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ABSTRACT

Onion (Allium cepa L.) yield in Kilosa is said to be very low compared to the world

production of about 22 t ha’1. Poor crop husbandry including the use of

unrecommended types and rates of fertilizers at incorrect time of application was

found to be. among the discrepancies facing onion production in the area. The

purpose of this study was to establish and recommend the best combination and rate

of N and P fertilizer sources for onion under Kilosa agroecological conditions.

A field trial was conducted at Malolo village between September 2012 - January

2013 (dry season) and February 2013 - July 2013 (wet season). The experiment was

laid out in split plot design with three replications. Two onion varieties namely; Red

Bombay and Red Creole were used and assigned to the main plots. N and P fertilizer

sources, each at the rates of 0, 50 and 100 kg N ha'1 and 0, 40 and 50 kg P ha'1,

respectively were assigned to the subplots. Data were collected on vegetative growth,

yield and bulb quality. They were then subjected to analysis of variance using

showed significant differences between varieties in growth, yield and quality

components. Red Bombay performed better in productivity in both dry and wet

seasons compared with Red Creole. Wet season promoted better productivity than

the dry spell. There was significant differences in yield between N and P sources at

varying rates during the dry season, but insignificant during the wet season. Fertilizer

recommended as best for better productivity of onion plants under the Kilosa

agroecological conditions.

combination of TSP and CAN at 50 kg P ha'1 and 100 kg N ha'1 respectively, is

GENSTAT 14th Edition at a difference declared significance of 5% level. Results
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

Onion (Allium cepa L.) is one of the most widely cultivated vegetables in the world.

A global review of area and production of major vegetables shows that onion

ranks second after tomato (FAO, 2003). It is a major source of income in many

growing areas for rural families who sell their produce in local, regional and

international markets (VECO-Tanzania, 2010). The crop is grown for its bulbs

which are used daily in every home for seasoning and flavouring of foods. Onion

is

minerals (Ole el al., 2004). Onion can be grown in a wide range of climatic

conditions on any fertile, well drained, non crusting soil (INFONET - BIOVISION,

2013). The crop is probably cultivated in all countries of tropical Africa (Grubben

and Denton, 2004).

Onion is produced almost all over Tanzania from the Northern and Southern

highlands to the central plateau (VECO-Tanzania, 2010). The average yield for onion

in Tanzania is 2.91 ha'1. This is very low compared to the world production

which is about 22tha'’ (FAO, 2010).

Several production constraints

which lack of specific fertilizer recommendation on the top list (Abdissa et al.,

2011). In many countries, fertilizer recommendation in onion is based on factors

a valuable ingredient in the diet due to its content of sugars, vitamins and

are responsible for such reduced bulb yield of
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(Kalb, 2001). Onion is said to be a highly nutrient responsive crop (Ethel et al.,

2011). Based on a yield of 18 t ha'1 of bulbs, onions remove an average of 66 and

11 kg of N and P, respectively (Kalb, 2001). Since a good production of onion needs

fertile soil (Messiaen and Rouamba, 2004); therefore, a well balanced fertilizer

application can be one of the most important management factors that contribute

much to obtaining high and sustained crop productivity (Ghulam et al., 2010). There

elementthan onemore

(Hochmuth and Hanlon, 2000). Nutrients play a significant role in improving

productivity of crops (Ahmad, 2009). Different levels of nutrients affect the yield

and quality of the bulbs even within a variety. The essential nutrients especially, the

primary macro nutrients; nitrogen, sulphur and phosphorus are necessary for plant

growth, development and yield, particularly bulb formation, elongation, skin colour

development and pungency (Abdul et al., 2003).

The most commonly used N fertilizer sources in onion production in Tanzania

CAN and Urea (MAFC, 2002) whereas DAP (Muendo and Tschirley, 2004)are

and TSP are excellent sources of P (MAFC, 2007). However, information on

appropriate fertilizer type and rate for onion production in Kilosa District is

insufficient or sporadic (Msuya-Bengesi et al., 2010). In view of this, the present

experiment was undertaken to assess the effect of different N and P fertilizer

sources and rates on growth, yield and quality of onion in the area.

such as previous cropping, soil type, fertility level and variety to be grown

more economical than others and some supply

are many fertilizer sources for the various nutrients needed by crops. Some are
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1.2 Problem Statement and Justification of the Study

Onion is the major income generating horticultural crop in Kilosa. About 80% of

ranging from 2 to 40 years in growing the crop (Msuya-Bengesi et al., 2010).

Despite of its importance, the yield of onion in Kilosa district (Table 1) is far less

than the potential yield of 30 - 50 t ha'1 in Tanzania (MAFC, 2002). Several factors

through correct general crop husbandry practices particularly on correct types

and rates of fertilizers application (ECI-Africa, 2004). In the area the majority of

farmers apply fertilizers without proper advice from Agricultural Officers (Isham,

2002). They do not know the correct dosage of fertilizers, when and how to apply for

optimum onion production. Farmers in Kilosa apply DAP at the rate of 62.5 -

125 kg ha'1 or no fertilizer is used in transplanting while CAN or Urea is

and 500 - 750 kg ha'1, respectively during

vegetative growth (Msuya-Bengesi et al., 2010).

where as for TSP, Urea and CAN are 250,

100 and 200 kg ha'1, respectively (MAFC, 2007). The quantity of fertilizer applied

per unit area depends on farmer’s income (Msuya-Bengesi et al., 2010). Besides the

general recommendations there is no information on the most appropriate type of

fertilizer and rate of application for optimum production and quality of onion

in Kilosa (Msuya-Bengesi et al., 2010). In some studies, optimal fertilization on

onion in Tanzania is 500 kg ha'1

are responsible for this discrepancy, including unawareness of the potential of

farmers in the district are involved in onion production with experience

According to Muendo and Tschirley (2004) the recommended rate of DAP on

applied at the rate of 250 - 375

the crop and lack of knowledge and skills on how to achieve this potential
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onion was found to improve both yield and quality, for instance onion variety ‘Texas

Grano’ was increased up to 80 t ha'1 (Messiaen and Rouamba, 2004). Moreover, Sam

(2007) reported that fertilizer had significant effect on growth of bulbs. Hence with

improved knowledge on proper application of fertilizers, farmers in Kilosa can

reduce the cost of production per unit area, increase yields and thus increase potential

profitability (ECI-Africa, 2004).

Table 1: Onion yield in Kilosa

1.3 Objectives

1.3.1 Main objective

To establish and recommend the best combination and rate of N and P fertilizer

sources for onion productivity under Kilosa agroecological conditions.

Specific objectives1.3.2

To evaluate the effect of different N and P fertilizer sources on growthi.

and yield of onion

ii.

onion quality

Texas grano
% Production

17.0
1.0
0.0

0.25 - 5
5.25-10
Above 10

Source: Msuya-Bengesi et al. (2010)

Red Bombay
% Production

5.0
0.0

Variety
Red Creole

% Production
(To
o.o
o.o

To assess the effect of different rates of N and P fertilizer sources on

Yield 
tha'1
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Botany of Onion

Onion is a biennial crop grown for bulb production and then for seed production in

the second season (Hanelt, 1990). The leaves of the onion are hollow and emerge in

two ranks at 180 degrees to each other. Onion leaves consist of two parts; one is the

leaf base or sheath and the other is the blade. The leaf sheath is a hollow tube which

encircles the apical meristem and encloses the shoot apex. The leaf blade is also a

hollow tube that is closed at the tip (De Mason, 1990). The leaf sheathes and young

leaf blades are formed in concentric rings called the pseudostem, which is

distinguished from the true stem at the onion base (Hanelt, 1990). The primary root

of the onion emerges from the seed, but it is short lived. The subsequent root system

comes out from the stem base. The onion usually goes through a separate flowering

season of growth to produce seed. The inflorescence occurs when the inflorescence

axis is elongated from the shoot apical meristem. When elongation occurs, the true

stem is extended through the leaf sheathes. The extended floral axis encloses the

floral apex 6 called the spathe (De Mason, 1990). The bulb or the edible part of the

onion, consists of the vegetative stem axis and the leaf bases (Rubatzky and

Yamaguchi, 1997).

Onions have wide uses in manufacture of soups, ketchups, onion flakes (dehydrated)

and food seasoning besides being used as fleshly in salads and pickle. The smell and

2.2 Uses of Onion
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pungency of onion is due to the essential oil known as “Allyal propyl disulphide”.

Extracts of onion are used in the prevention of ‘atherosclerosis’ and ‘coronary heart

disease’ as they can inhibit the aggregation of human blood platelets to form clots,

which have the potential for arterial blocking. It is said to have effects on lowering

blood sugar and lipid with good coagulation efficiency. The bulb is useful as diuretic

and heart stimulant (Suresh, 2007).

2.3 Production Level

Onion is grown in at least 140 countries worldwide. The leading onion producing

country is China, which produce 20.5 million tonnes/annum, followed by India

and USA which produce 13.4 and 3.3 million tonnes/annum, respectively (FAO.

2010). Cultivation of onion in Tanzania is mainly practiced by smallholder farmers

who produce the crop under both rain-fed and irrigated practices depending on

the location and rainfall patterns. After harvesting bulbs are sun dried and packed

in sacks with minimum grading. The harvested produces are then transported to local

markets. Markets are unreliable with frequent price fluctuation and market loss

(De Putter et al., 2007).

2.4 Ecological Requirements for Onion Bulb Formation

The production of the bulb is controlled by day length. The critical daylength varies

from 11 to 16 hours depending on variety. Therefore proper crop variety selection is

essential, particularly in relation to the daylength requirements (FAO, 2013).

The optimum rainfall requirement for onion yield is between 350 - 550 mm (AGL,

2002). Onions at the bulbing stage need a substantial amount of water, but
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excessive moisture must be avoided during the growing season (INFONET -

BIOVISION, 2013).

The optimum temperatures for plant development are between 13 and 24°C,

although the range for seedling growth is narrow, between 20 and 25 °C. High

temperatures favour bulbing and curing. In the tropics only short day or day

neutral onion varieties will form bulbs. These thrive in warm to hot climates of 15

- 30 °C. If the temperature greatly exceeds that required for bulbing, maturity is

hastened and bulbs do not grow to the maximum size, consequently lowering the

yields (INFONET - BIOVISION, 2013). Onion can be grown on many soils but

preferred. Optimum pH is in the range of 6 to 7.

The crop is sensitive to soil salinity, and a yield decrease from 0% to 100 %

varying levels of ECe from 1.2 mmhos/cm (optimum) to 7.5 mmhos/cm,at

respectively was observed (FAO, 2013).

2.5 Onion Growth and Development

The entire growth period for onion is between 100 and 140 days, this includes

30 to 35 days from germination to transplanting, 25 to 30 days in the vegetative

period, 50 to 80 days for bulb enlargement and 25 to 30 days for maturity

(AGL, 2002).

2.5.1 Vegetative growth

Onions are grown from seed, which at germination produces a single root and

single hollow leaf (AGL, 2002). After the seedling is established, the young

medium textured soils are
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onion plant enters the juvenile phase, where new foliage leaves and new shoot

leaf grows inside the first leaf before growing out (AGL, 2002). New leaves

are produced at the center of the plant and the late formed leaves are larger.

This results in the earlier formed leaves being split open and discarded as the

juvenile plant grows. During the adult vegetative phase, the stem thickens and

increases in height such that each successive node is wider than the previous

ones. Each new leaf blade is thicker than the previous leaf blade resulting in

a change in the shape of the stem as the plant gets older. New roots are continuously

produced throughout vegetative growth. Each successive group of roots is produced

close to the shoot apex or root plate. This results in younger roots being produced

above the level of older ones. As the stem diameter gets larger, roots are produced

in rings in the stem and each successively produced ring has more roots (Doyle,

1993).

2.5.2 Bulb initiation and development

When day length becomes longer and the temperatures increase, onion plant

forms bulb. During this process, morphological changes occur which result in

preparing the onion plant for a resting state. These changes result from the

mobilization of assimilates to the leaf bases to form the bulb (Doyle, 1993).

Morphological changes that occur during bulb development include: 1) Initial

enlargement of the bulb resulting from thickening of the bases of the foliage leaves,

2) As bulbing continues, the leaves developing near the center of the plant

abort their blades, the bases of these leaves enlarge, and foliage growth ceases

borne roots continue to be produced. For approximately every 2 weeks a new
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(oldest) three to four leaf bases dry up and disappear or remain as papery

coverings (Brewster, 1994).

2.6 Time of N and P Fertilizer Application on Onion

Time of application is an important aspect of fertilizer management practices

as it affects fertilizer use efficiency. Response to fertilizers by crops can be

affected by the time of application in relation to the stage of the crop growth

and form of fertilizer applied (Abdoulaye and Sandes, 2005). Maximum use

efficiency of nitrogen fertilizer is obtained for instance during vegetative growth

to onion bulbing stage. This is the stage that permit maximum utilization of N

fertilizer (Tisdale et al., 1993). Generally, P is applied prior to planting since

growing crops need P for growth and development (Jain and Shara, 1993).

Since P has low mobility in the soil, they are always applied before or at

planting (Hadwani and Gundalia, 2005).

2.7 Fertilizer Application Rates

Proper fertilizer application rates increase crop yields by correcting nutrient

deficiencies. The optimum rate of fertilizer application to a crop is the rate that

produces maximum economic return (Colwell, 1994). Fertilizer response is the

function of a number of environmental factors which include availability in the

soil of plant nutrients and available moisture within the rooting depth of a particular

crop. Fertilizer application rates vary depending on various factors such as economic

value of the crop, price of the fertilizer, nutrients available in the soil, ability

(Rubatzky and Yamaguchi, 1997); 3) When the bulbs are mature, the outer
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of the crop to absorb nutrients, moisture content of the soil and nutrient removal

by crop and soil aeration (Abdoulaye and Sandes, 2005).

A wide variety of experiments of onion concerning fertilizer sources and treatment

levels have been conducted worldwide (Gamiely et al., 1991; Inal et al., 2001;

Sharma et al., 2003; Singh et al., 2002). Nandi et al. (2002) reported that growth

and yield of onion were positively influenced by applying different doses of

fertilizers. These researches are in agreement with the findings of Malkouti et al.

(2002). The study on the growth and yield response of onion {Allium cepa L.)

genotypes to different levels of fertilizers revealed that different levels of

fertilizers influenced growth, yield components and yield of onion (Islam et al.,

Nandi et al. (2002) indicated that growth and yield of onion were2007).

significantly influenced by irrigation and fertilizer levels.

2.8.1 Effect of N on growth, yield and quality of onion

N fertilizer sources have been investigated in several studies. It has been reported

that irrigated onion plants benefited from application of 90 to 120 kg N ha’1

compared to the unfertilized crops (Aklilu, 1997).

2.8.1.1 Effect of N on growth

Rizk (1997) reported that outcome of increasing N application generally increased

growth parameters of the onion plant. However, Sorensen and Grevsen (2001)

reported that too much nitrogen promoted excessive vegetative growth. Moreover N

2.8 Effect of Fertilizer Sources and Rates on Onion
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adequate for onion growth (Shanna et al., 2003; Singh and Singh, 2000). Shravan

et al. (2004) recorded the optimum level of nitrogen for obtaining maximum

growth of onion crop with treatments receiving 0, 50, 100 and 150 kg N ha"1.

The response of onion growth to different levels of nitrogen was shown by Arshad et

al. (2007) to be significant on all growth parameters studied. Baloch et al. (1991)

reported that the highest number of leaves per plant (17) was obtained with

application rate in the range of 100 - 125 N kg ha'1. However, the study conducted

by Vachhani and Patel (1993) found that the number of leaves per plant was the

highest with the application of 150 kg N ha"1. Similarly, Kumar et al., 1998;

Singh and Chaure (1999) reported that the application of 150 kg N ha"1 resulted

to the maximum leaf length, number of leaves per plant, higher bulb weight and

yield. Nandi and Nanda(1992) observed significant differences among fertilizers

obtained with application of 90 kg N ha"1. However, Jongatae et al. (2003) found

the highest plant height of 73.2 cm at the rate of 180 kgNha"1. Jilani et al.

(2004) reported that leaf length was highly significant at different levels of N in three

different onion varieties. Whereas Abdissa et al. (2011) applied 69 kg N ha"1 and

found an increase in plant height and leaf length by 10 % and 11.5%, respectively

over the control. Morsy et al. (2012) suggested that higher nitrogen level of 120 kg

compared to lower rate of 90 kg N ha"1.

kg N ha"1 achieved significant increase in plant height and number of leaves/plant as

rates from 125 to 150 kg ha"1

doses with respect to onion plant height by which the tallest plants were

have been reported in several studies as being
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2.8.1.2 Effect of N on yield

Shaikh et al. (1987) found that application of 90 kg N ha'1 resulted to maximum yield

of onion. The result was in agreement with Patel and Patel (1990) who reported

significant increase in yield due to the increased nitrogen, although Maier et al.

(1990) reported that N did not show any prominent effect on bulb dry matter

content. Pandey and Ekpo (1991) reported a maximum bulb yield with 120 kg N ha’1.

Pandey et al. (1994) reported that application of nitrogen at rate of 80 kg ha’1 gave

higher yield than lower rates. However, Wiederfield (1994) found no additional

yield increase from applying N rates higher than 84 kg ha’1. But Ali and Haque

in Faridpur soil:

Amin et al. (1995) reported that application of 100 kg N ha’1 resulted in maximum

bulb weight. Whereas Sadaria et al. (1997) reported that yield was highest with

100 kg N ha’1. The observation was in agreement with experiment conducted by

Kashi and Frodi (1998) who reported significant increase in bulb weight due to

increased nitrogen levels. Kumar et al. (2001) also found that application of 120

kg N ha’1 increased onion yield by 30%. There have been reports, however, of

resulting in significant yield increases over

lower rates (Al - Moshileh, 2001). But Halvorson et al. (2002) in Colorado reported

gave highest bulb yield in onion according to Cizauskas et al. (2003).

Effect of N on quality and storability2.8.1.3

Khan et al. (2002) reported that onion bulb diameter was significantly affected by

application of nitrogen. Yadav et al. (2003) found that N at 150 kg ha’1 enhanced the

that nitrogen resulted in only small increase in bulb yield. Application of 60 kg Nha’1

N rates as high as 200 kg ha’1

(1994) found the highest yield of 16 t ha’1 with 100 kgNha’1
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formation of bulbs with larger diameters. However, Woldetsadik et al. (2003) found

that additional nitrogen to onion plants delayed bulb growth and development. Reddy

and Reddy (2005) also observed an increase of bulb length in response to N

fertilization. In a study by Abbey (2004), N fertilization reported towas

significantly reduce onion bulb pyruvic acid concentration or pungency. On the

increased the proportion of splitted bulbs by 45%

over the control. Dankhar and Singh (1991) and Bhalekar et al. (1987) showed

that rotting of bulbs was increased with increase in N fertilization. Moreover,

Singh and Dhankar (1995) found that increasing the rate of applied nitrogen

from 50 to 150 kg ha’1 led to significant increase in storage loss of onion during

4 to 5 months under ambient conditions. Moursy et al. {2^1} showed that

resulted in about 8.5%

increase in the TSS as compared to 40 kg N ha’1. Whereas Hanna-Alla et al. (1991)

suggested that increasing N levels up to 120 kg N ha’1 decreased the percentage

of TSS of mature bulbs of cv. Giza 20.

2.8.2 Effect of P on growth, yield and quality of onion

Researches from different parts of the world revealed that phosphorus nutrition

greatly influenced growth and yield of onion. In soils that are moderately low

in P, onion growth and yield can be enhanced in response to P fertilization. For

instance, results of long term fertilizer trials on loamy sand soils in Germany

have shown a strong response of onion to P fertilization in the range of 0 to

52 kg ha’1 (Altera/., 1999).

increasing the level of N fertilizer to 80 kg N ha’1

application of 69 kg N ha'1

other hand, the study conducted by Abdissa et al. (2011) revealed that the
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2.8.2.1 Effect of P on growth

Greenwood el al. (2001) reported that P deficiency in onion resulted into reduced

root and leaf growth. The optimum growth of onion was obtained with P application

of 22 kg ha'1, but even the higher levels gave a response with variety Pusa White

Flat, which responded with optimum growth at 33 kg ha’1 (Jha et al., 2000).

A study in India in 1990 - 1991, suggested that P rates of 40 and 80 kg ha'1 increased

plant height and leaf number (Singh and Singh, 1999). In addition, evaluations of P

rates of up to 98.2 kg ha'1 showed no effect on growth of onions (Rodriguez et al.,

1999). Ajay et al. (2000) also reported that application of 75 kg P ha'1 gave the best

seedling survival. Whereas Pire et al. (2001) and Salo et al. (2002) reported

significant effect of P on the growth of onion.

Halder et al. (1998) recorded significant effects of P fertilizer on onion yield. Gupta

and Gaffar (1990) obtained the highest yield (16.6 t ha'1) with application of 54 kg

P ha'1. Woldetsadik (2003) in Ethiopia reported that phosphorus fertilization at the

rate of 25 kg P ha'1 increased yield of onion. In another study, rates of up to 160

kgP ha'1 had no effect on total yield (Al - Moshileh, 2001).

2.8.2.3 Effect of P on quality and storability

bulb diameter. Singh et al. (1998) observed that increasing applications of P

fertilizer from 25 to 100 kg ha'1 resulted in loss of weight of stored onions.

2.8.2.2 Effect of Pon yield

Mangrio et al.(\WT) suggested that highest dose of 44 kgP ha'1 gave heavier
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Marschner (1995) also reported that P plays several keys of physiological processes

including translocation of assimilates and photosynthetic products which ultimately

results to increase of individual bulb weight in onion. The results obtained from

Greenwood et al. (2001) suggested that P deficiency in onion would result into

reduced bulb size.

Aliyu et al. (2007) reported that N and P as well as their interaction significantly

affected plant height, number of leaves per plant, percentage bolters and crop

growth rate. The results obtained by Amin et al. (2007) showed that there was no

significant difference of plant height due to different levels of N, P, K and S.

Similar results were reported by Abdul et al. (2003) who reported that varieties.

fertilizer levels and their interactions significantly affected plant height, leaf

length and number of leaves per plant. Field experiments carried out by Fatma

et al. (2012) revealed that all vegetative growth parameters significantly recorded

highest values, when supplied with nitrogen and phosphorus at higher rates of

90 kg N ha’1 and 45 kg P ha’1, respectively. Stone (2000) reported that the application

of Ammonium phosphate improved both growth and yields as compared with

application of NH4NO3. On the other hand, Boyhan et al. (2002) found that additions

of Diammonium Phosphate did not improve the quality of transplants. Al-madini

et al. (2000) found that increasing the application of NPK fertilizers significantly

increased the growth of onion.

2.8.3 Effect of N and P interaction on growth, yield and quality of onion

2.8.3.1 Effect of N and P interaction on growth
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2.83.2 Effect of N and P interaction on yield

Rahim et al. (1992) reported significant interaction of nitrogen and phosphorus

on growth and yield of onion. Shamima and Hossain (2004) reported maximum

yield of 37.6 t ha'1 with application of N, P and S fertilizer sources. On the other

hand another study conducted by Abdul et al. (2003) revealed significant effects of

varieties, fertilizer levels and their interaction on yield per hectare. An experiment to

determine the effect of N and P on yield and yield components of onion under

different irrigation regimes revealed there was significant effect of Nitrogen

application on yield components of onion compared to Phosphorous application

(Negash and Weldekidan, 2010). A study to evaluate levels of N, P and K

fertilizers and their effects on yield, graded yield, and leaf tissue nutrient status

in short-day onions conducted in Georgia concluded that there was significant

quadratic increase effect on yield after increasing N fertilizer from 0 to 336 kg ha'1

total yield (Bohyan, 2007). However, Gaviola el al. (1998) reported that the

of N and P, respectively.

An experiment to study the effect of different levels of N and P fertilizers

North - East Ethiopia, revealed that N fertilization improved the pungency and

reduced bulb dry matter content but were not significantly affected by P fertilization

(Tekalign et al., 2012). The study conducted by Fatma et al. (2012) revealed

on bulb quality and storability of onion grown on vertisol of Shewa Robit,

greatest total bulb yield of 34.5 t ha'1 was obtained with 100 and 30 kg ha'1

2.8.33 Effect of N and P interaction on quality and storability

whereas Phosphorus fertilizer rates from 0 to 147 kg ha' had no effect on
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significant interaction effects of nitrogen plus phosphorus and sulphur treatments

on length of bulb and neck in the first season and bulb dimensions (length

and diameter) in the second season. Mallangowda et al. (1995) reported maximum

bulb diameter in onion with the application of N, P and K. at 150, 50, 125 kg ha’1.

respectively. Whereas Patel and Vachani (1994) also suggested that onion bulb

diameter increased with application of 150 kg N ha’1 and 33 kg P ha’1.

In recent years, there has been increased concern about the role of sulphur

application as a soil amendment and as a factor of increasing fertilizer efficiency.

Sulphur has a positive effect on onion and other crops (Bloem et al., 2004). Sulphur

has been found not only to increase bulb yield but also improved its quality,

especially flavour and pungency (Jaggi and Dixit, 1999).

Sulphur was found to be essential for building up amino acids and also for good

vegetative growth, bulb development in onion (Anwar et al., 2001). Nasreen et al.

(2007) reported that addition of nitrogen and sulphur fertilizers exerted significant

influence on the number of leaves/plant and plant height. While Jana and Jahangir

(1992) indicated that the highest plant height of 48.62 cm and number of green

leaves (9.14) were obtained with 30 kg S ha’1. Mozumder et al. (2007) reported

significant increases in plant height (41.8 cm), single bulb weight (41.4g) and fresh

yield of 10.33 t ha’1 with application of 24 kg S ha’1. Two field experiments carried

out at a farm in South Ghor area, Jordan, during 2004/2005 and 2005/2006 seasons

2.8.4 Effect of S on growth, yield and quality of onion

2.8.4.1 Effect of S on growth
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showed that increasing nitrogen and sulphur application rates significantly enhanced

plant height, number of green leaves/plant and weight of plant at different stages of

onion growth (Ahmad, 2009). Whereas Dabhi et al. (2004) reported that the highest

Thippeswamy (1993) studied the response of onion for four levels of sulphur

(0, 20, 40 and 80 kg ha'1) and recorded highest plant height of 53.69 cm and

maximum number of leaves of 14.50 at 20 kg S ha'1. Kumar and Singh (1995)

reported that height of plant and length of leaves were significantly higher in

sulphur sufficient plants compared to sulphur deficient plants.

The effect of sulphur on yield of onion was reported by Nasreen et al. (2007).

Similarly, El-Shafie and EI-Gamaily (2002) reported that yield of onion bulbs

increased by increment S rates of 0, 20 and 80 kg ha'1. Jana and Jahangir (1992)

indicated that the highest yield of 30.69 t ha'1 was obtained at 30 kg S ha'1. Sachdev

et al. (1991) reported that highest yield of onion bulbs was obtained when 120

kg N ha'1 was applied along with 40 kg S ha'1 and it was at par with that

obtained when 20 kg S ha'1 was applied with 120 kg N ha'1. However, the highest

was recorded in 40 kg S ha'1 (Sumantrakar and Tiwari,

1993). Rajas et al. (1993) studied the effect of four levels of sulphur on the

yield of onion cv. Pusa red and found that a dose of 80 kg S ha'1 at 10 cm x 15

climate of Amaravathi, India. Anezer al. (1996) reported that sulphur application

yield of 43.75 t ha'1

plan! height and number of green leaves were obtained by using sulphur.

cm spacing produced the maximum yield of 28.11 t ha'1 under dry and hot

2.S.4.2 Effect of Son yield

increased the average bulb yield from 28.361 ha'1 in control to 33.8 tha'1 when
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S was applied at 30 kg ha'1. Hamilton et al. (1997) reported that low sulphur

availability significantly reduced the bulb weight. Nandi et al. (2002) indicated the

highest yield with application of 150 kg N, 180 kg K and 60 kg S ha'1. According to

Abbey et al. (2002) the sulphur effects on the bulb dry matter was positive by

increasing the sulphur rate.

2.8.43 Effect of S on quality and storability

Quareshi and Lawande (2004) showed that application of 75 kg S ha'1 reduced the

storage losses by 10 % (bulb weight basis). Jaggi (2003) reported storage losses

such as percentage weight loss and percentage rotten bulbs to be significantly

reduced by application of sulphur.

consistently increased

pungency. An experiment conducted during October 2003 to February 2005 at

the Agricultural Research Station, Raikhali, Rangamati to investigate the effect

of N, K and S on the yield and storability of transplanted onion showed that the

application those nutrients significantly increased the length of bulb (4.49 cm) ana

et al., 2007). While, Jana and Jahangir (1992) reported the maximum bulb diameter

of 6.13 cm due to application of 30 kg S ha'1. Lancaster and Randle (2002) found

that sulphur supply influenced bulb pungency and flavour intensity in Allium

crops but had little effect on onion storage life (Forney et al., 2010). Sulphur

application significantly increased the uptake of N, P, K and S by onion plants

when they received 45 kg S ha'1 (Sankaran et al., 2005). In contrast, Dabhi et al.

Attia (2001) found that application of 325 kg S ha'1

diameter of bulb (3.85 cm) with the treatment of N[25 Kl75 S,4 kg ha'1 (Mozumder
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(2004) reported that the higher content and uptake of P, K, Mg, S, Zn and Cu in

onion bulb were observed with 30 kg S ha'1, followed by 20 kg S ha'1. Sumantrakar

and Tiwari (1993) reported that the best morphological characters of length,

diameter, fresh weight, dry weight and volume of bulbs were obtained with CaSO4 at

24 kg ha'1. Nagaich et al. (1998) reported that increased levels of S significantly

increased the diameter and length of bulbs on which the maximum values for all

these parameters were observed with 60 kg S ha'1-. Randle and Bussard (1993)

noticed that high sulphur influenced bulb pungency and concentrations. Moreover

significant increases in bulb diameter, total soluble solids, pyruvic acid were

observed with increasing levels of sulphur (Poornima, 2007).

The research conducted in farm and laboratory of SPII in Karaj, IRAN in 2010

sulphur application rates effects on the yield and quality traits of onion, Redon

Rey and Qom White varieties, showed that varieties were significantly different in

yield and pyruvic acid contents. Coolong et al. (2008) reported that increase in

sulphur rates increased the bulb firmness. Ishtiaq et al. (2002) and Bybordi (2006)

also indicated that the increase in sulphur increased the pyruvic acid.
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CHAPTER THREE

3.1 Description of the Study Area

The experiment was carried out at Malolo village, Kilosa District, Morogoro Region

in east central Tanzania between latitudes 5° 55’and between 7° 53’ S and longitudes

36° 30’ and 37° 30’ E. The site lies at an altitude of 1 100 meters above sea level

with average annual rainfall of 800-1 000 mm. The area experiences a mean annual

temperature of 17 °C (Min) - 29 °C (Max). The area has sandy - loam soil. The first

experiment was conducted during the dry season from 18 September, 2012 to 24

January, 2013 while the second experiment was conducted during the wet season

between 2 February and 8 July, 2013.

3.2 Experimental Materials and Field Establishment

3.2.1 Experimental materials

Fertilizers3.2.1.1

Four types of fertilizers at different rates; TSP and DAP (at transplanting), CAN and

Urea (top dressing) were used. CAN contain 27% N, 10% Calcium and 0.4%

Sulphur. It is a hygroscopic product that needs very low moisture to be absorbed

by plants, hence it is effective in water stressed areas (MAFC, 2007). Urea contains

46% N. It should be applied only when it is possible either to incorporate it into the

soil immediately after spreading to avoid evaporation losses of ammonia into the air

or when rain is expected within a few hours following the application (FAO, 2000).

TSP contains 46% P2O5 and 15% Calcium (IPNI, 2012) with no sulphur. It is applied
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on plants grown in soils with low or average levels of Phosphorus (FAO, 2000).

DAP contains 18% N and 47 % P. It also contains 2% Sulphur. Phosphorus in this

fertilizer reacts more quickly than Phosphorus in other P fertilizer sources (CTAHR,

2012).

Two commonly grown onion varieties; Red Bombay and Red creole were used.

Red bombay is a small to medium sized, globe to flat shaped, purplish red with

yield of between 30 - 40 t ha’’( MAFC, 2002). Although seemingly more common

in the market places, it takes longer to grow and has a shorter shelf life (ECI-

Africa, 2004). Red creole is a medium to large, flat to round shaped, red coloured

bulbs with yield ranging between 40 to 50 t ha’1 (MAFC, 2002). It is preferred by

farmers on grounds that it has good market and produces fewer splits (Msuya-

Bengesi et al., 2010). It grows faster and is more resistant to dry conditions. It also

stores better and remains fresher longer (ECI-Africa, 2004).

3.2.2 Nursery establishment and management

Land was ploughed and harrowed by hand hoe followed by construction of seed beds

each with size of 1 m width x 6 m length. Seed sowing on those beds was done by

drilling at a spacing of 10 cm between drills. Watering of onion seedlings in nursery

was done once per day (during early morning or late evening) or whenever the

moisture of the soil became limited. Weeds were removed by hand pulling oi by

using garden hoe (forks) at an interval of 5 days to avoid competition for nutrients

and harbouring of the pests in the nursery. The beds were wetted prior to weeding for

3.2.1.2 Onion varieties
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easy removal of weeds. Profecron (R) EC insecticide was applied at the rate of 20 ml

grasshoppers. Power 76(R) WP fungicide was applied at a rate of 150 g per 20 litres

of water at an interval of 15 days to control fungal diseases.

3.2.3 Experimental field

Soil samples were taken prior to the beginning of the experiment from 0-20

cm depth at 10 points per experimental replicate using a hand hoe and spade and

then thoroughly mixed. The composite samples were air dried and ground through a

2 mm sieve. Samples for particle size analysis were sieved to pass through 0.5

mm sieves. The sieved samples were analyzed for pH in 1:2.5 soil to water ratio

using the Coleman’s pH meter (Yash, 1996). Organic carbon was determined by the

Wakley and Black procedure (Nelson and Somers, 1992). Organic matter was

estimated as organic carbon multiplied by 1.724. Total Nitrogen was determined by

the micro Kjeldahl method (Bremner, 1965), while available P concentration was

determined using the method developed by Olsen et al. (1954). Textural analysis was

done using hydrometer method (Gee and Bauder, 1979). The analyses were done in

the Soil Science laboratory at Sokoine University of Agriculture, Morogoro,

Tanzania.

After soil sampling, the land was ploughed once using power tiller followed by

harrowing and levelling after crushing the clods. The experimental plots were then

laid out. Transplanting was done 45 days after sowing. During transplanting

was done

per 20 litres of water at interval of 15 days to control insect pests such as

application of TSP and DAP each at the rates 0, 40 and 50 kg P ha'1
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by broadcasting whereas CAN and Urea each at the rates of 0, 50 and 100 kg N ha'

2007).

3.3 Agronomic Practices

The experiment was conducted twice. The first experiment was conducted during the

dry season from 18 September, 2012 to 24 January, 2013 (date of planting was 21

October, 2012) while the second experiment was conducted during the wet season

between 2 February and 8 July, 2013 (date of planting was 4 April, 2013). During

the dry season irrigation was done by flooding the experimental plots with water

pumped from a nearby river. During the wet season irrigation was done whenever

moisture of the soil became limited. Weeds were removed by hand pulling for broad

leaved weeds or by using garden hoe for grasses and mexican poppy (Argemone

mexicand) which were not easy to pull by hand. This was done at interval of 5 days.

The beds were wetted prior to weeding for easy removal of weeds. Insect pests were

managed as described under section 3.2.2. Earthing up was done immediately after

the crop had started forming bulbs.

3.4 Experimental Layout and Design

The experiment was laid out in split plot design with three replications. Two onion

varieties (Red Bombay and Red Creole) were assigned to the main plots. The

for

each CAN and Urea and 0,40 and 50 kg Pha'1 for TSP and DAP, respectively.

were applied by broadcasting 4 weeks- after transplanting as top dressing (MAFC,

subplots treatments contained fertilizer at the rates of 0, 50 and 100 kg N ha'1
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The size of each plot was 2.0 m x 1.3 m giving an area of 2.6 m2. The total

experimental area including 0.5 m between plots and 1 m between replications was

581.1 m2. A plant spacing of 20 cm x 10 cm was used (MAFC, 2007). There were 10

rows per plot and 13 plants per row which made 130 plants per plot.

3.5.1 Sampling area

For each experimental plot 10 plants within dermacated zone at the centre were

randomly picked and tagged for recording of the various biometric data during crop

growth. Edge rows in each plot were discarded from sampling to avoid border

effects.

3.5.2 Crop growth parameters

Growth parameters including plant height, number of leaves plant length of leaf

and diameter of leaf were recorded at an interval of two weeks from transplanting to

60 days (the time when the plants started to show signs of bulb formation).

3.5.2.1 Number of leaves per plant

This referred to the number of leaves formed by each plant. Number of fully opened

leaves for the 10 tagged plants were counted and recorded. The mean number of

leaves per plant in each treatment was then computed.

3.5 Data Collection
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3.S.2.2 Length of the longest leaves

The length of the longest leaf for the 10 tagged plants was measured using a meter

rule from the bulb neck to the tip of leaf when held vertically. The mean length of the

leaves in each treatment was then computed and recorded.

3.5.2.3 Plant height

Height of the 10 tagged plants was measured using a meter rule from the ground

level to the tip of the longest leaf by holding the plant vertically. The mean plant

height (cm) in each treatment was calculated from recorded individual plant height.

3.5.2.4 The diameter of the longest leaves

The diameter of the longest leaf for the 10 tagged plants was measured using vernier

calliper at the centre position of leaf when held horizontally. The mean width of

leaves in each treatment was then computed and recorded.

Data for yield was recorded after harvesting. The yield was measured based on the

weight of bulbs in kg plot’1 and converted to tha'1.

3.5.4 Quality parameters

Quality of the onion bulbs for the different treatments was assessed based on the

proportion of splitted bulbs percentage, bulb diameter, bulb length, neck thickness

and pungency. These were determined after harvesting as follows:

3.5.3 Yield data
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3.5.4.1 Bulb splitting

The proportion of splitted bulbs was determined by counting the number of split

bulbs and expressed as percentage of the total number of bulbs per plot.

This refered to the size of the bulbs at the widest point in the middle portion of the

mature bulb. The diameter of 10 bulbs picked randomly after harvest from each

treatment was measured using a vernier calliper. The average bulb diameter in

centimetres was then computed and recorded.

3.5.4.3 Bulb length

The length of bulbs was measured from the base to neck of the bulb by using vernier

calliper on 10 randomly picked bulbs after harvest. The average bulb length was then

computed and recorded.

This refered to the terminal position of the mature bulb. Neck thickness of 10 mature

bulbs picked randomly after harvest from each treatment was measured using a

vernier caliper. The average bulb neck thickness was then computed.

3.5.4.5 Pungency

Pungency was determined by using the taste panel method (Addington, 2012). 10

for odour assessment by three different groups of people. The groups were formed on

samples of onion bulbs from each plot were picked randomly after harvesting

3.5.4.4 Neck thickness

3.5.4.2 Bulb diameter
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the basis of age and each group was consisted of 10 members at an equal ratio of

males and females. The groups were as follows: group X; 13-20 years involving Ci­

level students, group Y; 24 - 28 years of University students and group Z; different

people of between 30 - 55 yrs. 25 Samples of each of the two onion variety

from each were provided to each group for the assessment. Each member in the

group was requested to fill in a structured questionnaire (Appendix 1).

3.6 Data Analysis

Data collected were subjected to analysis of variance (ANOVA) using GENSTAT

(mean, standard deviation and coefficient of variation) were generated using the

GENSTAT procedures. Multiple means comparison was done by using Duncan

GENSTAT tool at 5% level of significance. The statistical model for the split plot

experimental design was:

Xijk = X + Mi + Bj + dij + Sk + (MS)ik + Eijk (1)

Where:

X = general mean common to all observations

Mi = main plot treatment effect (Onion varieties)

Bj = the block effect

dij = the main plot error (error a)

Sk = the sub plot treatment effect (Fertilizer type and rate combinations)

(MS)ik = the main plot and subplot interaction effect of a respective

fertilizer rates with given N and P sources

Eijk = subplot error (error b)

14th Edition at a difference declared significance of 5% level. Descriptive statistics
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CHAPTER FOUR

4.1 Characteristics of the Soil at Experimental site

The physical and chemical properties of the soil from the experimental site at Malolo

are presented in Table 2. Particle size analysis indicated that the soil had 18% clay,

7% silt and 75% sand. According to the soil classification sytem by FAO (1977) the

soil textural class was Sandy loam.

The soil pH as determined in 1:2:5 soikwater suspension was 7.4. Landon (1991)

categorised pH values as follows; very high (>8.5); high (7.5-8.5); medium (5.5-7.0)

and low (<5.5). According to the above categorisation the pH of Malolo soil was

rated as high.

On the basis of criteria given below; P values of <15 mg /kg, 15-50 mg /kg and >50

mg/kg were ranked as low, medium and high, respectively (Landon, 1991).Therefore

(Table 2). Organic carbon contents in the soil was 1.34 (Table 2). This value in the

study area rated as very low as it was less than 4% (Landon, 1991).

low, medium and high

when the percentage total nitrogen values are less than 0.1, 0.1-0.2 and >0.2,

respectively. Thus, according to the ranking above total N in the study area was low

(Table 2). Exchangeable Ca+2 values of 4cmol Ca /kg, 4-10 cmol Ca /kg and >10

Pillai (2005) reported that N requirement is categorized as

4.0 RESULTS

according to this categorisation, available P in the soil was rated as medium
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cmol Ca /kg were ranked as low, medium and high, respectively (Landon, 1991).

Thus, according to the above categorisation the exchangeable Ca level of Malolo

soil was rated as medium (Table 2).

The Mg values of <0.2, 0.2-0.5 and >0.5 cmol/kg were ranked as low, medium and

high, respectively while K. values of 0.03-0.2, 0.2-0.4 and 0.4-0.8 cmol/kg were

ranked as low, medium and high, respectively. Thus, the results of Mg and K values

from Malolo reveal that the soil has medium Mg and K values (Landon, 1991).

Table 2: Physical and chemical properties of soil in Malolo

4.2 Effect of Season on Onion Growth, Yield and Quality

Figure 1 presents the weather data for the dry season. The maximum temperature

experienced ranged from 29.7 °C to 33.5 °C while minimum temperature were 18.9

°C to 22.6 °C. September, October and November experienced hot conditions in the

range of 29.7 to 30.4 °C. However, December was the hottest (33.5 °C). No rainfall

Results
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was received from September to the third week of November 2012. Weekly

cumulative rainfall in the range of 29.9 mm and 45.3 mm were recorded during the

fourth week of November to the fourth week of December 2012.

0
DEC.012OCT.OI2

Figure 1: Minimum and maximum mean monthly temperature (°C) and

cumulative rainfall (mm) during the dry season
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Figure 2: Minimum and maximum mean monthly temperature (°C) and

cumulative rainfall (mm) during the wet season
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January followed by the first and the third week of February were the hottest. The

temperatures decreased from the fourth week of February (29.2 °C) to third week of

received from January to April 2013. No or little rainfall (<10 mm) was recorded

from the first week of May to July 2013. Comparison of dry and wet seasons show

that, long periods of hot conditions were experienced in the dry season (>31 °C) than

in the wet season (32 °C to 25.4 °C). Except for weekly cumulative rains of 45.3 mm

and 29.9 mm in the fourth week of November and December, no rainfall was

experienced during the rest of months in the dry season compared to a few weeks

with little rain (<10 mm) in the wet season. All growth, yield and quality parameters

were significantly (p<0.05) different between the dry and wet seasons. The results

indicate the wet season favoured better performance of plants interms of vegetative

growth, yield and bulbs size (diameters and lengths) compared to the dry season.

However, the wet season produced higher proportions of splitted, thicker necks and

more pungent bulbs compared to the dry season (Table 3).

4.3 Effect of Variety on Onion Growth, Yield and Quality

During the dry season, there was significant difference (p<0.05) in the number and

size of leaves between the studied onion varieties. Red Creole significantly (p<0.05)

produced more, longer and wider leaves (9.8, 42.73 cm and 0.94 cm, respectively) as

compared to Red Bombay (number of leaves (8.8), length (38.15cm) and diameter

(0.76 cm) (Table 4).

June (25.4 °C). Weekly cumulative rain in the range of 21mm to 74.3 mm was

4.3.1 Number and size of leaves
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Table 3: Effect of season on growth, yield and bulb quality

L D Ph Y Sb Bd Bl Nt
Season Pu

Table 4: Effect of variety on growth, yield and bulb quality during the dry

season

Ph Y Sb Bd Bl NtL D
Pu

4

However, during the wet season, Red Bombay generated significantly (p<0.05) more

(12.1), longer (46.54 cm) and wider (1.0 cm) leaves compared to those of Red Creole

(10.4) leaves, (43.28 cm long) and (0.9 cm wide) (Table 5).

Key: Nlp=Number of leaves per plant, L=Length of the longest leaf, D=Diaineter of the longest leaf, 

Ph=Plant height, Y=Yield, Sb=Splitted bulbs, Bd=Bulb diameter, Bl=Bulb length, Nt=Neck 
thickness, Pu=Pungency, Ds=Dry season and Ws=Wet season

Key: Nlp=Number of leaves per plant, L=Length of the longest leaf, D=Diameter of the longest leaf, 

Ph=PIant height, Y=Yield, Sb=Splitted bulbs, Bd=Bulb diameter, Bl=Bulb length, Nt=Neck 

thickness, Pu=Pungency, RB=Red bombay and RC=Red creole.

<0.001

18.5

0.8

8.9b

6.5a

<0.001
32.6

2.51

Ds

Ws
F-Test

CV (%)

SE±

RB

RC

F-Test

CV(%)

SE+

2.3a
2.2b
0.01

18.5
0.42

2.4a

2.3a

0.68

16.9

0.39

(cm)

0.8a

0.95b
<0.001

22.8

0.21

(cm)

4.3a
5.04b

<0.001

15.8
0.74

Nip
n?
9.8b

<0.001
19.7

.1.83

(%)

28.2a

31.8b

0.03

33.6

10.1

Nip

9.31a

11.25b

<0.001
20.4

2.1

(cm)

40.4a
44.91b
<0.001

10.4

4.4

(cm)

38.2a

42.7b

<0.001

9.9

(cm)

0.76a

0.94b

<0.001

23.6
0.2

(cm)

49.2a
54b

<0.001

10.6

5.5

(t/ha)

7.7a
11.6b

<0.001

43.1

4.2

(cm)

4.7b

4a

(cm)
4.1b

3.5a

<0.001
16

0.61

(%)
30a

43.5b
<0.001

39.8

14.6

(cm)

3.81a
4.99b

<0.001

13.8

0.61

(cm)

L52
1.71

<0.001

16.5

0.27

(cm)
1.47a

1.58a

0.009
15.9

0.24

(cm) (t/ha)
49.2a

49.1a

0.93
10.1

4.98
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4.3.2 Plant height

During the dry season, plant height between two onion varieties did not differ

significantly (p>0.05). Red Creole plants had a mean height of 49.11 cm whereas

Red Bombay had a mean height of 49.18 cm, which were statistically similar (Table

4). During the wet season, the height of plants differed significantly (p<0.05)

between the two varieties. Red Bombay variety produced the tallest plants (57.4 cm)

while the shortest plants (50.98 cm) were recorded from Red Creole (Table 5).

The onion yield differed significantly (p<0.05) between the two varieties during dry

and wet season. During the dry season, Red Bombay produced the highest yield

(8.93 t ha'1) compared with that of Red Creole (6.46 t ha'1) (Table 4). Similar results

were obtained during the wet season as shown in the Table 5.

Table 5: Effect of variety on growth, yield and bulb quality during the wet 
season

RB

RC

F-Test

CV(%)

SE±

Bl
(cm)

5a

4.9a

0.83
12.4

0.62

Nt 
(cm) 

1.67a 

1.77b 
0.04 
17.4 

0.3

Sb 

(%) 
39.1a 
47.8b 
0.004 

41.3 

17.9

Pu

TTa
2.3b

0.01
20

0.44

Nip

12.1b
10.4a

<0.001

15.8

1.77

L 
(cm) 

46.5b 
43.3a 

<0.001
9 
4

D 
(cm) 

lb 
0.9a 

<0.001 
15.5 
0.15

Ph 
(cm) 
57.4b 
50.98a 
<0.001

10.2 
5.5

Y 
(t/ha) 
16.4b 
6.8a 

<0.001
42 
4.9

Bd 
(cm) 
5.4b 
4.6a 

<0.001
12.9 
0.65

Key: Nlp=Number of leaves per plant, L=Length of the longest leaf, D=Diameter of the longest leaf, 

Ph=Plant height, Y=Yield, Sb=Splitted bulbs, Bd=Bulb diameter, Bl=Bulb length, Nt=Neck 

thickness, Pu=Pungency, RB=Red bombay and RC=Red creole.

4.3.3 Yield



35

4.3.4 Bulb splitting

The proportion of splitted bulbs varied significantly (p<0.05) between onion varieties

during the dry season. Red Creole produced the highest proportion of splitted bulbs

(31.77%) compared with that of Red Bombay (28.33%) (Table 4). Similar results

were observed in the wet season as shown in Table 5.

4.3.5 Bulb diameter, length and neck thickness

Bulb diameter and Bulb length were significantly (p<0.05) different between the

onion varieties during the dry season. Red Bombay produced the widest and longest

bulbs (4.69 cm and 4.08 cm, respectively) compared with those of Red Creole

(3.98cm and 3.53cm, respectively) (Table 4). Similarly, during the wet season the

variety Red Bombay produced the largest bulbs with mean diameter of 5.4 cm

whereas the smaller bulbs (4.64) were recorded from Red Creole. However, the

length of bulbs differed insignificantly (p>0.05) between the onion varieties. The

highest mean length (5.0 cm) was recorded from Red Bombay and the shortest length

(4.98 cm) was obtained from Red Creole (Table 5).

Bulb neck thickness differed insignificantly (p>0.05) between the two onion varieties

during both dry and wet seasons. They had mean neck thickness of 1.47 cm and 1.57

On the other hand the bulb neck size of 1.67 cm and 1.77 cm for the Red Bombay

and Red Creole respectively were recorded in the wet season. The variety Red Creole

produced bulbs with relatively thicker neck than those produced by Red Bombay

(Table 5).

cm for Red Bombay and Red Creole, respectively during the dry season (Table 4).
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4.3.6 Pungency

The level of pungency between the two onion varieties did not differ significantly

(p>0.05) during the dry and wet seasons. During the dry season, the varieties

recorded levels of pungency ranging from 2.3 (Red Creole) to 2.4 (Red Bombay)

(Table 4). During the wet season, the highest level of pungency (2.1) was recorded

from Red Bombay and the lowest (2.3) was recorded from Red Creole (Table 5).

4.4.1 Number and size of leaves

There was no significant (p>0.05) difference in number and size of leaves between

P fertilizer sources in both dry and wet season. During the dry season, plants treated

with DAP at 50 kg P ha’1 generated the highest number of leaves per plant (9.8)

similar to application of TSP at 50 kg P ha’1 (9.7). On the other hand, plants treated

with DAP at 40 kg P ha’1 produced more leaves (8.8) compared to those treated with

TSP at 40 kg P ha'1 (7.8). The latter produced the lowest number of leaves per plant

(Table 6). In the wet season, the control was observed to produce the highest number

of leaves per plant (12) compared to fertilizer treated plants, whereas the lowest

number of leaves (10) was obtained from TSP application at 40 kg P ha’‘(Table 7).

4.4 Effect of P Fertilizer Sources on Onion Growth, Yield and Quality
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Table 6:

p

Key: Nlp=Number of leaves per plant, L=Length of the longest leaf, D=Diamcter of the longest leaf.

In both dry and wet seasons, the length of the longest leaves differed insignificantly

(p<0.05) between P fertilizer sources. However, during the dry season, addition of

DAP at 40 kg P ha'1 resulted into the longest leaved plants (43.19 cm) compared to

other fertilizer rates. The shortest leaved (38.17 cm) plants were obtained with

application of TSP at 40 kg P ha'1 (Table 6). A similar trend was recorded in the wet

season (Table 7).

During the dry season, the diameter of the longest leaves differed significantly

to the soil produced widest leaved plants (1.0 cm) while

Ph=Plant height, Y=Yield, Sb=Splitted bulbs, Bd=Bulb diameter, Bl=Bulb length, Nt=Neck 

thickness, Pu= Pungency, DAP 1 (application rate of DAP at 40 kg P ha’1), DAP 2 (application 

rate of DAP at 50 kg P ha’1), TSP ^application rate of TSP at 40 kg P ha’*),TSP 2 (application 

rate of TSP at 50 kg P ha’1) and NF=No fertilizer application (Absolute control)

Effect of P fertilizer sources on growth, yield and bulb quality during 

the dry season

Nip
8.8a

9.8a

9.6a

7.8a

9.7a

0.24

18.5

1.69

L

(cm)

43.19a

40.71a
38.4a

38.17a

41.37a

0.38

12.2

4.94

Bd 
(cm) 

4.45a 
4.43a 
4.15a 

3.95a 
4.18a

0.8 

19 

0.81

Y
(t/ha)

10.4c

8.4bc
5.5a

8.8bc

7.0ab

0.01
28.1

2.31

Sb 

(%) 
38.3d 

60.3e
1.7a

12.7b
22.3c 

<0.001
26.9

7.3

sources

DAP1

DAP2

NF

TSP 1
TSP2

F-Test

CV(%)

SE±

D
(cm)

0.92ab

lb
0.7a

0.99b

0.76ab

0.06

23.6

0.21

Ph 
(cm) 

49.16a 

50.41a 
47.5a 

47.1a 

49.79a 

0.74 

10.2 

4.99

BI
(cm)

4.20a
3.66a

4.03a
4.06a

4.21a

0.59
16.2

0.66

Nt
(cm)

1.47a

1.53a
1.55a

1.49a

1.62a

0.8

16.8

0.26

Pu

2 a
2a

2.3ab

2.5b

2a

0.05

15.8
0.34

(p<0.05) between P fertilizer sources. The addition of either DAP at 50 kg P ha'1 or

TSP at 40 kg P ha'1
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thinnest plants (0.7 cm) were recorded with the control treatments (Table 6). In the

wet season, the diameter of leaves was not significantly (p>0.05) different between P

fertilizer sources. However, application of TSP at 40 kg P ha'1 produced wider leaves

(1.1 cm) almost similar to those with DAP at 50 kg P ha'1 and 40 kg P ha'1 (0.98 cm

and 0.95 cm, respectively). The lowest leaves diameter (0.92 cm) was obtained in the

control (Table 7).

Key: Nlp=Number of leaves per plant, L=Length of the longest leaf, D= Diameter of the longest leaf.

4.4.2 Plant height

The height of onion plants did not vary significantly (p>0.05) between P fertilizer

sources in both dry and wet seasons. However, during the dry season, application of

DAP at 50 kg P ha'1 produced the tallest plants (50.41 cm) which was at par with

Ph=Plant height, Y=Yield, Sb=Splitted bulbs, Bd=Bulb diameter, Bl=Bulb length, Nt= Neck 

thickness, Pu=Pungency, DAP l(application rate of DAP at 40 kg P ha'1), DAP 2 (application 

rate of DAP at 50 kg P ha'1), TSP 1 (application rate of TSP at 40 kg P ha'1), TSP 2(application 

rate of TSP at 50 kg P ha'1) and NF=No fertilizer application (Absolute control)

Table 7: Effect of P fertilizer sources on growth, yield bulb quality during the 

wet season

33ab 
<0.001

54.3
23.1

Pu
2.2a
2.2a
2.3a
2.3a
2.2a
0.95

24
0.53

Sb 
(%) 

47.67b 
98.33c 
11.83a

P 
sources 
DAP1 
DAP2 
NF 
TSP 1 
TSP2 
F-Test 
CV(%) 
SE±

Nip 
10.7a 
11.2a 
11.7a
10.3a 
11.2a 
0.85 
19.6
2.15

L 
(cm) 
46.05a 
45.04a 
43.45a 
43.32a 
45.77a 

0.65
8.8 

3.95

D 
(cm) 
0.95a 
0.98a 
0.92a 
1.13a 
0.92a 
0.44 
22.9 
0.22

Ph 
(cm) 

55.12a 
54.03a 
53.36a 
52.14a 
55.7a 
0.81 
10.2 
5.51

Bd 
(cm) 
4.85a 
4.97a 
4.96a 
4.8a 

4.95a 
0.99 
13.4 
0.66

Bl 
(cm) 
5.28a 
4.88a 
5.11a 
5.13a 
5.32a 
0.813 

13.1 
0.67

Nt 
(cm) 
1.66a 
1.83a 
1.76a 
1.74a 
1.76a 

0.9 
17 

0.3

Y 
(t/ha) 
14.13a 
12.15a 
9.62a 
11.8a 21.83ab 

10.42a 
0.46 
37.8 
4.4
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obtained when TSP was applied at 40 kg P ha'1 (47.5 cm) (Table 6). During the wet

season, application of TSP at 50 kg P ha'1 produced the tallest plants (55.70 cm)

During the dry season, the yield was significantly (p<0.05) different between P

fertilizer sources. The application of DAP at 40 kg P ha'1 produced the highest yield

(10.4 t ha'1) compared with yields obtained from other fertilizer rates (8.4kg P ha'1).

(Table 6). Similar results were obtained during the wet season. However, during the

recorded (Table 7).

4.4.4 Bulb splitting

highest proportion (60.3%) of splitted bulbs while the control treatment produced the

produced the highest proportion (38.3%) of splitted bulbs compared with the

compared with the other rates whereas the shortest plants were obtained with TSP at 

40 kg P ha'1 (52.14 cm) (Table 7). In the wet season plants treated with DAP at 40kg 

P ha'1 were taller (55 cm) than treated with DAP at 50 kg P ha'1 (54 cm) (Table 7).

The lowest yield (5.5 t ha'1) was obtained from the control (Table 6). Moreover, 

application of TSP at 40 kg ha'1 produced higher yields (8.8 t ha'1) compared to yield 

obtained when the same type of fertilizer was applied at 50 kg P ha'1 (8.4 t ha'1)

In the dry season, the proportion of bulb splits formed varied significantly (p<0.05) 

between P fertilizer sources. The application of DAP at 50 kg P ha'1 produced the

application of TSP at 50kg P ha'1 (49.8 cm). The shortest plants (47.10 cm) were

season insignificant (p>0.05) differences in yield due to P fertilizer sources were

lowest proportion (1.67%) (Table 6). Moreover, application of DAP at 40 kg P ha'1

4.4.3 Yield
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(Table 7).

4.4.5 Bulb diameter, length and neck thickness

In both the dry and wet seasons, the bulb diameter did not differ significantly

with TSP applied at the same rate (4.8 cm) (Table 7).

Similar results were obtained in the wet season (Table 7).

(p>0.05) between P fertilizer sources. In the former season, plants fertilized with 

DAP at 40 kg P ha'1 produced the widest bulbs (4.5 cm) whereas the thinnest bulbs

(3.95 cm) were recorded from plants treated with TSP at 40 kg P ha'1 (Table 6). 

It was also noticed that application of DAP at 50 kg P ha'1 produced higher bulb 

diameter (4.4cm) compared to TSP at 50 kg P ha'1 (4.2cm) (Table 6). This was true 

during the wet season, however, the application of DAP at 50 kg P ha'1 produced 

widest bulbs (4.97 cm) which was at par with TSP at 50 kg P ha'1 (4.95 cm). 

Furthermore, DAP applied at 40 kg P ha'1 produced wider bulbs (4.9 cm) compared

Bulb length did not differ significantly (p>0.05) between P fertilizer sources in the 

dry or wet season. However, in the dry season, application of TSP at 50 kg P ha'1 and 

DAP at 40 kg P ha'1 produced the longest bulbs (4.2 cm) while the shortest bulbs 

(3.7 cm) was recorded from onion plants treated with DAP at 50 kg P ha'1 (Table 6).

During the dry season, bulb neck thickness did not differ significantly (p>0.05) 

between P fertilizer sources although, addition of TSP at 50 kg P ha'1 produced the

application of TSP at 50kg P ha'1 and 40kg P ha'1 (22.3% and 12.7%, respectively). 

Similar results on the formation of bulb splits were observed during the wet season
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thickest bulb necks (1.62 cm) while the thinnest bulb necks (1.49 cm) were recorded

from application of TSP at 40 kg P ha’1 (Table 6). The study also showed that

application of DAP at 50 kg P ha’1 led to bulbs with thicker necks (1.53 cm), which

were statistically similar to DAP at 40 kg P ha’1 (1.47) (Table 6). These results are in

line with the results obtained in the wet season.

produced bulbs with thicker neck

(1.83 cm) than necks (1.66 cm) produced from onions treated with DAP at 40 kg P

ha’1 while application of TSP at 50 kg P ha’1 produced larger bulb necks (1.8 cm)

than the application of TSP at 40 kg P ha’1 (1.7 cm) (Table 7).

4.4.6 Pungency

The degree of pungency differed significantly (p<0.05) between P fertilizer sources

had the highest pungency which was numerically the same and statistically similar

to DAP at 40 and 50 kg P ha'1 (2.0) whereas the lowest pungency (2.5) was obtained

from application of TSP at 40 kg P ha'1 (Table 6). The results of pungency for DAP

and TSP were also similar in the wet season (Table 7).

4.5 Effect of N Fertilizer Sources on Onion Growth, Yield and Quality

The results showed no significant differences (p>0.05) in number of leaves per plant

treated with different N fertilizer sources in dry and wet seasons. However, in the dry

season, those plants fertilized with Urea at 100 kg N ha’1 generated the highest

in the dry season. The study showed that plants which received TSP at 50 kg P ha’1

However, application of DAP at 50 kg P ha’1

4.5.1 Number and size of leaves
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number of leaves (9.7) while Urea at 50 kg N ha'1 produced the lowest number of

leaves per plant (8.5). Moreover, addition of CAN at 50 kg N ha'1 to the soil resulted

in plants with the highest number of leaves (9.2) compared to the same type of

fertilizer at 100 kg N ha'1 (8.8) (Table 8). These results are similar to those of the

exclusively produced the same number of leaves per plant (11.2) (Table 9).

N

Key: Nlp=Number of leaves per plant, L=Length of the longest leaf, D=Diameter of the longest leaf,

(Absolute control)

The length of leaves did not differ significantly (p>0.05) between N fertilizer sources

in the dry season. Application of Urea at 100 kg N ha'1 produced longest leaved

plants (42.18 cm) while application of 100 kg N ha'1 in the form of CAN produced

Table 8: Effect of N fertilizer sources on growth, yield and bulb quality of 

during the dry season

0.54
11.5
5.52

Pu 
“2a 

2a 
2.3a 
2.2a 

2a 
0.23 
14.2 
0.3

Sb 
(%) 

3.67ab 
5.67ab 

1.67a 
9.17b 

17.17c 
<0.001 

63
4.7

L 
(cm) 

41.7bc 
36.4a 

38.4ab 
41.1bc 

42.2c 
0.005

6.9 
2.77

sources
CAN1
CAN2
NF
UREA1
UREA2
F-Test
CV(%)
SE±

Nip
9.17a
8.83a
9.67a

8.5a
9.7a
0.84
23.3
2.14

Ph 
(cm) 

50.66a 
45.29a 
47.5a

Y 
(t/lia) 
8.13bc 
4.63a 

. 5.46ab 
6.29abc 

8.46c 
0.03 
34.3 

2.3

Bd 
(cm) 
4.37a 
4.03a 
4.15a 
3.50a 
4.43a 
0.34 
20.2 
0.83

BI 
(cm) 
3.92b 

3.80ab 
4.03b 
3.29a 
3.27a 
0.024

12.9 
0.47

Nt 
(cm) 
1.60a 
1.40a 
1.55a 
1.40a 
1.52a 
0.21 
11.7 
0.18

D 
(cm) 
0.55a 
0.7ab 
0.83b 
0.85b 47.94a 
0.88b 49.29a 

0.02 
23.5 
0.18

wet season. However, application of Urea and CAN at the same rate of 50 kg N ha'1

Ph=Plant height, Y=Yield, Sb=Splitted bulbs, Bd=Bulb diameter, Bl=Bulb length, Nt=Neck 

thickness, Pu=Pungency, CAN l(application rate of CAN at 50 kg N ha'1), CAN 2 

(application rate of CAN at 100 kg N ha'1),UREA 1 (application rate of Urea at 50 kg N ha'1), 

UREA 2 (application rate of Urea at 100 kg N ha'1) and NF=No fertilizer application
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the shortest leaved plants (36.4 cm) (Table 8). The study in the wet season also

indicated similar results as shown in the Table 9.

N

Key: Nlp=Number of leaves per plant, L=Length of the longest leaf, D=Diameter of the longest leaf,

During the dry season, the diameter of leaves differed significantly (p<0.05) between

produced the widest leaves (0.88 cm) statistically similar to application of CAN and

Urea at the same rate of 50 kg N ha'1 exclusively (0.85 cm and 0.83 cm, respectively)

while N in form of CAN at 100 kg N ha'1 produced the minimum leaves diameter

(0.55 cm) (Table 8). Similar results were also observed in the wet season (Table 9).

Ph=Plant height, Y=Yield, Sb=Splitted bulbs, Bd=Bulb diameter, Bl=Bulb length, Nt=Neck 

thickness, Pu=Pungency, CAN ^application rate of CAN at 50 kg N ha'1), CAN 2 (application 

rate of CAN at 100 kg N ha’1), UREA 1 (application rate of 50 kg N ha'1), UREA 2 (application 

rate of TSP at 100 kg N ha'1) and NF=No fertilizer application (Absolute control)

Table 9: Effect of N fertilizers sources on growth, yield and bulb quality during 

the wet season

Bd 
(cm) 
5.13a 
4.77a 
4.96a 
4.67a 
5.2a 
0.43 
11.4 
0.56

Pu
1.8a

2a
2.3a
2.2a

2a
0.394
21.8
0.45

Y 
(t/ha) 
12.31a 
8.53a 
9.62a 

10.35a 
12.6a 
0.613
48.6 

5.2

Sb 

(%) 
13.5ab 

16ab 
11.83a 
19.17b 
25.33c 
<0.001

28.4 
4.9

sources
CAN1
CAN2
NF
UREA1
UREA2
F-Test
CV(%) 
SE+

Nip
11.2a
10.7a
11.7a
11.2a
11.8a
0.94

23
2.3

L 
(cm) 
46.1a 

42.03a 
43.45a 

45.1a 
46.36a 

0.381
9.6 
4.3

D 
(cm) 
0.98a 
0.83a 
0.92a 
0.97a 
1.02a 
0.54 
20.8 

0.196

Ph 
(cm) 

55.38a 
51.41a 
53.36a 

52.9a 
54.89a 
0.613
48.6 
5.2

Bl 
(cm) 
5.03a 
4.94a 
5.11a 
4.61a 
4.81a 

0.5
10.7 
0.52

Nt 
(cm) 
1.76a 
1.56a 
1.76a 

1.6a 
1.8a 

0.553 
17.8 

0.303

N fertilizer sources. The application of N in the form of Urea at 100 kg N ha’1
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4.5.2 Plant height

There was no significant difference (p>0.05) in height of onion plants between N

are in line with those obtained during the wet season (Table 9).

(Table 8). In the wet season, yield did not differ significantly (p>0.05) between N

4.5.4 Bulb splitting

fertilizer sources in dry and wet season. However, application of CAN at 50 kg 

N ha'1 during the dry season produced the tallest plants (50.66 cm) whereas 

application of CAN at 100 kg N ha'1 produced the shortest plant (45.29 cm). 

Moreover, application of Urea at 100 kg N ha'1 produced taller plants (49.3 cm) 

statistically similar to Urea at 50 kg N ha'1 (Table 8). These results on plant height

During the dry season, onion yield differed significantly (p<0.05) between N 

fertilizer sources. The application of Urea at 100 kg N ha'1 produced the highest yield 

(8.5 t ha'1) at par with the application of CAN at the rate of 50 kg N ha'1. The lowest 

yield (4.63 t ha'1) was obtained when N was applied in form of CAN at 100 kg N ha'1

fertilizer sources. However, the results indicate that an application of Urea at 100 kg 

N ha'1 produced higher yield (12.60 t ha'1) than the yield (8.5 t ha'1) which was 

produced from application of CAN at 100 kg N ha'1 (Table 9). The study also showed 

that the application of CAN at 50 kg N ha'1 produced higher yield than application of 

Urea at 50 kg N ha'1 (Table 9).

The proportion of bulb splitting varied significantly (p<0.05) between N fertilizer 

sources in the dry season. Those plants fertilized with Urea at 100 kg ha'1 were found

4.5.3 Yield
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produce the lowest proportion (1.67%) (Table 8). The results also indicated that

application CAN to the soil at 100kg N ha’1 produced higher proportion of splits

(5.7%) compared when the same type of fertilizer was applied at 50kg N ha'1 (3.8%)

(Table 8). The proportion of bulb splits formed during the wet season were similar to

those formed during the dry season (Table 9).

4.5.5 Bulb diameter, length and neck thickness

In the dry season, bulb diameter was not significantly (p>0.05) different between N

fertilizer sources. However, the application of Urea at 100 kg N ha'1 produced the

maximum bulb diameter (4.4 cm) while the minimum bulb diameter (3.5 cm) was

obtained from application of Urea at 50 kg N ha'1 (Table 8). The results also showed

that application of CAN at 50 kg N ha'1 led to plants with wider bulbs (4.37 cm) than

plants fertilized with the same source of fertilizer at 100 kg N ha'1 (4.0 cm) (Table 8).

The experiment in the wet season recorded similar results (Table 9).

Plants treated with different N fertilizer sources showed insignificant variation

(p>0.05) of bulb length in dry season. However, the longest bulbs (4.0 cm) were

produced from the control plants were at par with the application of CAN at 100 and

50 kg N ha'1 (3.8 cm and 3.9 cm, respectively). The shortest bulb length (3.3 cm) was

obtained from fertilization of Urea at 100 kg N ha'1 (Table 8). Similar results were

observed during the wet season (Table 9). Bulb neck thickness differed

insignificantly (p>0.05) between plants treated with different N fertilizer sources.

to produce the highest proportion (17.2%) of bulb splitting than plants fertilized with 

the same source at 50 kg N ha'1 (9.2%). No fertilizer treated plants was found to
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However, application of CAN at 50 kg N ha’1 produced the thickest bulb neck

(1.6 cm) whereas the narrowest bulb neck (1.4 cm) was recorded in bulbs from onion

plants which were treated with CAN at 100 kg N ha’1. Moreover, application of Urea

at 100 kg N ha ’’ produced larger neck (1.5) compared to the application of Urea at

50 kg N ha’1 (1.4) (Table 8). Similar results were observed in the wet season

(Table 9).

4.5.6 Pungency

During the dry season, the level of pungency was not significantly (p>0.05) different

between N fertilizer sources. However, the application of CAN at 50 kg N ha’1

produced the highest pungency (2.0) statistically similar to the application of CAN

and Urea at 100 kg N ha’1. The lowest pungency (2.3) was obtained from the

absolute control onion plants at par with application of Urea at 50 kg N ha’1 (2.2)

(Table 8). Similar results

application of the same rate of CAN and Urea at 100 kg N ha’1 exclusively produced

similar level of pungency (2.0) (Table 9).

Quality of Onion

4.6.1 Number of leaves per plant

During the dry season, significant (p<0.05) variation in the number of leaves was

observed in plants treated with P and N fertilizer sources combination at varying

as CAN and 50 kg N ha’1 as Urea exclusive of each other gave similar number of

were recorded during the wet season. However, the

rates. Fertilization of 40 kg P ha’1 in form TSP combined with 50 and 100 kg N ha’1

4.6 Effect of N and P Fertilizer Sources Combination on Growth, Yield and
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Application of 50 kg P ha'1 in form of TSP combined with N from Urea and CAN

DAP at 40 kg P ha'1 and CAN at 50 kg N ha'1 produced statistically the same number

of leaves (9) compared to when the same P source and rate was combined with CAN

at 50 kg N ha'1 combined with DAP at 40 kg P ha'1 produced the largest number of

leaves per plant (10.5) (Table 10).

Application of DAP at 50 kg P ha'1 combined with CAN at 50 kg N ha'1 produced

when the same P source and rate was combined with CAN at 100 kg N ha'1. The

number of leaves was statistically similar to the number of leaves per plant (10.8)

also had significant (p<0.05) effect on the number of leaves per plant. Plants treated 

with TSP at 50 kg P ha'1 and CAN at 50 and 100 kg N ha'1 applied independently of

each combination produce statistically similar number of leaves per plant (8.8 and

9.3 respectively). However, TSP at 50 kg P ha'1 and Urea at 50 kg N ha'1 produced

relatively higher number of leaves (8.2) compared to the leaves produced (7.7) when 

the same rate of P was combined with Urea at 100 kg N ha'1 (Table 10).

at 100 kg N ha'1 which produced 9.5 leaves per plant. This was also true when the 

same source and rate of P was combined with Urea at 100 kg N ha'1. However, Urea

produced when the same source and rate of P was combined with Urea at 100 kg N 

ha'1. However, the results showed that combining DAP at 50 kg P ha'1 with Urea at

leaves per plant (8.7). However, relatively many leaves per plant were produced 

when TSP at 40 kg P ha'1 and Urea at 100 kgN ha'1 were applied (10.8) (Table 10).

more leaves per plant (11) compared to the number of leaves produced per plant (10)
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50 kg N ha’1 produced relatively few leaves per plant (9.2) (Table 10). Similar results

were also observed during the wet season. However, there was no significant

(p>0.05) variation in number of leaves per plant with application of P and

N fertilizer sources in combination at varying rates.
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4.6.2 Length of the longest leaves

The results indicated that the length of leaves differed significantly (p<0.05) with P

and N fertilizer sources combination in the dry season. Application of TSP at 40 kg

respectively, produced the shortest leaved plants (37.12 cm) than those with length

Plants fertilized with DAP and CAN at 40 kg P ha'1 and 50 kg N ha'1, respectively,

DAP and Urea at 50 kg N ha'1 to onion plants resulted into relatively longer leaves

(45.29 cm) than when the same amount of DAP was combined with Urea at 100 kg 

N ha'1 (44.15 cm) (Table 10). Application of DAP and CAN at 50 kg P ha'1 and 50

kg N ha'1, respectively, produced relatively shorter leaved plants (40.66 cm) than the 

same amount of DAP combined with CAN at 100 kg N ha‘1(41.52 cm).

of 40.34 cm produced when the same P source and rate was combined with CAN at 

100 kg N ha'1. However, combining TSP at 50 kg P ha'1 and Urea at 100 kg N ha'1

P ha'1 with CAN at 50 and 100 kg N ha'1 produced longer leaves (37.36 and 39.44 

cm, respectively) than combining the same source of P with Urea at 50 kg N ha'1 

(33.92 cm). Fertilization with TSP and CAN at 50 kg P ha'1 and 50 kg N ha'1,

produced longer leaves (45.73 cm) than when the same P was combined with urea at 

50 kgNha'1 (Table 10).

produced longer leaves (40.66 cm) than when the same amount of DAP was 

combined with CAN at 100 kg N ha'1. Moreover, application of the same amount of

In the wet season, application of 50 kg P ha'1 in form of TSP combined with 50 kg 

N ha'1 from CAN produced similar number of leaves per plant when the same 

amount of P combined with CAN at 100 kg N ha'1 applied (10.7) (Table 11).
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The results also shows that application of the same amount of DAP and Urea at 50

amount of DAP combined with Urea at 100 kg N ha’1 (40.79 cm) (Table 10).

The study in the wet season indicated similar results. However, the length of leaves

did not differ significantly (p>0.05) with P and N fertilizer source combinations

(Table 11).

4.6.3 Diameter of the longest leaves

The results in the dry season showed that the diameter of the longest leaves differed

significantly (p<0.05) between P and N fertilizer rate combinations. The study results

produced wider leaves (0.8 cm) than the same source of P with CAN at 50 kg N ha'1.

The latter combination produced the thinnest leaves (0.75cm). Furthermore, the

produced wider leaves (0.88 cm) than (0.8 cm) than when the same amount of TSP

was used with Urea at 50 kg N ha'1 (Table 10).

The results also showed that plants supplied with 50 kg P ha'1 and 100 kg N ha'1

from TSP and CAN respectively, produced wider leaves (0.85cm) than those treated

with 50 kg P ha'1 and 50 kg N ha'1 of TSP and CAN combinations (Table 10). On the

other hand, TSP at 50 kg P ha'1 and Urea at 100 kg N ha'1 produced wider leaves

(0.88 cm) than those produced (0.73 cm) when the same P source combined with

Urea at 50 kg N ha'1 (Table 10).The combination of DAP and CAN at 40 kg P ha'1

and 50 kg Nha'1, respectively, produced wider leaves (0.83 cm) than those produced

kg N ha'1 produced longer leaved plants (42.48 cm) than those treated with the same

showed that plants treated with TSP and CAN at 40 kg P ha’1 and 100 kg N ha'1

results showed that the use of TSP at 40 kg P ha'1 and Urea at 100 kg N ha'1
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leaf diameter in the wet season were similar to those obtained in dry season.

4.6.4 Plant height

However, they did not differ significantly (p>0.05) between P and N fertilizer rate 

combinations. In the wet season, application of TSP and CAN at 40 kg P ha'1 and 50

The height of onion plants differed significantly (p<0.05) between P and N fertilizer 

rate combinations in the dry season, fertilization of TSP at 40 kg P ha'1 and CAN at

kg N ha'1 produced slightly wider leaves (0.92 cm) than combining the same source 

of P with CAN at 100 kg N ha'1 (0.9 cm) (Table 11).

produced larger diameter (1.13 cm) than that (0.95 cm) produced when DAP was 

combined with Urea at 100 kg N ha'1 (Table 10). Fertilization of DAP and CAN at 

50 kg P ha'1 and 100 kg N ha'1, respectively, produced larger diameter (1.03 cm) than 

when the same amount of DAP was combined with CAN at 50 kg N ha'1 (0.95 cm). 

The study results also show that plant treated with DAP 50 kg P ha'1 and Urea at 50 

kg N ha'1 produced wider leaves (0.85 cm) than (0.75 cm) produced when the same 

amount of DAP was combined with Urea at 100 kg N ha'1 (Table 10). The results of

(0.8 cm) when the same amount of DAP combined with CAN at 100 kg N ha'1.

In addition, combination of the same amount of DAP and Urea at 50 kg N ha'1

produced under combination of the same amount of TSP with Urea at 50 kg N ha'1 

(Table 10). Plants treated with TSP at 50 kg P ha'1 and CAN 100 kg N ha'1 were

100 kg N ha'1 was observed to produce longer plants (46.49 cm) than combining the 

same source of P with CAN at 50 kg N ha'1. The latter combination produced the 

shortest onion plants (44.07 cm). Moreover, combining TSP at 40 kg P ha'1 and 

Urea at 100 kg N ha'1 produced taller plant (48.87 cm) than those (45.33 cm)
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Addition of DAP at 40 kg P ha’1 and CAN at 50 kg N ha’1 to the soil resulted in taller

between P and N fertilizer rate combinations. In the wet season, application of DAP 

and CAN at 40 kg P ha’1 and 100 kg N ha’1, respectively, produced taller plant

of TSP and CAN combination (46.78 cm). On other hand, the same TSP combined 

with Urea at 100 kg N ha'1 produced taller onion plants (53.1 cm) compared to

taller (53.2 cm) compared to plants supplied with the same amount of DAP and Urea 

at 100 kg N ha’1 (49.28 cm) (Table 10). Similar results were observed during the wet

(54.9 cm) than the plant height (54.1 cm) produced when the same amount of DAP 

was combined with CAN at 50 kg N ha’1 (Table 11).

(47.29 cm) plants that received the same P source combined with Urea at 50 kg 

N ha’1 (Table 10).

season. However, the height of onion plants did not differ significantly (p>0.05)

found to be taller (49.15 cm) than those fertilized with 50 kg P ha’1 and 50 kg N ha’1

plants (50.57 cm) than when the same amount of DAP was combined with CAN at 

100 kg N ha’1 (48.29 cm). The results also showed that plants which received DAP 

at 40 kg P ha’1 and Urea at 50 kg N ha’1 were taller (54.76 cm) than those supplied 

with the same amount of P in DAP combined with Urea at 100 kg N ha’1 (50.69 cm) 

(Table 10). On the other hand, application of DAP and CAN at 50 kg P ha'1 and 50 

kg N ha’1, respectively, produced taller plants (53.06 cm) compared to when the 

same amount of DAP was combined with CAN at 100 kg N ha’1 (50.56 cm). 

Moreover, plants treated with DAP at 50 kg P ha’1 and Urea at 50 kg N ha’1 were
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(6.56 t ha'1) (Table 10).

(8.67 t ha’1) obtained when the same amount of DAP was combined with CAN at

The study also shows that, plants treated with TSP and CAN at 50 kg P ha'1 and 

100 kg N ha'1, respectively, produced higher yield (11.85 t ha'1) than plants which 

received the same amount of P and 50 kg N ha'1 from CAN (6.56 t ha'1). On the 

other hand, treatment of TSP at 50 kg P ha'1 and Urea at 100 kg N ha'1 produced

higher yield (6.18 t ha'1) than the yield obtained when the same P source was 

combined with Urea at 50 kg N ha'1 (3.68 t ha'1) (Table 10).

than the yield obtained when the same amount of P in DAP was combined with Urea 

at 100 kg N ha'1 (8.68t ha'1) (Table 10). Application of DAP and CAN at 50 kg P ha'1 

and 50 kg N ha'1, respectively, produced higher yield (9.63 t ha'1) than the yield

Treatments of 40 kg P ha'1 in the form of DAP and 100 kg N ha'1 of CAN to the 

plants was found to produce higher yield (8.25 t ha'1) than when the same amount of 

DAP was combined with CAN at 50 kg N ha'1 (5 t ha'1). Moreover, combination of 

the same amount of DAP and Urea at 50 kg N ha'1 produced higher yield (9.29 t ha'1)

Yield differed significantly (p<0.05) between the fertilizer rates combinations. 

The application of TSP and CAN at 40 kg P ha'1 and 100 kg N ha'1 produced higher 

yield (5.83 t ha'1) than combining the same source of P with CAN at 50 kg N ha'1. 

The latter combination produced the lowest yield (5.25 t ha'1). Also, combination of 

TSP at 40 kg P ha'1 and Urea at 100 kg N ha'1 was observed to give higher yield 

(7.31 t ha'1) than when the same amount of TSP combined with Urea at 50 kg N ha'1

4.6.5 Yield
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Similar results were obtained during the wet season. However, the yield did not vary

significantly (p>0.05) between the N and P fertilizer rates combinations (Table 11).

4.6.6 Bulb splitting

The proportion of splits differed significantly (p<0.05) between N and P fertilizer

combinations in both dry and wet season. In the former season, the treatments of TSP

and CAN at 40 kg P ha'1 and 50 kg N ha'1, respectively produced bulbs with larger

Plants fertilized with, TSP and CAN at 50 kg P ha'1 and 100 kg N ha'1, respectively,

(15%) proportion of splits than those formed by combining the same source of P with 

CAN at 100 kg N ha'1 (14.67%). Moreover, combining TSP at 40 kg P ha'1 and Urea

at 100 kg N ha'1 gave slightly higher (17.83%) proportion of splitting than with the 

same amount of TSP combined with Urea at 50 kg N ha'1 (17.33%) (Table 10).

higher proportion (29%) of splitting than the proportion (28.83%) obtained when the 

same P source was combined with Urea at 50 kg N ha'1 (Table 10). Higher

100 kg N ha ’. Furthermore, combination of the same amount of DAP and Urea at 

100 kg N ha'1 gave higher yield (13.25 t ha'1) than the yield (9.06 t ha'1) produced 

when the same amount of DAP was combined with Urea at 50 kg N ha'1 (Table 10).

proportion of bulb splitting was observed to be produced by plants which received 

DAP at 40 kg P ha'1 and CAN at 50 kg N ha'1 (51.33%) than when 40 kg P ha'1 of 

DAP was combined with CAN at 100 kg N ha'1 (47.83%). In addition, combination

produced higher proportion (23%) of bulb splitting than those obtained with a 

combination of the same amount of P with 50 kg N ha'1 from CAN (19.33%). On the

other hand, when the same TSP was combined with Urea at 100 kg N ha'1 gave
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of the same amount of DAP and Urea at 100 kg N ha’1 induced higher proportion

combined with Urea at 50 kg N ha’1 (Table 10).

respectively, gave higher proportion (54.33%) of bulb splitting than the proportion

(45.33%) of bulb splits formed when the same amount of DAP was combined with

CAN at 100 kg N ha'1. In addition, combination of the same amount of DAP and

gave higher proportion (55%) of bulb splitting than the

proportion (51%) obtained when the same amount of DAP was combined with Urea

at 100 kg N ha'1 (Table 10). As for the P in form of TSP, statistical similarity was

also unveiled in the proportion of bulb splitting by application of P in form of DAP

combined with different rates of CAN and Urea (Table 10). The experiment

conducted in the wet season obtained similar results. However, the combination of

DAP at 40 kg P ha’1 and Urea at 50 kg N ha’1 gave higher proportion (70.7 %) of

bulb splitting than the proportion obtained when the same amount of DAP was

combined with Urea at 100 kg N ha’1 (67.3%). Furthermore, application of DAP and

CAN at 50 kg P ha’1 and 100 kg N ha’1 respectively, gave higher proportion (91.5%)

of bulb splitting than the proportion of bulb splits formed when the same amount of

DAP was combined with CAN at 50 kg N ha’1 (72%) (Table 11).

(55.83%) of bulb splitting than the proportion (53.33%) obtained when DAP was

Urea at 50 kg N ha’1

Furthermore, application of DAP and CAN at 50 kg P ha’1 and 50 kg N ha’1,
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The results indicate that the diameter of the bulbs did not differ significantly

bulb (3.77 cm) formed in combination of the same amount of TSP with Urea at 100

kg N ha'1 (Table 10).

Fertilization of TSP with CAN at 50 kg P ha'1 and 50 kg N ha'1, respectively,

Plants supplied with 40 kg P ha'1 of DAP and 100 kg N ha'1 CAN produced larger

(p>0.05) between P and N fertilizers. The application of TSP and CAN at 40 kg P 

ha'1 and 100 kg N ha'1 produced larger bulb diameter (4.52 cm) than the diameter of

bulb diameter (4.83 cm) than the diameter of bulbs (3.8 cm) formed by combining 

the same source of P with CAN at 50 kg N ha'1. In addition, combining DAP at 40 kg 

P ha'1 and Urea at 50 kg N ha'1 gave larger bulb diameter (5.1 cm) than the diameter

of the bulb (4.55 cm) formed in combination of the same amount of DAP with Urea 

at 100 kg N ha'1 (Table 10). Treatment of DAP with CAN at 50 kg P ha'1 and 100 kg 

N ha'1, respectively to onion plants resulted to larger bulb diameter (4.85 cm) than

bulbs with larger diameter (4.8 cm) than the diameter of bulb (4.63 cm) obtained 

when the same P source was combined with Urea at 100 kg N ha'1 (Table 10).

bulbs (4.02 cm) formed by combining the same source of P with CAN at 50 kg N 

ha'1 but they were statistically similar. Furthermore, combining TSP at 40 kg P ha'1 

and Urea at 50 kg N ha'1 gave larger bulb diameter (4.18 cm) than the diameter of the

produced larger bulb diameter (4.8 cm) than the bulb diameter (3.77 cm) obtained 

with combination of the same amount of P with 100 kg N ha'1 from CAN. On the 

other hand, when the same TSP was combined with Urea at 50 kg N ha'1 produced

4.6.7 Bulb diameter
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the bulb diameter (4.38 cm) obtained at a combination of the same amount of P with

100 kg N ha"1 from CAN. On the other hand, when the same DAP was combined

with Urea at 100 kg N ha'1 produced bulbs with larger diameter (4.62 cm) than the

diameter of bulb (4.4 cm) obtained when the same P source was combined with Urea

at 50 kg N ha"1 (Table 10). Similar results were obtained during the wet season

(Table 11).

4.6.8 Bulb length

The length of onion bulbs did not differ significantly (p>0.05) between P and N

fertilizers in both dry and wet season (Table 10 and 11). The application of TSP and

CAN at 40 kg P ha"1 and 50 kg N ha'1 produced longer bulb (3.54 cm) than the length

of bulb (3.44 cm) formed by combining the same source of P with CAN at 100 kg

N ha"1. Furthermore, combining TSP at 40 kg P ha"1 and Urea at 100 kg N ha"1 gave

longer bulb (3.91 cm) than the length of the bulb (3.33 cm) formed in combination of

the same amount of TSP with Urea at 50 kg N ha"1 (Table 10).

produced significantly (p<0.05) longer bulbs (4.39 cm) than bulbs (length=4.04 cm)

obtained at a combination of the same amount of P with 100 kg N ha"1 from CAN.

produced longer bulbs (4.07 cm) than the length of bulbs (3.54 cm) obtained when

the same P source was combined with Urea at 50 kg N ha'1 (Table 10). Plants treated

with DAP and CAN at 40 kg P ha'1 and 100 kg N ha"1 produced longer bulbs

(3.98 cm) than the length of bulbs (3.7 cm) formed by combining the same source of

On the other hand, when the same TSP was combined with Urea at 100 kg N ha"1

Application of TSP with CAN at 50 kg P ha"1 and 50 kg N ha"1, respectively,
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was applied (3.82 cm). On the other hand, when the same DAP was combined with

(Table 10).

The bulbs necks thickness differed significantly (p<0.05) between the fertilizer rate

combinations. Plants fertilized with TSP and CAN at 40 kg P ha'1 and 100 kg N ha'1

Treatment of DAP at 50 kg P ha'1 and CAN at 50 kg N ha'1 produced longer bulbs 

(3.91 cm) than those formed when 50 kg P ha'1 of DAP and 100 kg N ha'1 from CAN

Similar results were observed during the wet season. However, the combination of 

DAP with CAN at 50 kg P ha'1 and 100 kg N ha'1, respectively, produced slightly

longer bulbs (5.1 cm) than the length of bulbs (5.0 cm) obtained at a combination of 

the same amount of P with 50 kg N ha'1 from CAN. On the other hand, when the 

same DAP was combined with Urea at 100 kg N ha'1 produced longer bulbs

(4.75 cm) than the length of bulbs (4.64 cm) obtained when the same P source was 

combined with Urea at 50 kg N ha'1 (Table 11).

P with CAN at 50 kg N ha'1. Also, combining DAP at 40 kg P ha'1 and Urea at 100 

kg N ha'1 gave longer bulb (4.13 cm) than the length of the bulb (4.04 cm) formed in 

combination of the same amount of DAP with Urea at 50 kg N ha'1 (Table 10).

Urea at 50 kg N ha'1 produced longer bulbs (3.54 cm) than the length of bulbs 

(3.34 cm) obtained when the same P source was combined with Urea atlOO kg N ha'1

produced thicker bulb necks (1.49 cm) than those plants received same source of P 

combined with CAN at 50 kg N ha'1 (1.47 cm). A combination of TSP at 40 kg P ha’1

4.6.9 Bulb neck thickness
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and Urea at 50 kg N ha'1 gave thicker bulb necks (1.47 cm) than the bulb necks

(Table 10).

Plants treated with 40 kg P ha'1 of DAP and 100 kg N ha'1 of CAN produced thicker

Fertilization of DAP with CAN at 50 kg P ha'1 and 50 kg N ha'1, respectively,

hand, when the same DAP was combined with Urea at 50 kg N ha'1 produced thicker

during the wet season. However, the bulb neck thickness did not differ significantly

(p>0.05) between the fertilizer rate combinations (Table 11).

with Urea at 50 kg N ha'1 produced thicker bulb necks (1.59 cm) than the bulb necks 

(1.47cm) obtained when the same P source was combined with Urea at 100 kg N ha'1

bulb necks (1.57 cm) than those formed from combination of the same source of P 

with CAN at 50 kg N ha'1 (1.14cm). Also, combining DAP at 40 kg P ha'1 and Urea

bulb neck (1.69 cm) than the bulb neck (1.59 cm) obtained when the same P source 

was combined with Urea at 100 kg N ha'1 (Table 10). Similar results were observed

(1.37 cm) formed in combination of the same amount of TSP with Urea at 100 kg N 

ha'1 (Table 10). Plants supplied with 50 kg P ha'1 of TSP and 50 kg N ha'1 produced 

thicker bulb necks (1.52 cm) than those received 50 kg P ha'1 of TSP and 100 kg 

N ha'1 from CAN (1.49 cm). On the other hand, when the same TSP was combined

at 50 kg N ha'1 gave thicker bulb necks (1.73 cm) than those (1.59 cm) formed in 

combination of the same amount of DAP with Urea at 100 kg N ha'1 (Table 10).

produced thicker bulb neck (1.68cm) than the bulb neck (1.62 cm) obtained at a 

combination of the same amount of P with 100 kg N ha'1 from CAN. On the other
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4.6.10 Pungency

The application of DAP and CAN at 40 kg P ha'1 and 50 kg N ha'1 gave relatively

(Table 10).

The combination of DAP with CAN at 50 kg P ha'1 and 50 kg N ha'1, respectively,

pungency (2.3) obtained when the same P source was combined with Urea at 100 kg

the similar results with application of TSP at the same rate combined with CAN at 

100 kg N ha'1 (2.3). On the other hand, when the same TSP combined with Urea at 

100 kg N ha'1 gave higher pungency (2.3) than the pungency (3.0) obtained when the 

same P source was combined with Urea at 50 kg N ha'1 (Table 10).

gave higher pungency (2.3) than the pungency (3.0) obtained at a combination of the 

same amount of P with 100 kg N ha'1 from CAN. On the other hand, when the same 

DAP was combined with Urea at 50 kg N ha'1 gave higher pungency (2.0) than the

The extent of pungency was significantly (p<0.05) different between fertilizer rate 

combinations. The results indicated that combining TSP at 40 kg P ha'1 with CAN at 

50 and 100 kg N ha'1 at any possible combination produced the same level of 

pungency (2.3). In addition, a combination of 40 kg P ha'1 of TSP with Urea at 50 

and 100 kg N ha'1 gave similar level of pungency (2.5) (Table 10). In addition the 

combination of TSP and CAN at 50 kg P ha'1 and 50 kg N ha'1 statistically produced

higher pungency (2.0) than the pungency (2.7) produced by combining the same 

source of P with CAN at 100 kg N ha'1. In addition, combining DAP at 40 kg P ha'1

and Urea at 50 kg N ha'1 gave higher pungency (2.5) than the pungency (2.8; 

obtained in combination of the same amount of DAP with Urea at 100 kg N ha'1
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N ha’1 (Table 10). The extent of pungency results obtained in the wet season did not

not significantly (p>0.05) different between N and P fertilizer combinations. Also,

the results indicate that combining TSP at 40 kg P ha’1 with CAN at 100 kg N ha’1

gave higher pungency (2.0) than the pungency (2.2) obtained when the same P 

source was combined with Urea at 100 kg N ha’1 (Table 11).

vary from those during the dry season, however the results in the latter season were

produced lower pungency (2.3) than when the same rate of TSP combined with 50 kg 

N ha’1 of CAN (2.0). Moreover, the combination of DAP with CAN at 50 kg P ha’1 

and 100 kg N ha'1, respectively, gave higher pungency (2.2) than the pungency (2.7) 

obtained at a combination of the same amount of P with 50 kg N ha’1 from CAN. 

On the other hand, when the same DAP was combined with Urea at 50 kg N ha’1
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Effect of Season on Growth, Yield and Quality of Onion

The results indicate that better vegetative growth and high yield were obtained

during the wet season compared to the dry season. This suggests that onion growth

and yield are favoured by adequate moisture regimes. Bagali et al. (2012) reported

significant vegetative growth caused by shorter interval with higher level of

irrigation. The same author observed that higher level of irrigation replaces the water

lost through evapotranspiration (consumptive use) and thereby maintains soil

moisture at root zone thus ensuring adequate soil water throughout the crop growth

period. Mermoud et al. (2005) showed that irrigation frequency plays an important

role on yield of the onion crop.

Findings on the effects of dry condition to the expansion of bulbs and hence variation

in bulb diameter has been reported in other studies. For example, Muhammad et al

(2011) found significant increase in bulb diameter at short irrigation intervals of 3

and 6 days as opposed to 9 and 12 days interval. This trend could be linked to

adequate supply of the photosynthetic raw material (water) for metabolic processes,

which controls most of plant physiological processes including bulb development.

Similar findings were obtained by Caser and Amer (2005) who reported that

watering treatments significantly increased bulb size and yield. Kadayifci et al.

(2005) reported that bulb and dry matter production were highly dependent on
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appropriate water supply. Results showed that bulbs with highest proportion o-c

splitting were produced during the wet season compare to the dry season. Similarly,

Metwally (2011) and Caser and Amer (2005) reported the increase of bulb splitting

percentage under wet condition. Data taken in the study indicate that wet season

produced thicker bulbs necks compared to the bulbs produced in dry season. Al-

Moshileh (2007) and Bagali et al. (2012) showed that higher level of water resulted

in significant thicker necks.

The results show that most pungent onions were produced during the wet season

while dry season produced onion bulbs with low pungency. However, Randall ei al.

(1999) reported that higher growing temperatures increase pungency for which twice

when it is 10° C. Low pungency in the dry season may be attributed to the rainfall

condition during the fourth week of November to December 2012, the period when

the crop was at bulb stage. Adequate soil moisture can contribute to lower dry matter

content, diluting concentrations of flavour precursors and resulting in a milder onion

(Randall et al., 1999).

5.2 Effect of Variety on Growth, Yield and Quality of Onion

The results have revealed better vegetative growth, yield and bulb quality

performance of Red Bombay compared to Red Creole in both dry and wet season.

The difference in the performance between these varieties was attributed largely to

their different genetic composition with respect to environmental adaptation.

Similarly, Jilani and Ghaffoor (2003) reported that cultivars of the same species

as much pungency may be expected when the temperature at bulbing is 32.2 °C than
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grown under the same environment often yield differently. Moreover, Akhtar et al.

(2002) reported the difference in yield between varieties was attributed to their

genetic variability. In agreement with the present study, Kahsay et al. (2013)

reported significant difference between onion varieties by which the highest yield

was recorded from Red Bombay. Although yield performance of Red Creole

obtained in this study was lower compared to the yield (11.6 t ha"1) obtained by

Msuya et al. (2005). This could be attributed to difference in growing enviromental

conditions between these studies.

The high proportion of splitted bulbs and large bulb neck thickness in Red creole as

opposed to the Red Bombay could be attributed to varietal characteristic in the

formation of splits. These results are in agreement with Steer (1980) who reported

that bulb splitting was obtained as result of multiple growing points under genetic

control. Brewster (1987) pointed out that neck-thickness is a physiological disorder

that is influenced by seasons, sites and cultivars. The results of bulb neck thickness

and splitted bulbs correspond to the findings obtained by Msuya et al. (2005) who

reported that Red Creole had comparatively high degree of thick necks and bulb

splittings.

The pungency of bulbs between Red bombay and Red creole did not vary

significantly. The study also revealed that bulb pungency could be affected by other

factors such fertilizer applications or environmental conditions including moisture

conditions of the soil rather than the effect of variety (Randall et al., 1999).
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5.3 Effect of P Fertilizer Sources on Growth, Yield and Quality of Onion

5.3.1 Effect of P fertilizer sources on growth and yield

During the dry season large number of leaves formed by application of DAP or TSP

at 50 kg P ha’1 could be attributed to the significance of P in the formation of leaves

(Aliyu et al., 2012). Similar findings were also reported by Boyhan et al. (2007) that

application of 40 and 80kg P ha’1 increased vegetative growth characteristics

onion including plant height and leaf number. During the wet season, the non

fertilized control was found to produce the maximum number of leaves per plant as

compared to other application rates. These results revealed no effect of fertilizer on

the formation of leaves during the wet season. This could be attributed to the P-

binding effect, which led to less number of leaves, since P is required in fast

formation in the early stages of plant growth (CTAHR, 2007). Similar results was

did not show any effect on growth of onions.

Similar results on the influence of P fertilizer sources were observed in dry and wet

season by which application of DAP at 40 kg P ha'1 or TSP at 50 kg P ha’1 produced

the longest leaves and tallest plants compared to other rates.The increment in

vegetative parameters due to the addition of N and P may be attributed to the

significance of these nutrients in growth of plants. Nitrogen constituents many

fundamental cell components (Bungard et a/., 1999) while Phosphorus is a vital

component of nucleic acids (DNA and RNA), energy molecules (AMP, ADP and

ATP) and phospholipids (Brewester, 1994).These correspond to the findings

obtained by Fatma et al. (2012) who reported that higher level of N and P fertilizers

obtained by Rodriguez et al. (1999) who reported that the P rates up to 98.2 kg-ha’1

of
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significantly increased plant vegetative growth. However, onion plants in the study

did not respond to the excess N from DAP (at 50 kg P ha'1). Similarly, Nasreen et al.

(2007) reported that application of 120 kg N ha'1 significantly increased vegetative

growth although further increase in the level of nitrogen (160 kg ha'1) led to its

decrease.

The application of TSP at 40 kg P ha'1 had been found to produce the widest leaves

in both dry and wet season. These indicate that P from TSP play significant role

in the expansion of leaves diameter rather than N contained in DAP. This could be

attributed to the fact that N plays several roles in the growth of plant particularly in

the formation of meristematic tissues rather than expansion of leaves (Bungard et al.,

1999). Similarly, Abdissa et al. (2011) concluded that leaves diameters were not

influenced by N fertilization rates.

The variation of yields with sources and rates of P in both seasons provides

information that these have significant impact on the yield components. The findings

of the present study suggest that application of 40 kg P ha'1 as DAP or TSP improve

yield by far compared with other rates from DAP and TSP. These correspond to Al-

Moshileh (2001) who reported that higher rates of P application (160 kg P ha'1) have

not been shown to affect onion yield in all cases. Similarly, Jha et al. (2000) and

Shanna et al. (2003) obtained optimum yield at 33 kg P ha'1.

5.3.2 Effect of P fertilizer sources on quality

The higher effect of DAP over TSP in causing bulb splitting was attributed to N in

DAP rather than P in DAP and TSP fertilizers. This suggests that the fonnation of
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splitted bulbs was not significantly influenced by P feitilization (Abdissa et al.,

2011). These findings are in line with the results obtained by Al-Fraihat (2009) who

reported that the formation of split bulbs was significantly enhanced by the increase

ofN.

Application of DAP at any level produced bigger bulbs compared to application of

TSP. This could be attributed to nutrients N contained in DAP which enhance the

increase of bulb diameter rather than P alone in TSP. Similar findings were obtained

by Jongatae et al. (2003) who found that the highest values of bulb diameter were

obtained at rates of 240 kg N ha’1. Bulb length is highly influenced by P in DAP or

TSP rather than N-P in DAP. Moreover any excess amount of N-P interaction in

DAP has got no effect on the increase of the bulb length. Similarly Abdissa et al.

(2011) reported that interaction of N and P did not influence bulb length.

Similar results during dry and wet season on the effect of P fertilizer sources on bulb

necks suggest that the application of TSP at any rate produced the maximum bulb

necks compared to DAP. This indicate that the amount of P in TSP is superior over N

or P present in DAP in the formation of bulb neck. However, Jiiani (2004) reported

that application of N significantly influenced the increase of bulb neck thickness.

In this study thinnest necks obtained from application of DAP may be caused by the

loss of N through the leaching process caused by rainfall occurred during vegetative

growth stage. Application of P in form of DAP at any rate induced relatively higher

pungency than that of TSP.
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These findings suggest that DAP has additional advantage over TSP in inducing the

pungency of onions. This could be attributed to the presence of 2% S in DAP

(CTAHR, 2012) which in one way play part in improving onion pungency

development. Many studies have shown a significant effect of S nutrition on onion

pungency (Freeman and Mossadeghi, 1970). Randle et al. (1995) reported that

pungency in onion was derived from the hydrolysis of S-alk (en)yl cysteine

sulfoxides via enzymatic reaction of allinase as result of sulphur nutrition from the

is absorbed from the soil and reduced to S'). This reaction-2soil (when SO4

produces volatile S compounds and the byproducts pyruvic acid and ammonia

(Randle et al., 1995). These results are in line with Poornima (2007) who reported

that sulphur application at 30 Kg S ha'1 significantly increased the pyruvic acid

content in onion bulb while the lowest pyruvic acid content was recorded in control

where no sulphur was applied. Increased uptake of S by crop would increase

synthesis of volatile sulphur compounds and hence development of higher pungency

in onion.

5.4 Effect of N Fertilizer Sources on Growth, Yield and Quality of Onion

The results during dry and wet seasons show that application of Urea (at 100 kg

N ha'1) or CAN at 50 kg N ha'1 enhanced vegetative growth and yield. Samavat et al.

(2007) reported that the highest yield was obtained with Urea while in other studies

the fresh and dry weight were greater with NO3 as the N source as compared

with NH4+ or Urea (Inal et al., 2001). These indicate the significance of N in

improving the vegetative growth and accelerating the photosythates in storage organs

5.4.1 Effect of N fertilizer sources on growth and yield



71

of bulbs resulting in an increased diameter and weight of the bulb (Sharma, 1992).

Similarly, Baloch et al. (1991) and Morsy et al. (2012) reported that higher nitrogen

level between 100 to 120 kg N ha’1 achieved significant increase in number and

size of leaves and hence yield compared to the lower nitrogen rate of 90 kg N ha’1.

In this study poor growth and yield performance obtained from application of CAN

to the soil pH.

The optimum pH for growth of onion ranges between 6.0 to 7 while the pH at

might result to the

increase of pH and ultimately poor growth of the onion plants.

5.4.2 Effect of N fertilizer sources on quality

Highest proportion of bulb splitting from application of Urea at any rate could have

been attributed to higher percentage composition of N present in Urea that could be

easily degraded into simple absorbable form compare to % N in CAN. Similarly,

Abdissa et al. (2011) reported the highest proportion bulb splittings obtained from

application of highest level ofN.

Large bulb diameter obtained from Urea (at 100 kg N ha’1) or CAN at 50 kg N ha’1

signifies its high rate of dissociation to immediately release N for onion uptake and

utilization. This in turn increases chances of dry matter partitioning, hence increased

bulb diameter. In this study the smallest bulb diameter produced from application of

Urea at 50 kg N ha’1 may have been attributed to low amount of N present in it.

These results agreed with the findings obtained by Fatma et al. (2012) who reported

that increasing nitrogen application rates significantly enhanced growth of bulb

experimental site was 7.4. Therefore addition of excess Ca+2

(at 100 kg N ha'1) could be attributed to the effect of excess Ca‘r2
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diameter was obtained from high rate of N. Results reveal that low level of N

from CAN is required in the formation of bulb length compared to N from Urea.

These may be attributed to food partitioning processes in bulbs, such that more N is

utilized in increasing the width rather than the length of bulbs. These results are in

agreement with the findings obtained from Abdissa et al. (2011) who reported that

Nitrogen fertilization significantly increased bulb diameter without affecting bulb

length. Similarly, Soleymani and Shahrajabian (2012) found that bulb length

statistically with application of 300 kg N ha’1.

The development of thicker bulb necks due to application of CAN and Urea (at 50

and 100 kg N ha’1, respectively) signifies the role of N in the increase of bulb necks.

Similarly, Randall et al. (1999) reported that excess N levels may result to large

necks. Moreover, Jilani (2004) and Shrawan Singh et al. (2004) reported increasing

trend of the thick-necked bulbs with increasing N level.

Application of the same rate of CAN and Urea (at 100kg N ha’1) independently

produced the highest pungency of bulbs over the control. The results show that high

pungency was attributed to the absorption of excess N and S in CAN and N in Urea.

Similarly, Randall et al. (1999) reported that high nitrogen and sulphur application

levels may result in higher pungency.

width. Similarly, Jongatae et al. (2003) found that the highest value for bulb

significantly increased at an application rate of 200 kg N ha’1 that did not differ



73

5.5 Effect of N and P Fertilizer Combinations on Growth, Yield and Quality of

Onion

The results reveal that any possible combination of DAP with CAN or Urea at any

rate is superior over combinations involving TSP. These could be attributed to the

added advantage of amount of N from both DAP and CAN or Urea compare to P- N

interactions from TSP with either of the N source fertilizer. In agreement with the

significant with bulb yield. Abdissa et al. (2011) reported that application of N gave

better growth and yield compared to N-P interaction. Similarly, Cizauskas et al.

(2003) reported that application of 60 kg N ha'1 gave highest vegetative growth and

yield.

5.5.2 Effect of N and P fertilizer combinations on quality

The findings obtained from the study suggest that bulb splitting is equally affected by

different P and N sources but the extent is more favoured by DAP and Urea in

combination. This effect could be attributed to the importance of N provided by DAP

and Urea, as pointed out by authors in previous studies.

The increased diameter due to combination of small rates of DAP and Urea is

triggered by N present in these fertilizers, which is not the case for TSP which

contains P only as the essential macronutrient. A study by Akhtar et al. (2002)

reported that top dressing with 26 kg N ha'1 of Urea fertilizer applied at 30 days after

planting is important for onion bulb production because of its use for vegetative and

current finding, Aliyu et al. (2007) that reported N and P interaction not be

5.5.1 Effect of N and P fertilizer combinations on growth and yield
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bulb growth. These results are in line with findings obtained by Fatma et al. (2012);

Jongatae et al. (2003); Mallangowda et al. (1995) and Patel and Vachani (1994).

The findings of thicker neck bulbs due to the combination of 50 kg P ha'1 of DAP

and 50 kg N ha'1 of CAN or Urea indicate that neck thickness was equally affected

by different P and N sources. This corresponds with results obtained by Fatma et al.

bulb necks.

CAN or Urea signifies the effect of N in increasing pyruvate concentrations rather

than P-N interaction. This could be attributed to synergetic effect of N on the

increase of sulphur availability to plants. These results agreed with findings of

Tekalign et al. (2012) who reported that the pyruvate content of the bulbs increased

in response to N fertilization.

(2012) who reported significant interaction effect of nitrogen plus phosphorus on

High pungency produced from the combination of any rate of DAP with 50 kg N ha'1
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CHAPTER SIX

6.1 Conclusions

This study was conducted to establish and recommend the best combination and rate

of N and P fertilizer sources for onion under Kilosa agroecological conditions. The

onion variety Red Bombay was found to be the best performer in all vegetative

growth, yield and bulb quality characters in both dry and wet seasons. It is therefore

the best variety compared to Red creole for production under Kilosa agroecological

condition.

The wet condition was observed to provide better results on growth and yield in

contrast to the dry season. However, the former was also found to produce low

quality bulbs of higher proportion of splits and thick necks. Therefore the results

suggest moisture condition in optimal amount is very important for the performance

of onion, although dry season provided better results with less proportion of split and

thin necked bulbs.

The study showed that application of DAP at 40 kg P ha'1 as a source of P gave the

highest yield compared with other P rates. Therefore this study suggest that these

type and rate of fertilizer are the most appropriate in Kilosa District than the other

rates of P fertilizers, although application of TSP at 40 kg P ha-1, showed average

performance in all parameters studied. The study results showed that application of

Urea at 100 kg N ha'1 as a source of N provided maximum yield with high proportion

6.0 CONCLUSIONS AND RECOMMENDATIONS
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of splits and thick necked bulbs compared to other N rates. However, application of

CAN at 50 kg N ha'1, showed nearly or similar results in one or more parameters as

well as better quality bulbs.

The study results indicate that application of DAP at 50 kg P ha'1 and 100 kg N ha'1

Urea gave highest yield compared to other N and P fertilizer sources combinations

but of poor quality in terms of bulb splits and neck thickness. Application of 50 kg P

ha'1 and 100 kg N ha'1 of TSP and CAN, respectively provided average performance

in all growth, yield and quality parameters.

6.2 Recommendations

Fertilizer combination of TSP and CAN at 50 kg P ha'1 and 100 kg N ha'1i.

respectively, recommended for better growth of onion plants and to ensure

high yield and good quality of onion bulbs under Kilosa agroecological

condition rather than application of individual or other combinations N or

P fertilizer sources.

Further studies on the assessment of these fertilizer types and rates in otherii.

different locations in Kilosa district should be conducted in order to

confirm the current results.

Studies on the effect of these fertilizer types and rates on storability ofiii.

different onion varieties are important in to avoid the post harvest losses of

onion bulbs caused by fertilizer application methods.
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The same study is recommended to be carried out with other varieties ofiv.

onion, in order to observe their response with respect to fertilizer

application.
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APPENDIX

Appendix 1: Assessment of the level of onion pungency
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