used for the three cultivars was 0.75 x 0.50m (between and within 

rows). The distance between plot and block was 0.5m respectively. Individual plot 

size was 2.25m2 while that of each block was 33.5m2. The overall experimental 

field dimension was 139.6m2 (0.014ha). 

 The total number of tomatoes per plot was twelve (12), and for the entire 

experimental area, it was 576 plants. This is equivalent to approximately 26.667 

plants per hectare, at the plant density of 0.75x0.5m. Transplanting was carried out 

in the early hours of the morning and late in the evenings in order to reduce 

transplanting shock due to hash weather. 

 

 



 

3.6.5  Application of Mulching Materials  

The treatments, comprising the dry grass, wood shavings and palm kernel shells, 

were randomly applied to the various plots. The control plots did not receive any 

mulch. Mulching was done one week after transplanting (WAT). Each plot was 

closely monitored to determine the incidence and severity of fungal diseases, as 

well as yield and yield components of tomato. 

3.6.6  Experiment 2: Effects of some Plant Extracts on Wilt Disease of Tomato 

The plant extracts used comprised the following: Basil (Scent) Plant (Nchuanwu) 

leaves Ocimum viride, Ginger rhizome (Zingibar officinale), Neem (Azadirachta 

indica) leaves and the control, that is no plant extracts. 

3.6.7  Preparation of Plant Extracts Used in Study  

The effect of plant extracts on the wilt disease of tomato was carried out in the 

field. Fresh samples of the treatments, Basil plant leaves and ginger rhizome were 

obtained from the Owerri local market, while Neem leaves were collected from the 

trees in the premises of the University (FUTO). 

Water extracts of the fresh plant samples were prepared by washing them in tap 

water respectively, and then later washed with distilled water, and homogenized 

using a grinder. In order to prepare the extracts, 50g of the ground sample each of 



 

the Basil plant leaves, ginger rhizome and Neem leaves were weighed using a 

sensitive Adventurer electronic weighing balance into each of the three 250ml 

conical flask and 100ml of distilled water was added to each flask to give 50% w/v  

(Onekutu et al, 2001). The infusions were then allowed to stand for 24 hours after 

which they were filtered through a double layer cheese cloth into a 250ml conical 

flask. 

3.6.8  Experimental Design for Experiment 2 

The experimental design used was a 3 x 4 factorial in randomized complete block 

design (RCBD) with 3 replications with total treatment combinations of 3 x 4 x 3 = 

36. 

The same tomato cultivars as in experiment 1 were used; these were ROMA VF, 

RIO GRANDE, and TROPIMECH cultivars. These made up the three levels of 

factor A (Tomato cultivar). Factor B (plant extracts) were in four levels, (B1, B2 B3 

and B4), Basil plant, ginger rhizome, neem leaves and control, (no plant extracts) 

respectively. 

3.6.8.1 Treatment Combinations 

A1B1 ____ ROMA VF + Basil plant 

A2B1 ____ RIO GRANDE cultivar + Basil Plants 



 

A3B1 ____ TROPIMECH + Basil plant 

A1B2 ____ ROMA VF + Ginger rhizome 

A2B2 ____ RIO GRANDE + Ginger rhizome 

A3B2 ____ TROPIMECH + Ginger rhizome 

A1B3 ____ ROMA VF + Neem leaf 

A2B3 ____ RIO GRANDE + Neem leaf 

A3B3 ____ TROPIMECH + Neem leaf 

A1B4 ____ ROMA VF + control 

A2B4 ____ RIO GRANDE + control 

A3B4 ____ TROPIMECH + control 

3.6.9 Transplanting of the Tomato Cultivars and Application of Plant 

Extracts 

The three tomato cultivars (ROMA VF, RIO GRANDE and TROPIMECH 

cultivars) were transplanted at six (6). Transplanting to experimental plots was 

done in the month of May, 2011 and 2015 respectively. The spacing distance 

adopted was 0.75 x 0.50m, between and within rows respectively, giving a plant 



 

population of 12 plants per plot. Transplanting was carried out early in the morning 

and late in evening respectively. 

To test the fungitoxic effects of the three extracts on the wilt disease of tomato, 

five (5) ml each of the extracts were applied to each of the tomato seedlings at one 

week after transplanting (WAT). The control plots did not receive any plant 

extract. Treatments were applied using sterile syringes on the above – ground parts 

of each cultivar. 

Each plot was closely monitored in order to determine the incidence and severity 

of tomato Fusarium wilt disease as well as yield and yield components. 

3.7 Experiment 3: Effect of Plant Density and Intercropping on the wilt 

Disease of Tomato 

In the experiment 3, the crops intercropped with tomato included groundnut 

(Arachis hypogaea), soyabean (Glycine max) and Okra (Abelmoschus esculentus) 

,the dwarf cultivar. The seeds were tested for viability. Twenty (20) seeds were 

randomly sampled from each seed lots and placed on three layers of water-

moistened filter papers in five (5) Petri -dishes in the laboratory. The 20 seeds were 

regularly checked and moistened as and when due. The number of germinated 

seeds was recorded, and percentage germination calculated. The overall results 

showed germination percentage of over 80% for the three crops. On the basis of 



 

the above test result, the seeds of the three crops were used for the field 

experiment. 

3.7.1 Experimental Design and Treatment Combinations 

The experimental design used was a 4x4 factorial in RCBD with three (3) 

replications, which is equivalent to 48 plots or treatment combinations. The 

treatment comprised (i) Four levels of factor A – plants used for intercropping (A1, 

A2, A3, A4) (ii) Four level of factor B – spacing distance/plant density (B1, B2, B3, 

B4). 

Where: A1  Groundnut + tomato + okra 

A2- Tomato + groundnut + soya bean, 

A3- Soya bean + tomato + okra and  

A4- Tomato sole (control) 

B1- 100 x 75 cm 

B2- 75 x 50 cm 

B3- 50 x 50 cm 

B4- 50 x 25 cm 

The sixteen (16) treatment combinations are as follows: 



 

A1B1–Groundnut + tomato (100 x 75cm) + okra 

A2B1- Tomato (100 x 75cm) + Ground nut + soybean 

A3B1- Soya bean + tomato (100 x 75cm) + okra 

A0B1- Tomato sole (100 x 75cm) 

A1B2- Groundnut + tomato (75 x 50) + okra 

A2B2- Tomato (75 x 50cm) + Groundnut + soybean 

A3B2- Soya bean + tomato (75 x 50cm) + okra 

A0B2- Tomato sole (75 x 50cm) 

A1B3- Groundnut + tomato (50 x 50cm) + okra 

A2B3- Tomato (50 x 50cm) + groundnut + soybean 

A3 B3- Soybean + tomato (50x50cm) + okra 

AoB3-Tomato sole (50x50cm) 

A1B4- Groundnut + tomato (50x25cm)+ okra 

A2B4- Tomato (50x25cm) + Groundnut + soy bean 

A3B4- Soya bean + tomato (50x25cm) + okra 

A0B4- Tomato sole (50x25cm) 



 

 The treatments were randomly assigned to the experimental plots by the random 

numbers (Wahua, 1999). Randomization was done separately for each of the 

blocks. 
 

3.7.2  Transplanting of Tomato Seedlings to the Experimental plots 

The tomato cultivar used for the 3rd experiment was ROMA VF; which was also 

raised in the nursery, transplanting was done to the experimental plots at six (6) 

weeks, in the month of June, 2011 and May 2015. The four plant spacings/ 

densities comprised 100x75cm, 75x50cm, 50x50cm and 50x25cm, giving 

equivalent plant populations of 13,333 plants/ha, 26,667 plants/ha, 40,000 plant/ha 

and 80,000 plants/ha respectively. 

The component of the inter crop, namely, groundnut, soybean and okra seeds were 

sown in situ in between the main crop, tomato, three days after transplanting. 

Three seeds were planted, and thinned down to two plants per stand two weeks 

after planting. 

 

 

3.7.3 Weeding 

First weeding was done three weeks after transplanting of tomato. Subsequent 

weeding took place at six weeks after planting. Local practices of hand weeding, 

using a hoe, was done, and prevalent weeds encountered were: 



 

Guinea grass (Panicum maximum),Sida acuta, Phyllantus amarus, Euphobia 

heterophlla, E. hirta, Emilia sanchifolia, Chromoleana odorata, Calopogonum 

mucunoides, Aspilia africana, Ageratum conyzoides, Mariscus alternifolius, 

Sporobolus pyramidalis, Setaria barbata,Eleusine indica,Axonopus compressus 

etc. 

3.7.4  Insect Pest Control 

The variety of insect pests that ravaged the plants, at their young stages, especially 

tomato, included  field pests, like, termites, crickets, caterpillars, leaf beetles and 

defoliators. Ambush- 25EC was therefore applied as early as two weeks after 

transplanting of tomato at the rate of 20ml/10 liters of water. The establishment of 

the crops was greatly enhanced by this operation. 

 

3.8.0  Data Collection 

Data were collected two weeks after transplanting of tomato and collection lasted 

throughout the duration of the experiment to assess the effects of the tomato wilt 

disease on the growth and yield of the infected tomato plants. These data were 

collected as follows: 

3.8.1  Number of Leaves 

This was taken by randomly selecting and counting the number of fully mature 

open leaves of three tomato plants and finding the average in each plot. This was 

taken at 2nd, 4th, 6th, and 8th weeks after transplanting. 



 

3.8.2  Plant Height 

This was obtained by measuring the heights of three randomly selected tomato 

plants using a meter rule. The measurement was taken from the ground level or the 

base of crop to the tip or apex, at 2nd, 4th, 6th and 8th week after transplanting, and 

recorded in centimeters (cm). 

Average height per plant was recorded 

3.8.3 Leaf Area (LA) 

Tomato leaf area was determined by adopting the procedure described by Gard and 

Manadahar, (1972). The tomato leaf length (length of the midrib) and maximum 

width (broadest area) of fully opened leaves were measured using a meter rule. For 

the determination of leaf area (Y), the following regression measurement taken 

from leaves of different sizes was used: Y = 0.04 + 0.211 (L x W). This was done 

at 2nd, 6th, and 8th week after transplanting, for three randomly selected plants per 

plot. Three leaves were sampled per plant. Mean values were determined and used 

for statistical analysis. 

3.8.4 Days to First Flowering 

This was determined by counting the number of days the tomato plants were 

transplanted to the day the first flower appeared. This was recorded for each of the 

plots. 

 



 

3.8.5 Number of Flowers 

This was determined by randomly sampling three tomato plants in a plot and 

counting their flowers. Later average number of flowers was calculated. 

3.8.7  Number of Fruits 

The number of fruits was calculated by counting the fruits in a plot at 2nd, 4th, 6th 

and 8week after transplanting. 

3.8.8  Fresh Fruit Weight 

Tomato fresh fruits were harvested and weighed in each plot/ treatment, the weight 

recorded in grammes. 

3.8.9  Disease Incidence (%) 

Disease incidence was assessed by visually counting the number of infected plants, 

dividing it by the total number of both healthy and infected plants in a plot and 

multiplying by 100. 

i.e., Disease incidence (1) = 

Number of infected plants                        x                100 
Total number (healthy and infected) of plants.         1 

Tomato disease incidence was assessed per plot at 2nd, 4th, 6th and 8th week after 

transplanting, and it was recorded in percentage. 

 

 

 



 

3.8.10 Disease Severity Assessment 

This is the measurement of the proportion of the plant affected by a disease in a 

sample/ plot. Disease severity for leaf spot was estimated using the observation and 

scoring according to the format described by Ford and Hewitt (1980). 
 

Table 2: Ford and Hewitt (1980) Rating Scale of Disease Severity 

Severity (%) Scale Interpretation 

1-  20 1 Slight infection 

21- 40  2 Moderate infection 

41- 60 3 Severe infection 

61- 80 4 Very severe infection 

81- 100 5 Leaves completed infected. 

 

The proportion of the tomato plant affected by leaf spot disease was measured by 

counting the number of leaves with the symptom divided by the total number of 

leaves (both healthy and spotted), multiplied by 100. 

For Fusarium wilt disease assessment, a different scoring format was adopted. This 

is as a result of the nature of the wilt disease, where an entire plant is often 

suddenly attacked, not just a gradual or progressive incidence on the number of 

leaves of the plant. 



 

Fusarium wilt disease was therefore assessed using a 5- scale rating as follows- 1: 

no wilted observed; 2= 1-3 plants wilted; 3: 4 plants wilted; 4: 5 plants wilted and 

5: all plants wilted. Disease assessment was based per plot. The number of wilted 

plants was noted for each plot. 

 

3.9  Soil Physico- chemical Analysis  

Bulk soil samples collected before and after the experiment were analyzed for 

physical and chemical properties since they are part of edaphic environmental 

conditions that influence disease. Analysis was done in the Soil Science and 

Technology Laboratory in School of Agriculture and Agricultural Technology, 

Federal University of Technology, Owerri. The parameters analyzed for included 

textural class, (mechanical analysis- sand, silt and clay) pH, total nitrogen, 

phosphorus, potassium, organic carbon content, exchangeable cations (Ca, Mg,K 

and Na) and exchangeable acidity. 
 

3.9.1  Textural Class / Mechanical Analysis 

The particle size fractions or the percentage of the different fractions, i.e sand, silt 

and clay in the soil were determined by the hydrometer method of Bouyoucos 

(1962), using sodium hexa- metaphosphate to disperse the soil. Some quantities of 

the soil specimen (about 50g) were weighed and introduced into a moisture can, 

and thereafter, 50ml of calgon (sodium-hexametaphosphate) was added. Vigorous 

stirring was done for 15 minutes, and the contact emptied into a 1 liter measuring 



 

cylinder, then water was added to make up the mark. Vigorous shaking continued 

for some time (4-5 times). The cylinder was allowed to stand and the hydrometer 

introduced immediately to obtain the first hydrometer reading (H1). Mercury 

thermometer was used to take the temperature of the water (T1) at the same time. 

Three hours later readings were taken again to obtain H2 and T2. Conversions were 

made from Celsius to Fahrenheit for T, and T2. The following formula was used to 

calculate the different soil fraction. 

Percentage (%) sand = 100- (H1+0.2(T1- 68) -2) x2 

Percentage (%) Clay = (H2 + 0.2 (T2- 68) -2) x 2 

Percentage (%) silt = 100- (% sand + % clay ) 
 

3.9.2  Soil pH 

The soil pH was determined in distilled water using soil: water ration of 1:2.5 and 

glass electrode pH meter. The air dried soil sample was put in distilled water, 

stirred and allowed to stand for 30minutes with occasional stirring. The pH of the 

soil was measured by the aid of the pH meter, which was introduced into the soil 

suspension. 

 

3.9. 3  Determination of Total Nitrogen 

The total nitrogen was determined by the method outlined by A.O.A.C. (1980). 

This was the modified micro- digestion method. 

 



 

3.9.4  Exchangeable Bases 

The method developed by Bray and Kurtz, (1945) was used to determine the 

exchangeable bases in the soil sample. The bases included calcium, magnesium, 

potassium and sodium. They were determined by leaching with neutral ammonium 

acetate. Fifty (50) cm3of IN ammonium acetate was added to 5g of the soil sample 

and shaken mechanically for 2 hours. Thereafter, it was centrifuged at 200rpm and 

the supernatant liquid was collected in a 100ml volumetric flask. Centrifugation 

and collection of supernatant were repeated two times more, but 30 minutes 

shaking was carried out. The volumetric flask was made up to the mark with 

ammonium acetate and used to determine sodium and potassium using the flame 

photometer, and calcium and magnesium by the EDTA titration method. 

 

3.9.5  Available Phosphorus 

The available phosphorus in the soil sample was determined by the method 

developed by Bray and Kurtz (1945) commonly termed Bray 1 method. One 

gramme of the soil sample was crushed and put into a centrifuge tube. Seven ml of 

the extracting solution (15ml 1N NH4F + 25ml 0.5N HCL+ 460ml distilled water) 

was added and the contents vigorously shaken for a minute. Centrifugation was 

done for 15 minutes at 2000rpm. Two (2)ml of the supernatant was put in a test 

tube and 5ml of water, 2 ml ammonium molybdate (NH4) 6MO7O24.H20) and 

stannous chloride (SnCl2) added. After mixing thoroughly the optical density was 



 

determined using atomic absorption spectrophotometer (AAS) at 660nm. The stock 

solution was used to prepare various standard solution of P in order to obtain a 

standard curve. The P content of the sample was then determined from the curve. 

3.9.6 Organic Carbon 

The organic carbon content of the soil sample was determined by the method        

outlined by Walkey and Black (1934). One (1) gramme of soil was put in a 250ml 

flask and 5ml of IN K2 Cr2 O7and 10ml of concentrated H2SO4added. Gentle 

shaking was done for 1 minute; the flask was allowed to stand for 30min and 50ml 

of distilled water and about 3 drops of indicator (phenanthroline) added. The 

content was then titrated with 0.5FeSO4 to a maroon colour end point. 

Standardization was done with a blank titration. The soil organic carbon was 

calculate by the following formula. 

 % organic carbon in soil= 

Meq.K2 Cr2 O7x MeqFe SO4 x0.003x 100 (F) divided by the weight of air- dry soil 

Where,  Meq = Milligram equivalent 

F = 1.35 (recovery factor) 

 

3.9.7  Exchangeable Acidity 

The  exchangeable acidity (aluminium  and hydrogen) was determined by leaching 

with potassium chloride 50mil of IN potassium chloride was added to 5g of the soil 



 

sample and shaken mechanically for an hour. It was centrifuged at 2000rpm for 15 

minutes and the supernatant collected in a 100ml volumetric flask. 

Centrifugation and collection of supernatant were repeated twice more and shaken 

for only 30 minutes. The volumetric flask was made up to 100ml mark with 

potassium chloride and used to determine aluminum and hydrogen concentration. 

Doing this involved adding 3-5 drops of phenolphthalein indicator into 20ml of the 

leachage. 100ml of distilled water was added and the solution titrated with 0.05N 

NaOH to a permanent pink end point (Mclean, 1982). A blank titration was carried 

out using NaOH. The amount of base used was equivalent to the quantity of acidity 

(H+Al) in the liquot taken. One drop of 0.05N HCL was added to the same flask to 

bring back the colorless condition before adding 10ml of NaF solution (the pink 

colour returns  if Al is present ) and titrating the solution with 0.05N HCL until the 

colour disappeared. The milli- equivalents of acid used are equal to the amount of 

exchangeable Al in the aliquot used. This value was subtracted from the milli- 

equivalent of exchangeable H. This was expressed in Meq. Per 100g by the 

following equation; 

Exch Acidity (meg/100g) = (T-B) x  x x N 

Where,T   ml NaOH sample 

  B =   ml NaOH blank 

  E  =    Extract   volume 



 

  A =     Aliquot   volume taken 

  AW =    Weight of soil used 

  N =     Normality of base 

 

3.9.8 Effective Cation Exchange Capacity (ECEC) and Base Saturation 

ECEC was obtained by summation of exchangeable cations and acidity (IITA, 

1979).  The base saturation was determined by expressing the sum of the 

exchangeable cations as a percentage of the ECEC value. 
 

3.9.9 Statistical Analysis 

All the data collected were subjected to analysis of variance (ANOVA) for a 

factorial experiment in RCBD, using the Genstat Version 4 Analytical Software. 

Means separation was done using the Least Significance Difference (LSD) at 5% 

level. 

 

 

 

 

 

 

 



 

CHAPTER FOUR 

4.0  RESULTS 

4.1  Results of the Pathogenicity Test 

The four fungi on which pathogenicity tests were carried out were Fusarium 

oxysporum, Septoria lycopersici, Rhizochtonia solani and Phytophthora infestans. 

The symptoms developed were identified more than four weeks after transplanting 

and were compared with those that developed in the field. The pathogens were re-

isolated, grown on PDA and their structural morphology was compared with the 

original isolates at the beginning of the test. 

Out of the four pathogens only two were confirmed to be the ones formerly 

isolated namely Fusarium oxysporum and Septoria lycopersici. They are therefore 

the casual organisms of tomato wilt and leaf-spot disease respectively. 

Symptoms Expressed by the Pathogens: 

i. Fusarium oxysporium 

- Stunting of seedlings 

- Drooping and downward curving of older leaves. 

- Vascular tissue becomes dark brown. 

- Enlargement of the bases of stem. 



 

- Symptoms on older plant generally become apparent during the intervals 

from blossoming to fruit maturation. 

- Earliest symptom is the yellowing of the older leaves. 

- Wilting of the entire plant. 

- Collapse and death of the plant. 

The browning of the vascular system is characteristic of the disease and generally 

can be used for its identification. 

 

 

 

 

 

Fig. 2: Fusarium oxysporum conidia (x 150) 

 

ii. Septoria lycopersici: 

- Symptoms appear on the lower leaves after t he first fruit sets. 

- Lesions also appear on stems, petioles and the calyx. 



 

- Circular, dark-brown margins and tan to gray centers dotted with black 

pycnidia. 

- The symptoms spread upwards from oldest to youngest growth. 

- Some infected leaves may turn yellow at severe infection, and may wither 

(Jones et al.,1991) 

(iii) Rhizochtonia solani: 

- Germinating seedlings may be killed before or soon after they emerge from 

the soil, producing a brown, reddish brown or nearly black lesion near the 

soil. 

- Constricted young stem becomes soft and the plant falls over and dies. 

- A root rot may occur as distinct dark - coloured lesions. 

- AA basal stem canker, (foot rot) may develop on growing or mature plants. 

The Rhizochtonia diseases of tomatoes include damping – off, root-rot, basal stem 

rot (foot rot), above-ground stem canker, and fruit rot. 

(iv) Phytophthora infestans 

- All above-ground parts of the tomato plant are affected. 

- Leaf lesions appear as indefinite, water-soaked spots, which normally 

enlarge later into pale green to brown lesions and cover large areas of the 

leaf. 



 

- Infected foliage becomes brown, shrivels and soon dies. 

- Petioles and stems are affected in a similar manner, so the whole plant may 

die. 

- Fruit lesions appear as dark, greasy spots, which may enlarge until the entire 

fruit becomes invaded. 

4.2  Soil Physical and Chemical Characteristics at Pre-planting and Post-

Planting Periods 

Table 3 shows the pre-planting and post-planting physical and chemical 

characteristics of the experimental area. The experimental soil was texturally 

sandy, loam and acidic as indicated by the data in the table 3. The soil was also 

acidic as showed by the low pH, organic carbon and total nitrogen contents. The 

soil was also low in organic matter, phosphorus and exchangeable bases. In general 

the soil showed poor fertility. 

  



 

Table 3:  Pre-planting and post-planting physical and chemical analysis of soil at 
experimental site 

Physical properties (%) Pre-planting Post-planting 
Sand  92.27 91.88 
Clay 5.73 6.48 
Silt  2.00 1.66 
Chemical properties  
%  organic carbon 4.05 1.77 
% organic matter 6.99 3.06 
% Nitrogen 0.16 0.09 
KA (Cmol/kg) 0.28 1.63 
Na (Cmol/kg) 0.46 0.69 
Ca (Cmol/kg) 0.02 0.02 
Mg (Cmol/kg) 0.01 0.01 
Al+ (Cmol/kg) 0.00 0.03 
P (Cmol/kg) 0.19 0.60 
pH (Cmol/kg) 4.71 5.51 
H+ (Cmol/kg) 0.01 0.01 
ECEC                                              0 .98                         2.95 
 

4.3 Number of Tomato Leaves 

The effects of mulch materials, tomato cultivars, plant extracts, plant density and 

intercropping on the number of tomato leaves are shown in Tables 4 to 9 for all the 

three experiments.  

The number of tomato leaves was measured for all the three experiments. The 

results indicated significant differences in the first and second experiments (P < 

0.05) in years 2010 and 2015 at 2 weeks after transplanting (WAT) in the mean 

number of leaves due to effects of mulch and tomato cultivars used in the 



 

experiment. Also, tomato leaves in year 2015, indicated significant difference due 

to the effect of mulching in weeks 4 and 6 after transplanting. 

The tomato cultivar that recorded the highest mean number of leaves was 

TROPIMECH cultivar (6.35) mulched with wood shavings. Tomato cultivars 

significantly (P<0.05) affected tomato number of leaves in 2 WAT and 8WAT in 

years 2010 and 2015 respectively. 

In 2010, TROPIMECH cultivar recorded the highest mean number of leaves (6.35) 

mulched with wood shavings. In 2015, TROPIMECH had the highest number of 

leaves under control treatment and wood shavings respectively. 

There was also a significant interaction (P = 0.05) between tomato cultivars and 

the mulch materials only at the second week after transplanting in 2010. The case 

was different in 2015 as there was no statistically significant difference among 

their various treatment means. 

Similarly, there was a significant interaction in the tomato cultivars and the plant 

extracts used in the second experiment, in the fourth week after transplanting, 

whereas, the tomato cultivars and the plant extracts did not significantly affect the 

mean number of tomato leaves in the second week after transplanting in 2011. 

However, in the 4th, 6th and 8th weeks after transplanting, in 2011, the mean 

numbers of tomato leaves were significantly affected by tomato cultivars and plant 



 

extracts interactions per plant. Also, at 8weeks after transplanting, the mean 

number of tomato leaves was significantly affected by tomato cultivars. The 

highest mean number of tomato leaves was observed in the ROMA VF tomato 

cultivar under ginger rhizome plant extract treatment. 

The different plant extracts did not reflect any statistical difference among the 

mean number of tomato leaves at 4th and 8th weeks after transplanting in 2011 and 

2015. 

The mean number of tomato leaves showed slight differences among different 

cultivars treated with plant extracts and those without any plant extracts (the 

control). 

  



 

Table 4: Effect of mulch materials and tomato cultivars on the number of tomato leaves in 2010 

  2WAT 

Mulch material 

  

Cultivar No 
mulch    

Grass Wood 
shavings     

Palm kernel 
shell      

Mean of 
cultivar 

ROMA VF 5. 65 5.13 5.33 5.85 5.46 
RIO GRANDE 5.43 4.85 6.35 5.4 5.51 
TROPIMECH 4.93 5.65 6.3 5.93 5.7 

 
 

Mean of mulch   5.33 5.17 5.99 5.73  
LSD (0.05) for cultivar= ns, 
LSD (0.05) for  mulch = 0.55 
LSD (0.05) for cultivar x mulch=0.95 
 

   

_________________________________________4WAT_________________________________ 

ROMA VF 11.03 10.18 10.33 10.98 10.63     
RIO GRANDE 12.15 9.65 15.03 13.6 12.61 
TROPIMECH 12.18 14.4 9.98 12.08 12.16 
Mean of mulch   11.78 11.41 11.78 12.22  
LSD (0.05) for cultivar= ns, 

LSD (0.05) for  mulch = ns 

LSD (0.05)for cultivar x mulch= ns.                                                             

  

 

 

 

 

 

 

 

 

 



 

 

Table 5: Effect of mulch materials and tomato cultivars on the number of tomato leaves per plant in 2015 
 

Tomato cultivar/    Mulch 
type 

2 WAT   4 WAT   6 WAT 

No 
mulch 

Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean 
ROMA VF 4.92 5.08 5.58 5.42 5.25 

 
7.83 6.00 5.83 5.67 6.33 

 
3.25 1.50 1.50 1.50 1.94 

RIO GRANDE 5.42 5.84 5.83 5.34 5.61 
 

5.75 8.00 6.38 6.42 6.64 
 

0.00 0.00 1.25 0.00 0.31 
TROPIMECH 8.08 6.84 6.75 7.42 7.27 

 
8.38 8.08 8.54 8.04 8.26 

 
7.79 7.50 0.00 5.25 5.14 

Mean 6.14 5.92 6.05 6.06     7.32 7.36 6.92 6.71     3.68 3.00 0.92 2.25   

LSD (0.05) Cultivar: 0.66 
     

1.02 
     

2.94 
    LSD (0.05) Mulch: 0.76 

     
1.18 

     
3.39 

    LSD (0.05) Cultivar x Mulch: 1.32 
     

2.05 
     

5.87 
    



 

 
Table 6: Effect of Plant extracts and tomato cultivars on the number of tomato leaves produced per plant in 

2011 

           2WAT 

Plant extracts 

  

Cultivar Basil plant Ginger 
rhizome   

Neem leaf   No plant 
extracts 

Mean of 
cultivar

ROMA VF 4.67              8.00                   5.33              5.33                 5.83 
RIO GRANDE 7.67              6.67                   6.67               7.00                7.00 
TROPIMECH 8.67              6.33                   5.67               4.67                6.33 
Mean of plant extracts   7.00              7.00                   5.89               5.67  
LSD (0.05) for cultivar= ns, 
LSD (0.05)for  plant extracts = ns  
LSD (0.05)for cultivar x plant extracts =ns  

   

_________________________________4WAT________________________________ 

ROMA VF 8.67           12.33                  9.33                  7.67           9.50     
RIO GRANDE 11.00            7.67                 7.00                  9.67           8.83     
TROPIMECH 10.00            9.00               10.00                   7.67           9.17 
Mean of plant extracts   9.89              9.67                8.78                   8.33        

LSD (0.05) for cultivar = ns, 
LSD (0.05)for  plant extracts=  ns  
LSD (0.05)for cultivar x plant extracts = 3.23 

  

_________________________________6WAT_______________________________ 

ROMA VF 12.00            15.00               8.67                   8.33            11.00
RIO GRANDE 10.67              8.67               7.67                  10.33             9.33
TROPIMECH 10.33            10.67             12.33                   9.33              10.67
Mean of plant extracts   11.00        11.44               9.56                    9.33  
LSD (0.05) for cultivar= ns, 
LSD 0.05) for  (plant extracts= ns  
LSD (0.05) for cultivar x plant 
extracts 4.27 

   

____________________________________8WAT________________________________

ROMA VF 10.67           19.33              13.00                 11.33              13.58 
RIO GRANDE 10.33            8.33              10.00                 13.00               10.42
TROPIMECH 15.00           11.33              18.00                    9.67               13.50
Mean of plant extracts   12.00       13.00              13.67                   11.33 

 
 

LSD (0.05) for cultivar =  2.592 

LSD (0.05) for  plant extracts= ns  

LSD (0.05) for cultivar x plant 
extracts 4.49                                                             

   



 

 
Table 7: Effect of Plant extracts and tomato cultivars on the number of tomato leaves produced per plant in 

2015 

Cultivar 
Plant extracts applied two weeks after transplanting 

Basil 
plant 

Ginger 
rhizome Neem leaves 

No Plant 
extract Mean 

ROMA VF 6.00 5.67 5.22 6.33 5.81 
RIO GRANDE 6.33 7.67 6.39 5.44 6.46 
TROPIMECH 6.00 6.00 5.45 5.33 5.70 
Mean 6.11 6.45 5.69 5.70 
LSD (0.05) Cultivar: 0.90; LSD (0.05) Plant extracts: 1.03; LSD (0.05) Cultivar x Plant extracts: 1.79 

Cultivar 
Plant extracts applied four weeks after transplanting 

Basil 
plant 

Ginger 
rhizome Neem leaves 

No Plant 
extract Mean 

ROMA VF 15.11 6.00 5.44 6.67 8.31 
RIO GRANDE 10.22 8.89 7.11 8.11 8.58 
TROPIMECH 5.66 7.22 8.11 7.33 7.08 
Mean 10.33 7.37 6.89 7.37 

 LSD (0.05) Cultivar: 3.15; LSD (0.05) Plant extracts: 3.63; LSD (0.05) Cultivar x Plant extracts 6.29 

Cultivar 
Plant extracts applied six weeks after transplanting 

Basil 
plant 

Ginger 
rhizome Neem leaves 

No Plant 
extracts Mean 

ROMA VF 8.56 8.89 5.78 8.22 7.86 
RIO GRANDE 12.00 12.56 9.00 11.67 11.31 
TROPIMECH 9.78 9.44 8.78 9.39 9.35 
Mean 10.11 10.30 7.85 9.76 
LSD (0.05) Cultivar: 3.44; LSD (0.05) Plant extracts:4.06 ; LSD (0.05) Cultivar x Plant extracts: 6.87 

Cultivar 
Plant extracts applied eight weeks after transplanting 

Basil 
plant 

Ginger 
rhizome Neem leaves 

No Plant 
extracts Mean 

ROMA VF 9.83 10.33 0.00 9.95 7.53 
RIO GRANDE 13.33 10.83 11.39 7.72 10.82 
TROPIMECH 6.33 6.44 8.17 11.78 8.18 
Mean 9.83 9.20 6.52 9.82 
LSD (0.05) Cultivar: 4.28; LSD (0.05) Plant extracts: 4.94; LSD (0.05) Cultivar x Plant extracts: 8.55 

 

 

 



 

Table 8: Effects of plant spacing/density and intercropping on the number of tomato leaves per  plant in 
2011 

 2 WAT 

Intercropping 

 

 

 

Spacing 

Gnut/ 
tomato/ 
okro 

Tomato/gnut/s
bean 

Sbean/   
tomato/ 
okro 

Tomato 
sole 

Mean of 
spacing 

100x75 5.00 4.67 4.67 6.00 5.08 
75x50 4.33 5.33 4.67 5.33 4.92 
50x50 5.33 4.33 4.33 4.33 4.58 
50x25 6.00 5.00 5.67 5.00 5.42 
Mean of intercropping 5.17 4.83 4.83 5.17  
LSD (0.05)for spacing= ns, 
LSD (0.05)for intercropping= ns, 
LSD (0.05)for spacing x intercropping= ns 

     

____________________________________________4WAT_____________________________ 

100x75 7.67 7.00 8.00 9.67 8.08 
75x50 8.00 7.33 7.67 7.33 7.58 
50x50 8.67 7.00 6.00 8.00 7.42 
50x25 8.33 7.33 9.67 7.67 8.25 
Mean of intercropping 8.17 7.17 7.83 8.17  
LSD (0.05) for spacing= ns, 
LSD (0.05) for intercropping=ns, 
LSD(0.05) for spacing x intercropping=ns 

     

____________________________________________6WAT_____________________________ 

100x75 11.00 10.33 6.33 11.00 9.67 
75x50 6.00 8.67 9.00 5.00 7.17 
50x50 11.67 8.33 6.67 8.67 8.83 
50x25 6.00 8.67 12.33 9.33 9.08 
Mean of intercropping 8.67 9.00 8.58 8.50  
LSD (0.05) for spacing= ns, 
LSD(0.05)for intercropping= ns, 
LSD(0.05) for spacing x intercropping= ns 

     

____________________________________________________8WAT_________________________________ 

Spacing  10.33 2.67 9.00 11.33 8.33 
100x75 8.33 8.67 10.00 3.33 7.58 
75x50 9.33 6.33 6.33 10.33 8.08 
50x50 6.00 9.00 12.67 11.00 9.67 
50x25 8.50 6.67 9.50 9.00  
Mean of intercropping      
LSD (0.05)for spacing =ns, 
LSD (0.05) for intercropping= ns, 
LSD(0.05)for spacing x intercropping =ns 
 

     



 

Table 9: Effect of plant spacing and intercropping on the number tomato leaves produced per plant in 2015 

2 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 5.11 4.45 5.00 5.55 5.03 
Tomato + groundnut + soybean 5.55 5.00 5.56 7.33 5.86 
Soybean + tomato + okra 5.00 4.78 4.78 4.78 4.84 
Tomato sole 6.00 4.33 3.89 4.89 4.78 
Mean 5.42 4.64 4.81 5.64 5.13 
LSD (0.05) Intercrop: 1.21; LSD (0.05) Plant spacing: 1.21; LSD (0.05) Intercrop x plant spacing: 2.41 

4 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 8.44 8.22 6.55 6.55 7.44 
Tomato + groundnut + soybean 8.89 6.66 7.89 7.11 7.64 
Soybean + tomato + okra 7.56 30.59 7.00 7.11 13.07 
Tomato sole 8.44 9.45 6.78 6.22 7.72 
Mean 8.33 13.73 7.06 6.75 8.97 
LSD (0.05) Intercrop: 9.23; LSD (0.05) Plant spacing: 9.23; LSD (0.05) Intercrop x plant spacing: 18.46 

6 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 12.00 9.33 9.67 7.45 9.61 
Tomato + groundnut + soybean 9.22 8.11 10.00 9.89 9.31 
Soybean + tomato + okra 12.00 6.78 8.33 5.61 8.18 
Tomato sole 8.33 6.67 7.89 10.44 8.33 
Mean 10.39 7.72 8.97 8.35 8.86 
LSD (0.05) Intercrop: 3.70; LSD (0.05) Plant spacing: 3.70; LSD (0.05) Intercrop x plant spacing: 5.99 

8 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 10.78 8.78 12.00 2.37 8.48 
Tomato + groundnut + soybean 14.78 11.61 13.45 0.00 9.96 
Soybean + tomato + okra 9.22 12.11 8.78 7.00 9.28 
Tomato sole 9.89 9.22 6.89 9.00 8.75 
Mean 11.17 10.43 10.28 4.59 9.12 
LSD (0.05) Intercrop: 2.99; LSD (0.05) Plant spacing: 2.99; LSD (0.05) Intercrop x plant spacing: 5.99 

 

 



 

4.4  Tomato Height (CM) 

Tables 10 to 15 showed the mean height of tomato plants 2010, 2011and 2015 

experiments. Statistical results indicated that tomato cultivars and mulching 

materials had no significant difference (P > 0.05) on the height of tomato in the 

2010 experiment. However, in 2015 experiment, the mean heights of tomato plant 

were significantly (P < 0.05) affected by the tomato cultivars at 2 and 4 weeks after 

transplanting; also, mulching significantly (P < 0.05) influenced tomato height at 2 

weeks after planting. In 2011experiment with plant extracts, tomato heights were 

significantly (P < 0.05) affected by cultivars at 2 and 8 weeks after transplanting, 

by plant extracts at 6 WAT and interactions between the cultivars and plant 

extracts at 6 and 8 weeks after transplanting. Similar trend followed in 2015, where 

tomato heights were significantly (P < 0.05) affected by cultivars at 2 and 4 WAT. 

In 2011experiments, tomato plant heights were significantly (P < 0.05) affected by 

interactions between spacing and intercropping at 8 weeks after transplanting. In 

2015, statistical results showed that intercropping and plant spacing had no 

significant (P > 0.05) effect on tomato plant heights. 

In the second experiment, in 2011, RIO GRANDE tomato cultivars recorded the 

highest height at 2 weeks after planting (18.50cm) treated with neem leaves as 

plant extracts, while ROMA VF cultivars recorded the lowest height (13cm) under 



 

no plant extract treatment. The different plant extracts and the interactions between 

cultivars and plant extracts showed no statistical significance on the differences in 

the tomato plant height. 

In the 6th and 8th weeks after transplanting (in years 2011 and 2015), the tomato 

cultivars and the plant extracts had no significant differences in the tomato heights 

per plant respectively. The highest and lowest tomato heights were measured in 

TROPIMECH cultivars treated with Neem leaves and TROPIMECH cultivars 

under control treatment (44 and 20.3cm respectively in 2011), whereas in 2015, the 

highest and lowest tomato heights were measured in RIO GRANDE cultivars, 

treated with ginger and TROPIMECH treated with neem (43.60 and 9.19) 

respectively. 

However, at 8 weeks after transplanting, the interaction of spacing and 

intercropping significantly affected the tomato height per plant in 2011. The height 

of tomato at the spacing of 100 X 75cm and in combination with groundnut and 

okra, recorded the highest height (38.7cm) in the 8 weeks after transplanting in the 

year 2011. 

This is the highest tomato plant among the different intercrops, followed by the 

tomato plant at the spacing distance of 50 X 25cm (38.3cm) in the same week in 

2011. 



 

Table 10: Effects of mulch materials and tomato cultivars on the height of tomato plant in 2010 

  2WAT 

Mulch material 

  

Cultivar No 
mulch    

Grass Wood 
shavings    

Palm kernel shell     Mean of 
cultivar 

ROMAVF 6.35 7.4 8.72 8.05 7.63 
RIO GRANDE 7. 52 7.82 8.9 8.47 8.18 
TROPIMECH 7.95 7.97 7.55 8.00 7.87 
Mean of mulch   7.27 7.73 8.39 8.17  
LSD (0.05) for cultivar= ns, 
LSD (0.05)for  mulch= ns 
LSD (0.05) for cultivar x mulch=ns.                                                             
 

   

________________________________4WAT_________________________________ 

ROMAVF  21.22 17.67 23.4 23.97 21.57 
RIO GRANDE  23.75 15.52 27.10 27.40 23.44 
TROPIMECH  23 25.92        22.72 22.85 23.62 
LSD (0.05) for cultivar=ns, 

LSD (0.05)for  mulch= ns 

LSD (0.05) for cultivar x mulch= ns.                                                             

  

 

 

 



 

Table 11: Effect of mulch materials and tomato cultivars on the height of tomato plant in 2015 

Tomato cultivar/    Mulch 
type 

2 WAT   4 WAT   6 WAT 

No 
mulch 

Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean 
ROMA VF 14.33 12.75 14.33 13.83 13.81 

 
13.58 14.33 12.92 13.84 13.67 

 
6.50 4.00 0.00 0.00 2.63 

RIO GRANDE 16.5 14.25 15.83 15.83 15.60 
 

13.17 19.79 17.42 18.09 17.12 
 

0.00 8.75 0.00 0.00 2.19 
TROPIMECH 19.84 17.67 19.08 17.5 18.52 

 
20.46 22.25 24.17 20.29 21.79 

 
14.00 15.00 0.00 7.00 9.00 

Mean 16.89 14.89 16.41 15.72     15.74 18.79 18.17 17.41     6.83 9.25 0.00 2.33   

LSD (0.05) Cultivar: 1.07 
     

3.72 
     

8.78 
    LSD (0.05) Mulch: 1.24 

     
4.30 

     
10.14 

    LSD (0.05) Cultivar x Mulch: 2.14 
     

7.44 
     

17.57 
     

 

 

 

 

 

 



 

Table 12: Effect of plant extracts and tomato cultivars on the height (cm) of tomato in 2011  

  2WAT 

Plant extracts 

  

Cultivar Basil plant Ginger 
rhizome   

Neem leaf   No plant 
extracts   

Mean 
of 
cultivar 

ROMAVF  14.03           15.73                  15.20            13.00               14.49 
RIO GRANDE  16.10           16.00                  18.50            15.53               16.53 
TROPIMECH  16.47           15.03                  14.67            13.77 14.98                       
Mean of Plant extracts    15.53           15.59                    16.12            14.10  
LSD (0.05) for cultivar=1.86 
LSD(0.05)for Plant extracts = ns                                        
LSD (0.05) for cultivar x Plant extracts = ns                                                               

   

_____________________________________4WAT_____________________________________ 

ROMAVF  22.33             27.43               20.00             20.33                    22.52 
RIO GRANDE  24.67             18.77               20.10              20.23                    20.94 
TROPIMECH  24.87             19.33               23.23             16.67                     21.02 
Mean of Plant extracts   23.96   21.84               21.11              19.08  

LSD (0.05) for cultivar= ns, 
LSD (0.05)for  Plant extracts =  ns                                       
LSD (0.05) for cultivar x Plant extracts = ns                                                               

  

___________________________________6WAT___________________________________ 

ROMAVF  28.4               42.9                26.4                 25.0                      30.7 
RIO GRANDE  37.1               21.6                22.3                 27.4                       27.1 
TROPIMECH  34.8               33.7                44.9                 20.3                       33.4 
Mean of Plant extracts   33.4               32.7                31.2                  24.3  
LSD (0.05) for cultivar= ns, 
LSD (0.05) for  Plant extracts =6.93                                    
LSD (0.05)or cultivar x Plant extracts =12.01                                                              

   

____________________________________8WAT____________________________________ 

ROMAVF               31.1               45.4               29.6                 30.3                       34.1 
RIO GRANDE  34.5               20.0               23.7                 31.2                       27.3 
TROPIMECH                        36.6               25.5               56.5                 27.1                        36.4  
Mean of Plant extracts 34.1             30.3                36.6                 29.5 

 
 

LSD (0.05) for cultivar=6.63 

LSD (0.05)for Plant extracts = ns                                      

LSD (0.05) for cultivar x Plant extracts 
=13.25 

   



 

Table 13: Effect of Plant extracts and tomato cultivars on the height (cm) of  tomato plant in 
2015 

Cultivar 
Plant extracts applied two weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 11.61 12.22 11.33 10.78 11.49 
RIO 
GRANDE 12.39 18.67 15.50 14.50 15.27 
TROPIMECH 12.11 14.77 9.19 11.00 11.77 
Mean 12.04 15.22 12.01 12.09   
LSD (0.05) Cultivar: 2.78; LSD (0.05) Plant extracts:3.21 ; LSD (0.05) Cultivar x Plant extracts: 5.56 

      
Cultivar 

Plant extracts applied four weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 14.00 16.78 15.11 18.11 16.00 
RIO 
GRANDE 22.28 23.55 20.67 22.00 22.13 
TROPIMECH 17.78 17.67 20.78 20.56 19.20 
Mean 18.02 19.33 18.85 20.22   
LSD (0.05) Cultivar: 4.11; LSD (0.05) Plant extracts: 4.75; LSD (0.05) Cultivar x Plant extracts: 8.23 

      
Cultivar 

Plant extracts applied six weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 23.50 24.60 17.60 22.20 21.98 
RIO 
GRANDE 27.80 31.80 25.70 27.10 28.10 
TROPIMECH 21.30 22.70 23.30 25.90 23.30 
Mean 24.20 26.37 22.20 25.07   
LSD (0.05) Cultivar: 6.27; LSD (0.05) Plant extracts: 7.24; LSD (0.05) Cultivar x Plant extracts: 
12.54 

      
Cultivar 

Plant extracts applied eight weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 36.70 20.60 13.30 33.30 25.98 
RIO 
GRANDE 25.40 43.60 22.00 15.30 26.58 
TROPIMECH 15.30 17.90 29.40 26.40 22.25 
Mean 25.80 27.37 21.57 25.00   
LSD (0.05) Cultivar: 13.38; LSD (0.05) Plant extracts: 15.45; LSD (0.05) Cultivar x: Plant extracts: 
26.76 

 



 

 

Table 14: Effects of plant spacing/density and intercropping on the height ( cm ) of tomato 2011 

 

 2 WAT 
Intercropping 

 

 

 

Spacing 

Gnut/ 
tomato/ 
okra 

Tomato/ 
gnut/sbean 

Sbean/   
tomato/ 
okra 

Tomato 
sole 

Mean of 
spacing 

100x75 16.17 15.13 11.37 11.03 13.43 
75x50 11.17 14.90 10.90 12.33 12.47 
50x50 13.20 13.80 10.90 11.00 12.22 
50x25 18.77 15.00 15.53 12.00 15.32 
Mean of intercropping 14.96 14.71 12.18 11.59  
LSD (0.05) for spacing= ns, 
LSD (0.05) for intercropping= ns, 
LSD (0.05) for spacing x intercropping= ns 

     

Spacing   ______________________________4WAT______________________________ 
100x75 26.7 2.05 30.1 27.9 26.3 
75x50 17.4 18.4 23.0 19.0 19.5 
50x50 25.6 20.3 14.5 25.0 21.4 
50x25 22.7 18.2 27.4 17.9 21.6 
Mean of intercropping 23.1 19.4 23.8 22.5  
LSD (0.05) for spacing= ns, 
LSD (0.05) for intercropping= ns, 
LSD (0.05) for spacing x intercropping= ns 

     

Spacing   ________________________________6WAT______________________________ 
100x75 11.00 10.33 6.33 11.00 9.67 
75x50 6.00 8.67 9.00 5.00 7.17 
50x50 11.67 8.33 6.67 8.67 8.83 
50x25 6.00 8.67 12.33 9.33 9.08 
Mean of intercropping 8.67 9.00 8.58 8.50  
LSD (0.05) for spacing= ns, 
LSD (0.05) for intercropping= ns, 
LSD (0.05) for spacing x intercropping= ns 

     

Spacing __________________________________8WAT______________________________ 
100x75 38.7 8.0 19.4 33.3 24.8 
75x50 11.0 20.0 27.7 0.0 14.7 
50x50 22.6 21.0 10.6 26.0 20.0 
50x25 15.5 17.9 38.3 15.8 21.9 
Mean of intercropping 22.0 16.7 21.0 18.8  
LSD (0.05) for spacing= ns, 
LSD (0.05)for intercropping =ns, 
LSD (0.05) for spacing x intercropping =25.62 
 

     



 

Table 15: Effect of plant spacing and intercropping on the height (cm) of tomato per plant in 
2015 

2 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 13.72 13.17 11.67 13.11 12.92 
Tomato + groundnut + soybean 14.33 14.00 12.44 10.33 12.78 
Soybean + tomato + okra 12.00 13.72 10.67 10.89 11.82 
Tomato sole 13.78 10.78 12.56 12.56 12.42 
Mean 13.46 12.92 11.84 11.72 12.48 
LSD (0.05) Intercrop: 3.01; LSD (0.05) Plant spacing: 3.01; LSD (0.05) Intercrop x plant spacing: 6.02 

4 WAT 
AInAtercrop system Plant spacing (cm) 
Groundnut + tomato + okra 18.33 15.44 15.44 18.00 16.80 
Tomato + groundnut + soybean 18.60 21.56 20.89 18.34 19.85 
Soybean + tomato + okra 37.00 15.55 17.78 14.00 21.08 
Tomato sole 20.36 14.94 18.00 16.39 17.42 
Mean 23.57 16.87 18.03 16.68 18.79 
LSD (0.05) Intercrop: 6.73; LSD (0.05) Plant spacing: 6.73; LSD (0.05) Intercrop x plant spacing: 13.46  
Intercrop system Plant spacing (cm) 
Groundnut + tomato + okra 29.56 32.33 24.11 23.22 27.31 
Tomato + groundnut + soybean 24.33 28.50 27.89 25.22 26.49 
Soybean + tomato + okra 25.33 20.33 26.56 16.34 22.14 
Tomato sole 28.22 22.56 24.67 23.45 24.73 
Mean 26.86 25.93 25.81 22.06 25.16 
LSD (0.05) Intercrop: 6.67; LSD (0.05) Plant spacing: 6.67; LSD (0.05) Intercrop x plant spacing: 13.34 
Intercrop system Plant spacing (cm) 
Groundnut + tomato + okra 36.44 24.11 36.78 24.94 30.57 
Tomato + groundnut + soybean 40.56 30.50 38.56 16.89 31.63 
Soybean + tomato + okra 26.89 31.83 35.11 24.00 29.46 
Tomato sole 21.33 33.00 30.56 33.22 29.53 
Mean 31.31 29.86 35.25 24.76 30.30 
LSD (0.05) Intercrop: 14.32; LSD (0.05) Plant spacing: 14.32; LSD (0.05) Intercrop x plant spacing: 
28.65 

 

 

 



 

4.5 Tomato Leaf Area  

Tables 16 to 21 show the tomato leaf area (cm2). In 2010 and 2011 experiments, 

there were no significant differences (p>0.05) on the leaf areas as a result of 

tomato cultivars and that of the application of different mulch materials, plant 

spacing distances and intercrops respectively. However, 2011 and 2015 

experiment, tomato cultivars used significantly contributed to the differences in the 

leaf area measured, both at 6 and 8 weeks after transplanting ( in 2011) and at 4 

weeks after transplanting (in 2015). ROMAVF cultivar showed the highest leaf 

area (6.33cm2) at 6th weeks after transplanting, treated with ginger rhizome as a 

plant extracts. RIO GRANDE cultivars had the lowest leaf area of 3.00 cm2 treated 

with neem leaf. At the 8WAT TROPIMECH cultivar produced the largest leaf area 

(7.50cm2), while ROMAVF cultivar produced the least leaf area (1.90cm2). The 

effect of the interactions between mulch X cultivars, cultivars X plant extracts and 

spacing X intercropping was not significant on the leaf area at any period of the 

experiment under measurement (2011 and 2015). In year 2015, at 4 weeks after 

transplanting, TROPIMECH had the highest leaf area of 5.12 cm2 , treated with 

ginger rhizome, while the lowest was 2.49cm2  recorded with Basil plant. 

 

 



 

Table 16: Effect of mulch materials and tomato cultivars on tomato leaf area (cm2) per plant 
2010    

     3WAT 

Mulch material 

  

Cultivar No mulch    Grass Wood shavings     Palm kernel 
shell      

Mean of 
cultivar 

ROMAVF 0.99             0.99 0.91                      2.15                         1.24 

RIO GRANDE  0.82          1.32            1.61                      1.26                          1.25 
TROPIMECH 1.08         1.09            1.24                      0.86                          1.07 
Mean of mulch   0.94      1.13             1.25                       1.42  
LSD (0.05) for cultivar= ns, 
LSD (0.05)for  mulch= ns 
LSD (0.05)for cultivar x mulch= ns.                                                             

   

___________________________________5WAT_________________________________ 

ROMAVF 1.83            1.59           2.03                       3.36                          2.20 
RIO GRANDE  2.44            2.07           2.90                       2.61                          2.51             
TROPIMECH  2.29           2.84           1.98                       2.09                          2.30 
Mean of mulch   2.19           2.17           2.30                       2.69    

LSD (0.05) for cultivar= ns, 

LSD (0.05) for  mulch= ns 

LSD (0.05) for cultivar x mulch= ns.          

  

 

 

 

 

 

 

 



 

Table 17: Effect of mulch materials and tomato cultivars on tomato leaf area (cm2) per plant in 2015 

Cultivar 

Mulch applied 2 WAT   Mulch applied 4 WAT   Mulch applied 6 WAT 

No 
mulch 

Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean 

ROMA VF 2.74 3.42 2.84 2.36 2.84 
 

4.52 8.09 7.87 5.65 6.53 
 

0.56 0.00 0.50 0.50 0.39 

RIO GRANDE 3.30 3.39 3.03 2.78 3.13 
 

8.03 6.97 5.61 7.79 7.10 
 

0.00 0.83 0.00 0.00 0.21 

TROPIMECH 3.48 3.39 3.38 2.87 3.28 
 

7.74 5.00 7.81 4.63 6.30 
 

0.98 0.81 0.00 0.52 0.58 

Mean 3.17 3.40 3.08 2.67     6.76 6.69 7.10 6.02     0.51 0.55 0.17 0.34   

LSD (0.05) Cultivar: 0.45 
     

1.86 
     

0.55 
    LSD (0.05) Mulch: 0.52 

     
2.15 

     
0.63 

    LSD (0.05) Cultivar x Mulch: 0.90 
     

3.73 
     

1.10 
     

 

 

 



 

Table 18: Effect of plant extracts and tomato cultivars on the leaf area (cm2) of tomato in 2011          

  2WAT 

Plant Extracts 

  

Cultivar Basil 
plant 

Ginger 
rhizome   

Neem leaf   No  plant 
extracts    

Mean of 
cultivar 

ROMAVF 5.37               6.43                     5.17          5.40               5.59 

RIO GRANDE  4.20                4.40                     4.33         4.50               4.36 

TROPIMECH  6.53                5.77                     4.93         4.27               5.37 

Mean of plant extracts   5.37                5.53                     4.81          4.72  

LSD (0.05) for cultivar= ns, 

LSD (0.05) for  plant extracts = ns                                       

LSD (0.05) for cultivar x plant extracts = ns                                                         

   

______________________________6WAT_______________________________ 

 ROMAVF              4.03               6.33                6.17               4.07                5.15 

RIO GRANDE  2.77               3.33                 3.00              3.70 3.20 

TROPIMECH  5.67               4.53                 6.10              5.10                  5.35 

Mean of plant extracts   4.16               4.73                 5.09              4.29          

LSD (0.05) for cultivar= 1.35 

LSD (0.05) for  plant extracts =ns                                       

LSD (0.05) for cultivar x plant extracts = ns                                                         

   

______________________________8WAT_______________________________ 

ROMAVF              1.90             4.30                5.23               2.40                     3.46 

RIO GRANDE  2.83            2.40                2.60               2.97 2.70 

TROPIMECH                        6.90            3.33                7.50               5.37                      5.78 

Mean of plant extracts 3.88            3.34                5.11               3.58  

LSD (0.05) for cultivar= 1.62 

LSD (0.05) for plant extracts = ns                                       

LSD (0.05) for cultivar x plant extracts = ns                                                         

   

 
 
 
 



 

Table 19: Effects of Plant extracts   and tomato cultivars on the leaf area (cm2) of tomato in 2015 

Cultivar 
Plant extracts applied two weeks after transplanting 

Basil plant Ginger rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 4.09 2.88 3.16 2.81 3.24 
RIO GRANDE 3.56 2.52 3.10 2.94 3.03 
TROPIMECH 1.88 2.66 2.59 2.42 2.39 
Mean 3.18 2.69 2.95 2.72   
LSD (0.05) Cultivar: 0.97; LSD (0.05) Plant extracts: 1.12; LSD (0.05) Cultivar x Plant extracts: 1.94 

      
Cultivar 

Plant extracts applied four weeks after transplanting 

Basil plant Ginger rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 4.04 4.21 3.30 3.73 3.82 
RIO GRANDE 4.86 5.12 4.44 3.34 4.44 
TROPIMECH 2.49 4.07 3.20 3.73 3.37 
Mean 3.80 4.47 3.65 3.60   
LSD (0.05) Cultivar 0.82; LSD (0.05) Plant extracts: 0.95; LSD (0.05) Cultivar x Plant extracts: 1.65 

      
Cultivar 

Plant extracts applied six weeks after transplanting 

Basil plant Ginger rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 3.63 3.66 4.06 3.78 3.78 
RIO GRANDE 3.71 4.89 4.74 3.83 4.29 
TROPIMECH 3.05 2.79 3.93 3.76 3.38 
Mean 3.46 3.78 4.24 3.79   
LSD (0.05) Cultivar: 1.15; LSD (0.05) Plant extracts: 1.32; LSD (0.05) Cultivar x Plant extracts 2.29 

      
Cultivar 

Plant extracts applied eight weeks after transplanting 

Basil plant Ginger rhizome Neem leaves 
No Plant 

extract  Mean 
ROMA VF 3.13 1.67 2.04 4.28 2.78 
RIO GRANDE 1.94 5.01 3.33 2.42 3.18 
TROPIMECH 1.79 1.21 3.59 2.81 2.35 
Mean 2.29 2.63 2.99 3.17   
LSD (0.05) Cultivar: 1.86; LSD (0.05) Plant extracts: 2.14; LSD (0.05) Cultivar x Plant extracts 3.71 

 

 

 



 

Table 20: Effects of plant spacing/density and intercropping on leaf area (cm2) of   tomato per 
plant in 2011 

 

 2 WAT 
Intercropping 

 

 

 

Spacing 

Gnut/ 
tomato/ 
okro 

Tomato/ 
gnut/sbean 

Sbean/   
tomato/ 
okro 

Tomato 
sole 

Mean of 
spacing

100x75 4.73 8.20 7.10 9.47 7.95 
75x50 8.33 7.83 9.10 7.80             8.27 
50x50 6.97 4.67 6.60 7.23             6.37 
50x25 11.77 5.20 7.23 6.93             7.78 
Mean of intercropping 7.95 6.48 7.51                   

7.86 
 

LSD (0.05)for  spacing ns , 

LSD (0.05) for  intercropping ns, 

LSD (0.05)forspacing x intercropping= 
ns  

     

Spacing   ______________________________6WAT______________________________ 
100x75 6.53 1.80 3.23 5.73 4.33 
75x50 2.17 3.83 5.43 2.97             3.60 
50x50 6.97 2.53 5.57        4.83             4.97 
50x25 6.13            3.03 6.37 3.67             4.80 
Mean of intercropping 5.45 2.80 5.15 4.30  
LSD (0.05)  for spacing=ns, 
LSD (0.05)for  intercropping= ns, 
LSD (0.05)forspacing x intercropping 
=ns 

     

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

Table 21: Effects of plant spacing and intercropping on leaf area (cm2) of tomato per plant in 2015 

 2 WAT 

Intercrop system Plant spacing  (cm)         
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 2.15 2.49 1.79 1.49 1.98 
Tomato + groundnut + soybean 2.70 2.53 2.39 3.58 2.80 
Soybean + tomato + okra 4.42 3.41 2.23 1.13 2.80 
Tomato sole 3.49 2.62 2.70 2.33 2.79 
Mean 3.19 2.76 2.28 2.13 2.59 
LSD (0.05) Intercrop: 0.87; LSD (0.05) Plant spacing: 0.87; LSD (0.05) Intercrop x plant spacing: 1.75  

4 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 3.14 2.99 2.22 2.20 2.64 
Tomato + groundnut + soybean 1.83 2.64 2.63 3.49 2.65 
Soybean + tomato + okra 2.28 3.29 2.04 1.69 2.33 
Tomato sole 3.29 1.96 3.06 2.18 2.62 
Mean 2.64 2.72 2.49 2.39 2.56 
LSD (0.05) Intercrop: 0.82; LSD (0.05) Plant spacing: 0.82; LSD (0.05) Intercrop x plant spacing: 1.63 

A6 WAT 

Intercrop system Plant spacing (cm)  
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 4.66 3.57 3.98 4.51 4.18 
Tomato + groundnut + soybean 3.44 3.63 4.36 5.16 4.15 
Soybean + tomato + okra 2.63 3.56 3.50 3.43 3.28 
Tomato sole 4.41 4.09 3.59 3.62 3.93 
Mean 3.79 3.71 3.86 4.18 3.88 
LSD (0.05) Intercrop: 1.02; LSD (0.05) Plant spacing: 1.02; LSD (0.05) Intercrop x plant spacing: 2.05 

8 WAT 

Intercrop system   Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 2.53 2.63 3.51 1.47 2.54 
Tomato + groundnut + soybean 3.24 3.10 2.94 2.96 3.06 
Soybean + tomato + okra 2.61 3.59 2.21 2.90 2.83 
Tomato sole 2.72 4.26 2.75 3.55 3.32 
Mean 2.78 3.40 2.85 2.72 2.94 
LSD (0.05) Intercrop: 1.82; LSD (0.05) Plant spacing: 1.86; LSD (0.05) Intercrop x plant spacing: 3.76 



 

4.6  Number of Days to First Flowering 

Data for 2010, 2011 and 2015 experiments on anthesis were presented in tables 22 

to 25. Flowering started 15.25-29 days after transplanting in 2010. The cultivars 

did not have any significant effect (P>0.05) on the number of days before 

flowering. However, mulch and cultivars X mulch interaction produced significant 

differences on the days to floral anthesis. 

ROMA VF cultivars flowered in about 15 days after transplanting without any 

mulch application; just about 16.5 days early when it was mulched with wood 

shavings (it took 31.75 days for ROMA VF to flower under wood shavings 

mulching). 

In the case of the plant extracts and the cultivars, the number of days to first 

flowering was not significantly influenced by the plant extracts, cultivars and 

cultivars X plant extracts interaction ( in 2011). In 2015, the number of days to first 

flowering was significantly (P < 0.05) affected tomato cultivars in the 4th week 

after transplanting.  

 

 

 

 



 

Table 22: Effects of mulch materials and tomato cultivars on days to first flowering of tomato 
(days) in 2010 

  Mulch material   

Cultivar No 
mulch    

Grass Wood 
shavings     

Palm kernel 
shell      

Mean of 
cultivar 

ROMA VF 15.25 27.25 31.75 21 23.81    
RIO GRANDE 21.25 29 21.25 23.25 23.69 
TROPIMECH 22.5 19.25 23.75 28.5 23.5   
Mean of mulch   19.67       25.17 25.58 24.25  
LSD (0.05) for cultivar= ns, 
LSD (0.05) for  mulch=ns 
LSD (0.05) for cultivar x mulch=ns.                                                             
 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 23: Effect of plant extracts and tomato cultivars on days to first flowering of tomato per 
plot (days) in 2011     

  Plant extracts  
 

  

Cultivar Basil plant Ginger 
rhizome   

Neem leaf   No plant 
extracts   

Mean of 
cultivar 

ROMA VF 0.0                 14.3                   14.7              0.0 7.2 
RIO GRANDE 0.0                 14.0                    0.0                0.0                       3.5 
TROPIMECH  14.0                  0.0                    0.0                0.0                       3.5 
Mean of plant extracts   4.7                    9.4                    4.9                 0.0  
LSD (0.0for cultivar=  ns,                                                             
LSD (0.05)for  plant extracts= ns                                        
LSD (0.05) For cultivar x plant extracts = ns                                                            

   

  



 

Table 24: Effect of Plant extract and tomato cultivars on days to first flowering of tomato   
per plot (days) in 2015 

Cultivar 
Plant extract applied two weeks after transplanting 

Basil plant Ginger rhizome Neem leaves 
No Plant 
extracts l Mean 

ROMA VF 0.00 0.00 0.00 14.00 3.50 
RIO 
GRANDE 5.30 14.30 0.00 20.00 9.90 
TROPIMECH 5.30 5.70 5.30 14.00 7.58 
Mean 3.53 6.67 1.77 16.00   
LSD (0.05) Cultivar: 11.59; LSD (0.05) Plant extracts: 13.38;  LSD (0.05) Cultivar x Plant extracts: 
23.18 

      
Cultivar 

Plant extract applied four weeks after transplanting 

Basil plant Ginger rhizome Neem leaves Plant extract Mean 
ROMA VF 8.30 8.30 0.00 8.70 6.33 
RIO 
GRANDE 7.30 24.00 16.00 15.70 15.75 
TROPIMECH 0.00 8.30 8.30 8.00 6.15 
Mean 5.20 13.53 8.10 10.80   
LSD (0.05) Cultivar: 6.59;  LSD (0.05) Plant extracts: 8.07; LSD (0.05) Cultivar x Plant extracts: 
13.98 

      
Cultivar 

Plant extracts applied six weeks after transplanting 

Basil plant Ginger rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 13.30 11.70 13.30 11.70 12.50 
RIO 
GRANDE 11.70 23.30 13.30 11.70 15.00 
TROPIMECH 0.00 13.30 13.30 11.70 9.58 
Mean 8.33 16.10 13.30 11.70   
LSD (0.05) Cultivar: 13.46; LSD (0.05) Plant extracts s: 15.54; LSD (0.05) Cultivar x Plant extracts: 
26.91 

      
Cultivar 

Plant extracts applied eight weeks after transplanting 

Basil plant Ginger rhizome Neem leaves 
  No Plant 

extract Mean 
ROMA VF 18.00 0.00 0.00 0.00 4.50 
RIO 
GRANDE 17.70 18.00 0.00 18.00 13.43 
TROPIMECH 18.30 0.00 18.00 0.00 9.08 
Mean 18.00 6.00 6.00 6.00   
LSD (0.05) Cultivar:16.41; LSD (0.05) Plant extracts: 18.94;  LSD (0.05) Cultivar x Plant extracts: 
32.81 



 

Table 25: Effect of plant spacing and intercropping on days to first flowering of to tomato per 
plot (days)  in 2015 

2 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 0.00 0.00 14.70 5.00 4.93 
Tomato + groundnut + soybean 0.00 0.00 4.00 5.00 2.25 
Soybean + tomato + okra 0.00 5.00 0.00 0.00 1.25 
Tomato sole 5.00 0.00 0.00 4.00 2.25 
Mean 

     LSD (0.05) Intercrop: 6.57 ns; LSD (0.05) Plant spacing 6.57:; LSD (0.05) Intercrop x plant spacing: 
13.14 

4 WAT 

Intercrop system Plant spacing (cm) 
       100 x 75        75 x 50        50 x 50           50 x 25                              

Groundnut + tomato + okra 44.7 45.3 44.7 0 33.675 
Tomato + groundnut + soybean 44.7 22.3 45 22.3 33.575 
Soybean + tomato + okra 45 0 44.7 0 22.425 
Tomato sole 22.3 23 22.3 22.3 22.475 
Mean 39.18 22.65 39.18 11.15 

 LSD (0.05) Intercrop:; 28.78 ns LSD (0.05) Plant spacing:; 28.78 LSD (0.05) Intercrop x plant spacing: 
57.57                    
                                                                         6WAT 

Intercrop system                                                                            
Plant spacing (cm) 

100 x 75         75 X 50      50 x 50          50 X 25 
 

Groundnut + tomato + okra 18.70 19.00 17.30 18.70 18.43 
Tomato + groundnut + soybean 17.70 0.00 54.70 18.00 22.60 
Soybean + tomato + okra 18.70 0.00 0.00 0.00 4.68 
Tomato sole 0.00 55.30 17.70 16.70 22.43 
Mean 13.78 18.58 22.43 13.35 

 LSD (0.05) Intercrop; 19.63 ns; LSD (0.05) Plant spacing19.63; LSD (0.05) Intercrop x plant spacing: 
39.26  
                                                                               8WAT 

Intercrop system 
Plant spacing (cm) 

100 x 75             75 x 50       50 x 50        50 X 25 
            

Groundnut + tomato + okra 0.00 0.00 58.00 57.00 28.75 
Tomato + groundnut + soybean   29.00 0.00 28.30 0.00 14.33 
Soybean + tomato + okra 0.00 0.00 0.00 0.00 0.00 
Tomato sole 0.00 0.00 29.00 0.00 7.25 
Mean 7.25 0.00 28.83 14.25 

 LSD (0.05) Intercrop: 22.89 ns;  LSD (0.05) Plant spacing22.89;  LSD (0.05) Intercrop x plant spacing: 
45.79 



 

4.6.1 Number of Tomato Flowers   

Tables 26 to 30 show the number of flowers per tomato plant. There was no 

significant effect (P=0.05) by mulch, tomato cultivars and cultivars X mulch 

interactions on the number of flowers produced by each tomato plant in both 3rd 

and 4th weeks after transplanting in year 2010. 

The result on the table also shows that the effect of plant extracts was significant 

(P=0.05) on the number of flowers produced by each tomato plant at 6 WAT in 

year 2011. The plant extract that produced the highest number of flower was 

ginger rhizome in the ROMA VF cultivar (8.33 flowers). On the other hand plant 

extracts did not have any significant effect on the number of flowers at 2nd, 4th 

and 8th WAT. Also, the number of flowers was not significantly affected by 

cultivars, plant extracts and cultivars X plant extracts interactions at the 2nd, 4th, 

6th and 8th WAT (except at 6WAT where plant extracts had a significant effect as 

indicated above. In year 2015, there was no significant (P > 0.05) effect by both 

tomato cultivars, plant extracts and plant spacing on the number of tomato flowers 

produced.  

 

 

 



 

Table 26: Effect of mulch materials and tomato cultivars on number of tomato flowers in 2010  

  3WAT 

Mulch material 

  

Cultivar No 
mulch    

Grass Wood 
shavings     

Palm kernel shell     Mean of 
cultivar 

ROMA VF 1.33 0.08 1.17 1.62 1.05 
RIO GRANDE 1.35 0.43 1.75 1.23 1.19 
TROPIMECH 0.43 1.75 0.43 0.58 0.79 
Mean of mulch   1.03 0.75 1.12 1.14  
LSD (0.05) for cultivar= ns, 
LSD (0.05)for  mulch= ns 
LSD (0.05) for cultivar x mulch= ns 

   

______________________________________4WAT_________________________________ 

 ROMA VF  4.18 1.17 2.67 6.65 3.67 
 RIO GRANDE  6.35 2.6   6.55 6.4 5.47 
 TROPIMECH  3.85 7.25 4.33 3.5 4.73 
Mean of mulch   4.79           3.67             4.52                  5.52                                 
LSD (0.05) for cultivar= ns, 
LSD (0.05) for mulch= ns 
LSD (0.05) for cultivar x mulch= ns. 

  

 

 

 

 

 

  



 

Table 27: Effect of plant extracts and tomato cultivars on the number of tomato flowers per 
plant in 2011     

  2WAT 

Plant extracts 

  

Cultivar Basil plant Ginger 
rhizome   

Neem leaf   No plant 
extracts   

Mean of 
cultivar 

ROMA VF 0.00                1.17                  0.00              0.67                   0.46 
RIO GRANDE 0.83                0.00                   0.00              0.00                   0.21 
RIO GRANDE 0.00                1.83                   1.33              0.43                   0.90 
Mean of plant extracts  0.28               1.00                   0.44              0.37  
LSD (0.05)for cultivar = ns,                                                               
LSD (0.05) for plant extracts =  ns                                        
LSD (0.05)for Cultivar plant extracts =ns                                                         

   

________________________________________4WAT______________________________ 

ROMA VF 2.33                8.33                  3.00               1.00                  3.67 
RIO GRANDE 3.33                1.33                  0.67               2.00                  1.83 
TROPIMECH  1.00                 4.00                 1.33               0.67                 1.75 
Mean of plant extracts   2.22                 4.56                 1.67               1.22  

LSD (0.05)for cultivar = ns,                                                               
LSD (0.05)for  = plant extracts= ns                                        
LSD (0.05)for cultivar x plant extracts = ns                                                          

  

__________________________________________6WAT_________________________________ 

ROMA VF 1.67             8.33                1.33               1.67                     3.25     
RIO GRANDE 0.00            4.00                0.33                1.33                     1.42      
Topimech 2.33            2.67                2.67                3.33                     2.75 
Mean o plant extracts f  1.33            5.00                1.44                2.11                                                                      
LSD (0.05) for cultivar =  ns,                                                              
LSD (0.05) for plant extracts = 2.67 
LSD (0.05)for Cultivar x plant extracts =ns                                                            

   

_______________________________________8WAT________________________________ 
ROMA VF 0.00           3.00                1.67                 0.00                      1.17      
RIO GRANDE 0.00          1.33                0.00                4.33                       1.42    
 Topimech                       1.67           0.67                0.67                0.00                       0.75     
Mean of plant extracts 0.56          1.67                0.78                1.44                                                                   
LSD(0.05) for cultivar= ns,                                                              
LSD (0.05)for plant extracts = ns                                       

LSD (0.05) for cultivar x plant extracts =ns                                     

   

 

 



 

Table 28: Effect of Plant extracts and tomato cultivars on the number of tomato flowers 
produced per plant in 2015 

Cultivar 
Plant extracts applied two weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 
extracts Mean 

ROMA VF 0.00 0.00 0.00 0.00 0.00 
RIO 
GRANDE 0.67 0.00 0.00 0.00 0.17 
TROPIMECH 0.00 0.00 0.00 0.00 0.00 
Mean 0.22 0.00 0.00 0.00   
LSD (0.05) Cultivar:0.26; LSD (0.05) Plant extracts: 0.33; LSD (0.05) Cultivar x Plant extracts:0.56 

      
Cultivar 

Plant extracts applied four weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 0.00 0.33 0.00 0.33 0.17 
RIO 
GRANDE 4.33 4.33 0.33 1.00 2.50 
TROPIMECH 0.00 0.33 1.00 3.67 1.25 
Mean 1.44 1.66 0.44 1.67   
LSD (0.05) Cultivar: 2.35; LSD (0.05) Plant extracts: 2.71; LSD (0.05) Cultivar x Plant extracts: 4.69 

      
Cultivar 

Plant extracts applied six weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 0.00 0.33 0.00 0.33 0.17 
RIO 
GRANDE 3.33 4.00 0.33 2.00 2.42 
TROPIMECH 0.00 0.67 0.00 1.33 0.50 
Mean 1.11 1.67 0.11 1.22   

LSD (0.05) Cultivar: 1.78; LSD (0.05) Plant extracts: 2.06; LSD (0.05) Cultivar x Plant extracts: 3.57 
 

 

 

  



 

Table 29: Effects of plant spacing/density and intercropping on the number of tomato flowers 
per plant in 2011  

 

 

 

 

 

       2 WAT 
Intercropping 

 

 

 

Spacing 

Gnut/ 
tomato/ 
okro 

Tomato/ 
gnut/sbean 

Sbean/   
tomato/ 
okro 

Tomato 
sole 

Mean of 
spacing 

100x75 0.00 0.00 0.00 2.33                0.58 
75x50 0.00 0.00 1.00 0.00 0.25 
50x50 3.00 0.00 0.00 0.00                 0.75 
50x25 1.67 0.00 2.67 0.00 1.0 
Mean of intercropping 1.17 0.00 0.92 0.58  
LSD (0.05)for  spacing =ns, 
LSD (0.05)for intercropping =ns, 
LSD (0.05)for spacing x intercropping 
=ns  

     

Spacing   ______________________________6WAT______________________________ 

100x75 0.00 0.00 0.00     2.33 0.58 
75x50 0.00 0.00 1.00 0.00 0.25 
50x50 3.00 0.00 0.00 0.00 0.75 
50x25 1.67 0.00               2.67 0.00               1.00 
Mean of intercropping 1.17 0.00     0.92 0.58  
LSD (0.05)for  spacing= ns , 
LSD (0.05)for  intercropping= ns,  

LSD (0.05)for spacing x intercropping 
=ns 

     



 

Table 30: Effect of plant spacing and intercropping on the number of tomato flowers per plant in   
2015 

2 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 0.00 0.00 1.33 0.00 0.33 
Tomato + groundnut + soybean 0.00 0.00 3.33 1.00 1.08 
Soybean + tomato + okra 0.00 1.33 0.00 0.00 0.33 
Tomato sole 1.00 0.00 2.00 2.33 1.33 
Mean 0.25 0.33 1.67 0.83 0.77 
LSD (0.05) Intercrop: 1.76; LSD (0.05) Plant spacing: 1.76; LSD (0.05) Intercrop x plant spacing: 3.52 

4 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 0.00 0.00 0.00 1.50 0.38 
Tomato + groundnut + soybean 2.50 0.00 2.00 3.22 1.93 
Soybean + tomato + okra 3.00 1.67 2.67 0.00 1.84 
Tomato sole 3.11 0.00 2.89 3.67 2.42 
Mean 2.15 0.42 1.89 2.10 1.64 
LSD (0.05) Intercrop: 2.95; LSD (0.05) Plant spacing: 2.95; LSD (0.05) Intercrop x plant spacing: 5.89 

6 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 3.78 8.39 6.67 8.44 6.82 
Tomato + groundnut + soybean 8.67 2.67 9.50 0.00 5.21 
Soybean + tomato + okra 12.89 0.00 2.67 0.00 3.89 
Tomato sole 4.33 4.67 8.78 1.00 4.70 
Mean 7.42 3.93 6.91 2.36 5.15 
LSD (0.05) Intercrop: 6.70; LSD (0.05) Plant spacing: 6.70; LSD (0.05) Intercrop x plant spacing: 13.39 

8 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 0.67 0.00 3.00 1.67 1.34 
Tomato + groundnut + soybean 3.67 0.00 4.00 0.00 1.92 
Soybean + tomato + okra 0.00 0.00 0.00 0.00 0.00 
Tomato sole 0.00 0.00 3.67 0.00 0.92 
Mean 1.09 0.00 2.67 0.42 1.04 
LSD (0.05) Intercrop: 2.19; LSD (0.05) Plant spacing: 2.19; LSD (0.05) Intercrop x plant spacing: 4.38  

 

 



 

4.7 Tomato Yield 

Tables 31, 32 and 33 show the yield responses of tomato in terms of the number of 

tomato fruit per plot. In terms of the number of fruits, tomato cultivars significantly 

(P=0.05) affected the number of fruits among different tomato cultivars at 8WAT. 

TROPIMECH cultivar has the highest number of fruit (10.5) under control 

treatment. The least number of fruit (3) was recorded by the ROMA VF cultivar 

under wood shavings mulch. The cultivar X mulch interactions showed no 

significant differences among the number of fruits of the cultivars. Also, mulch 

materials did not have any significant difference among the number of fruits. 

Similarly, in year 2015, tomato cultivars significantly (p<0.05) affected the yield 

of tomato. On the other hand, tomato yield was not significantly (p>0.05) 

influenced by plant spacing and intercrop. 

 

 

 

 

 

 

 



 

Table 31: Effect of mulch materials and tomato cultivars on number of fruits per plot 2010 

  7WAT 

Mulch materials 

  

Cultivar No mulch   Grass Wood shavings    Palm kernel 
shell      

Mean of 
cultivar 

ROMA VF 2.5             1.75          0.50                     2.25                           1.75         
RIO GRANDE 3.75            3.5            5.25                     4.25                           4.19              
TROPIMECH 4.5              2.75          2.75                     3.5                             3.37      
Mean of mulch   3.58          2.67          2.83                     3.33         
LSD (0.05) for cultivar = ns, 
LSD (0.05) for mulch= ns 
LSD (0.05 )for cultivar x mulch = ns.                                                           

   

________________________________________8WAT_____________________________________ 

ROMA VF 3.75           1.5           1.75                      3.5                            2.62            
RIO GRANDE 10.5           4 8.75                     7.25                           7.62               
TROPIMECH 7.25          5 3 6.25                            5.37       
Mean of mulch   7.17         3.5           4.5                       5.67        
LSD (0.05) for cultivar=3.76 
LSD (0.05)for  Mulch=  ns 

LSD (0.05) for Cultivar x mulch= ns  

  

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 32: Effects of plant spacing/density and intercropping on the number of tomato fruits in 
2011 

  

 2 WAT 
Intercropping 

 

 

 

Spacing 

Gnut/ 
tomato/ 
okra 

Tomato/ 
gnut/sbean 

Sbean/   
tomato/ 
okra 

Tomato 
sole 

Mean of 
spacing 

100x75 0.00 0.00 0.00 0.00 0.00 

75x50 0.67 0.00 1.00 0.00 0.42 
50x50 0.00  0.00 0.00 0.00 0.00 
50x25 0.00 0.00 1.00 0.00 0.25 
Mean of intercropping 0.17 0.00 0.50 0.00  
LSD (0.05)for  spacing =ns , 

LSD (0.05)for  intercropping =ns, 
LSD (0.05) for spacing x intercropping 
=ns  

     



 

Table 33: Effect of plant spacing and intercropping on the number tomato fruits produced per plant in 
2015 

2 WAT 

Intercrop system Plant spacing (cm) 

100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 0.00 0.00 0.00 0.67 0.17 
Tomato + groundnut + soybean 0.00 0.00 0.00 0.00 0.00 
Soybean + tomato + okra 0.00 0.00 0.00 0.00 0.00 
Tomato sole 0.00 0.00 0.00 1.00 0.25 
Mean 0.00 0.00 0.00 0.42 0.10 

LSD (0.05) Intercrop: 0.42; LSD (0.05) Plant spacing: 0.42; LSD (0.05) Intercrop x plant spacing: 0.84 
4 WAT 

Intercrop system Plant spacing (cm) 

100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 0.00 0.00 0.00 0.67 0.17 
Tomato + groundnut + soybean 0.00 0.00 0.00 0.00 0.00 
Soybean + tomato + okra 0.67 0.00 0.00 0.00 0.17 
Tomato sole 0.33 0.00 0.00 1.00 0.33 
Mean 0.25 0.00 0.00 0.42 0.17 

LSD (0.05) Intercrop: 0.52; LSD (0.05) Plant spacing: 0.52; LSD (0.05) Intercrop x plant spacing: 1.03 
6 WAT 

Intercrop system Plant spacing (cm) 

100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 0.00 0.00 0.33 0.33 0.17 
Tomato + groundnut + soybean 1.00 0.00 0.00 0.00 0.25 
Soybean + tomato + okra 2.67 0.00 0.00 0.00 0.67 
Tomato sole 0.33 0.00 0.67 0.00 0.25 
Mean 1.00 0.00 0.25 0.08 0.33 

LSD (0.05) Intercrop: 1.01; LSD (0.05) Plant spacing: 1.01; LSD (0.05) Intercrop x plant spacing: 2.02 
 

 

 

 



 

4.8 Tomato Wilt Disease Incidence 

The percentage wilt disease incidence on tomato plant is presented in tables 34 to 

39. 

Results indicated Significant differences (P= 0.05) among the treatments due to 

tomato cultivars in 3rd, and 5th weeks after transplanting in the first experiment. 

Similarly, the percentage wilt disease incidence in response to mulch materials 

application was significant (P= 0.05) in the 7th week after transplanting. From the 

result RIO GRANDE cultivars recorded the highest wilt disease incidence (8%) 

while ROMA VF indicated zero attack under palm kernel shell mulching at 3 

WAT; also in the 5th WAT, RIO GRANDE cultivar showed the highest wilt 

incidence (2.25%) whereas ROMA VF and TROPIMECH cultivars were least 

affected as they recorded 1.00% incidence. Mulch, cultivar x mulch interaction had 

no significant differences in 3rd and 5thWAT; also cultivars did not show any 

significant differences in the 7th WAT. However, the wilt disease incidence was 

significantly influenced by mulch materials, and cultivar and mulch interaction in 

the 7th WAT, the result of wilt disease incidence in the 7 WAT was very high, 

ranging from 31.0% (for ROMA VF under grass mulch) to 87.5% (ROMA VF 

under palm kernel shell mulching). In the year 2011 second experiment the 

percentage wilt disease incidence was not significantly affected by the tomato 

cultivars, plant extracts and cultivar x plant extracts interactions, with the 



 

exception of the result in the 4th WAT, where there were significant (p < 0.05) 

differences in wilt disease incidence due to cultivar x plant extracts interaction. 

The highest disease incidence (56.5%) occurred in RIO GRANDE cultivar that 

was treated with ginger rhizome as plant extracts, while TROPIMECH cultivar had 

the least wilt disease incidence (20.7%). In the year, 2015, wilt incidence was 

significantly (p<0.05) affected by tomato cultivars at the 6 WAT. In the final 

experiment, the percentage tomato wilt disease incidence was significantly affected 

only by spacing (P<0.05) in the second week after transplanting in 2011. Highest 

incidence occurred under the spacing of 100x75 and 50x50 (35.6%) respectively. 

The least wilt disease incidence occurred under the spacing distance of 50x50cm 

(which is 9.5%) under soybean/ tomato/ okra intercrop. The result also showed that 

the wilt disease incidence was not affected by intercropping and spacing x 

intercropping interactions in the experiment with the exception of the effect of 

spacing on the wilt disease incidence at the 2nd week after transplanting. In the year 

2015, tomato wilt disease incidence was affected significantly (p<0.05) by 

intercrop and plant spacing in the 8WAT respectively. The disease incidence was 

113.67% under the intercrop combination of tomato + groundnut + soybean and 

plant spacing of 50x25cm. 

 

 



 

 

Table 34: Effects of mulch materials and tomato cultivars on tomato wilt disease incidence (%) 
per plot 2010    

            3WAT 
Mulch material 

  

Cultivar No 
mulch    

Grass Wood shavings    Palm kernel 
shell      

Mean of 
cultivar 

ROMA VF 2.00            2.00              2.00                     0.00 1.5 
RIO GRANDE  4.00            2.00              4.00                     8.00                           4.5 
TROPIMECH 2.00             0.00              2.00                     2.00                           1.5                                              
Mean of mulch   2.67         1.33             2.67                      3.33  
LSD (0.05) for cultivar =2.59, 
LSD (0.05)for  mulch= ns 
LSD (0.05)for cultivar x mulch= ns                                                           

   

_________________________________5WAT_______________________________ 

ROMA VF 1.250       1.500            1.250                1.000                            1.25                       
 RIO GRANDE  1.250       1.250             1.500               2.250                             1.56                      
TROPIMECH 1.000       1.000             1.500               1.000                             1.13                                                                                             
Mean of mulch   1.17         1.25               1.42                 1.42  
LSD (0.05) for cultivar= 0.72, 
LSD (0.05)for  mulch = ns 
LSD (0.05)for cultivar x mulch =ns . 

  

____________________________________7WAT_______________________________ 

ROMA VF 47.2         31.0            52.0                 87.5                               54.4 
RIO GRANDE 39.7         68.0            82.5                 68.2                                64.6 
TROPIMECH 37.2         69.7            64.0                  41.2                               53.1                     
Mean of mulch   41.4          56.2          66.2                   65.7  
LSD (0.05) for cultivar= ns, 

LSD (0.05) for  mulch  =16.26 

LSD (0.05) for cultivar x mulch.  
28.17                                                            

   

 

 

 

 



 

Table 35: Effect of mulch materials and tomato cultivars on tomato Wilt Disease incidence (%) per plot in 2015 

Tomato cultivar/    Mulch 
type 

2 WAT   4 WAT   6 WAT 

No 
mulch 

Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean 
ROMA VF 27.08 25.00 20.83 25.00 24.48 

 
72.92 68.75 77.08 68.75 71.88 

 
93.75 93.75 97.92 97.92 95.84 

RIO GRANDE 20.83 20.83 27.08 22.92 22.92 
 

68.75 79.17 70.75 70.83 72.38 
 

97.92 100.00 97.92 97.92 98.44 
TROPIMECH 22.92 16.67 10.41 12.50 15.63 

 
64.58 77.08 77.08 75 73.44 

 
85.42 93.75 97.92 93.75 92.71 

Mean 23.61 20.83 19.44 20.14     68.75 75.00 74.97 71.53     92.36 95.83 97.92 96.53   

LSD (0.05) Cultivar: 7.62 
     

6.24 
     

4.04 
    LSD (0.05) Mulch: 8.80 

     
7.21 

     
4.67 

    LSD (0.05) Cultivar x Mulch: 15.25 
     

12.49 
     

8.09 
     



 

Table 36: Effect of plant extracts and tomato cultivars on the tomato wilt disease incidence (%) 
per plot in 2011 

  2WAT 

Plant extracts 

  

Cultivar Basil plant Ginger 
rhizome   

Neem leaf   No plant 
extracts   

Mean of 
cultivar 

ROMA VF 22.6                 11.6                 11.6              4.8                   12.7 
RIO GRANDE 11.7                  17.8                 31.2             10.7                   17.8 
TROPIMECH 20.6                   4.8                  31.9             30.5                   22.0 
Mean of Plant extracts   18.3                   11.4                 24.9             15.3  
LSD (0.05) for cultivar= ns , 
LSD (0.05) for  Plant extracts = ns                                       
LSD (0.05)for cultivar Plant extracts 
= ns                                                        

   

______________________________4WAT___________________________________ 

ROMA VF 47.6                    32.0                  32.2            22.6                   33.6 
RIO GRANDE 21.7                    56.5                  44.4             26.9                   37.4 
TROPIMECH 20.7                    27.8                  48.6             28.5                    31.4                       
Mean of Plant extracts   30.0                     38.7                  41.8             26.0  

LSD (0.05) for cultivar =ns , 
LSD (0.05) for  plant extracts= ns                                        
LSD (0.05)for cultivar x plant extracts s= 24.82                                                      

 = 

______________________________6WAT________________________________ 

ROMA VF 74.4                    49.7                  54.6             56.9                   58.9 
RIO GRANDE 52.1                     70.4                  72.0             41.1                   58.9 
TROPIMECH 60.7                     63.1                 68.1              50.2                   60.5   
Mean of plant extracts   62.4                      61.1                64.9              49.4  
LSD (0.05) for cultivar= ns , 
LSD (0.05)for  plant extracts = ns                                       
LSD (0.05)  for cultivar x plant extracts = 
ns                                                      

   

_____________________________8WAT_____________________________ 

ROMA VF 78.6                  64.3                64.9                    68.1                  69.0 
RIO GRANDE 68.7                   74.1               83.9                    71.6                  74.6 
TROPIMECH                        64.3                   77.6               76.1          71.9                  75.5 
Mean of plant extracts 70.5                    72.0               74.9                    70.5      
LSD (0.05) for cultivar= ns , 

LSD (0.05) for plant extracts = ns                                      
LSD (0.05)for cultivar x plant extracts =ns                                                    

   

 



 

Table 37: Effect of Plant extracts and tomato cultivars on tomato wilt disease incidence 
(%) per plot in 2015 

Cultivar 
Plant extracts applied two weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 13.90 16.70 19.40 13.90 15.98 
RIO 
GRANDE 13.90 8.30 16.70 11.10 12.50 
TROPIMECH 8.10 11.10 16.70 16.70 13.15 
Mean 11.97 12.03 17.60 13.90   
LSD (0.05) Cultivar: 7.02; LSD (0.05) Plant extracts: 8.10; LSD (0.05) Cultivar x Plant extracts: 
14.03 

      
Cultivar 

Plant extracts applied four weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 41.90 33.70 25.10 34.20 33.73 
RIO 
GRANDE 28.30 32.40 46.70 43.90 37.83 
TROPIMECH 30.20 32.10 33.30 33.70 32.33 
Mean 33.47 32.73 35.03 37.27   
LSD (0.05) Cultivar: 10.60; LSD (0.05) Plant extracts: 12.24; LSD (0.05) Cultivar x Plant 
extracts: 21.20 

      
Cultivar 

Plant extracts applied six weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 69.40 58.30 58.30 41.70 56.93 
RIO 
GRANDE 41.70 55.60 55.60 66.70 54.90 
TROPIMECH 63.90 58.30 50.00 52.80 56.25 
Mean 58.33 57.40 54.63 53.73   
LSD (0.05) Cultivar: 15.16; LSD (0.05) Plant extracts: 17.51; LSD (0.05) Cultivar x Plant 
extracts: 30.33 

      
Cultivar 

Plant extracts applied eight weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 86.10 86.10 63.90 75.00 77.78 
RIO 
GRANDE 83.30 83.30 86.10 88.90 85.40 
TROPIMECH 88.90 55.60 80.60 75.00 75.03 
Mean 86.10 75.00 76.87 79.63   
LSD (0.05) Cultivar: 18.68; LSD (0.05) Plant extracts: 21.57; LSD (0.05) Cultivar x Plant 
extracts: 37.37 
 



 

Table 38: Effects of plant spacing/density and intercropping on the wilt disease incidence (%) of 
tomato Roma VF per plot in 2011 

       2 WAT 

Intercropping 

 

 

 

Spacing 

Gnut/ 
tomato/ 
okra 

Tomato/ 
gnut/sbean 

Sbean/   
tomato/ 
okra 

Tomato 
sole 

Mean of 
spacing 
 

100x75 30.0 25.6 27.3 25.0 29.4 
75x50 33.1 29.3 28.6 28.7 29.9 
50x50 23.8 35.6 31.7 31.2 30.6 
50x25 16.7 10.3 9.5 21.7 14.6 
Mean of intercropping 25.9 27.7 24.3 26.6  
LSD(0.05) for spacing =13.31 
LSD (0.05)for intercropping = ns, 
LSD (0.05) for spacing x intercropping = ns 
 

     

Spacing   ______________________________4WAT______________________________ 

100x75 54.7 70.0 63.8 55.6 61.0 
75x50 57.4 61.3 58.9 53.4 57.7 
50x50 54.8 53.3 52.4 55.7 54.7 
50x25 52.4 57.4 41.3 47.3 49.6 
Mean of intercropping 54.8 60.5 54.1 53.0  
LSD (0.05)for spacing= ns, 
LSD (0.05)for intercropping =ns, 
LSD (0.05) for spacing x intercropping =ns 
 

     

Spacing   ______________________________6WAT______________________________ 

100x75 50.0 82.1 68.5 71.3              68.0 
75x50 72.2 58.3 50.5      86.1 60.8 
50x50 61.1      67.6          55.6   65.8 62.5 
50x25 63.9 55.6 59.3 63.9 60.7 
Mean of intercropping 61.8    65.9      58.5     71.8  
LSD (0.05)for  spacing = ns , 
LSD (0.05) for  intercropping = ns, 
LSD (0.05)for spacing x intercropping = 
ns 

     

Spacing ______________________________8WAT______________________________ 
100x75 81.3 88.9 81.5 88.9 85.2 
75x50 80.6 69.5 84.3 100.0 83.6 
50x50 76.4 90.3 77.8 87.1 82.6 
50x25 83.0 74.1 70.4 90.5 78.5 
Mean of intercropping 80.3 80.7 78.5 91.6  
LSD (0.05) for spacing= ns, 
LSD (0.05)for intercropping =ns, 
LSD (0.05)for spacing x intercropping= ns 
 

     



 

Table 39: Effect of plant spacing and intercropping on the wilt disease incidence (%) of tomato per 
plot in 2015 

2 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 18.53 16.48 23.03 39.81 24.46 
Tomato + groundnut + soybean 27.84 17.78 14.81 13.53 18.49 
Soybean + tomato + okra 15.76 28.26 16.13 29.62 22.44 
Tomato sole 22.20 17.78 21.11 18.06 19.79 
Mean 21.08 20.08 18.77 25.26 21.30 
LSD (0.05) Intercrop: 12.76; LSD (0.05) Plant spacing: 12.76; LSD (0.05) Intercrop x plant spacing: 25.52 

4 WAT 
Intercrop system Plant spacing (cm) 
Groundnut + tomato + okra 36.33 38.49 31.46 22.25 32.13 
Tomato + groundnut + soybean 28.89 51.79 31.02 42.43 38.53 
Soybean + tomato + okra 45.37 36.11 34.07 40.48 39.01 
Tomato sole 45.77 47.62 55.56 45.40 48.59 
Mean 39.09 43.50 38.03 37.64 39.57 
LSD (0.05) Intercrop: 11.72; LSD (0.05) Plant spacing: 11.72; LSD (0.05) Intercrop x plant spacing: 23.44 

6 WAT 
Intercrop system Plant spacing (cm) 
Groundnut + tomato + okra 41.67 30.56 25.00 44.45 35.42 
Tomato + groundnut + soybean 41.67 36.11 33.33 50.00 40.28 
Soybean + tomato + okra 44.45 38.89 44.44 38.89 41.67 
Tomato sole 33.33 25.00 27.78 36.11 30.56 
Mean 40.28 32.64 32.64 42.36 36.98 
LSD (0.05) Intercrop: 11.01; LSD (0.05) Plant spacing: 11.01; LSD (0.05) Intercrop x plant spacing: 22.03 

8 WAT 
Intercrop system   Plant spacing (cm) 
Groundnut + tomato + okra 77.78 80.56 77.78 77.78 78.48 
Tomato + groundnut + soybean 80.56 83.33 77.78 113.67 88.84 
Soybean + tomato + okra 63.89 88.89 86.11 88.89 81.95 
Tomato sole 19.44 72.22 80.56 83.33 63.89 
Mean 60.42 81.25 80.56 90.92 78.29 
LSD (0.05) Intercrop: 17.67; LSD (0.05) Plant spacing:17.67 ; LSD (0.05) Intercrop x plant spacing: 35 .31 

 

 



 

4.9 Tomato Wilt Disease Severity 

The results of the tomato wilt disease severity per plot are presented in tables 40 to 

45. Results indicated that at 3 WAT, tomato cultivars and cultivars x mulch 

interactions significantly (P < 0.05) affected the wilt disease severity per plot in   

year 2010 experiment. The different mulch materials had no significant effect (P < 

0.05) on the wilt disease severity. RIO GRANDE cultivars had the highest disease 

severity (2.25) at 3 WAT, while TROPIMECH cultivars showed the least wilt 

disease severity (1.00) under no mulch condition, grass mulch and palm kernel 

shell. ROMA VF also had least disease severity (1.00) under palm kernel mulch. In 

year 2015, tomato cultivars significantly (P <0.05) affected the tomato wilt disease 

severity only in the 2 WAT. Cultivar x plant extracts interactions significantly 

influenced the wilt disease severity (P=0.05) at 8 weeks after transplanting in 2011. 

RIO GRANDE and TROPIMECH cultivars had the highest wilt disease severity 

(5.00) at different plant extracts treatments (that is, neem leaf, the control and 

ginger rhizome treatments).The tomato wilt disease severity was not significantly 

affected by tomato cultivars, plant extracts used and cultivar x plant extracts 

interaction in 2nd, 4th, 6th and 8th weeks after transplanting, with the exception in 

week 8 where the cultivar x plant extracts interactions showed a significant effect 

on the disease severity. In year 2015, tomato wilt disease severity was influenced 

significantly (P<0.05) by tomato cultivars only at 4 WAT. Tomato wilt disease 



 

severity was highest (3.00) under ginger rhizomes and neem leaves treatments on 

RIO GRANDE tomato cultivars. Similarly in the year 2o11, experiment spacing 

distance and intercropping had a significant (P< 0.05) effect on the wilt disease 

severity respectively at 2nd and 6th weeks after transplanting. The wilt disease 

severity was not significantly affected by spacing, intercropping and spacing x 

intercropping interactions in 8 weeks after transplanting. Spacing x intercropping 

did not significantly influence the wilt disease severity in the 2nd, 4th 6th and 8th 

weeks after transplanting. The plant density/ spacing of 50 X 25cm significantly 

reduced wilt disease severity to 1.33 under soybean/tomato/okra intercropping and 

tomato sole cropping at 2 WAT while the highest wilt disease severity was 

observed in the widest spacing of 100X 75cm (i.e. 2.33 in 

tomato/groundnut/soybean  combination  and sole tomato cropping). 

Also, in the 4th week after transplanting, in the year 2011 third experiment, wilt 

disease severity gradually increased from 2.00 as observed in 

tomato/groundnut/soybean intercropping, to 4.67, in 75 X 50cm and 100 X 75 cm  

plant spacing, under tomato sole cropping and soybean/tomato/okra intercropping. 

In the 6th and 8 weeks after transplanting, tomato wilt disease severity reached the 

climax of 5.00 in 100 X 75 cm, 75 X 50cm and 50 X 50cm spacing respectively. 

However, intercropping of groundnut/tomato/okra and tomato/groundnut and 

soybean significantly lowered wilt disease severity (3.00) in week 6 after 



 

transplanting. In the year 2015, intercropping significantly (P<0.05) affected 

tomato wilt severity at 6 WAT, while plant spacing significantly (P<0.05) affected 

tomato wilt disease severity at 4 and 8 WAT.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 40: Effects of mulch materials and tomato cultivars on tomato wilt disease severity per 
plot in 2010    

  3WAT 

Mulch material 

  

Cultivar No 
mulch   

DryGrass Wood 
shavings     

Palm kernel 
shell      

Mean of 
cultivar 

ROMA VF 1.25 1.50 1.25 1.00 1.25                                  
RIO GRANDE 1.25 1.25 1.50 2. 25 1.56 
TROPIMECH 1.00 1.00 1.50 1.00 1.13                              
Mean of mulch   1.17     1.25 1.42 1.43  
LSD (0.05) for cultivar= 0.36 
LSD (0.05) for  mulch= ns 
LSD (0.05)for cultivar x mulch.=  0.72 

  
 

 

_______________________________________5WAT_______________________________ 

ROMA VF 1.75 1.50 2.00 2.25 1.88 
RIO GRANDE 1.75 2.25 2.50 2.00 2.13 
TROPIMECH 1.75 2.50 2.00 2.00 2.06 
Mean of mulch   1.75 2.08 2.17                  2.08  
LSD (0.05) for cultivar =ns, 
LSD (0.05)for  mulch = ns 
LSD (0.05) for cultivar x mulch= ns.                                                              

  

___________________________________7WAT________________________________ 

ROMA VF 3.00         2.25               2.75                   3.25                          2.81 
RIO GRANDE 2.75         3.50                4.00                   3.25                          3.37 
TROPIMECH 2.75         3.50                4.00                   3.25                          2.87              
Mean of mulch   2.75         3.00                3.33                   3.00  
LSD (0.05) for cultivar= ns, 

LSD (0.05) for  mulch =  ns 

LSD (0.05) for cultivar x mulch=     
ns.                                                             

   

 

 

 

 



 

 

Table 41: Effect of mulch materials and tomato cultivars on tomato Wilt Disease severity per plot in 2015 

Tomato cultivar/    Mulch 
type 

2 WAT   4 WAT   6 WAT 

No 
mulch 

Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean 
ROMA VF 3.00 2.50 2.75 3.25 2.88 

 
4.25 4.00 4.25 4.00 4.13 

 
5.00 5.00 5.00 5.00 5.00 

RIO GRANDE 2.25 2.25 2.00 2.50 2.25 
 

4.00 4.25 4.50 4.25 4.25 
 

5.00 5.00 5.00 5.00 5.00 
TROPIMECH 2.25 1.75 2.00 2.00 2.00 

 
4.50 4.75 4.25 4.25 4.44 

 
5.00 5.00 5.00 5.00 5.00 

Mean 2.50 2.17 2.25 2.58     4.25 4.33 4.33 4.17     5.00 5.00 5.00 5.00   

LSD (0.05) Cultivar: 0.49 
     

0.33 
          LSD (0.05) Mulch: 0.57 

     
0.38 

          LSD (0.05) Cultivar x Mulch: 0.99 
     

0.66 
           



 

Table 42: Effect of plant extracts and tomato cultivars on the tomato wilt disease severity 
per plot in 2011  

  2WAT 

Plant Extracts 

  

Cultivar Basil plant Ginger 
rhizome   

Neem leaf   No plant 
extract   

Mean of 
cultivar 

ROMA VF 2.00 1.67                1.67           1.00 1.58 
RIO GRANDE 1.67           1.67                2.33           1.67                 1.83 
TROPIMECH 1.67           1.67                2.33           2.00                 1.92 
Mean of plant extracts   1.78           1.67                2.11            1.56  
LSD (0.05) for cultivar =ns , 
LSD (0.05)for plant extracts = ns                                        
LSD (0.05)for cultivar x plant extracts = ns                                                          

   

_________________________________________4WAT______________________________________ 

ROMA VF 2.67            2.33                2.00              2.00                   2.25 
RIO GRANDE 2.00             3.33                3.00             2.33                    2.56 
TROPIMECH 2.00             2.00                3.00             2.67                    2.42 
Mean of plant extracts 2.22   2.56                2.67             2.33  

LSD (0.05) for cultivar= ns , 
LSD (0.05) for  plant extracts =ns                                       
LSD (0.05)for cultivar plant extracts =ns                                                           

  

________________________________________6WAT____________________________________ 

ROMA VF 4.33           3.33               3.33               4.00                       3.75    
RIO GRANDE 3. 67            3.33               4.67              3.33                        3.75 
TROPIMECH 3.33             4.33               4.67              3.33                       3.92 
Mean of plant extracts  3.78             3.67               4.22              3.56  
LSD (0.05) for cultivar =  ns, 
LSD (0.05) for  plant extracts = ns                                       
LSD (0.05) for cultivar x plant 
extracts = ns                                                          

   

________________________________________8WAT______________________________________ 

ROMA VF 4.67             4.67             4.00               4.67                         4.50 
RIO GRANDE 4.67             3.67              5.00              5.00                         4.58 
TROPIMECH                        3.33              5.00             5.00               5.00                        4.58 
Mean of plant extracts 4.22              4.44             4.67               4.89    
LSD (0.05) for cultivar = ns, 

LSD (0.05) for plant extracts =ns                                        

LSD (0.05) for cultivar plant extracts 
= 1.27 

   

 



 

Table 43: Effect of Plant extracts and tomato cultivars on tomato wilt disease 
severity per plot. 
 

Cultivar 
Plant extracts applied two weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 2.00 2.00 2.00 2.33 2.08 
RIO 
GRANDE 2.00 1.67 2.33 2.00 2.00 
TROPIMECH 1.67 2.00 2.00 2.00 1.92 
Mean 1.89 1.89 2.11 2.11 

 LSD (0.05) Cultivar: 0.27; LSD (0.05) Plant extracts: 0.31; LSD (0.05) Cultivar x Plant extracts: 0.53 

      
Cultivar 

Plant extracts applied four weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 2.00 2.00 2.00 2.00 2.00 
RIO 
GRANDE 2.00 3.00 3.00 2.33 2.58 
TROPIMECH 2.00 2.00 2.00 2.00 2.00 
Mean 2.00 2.33 2.33 2.11   
LSD (0.05) Cultivar: 0.36; LSD (0.05) Plant extracts: 0.41; LSD (0.05) Cultivar x Plant extracts: 0.72 

      
Cultivar 

Plant extracts applied six weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 4.00 3.67 4.00 3.67 3.84 
RIO 
GRANDE 3.33 4.00 3.33 4.33 3.75 
TROPIMECH 3.33 4.00 3.67 3.33 3.58 
Mean 3.55 3.89 3.67 3.78   
LSD (0.05) Cultivar: 0.73; LSD (0.05) Plant extracts 0.84 ; LSD (0.05) Cultivar x Plant extracts: 1.46 

      
Cultivar 

Plant extracts applied eight weeks after transplanting 

Basil plant 
Ginger 

rhizome Neem leaves Plant extracts Mean 
ROMA VF 5.00 4.67 3.67 4.67 4.50 
RIO 
GRANDE 4.67 4.67 4.67 4.67 4.67 
TROPIMECH 5.00 4.67 4.67 4.33 4.67 
Mean 4.89 4.67 4.34 4.56   
LSD (0.05) Cultivar: 0.69; LSD (0.05) Plant extracts: 0.80; LSD (0.05) Cultivar x Plant extracts: 
1.38 

 



 

Table 44: Effects of plant spacing/density and intercropping on the tomato (Roma VF) wilt 
disease severity per plot in 2011   

 2 WAT 

Intercropping 

 

 

 

Spacing 

Gnut/ 
tomato/ 
okra 

Tomato/ 
gnut/sbean 

Sbean/   
tomato/ 
okra 

Tomato 
sole 

Mean of 
spacing 

100x75 1.67 2.33 2.00 2.33 2.08 
75x50 2.00 2.00 2.00 2.00 2.00 
50x50 1.67 2.00 2.00 2.00 1.92 
50x25 1.67 1.67 1.33 1.33 1.50 
Mean of intercropping 1.75 2.00 1.83 1.92  
LSD (0.05) for spacing =0.34 
LSD (0.05) for intercropping= ns, 
LSD (0.05)for spacing x intercropping =ns 

     

Spacing   ______________________________4WAT______________________________ 

100x75 2.33 4.00 4.67 4.33 3.83 
75x50 3.00 3.33 4.33 4.67 3.83 
50x50 2.67 2.00 2.33 3.67 2.83 
50x25 2.67 3.33 2.67 3.67 3.08 
Mean of intercropping 2.67 3.17 3.50 4.08  

LSD (0.05) for spacing= 0.73 
LSD (0.05)for intercropping= 0.73 
LSD (0.05) for spacing x intercropping= ns 

     

Spacing   ______________________________6WAT______________________________ 

100x75 3.00 5.00 4.67 5.00 4.42 
75x50 4.33 3.00 5.00 5.00 4.43 
50x50 3.00 4.00 4.00 4.67 3.92 
50x25 3.33 4.33 4.00 4.00 3.92 
Mean of intercropping 3.42 4.08 4.42 4.67  
LSD (0.05) for spacing =ns, 
LSD (0.05)for intercropping= 0.99, 
LSD (0.05) for spacing x intercropping= ns 

     

Spacing ______________________________8WAT______________________________ 

100x75 4.67 5.00 5.00 5.00 4.92 
75x50 4.67 5.00 5.00 5.00 4.5 
50x50 3.33 4.67 4.33 5.00 4.33 
50x25 4.00 4.67 4.67 4.00 4.33 
Mean of intercropping 4.17 4.42 4.75 4.75  
LSD (0.05) for spacing= ns, 
LSD (0.05) for intercropping= ns, 
LSD (0.05) for spacing x intercropping =ns 

 

     



 

Table 45: Effect of plant spacing and intercropping on the tomato wilt disease severity per plant in 
2015 

2 WAT 

Intercrop system Plant spacing (cm)  
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 2.00 2.00 2.67 2.67 2.34 
Tomato + groundnut + soybean 2.00 2.00 1.67 2.00 1.92 
Soybean + tomato + okra 1.67 2.00 2.00 2.33 2.00 
Tomato sole 2.00 2.00 2.00 2.00 2.00 
Mean 1.92 2.00 2.09 2.25 2.06 
LSD (0.05) Intercrop: 0.41; LSD (0.05) Plant spacing:0.41 ; LSD (0.05) Intercrop x plant spacing: 0.82 

4 WAT 
Intercrop system Plant spacing (cm) 
Groundnut + tomato + okra 2.67 2.33 2.00 2.00 2.25 
Tomato + groundnut + soybean 2.00 2.67 2.00 2.33 2.25 
Soybean + tomato + okra 3.33 2.00 2.00 2.00 2.33 
Tomato sole 3.00 2.00 2.33 2.00 2.33 
Mean 2.75 2.25 2.08 2.08 2.29 
LSD (0.05) Intercrop: 0.42; LSD (0.05) Plant spacing: 0.42; LSD (0.05) Intercrop x plant spacing: 0.83 

6 WAT 
Intercrop system   Plant spacing (cm)     
Groundnut + tomato + okra 3.33 2.33 2.00 3.33 2.75 
Tomato + groundnut + soybean 4.00 3.33 3.33 4.00 3.67 
Soybean + tomato + okra 3.33 3.33 3.67 3.00 3.33 
Tomato sole 3.00 2.00 2.67 3.33 2.75 
Mean 3.42 2.75 2.92 3.42 3.12 
LSD (0.05) Intercrop: 0.75; LSD (0.05) Plant spacing: 0.75; LSD (0.05) Intercrop x plant spacing: 1.75 

8 WAT 
Intercrop system   Plant spacing (cm)     
Groundnut + tomato + okra 4.33 4.67 4.67 4.67 4.59 
Tomato + groundnut + soybean 4.67 4.67 4.67 4.67 4.67 
Soybean + tomato + okra 4.00 4.33 4.67 5.00 4.50 
Tomato sole 2.33 4.67 4.67 4.67 4.09 
Mean 3.83 4.59 4.67 4.75 4.46 
LSD (0.05) Intercrop: 0.59; LSD (0.05) Plant spacing: 0.59; LSD (0.05) Intercrop x plant spacing: 1.17 

 



 

4.10  Tomato Leaf Spot Disease Incidence (%) 

The results for the tomato leaf spot disease incidence were presented in tables 46 to 

49. In the year 2011 experiment, the tomato cultivars, plant extracts, cultivar X 

plant extracts interactions had no significant effect on the leaf spot disease severity 

at 2, 4, 6 and 8 WAT. The result also showed that in 8 weeks after transplanting, 

the leaf spot disease incidence was not significantly (p>0.05) affected by spacing X 

intercropping interaction. However, intercropping significantly affected the leaf 

spot disease incidence at 8 weeks after transplanting. In the result, the 

intercropping significantly ( p < 0.05)  reduced the leaf spot disease incidence to 

0.0 percent under 75 X 50cm spacing distance. The leaf spot disease incidence was 

highest (44.5%) in tomato/groundnut/bean crop combinations under 75 X 50cm 

spacing distance. Tomato/groundnut/bean crop combination also had a significant 

reduction in leaf spot disease incidence (6.7%) under 100 X 75cm spacing 

distance. This is less than 8.4% leaf spot disease incidence in the same tomato 

spacing distance regime in tomato sole cropping arrangement.  

In the 2015 experiments, mulching significantly (p<0.05) affected tomato leaf spot 

disease incidence at 2 and 4 WAT. Interaction effects between cultivars and 

mulching also significantly (p<0.05) affected tomato leaf spot disease incidence. 

 



 

Table 46: Effect of plant extracts and tomato cultivars on the tomato leaf spot disease incidence 
(%) per plot in 2011 

  2WAT 

Plant extracts 

  

Cultivar Basil 
plant 

Ginger 
rhizome   

Neem leaf   No plant 
extracts 

Mean 
of 
cultivar 

ROMA VF 32.9            34.9                35.5              33.3                           34.2 
RioGrande 31.5            35.5               30.0               37.3                           33.6 
TROPIMECH 41.1             28.3               29.1              13.1                            27.9 
Mean of plant extracts   35.1              32.9              31.5               27.9    
LSD (0.05) for cultivar =  ns, 
LSD (0.05) for plant extracts =  ns                                       
LSD (0.05) for cultivar x plant extracts = ns                                                         

   

__________________________________4WAT________________________________ 
 
ROMA VF 47.0          63.2              44.4               42.8                       49.3 
RioGrande 50.1          67.5              44.0              46.2                        42.8                         
TROPIMECH 42.4           53.8             51.4               30.2                        44.4 
Mean of plant extracts   52.3            53.7             47.3               38.6       

LSD (0.05) for cultivar =  ns, 
LSD (0.05)for  plant extracts = ns                                        
LSD (0.05) for cultivar plant extracts =ns                                               

  

___________________________________4WAT_________________________________ 

ROMA VF 29.8             44.3            37.0               39.8                          37.7 
RioGrande 33.5            37.0            37.3              48.1                           39.0 
TROPIMECH 42.5             37.3            31.9              46.5                          39.6 
Mean of plant extracts   35.3             39.5            35.4              44.8       
LSD (0.05) for cultivar =  ns, 
LSD (0.05) for  plant extracts = ns                                       
LSD (0.05) for cultivar x plant extracts =ns     

   

__________________________________8WAT________________________________ 

ROMA VF 26.4            50.6            23.2               40.3                           35.1 
RioGrande 31.0            29.7            33.6               28.0                           30.6   
TROPIMECH                    40.8            22.4             23.6               32.0                           29.7 
Mean of plant extracts 32.7            34.3             26.8               33.4  
LSD (0.05) for cultivar =  ns, 

LSD (0.05)for plant extracts = ns                                       

LSD (0.05)for cultivar plant extracts = ns     

   



 

Table 47: Effect of Plant extracts and tomato cultivars on the tomato leaf spot disease incidence 
(%) per plot 

 

Cultivar 
Plant extracts applied two weeks after transplanting 

Basil plant Ginger rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 0.00 1.17 1.50 2.17 1.21 
RIO 
GRANDE 1.67 0.00 0.00 1.50 0.79 
 
TROPIMECH 0.67 1.67 1.67 5.28 2.32 
Mean 0.78 0.95 1.06 2.98   
LSD (0.05) Cultivar: 1.98; LSD (0.05) Plant extracts: 2.29; LSD (0.05) Cultivar x Plant extracts: 
3.97 

      
Cultivar 

Plant extracts applied four weeks after transplanting 

Basil plant Ginger rhizome Neem leaves 
No Plant 
extractl Mean 

ROMA VF 3.00 1.50 0.00 4.67 2.29 
RIO 
GRANDE 4.83 9.56 5.50 7.61 6.88 
TROPIMECH 0.00 3.00 2.33 10.89 4.06 
Mean 2.61 4.69 2.61 7.72   
LSD (0.05) Cultivar: 4.45; LSD (0.05) Plant extracts: 5.14; LSD (0.05) Cultivar x Plant extracts: 
8.89 

      
Cultivar 

Plant extracts applied six weeks after transplanting 

Basil plant Ginger rhizome Neem leaves 
No Plant 

extract Mean 
ROMA VF 5.00 6.30 0.00 8.60 4.98 
RIO 
GRANDE 3.60 10.70 10.00 6.70 7.75 
TROPIMECH 0.00 5.40 5.10 4.00 3.63 
Mean 2.87 7.47 5.03 6.43   
LSD (0.05) Cultivar: 5.82; LSD (0.05) Plant extracts: 6.73; LSD (0.05) Cultivar x Plant extracts: 
11.65 
      
Cultivar 

Plant extracts applied eight weeks after transplanting 

Basil plant Ginger rhizome Neem leaves No botanical Mean 
ROMA VF 0.00 0.00 1.00 0.00 0.25 
RIO 
GRANDE 7.33 1.33 0.00 8.17 4.21 
TROPIMECH 1.00 0.00 2.67 0.00 0.92 
Mean 2.78 0.44 1.22 2.72   
LSD (0.05) Cultivar: 3.60; LSD (0.05) Plant extracts: 4.15; LSD (0.05) Cultivar x Plant extracts: 
7.19 



 

Table 48: Effects of plant spacing/density and intercropping on tomato leaf spot disease   
incidence (%) per plot in 2011 

       2 WAT 
Intercropping 

 

 

 

Spacing 

Gnut/ 
tomato/ 
okra 

Tomato/ 
gnut/sbean 

Sbean/   
tomato/ 
okra 

Tomato 
sole 

Mean of 
spacing 

100x75 36.7 13.3 48.4 22.2 30.2                                                                                                                         
75x50 2.7    39.5              38.4 27.9 37.1                   
50x50 25.7 22.3 15.9 37.2 25.3                                                                                                                         
50x25 22.2 43.2 27.4 37.8                 32.7 
Mean of intercropping 31.8 29.6 32.5 31.3  
LSD (0.05)  for  spacing= ns , 
LSD (0.05)for intercropping =ns, 

LSD (0.05)
for spacing x intercropping =ns 

     

Spacing   ______________________________4WAT______________________________ 
100x75 50.3 30.0 30.7 33.4 36.1                           
75x50 27.6 35.9 30.3 31.4 31.4             
50x50 40.5 46.7 47.7 30.6 41.4      
50x25 36.6 31.1              39.2 44.5                   37.8 
Mean of intercropping 38.7 35.9 37.0 35.0  
LSD (0.05)  for  spacing= ns , 
LSD (0.05) for intercropping= ns, 
LSD(0.05)for spacing x intercropping =ns 

     

Spacing   ______________________________6WAT______________________________ 
100x75 44.5 17.9 31.5 28.8                 30.7 
75x50 32.0        41.7         22.3            13.9            27.5 
50x50 33.4         32.4          41.7                28.7              34.1 
50x25 36.1          40.8             38.9                     32.4                  37.1                    
Mean of intercropping 36.5 33.2  33.6 26.0  
LSD (0.05)  for  spacing= ns , 

LSD (0.05) for intercropping =ns,  
LSD (0.05)for spacing x intercropping =ns 

     

Spacing ______________________________8WAT______________________________ 
100x75 24.1 6.7             37.8 8.4 19.2 
75x50 19.5 44.5 29.7 0.0 23. 4 
50x50 19.5 15.3 22.3 13.0 17.5    
50x25 16.8 18.6 29.6 15.8                 20.2 
Mean of intercropping 20.0 21.2 29.8 9.3  
LSD (0.05)  for  spacing= ns, 
LSD (0.05)for intercropping =14.08, 
LSD(0.05)for spacing x intercropping= ns 
 

     



 

Table 49: Effect of plant spacing and intercropping on the tomato leaf spot disease incidence 
(%) per plot in 2015 

2 WAT 

Intercrop system Plant spacing (cm)  
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 15.18 14.44 25.45 15.00 17.52 
Tomato + groundnut + soybean 16.89 23.89 16.50 15.25 18.13 
Soybean + tomato + okra 20.81 7.20 19.95 21.48 17.36 
Tomato sole 12.73 23.65 20.28 15.28 17.99 
Mean 16.40 17.30 20.55 16.75 17.75 
LSD (0.05) Intercrop: 9.46; LSD (0.05) Plant spacing: 9.46; LSD (0.05) Intercrop x plant spacing: 18.92 

4 WAT 

Intercrop system Plant spacing (cm)  
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 26.11 13.89 35.78 21.64 24.36 
Tomato + groundnut + soybean 15.56 20.63 19.44 3.70 14.83 
Soybean + tomato + okra 15.74 0.00 20.00 26.19 15.48 
Tomato sole 26.32 22.86 12.50 11.11 18.20 
Mean 20.93 14.35 21.93 15.66 18.22 
LSD (0.05) Intercrop: 11.68; LSD (0.05) Plant spacing: 11.68; LSD (0.05) Intercrop x plant spacing: 
23.36  

      
6 WAT 

Intercrop system Plant spacing (cm)  
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 27.78 19.45 38.89 27.78 28.48 
Tomato + groundnut + soybean 19.44 25.00 38.89 11.11 23.61 
Soybean + tomato + okra 30.39 22.22 19.44 13.89 21.49 
Tomato sole 27.78 25.00 19.45 25.00 24.31 
Mean 26.35 22.92 29.17 19.45 24.47 
LSD (0.05) Intercrop: 11.09; LSD (0.05) Plant spacing:11.09 ; LSD (0.05) Intercrop x plant spacing: 
22.18 

8 WAT 

Intercrop system Plant spacing (cm)  
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 19.44 16.67 16.67 13.89 16.67 
Tomato + groundnut + soybean 16.67 16.67 19.45 8.33 15.28 
Soybean + tomato + okra 30.56 5.55 8.33 11.11 13.89 
Tomato sole 16.67 16.67 11.11 11.11 13.89 
Mean 20.84 13.89 13.89 11.11 14.93 
LSD (0.05) Intercrop: 12.70; LSD (0.05) Plant spacing: 12.70; LSD (0.05) Intercrop x plant spacing: 
25.39 



 

4.11 Tomato Leaf Spot Disease Severity  

There were no significant (p>0.05) cultivars, plant extracts and cultivar X plant 

extracts interaction effects on the leaf spot disease severity (tables 50  and 51) at 2, 

4, 6 and 8weeks after transplanting in the 2011experiments. 

In table 52, intercropping significantly (p<0.05) influenced the leaf spot disease 

severity at 6 weeks after transplanting in the year 2011 experiment. Intercropping 

significantly (P=0.05) reduced the leaf spot disease severity to 28.3 in tomato sole 

cropping at the spacing distance of 75 X 50cm; this was followed by a reduction of 

33.4 under groundnut/tomato/okra intercrop and tomato sole cropping under the 

spacing distance of 75 X 50cm and 50 X 50cm respectively. Leaf spot disease 

severity was highest (79.4) at 100 X 75cm spacing distance under a crop 

combination of tomato/groundnut/soybean intercrop at 6weeks after transplanting. 

The leaf spot disease severity was not significantly affected by spacing, 

intercropping (except at 6WAT) and spacing X intercropping interactions at 2, 4, 6, 

8 weeks after transplanting. 

The second highest leaf spot disease incidence was observed in 

tomato/groundnut/soybean intercropping (76.7) at the spacing distance of 75 X 50 

cm at 6 weeks after transplanting. In 2015, tomato leaf spot disease severity was 

significantly (p<0.05) affected by tomato cultivars and cultivars x mulching 



 

interaction at 2 WAT respectively. This was not the case in the last two studies as 

plant extracts, intercropping and plant spacing did not significantly (p>0.05) affect 

the leaf spot disease severity. 

The leaf spot disease severity at the spacing distance of 100 X 75cm under 

different intercropping regime, was relatively greater than those recorded at 

different and smaller spacing distances under different intercrops, with only 

exception in the leaf spot disease severity recorded at 100 X 75cm spacing under 

soybean/tomato/okra intercropping, which is 42.2 (and this is less than 64.78 and 

62.9) under the same crop combination but at different spacing distance. 

 

 

 

  



 

Table 50: Effect of plant extracts and tomato cultivars on the tomato leaf spot disease severity 
per plot in 2011      

  2WAT 

Plant extracts 

  

Cultivar Basil 
plant 

Ginger 
rhizome   

Neem leaf   No plant 
extracts   

Mean of 
cultivar 

ROMA VF 33.1           50.4             38.9             43.6                         41.5 
RIO GRANDE 38.7            36.7             36.7              39.8                        41.8                        
TROPIMECH 41.2            37.3             50.4             42.0                         42.7 
Mean of plant extracts   37.0            41.4              43.0            42.5  
LSD (0.05) for cultivar=  ns,                                                         
LSD (0.05) for  plant extracts = ns                                       
LSD (0.05) for cultivar x plant extracts = ns                                        

   

______________________________4WAT____________________________________ 

ROMA VF 57.9            46.7             42.1              57.7                       51.1 
RIO GRANDE 45.0            41.7             42.9              62.5                       48.0 
TROPIMECH 34.4            40.0              49.7             45.9                        42.5 
      
Mean of plant extracts   45.8            42.8              44.9              55.4  

LSD (0.05) for cultivar= ns,                                                          
LSD (0.05) for plant extracts  = ns                                        
LSD (0.05) for cultivar plant extracts  = ns                                                         

  

 
________________________________6WAT__________________________________ 

ROMA VF 66.7         55.8              57.9             68.1                         62.1 
      
RIO GRANDE 68.8          54.6              69.0            52.9                         61.3 
TROPIMECH 60.8          56.2              45.8            43.8                         51.6 
Mean of plant extracts     65.4           55.5              57.6          54.9        
LSD (0.05) for cultivar= ns,                                                    
LSD (0.05)for  plant extracts  = ns                                       
LSD (0.05)for cultivar x plant extracts  = ns                                                         

   

__________________________________8WAT________________________________ 

ROMA VF 55.6             57.5             50.2                61.1                          56.1 
RIO GRANDE 67.8             50.0              49.4               63.7                           57.7 
TROPIMECH                       51.7             48.2              55.3               54.2                           52.3 
Mean of plant extracts   58.3             51.9              51.6               59.7  
LSD (0.05) for cultivar= ns ,                                                      

LSD (0.05) for plant extracts  = ns                                       

LSD (0.05)for cultivar x plant extracts  =ns                                                         

   



 

Table 51: Effect of plant extracts and tomato cultivars on the tomato leaf spot disease severity per plot in 2015      

 

Tomato cultivar/    Mulch 
type 

2 WAT   4 WAT   6 WAT 

No 
mulch 

Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean   
No 

mulch 
Grass 
mulch 

Wood 
shavings 

Palm 
kernel 

shell Mean 
 
ROMA VF 0.00 7.14 0.00 9.38 4.13 

 
0.00 17.86 36.67 0.00 13.63 

 
33.75 20.83 0.00 0.00 13.65 

RIO GRANDE 33.75 50.12 0.00 0.00 20.97 
 

12.50 41.03 14.28 53.54 30.34 
 

0.00 0.00 0.00 5.56 1.39 
TROPIMECH 46.04 9.38 15.00 40.21 27.66 

 
45.62 43.33 38.88 46.27 43.53 

 
25.30 0.00 0.00 17.50 10.70 

Mean 26.60 22.21 5.00 16.53     19.37 34.07 29.94 33.27     19.68 6.94 0.00 7.69   

LSD (0.05) Cultivar: 13.81 
     

4.33 
     

15.88 
    LSD (0.05) Mulch: 15.94 

     
24.63 

     
18.34 

    LSD (0.05) Cultivar x Mulch: 27.62 
     

42.65 
     

31.77 
    



 

Table 52: Effects of plant spacing/density and intercropping on the tomato leaf spot disease 
severity per plot in 2011   

 2 WAT 

Intercropping 

 

 

 

Spacing 

Gnut/ 
tomato/ 
okra 

Tomato/ 
gnut/sbean 

Sbean/   
tomato/ 
okra 

Tomato 
sole 

Mean of 
spacing 

100x75 46.6 16.7 48.9               35.3          36.9     
75x50 53.4 38.8 58.9 48.9          50.0 
50x50 27.9 33.3 40.0 35.6          34.2 
50x25 24.1 48.9 15.9 53.3 35.6 
Mean of intercropping 38.0 34.4 40.9                   43.3  
LSD (0.05)for  spacing =ns , 
LSD (0.05) for  intercropping= ns, 
LSD (0.05)for spacing x intercropping=ns  

     

Spacing   ______________________________4WAT______________________________ 

100x75 48.5            67.2 64.1             58.1           59.5 
75x50 52.6 37.0 52.3 51.1           48.3 
50x50 50.0 47.6 49.5 39.8           46.7 
50x50 48.6 53.3 53.4 57.2           53.1 
Mean of intercropping 49.9 51.3 54.8 51.6  
LSD (0.05)for  spacing= ns , 

LSD 
(0.05)for  intercropping=ns,  

LSD 0.05)for spacing x intercropping= ns 

     

Spacing   ______________________________6WAT______________________________ 

100x75 62.5 79.4 42.2 56.3             60.1 
75x50 33.4 76.7 64.7 28.3              50.6 
50x50 55.5 58.6 62.9 33.4             52.6 
50x25 56.0 56.1 41.1 57.6 52.7                                                                                
Mean of intercropping 51.8 67.7 52.7 43.9  
 LSD (0.05)  for  spacing =ns , 

LSD (0.05)for  intercropping =17.53, 
LSD (0.05)for spacing x intercropping =ns 

     

Spacing ______________________________8WAT______________________________ 

100x75 37.5 40.2 41.3 40.1              39.8 
75x50 43.5 50.0 67.2 20.0              45.2 
50x50 34.9 26.8 11.1 33.3 26.5 
50x25 19.2 44.5 47.2 25. 4 34.1 
Mean of intercropping 33.8 40.4 41.7                      29.7  
LSD (0.05)  for  spacing= ns , 

LSD (0.05)for  intercropping =ns ,LSD 
(0.05)for spacing x intercropping =ns 

     



 

Table 53: Effect of plant spacing and intercropping on the tomato leaf spot disease severity 
per plot in 2015 

2 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 30.56 20.74 58.33 16.67 31.58 
Tomato + groundnut + soybean 38.40 29.52 26.19 35.55 32.42 
Soybean + tomato + okra 19.76 13.89 25.83 31.85 22.83 
Tomato sole 24.44 22.62 28.97 31.11 26.79 
Mean 28.29 21.69 34.83 28.80 28.40 
LSD (0.05) Intercrop: 10.64; LSD (0.05) Plant spacing: 10.64; LSD (0.05) Intercrop x plant spacing: 
21.28 

  
  

   4 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 35.00 25.92 48.61 30.00 34.88 
Tomato + groundnut + soybean 28.15 35.12 23.01 16.67 25.74 
Soybean + tomato + okra 44.64 0.00 52.78 37.78 33.80 
Tomato sole 55.83 20.45 33.33 16.67 31.57 
Mean 40.91 20.37 39.43 25.28 31.50 
LSD (0.05) Intercrop: 21.00; LSD (0.05) Plant spacing: 21.00; LSD (0.05) Intercrop x plant spacing: 42.00 

 
6 WAT 

Intercrop system Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 43.18 41.61 41.11 31.48 39.35 
Tomato + groundnut + soybean 36.94 58.39 60.38 35.28 47.75 
Soybean + tomato + okra 44.12 46.19 59.17 46.67 49.04 
Tomato sole 73.01 32.82 41.67 57.78 51.32 
Mean 49.31 44.75 50.58 42.80 46.86 
LSD (0.05) Intercrop: 23.49; LSD (0.05) Plant spacing: 23.49; LSD (0.05) Intercrop x plant spacing: 46.98 

8 WAT 

Intercrop system 
  

Plant spacing (cm) 
100 x 75 75 X 50 50 X 50 50 X 25 Mean 

Groundnut + tomato + okra 39.16 40.56 54.83 16.92 37.87 
Tomato + groundnut + soybean 37.70 72.22 49.74 10.00 42.42 
Soybean + tomato + okra 43.81 46.21 47.78 56.81 48.65 
Tomato sole 11.11 36.67 27.08 56.81 32.92 
Mean 32.95 48.92 44.86 35.14 40.46 
LSD (0.05) Intercrop: 24.19; LSD (0.05) Plant spacing: 24.19; LSD (0.05) Intercrop x plant spacing: 48.39  



 

CHAPTER FIVE 

5.0  DISCUSSION 

5.1  Effects of Mulch Materials and Tomato Cultivars on the Physical and 

Chemical Properties of the Soil. 

The result of the pre-planting physical and chemical analysis indicated nutrient 

deficiency. 

This observed deficiency is a normal characteristic of most tropical soils (Webster, 

1969). The soil was found to be very acidic, of low nitrogen concentration (0.01%) 

and organic matter level (7%) and hence of low fertility status. This corroborated 

the earlier discovery by Ohiri (1992) that soils around Imo, Abia and Akwa Ibom 

States were characterized by low PH, low organic carbon and low exchangeable 

cations. The result of the post-planting soil analysis showed an increase in ECEC 

(from 1.0% to 2.9%) as a result of mulching. 

In some cases (% organic matter, organic carbon and nitrogen) there were 

reductions (from 6.99 to 3.06, 4.05 to 1.77, 0.16 to 0.09 respectively) whereas 

there were increases in the cases of percentage potassium, sodium, phosphorus, 

and pH (from 0.28to 1.63, 0.46 to 0.69, 0.19 to 0.6 and 4.71to 5.51respectively).  



 

5.2  Effects of Mulch Materials, Tomato cultivars, plant extracts, plant 

Density and intercropping on the Growth parameters of Tomato 

Performance of tomato can be affected by many variables among which are mulch 

materials. Many research projects have been conducted on the effects of different 

mulches on the growth and yield of tomato. It has been reported that much of 

tomatoes, peppers, egg plants, straw berries and melons were produced under 

mulches in South Florida. Tomato grown under irrigation in semiarid zones of 

northern Nigeria benefited greatly from mulches. The above information 

corroborates the increase in the number of leaves produced by the tomato plant 

especially in the second week after transplanting in the first experiment in 2010, 

and 2, 4, and 6 WAT in 2015. Similarly, the number of tomato leaves was 

influenced by the interaction between tomato cultivars and the mulch materials 

used at the second week after planting (Table 4). 

In the fourth week after planting the observed increase in the mean number of 

tomato leaves were not significant in 2010. This could be attributed to the slow 

growth rate of tomato plant due to other factors. This was similar to the results in 

2015 where the number of tomato leaves was not affected by the plant extracts 

applied. The effects of the cultivar response to plant extracts on the number of 

tomato leaves were in the range of 18 (for TROPIMECH cultivar being the highest 



 

and 8.33 leaves (for RIO GRANDE cultivar) being the lowest at 8 weeks after 

transplanting in the 2011 experiment. In the 3rd experiment, plant density and inter 

cropping did not affect the tomato number of leaves, at both 2nd , 4th, 6th and 8th 

week after transplanting. The mulching materials and tomato cultivars did not 

significantly (p<0.05) affect the height of tomato in the first experiment.  

However, in the 2011 experiment, tomato cultivar significantly affected the 

observed plant height in the second and eight weeks after transplanting (Table 8). 

The highest plant observed was RIO GRANDE tomato cultivar (18.50cm) and in 

TROPIMECH tomato cultivar (56.5cm) at 2nd and 8th weeks after planting 

respectively. Similarly plant extracts significantly influenced the observed plant 

height at 6 weeks after transplanting in experiment 2; where the highest tomato 

plant was 44.9cm in TROPIMECH tomato cultivar while the shortest plant was 

20.3cm in TROPIMECH tomato cultivar which was not treated with any plant 

extract whereas the highest tomato plant was treated with neem plant extracts. 

Neem plant has been reported by Yar’adua (2007) to be a medicinal and pesticidal 

tree crop with wide application in sustainable management of land resources and 

soil fertility under agro-forestry system. Also, Jukatko and Vasela, 1992, Tangan et 

al, 2002), reported the effects of plant extracts on the growth and development of 

fungi. The number of tomato leaves was significantly (p<0.05) affected only by the 



 

plant spacing, in the 8 WAT in 2015. Plant height also was influenced significantly 

(p<0.05) by cultivars in 2 and 4 WAT in first and experiments in 2015. 

The interaction between tomato cultivars and plant extracts significantly (p<0.05) 

affected the height of tomato plant in 8 weeks after transplanting in 2011. Data on 

tomato plant height were not significantly (p>0.05) affected by plant density and 

intercropping in 2011 and 2015 experiments, except in the 8th week after 

transplanting, where the interaction between plant spacing and intercropping 

significantly (p<0.05) affected the tomato height observed in 2015 .The lowest 

density of 100x75cm, which is the widest spacing, resulted in the tallest plant of 

38.7cm (Table 14).  This could be as a result of the ability of the plants to make 

maximum use of available soil nutrients because of the wider spacing between 

them. From the records taken on the tomato leaf area, mulching materials and 

tomato cultivars did not have any significant effect on the leaf area. In the second 

experiment, leaf area was significantly affected by tomato cultivars in the 6th and 

8th weeks after transplanting. TROPIMECH tomato cultivar had the highest leaf 

area of 7.50cm2 in the 8th week, while ROMA VF tomato cultivar had the highest 

leaf area (6.33cm2). The tomato cultivars that witnessed the least leaf areas were 

RIO GRANDE 2.77cm2 (at 6 weeks after transplanting) and ROMA VF, 1.9cm2 

(at 8 weeks after planting) respectively. 



 

In the records obtained from the year 2011 experiment, tomato leaf was not 

significantly influenced by the plant density and intercropping. However, in 2015, 

plant spacing significantly (p<0.05) influenced the tomato leaf production.   

5.3  Effects of Mulch Materials, Tomato cultivars, Plant extracts, plant 

density and intercropping on the day to flowering of tomato and no of 

flowers  

Data collected 2010 showed that mulching materials significantly affected the 

number of days to first flowering by tomato cultivars. ROMA VF cultivar flowered 

earlier (15.25 days after transplanting) than the rest of the cultivars under 

investigation .Whereas the same cultivar also flowered later than the rest of the 

cultivars when mulched with wood shavings. This was closely followed by RIO 

GRANDE cultivar and TROPIMECH cultivar under grass much and palm kernel 

shell mulch respectively. The delay in flowering under woods shaving could be as 

a result of the suppressive effect of wood shaving on the nutrient uptake by plants. 

Also RIO GRANDE cultivars showed early flowering under no mulch after 

ROMA VF cultivar. This also could result from the fact that mulching and its 

effect depends on some other factors, such as soil properties and environment. 

Number of flowers produced by tomato plant was not significantly influenced by 

mulching materials used and the tomato cultivars used in the 2010 experiment. The 

records of the experiment also showed that there was scanty production of flowers 



 

by the different cultivars. These may have effect on the number of fruit set. 

Similarly, the interaction between tomato cultivars and mulch had not significant 

effect on the number of flowers produced by tomato plants. 

In the second experiment, the number of days to the onset of flowering was not 

significantly affected by the plant extracts, tomato cultivars and the interactions 

between the cultivars and the plant extracts. However in 2015 experiment, tomato 

cultivars significantly (p<0.05) affected the number of days to flowering in the 

second experiment.   

The number of flowers produced was significantly (p<0.05) affected by the plant 

extracts only in the 6th week after transplanting 2011. There was no significant 

effect by tomato cultivars and its interaction with the plant extracts. The observed 

differences may have been as a result of the inter-cultivar competition of the 

various tomato cultivars used in the experiment. 

The effect of plant density and intercropping on the number of flower was not 

significant (p>0.05) in 2011 and 2015. There was very scanty production of 

flowers. This was compounded by the fact that there was a lot of flower drop due 

to high rainfall intensity. Flowering has been considered a physiological 

phenomenon; this could be the reason for the non significant effect produced by 



 

plant spacing, intercropping and interaction between spacing and intercropping on 

the number of flowers produced by tomato.  

5.4 Effects of Mulch Materials, Tomato Cultivars, Plant extracts, Plant 

density and Inter -cropping on the Yield Attributes of Tomato 

The result revealed that tomato cultivars had a significant effect on the number of 

fruits produced by tomato plant only at the eight weeks after transplanting in 2010. 

RIO GRANDE cultivars, under control produced the highest number of tomato 

fruit, while ROMA VF cultivar had the least number of fruit. (1.5). Results also 

showed no significant effect on fruit number and fruit weight by tomato cultivars, 

mulch materials and the interaction between cultivars and mulch materials. 

Similarly, results on the effects of plant extracts and tomato cultivars revealed no 

fruit production by the various tomato cultivars in the second experiment in 2011. 

However, fruit production improved in 2015, where significant result was observed 

at 8 WAT. 

The 2011 and 2015 experiments also revealed an absence of significant (p>0.05) 

effect of plant spacing, intercropping and interaction between spacing and 

intercropping on the number of tomato fruit. 

Generally, the results of the experiments in relation to the fruit production have 

been very low. The rainforest zone is characterized by many diseases and pests due 



 

to the high temperature and humid conditions. Consequently, yield of tomato in 

this zone is poor unlike the dry savannah zone where tomato yields are better and 

about three times the yield in the rainforest. Flower drop has been recognized as a 

common physiological problem causing considerable reduction in tomato yield 

especially in the southern rainforest zone. 

It was observed that only about 11-12% of the total flowers produced by a plant are 

responsible for the crop fruit yield. The average tomato yield in Nigeria is 10tha-1 

which is relatively lower than the average yield in tropical Africa (13.5t.ha and 

world average of 22tha-1). 

In the case of tomato wilt disease severity mulching materials did not significantly 

affect it. This is an evidence that tomato wilt disease severity may not be reduced 

through mulching, although the severity of the disease, blossom-end –rot of 

tomatoes has been reported to have been reduced by mulching (Rowe-Dutton, 

1957). 

The various tomato cultivars influenced tomato wilt in 2010 and 2015, and their 

interactions with mulch significantly influenced the tomato wilt disease severity 

only at three weeks after transplanting in 2010. Wilt disease severity was highest in 

RIO GRANDE tomato cultivar (2.25), while TROPIMECH tomato cultivar and 

ROMA VF cultivar recorded the least (1.00) respectively in 2010 (Table 40). At 



 

the fifth and seventh weeks after transplanting tomato wilt disease severity was not 

affected significantly by tomato cultivars, mulch materials or the interaction 

between tomato cultivars and mulch materials in 2010. There are many effects of 

crop residues, including organic mulches, on plant diseases as providing food and a 

place to live and reproduce for the various pathogens that cause the diseases. Plant 

residues and mulches also intensify the microbial activity of the soil and this, along 

with a variety of decomposition products (some phyto-toxic or fungi-toxic), may 

affect pathogens, susceptibility of the host plants or both. 

5.5  Effects of Mulch Materials and Tomato Cultivars on the Disease 

Incidence and severity of Tomato 

Plant disease is the limiting factor in tomato production in many parts of the world 

when cultivars with resistance to numerous diseases are not planted (Jones et al., 

1993). This was confirmed by the assessment in the field of study.  

In the 2010 experiment, assessment of disease incidence and severity was focused 

on the tomato wilt disease. Although other infections were observed in the 

experimental field (leaf spot, blight, etc). 

In the 2010 and at fifth weeks after transplanting, tomato cultivars significantly (p 

< 0.05) influenced the wilt disease incidence (%). Highest disease incidence was 

recorded by RIO GRANDE tomato cultivar both in the third and fifth weeks after 



 

transplanting (8.00 and 2.25% respectively) while the least incidence was observed 

in ROMA VF and TROPIMECH cultivars in the third and fifth weeks after 

transplanting (0.00% and 1.00 respectively). Observed differences in the wilt 

disease incidence in the various cultivars may be due to the innate resistant quality 

of various cultivars to the wilt disease incidence. Agbenin et al., (2000) observed 

the differences in levels of resistance by various tomato cultivars and varieties. 

Similarly, mulch materials, cultivars and mulch interactions significantly affected 

the tomato wilt disease incidence in the seventh wilt disease incidence was lowest 

under grass mulch. In 2015, only tomato cultivars had significant (p < 0.05) 

influence on tomato wilt disease at 6 WAT. 

A variety of effects on plant diseases positive and negative, result from the use of 

mulches. Many authors suggest that mulches may reduce the incidence and 

severity of plan disease. Mulches contribute to disease management in various 

ways. Reduction or prevention of soil splashing is an important function of 

mulches in the management some plant pathogens (Fitt and McCartney, 1986, 

Gilbert, 1956). Mulches also prevent direct contact of foliage, fruit or vines with 

the soil and thus prevent diseases transmitted from the soil. Moisture is preserved 

during dry periods by mulches, so they help provide a constant water supply to 

plants. 



 

However, mulches do not always reduce disease incidence (Thurston, 1992). This 

is evidenced from the high disease incidence observed in cultivars mulched with 

palm kernel shell. Disease incidence of 87.5% was observed when ROMA VF 

cultivar was mulched with palm kernel shell; also 82.8% disease incidence was 

recorded when wood shavings were used in mulching RIO GRANDE tomato 

cultivar. Furthermore in control plots, disease incidence as low as 37.2% was 

observed when TROPIMECH tomato cultivar was not mulched. 

Bandy and Sachez, (1986) found that mulching with the grass Panicum maximum 

was detrimental to rice yield as the rice plants remained green for a longer period 

and thus were more susceptible to fungal attacks (no fungus was however 

specified). This is an evidence that tomato wilt disease severity may not be reduced 

through mulching, although the severity of the disease, blossom end rot of 

tomatoes has been reported to have been reduced by mulching. (Rowe- Dutton, 

1957). 

The various tomato cultivars and their interactions with mulch significantly (p < 

0.05) influenced the tomato wilt disease severity only at three weeks after 

transplanting in 2010, in 2015, wilt disease severity was significantly (p < 0.05) 

influenced by cultivar at 2 WAT. Wilt disease severity highest in RIO GRANDE 

tomato cultivar (2.25), while TROPIMECH tomato cultivar and ROMA VF 

recorded the least (1.00) respectively in 2010. At the fifth and seventh weeks after 



 

transplanting tomato wilt disease severity was not affected significantly by tomato 

cultivars, mulch materials or the interaction between tomato cultivars and mulch 

materials. In 2015, wilt disease severity was highest in ROMA VF which was 

mulched with palm kernel shell. 

Cook et al., (1978) reported the effect of crop residues, including organic mulches, 

on plant diseases as providing food and a place to live and reproduce for the 

various pathogens that cause the diseases. Plant residues and mulches also 

intensify the microbial activity of the soil and this, along with a variety of 

decomposition of products (some phyto-toxic or fungi-toxic), may affect 

pathogens, susceptibility of the host plants or both. 

5.6 Effects of plant extracts and Tomato Cultivars on the Wilt Disease 

Incidence and Severity of Tomato. 

Tomato wilt disease incidence and severity were not significantly affected by 

tomato cultivars and plant extracts in 2011 and 2015, except that tomato cultivars 

significantly (p<0.05) influenced wilt disease at 4 WAT. However, tomato wilt 

disease incidence was significantly affected by the interactions between cultivars 

and plant extracts only in the fourth week after transplanting. Also, interactions 

between tomato cultivars and plant extracts significantly affected tomato wilt 

disease severity at eight weeks after transplanting in 2011. The interaction between 



 

cultivars and plant extracts reduced the wilt disease incidence to the lowest 

percentage of 20.7 for TROPIMECH tomato cultivars in the fourth week after 

transplanting in 2011. This is followed by RIO GRANDE cultivars which recorded 

21.7%, while the disease incidence was highest (56.5%) when RIO GRANDE 

cultivar was treated with ginger rhizome.  

In the case of wilt disease severity TROPIMECH and RIO GRANDE tomato 

cultivars recorded the least disease severity of 3.33 and 3.67 respectively when 

treated with basil plant and ginger rhizome extracts respectively at the eight weeks 

after transplanting in 2011. Some plant extracts have been known to contain 

antifungal properties in them which aid the control of some disease pathogen. 

These include Uziza (Piper guineensis), Basil plant (Ocimum viride-(Nchunwu)), 

Utazi (Gongronema latifolium).  

Also, Okigbo and Nmeka, (2005) reported the effects of different plant extracts 

against radial growth and spore germination and rot development by fungal 

pathogens. Although plant extracts and tomato cultivar did not significantly affects 

the tomato wilt disease incidence and severity, the perceived increases in incidence 

and severity could be as a result of the influence of other factors on the wilt 

pathogens. For instance root-knot nematodes, Meloidogyne species have been 

reported to increase the incidence of Fusarium wilt in a number of crops, including 

tomato, pigeon pea and cotton (Agbenin et al., 2000). 



 

5.7 Effects of Plant Spacing/Density and Intercropping on the Tomato wilt 

Disease Incidence and Severity 

Wilt disease incidence was significantly affected at two weeks after transplanting 

only in 2011, and in 2015, incidence was influenced significantly (p<0.05) by 

intercropping and plant spacing at 8 WAT. Similarly significant effect by plant 

spacing on wilt disease severity was observed at two weeks and four weeks after 

transplanting, but wilt severity was significantly (p<0.05) influenced both intercrop 

and plant spacing at 6 and 8 WAT in 2015. Lowest wilt disease incidence records 

of 9.5%, 10.3% and 16.7% were observed at the lowest plant spacing (the highest 

plant density) in 2011. This showed a negative correlation between plant density 

and the wilt disease incidence. In this case dense tomato stands produced lower or 

decreased wilt disease incidence. This is in agreement with the discoveries made 

by plant pathologists on the effects of plants or crop density on diseases (Thurston, 

1992). Allen, (1983) corroborated the same result in this example with groundnut 

rosette disease in Africa. Similarly, Abrook (1964 and 1968) and Davies, (1976) 

found that early planting and close spacing increased yield and reduced the 

incidence of a virus disease. Similarly, close spacing (50 x 25cm) reduced wilt 

disease severity in second week after transplanting and also at fourth weeks after 

transplanting (1.33 and 2.67 respectively) in 2011. Wider spacing of 100x75cm 

and 75x50cm and 50x50cm respectively increased tomato wilt disease incidence 



 

percentages to 35.6, 33.1 and 35.6 at 2 weeks after transplanting in 2011. In this 

case, a positive relationship existed between plant spacing (density) and disease 

incidence. Positive relationship existed between plant spacing and wilt disease 

incidence. Lowest disease incidence of 19.44% was observed in the widest spacing 

of 100 x 75cm, which is the lowest plant density. Also, highest incidence of 

113.67% was observed in the lowest plant spacing of 50 x 25cm (the highest plant 

density).This is also in accordance with the literature review on plant density as a 

factor influencing plant disease by Antonovics and Levin (1982), in which most of 

the references showed a positive correlation between plant density and disease 

incidence, especially fungal diseases. However this result negated the report by 

Burke, (1964) who found less Fusarium root rot of beans Fusarium oxysporum 

f.sp.phaseoli) when plants were widely spaced. 

The influence of spacing on the wilt disease severity at second and fourth weeks 

after transplanting in 2011 and 4 and 8 WAT  in 2015, took the same trend as the 

incidence. However, the highest disease severity (4.67) was observed on the wide 

spacing of 75 x 50cm, followed by 100 x 75cm which recorded 4.0 as the disease 

severity in 2011; but in 2015, the highest wilt severity was 3.33 at 4 WAT at the 

plant spacing of 100 x 75cm at 4 WAT and 5.00 at the spacing of 50 x 25cm at 8 

WAT. The effects of intercropping were not significant on the wilt disease 

incidence of tomato in 2011; in 2015, intercropping significantly (p<0.05) 



 

influenced disease incidence.  However, intercropping significantly affected 

tomato wilt disease severity at fourth and sixth weeks after transplanting in 2011, 

but only in 6 WAT in 2015. Severity was lowest in tomato/groundnut/soybean 

intercrop both at the fourth and sixth weeks after transplanting. Highest wilt 

disease severity (4.67) was observed in sole tomato and soybean/tomato/okra 

intercrop at four weeks after transplanting in 2011. Similarly, highest wilt severity 

(5) was observed in sole tomato, tomato/groundnut/soybean and 

soybean/tomato/okra intercrops in 2011; the trend was different in 2015, as the 

highest wilt severity was observed in soybean + tomato + okra intercrops. The 

above variable results on tomato wilt disease and severity have been similarly 

reported in some studies (Van Rheenen et al., 1981, Ofuya, 1991; Davis and 

Woolley, 1993). There was very high wilt disease incidence, especially at eight 

weeks of transplanting. In most cases up to between 80 -100% incidence was 

observed. Although intercropping had no significant role on the wilt incidence, 

other factors could have led to the increase in the incidence. National Academy of 

Science, (1968) described increased incidence of Verticillium wilt when olives, 

almond apricots or avocados were intercropped with tomatoes. Some of these 

disease increases may be due to more humid microclimate in the vicinity of the 

crops. 



 

The reduction of the disease severity observed in intercropping might be due to the 

barriers provided by groundnut, soybean and okra plants, which could reduce plant 

– to – plant dissemination of the disease through rain splash or drops of water 

carried by the wind. This is in agreement with the report by Arene, (1976) on 

intercropping of Maize with melon in the humid forest zone of Nigeria, where 

cassava bacterial blight was significantly reduced. Ene, (1977) also reported that 

intercropping cassava with maize, melons or other crops reduced soil splashing by 

rain and significantly decreased the severity of cassava bacterial blight 

(Xanthomonas campestris pv.mainihotis) in Nigeria. 

5.8 Effect of Plant extracts, Tomato Cultivars, Plant spacing/density and 

intercropping on leaf spot disease incidence and severity. 

In 2011 experiments leaf spot disease incidence and severity were not affected 

significantly by tomato cultivars, the plant extracts applied and the interactions 

between the cultivars and the plant extracts ; on the other hand, tomato cultivars 

significantly (p<0.05) affected leaf spot incidence in 2015.  Similarly, in the 2011 

and 2015 experiments, leaf spot disease incidence was not affected significantly by 

plant spacing/density, intercropping and the interaction between spacing and 

intercropping, except only at the 8th and sixth weeks after transplanting where 

intercropping significantly influenced the disease incidence and severity 

respectively (Tables 48 and v52 in 2011). 



 

The crop combination that resulted to the lowest leaf spot disease incidence was 

tomato/groundnut and soya bean. However disease severity was lowest when 

tomato was planted alone (28.3) at six weeks after transplanting. At eight and six 

weeks after transplanting (Tables 48 and 52), highest leaf spot disease incidence 

and severity were respectively 44.5% and 79.4 under tomato./groundnut and 

soybean intercrop. This slight effect of intercropping on the leaf spot incidence and 

severity has been reported in other diseases also. For instance, intercropping was 

proposed to reduce Ralstonia solanacearum, causing bacterial wilt, in potato 

(Autrique and Potts, 1987; Kloos et al., 1987) and tomato (Pan, 1990), while other 

studies only revealed a slight reduction or no reduction of tomato with cowpea, 

soybean or welsh onion (Michel et al, 1997). The possible reasons for both an 

increase and a decrease in disease in intercropping have been analyzed by Allen 

(1989). These include, physical barriers to the dissemination of aerial pathogens or 

their vectors, altered microclimate attributable to shading, altered microclimate, 

altered relative humidity, host-pathogen interactions, induced, pollen grains 

affecting spore germination. IITA, (1975) also reported that Cercospora canescens 

was more severe when peanuts were grown with maize 

 

 



 

CHAPTER SIX 

6.0  SUMMARY, CONCLUSION AND RECOMMENDATION 

6.1  Summary and Conclusion 

The effects of cultural practices and plant extracts on the wilt disease of tomatoes 

(Lycopersicon esculentum mill) in Owerri, Imo State, Nigeria were studied in three 

different experiments at the Teaching and Research Farm of School of Agriculture 

and Agricultural Technology of the Federal University of Technology Owerri. 

Experiment one which was studied in 2010 and repeated in 2015 cropping season 

and repeated in 2015 investigated the effects of mulching materials (dry 

(pasphalum) grass, palm kernel shell and wood shavings) and tomato cultivars 

(ROMA VF, RIO GRANDE and TROPIMECH) on the wilt disease of tomato, and 

the experimental design used was a 3 x 4 factorial in randomized complete block 

design (RCBD) in four replications, comprising forty-eight (48) treatments 

combinations. Number two and three experiments were studied in 2011 and 2015 

cropping seasons, to determine the effects of some plant extracts (Basil/scent plant 

leaves, ginger rhizome and neem leaves) and tomato cultivars (ROMA VF, RIO 

GRANDE and TROPIMECH) and the effects of plant density and inter cropping 

on the wilt disease of tomato respectively. The experimental designs for the two 



 

studies were 3 x 4 and 4 x 4 factorial in RCBD respectively, replicated three and 

four times respectively. 

In the first experiment, the three tomato cultivars used were ROMA VF, RIO 

GRANDE and TROPIMECH cultivars, while mulch materials used were grass, 

palm kernel and wood shavings and a control (no mulch). In the second study the 

same tomato cultivars were used, and the plant extracts used were Basil (scent) 

plant (Nchuanwu) leaves (Ocimum viride ), Ginger rhizome (Zingibar officinale) 

neem (Azadirachta indica) leaf and the control (no plant extract). In experiment 

three, the plants used for intercropping were groundnut + tomato + okra, tomato + 

groundnut + soybean, soybean + tomato + okra and tomato sole (control). The four 

spacing distances (density) were 100 x 75cm, 75 x 50cm, 50 x 50cm and 50 x 

25cm. 

Data on various growth, yield and disease parameters were measured, while the 

pre-planting and post – planting soil nutrient status was analyzed. The results of 

the three trials may be summarized as follows. 

1. The number of tomato leaves in the first experiment was significantly (P<0.05) 

influenced due to mulching and tomato cultivars used in the trial in 2010 and 

tomato cultivars in 2015. TROPIMECH tomato cultivar recorded the highest 

mean number of leaves (6.3 and 8.54) under wood shaving mulch in 2010 and 



 

2015 respectively. The interaction between the tomato cultivars and the mulch 

materials also significantly (p<0.05) affected the number of tomato leaves in 

2010. In the second experiment, the highest mean number of tomato leaves was 

observed in ROMA VF tomato cultivars under ginger rhizome plant extract 

treatment in 2011; 15.11in 2015 under Basil plant extract treatment. 

2. In the first trial, the tomato height was not affected significantly (p>0.05) by 

tomato cultivars and the mulching materials used in 2010; however, tomato 

height was significantly (p<0.05) influenced by cultivars and mulching in 2015. 

The mean height of tomato was significantly (p<0.05) affected in the second 

and third experiments by cultivars in 2011 and only by cultivar in 2015 in 

experiment two. In the second experiments in 2011, the highest height was 

recorded by the RIO GRANDE tomato cultivars (18.50cm) at the second week 

after transplanting. The tallest tomato plant was 43.60cm ,recorded by RIO 

GRANDE cultivar, under ginger rhizome treatment in 2015. 

It was observed that in the last experiment, the height of tomato was not 

significantly (p>0.05) affected by spacing and intercropping in 2011 and 2015 

cropping seasons. A significant difference only occurred in the interaction 

between spacing and intercropping (38.7cm) in 2011. This is the highest tomato 

plant among the different intercrops at the spacing 100 x 75cm. 



 

3. The leaf area measurements did not differ significantly (p>0.05) among the 

treatment means in the first and last trials as a result of tomato cultivars, mulch 

materials, intercropping and plant density. In the second experiment the tomato 

cultivars significantly (p<0.05) increased the leaf area of tomato (in 2011 and 

2015), the RIO GRANDE tomato cultivar had the largest leaf area (7.50cm2) at 

8 weeks after transplanting in 2011, while in 2015, it was 5.12cm2 at 4 WAT 

recorded by RIO GRANDE. 

4. The number of days before tomato started flowering was not influenced 

significantly (p>0.05) by the cultivars used in 2010, in 2015, cultivars 

significantly (p<0.05) affected the number of days. However, the floral anthesis 

was significantly (p<0.05) affected by the mulching and the interaction between 

it and the cultivars. ROMA VF tomato flowered earlier (16.5 days) when it was 

mulched with wood shavings than when in the control treatment. The plant 

extracts used in the second experiment in 2011 significantly (p<0.05) affected 

the number of flowers produced by the tomato cultivars. The ROMA VF 

produced the highest number of flowers under ginger rhizome treatment (8.33 

flowers). 

5. The yield responses of tomato were not impressive considering the result of the 

tomato yield in all the experiments. The number of fruit was significantly 

(p<0.05) affected by the tomato cultivars in the 2010 and 2015 experiments. 



 

Under control treatment (no mulch), RIO GRANDE tomato cultivar had the 

highest number of fruit (10.5), while the least number was produced by the 

ROMA VF cultivars in 2010. 

6. Wilt disease incidence on the tomato plant was significantly (p<0.05) affected 

by the different tomato cultivars at the 3rd and 5th WAT in the 2010 experiment 

as the mean cultivar differences were significant at 5% level. Similarly, 

mulching materials   significantly (p<0.05) affected the percentage wilt disease 

incidence at the 7th WAT. Highest wilt disease incidence (8%) was observed in 

RIO GRANDE tomato cultivar under palm kernel mulch, while ROMA VF 

tomato cultivar was observed to have zero infection under palm kernel mulch at 

the 3rd WAT. The 7th week of the tomato plant witnessed a very high disease 

incidence and the range was from 31.0% to 87% for ROMA VF under grass 

mulch and ROMA VF under palm kernel mulch respectively. Both mulch 

materials and their interaction with cultivars significantly (p<0.05) influenced 

the percentage wilt disease of tomato. 

Wilt disease incidence of tomato was not significantly affected by the 

treatments in the 2011 experiments – tomato cultivars and plant extracts. 

However, cultivars x plant extracts interaction significantly (p<0.05) increased 

the tomato wilt disease incidence to 56.5% which was the highest in RIO 

GRANDE cultivar under ginger rhizome treatment at 4th week after 



 

transplanting, while TROPIMECH tomato cultivar had the least wilt disease 

incidence of 20.7% in the final trial; tomato wilt disease incidence was 

significantly (p<0.05) affected only by spacing in the second week after 

transplanting. Tomato wilt disease incidence was significantly reduced from 

16.5 to 9.5% by the plant density of 50 x 25cm under groundnut/tomato/okra 

and soybean/tomato/okra intercrops respectively. 

7. In 2010 the tomato wilt disease severity was significantly (p<0.05) affected by 

the different tomato cultivars, and their interaction with mulch materials. 

Significant (p<0.05) increase in tomato wilt disease severity was observed in 

RIO GRANDE tomato cultivar (2.25) at 3 WAT, while TROPIMECH cultivars 

had the least (1.00) under the control treatment, grass mulch and palm kernel 

shell mulches. Tomato wilt disease severity significantly increased at the 8th 

weeks after transplanting by cultivar and plant extracts interactions. Wilt 

severity was most pronounced in RIO GRANDE and TROPIMECH tomato 

cultivars (5.000) at different plant extracts treatments in 2011. Also, in 2015, 

wilt severity differed significantly (p<0.05) in the 4WAT as a result of 

cultivars’ effects. The least wilt severity (11.10) was recorded by ROMA VF 

cultivar, under ginger rhizome plant extract.   

It was also observed that in the third experiment (in 2011and 2015) the tomato 

wilt severity was significantly (p<0.05) affected by plant density and 



 

intercropping. In 2011 tomato wilt severity was significantly (p<0.05) reduced 

to 1.33 under soybean/tomato/okra intercrop and control treatment. Wilt 

severity was observed to be highest in the widest spacing of 100 x 75cm (2.33 

in tomato/groundnut/soybean crop combination and sole cropping with tomato), 

while the plant spacing of 50 x 25cm significantly (p<0.05)  reduced tomato 

wilt severity to 1.33 under soybean/tomato/okra intercropping at 2 WAT. 

In the last two weeks of the last trials in 2011 and 2015, tomato wilt severity 

assumed a climax of between 4.67 and 5.00 in 100 x 75cm, 75 x 50cm and 50 x 

50cm spacing respectively. However, intercropping of groundnut/tomato/okra 

and tomato/groundnut and soybean significantly (p<0.05) lowered wilt disease 

severity (3.00) in 6 WAT in 2011 and 2.00 at 4Wat in 2015. 

 

 

 

 

 

 

 



 

6.2  Recommendation 

It is hereby recommended as follows: 

Although the yield result of tomato was generally poor in the three cultivars used, 

the RIO GRANDE tomato cultivar could be recommended to be planted under 

wood shavings mulch as it yielded the highest number of fruit (Table 31). 

In terms of tomato wilt disease control the recommended tomato cultivars are 

ROMA VF and TROPIMECH under palm kernel and grass mulches respectively 

as they recorded lowest wilt incidence (Table 34). 

Cultural control of tomato wilt could be done by the use of dry grass as a mulching 

material as this offered a significant (p<0.05) reduction of tomato wilt incidence 

(31%) in 2010 experiment and reduction in wilt severity (1.75) in 2015 

experiment. Also, Basil plant (Nchuanwu) has to be used in the control of tomato 

wilt as a plant extract, as this in its interaction with TROPIMECH tomato cultivar 

significantly (p<0.05) reduced the tomato incidence (20.7%) to the lowest in the 

second trial in 2011 and in 2015 tomato wilt severity was significantly (p<0.05) 

reduced to zero by Basil mulch. 

The recommended plant spacing is 50 x 25cm.This spacing lowered tomato wilt 

incidence in all the intercrop combinations in the last experiment in 2011. 



 

However, sole tomato cropping at the widest spacing of 100 x 75 is recommended 

as this offered the lowest tomato wilt disease incidence. 
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