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ABSTRACT 
 

A study was undertaken to assess the soil nutrients status on selected maize growing 

areas and determine combinations of nutrients to optimize yield. Soil samples were 

collected from10 villages where maize is the main food and cash crop. These areas 

were; Kipera, Lolanguru, Itema, Nyangahe, Farmnyamwezi, Malolo, Mpenge, 

Mawiti, Lyaudusi and Msange. Two composite samples were made from each 

village resulting to 20 samples. Field experiment was conducted at two villages 

(Kipera and Nyangahe) to determine combinations of nutrients for optimal maize 

yield. Factor (a) – main plot was three maize varieties (Staha, TMV1 and Situka 

M1) and factor (b) – subplots comprised six nutrients treatments namely; an absolute 

control (T1), nitrogen alone at 100 kg N ha
-1

 (T2), nitrogen at 100 kg N ha
-1 

and 

phosphorus at 40 kg P ha
-1

 (T3), nitrogen at 100 kg N ha
-1

, phosphorus at 40 kg P ha
-1

  

and 100 kg K ha
-1 

(T4), nitrogen at 100 kg N ha
-1

, phosphorus at 40 kg P ha
-1

, 100 kg 

K ha
-1 

and 20 kg S ha
-1

 (T5)  and nitrogen at 100 kg N ha
-1

, phosphorus at 40 kg P 

ha
-1

, 100 kg K ha
-1 

and 20 kg S ha
-1

 and 10 kg Zn ha
-1

(T6), were tested in split plot 

design in randomized complete block arrangement, replicated three times. Results 

obtained from Kipera and Nyangahe villages, showed that fertilizer types applied 

and their combination (T6) produced significantly (P<0.05) higher maize grain yield 

over T1, T2 and T3. Also Staha and TMVI showed better results than Situka M1 at 

both sites. Overall the study results indicated that the fertilizer combination in (T6)  

at 100 kg N ha
-1

, at 40 kg P ha
-1

, 100 kg K ha
-1 

and 20 kg S ha
-1

 and 10 kg Zn ha
-1

 

could be the best strategy in improving maize grain yield.   
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CHAPTER ONE 

 

 

1.0    INTRODUCTION 

1.1    Maize Production in Tanzania and Soil Fertility 

Maize (Zea mays) is a cereal crop used as the main staple food by over 80% of 

Tanzanians (Kanyeka et al., 2007). The national average consumption per capita is 

113 kg per year; which contributes 60% of dietary calories and more than 50% of 

utilizable protein to Tanzanians.  The crop is cultivated on an average of two million 

hectares that is nearly about 45% of the cultivated area in the country (Kaliba et al., 

2000).  

 

The major production areas are northern highlands including Iringa, Rukuwa, 

Ruvuma and Mbeya. These regions produce 35 – 40% of the national maize volume 

and have a maize surplus. The northern and central regions however, do not grow 

enough maize to meet demand. These include Morogoro, Dodoma, Kilimanjaro and 

Tabora regions (Economic Survey, 2012). The national average maize yield is 1.69 t 

ha
-1

 while the potential is 4.0 t ha
-1

.  However, many factors limit maize production. 

These factors are inappropriate crop rotation, unreliable rainfall, use of traditional 

varieties, insect-pests attacks and diseases incidence. Apart from those factors, low 

soil fertility is a major constraint in maize producing areas. Improving soil fertility 

status is therefore very important in order to increase maize production. One of the 

possible solutions is to assess nutrients status of soils to know the plant nutrients 

deficit and the required amount to be added for the crop to complete its life cycle 

(Onyango et al., 1999).  
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1.2    Maize Production Trend in Tanzania  

There has been a decreasing trend in maize production in Tanzania. Maize 

production was 3 302 000, 3 555 000 and 3 324 000 tones in 2007, 2008 and 2009 

respectively (Economic Survey, 2009). Furthermore, in 2008/09 National food 

production for maize was 3 424 984 tones while the requirement was 4 131 782 

tones resulting into a deficit of 706 797 tones (MAFSC, 2006).    

 

1.3    Problem Statement and Justification 

The decline in maize production is experienced in the western zone especially 

Tabora district. This has confirmed with the average maize yield, for the last 12 

years (1997/98 to 2008/09) has progressively declined to 1 t ha
-1 

(DALDO, 2010). 

There are major factors facing maize production in Tabora district, those are 

declining soil nutrients due to low organic matter content, soil erosion and 

continuous crop removal of nutrients from the soils without replenishment. It is 

estimated that during maize harvest, about 350 kg N, 150 – 220 kg P and 400 – 500 

kg K ha
-1

yr
-1 

is removed from the soil (Kamidi et al., 1999). Also previously Tabora 

district experienced unimodal rainfall patterns, starting in early September to May 

yearly. Currently however, the district experiences a short period of rainfall starting 

in the mid November and ending in early March.    

 

Despite the fact that declining of soil nutrients is among the factors leading to 

relatively low  maize yield, few studies have been done on evaluating limiting 

nutrients for maize growth in Tabora district. For instance, Nyadzi et al. (2006) 

reported that nitrogen, phosphorus, potassium and sulphur deficiencies were 
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constraint to maize production in Isenga and Kikungu soils. For example, soil 

analysis for Isenga soils gave P levels of 10 – 15 P and N levels of 30 – 45 N kg ha
-1 

which are low compared with the required level of N, P and K as recommended in 

the Western zone, which includes Tabora region which are 100 kg N ha
-1

, 40 kg P 

ha
-1 

and 40 kg K ha
-1

.  Although Tabora district has other relatively potential maize 

growing areas including Ibushi, Ipwisi and Mbuga yet, no studies have been done to 

assess the soil fertility status in these potential maize growing areas. The purpose of 

this study therefore, was to collect and analyze information about the soil fertility 

status in these potential areas. This information will be useful for growers on using 

appropriate nutrient resource for increasing maize yield. 

 

1.4    Objectives 

 The overall objective of this study was to assess the soil nutrients status on selected 

maize growing areas and determine combinations of nutrients to optimize yield.  

 

The specific objectives of this study were:   

i. To assess the fertility status of some maize growing areas in Tabora district 

ii. To evaluate yield responses to supplementation of the limiting nutrients 

under field experiments  

iii. To compare the performance of three maize varieties namely Staha, TMV1 

and Situka M1 under agro ecological conditions prevailing in Tabora 

district. 
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CHAPTER TWO 
 
 

 

2.0    LITERATURE REVIEW 

2.1    Nutrient Requirement for Maize Crop 

 Maize requires at least 17 nutrients for normal growth and for completion of its life 

cycle. Those used in the largest amounts include carbon, hydrogen and oxygen and 

are supplied by air and water. The other 14 nutrients are taken up by plants only in 

mineral forms from the soil or must be added to the soils as fertilizers. Maize needs 

relatively large amounts of nitrogen (N), phosphorus (P) and potassium (K). These 

nutrients are referred to as primary nutrients because usually are lacking from the 

soil first and plants use large amounts for their growth and survival. Most frequently 

supplied to plants in fertilizers. Secondary nutrients are usually enough nutrients in 

the soil so fertilization is not always needed; these are calcium (Ca), magnesium 

(Mg) and sulfur (S). Other nutrients essential for maize  plant growth which are 

needed in only very small   quantities, are called  micronutrients include iron (Fe), 

manganese (Mn), zinc (Zn), copper (Cu), boron (Bo), molybdenum (Mo), chlorine 

(Cl) and nickel (Ni) (Johnson et al., 2000).  

 

2.2    Levels of N, P, K, S and Zn in Soils and Plants 

Nitrogen (N) is one of the most important plant nutrients and the most frequently 

deficient of all nutrients (Tisdale et al., 1993). Low nitrogen supplying power by the 

soils call for large additions of nitrogen to soils as fertilizers to meet the N needs of 

high yielding non-leguminous crops such as maize, rice, sorghum and  finger millet 

(Foth, 1990). The quantity of N in surface soils generally ranges from 0.02 – 0.25% 
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and is closely related to the amount of soil organic matter (SOM) which makes up 

approximately 5% (Bear, 1965). Plants normally contain between 1 and 5% N by 

weight (Tisdale et al., 1993). 

 

Phosphorus (P) is second only to nitrogen in frequency of use as fertilizer nutrient 

(Trohel and Thompson, 1993). Plants utilize P in the forms of HPO4
2-

 and H2PO4
-
. 

Soils generally contain 0.02 – 0.2% means total P (Brady and Weil, 2000). For most 

plant species, the total P content of healthy leaf tissue is usually between 0.2 and 

0.4% of the dry matter (Brady and Weil, 2000). 

 

Potassium (K) in the soil occurs as potassium ions in mineral structure and as 

hydrated K ions either in solution or adsorbed on cation exchange sites (Trohel and 

Thompson, 1993). There is a wide range of the K content of soils and availability of 

K for plant growth. The K content expressed as K2O ranges between 0.05 and 3.5% 

for mineral soils (Bear, 1964). The K requirement for optimal plant growth is 

approximately 2 – 5% of the dry weight of the vegetative parts, flesh fruits, and 

tubers (Marschner, 1986). The content of K in maize plants ranges between 1.7 and 

2.8% (Robert, 1998). 

 

Total zinc (Zn) in soils is very variable depending on the nature of parent materials, 

clay content and soil type. In the soils of India, for example, Tandon (1995) reported 

total Zn values ranging from 2 – 1600 mg kg
-1

 but in most cases it is within 10 – 300 

mg kg
-1

. The content of Zn in maize plants ranges between 20 and 70 mg kg
-1

 

(Campbell and Plank, 2000). 
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2.3    Nutrient Status of Soils in Tanzania 

As already stated, the nutrients applied routinely as fertilizers to agricultural soils are 

N, P, and K. This is due to the fact that in Tanzania most of the agricultural systems 

and soil nutrients supply is below the minimum requirement of crops (Hynes et al., 

1985). Most of the soils are highly degraded accompanied with nutrients depletion 

such as N, K, S as well as secondary nutrients such Ca and Mg. Such depletion is 

reported in Kigoma, Mbeya, Morogoro, Tanga, Kilimanjaro, Tabora, and Mtwara 

regions (MAFSC, 2006). There is strong retention (fixing) of P in Ferralsols and 

several other types of soils such as Acrisols and Andosols. The soils which have 

been affected are those from Kigoma, Arusha, Mara, Mbeya, Morogoro, Tanga, 

Kilimanjaro, Tabora and Mtwara regions. The soils classified as Lixsols  are  

strongly weathered in which clays has washed out resulting to  low level of plant 

nutrients and the low cation retention (MAFSC, 2006). Some regions are dominated 

by Arenosols which are sandy soils, predominantly used for extensive grazing and 

farming and are highly sensitive to erosion. Those regions are Tabora, Iringa, Mbeya 

and Rukwa (MAFSC, 2006).   

 

2.4    Soil Factors Affecting Soil Fertility 

There are several factors that affect soil fertility: - these include soil and climate 

factors. 

 

2.4.1    Soil pH  

Soil pH has a profound effect on nutrient availability and hence soil fertility (Uriyo 

et al., 1979). Soil pH influences the rate of plant nutrient release by weathering, the 
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solubility of all materials in soil and the amounts of nutrients ions on the cation 

exchange sites (Trohel and Thompson, 1993). Change in soil pH may or may not 

favour the availability of a given nutrient element. Hynes et al. (1985) reported a 

decline in 0.1M HCl and 0.05M DTPA extractable Cu as soil pH increased due to 

liming. The best pH range for Bo availability was reported by Mengel and Kirkby 

(1982) to be 4.5 – 6.5. The amount of P present in soil depends on soil pH (Tisdale 

et al., 1993) with the pH range of 6.5 – 7.0 being usually optimum for its availability 

(Trohel and Thompson, 1993). At extreme pH levels, P is either fixed or 

precipitated. Studying the response of maize to applied magnesium in strongly acid 

tropical soils of Australia, Hailes et al. (1997) obtained results that showed large 

responses to magnesium application. They found the pH range suitable for most 

agricultural crops to be 5.5 – 7.5. Similar findings were also reported by  Joseph et 

al. (2009) in the study about the linkages between land use change, land degradation 

and biodiversity across East Africa, reported  that  the  cultivated areas (maize and 

beans) in Kenya at middle zone, soil pH is found to be 5.8 while in lower zone soil 

pH is 6.4. In Tanzania soil pH was 5.7 which were the same as in the middle and 

lower zone except in rice the soil pH was 3.5 at lower zone. 

 

2.4.2    Soil organic matter 

Soil organic matter (SOM) influences many soil biological, chemical and physical 

properties that favourably influence nutrient availability (Tisdale et al., 1993). Soil 

organic matter acts as a conditioner by improving soil structure, moisture content 

and ion retention, besides being an important source of some nutrient elements such 

as N, P, K, S, Zn (Uriyo et al., 1979). The only important natural source of N in the 
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soil is organic matter (Davies et al., 1993). The organic fraction of P generally 

constitutes 20 – 80% of total P in surface horizons (Brady and Weil, 2000). 

Stevenson and Ardakani, (1972) reported that generally Zn associated with the 

soluble fraction of (SOM) such as organic acids and amino acids is readily available, 

whereas that associated with humic acids is less available. 

 

2.4.3    Cation exchangeable capacity 

The cation exchange capacity is a measure of the soil’s ability to retain cationic 

nutrients. It measures the quantities of sites on soil surfaces that can retain positively 

charged ions by electrostatic forces (Riffald et al., 1994). The  cations involved  

include Ca
2+

, Mg
2+

, K
+
, NH

+
, Na

+
, and Mn

2+ 
(Mwinuka, 2001). Also Fe

2+
 and Cu

2+
 

are cations but their quantities are too small to be considered (Biswas, 1987). These 

ions are easily exchangeable with other cations in the soil solution and thus readily 

available for plant uptake. Therefore, the exchangeable cation determines, to a large 

extent the chemical and physical properties of soils (Biswas, 1987). According to 

Landon (1991), the higher the CEC the more the fertile and productive the soil is. 

 

Soil texture, organic matter, clay content and type and soil pH are among factors that 

affect CEC. Fine textured soil tends to have higher CEC than coarse textured ones. 

Motavalli et al. (1995) reported that CEC increased with increase in soil pH. The 

same phenomenon is reported in Tabora district in Vertisols which is characterized 

with high CEC especially in Mbuga soils, have moderate to high natural fertility 

where by farmers used to cultivate annual crops such as rice, maize, cotton, 

sugarcane and vegetables (MAFSC, 2006).    
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2.4.4    Nutrient interactions 

The availability of one nutrient may be affected by the amount of other nutrient 

elements in the soil. It has been reported that the amount of available K in soil 

affects the ability of plants to extract Mg. Excessive amounts of K reduce  uptake 

and it is possible to induce or aggravate Mg deficiency by the liberal use of potash 

(Davies et al., 1993).  

 

 Antagonism exists between P and Zn. Application of P fertilizers at high rates has 

been found to reduce Zn availability in soils, especially when levels of Zn are only 

marginally sufficient (Barow, 1987; Mackenzie and Xie, 1988; Tsidale et al., 1993; 

Foth, 1990). However, some of the antagonistic effects may be used effectively in 

reducing toxicities of certain micronutrients. For example, adding iron and 

phosphate fertilizers may reduce copper toxicity of citrus groves caused by residual 

copper from fungicidal sprays (Brady and Weil, 2000). 

 

2.4.5    Soil type 

Levels of nutrients may differ from one soil type to another. Soils inherit the 

different minerals from their parent materials. These minerals have a wide variety of 

chemical compositions and a wide range of weathering rates (Trohel and Thompson, 

1993). Total Zn content in basic eruptive rocks (basalt and gabbro) ranges from 70 – 

130 mg kg
-1

 while metamorphic rocks (schist) and certain sedimentary rocks (clays) 

have about 30 mg kg
-1

 (Aubert and Pinta, 1977). The availability of P in Andosols is 

likely to be a problem. These soils rapidly adsorb and precipitate P (Miller and 

Donahue, 1995). Oxisols on the other hand are characterized by low exchangeable 
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nutrients (Foth, 1990). Therefore, supply and availability of nutrients to plants differ 

from soil to soil. 

 

2.5    The Source of Nutrients in Soils 

2.5.1    Weathering of rocks and minerals 

Nutrient elements are released into the soil following weathering of rocks and 

minerals. For instance, inorganic P is released after disintegration of the rocks 

containing apatites (Uriyo et al., 1979). Biotite, chlorite and olivine minerals are rich 

in Mg. On the other hand, disintegration of dolomite, gypsum, calcite, feldspar and 

amphiboles, apart from other nutrients, contribute a lot to soil Ca (Foth, 1990). 

However, decomposition and disintegration occur gradually. The rate of nutrient 

release depends on the nature of parent materials and other soil forming factors. 

Therefore, levels of nutrients in soils will differ depending on their parent materials 

and extent of weathering (Trohel and Thompsons, 1993). 

 

2.5.2    Fertilizer additions 

The main nutrients applied routinely as fertilizers to agricultural soils are N, P and K 

(Hynes and Naidu, 1998). Worldwide, nitrogen fertilizers are more heavily used 

than the others. This is due to the fact that in most of the agricultural systems, 

nutrients supply is below the minimum requirement of crops to reach maximum 

yield (Galvis-spinola et al., 1998). However, the nutrient and rate at which it is 

applied is based on soil testing and the requirement of the crop to be grown. All 

nutrients ought to be supplied in sufficient levels to meet optimal crop performance. 

If the soil cannot supply them, they are to be supplied through fertilization. 
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According to FAO (2000), application of N, P and K should include other nutrient 

elements such Ca, Mg, S and micronutrients where necessary. This evidently 

reported by Sommer et al. (2013) in the fertilizer response trials, revealed that N and 

P were not the only yield constraining factors. K-deficiency was common and multi-

nutrient deficiency observed in 15% of the sites. At Mbinga in Ruvuma, Tanzania 

was one of the sites with significant responses to the application of the multi-

nutrient mix and the addition of manure. 

 

2.5.3    Crop residues 

The harvested crops contain some amount of nutrients extracted from soil. Large 

quantities of nutrients in harvested parts of crops have been reported. At Lyamungu 

in Kilimanjaro, Tanzania, Vaje et al., (1999) observed that maize stems contained an 

average of 46 kg N ha
-1 

at harvesting.  

 

While in leguminous crops, when the grain is harvested, little nitrogen is returned 

for the following crop. Most of the nitrogen fixed during the season is removed from 

the field. The stalks, leaves and roots of grain legumes, such as soybeans and beans 

contain about the same concentration of nitrogen as found in non-legume crop 

residue. In fact, the residue from a corn crop contains more nitrogen than the residue 

from a bean crop, simply because the corn crop has more residues. 

 

If the same is returned into the soil some of the contained nutrients are released. The 

release of nutrients will depend on residue management and C: N ratio of the 

residues. The proportion of P cycled back to the soil in grain crops, assuming all 
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residues are returned into the soil, is in the order of 40%, in contrast with about 50 – 

70% for N and 90% for K (Sanchez et al., 1997).  

 

2.6    Nutrient Losses from Soils 

2.6.1    Crop removal 

Declining soil fertility due, largely, to poor crop residue management is a basic 

agricultural problem in the many developing countries (FAO, 1990). Hussaini et al. 

(2008) reported that the harvested produce is the major avenue of nutrient removal, 

particularly in annual agricultural crops. It is estimated that on average grain crops 

remove 100 – 150 kg ha
-1 

of N, P, and K (FAO, 1990). Smaling et al. (1993) found 

that plant uptake was the main contributor to the loss of 55 kg N ha 
-1

 yr 
-1

 in Kisii 

district of Kenya. A typical maize crop in smallholder African farm yields less than 

1 t ha
-1

 and requires a plant accumulation of less than 40 kg N ha
-1

, a crop of 4 t ha
-1

  

requires 100 kg N ha 
-1

 and  7 t ha
-1

 of maize requires 200 kg N ha
-1

 (Sanchez et al., 

1997). Sanchez et al. (1997) estimated that at least two third of nitrogen contained in 

the grain will be exported during harvesting. 

 

2.6.2    Leaching 

Water percolating through the soil profile carries with it dissolved nutrient elements 

and this is more prevalent in areas with high rainfall but almost absent in arid areas. 

Percolation losses are influenced by the amount of rainfall and its distribution, by 

runoff from the soil, by evaporation, by nature of the soil and vegetation (Brady and 

Weil, 2000). The form of a fertilizer matters in relation to leaching. Nitrogen in the 

form of NO
3-

 is highly mobile in the soil and generally follows the flow of water 
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(Benson et al., 1992). Phosphate is more strongly bound to the soil particles and are 

not generally lost through water movement (Swensen, 1997). Therefore, little or no 

P is leached (Barrow, 1980). Consequently, for most soils, the P applied as 

fertilizers remains near the soil surface when minimum tillage methods are used to 

sow crops or it is only incorporated through that portion of the top soil that is 

cultivated. The extent of loss of nutrients through leaching also depends on the 

source of fertilizer. Super phosphate is reported to leach more than rock phosphate. 

This is why phosphate rock and partially acidulated rock phosphate (PARP) 

fertilizers have been suggested as possible alternative to super phosphate for P 

leaching soils in high rainfall areas (over 750 mm per annum) of South Western 

Australian (Yeates et al., 1984). Generally, nutrients leach from soil solution after 

been displaced from exchange sites by other nutrients. In coarse textured soils, 

leaching may be higher than in heavy textured soils. 

 

Under the soil of Tanzania studies had been done to test Minjingu rock Phosphate: 

Results indicated that MRP have  less leaching and this was confirmed with results 

obtained by Deusdedith, (2005) who observed inadequate P levels  which  ranged 

from 0.1 – 0.2%  in ear maize leaves when TSP and MPR was applied. This 

suggests that the observed inadequate levels in plants were not due to low available 

P in soil but rather due to factors affecting phosphorus uptake in soils. According to 

Mahimairaja et al. (1995) most of the P dissolved from phosphate rocks undergoe 

immediately adsorption and immobilization reactions and only a fraction becomes 

available to plant uptake. 
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2.6.3    Soil erosion 

Nutrients are lost when the soil is eroded. The extent of nutrient loss depends on its 

ability of fix on colloidal surface. Ammonia and phosphates are more strongly 

bound to soil particles and are not generally lost through leaching or surface runoff 

(Swensen, 1997). The amount of erosion greatly affects the loss of NH4
+
 and P (Vaje 

et al., 1999). A study in Kisii, Kenya, showed that leaching caused loss of 41 and 10 

kg ha 
-1

 yr 
-1

 while the erosion losses were 37 and 10 kg ha 
-1

 yr
-1

 for N and P 

respectively (Vaje et al., 1999). How much is lost depends on the extent of soil 

erosion. Accelerated soil erosion affects the soil both physically and chemically 

(Hajek et al., 1990). Increase in nutrient levels may be observed in the site receiving 

the eroded soil.  

 

2.7    Fertilizer Recommendations for Maize in the Tropics 

In tropical countries, fertilizer recommendation for N, P and K are variable. Western 

part of Kenya N range from 20 – 50 kg N ha
-1

, P between 20 – 50 kg P ha
-1 

while K 

seems to be 13 kg K ha
-1

. (FAO – STATISTICS, 2004). In Uganda, a recommended 

dose for high yield is 50 – 90 kg N ha
-1

, 17 – 26 kg P ha
-1 

and 16 – 33 kg K ha
-1 

and 

in some areas Potassium is not applied (Oluoch – Kosura et al., 1999).  In Ethiopia, 

some part of Adigudom, the fertilizer recommendation is 90 kg N ha
-1

, 93 kg P ha
-1

; 

Maychew 115 kg N ha
-1

, 65 kg P ha
-1 

; Adwa  98 kg N ha
-1

, 70 kg P ha
-1 

, Wobro 

111 kg N ha
-1

, 57 kg P  ha
-1

 and Shire 106 kg N ha
-1 

and 95 kg P ha
-1

 (Fassil and 

Charles, 2009).  In general, Ethiopian soils have high levels of potassium as they do 

not show responses to applied K in maize production (Fassil and Charles, 2009).  In 

Minnesota, a recommended dose required for high yield in loamy fine sand soil is 80 – 100 
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kg N ha
-1

, 17 – 26 kg P ha
-1 

and 16 – 33 kg K ha
-1 

and in some areas, Potassium is 

not applied (George, 2006). While in Thailand fertilizer recommendation is 100 – 

125 kg N ha
-1

, 10.8 – 27.3 kg P ha
-1 

and 29 – 43 kg K ha
-1 

and in some areas 

phosphorus is not applied (Russel and Tasnee, 2006). In Nigeria, a recommended 

dose required for high yield in maize is 90 – 120 kg N ha
-1

, 10 – 26 kg P ha
-1 

and 16 

– 33 kg K ha
-1 

and in some areas K is not applied (Oluoch-Kosura et al., 1999). Also 

in the case of Malawi the recommendations are based upon four rates of fertilizer. 

These are the kilograms of nitrogen: phosphate: potassium + sulphur (S) applied per 

hectare in the fertilizer. The most common recommendation if producing for home 

consumption is 92:21:0+14, while 35:10:0+12 is the general recommendation when 

growing maize for the market (Benson, 1999).  In Tanzania, fertilizer 

recommendations are based on the agro – ecological zones such as Southern zone of 

Tanzania are 17 kg P ha
-1

 and 60 – 100 kg N ha
-1

. Northern zone is 8.7 kg P ha
-1

 and 

20 – 40 kg N ha
-1

, Eastern zones 8.7 – 17 kg P ha
-1

 and 60 – 100 kg N ha
-1 

and the 

Lake zones are 17 – 26 kg P ha
-1

 and 80 – 100 kg N ha
-1

 (Kanyeka et al., 2007). 

 

2.8    Climate Requirement for Maize Crop 

Maize need adequate moisture and is grown over a wide environmental range but the 

best range during the maize- growing period is between 600 and 900 mm in the 

tropics (Fageria et al., 1997). Maize is very sensitive to water deficits at any stage of 

growth and the damage depends on the growth stage of the crop, the time of stress, 

the severity and the duration of the stress. Adequate moisture is required for its 

emergence. According to Joseph et al. (2009), maize seed begins germination when 

the seed contains at least 30% moisture. However, pollination, silking and grain 
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filling stage constitute the most sensitive stages and when a dry period is 

experienced during those stages can lead to a total loss of the harvest (Raemaekers, 

2001; Fageria et al., 1997). According to Fageria et al. (1997), maize requires a 

quantity of 8.0 mm of water per day during its high water demand which is usually 

at tasselling stage. 

 

2.9    Assessment of Nutrient Status in Maize by Plant Analysis 

Plant analysis is based on the relationship between nutrients in the plant and 

nutrients availability in the soil. Since a nutrient shortage limits growth, other 

nutrients may accumulate, regardless of their supply. Plant analysis are performed 

for the following reasons: (1) to identify deficient symptoms and to determine 

nutrient shortage before they appear as symptoms, (2) to aid in determining the 

nutrient supplying capacity of the soil (employed in conjunction with soil tests and 

management history), (3) to aid in determining the effect of nutrient additions on the 

nutrient supply to the plant and (4) to study the relationship between nutrient status 

of the plant and crop performance (Halvin et al., 2005). Generally, plant analysis 

includes extraction of cell sap, nutrient extraction using chemical reagents and total 

plant material analysis for the quantification of the nutrients in the plant. 

 

2.10    Nutrient Uptake and Concentration 

The  pattern of nutrient uptake follows a sigmoid (S – shaped) curve in most cases, 

being first low in the early stages of crop growth, increasing rapidly when dry matter 

production is maximum and then declining towards crop maturity (Roy et al., 2006). 

Usually N, P and K are mainly taken up during active vegetative growth for high 
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photosynthetic activity. The rate of N uptake generally exceeds the rate of dry matter 

production in the early stages. Phosphorus has an additional small peak requirement 

for early root growth and modern high – yielding grain varieties continue to absorb 

P close to maturity. Like N, 70 – 80 % of absorbed P ends up in the ear heads or 

panicles (Roy et al., 2006). It has been reported that field crops generally absorb K 

faster than they absorb N and P. Unlike N and P, only 20 – 25 % of absorbed K is 

transferred to the grain and the rest remaining in the straw (Roy et al., 2006).   

 

During the final stages of growth as the plant approaches its reproductive phase 

before maturity, nutrient uptake decreases. However, the highest concentration of 

nutrients is found in leaves at early growth stages and the lowest in leaves near 

harvest. This decrease in nutrient concentration over time is attributed to the transfer 

to other organs and also what is called the dilution effect, which results from a larger 

increase in dry matter than in nutrients content (Roy et al., 2006). The dilution effect 

makes the interpretation of plant analysis results difficult as reported by (Roy et al., 

2006).  

 

Mohd et al. (2007) reported that the nutrient uptake and concentration in leaves 

depend on the fertilizer types applied and the nutrient available in soil for plant 

uptake. In their experiment, sole application of 100% inorganic fertilizer and their 

combination with compost at different rate (80% N inorganic + 20% N from 

compost, 60% N inorganic + 40 N from compost) resulted in high N concentration 

in maize leaves significantly different from the control. 
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2.11    Maize Yield and Yield Components 

Average grain yields of maize vary substantially among the temperate, subtropics 

and tropical regions. According to Fageria et al. (1997), a maximum yield of 22, 12 

and 10 t ha
-1

 has been reported from experiments in Michigan, Zimbabwe and 

Kenya respectively. Low maize yield have been attributed to several reasons 

including drought and nutrient stresses (Senkoro et al., 2006; Ademiluyi and 

Omotoso, 2007; Tilahun, 2009), inadequate pest control measures and the use of 

poorly adapted cultivars with low potential (Onasanya et al., 2009, Fageria et al., 

1997). Low grain yield of most tropical maize cultivars have also been attributed to 

short growth period and poor partitioning of total dry matter to the grain (Fageria et 

al., 1997).  Researchers such as Odongo et al. (1980) and Bilaro (2008) reported that 

maize yields are positively correlated with seed weight, seed number per cob, cob 

length, cob girth and ear number per plant. Further, Odongo et al. (1980) and Bilaro 

(2008) reported also that maize grain yield is correlated to plant height; days to 50% 

pollen shed and 50% silking.  Fageria et al. (1997) reported that large differences in 

maize grain yield are usually the result of the fluctuation in grain number while 

grain weight is the most stable yield component. 
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CHAPTER THREE 

 

 

3.0    MATERIALS AND METHODS  

3.1    Location of the Study 

The research was conducted in Tabora District in Tabora region. The region is 

situated at about 1 300 m.a.s.l with the mean temperature of 23.8 
o
C and rainfall of 

about 700 mm in the North – East to over 1 000 mm in West. 

 

Two sites which showed critical low level of N were chosen, the sites namely, 

Kipera 1 which is located at 5° 2” S 32° 69’ E; 1708 m a. s. l. and Nyangahe at 4° 9” 

S 32° 65’ E; 1 707 m a. s. l. among the twenty sites used in the soil fertility 

assessment were used in the field experiments.  

 

3.2    Soil Sampling and Preparation 

In order to assess the fertility status of some maize growing areas, ten villages were 

involved in the study area, whereby soil sampling was done in two randomly 

selected sites in each village, in each selected site ten soil sub samples were 

randomly collected at 0 – 20 cm depth from the soil surface and thoroughly mixed to 

constitute a composite sample as described by Motsara and Roy (2008). A 

composite sample of approximately one kilogram was taken, air dried and ground to 

pass through 2.0 mm sieve. The samples were analysed for physical and chemical 

analysis at Sokoine University of Agriculture (SUA) laboratory. 
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3.3    Soil Analysis 

 Soil analysis was done in the Department of Soil Science Laboratory, SUA, 

Morogoro, Tanzania. The soil sample was analyzed for particle size distribution 

(soil texture), soil pH, cation exchange capacity (CEC), exchangeable bases and 

organic carbon, exchangeable Zn, total N, extractable P and sulphate-S.  

 

3.3.1    Soil texture  

Particle size distribution determination in each composite soil sample from each site 

was carried out by the hydrometer method (Gee and Bauder, 1986). Fifty grammes 

air-dried  soil samples were weighed into 250 ml  plastic bottles and mixed with 50 

ml of the dispersing agent (sodium hexa-metaphosphate) followed by 200 ml of 

distilled water. The bottles were placed in a horizontal position and the soil 

suspensions shaken at 150 r.p.m overnight on a reciprocating shaker. The suspension 

from each bottle was transferred to a one litre sedimentation cylinder. The volume of 

mixture was made to one litre with distilled water. Hydrometer readings were taken 

after five minutes and again after five hours and the relative size proportions (i.e. 

sand, silt and clay) were calculated. The textural classes were established using the 

USDA textural triangle.    

 

3.3.2    Soil pH 

Soil pH was measured potentiometrically in 1:2.5 soils: water ratio as described by 

Moberg (2000).  The pH was determined using a pH meter (McLean, 1982; Moberg, 

2000). 
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3.3.3    Organic carbon and total nitrogen  

Organic carbon was determined by the wet digestion method of Walkley-Black 

(Nelson and Sommer, 1982; Moberg, 2000). Total N was determined by micro-

Kjeldahl digestion followed by distillation as described by Bremner and Mulvaney 

(1982).  

 

3.3.4    Extractable phosphorus 

Extractable P was determined according to the Bray-1 method (Moberg, 2000; Bray 

and Kurtz, 1945) followed by colour development by the ascorbic acid method of 

Murphy and Riley, (1962).  Absorbency was measured by a Spectrophotometer at 

884 nm wavelength after the blue colour had fully developed with appropriate 

standards (Moberg, 2000). The absorbency was used to calculate percentage 

phosphorus. 

 

3.3.5    Determination of exchangeable bases and cation exchange capacity 

The cation exchange capacity was determined by the ammonium acetate saturation 

methods as described by Chapman (1965). Exchangeable Ca and Mg in the 

ammonium acetate lechate were determined by atomic absorption 

spectrophotometry while exchangeable K and Na were determined using the flame 

photometer method.     

 

3.3.6    Extractable S and Zn  

The sulfur content in soil was determined by colorimetric method and the quantity 

determined using spectrophotometer at 535 nm as described by Motsara and Roy 
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(2008). About 0.05M DTPA – extractable Zn was determined by atomic absorption 

spectrophotometer (Lindsay and Norvel 1978; Moberg, 2000).  

 

3.4    Field Experiment 

3.4.1    Experimental materials 

The test crop in this study was  maize varieties Staha, TMV1 and Situka M1, tolerant 

to maize streak virus and  leaf blight and rust and suited to areas with altitude 0 – 

1500 m.a.s.l, rainfall above 500 mm and medium to light, fertile  and well drained 

soils. Agronomic characteristics of Staha, TMV1 and Situka  maize varieties  are 

grain yield of 6.5 t ha
-1

, 120 days to maturity, 4.5 t ha
-1

, 110 days to maturity and 3.0 

– 5.0 t ha
-1

, 105 days to maturity respectively (Kanyeka et al., 2007).  

 

The fertilizer used was urea (46% N) to supply N, triple super phosphate (46% 

P2O5) as a source of P, muriate of potash (60% K2O) as a source of K, ammonium 

sulphate (21% N) as a source of S (24%)  and part of N  and zinc sulphate (34% Zn) 

as a source of Zn and 14% S. 

 

3.4.2    Land preparation, planting and crop management  

Ploughing and harrowing was done by a tractor and the levelling was done manually 

using hand hoe. Two seeds were planted at a spacing of 0.75 m x 0.3 m one plant 

per hill was used after thinning at 21 days after emergence. The starter dose for N 

i.e. one third of recommended which is 33% was applied in planting holes at 4 cm 

depth and then covered with soil before planting seeds. While for the other fertilizers 

all the tested rate was applied during planting, where the recommended was 100 N 
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kg ha
-1

. The second dose of N was applied immediately after first weeding at knee 

high stage of the plant (S2) and last dose prior to tasselling (30 – 40) days at (S6). 

During the growth and development stages of the maize plants starting from 

germination to harvesting, all the agronomic and plant management practices were 

done accordingly (Joseph et al., 2009). 

 

3.4.3    Experimental design and treatments  

3.4.3.1    The experimental design  

A split plot in randomized complete block design was used in this experiment with 

three replications. Factor a (main plot or main treatment) was three maize varieties 

(Staha, TMV1 and Situka M1) and factor b (subplot or sub-treatment) were the test 

nutrients namely nitrogen, phosphorus, potassium, sulphur, zinc and control. During 

seedbed preparation, each main plot was subdivided into six sub plots according to 

required dimension as described in Appendix1 (a) – (d).  Since one replication 

comprises three main-plot/blocks and in each main plot had six subplots, each plot 

size being 4.5 m x 3 m = 13.5 m
2
, one main plot has the length of 32 m and width of 3 

m, the distance between main plot/blocks was 2 m, so the length of a replication was 

32 m x 3 m + 4 m = 100 m, this makes replication area to be 100 m x 3 m = 300 m
2
. 

 

3.4.3.2    Subplot treatments 

Subplot treatments at Kipera and Nyangahe sites were designated as shown below: 

i. Absolute control: No nutrient was applied and the treatment was designated 

as N0P0K0S0Zn0 
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ii. N alone at the rate of 100 kg N ha
-1

 and the treatment was designated as N100 

P0K0S0Zn0 

iii. N and P applied at rates of 100 kg N and 40 kg P ha
-1

, respectively and the 

treatment was designated as N100P40K0S0Zn0 

iv. N, P and K applied at rates of 100 kg N, 40 kg P and 100 kg K ha
-1

 

respectively and the treatment was designated as N100P40K100S0Zn0  

v.  N, P, K and S applied at rates of 100 kg N, 40 kg P, 100 kg K and 20 kg S 

ha
-1

   respectively and the treatment was designated as N100P40K100S20Zn0   

vi.  N, P, K S and Zn applied at rates of 100 kg N, 40 kg P, 100 kg K, 20 kg S 

and10 kg Zn ha
-1

 respectively and the treatment was designated as   

N100P40K100S20Zn10   

  

 3.4.4    Data collection 

Growth variables were recorded according to IBSNAT (1990). This includes days to 

emergency, plant population per plot, plant height, visual nutrient deficiency 

symptoms, days to tasselling and days to 50% flowering according.  

 

3.5    Plant Sampling  

Eighteen ear leaves were randomly sampled from each treatment plot at cob 

initiation stage which was 42 days after sowing. Plant sample were cleaned with 

distilled water during harvesting and air dried in the laboratory at ARI-Tumbi 

Tabora, then carefully each sample were packed in a labelled envelope and sent to 

SUA laboratory for further processing and analysis of different nutrients.  
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3.6    Analysis of Plant Samples 

Plant materials were analyzed for N, P, K, S and Zn contents. The samples were 

digested using the wet oxidation procedure described by the National Soil Service 

(1987). Ground sample of 0.5 g   were   placed into digestion tubes. Then 5 ml of 

68% HNO3 were added into each tube and the mixture was left to stand overnight. 

Thereafter, the tubes were placed in a digestion block with temperature set at 125
o
C 

and the contents digested for one hour. The digest were allowed to cool, 5 ml of 

H2O2 was added into each tube and heated on the digestion block until there was no 

further reaction and the digest had become colourless. The digest was then heated on 

the digestion block at 180
o
C to near dryness. After cooling, 10 ml of 10% HNO3 

were added and the dissolved digest transferred quantitatively to 100 ml volumetric 

flask, which was filled to the mark with distilled water. Total N was determined by 

Kjeldahl digestion and distillation method (Bremner and Mulvaney, 1982). 

Phosphorus was determined spectrophotometrically at 884 nm after colour 

development using the molybdenum blue method (Murphy and Riley, 1962).  Zinc 

was determined using AAS at 213.9 nm. Potassium was determined using a flame 

spectrophotometer at 768 nm.    

 

3.7    Maize Harvesting  

At maturity the crop was harvested, 20 plants were randomly selected from central 

rows in each plot. Maize cobs were dried, then shelled and the maize grain dried to 

12 – 15% moisture content. The dry maize grains were weighed from each harvested 

area. The weight of grain for the harvested plot area (1.0 m
2
) was determined and the 

yield was expressed in tonne per hectare (t ha
-1

). Other yield parameters were also 
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collected such as cob length, number of cobs per plant, weight of grain per plot, and 

yield per square meter which were converted to yield per hectare. 

 

3.8    Data Analysis   

The data collected for each variable were analyzed by the analysis of variance 

(ANOVA) procedure using Windostat Version 8.5.  The statistical model used is 

given below: 

Yijk = μ+ βi + αj+ wij + yk + (αy)jk + Eijk  

Where 

Yijk = Response 

μ = General effect 

βi = Replication or block effect 

αj = Main factor effect 

wij = Main plot random error effect  

yk =  Subplot factor effect 

(αy)jk =  Interaction effect  

Eijk = Subplot random error effect 

Mean separation was done by using Tukey’s Honestly Significant Difference (HSD) 

test at P≤ 0.05. 
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CHAPTER FOUR 

 

 4.0    RESULTS AND DISCUSSION 

4.1    Physical and Chemical Properties of Soils  

4.1.1    Soil texture 

Soil texture of 20 soil samples obtained from 10 villages in the study area is 

presented in Table1. 

 

Table 1: Soil texture of soil samples obtained from 20 sites from 10 villages in 

Tabora District 

S/No       Site          Soil separates (%) Texture class 

 Silt Clay Sand  

1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Msange 1 

Msange 2 

Malolo 1 

Malolo 2 

Mpenge 1 

Mpenge 2 

Nyangahe 1 

Nyangahe 2 

Itema 1 

Itema 2 

Ilolanguru 1 

Ilolanguru 2 

Mawiti 1 

Mawiti 2 

Kipera 1 

Kipera 2 

Farmnyamwez

i 1 

Farmnyamwez

i2 

Lyaudusi 1 

Lyaudusi 2 

7                      

5                      

5                             

7                             

5                        

7                        

7                        

5                       

5                        

5                        

3                         

5                          

11                       

7                          

5                          

5                         

5                         

5                            

5                        

5                              

26 

10 

8 

8 

10 

16 

10 

10 

12 

20 

8 

8 

12 

12 

14 

11 

12 

8 

18 

12 

67 

85 

87 

87 

85 

77 

83 

85 

83 

75 

89 

87 

77 

81 

81 

79 

83 

87 

77 

83  

Sandy clay loam 

Loamy sand 

Loamy sand 

Loamy sand 

Loamy sand 

Sandy loam 

Loamy sand 

Loamy sand 

Loamy sand 

Sandy  clay loam 

Loamy sand 

Loamy sand 

Sandy loam 

Sandy loam 

Sandy loam 

Sandy loam 

Loamy sand 

Loamy sand 

Sandy loam 

Loamy sand 
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The textural classes of the soils were loamy sand for 12 soil samples out of 20 

samples which constituted 60% of all samples and sandy loam for six samples 

dominated 30% of all samples and two samples were sand clay loam which 

dominated 10% of all soil samples. According to Szilas et al. (2002), the three soil 

types are well drained due to the very high content of sand. 

 

Table 2:  Levels of soil pH, Bray 1-P, organic carbon and total nitrogen in soils 

from 20 sites obtained from 10 villages in Tabora District 

S/No  Site Soil pH    Bray-1 P (mg kg 
-1

)    OC (%) N (%) 

1  Msange A  4.9    3.4 1.4 0.05 

2  Msange B                                            4.8                  1.2 1.2 0.02 

3  Malolo 1 5.6 13.8 1.2 0.03 

4  Malolo 2 5.9 11.1 1.2 0.04 

5  Mpenge 1 4.6 5.1 1.9 0.03 

6  Mpenge 2 4.4 3.0 1.6 0.05 

7  Nyangahe 1  5.7 14.7 1.2 0.01 

8  Nyangahe 2 4.9 13.1 1.4 0.03 

9  Itema 1 4.9 4.7 1.2 0.01 

10  Itema 2 5.7 1.3 1.3 0.11 

11  Ilolanguru 1 5.1 5.5 1.2 0.04 

12  Ilolanguru 2 5.4 4.4 1.8 0.02 

13  Mawiti 1 6.2 18.1 1.9 0.04 

14  Mawiti 2                                  6.1 20.8 1.2 0.04 

15  Kipera 1 4.6 8.6 1.4 0.03 

16  Kipera 2 4.5 6.8 1.2 0.02 

17  Farmnyamw

ezi 1 
5.5 6.5 1.2 0.04 

18  Farmnyamw

ezi2 
5.5 3.6 1.7 0.02 

19  Lyaudusi 1 5.3 16.3 1.3 0.04 

20  Lyaudusi 2 4.5 15.1 1.9 0.03 
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4.1.2    Soil pH, nitrogen, phosphorus and organic carbon, CEC, exchangeable 

K, extractable S, and DTPA extractable Zn   

The pH, total N, Bray 1-P and organic carbon contents of the soils are presented in 

Table 2 and Appendix1 (a) − (d).   

 

4.1.2.1    Soil pH  

The results Appendix1 (a) indicated that the soil pH in all villages ranged between 4 

– 6, for example in Malolo village, the soil pH was 5.6 – 5.9 and categorized as 

moderately acidic and was within the preferred range for most crops with available 

nutrients such as N, P, K, S, Ca, Mg, Bo, Cu, Fe and Zn according to Landon 

(1984). On other hand, villages like Msange, Ilolanguru, Laudusi and Kipera had 

soil pH values ranging between 4.4 – 5.4 which is rated as being strongly acidic and 

is probable nutrient deficient especially P, according to Landon (1991) and Roy et 

al. (2006). Nyangahe and Itema villages’ results indicated that the soil pH ranged 

between 4.9 – 5.7 which are categorized as strongly acidic to moderately acidic 

(Landon, 1984). This implies that in some areas the soils were acidic and probably 

had nutrient deficiencies, while other parts had soil pH values in the optimal range 

for many grown crops. 

 

4.1.2.2    Bray 1-phosphorus 

Bray 1-P is presented in Table 2 and Appendix 1 (d). The results indicated that the 

P– values ranged between 1 – 20 mg kg
-1

.  Landon (1984) rated P ranges of 0 – 9 mg 

kg
-1 

as very low, 10 – 15 mg kg
-1

as low, 16 – 25 mg kg
-1

 as moderate and >25 mg 

kg
-1

 as high.  This shows that P levels in most of the villages in the study area was 
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low. Examples of such villages are Msangi (3.44), Kipera (6.8), Ilolanguru (4.42), 

Mpenge (5.16), Itema (3.07) and Farm Nyamwezi (6.52). These soils P fertilizer 

response is most likely. On the other hand, P could be rated as medium for soils of 

Lyaudusi (16.34) and Mawiti (18.19) in which fertilizer response is probable to 

maize crop. 

 

4.1.2.3    Soil organic carbon 

Results of organic carbon for the 20 soil samples are also presented in Table 2 and 

Appendix 1 (b). The results indicated that the organic carbon values ranged between 

1.2 – 1.9%. Landon (1984) rated organic carbon ranges  < 2 % are  very low,  2 – 

4% as low,  4 – 10%  as medium, 10 – 20%  as high and  > 20%  as  very high. This 

shows that all soils had very low organic carbon. The soils with low organic carbon 

levels have been to contain low N and other nutrients. Soil organic matter plays a 

number of roles in the soil. It influences many soil biological, chemical and physical 

properties that influence nutrient availability (Tisdale et al., 1993). It acts as a 

conditioner by improving soil structure, moisture and ion retention besides being an 

important source of nutrients elements (Uriyo et al., 1979). 

 

4.1.2.4    Total nitrogen  

The results for total N in soils are presented in Table 2 and Appendix 1 (c). Values 

of total N in the 20 soils samples ranged from 0.01 – 0.05%. The levels of total N 

were observed to be very low in all soil samples. According to Landon (1996), 

values less than 0.1% N is rated as being very low. The observed very low values of 

N in all soils were attributed to very low organic matter as revealed by very low soil 
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organic carbon in this study. All soils had low organic matter. According to Bear 

(1965), the quantity of nitrogen is closely related to the amount of soil organic 

matter which makes approximately 5% of soil volume. These results indicated that 

nitrogen fertilizers have to be applied each time when maize cultivation is done and 

this is especially evident in all soils. 

 

Table 3:  CEC, exchangeable K, extractable S, and DTPA extractable Zn in 20 

soil samples from ten villages in Tabora District 

Soil CEC{cmolc(+)/kg} K
+
{cmolc(+)/kg} S (mg/kg) Zn (mg/kg) 

Msange 1  5.2  0.34 4.18 0.53 

Msange 2 6.4 0.10 16.19 0.11 

Malolo 1 5.6 0.13 15.67 1.16 

Malolo 2 7.2 0.17 4.70 0.60 

Mpenge 1 5.8 0.08 6.27 0.18 

Mpenge 2 5.4 0.05 12.54 0.04 

Nyangahe 1  6.2 0.12 10.97 0.04 

Nyangahe 2 5.2 0.10 14.11 0.04 

Itema 1 5.5 0.07 15.67 0.04 

Itema 2 10.2 0.06 19.85 0.04 

Ilolanguru 1 5.6 0.08 11.49 0.04 

Ilolanguru 2 5.2 0.07 12.54 0.11 

Mawiti 1 5.2 0.27 4.18 1.09 

Mawiti 2                                  5.4 0.19 12.02 1.02 

Kipera 1 4.8 0.07 10.97 0.11 

Kipera 2 5.0 0.09 9.93 0.04 

Farmnyamwez

i 1 

5.6 0.28 26.64 0.04 

Farmnyamwe

zi2 

5.2 0.11 3.66 0.11 

Lyaudusi 1 7.2 0.06 11.49 0.04 

Lyaudusi 2 6.8 0.09 13.06 0.04 
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4.1.2.5   Cation exchange capacity 

Table 3 shows the results on CEC, K, S and Zn in the soils. The values of CEC 

ranged from 5.2 – 10.2 cmolc (+)/kg in all twenty soils samples. According to 

Landon (1996), CEC values less than 15 cmolc (+)/kg are considered to be low, 15 – 

25 cmolc (+)/kg (Medium), 25 – 40 cmolc (+)/kg (high). The study area indicates 

that 100 percent of the values for CEC are low and is related to the low organic 

matter content which leads the soils to be marginally suitable for maize production. 

Organic matter is known for its contribution to pH dependent charges which 

improve ion retention (Uriyo et al., 1979). 

 

4.1.2.6    Exchangeable potassium 

Exchangeable K levels in the 20 soil samples ranged from 0.05 – 0.34 cmolc (+)/kg. 

According to guidelines by Landon (1996), exchangeable K is rated as follows; soils 

0.8 – 0.4 cmolc (+)/kg (high values), 0.4 – 0.2 cmolc (+)/kg (medium values), 0.2 – 

0.03 cmolc (+)/kg (low values).  From the study area, 12 samples out of 20 (i.e. 

60%) were rated as low and eight samples out of 20 (i.e. 40%) were rated as 

medium. These levels indicated that soils require K fertilizer for optimum maize 

production in the areas used in this study. 

 

4.1.2.7    Exchangeable sulphur 

 Exchangeable sulphur levels in soils from Mawiti, Farm Nyamwezi, Malolo and 

Msange ranged between 3.66 – 26.64 mg kg
-1

. According to Landon (1996), the 

levels of sulphur are rated as follows; >10 mg kg
-1

 (high), 6.1 – 10 mg kg
-1

 

(moderate/medium), 3.1 – 6.0 mg kg
-1

 (low), <3.0 mg kg
-1

 (very low).  Results for 
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20 soils analyzed indicated that 65% of samples were rated as high, 15% rated as 

moderate and 20% rated as low. Hence addition of sulphur is worth to villages such 

as Msange, Mpenge, Mawiti and Farmnyamwezi. This could be done by application 

zinc sulphate, ammonium sulphate, potassium sulphate and addition of organic 

fertilizer like cattle manure types of fertilizers. 

 

4.1.2.8    DTPA zinc  

The values of DTPA extractable zinc in all twenty soils samples ranged between 

0.04 – 1.16 mg kg
-1

. According to Landon (1996) all DTPA extractable Zn values 

less than 0.8 mg kg
-1

 are considered to be low and 0.8 – 10 mg kg 
-1

 is rated as 

adequate. The study area indicates that 95% of the values for DTPA extractable Zn 

are low as farmers practice prolonged cultivation in the same area without 

application of zinc source for example fertilizer contain zinc and organic matter such 

as leguminous crop, hence addition of fertilizer is necessary. Generally, results from 

all soil samples analyzed indicated that N, P, K and Zn were the major limiting 

nutrients for maize productivity. 

 

4.2    Field Experiment 

4.2.1    Field experiments and the fertility status of the two sites 

The field experiments were conducted at two villages (Kipera and Nyangahe) among 

ten villages. According to soil structure and texture results, the soils from these 

villages are dominated by sand averaging 60% which is poor in nutrients reserves as 

shown in Tables 2 and 3. 
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4.2.2    Visual assessment of seed  maize germination and nutrients deficiency    

symptoms of N, P, K, S, and Zn 

Maize seeds germinated better in control plots that did not receive fertilizers than in 

those plots which received fertilizers. This phenomenon could be due to water stress 

associated with fertilizers application as observed by Shaxson and Barber (2003) 

and Mc William et al. (1999). These researchers reported that sufficient moisture is 

needed in soil after fertilizer application to dissolve salts and allow decomposition of 

organic materials. Further, Mc William et al. (1999) reported that maize seed begins 

germination when seed contains at least 30% moisture which may not have been 

attained in plots where fertilizer was applied. During vegetative growth particularly 

two weeks after planting, dark green colour of maize leaves was observed in plots 

treated with 100 kg N ha
-1

. 

 

The green colour of leaves remained unchanged up to the crop physiological 

maturity and at the harvest especially in plots treated with a combination of 

fertilizers i.e. N100, N100 P40, N100 P40 K100, N100 P40 K100 S20 and N100 P40 K100 S20Zn10. 

In general the plants in the control plots (N0P0K0) showed N and P deficiency 

symptoms as noted in the maize plant   in plate 2a and 2b. The plants were green in 

the first week of growth, but thereafter the intensity of the green colour decreased 

with time from the second week up to harvest. The maize plants became chlorotic 

and light yellow colour in the lower leaves and thin stems as indicated in maize 

plants below (plate 2a). The chlorotic and light yellow colour of leaves could be 

attributed to the low level of the available nitrogen in the soil. The purplish colour of 

leaves was due to P deficiency caused by low available P in the soil as indicated in 
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Table 2. Similar findings have been also reported by Sekhon and Aggarwal (1994), 

who pointed out that N fertilization hastened leaf longevity. Also results of nutrients 

concentration in maize ear leaves from control plots, in this study, showed low N 

and P uptake Table 4. 

 

In plots treated with Zn, maize plants had long internodes compared with those 

without Zn especially in control plot, which showed shortened internodes, lesions 

and brown spots in young leaves, interveinal chlorosis of leaves as indicated in 

(plate 2c). This condition could probably be associated with zinc deficiency. 

Deficiency of Zn disrupts biochemical processes in the plants which can be 

manifesting themselves in distinctive symptoms (Marschner, 1986). 

 

On the other hand, colour of maize leaves in the control plots changed to yellow and 

this happened rapidly in association with stunted growth. This phenomenon depicted 

inadequate N supply in plots in which plants turned yellowish before maturity as 

maize plant below support. It was observed that in some plots maize plants produced 

one to two cobs per plant from treatments such as T4, T5 and T6. This may be 

linked with genetic potentiality and variety. For example, TMV1 produced two cobs 

per plant. Similar were results reported by Muhammad et al. (2001) who found the 

maximum cobs per plant in sweet corn than Sarhad white and Hybrid-922. 
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Plate 1a: Nitrogen deficiency symptoms T1 Absolute control (N0P0K0S0Zn0)                                                         

 

               
 

Plate 1 (b):  Phosphorus deficiency  Plate 1(c): Zinc deficiency    

Symptoms T2 (N100P0K0S0Zn0)                   symptoms T5 (N100P40K100S20Zn0) 
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Plate 2:  This plot only nitrogen was applied: deficiency symptoms of P, K, S 

and Zn were observed T2 (N100P0K0S0Zn0) 
 

 

 

                
 

Plate 3:    Only N and P were applied: Sulphur deficiency symptoms were 

observed T3 (N100 P40 K0 S0Zn0) 
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Plate 4 (a): Sulphur deficiency symptoms            Plate 4(b): Zinc deficiencys                     

in T4. (N100 P40 K100S0Zn0)  were noted                  symptoms were noted in 

            T5 (N100 P40 K100S20Zn0)                                                                            

  

 

 

 

Plate 5: No deficiency symptoms T6 (N100 P40 K 100 S 20 Zn10)                  
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Table 4:  Effect of different nutrients on N, P, K, S and Zn concentrations in  

maize ear leaves at Kipera site 

Means followed by the same letter in the same column are not significantly different (P≤ 

0.05) according to Turkey’s HSD test 

  

          Treatments N P K S Zn 

   …%..... …%..... …%..... …%..... mg/kg 

Situka M1 Control 1.2b 0.04d 1.1c 0.07d 6.7c 

 N 100 2.1a 0.07d 1.2c 0.07c 6.1c 

 N 100P40 2.4a 0.29c 1.3c 0.09c 9.2b 

 N 100P40K100 2.4a 0.27b 1.9b 0.09c 8.7b 

 N100P40K100S20 2.5a 0.36a 2.1a 0.12b 6.5c 

 N100P40K100S20Zn10 2.6a 0.34a 1.8b 0.13a 22.8a 

 Mean 2.2 0.20 1.5 0.15 10.00 

 CV (%)  4.3 17.3 1.2 11.0 10.8 

       

TMV1 Control 1.9c 0.08c 1.6a 0.05c 5.8b 

 N 100 2.8b 0.10c 1.3b 0.07c 4.6c 

 N 100P40 3.1b 0.31a 1.6a 0.09c 4.7c 

 N 100P40K100 2.9b 0.30a 1.8a 0.09b 4.9c 

 N100P40K100S20 3.2a 0.35a 1.8a 0.14ab 5.0b 

 N100P40K100S20Zn10 3.3a 0.37a 1.9a 0.13a 22.6a 

 Mean 2.8 0.25 4.3 0.08 7.93 

 CV (%) 9.9 16.9 4.8 7.5 19.7 

       

Staha Control 2.5b 0.05c 0.9c 0.04c 4.8c 

 N 100 2.8b 0.06c 1.1c 0.07b 4.7c 

 N 100P40 3.1a 0.42a 1.3c 0.08b 4.9c 

 N 100P40K100 2.9b 0.30b 1.9ab 0.08b 5.0b 

 N100P40K100S20 3.0a 0.35b 2.1a 0.17b 5.3b 

 N100P40K100S20Zn10 3.1a 0.38b 1.8b 0.20a 23.9a 

 Mean 2.9 

 

0.26 1.5 0.13 19.11 

 CV (%)  6.6 11.5 3.9 13.0 6.1 
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Table 5: Effect of different nutrients on N, P, K, S and Zn concentrations in 

maize ear-leaves at Nyangahe site 

 

           Treatments N P K S Zn 

   …%..... …%..... …%..... …%..... mg/kg 

 Situka M1 Control 1.6b 0.08b 1.07d 0.06b 4.9cd 

 N 100 2.8b 0.10b 1.33c 0.08b 5.3b 

 N 100P40 2.8b 0.28a 1.54b 0.07b 5.2bc 

 N 100P40K100 2.9b 0.34a 1.88a 0.07b 7.0b 

 N100P40K100S20 3.1a 0.32a 1.81a 0.14a 6.7b 

 N100P40K100S20Zn10 3.1a 0.32a 1.89a 0.16a 22.6a 

  Mean  2.8 0.24 1.56 0.09 8.6 

 CV (%)  4.3 17.3 1.2 11.0 15.8 

       

TMV1 Control 2.5b 0.04c 0.9c 0.05c 6.7c 

 N 100 2.9b 0.07c 1.13b 0.08b 5.9c 

 N 100P40 3.1a 0.27a 1.81a 0.09b 7.9b 

 N 100P40K100 2.8b 0.29b 1.89a 0.09b 8.1b 

 N100P40K100S20 2.9b 0.31b 1.92a 0.21a 8.2b 

 N100P40K100S20Zn10 3.5a 0.42b 1.90a 0.22a 23.9.1a 

 Mean 2.9 0.23 1.57 0.12 10.1 

 CV (%)  9.9 16.9 4.8 7.5 17.5 

       

Staha Control 1.9c 0.05c 1.09d 0.08c 6.3cd 

 N 100 2.4b 0.08c 1.31c 0.07c 7.8bc 

 N 100P40 2.6a 0.26b 1.80c 0.09c 8.6c 

 N 100P40K100 2.6a 0.27b 1.85b 0.07c 9.1bc 

 N100P40K100S20 2.6a 0.34a 2.14a 0.17b 9.5b 

 N100P40K100S20Zn10 2.7a 0.33a 1.95b 0.21a 21.4a 

 Mean 2.4 0.21 1.6 0.11 10.2 

 CV (%)  6.6 11.5 3.9 13.0 16.1 

        

Means followed by the same letter in the same column are not significantly different 

(P≤ 0.05) according to Turkey’s HSD test. 
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4.2.3    Results on effects of different nutrients N, P, K, S and Zn concentration 

in maize ear leaves are shown in Tables 4 and 5 

4.2.3.1    Nitrogen  

The concentration of N at Kipera site ranged from 1.2 – 3.3% (Table 4), while for 

Nyangahe site the range was 1.6 – 3.5% (Table 5). According to Campbell and 

Plank (2000) the critical nitrogen range is between 2.8 – 4.0%.  Control plots had 

lower level of nitrogen content than plots treated with urea in all of the three 

varieties. This indicated the need for N application to achieve optimum levels of N 

in maize plants (Campbell and Plank, 2000).   

 

The concentration of N in absolute control treatments was below the suggested 

sufficient range which is 2.38 – 3.14%. This suggests that the soils on this study area 

had low ability to supply sufficient N to maize crop. This implies that the maize 

growers could be affected by the same situation because the majority of farmers 

produce maize under the same condition. 

 

Hussaini et al. (2008) reported that total uptake of nutrients by the maize plant was 

influenced by nitrogen application. Uptake of N, P, K, Ca and Na by the plant 

increased significantly with increasing in N application. Applied 180 kg N ha
-1

 

increased N, K and Na uptake by 217.1, 127.9 and 222.7% respectively; while in the 

case of P, Ca and Mg, application of 120 kg N ha
-1

 increased uptake by 143.3, 282.9 

and 145.0% respectively. Total plant N uptake increased 23.3% with P application 

of 40 kg P ha
-1

. 
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4.2.3.2    Phosphorus  

 According to Tandon, (1995) the critical range of phosphorus is 0.25 – 0.5%. 

Results from both sites showed that in all plots  where P was not applied, for 

example absolute control and (N100P0K0) plots  resulted in very low levels of P 

concentration (0.04 – 0.10%) while plots  where P applied example N100P40,  

N100P40K100, N100P40K100S20 and N100P40 K100S20Zn10 had sufficient level of  

phosphorus such as  0.26 – 0.42% (Tandon, 1995). In both sites the  application of 

phosphorus in some plots treated with P  increased the uptake of N for example in 

Kipera village,  plots  where N100  was applied in variety 2 (TMV1), N uptake was 

2.8% while in plot treated with  N100P40,  N uptake increased 3.1% . This trend  is 

similar with the total plant N uptake increased 23.3% with P application of 40 kg P 

ha
-1

 as reported by (Hussaini et al., (2008). 

 

4.2.3.3    Potassium  

Potassium content in leaves was increased slightly by N and P application. Control 

plots in all sites showed  the lowest levels of K content in maize leaves ranging 

between 0.93 – 1.76% which is inadequate for optimum plant growth as per rating 

by Campbell and Plank (2000) of 1.8 – 3.0%. The increase in K contents in the 

maize leaves with the application of K was attributed to the K applied to the soil 

hence increased availability of K for the maize plants. At both sites, the results   

indicated that the K range was between 1.8 – 2.1% which is optimum for maize 

plant growth (Campbell and Plank, 2000). On the other hand, at Nyangahe site the 

N100P40 treatment gave an optimum level of K (1.8%) which could be attributed to 

the application of N and P. The increased percentage K in the maize plants with 
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increased N-additions could be accounted for by the increased maize root growth 

hence increased ability of the maize plants to scavenge for more K from the soil.   

 

4.2.3.4    Sulphur  

Sulphur concentrations in leaves from all treatments where S was not applied, were 

as low as shown in Table 4 and 5. The results ranged between 0.05 – 0.09% and was 

rated low while the critical range reported by Fageria et al. (1997) and Stokes (2000) 

is 0.1 – 0.24%. Plants from treatments that received sulphur (N100P40 K100S20 and 

N100P40 K100S20 Zn10) had adequate contents of sulphur which ranged between 0.12 – 

0.22%. These results are in conformity with findings of  Grzebisz et al. (2008) who 

stated that there was significant increase in maize ear leaf when S contain fertilizer 

(13:13:0:15) applied to corn. This emphasizes the need to apply sulphur fertilizer to 

soils on both sites for optimum maize growth.  

 

4.2.3.5    Zinc  

The plant Zn content in treatments which received Zn fertilizer ranged from 21.4 – 

23.9 mg kg-
1
. These values fall in the critical range of zinc (20 – 70 mg kg-

1
) as 

reported by (Campbell and Plank, 2000). Plants from all other treatments which did 

not receive Zn fertilizers (N100, N100P40, N100P40K100, and N100P40 K100S20) had low 

levels of Zn. However, in both sites only one plot treated with zinc (N100P40 

K100S20Zn10) indicated the sufficient level of Zn in plants. This results is in 

conformity with results found by Grzebisz et al. (2008) who stated that there are 

positive influence of nitrogen fertilization on zinc concentration. The application of 

both nitrogen and zinc considerably increased zinc concentration in plant tissue 
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which is proved to be the best universal indicator for yield forecasting (Grzebisz et 

al. 2008). 
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Table 6: Effects of N, P, K, S and Zn on maize grain yield and yield components at Kipera site 

Treatments PP NPG PH EH   NPH NCH GW 

(kg) 

MC  Y (t ha
1
) 

 

Absolute control 53.8b 53.8 b 133.3 c 55.5 c   51.7b 51.3 c 1.5 c 12.4 c 1.1 d   

 

N100 55.8 ab 55.8ab 144.5bc 57.9 c  55.0 ab 55.0 ab 2.1 bc 12.5 c 1.3 d  

 

N100P40 59.5 ab 59.5ab 144.7bc 65.7  bc  56.2 ab 56.7 ab 3.4 b 12.6 bc 2.7 c   

 

N100P40K100 59.7a 

 

59.7a 

 

155.7ab 65.2 bc  57.6 a 57.8 a 4.6 b 12.6 ab 2.9 bc   

 

N100P40K100S20 60.1a 60.1a 170.8a 77.2 ab  58.1 a 60.0 a 5.3 a 12.7 a 3.2 b 

 

N100P40K100S20Zn10 60.4a 60.4a 173.5a 91.2 a  59.0 a 60.2 a 5.7 a 12.8 a 4.4 a 

           

Grand Mean 58.2    58.2                      153.7               68.7     56.2 56.8         3.7    12.6 2.6 

S.E 0.4    0.4       4.7   3.4   0.6  0.7  0.2  0.03  0.1  

 

CV (%) 6.3 6.3      22.8        36.6   4.4  9.6  39.6  1.8  42.8  
Means followed by the same letters in the same column are not significantly different (P ≤ 0.05) according to Tukey's HSD test.                  

Key: PP = Plant population; NPG = Number of plant after thinning; PH = Plant height; EH = Ear height; NPH = Number of plant before harvest; 

NCH = Number of cobs harvested; GW = Grain weight; MC = Moisture content; Y (t ha
-1

) = Yield tonne per hectare
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4.3    Yield and Yield Components as Affected by N, P, K, S, and Zn Fertilizers 

at Kipera Site 

4.3.1    Plant population (PP) and Plant height (PH) 

Results from Kipera site showed that all plots treated with fertilizer types 

significantly (P≤0.05) resulted into high plant population than control plots as 

illustrated in Table 6 and Appendix 3. Also results obtained from Kipera site showed 

that all plots treated with N significantly (P≤0.05) increased plant height over 

control plots as indicated in Table 6. The plant height obtained from N100, N100P40, 

N100P40K100, N100P40K100S20 and N100P40K100S20Zn10 was as follows 144.5 cm, 144.7 

cm, 155.7 cm, 170.8 cm and 173.5 cm respectively. However, the control plot had 

lower plant height (133.3 cm) compared with other plots treated with fertilizers. 

These results are in conformity with findings of Bishnu et al. (2010) indicated that 

tallest plant height (183.66 cm) was recorded when the crop was supplied with 

recommended dose of NPK fertilizers along with micronutrients (B, Mn, S and Zn). 

They are identified to have enzyme functions, usually as cofactors (Streeter and 

Barta 1984). High concentrations of nutrients in the root zone at that time are 

beneficial in promoting early plant growth. This is the period when all the different 

plant parts are being initiated and begin to grow.      

 

4.3.2    Ear height (EH) 

Results obtained from Kipera site are as illustrated in Table 6 and Appendix 3. The 

results indicated that there were significantly (P≤0.05) increased ear height above 

control and N100 plots as follows; N100P40, N100P40K100, N100P40K100S20 and 

N100P40K100S20Zn10 gave ear height of 65.7 cm, 65.2 cm, 77.2 cm and 91.2 cm 



47 

 

 

respectively. However, the control plot and plot treated with N100 only had lower ear 

height between 52.2 cm and 57.9 cm. Application of N100P40, N100P40K100, 

N100P40K100 S20 and N100P40K100S20 Zn10 gave comparable ear height significantly 

(P≤0.05) higher than control. These results are in conformity with findings of 

Bishnu et al. (2010). Who reported that the tallest ear height (86.66 cm) and longest 

ear length (12.86 cm) was recorded in plots treated with the micronutrients (B, Mn, 

S and Zn) at the NPK level of 120:60:40 kg ha
-1

. These increments of ear height are 

due to increased photosynthetic formation and partitioning to stems that might have 

favourable impacts on plant and ear heights of maize (Amanullah et al., 2009).  

 

 The coefficient of variation for EH was 36.6% (Appendix 3); CV was highest on 

yield (t ha
-1

) at 42.8% compared to the other components that had lower CV values 

such as 1.8% for MC, 4.4% for NPH, 6.3% for both NPG and PP and 9.6% for NCH 

with a grand mean of 68.8% for EH. 

  

4.3.3    Number of plants before harvesting (NPH) 

Results obtained showed fertilizer applied significantly (P≤0.05) produced high 

number of plants before harvesting than those produced in control plots as presented 

in Table 6. This showed potentiality in supplying nutrients responsible for maize 

production. According to illustration in Appendix 3, number of plants before 

harvesting obtained in control plot was 51.7, while for plot where N100 was applied 

gave 55.0. The application of N100P40, obtained 56.7 and the application of N100 P40 

K100 recorded 75.8. Application of N100P40K100S20 showed number of plants before 

harvesting to be 58.1. On the other hand, application of N100P40K100S20Zn10 showed 
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number of plants before harvesting was 59.0. However, the control plot had little 

number of plants before harvesting compared with other plots treated with 

fertilizers. This was due to deficiency of nutrients during maize growth. Application 

of N100 and N100P40, gave number of plants before harvesting significantly (P≤0.05) 

higher than control plot. Application of N100P40K100, N100P40K100S20 and 

N100P40K100S20Zn10 gave number of plants before harvesting significantly higher than 

control plot, N100, and N100P40. This could be due to the contribution of essential 

nutrients supplied such as N, P, K, S and Zn in improvement of maize growth and 

production.    

 

The coefficient of variation for NPH was 4.4% (Appendix 3); CV was highest on 

yield (t ha
-1

) at 42.8% compared with the other components that had lower CV 

values such as 1.8% for MC, 6.3% for both PGN and PP and 9.6% for NCH with a 

grand mean of 56.2% for NPH.  

 

4.3.4    Number of cobs harvested (NCH) 

Results for numbers of cobs obtained for each treatment at Kipera site are illustrated 

in Table 6 and Appendix 3. Results obtained showed treatments where fertilizer 

types were applied increased number of cobs harvested significantly more (P≤0.05) 

than those produced in control plots. This showed potentiality in supplying nutrients 

responsible for maize production. According to Table 6, number of cobs harvested 

from control plot was 51.3. For plot where N100 was applied number of cobs 

harvested was 55.0, N100P40 gave 56.7; N100P40K100 produced 57.8 as well as 

application of N100P40K100S20 gave 60.0. On the other hand application of 
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N100P40K100S20Zn10 showed number of cobs harvested to be 60.2. This results are 

similar as reported by Tetarwal  et al. (2011) who found in application of  (N60 P22.5 

K19.25 Zn19) produced significantly higher number of cobs/plant (1.4) when it was 

compared to control. This could be due to the contribution of micronutrient 

(example zinc) as well as macro nutrient supplied by other fertilizer type such as N, 

P and K fertilizers in improvement of maize production (FAO, 1984). The 

coefficient of variation for NCH was 9.6%  (Appendix 3); CV was highest on yield 

(t ha 
-1

) at 42.8% compared with the other components that had lower CV values 

such as 1.8% for MC, 6.3%  for both NPG and PP and 9.6%  for NCH with a grand 

mean of 56.8%  for NCH.  

 

4.3.5    Grain weight (GW) 

Maize grain weight per plot as affected by fertilizers types and their combinations 

are presented in Table 6. Results obtained showed all plots treated with nutrients    

produced significantly (P≤ 0.05) higher grain weight than those from control plots 

(Appendix 3). Grain weight on control plot was 1.5 kg and 2.1 kg for plot where 

N100 was applied. The plot which received N100P40 grain weight was 3.4 kg,   

N100P40K100 produced 4.6 kg and N100P40K100S20 and N100P40K100S20Zn10 showed 

grain weight of 5.3 kg and 5.7 kg respectively. This result is in conformity with 

Bishnu et al. (2010) who found the highest 1000 grain weight of 412.66 g in the 

crop supplied with NPK level of 120:60:40 kg ha
-1

 and B, Zn, S and Mn, while 

lowest 1000 grain weight of 315.6 g and 300.2 g were recorded from the control 

plot. This showed the importance of supplying nutrients responsible for maize 

production. 
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The coefficient of variation for GW was 39.6% (Appendix 3); CV was highest on 

yield (t ha
-1

) at 42.8% compared with the other yield components that had lower CV 

values such as 1.8% for MC, 6.3% for both NPG and PP and 9.6% for NCH with a 

grand mean of 4.4% for GW.  

 

4.3.6    Grain yield  

Data for grain yield are given in Table 6. The results indicated significant 

enhancement in maize yield due to application of N100P40, N100P40K100, N100P40K100 

S20 and N100P40K100S20 Zn10. The yield in the control was 1.1 t ha
-1

 and maximum 

yield of 4.4 t ha
-1

 from N100P40K100S20Zn10 treatment. This demonstrated the 

importance of supplying all limiting nutrients in maize production for yield increase. 

Grain yield from plot where N alone (N100) was applied, grain yield was 1.3 t ha
-1

 

and application of N100P40 grain yield was 2.7 t ha
-1

. The results above showed that 

control, N100 and N100P40 plots had low grain yield per hectare compared with other 

plots treated with N, P K and S fertilizers. Application of N100P40K100, 

N100P40K100S20 and N100P40K100S20Zn10 gave significantly (P≤0.05) higher grain yield 

than absolute control. These results are in conformity with findings of Bishnu et al. 

(2010) who found  highest grain yield (5.9 t ha
-1

)  produced when the crop was 

supplied with all micronutrients (B, Mo, Zn, Mn and S) along with NPK fertilizers 

at 120: 60:40 kg ha
-1

. Similar pattern of response to mixed fertilizers in maize was 

also given by Lana et al. (2007). This yield was contributed by vital nutrients 

supplied such as N, P, K, S and Zn and may have enhanced photosynthesis, early 

growth and better partitioning of assimilates to grain and final yield. The coefficient 

of variation in maize grain yield was 42.8% which is higher compared with the other 
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components that had lower CV values such as 1.8% for MC, 6.3% for both PGN and 

PP and 9.6% for NCH with a grand mean of 2.8 for t ha
-1

.  
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Table 7: Effect of maize varieties on yield and yield components at Kipera site 

 

Treatments PP NPG PH EH   NPH NCH GW (kg) MC Y (t ha
-1

) 

 

Situka M1 57.0 a 57.0 a 122.7 c 47.8 c  52.0 b 53.2 c 2.8 c 12.6 ab 3.4  c  
 

TMV1 57.2 a 57.2 a 186.5 a  65.2 b  56.6 b 59.2 a 5.1 b 12. 7 a 4.5 b 
 

Staha   58.5 a 58.5 a 152.0 b 93.5 a  58.2 a 57.1 b 6.0 a 12. 6 b 5.8 a   
 

S.E     0.4     0.4       4.7     3.4   0.6  0.7  0.2  0.03  0.1  
 

CV (%)     6.3     6.3        22.8       36.6   8.4  9.6  39.6  1.8  42.8  

Key: Means followed by the same letters in the same column are not significantly different (P ≤ 0.05) according to Tukey's HSD test.                  

PP = Plant population; NPG = Number of plant after thinning; PH = Plant height; EH = Ear height; NPH = Number of plant before harvest; NCH = 

Number of cobs harvested; GW = Grain weight; MC = Moisture content; Y (t ha
-1

) = Yield tonne per hectare. 
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4.4    Effects of Maize Varieties on Yield and Yield Components at Kipera Site 

Maize varieties as affected by fertilizer types and their combinations on yield and 

yield components are presented in Table 7. Results obtained showed there is no 

significant effect between all three varieties on plant population.  

 

Maize variety (TMV1) was significantly (P ≤ 0.05) taller (186 cm) than the other 

two varieties (Situka M1-122.7 cm and Staha-152.0 cm). These results showed that 

TMV1 has good response to fertilizer types applied. These results are in close 

conformity with the results obtained by Hossain et al. (2011) who found that Mahor 

maize variety gave plant height of 241.3 cm when Zn and NPK applied over 201.7 

cm from control, also BARI Hybrid maize-1 increased plant height of 252.1 cm 

when Zn and NPK were applied over 209.5 cm (control) as well as BARI Hybrid 

maize-3 produced plant height 246.4 cm over 235.3 cm (control).  This variation 

might be due to genetic differences among the varieties (Hossain et al., 2011). 

Number of plant before harvested showed significance effect (P≤0.05) on V3 

(Staha) and V2 (TMV1) with mean of 58.2 and 56.6 respectively while V1 (Situka 

M1) variety has relatively low number of plant before harvested compared with 

other varieties (Staha and TMV1) with mean of 52.0. These results could be due to 

genetic potential of the varieties. Results on numbers of cobs obtained from Kipera 

site are presented in Table 7. Results obtained showed that variety 1 and variety 2 

gave significantly (P≤0.05) higher number of cobs than variety 3, with the mean of 

59.1, 58.2 respectively, while variety 3 had mean value of 53.2.     
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Maize grain weights per plot for the three varieties are illustrated in Table 7 and 

Appendix 3. Results obtained showed that maize grain weight from the three 

varieties was significant (P≤0.05) different. Each variety indicated significant effect 

as illustrated in Table 7. Situka M1 variety (V1) showed 2.8 kg/plot, TMV1 (V2) 

gave 5.1 kg/plot and Staha variety (V3) gave 6.0 kg/plot. These are close as reported 

by Grzebisz et al. (2008) who found the maize variety ES paroli had higher 1000 

seed weight by 5% over Anamur and Veritis.  This difference could be attributed to 

genetic potential of the variety.  

 

Maize grain yield for the three varieties are illustrated in Table 7. The results 

obtained indicated that maize yield from Staha and TMV1 variety had significant 

(P≤0.05) differences with the yield of 5.8 t ha
-1 

and
 
4.5 t ha

-1
 respectively over  

Situka M1 variety which gave 3.4 t ha 
-1

. The results above revealed that Staha and 

TMVI variety gave better results than Situka M1 variety. This results are similar as 

reported by Grzebisz et al. (2008) who found the maize variety ES paroli gave 

higher yield (10.6 t ha 
-1

) over Anamur variety ( 6.9 t ha 
-1

) when treated with the 

same level of N, P, K, Zn.
  
This difference could be attributed to genetic potential of 

variety.  



55 

 

 

Table 8: Effect of N, P, K, S and Zn on maize grain yield and yield component at Nyangahe site 

Means followed by the same letters in the same column are not significantly different (P ≤ 0.05) according to Tukey's HSD test.                  

Key: PP = Plant population; NPG = Number of plant after thinning; PH = Plant height; EH = Ear height; NPH = Number of plant before harvest; 

NCH = Number of cobs harvested; GW = Grain weight; MC = Moisture content; Y (t ha
-1

) = Yield tonne per hectare.

Treatments PP NPG PH EH  NPH NCH GW (kg) MC (%) Y (t ha
-1

) 

 
Absolute control 56.0 b 56.0 b 102.8  c 

 
59.5 c  50.6 d 45.5 e 1.5 bcd 12.5 bc 0.7 e 

 
N100 60.1 a 60.1 a 122.2 c 58.6 c  53.3 d 48.2 e 3.0 d 12.6 b 1.5 c 

N100P40 60.3 a 60.3 a 145.4 c 62.9 bc  56.2 c 50.2 d 4.4  cd 12.2 d 2.5 c 
 

N100P40K100 60.4 a 60.4 a 160.6 b 70.4 abc  59.5 ab 59.3 c 4.9 bc 12.8a 3.1 b 
 

N100P40K100S20 60.5 a 60.5 a 164.0 ab 75.8 a  60.3 a 63.4 b 5.0 b 
 

12.6 b 3.2 b 

N100P40K100S20Zn10 60.7 a 
 

60.7 a 
 

174.0 a 76.2 ab 
 

 60.3 a 
 

66.8 a 
 

6.7 a 12.3 cd 
 

4.3 a 
 

Grand mean 59.6 59.6 144.8 67.2  56.7 55.5 4.2 12.5 2.5 

S.E 0.3 0.3 3.9 2.6  0.4 1.0 0.2 0.03 0.1 

CV (%) 4.6 4.7 19.1 29.1  6.2 13.9 34.4 1.8 40.0 
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4.5    Yield and Yield Components as Affected By N, P, K, S, and Zn Fertilizers 

at Nyangahe Site  

4.5.1    Plant population (PP) 

Results obtained showed that all plots treated with fertilizer significantly (P≤0.05) 

produced high number of plant population than those produced in control plots as 

illustrated in Table 8 and Appendix 4. The number of plant population obtained 

were almost similar except of control plot (56.0) while other plots were as follow, 

N100,  N100P40,  N100P40K100  and N100P40K100S20 were 60.1, 60.3, 60.4 and 60.5 

respectively.  On other hand, N100P40K100S20Zn10 gave a plant population of 60.7. 

These results are in line with findings of Teasdale, (1998) who reported grain yield 

increased as plant density was increased from 56 000 to 128 000 plants ha
-1

. Porter 

et al. (2009) reported maximum corn grain yield at 82 000 to 89 000 plants ha
1
. 

Likewise, Gul et al. (2009) and Amanullah et al. (2009) reported that increasing 

crop density increased biological yield. This imply that N, P, K, S and Zn are 

significant from maize germination in maintaining plant population up to the harvest 

as the yield as concern.     

 

4.5.2    Plant height (PH) 

Plant height obtained from Nyangahe site is illustrated in Table 8. Results obtained 

showed that plant height was affected by all fertilizer types applied and their 

combination. According to Table 8, the plant height obtained from control and N100 

plots were 102.8 cm and 122.2 cm respectively. However, application of N100P40 

showed a plant height of 145.4 cm, N100P40K100   gave plant height of 160.6 cm, 

N100P40K100S20 showed 164.0 cm  and  (T6) N100P40K100S20Zn10  gave 174.0 cm. 
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Application of N100, N100P40, N100P40K100, N100P40K100S20, and N100P40K100S20Zn10 

gave comparable number of plant height significantly (P≤0.05) higher than control 

plot.   These  results is related to the Bishnu et al. (2010)  who found  the  tallest 

plant height (183.66 cm) was recorded when the crop was supplied with 

recommended dose of   NPK fertilizers along with micronutrients (B, Mn,  S and 

Zn). Likewise Ojeniyi et al. (2010) stated that providing adequate corn crop spacing 

and proper nutrient levels helps ensure corn height within fields and large corn 

yields.   

 

4.5.3    Ear height (EH) 

There were significant differences in ear lengths among the treatments (Table 8). 

The highest ear length was recorded in T6 (N100 P40 K100 S20 Zn10 kg ha
-1

).  The 

control plot (T1) had the lowest ear length of 59.5 cm. Ear height obtained from 

other treatments were as follows: N100  gave 58.6, N100P40 showed ear height of 62.9 

cm, as well as  N100P40K100  gave 70.4 cm, application of N100 P40 K100 S20 showed ear 

height of 75.8  cm. On the other hand, application of N100P40K100S20Zn10 gave 76.2 

cm.  Application of N100P40, N100P40K100, gave significantly (P≤ 0.05) comparable 

ear height higher than control plot and N100 plot. Likewise Bishnu et al. (2010) 

found the tallest ear height (86.66 cm) from plots treated with the micronutrients (B, 

Mn, S and Zn except molybdenum at the recommended dose NPK of level of 

120:60:40 kg ha
-1

. Ear height significantly increased with nutrients supplied. 
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4.5.4    Number of plants before harvesting (NPH) 

Numbers of plants before harvesting results obtained from Nyangahe site are 

presented in Table 8 and Appendix 4. Results showed fertilizer types applied and 

their combination significantly (P≤0.05) produced higher number of plants before 

harvesting than those produced in control (50.6) and N100 plots (53.3) respectively.  

By supplying N00P40, the number of plants before harvesting was 56.2, N100P40K100 

gave 59.5, N100P40K100S20 produced 60.3 plants.  On the other hand application of 

N100P40K100S20Zn10 gave 60.3. Application of N100P40K100, N100P40K100S20, and 

N100P40K100S20Zn10 gave number of plants before harvesting significantly (P≤0.05) 

higher than control plot, N100, and N100P40. This could be due to the contribution of 

micro as well as macro nutrients supplied by other fertilizer types such as N, P, K, S 

and Zn that led to improvement of maize production (FAO, 1984). The coefficient of 

variation for EH was 29.1%, and the highest CV was on yield (t ha
-1

) at 40.0%) 

compared with the other components as indicated in Table 8.   

 

4.5.5    Number of cobs harvested (NCH) 

Results obtained showed fertilizer types applied and their combination significantly 

(P≤0.05) produced high number of cobs harvested than those produced in control 

plots as illustrated in Table 8. This showed potentiality in supplying nutrients 

responsible for maize production. According to Table 8, number of cobs harvested 

from control plot was 45.5. For plot where N100 was applied number of cobs 

harvested was 48.2. By supplying N100P40, the numbers of cobs harvested were 50.2. 

As well the application of N100P40K100 gave 59.3 cobs. Application of N100P40K100S20 

showed number of cobs harvested to be 63.4. On the other hand, application of 



59 

 

 

N100P40K100S20Zn10 gave number of cobs harvested to be 66.8. However, the control 

plot had little number of cobs harvested compared with other plots treated with 

fertilizers. Application of N100 and N100P40, gave number of cobs harvested 

significantly (P≤0.05) higher than control plot. Application of N100P40K100, 

N100P40K100S20 and N100P40K100S20Zn10 gave number of cobs harvested significantly 

(P≤0.05) higher than control plot.  

 

4.5.6    Grain weight   

Maize grain weight per plot as affected by fertilizer types and their combinations are 

illustrated in Table 8 and Appendix 4. Results showed fertilizer types applied and 

their combination significantly (P≤0.05) produced higher grain weight than those 

produced in control plots.  Grain weights obtained from control plot were 1.5 kg and 

for plot where N100 was applied, was 3.0 kg. By supplying N100P40, grain weights 

were 4.4 kg. Applying N100P40K100, grain weights were 4.9 kg. Furthermore, 

application of N100P40K100S20 grain weight was 5.0 kg. On the other hand, the highest 

grain weight of 6.7 kg was obtained from application of N100P40K100S20Zn10. The 

same result reported by Bishnu et al. (2010) who found highest 1000 grain weight of 

412.66 g was recorded in the crop supplied with NPK level of 120:60:40 kg ha
-1

 and 

B, Zn, S and Mn while lowest 1000 grain weight of 300.2 g were recorded from  

control plots. Like wise Khan et al. (2008) reported the same.    

 
 

4.5.7    Grain yield  

Maize grain yield as affected by fertilizers and their combinations are illustrated in 

Table 8. Results obtained showed that plots treated with fertilizers gave higher yield 
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per hectare than in control plots. The control plot gave the lowest of 0.7 t ha
-1 

while 

the maximum yield of 4.3 t ha
-1

 was obtained from the N100P40K100S20Zn10 treatment.   

Each treatment gave grain yield significantly (P≤0.05) higher than control plot. This 

results is close to the Bishnu et al. (2010)  who revealed  highest grain yield (5.9 t 

ha
-1

) from the crop  which was supplied with  micronutrients (B, Mo, Zn, Mn and S)  

with NPK fertilizers at 120: 60:40 kg ha
-1

 while the  lowest grain yield (1.99 t ha
-1

) 

was produced by the control plot. This affirms that balanced nutrients play a 

significant role in increasing crop production and its quality. For the major processes 

of plant development and yield formation, the presence of nutrients like N, P, K, S, 

Mg and Zn in balanced form and good crop husbandry practices is essential 

(Mahmood, 1994; Randhawa and Arora, 2000). The nutrition value of cereals is also 

determined by the proportion of S containing amino acids (Katyal et al., 1987). 
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Table 9: Effects of maize varieties on yield and yield components at Nyangahe site 

Means followed by the same letters in the same column are not significantly different (P ≤ 0.05) according to Tukey's HSD test.                  

Key: PP = Plant population; NPG = Number of plant after thinning; PH = Plant height; EH = Ear height; NPH = Number of plant before harvest; 

NCH = Number of cobs harvested; GW = Grain weight; MC = Moisture content; Y (t ha
-1

) = Yield tonne per hectare.

Treatments PP NPG PH EH   NPH NCH GW (kg) MC Y (t ha
-1

) 

Situka M1 57.4 a 57.4 a 126.7 c 51.1 c  56.6 a 55.5 b 3.3 c 12.4 b 2.6 c 

TMV1 58.9 a 58.8 a 178.5 a  64.4 b  57.0 a 58.5 a 4.8 b 12.5 b 3.8 b 

Staha 58.2 a 58.7 a 154.4 b 86.2 a  58.1 a 57.2 a 6.2 a 12.6 a 5.1 a 

S.E 0.3  0.3  3.9  2.6   0.4  1.0  0.2  0.03  0.1  

CV (%) 4.6  4.7  19.1  29.1   6.2  13.9  34.4  1.8  40.0  
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4.6    Effect of Maize Varieties on Yield and Yield Components at Nyangahe 

Site 

The performance of maize varieties on yield and yield components are illustrated in 

Table 9.  Results of plant population obtained showed that there is no significant 

effect among the three varieties. 

 

Maize variety (TMV1) was significantly taller (178.5 cm) followed by Staha (154.4 

cm) and the lowest was Situka M1 (126.7 cm) (Table 9). These results showed that 

TMV1 has good response to fertilizer types applied. These results are in close 

conformity with the results obtained by Hossain et al. (2011) who found different 

plant height when different maize varieties were treated with Zn and NPK. The 

results were as follows: the tallest plant height (262.0 cm) was recorded from V6 

(BARI Hybrid maize 3) followed by (260.0 cm) recorded from V2 (Barnali)   and 

the lowest (231.0 cm) recorded from V4 (BARI maize 6) treated with the same 

fertilizers. This variation might be due to genetic differences among the varieties 

(Hossain et al., 2011). 

 

In our study tall ear maize was obtained from plots sown with Staha (86.2 cm). 

While the short ear maize was recorded from the Situka M1 variety with the mean of 

51.1 cm (Table9.) Likewise Hossain et al. (2011) who got tallest ear height (86.6 

cm) recorded from V4 (BARI maize 6) and the lowest ear length (19.8 cm) recorded 

from V1 (Mohor) when treated with the same fertilizers. This variation might be due 

to genetical make-up among the varieties (Hossain et al., 2011). Staha and TMV1 

maize varieties had significantly (P≤0.05) increased number of plant before 
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harvested with mean of 58.2 and 56.6 respectively. While Situka M1 variety had 

relatively low number of plants before harvesting with mean of 52.0, the results 

could be due to differences in genetic potential of the varieties. The number of cobs 

after harvesting showed no significant effect among the three varieties in number of 

plant before harvesting as well as number of cobs after harvesting at Nyangahe site. 

  

Maize grain weights per plot of the three varieties over the fertilizer treatments are 

illustrated in Table 9. Staha variety indicated significant (P≤0.05) increase of 6.2 

kg/plot than Situka M1 (3.3 kg/plot) and TMV1 (4.8 kg/plot).  The results above 

revealed that Staha and TMVI had higher yield potential than Situka M1. These are  

close related with results found by Hossain et al. (2011) who got the highest 1000 

grain weight (350.6 g) as recorded from  Pacific-984 hybrid variety,  followed by 

(346.0 g) from BARI Hybrid maize-3 and the lowest 1000 grain weight (311.6 g) 

from BARI Hybrid maize-1. These differences were attributed to differences in 

genetic potential of varieties. 

 

The results revealed that Staha and TMVI variety has higher yield at Nyangahe site 

than Situka M1 variety as illustrated in Table 9. Staha increased yield significantly 

(P≤0.05) under the treatment of N100P40K100S20Zn10. Staha gave the highest yield 5.1 

t ha
-1

 and TMV1 produced 3.8 t ha
-1 

while Situka M1 gave the lowest yield of 2.6 t 

ha
-1

. This is due to genetic potential of the varieties. This is consistent with the 

findings of Hossain et al. (2011) who reported the higher grain yield of 10.3 t ha 
-1

 

recorded from Pacific-984 variety, followed by 9.4 t ha
-1

 from BARI Hybrid maize 3 

and the lowest grain yield of 7.7 t ha
-1

 from BARI Hybrid maize-1. Likewise Khan 
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et al. (2008) reported that fruit production, grain yield and other yield components 

are usually influenced by genetic quality of individual variety. 
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CHAPTER FIVE 

 

5.0    CONCLUSIONS AND RECOMMENDATIONS 

5.1    Conclusions 

Soils of Tabora District are dominated by Arenosols which are sandy soils 

characterized by low organic matter as well as low  fertility status with respect to N, 

P, K, S and Zn.  The soil results indicated that soil pH ranged from 4.9 – 5.7 which 

is strongly to moderately acidic, implying that in some areas there were nitrogen, 

phosphorus, potassium and zinc deficiencies. 

 

Results from field experiment showed higher response of maize treated with N, P 

and Zn at Kipera site and N, K and Zn at Nyangahe site than the control. 

Furthermore, it appeared that these fertilizers gave high grain yield of 3.2 and 4.3 t 

ha
-1

 respectively. Comparing with low grain yield from control plots, treatments 

treated with N alone and N and P had grain yield of 0.7, 1.4 and 2.5 t ha
-1

 

respectively.  

 

Results obtained from both sites showed that Staha gave a good performance with 

high yield of 4.9 t ha
-1

 followed by TMVI of 3.9 t ha
-1

 than Situka M1. Therefore, 

farmers can cultivate Staha and TMV1 in soils deficient in N, P, K, S and Zn.  
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5.2    Recommendations 

i. Basing on the field experiments, in order to optimize maize yield in Tabora 

District, tentative rate of N100P40K100S20Zn10 fertilizers should be used. 

ii.  Studies should be done to establish optimum rates of P, K, S and Zn for soils 

of Tabora District in order to achieve high maize yield. 

iii. Based on short rain season experienced in Tabora District, drought tolerance 

maize varieties should be planted such as Staha and TMV1.   

iv. Agricultural staff in collaboration with researchers is advised to disseminate 

the knowledge to farmers on the importance of using macronutrients N, P, K, 

S and micronutrient such as zinc in soils dominated by sandy soils. 

v. Evaluation of soil fertility status to other potential maize growing areas 

should be done to understand the deficiency situation of the nutrients. 
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APPENDICES 

 
Appendix 1 (a): Levels of soil pH in selected soils in Tabora District 
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Appendix 1 (b): Levels of soil organic carbon in selected soils in Tabora District 
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Appendix 1 (c): Levels of  total N  in selected soils in Tabora District  
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Appendix 1 (d): Levels of available P in selected soils in Tabora  District 
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Appendix 2: Experimental field layout from the study area 
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Appendix  3: Summary of ANOVA table on effects of N, P, K, S and Zn on yield and yield components at Kipera site 

 

Source of 

variation 

 

DF 

Mean squares     

PP NPG PH  EH  NPH NCH GW  (kg) MC (%) Y (t ha 
-1

) 

Replicates 2 6.7 6.7 339.0 62.6  17.2** 13.5 0.3 0.02 0.4 

VAR 2 12.3 12.3 18338.2*** 9558.3***  79.4*** 182.7*** 49.5*** 0.08** 27.5*** 

Error (A) 4 8.6 8.6 632.9 108.6  2.6 6.7 0.1 0.01 0.3 

FERT 5 44.4** 44.4** 2293.5*** 1605.1***  62.2** 101.2*** 5.9*** 0.1*** 2.3*** 

VAR*FERT 10 7.0 7.0 770.0** 225.7  18.9 19841 4.3*** 0.1*** 0.3** 

Error (B) 30 11.5 11.5 206.4 124.9  16.07 15.5 0.1 0.01 0.1 

Total  53 13.4 13.4 1231.1 636.0  22.4 30.03 3.3 0.05 1.4 

CV (%)  5.8 5.8 9.3 16.2  7.1 6.9 9.2 0.8 11.7 

 

*Refer to mean values significant at the P≤ 5%; ** Refer to means values significant at the P≤ 1%; *** Refer to means values 

significant at the P≤ 0.1% 

  

Key: PP = Plant population; NPG = Number of plant after thinning; PH = Plant height; EH = Ear height; NPH = Number of plant before 

harvest; NCH = Number of cobs harvested; GW = Grain weight; MC = Moisture content; Y (t ha
-1

) = Yield tonne per hectare
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Appendix 4:  Summary of ANOVA table on effects of N, P, K, S and Zn on yield and yield components at Nyangahe site 

 

 

Source of 

variation 

DF 

Mean squares     

     PP NPG PH  EH  NPH NCH GW (kg) MC (%) Y (t ha
-1

) 

Replicates 2 1.9 3.1 11.4 100.6  28.9 55.05 0.4 0.07*** 0.3 

VAR 2 10.1 10.5* 12104.5*** 5631.6***  10.9 68.6 39.7*** 0.12*** 26.8*** 

Error (A) 4 4.6 3.1 65.2 53.4  14.01 48.3 0.1 0.005 0.2 

FERT 5 32.7*** 39.9*** 2071.1*** 568.5***  48.8*** 72.5 3.1*** 0.2*** 1.4*** 

VAR*FERT 10 8.3* 6.2 885.5*** 339.04**  7.06 56.7 2.4*** 0.06*** 0.4** 

Error(B) 30 3.2 3.5 65.3 84.5  7.6 65.2 0.1 0.01 0.1 

Total  53 7.2 7.7 861.5 385.8  12.8 62.8 2.3 0.05 1.3 

CV (%)                  3.08 3.2    5.2       13.6        4.8             14.2                 8.09               0.8           12.4 

  

 

*Refer to means values significant at the P≤ 5%; ** Refer to means values significant at the P≤ 1%; *** Refer to means values 

significant at the P≤ 0.1% 

   

Key: PP = Plant population; NPG = Number of plant after thinning; PH = Plant height; EH = Ear height; NPH = Number of plant before 

harvest; NCH = Number of cobs harvested; GW = Grain weight; MC = Moisture content; Y (t ha
-1

) = Yield tonne per hectare 


