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ABSTRACT 

An experiment was conducted in the plant house at the mechanization department of 

Kwame Nkrumah University of Science and Technology (KNUST) to determine the 

drought tolerance levels of twelve maize (Zea mays L) genotypes as a basis for the 

development of drought tolerant maize hybrids. Eight inbred lines and four varieties with 

different genetic backgrounds were used in a Completely Randomized Design (CRD) 

with four replications. Water was withdrawn at six weeks after planting and resumed at 

ten days interval for the water stressed maize genotypes and the non stressed maize 

genotypes received water throughout the experiment.  Data were collected on plant 

height, leaf moisture content, dry matter yield, root dry mass, and grain yield. Individual 

means of water stressed genotypes were compared to their corresponding non-stressed in 

a pairwise comparison analyses (t-test) and LSD was used to determine differences in 

treatment means at 5% probability level. There were significant differences among the 

maize genotypes as regards to the water treatments and the parameters measured (plant 

height, leaf moisture content, dry matter yield, root dry mass, and grain yield). Water 

stress decreased growth and development of maize genotypes significantly.  An 

exception was Aburohemaa which did not show any significant difference between the 

water stress and non-stress conditions for plant height. 

 Weak positive correlations were obtained between grain yield and leaf moisture content 

(r
2
 = 0.02), grain yield and root dry mass ( r

2
 = 0.03), grain yield and plant height (r

2
 = 

0.142). However, there was a weak negative correlation between grain yield and dry 

matter yield (r
2
 = -0.159). 

With performance as regards to Drought Susceptibility Index (DSI) which is a measure 

of yield stability (DSI = (1- Yd / Yw) / D. Where Yd = mean yield under drought, Yw = 

mean yield under well-watered conditions, and D = drought intensity = 1- (mean yield of 
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all genotypes under drought / mean yield of all genotypes under well-watered 

conditions),  maize genotypes Tzeei 4, Tzeei 76, Tzeei 1 and Aburohemaa could be 

recommended to be used as source for drought tolerance in maize breeding programme. 
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CHAPTER ONE 

 INTRODUCTION 

Maize (Zea mays L.) is a cereal crop that belongs to the plant family Gramineae, sub-

family Panicoideae and the tribe Andropogoneae (Norman et al., 1995). Maize is 

produced on nearly 100 million hectares of land in developing countries, with almost 

70% of the total maize production in the developing world coming from low and lower 

middle income countries (FAOSTAT, 2010).  Millions of people worldwide are 

dependent on maize as a staple food.  

Maize accounts for 15 to 56% of the total daily calories of people in about 25 developing 

countries particularly in Latin America and Africa (Adetiminrin et al., 2008). In terms of 

production and consumption in the world, maize is ranked third to rice and wheat. 

(Mboya, 2011, IITA, 2009). In Sub-Saharan Africa maize is the most important cereal 

crop.  Rice, maize, millet and sorghum are the four main cereals produced and consumed 

in Ghana. In terms of production and consumption in Ghana maize is ranked first. 

(Breisinger et al., 2008). Maize can be directly consumed as food at various 

developmental stages from baby corn to mature grain. A high proportion of maize 

produced is used as stock feed, example 40% in tropical areas and up to 85% in 

developed countries (Farnham et al., 2003). It can be fed to livestock as green chop, dry 

forage, silage or grain. Various fraction of milling processes can also be used as animal 

feed. Maize can be processed for a range of uses both as ingredient in food or drink, 

example corn syrup in soft drinks or maize meal, or for industrial purposes (DARD, 

2002) Maize is the major source of starch worldwide, and is used as a food ingredient, 

either in its native form or chemically modified (White, 1994). Corn starch can be 

fermented into alcohol, including fuel ethanol, while the paper industry is the biggest 

non-food user of maize starch. The oil and protein are often of commercial value as by-
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products of starch production and are used in food manufacturing (McCutcheon, 2007). 

Maize is produced in the coastal savannah, forest, forest-savannah transition, Guinea 

savannah and Sudan savannah zones of Ghana. Growers in these zones need several 

improved maize varieties of different maturity periods. These varieties with different 

maturity periods have been developed and released by the Crops Research Institute ( 

Badu-Apraku et al., 1992; Badu- Apraku and Fontem, 2010, CSIR- CRI, 2010, Sallah et 

al., 1997). These varieties are widely adopted by maize growers throughout the country 

(Dankyi et al., 1997; Morris et al., 1999, Asiedu et al., 2001).  

Though several improved varieties of different maturity periods have been developed 

and released, maize productivity in farmers’ fields is generally low, averaging 1.6 t/ha, 

(Bänzier and Diallo, 2001, FAOSTAT, 2010), and it could even be as low as 0.5 t/ha 

compared to over 5.0 t/ha in parts of northern and southern Africa (PPMED, 1992), 8.0 

t/ha in Indonesia (Krisdiana and Heriyanto, 1992), 6.3 t/ha in Province of China (Qiao et 

al., 1996), and 7.0-8.9 t/ha in Ethiopia (Onyango and Ngeny, 1997). The cause of this 

low productivity is attributed to low soil fertility (low soil N) and drought stress 

(Bänziger et al., 2000).  Water deficit affects plant growth, yield and eventually leads to 

a considerable crop failure. Farmers in the sub region depend on rainfed agriculture 

during the crop production period but one major constraint that limits maize production 

in Ghana is frequent drought stress (Ohemeng-Dapaah, 1994). Rainfall is unpredictable 

in terms of quantity and distribution during the growing season (Ohemeng-Dapaah, 

1994; Kasei et al., 1995) resulting in drought stress significant yield losses.  As a typical 

example, total maize production in Ghana declined by 30% in 1982 as a result of drought 

stress throughout the country (GGDP, 1983). 

Drought is a major abiotic factor that limits maize production in low-income countries 

(Seghatoleslami et al., 2008). One strategy to reduce water stress on crop yield is to use 
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drought tolerant species and cultivars (Carrow et al., 1990).  There is unexhausted 

information on the performance of maize varieties under drought stress in Ghana. 

Useable genetic variability for drought and gains from selection have been reported by 

several workers (Edmeades et al., 1992; Bolanos and Edmeades, 1993;).  Therefore, it is 

necessary to screen maize inbred lines for tolerance to drought as it will provide the basis 

for the development of drought tolerant hybrids for maize producers in developing 

nations where plant breeding improvements will be easily adopted than high-input 

agronomic practices.     

 General objective  

To identify drought tolerant inbred lines as a basis for the development of drought 

tolerant hybrids.  

Specific objectives  

1. To evaluate maize genotypes for drought tolerance.   

2. To relate water stressed genotypes with a control/ non-stressed to be able to 

predict drought tolerance in maize using drought susceptibility index. 

3. To identify useful reliable traits to identify drought resistant or susceptible 

varieties. 
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CHAPTER TWO 

LITERATURE REVIEW  

 2.1  Evolution of the maize plant.  

The evolution of maize (Zea mays L. ssp mays) from its probable wild progenitor 

teosinte (Zea mays ssp parviglumis) is one complex example of morphological 

evolutions in plants. These taxa differ extensively in both plant and inflorescence 

architecture. When teosinte was first discovered, taxonomists failed to recognize its close 

relationship to maize; they therefore placed it in a separate genus and tribe (Galinat, 

1988). After several researches, it was agreed that teosinte and maize were fully 

interfertile, and in essence members of the same biological species, Beadle (1939) 

proposed that maize is simply a domesticated form of teosinte, and that as few as five 

major genes largely control the morphological evolution from teosinte. 

2.2. Biology of maize 

2.2.1. Root  

Normally maize plants have three types of roots, (i) seminal roots - which develop from 

radical and persist for long period, (ii) adventitious roots or fibrous roots developing 

from the lower nodes of stem below ground level which are the effective and active roots 

of plant and (iii) brace or prop roots, produced by lower two nodes. The roots grow very 

rapidly and almost equally outwards and downwards. After tasselling, the brace roots 

develop into bands from the first two to three aerial nodes. Root hairs increase root 

surface area that is exposed to the soil. Favourable soils may allow maize root growth up 

to 60 cm laterally and in depth (ARC- Grain Crops Institute, 2003) 
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2.2.2. Stem 

The stem generally attains a thickness of three to four centimeters. The inter nodes are 

short and fairly thick at the base of the plant; become longer and thicker higher up the 

stem, and then taper again. The ear bearing inter node is longitudinally grooved, to allow 

proper positioning of the ear head (cob). The upper leaves in corn are more responsible 

for light interception and are major contributors of photosynthate to grain. (Hitchcock 

and Chase, 1971). 

2.2.3. Leaves 

 Maize leaves are arranged spirally on the stem alternatively in two opposite rows on the 

stem. The leaf consists of a sheath, ligules, auricles and a blade. The leaf is supported by 

a mid-rib along its entire length. There are stomata along the leaf surface. These stomata 

are arranged in rows. There are more stomata on the underside of the leaf than the upper 

surface. There are motor cells on the upper surface of the leaf that serves as an osmo-

regulator. When the weather is moist, the motor cells will absorb water and become 

turgid resulting in the unfolding of the leaf. During a warm weather, the motor cells lose 

their turgor resulting in the leaves curling inwards which exposes a smaller surface of the 

leaf to evaporation (ARC- Grain Crops Institute, 2003). 

 2.2. 4. Flower  

The apex of the stem ends in the tassel, an inflorescence of male flowers and the female 

inflorescences (cobs or ears) are borne at the apex of condensed, lateral branches known 

as shanks protruding from leaf axils. The male (staminate) inflorescence, a loose panicle, 

produces pairs of free spikelets each enclosing a fertile and a sterile floret. The female 

(pistillate) inflorescence, a spike, produces pairs of spikelets on the surface of a highly 

condensed rachis (central axis, or “cob”). The female flower is tightly covered over by 

several layers of leaves, and so closed in by them to the stem that they don’t show 
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themselves easily until emergence of the pale yellow silks from the leaf whorl at the end 

of the ear. The silks are the elongated stigmas that look like tufts of hair initially and 

later turn green or purple in color. Each of the female spikelets encloses two fertile 

florets, one of whose ovaries will mature into a maize kernel once sexually fertilized by 

wind-blown pollen. (Coe et al., 1988) 

2.2.5. Grain 

The individual maize grain is botanically a caryopsis, a dry fruit containing a single seed 

fused to the inner tissues of the fruit case. The seed contains two sister structures, a germ 

which includes the plumule and radical from which a new plant will develop, and an 

endosperm which will provide nutrients for that germinating seedling until the seedling 

establishes sufficient leaf area to become autotroph. The germ is the source of maize 

“vegetable oil” (total oil content of maize grain is 4% by weight). The endosperm 

occupies about two thirds of a maize kernel’s volume and accounts for approximately 

86% of its dry weight. The endosperm of maize kernels can be yellow or white. The 

primary component of endosperm is starch, together with 10% bound protein (gluten), 

and this stored starch is the basis of the maize kernel’s nutritional uses. (OGTR, 2008) 

2.3. Importance of maize  

Maize is one of the oldest cultivated grains and one of the most productive crop species. 

It can be directly consumed as food at various developmental stages from baby corn to 

mature grain. The grain can be consumed as human food, fermented to produce a wide 

range of foods and beverages. It can be fed to livestock as green chop, dry forage, silage 

or grain. Corn starch can be fermented into alcohol including fuel ethanol, while the 

paper industry is the biggest non-food user of maize starch. The oil and protein are often 

of commercial value as by-products of starch production and are used in food 

manufacturing (McCutcheon, 2007). The roots can be used for mulching, incorporated 
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into the soil to improve the physical structure, or dried and burned as fuel (Morris, 2002). 

In Sub-Saharan Africa, maize is a staple food for an estimated 50% of the population 

(IITA, 2009). It is an important source of carbohydrate, protein, iron, vitamin B, and 

minerals. The importance of maize in human diet, livestock feed and as raw material for 

some industries has increased in the last two or three decades of the 20th century (Badu-

Apraku et al., 2008). 

2.4. World maize production 

 In 2012, United States of America topped the list of the world’s maize producers with 

about 314 million tonnes, followed by China (193 million tonnes), Brazil (70 million 

tonnes), EU-27 (65 million tonnes),  Ukraine (23 million tonnes), India (21 million 

tonnes), Mexico (21 million tonnes), South Africa (12 million tonnes), Canada (11 

million tonnes), and the rest of the world (126 million tonnes) all from the world’s total 

production of over 874 million tonnes (USDA, 2012).  From 1989-1991, the average 

maize grain yield per hectare in Africa was 1.2 tonnes. This was twice the amount 

recorded in the 1950s when high-yielding cultivars were not available (Byerlee and 

Heisey, 1997).  But in recent times, maize production in Africa, has assumed a pattern of 

steady growth, mostly due to the expansion of land area cropped with maize and partly 

also due to improvement in maize yields (Manyong et al., 2000). In Eastern, Southern, 

Central and Western Africa, maize accounts for about 60% of total harvested area of 

annual food crops and 30-70% of total calorific consumption (FAOSTAT, 2007). 

In Sub-Saharan Africa, maize production has witnessed a great increase in the last 

20years (Babatunde et al., 2008).  This progress was the result of the development and 

adoption of high-yielding and early maturing varieties through the joint research efforts 

of scientists in different institutes in the region (IITA, 1997). Based on these joint efforts, 

maize has moved up on the scale of importance of cereal crops in the region displacing 
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sorghum and millet. (Smith et al., 1997). Between 1980 and 2001, when the performance 

of maize was compared with millet and sorghum in Western and Central Africa, it came 

out that, there was much improvement in the performance of maize relative to the other 

cereal crops (Fakorede et al., 2003). During the period between 1980 and 2002, the total 

land area cultivated to maize, millet and sorghum averaged about 8.0, 10.3 and 10.9 

million hectares, respectively. However, maize recorded an average annual total 

production of 0.43 far higher than 0.23 and 0.30 million tonnes recorded for millet and 

sorghum, respectively. Total grain production estimated for maize, millet and sorghum in 

2001 averaged 12.1, 9.5, and 11.6 million tonnes, respectively. (Fakorede et al., 2003). 

Also, average grain yield for maize increased from 0.9 tonnes per ha in 1980 to about 1.3 

tonnes per ha in 2001, a yearly increase of 0.02 tonnes per ha whereas grain yields for 

millet and sorghum remained unchanged during the period.  The performance of maize 

was attributed to early maturity, high yield, better taste, high market prices, and 

availability during hunger period and colour (Enyong et al., 1999). Maize is grown in the 

coastal belt, the Forest savanna transition, Guinea savanna to the north east corner in 

Ghana (NARP, 1993). But the major agro-ecological region for maize is the forest-

savanna transition zone, which has a bimodal rainfall regime and therefore two cropping 

seasons. The current area planted to maize in Ghana stands at approximately 1 million 

ha, with the yield and production averages of about 1.74 metric tons (MT) per ha and 

1.65 million MT respectively. (.FAOSTAT, 2013) 

It constitutes the primary staple in the areas of production (PPMED, 1992), and features 

predominantly in animal feed and as industrial raw material (NARP, 1993). 
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2.5. Ecology and growth requirements of maize 

2.5.1. Temperature  

Maize is a warm weather crop and is not grown in areas where the mean daily 

temperature is less than 19 ºC or where the mean of the summer months is less than 23 

ºC. Although the minimum temperature for germination is 10 ºC, germination will be 

faster and less variable at soil temperatures of 16 to 18 ºC. At 20 ºC, maize should 

emerge within five to six days. The critical temperature detrimentally affecting yield is 

approximately 32 ºC. Frost can damage maize at all growth stages and a frost-free period 

of 120 to 140 days is required to prevent damage. While the growth point is below the 

soil surface, new leaves will form and frost damage will not be too serious. Leaves of 

mature plants are easily damaged by frost and grain filling can be adversely affected. 

(ARC- Grain Crops Institute, 2003) 

2.5.2. Precipitation and Water requirements. 

Maize needs at least 500-700 mm of well-distributed rainfall during the growing season. 

Even that amount of rain may not be enough, however, if the moisture cannot be stored 

in the soil because of runoff or shallow soil depth, or if the evaporative demand is very 

large due to high temperatures and low relative humidity (ARC- Grain Crops Institute, 

2003). Approximately 10 to 16 kg of grain are produced for every millimeter of water 

used. A yield of 3152 kg/ha requires between 350 and 450 mm of rain per annum. At 

maturity, each plant will have used 250 litres of water in the absence of moisture stress 

(ARC- Grain Crops Institute, 2003). 

2.5.3. Soil  

The most suitable soil for maize is one with a good effective depth, favourable 

morphological properties, good internal drainage, an optimal moisture regime, sufficient 



10 

and balanced quantities of plant nutrients and chemical properties that are favourable 

specifically for maize production. (Obeng, 1971). Although large-scale maize production 

takes place on soils with a clay content of less than 10 % (sandy soils) or in excess of 30 

% (clay and clay-loam soils), the texture classes between 10 and 30 % have air and 

moisture regimes that are optimal for healthy maize production.(ARC-Grain Crops 

Institute, 2003) 

2.6. Constraints to maize production in Sub-Saharan Africa  

2.6. 1. Abiotic factors 

Maize shows a wide genetic base for abiotic stress tolerance, which is mirrored by its 

ability to grow in a variety of environments, although it is essentially a crop of warm 

climates with adequate moisture (Purseglove, 1972). One way that abiotic stress affects 

the maize plant is by moving the source-sink balance (Lee and Tollenaar, 2007). Classic 

symptoms of excess source capacity are purpling of leaves, sheath tissues and stalks 

during grain filling while symptoms of excess sink capacity are premature senescence of 

leaves and stalks during grain filling (Lee and Tollenaar, 2007). Some of the abiotic 

factors that affect maize production are nutrient deficiencies, temperature, water 

deficiency, and waterlogging. Maize grown commercially, whether for grains or silage, 

has a high demand for soil nutrients, especially nitrogen (N), phosphorus (P) and 

potassium (K) (Birch et al., 2003). The micronutrients such as zinc and molybdenum 

may, depending on the soil type, if not applied properly may cause deficiency symptoms. 

When nutrients are limiting or when they are in excess, symptoms such as leaf 

yellowing, stunted plants, delayed flowering and short, poorly filled ears, crop lodging 

and sometimes death of plants can occur (Hughes, 2006). Maize is a warm weather-

growing crop which requires warm daytime temperatures of between 25˚C-30˚C and 

cool nights. Temperatures below 8˚C or above approximately 40˚C usually will cause 
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cessation of development. This is because factors such as photosynthesis, translocation, 

and pollen viability are affected negatively (Birch et al., 2003). Rainfall is a limiting 

factor to dryland production of commercial maize crops and irrigation is essential in 

areas with a winter dominant rainfall pattern or where the amount of summer dominant 

rain is highly variable. Maize is particularly susceptible to water stress at the flowering 

stage when yield potential is being set especially as this coincides with the high 

evapotranspiration rates of mid-summer (Farnham et al., 2003). Plants growing for 

prolonged periods in waterlogging soils show stomatal closure, reduced leaf area growth, 

chlorosis, reduced root growth, root death and ultimately plant mortality. (Srinivasan et 

al., 2004). Damage to roots is due mainly to the accumulation of toxic products (such as 

lactic acid) as a result of anaerobic respiration. Tropical and sub- tropical cultivars are 

most susceptible to waterlogging at the early vegetative stage and at ‘knee-high’ stage 

(prior to tasselling). (Srinivasan et al., 2004).  

2.6.2. Biotic factors 

Maize is a vigorous and tall-growing plant; it is susceptible to competition from weeds, 

particularly at the early stages of crop growth and particularly because the wide spacing 

between rows provides opportunity for weed establishment. Weeds may directly lead to 

yield reduction by competing with the maize plants for nutrients and water and need to 

be controlled within 3 weeks of crop emergence (Morris, 2008). Pests and diseases are 

other factors that affect maize production. Maize is most susceptible to damage by pests 

and diseases during the establishment phase when soil insects can cause up to 30 % 

losses and necessitate replanting of the crop, and from tasselling to harvest. (O’Gara, 

2007). Some of the pests and diseases that  cause damage to maize during germination 

and maturity are black field earwigs, wireworms, false wireworms, cutworms, maize 
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stem borer, African black beetle, soft rot, fusarium cob rot and stalk rot, head smut, 

downy mildew, common rust, boil smut and maize dwarf mosaic. (Beckingham, 2007) 

2.7. Effects of climate change on maize production in the tropics  

Maize is produced on nearly 100 million hectares in developing countries, with almost 

70 % of the total maize production in the developing world coming from low and lower 

middle income countries (FAOSTAT, 2010). In large parts of Africa maize is the 

principal staple crop; accounting for an average of 32 % of consumed calories in Eastern 

and Southern Africa, rising to 51 % in some countries. (FAOSTAT, 2010).  Heisey and 

Edmeades (1999) estimated that one quarter of the global maize area is affected by 

drought in any given year. Additional constraints causing significant yield and economic 

losses annually include low soil fertility, pests and disease. It is difficult to give an 

accurate figure on combined maize yield losses due to these stresses; however it is likely 

to be extensive. Maize yields remain low and highly variable between years across Sub- 

Saharan Africa at 1.6 tonnes per hectare, only just enough to reach self-sufficiency in 

many areas (Bänziger and Diallo, 2001; FAOSTAT, 2010). The world population is 

expected to surpass 9 billion by 2050, with population growth highest within developing 

countries. Harvest at current levels of productivity and population growth will fall far 

short of future demands. Projections of climate change will further exacerbate the ability 

to ensure food security and foster economic growth within many maize producing areas. 

Some of the factors that accounts for the decline in maize production in the tropics are 

both abiotic and biotic factors. Some of these factors are heat, waterlogging, plant 

diseases and insect pests. 

2.7.1. Waterlogging 

Over 18 % of the total maize production area in South and Southeast Asia is frequently 

affected by floods and waterlogging problems, causing production losses of 25-30 % 
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annually (Zaidi et al., 2010). Although the area of land in Sub-Saharan Africa affected 

by waterlogging is lower than in Asia, it is a risk in a few areas. Waterlogging stress can 

be defined as the stress inhibiting plant growth and development when the water table of 

the soil is above field capacity. The diffusion rate of gases in the flooded soil could be 

100 times lower than that in the air, leading to reduced gas exchange between root 

tissues and the atmosphere (Armstrong and Drew, 2002). As a result of the gradual 

decline in oxygen concentration within the rhizosphere, the plant roots suffer hypoxia 

(low oxygen), and during extended waterlogging, (more than 3 days) anoxia (no oxygen) 

(Zaidi et al., 2010). Carbon dioxide, ethylene and toxic gases (hydrogen sulphide, 

ammonium and methane) also accumulate within the rhizosphere during periods of 

waterlogging (Ponnamperuma, 1984). A secondary effect of waterlogging is a deficit of 

essential macronutrients (nitrogen, phosphorous and potassium) and an accumulation of 

toxic nutrients (iron and magnesium) resulting from decreased plant root uptake and 

changes in redox potential. Nutrient uptake is reduced as a result of several factors. 

Anaerobic conditions reduce ATP production per glucose molecules, thereby reducing 

energy available for nutrient uptake. Reduced transport of water further reduces internal 

nutrient transport. Reduced soil conditions 

decrease the availability of key macro nutrients within the soil. Under waterlogging 

conditions nitrate is reduced to ammonium and sulfate is converted to hydrogen sulphide, 

and both become unavailable to most of the non-wetland crops, including maize which 

eventually leads to a reduction in yield. 

2.7.2. Plant diseases 

For a disease to occur a virulent pathogen, susceptible host and favourable environment 

are essential (Legrève and Duveiller, 2010). All of these components are strongly 

coupled with environmental conditions. Global climate changes have the potential to 
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modify host physiology and resistance, and alter both stages and rates of pathogen 

development. Environmental conditions controlling disease development include rainfall, 

relative humidity, temperature and sunlight. Changes in these factors under climate 

change are highly likely to have an effect on the prevalence of diseases and emergence of 

new diseases. The disease infection cycle includes inoculum survival, infection, latency 

period, production of new propagules and dispersal, all of which are strongly influenced 

by environmental conditions. The penetration or infection of a plant by infectious 

propagules is determined by specific environmental conditions. In general, fungi require 

high relative humidity or moist leaf surfaces for infection; changes in these conditions 

will increase infection rates. For example, Cercospora zeae-maydis and Cercospora 

zeina cause gray leaf spot (GLS) in maize and are highly sensitive to environmental 

conditions (Crous et al., 2006). Under dry conditions (relative humidity < 80%), the 

pathogen ceases to grow and infection stops (Thorson and Martinson, 1993). Therefore, 

changes in temperature, humidity and rainfall patterns have the potential to increase 

infection by many maize pathogens. Increased temperature reduces the latency period 

(generation time) resulting in a higher number of generations per season. Generation 

time determines the amplification of plant disease in two ways - accelerating and 

increasing inoculums load and/or affecting pathogen evolution rates and pathogen’s 

capacity to adapt to the environment-potentially allowing the pathogen to adapt faster to 

the environment than the host. Climate change may also affect gene flow, the process 

through which particular alleles or individuals are exchanged among separate 

populations. This will increase pathogen population diversity leading to variation in host 

resistance, variation in pathogen virulence and new specific interactions. This has the 

potential to result in new diseases or pathogen emergence, and the introduction of 

pathogens into new ecological niches. Depending on the distribution of populations and 
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environmental conditions that are influenced by climate change, gene flow leads to an 

increase in population diversity or to the introduction of a new population in new 

ecological niches. An important example of changes in growing season conditions being 

linked to outbreaks of diseases, with serious human health implications, is mycotoxins 

and their prevalence within maize systems. Mycotoxins are toxic secondary fungal 

metabolites that contaminate agricultural products and threaten food safety. Different 

groups of mycotoxins are produced by different fungi. A. flavus and A. parasiticus 

produce aflatoxin, F. verticillioides produces fumonisin, and F. graminierum produces 

deoxynivelanol (DON) and zearalenone (Cardwell et al., 2001; Miller, 2008).  

Mycotoxin contamination is a serious problem with long-term consequences for human 

and animal health. Sub-lethal exposure to mycotoxins suppress the immune system, 

increase the incidence and severity of infectious diseases, reduce child growth and 

development, and reduce the efficacy of vaccination programs (Williams et al., 2004). 

Consumption of high doses of mycotoxins causes acute illness and can prove fatal. In 

2004, more than 125 people died in Kenya from eating maize with aflatoxin B1 

concentrations as high as 4,400 parts per billion - 220 times the Kenyan limit for foods 

(Lewis et al., 2005). The maize implicated in this outbreak was harvested during 

unseasonable early rains and stored under wet conditions conducive to mold growth and 

therefore aflatoxin contamination (CDC, 2004). Previous outbreaks in Kenya and India 

have also been attributable to unseasonable, heavy rain during harvest (Krishnamachari 

et al., 1975; Ngindu et al., 1982). Environmental conditions conducive to mycotoxin 

producing fungi vary. A. flavus competes poorly under cool conditions and the 

prevalence of A. flavus is higher in warmer environments (above 25°C) compared to 

cooler environments (20 - 25 °C) (Shearer et al., 1992). The environment influences not 

only the quantity of aflatoxin producers, but also the “type” of producer present (Horn 
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and Dorner, 1999). In Africa, “S” mophotypes of A. flavus are associated with hot and 

dry agro- ecological zones with latitudinal shifts in climate influencing fungal 

community structure (Cardwell and Cotty, 2002). For the Fusariums, F. graminearum, is 

predominate in temperate maize growing environments, whereas F. verticillioides and F. 

proliferatum and fumonisins are more widely spread in tropical and subtropical 

environments (Miller, 1994). The optimal temperature range for F. graminearum is 

between 24-28 °C and above this temperature range F. verticillioides out-competes F. 

graminearum (Miller, 2001; Reid et al., 1999). Increasing temperatures within maize 

growing regions are highly likely to change the geographical distribution and 

predominance of F. verticillioides, particularly in currently cooler regions where it will 

replace F. graminerum. This shift in Fusarium species will result in a change in 

mycotoxins, from deoxynivalenol and zearalenone (produced by F. graminierum) to 

fumonisin (produced by F. verticillioides). Increased incidence of F. verticillioides and 

subsequent fumonisin contamination has already been reported in Guatemala, Mexico, 

Zimbabwe and Kenya (Torres et al., 2007). 

2.7.3. Insect-pests 

The dynamics of insect-pests are also strongly coupled with environmental conditions. 

Insects do not use their metabolism to maintain their body temperature, and are 

dependent on ambient temperature to control their body temperature. Temperature is 

therefore the single most important environmental factor influencing insect behavior, 

distribution, development and survival, and reproduction. Insect life stage predictions are 

calculated on accumulated degree days, which is a function of both time and 

temperature. Increased temperature can speed up the life cycle of insects leading to a 

faster increase in pest populations. It has been estimated that 2 °C increase in 

temperature has the potential to increase the number of insect life cycles during the crop 
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season by one to five times (Petzoldt and Seaman, 2005, Bale et al., 2002; Porter et al., 

1991). The feeding rate of many arthropod vectors increases at higher temperatures, thus 

increasing exposure of crops to mycotoxigenic fungi thereby increasing the spread of 

mycotoxins (Bale et al., 2002, Dowd, 1992). Insect damage has been shown to be closely 

related to Fusarium or Aspergillus ear rots (Miller, 2001, Munkvold and Hellmich, 

2000). A field survey in Austria demonstrated that the incidence of the European maize 

borer increased F. verticillioides disease and fumonisin concentrations but not F. 

graminierum (Lew et al., 1991). Therefore, the increased global warming and drought 

incidences will favor insect proliferation and herbivory, which will likely increase the 

incidence and severity of insect related damages as well as aflatoxin and fumonisin 

mycotoxins in maize. Higher average temperatures have the potential to change the 

geographical distribution of crops. This may in turn result in an expansion of the 

geographical distribution of insect-pests and their associated pathogens (e.g. maize streak 

virus, corn stunt complex that are vectored by different species of leaf hoppers), resulting 

in a change in the geographical distribution of diseases. 

2. 8.  Drought  

Drought denotes a period without appreciable precipitation, during which the water 

content of the soil is reduced to such an extent that plants suffer from lack of water 

(Larcher, 1995). It is therefore defined by Yoshida (1981) as an imbalance between 

water uptake and water lost through transpiration. On a large scale, drought results from 

the combination of low precipitation and high evapotranspiration caused by dryness of 

the air and high levels of radiation (Larcher, 1995). Nevertheless, plants may experience 

transient drought stress during noon hours of hot days even with adequate rainfall or 

irrigation (McKersie and Lesshem, 1994b). If plants are to survive this imbalance they 
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must have a range of both morphological and biochemical mechanisms that enable them 

to grow and reproduce despite water limitations (Turner, 1997). 

Drought events can be classified according to their cause; meteorological drought occurs 

when precipitation is significantly below expectations for the year and location; 

agricultural drought is when water supplies used directly for agriculture are scarce 

resulting in a consistently high soil moisture deficit over the growing season. The 

threshold for agricultural drought may be influenced by shifting to another crop because 

different crops have different water requirements (Ashley, 1993). 

2.8.1. Impact of drought on crop production  

Drought is a major cause of food insecurity for many households. It has been estimated 

to cause annual maize yield loss of 24 million tonnes in the developing world. The 

estimated losses are about 15 per cent (about 1.2 million tonnes) annually in Indonesia 

(Dahlan et al., 1997); 0.7 t/ha or 68 per cent in the commercial farming sector, and 1.69 

t/ha or 37 per cent in the large-scale commercial sector in Zimbabwe (Machida, 1997); 

10-75 per cent in Asia (Logrono and Lothrop, 1997); and 1.2 million tonnes in Argentina 

(Eyherabide et al., 1997). Drought stress is also a major factor that limits maize 

productivity in Ghana (Mercer-Quashie et al., 1993; Ohemeng-Dapaah, 1994; SARI, 

1995; Kasei et al., 1995; Obeng-Antwi et al., 1999). Drought is a greater problem for the 

rural poor of developing countries because they mainly depend on rain-fed agriculture 

for their livelihood. Drought is second only to poor soil fertility in reducing yield in the 

developing world, leading to a 15% overall reduction in grain yield in these countries, 

and in a bad year can be the major constraint on yield in developed countries as well 

(Agrama and Moussa, 1996). There is therefore great need for staple food crops that 

combine higher and more stable yields than currently available, both in good growing 

years and when drought strikes. Drought stress affects the growth of maize at all stages 
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of development, directly and indirectly (Norman et al., 1995; Ribaut et al., 1996; Chen-

Zong-Long, 1996). 

2.8.2. Impact of drought at different stages of maize development 

Drought is a multidimensional stress affecting plants at various levels of their 

development (Blum, 1996), and is generally accepted as the most widespread abiotic 

stress experienced by crop plants (Quarrie et al., 1999), as well as a major limiting factor 

to crop production in most areas of the world, especially the tropics. Even intermittent 

water deficit at critical stages of cereal crops may reduce yield (Ludlow and Muchow, 

1990), and in high rainfall (>800mm) areas, short periods of drought can decrease yield 

considerably. Plants adapt to stresses using different mechanisms such as escape (which 

allows a plant to grow and complete its life cycle before soil moisture becomes limiting), 

avoidance (which enables plants to maintain positive tissue water relations even under 

limited soil moisture conditions), and tolerance (which stabilize and protect cellular 

integrity under conditions of tissue desiccation) (Ludlow and Muchow, 1990). 

Maize uses about 0.1 inch per day through to a maximum of 0.35 inch per day during 

pollination and then drops back to about 0.05 inch per day at the black layer stage 

(physiological maturity). The effects of water deficiency depends on growth stage, 

deficiency level and environmental changes during drought. Even minor drought during 

physiological stages can reduce maize yields. More specifically, four days of visible 

wilting between the boot stage (only a week prior to tasseling) and milking stage may 

reduce yield by 50 percent or more. During later, reproductive stages, yield losses from 

drought decrease as maize nears physiological maturity. Research indicates that from 

tasselling (VT) through the soft dough (R4) stage, maize will require about 7 inches of 

water for normal growth and development. This demand for moisture at key periods of 

growth shows maize’s vulnerability to drought. To produce optimum grain maize yields, 
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23 to 25 inches of water are required during the growing season. (Mc Williams and 

Denise, 2005) 

2.9. Morphological and physiological indicators of drought response. 

Drought is a complex physico - chemical process, in which many biological macro 

molecules and small molecules are involved, such as nucleic acids, proteins, 

carbohydrates, lipids, hormones, ions, free radicals, mineral elements ( Moaveni., 2011) 

The ability of a cultivar to produce high yield over a wide range of environmental 

condition is very important. Response of plants to water stress depends on several 

factors, such as developmental stage, intensity and duration of stress and cultivar 

genetics (Eskandari and Kazemi, 2010). The plant response is complex because it reflects 

over space and time the integration of stress effects and responses at all underlying levels 

of organization (Yordanov et al., 2003).  

Morphological traits have a special role to determine the importance of each trait on 

increasing yield, as well as to use those traits in the breeding programs, which at least 

lead to improving yield and introducing commercial varieties under end - of - season 

drought stress condition (Mollasadeghi et al., 2011). Morphological characters include 

root length, spike number, grain number per spike, 1000 grain weight, awn length (Plaut 

et al., 2004). Wajid et al. (2002) reported that wheat crop produces highest grain yield by 

applying irrigation at all definable growth stages. Because irrigation is an expensive 

input, farmer, agronomist, economist and engineer need to know the response of yield to 

irrigation. Furthermore, Jahfari (2004) and Rafique (2004) reported that yield and yield 

components are significantly increased within different wheat cultivars. Garavandi and 

Kahrizi (2010) by evaluating 20 bread wheat genotypes reported that genotypes have 

higher genetic diversities for grain yield, spike number per square meter, number of seed 

per spike, spike density and awn length in comparison with other traits. Development of 
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cultivars with high yield is the main goal in water limited environments, but success has 

been modest due to the varying nature of drought and the complexity of genetic control 

of plant responses (Mirbahar et al., 2009). In plants, a better understanding of the 

morpho-anatomical and physiological basis of changes in water stress resistance could be 

used to select or create new varieties of crops to obtain a better productivity under water 

stress conditions (Martinez et al., 2007).  

The reactions of plants to water stress depend on the intensity and duration of stress as 

well as plant species and its stage of growth (Jaleel et al., 2008). Some of the indicators 

of plants respond to drought stress are as follows: production of oxidative stress and 

antioxidant defense systems, roots and root systems, changes in the ratio of chlorophyll 

content, the role of phytohormones and relative water content. (Ashraf et al., 1994) 

2.9.1. Oxidative stress and antioxidant defense systems 

When plants are subjected to various abiotic stresses, some reactive oxygen species 

(ROS) such as super-oxide (O
2-

), hydrogen peroxide (H2O2), hydroxyl radicals (OH
-
) and 

singlet oxygen are produced. These (ROS) may initiate destructive oxidative processes 

such as lipid peroxidation, chlorophyll bleaching, protein oxidation and damage to 

nucleic acids (Terzi and Kadioglu, 2006). The antioxidant defenses appear to provide 

crucial protection against oxidative damages in cellular membranes and organelles in 

plants grown under un-favorable conditions (AL-Ghamdi, 2009.). Active oxygen species 

are considered to be important damaging factors in plants which are exposed to stressful 

environmental conditions such as drought (Upadhyaya et al., 2007.). The antioxidant 

defense system in the plant cell includes both enzymatic (antioxidants), such as 

superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX) 

(Ahmadizadeh et al., 2011) and non-enzymatic antioxidants including- carotenes, 

ascorbic acid (AA) (Pignocchi and Foyer, 2003), -tocopherol ( -toc) (Muller et al., 2006), 
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reduced glutathione (GSH) (Xu et al., 2008). Carotenes form a key part of the plant 

antioxidant defense system, but they are very susceptible to oxidative destruction. β -

carotene, present in the chloroplasts of all green plants is exclusively bound to the core 

complexes of Photo System1 (PSI) and Photo System11 (PSII). Protection against 

damaging effects of ROS at this site is essential for chloroplast functioning.  A major 

protective role of β-carotene in photosynthetic tissue may be through direct quenching of 

triplet chlorophyll, which prevents the generation of singlet oxygen and protects from 

oxidative damage (Farooq et al., 2009).  

Acclimation of plants to drought is considered to promote antioxidants defense systems 

to face the increased levels of activated oxygen species (AOS), which in turn, cause 

membrane damage by lipid peroxidation and indicated by malondialdehyde (MDA) 

content, which is one of the main parameters for evaluating membrane oxidation extent 

and are toxic for cells (Shao et al., 2005). The decline in catalase (CAT) activity is 

regarded as a general response to many stresses (Gunes et al., 2008).  Ahmadizadeh et 

al., (2011) reported that the activity of superoxide dismutase (SOD) and catalase (CAT) 

decreased in susceptible landraces, where as in resistant landraces dismutase (SOD) and 

catalase (CAT) remained unchanged and in some cases they showed an increase under 

stress condition. 

2.9.2. Roots and root systems 

Root distribution and root system structure, which are both affected by soil moisture, 

play an important role in the plant’s ability to survive drought situations. Plants having 

the ability to increase root growth into regions with more available soil water have better 

chances of survival under drought situations (Mambani and Lal, 1983), since increased 

root growth re-establishes the soil-root contact and facilitates water uptake (Yambao et 

al., 1992). Plants having the ability to develop deep and thick roots are better adapted to 
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growth in drought prone areas than thin rooted plants with a shallow root system. Thick 

(fibrous) roots reach deeper soil layers and have less axial resistance to water flow 

because of a larger meta-xylem, and thereby facilitate and increase water uptake. 

Irrespective of root axial resistance, a few long roots can theoretically sustain the 

transpirational demand and maintain adequately high leaf water potential in the shoot 

(Yambao et al., 1992), and thick roots have also been confirmed to have a better ability 

to penetrate compact soil. They persist longer, produce more and larger branch roots and 

thereby increase water uptake capacity (Ingram et al., 1994). When drought develops, the 

root/shoot dry matter ratio may increase and in the roots both morphology and 

distribution changes. These changes may have a genetic basis and they are an integrated 

expression of various adaptive processes taking place in the roots in response to plant 

water deficit (Nguyen et al., 1997). 

2.9.3. Chlorophyll content  

 Drought stress produce changes in the ratio of chlorophyll ‘a’ and ‘b’ and carotenoids 

(Farooq et al., 2009). Chlorophyll content is positively associated with photosynthetic 

rate which increases biomass production and grain yield. Photosystem II (PS II) is highly 

sensitive to environmental inhibiting factors and water stress will damage its reaction 

centers severely. The chemical reaction of Photosystem II (PS II) is also affected strictly 

by water stress (Shamsi, 2010). Chlorophyll concentration has been known as an index 

for evaluation of source, therefore decrease of this can be considered as a non-stomata 

limiting factor in the drought stress conditions. There are reports about decrease of 

chlorophyll content in drought stress conditions (Kuroda et al., 1990). Also, it is reported 

that chlorophyll content of resistant and sensitive cultivars to drought and thermal stress 

can be reduced. But resistant cultivar to drought and thermal stress conditions had high 

chlorophyll content (Shamsi, 2010). Some study has demonstrated that chlorophyll 
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content is positively correlated with photosynthetic rate (Thomas et al., 2005). Increasing 

the chlorophyll content in crops may be an effective way to increase biomass production 

and grain yield.  Ashraf et al. (1994) also reported that drought stress reduces 

concentration of chlorophyll ‘b’ more than chlorophyll ‘a’. 

2.9.4. The role of Phytohormones 

Phytohormones are a group of naturally occurring organic substances that influence 

physiological processes and have certain biochemical trends in common. They are 

mostly small molecules synthesized from ubiquitous precursors, sometimes via multi-

stepped pathways, in a wide range of tissues or cells within tissues and are deactivated 

by either oxidation or conjugation. They may act either in the cell or tissue in which they 

are synthesized or may be transported through a distance to bring about specific 

physiological responses (Davies, 1995). Phytohormones are active in very small 

quantities, and some of them have both promoting and inhibitory influences. Hormones 

are not only stimulators, but are also chemical regulators that communicate information 

about both the developmental or physiological state of cells and tissues, and conditions 

in the surrounding environment both beneath and above the soil surface (Turner, 1997). 

Cells are thought to recognize phytohormones using receptor proteins, but to date, only 

ethylene receptors have been identified (Kende and Zeevart, 1997, Rock, 2000). 

Receptor proteins contain binding sites for specific hormones. Binding of a hormone to 

its receptor might allow the receptor to interact either with other components in the cell 

or directly with regulatory sequences of DNA in order to activate or repress the 

transcription of specific genes (Davies, 1995). The concept of phytohormone action can 

be divided into changes in concentration, sensitivity and transport. Changes in hormone 

concentration can be brought about by changes in environmental conditions, or by 

changes in levels of substances that enhance or inhibit the response to the hormone (Firn, 
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1986). At the same time sensitivity to the hormone might change as a result of a change 

in the number of receptors (receptivity), a change in receptor affinity (affinity), or a 

change in the subsequent chain of events (response capacity) (Firn, 1986). In addition, 

hormone movement or transport may be enhanced or inhibited by a change in sap flow, 

membrane permeability or pH in and along the pathway (Hartung and Davies, 1991). 

Abscisic acid (ABA) is a phytohormone known to synergistically or antagonistically 

with other hormones coordinate and control plant growth and development in response to 

external factors, including water deficit. Within the context of drought stress, ABA is 

probably the most intensively investigated phytohormone, and is widely thought to 

influence plant growth and development (Beardsell and Cohen, 1975; Bunce, 1999). 

ABA appears to be the promoting agent in some physiological processes and the 

inhibitory agent in others, and its action, in most situations, is determined by a balance 

between its roles of an inhibitor and a promoter (Hoffmann-Benning and Kende, 1992). 

ABA can inhibit both shoot and root growth. As a response to drought it may have less 

effect on root growth, and thereby cause root-shoot ratio to change. Cytokinins (CK) that 

are generally considered to be antagonists of ABA have opposing effects in the 

developmental processes including stomatal opening (Blackman and Davies, 1984). 

Giberellic acid (GA) promotes shoot growth but is not known to be involved in any of 

the other processes (Davies, 1995). While ABA production is increased during drought, 

the production of Cytokinins (CK) that have been suggested to affect guard cell 

sensitivity to ABA is decreased (Schurr et al., 1992). Ethylene promotes the growth of 

root hairs and its production is stimulated by ABA. This might explain the lesser 

inhibition of root growth than shoot growth by ABA (Reid, 1995).  In addition to 

phytohormones salicylic acid, jasmonic acid, secondary messengers such as calcium ions 
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(Ca
+
), and shifts in pH are considered to play important roles in the phytohormone-

mediated control of plant growth and development (Atkinson et al., 1990). 

2.9.5. Relative Water content 

Drought stress affects water status in plants. Relative water content is useful means for 

determining the physiological water status of plants (Makbul et al., 2011). Relative water 

content is the indicators of degree of drought stress. Relative water content (RWC) of 

leaves is higher in the initial stages of leaf development and declines as the dry matter 

accumulates and leaf matures. Obviously, stressed plants have lower RWC than non-

stressed plants. Relative water content (RWC) of non-stressed plants range from 85 to 

90%, while in drought stressed plants; it may be as low as 30% (Reddy et al., 2003). In 

studies that were performed on 4 cultivars of bread wheat, Relative water content (RWC) 

reduced to 43 percent (from 88% to 45%) by moisture stress (Siddique et al., 2000). 

Mationn et al. (1989) presented a similar report as regards a drop in the amount of 

Relative water content (RWC) in tolerant and sensitive cultivars of barley. Significant 

differences in leaf water potential and Relative water content (RWC) were recorded 

among the tolerant and intolerant cultivars of wheat. It is reported that high relative water 

content is a resistant mechanism to drought (Shamsi, 2010). Overall decrease in Relative 

water content (RWC) under drought stress is highly significant in all the cultivars used, 

in accordance with Allahmoradi et al. 2011 in Mungbean.  Gonzalez et al. (2008) 

recorded significant decrease in Leaf volumetric water content and Relative water 

content (RWC) in barley under drought stress.  

Shamsi (2010) reported that with an increase in the intensity of drought stress on wheat 

cultivars, there was a decrease in relative water content. The RWC expresses the water 

content per centimeters at a given time as related to the water content at full turgidity. 
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This study sought to determine the genotypic differences among twelve genotypes when 

subjected to periodic water stresses during late growth stage. 
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CHAPTER THREE 

MATERIALS AND METHODS  

This study was conducted in a plant house to assess the sensitivity of eight inbred lines 

and four varieties of maize to drought and the effects of the drought on the yield and 

yield components of these inbred lines and the varieties. 

3.1. Evaluation of maize genotypes for their response to drought.  

3.1.1. Site of plant house study  

The potted experiment was conducted in a plant house at the mechanization department 

of Kwame Nkrumah University of Science and Technology (KNUST).  The top soil used 

was sandy loam and was taken from the Horticulture Department of Kwame Nkrumah 

University of Science and Technology (KNUST). Geographically, the site lies between 

latitudes 01
0
; 36

0
 and 01

0
; 43

0
 West of the Greenwich meridian. The soil used was sandy 

loam classified as Ferric Acrisols according to FAO (1990) equivalent to Typic 

Haplustult in the USDA (1998) soil classification system. 

3.1.2. Experimental materials and sources  

Plastic pots, each measuring 12315 cm
3 

(Length × Breadth × Height), were filled with 12 

kg each of top soil. Eight maize inbred lines developed by the International Maize and 

Wheat Improvement Center (CIMMYT) were supplied by the CSIR-Crops Research 

Institute (CRI) and four improved varieties developed by CRI were used in the study. 

The inbred lines were Tzeei-1, Tzeei- 4, Tzeei- 8, Tzeei- 21, Tzeei- 35, Tzeei- 50, Tzeei- 

63 and Tzeei- 76, and the varieties were Abontem, Aburohemaa, Akposoe and 

Omankwa. Seven grams per pot of compound fertilizer (NPK -15-15-15) and five grams 
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sulphate of ammonia were used as fertilizer source at the second and fifth week after 

planting. 

3.1.3. Characteristics of the genotypes used for the study 

Table 3.1: Characteristics of the genotypes used for the study. 

Name of  

Inbred line 

Grain  

Colour/Texture 

Plant 

Height 

(cm) 

50% 

Tassel 

Days 

50%  

Silk 

Days 

Maturity  

Days 

Tzeei 1 White 

 

168 48 51 80-85 

Tzeei 4 White 

 

152 47 49 80-85 

Tzeei 8 White 

 

116 50 56 80-85 

Tzeei 21 White                    

 

130 51 53 80-85 

Tzeei 35 White 

 

100 53 55 80-85 

Tzeei 50 White 

 

119 47 49 80-85 

Tzeei 63 Yellow 

 

123 48 50 80-85 

Tzee1 76 Yellow 121 47 50 80-85 

 

Table 3.2: Characteristics of the varieties used for the study 

Name  

of variety 

Type of 

variety 

Grain  

Colour 

Texture 

Plant 

Height 

(cm) 

50%  

Tassel  

Days 

50% 

Silk 

Days 

Maturity 

Days 

Abontem 

 

QPM/OPV 

 

Yellow/Dent 170 46 48 80-85 

Aburohemaa 

 

QPM/OPV 

 

White/Dent 157 44 47 90-95 

Akposoe 

 

QPM/OPV White/Dent 130 46 48 80-85 

Omankwa 

 

QPM/OPV White/Dent 165 51 55 90-95 

QPM = Quality protein maize, OPV= Open Pollinated Variety 

Source: CSIR-Crops Research Institute Kumasi, Ghana. 
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3.1.4 Experimental design and treatments 

The experimental design used was Completely Randomized Design (CRD) with twelve 

treatments (12 genotypes) and four replications. A total of ninety- six potted plants were 

used. The treatments were divided into two groups (water stressed and non stressed 

maize genotypes). Water was withdrawn at six weeks after planting and resumed at ten 

days interval for the water stressed maize genotypes and the non stressed maize 

genotypes received water throughout the experiment. 

3.1.5. Soil sampling and analyses 

3.1.5.1 Soil sampling  

Soil samples were collected from the Horticultural Department of KNUST (Kwame 

Nkrumah University of Science and Technology) which is in the semi-deciduous forest 

zone of the Agro-ecological zones in Ghana from a depth of 0- 15 cm in August, 2013. 

The bulk sample was air-dried, ground and passed through a 2mm sieve. A sample was 

taken and stored in polythene bag for later analysis. 

3.1.5.2 Soil chemical analysis 

The sample stored was analysed by standard laboratory procedures. 

1. Soil pH 

Soil pH was determined using MK2 pH meter (with a glass electrode) with soil to 

water ratio of 1: 2.5. A 30 g soil sample was weighed into plastic pH tube to 

which 75 ml water was added from a measuring cylinder. The suspension was 

stirred frequently for 30 minutes. After calibrating the pH meter with buffer 

solutions at pH 4.0 and 7.0, the pH was read by immersing the electrode into the 

upper part of the suspension.  This was done according to the method described 

by Landen (1991). 
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2. Organic carbon 

The wet combustion method described by Walkley and Black (1934) was used to 

determine the amount of organic carbon in the soil.  Percentage carbon in the soil 

sample was calculated as follows: 

% carbon = 
      (  )       

 
 

Where  

                                   W= Weight of the soil sample that was used 

X= Volume of ferrous sulphate that is needed for titration 

                                   N= Normality of ferrous sulphate solution 

                                   f= Correlation factor 

3. Percent organic matter (O. M) 

The organic carbon value that was obtained was multiplied by the correlation 

factor (1.72) to convert it to percent organic matter as described by Landen 

(1991). 

4. Total Nitrogen 

Total nitrogen was determined by using the Macro- Kjeldahl method (Jones, 

1991). This was done in accordance with the method described by Bremmer and 

Mulvaney (1982). A 0.5 g soil sample was weighed into a Kjeldahl digestion 

flask. To this 5 ml distilled water was added. After 30 minutes, concentrated 

sulphuric acid (5 ml) and selenium mixture were added and mixed carefully. The 

sample was then digested for 3 hours until a clear digest was obtained. The digest 

was diluted with 50 ml distilled water and mixed well until no more sediment 

dissolved and allowed to cool. The volume of the solution was made to 100 ml 

with distilled water and mixed thoroughly. A 25 ml aliquot of the solution was 

transferred to the reaction chamber and 10 ml of 40 % NaOH solution added 
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followed by distillation. The distillate was collected in 2.0 % boric acid and was 

titrated with 0.02 N HCl using bromocresol green as indicator. A blank 

distillation and titration was also carried out to take care of the traces of nitrogen 

in the reagents as well as the water used. This was done on the basis that 14 bg of 

nitrogen is contained in one equivalent weight of NH3, the percentage of nitrogen 

in the soil was calculated as: 

 

% nitrogen = 
    (   )      

    
 

Where:   

A= Volume of standard acid used in the sample titration. 

                                    B= Volume of standard acid in the blank titration. 

                                    N = Normality of standard acid. 

5. Exchangeable bases (K, Ca, Mg, and Na) 

Exchangeable bases (calcium, magnesium, potassium and sodium) in the soil 

were determined in 1.0 M ammonium acetate extract (Black, 1986) and the 

exchangeable acidity (hydrogen and aluminium) was determined in 1.0 M KCl 

extract (Page et al., 1982). A 5 g soil sample was weighed into a leaching tube 

and leached with 100 ml buffered 1.0 M ammonium acetate solution at pH 7. To 

analyze calcium and magnesium, a 25 ml aliquot of the extract was transferred 

into an Erlenmeyer flask. To this were added 1 ml portion of hydroxylamine 

hydrochloride, 1 ml of 2.0 % potassium cyanide, 1 ml of 2.0 % potassium 

ferrocyanide, 10 ml ethanolamine buffer and 0.2 ml Eriochrome Black T 

solution. The solution was titrated with 0.01 M EDTA (ethylene diamine tetra 

acetic acid) to a pure turquoise blue colour. 
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A 25 ml aliquot of the extract was transferred into a 250 ml Erlenmeyer flask and 

the volume made up to 50 ml with distilled water. Following this, were added 1 

ml hydroxylamine, 1 ml of 2.0 % potassium cyanide and 1 ml of 2.0 % potassium 

ferrocyanide solution. After a few minutes, 5 ml of 8.0 M potassium hydroxide 

solution and a spatula of murexide indicator were added. The resultant solution 

was titrated with 0.01 M EDTA solution to a pure blue colour. 

Calculation: 

The concentrations of calcium + magnesium or calcium were calculated using the 

equation: 

Ca + Mg (or Ca) (cmol/kg soil) = 
       (   –   )       

 
 

Where 

w = weight (g) of air – dried soil used 

                Va = ml of 0.01 M EDTA used in sample titration 

               Vb = ml of 0.01 M EDTA used in blank titration 

                                           0.01= concentration of EDTA 

Potassium (K) and sodium (Na) in the leachate were determined by flame 

photometry. A standard series of potassium and sodium were prepared by 

diluting both 1000 mg/l K and Na solutions to 100 mg/l. In doing this, 25 ml 

portion of each solution was taken into 250 ml volumetric flask and made up to 

the volume with distilled water. Portions of 0, 5, 10, 15, 20 ml of the 100 mg/l 

standard solution were put into 200 ml volumetric flasks. One hundred milliliters 

of 1.0 M NH4OAc solution was added to each flask and made to the volume with 

distilled water. This resulted in standard series of 0, 2.5, 5.0, 7.5, 10 mg/l for K 
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and Na. Potassium and sodium were measured directly in the leachate by flame 

photometry at wavelengths of 766.5 and 589.0 nm respectively 

 

 

Calculation:  

Exchangeable K (cmol/kg soil) =  
(     )            

             
 

 

 

Exchangeable Na (cmol/kg soil) = 
(     )            

           
 

Where  

a = mg/l K or Na in the diluted sample percolate 

b = mg/l K or Na in the diluted blank percolate 

                                           w = weight (g) of air- dried sample 

                                         mcf = moisture correcting factor 

The soil sample was extracted with unbuffered 1.0 M KCl solution for the determination 

of exchangeable acidity (Al
3+

 and H
+
). Ten grams of soil sample was weighed into a 200 

ml plastic bottle and 50 ml of 1.0 M KCl solution added. The mixture was shaken on a 

reciprocating shaker for 2 hours and filtered. An aliquot of 25 ml of the extract was 

pipetted into a 250 ml Erlenmeyer flask and 4 - 5 drops of phenolphthalein indicator 

solution added. The solution was titrated with 0.025 N NaOH until the colour just turned 

permanently pink. A blank was also included in the titration. 

Calculation: 

(     )                    

 
 

Where 

a = ml NaOH used to titrate with sample 

b = ml NaOH used to titrate with blank 

                                                 M = molarity of NaOH solution 

                                                 w = weight (g) of air-dried sample  



35 

                                                 2 = 50/25 (filtate/ pipetted volume) 

                                               mcf = moisture correcting factor (100 + % moisture)/100 

6. Effective Cation Exchange Capacity (ECEC) 

         This was determined by adding all the exchangeable cations namely Na
+
, K

+
, Ca

2+
, 

Mg
+2

, Al
3+

     

         and H
+ 

7. Percentage base saturation 

The percentage base saturation was obtained by dividing the total exchangeable 

bases (T. E. B) by the Effective Cation Exchange Capacity (ECEC), and the 

result was multiplied by 100. 

 

                         

                                  
        

8. Available Phosphorus 

The Bray P method (Bray and Kurtz, 1945) was used to determine the available 

phosphorus content in the soil. The phosphorus content was determined by using 

the Bausch and Lamb Spectrophotometer. A 5 g soil sample was weighed into a 

shaking bottle (50 ml) and 35 ml of extracting solution of Bray’s Nº 1 added. The 

mixture was shaken for 10 minutes on a reciprocating shaker and filtered through 

a Whatman No. 42 filter paper. An aliquot of 5 ml of the blank, the extract, and 

10 ml of the colouring reagent (ammonium molybdate and tartarate solution) 

were pipetted into a test tube and uniformly mixed. The solution was allowed to 

stand for 15 minutes for the blue colour to develop to its maximum. The 

absorbance was measured on a spectronic 21D spectrophotometer at a 

wavelength of 660 nm at medium sensitivity. 
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A standard series of 0, 1, 2, 3, 4 and 5 mgP/L was prepared from 20 mg/L 

phosphorus stock solution. 

 

 Calculation 

P (mg/kg) = 
(   )                 

 
 

 

Where 

a = mg/L P in sample extract 

                                                   b = mg/L P in blank 

                                               mcf = moisture correcting factor 

                                               35   = ml extracting solution 

     15 = ml final sample solution 

                                                              w = sample weight in gram 

3.1.5.3 Soil physical analysis 

The hydrometer method which was described by Day, (1953) was used to analyse the 

soil particle size. A 50 g of air-dried soil was weighed into a measuring cylinder and 50 

ml of calgon (sodium hexamethaphosphate) added. The suspension was shaken and 

allowed to stand. Corrected hydrometer readings at 40 seconds and 3 hours were taken.  

Calculation: 

% sand = 100 – [(A / W) × 100] 

                                                           % clay = 100 × (B/ W) 

% silt = 100 – (% sand + % clay) 

Where  

 

A= corrected hydrometer reading at 40 seconds 



37 

                                              B = corrected hydrometer reading at 3 hours 

                                             W = weight of dry soil 

            The textural class was then determined from the textural triangle. 

3.1.6. Amount of water applied 

Moisture per day 

 

Available moisture per day =    1500 mm 

                                                   150 mm 

                                             

                                             =    10 mm/day ≈ 1 cm/day  

  

Depth of water (Өz) 1 cm   =    Volumetric water content (Өv) x depth of soil  

 

Depth of water (Өz) 1 cm   =     Volumetric water × depth of soil 

                                                       Volume of soil (volume of container) 

 

Volume of water per day        =  Depth of water (Өz) × Volume of soil (Volume of 

container) 

                                                                                      Depth of soil 

But:  

              Depth of water (Өz)              = 1 cm  

Volume of soil (volume of container) = Л r
2

h  

                                                           = 22 x 14
2 

x 20  

                                                               7  
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                                                          = 12315 cm
3 

 

Depth of soil (depth of container)     = 20cm  

Therefore:  

Volume of water per day                   = 1 cm x 12315cm
3 

 

                                                                             20cm  

                                                         = 615.75 cm
3 

≈ 600cm
3 

 

But, to initially saturate the air dried soil to field capacity, a four day volume of water 

was considered. Thus:  

Volume of water applied initially    = 600 cm
3

x 4  

                                                        = 2400 cm
3

 

A volume of 2400 cm
3 

of water was applied initially to the soil in each pot and their 

individual weights were recorded.  The pots were left for two days for the soil to settle 

before planting was done. 

3.1.7. Planting  

Three seeds each of the 12 genotypes were planted per pot in the ninety- six plastic pots 

and seedlings were later thinned to two per pot. A total of 192 plants were obtained. 

Sowing was done on October 11, 2013.  

3.1.8. Irrigation schedule  

 All the ninety-six potted plants received water at four (4) days interval until the sixth 

week. After the sixth week, water was withdrawn from one group (48 pots) for ten days 

and after the tenth day, watering was resumed for two weeks then water was withdrawn 

again till the next tenth day. The remaining 48 potted plants received water throughout 

the experiment and this served as the control. Before irrigation, each pot was weighed 

and the weight differences (kg) were converted to volume (cm
3

). The values obtained for 
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each pot represented the volume of water applied to that particular pot at that period. The 

idea was to regain the initial soil moisture content at 4 days interval 

3.1.9. Fertilizer application  

Seven grams of NPK (15-15-15) was applied per pot two weeks after planting (2 WAP) 

and this was followed with top dressing with five grams of sulphate of ammonia per pot 

at five weeks after planting (5 WAP). These fertilizer applications were done a day 

before irrigation so that nutrients could be available to plant roots. Furadan 3G 

insecticides were used to control stem borers and other insect pests. 

3.1.10. Data collection 

1. Leaf Moisture Content (LMC) (%) 

During the period of moisture stress, two leaves of each genotype excluding the flag leaf 

were taken with a pair of scissors. The fresh weight was quickly measured, and was 

subsequently oven-dried to a constant weight at about 50° C. LMC was then calculated 

as follows:  

 % MC = 
        

  
       

 

Where FW = Fresh weight 

            DW = Dry weight. 

2. Plant height  

 The first measurement was taken at forty- two days after planting (42 DAP) and at each 

sampling date, the height of four plants of each genotype was taken. Plant heights were 

measured from the base of the plant to the tip of the longest leaf using a metallic 

measuring tape. The average height of the four plants of each genotype was then 

determined.  
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 3. Dry matter yield per plant  

At harvest, the biomass of one plant of each genotype in a replication excluding the roots 

was taken and oven-dried at 72°C to a constant mass and their masses were taken with an 

electronic balance. 

The mean dry masses were then calculated.  

4. Root dry mass  

At harvest, roots were separated from the shoots and were gently removed from the soil 

mass. The roots were gently washed to remove all soil. They were then dried at 72°C to 

constant mass. The average dry mass of roots of each genotype was thus measured. 

5. Grain yield 

At harvest (physiological maturity), ears with at least one fully developed grain were 

harvested. All ears harvested from each genotype were weighed and representative ear 

samples were shelled to determine percent moisture. Grain yield was computed from ear 

weight (EWT) adjusted to 15 % moisture content (MOIST) and 80 % shelling percentage 

(SHELL), using the following formula by Salami et al., (2003). 

Grain yield (kg/ha): 

EWT × 
[(         )]  

  
 × 10000 × SHELL 

EWT = Ear Weight, MOIST = Moisture content, SHELL = Shelling percentage. 

 

6.  Drought intensity and drought susceptibility index estimation 

The drought intensity as well as the drought susceptibility indices were determined for 

both the water stressed genotypes as well as the non-stressed genotypes. From the 

estimation, drought index based on relative grain yield of the water stressed genotypes 

were estimated. The relation used was the one proposed by Fischer and Maurer (1978) 
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Drought Susceptibility index (DSI) 

DSI  = 1-  
  

  
  ÷ D         ……………………………  (Equation 3.1) 

     D = 1 -  
  

  
           ……………………………………… (Equation 3.2) 

Where  

            D = drought intensity 

          Xs = respective average yield of all genotypes under water stressed condition. 

          Xw = respective average yield of all genotypes under well-watered condition 

          Ys = individual yield under water stressed condition. 

         Yw = individual yield under well-watered condition. 

Genotypes with average susceptibility to drought have a DSI (Drought Susceptibility 

Index) value of 1.0. 

Values of DSI (Drought Susceptibility Index) less than 1.0 indicates less susceptibility 

and greater tolerance to drought. 

Values of DSI (Drought Susceptibility Index) equal to 0.0 indicates maximum possible 

drought tolerance (no effect of drought on yield) 

 

3.1.11. Data Analysis 

 Calculation of drought intensities based on the average yields between the two 

water  regimes 

The drought intensity (D) was calculated for dry matter yield, leaf moisture content, 

plant height; root dry matter and grain yield by using equation 3.2. 

Drought Intensity = 1 -  
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From table 4.4:                     Dry Matter Yield (DMY) = 1 -  
    

    
  

                                                                                        = 0.10 

Leaf Moisture Content                                                   = 1 - 
      

    
 

                                                                                       = 0.33 

Plant Height                                                                  = 1 -  
     

     
 

                                                                                      = 0.09 

Root Dry Matter                                                           = 1 -  
    

    
 

                                                                                    = 0.10 

Grain Yield                                                                = 1 - 
     

    
 

                                                                                   = 0.61 

Data were subjected to ANOVA (Analysis of Variance) using GenStats statistical 

package 11
th

 edition. Individual means of water stressed genotypes were compared to 

their corresponding non stressed in a pairwise comparison analyses (t-test) and LSD was 

used to determine differences in treatment means at 5% probability level. 
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CHAPTER FOUR 

RESULTS  

4.1 Physical and chemical properties of soils used  

The physical properties of the soil used in the plant house showed that the soil was sandy 

loam. The pH of the soil used at the plant house was 5.8 which suggested a slightly 

acidic soil condition. The soil recorded a lower value for potassium (1.42 cmol/kg) but 

had a moderate value for the other properties such as percentage organic matter (3.80%), 

percentage carbon (2.21%), total nitrogen (0.24), and phosphorus (9.73 cmol/kg). The 

properties of the soil used is shown in table (4.1) 
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Table 4.1: Physical and chemical properties of soils at the start of plant house 

experiment 

Soil property  

Soil depth (cm) 0 – 15 

Particle size (%)  

Sand 26.69 

Silt 62.87 

Clay 10.35 

pH (1:1 soil: H
2
0) 5.8 

Organic carbon (%) 2.21 

Organic matter (%) 3.80 

Total N (%) 0.24 

Exchangeable cations (cmol/kg)  

Ca 3.95 

Mg 2.03 

K 1.42 

Na 0.3 

Total exchangeable bases 7.80 

Exchangeable acidity (Al
+
, H

+
) 0.50 

Effective cation exchange capacity (mol/kg) 8.29 

Base saturation (%) 93.84 

Available P (cmol/kg) 9.73 

Available K (cmol/kg) 100.44 
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4.2. Results of the plant house experiment 

4.2.1. Effects of moisture stress on leaf water content 

With this index, highly significant differences (p < 0.001) existed among the inbred lines 

as well as the varieties under both water stressed and non stressed conditions. For the 

water stressed genotypes, inbred lines Tzeei 50 and Tzeei 21 recorded the highest 

percentages of 58 % and 55% respectively. For the non stressed genotypes, inbred line 

Tzeei 21 and variety Akposoe recorded the highest percentages of 88 % and 86 % 

respectively. 

 

Figure 4.1: Effect of water stress on leaf water content 
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4.2.2. Effect of water stress on plant height 

With the exception of inbred lines Tzeei 21, Tzeei 35 and the variety Aburohemaa which 

showed no significant differences in the two water regimes, significant differences were 

recorded by the other genotypes.  Average height for the non stressed genotypes ranged 

from 96 cm to 166.5 cm and for the water stress genotypes the average height ranged 

from 91 cm to 157.8 cm. Tzeei 1 recorded the highest plant height (157.8 cm) for the 

water stress genotypes followed by Tzeei 4 (142 cm). For the non stressed genotypes 

Tzeei 1 again recorded the highest plant height (166.5 cm) followed by Abontem (154 

cm) 

 

Figure 4.2: Effect of water stress on plant height. 
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4.2.3: Effect of water stress on root dry matter 

With reference to root dry matter, it was observed that only inbred lines Tzeei 21, Tzeei 

35 and Tzeei 63 showed significant differences between the two water regimes (stressed 

and non stressed conditions), the other genotypes failed to record any significant any 

significant figures in the two water regimes. This implies that apart from inbred lines 

Tzeei 21, Tzeei 35 and Tzeei 63, the other maize genotypes may be tolerant to water 

stress. 

Figure 4.3: Effect of water stress on root dry matter. 
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genotypes apart from maize genotypes Tzeei 21, Tzeei 35 and Tzeei 63 may also be 

tolerant to water stress 

 

Figure 4.4: effect of water stress on dry matter yield 

4.2.5 Effect of water stress on grain yield 
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yields of all the maize genotypes under non stressed condition far exceeded those of the 

maize genotypes under stressed condition. 

 

Figure 4.5: effect of water stress on grain yield. 
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Correlation(r) 

Coefficient 

Of determination/ 
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variance(r
2
) 
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Dry matter yield -0.399 0.159 16 % 

Leaf moisture 

content 
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4.3.1: Relationship between grain yield and dry matter yield 

Grain yield had a weak negative correlation (-0.399) with dry matter yield. A co-efficient 

of determination (r
2
) of 0.159 was obtained for the genotypes under water stress. This 

suggests that about 16 % of the variation in grain yield increase could be attributed to a 

decrease in dry matter production and vice-versa. 

4.3.2: Relationship between grain yield and leaf moisture content. 

There was a weak positive correlation (0.159) between grain yield and leaf moisture 

content as recorded in table 4.2. A co-efficient of determination (r
2
) of 0.02 was obtained 

for the genotypes under water stress. This suggests that about 2 % of the variation in 

grain yield increase could be attributed to increasing leaf moisture content and vice-

versa. 
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4.3.3 Relationship between grain yield and root dry matter 

There was also a weak positive correlation (0.169) between grain yield and root dry 

mass. A co-efficient of determination (r
2
) of 0.03 was obtained for the genotypes under 

water stress. This suggests that about 3 % of the variation in grain yield increase could be 

attributed to increasing root dry mass and vice-versa. 

4.3.4: Relationship between grain yield and plant height 

There was again a weak positive correlation (0.37) between grain yield and plant height.  

A co-efficient of determination (r
2
) of 0.142 was obtained for the genotypes under water 

stress. This suggests that about 14 % of the variation in grain yield increase could be 

attributed to increase in plant height vice-versa. 

4.4: Drought intensity (D) and Drought Susceptibility Index (DSI) 

Table 4.3: Drought intensities. 

parameter DMY LMC PHT RDM GY 

Drought intensity 0.10 0.33 0.09 0.10 0.61 

DMY: Dry Matter Yield, LMC: Leaf Moisture Content, PHT: Plant Height, RDM: Root 

Dry Matter, GY: Grain Yield. 

Drought intensity based on the five parameters (dry matter yield, leaf moisture content, 

plant height, root dry matter and grain yield) in the water stressed and non stressed 

conditions evaluated in the plant house. 
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Table 4.4: Individual yield under water stressed condition and non-stressed 

conditions 

Number Genotypes DMY  (g) 

WS NS 

DSI LMC (%) 

WS NS 

DSI PHT (cm) 

WS NS 

DSI 

1 Tzeei 1 38.5   42.5 0.94 36        63 1.30 157.8  166.5 0.58 
2 Tzeei 4 39.8   41.8 0.48 44       59 0.77 142     152 0.73 
3 Tzeei 8 64.8   71.2 0.90 45       72 1.14 108.2  119.5 1.05 
4 Tzeei 21 42.5   61.8 3.12 55       88 1.14 122.2  130 0.67 
5 Tzeei 35 55.5   75.5 2.65 46       66 0.92 91       96 0.58 
6 Tzeei 50 51       58 1.21 58        63 0.24 103.2   112.2 0.89 
7 Tzeei 63 54.5   71.8 2.41 49        74 1.02 102      112.5 1.04 
8 Tzeei 76 43.5   44.5 0.22 46        73 1.12 102      115 1.26 
9 Abontem 70.8   81 1.26 41       60 0.96 120      154 2.45 
10 Aburohema 66.8   71.8 0.70 50       79 1.11 126      126 0 
11 Akposoe 67.5   57.5 -1.74 49       86 1.30 86        100.8 1.63 
12 Omankwa 58.8   50 -1.76 53       75 0.89 75        142 5.24 
GM  54.5   60.6 0.87 47.7   71.5 0.99 116.7   128.7 1.34 
Lsd(5%)    24.9   28.9  1.49   2.24  16.50   14.35  
C.V (%)  31.8   33.1  6.13   9.20  9.80      7.80  

DMY: Dry Matter Yield, LMC: Leaf Moisture Content, PHT: Plant Height, RDM: Root 

Dry Matter, GY: Grain Yield. WS: Water Stress, NS: Non Stress, GM: Grand Mean, C.V 

(Co-efficient of Variation), DSI (Drought Susceptibility Index). 

A drought index based on dry matter yield, leaf moisture content and plant height under 

the water stressed and non stressed conditions for the twelve maize genotypes evaluated 

in the plant house. Drought index ranged from -1.76 to 3.12 for dry matter yield, 0.24 to 

1.30 for leaf moisture content, and from 0 to 5.24 for plant height. 
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Table 4.5: Individual yield under water stressed condition and non-stressed 

conditions 

Number Genotype RDM (g) 

WS NS 

DSI GY (kg/ha) 

WS NS 

DSI 

1 Tzeei 1 7.50 7.25 -0.36 865 1939 0.91 

2 Tzeei 4 5.00 5.00 0.00 625 1639 1.01 

3 Tzeei 8 2.23 8.00 7.51 710 1812 1.00 

4 Tzeei 21 5.75 2.50 -13.54 727.5 1939 1.02 

5 Tzeei 35 4.50 5.25 1.49 640 1647 1.00 

6 Tzeei 50 4.75 5.75 1.81 696.2 1999 1.01 

7 Tzeei 63 6.00 5.25 -1.49 655 1714 1.01 

8 Tzeei 76 6.00 5.50 -0.95 760 1876 0.98 

9 Abontem 5.25 8.75 4.17 658.8 1774 1.03 

10 Aburohema 7.75 7.25 -0.72 651.2 1737 1.02 

11 Akposoe 5.25 5.75 0.91 741.2 1902 1.00 

12 Omankwa 5.50 6.25 1.25 718.8 1849 1.00 

G M  5.46 6.04 0.006 704.1 1819 0.99 

Lsd (5%)  2.81 2.50  78.62176.70  

C. V (%)  35.70 28.80  7.80 6.80  

DMY: Dry Matter Yield, LMC: Leaf Moisture Content, PHT: Plant Height, RDM: Root 

Dry Matter, GY: Grain Yield. WS: Water Stress, NS: Non Stress, GM: Grand Mean, C.V 

(Co-efficient of Variation), DSI (Drought Susceptibility Index). 

A drought index based on dry matter yield, leaf moisture content and plant height under 

the water stressed and non stressed conditions for the twelve maize genotypes evaluated 

in the plant house. Drought index ranged from -13.54 to 7.51 for root dry matter and 0.91 

to 1.03 for grain yield 
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Table 4.6: Drought Susceptibility Index (DSI) 

 

Genotype          DMY            LMC                PHT                    RDM                   GY 

Tzeei 1 

Tzeei 4 

Tzeei 8 

Tzeei 21 

Tzeei 35 

Tzeei 50 

Tzeei 63 

Tzeei 76 

Abontem 

Aburohemaa 

Akposoe 

Omankwa 

0.94 

0.48 

0.90 

3.12 

2.65 

1.21 

2.41 

0.22 

1.26 

0.70 

-1.74 

-1.76 

1.30 

0.77 

1.14 

1.14 

0.92 

0.24 

1.02 

1.12 

0.96 

1.11 

1.30 

0.89 

0.58 

0.73 

1.05 

0.67 

0.58 

0.89 

1.04 

1.26 

2.45 

0 

1.63 

5.24 

-0.36 

0 

7.51 

-13.54 

1.49 

1.81 

-1.49 

-0.95 

4.17 

-0.72 

0.91 

1.25 

0.91 

1.01 

1.00 

1.02 

1.00 

1.01 

1.01 

0.98 

1.03 

1.02 

1.00 

1.00 

DMY: Dry Matter Yield, LMC: Leaf Moisture Content, PHT: Plant Height, RDM: Root 

Dry Matter, GY: Grain Yield. 

From the drought susceptibility index in table 4.6, the smaller  the susceptibility index, 

the more tolerant is that genotype and such a genotype could be select for drought 

tolerance. For dry matter yield, Omankwa had the least susceptibility index of -1.76, for 

leaf moisture content inbred line Tzeei 50 had the least susceptibility index of 0.24, for 

plant height Aburohemaa recorded the least susceptibility index of 0, for root dry matter 

inbred line Tzeei 21 recorded the least susceptibility index of -13.54 and for grain yield 

inbred line Tzeei 1 recorded the least susceptibility index of 0.91. 
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Table 4.7: Correlation between dry matter yield, root dry matter, leaf moisture 

content, grain yield, plant height and their respective drought indices. 

Parameter 

 

Drought index 

Correlation (r) 

Co-efficient  

of determination(r
2
) 

Dry matter yield 0.01 0.0001 

Root dry mass -0.708 0.50 

Leaf moisture content -0.629 0.40 

Grain yield 0.106 0.011 

Plant height -0.212 0.05 

 

The result in table 4.7 shows three (3) negative relationship out of five (5) between 

parameters and drought indices for the twelve genotypes under water-stressed condition. 

This implies that the drought susceptibility indices for these parameters could be a good 

tool for selecting drought tolerant maize genotypes. 
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4.5: Scoring and ranking of genotypes 

TABLE 4.8: Scoring and ranking of genotypes based on drought susceptibility 

indices 

Genotypes DMY LMC PHT RDM GY Rank 

sum. 

Rank 

Tzeei 1 

Tzeei 4 

Tzeei 8 

Tzeei 21 

Tzeei 35 

Tzeei 50 

Tzeei 63 

Tzeei 76 

Abontem 

Aburohemaa 

Akposoe 

Omankwa           

7 

4 

6 

12 

11 

8 

10 

3 

9 

5 

2 

1 

11 

2 

9 

9 

4 

1 

6 

8 

5 

7 

11 

3 

2 

5 

8 

4 

2 

6 

7 

9 

11 

1 

10 

12 

5 

6 

12 

1 

9 

10 

2 

3 

11 

4 

7 

8 

1 

7 

3 

10 

3 

7 

7 

2 

12 

10 

3 

3 

26 

24 

38 

36 

29 

32 

32 

25 

48 

27 

33 

27 

3rd 

1st 

11th 

10th 

6th 

7th 

7th 

2nd 

12th 

4th 

9th 

4th 

 

DMY: Dry Matter Yield, LMC: Leaf Moisture Content, PHT: Plant Height, RDM: Root 

Dry Matter, GY: Grain Yield. 

Values of DSI (Drought Susceptibility Index) less than 1.0 indicates less susceptibility 

and greater tolerance to drought. Values of DSI (Drought Susceptibility Index) equal to 

0.0 indicates maximum possible drought tolerance (no effect of drought on yield) 

 The twelve genotypes were ranked according to their tolerance level to water stress as 

recorded in Table 4.6. The scoring was done such that genotype with the least 

susceptibility index (greater tolerant) was scored 1. The next genotype was scored 2, and 

then the genotype with highest index which was scored 12. The less the susceptibility 

index, the greater the level of tolerance to drought and vice-versa. The following ranking 

was therefore obtained for the twelve genotypes in decreasing order of drought tolerance 



57 

Tzeei 4 >   Tzeei 76 > Tzeei 1 > Tzeei> Aburohemaa = Omankwa > Tzeei 35 > Tzeei 

50= Tzee1 63 >Akposoe > Tzeei 21> Tzeei 8 >Abontem 

 

Plate 4.1 Maize varieties under the stressed (left) (ten days after flowering) and 

non-stressed (right) conditions in the plant house 
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CHAPTER FIVE 

DISCUSSION 

5.1. Physical and chemical properties of the soil. 

The pH of the soil used at the plant house was 5.8 which suggested a slightly acidic soil 

condition. The physical properties of the soil used in the plant house showed that the soil 

was sandy loam. The chemical properties of the soil used in the plant house was 

relatively good according to the soil manual given by Landen (1991). The soil recorded a 

lower value for potassium (1.42 cmol/kg) but had a moderate value for the other 

properties such as percentage organic matter (3.80%), percentage carbon (2.21%), total 

nitrogen (0.24), and phosphorus (9.73 cmol/kg). The inherent capacity of the soil used in 

the plant house as regards maize production can be said to be higher and this might have 

a strong bearing on the conditions to which these soils were subjected to prior to their 

use for the experiment. The soil was taken from an area that had been left fallow for at 

least three years. The dark colour of the soil implied that there was adequate time for 

organic matter decomposition and hence availability of other important nutrients such as 

N, P and K. 

5.2 Leaf moisture content 

With this indicator, highly significant variations (p > 0.001) were observed among the 

genotypes in both the stressed and non-stressed condition. Higher percentages of 58 % 

and 55 % recorded by inbred lines Tzeei 50 and Tzeei 21 give an indication that these 

two genotypes were relatively able to maintain better plant water status within the water 

stressed period during which measurement was taken. This shows that inbred lines Tzeei 

50 and Tzeei 21 might not have only tolerated the drought but also might have avoided 

the drought as defined by Fisher and Sanchez (1979) and also Otoole and Chang (1979) 
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that avoidance of drought is the ability of a plant to maintain relatively high water status 

despite the low moisture condition within the entire plant environment. According to 

González and González-Vilar (2001), the subjective value accepted for LRWC is ≥ 80%. 

From the findings of González and González-Vilar (2001), it can be deduced that all the 

other genotypes were apparently susceptible to drought when leaf relative water content 

was used as an indicator. 

5.3. Plant height 

Plant heights observed for the genotypes in the plant house were higher for the non 

stressed maize genotypes than the water stressed.  The significant differences observed 

among the maize genotypes under non stressed condition as well as the stressed 

condition for the other genotypes apart from inbred lines Tzeei 21, Tzeei 35 and variety 

Aburohemaa was in accordance with the findings of Olaoye (2009) who observed that, 

plant height of maize hybrid increased up to 45.38 cm at 100% field capacity 24 DAS 

(Days After Sowing), while it decreased up to 24.69 cm with decreasing field capacity. It 

was also reported by Abo-El-Kheir and Mekki, (2007) that the plant height of single 

cross maize hybrid was affected when deficit water was applied at different growth 

stages. 

5.4. Root dry matter 

Significant variations were observed among the maize genotypes Tzeei 21, Tzeei 35 and 

Tzeei 63 for root dry matter under both stressed and non stressed conditions. Inbred line 

Tzeei 35 proved significantly higher than the rest of the maize genotypes and it was 23.4 

% higher than inbred line Tzeei 21 under water stress and 18.1 % higher than Tzeei 21 

under non stressed conditions. With the exception of maize genotypes Tzeei 21, Tzeei 35 

and Tzeei 63, all the other genotypes showed apparent susceptibility to water stress when 

root dry matter was used as an indicator. The better performance of maize genotypes 
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Tzeei 35 and Tzeei 63 with respect to root dry matter indicates their efficiency in 

resource acquisition particularly, water. Maize genotypes Tzeei 35 and Tzeei 63 can be 

seen as having greater tendency to produce higher root dry matter under field conditions 

as concluded by Hurd (1974) that measurement of roots in boxes of soil in the 

greenhouse gives a fair approximation of root growth in the field. Therefore, root growth 

at the seedling stage may therefore be useful in predicting root growth under drought 

stress at later growth stages. Camacho and Caraballo (1994) also concluded that root dry 

mass was identified as the major criterion for selection of maize genotypes under drought 

conditions and this report again supports the higher drought tolerance level in inbred 

lines Tzeei 35 and Tzeei 63. Water and nutrient acquisition could therefore be greatly 

improved by selection of genotypes with efficient soil exploration by the root system as 

reported by Lynch, (1995).   

5.5. Dry matter yield 

 Significant variations were observed among the maize genotypes Tzeei 21, Tzeei 35 and 

Tzeei 63 for root dry matter under both stressed and non-stressed conditions. Significant 

lower dry matter yield were recorded by maize genotypes Tzeei 21, Tzeei 35 and Tzeei 

63. The significant lower dry matter yields recorded by theses maize genotypes under 

water stressed condition portends that the effect of the drought was severe to reduce leaf 

and stem growth as the crops intercepted less solar radiation. This observation agrees 

with the findings of Prabhu and Shivaji (2000) who reported that the main effect of 

drought in the vegetative period is to reduce leaf and stem growth, so the crop intercepts 

less sunlight. It also supports a report by Vianello and Sobrado (1991) that drought stress 

during vegetative stage provides diminution of the growth in maize crop leaves and 

stems.  The result also confirms the findings of Lu et al. (1999) while identifying the 

specific physiological mechanisms at the whole-plant and cellular levels responsible for 
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drought resistance in barley. The authors reported that when subjected to -0.4 MPa root 

water deficit, the shoot growth in water- stressed wheat cultivars (on the basis of dry 

weight) decreased by 85.2 %, as compared with the control plants; while the shoot 

growth in the non- stressed was significantly less inhibited (74.8 %) by the same root 

water deficit. The results of this study suggested that the effect of drought was severe to 

reduce leaf area and stem growth reducing ability of the crops to intercept solar radiation. 

In some cultivated cereals, osmotic adjustment has been found to be one of the most 

effective physiological mechanisms underlying plant tolerance to water deficit (Turner 

and Jones, 1980; Morgan, 1984; Blum, 1988; Zhu et al., 1997). Osmotic adjustment, as a 

process of active accumulation of compatible osmolytes in plant cells exposed to water 

deficit, may enable a continuation of leaf elongation, though at reduced rates (Turner, 

1986). 

5.6. Grain yield 

Highly significant (p < 0.001) variability existed for grain yield in both water stressed 

and non stressed conditions. Inbred line Tzeei 50 had the highest grain yield which  was 

18 % higher than inbred line Tzeei 4 in the non stressed condition, however, in the water 

stressed condition, inbred line Tzeei 1 had 27.7 % higher yield than inbred line Tzeei 4. 

Reductions in grain yields of all the stressed genotypes were highly significant from non 

stressed plants when their mean performances were compared in both conditions.  The 

significant differences among the genotypes under the two water regimes agrees with  

reports by Prabhu and Shivaji (2000), Grant et al. (1989) and Bänziger et al. (2000) that, 

around flowering (from two weeks before tasseling and two weeks after silking) maize is 

very sensitive to moisture stress and grain yield could be seriously reduced on a single 

cob. 
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5.7. Drought index and yield relationship. 

The result indicated three (3) negative relationship out of five (5) between parameters 

and drought indices for the twelve genotypes under water-stressed condition. This means 

that the parameters show 60 % negative correlation with grain yield. This observation 

indicated that grain yield increased with decreased drought index and vice-versa for the 

twelve genotypes. The implication again is that genotypes with low drought indices may 

have high grain yield potentials or otherwise, in drought conditions. There were 

genotypic differences between the materials used for the study. Hence there is the 

potential for selection for improvement towards drought. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1. Conclusions 

The three inbred lines, Tzeei 4, Tzeei 76 and Tzeei 1 were among the genotypes which 

were identified to be drought tolerant based on their lower drought susceptibility index in 

the plant house experiment. Similarly, among the four varieties used, Aburohemaa is 

recommended for maize growers in potentially drought prone areas specifically, in the 

Guinea savanna, Sudan savanna and Forest-savanna transition zones of Ghana. 

There was weak correlation between the parameters used and their respective drought 

indices. This means that the association was weak and cannot be used to predict drought 

tolerance. 

6.2. Recommendations 

Tzeei 4, Tzeei 76, and Tzeei 1 and Aburohemaa were among the genotypes which were 

identified to be drought tolerant but were prone to lodging. Further improvement in their 

traits to overcome lodging is needed. 

Future studies should include biochemical analysis in addition to morpho-physiological 

evaluation and at molecular level, in order to get a better understanding of mechanisms 

responsible for drought tolerance in maize genotypes.  

Future studies should also include large number of genotypes to increase genetic 

variation to the greatest extent possible. 
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APPENDICES 

Appendix 1: ANOVA for dry matter yield. (non -stressed) 

Variate: dry_matter_non_stress 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replications stratum 3  1353.7  451.2  1.12   

 replications.*Units* stratum 

Treatments 11  8289.7  753.6  1.87  0.081 

Residual 33  13284.0  402.5     

 Total                                         47      22927.5    

 

Appendix 2: ANOVA for dry matter yield. (Stressed) 

Variate: dry_matter_stressed 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replications stratum 3  212.6  70.9  0.24   

 replications.*Units* stratum 

Treatments 11  5832.2  530.2  1.77  0.101 

Residual 33  9901.2  300.0     

 Total                                         47        15946.0  
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Appendix 3: ANOVA leaf moisture content.  (non -stressed) 

Variate: leaf_moisture_content_non_stress 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replications stratum 3  0.3066  0.1022  0.72   

 replications.*Units* stratum 

Treatments 11  226.1478  20.5589  143.97 <.001 

Residual 33  4.7123  0.1428     

 Total 47  231.1667 

 

Appendix 4: ANOVA for leaf moisture content. (Stressed) 

Variate: leaf_moisture_content_stressed 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replications stratum 3  29.714  9.905  6.77   

 replications.*Units* stratum 

Treatments 11  91.591  8.326  5.69 <.001 

Residual 33  48.305  1.464     

 Total 47      169.610 
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Appendix 4: ANOVA for plant height (non- stressed) 

Variate: plant_height_non_stressed 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replications stratum 3  750.17  250.06  2.51   

 replications.*Units* stratum 

Treatments 11  19126.17  1738.74  17.47 <.001 

Residual 33  3284.33  99.53     

 Total                                            47      23160.67 

 

Appendix 5: ANOVA for plant height (stressed) 

Variate: plant_height_stressed 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replications stratum 3  1257.7  419.2  3.19   

 replications.*Units* stratum 

Treatments 11  16486.6  1498.8  11.40 <.001 

Residual 33  4340.0  131.5     

 Total 47  22084.3       
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Appendix 6: ANOVA for root dry matter. (non -stressed) 

 

Variate: root_dry_mass_non_stressed 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replications stratum 3  8.417  2.806  0.93   

 replications.*Units* stratum 

Treatments 11            117.917  10.720  3.55  0.002 

Residual 33            99.583  3.018     

 Total                                          47         225.917 

 

Appendix 7: ANOVA for root dry matter (stressed) 

Variate: root_dry_mass_stress 

Source of variation d.f.  s.s. m.s. v.r. F pr. 

 Replications stratum 3    13.786  4.595  1.21   

 replications.*Units* stratum 

Treatments 11    88.806  8.073  2.12  0.048 

Residual 32   121.747  3.805     

 Total 46   211.702 
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Appendix 8: ANOVA for grain yield (non- stressed) 

Variate: yield non stressed 

Source of variation d.f. s.s. m.s. v.r. F pr. 

replications stratum 3  22969.  7656.  0.51   

 replications.*Units* stratum 

treatments 11  612994.  55727.  3.69  0.002 

Residual 33  498019.  15091.     

Total                                            47  1133981.  

 

Appendix 9: ANOVA for grain yield (stressed) 

Variate: grain yield-stressed 

Source of variation d.f. s.s. m.s. v.r. F pr. 

replications stratum 3  4956.  1652.  0.55   

replications.*Units* stratum 

treatments 11  195514.  17774.  5.95 <.001 

Residual 33  98563.  2987.     

Total 47  299033.       

  

 


