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ABSTRACT

Maize (Zea mays L.) is an important food crop grown in the semi-coral area in

Pemba. Despite its high yield potential, it is giving low yields because of lack of

appropriate information varieties, plant population and fertilizeron

recommendations. Keeping this in view, the present study was done to establish the

best combination of variety, plant density and nitrogen fertilizer for maximizing

maize yield in the semi-coral area. Three improved varieties (Staha, Situka and

TMV-1) were compared with the local variety (JKU) at three plant densities (44 444,

53 333 and 66 666 plants/ha) and four nitrogen levels (23, 46, 70 and 90 kg N/ha)

during the 2013 cropping season. A field experiment was laid out using a

randomized complete block design in split-split-plot arrangement with three

replications. Varieties were kept to the main plots, plant densities to the sub-plots and

nitrogen levels to the sub-subplots. Results indicated that Staha produced

significantly (P < 0.05) higher grain yield (4.953 tons/ha) followed by the local

variety (4.411 tons/ha). The local variety flowered and matured earliest. Plant density

had no significant effect on flowering, maturity and seed rows/cob but recorded

significantly tallest plants (1.848 m) at 66 666 plants/ha and greatest yield (4.291

tons/ha) at 53 333 plants/ha. Application of 90 kg N/ha led to significantly (P < 0.05)

tallest plants but delayed flowering and maturity while 70 kg N/ha was better for the

yield and yield components. Interaction of variety with plant density, variety with

nitrogen fertilizer and plant density with nitrogen fertilizer were all significant for the

grain yield. Interaction of variety with plant density and nitrogen led to significantly

highest grain yield (6.415 t/ha) from Staha with 66 666 plants/ha and 70 kg N/ha and

therefore recommended for the semi-coral area.
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CHAPTER ONE

1.0 INTRODUCTION, JUSTIFICATION AND OBJECTIVES

1.1 Introduction

Maize (Zea mays L.) is a long time crop in Pemba. It was first introduced and grown

in the Island by Portuguese planters in the sixteenth century to feed their coastal

barracks (McCann, 2001). Since then, it remained as one of the traditional crops

though it was mainly produced for eating green and not for flour (Suleiman, A. H.

personal communication, 2012). Its importance

increasing rapidly in the last twenty years especially on the Eastern side of Pemba.

This follows the failure of other traditional crops due to changes in weather trends

and frequent occurrences of plant diseases and pests outbreaks to which other crops

are more prone (Rashid, H. I. personal communication, 2012). Since the outbreaks of

cassava mealy bugs in 1980s and the cassava mosaic virus and brown streak virus

currently prevailing, maize is now a major crop grown by semi-coral area farmers for

dry grain and flour production.

Semi-coral area by itself is one of the five livelihood zones of Pemba Island. It is the

farming and fishing zone running all along the eastern side of the Island from far

North to far South and some parts on the North-West making one-third of the total

agricultural land in Pemba. Other livelihood zones are the deep soil farming zone in

the central part, the farming-fishing-plantation zone on the western side, the peri­

urban and the urban zones as shown in Fig. 1. In the semi-coral area, agriculture is

the most important livelihood activity followed by animal keeping mostly local

as a food security crop has been
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Figure 1: Pemba livelihood zones

Source: Save the children, 2003 - Zanzibar Household Economy Analysis Report.

breeds of cattle, goats and chicken. Fishing is another livelihood activity but it is

very seasonal and minor, only done by men from very few households. It persists

only for three to four months in a year during North-East winds when the sea is calm,

thus contributing very little to the people’s food and income security in this area.

Petty business and cutting of stone bricks for building purposes are other livelihood

options among households in the semi-coral area. In most parts of the semi-coral

area, the soil is very shallow with continuous bed of stones and rocks. In some parts,

big stones are at less than the ploughing depth. This characteristic makes semi-coral

[altancale

Zone 2 - Deep Fertile Soils 
No Fishing

Zone 3 - Deep Fertile Soils 
with Fishing

Zone 4 - Pemba PeriUxban
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area not suitable for deep rooted crops such as the major plantation crops common in

Pemba i.e. cloves and coconuts. Also, because of that characteristic the agricultural

system is dominated by small-holder subsistence production of annual crops such as

maize, cowpeas, sorghum, pea nuts, sweet potatoes and cucurbits with maize being

grown by almost every household as the major food security crop and for generation

of cash (Ali et al., 1995).

Outside the semi-coral area maize flour is currently one of the five food items

including cassava, bananas, wheat flour and sweet potatoes supplementing rice in

Zanzibar. According to the Zanzibar Ministry of Agriculture (2012), the total supply

of maize flour in Zanzibar has increased from 6000 metric tons in 2007 to 8000

metric tons in 2011, at an average growth rate of 11.67%. Meanwhile, in the last five

years the average supply from domestic production was just 2400 metric tons per

year, with growth rate of only 4.17%. The gap between the demand and the domestic

supply is covered by importation of more than 3500 metric tons per year from

Tanzania mainland.

1.2 Problem Statement

Maize is the most important food crop produced in the semi-coral area in Pemba.

However, production has never met the demand due to very poor yields. This is

probably because farmers are continuously using their local varieties with no

consideration of improved production technologies such as proper spacing, proper

plant densities, types and rates of fertilizers and other agronomic practices. This

constantly results in production that is very far below the yields already obtained
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with improved practices and far below the food demand for the increasing population

in the semi-coral area. The current maize yield in this area (1.0 ton ha"1) is lower than

the potential yield (2.0 - 3.9 tons ha"1) reported by Shin-Gu et al. (2011) from

Kizimbani research station in Zanzibar and far lower than the average yield of 2.5 -

4.5 tons ha"1 reported by Kaliba et al. (1998) from varieties recommended for the

Eastern zone in Tanzania.

1.3 Justification

The big challenge in the semi-coral area in Pemba is to produce enough maize for

food to meet households’ demand. Increasing productivity per unit area through

agronomic management is one of the important strategies to increase the production

of maize grain. However, no particular package of maize production technologies

specifically for the semi-coral area has ever been established. According to Shin-Gu

et al. (2011) only four improved maize varieties; Tuxpcno-1, Staha, Situka and

TMV-1 had been tested in Zanzibar in 2006. Though, no information is available on

the performance of the four tested varieties under on-farm conditions. Information on

fertilizers and plant densities on maize for the semi-coral area is also not available.

Due to differences in agro-climatic conditions and soil type, broad or general

recommendations that assume homogeneity of farming conditions can be erratic thus

partly contributing to poor crop production among small-scale farmers (Hassan et al.,

1998). For recommendations to have proper impact, there is need for careful

targeting of specific areas (Shiluli et al., 2003). Findings by Shin-Gu et al. (2011)

were not applicable in the semi coral area and other areas of Zanzibar where the

nature of land and soil is far different from that of Kizimbani research centre.
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Research to identify and establish improved production practices for the semi-coral

area in order to increase maize production was therefore of great importance.

1.4 Objectives

1.4.1 Overall objective

To increase maize production in semi-coral area of Pemba through better cultural

practices and improved varieties.

1.4.2 Specific objectives

1.4.2.1. To identify a maize variety that performs better in semi-coral area among

those recommended for the Eastern Zone of Tanzania.

1.4.2.2. To establish the best variety-plant density combination that maximizes maize

yield.

1.4.2.3. To establish an optimum rate of nitrogen fertilizer for improved maize

production in semi-coral area.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Classification of Maize (Zea mays L.)

Maize (Zea mays L.) is an annual crop of the genus Zea and the family Poaceae. Zea

mays is one of the five species of the genus Zea. Other species are Zea diploperennis

(H.H.Iltis), Zea perennis ((Hitchc.) Reeves and Mangelsdorf), Zea luxurians

((Durieu and Asch.) R.M.Bird) and Zea nicaraguensis (H.H.Iltis and B.F.Benz). The

huehuetenangensis, Zea mays mexicana, Zea mays parviglumis and Zea mays mays.

The first three subspecies are teosintes (wild types); the last is maize or com, the

only domesticated taxon in the genus Zea (Doebley et al., 1990).

2.2 Centre of Origin of Maize

The geography of origins and diversification of agricultural species has important

implications for straightening out the ecological context of Neolithic societies and for

understanding current patterns of diversity in domesticated plants and animals (van

Heerwaarden et al., 2011). Because of its economic importance, maize has long been

a focus of genetic and evolutionary analyses. Yet, many aspects of the evolutionary

genetics of maize to its stage of domestication remain an obscurity (Gaut and

Doebley, 1997). Therefore, the origin of maize has been the subject of intense debate

(Doebley et al., 1990). Nevertheless, both botanists and archaeologists agree that this

crop of the world was the basic food plant of the ancient American civilizations

(Mangelsdorf and Reeves, 1938). According to Doebley et al. (1995), maize starch

species Zea mays is further divided into four subspecies: Zea mays
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recovered by “starch grain analysis” from stone tools obtained from the Pacific

lowlands of central Panama confirms previous archaeobotanical evidence for the use

of maize there by 7800-7000 cal BP ("calibrated years before the present"). Also

Starch evidence from pre-ceramic sites in the less seasonal, humid premontane

forests of Chiriqui province western Panama shows that maize and root crops such as

manioc (Manihot esculenta), and arrowroot (Maranta arundinaced) were present by

7400-5600 cal BP, several millennia earlier than previously documented (Dickau et

al., 2007).

Although some paradox still remains, botany and archaeology (the study of plant

science and plant domestication) and genetic studies have provided firm evidence

that maize was domesticated from Balsas teosinte (Zea mays subspecies

parviglutnis), a wild relative that is endemic to the mid-to-lowland regions of south­

western Mexico (van Heerwaarden et al., 2011; Prasanna, 2012).

Introduction of Maize into Africa2.3

Linguistic evidence strongly suggests that maize penetrated the interior of tropical

Africa from the coastal regions, but the timing and mode of its introduction cannot be

established (Miracle, 1965). However, it is now strongly believed that maize was

introduced into Africa in the sixteenth century as part of the massive global

ecological and demographic transformation called the “Columbian Exchange” and

has since become one of Africa's dominant food crops (Miracle, 1966; McCann,

2001). Maize was probably introduced to tropical Africa from the Americas at more

than one point along the western and eastern coasts, gradually moving inward as a
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ration with the slave trade and at different times during the sixteenth century

(Miracle, 1965, 1966). Following its introduction, maize was first widely grown

along the coast from River Gambia to Sao Tome, around the mouth of River Congo,

and possibly in Ethiopia, in the sixteenth century. McCann (2001) reported that in the

sixteenth century Portuguese planters began to raise foodstuffs in Pemba Island,

including maize, to supply their coastal garrisons (barracks). In addition, Miracle

(1965) reported that there are references to maize introduction in all these places, in

Zanzibar, and around the mouth of River Ruvuma in the seventeenth century. These

references mentioned and described maize as an important foodstuff and a major

provision for slave ships between Liberia and the Niger Delta during the seventeenth

century. Less information is available for the interior of Africa, but it clearly seems

to have never been in South Africa until after 1652 and in Uganda until 1861.

However, by the last decade of the 20th century, a tidal wave of maize had engulfed

Africa, save its driest and wettest crannies, supplanting historical African food grains

like sorghum, millet and rice (McCann, 2001).

2.4 Morphology of the Maize Plant

2.4.1 The root system

Maize has fibrous root system; a typical root system of grasses, in three different

types of which one system successes another along the age of the maize plant. The

first type called the seminal (primary) root system comprises of the radical and the

very fine lateral roots originating from the base of the radical. This set of root system

serves to anchor the young plant and absorbs nutrients and water for up to the first

three weeks (Nielsen, 2000). As the seedling grows and emerges out of the soil, the
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seminal roots perish slowly succeeded by the permanent nodal roots developing from

the first node at the mesocotyl just below the soil surface. At six leaves (VI) stage of

development the nodal roots are fully developed, clearly visible and are the main root

system of the maize plant (Nielsen, 2000; Belfield and Brown, 2008). Near tasseling

stage, more roots called “brace roots” comparatively thick, pigmented and covered

with a waxy substance but identical to nodal roots in function, grow from the two to

three nodes just above the soil to support the plant from lodging and to scavenge the

surface layer of soil for water and nutrients. Favourable soils may allow maize root

growth up to 60 cm laterally and in depth (Tripathi et al., 2011).

The maize plant is a single cylindrical solid stem, clearly divided into nodes and

internodes. Depending on variety and the environment on which maize is grown,

stem height may vary from less than 0.6 m to more than 5 m in extreme cases with

18 to 21 nodes and internodes (Nielsen, 2000; du Plessis, 2003). The first three to

four nodes and internodes are still below the ground and fused together. The fifth

internode is usually the first noticeable one but it is not elongated, whereas the sixth,

seventh and eighth internodes lengthen to approximately 25, 50 and 90 mm,

respectively (du Plessis, 2003). Some abnormal tillers may develop from nodes

below the soil surface. The lateral shoot bearing the main ear develops more or less

from the bud on the eighth node above the soil surface. The five or six buds directly

below the main ear bud give rise to rudimentary lateral shoots of which one or two

may develop to produce small ears.

2.4.2 The stem
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Leaves grow in spiral arrangement on the stem, one from each node, and they occur

alternately in two opposite rows on the stem. The maize leaf is a typical grass leaf

with sheath, ligules, auricles and a blade as the main features. The leaf blade is about

ten times longer than it is wide, tapers towards the tip and is glabrous to hairy

(Tripathi et al., 2011). The upper leaves are more responsible for the interception of

solar radiation (active photo radiation) and are major contributors of photosynthates

to the grains. A prominent mid-rib along its entire length supports the leaf. Stomata

occur in rows along the entire of the leaf surface. More stomata occur on the

underside of the leaf than on the upper surface. One interesting feature is the

presence of large, wedge-shaped cells called “motor cells” on the upper surface of

the leaf. During moist conditions, these cells rapidly absorb water, become turgid and

unfold the leaf. During warm, dry weather, the motor cells quickly lose their turgor

with the result that leaves curl inwards exposing a smaller leaf surface to evaporation

(du Plessis, 2003). This is a mechanism of maize plant to tolerate moisture stress.

2.4.4 The maize flowers

Another distinguishing feature of maize is the presence of male and female sexes in

separate inflorescences. Each individual plant has both male and female flowers, i.e.

monoecious plant (Belfield and Brown, 2008). The Male inflorescence (tassels)

emerges as the crown at the plant apex. The female inflorescences (cobs or ears) are

born at the apexes of lateral branches protruding from leaf axils almost halfway of

the plant height. The male inflorescence is a loose panicle that produces pairs of free

spikelets each enclosing a fertile and a sterile floret. The female (pistillate)

2.4.3 The maize leaves
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inflorescence, a spike, produces pairs of spikelets on the surface of highly condensed

rachis (central axis or cob). For better chances of fertilization, each of the female

spikelets encloses two fertile florets, one of whose ovary will mature into a maize

kernel once sexually fertilized by pollen.

2.4.5 The maize seed or kernel

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 from which a new plant will develop, and an endosperm which

provides nutrients for the germinating seedling until the seedling establishes

sufficient leaf area to become autotrophic (until it exercises photosynthesis). The

germ consists of a miniature plant axis, including approximately five embryonic

leaves, a radicle, from which the root system will develop and an attached seed leaf

(scutellum).

2.5 Growth and Development

Maize is a determinate annual C4 crop. Nature greatly influences maize growth and

yield. Depending on the variety, temperature, photoperiod and soil environment,

maize plant takes 80 days for the early maturing to 120 days for the mid-term

varieties to complete the life cycle. Late varieties take up to 180 days to mature.

the maize producer the environment withHowever, can manoeuvre

managerial/cultural practices including genotype selection, tillage operations, soil

fertilization, crop rotation, irrigation and pest control (O’Keeffe, 2009). It is therefore

critically important for the growers and farm managers to understand the growth and
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development of maize to enable the timely application of production practices that

increase yields and profit and better diagnosis of the crop problems in the field

(Nielsen, 2000; O’Keeffe, 2009).

What so longer the variety takes to mature, physiologists divide maize plant growth

and development period into vegetative (V) and reproductive (R) phases. Sub­

divisions of vegetative phase are designated as VE (the seedling emergence), VI, V2,

through Vn, where the numerical indicates the number of fully emerged leaves at

particular growth stage and Vn is the last leaf stage just before tasseling stage (Vt).

In the same manner of occurrence of events from flowering to physiological

maturity, sub-divisions of reproductive phase are R1 to R6, where R6 is the last stage

of development just before physiological maturity.

2.6 Food Security and Nutritional Value of Maize

Maize is an important food and feed crop of the world. It is the third most important

cereal crop after wheat and rice (Bello et al., 2010; Abuzar et al., 2011). Maize

provides at least 30% of the food calories of more than 4.5 billion people in 94

developing countries. This figure includes 900 million poor consumers for whom

maize is the preferred staple, 120 to 140 million poor farm families and about one-

third of all malnourished children (CIMMYT and UTA, 2011).

Maize is also of supreme importance in the diets of many native African populations.

Sixteen out of twenty-two countries in the world where maize forms the highest

percentage of energy in their national diet are in Africa (Dowswell et al., 1996). The
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chemical composition and nutritional value of maize is variable depending on the

maize variety, stage of maturity as well as pre- and post-harvest handling. Generally,

maize is low in saturated fat and cholesterol as well as sodium but a good source of

dietary fiber, thiamin and folate (Ver Ecke, 2011).

The maize seed or kernel contains two structures, a germ and an endosperm. The

germ is the source of maize vegetable oil (total oil content of maize grain is 4% by

weight). The endosperm accounts for approximately 86% of the kernel dry weight.

The primary component of endosperm is starch, with about 10% bound protein in the

form of gluten (UTA, 2012). This stored starch is the basis of maize kernel’s

nutritional uses where 82 percent of the calories in maize food are from

carbohydrates (Ver Ecke, 2011). Whole ground maize meal has an average energetic

value of about 3.6 cal. g’1 (3.6 kilocal. kg’1). However, this value differs slightly from

one maize type to another.

Kean et al. (2008) documented that maize-based food products are good dietary

yellow maize bran (YCB) to 12.04 - 17.94 mg kg’1 in yellow com meal (YCM) but

lacks adequate amounts of the essential amino acids e.g. lysine and tryptophan. For

those depending for more than 50 percent of their daily energy on maize, endemic

protein malnutrition may exist (Nuss and Tanumihardjo, 2011) unless improved

through cooking methods such as fermentation and mixtures with other crops like

sweet potatoes (Ejigui et al., 2007; Oyarekua, 2013).

sources of bioaccessible carotenoids ranging from a low of 1.77 - 6.50 mg kg’1 in
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Based on FAOSTAT (2012) data, world maize harvested area has increased from

144.7 million hectares in 2002/03 to 177 million hectares in 2011/12 with production

increase from 645 million tons to 875 million tons respectively. This means that

within the period of 10 years the land productivity also increased from 4.5 tons per

hectare to 5.0 tons per hectare in average. IGC report (2012) showed that world

maize production has increased from 828 million tons in the year 2010/2011 to 865

million tons in 2011/2012 and was projected to reach 900 million tons during

2012/2013 production season.

Over the five years 2006/07 to 2010/11, the 15 largest maize producers accounted for

million metric tons) of the global production and supplied nearly 56 % of the world

traded maize followed by China 21%, Brazil 6.5%, Mexico 2.6%, India 2.2% and

Argentina 1.7% (FAOSTAT, 2011; O’Brien, 2011).

2.8 Maize Production in Africa

Comparing with other regions of the world, Africa is a minor producer of maize,

accounting for only 7% of global production (FARA, 2009). Average annual

production has increased from 32 million tons during the period 1985-1987 to only

49 million tons during the period 2005-2007 with yields still very low (1.7 tons ha‘l)

by world standards (FARA, 2009). Most of the increase in African maize production

has come from expansion in the area harvested, 131 million hectares in 1986 to 152

million hectares in 2006, rather than from increases in yield. The largest African

an average of 90% of the world production. United States produced 42% (330

2.7 World Production of Maize
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producers are Nigeria and South Africa with nearly 8 million tons each (du Plessis,

2003).

2.9 World Utilization of Maize

Maize is a staple food and the main source of calories especially in Latin America

and Africa. However, because of its low prices and worldwide distribution, it has

become the most important raw material for animal feed and for several industrial

processes. Global maize utilization stays close to around 870 million tons per year

for food, feed, seed and industry, including ethanol production (IGC, 2012). About

65% of the global consumption is for animal feeds; the remaining 15% is for food

and 20% for seed and industrial purposes FAO (2010). In the year 2007/08, maize

utilization for animal feed went to the peak, 496.813 million metric tons from

172.986 million metric tons during 1970/71 market year (O’Brien, 2011). Over the

more recent years, 1998/99 - 2010/11 period, world maize consumption for feed,

seed and industrial use has increased annually at a higher average rate of 13.002

million metric tons in 2010/11 (O’Brien, 2011). In United States alone, maize used

for feeds, seed and industry (FSI) is projected to be 164 million metric tons, followed

by China 50.4 million metric tons, Mexico 16 million metric tons, the European

Union 15 million metric tons, India 9.6 million metric tons and Brazil 7 million

metric tons (O’Brien, 2011).

Worldwide consumption of maize directly for food is around 120 million tons, with

Africa consuming 30% and Sub-Sahara Africa 21%. Lesotho has the largest per

capita consumption with 174 kg per year. Eastern and Southern Africa uses 85% of
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its production as food, while Africa as a whole uses 95% of its production for food

(McCann, 2001; UTA, 2012).

2.10 Maize Production in Tanzania

Maize is the most widely grown crop in Tanzania. It is produced by 4.5 million farm

households across the country, representing about 82% of all Tanzanian farmers

(NBS, 2010). Unlike paddy and sorghum, the production of which is concentrated in

only few regions, maize production is geographically distributed all over the country

(Minot, 2010). During 2007/2008, maize occupied 4 086 555 hectares (70%) of the

entire land (5 830 972 hectares) planted with cereals (NBS, 2010). By virtue of its

importance and dominance over other crops, maize has made Tanzania to be

currently one of the twenty major producers of maize in the world and the third in

Africa (FAOSTAT, 2011). However, maize production estimates vary significantly

from year to year and among different sources of information (Minot, 2010).

Despite variation in production statistics, most of available information (NBS, 2010;

FAOSTAT, 2011; FAOSTAT, 2012) have shown that maize production in Tanzania

had doubled that of 2002/03 production season (2 617 115 tons) and is generally

around 4.5 - 5.5 million metric tons per year in the current years (NBS, 2010).

However, this increase is mainly due to an increase in land under maize production

than an increase in yields (NBS, 2010; FAOSTAT, 2012).

According to National Bureau of Statistics (NBS, 2010) the total production of maize

during 2007/2008 production season was 5 444 178 tons (5 438 776 tons in the
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Mainland and 5402 tons in Zanzibar). Report by TFSNAS (2012) showed that maize

production was 4 410 555 ton in 2010/11 production season very close to FAOSTAT

(2012) statistics which showed that in 2010/2011 season Tanzania produced 4.48

million tons of maize that was worth 526 million US dollars.

Iringa, Ruvuma, and Rukwa regions in the southern highlands, Tabora, Kigoma, and

Kagera in the west and Manyara in the north are the leading maize producers in

Tanzania (NBS, 2010). In those regions yields are also higher (up to 1.8 tons ha'1)

compared with less than 1 ton ha’1 in less producing areas like Zanzibar, Lindi and

Mtwara in the coast (NBS, 2010).

2.11 Importance of Maize in Tanzania

Importance of maize in Tanzania is both economic and social. It is the major cereal

consumed and marketed in Tanzania (Shiferaw et al., 2008). About 85 percent of

Tanzania’s population depends on maize as an income-generating commodity

(Isinika et al., 2003; Amani, 2004). It is estimated that the annual per capita

consumption of maize in Tanzania is 73 kilograms (Amare et al., 2012), contributing

33% of the total household food consumption (Minot, 2010). However, AATF

(2010) reported that estimated per capita consumption of maize in Tanzania is 115

kg, accounting for 31 percent of the total food consumption and constitutes more

than 75 percent of the cereal consumption in the country. Estimated values calculated

from FAO food balance sheets of 2007 showed that, maize consumption in Tanzania

is up to 162.2 g capita'1 day'1 (60 kg capita'1 year'1), providing 25.7% of per capita

energy intake and 25.3% of the daily protein intake (Nuss and Tanumihardjo, 2011).
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Mwakalinga and Massawe (2007) and AATF (2010) reported that, Tanzania national

maize consumption is estimated to be three to four million tons year'1, contributing

60% of dietary calories and more than 50% of utilizable protein to Tanzanians.

2.12 Maize Cropping System in Tanzania

Maize being the most important food crop in Tanzania is in most cases intercropped

with a minor/companion crop. Most of the intercrops are legumes, although a variety

of crops can be found including other cereals, root crops and horticultural crops

(Tuaeli et al., 2003). In Northern Tanzania, the most common practice is

maize/beans intercropping. Beans (Phaseolus vulgaris) are intercropped with maize

because it is used as a complement in most local dishes. Other reasons for

intercropping include maximizing land use, spreading economic risk and improving

soil productivity through nitrogen fixation. In Southeast Tanzania maize is often

intercropped with sesame where maize is an essential food crop and sesame is added

to generate cash (Mkamilo, 2004).

2.13.1 Temperature

Maize grows over a wide range of temperature, though it is primarily a warm

weather crop (Tripathi et al., 2011). It is not grown in areas where the mean daily

temperature is less than 19 °C or where the mean of the summer months is less than

23 °C. Minimum temperature for germination is 10 °C but germination is faster and

uniform at soil temperatures of 16 to 18 °C. At 20 °C, maize should emerge within

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

2.13 Weather Conditions for Maize Production
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approximately 32 °C. Frost can damage maize at all growth stages and a frost-free

period of 120 to 140 days is required to prevent damage (du Plessis, 2003).

Average optimum temperatures vary according to the place, varieties and altitude. In

temperate areas the range is between 20 to 30°C, in highland tropical areas it is from

17-20°C and for the lowland tropical maize, the range lies between 30 and 34°C

(Badu-Apraku et al., 1983). According to Lobell et al. (2011), each degree day spent

above 30°C reduced the final yield by 1% under optimal rain-fed conditions, and by

1.7% under drought conditions.

2.13.2 Rainfall and water requirement

Maize is cultivated over a wide range of climatic conditions, differing in distribution

and quantity of seasonal rainfall (Asare et al., 2011; Thimme et al., 2013). It is

grown under both, irrigated and rain-fed conditions. Rain-fed maize production

forms about 75% of maize production in areas where the crop is the main source of

food and income for the people (Rockstrom et al., 2011). It is considered that maize

is more susceptible to water stress than other crops because of its unusual floral

structure with separate male and female floral organs and the near-synchronous

development of florets on a (usually) single ear borne on each stem (Huang et al.,

2006). In areas such as the semi-arid and dry sub-humid environments, the amount of

rainfall (low or high and erratic) is the limiting factor of rain-fed maize production

(Hatibu et al., 2003). Effect of water stress on maize crop has been studied by several

workers. According to (Cakir, 2004) water stress occurring at different maize crop

developmental stages could potentially limit biomass accumulation and consequently
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reduce grain yield of the maize crop. The extent of reduction in maize productivity

depends not only on the severity of the water stress or drought but also on the stage

of the crop development hit by stress. Short duration water deficits during the rapid

vegetative growth period caused 28-32% loss of final dry matter weight according to

Cakir (2004). The most critical period for water stress in maize is 10 to 14 days

before and after flowering, with grain yield reduced 2 to 3 times more when water

deficit coincides with flowering compared with other growing stages (Grant et al.,

1989). During this period, ear growth is susceptible to competition from other organs

that are still growing as its growth is source limited, often leading to low grain

number per ear and occasionally barren ears (Huang et al., 2006).

Grain yield of maize suffering water stress at flowering and during grain fill is highly

correlated with kernel number per plant (Bolanos and Edmeades, 1996) indicating

the importance of adequate water supplies during flowering. Hammad et al. (2011)

ascertained that number of grains, total dry matter, leaf area index, harvest index and

imposed at six leaves and 12 leaves stage.

Application of normal irrigation (8 irrigations) significantly produced the maximum

grain yield (8 tons ha'1) and the lowest grain yield (4.6 tons ha'1) was obtained by

applying water stress at silking growth stage, while water deficit just before silking

and at grain filling stages decreased yield by 12.5 and 22.5% respectively

(Ghooshchi et al., 2008). The total water requirement over the growing period

depends on cultivar, location and the season of production. Some landraces may have

grain yield were all minimum at reduced number of irrigation, where stress was
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developed tolerance to water stress during many years cycle of selection

(Mabhaudhi, 2009). In Turkey, Mengu and Ozgurel (2008) reported that the seasonal

water use for maize was between 142.19 mm and 481.91 mm in one season and

between 136.25 and 499.45 mm in another season. Another study by Igbadun (2012)

showed that the average daily water use of the maize crop in Nigeria increased from

2.70 mm/day at the early crop growth stages to 6.00 mm/day at mid-season and

declined to 3.30 mm/day at the end of the season. Study on water requirement of

maize using CROPWAT model in Karnataka India revealed that the total water

requirement of maize was 116.0 mm for the early planted crop and 183.8 mm for the

late planted one (Thimine et al., 2013).

In respect of rainfall, maize performs well when irrigated or rain fed with about 600-

900 mm per annum (Tekwa and Bwade, 2011), but Belfield and Brown (2008)

established that 500 to 1200 mm per annum is the optimal range in Cambodia, with

well-aerated and well-drained soil as maize crop is susceptible to water logging.

2.13.3 Solar radiation

One of the most important factors that influence plants development is the solar

radiation intercepted by the crop (Campillo et al., 2012). This is that part of the

extraterrestrial radiation which is not absorbed and scattered when passing through

the atmosphere, together with some of the scattered radiation that also reaches the

earth's surface. The solar radiation provides energy to the metabolic processes of the

plants. The principal process is photosynthesis by which the solar energy absorbed

by the plant green pigment (chlorophyll) is utilized in various steps of reactions that

•s-...
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involve carbon dioxide and water to produce dry matter in the form of carbohydrates.

Visible radiation, between the wavelengths of 400 and 700 nanometers, is the most

it relates to photosynthetically active radiation

(PAR).

Several reports have shown the importance of solar radiation for maize production.

Liu and Tollenaar (2009) reported that when solar radiation was reduced by 55% for

4 weeks period prior to silking the maize grain yield was reduced by 3.2%, for 3

weeks at silking the yield was reduced by 12.65% and for 4 weeks post-silking the

yield was reduced by 21.4%. In another study Reed et al. (1988) found that reduction

of solar radiation by 50% at vegetative stage reduced the grain yield by 12%, at

flowering stage the yield was reduced by 20% and when reduced at grain filling

stage the yield was reduced by 19%. He further reported that shading during

flowering reduced yield primarily through decreasing the number of kernels per row,

and shading during grain filling reduced yield primarily through decreasing kernel

weight.

2.14 Soil Conditions for Maize Production

The capacity of soils to be productive depends on more than just one characteristic.

The physical, biological, and chemical characteristics of a soil, such as its organic

matter content, acidity, texture, soil depth, and water-retention capacity, all influence

fertility and so productivity of the soil (Gruhn et al., 2000). The differences of these

attributes among soils bring about differences in soil quality and productivity.

important part of solar energy as
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2.14.1 Soil texture

Soil texture is a term commonly used to designate the proportionate distribution of

the different sizes of mineral particles (sand, silt and clay) in a soil. It does not

include organic matter. According to Tripathi et al. (2011) soil texture is a foremost

requirement as it controls moisture and nutrient capacity of the soil. Texture of the

soil affects plant growth by influencing soil aeration, root penetration, water holding

capacity and nutrient availability in soil. Root growth reaches maximum in soils high

in sand percentage as roots have to explore more volume in search of nutrients and

ease of growth (Wakeel et al., 2005). McKenzie et al. (2001) observed limited root

growth in soils with high clay contents due to more soil strength. Wakeel et al.

(2005) found that the shoot root ratio (RSR) was higher in soils with 54% sand as

compared with soils that contained 45% and 38% sand; and that there was a positive

correlation (r = 0.83) between the RSR and the total dry matter (TDM) production.

According to Tripathi et al. (2011) loam or silt loam surface soil and brown silt clay

loam having permeable sub soil are the ideal soil types for cultivation of maize.

2.14.2 Soil pH

Soil pH is an important factor in determining crop performance. Low pH levels

affect nutrients by converting them into forms that are not readily available to the

crop. In addition, low pH levels can increase the solubility of plant toxic metals such

(Mallarino et al., 2011). Every crop has an optimum soil pH range. Within this range

production potential is maximized. The plant's critical range is the range of soil pH in

which the crop will attain 80% of its maximum yield potential (Hill, 2003). Although

as aluminium (Al3+) resulting in stunted growth and a general lack of plant vigour
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the general idea of the optimum soil pH range for a variety of crop is used, the value

may vary among crops and varieties. Hill (2003) showed that maize can be produced

at pH range of 4.5 to 7.5. Tripathi et al. (2011) reported that pH range for maize is

from 7.5 to 8.5 and that at pH beyond these extremes, problems of toxicity are found

with certain elements. Mallarino et al. (2011) found that there was no significant or

consistent increases of maize yield from pH 6.0 to 6.9, but a yield decreases for

higher pH values.

2.14.3 Soil cation exchange capacity (CEC)

Cation exchange capacity (CEC) is the capacity of the soil to hold the positively

charged ions such as calcium (Ca2+), magnesium (Mg2+), potassium (K+), sodium

(Na+) hydrogen (H+), aluminum (Al3+), iron (Fe2T), manganese (Mn2+), zinc (Zn2+)

and copper (Cu2+). These cations are held by the negatively charged clay and organic

matter particles in the soil through electrostatic forces (Brady and Weil, 2004;

Astera, 2007).

A soil with higher CEC has a greater capacity to maintain adequate quantities of

Ca2+, Mg24, K+ and less susceptible to nutrients leaching losses while low CEC soils

are more likely to develop deficiency of potassium and magnesium and other highly

mobile cations. A soil with a higher CEC may not necessarily be more fertile because

aluminum (Al3+). Thus, the percentage base saturation is a good indicator of the soil

fertility. However, when combined with other measures of soil fertility, CEC is too a

good indicator of soil quality and productivity (Ross and Ketterings, 2011).

a soil’s CEC can also be occupied by acid cations such as hydrogen (H4) and
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In maize production, better crop growth and good yields can be obtained where the

soil CEC influences the soil pH to stay around 6.5 to 7.5 with good availability of

nitrogen, phosphorus, calcium, magnesium and some sulphur. In low CEC soils such

as in sandy soils, amendment with organic matter and incorporation of crop residues

is not only for nutrient recycling but importantly for raising the soil CEC and so the

retention of nutrients elements from leaching effect. In modem technology, biochar

(material produced from a range of organic materials) are now commonly applied in

commercial maize field to increase the soil CEC and therefore nutrient availability

(Mutezo, 2013).

2.14.4 Soil organic matter

Magdoff and van Es (2009) defined soil organic matter (SOM) as the diverse organic

materials, such as living organisms, slightly altered plant and animal organic

residues, and well-decomposed plant and animal tissues that vary considerably in

their stability and susceptibility to further degradation. It is any material produced

originally by living organisms (plant or animal) that is returned to the soil through

the decomposition process. At any given time, it consists of a range of materials from

the intact original tissues of plants and animals to the substantially decomposed

mixture of materials known as humus (Bot and Benites, 2005).

Organic matter is of great importance in soils, because it impacts on the physical,

chemical and biological properties of soils. Physically, it promotes aggregate

stability and therefore water infiltration, percolation and retention. It impacts on soil

chemistry by increasing cation exchange capacity (CEC), soil buffer capacity and
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nutrient supply. Biologically, it stimulates the activity and diversity of organisms in

soil (Du Preez et al., 2011). In situations where moisture or soil strength is a major

limitation for plant growth, the greatest impact of soil organic matter can be on the

physical component of soil fertility (Craswell and Lefroy, 2001). Likewise, where

important. A typical agricultural soil has 1% to 6% organic matter (Magdoff and van

Es, 2009). The chemical component consists mainly of carbon (C) and small

amounts of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) magnesium

(Mg) and sulphur (S) elements (Bot and Benites, 2005).

Generally, soil organic matter contains 0.5 to 2.5% N (5 to 25 g N Kg'1 of organic

matter (Fairhurst, 2012). However, Horwath (2005) presented to a conference that

soil organic matter contains 55% carbon, 5% to 6 % nitrogen and 1% of both

phosphorus and sulphur and that 2% to 5% of the organic matter decomposes

annually (Paul and Clark, 1996).

As regards to maize crop, organic matter is often anticipated as an alternative to

mineral fertilizers. In soils of low organic matter some plant and animal materials

have been used to amend the soil for increasing maize yields. Mugendi et al. (1999)

found that application of Calliandra and Leucaena prunings with or without

inorganic fertilizer resulted in higher maize grain yield. Also, Mugendi et al. (2007)

reported that sole Tithonia gave the highest maize grain yield followed closely by

Tithonia with half recommended rate of inorganic fertilizer. Baijukya et al. (2006)

obtained higher maize yield with the application of legume residues compared to

soils are depleted with nutrients the chemical and biological components are more
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mineral nitrogen fertilizers in the second season, although it was vice versa in the

previous season. Farhad (2009) reported increase in grain yield from application of

different levels of poultry manure. Ikerra et al. (1999) reported that application of

Gliricidia sepium prunings increased topsoil (0 to 20 cm) inorganic N and Makumba

et al. (2006) found that with the same material (Gliricidia sepium prunings) applied

earlier, higher N uptake and higher maize yields were obtained.

2.15 Soil Nutrients and Fertilizer Use in Maize Production

Soil is a major source of nutrients needed by plants for growth. The three main

nutrients are nitrogen (N), phosphorus (P) and potassium (K) collectively known as

NPK. Other important nutrients are calcium, magnesium and sulphur (Lines-Kelly,

2004). Plants also need small quantities of iron, manganese, zinc, copper, boron and

molybdenum, known as trace (micro) elements (Gruhn et al., 2000; Lines-Kelly,

2004). Except for carbon, hydrogen and oxygen which plants obtain from the air, the

plant must get all remaining essential nutrients from the soil.

Maize crop absorbs large quantities of nutrients from the soil during different growth

stages (Masood et al., 2011). Therefore, profitable maize production requires an

adequate soil fertility program for fully grasping of yield benefits from other

management practices (Onasanya et al., 2009). Insufficient nutrients will lower

yields; excess nutrients will lower profit margins through increased costs of

production and/or damage of the crop (nutrient toxicity).
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2.15.1 Phosphorus

important nutrient in relatively short supply in most natural

ecosystems and is the primary limiting nutrient for crop production in highly

weathered tropical soils (Basamba et al., 2006). It is required in relatively large

quantities by the crop, the second most crop-limiting nutrient in most soils and is the

second only to nitrogen in fertilizer use (Petosic et al., 2003; Asghar et al., 2010;

Masood et al., 2011).

Phosphorus is highly needed for energy storage, transfer and transformation

(phosphorylation) in plant biochemical processes (Ayub et al., 2002). All energy­

demanding processes such as photosynthesis, respiration, cell division, reproduction

and utilization of other nutrients and photo-assimilates are stimulated by phosphorus

(Blevins, 1999). Apart from its role in energy-transferring processes, phosphorus is a

structural component of phospholipids, nucleic acids, nucleotides, coenzymes, and

phosphor-proteins. In plants, phosphorus also serves as a buffer in the maintenance

of cellular pH and is the main reserve in seeds (Belvins, 1999; Uchida, 1999).

According to Busman et al. (2009) a very large portion of soil P is fixed by inorganic

phosphate compounds that are insoluble and organic compounds that are resistant to

mineralization by microorganisms in the soil. Thus, a large portion of soil P may

remain in soils for years without being made available to plants and has very little

impact on the fertility of a soil. Therefore, adequate supplementation of P in the soil

for best yields is highly necessary though it must be done based on the soil tests.

Masood et al. (2011) reported that adequate phosphorus resulted in rapid growth and

Phosphorus is an
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earlier maturity, improved the quality of vegetative growth and the quality of

harvested grains and that phosphorus deficiency resulted in warped and missing rows

in maize cobs. The effects of applied phosphorus on yield and yield components of

maize were also described by Shiluli et al. (2003), Ali et al. (2002) and Ayub et al.

(2002).

2.15.2 Potassium

Plants absorb Potassium in greater amounts than any other essential nutrient except

nitrogen in most crops (Rehm and Schmitt, 1997). In order for a crop to achieve its

maximum yield potential, potassium is needed in large quantities. According to

White (2003), a mature maize crop can contain up to 300 kg K ha'1 in aboveground

plant material. The K uptake pattern of maize is distinctive in that K is taken up

rapidly and early in the crop's growth cycle (Prajapati and Modi, 2012), with some

varieties accumulating more than 5 kg K ha'1 day'1 during the period between 4 to 7

weeks after emergence (White, 2003).

Usually the K content of the soil exceeds 20 g K kg'1 soil but nearly all of this is in

the structural component of the soil minerals (immobile), thus, is not readily

available for the plants (Rehm and Schmitt, 1997; Angima, 2008). Its availability

depends on several factors such as soil moisture, soil temperature and the soil pH.

Potassium is one of the most important nutrients in protecting a crop against disease.

It has the ability to strengthen stalks and stems against disease, protecting the plant

from lodging. It has the ability to make plant cells thicker, making it difficult for

diseases to invade the plant.
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Potassium is involved in over 60 enzyme systems that regulate plant growth

reactions (CFF, 2013). One of these major roles is in regulating water use efficiency

in the plant (Mengel and Ameke, 1982). The opening and closing of the stomata in

the leaves is directly related to the concentration of Potassium in the cells that

surround the stomata.

Potassium is also vital in photosynthesis. Potassium deficiency can lead to a

reduction in both the number of leaves produced and the size of individual leaves.

This reduces the amount of photosynthetic source material with a reduction in the

photosynthetic rate per unit leaf area, and the result is an overall reduction in the

amount of photosynthetic assimilates available for growth (Pettigrew, 2008). In turn,

this increases the plants respiration rate and causes the plant’s carbohydrate supply to

decrease (Haeder and Beringer, 1981). The study by Jones (2003) showed that K

deficiency severely reduces yield in maize. Mussgnug et al. (2006) reported that

regular K applications were required to make investments in the application of other

mineral nutrients profitable. Ebrahimi et al. (2011) reported that application of 200

kg K ha'1 increased grains number per row, grains weight per cob and 1000 grains

weight that increased grain yield to 15.9 tons ha'1.

2.15.3 Nitrogen

Nitrogen is an essential nutrient for growth and reproduction of all forms of life

(Dinnes et al., 2002). It is one of the most prevalent elements and a component of

amino acids, proteins, nucleic acids, chlorophyll and many other metabolites

essential for survival, growth and development of the plant (Alimohammadi et al.,
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2011; Guled, 2007). It reconciles utilization of phosphorus, potassium and other

plant nutrients available in the soil (Brady and Weil, 2007) and is a major yield­

determining factor required for maize production (Adediran and Banjoko, 1995;

Shanti et al., 1997). In order for a crop to achieve its maximum yield potential,

nitrogen is needed in large quantities and must be in balance with other nutrients.

According to Schroder et al. (2000), in the first three weeks after emergence, the

maize crop takes up soil mineral nitrogen (NCb' and NH/) at a rate of less than 0.5

(Andrade et al., 2002).

Only 2 - 3% of the soil nitrogen exists in the inorganic form as nitrate (NO3') and

ammonium (NH/), the forms that are available to plants. The remaining (97 - 98%)

is tied up in the organic matter and is only available to plants when organic matter is

decomposed by micro-organisms through the process of mineralization (Brady and

Weil, 2004; Cassman et al., 2002; Tisdale et al., 2004; Barbarick, 2006). Yet an

opposite process (immobilization) also occurs where microorganisms feed on

inorganic nitrogen and incorporate it into their living cells and deplete the soil of

available nitrogen (Tisdale et al., 2004). According to Coder (1997), between

unusable organic nitrogen and the tree-preferred inorganic nitrogen, apart from crops

there are many soil organisms (almost exclusively bacteria), which use whatever

nitrogen source is accessible to live. In that process the micro organisms transform

nitrogen into other forms not available for plants. As micro organisms’ life declines

away nitrogen is soon available to plants again but for short periods before it is again

incorporated into living cells. On the other hand, ammonium nitrogen (NH44) is

-1 -1 
kg N ha’1 day'1. During the next 75 days the rates can be as high as 3.7 kg ha day
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highly susceptible to loss by volatilization while the nitrate nitrogen (NO3’) is highly

prone to loss due to hasty nitrate leaching and poor management practices under the

humid tropical environment (Osmond el al., 1996). In addition to that, large

quantities of N are removed from the soil and taken away along with the harvested

crops. Lack of synchrony between large quantities of N required by crops and the net

amounts available in the soils, has made nitrogen to be the most important nutrient

limiting crop production in the tropics (Sanchez, 1976) and in particular the most off-

putting nutrient for tropically produced maize (Osmond et al., 1996).

Achieving synchrony between N supply and crop demand without excess or

deficiency is the key to optimizing trade-offs amongst yield profit in both large-scale

systems in developed countries and small-scale systems in developing countries

(Cassman et al., 2002). Due to limitations with soil N, the use of chemical fertilizers

to supplement this nutrient for maize production has increased and a lot of research

has been done in different locations around the world to determine the optimum and

.-1

increased with increase in nitrogen level from zero kg N ha'1 to 160 kg N ha'1.

Lomer et al. (2012) showed that application of different levels of nitrogen had

significant effects on number of days to tasseling, pollen occurrence and

profitable levels of application. El-Sheikh et al. (1998) reported significant increase 

of grain yield of maize at 160 kg N ha'1. Arif et al. (2010) found that ears m'2, grains

-1
increase of nitrogen to 120 kg N ha had no effect on grain yield. Another report by

length, cob diameter, cob weight and grain yield of 3.8 tons ha and that further

•i
Namakka et al. (2008) observed that 80 kg N ha produced the highest values of cob

ear'1, 1 000 grain weight, grain yield, biological yield and harvest index constantly
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physiological maturity. In another study by Subedi et al. (2006) grain yield reached a

However, the optimum levels always vary from one location to another, from one

season to another and also depend on variety/cultivar.

Maize is a crop of diverse genotypes. Still, plant breeders are continuously working

to develop more cultivars with improved yield and other desirable agronomic and

phenological characteristics (Bello et al., 2010). As a result, there is high potential of

increasing maize yields and production through selection of better varieties for a

particular location. For the better variety-environment interaction and the higher

yields, it is important that farmers be familiar with the varieties recommended for

their ecological niche.

Several researchers have reported differences in yield among maize varieties. Kaliba

improved varieties and hybrids in Eastern Tanzania. Mugisha and Diiro (2010)

reported that the mean yield of 2941.5 kg ha'1 from improved maize varieties was

significantly higher than the mean yield of 1694 kg ha'1 obtained from local varieties

used by farmers in Eastern and Central regions in Uganda. Geleti et al. (2011)

reported highly significant differences for harvest index and grain yield among three

maize varieties in Ethiopia and Belle et al. (2011) reported a significant yield

difference (of one ton ha'1) between early maturing and late/intermediate maize

varieties in Southern Guinea savannah, Nigeria.

maximum with application of 225 kg N ha followed by 75 kg and 150 kg N ha .

2.16 Effects of Choice of Varieties on Maize Yield and Production

et al. (1998) reported yield differences from 3.0 to 8.0 tons ha'1 with different
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2.17 Effects of Planting Density on Maize Yield and Production

The maize crop is highly sensitive to variation in plant density (Lashkari et al.,

2011). Different maize varieties also differ in their response to plant density (Luque

et al., 2006). Liu et al. (2004) reported that maize yield differs significantly under

varying plant density levels due to differences in genetic responses to the varying

densities. Plant densities affect most growth parameters of maize even under optimal

growth conditions, therefore considered a major factor determining the degree of

competition between plants (Sangakkara et al., 2004). Plant density affects plant

architecture, alters growth and developmental patterns and influences carbohydrate

production.

Maize yield is low with low plant densities because of its little plasticity in leaf area

per plant (do not tiller) and quite often produce only one ear per plant thus fewer

cobs will be harvested from any given area. Also low plant density creates more

space for vigorous growth of weeds. At highest densities the grain yield per plant is

decreased in response to decreasing light, water, nutrients and other environmental

resources available to each plant (Sangoi, 2000; Luque et al., 2006). Also excessive

higher plant densities stimulate apical dominance, induce barrenness, and in due

(Sangoi, 2000).

Barten (2013) reported that when plant density was steadily increased from 57 000 to

100 000 plants ha'1, the relative stover mass and grain yield were respectively

reduced from 150 and 464 grams plant'1 to 100 and 305 grams plant'1 though the

course decrease the number of ears produced per plant and kernels set per ear
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grain production per hectare was increased. Shariffi et al. (2009) found that with

maize hybrids, higher plant density increased the plant height and decreased the cob

length, number of kernels per cob, harvest index and number of seeds per cob row. 

When plant density was varied from 70 000 to 130 000 plants ha'1, grain yield varied 

significantly from 8.45 to 9.35 tons ha'1 (Lashkari et al., 2011). Abuzar et al. (2011) 

obtained highest grain yield (2604 kg ha'1) from 60 000 plants ha'1 but report by

Khuong et al. (2008) showed that significant grain yield and higher benefits were 

obtained from improved density of 67 000 plants ha'1.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Site Description

The field experiment to fulfil the objective of the study was carried out at Kangagani

village in Pemba Island during the long rains (Masika) season from March to August

2013. This village is located half way along the length of Pemba Island on the

Eastern side at latitude 5° 09' South and longitude 39° 46' East at about 20 meters

above sea level. The area is characterized by a bimodal rainfall pattern. Long and

sometimes heavy and erratic rainfall during March to June and short and normally

very little rains (Vuli) are received during any time within September to November.

Monthly rainfall during experimental period is shown in Table 1.

3rd week 4th week2nd week1st week TotalMonth

22.00 7.10 0.00 44.1015.00

0.000.00 0.00 0.00 0.000.00

19.00 12.5 11.50 43.000.00 10.75March

23.00 108.0054.00 325.00140.00 81.25April

0.00 0.00384.00 0.00 384.00 96.00May

50.00 35.00 0.0087.00 172.00 43.00June

0.00 0.00 0.00 0.00 0.00July 0.00

0.00 0.00 0.000.00 0.00August 0.00

Table 1: Rainfall data (mm) recorded at Dodeani Agricultural centre, Pemba 

from January to August 2013 for the experimental site

January

February

Average/week

11.03
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Data recorded by the Tanzania Meteorological Authority station (7 km from the

experimental site) showed that the mean maximum and mean minimum temperatures

are 30.2 and 23.8 °C respectively. November to February is the hottest period (31 to

33°C). Average humidity is 71.5% while average evaporation is 5.72 mm day'1.

Sunshine duration ranges from 7 to 9 hours day'1. Soil was classified as sandy clay

loam with average pH of 7.6, 3% organic matter in the top 20 cm layer, 1.74%

organic carbon and 0.16% total nitrogen. Other chemical characteristics were as

indicated in Table 2.

Table 2: Physicochemical characteristics of the soil of the experimental site

RemarksAmountCharacteristics

0.22
22.39

0.28
0.24

17.50
1.11

0.48
0.49
2.10
1.87

Ideal for maize production 
Medium 

Low 
Low 

Deficient 
High but ideal for maize crop

Medium
Low
Low

Medium
Sufficient

Low
Low
Low
Low

% Clay
% Silt
% Sand
Texture
Organic matter (%) 
Organic carbon (%) 
Total nitrogen (%) 
Extractable P (mg/kg) 
pH
Electric conductivity EC (mS/cm) 
CEC (cmol/kg)
Potassium (K+) (cmol/kg) 
Sodium (Na+) (cmol/kg) 
Calcium (Ca2+) (cmol/kg) 
Magnesium (Mg2+) (cmol/kg) 
Micro nutrients: 
Cu2+ (mg/kg) 
Zn2+ (mg/kg) 
Mn2+ (mg/kg) 
Fe2+ (mg/kg)

31 
3

66 
Sandy clay loam 

2.98 
1.74 
0.16 
3.83 
7.50
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Cropping history showed that the experimental site had been used over years for

continuous production of maize, pulses, ground nuts and sweet potatoes.

3.2 Materials

Experimental materials included three improved maize varieties (Staha, Situka and

TMV-1), which were selected from the maize varieties list recommended for the

Eastern zone of Tanzania, and one local variety, JKU, which is commonly grown in

the semi-coral area in Pemba. Nitrogen fertilizer in four application levels was

supplied using urea (46% N). Phosphorus fertilizer was used as a non-experimental

material but a necessary nutrient applied uniformly to all treatment units.

Methods3.3

3.3.1 Experimental design, field layout and treatments

The field experiment was laid out using randomized complete block design (RCBD)

in a split-split-plot arrangement with three replications. Four maize varieties, Staha,

Stuka, TMV-1 and JKU were assigned to the main plots. Three planting densities; 44

444, 53 333 and 66 666 plants ha'1 were assigned to the sub-plots and four nitrogen

levels: 23 kg, 46 kg, 70 kg and 90 kg N ha'1 were allocated to the sub-sub-plots. The

size of the treatment units (sub-sub plot) was 3m x 3m (9 m2), each planted with four

rows. Uniform inter-row spacing of 75 cm was used across all treatment units while

the plant density was altered by changing intra-row spacing where 30 cm, 25 cm and

20 cm between the plants were used. There were 48 sub-sub-plots (4 varieties x 3

plant densities x 4 nitrogen levels) each replicated three times. The net experimental 

area was 1296 m . Main plots, sub plots, sub-sub plots and the replications were all
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spaced at one meter apart, making the total experimental plot area 2304 m2. Two

seeds per hole were planted and then thinned to one plant per hill seven days after

emergence. This was done to maintain the predetermined plant densities at the

beginning of the experiment and to avoid gap filling which always bring differences

in maturity within the same treatment.

3.3.2 Procedures

3.3.2.1 Land preparation

Land ploughing and harrowing were done during the third week of February 2013.

Tillage operations were done during the dry period purposely to help killing most of

weeds prior to planting and to get suitable seed bed for best germination.

3.3.2.2 Planting

Normally the cropping season in semi-coral area starts during the onset of long rains

(Masika) which usually starts in March. Unfortunately during the year of this study,

these rains were not enough for planting until during the first week of April. Planting

seedlings were fully emerged after one week from planting.

3.3.2.3 Fertilizer application

Prior to planting a uniform rate of phosphorus fertilizer (20 kg P ha'1) using TSP

20% P was applied basally to all treatment units. Depending on the number of holes

planted in each row of each experimental unit, calculated amounts of TSP 46 % P2O5

were placed in planting holes few centimetres below the seeds. Nitrogen fertilizer in

was done on 6 April 2013 following the adequate rain obtained one day before. The
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different four levels was side dressed in 2 splits, 50% at four weeks after seedlings

emergence and another 50% three weeks later. N splitting was applied because it

shortens exposure time to leaching or de-nitrification, avoids early season nitrogen

losses and provides available nitrogen fertilizer to the maize crop when it needs it

most, mostly during the sixth to tenth week (Bundy et al., 1994; Bundy and Malone,

1998; Guillard et al., 1999; Gehl et al., 2005)

3.3.2.4 Weed control

The land in semi coral area is highly infested with different and vigorous growing

types of weeds, probably due to weed seeds distributed by freely grazing animals

(cattle and goats) just after harvesting period, when the land is free from crops

(visual observation). First weeding was done three weeks after seedlings emergence

and the second was done at six weeks of age of the crop.

Before ploughing, samples of soil were randomly taken from the experimental plot

from zero to 20 cm depth as described by Walworth (2011). Composite soil sample

nitrogen, organic carbon, extractable P as well K, Ca, Mg, Na, Mn, Zn, Fe and Cu

mineral contents (Table 2). The physicochemical soil characteristics were determined

according to the following methods: pH and electrical conductivity by suspension

method at the ratio of 1:2.5 w/w soil-water, particle sizes density by Bouyoucos

hydrometer method. Total nitrogen was determined using Micro-Kjeldahl digestion-

was analyzed for pH, electrical conductivity, particle sizes density (texture), total

3.4 Data Collection

3.4.1 Soil data
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distillation method as described by Guebel el al. (1991) and organic carbon by

modified method of Walkely-Black (Schumacher, 2002). Extractable P was analyzed

extracted with ammonium acetate (NH4OAC) according to Chapman (1965).

3.4.2 Rainfall data

Rainfall data for the research period were collected from Dodeani Agricultural

Station very near to the experimental site. The total rainfall for 8 months (January to

August 2013) was 968.1 mm of which 881 mm was received during the exact period

of the field experiment (April to July 2013). Monthly and weekly distribution of this

amount is presented in Table 1.

3.4.3 Growth parameters

Days to 50% flowering was recorded when half the number of plants in a particular

treatment unit had fully emerged tassels. Number of days to physiological maturity

formation of black layer at the base of the kernels. Data for plant height at

physiological maturity was recorded by measuring five randomly selected plants in

each sub-subplot, from the base of the plant to the base of the tassel.

3.4.4 Yield and yield components

Data on cob length, cob weight, grain weight per cob, 100 seeds weight, grain yield,

harvest index and dry matter yield were obtained by harvesting all the plants in the

2.25 m2 area from the central two rows of each sub-subplot. The harvests were sun

was determined and recorded by monitoring the disappearance of the milk line and

by Olsen as described by Carter and Gregorich (2006). Exchangeable bases were
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dried to the constant weights before recording the predetermined variables. To obtain

the actual grain yields, samples of 200 g of grain were taken from the harvest of each

sub-subplot and moisture content determined. This was done by keeping the samples

in an oven at 70°C for 72 hours. The yields were then adjusted to 12% moisture

content. Calculations to get the actual grain yields at 12% moisture content were

made based on water shrinkage factor as described by Hicks and Cloud (2001).

3.5 Data Analysis

An analysis of variance (ANOVA) was done in accordance with Gomez and Gomez

(1984) to determine the response of each parameter to the treatments (response to

individual factors and their interactions) using GenStat computer software and the

following mathematical model:

Yjjkz = p + Rj + Qj + £ij + Pk + (aP)jk + 6ijk + Yz + (ay)jz + (PY)kz + (aPy)jkz + Eijkz-

where:-

Yjjkz = each experiment unit observation, p = general (population) mean common to

all experimental units. Rj = the block effect, aj = effect of main treatment (variety).

Eij = main treatment error. Pk = effect of sub treatment (plant density). (aP)jk = effect

of interaction between variety and plant density. £jjk = sub treatment error. yz = effect

of sub-sub treatment (nitrogen levels). (ay)jZ = effect of interaction between variety

and nitrogen level. (Pyjkz = effect of interaction between plant density and nitrogen

level. (aPy)jkZ = effect of interaction of all three factors (variety, plant density and

nitrogen level). Sjjkz = sub-sub treatment error specific to each sub-sub plot, i, j k and

z are a particular block, a main plot, a sub plot and a sub-sub plot, respectively.
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When F probability showed significant difference in a particular parameter, means

comparison was performed using Fisher’s unprotected L.S.D at 5% level of

probability for treatments not exceeding five (for this study the 4 varieties, 3 plant

densities and 4 nitrogen levels) and Tukey’s 95% confidence limit was used to

compare more than five means, in this study, the interactions of the factors.

Correlations between different measured (growth and yield) parameters were

determined to see how they influenced one another and the grain yield.
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CHAPTER FOUR

4.1.1 Analysis of variance results

Table 3 presents the analysis of variance (ANOVA) results of the mean squares

indicating significance (according to F-test) of the main factor (varieties), the sub­

factor (plant densities), sub-sub-factor (nitrogen levels) and their interactions on

growth parameters, yield and yield components. The results indicated that varieties

were highly significantly (P < 0.001) different for the plant height, days to 50%

silking and days to physiological maturity, cob length, grain weight cob'1 and grain

yield. For the rest of the measured parameters (cob weight, 100 seeds weight, dry

matter yield and harvest index) the varieties were significantly different at P < 0.01.

Seed row cob'1 was not significantly affected by the varieties.

The results showed that plant densities had no significant effect on days to 50%

silking, days to maturity and seed rows cob'1 but they were highly significantly

(P < 0.001) different for the plant height, cob length, cob weight, grain weight cob'1,

dry matter yield and grain yield. As regard to harvest index, plant densities were

significantly different at P < 0.01, while on 100 seeds weight the plant densities were

significantly different at P < 0.05. Also ANOVA results revealed that nitrogen levels

had no significant effect on number of seed rows cob'1 but caused highly significant

(P <0.01) variation on cob weight and grain weight cob'1 and very high significant

(P < 0.001) effect on the rest of the measured parameters.

4.0 RESULTS AND DISCUSSION

4.1 Results
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Variety x plant density interaction depicted significant effects on cob length and dry

(P < 0.05). No significant effect was observed for the rest of the parameters

including, days to 50% silking, days to physiological maturity, seed rows cob-1, cob

weight, 100 seeds weight and harvest index.

Varieties with N interaction resulted into highly significant (P < 0.001) difference on

dry matter, grain weight and harvest index. For days to maturity, varieties with N

interactions were significantly different at P < 0.01, while for plant height, days to

50% silking, cob length and cob weight, they were significantly different at

P < 0.05. All the other parameters including number of seed rows per cob, grain

weight per cob and 100 grain weight were not affected significantly by the variety

with N interaction.

Interaction of plant density with N levels was highly significant (P < 0.001) on 100

seed weight, grain yield and harvest index. Results on plant height and seed showed

that plant density with N interaction was significant at P < 0.05, while the rest of

measured parameters were not affected significantly by the density with N

interaction.

Interactions of the variety with plant density and N levels showed highly significant

(P < 0.001) variation on cob length. For the grain yield, the interaction was

P < 0.05. The rest of measured parameters were not significantly affected (Table 3).

matter (P < 0.001), plant height and grain yield (P <0.01) and grain weight cob'1

significant at P < 0.01 and on seed rows cob'1 there was significant difference at
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4.1.2 Effects of varieties on growth, yield and yield parameters

Results of the mean effect of varieties on growth and yield parameters of maize are

presented in Table 4. On average, TMV-1 had significantly tallest plants (1.95 m)

while the shortest plants (1.64 m) were recorded from the local variety, JKU.

Average days to 50 % silking ranged from 47 - 68.75 days and the period to

physiological maturity ranged from 104.7 - 129.6 days. The local variety JKU was

significantly earlier in both 50% silking (47.00 days) and maturity (104.7 days) than

the rest of the varieties (P < 0.05). Situka took significantly longer (68.75 days) to

reach 50% silking and matured significantly later (129.6 days) than all other

physiological maturity.

Mean comparison for cob length, cob weight, grain weight cob'1, 100 seeds weight

and harvest index elucidated that Staha was constantly superior over other varieties.

Staha produced significantly (P < 0.05) longest (19.32 cm) and heaviest (240.7 g)

cobs. The shortest cobs (16.54 cm) were produced by Situka though they were not

significantly different from TMV-1 (16.64 cm). Average of cob weight showed that

TMV-1 had the lightest cobs (173.6 g) but it was statistically not different from the

other two varieties Situka and JKU. Data for biological yield also indicated that

Staha was the best accumulator of dry matter over the growth period (7.849 tons ha'

’), but statistically it was similar to the local variety, JKU (7.583 tons ha'1). TMV-1

respectively) but both were significantly (P < 0.05) lower than Staha and JKU. With

regard to grain weight cob'1, Staha recorded the highest value (181.5 g) but

and Situka produced statistically similar dry matter yields (6.146 and 6.702 tons ha'1

varieties. Staha and TMV-1 were intermediate for both 50% silking and
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similar to the local variety JKU (170.7 g). TMV-1 produced the least grain weight

cob'1 (99.10 g). However, it was at par with Situka (102.8 g). TMV-1 and Situka

were both significantly (P < 0.05) different from Staha and JKU in grain weight/cob.

Average 100 seeds weight demonstrated that Staha was the best in grain weight

(30.27 g), which was significantly (P < 0.05) the heaviest of the rest of the varieties.

TMV-1 produced lightest grains (23.67 g) but was statistically similar to Situka. Also

Staha exhibited significantly (P < 0.05) greatest grain yield (4.953 tons ha'1) of all

the other varieties followed by JKU (4.411 tons ha'1) while significantly lowest grain

yield (2.93 tons ha'1) was observed from Situka.

Staha also showed highest harvest index (63.37 %) but statistically similar to the

local variety JKU (57.95%). Situka had the lowest harvest index (43.03%) and

significantly different from the rest of the varieties (Table 4).

Mean response of growth and yield parameters to plant density are shown in Table 5.

The tallest plants (1.848 m) were recorded from the highest plant density (66 666

plants ha'1) followed by 1.839 m observed from the medium plant density (53 333

plants ha'1). The lowest plant density (44 444 plants ha'1) had significantly (P < 0.05)

shorter plants (1.732 m) than any other plant density. Significantly largest value of

dry matter production (7.597 tons ha'1) was from the highest plant density while the

lowest dry matter yield (6.280 tons ha'1) was obtained from the lowest plant density

(P < 0.05). Mean values for cob length, cob weight, grain weight cob'1 and 100 seed

4.1.3 Effects of plant density on growth, yield and yield parameters
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weight showed that the lowest plant density was constantly better than the others.

Significantly (P < 0.05) longest cobs (19.45 cm) were observed from the lowest plant

density. Shortest cobs were from the highest density (Table 5).

Heaviest cobs (230.6 g) were recorded from the lowest plant density but the medium

different from the lowest plant density (Table 5).

effects on harvest index and both demonstrated significantly (P < 0.05) lower values

compared to the medium density.

were also recorded from the lowest plant density though not significantly different 

from the medium plant density (26.73 g 100’1 seeds). The highest plant density gave 

the lightest (smallest) grains (24.73 g 100’1 seeds) which was significantly (P < 0.05)

and highest plant densities were statistically similar in cob weight. Further, lowest 

plant density produced more grain weight cob’1 (164.6 g) (P <0.05) than the other 

two densities which were statistically similar. Heaviest grains (27.65 g 100’1 seeds)

Medium plant density (53 333 plants ha’1) and the highest plant density (66 666 

plants ha’1) had similar grain yield. However, the medium density was found to be 

the optimum plant population by producing 4.291 tons ha’1, that is, 0.218 tons ha’1 

more than what was obtained from the highest plant density (4.027 tons ha’1). The 

lowest grain yield (3.229 tons ha’1) was obtained with the lowest density of 44 444 

plants ha’1 (P < 0.05). Also, the lowest and highest densities had statistically similar
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4.1.4 Effects of nitrogen levels on growth, yield and yield parameters

into significantly (P < 0.05) and consistently lowest values in plant height (1.699 m),

values were not consistently significantly lower.

Like a domino effect, application of 70 kg N ha’1 was significantly and consistently

significantly (P < 0.05) tallest plants (1.906 m), latest 50% silking (63.28 days) and 

maturity (123.6 days) and highest dry matter yield (7.619 tons ha'1). On the contrary, 

application of 90 kg N ha'1 resulted into significantly (P < 0.05) lowest values in 

harvest index (50.72%). Also, supply of 90 kg N ha'1 produced lowest values in cob 

weight (186.6 g), grain weight cob'1 (129.9 g) andlOO seed weight (24.5 g), but the

Increased level of nitrogen significantly and consistently increased plant height, days 

to 50% silking, days to maturity and dry matter yield such that 90 kg N ha'1 led to

days to 50% flowering (55.5), days to maturity (112.7), dry matter yield (6.379 tons 

ha'1) and grain yield (3.406 tons ha'1). However, this N rate (23 kg N ha'1) was 

statistically similar to 46 and 90 kg N ha'1 on cob weight, grain weight cob'1 and 100 

seed weight. As regard to cob length, 23 kg N ha'1 was statistically similar to 90 kg N 

ha'1 and on harvest index it was statistically similar to 46 kg N ha'1.

Mean effects of varying levels of nitrogen fertilizer on different evaluated parameters 

are shown in Table 6. The minimum level of nitrogen applied (23 kg N ha'1) resulted

better (P < 0.05) over other N levels for cob length (18.4 cm), cob weight (214.4 g), 

grain weight cob'1 (152.1 g), grain yield (4.386 tons ha'1) and harvest index 

(59.25%). The 70 kg N ha'1 was also better in 100 seeds weight (28.0 g) but was 

statistically similar to 27.29 g obtained from application of 46 kg N ha'1 (Table 6).
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4.1.5 Effects of variety and plant density interaction

statistically similar in plant height. Compared with other varieties, JKU had shorter

TMV-1 had significantly tallest plants (2.039 m) but the plant height of JKU (1.619

Across different varieties and different plant densities, the interaction of Staha with

the three densities had similar effect on plant height. Also the plant height of JKU at 

53 333 plants ha’1 was statistically similar to that of Situka at 44 444 and 66 666 

plants ha’1 (Table 7).

44 444 plants ha’1 was statistically similar to the interaction of Situka at all the three 

densities in plant height. The interaction of JKU with 66 666 plants ha'1, the 

interaction of TMV-1 with 44 444 plants ha’1 and the interaction of Situka with all

of the densities. Also, a significant difference in plant height existed in JKU between 

44 444 plants ha’1 and 66 666 plants ha'1.

m) was statistically similar to that of Situka (1.754 m). With regard to individual 

varieties, the increasing plant density from 44 444 to 66 666 plants ha’1 had no effect

in plant height with TMV-1 being the tallest (2.04 m) and JKU (1.654 m) still 

significantly the shortest (P < 0.05). At the highest plant density (66 666 plants ha’1),

plants across all plant densities but not consistently significant. When the plant 

density was increased to 53 333 plants ha’1, all varieties were significantly different

Table 7 presents interaction effects of variety and plant density on plant height, cob 

length, grain weight cob’1, dry matter yield and grain yield. The results revealed that 

at the lowest plant density (44 444 plants ha’1) all varieties, except JKU, were

on plant height in Staha and Situka. However, there was a significant increase 

(P < 0.05) in plant height observed in TMV-1 between 44 444 plants ha’1 and the rest
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and JKU had statistically similar effect on cob length (18.71 cm and 17.38 cm,

cob length of Situka (17.17 cm) was comparable to the cob length of TMV-1 (17.06

cm). Further, at lowest plant density, cob length of Situka (18.33 cm) significantly (p

< 0.05) surpassed that of TMV-1 (17.47 cm).

Interaction of Staha with 44 444 plants ha'1 gave the largest grain weight cob'1 (232.1

g), but this value was statistically similar to 212.9 g recorded from the local variety,

hand, significantly (P < 0.05) shortest cobs (14.13 cm) were obtained from 

interaction of Situka with 66 666 plants ha'1. At the medium plant density, however,

respectively). Also, similar effect on cob length was observed between Staha (18.27 

cm) and JKU (16.97 cm) at the highest density (66 666 plants ha'1). On the other

Staha with 44 444 plants ha'1 produced longest cobs (21.89 cm) than the rest of the 

interactions (P < 0.05). However, at the medium density (53 333 plants ha'1), Staha

Mean value for the dry matter yield showed that interaction of the local variety, JKU, 

with 66 666 plants ha'1 gave the greatest yield (8.351 tons ha'1) but not consistently

significant. This value was statistically similar to values obtained from the 

interactions of JKU with 53 333 plants ha'1 (8.030 tons ha'1), Staha with 53 333 

plants ha'1 (7.994 tons ha'1) and 66 666 plants ha'1 (8.284 tons ha'1). Interaction of 

Situka with 44 444 plants ha'1 led to the lowest quantity of dry matter yield (5.673 

tons ha'1) but it was at par with the interaction of TMV-1 with 53 333 plants ha'1 

(5.813 tons ha'1) and 66 666 plants ha'1 (6.238 tons ha'1). Significantly lowest dry 

matter yield (5.637 tons ha'1) was obtained from interaction of Situka with 44 444 

plants ha'1, though was not consistently lower.
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than Situka, though not significantly different.

similar effects on grain yield (Table 7).

consistently significant.

those of Staha in the respective N levels. Interaction of JKU with the lowest N level 

(23 kg N ha'1) had significantly (P < 0.05) shortest plants (1.568 m), but not

consistently significantly (P < 0.05) tallest plants (2.13 m) in TMV-1. However, at

23, 46 and 70 kg N ha'1, the plant heights in TMV-1 were statistically similar to

Highest grain yield (5.316 tons ha'1) was observed from the interaction effects of 

Staha with 53 333 plants ha'1. This value was comparable with the interactions of 

Staha with 66 666 plants ha'1 (4.815 tons ha'1) and JKU with both 53 333 plants ha'1 

(5.001 tons ha'1) and 66 666 plants ha'1 (4.802 tons ha'1). Interaction of Situka with 

44 444 plants ha'1 was significantly (P < 0.05) the poorest grain yielder (1.958 tons 

ha'1). However, at the medium and the highest plant density Situka and TMV-1 had

JKU at the same plant density. Also, Staha and JKU were statistically similar for the 

grain weight cob'1 across all the three plant densities. The smallest value of grain 

weight cob'1 (94.8 g) was observed with TMV-1 at 53 333 plants ha'1. At the lowest 

plant density (44 444 plants ha'1) however, TMV-1 was statistically similar to Situka 

but at the highest density (66 666 plants ha'1) TMV-1 had greater grain weight cob'1

4.1.6 Effects of variety and nitrogen interaction

All evaluated parameters except seed rows cob'1, 100 seeds weight and grain weight 

cob'1 were significantly affected by the interaction of varieties with nitrogen levels 

(Table 8). Interaction effect on plant height was such that 90 kg N ha'1 led to
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As shown in Table 8, increased nitrogen level consistently increased the periods to

50% silking and physiological maturity across the varieties. Significantly fewer days

maturity, though not consistently significantly different from other varieties.

Interaction of Situka with 90 kg N ha"1 led to latest flowering (73.56 days). This

period was significantly (P < 0.05) later than any other interaction level. In addition,

at all N levels, Situka was the latest in flowering though not consistently significant.

Another effect of varieties with N interaction was on silking to maturity intervals.

the maximum decrease in SMI compared with all the other interactions.

SMI. This was the highest increase in SMI than those in the other interactions. At 23 

kg N ha"1, SMI of TMV-1 was 2.4 days shorter than its average SMI. Also, this was

Table 9 presents results on how SMI was influenced by varieties with N interactions. 

Supply of 23 and 46 kg N ha"1 decreased the SMI of all the four varieties except in 

JKU with 23 kg N ha'1. On the other hand, 70 and 90 kg N ha'1 increased the SMI in 

all the four varieties except in JKU with 70 kg N ha"1 at which, it was reduced by 2.1 

days. At 90 Kg N ha"1 the SMI of Situka was increased by 4.9 days from its average

On the other side, significantly (P < 0.05) latest maturity (139.3 days) was recorded 

when Situka was applied with 90 kg N ha"1.

days) significantly (P < 0.05) earlier over all interaction levels except for its own 

interaction with 46 kg N ha"1. Also the local variety was at all N levels earlier in

to flowering (43.0 days) were observed with local variety (JKU) at the lowest N level 

(23 kg N ha"1). At all N levels, JKU significantly maintained its flowering earliness. 

Similarly, local variety JKU applied with 23 kg N ha"1 led to earliest maturity (100.4
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statistically poorest (P < 0.05) compared with Staha and JKU but similar to Situka.

Staha with 70 kg N ha"1 produced significantly (P < 0.05) longest cobs (20.4 cm). At

Staha interaction with 70 kg N ha"1 gave the best grain yield (6.06 tons ha"1), which

was significantly different (P < 0.05) from all the other interactions of varieties with

levels. Maximum and significantly (P < 0.05) higher value of harvest index, 73.37 %,

N levels. At the rest of N levels, Staha was statistically similar to local variety, JKU 

in grain yield. The lowest grain yield (2.64 tons ha"1) was harvested from the 

interaction of Situka with 23 kg N ha"1 but was statistically similar to TMV-1 at all N

JKU. The shortest cobs (16.1 cm) were recorded with TMV-1 at the highest N level 

(90 kg N ha"1) but were statistically similar to cobs recorded from interactions of 

Situka at all N levels except at 70 kg N ha"1 (Table 8).

Staha was still superior over other varieties in cob length but at the lowest and 

highest N levels (23 and 90 kg N ha"1) it was statistically similar to the local variety,

this N level, Staha was statistically similar only to its own interaction with 46 kg N 

ha"1 (19.69 cm) but not to any other variety at any other N level. At 46 kg N ha'1,

any other variety to compete with Staha for dry matter yield at the highest N level 

(90 kg N ha"1) (P < 0.05). However, at the lowest N level (23 kg N ha"1), Staha was

At the three N levels (46, 70 and 90 kg N ha'1), Staha variety exhibited statistically 

similar yields of dry matter (8.00, 8.27 and 8.70 tons ha"1 respectively). There was no

statistically similar to Situka in dry matter yield and at the medium levels (46 kg and 

70 kg N ha"1) Staha was statistically similar to the local variety, JKU. TMV-1 at 23 

kg N ha"1 produced the lowest yield of dry matter (5.65 tons ha"1), which was
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harvest index (38.9 %) but not consistently significant (Table 8).

4.1.7 Effects of plant density and nitrogen interaction

(12.83) which was also the least of all other interactions.

(1.598 m) plants than any of the other density with N interactions. In addition, at 46 

kg N ha"1 all three plant densities had statistically similar effect on plant height.

(57.74%) became lower than that of local variety, JKU (59.68%), though not 

significantly different. Interaction of Situka with 90 kg N ha'1 resulted into minimum

was recorded from Staha at 70 kg N ha'1. However, at any N level below or above 70 

kg N ha'1, Staha was no longer superior in harvest index. For example, at the two 

lower levels of N (23 and 46 kg ha'1) the harvest indices of Staha (61.44% and

60.90%) were higher in value but statistically similar to those of TMV-1(54.26% and 

53.40%) and JKU (53.73% and 57.12%). At 90 kg N ha'1 the harvest index of Staha

Means of the effect of interaction between plant density and nitrogen (Table 10) 

revealed that, the highest plant density (66 666 plants ha'1) and the highest N level 

(90 kg N ha'1) led to tallest (1.967 m) plants. This value was significantly (P < 0.05) 

higher than all the other interactions except the interactions of 53 333 plants ha'1 

with 70 kg N ha'1 and 90 kg N ha'1. Interaction of lowest plant density (44 444 plants 

ha'1) with the lowest N level (23 kg N ha'1) had significantly (P < 0.05) shorter

Interaction of the lowest plant density (44 444 plants ha'1) with 46 kg N ha'1 favoured 

the highest number of seed rows cob'1 (14.17). However, this value was significantly 

different (P < 0.05) only when compared with the interaction of 66 666 plants ha'1 

with 46 kg N ha'1 (13.00) and the interaction of 53 333 plants ha'1 with 90 kg N ha'1
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better over others.

harvest index in all the three plant densities but not consistently significantly

The highest value of harvest index (61.38%) was recorded from the interaction of 

66 666 plants ha'1 with 70 kg N ha'1. The 70 kg N ha'1 was consistently better for

Greatest grain yield (4.86 tons ha'1) was recorded from the interaction of the highest 

plant density (66 666 plants ha'1) with 70 kg N ha'1. This value was statistically 

similar to the yields recorded from the interaction of 53 333 plants ha'1 with both 70 

and 90 kg N ha'1 but not comparable to any other density with N interaction. In all 

the three plant densities, the rate of 70 kg N ha'1 had better interaction for the grain

the rest of density with N interactions were statistically similar in 100 seeds weight, 

but the interaction of 44 444 plants ha'1 with 70 kg N ha'1 (29.24 g 100'1 seeds) was

The least value however, was significantly (P < 0.05) lower compared with the 

interaction of 44 444 plants ha'1 with both 23 and 46 kg N ha'1 and the interaction of 

53 333 plants ha'1 with 46 kg N ha'1 only and not other interactions.

yield but not consistently significant. Significantly lowest grain yield (2.735 tons 

ha'1) was recorded from the lowest density (44 444 plants ha'1) at the lowest N rate 

(23 kg N ha'1). This value was significantly (P < 0.05) different from all the rest of 

density with N interactions except the interaction of 44 444 plants ha'1 with 46 kg N 

ha'1.

Interaction effect of 66 666 plants ha'1 with 90 kg N ha'1 led to significantly 

(P < 0.05) lightest seeds (19.67 g 100'1 seeds). With the exception of this value, all
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different. On the other hand, the smallest harvest index (44.6%) was observed from

the interaction of the highest plant density with the highest N level. However, this

value was statistically similar to the harvest indices observed from interactions of

44 444 plants ha'1 with 23,46 and 90 kg N ha'1 (Table 10).

and the grain yield. The mean effects of variety with density and N interaction on

produced moderate and statistically similar cob lengths (Staha 18.63 cm, Situka

17.38 cm, TMV- 17.41 cm and JKU 18.53 cm). The shortest cobs (13.75 cm) were

observed from the interaction of Situka with highest plant density and the lowest N

level but were not consistently significantly shorter. Regardless of the N level, at the

highest plant density two varieties; Situka and TMV-1 produced shorter, statistically 

similar cobs. Interactions of Staha with 53 333 plants ha'1 and JKU with 44 444 

plants ha'1 both at 46 kg N ha'1, and also the interaction of JKU with 53 333 plants 

ha'1 and TMV-1 with 66 666 plants ha'1 both at 70 kg N ha'1 resulted into largest

kg N ha'1 produced the longest cobs (23 cm) followed by statistically similar lengths 

recorded from interactions of Staha with 44 444 plants ha1 and 70 kg N ha1 (22.81 

cm) and Staha with 44 444 plants ha'1 and 90 kg N ha'1 (21.24 cm). At medium plant 

density (53 333 plants ha'1) and same N level (46 kg N ha'1), all the four varieties

It was found from the analysis of variance (Table 3) that interaction of varieties, 

plant densities and nitrogen levels was significant only in cob length, seed rows cob'1

these three parameters are presented in Table 11. The effect on cob length was such 

that Staha in the lowest plant density (44 444 plants ha'1) interacted better with all 

four N levels for the cob length. Interaction of Staha with 44 444 plants ha'1 and 46

4.1.8 Effects of varieties, plant densities and nitrogen interaction
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Grain yield (t/ha)

22.81 r 13.3 abc
13.3 abc
14.0 be
14.7 c
12.7 ab
13.3 abc
14.0 be
14.0 be
13.3 abc
13.3 abc
14.0 be
14.0 be 1.839 ab

2.329 abed14.0 be
1.968 abc14.0 be

14.0 be
14.0 be
12.7 ab
14.0 be
12.7 ab

14.28 ab 12.7 ab
14.72 abc 14.0 be
13.77 a 13.3abc

14.0 be
2.765 abedef14.0 be

20.00 nopq
18.69 klmno

20.53 pq
23.00 r

21.24 qr
17.50 efghijkl
18.63 klmno

17.36 efghijkl
18.34 ijklmn

17.23 efghijkl
17.43 efghijkl
18.37 jklmn
16.43 cdefgh 
17.99 hijklm 
18.39 jklmn 
19.00 Imnop
17.93 ghijklm 
17.02 efghijk
17.38 efghijkl 
17.63 efghijklm 
16.65 defghij 
13.75 a

3.735 defghijklm 
4.539 hijklmn 
5.586 nopq 
5.050 mnopq 
4.088 fghijklm 
4.946 mnop 
6.189 pq 
6.042 opq 
4.077 fghijklm 
4.933 mnop 
6.415 q 
3.836 efghijklm 
1.697 a

2.998 abedefg 
3.224 bedefghi 
4.093 fghijklm 
3.390 cdefghijk 
3.146 bcdefgh
3.252 bedefghi 
4.046 fghijklm 
3.181 bcdefgh 
2.600abcde

Cob length (cm) Seed 
rows/cob 
14.0 be 
14.0 be

Table 11: Interaction effects of varieties, plant density and nitrogen levels on 
cob length, seed rows/cob and grain yield

Variety x plant density x nitrogen 
rate______________________
Staha x 44 444 pl/ha x 23 kgN/ha 
Staha x 44 444 pl/ha x 46 kgN/ha 
Staha x 44 444 pl/ha x 70 kgN/ha 
Staha x 44 444 pl/ha x 90 kgN/ha 
Staha x 53 333 pl/ha x 23 kgN/ha 
Staha x 53 333 pl/ha x 46 kgN/ha 
Staha x 53 333 pl/ha x 70 kgN/ha 
Staha x 53 333 pl/ha x 90 kgN/ha 
Staha x 66 666 pl/ha x 23 kgN/ha 
Staha x 66 666 pl/ha x 46 kgN/ha 
Staha x 66 666 pl/ha x 70 kgN/ha 
Staha x 66 666 pl/ha x 90 kgN/ha 
Situka x 44 444 pl/ha x 23 kgN/ha 
Situka x 44 444 pl/ha x 46 kgN/ha 
Situka x 44 444 pl/ha x 70 kgN/ha 
Situka x 44 444 pl/lia x 90 kgN/ha 
Situka x 53 333 pl/ha x 23 kgN/ha 
Situka x 53 333 pl/ha x 46 kgN/ha 
Situka x 53 333 pl/ha x 70 kgN/ha 
Situka x 53 333 pl/ha x 90 kgN/ha 
Situka x 66 666 pl/ha x 23 kgN/ha 
Situka x 66 666 pl/ha x 46 kgN/ha 
Situka x 66 666 pl/ha x 70 kgN/ha 
Situka x 66 666 pl/ha x 90 kgN/ha 
TMV-1 x 44 444 pl/ha x 23 kgN/ha 
TMV-1 x 44 444 pl/ha x 46 kgN/ha
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Grain yield (t/ha)

13.3 abc

14.0 be

14.0 be

12.0 a

14.0 be

13.3 abc

14.7 c

14.0 be
14.0 be
14.7 c

14.0 be

14.0 be

13.3 abc
13.3 abc

14.7 c
12.0 a

14.0 be
12.0 a

13.3 abc

14.0 be

<.001
0.6925 0.35970.4427

11.46.23.1

Tukey’s 5% level of probability

13.6
0.047

2.929 abedef
2.910 abedef

19.41 mnopq

19.99 nopq

20.60 pq

20.43 opq

18.12 hijklm

18.53 klmn

3.344 cdefghij

3.424 defghijkl
3.481 defghijkl

3.430 defghijkl
3.261 bedefghi

3.332 cdefghij

3.435 defghijkl

3.044 abedefg

2.906 abedef

18.80 klmnop

17.64 fghijklm

16.52 cdefghi

17.24 efghijkl

17.68 fghijklm

16.44 cdefgh

17.74

Cob length (cm) Seed 

rows/cob 
13.3 abc 
14.0 be

3.339 cdefghij
3.764 defghijklm

3.709 defghijklm

4.628 ijklmno

4.849 Imnop

4.811 klmnop

5.718 nopq

4.398 ghijklmn

4.708 jklmno

5.551 nopq

4.551 hijklmn

3.864
0.007

Table 11: continued
Variety x plant density x nitrogen 
rate_______________________
TMV-1 x 44 444 pl/ha x 70 kgN/ha 18.29 ijklmn 
TMV-1 x 44 444 pl/ha x 90 kgN/ha 15.88 bedef 

TMV- 1 x53 333 pl/ha x 23 kgN/ha 16.15 cdefg 

TMV-1 x 53 333 pl/ha x 46 kgN/ha 17.41 efghijkl 

TMV-1 x 53 333 pl/ha x 70 kgN/ha 17.08 efghijk 

TMV-1 x 53 333 pl/ha x 90 kgN/ha 17.62 efghijklm 

TMV-1 x 66 666 pl/ha x 23 kgN/ha 14.89 abed 

TMV-1 x 66 666 pl/ha x 46 kgN/ha 16.05 bedef 

TMV-1 x 66 666 pl/ha x 70 kgN/ha 15.82 bede 

TMV-1 x 66 666 pl/ha x 90 kgN/ha 14.80 abc 

JKU x 44 444 pl/ha x 23 kgN/ha 
JKU x 44 444 pl/ha x 46 kgN/ha 

JKU x 44 444 pl/ha x 70 kgN/ha 

JKU x 44 444 pl/ha x 90 kgN/ha 

JKU x 53 333 pl/ha x 23 kgN/ha 

JKU x 53 333 pl/ha x 46 kgN/ha 

JKU x 53 333 pl/ha x 70 kgN/ha 
JKU x 53 333 pl/ha x 90 kgN/ha 

JKU x 66 666 pl/ha x 23 kgN/ha 

JKU x 66 666 pl/ha x 46 kgN/ha 

JKU x 66 666 pl/ha x 70 kgN/ha 

JKU x 66 666 pl/ha x 90 kgN/ha 

Mean 
F. prob.
S.E.D
C.V %

Means in the same column followed by the same letter(s) are not significantly different at
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though not consistently less.

Situka had statistically similar effects on grain yield (Table 11).

Correlations among yield parameters4.1.9

Results of the current study showed that correlation between grain yield and cob

harvest index had highly significant (P < 0.001) and positive correlation with grain

yield. Correlations between other parameters were variably significant and

insignificant as indicated in Table 12.

weight, days to maturity and plant height was not significant. Number of seed rows 

cob'1 and days to 50% silking were significantly and negatively correlated with grain 

yield (P < 0.05). Dry matter, cob length, grain weight cob'1, 100 seed weight and

N ha'1), grain yield of Situka and Staha were statistically similar. Also, at the highest 

plant density (66 666 plants ha'1) and the highest N level (90 kg N ha'1), Staha and

led to constantly poor grain yield regardless of the N level. When the plant density 

was increased to 53 333 plants ha'1 and the nitrogen level remaining the same (23 kg

The highest grain yield (6.42 tons ha'1) was observed from Staha at the highest plant 

density with 70 kg N ha'1. At this N level, Staha was significantly better for the grain

yield than all other varieties except the local variety, JKU. Lowest grain yield (1.70 

tons ha'1) was harvested from Situka in the lowest plant density (44 444 plants ha'1) 

and the lowest N level (23 kg N ha'1). Interaction of Situka with 44 444 plants ha'1

number of seed rows cob'1 (14.7) but not consistently significant. On the other hand, 

interaction of JKU with 53 333 plants ha'1 and 90 kg N ha'1 and the interaction of 

JKU with 66 666 plants ha'1 and 46 kg N ha'1 gave least number of seed rows cob'1
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4.2 Discussion

4.2.1 Environmental influence

4.2.1.1 Rainfall

Rainfall varied greatly across the growing period (Table 1). Data recorded portrayed

that much rainfall was received within the months of April (325 mm) and May (384

mm). Earlier in March and later in June, there were moderate amounts and beyond

June the condition was completely dry till the end of the cropping season. Total

amount of rainfall for the eight months period (January to August) was 968.1 mm;

out of which 881 mm was received within the four months of the crop growing

period of the current study (April to July).

The total water requirement over the growing period of maize depends on cultivar.

Location and season influence evaporation rate and hence the water requirements. In

most reports the optimum rainfall for best performance of maize crop ranges from

500 mm to 900 mm per annum (Critchley and Siegert, 1991; Belfield and Brown,

2008; Tekwa and Bwade, 2011). This should be well distributed to match the daily

requirements of 2.70 mm at the early crop growth stages to 6.00 mm at mid-season

and declining to 3.30 mm at the end of the season (Igbadun, 2012). Despite the total

amount for the four months period (881mm) being good for crop production, the

rainfall distribution was better only in April but poorly distributed during May. The

whole amount of rainfall collected in May was received only within the first week

and the following three weeks were completely with no rains. Also, the rainfall data

rainfall. For early maturing varieties, like JKU, the rainfall distribution was highly

(Table 1) showed that the last week of June and the whole of July received no
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encountered during grain filling. In general, this condition favoured only some stages

of crop growth and handicapped others. As reported by Cakir (2004) and Huang et

al. (2006), such trend might have negatively impacted upon biomass accumulation

and grain filling and consequently reduced the grain yield in the late maturing variety

(Situka).

4.2.1.2 Soil characteristics

Soil texture

According to Tripathi et al. (2011), soil texture is a foremost requirement as it

controls moisture and nutrient capacity of the soil. Texture of the soil affects plant

growth by influencing soil aeration, root penetration, water holding capacity and

nutrient availability in the soil. The texture determines the root growth and root mass

and hence, the extent to which plants are able to scavenge for water and nutrients

(Wakeel et al., 2005). Since it influences the field capacity, soil texture is more

important in rain fed and free-draining areas where water runoff cannot be

controlled. Soil texture of the experimental site (Table 2) was sandy clay loam.

According to Tripathi et al. (2011), such texture is suitable for production of most

crops including maize.

Soil pH

Nutrients deficiency and mineral toxicity are two undesirable effects for crop

production. Soil pH is an important factor in determining these two soil conditions

favourable throughout the growth stages while for late maturing varieties such as

Situka, the vegetative stage received enough rainfall but moisture stress was
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and therefore the crop performance. Low pH levels (acidic condition) converts some

of the important nutrients into forms not readily available to the crops while

dissolving other minerals such aluminium (Al3+) to the toxic amounts (Mallarino et

al., 2011). Reports on the pH range for maize production differ from one researcher

to another and from one location to another. However, in most reports the range

starts from slightly acidic to neutral. The soil of the experimental site’s pH 7.6 falls

within the range (7.5 - 8.5) reported by Tripathi et al. (2011) as optimum and

slightly above the ranges reported by Hill (2003) and Mallarino et al. (2011).

According to Landon (1991), Gale et al. (2001) and Fernandez and Hoeft (2009), at

higher soil pH the solubility of phosphorus (P) and some micro nutrients especially

semi-coral area was the effect of high soil pH. This could have negatively affected

the growth and yield of the maize crop in the research plot, especially the micro

nutrients.

value is ranked as medium. Anything higher than this content is likely to increase the

soil pH and bring about deficiency of other nutrients mainly micro elements. With

reference to the results of soil pH in the semi-coral area (7.6), the organic matter

content of 3% can be regarded as adequate for maize production in this area.

Soil organic matter

Soil at the experimental site contained 3% organic matter (30 g Kg'1 of soil). This

zinc (Zn2+), copper (Cu2+), manganese (Mn2+) and iron (Fe2+) is reduced. At pH 

above 7.5, phosphorus is precipitated by calcium ions (Ca2+) and the micro elements

are limited by reactions that form insoluble solids (Gale et al., 2001; Fernandez and 

Hoeft, 2009). Possibly low content of P, Zn2+, Cu2+, Mn2+ and Fe2+ in the soil of the
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Cation exchange capacity (CEC)

In maize production, better crop growth and good yields can be obtained where the

soil CEC influences the soil pH to stay around 5 to 7.5 with balanced levels of

nitrogen, phosphorus, calcium, magnesium and some sulphur. Cation exchange

capacity (CEC) of the soil of the experimental area was found to be 22.39 cmol/kg of

soil. According to Landon (1991), this value is considered as medium. Analysis of

individual exchangeable bases indicated that the large proportion of this soil CEC

was contributed by high percentage of exchangeable Ca2+ (17.5 cmol/kg of soil).

Exchangeable Mg2+and K+were respectively 1.11 and 0.28 cmol/kg of soil (264.6

and 109.2 ppm) while exchangeable Na+ was 0.24 cmol/kg of soil (55.2 ppm). Based

on soil test criteria, the soil of the experimental site contained satisfactory level of

Mg2+ and

the content was lower compared with the critical levels for most soils, a condition

that was good for the salt susceptible crops like maize. High CEC of soil in the

experimental site was not a good indicator of the soil fertility. Mutezo (2013)

ascertained that, a soil with high CEC may not necessarily be more fertile because of

other factors. In this soil, the four micronutrients contents (zinc 0.49, iron 1.87,

manganese 2.1 and copper 0.48 mg kg"1 of soil) were very low based on soil test

criteria (London, 1991) and therefore very infertile in terms of micronutrients. Ball

(2013) recommended that in a fertile soil the range for the base cation saturation

ratios (BCSR) need to be 65 - 85% for Ca2+, 6 - 12% for Mg2+ and 2-5% for K+.

Except for Ca2+ the rest of base cations were present in less than the recommended

ratios and thus the soil fertility was poor with regards to nutrients balance.

was medium in K+ fertility (London, 1991). Sodium (Na+) signified that
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Extractable phosphorus

Soil of the experimental site was found to have 3.83 mg P kg'1 of soil (3.83 ppm).

This low content of P was likely caused by intensive land use for annual crops

(17.5 cmol/kg of soil) was possibly another reason for the P deficiency as under such

(Gale et al., 2001; Fernandez and Hoeft, 2009). Landon (1991) established that the

adequate amount of available soil phosphorus for maize is anything greater than 8

ppm (> 8 mg P kg'1 of soil). The result indicated that amendment of the soil with P

fertilizer was necessary for better maize establishment. Though it was not a factor of

varying levels, uniform application of 20 kg P ha'1 (10 ppm) was applied to build up

the P level in the experimental plot and possibly this could increase the efficiency of

uptake and utilization of other soil nutrients and reduced experimental errors.

Total nitrogen

Nitrogen deficiency is a common factor for declining of maize yield in humid

tropical areas. One of the reasons is poor management practices (Osmond et al.,

1996). Similar characteristic of low soil nitrogen was found in the semi-coral area.

The soil sampled from the experiment site contained only 0.16 % nitrogen.

According to Landon (1991), this value was low and inadequate whereby applied N

levels showed significant responses in both growth and yield components.

conditions, P is precipitated by Ca2+ and other elements to insoluble compounds

production without use of P fertilizers. High soil pH (7.6) and high Ca2+ content
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4.2.2 Effects of varieties on growth, yield and yield components

Results from the present study enlightened significant differences among four maize

varieties in growth, yield and yield parameters (Table 4). Variations must have been

due to genetic differences among these varieties though weather condition during the

growing period could have played some role. Same reason was reported by Critchley

and Siegert (1991) and Igbadun (2012).

In this study, early silking and physiological maturity were recorded by the local

variety, JKU, compared with the three improved varieties (Staha, Situka and TMV-

1). The earliness in flowering of the local variety possibly was due to its genetic

adaptability and stability to the semi-coral environment after many cycles of its

production in this area. Such possibility was also reported by Mabhaudhi (2009).

Borras el al. (2007) explained that significant variation in flowering and maturity

inherent genetic variation among genotypes in partitioning the dry matter to the

emerging ears. This was also supported by Idris and Mohammed (2012) who

reported that days to 50% flowering had maximum heritability (79.1%) and that

maize flowering and maturity are highly influenced by genotype. Because of its

earliness in flowering, the local variety, JKU, efficiently completed all its growth

stages within the rainy period and is expected to have highly expressed its genotypic

potential in most parameters compared with the other three varieties and so was more

competitive than Staha, which was the best overall. On the other hand, Situka which

flowered and matured later was to a certain extent hit by the dry spell and so suffered

moisture stress during the later stage of grain filling. Results of this study have

was directly from the natural variation in plant growth within the population and the
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shown that both days to 50% silking and days to maturity had negative correlations

with most of the yield parameters. This indicated that overall poor performance of

Situka was possibly attributable to delay in flowering and maturity.

significantly different (Table 4). Similar results were reported by Dudley et al.

(1996) who showed that significant difference in plant height among varieties was

probably due to differences in dominant alleles controlling plant height and hence it

was due to genotypic differences. Importance of plant height (as part of the plant

morphology and canopy structure) in the improvement of maize yield and yield

components has been studied by many researchers. Sadler et al. (2000) found that

plant height showed significant variability during vegetative development. Katsvairo

et al. (2003) reported that plant height correlated well with maize yields at one out of

three sites. Machado et al. (2002) observed that plant height at VI2 contributed 61%

of the variations of maize yield in the dry season but this relationship did not exist in

the wet season. However, none of these authors explained the relationship between

grain yield and plant height measured near maturity (when plants had stopped

growing).

Results of this study showed no significant correlation between plant height and

grain yield and therefore do not suggest tallest or shortest plants as a criterion for

increasing grain yield. These results agree with those obtained by Liu and Wiatrak

(2011) who also found that maize grain yield was not significantly affected by the

plant height.

Plant height is another parameter which showed that the tested varieties were
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The present study showed significant variation in dry matter production among the

tested varieties. Staha and JKU recorded higher values while TMV-1 and Situka had

lower values. Significant differences in dry matter yield among maize genotypes

have also been reported by Yilmaz el al. (2007), Kuzaksiz (2010) and Randjelovic et

al. (2011). Based upon correlations (Table 12), it was found from the present study

that, dry matter yield is a suitable marker for selecting a maize variety for more grain

weight cob'1, heavy seeds, high value of harvest index and higher grain yield. Staha

and JKU, which had greater yield in dry matter, also had greater values in yield

components and grain yield. Significant and positive correlations between dry matter

yield and grain weight cob'1, 100 seed weight, harvest index and grain weight were

also reported by Wajid et al. (2007) and Inamullah et al. (2011) and both agree with

the results of this study.

harvest index) had significantly positive correlations with the grain yield. This made

the two varieties, Staha and JKU that had higher values of cob length, grain weight

cob'1, 100 grain weight and harvest index, better for the grain yield. Turi et al.

seeds and higher values of harvest index and therefore agreed with the current

results. Further, the results revealed that overall better performance of the local

variety JKU over two improved varieties (Situka and TMV-1) is an indication that

(2007), Idris and Mohammed (2012) and Charles et al. (2013) reported highest grain 

yield from varieties that had longer cobs, higher values of grain weight cob'1, heavy

Also the results of the present study revealed that except the cob weight, all other 

evaluated yield components (cob length, grain weight cob'1, 100 seed weight and
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this variety may actually have been an improved variety that had been adopted long

ago or farmers may have forgotten its name or origin.

4.2.3 Effects of plant density on growth, yield and yield components

Plant density is one of the important yield determinants of crops and an efficient

management tool for maximizing grain yield by increasing the capture of solar

radiation within the canopy (Monneveux et al., 2005). Maize is more sensitive to

variation in plant density than any other grass family (Sangoi, 2000; Lashakari et al.,

2011). Important effects of plant density are on both, vegetative and reproductive

development of maize. The results of this experiment showed that plant density

significantly influenced all evaluated parameters except days to 50% silking and days

to maturity (Table 5).

Data for growth parameters showed that plant height and plant density were directly

results by Kunjir et al. (2007), Sharifi et al. (2009) and Lashkari et al. (2011)

indicated that plant height was usually increased with an increase in plant density and

therefore conforming to the current results. Similarly, Shafi et al. (2012) reported the

tallest maize plants from the highest plant density of 65 000 plants ha'1 and the

shortest plants from the lowest plant density of 45 000 plants ha'1 (very close to the

highest and lowest plant densities of the present study). Lashkari et al. (2011) further

explained that, intense crowding of plants increased the far-red/red (FR/R) ratio

triggering physiological events that lead to prioritization in the allocation of new

related. The tallest plants were recorded from the highest density (66 666 plants ha'1) 

and the shortest plants from the lowest density (44 444 plants ha'1). Experimental
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assimilates to the main stem hence increased plant height. Surprisingly, opposite

the plants and higher intra-specific competition for resources in highest densities, the

plant height was reduced, which totally disagreed with the results of this study and

also the results of other reporters. However, in the same results, Abuzar et al. (2011)

showed that there was a significant increase in plant height between 40 000 and

100 000 plants ha'1 and an immediate decline above this range. This indicated that,

the optimum density such that it created excessive intra-plants competition,

weakening of the entire crop and declining of the plant height.

Highest dry matter yield was produced from the highest plant density (66 666 plants

which mean that the highest density in the current study was in this range. Further,

Abuzar et al. (2011) made argument that with higher plant densities the individual

plant dry matter production is reduced; therefore the total dry matter yield is also

reduced. But it has appeared in this experiment and other studies by Yilmaz et al.

(2007), Aziz et al. (2007) and Carpici et al. (2010) that, so long as the optimum

density is not exceeded, dry matter yield increased with increasing plant density and

ha'1) and the lowest biomass yield was recorded from the lowest plant density 

(44 444 plants ha'1). However, Abuzar et al. (2011) reported differently. They got 

higher dry matter yield in the lower plant densities (60 000 and 80 000 plants ha'1)

results have been reported by Abuzar et al. (2011) that, highest plant density 

(140 000 plants'1) had shortest plants. They concluded that due to crowding effect of

140 000 plants ha'1 which they referred as the highest density in their study, was 

extremely higher than the highest density in the current study (66 666 plants ha’1). 

Possibly, the highest density in their study (140 000 plants ha'1) was over and above
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dry matter production of individual plants was significantly and positively

compensated by the increased number of plants ha'1 up to the optimum density. Also,

Sadeghi (2013) reported highest dry matter yield from the highest plant density except

that the highest plant density in his study (100 000 plants ha'1) was higher than the

highest plant density in the current experiment. In general, the current results and those

of Abuzar et al. (2011) and Sadeghi (2013) have shown that optimum density for dry

matter production lies between 60 000 and 100 000 plants ha'1 and that 60 000 plants

ha '* should not be considered the lowest density.

Contrary to plant height and dry matter yield, cob length, cob weight, grain weight

cob'1 and 100 seeds weight were inversely related to the plant density. Lower plant

density of 44 444 plants ha'1 was the best for all these parameters. The higher plant

density had lower values of all these yield attributes. Study by Sharifi et al. (2007)

and Abuzar et al. (2011) showed similar results and therefore are in conformity with

the results of the present study.

Comparatively, less number of plants in the lower plant density probably utilized the

solar radiation and soil resources efficiently resulting into long cobs, heavy cobs and

heavy grains, while low values of these yield components in higher plant density

solar radiation, moisture and soil nutrients and reduced per plant production of

photo-assimilates (Sangakkara et al., 2004). Same reason was suggested by Abuzar

et al. (2011) and Zamir et al. (2011).

that, in increasing density, the reduction of dry matter yield due to the reduction in

were probably due to enhanced mutual shading, high inter-plants competition for
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The present study showed that decreased grain yield of individual plants due to

increased plant density must have been compensated by increased number of plants

and therefore grain yield increased with increased plant density but only to a certain

level. Results indicated that medium plant density (53 333 plants ha-1) recorded the

maximum grain yield and can be regarded as the optimum plant density. The results

also revealed that further increase in plant density had negative effects on grain yield.

Carena and Cross (2003) obtained maximum grain yield from 56 000 plants ha'1,

very close to the results of this study. Similar results were reported by Abuzar et al.

(2011) and Lashkari et al. (2011). Further, results indicated that despite longer and

heavier cobs at the lowest plant density, grain yield was less because of fewer plants

and therefore fewer cobs harvested per area. On the other hand, highest plant density

above the optimum, had shorter and lighter cobs with increased number of barren

plants, thus resulting in reduced grain yield. A similar effect was also reported by

Sangakkara et al. (2004), Yilmaz et al. (2007), Carpici et al. (2010) and Zamir et al.

(2011).

Effects of nitrogen fertilizer on growth, yield and yield components4.2.4

Various studies have shown that maize responds well to nitrogen under various

edapho-climatic conditions. Response of added N fertilizer depends upon the variety

2008). The results of the present study have shown that plant height, days to 50%

silking, days to physiological maturity and dry matter accumulation increased

significantly with increased nitrogen level and reached maximum at the highest level

of N (90 kg N ha'1). Findings of this experiment on plant height agreed with the

or hybrid, initial fertility status of the soil and climatic conditions (Amanullah et al.,
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findings reported by Monneveux et al. (2005), Onasanya et al. (2009), Carpici et al.

(2010) and Bozorgi et al. (2011). These authors suggested that increased nitrogen

availability to plants increased chlorophyll content of leaves, impacted on utilization

biomass production and translocation to the stem. This could have triggered rapid

growth and elongation of internodes, resulting in taller plants.

Increase in N level significantly and consistently increased the duration to flowering

and physiological maturity. The longest periods were observed with the highest N

level (90 kg N ha’1). The same trend of effect of nitrogen was also reported by

Hammad et al. (2011). Possibly, with higher N rates, plants became more succulent,

leaves enlarged with more chlorophyll content and increased photosynthesis. This

triggered extra vegetative growth, which caused delay in flowering (Gungula et al.,

2003). Opposite and surprising results have however been reported by Shrestha

(2013) who found that with increased N level the plants flowered earlier but matured

later. According to Shrestha (2013) report, the time interval from silking to maturity

is always too wider at higher N rates. But with the current experiment’s results, the

period from silking to maturity was not so widened by variation in N levels. The

delay in maturity was highly a reflection of delay in silking but not an effect of

significant increase of grain filling period.

This study also revealed that dry matter increased significantly in a linear

relationship with increasing N (R2 = 0.96) to the highest N level (90 Kg N ha'1).

These results are in conformity with those reported by Evans et al. (2003),

efficiency of other nutrients and increased rate of photosynthesis, hence more
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Hokmalipur et al. (2010) and Bozorgi et al. (2011). Haque et al. (2001) explained

that maize is a crop with high response to nitrogen fertilizer, hence when nitrogen is

sub-optimal, growth is reduced and enhanced at increased levels. It is possible that,

during this experiment, availability of more nitrogen at higher N levels resulted into

vigorous plants with excessive vegetative growth which increased the rate of

photosynthesis and hence greater dry matter production.

Similarly, yield components (cob length, cob weight, grain weight cob'1, 100 seeds

weight) and grain yield increased significantly with increasing N level but only up to

70 Kg N ha'1. Thereafter, values of these parameters decreased. Generally, these

results agree with those reported by Namakka et al. (2008), Di Paolo and Rinaldi

optimum level for cob length, cob weight and grain yield. The optimum N level for

cob weight, 100 seeds weight, grain yield and harvest index as reported by Arif et al.

(2010) was 160 kg N ha'1. It is important that in all these reports there was an

yield parameters. According to Cassman (2002), in order for a crop to achieve its

maximum yield potential, nitrogen is needed in large quantities but must be in

balance with other nutrients. Under- as well as over- fertilization with nitrogen will

result in reduced yield due to vegetative over growth, and reduced quality of

products (Olfs et al., 2005). Mengel (1992) stated that the very first effect of N

fertilization of the field was the increase in size and number of leaves. N fertilization

optimum level beyond which the values of yield and yield parameters decreased. In 

the present study, 70 kg N ha'1 was found to be optimum across all the evaluated

(2008), Arif et al. (2010) and Moraditochaee et al. (2012) except for the optimum 

levels of N for these parameters. Namakka et al. (2008) reported 80 kg N ha'1 as the
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results in the increase in the number of mature leaves which in turn, results in higher

photosynthesis/respiration ratio, assimilation and yield. However, its overdose brings

about excessive increase in shoot development. Then, more leaves are shaded,

photosynthesis/respiration ratio is lost, less assimilates are mobilized to grains and

more assimilates are consumed by already consuming shaded mature and immature

leaves (Emam and Niknejad, 2005)

4.2.5 Effects of variety and plant density interaction

Growth and yield characteristics of a crop are controlled by many genes and by the

interactions between these genes within the crop genotype. However, many

environmental and agronomical factors (e.g. plant density, light intercepted by the

canopy, fertilizers, pests and diseases) have great influence on the expression of

genotypic characteristics (Doku, 1977). The current research has shown that

interaction of variety with plant density had significant effect on plant height, cob

length, grain weight cob'1, dry matter yield and grain yield.

Interactions of TMV-1 with 53 333 plants ha'1 and 66 666 plants ha'1 recorded the

similar to Staha and Situka in plant height.

On the other hand, interaction of local variety, JKU with 44 444 plants ha'1 resulted

into shortest plants. At medium and highest plant densities the plant height of JKU

was statistically similar to that of Situka. This indicated that vegetative growth in

tallest plants. None of the other varieties was statistically similar to TMV-1 at 

highest or medium density. At lower plant density (44 444 plants ha'1), TMV-1 was
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TMV-1 and JKU was highly responsive to increases in plant density compared with

Staha and Situka. A similar trend of results was obtained by Gollar and Patil (2000).

Ibeawuchi et al. (2008) reported that, with closer spacing (higher plant density),

plants compete for nutrients and other growth factors; therefore tend to grow taller

than those within lower plant density. But he further reported that variation in

intensity of interaction of the variety with plant density depends on the variety

concerned. This fact was evident in this experiment. Sangoi and Salvador (1997)

reported that plant height may be an advantage when competition with weeds is

severe. Therefore among the varieties tested in this study, TMV-1 at medium plant

density was most likely the best in weed suppression. Interaction of JKU with 53 333

led to greatest dry matter yield which was comparable only to its own interaction

with 66 666 plants ha'1 and Staha at same plant densities (44 444 and 66 666 plants

ha'1). Shafi et al. (2012) obtained maximum dry matter yield from the interaction of

results of which were very close to the results of the current study. At the lowest

density (44 444 plants ha'1), Staha produced significantly greater dry matter yield

than JKU but Situka produced significantly less dry matter yield compared with

other varieties except TMV-1. However, at higher plant densities (53 333 and 66 666

plants ha'1) Situka had statistically greater dry matter yield than TMV-1. These

results suggested that JKU and Situka responded rapidly and positively to the

increase in plant density in terms of dry matter accumulation compared with Staha

and TMV-1.

one variety (Sarhad white) with the highest plant density of 65 000 plants ha'1, the
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Experimental results by Sangoi and Salvador (1997) suggested that maize varieties

reacted differently to increases in plant density in dry matter production and that

some varieties were less sensitive to shifts in plant population. This fact is

manifested in the results of the current study. The same authors explained that dry

matter provides stem material for feed, meal, bedding, building and thatching

purposes. The present study has shown that the local variety JKU planted at high

density (66 666 plants ha-1) provided the best interaction for production of

feed/forage material apart from grain yield.

Generally, the cob length and grain weight cob'1 decreased across all varieties as the

longest cobs and highest value of grain weight cob'1. These results suggest that, at

44 444 plants ha'1, Staha was very efficient in the utilization of soil plant nutrients

and other growth factors compared with the rest of interactions. Also, the results

agree with the previous studies (Sangoi and Salvador, 1997; Sharifai et al., 2012)

that, at the same density, varieties responded differently in the same yield parameter.

Thus, for each yield component, the optimum plant density is different form one

variety to another. This was evident in the current results. Sangoi and Salvador

(1997) and Sharifai et al. (2012) further explained that, probably, these results were

due to the intense intra-plant competition for limited nutrients, moisture and light. In

such a competition, some varieties loose stability earlier in slightly higher densities

with the consequence of decreased cob length and increased barrenness.

plant density increased but in different decreasing rates. Results showed that 

interaction of Staha with lower plant density (44 444 plants ha'1) produced the



87

However, Carena and Cross (2003) observed that the interaction of variety with plant

density was significant only for ear height (position of the cob from the base of the

plant) and for the rest of the growth parameters including yield components, varieties

responded similarly to variations in plant density. These observations disagreed with

the current results and those of Sangoi and Salvador (1997) and Sharifai et al.

(2012).

Highest grain yield was observed with the interaction of Staha and medium density.

However, the local variety, JKU, was very competitive such that it produced better

yield compared with Situka and TMV-1 at both medium and highest densities.

Yoshida (1993) stated that, the longer the crop is able to grow in a particular site or

season, the greater the biomass production and the greater the yield. Evans (1993)

argued that, no single process holds the key to greater crop yield. He further

explained that, for grain crops, grain yield will often increase with duration up to a

certain point but what happens beyond that point depends on environmental and

agronomic conditions. This could be the reason why in the current experiment, early

matured local variety (JKU), despite having short duration for growth, it produced

statistically similar yield compared with the highest grain yield recorded by the

interaction of an improved, medium maturing variety (Staha) at all levels of plant

density except at lowest density (44 444 plants ha'1).

Another observation in grain yield was that, interaction of Situka with lowest plant

density produced statistically lowest grain yield but at the highest plant density it was

similar to TMV-1 in grain yield. These results suggest that at lowest plant density
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where competition between plants is reduced, per hectare grain yield is determined

by the grain yield per plant, but as density increases, grain yield is determined by the

yield stability of a variety to a particular plant density. These results also indicated

that interaction of Staha and JKU with medium plant density could have resulted in

production of crop architecture that influenced utilization of solar radiation, moisture

and nutrients more efficiently and hence better carbohydrate production. The results

agree with Sangoi (2000) who reported that maize yield is low with low plant

densities because of its little plasticity in leaf area per plant (do not tiller) and quite

often produce only one ear per plant, excessively high plant densities stimulate apical

dominance, induce barrenness, and in due course decrease the number of ears per

plant and kernels set per cob.

4.2.6 Effects of variety and nitrogen interaction

Significant interaction between varieties and nitrogen was evident in numerous

interactions in terms of plant height. On the other hand, shortest plants were observed

from the interaction of JKU with the lowest N level (23 kg N ha"1).

Results showed that, in Staha, Situka and JKU, significant increase in plant height

significant increase in plant height was between 70 and 90 kg N ha"1 (Table 8). These

indication that the plant growth of Staha, Situka and JKU

responds better from low to medium rates of N, while that of TMV-1 needs higher

parameters. This showed the importance of nitrogen on improving yield of maize 

crop. Interaction of the TMV-1 with 90 kg N ha"1 was the best of all the other

was observed between 23 and 70 kg N ha"1, while for TMV-1, rapid growth and

results provided an
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levels of N for the plant growth to respond significantly. Interaction of Situka with

respectively 4.8 and 9.7 days more than the overall effect of Situka on flowering

had increased the SMI of this variety by 4.9 days. Conversely, interaction of JKU

with 23 kg N ha'1 was significantly earliest in flowering (50% silking) and maturity

with 4.0 and 4.3 days earlier than the overall averages observed with JKU alone

regardless of N supply. At this rate of N the SMI of JKU was not much affected, it

was reduced for only few hours (0.3 day).

response of vegetative growth to N rates, while the latest maturity observed with N

increase was probably attributable to both late flowering and increased grain filling

period. These results are in agreement with Lomer et al. (2012) who found that

interaction effects of variety and nitrogen fertilizer on days to silks emergence, days

to dough stage and days to physiological maturity were significant. Daynard et al.

(1971) observed a difference of 4 days in SMI among maize varieties and claimed

that, probably nitrogen increase had provided the possibility of increased period of

grain filling. Depending on other environmental and agronomic factors, increased

change in SMI was 4.9 days (Table 9). From these results, it can be explained that, 

the latest flowering of Situka with 90 kg N ha'1 was probably because of high

90 kg N ha'1 led to latest flowering and maturity times. These periods were

Application of 23 and 46 kg N ha'1 reduced the period to flowering and maturity 

across all varieties. The SMI was also reduced except in JKU at 46 kg N ha'1.

(50% silking) and maturity (Table 9). Further, interaction of Situka with 90 kg N ha'1

Contrary, 70 and 90 kg N ha'1 resulted into late flowering and maturity in all 

varieties, with small changes in SMI except Situka with 90 kg N ha'1 where the
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the current study, interaction of Situka with 90 kg N ha'1 had longer grain filling

period but less grain yield. Probably, Situka was negatively affected by the excessive

vegetative growth at early stages and moisture stress encountered during the last days

of grain filling.

Interaction of Staha with the highest N level (90 kg N ha'1) produced the highest dry

matter yield but was not better at other N levels. At 23 kg N ha'1, Staha and Situka

were statistically similar in the dry matter production. At 46 kg N ha'1 and 70 kg N

ha'1), Staha was statistically similar to the local variety, JKU. Further, results

revealed that for the tliree varieties: Staha, Situka and JKU, supplying between 23

and 70 kg N ha'1, dry matter increased at a decreasing rate but increased at an

Darbandi (2011) reported that significant interaction effect of variety and nitrogen on

dry matter production depends on the efficiency at which a variety remobilizes the

dry matter at a particular N level. Thus, the results of the present study suggest that

TMV-1 has high efficiency of total dry matter remobilization across all N levels

while the rest of the tested varieties had high efficiency of total dry matter

remobilization only at higher and highest N levels. Thus TMV-1 can be used with

minimum nitrogen for production of feed/fodder maize.

Results for the cob length showed that, varieties responded differently with each N

level so that significant difference existed among varieties with the same N level as

increasing rate from 70 to 90 kg N ha'1. Conversely, TMV-1 responded increasingly 

throughout the N levels in dry matter from 23 to 90 kg N ha'1. Hokmalipour and

grain filling period is an advantage for the grain yield (Yoshida, 1983). However, in
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well as between the interactions of the same variety with different N levels.

Interaction of Staha with 70 kg N ha’1 produced longest cobs while interaction of

TMV-1 with 90 kg N ha’1 recorded the shortest cobs. The trend for the cob weight

only among interactions of N with different varieties and not among N levels with

the same variety. Yet, the only difference was between Staha with 46 kg N ha'1 and

the two varieties, Situka and TMV-1 at all N levels except TMV-1 at 70 kg N ha’1.

However, in each variety, maximum values for both, cob length and cob weight were

obtained from the interaction of the variety with 70 kg N ha'1 except the cob length

of TMV-1 and the cob weight of Staha where the highest values were recorded from

the plants probably suffered deficiency of N whereby further increase of N beyond

increased excessive vegetative growth at the expense of dry matter

optimum nitrogen level for cob length and cob weight. Akmal et al. (2010) and

Kanton et al. (2013) found that cob length, cob weight were significantly affected by

variety x N interaction, therefore agreed with the results of the current study.

According to Hokmalipour and Darbandi (2011), despite increase in total dry matter

with increasing N, the efficiency of dry matter remobilization from stem to the

reproductive parts was reduced at highest N levels. This fact was evident in the

current study, of which the results showed that, beyond 70 kg N ha’1 cob length and

cob weight declined.

was different from that of cob length. Significant difference in cob weight existed

their interaction with 46 kg N ha’1. These results indicated that below 46 kg N ha'1

70 kg ha’1

allocation to the reproductive parts. Thus, 70 kg N ha’1 can be generalized as the
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The trend of effect of varieties with N interaction on grain yield was similar to that

obtained from the interaction with 70 kg N ha'1 and declined thereafter. Highest grain

yield was recorded from the interaction of Staha with 70 kg N ha'1, whereas

interaction of Situka with 23 kg N ha'1 had the lowest grain yield but comparable

with TMV-1 at all N levels. Likewise, the trend of effect on harvest index was

similar to that on grain yield except in Situka where the maximum harvest index was

observed at 46 kg N ha'1. Interaction of Staha with 70 kg N ha'1 led to largest value

of harvest index but Situka with 90 kg N ha'1 had the smallest value. Akmal et al.

(2010) and Kanton et al. (2013) found that cob length, cob length and grain yield

greatest grain yield from the interaction of one variety (FH-810) and the highest N

level (300 kg ha'1) but harvest index was not significantly affected, thus partly

agreeing with the current results. Ali et al. (2011) reported no significance in variety

research. Bertin and Gallais (2000) found that significant difference in varieties with

N interaction was due to genetic variability being differently expressed under high

and low N inputs. They further explained that, low N (nitrogen stress) may allow the

expression of variability controlled by specific genes involved in N-remobilization

while high N input would favour the expression of variability controlled by specific

genes involved in post-anthesis N uptake.

observed on cob length and cob weight. In each variety, maximum grain yield was

x N interaction for all yield parameters, thus disagree with the results of the current

were significantly affected by variety x N interaction. Khan et al. (2011) obtained
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4.2.7 Effects of plant density and nitrogen interaction

increase the plant height significantly.

On the other hand, interaction of lowest density (44 444 plants ha'1) with lowest N

height. Within all N levels, maximum plant height was obtained from the highest

density. These results suggest that the crowding effect at the highest density induced

excessive stem elongation in plants competing for sun light. This probably was

accompanied by the effect of excessive N supply which also might have caused

vigorous plant growth. Similar results were obtained by Moraditochaee et al. (2012)

who also found maximum plant height from interaction of highest N level with

closest spacing (highest plant density).

better for the number of seed rows cob’1. Interaction of the highest plant density and

interaction of 53 333 plants ha'1 with 90 kg N ha'1. Further, the results showed that in 

lowest and medium plant densities, the medium rate of nitrogen (46 kg N ha'1) was

level (23 kg N ha'1) resulted into significantly shortest plants. At the same level of N, 

increasing density to 53 333 plants ha'1 resulted into significant increase in plant

better for plant height across all the three plant densities with highest density (66 666 

plants ha’1) and highest N level (90 kg N ha'1) resulting in tallest plants. However, 

this effect was similar to that of 53 333 plants ha'1 with 90 kg N ha'1. This showed 

that, at 90 kg N ha'1, increasing density from 53 333 to 66 666 plants ha'1 did not

Interaction of plant density and nitrogen fertilizer showed that, 90 kg N ha'1 was

Interaction of lowest density (44 444 plants ha'1) and 46 kg N ha'1 gave largest 

number of seed rows cob'1, and the least seed rows cob'1 were recorded from
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highest rate of nitrogen (90 kg N ha'1) produced number of rows cob’1 similar to the

largest numerical value obtained from lowest density with medium N level but the

seeds harvested from the interaction of highest density with highest N level were the

lightest of all such that they could not improve the grain yield significantly.

Maximum 100 seed weight was obtained from the interaction of the lowest density

(44 444 plants ha'1) with higher N level (70 kg N ha'1). Similarly, Moraditochaee et

al. (2012) found maximum number of seed rows per cob at the highest plant density

with highest N level and also they found that maximum 100 grain weight was from

the interaction of lower plant density with highest N level, thus agreed with the

current results. Bozorgi et al. (2011) reported that there was no significant effect in

therefore disagreed with the current results. However, other authors (Mengel, 1992;

Sangakkara et al., 2004; Emam and Niknejad, 2005; Malaviarachchi et al., 2007)

agree with the current results that lightest seeds from the interaction of highest

density with highest N level could be due to excessive vegetative growth, excessive

mutual shading of leaves, low light distribution among leaves and hence reduced

photosynthesis/respiration ratio.

In all the three plant densities, N rate of 70 kg N ha'1 enhanced grain yield and

with 70 kg N ha'1 produced the highest grain yield. Significantly lower grain yield

was recorded from interaction of the lower plant density (44 444 plants ha'1) with the

lowest nitrogen level (23 kg N ha'1). The highest value of harvest index was also

recorded from highest plant density (66 666 plants ha'1) applied with 70 kg N ha'1.

harvest index though not consistently significant. Interaction of 66 666 plants ha'1

density with N interaction on both, seed rows cob'1 and 100 seed weight and
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Nitrogen and plant density are considered some of the most important factors

affecting the grain yield (Hoshang, 2012). Nitrogen determines the amount of plant

chlorophyll, plant health, other nutrients absorption and a number of plant’s

metabolic functions. Plant density on the other side, decides how sufficient are the

soil and atmospheric resources in relation to the number of plants within a given area

of land. Results of the present study indicated that whenever plant density was

increased, more nitrogen was required to maintain plants in their normal growth.

Despite previous observation that lower plant density had greater yield plant’1, due to

less number of plants per area and less number of harvested cobs, yield remains

lower at lower densities. In the current study, yield could be improved through

4.2.8 Effects of variety, plant densities and nitrogen interaction

Despite individual effects of each of these factors, interaction effects among them

have also been reported to influence yield and yield parameters in maize (Aziz et al.,

resulted into longest cobs (23 cm). Results revealed that, by maintaining plant

2007). However, the present study revealed that variety, plant density and nitrogen 

interaction was significant only for cob length, seed rows cob’1 and the grain yield.

increasing density with moderate level of N (70 kg ha’1) whereas in lower and 

medium densities highest rate of N (90 N ha’1) was necessary to increase grain yield.

These results are comparable to Bozorgi et al. (2011) and Hoshang (2012). On the 

other hand 66 666 plants ha’1 and 90 kg N ha’1 divulged the lowest harvest index.

Interaction of Staha with lowest plant density (44 444 plants ha’1) and 46 kg N ha’1
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density at 44 444 plants ha'1, increasing N form 46 to 90 kg ha'1, decreased the cob

increased plant density however, cob length of Staha was moderate and similar with

Situka and TMV-1 in different N levels. It was also observed that, within any variety,

increasing density at the same level of N decreased the cob length and possibly, this

was due to deficiency in N. Similar effect was observed at increased N level within

the same density, showing possibility of plants overgrowth and utilization of

assimilates by an increased number of shaded leaves. These results suggest the need

for balancing plant density with N rates for maximizing cob size.

Interaction of Staha with highest density (66 666 plants ha'1) and 70 kg N ha'1 gave

level (23 kg N ha'1). Likewise, all Situka interactions with the lowest plant density

resulted in low grain yield across all the four N levels. On the other hand, results

showed that, increasing density could improve the grain yield of Situka such that at 

medium plant density (53 333 plants ha'1) and the lowest N level (23 kg ha'1), and at 

highest plant density (66 666 plants ha'1) with highest N level (90 kg N ha'1) Situka 

well competed with Staha. Also, with medium plant density (53 333 plants ha'1) the 

N levels of 23,46 and 90 kg N ha'1 improved the grain yield of TMV-1 and therefore

well competed with Staha. Likewise, Staha and TMV-1 were similar in grain yield at 

66 666 plants ha'1 with 46 and 90 kg N ha'1. However, in all these results, Staha was

length of Staha but not significantly. At lowest plant density Staha was similar with 

JKU in cob length at 23 and 90 kg N ha'1 only and not other interactions. At

greatest grain yield. However, local variety, JKU well competed with Staha except at 

lowest density (44 444 plants ha'1) with 70 kg N ha'1. Poorest grain yield was 

recorded from Situka with the lowest density (44 444 plants ha'1) at the lowest N
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still better than the other varieties. Overall better performance of Staha could be

attributable to the inherent yield potential, its better stability to the environmental

stress created by increased plant density and better response to changing nitrogen

levels. Such possible reason was also suggested by Doku (1977), Sangakkara et al.

(2004) and Aziz et al. (2007).
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusions

Findings of this study have shown that individual as well as interactive effects of

varieties, plant density and nitrogen soil fertility were quite significant. Of the three

improved varieties, Staha was statistically better over the local variety for cob length,

cob weight, 100 seeds weight and grain yield. The local variety, JKU was the earliest

in flowering and maturity and better for yield and yield components than Situka and

TMV-1, and nearly performed as well as Staha. It is concluded from these results

that the local variety, JKU may actually be an improved variety that had been

adopted long ago or farmers may have forgotten its name or origin.

For maximizing interception of solar radiation and grain yield, the maize crop must

grain yield. Increase in nitrogen level increased the plant height, duration to

flowering, duration to maturity and dry matter yield up to the highest N level (90 kg

N ha'1). But for the grain yield and yield components the values increased up to 70

kg N ha'1. Above that level the values of the yield components parameters decreased.

Interaction of variety with plant density significantly affected plant height, cob

produced minimum grain yield due to the small number of plants per area with this 

density. The medium plant density of 53 333 plants ha'1 was an optimum density for

be grown in a relatively high but optimum plant density. This study revealed that a 

lowest plant density of 44 444 plants ha'1 was better for some yield components 

parameters: cob length, cob weight, grain weight cob'1 and 100 seeds weight but
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Recommendations5.2

Based on the results of the present research, recommendations are made as follows:

Regarding the rainfall pattern in the semi-coral area, maize varieties thati.

combine earliness and high yields should be used by farmers to increase maize

production and improve food security.

index. Interaction of varieties, plant densities and nitrogen levels was significantly 

effective on cob length, seed rows cob'1 and grain yield but not other parameters. 

Staha with 44 444 plants ha'1 and 46 kg N ha'1 was best for cob length while Staha 

with 66 666 plants ha'1 and 70 kg N ha'1 was an optimum combination for enhanced

Interaction of plant density with nitrogen levels resulted in tallest plants at 66 666 

plants ha'1 and 90 kg N ha'1 and the heaviest grains at 44 444 plants ha'1 with 70 kg N 

ha'1. But 66 666 plants ha'1 with 70 kg N ha'1 was best for the grain yield and harvest

Interaction of variety with nitrogen indicated that the local variety, JKU at 23 kg N 

ha'1 was the best combination for early flowering and early maturity while Staha at 

70 kg N ha'1 was better for the cob length and grain yield.

length, grain weight cob'1, dry matter and grain yield and but other parameters. Staha 

planted at 44 444 plants ha'1 had the longest cobs and more grams of grains per cob 

but Staha at 53 333 plants ha'1 was the optimum combination for grain yield.

grain yield under the semi-coral conditions of Pemba. The local variety, JKU with 53 

333 plants ha'1 and 90 kg N ha'1, and JKU with 66 666 plants ha'1 and 70 kg N ha'1 

were, however, competitive combinations for grain yield.
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ii. Staha variety that was found moderate in maturity and best in grain yield is

recommended against other two improved varieties Situka and TMV-1

iii. The local variety JKU can be used parallel with Staha for its earliness in

maturity and good yield provided that recommended plant densities and

nitrogen levels from this study are adopted.

iv. For maximizing yield, farmers need to adopt a combination of Staha variety,

66 666 plants ha’1 and 70 kg N ha’1 although a combination of Staha, 53 333

plants ha’1 and 70 kg N ha’1 can be used to reduce the cost of seeds and the risk

of interplant competition.

For the risk avoiding farmers (when rainfall is considered a threat),v.

combinations of local variety, JKU with 53 333 plants ha’1 and 90 kg N ha’1 or

JKU with 66 666 plants ha’1 and 70 kg N ha’1 are also recommended.

vi.

recommended rates of N fertilizer and seed required for the recommended plant

densities are still necessary.

More experiments to confirm these finding in different seasons as these resultsvii.

were based on a single cropping season have to be done.

Due to its performance the local variety, JKU should be traced for its origin soviii.

that it can be improved or used in breeding programmes to improve other

cultivars.

Experiments to determine the agronomic and economic benefits of
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