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ABSTRACT

The need for regular production of high quality tomatoes in times of drought to meet the ever
increasing demand of consumers has become critical as a means to reduce the importation of both
fresh and processed tomatoes. Two experiments were conducted with a heat tolerant tomato
(CLN2001A (Renamed Nkansah Heat Tolerant)) variety and a popularly grown variety (Pectomech)

as a control. The design used was the Completely Randomized Design (CRD) with three



replications. Watering stress treatments used were 250 ml, 500 ml, 750 ml, 1,000 ml and 1,250 ml.

Each treatment had 36 plants.

The effects of induced drought /irrigation on growth parameters; Relative Growth Rate (RGR), Net
Assimilation Rate (NAR), Specific Leaf Area (SLA), Leaf Weight Ratio (LWR), relative water
content, plant stem diameter, plant height, number of leaves and chlorophyll content were studied.
Yield parameters studied included number of fruits and fruit weight per plant whilst fruit quality

parameters determined included fruit sugar content (brix) and pH at the University of Ghana farm.

The result indicated that, among the treatments, the 500 ml and the 750 ml produced the highest fruit

yield and quality. The low and higher treatments of 250 ml and 1,250 ml recorded the least

performance in terms of growth and yield for the CLN2001A cultivar. In terms of weight, however,

the 1,000 ml treatment performed better than all the treatments.

The heat tolerant variety performed better at 500 ml and 750 ml in terms of yield compared with the

non-heat tolerant variety that performed better at 1,000 ml and 1,250 ml.
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CHAPTER ONE

1.0 INTRODUCTION

Tomato (Solanum Lycopersicon L) belongs to the family Solanaceae and originated in Peru-
Ecuador region of South America and is now cultivated widely throughout the world (van der

Vossen et al., 2004)

Tomato is consumed in diverse ways including raw, as an ingredient in many dishes, sauces,
salads, soups, stews, garnish and drinks. The fruit which is rich in lycopene has beneficial health
effects and is the second most important vegetable used worldwide in terms of its vitamins and
mineral contribution to diets (Sozzi and Fraschinal, 1997). Tomato cultivation also serves as a

source of income and employment to many farming communities and households.

Currently, world production is about 100 million tons fresh fruit produced on 3.7 million hectares.
China is the world’s leading producer of tomatoes in both hectares of harvested production
(1,255,100 hectares) and weight of fruit produced (30,102,040 Mt). The other top leading fruit-
producing countries are the United States, Turkey, Italy and India (FAOSTAT Database, 2004).
Production in Ghana in relation to demand is generally low. Available data suggest that overall
production doubled between the 1970s/80s and the 1990s. In the 1970s and early 1980s tomato
production fell from around 100,000 tons per year to around 50,000 tons per year. This increased
in the late 1980s to around 100,000 tons. During the 1990s production expanded again, averaging
around 200,000 tons per year by the end of the decade. However, there is a gradual decline in

recent times. (IFPRI, 2010)

The major areas of production in Ghana include Navrongo, Pwalugu and Bolgatanga in the Upper
East Region, Bontanga, Gulinga and Libga in the Northern region, Tuobodom in the Brong Ahafo

1
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Region and Asante Akim, Akomadan in the Ashanti Region. Most of the cultivars commonly
grown include Petomech, Yaqui, Henz, No name and Burkina. Production of these cultivars is
hampered by high temperatures which lead to low fruit set and low vyield. Availability or
inadequate water supply to the plants also hampers growth and yield. In order to overcome high
temperatures that result in low fruit set and low yields, Nkansah et al., (2006) in a work on
breeding for heat tolerance in tomatoes in Ghana using several tomato lines received from
AVRDC, selected a heat tolerant tomato line CLN 2001A (aka Nkansah HT). Further agronomic
studies in terms of nutrition, spacing and water requirements need to be effected using the selected
heat tolerant tomato line before it is released to farmers especially in the dry season when there is

insufficient water and the temperatures are high.

Heat tolerance in tomatoes is the ability to set fruits at night temperatures above 21°C (Villareal
and Lai, 1978; Nkansah and Ito 1994) and must have a higher net photosynthetic rate at 30-35°C

than a sensitive variety (Bar-Tsur et al., 1985).

Tomato growth aside the temperature effect is also influenced by several environmental factors
such as availability of water or drought, salinity and nutrition. Water stress is one of the most
important limiting factors for agricultural and vegetable crops production as it affects the growth
of the plants, reduces yield by lowering the quality, number and size of fruits, seed and other plant

organs. (Pak, 2009)

In Africa and for that matter Ghana, most vegetable farmers depend on the rainfall for the supply
of water for their crops. The privileged few who have access to irrigation facilities have little or no
knowledge about the rudiments of crop water requirement such as the right amount, time and for

maximum productivity.



Ironically, tomato cultivation is best in the dry periods when water supply is also a challenge to
production. Awvailability of water has been observed to be a major limiting factor in tomato
cultivation in Ghana particularly between January and March where the day and night
temperatures exceed the recommended growth range. Consequently, most farmers are not able to
make the best out of their lots during this period of the year and this has compelled the country to
spend huge amounts of high currency to import tomatoes in order to meet the ever increasing

domestic demand.

Water supply is a major constraint to crop production in Ghana. Efficient use of water by irrigation
is becoming increasingly important and alternative water application and scheduling water
application is very critical to make the most efficient use of any watering system, as excessive
watering reduces yield, while inadequate water application causes water stress and reduces
production. On the other hand, the intensity of the operation requires that the soil water supply be
kept at the optimal level to maximize returns to the farmer. High-frequency water management by
drip irrigation minimizes soil as a storage reservoir for water, provides at least daily requirements
of water to a portion of the root zone of each plant, and maintains a high soil metric potential in the
rhizosphere to reduce plant water stress.

For high yields, an adequate water supply and relatively moist soils are required during the total
growing period. Reduction in water supply during the growing period in general has an adverse
effect on yield and the greatest reduction in yield occurs when there is a continuous water shortage
until the time of first picking. The period at the beginning of the flowering period is most sensitive
to water shortage and soil water depletion in the root zone during this period should not exceed

25% (Ismael, 2010)



Water shortage just prior to and during early flowering reduces the number of fruits. The effect of
water deficit on yield during this period is greater under conditions of high temperature and low
humidity. Controlled irrigation is essential for high yields because the crop is sensitive to both over
and under irrigation (Al-Harbi et al., 2008). Therefore, apportioned water for agriculture has to be
utilized in an efficient and rationalized manner especially for tomato production in the dry seasons.
More so, the utilization among tomato cultivars need to be known in order to recommend to
farmers the watering regimes of cultivars like the heat tolerant and non-heat tolerant types for the
various growing season. This work was carried out to study the effect of different watering levels
or regimes on growth, physiological characters, yield and fruit quality of heat tolerant and non-heat

tolerant or tropical tomato cultivars.



CHAPTER 2
2.0 LITERATURE REVIEW
2.1 Ecology and Climatic Requirement of Tomato

Tomato (Solanum lycopersicum L.) is a warm season crop and requires a well-drained, fertile soil
with good water holding capacity with high level of organic matter. Tomato plant is very sensitive
to temperature variations and regimes. Whilst low soil temperatures retard seedling growth and
mineral uptake, high temperatures above 27°C induce pollen sterility and high night temperatures
are injurious to the productivity of the plant as it adversely affect flower initiation. The plant is
largely self-pollinated but high temperature combined with high relative humidity is known to also

hamper pollen dispersal (Tindall, 1988).

Air temperature variation of 6°C, from a daily mean of 18.7 °C is considered necessary for

optimum growth and development (De Konings, 1990).

This is particularly related to the maintenance of an adequate carbohydrate/nitrogen balance in the
plant and functioning of enzymes regulatory system in promoting both growth and fruit setting

(Tindall, 1988).

Night temperature of about 16-20° are considered adequate for most cultivars as temperatures
below 13°c impart negatively on pollination and fertilization resulting in alternate flower abortion.
Ercan and Vural (1994) attributed low fruit set in tomato to low temperatures due to a decreased pollen

count and viability.



High temperatures, on the other hand, may cause splitting of the staminal cone and also leads to
fasciation of the style (Heuvelink, 2005) thereby hampering self pollination. Ercan and Vural (1994)

who also had a low fruit set at low temperatures due to a decreased pollen count and viability.

Excessive rainfall and high relative humidity can be harmful to the plant, particularly if unstaked,
due to the proliferation of diseases during humid conditions. Erratic irrigation may produce fruit
cracking and splitting calcium or Potassium in the soil water may lead to physiological disorder

known as blossom-end-rot (Tindall, 1988).

Light intensity has also been identified to be an important factor in determining the ascorbic acid
content of tomato fruits. It is known that under low light intensities, the ascorbic acid is much
lower than under high intensities. Hammer et al., (1943) found out that there was an increase of
66% ascorbic acid content of tomato fruits when the plants were transferred from shade to

sunshine at the time the fruit was mature green.

Some of the common tomato varieties cultivated in Ghana include Roma, Petomech, Royal,

Burkina, NA, Power (Khor, 2006)

2.2.0 CROP WATER USE

Sixty to ninety-five percent of any physiologically active plant is made of water and tomato fruit is
made up of 94.1% water (Kramer et al., 1992). The ecological importance of water to plants is as a
result of its physiological relevance. Almost every life process that takes place in the living plant is
directly or indirectly affected by water availability. Water is required by plant for such processes
as digestion, photosynthesis, transport of minerals and photosynthates, structural support

(turgidity), growth and transpiration (James, 1988).Water forms an important constituent of the



protoplasm. Water also serves as a solvent in which gases, minerals and other important solutes are

dissolved and moved from one part to the other (Kramer, 1988)

2.2.1 Water as a constituent of the cytoplasm

Water is important both qualitatively and quantitatively, consisting between 80-90% of the fresh
weight of woody plants. Water forms an important part of the protoplasm as the protein and lipid
molecules which constitute the protoplasmic framework, and the reduction of water content below

some critical level is accompanied by changes in structure and ultimately death (Kramer, 1955)

The membrane binding the outside of the cytoplasm is the plasmalemma which is highly
permeable to water but only slowly and selectively permeable to solutes. The cell wall outside the
plasmalemma is porous and permits water and solutes of low molecular weight to make rapid flow
to and from the plasmalemma. Organelles in the cytoplasm such as the vacuoles, mitochondria,
nucleus and plastids are also bound by a membrane similar to that of the plasmalemma and are
capable of allowing the exchange of water and solutes with the surrounding cytosol. The high
concentration of solutes with the surrounding cytosol dilutes the internal water compared to the
outside and water enters in response causing the cell to swell and become turgid. Cells lose water
when the solute concentration are high outside or when evaporation occurs and they shrink as the

volume of water decreases inside (Boyer, 1995).

2.2.2. Consumptive water use (Transpiration)

Transpiration, defined as the evaporation of water from a living surface, accounts for 99% of water
use by plant (Wilson et al., 1962). The process of transpiration involves the transformation of
water from the liquid to gaseous state. The process occurs when the vapour pressure within the leaf

exceeds that of the surrounding air and stomata are open to permit the absorption of carbon dioxide



into the plant for photosynthesis. Relative high level of water deficits and low leaf water potentials
can occur within relatively short period of time, even less than an hour when transpiration is rapid

and fast (Barrs and Klepper, 1968)

The rate of transpiration is given by T = *leaf-‘air
"leaf+air

Where;
T= transpiration
®leaf=vapour pressure within the leaf;
fair=vapour pressure of air
"leaf=resistance to vapour flow through the stomata

fair=resistance to vapour flow through the air boundary layer around the leaf.

Transpiration is facilitated with the opening of the stomata as °leaf usually exceeds ‘air. It is
commonly assumed that the vapour pressure within the leaf equals the saturation vapour pressure
for the temperature within the leaf, since there is usually at least some water in the leaf even if it is

wilted (James, 1988)

The resistance term "air depends primarily on air movement as higher winds tend to break up the
boundary layer surrounding the leaves and reduce 'air. The resistance term 'leaf for a given plant

is mainly related to the degree of stomatal closure, that is, 'leaf increases as stomata closes.

Water passes freely through the stomata when they are opened and the lost may be rapidly as
though it were evaporating from a free water surface instead of through many small pores (Brown
and Escombe 1900). Sayre, (1926) on the other hand, has shown that the rate of transpiration

depends more on the perimeter of the opening, than on its area.



For continuous growth and development of the plant, it will have to extract water from the soil
through the roots to replenish what is lost through transpiration. The plant achieves this by
activating the process referred to as the passive absorption whereby water moves through the soil
into the roots, up the xylem vessel and into the leaves due to a water potential gradient between the

leaf and the soil (James, 1988)

Q= Wiear - Wsoi
'plant + "soil

Q=rate of flow

leaf = W + W x

Where

Q= rate of flow, Y= total water potential in the leaf, ¥ = total water potential in the soil

W = turgor pressure within the plant, ¥ = = osmotic pressure within the plant
'plant = resistance to water movement into the roots, up the xylem, and into the leaf
'soil = resistance to water movement in the soil, the term "soil can also be written as "soil = 1/k

Where, K is the hydraulic conductivity of the soil (James, 1988)

2.2.3 Application of Water to the Plant

To ensure the optimum use of water for increased crop productivity, it is important to identify the
right time to apply water. The methods used are generally classified into three indicators namely;

Plant indicators, Soil indicators, Water budget technique (James, 1988)



Water budge technique; the plant and soil indicators pertains to observing the plant and soil in
order to ascertain the most appropriate time to provide water to the crop. Of these two, the plant
monitoring method is the most direct and commonest method used (James, 1988). Key indicators
used in this method are; the appearance and growth of the plant; it is perhaps the simplest method
and a visual indicator which takes into consideration leaf and shoot freshness and wilting status as
well as the colour of the leaf. Visible wilting of the plant as indicator for the need to irrigate is,
however, limited by the fact that by the time wilting becomes apparent substantial proportion of

yield might have been lost already (Slatyer, 1967).

Measurement of the diameter and stem of the plant can also be made over time to determine the
rate of growth whereby the need for water will be indicated by a low growth rate. However,
appearance of the crop as a means of determining when to apply water must be done with caution
since other conditions such as disease and insufficient nutrient in the soil may also produce

changes in plant appearance similar to those associated with water stress (James, 1988)

Leaf temperature; sufficiently large air vapour pressure deficit results in cooling leaf canopy below
ambient temperature. A reduction in soil water also results in lowering transpiration rate and
thereby accounting for rising leaf temperature. The relative ease with which canopy temperature is
measured by infrared thermometry, and the dominant influence of the vapor pressure deficit of the
air on the difference between canopy and ambient temperature led to the development of a crop
water stress index by lIdso et al., (19782b) and Jackson et al., (1977). The method is based on
monitoring canopy temperature which results from the interaction of plant transpiration with the

evaporative demand of the atmosphere (Jackson, 1982).
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Leaf water potential; this method is a destructive one that involves the removal of the plant leaf
and placing it in a pressurized chamber (called a pressure bomb). The pressure in the chamber is
slowly increased until fluid is forced from the leaf stem. The pressure required is a measure of the
moisture potential of the leaf. Challenges with this method are that leaf age, leaf exposure to
sunlight, and time of day can significantly affect the result thereby giving a misleading indication

on water requirement of the plant (James, 1988)

Stomatal resistance; it is an index to the need for water, since it is related to the degree of stomatal
opening and the rate of transpiration. Whilst high resistance indicates significant stomatal closure,
reduced transpiration rates signify the need for water. Challenges associated with this method are
that it requires large amount of time and high skill level to make and interpret stomatal resistance

James (1988).

2.2.4 Water stress and plant growth

Plant water stress, which can vary in degrees from a small reduction in water that can only be
detected by the use of instruments to permanent wilting point leading to final plant death, occurs
when plant cells and tissues are less than fully turgid (Kramer, 1969). Hsiao, (1973) also defined
plant water stress as the condition where plant water potential and turgor pressure reduces

sufficient enough to adversely affect the normal growth and function of the plant.

Plant water stress has been identified to be a very important problem that has over the years
reduced crop plants productivity all over the world. The effects of severe cases of water stress on
the photosynthetic ability of the plant are quite complex and may include a combination of
processes associated with stomatal closure and ultimate decrease in plant growth (Chaves, 1991,
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Sharkey, 1990). The closure of the Stomata occurs when the two guard cells surrounding the
stomatal opening lose turgor pressure and close the opening (Outlaw, 2003). The reduction in
photosynthetic ability of the plant which negatively affects other physiological activities of the

plant is observed.

Yield losses due to water stress probably exceed losses from other sources depending on severity
and duration (Barnabas et al., 2008). Boyer, 1982, stated that water stress largely compromises
plants development and productivity worldwide. Water stress reduces lint yield in cotton basically
as a result of reduced boll production due to the production of fewer flowers and bolls (Stockton et
al., 1961). High ABA is has been identified as an important factor in pollen sterility in barley,
wheat and rice (Saini and Westgate, 2000). Guin et al., (1976) observed that, water stress increased

the abscisic acid (ABA) content in young cotton bolls.

2.2.5 Plants Adaptation to Water Stress

In order for the plant to survive the harsh conditions of water deficiency and other forms of stress,
some plants are known to have evolved means of adapting to water stress. Based on this, plants
have been classified into three categories as follows; adaptation by acquired hardiness, adaptation

by morphological xerophytism and adaptation by tolerance, (Leopold, 1964)

Adaptation by acquired hardiness; continuous exposure of plant to stress environments like
drought, salinity, cold and high temperature hardens them for future introduction to similar
conditions. Clement (1937) studied the changes found in leaves of plants that have been identified
to perform well upon being subjected to dry conditions and found that there were changes in hemi-
cellulose contents which he attributed the resistance attribute to. He observed that, plant developed
constituents which help them to serve and retain water and therefore become drought resistant

(Leopold, 1964).
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In contrast to this cytological level of adaptation, Clark and Levitt (1956) produced evidence that
plant drought hardiness could be attributed to a feature of the epidermis of the leaf. They observed
that when soybean leaves were hardened and compared with their rates of water loss after excision
with the water loss of unhardened leaves, leaves experienced slower water loss after hardening but
that if they were sliced up, thus minimizing the epidermal influence, there was no longer a slower
rate of water loss. Consequently, they suggested that the hardening was as a result of the

accumulation of waxes in the cuticles associated with the drought experience.

Xerophytim; this a morphological adaptation of plants to dry conditions characterized by reduction
in leaf size. Reduced plant size, leaf area and reduced leaf area index (LAI), have been identified
to be important mechanisms adopted by plants in moderating water use and reducing injury under

water stress (Mitchell et al., 1998)

Plants with this type of adaptation are morphologically adapted to avoid dehydration by reducing
the water loss per unit of leaf volume, others may also develop water-storage tissues inside the leaf
or stem. In plants like sorghum, that are adapted to drought prone areas, older leaves are
selectively killed in order to allow remaining younger leaves to maintain some level of turgidity,
stomatal conductance and assimilation (Blum and Arkin 1984). Maximov (1929) observed that the
morphological xerophytes transpired at about the same rates per unit surface as mesophytes when
water was readily available but at slower rate during periods of poor water availability. Xerophytes
are known to be plants that are able to withstand water stress by the use of internal photosynthetic
utilization of CO, thereby permitting some assimilatory activity when gas exchange is limited

(Leopold, 1964).
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Dehydration; tolerance to dehydration is commonly observed in seeds. Mcllrath et a., (1963)
studied the loss of water from tomato seeds during ripening of the fruits and found that the seeds
actively lose about 50% of their free water during ripening. In seeds and resting plant parts,
resistance to water stress appears to involve a binding of the cytoplasm associated with a nearly
suspended respiratory activity. In vegetative parts, morphological devices permit the folding of cell
walls around the cytoplasm during the drying process, avoiding the tearing of the cell structure or

excessive cytoplasmic abrasion while the water shortage develops.

The flow of water through plants has evolved as a necessary means of their adaptation to terrestrial
habitats. As multicellular plants extend their leaves into the air, transpirational flow occurs,
sometimes over along vertical distances. At the cellular level, water stress exerts tremendous
effects to the functions of the cells. Reactive oxygen species produced during water-deficit stress
can damage many cellular components including lipids, proteins, carbohydrates and nucleic acids
(Monk et al., 1987). Berlin et al., (1982) observed that subjecting plants to water stress led to
significant changes in the grana and stroma lamellae, palisade cell walls, the number and size of
chloroplasts and the structure of the mitochondria. Bondada and Oosterhuis (2002) also observed

loss of chloroplast membrane integrity as a result of plant water stress.

Gaff, (1966) reported that dehydration of protein from cabbage leaves caused changes in the

amount of reactive sulfhydryl which he attributed to changes in configuration of the protein.
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2.3.0 Soil Water Forces and Forms

Between the particles of a soil are a complex interstitial channels and voids which provide space
for moisture, air and soil organisms. The movement of Water in the soil is closely linked with
storage because water potential is a function of water content (Richards 1931). The rate of water
flow is also a function of the potential energy gradient and the ease with which water is transmitted
through the pores within the soil, termed saturated hydraulic conductivity, is governed by pore size

distribution and the myriad of its flow paths (Childs and Collis-George 1950)

Soil moisture, which basically is the amount of water above the water table, can be categorized
into three main classes namely gravitational, capillary and hygroscopic. Of these, gravitational
water is the part of water that remains above the water table shortly after rains or heavy irrigation
before it drains under the force of gravity. This water takes a short time of a day or less and in clay
it could take three or four days. The maximum amount of water remaining in the soil after
gravitational water has drained away is the field capacity of the soil. This water content, usually
expressed in millimeters, is very important for plant growth and development and defined as the
moisture content of a deep, permeable, well-drained soil a few hours to several days after a
thorough wetting. As a soil constantly drains and soils differ in the rate at which it happens there is
not really a constant amount of water held against gravity. There are however few challenges such
as restricting layers, high water table, surface evaporation, consumptive use by crops which affect
its determination. To attempt to standardize definitions, the field capacity is defined as the quantity
of water held at a particular suction pressure forty-eight hours after wetting, (Carruthers and Clark,

1981)
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Hygroscopic water on the other hand is that water held tightly to the surface of the grains by
adsorption and forms the water which is held by soil particles on soil surface. The water is held
tightly around the soil particles due to cohesive and adhesive forces (Tindall, 1988). It is these
forces that greatly reduce the water potential and thus not available to plant although some

xerophytes may be able to draw this water in extremis (Wiesner, 1970)

Capillary water is held by surface tension around soil particles in smaller pore spaces and fissures.
In the smaller pores of the soil, water is held against the force of gravity by capillary forces. This
form of water is most important to plants and constitutes the only available source of water to
plants. Capillary water can creep above water table to height determined by the soil texture and

composition of the soil (Barrow, 1987)

2.3.1 Soil physical properties influencing irrigation

For irrigation to be successful and for that matter produce the ultimate result, there is the need to
consider certain fundamental soil properties that determine the success or otherwise of the huge
investment in irrigating the crop. Key among these factors are soil depth, soil texture, soil
infiltration, soil moisture content, bulk density and soil porosity (Aragués et al., (2011). Soil
organic matter has also been proved to influence water holding capacity of the soil, infiltration and porosity

and soil compactibility (Carter, 2002).
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2.3.2 Infiltration of water into the soil

Infiltration rate determines how long it will take rainfall or irrigation to water a plot of land for
example a soil with 20mm/h infiltration rate will take four hours to absorb 80mm of water per unit
area. When infiltration is slow, rainfall or water applied to the soil may be wasted by flowing away
and possibly causing erosion or forming puddles from which evaporation losses become high
(Barrow, 1987). To the extent that water infiltrates into and through the soil, it does not run off
(Radcliffe and Rasmussen 2002). The infiltration rate refers to how fast water soaks into the soil
and it is an important property of soils that affects the growth and development of the plant
growing on it and the level of soil erosion. Generally, the lower the infiltration rate the greater the
surface runoff, and thus the greater the potential for soil erosion occur. Movement of water into the
soil is controlled by gravity, capillary action, and soil porosity. Of these factors soil porosity is
most important. A soil's porosity is controlled by its texture, structure, and organic content.
Coarse-textured soils have larger pores and fissures than fine-grained soils and therefore allow for
more water flow. However, infiltration into some sandy soils is hindered because the particles are

covered with a hydrophobic coating that prevents wetting (Jamison, 1946).

2.3.3. Soil Texture

The relative proportions of sand silt and clay determines the soil texture. This factor can be
determined from grain-size distribution using textural classification chart. The size of pore spaces
created in the soil matrix is mostly determined by the textural classification of soil. The soil
texture, therefore, influences considerably the other phases (water and air) contained in the spaces
of soil matrix. Relatively, sandy soil is characterized by its loose and non-cohesive nature and low

water holding capacity. These features predispose such soils to the formation of relatively simple

17



capillary systems, through which water and soil circulate in the soil thereby ensuring good
drainage and aeration. Coarse textured soils are more prone to erosion by running water, thereby
reducing the ability of the soil to retain water for a long time. Sandy soils are coarse textured and
have high rate of permeability.

The clay particles, on the other, is characterized by its ability to hold more water and minerals due
the facts that its it has large surface area resulting from its plate-like shape coupled with the fact
that its particles are usually aggregated together into complex granules. Other features that play an
important part in irrigation are the pore space, the bulk density and the water content (Seyed et al.,

2011).

2.3.4 Soil Structure

Soil structure is the arrangement and binding together of soil particles into larger clusters, called
aggregates or ‘peds.” Aggregation of the particles enhances its stability against erosion, for
maintaining porosity and soil water movement, and for improving fertility and carbon
sequestration in the soil (Nichols et al., 2004). The aggregation is also important for increasing
stability against erosion, for maintaining porosity and soil water movement, and for improving

fertility and carbon sequestration in the soil (Nichols et al., 2004).

An important factor that exerts a tremendous influence on soil-water relation in plants growth and
development is the way individual soil particles are arranged with respect to each other. The size
of aggregates of the soil is a valuable criterion of soil structure determination. For example, sand-

sized aggregates are believed to be more favorable for plant growth than very small and very
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large ones. This is explained by the fact that soils made up exclusively of silt-size aggregates
cannot be drained by gravity, since the pores are too small. Large pores induce aeration and
infiltration, medium-sized pores facilitate capillary conductivity, and small pores induce greater
water holding capacity. Studies by Baver (1948) and also Nelson and Baver (1940) have shown
that the percolation rate of water through soil is largely related to the quantity of large pores in the

soil.

2.3.5 Permanent Wilting Point (PWP)

Leeper and Uren (1993) defined permanent wilting as the soil water condition at which the leaves
undergo a permanent reduction in their water content (wilting) because of a deficient supply of soil
water, a condition from which the leaves do not recover in an approximately saturated atmosphere

overnight.

Wilting depends on the rate of water use, depth of root zone and water holding capacity of the soil.
It is the lower end of available moisture range. As moisture is lost from the soil it reaches a point,
called permanent wilting point, at which the force with which the remaining moisture adheres to
soil particles exceeds that exerted by plant roots making it difficult for the growing plant to absorb
water from the soil and as a result wilts to the point of not being able to recover overnight (Taiz and
Zeiger, 1991). Miller and Donohue, (1995) defined permanent wilting point as the difference
between soil water held at -33kpa. Richards and Wadleigh (1952) found that many herbaceous
plants reach their permanent wilting point when the soil water potential ranges from 1.5-2.0MPa.
However, Slatyer (1957) pointed out that permanent wilting point is not constant because wilting

really depends on the potential at which leaf cells lose their turgor.
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2.3.6 Plant Water up-take

Water absorption by plant occurs with the help of energy in the form of ATP, which is released
due to metabolic activities of root cells such as respiration. Absorption takes place against

concentration gradient - even when the concentration of cell sap is lower than that of soil water.

Water tends to move from the soil mass to root surfaces, then through the plant and into the
atmosphere along a gradient of decreasing water potential. In some segments of this pathway,
however, the effective driving force causing flow is not necessarily a simple gradient of total
potential, and different component potentials may be responsible for disproportionate amount of
flow, particularly when the flow water is accompanied by flows of heat, electricity or solutes

Slatyer (1967).

Active or osmotic absorption occurs in slowly transpiring plants where the roots behave as
osmometers whereas passive absorption occurs in rapidly transpiring plants where water is pulled
in through the roots, which act merely as absorbing surfaces (Renner, 1912; Kramer, 1932).

Most of the solutes are moved into the root xylem by an active ion transport system, but some may
be released by the disintegration of protoplasts in maturing xylem vessels (Hylmo, 1953;
Kevekordes et al., (1988) and some are carried into roots by the transpiration stream. Cortes
(1992) speculated that ions are released in the root interior because of the decreased membrane

potential across the cortex.

Soil condition and properties also affect the availability of water and nutrients to the plants. Soil is
composed of solid particles, water and air. The interactions between these give rise to two main

mechanisms by which water is retained in the soil. These mechanisms involve forces emanating
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from either the liquid-air or solid-liquid interfaces of soil-water systems and their relative
importance depends on largely on the degree to which to which the soil shrinks as water is

removed from it (Slatyer, 1967).

Soil water affects plant growth directly through its controlling impact on plant water status and its
effect on transpiration, digestion, photosynthesis, growth, transport of minerals and
photosynthates, transpiration and structural support plant (James, 1988). Soil water content affects
nutrient transport to the root surface by affecting the rate of diffusion and mass flow of water to the
roots. In the mass flow, ions like nitrates, which are entirely soluble, are completely from the
solution the mass flow of water. Barber et al, (1963) observed that mass flow can account for most

of the transport of major elements like Ca, Mg and N.

2.3.7 Factors that determine Plant water Requirements

Tomato water requirements are affected by soil, plant, climatic and management factors.

2.3.8 Soil factors

The soil, and for that matter the growing medium, has a very fundamental influence that must be
considered in designing planning amount of water to supply to the tomato plant. Key soil factors
include water intake rate and available water holding capacity of soils with varying textures. In
general, finer textured soils release water more gradually than those of course texture, because of a
lower proportion of large pores. In sand soils, virtually all the water drains at soil water potential
values close to zero predominantly because of large pores. Soils of intermediate texture on the
other hand may retain more water between soil water potential values of -0.3bars to -15 bars than

fine textured soils Slatyer (1967).

21



2.3.9 Morphological plant factors influencing crop water use

There are wide differences among plants of different species with respect to the depth, spread, and
amount of branching and therefore the extent of root surfaces. The larger the volume of soil
occupied by the root, the larger the volume of water available to it and the longer the plant can
survive without replenishment of soil water by rain or irrigation. Miller (1916) attributed the
greater drought resistance of sorghum to the fact that it has nearly twice as many fine roots as corn.
Slatyer (1955) likewise reported that sorghum has better-developed root system than cotton or
peanuts. Sorghum also maintains a higher level of turgor than cotton or peanuts when subjected to
drought. This presumably is largely because sorghum has a more extensive absorbing surface,

although better control of water loss may also be a factor Kramer (1969).

Taylor et al., (1934) concluded that plants can absorb enough water to replace transpiration losses

if one-fourth to one-half of the root system is in soil above permanent wilting percentage.

Plant rooting depth and density are among the main drought avoidance traits identified to confer
seed yield in chickpea under terminal drought environments (Subbarao et al., 1995).Shallow
rooted plants like tomatoes require relatively frequent water supply for optimum crop yield. Solar
radiation, temperature, wind, and relative humidity are the driving forces behind evapo-
transpiration and therefore determine water use by plants. In the rain fed environments, plant
rooting depth is often cited as an important factor because it has a major influence in determining
the potential supply of water from the deep soil and thus improves yield Krishnamurthy et al.,
(2003). Over a wide range of climatic conditions, the simple product of air temperature and

radiation can be used to estimate maximum tomato water use (Tan, 1980).
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Plants with certain unique morphological traits and features that make them cope better to stress
conditions and such plants are known to withstand heat stress better. Firstly, plant factor of
extreme importance in determining its level of water stress resistance is the nature of the
rooting system. Some plants develop long root length which has good ability to uptake water and
nutrients from the soil surface. Kamoshita et al., (2000) in a pot experiment observed that
genotypes with higher root length density at a depth of 30 to 40 cm extracted more soil water from

deeper soil during drought.

Others develop deep rooting systems also under water stress. Where some roots extend beyond
the bulk of the root system and absorb water against low soil moisture stresses, they may mask
the effects of relatively high soil moisture stresses occurring over the remaining part of the

root system.

Secondly, a key morphological feature of some plants like tomato that makes them withstand a
varying degree of drought is its apparent hairiness which can make it check transpiration to some
extent (Martin and Juniper, 1974). Thirdly, plants with small leave size are also known to be better
at withstanding stress by resisting water loss resulting from evaporation through shortening of its
stomata. Reduced plant size, leaf area and leaf area index are important adaptation mechanisms by
plants in enhancing water use efficiency and reducing injury in drought conditions (Mitchel et al.,

1998)

Lastly, other plants tend to survive harsh periods by changing the intensity of the physiological
processes and the position of organs or by rolling their leaves as may be found in grasses

(Fernandez and Castrillo, 1999; Kadioglu and Terzi, 2007; Saglam et al., 2008). Richards et al.,
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(2002), suggested that leaf rolling during period of drought may be important in maximizing

photosynthesis by reducing plant water loss.

2.4. 0 Heat tolerance and Biochemical Mechanisms for Heat Tolerance

Generally, the ability of an organism to survive heat stress within its tissues is known as heat
tolerance. The heat tolerance of higher plants differs directly with their natural habitat. Heat
tolerance in tomato is defines as the ability to set fruits under night temperatures above 21°C
(Villareal and Lai, 1978; Nkansah et al, 1994). In other crops like cabbage, the definition is based
on genetic basis which is said to be the ability to produce compact heads under mean temperatures

not less than 25°C (Opena and Lo, 1979).

Plants are subjected in one way or the other to several stress conditions that go a long way to
impede their smooth growth and development. Whilst some of these stresses on growth may be
due to biological factors such as diseases and pests conditions, others are as a result of abiotic
factors such as nutrient deficiencies, drought and salinity. Wang et al., 2003, observed that drought
and salinity were becoming particularly widespread in many parts of the world and have the
tendency to cause serious salinization of more than 50% of all arable lands by the year 2050.
Abiotic stress resulting from drought, salinization, flooding and high temperatures has been
reported to be one of the major causes of crop loss worldwide, reducing average yields for most
major crop plants by more than 50% (Wang et al., 2003). Among these stress factors, the impact
of water stress is very critical as it leads to reduced photosynthesis, respiration and ion uptake,
changes in the metabolic and growth patterns in the plant and in several cases results in plant death

(Jaleel, et al., 2009a)
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Plants have developed several responses that involve a series of physiological, biochemical and

molecular processes resort to during these unfavorable periods.

Acquired stress tolerance in plant is often a result of various stress-response mechanisms that act
coordinately or synergistically to prevent cellular damage and to reestablish cellular homeostasis

Wang (2003).

Elucidating the various mechanisms of plant response to stress and their roles in acquired stress
tolerance is thus of great practical and basic importance. Much research is devoted to some of the
major tolerance mechanisms, including ion transporters, osmoprotectants, free-radical scavengers,
late embryogenesis abundant proteins and factors involved in signaling cascades and

transcriptional control Wang (2003).

In order to survive various stresses that a plant may be subjected to, the plant has various
mechanisms. One of the most important mechanisms adopted by plants is the production of various

compounds like plant hormones among which is abscicic acid (ABA).

ABA is a naturally occurring compound in plants which is partially produced via the mevalonic
pathway in chloroplasts and other plastids. It is a sesquiterpenoid (15-carbon). The production of
ABA is stimulated by stresses such as water loss and freezing temperatures. Kermode (2005) also
attests to the roles played by Abscisic acid during periods of stress when he defined its function as
mediating plant responses to abiotic stresses, including drought, salinity, and low temperature, and

acts with other phytohormones to regulate plant growth.

Davies, 1995; Raven, 1992; Salisbury and Ross, 1992 suggested some physiological responses
known to be associated with the production of abscisic acid by plant as follows; stimulation of the
closure of stomata emanating from water stress; inhibition of shoot growth and under certain
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circumstances may even promote growth of roots for extraction of moisture further away from the
normal root zone; induction of seed dormancy; induction of gene transcription especially for
proteinase inhibitors in response to wounding. All these processes are important mechanisms that

facilitate plant tolerance for various stress conditions.

2.4.1 Effect of Abscisic Acid (ABA) and xylem sap pH in Plant Drought Resistance

Abscicic acid plays primary regulatory roles in plant’s response to stress, especially water stress. It
also interacts with auxin, cytokinin, gibberellins and ethylene, usually as an antagonist, to

influence many aspects of development and the response to stress Bacon (2004)

Levels of ABA fluctuate dramatically in specific tissues during development or in response to
changing environmental condition, whether or not this is ‘stressful’. Almost all cells can synthesis
ABA (Culter and Krochko, 1999), and it is transported around the plant via both xylem and the
phloem. As soils dries around the root these synthesis ABA. ABA in stressed roots do not only
maintain their growth rates such that they can continue to access water from the soil (Munns and
Sharp, 1993), but also increases root hydraulic conductivity (Glinka and Reindolf, 1971) by
,modifying root membrane properties such that they can take up more water per unit surface area.
Both effects of ABA in the root can lead to an increase in water use efficiency. Some of the ABA

synthesized in the roots is transported to the shoot with the xylem to accumulate in the leaves.

ABA can also be synthesized in the leaves experiencing soil drying-or air-drying-induced changes
in water status. This can accumulate in the leaf and/or be transported down to the root in the
phloem, and back to the shoot via the xylem. In the leaf, ABA induces stomatal closure, which is

one of the most important factors controlling transpirational water loss and one of the most
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important factors controlling transpiration water loss and water use efficiency under stressful
conditions. Mutants that lack the ability to synthesize ABA, exhibit permanent wilting because of
their inability to close their stomata. These have been termed wilty mutants, and examples include
flacca in tomato and Az34 in barley. The applications of exogenous ABA to such mutants restores

stomatal closure and shoot water status to wild-type levels (Imber and Tal, 1970).

ABA also induces reduction in leaf and stem growth rates, reducing the transpirable leaf surface
area and preserving water. ABA also greatly accelerates the senescence of leaves (Zacarias and
Raid, 1990), while ethylene induces their abscission. Both processes reduce the leaf surface area
over which water can be lost, thereby improving water use efficiency. ABA can also reduce the
xylem osmotic potential to increase water flux across the root or stem (Glinka, 1980). This helps to
prevent xylem embolism in stressed plants. ABA is arguably the most important stress response

hormone involved in the modulation of water use efficiency in plants.

2.4.2 How the ABA/pH signal works

An increase in xylem sap and/or bulk leaf ABA concentration is often associated with soil and/or
air water deficit and found to be required for the water-retentive response that occurs in the shoot
(stomatal closure or reduced leaf growth). However, in reality the ABA-based chemical signally
system is much more complex than a simple up-regulation of root (or shoot) ABA biosynthesis and
xylem ABA transport to the leaf. Decreases in stomatal aperture and leaf growth rate frequently
occur before any increase in the total, or bulk leaf ABA content can be measured (Cornish and
Zeevaart, 1985) and even before increases in xylem sap, ABA can be observed. Despite this the

response observed are still dependent on the presence of ABA in plant. This is because, the
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strength of the ABA signal perceived at its final site of action (taking the stomatal guard-cell
membrane as a particular example) is influenced in many ways along its journey from root to shoot
(and shoot to root), and does not always reflect coarser measurement of ABA concentration. This
means that arbitrary measurements of, for example, xylem sap ABA concentrations, are often not
indicative of the ABA concentration at its ultimate site of action, i.e. of that to which the stomata
respond. This has been elegantly demonstrated by Zhang and Outlaw (2001a), who were able to
measure the ABA concentration at its ultimate site of action, the tiny volume of liquid-filled space
around as single guard cell pair (the guard cell apoplast) as a separate sub-component of the bulk-
leaf apoplastic ABA concentration ( this being a sub-component of the total bulk tissue ABA
concentration) These authors found that mildly stressing Vicia faba L. roots could increase the
apoplastic guard-cell ABA concentration in the absence of a change in total bulk leaf or xylem sap
ABA concentration and even in the absence of a change in the bulk apoplastic ABA concentration.
The apoplastic guard cell ABA concentration correlated with changes in stomatal aperture most
effectively. Such localized changes in ABA are the result of factors that affect the extent to which

the cells of the leaf area able to ‘filter out’ a portion.

The ABA carried into the leaf by xylem vessels is less readily filtered out of the apoplast by the
cells of the leaf that it encounters on its passage towards guard cells. The concentration of ABA
that remains in the transpirational stream by the time it reaches the guard is cell is less affected,
and remains high enough to induce stomatal closure. All this can occur without an increase in
ABA input anywhere in the system. Thus, the pH change that occurs as soil (or air) dries can
function as a root (or leaf) sourced chemical signal that alerts the shoot of the need to conserve

water and increase its water use efficiency, and provides means by which to do so. As stress
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develops further, a combination of increased xylem ABA and sap alkalinzation will provide an

even stronger signal to the shoot than either signal could have done alone (Bacon, 2004).

As well as increasing the residence time of xylem-sourced ABA in the leaf apoplast (by reducing
the ability of leaf cells to remove ABA from the transpiration stream), a pH change can increase
the local (ABA) at the guard cells apoplast in other ways. A change in pH of the xylem sap can
gradually increase the ABA concentration in the xylem sap before it reaches the leaf in the absence
of de novo ABA synthesis, Bacon (2004). This comes about because the increase in sap alkalinity
induces ABA stored in the stem parenchyma to be released into the xylem lumen (Sauter and
Harting, 2002). It may also be the case that the greater proportion of the ABA synthesized in the
root (or transported to the root from the shoot) will enter the xylem vessels when the pH of the
xylem cell sap is higher. There is indirect evidence to support this hypothesis (Slovik et al. 1995).
In addition, root dehydration has been shown to increase the ability of the root cell to release the
ABA that they contain/synthesize, by causing cytoplasmic acidification (Daeter et al, 1993). This
may change the pH gradient over the root cell membrane in favour of ABA release to the root

apoplast, from where ABA can more easily enter the xylem vessels.

There is also some evidence to suggest that an increase in leaf apoplastic alkalinity will reduce the
export of ABA out of the leaf via the phloem, as loading of ABA into this transport conduit will
also depend on pH gradients (Jia and Zhang, 1997; Wilkinson and Davies, 2002). Some work
provides evidence to suggest that the increased pH of the leaf apoplast actually causes the release
of ABA from stores in leaf mesophyll cells (Hartung et al., 1983), to enrich the ABA in the
apoplast sourced from the root, the stem and the xylem. However this may only occur under more
severe stress when leaf-water deficits occur and leaf cell cytoplasm becomes acidified (Kaiser and

Hartung, 1981). This may be one way in which chemical and hydraulic signals interacts. The net
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result of all these pH-dependent processes is an accumulation of ABA to physiologically active
concentrations in the leaf apoplast adjacent to the guard cells, often in the absence of measurable
increases in the bulk tissue or even of xylem sap (ABA), and before shoot water status is affected
by the stress. In addition, non-pH mediated stress-induced increases in the ABA signal all
contribute to the raised guard cell apoplastic concentration. The obvious inclusion here is de novo
ABA synthesis in the root(or leaf), but there is also some evidence for a stress induced reduction in

the ability of the cells of both the root and the leaf to catabolise ABA(Liang et al., 1997)

In addition, stress-induced pH changes may be more pronounced when leaf apoplastic sap is
sampled, as opposed to xylem sap sourced from closer to the root system (Hoffmann and
Kosegarten, 1995). Liu et al. (2003) sampled sap from de-topped root. Measurement of xylem sap
pH in earlier studies in which de-toppd roots were sampled also have resulted in under-estimations

of the stress-induced pH change (Bacon et al., 1998).

2.4.3 Accumulation of proline in tissues as means of adjusting to water stress.

Wilson et al., 2009, observed that most plants adapt to low water potential (yw) that occur during
various forms of stress by resorting to several changes in their metabolite levels and the activity of
specific metabolic pathways. Much research work has been done in this area of plant response to
stress. Proline is known to accumulate in many plant species under a broad range of stress
conditions such as drought, salinity, and high-radiation intensity, heavy metals, and oxidative
stress. Proline accumulation can also be observed with other stresses such as high temperature and
under starvation (Sairam et al., 2002). The accumulation of proline in plant tissues is also a clear

marker for environmental stress, particularly in plants under drought stress (Routley, 1966).
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Proline is an amino acid that is produced by higher plants in response to stress in their growing
environment and its accumulation is one of the main metabolic responses to abiotic stress in plants.
Work done by Kaplan et al., (2007); Sharma and Verslues, (2010) showed that high levels of
Proline accumulation are typically seen in response to low water potential whilst reduced levels are
observed in direct response to salt or cold. Ben-Hassine et al., (2008); Parida et al., (2008); Evers
et al., (2010) also reported that Ecophysiological observations confirm the role of proline in
drought adaptation by heat tolerant plants. During periods of stress, this compound provides
intracellular protection against water loss, a process of profound economic and agronomic
importance. Stressed plants proline accumulation is believed to take place primarily in cytosol in
order to offset the imbalances in the osmotic potential of the vacuoles in which non-compatible

solutes like inorganic ion (particularly potassium ions) are impounded.

The importance of drought-induced proline accumulation by plants in times of drought and how it
facilitates drought resistance has attracted the attention of many research works. Traditionally,
proline has been thought of mainly as a compatible solute that accumulates as part of osmotic

adjustment (Voetberg and Sharp, 1991)

Szabados and Savoure,( 2010) found out that proline is involved in redox buffering and the storage
of energy and reductance. These vital roles are, however influenced by some vital factors such as
the spatial and temporal control of the synthesis and metabolism, which indicate whether there will
be a take-up or release of a reductance and energy at the requisite part of the plant and also time to

satisfy plants need (Sandeep, et al., 2010)

Proline synthesis is also thought to be a mechanism to regenerate NADP™ in the chloroplast and

thus prevent photoinhibition caused by a lack of appropriate electron acceptors (Hare and Cress,
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1997), there is strong evidence to support such a role in the root growth zone at low yw (Voetberg

and Sharp, 1991).

In Arabidopsis seedlings at low yw, osmotically significant levels of Pro (50—100 pumol g—1 fresh
weight, roughly equivalent to 50-100 mm) are routinely observed in our laboratory (Sharma and
Verslues, 2010). Such osmotic roles, as well as other potential roles in protecting cellular structure
or ROS detoxification, depend on high bulk levels of Proline and have led to a “more-is-better”
strategy of generating transgenic plants that constitutively overexpress P5CS1 or suppress PDH1
to increase Proline contents and, presumably, salt or drought resistance (Kishor et al., 1995; Zhu et
al., 1998; Nanjo et al., 1999a; Hong et al., 2000; Sawahel and Hassan, 2002; Parvanova et al.,

2004; Vendruscolo et al., 2007).

There are proposed roles, which depend on spatial and temporal control of Pro synthesis and
catabolism to either take up or release reductant and energy at the correct place and time to meet
the plant’s needs and do not lend themselves as well to the more-is-better theory of Pro
accumulation, that are known to be performed by Proline during periods of drought. Notable
among them are redox buffering and storage or transfer of energy and reductant (Szabados and
Savouré, 2010; Sharma and Verslues , 2010). Of particular interest is the fact that both P5SCS1 and
A1-PYRROLINE-5-CARBOXYLATE REDUCTASE (P5CR), which catalyzes the second step of
Pro synthesis, prefer NADPH to NADH as an electron donor (Zhang et al., 1995; Murahama et al.,
2001). It has been suggested that Pro synthesis could be a mechanism to regenerate NADP+ in the
chloroplast and thus prevent ROS production and photoinhibition caused by a lack of appropriate
electron acceptors (Hare and Cress, 1997; Hare et al., 1998; Szabados and Savouré, 2010; Verslues

and Sharma, 2010).
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2.5.1. Effects of High Temperature on Photosynthesis

High temperature has been known to play critical roles in the growth and yield of plants by
speeding up chemical reactions within the plant. Certain plants are better performers under
relatively adverse temperature environments such as that above or below the optimum required for
important physiological functions in plants. Heat tolerant tomatoes are cultivars which have the
ability to set fruits at night temperatures not lower than 21°C (Nkansah and Ito, 1994). Bar-Tsur et
al., (1985a) observed that heat tolerant tomato varieties have higher photosynthetic ability than
sensitive cultivars. The effects of high temperature on the photosynthetic functions of plants are
felt on its rate of chemical reactions and structural reorganization. Berry and Bjorkman, (1980)
reported that high temperatures are responsible for changes in the thylakoid membrane, altering
not only its physicochemical properties, but also its functional organization. High temperatures
alter the functioning of the oxygen-evolving system (Yamashita and Butler, 1968), resulting in
the release of functional manganese ions from the complex (Nash et al., 1985). Thomson et al.,

(1989) attributed this release to the reduction by peroxides or superoxides.

2.5.2 Effects of Temperature on Photosynthesis, Respiration and Transpiration

Photosynthesis is highly temperature sensitive, and biomass and yield are proportional to the
potential for crop photosynthesis (Loomis and Williams, 1963; Tollenaar and Bruulsema, 1988a).
Stomatal conductance is a process that is directly responsible for the ingress of carbon dioxide to
the leaf and may therefore be seen as the first point of control of crop photosynthesis. Temperature
induced stomatal closure does not appear to reduce photosynthesis as shown by the fact that

changes in stomatal conductance are not consistent with the response to of photosynthesis to
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temperature ( Slatyer, 1977); that is, stomatal conductance increases at temperatures that are high

enough to irreversibly damage photosynthesis (Bjorkman, et al,. 1975).

Although stomatal conductance does not directly appear to affect photosynthesis, it does help
regulate transpiration, which is most likely to affect the response of photosynthesis to heat stress
by modifying leaf temperature. In crops with an adequate supply of, moisture, canopy
temperatures may be as much as 8°C below the ambient as a result of transpirational cooling
(Reynold et al., 1994). This is in sharp contrast with stress resulting from drought or crops exposed
to high temperature, where leaf temperatures may be up to 15° above the ambient (Altschuler and
Mascarenhas, 1982). As a matter of fact, high temperatures will result in greater stress if

accompanied by drought induced stomatal closure.

The impact of high temperature in the yield and quality attributes of crops could be enormous
depending on the duration of exposure and the intensity. Most determinants of potential grain
number in wheat are highly sensitive to temperature and are reduced in proportion to duration of
preanthesis development. The number of tillers, and consequently ears per plant is reduced by
elevated temperature (Rawson, 1986), and both spikelets per ear and the number of florets per
spikelet tend to decrease as temperature rises above about 15% in the preanthesis period (Fischer
and Mauwer, 1976; Shpiler and Blum, 1986). Consequently, the potential number of grains/m? is
significantly reduced by increased temperature, and this generally results in severe yield losses, as
the reduction in grain number does not appear to be compensated for by an increase in individual

Kernel mass (Wardlaw et al., 1980)
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Elevated temperatures may reduce crop yield by three main mechanisms:

a.

If the increase in rate of organ production at elevated temperature is not as great as the
increase in rate of development, then elevated temperature may result in fewer organs or
phytomers being produced in each developmental phase.

If at elevated temperature, the increase in rate of growth of a given phytomer or yield
component is not commensurate with increase in rate of development , then the organ or
yield component will be reduced in size; and

Biomass and yield are frequently related to the total amount of radiation intercepted by the
crop (Loomis and Williams, 1963; Hunt and Pararajasin-ham, 1995), and by reducing the
duration of crop growth, and elevated temperatures reduce the time over which radiation

can be absorbed and, hence, cumulative radiation interception.
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CHAPTER THREE
3.0 MATERIALS AND METHODS

Two experiments were conducted in a greenhouse at the University of Ghana Forest and
Horticultural Crops Research Centre (FOHCREC), Kade between September 2012 and May, 2013.
FOHCREC-Kade is in the forest zone which is 114m above sea level on latitude 60.0854’N
and longitude 00.5400°’W and located in the Kwaebibrim District of the Eastern region of the
republic of Ghana. The dominant soil of the centre is the Haplic Acrisol (FAO/UNESCO, 1990).
The area which lies in the deciduous forest has an annual rainfall ranging between 1300-
1800mm (Nkansah et al., 2007: Ofosu-Budu, 2003). The area is subjected to marked wet and dry
season with a bimodal rainfall pattern. The two rainfall peaks make two growing seasons possible.
There is heavy rainfall in May-July, which is interrupted by a dry period of about two weeks in
August; this is followed by another period of heavy rainfall from September to October. Dry
season length is between 120 -130 days. Temperature ranges between 25-38°C. The experiment
was conducted in screen house with two different tomato varieties, the control (Pectomech) and a
heat tolerant variety (CLN 2001A/Nkansah Heat tolerant). The research was conducted twice with
the first one from September, 2012 to January 2013 and the second one from February 2013 to
May, 2013, which happens to fall within periods of high temperatures. The minimum and
maximum temperatures recorded in the screen house during the growing period was between 25

and 31°C respectively.
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3.1.0 Experimental Design and Layout

One hundred and eighty plants each of the control variety and heat tolerant tomato varieties were
used. Five water treatments were adopted. These include 250 ml, 500 ml, 750 ml, 1,000 ml and

1,250 ml /plant /week.
3.1.1 Planting and agronomic practices

In each of the experiments, seedlings were raised in seed boxes filled with a mixture of carbonated
rice husk and haplic acrisol soil series in a ratio of 1:3. Seedlings of uniform size and height were

transplanted into the poly bags when they were 3 weeks old.

The plants were grown in poly bags of 30 cm x 25 cm size filled with 6kg haplic acrisol soil
series from the University of Ghana Forest and Horticultural Crops Research Centre at Kade. The
growing medium had the following composition: Clay = 27.10%, silt = 29.92%, sand = 41.45%,
organic matter = 1.53%, p™=5.10, N = 0.13%, Total P = 26.5 Mg/kg, available P= 10.18 Mg/kgCa
= 2.40 Cmol/kg, K = 0.54 Cmol/kg, Mg = 0.80 Cmol/kg and Electrical Conductivity = 291.00

pS/cm. The plants were then arranged in a Completely Randomized Design.

In the first experiment, which was conducted between 28th September 2012 and 4™ January 2013,
sowing was done on 28" September 2012 and transplanted on the 19" of October, 2012.
Application of 15:15:15 NPK fertilizer at the rate of 3.00 g per plant was done on 26™ October
2012. The plants were staked on 2" November, 2012. First Harvesting and Weighing of fruits

were done on 24" December, 2012.

In the second experiment sowing of the seed was done on 4™ February, 2013 and transplanted on

25™ February 2013. Application of 15:15:15 NPK fertilizer at the rate of 3.00 g per plant was done
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on 18™ March, 2013. Each plant was staked on the 25" of March, 2013. First harvesting and

weighing of fruits were done on 27" April, 2013.

3.1.3 Determination of relative water content

Five matured leaves from newly developed and expanded leaves per treatment were used. The
fresh weight per leaflet was recorded after which the leaves were floated on distilled water at light
compensation point at room temperature for at least 24 hours. They were then blotted dry and their
turgid weights determined. They were then oven- dried under a temperature of 75% for 48hours

and their dry weights recorded.

The relative water content (%) was calculated from the formula below:

Wr-wd
We—wd

RWC(%) = x 100

Where,

RWC= relative water content, W;= Leaf fresh weight (g), Wq= leaf dry weight (g)

W= leaf turgid weight (g)

3.1.4 Determination of plant height, diameter and leaf number

Plant height (cm) was measured with a measuring tape, stem diameter with a verneer caliper (cm)
and number of leaves counted. Measurements were done four weeks (vegetative stage) and nine

weeks (flowering stage) after transplanting.
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3.1.5 Determination of chlorophyll content

Ten plants per treatment were selected for the chlorophyll content determination. The chlorophyll

meter was employed in recording 10 leaves per plant after which the average was recorded.

3.1.6 Determination of Relative growth rate (RGR), Net Assimilation Rate (NAR), Leaf Weight

Ratio (LWR), Specific Leaf Area (SLA) and Leaf Area Ratio (LAR)

Three destructive samplings were conducted whereby the fresh weight of the plant was taken
before being oven-dried for 76hours. The dry weight of the plants was then recorded after oven
drying. The leaf area of the plants was determined using a Leaf Area Meter (Leaf area meter,

YMJ-A, Japan)

The following formulae were used to calculate the different growth indices;

ETII-F}E — InWi LV}C — Wi E‘I‘lﬂf —InAl

NAR = X , L.A
TPDW
LA LDW
SLA=—— LWR=
LDW TPDW
Where;

RGR= Relative Growth Rate, NAR= Net Assimilation Rate, LAR= Leaf Area Ratio, SLA=
Specific Leaf Area, LWR= Leaf Weight Ratio, W¢= final dry weight, W;= initial dry weight

As=leaf area at reproductive stage, A; =Leaf area at vegetative stage

T, _T1= Time lapse between the vegetative stage and reproductive stage.
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3.1.7 Determination of shoot:root ratio

Five plants each from the five respective treatments were taken and the loose soil completely
washed from the roots. The plants were then blotted remove water from the roots after which the
root was severed, at the soil line, from the shoot. The individual roots and shoots were bagged
separately and oven-dried for 76 hours at a temperature of 75°C. The dried roots and shoots were
then weighed on weighing scale and the weights recorded accordingly. The shoot:root ratio was

determined as the ratio of shoot/root.

3.1.8 Determination of fruit number and fruit weight

Fruit weight (kg) and fruit number were recorded each time harvesting was done. Ten fruits plants
per treatment per replication for both varieties were used. The mean of the ten plants was used to
determine the fruit weight and number of fruits per plant. The fruit weight was determined by
selecting 10 fruits per treatment each time harvesting was done and weight determined on the

weighing scale and the average weight recorded.

3.1.9 Fruit quality determination
3.1.10 Sample preparation

Ten fruits per treatment per replication for both the heat tolerant variety and the control were
randomly selected. The selected fruits were then cleaned, cut opened and macerated in a blender.
Samples from the macerated material were used for the determination of the fruit quality

parameters: pH and Soluble solids.
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3.1.11 Determination of soluble solids content

A thin film of the macerate tomato samples was smeared on a brix Hand Refractometer and the

soluble solids content read as percentage sugar.

3.1.12 Determination of pH

A thin film of the macerated fruits applied on the pH meter whereby the pH readings recorded

accordingly.

3.1.13 Determination of free proline

Tomato leaves and roots were used for proline analysis in this study. Free proline in the plant parts
was determined with method according to Bates et al., (1973) with some modifications. 0.1g of
leaves and roots of the tomatoes were weighed and put in a test tube. 10ml of CaCl, was added to
each test tube and put into water baths at different temperatures (4, 25, 35 and 45°C) for 24 hours.
Samples were then harmonized with 1ml of 3% (w/v) sulfosalicyclic acid 0.5 ml of the supernatant
0.5ml of acid ninhydrin and 0.5 ml of glacial acetic acid were mixed in a test tube and reacted in
water bath/heater at 100°C for | hour. The reaction was completed by cooling in an ice bath. 1ml of
toluene was added to the mixture. The mixture was then shaken vigorously and left for a while.

1ml of the upper layer was collected and measured with a spectrophotometer at Asxo.
3.1.14 Determination of Number of Seeds per fruit/seed quality

Ten fruits per treatment per replication were randomly selected and the seeds extracted and the
number recorded. 50 seeds per treatment were subjected to germination test and the number of
seeds that germinated per treatment also recorded to assess the germination percentage as a

measure of seed quality.
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3.1.15 Germination test

Seeds were extracted from twenty fruits per treatment and then fermented in pulp and juice at
ambient temperature for two days after which the seeds were dried on tissue paper. Germination
test was conducted by placing 25 seeds each form the various treatments in each petri dish on two
layers of Whatman No.1 filter paper moistened with deionized water and covered. The germination
of seeds was counted daily for 8 days. Seed germination count started from the 8™ day after sowing
and a seed was considered as germinated when 3-4 cm long radicle was visible outside the seed

coat (Fernandez and Johnston 1995).
3.1.15 Statistical analysis

Data was subjected to analysis of variance (ANOVA) using the statistical program GenStat®
version 11.1. Treatment means were separated using Fisher’s protected T-test least significant

difference (LSD) at 5% level of significance.
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4.0 CHAPTER FOUR

4.11 Comparisons of Relative Growth Rate (RGR), Net Assimilation Rate (NAR), Specific Leaf

Area (SLA), Leaf Weight Ratio (LWR) and Leaf Area Ratio (LAR).

The results in Tables 1, 2, 3, 4 and 5 indicate that different watering regimes significantly affected
RGR, NAR, SLA, LWR and LAR of the heat tolerant and non-heat tolerant tomato cultivars.
There were significantly differences between the two cultivars. Pectomech had significantly higher

RGR, NAR, SLA, LWR and LAR compared to the heat tolerant cultivar (Tables 1, 2, 3, 4 and 5).

The effect of different watering regimes on RGR, SLA, NAR and LAR in the heat tolerant variety
follows a unique trend. It was observed that the secondary response variables increased from 250
ml treatment to 750 ml and decreased with increased water application. The least values was
recorded at the maximum watering regime of 1,250 ml. This trend is in a sharp contrast with the
control (Pectomech) that generally followed a trend of increasing growth which finally peaked at
the highest watering regime of 1000 - 1,250 ml (Tables 1, 2, 4 and 5) with the exception of NAR
which peaked at 750 ml treatment (Table 3). Significant interactions were observed between

cultivars and watering regimes.

The heat tolerant variety appears to perform badly under high water regimes unlike the control that
responded favourably and even perform better with increasing water supply. This can be attributed
to the fact that the control (Pectomech) had higher leaf area compared to the heat tolerant cultivars
hence more light interception leading to the higher growth rates of the former and also of the fact
that the growing conditions favoured the control than the heat tolerant cultivar. The minimum and
maximum temperature recorded during the growing period was between 25°C and 31°C. Heat

tolerant tomatoes are reported to grow best at temperatures between 30°C -35°C and night
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temperatures above 21°C (Nkansah, 1994). The growing conditions may have accounted for the

lower growth rates of the heat tolerant cultivar.

The interplay of RGR, NAR, SLA, LAR and LWR in determining plant growth has been well
researched into with thrilling results. Correlation between LAR and RGR has been found to be
very tight. As plant invests more in leaf area development (LAR), the higher the total carbon gains
hence a faster growth (RGR). Konings (1989) also explained that an increase in NAR may require
an increased rate of photosynthesis by extra investment in photosynthetic apparatus thereby
decreasing SLA. Low SLA values reduces the amount of leaf area thereby impeding the light

interception and ultimately photosynthetic carbon gain with a resultant low RGR.

High RGR observed in the Pectomech could be attributed to varietal differences as the Pectomech
was characteristically bigger leave size and taller than the CLN2001A. It was observed that the
RGR had a close link with the NAR as any increase observed in the RGR resulted in
corresponding increase in LAR (Tables 1 and 2). The close association identified between RGR
and NAR is attributed to a positive relationship between RGR and photosynthetic rate per unit leaf

area (Konings, 1989)

Table 1 Means of relative growth rate of heat tolerant tomato (CLN2001A) and non-heat tolerant
tomato variety (Pectomech) cultivars at different watering regimes.

RGR (mg g™ day™)

Watering regime (ml) CLN2001A Pectomech
250 0.20 0.31

500 0.37 0.53

750 0.31 0.60

1,000 0.25 0.56

1,250 0.18 0.61

LSD (5%) 0.04
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Table 2 Means of Net Assimilation Rate of heat tolerant tomato (CLN2001A) and non-heat
tolerant tomato variety (Pectomech) cultivars at different watering regimes.

NAR (gcm™day ™)

Watering regime (ml) CLN2001A Pectomech
250 2.32 3.87

500 4.09 4.51

750 4,52 6.71

1,000 1.04 7.53

1,250 1.47 8.38

LSD (5%) 0.83

Table 3 Means of Specific Leaf Area of heat tolerant tomato (CLN2001A) and non-heat tolerant
tomato variety (Pectomech) cultivars at different watering regimes.

SLA (cm®g™)

Watering regime (ml) CLN2001A Pectomech
250 2.32 3.86

500 4.09 4,51

750 4.52 6.70

1,000 1.07 7.53

1,250 1.47 8.71

LSD (5%) 0.06

Table 4 Means of Leaf Weight Ratio of heat tolerant tomato (CLN2001A) and non-heat tolerant
tomato variety (Pectomech) cultivars at different watering regimes.

LWR

Watering regime (ml) CLN2001A Pectomech
250 0.48 0.37

500 0.55 0.55

750 0.49 0.47

1,000 0.43 0.58

1,250 0.37 0.58

LSD (5%) 0.11
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Table 5 Means of Leaf Area Ratio of heat tolerant tomato (CLN2001A) and non-heat tolerant
tomato variety (Pectomech) cultivars at different watering regimes.

LAR
Watering regime (ml) CLN2001A Pectomech
250 1.44 2.16
500 2.16 2.08
750 2.34 3.78
1,000 4.62 2.93
1,250 3.33 3.96
LSD (5%) 0.83

4.1.2 Comparisons of means of proline contents in the root and the leaf of heat tolerant tomato
and non-heat tolerant tomato cultivars

Tables 6 and 7 show that different watering regimes significantly affected the level of proline
accumulation in the leaf and roots of both the heat tolerant and non-heat tolerant tomato cultivars.
Proline accumulation decreased with increased watering regimes in the root of both the heat
tolerant and the control cultivars (table 6) while the leaf proline decreased from 250 ml to 1,000 ml
and increased at 1,250 ml treatment (table 7). It was highest at 250 ml treated plants compared
with the other treatments. In both the leaf and the root, higher amounts of proline were recorded
in the plants supplied with the least volume of water whilst those provided with the highest water
volume produced the least proline content with the exception of leaf at treatment 1,250 ml. In the
roots, the 250 ml applied to heat tolerant (CLN2001A) tomato produced 0.52 mg/ml of proline as
against the 0.32 mg/ml accumulated with the application of the 1,250 ml treatment. Generally,
from the study, proline accumulation in the roots was much higher than that of leaves for both
cultivars. This could be explained by the fact that the root is the first plant part to sense conditions
of different watering regimes in the growing environment. It is a common knowledge that, plants

under various forms of stress response produce significant amount of osmo-protectant like proline.
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During the process of adjustment, the expression level of the gene encoding pyrroline-5-
carboxylate synthetase (P5CS), a component of proline synthetic pathway, is also increased
(Ishitani et al. 1995). Proline content in plants under different watering regimes is frequently
observed in several species (Clifford et al., 1998; Bajji et al., 2001) and may act as a regulatory or
signaling molecule to activate multiple responses that are part of the adaptation process (Maggio et

al., 2002; Claussen,2005).

Table 6 Means of means of proline accumulation in the root of heat tolerant tomato (CLN2001A)
and non-heat tolerant tomato variety (Pectomech) cultivars at different watering regimes.

Root proline (mg/ml)

Watering regime (ml) CLN2001A Pectomech
250 0.52 0.50

500 0.47 0.47

750 0.46 0.38

1,000 0.46 0.38

1,250 0.32 0.29

LSD (5%) 0.04

Table 7 Means of means of proline accumulation in the leaf of heat tolerant tomato (CLN2001A)
and non-heat tolerant tomato variety (Pectomech) cultivars at different watering regimes.

Leaf proline (mg/ml)

Watering regime (ml) CLN2001A Pectomech
250 0.32 0.24

500 0.26 0.25

750 0.25 0.22

1,000 0.21 0.20

1,250 0.26 0.23

LSD (5%) 0.07
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4.1.3 Comparisons of means of relative water content at 4 and 9 weeks after transplanting in
heat tolerant and non-heat tolerant tomato cultivars at different watering regimes.

Data in tables 8 and 9 indicate that there were no significant differences between the watering
regimes of 500 ml to 1,250 ml. They (500 ml to 1,250 ml) were all significantly different from the
250 ml watering regime. The same applies to the varieties. Pectomech had lower relative water
content than the CLN2001A. The heat tolerant variety, CLN2001A, has proved to be able to retain
higher amount of relative water in situation of water stress. This is consistent with findings by
Besset et al., (2001) when he reported that drought resistant crop varieties showed consistently
higher leaf water potential in their tissues than susceptible types under soil moisture deficit.

Plant leaf water status, as measured by relative water content, plays vital functions in metabolism
(Sinclair and Ludlow, 1985). Matin et al,. 1989, proposed that relative water content is an
important criterion for drought tolerance in barley. Slatyer (1955), observed that a reduction by 5%
in RWC led to reduction in photosynthesis by 40 to 50%. Generally, plants growth and
development is retarded under stressed conditions such as that of different watering regimes as a
result of the impairment of vital physiological and metabolic functions. Microscopic investigations
of dehydrated cells reveal damages, including cleavage in the membrane and sedimentation of
cytoplasm content (Blackman et al. 1995).

Table 8 Means of Relative water content of heat tolerant tomato (CLN2001A) and non-heat
tolerant tomato variety (Pectomech) cultivars at the vegetative stage (4 weeks after transplanting)
at different watering regimes.

Relative water content (%)
Watering regime (ml) CLN2001A Pectomech
250 89.77 86.42
500 92.99 92.38
750 92.98 92.55
1,000 94.30 92.83
1,250 95.29 94.55
LSD (5%) 2.50
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Table 9 Means of Relative water content of heat tolerant tomato (CLN2001A) and non-heat
tolerant tomato variety (Pectomech) cultivars at the reproductive stage (9 weeks after
transplanting) at different watering regimes.

Relative water content (%)
Watering regime (ml) CLN2001A Pectomech
250 73.92 71.55
500 81.76 84.17
750 87.08 92.23
1,000 94.14 94.46
1,250 95.22 95.71
LSD (5%) 6.54

4.1.4 Comparisons of means of plant height at 4 and 9 weeks after transplanting in heat tolerant
and non-heat tolerant tomato cultivars at different watering regimes.

Table 10 Means of Plant heights of heat tolerant tomato (CLN2001A) and non-heat tolerant
tomato variety (Pectomech) cultivars at the vegetative stage (4 weeks after transplanting) at
different watering regimes.

Plant height (cm)

Watering regime (ml) CLN2001A Pectomech
250 16.00 21.38

500 23.70 28.10

750 24.38 28.06
1,000 25.30 31.30
1,250 17.70 33.40

LSD (5%) 4.70

Table 11 Means of Plant heights of heat tolerant tomato (CLN2001A) and non-heat tolerant
tomato variety (Pectomech) cultivars at the reproductive stage (9 weeks after transplanting) at
different watering regimes.

Plant height (cm)

Watering regime (ml) CLN2001A Pectomech
250 64.22 72.56

500 69.12 83.36

750 71.08 80.65
1,000 83.25 81.43
1,250 68.90 89.26
LSD (5%) 3.06
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4.1.5 Comparisons of means of shoot: root ratio of heat tolerant and non-heat tolerant tomato
cultivars 4 and 9weeks after transplanting

The result in Tables 12 and 13 indicate that different watering regimes did not significantly affect
shoot: root ratio of both the CLN2001A and the Pectomech 4 weeks after transplanting. At the
reproductive phase, however, the CLN2001A (heat tolerant) cultivar was significantly affected
unlike the Pectomech cultivar that did not show any significant response to different watering
regimes. Numerically, plants that received the least amount of water of 250 ml produced the lowest
shoot: root ratio whilst the plants that were supplied with more water recorded a higher shoot:root
ratio. This phenomenon is consistent with work done by McMichael and Quisenberry, (1991) in an
experiment that indicated a decrease in shoot:root ratio when cotton was subjected to drought.
Plant exhibit increased root length during decreased watering regimes conditions in order to get
deeper water from the ground. The partition of assimilates between roots and shoot is well
regulated and coordinated in the healthy growing plant. The partitioning of assimilates between
roots and shoots is very important in plant growth and development as it determines the overall
rate of dry matter production since it affects the leaf weight ratio and hence the relative growth
rate. The importance of shoot:root ratio in the study of plants cannot be over emphasized as a
result of the interdependence between them in influencing growth. Stikic et al., 2003 observed that
when tomato plant was subjected to partial root drying, there was reduction in the growth of both

the stem and leaves, whilst root development was increased.
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Table 12 Shoot: root ratio of heat tolerant tomato (CLN2001A) and non-heat tolerant tomato
(Pectomech) cultivars at the vegetative stage (4 weeks after transplanting) at different watering
regimes.

Shoot: root ratio

Watering regime (ml) CLNZ2001A Pectomech
250 7.83 8.12

500 7.71 7.87

750 8.13 9.49

1,000 10.50 8.12
1,250 8.61 9.95

LSD (5%) 4.47

Table 13 Shoot: root ratio of heat tolerant tomato (CLN2001A) and non-heat tolerant tomato
(Pectomech) cultivars at the reproductive stage (9 weeks after transplanting) at different watering
regimes.

Shoot: root ratio

Watering regimes (ml) CLN2001A Pectomech
250 10.16 12.46

500 15.51 12.96

750 16.12 14.37
1,000 15.10 13.49
1,250 15.22 14.01
LSD (5%) 2.48

4.1.6 Comparisons of means of vegetative and reproductive leaf number of heat tolerant
tomato and non-heat tolerant tomato (Pectomech) at different watering regimes

Results in Tables 14 and 15 shows that both the heat tolerant and the control variety responded
significantly to different watering regimes in terms of the number of leaves produced during the
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vegetative and reproductive phases of growth. At the vegetative stage, leaf number decreased as
watering regimes increased up to 1,250 ml. Increasing water supply to the plant appears to rather
impede the smooth growth and development of new leaves as a result of the anaerobic conditions
introduced by the excessive water at that treatment leading to reduced number of leaves per plant.
At the reproductive stage, on the other hand, the plants appear to produce more leaves as the
volume of water supply was increased. This could be attributed to the fact that the plant has
increased in size and therefore doing better under increased water supply. Work done by Hsiao et
al., (1985) indicates that leaf expansion in several species is observed when grown in conditions of
optimum moisture. Krieg and Sung (1986) also determined that decreases the number of leaves on
sympodial branches of cotton. Leaf expansion in several species has been shown to be sensitive to
different watering regimes (Hsiao, 1973).

Table 14 means of number of leaves per plant of heat tolerant tomato (CLN2001A) and non-heat

tolerant tomato (Pectomech) cultivars at the vegetative stage (4 weeks after transplanting) at
different watering regime.

watering regime (ml) Number of leaves
CLN2001A PECTOMECH
250 10.33 9.67
500 11.33 10.00
750 8.67 6.33
1,000 9.33 8.33
1,250 7.00 5.67
LSD (5%) 3.3
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Table 15 Means of number of leaves per plant of heat tolerant tomato (CLN2001A) and non-heat
tolerant tomato (Pectomech) cultivars at the reproductive stage (9 weeks after transplanting) at
different watering regimes.

Number of leaves

Watering regime (ml) CLN2001A PECTOMECH
250 14.33 12.00

500 17.00 14.00

750 17.67 17.67

1,000 17.67 15.67

1,250 12.67 18.00

LSD (5%) 3.93

4.1.7 Comparisons of means of stem diameter of heat tolerant and non-heat tolerant tomato
cultivars as influenced by different watering regimes.

Stem diameter did no differ significantly between the two cultivars irrespective of the amount of
water supplied (Tables 16 and 17). However, at the reproductive stage of growth (9weeks after
transplanting) the different watering regimes significantly affected the stem diameter of both the
heat tolerant (CLN2001A) and the control (Pectomech). The heat tolerant cultivar recorded a

significant increase in stem diameter at 750 ml of water compared to the other treatments.

The control (Pectomech) on the other hand, recorded the highest stem diameter value of 0.55cm at
a watering regime of 1,250 ml. This result indicates that provision of water beyond 750 ml to the
heat tolerant (CLN2001A) cultivar will impart negatively to the plant in terms of stem diameter

possibly leading to weaker stems that are prone to logging.
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Table 16 Comparisons of means of stem diameters of heat tolerant tomato (CLN2001A) and non-
heat tolerant tomato (Pectomech) cultivars at the vegetative stage (4 weeks after transplanting) at
different watering regimes.

Watering regime (ml) Stem diameter (cm)
CLNZ2001A PECTOMECH

250 0.444 0.491

500 0.432 0.484

750 0.428 0.493

1000 0.435 0.468

1250 0.437 0.464

LSD (5%) 0.1072

Table 17 Comparisons of means of Stem diameters of heat tolerant tomato (CLN2001A) and non-
heat tolerant tomato (Pectomech) cultivars at the reproductive stage (9 weeks after transplanting) at
different watering regimes.

Watering regime (ml) Stem diameter (cm)
CLN2001A PECTOMECH

250 0.48 0.47

500 0.48 0.52

750 0.51 0.55

1000 0.44 0.55

1250 0.44 0.56

LSD (5%) 0.076

4.1.8 Comparisons of means of total chlorophyll content of heat tolerant and non heat tomato
cultivars as influenced by different watering regimes

Table 7 shows that different watering regimes significantly affected the chlorophyll contents in the
leaves of both the CLN2001A and the control (Pectomech) cultivars. Cultivar differences were
observed. For the CLNZ2001A cultivar, increasing the water levels resulted in increase of
chlorophyll content from 11.15 mg/g in the 250 ml treatment to 17.97 mg/g at 750 ml treated
plants. The least chlorophyll content was recorded at the highest watering regime level. This
decline could be attributed to the fact that different watering regimes, both in terms of its excess

and deficit water level at that treatment was in excess of the plants requirement and therefore led to
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the breakdown of the chlorophyll. The Pectomech cultivar also responded in like manner with
increasing chlorophyll level being recorded as water supply increased until it peaked at 22.74mg/g
when 1,000 ml of water was supplied beyond which a decline began to manifest with a resultant
18.60 mg/g chlorophyll level being recorded. This result is in agreement with Montagu and Woo,
(1999) and also Nilsen and Orcutt, (1996) who stated that water deficit can destroy the

chlorophyll and prevent its making.

The adverse effect of different watering regimes on chlorophyll concentration has previously been
shown for young peach trees by Steinberg et al. (1990). The reductions in chlorophyll
concentrations (due to leaf senescence, according to Kirnak et al. (2001), Dhindsa et al. (1981),
Chen et al,. (1991) is associated with the increased electrolyte leakage from plant leaves during
stresses. The significant effect of water treatment on the chlorophyll content on the heat tolerant
variety and the control has a far reaching impact on the plant growth and productivity as declining
chlorophyll content as observed with increased water content beyond a certain threshold will mean
reduced photosynthetic ability of the plant. Kirnak et al., (2001) reported that water deficit
significantly decreases chlorophyll content just as stress resulting from excess water supply
reduces total chlorophyll by 55%.

Table 18 Comparison of means of total chlorophyll content of heat tolerant tomato (CLN2001A)
and non-heat tolerant tomato (Pectomech) cultivars, 9 weeks after transplanting, at different
watering regimes.

Watering regime (ml) Chlorophyll content (mg/g)
CLN2001A PECTOMECH

250 11.15 14.53

500 15.41 16.63

750 17.97 19.20

1,000 11.75 22.74

1,250 8.49 18.60

LSD (5%) 4.212

55



4.2.1 Fruit qualities (pH and Brix) of Heat Tolerant and non-heat tolerant tomato
cultivars as influenced by different watering regimes.

The results in Table 8 show that the effect of different watering regimes within the heat
tolerant tomato cultivar were not significant but significant in Pectomech. The pH (4.36)

in Pectomech was highest at the highest watering regime of 1,250 ml.

Soluble solids (Brix) differed significantly with different applications of watering regimes
(Table 9). Treatment at 250 ml watering regime recorded the lowest Brix level whilst the
500 ml treatment yielded the highest Brix for the CLN2001A cultivar but Pectomech
produced the highest brix value of 8.5 at when 750 ml of water was supplied. Of the two
varieties, the Pectomech produced the highest brix value of 8.5% unlike the CLN2001A
that produced the highest brix value of 5.07% and this indicates varietal differences

between the two verities.

It was observed in both cultivars that soluble solids content decreased beyond a certain
level (750 ml for Pectomech and 500 ml for CLN2001A) as the water treatments levels
increased. This also shows that heat tolerant and non-heat tolerant tomato cultivars
respond differently to different watering regimes. The taste quality of tomato is largely
influenced by the contents of soluble sugar and organic acid and their ratio (Dorais et al.,
2001). Bucheli et al., (1999) observed that higher contents of soluble sugar and organic
acid in tomato is an attribute of better fruit taste and quality. Warner et al,. (2004) studied
the effect of water stress on tomatoes and concluded that total soluble solids (%) was
negatively affected by irrigation water quantity. This could be attributed to the fact that
high fruit water content reduces the sugar concentration in the fruit thereby leading to a
declining brix level. Generally, the Pectomech recorded higher brix figures than the

CLN2001A at all stress levels.
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Table 19 Comparisons of means of fruit pH of heat tolerant tomato (CLN2001A) and non-
heat tolerant tomato (Pectomech) cultivars at different watering regimes.

Watering regime(ml) Ph
CLN2001A PECTOMECH

250 4.31 3.62

500 4.08 4.32

750 4.20 4.29

1,000 4.12 4.29

1,250 4.18 4.36

Lsd (5%) 0.71

Table 20 Comparisons of means of Soluble Solids (Brix) of heat tolerant tomato and non-heat
tolerant tomato cultivars at different watering regimes.

Watering regime (ml) Brix %
CLNZ2001A PECTOMECH

250 3.50 5.43

500 5.07 5.10

750 4.77 8.50

1,000 4.27 5.40

1,250 4.00 4.13

LSD (5%) 0.66

4.3.0 Yield of Heat Tolerant Tomato as Influenced by different watering regimes

4.3.1 Comparisons of means of fruit numbers and weights of heat tolerant and non-heat tolerant
tomato as influenced by different watering regimes.

Results in Tables 21 and 22 indicate that different watering regimes significantly affected fruit
number and yield of both the heat tolerant tomato and the control cultivars. Birhanu and Tilahun
(2010) observed similar responses to water stress when he reported decreases in number and sizes

of tomato fruits from plants subjected to water stress. Cultivar differences were significant. The
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heat tolerant cultivar recorded the highest fruit number at 500 ml treatment whilst that of the
control at was attained at 1,250 ml. This indicates that continuous supply of water to the heat
tolerant variety beyond the 500 ml mark was detrimental to the plant in terms of the number of
fruits production unlike the control whose maximum number of fruit production was attained at the
watering regime of 1,000 ml and 1,250 ml. In terms of fruit weight, the heat tolerant cultivar
recorded the highest fruit weight at 500 ml watering regime while the control or Pectomech
recorded the highest fruit weight between 1,000 ml — 1,250 ml treated plants (Figure 13). The
lower fruit numbers and fruit weight at the least watering regimes agrees with the findings of

Singh et al., (1988) who observed a significant reduction in yield of drought stressed plant.

Table 21 Means of number of fruits per plant of heat tolerant tomato (CLN2001A) and non-heat
tolerant tomato variety (Pectomech) cultivars at different watering regimes.

Number of fruits per plant

Watering regime (ml) CLN2001A Pectomech
250 4.79 2.02

500 13.79 2.89

750 12.79 4.02

1,000 7.87 5.20

1,250 4.41 5.33

LSD (5%) 1.93

Table 22 Means of Fruit Weight of heat tolerant tomato (CLN2001A) and non-heat tolerant
tomato variety (Pectomech) cultivars at different watering regimes.

Fruit weight per plant (g)
Watering regime (ml) CLN2001A Pectomech
250 3.79 5.91
500 11.61 16.11
750 9.97 17.57
1,000 8.08 37.48
1,250 8.44 36.73
LSD (5%) 1.47
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4.4.1 Comparison of means number of seeds per fruit of heat tolerant and non-heat tolerant
tomato cultivars as influenced by different watering regimes.

Table 23 shows that the number of seeds per fruit was significantly affected by the water
treatments the plants were subjected to. Cultivar differences were significant. The heat tolerant
variety recorded the highest seed number per fruit at 1,000 ml while that of Pectomech was highest
at 1,250 ml treatment.  Singh, 1995, in his study on effect of water stress on dry bean observed
that when water stress is imposed during the flowering and pod filling periods reduced seed yield.
Ethylene and ABA are senescence and hormones produced under stress conditions and can
hamper fruit and seed development (Davies, 2010).

Water deficit after anthesis influences grain size, although grain number per ear is also reduced if
the deficit occurs in the first two weeks after anthesis (Fischer 1973). In assessing the effect of
different watering regimes on seed yield in soybean, Dornbos et al., (1989) reported that seed yield

were reduced significantly by drought imposed during the pod filling period.

Table 23 Comparison of means of number of seeds per fruit of heat tolerant tomato (CLN2001A)
and non-heat tolerant tomato (Pectomech) cultivars at different watering regimes.

Watering regime (ml) Number of seeds per fruits
CLNZ2001A PECTOMECH
250 3.33 2.00
500 10.00 4.00
750 13.00 6.33
1,000 14.00 6.67
1,250 9.00 10.33
Lsd (5%) 3.23
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4.4.2 .Comparisons of means of percentage seed germination of heat tolerant (CLN2001A) and
non-heat tolerant (Pectomech) tomato cultivars as influenced by different watering regimes.

Results in Table 24 indicate that different watering regimes significantly affected percentage seed
germination in both the heat tolerant and control cultivars. Cultivar differences were also observed
to be significant. The result indicates that as more water was supplied to the plant percentage seed
germination increased from 36% to 81% for the heat tolerant variety and 26.7% to 84% for the
control. Simiciklas et al.,.(1989) investigated the effect of different watering regimes on soybean
and reported that when the stress occurs during the seed filling period, there was a reduction in

seed quality as assessed by germination test.

Table 24 Mean percentage seed germination of Heat tolerant tomato (CLN2001A) and non-heat
tolerant tomato (Pectomech) cultivars at different watering regimes.

Percentage seed germination

Watering regime (ml) CLN2001A PECTOMECH
250 36.70 26.70

500 73.70 60.30

750 81.00 72.70

1,000 82.00 80.70

1,250 81.70 84.00

Lsd (5%) 14.11
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION

In general it was observed that the heat tolerant cultivar or line had lower growth rates in terms of
leaf area, relative growth rate, net assimilation rate and leaf weight ratio compared to the non-heat
tolerant one. The non-heat tolerant tomato cultivar was found to be a better carbohydrate producer
at the normal temperature regimes in which they were cultivated. Cultivar differences were
observed when they were subjected to varying watering regimes in terms of growth, yield and fruit
quality. The heat tolerant cultivar was found to have the highest relative growth rate at 500 mi
treatments while that of the non-heat tolerant was highest at 1,000 ml indicating cultivar
physiological differences. The study also reveals that tqlhe heat tolerant cultivar did not thrive
well under high watering regimes unlike the control Pectomech. Thus, the water requirements for

heat tolerant tomatoes may be different from that of non-heat tolerant tomato cultivars.

In terms of yield (the number of fruits per plant) the heat tolerant tomato cultivar had the highest
fruit number at a watering regime of 1,000 ml with an average of 14 fruits whilst the control gave
the lowest number of fruits at the 5.3 fruits per plant at the maximum irrigation volume of 1,250
ml. At the highest water stress level of 250 ml, the heat tolerant cultivar produced higher fruits
numbers of 4.41 whilst the control produced 2.02 fruits at that same watering level, indicating that

the CLN2001A tolerates drought better than the control (Pectomech).
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The study revealed that the quality of the fruits was significantly affected by different watering
regime treatments. There was a general decrease in quality attributes of the fruits as the water
regime increased. For example, the highest sugar content (Brix) value of 5.07% for the heat
tolerant variety (CLN2001A) was attained at the relatively low watering regime of 500 ml and then
begun to decrease as more water was supplied until a low brix value of 4.00 was attained at 1,250
ml watering level. The Pectomech, however, recorded the highest brix value of 8.50 at a watering
regime of 750 ml after which it declined sharply to the lowest value of 4.13 at a watering regime of

1,250 ml.

The pH of the fruits of the heat tolerant tomato was highest at the lowest watering level of 250 ml
unlike the control (Pectomech) which recorded the highest pH value of 4.36 at the watering regime
of 1,250 ml. Different watering regimes imposed significant effects on the growth and yield of
CLN2001 but on quality, only the fruit brix was significantly affected whilst the fruit pH was not

significantly affected.

It can therefore be concluded that growth and physiological and yield attributes of the heat tolerant
and non-heat tolerant tomato cultivars studied respond differently to different watering regimes

under normal growing or temperature regimes of between 25 -31°C as observed in this study.
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5.2 RECOMMENDATIONS

It is recommended that the study be repeated to confirm the result obtained in the experiment.

Studies on nutrient requirements of several heat and non-heat tolerant tomato cultivars at different
watering regimes should be initiated to determine the particular mineral elements that are better
absorbed under different watering regime conditions. It is advised that tomato producers should

use lower water volumes or irrigation levels when cultivating heat tolerant tomato cultivars.
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