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EFFECT OF FARMYARD MANURE AND NITROGEN FERTILIZER
RATES ON GROWTH, YIELD AND QUALITY OF ONION (Allium cepa.

L.)AT JIMMA, SOUTHWEST ETHIOPIA

ABSTRACT
Onion is one of the most important vegetable crops produced in Ethiopia. Among different
varieties ‘Bombey Red’ is the most widely accepted by farmers for its earliness. Onion is
heavy feeder and requires more fertilizer than other vegetable crops. However, study on
combined application of organic and inorganic fertilization to improve the yield of onion bulb
is scarce. Therefore, a field experiment was conducted at Jimma University College of
Agriculture and Veterinary Medicine research field from October 2011 to March 2012 under
irrigation to assess the response of onion to farmyard manure and nitrogen fertilizer rates.
The study consists of four levels of FYM (0, 15, 30 and 45 ton FYM ha-1) and four levels of
nitrogen (0, 50, 100 and 150 kg N ha-1). The experiment was conducted in 4 × 4 factorial
arrangements in a randomized complete block design with three replications. Data on
growth, yield, and quality parameters were recorded and analyzed using SAS Computer
Software version 9.2. Results revealed that interaction of FYM and N fertilizer significantly
(P < 0.05) influenced Plant height, number of leaves, leaf lengh, maturity, average bulb
weight, total yield, marketable yield, harvest index, bulb dry matter, TSS and split bulbs.
However, leaf diameter, bulb length, bulb diameter and unmarketable yield were not affected
by the combined application of FYM and N fertilizer. The findings highlighted that the
performance of onion at Jimma area can be enhanced through application of FYM and N
fertilizers. The highest bulb yield of onion (36.85 ton ha-1) was obtained when the plots
received combined application of 100 kg ha-1 of N and 45 ton ha-1 of FYM which significantly
increased the total bulb yield by about 53% as compared to the unfertilized plot (17.45 ton
ha-1). This however was statistically similar with the combination of 150 kg ha-1 of N and 30
ton ha-1 of FYM and also150 kg ha-1 of N and 45 ton ha-1 of FYM. In this study, maximum dry
bulb yield of onion (33.30 ton ha-1) was obtained when the plots received combined
application of 150 kg ha-1 of N and 30 ton ha-1 of FYM. The highest organic carbon, organic
matter, N, P and K were recorded from highest dose of farmyard manure. It can be concluded
that organic fertilizer (FYM) can significantly increase the soil nutrient content. Based on
these result it can be concluded that farmyard manure improves the soil organic matter, adds
soil nutrients, improves soil physical properties and increases the productivity. The above
findings indicated that the growth and productivity of onion at Jimma can be improved by
using increased farmyard manure and nitrogen fertilizer combination. Therefore, from
statistical point of view and labour requirements to prepare and apply FYM, a farmyard
manure application at a rate of 30 ton ha-1 and nitrogen fertilizer at a rate of 150 kg ha-1 can
be used as a recommended fertilizer combination for onion production around Jimma area.
To develop robust recommendation, it will be good to repeat the experiment on soils of
different characteristics, agro-ecological conditions and cost benefit analysis should be done.
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1. INTRODUCTION

Onion (Allium cepa L.) is a member of Alliaceous family and the Allium cepa species are

diploid with basic chromosome number of x=8 (2n=16). The primary center of origin of onion

is Central Asia with secondary center in Middle East and the Mediterranean region. From

these centers, onion has spread widely to many countries of the world (Dahlgren et al., 1985).

Onion grows at altitude range of 500- 2400 m.a.s.l with the optimum range of 700-1800

m.a.s.l and the temperature range of 13 to 240C. Soil pH (6.5-7), seeding rate (3-4 kg ha-1),

maturity period (110-130 days) is not very different among the cultivars (Lemma and

Shimelis, 2003).

Onions contribute significant nutritional value to the human diet and have medicinal

properties and are primarily consumed for their unique flavor or for their ability to enhance

the flavor of other foods (Randle, 2000). In 2000-2005, the world’s top producer of onion was

China, contributing an average of 31% to the total production, followed by India 10% (FAO,

2005). The highest productivity of onion in world is of Korea Rep (67.25 MT ha-1) followed

by USA (53.91 MT ha-1), Spain (52.06 MT ha-1) and Japan (47.55 MT ha-1). India being a

second major onion producing country in the world has a productivity of 10.16 MT ha-1 only

(FAO, 2008).

Over the last 15 years the total surface area dedicated to onion crop in the world has doubled,

reaching 2.74 million hectares. Average world yield increased from 12 MT ha-1 in the early

1960s to 17 MT ha-1 in 2001. Currently the world production of onion is about 3944 million

MT per year (FAOSTAT, 2011). In Ethiopia, the total area under onion production reached

15,628 hectares and the production was estimated to be over 148,854.9 ton (MoARD, 2009).

In Ethiopia in 2010 onion production was 17,588 ha-1 area coverage and 204,900 tons

production (FAOSTAT, 2012).
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Ethiopia has enormous potential to cultivate vegetables on small as well as commercial scale.

The country has high potential to benefit from onion production, and the demand for onion

increases from time to time for its high bulb yield, seed and flower production potential

(Lemma and Shimelis, 2003).

Quality of onion and shallots can be affected by mineral nutrition, irrigation schedule or

rainfall (Chung, 1989), cultivar differences and the use of growth regulators such as maleic

hydrazide (sprout inhibitor) (Hussien, 1996). The productivity of tropical onion is around 9.6

tons ha-1, which is very low, compared to the average bulb yield in temperate countries, which

is about 19.5 tons ha-1. The world average yield is about 17.3 tons ha-1 (FAO, 1999). Ethiopia

has a great potential to produce onion every year for both local consumption and export with

an average yield 13.3 tons ha-1 (CSA, 2001/02).

Nitrogen is the principal plant nutrient required in much greater quantities. It is the important

component of proteins, enzymes and vitamins in plants and is a central part of essential

photosynthetic molecule, chlorophyll (Marschner, 1995). Plants demand for N can be satisfied

from a combination of soil and fertilizer N to ensure optimum growth. While exogenous N

application is known to increase yield of onions and many researchers found that high levels

of nitrogenous fertilizer resulted in reduced onion storage life (Kato et al., 1987). Inadequate

N has been reported as major constraints to increased onion production. N is essential to

growth and yield of onion but excessively high doses cause delay in bulb maturity and

encourages bolting, which is undesirable characteristic (Aliyu et al., 2008).

Farmyard Manure (FYM) is prepared basically using animal dung, urine, waste straw and

other dairy wastes. It is highly useful and some of its properties are it is rich in nutrients, a

small portion of N is directly available to the plants while a larger portion is made available as

and when the FYM decomposes, when cow dung and urine are mixed, a balanced nutrition is

made available to the plants, availability of Potassium and Phosphorus from FYM is similar

to that from inorganic sources and application of FYM improves soil fertility

(www.vanashree.in/fym.htm, 2009).
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According to Jeyathilake et al. (2006) integrated use of bio fertilizer, organic manure and

chemical fertilizers resulted in onion yield increase in comparison with the exclusive

application of chemical fertilizers. For the research and the extension activities, the nationally

recommended Nitrogen fertilizer rate (100 kg N ha-1) is being used (Olani and Fikre, 2010)

and a general recommendation for organic manure is 25 to 40 ton ha-1 is recommended to

obtain high bulb yield (Shanmugasundaram and Kalb, 2001).

However, chemical fertilizers alone generate several deleterious effects to the environment

and human health and they should be replenished in every cultivation season because, the

synthetic N, P and K fertilizer are rapidly lost by either evaporation or by leaching in drainage

water and causes dangerous environmental pollution (Aisha et al., 2007). Onions are more

susceptible to nutrient deficiencies than most crop plants because of their shallow and un

branched root system; hence they require and often respond well to addition of fertilizers

(Brewester, 1994). Continuous usage of inorganic fertilizer affects soil structure. Hence,

organic manures can serve as alternative to mineral fertilizers as reported by Naeem et al.

(2006) for improving soil structure (Dauda et al., 2008) and microbial biomass (Suresh et al.,

2004).

With the increased cost of inorganic fertilizers, application of recommended dose is difficult

to be afforded by the small and marginal farmers. Hence renewable and low cost sources of

plant nutrients for supplementing chemical fertilizers should be substituted which can be

affordable to the majority of farming community. In this context, integrated nutrient

management would be a viable strategy for advocating judicious and efficient use of chemical

fertilizers with matching addition of organic manures and bio fertilizers (Tandon, 1987).

Farmyard manure is a conspicuous organic component of an integrated nutrient supply

system, which improves soil health, increases the productivity and releases macro and

micronutrients (Kale et al., 1992).
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Farmers in the study area are aware of the response of onion and other related crops to applied

nutrients and raise the crop in homesteads using farmyard manure, household wastes etc.

However, the rate of farmyard manure and its combined effect with inorganic fertilizers for

high production of the crop is not well understood. Currently little research has been done on

integrated use of organic and inorganic fertilizers application pertaining to yield and yield

related components of onion. In view of this fact, a systematic investigation into the effect of

using commercial fertilizer like nitrogen and locally available, accessible and affordable

farmyard manure is of paramount importance for increasing yield and yield components of

onion.

Keeping all this critical issues in view, this experiment was initiated with the objective of

assessing the effects of combined use of different levels of Farmyard manure and Nitrogen

fertilizer on growth, yield and quality of onion and finding out suitable proportion (ratio) of

farmyard manure and Nitrogen fertilizer which could give an economic yield of onion.

Objectives

General objective

The study was conducted to investigate the combination of Farmyard manure and Nitrogen

fertilizer for optimum growth, yield and quality of onion.

Specific objectives

To determine combined effect of FYM and Nitrogen fertilizer on growth, yield and

quality of onion and accordingly identify the best combination

To study the effect of Farmyard Manure and Nitrogen on soil properties
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2.  LITERATURE REVIEW

2.1 The Economic Importance of Onion

Onions are naturally packed vegetables consisting of fleshy connective scales, which are

enclosed, in paper like wrapping leaves. The stem from which the roots arise is very short.

Leaves are produced from the apical moisten. They are still physiologically long day plants

but ones, which respond to days, which are short. Short day cultivars can initiate and form

bulbs under photoperiods of thirteen hours or less. Onions therefore could be classified as

short day or day neutral.

A global review of major vegetables show that onion ranks second to tomatoes in area under

cultivation. According to FAO (1999), over 40 million tons of onion was produced worldwide

in 1998, covering about 4.5 million hectares. Tropical countries, having about 45% of the

world’s arable land, grow about 35% of the world’s onions (Pathak, 1993). About 8% of the

total area was in Africa in 1995.

Irrigation development is part of the strategy designed to ensure food security and alleviate

poverty in Ethiopia including Jimma Zone. In 2009/10 production season there was about

79.52 ha-1 of land covered by onion production in the zone. There are 9, 146 holders, who

took part in the development activities. The total yield obtained was 659.986 tons with

average yield of 8.3 ton ha-1 (BoARD, 2010).

Onion is the most popular vegetable grown in Ethiopia next to tomatoes (Lemma and

Shimeles, 2003). It is relatively recently introduced but rapidly becoming popular among

producers and consumers. The crop is widely produced by small farmers and commercial

growers throughout the year for local use and export market. Onion is valued for its distinct

pungency and form essential ingredients for flavoring varieties of dishes, sauces, soup,

sandwiches, snacks as onion rings etc. It is popular over the local shallot because of its high
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yield potential per unit area, availability of desirable cultivars for various uses, ease of

propagation by seed, high domestic (bulb and seed) and export (bulb, cut flowers) markets in

fresh and processed forms (Lemma and Shimelis, 2003).

Onion used to be an indispensable crop used as a condiment in most traditional Ethiopian

cuisine. It is hardly possible to get a dish without this vegetable in every meal of a day. Per

capita consumption is said to be 1.7 kg in rural areas and 5.9 kg in the towns (Currah and

Proctor, 1990). This figure may not be very exact since shallot and onions are found mixed in

production, marketing and consumption. Shallots and onions are cultivated in every corner of

the country with an estimated production area of 10,488.5 ha -1 (CACC, 2002).

Onion bulb is rich in phosphorous, calcium, and carbohydrates; it also contains protein and

vitamin C (Ali et al., 2007). Along with this, a medium onion (50 g in weight) contains 60

calories, 1g proteins, 16g carbohydrate, no fat, 5mg sodium, 200mg  potassium, dietary fiber

3 grams (Khan et al., 2005). The optimal level of any agronomic practice such as fertilization,

plant population and harvesting date of the crop varies with environment, production system,

purpose, and varieties. Moreover, these agronomic practices affect the expression of the full

potential of the varieties under use (Shimeles, 2004).

2.2 Onion Growth

Bulb onion is a shallow rooted, biennial plant that is grown as an annual. It has long, hollow

leaves with widening, overlapping bases. The tubular leaf blades are flattened on the upper

surface, and the stem of the plant also is flattened. Roots arise from the bottom of the growing

bulb. Leaf initiation stops when the plant begins to bulb. The base of each leaf becomes one

of the “scales” of the onion bulb, so the final bulb size depends in part on the number of

leaves present at bulb initiation. The leaf base begins to function as a storage organ at bulb

initiation, so the size of the leafy part of the plant also influences bulb size (Randall, et al.

1999).
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Onion dry bulb can be produced throughout the year if dependable irrigation water, and

diseases and insect pests control measures are available. However, the yield and quality of dry

bulbs seem to vary from season to season due to diverse climatic conditions prevailing in the

production areas. Findings of the research done by Melkassa Agricultural research center at

the upper Awash rift valley revealed that 20 cm between rows on the bed and 10 cm between

plants with 333,300 plants per hactare gave high yield (150 quintal ha-1) and was easy to

manage the plant. This is suitable for small-scale hand operated production system for the

Melkassa and other areas with similar agro-ecologies. The spacing could be adjusted

depending on the availability of facilities especially for tractor operated large scale production

(Lemma, 2004).

2.3 Farmyard Manure

Manures are plant and animal wastes that are used as sources of plant nutrients. They release

nutrients after their decomposition. Manures are the organic materials derived from animal,

human and plant residues which contain plant nutrients in complex organic forms (Reddy,

2005). Naturally occurring or Synthetic chemicals containing plant nutrients are called

fertilizers. Manures with low nutrient content per unit quantity have longer residual effect

besides improving soil physical properties compared to fertilizer with high nutrient content

(Reddy, 2005).

Manures are an excellent source of plant nutrients. Approximately 70-80% of the nitrogen,

60-85% of the phosphorus and 80-90% of the potassium in feeds are excreted in the manure

(Stephen, 2005). The amount of nutrients available for recycling to plants varies widely upon

the composition of the feed ration, the amount of bedding and water added or lost the method

of manure collection and storage, the method of land application, and characteristics of the

soil, crop and climate. Manure contains all the plant nutrients needed for crop growth

including trace elements (Stephen, 2005).
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Organic manures are most used in maintaining the fertility of cultivated soil in those areas

where livestock and Arable farming are carried on side by side or at least in the same area

(Aim, 1993). The intensive utilization of chemical fertilizers, cultivation of short seasonal

crops particularly in absence or lack of organic manure and the removal of plant residues from

the land, all of these practices adversely affect the soil fertility status (Shaheen, 2011).

Vegetable crops like potato, tomato, sweet-potato, carrot, radish, onion etc., respond well to

the Farmyard manure. The other responsive crops are sugarcane, rice, Napier grass and

orchard crops like oranges, banana, mango and plantation crop like coconut (Reddy,

2005).The entire amount of nutrients present in farmyard manure is not available

immediately. About 30 % of nitrogen, 60 to 70 % of phosphorus and 70 % of potassium are

available to the first crop (Reddy, 2005).

2.4 Farmyard Manure Preparation

Before the widespread use of chemical fertilizers, animal manures were used as a primary

source of nutrients in crop production. In addition to supplying nutrients to the soil, manure

also improves soil health by increasing soil organic matter and promoting beneficial

organisms. Incorporating manure into a field will help to reduce water and wind erosion by

improving soil structure (Lombin and Abdullahi, 1977; Hermanson, 1996; Ojeniyi, 2000).

Livestock and chicken manures contain a broader range of nutrients than most commercial

fertilizers. This is because a large portion of the plant nutrients initially ingested by the

animals and chicken. Generally 80% of the phosphorus, 90% of the potassium and 75% of the

nitrogen are still present in the manure. Chicken manure tends to be high in nitrogen (N) and

phosphorus (P), while dairy manure tends to be high in potassium (K).
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Cow dung which is obtained in abundance is collected after cleaning cowshed in a pit close

by and is allowed to decompose over a period of time (www.vanashree.in/fym.htm, 2009).

Every month this manure (compost) is applied to the plants or the field to enrich the soil since

it is highly composted and extremely rich. The manure becomes ready for use in about four to

five months after plastering (Reddy, 2005).

2.5 Time of Application

Timing and method of manure application determine the efficiency of nutrient recycling.

Incorporating manure immediately minimizes odors and ammonia loss. If manure supplies

more N than needed then some ammonia loss is unimportant. However, it is better to apply

manure to more hectares than to apply an excess to fewer hectares. To save money and to

protect the environment avoid over applications (Stephen, 2005).

Partially rotten farmyard manure has to be applied three to four weeks before sowing while

well rotten manure can be applied immediately before sowing. Generally 10 to 20 ton ha-1 is

applied, but more than 20 ton ha-1 is applied to fodder grasses and vegetables. In such cases

farmyard manure should be applied at least 15 days in advance to avoid immobilization of

nitrogen (Reddy, 2005). The existing practice of leaving manure in small heaps scattered in

the field for a very long period leads to loss of nutrients. These losses can be reduced by

spreading the manure and incorporating by ploughing immediately after application. The

reasons of high yield of applying organic fertilizers can be explained by the greater capacity

of treated soils with chicken and/or animal manures to retain the nutrients in forms that can

easily be taken up by plants onion plants over a long period of time. Conversely, the lower

performance of mineral fertilizers could be attributed to the fact that nutrients released from

mineral fertilizers are for short period of time because of leaching problems (Antoun et al.,

1985; Carol et al., 1999).
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Moreover, applying of organic manure fertilizers was reported to increase the uptake of N, P,

K, Ca, and Mg contents in the soil and, therefore, organic manure are considered to be a good

source for soil fertility (Nyathi and Campbll, 1995; Adenyian and Ojeniyi, 2003). The

application of organic manure to the soil whether alone or in combination with mineral

fertilizers has been a successful practice to improve the physical, chemical and biological

properties of the soil as well as its productivity (Clark et al., 1999; Abd-Allah et al., 2001;

Poudel et al., 2002).

2.6 Availability of the Nutrients

Approximately 40-50% of the stable organic N will be available the first year, 12-15% of the

N remaining the year after, 5-6% in the third year and lesser amounts in each subsequent

year. These figures are approximations and could vary in different locations due to variations

in the rate of microorganism breakdown and climate. The decay series is only for the stable

organic N and does not include the urea or ammonium N which is 100% available the first

year if not lost as ammonia (Stephen, 2005).

When manure is applied at a rate to supply the N need of a crop, the P and K will likely be in

excess of the crop requirement. Essentially most of the K is available for plant growth the

year manure is applied. However, some of the P may be in the form of insoluble inorganic

compounds or as organic P and, like stable organic N must be mineralized before it is

available. Nutrient availability, however, is determined by the manure handling system, as

well as by climate and soil characteristics. Nutrient values also vary with different types of

livestock and the animal feed rations, which vary with the season (Antoun et al., 1985;

Drinkwater et al., 1995).
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2.7 Role of Nitrogen

Plants respond quickly to increased availability of Nitrogen, their leaves turning deep green in

color. Nitrogen increases the plumpness of cereal grains, the protein content of both seed sand

foliage, and the succulence of such crops as lettuce and radishes. It can dramatically stimulate

plant productivity (Sopher and Baird, 1982). Nitrogen is also essential for carbohydrate use

within plants. A good supply of nitrogen stimulates root growth and development as well as

the uptake of other nutrients (Brady and Weil, 2002).

Nitrogen uptake levels by onion crops may vary from less than 50 kg to more than 300 kg per

hectare, depending on cultivar, climate, plant density, fertilization and yield levels (Hegde,

1986; Sørensen, 1996; Suojala et al., 1998 and Salo, 1999). High yielding varieties usually

require more N than low yielding. Results from different climatic regions of the world also

show varying responses of onions to applied N. On a sandy loam soil in a semi-arid region of

Ethiopia, irrigated onion plants benefited from application of 90 to120 kg ha-1 N compared to

unfertilized crops (Aklilu, 1997).

Onions are heavy feeders and require more fertilizer than is used in most vegetable crops.

They respond well to additional fertilizer applied 40 to 60 days after seeding or transplanting

(Boyhan et al., 2001). It is among the high N demanding vegetables, its productivity depends

on use of optimum fertilizer rates and if not adequately fertilized, considerable yield losses

are apparent (Balemi et al., 2007). The amount to be applied depends on the type and fertility

status of the soil. However, the best combination levels for a particular locality or soil type

have to be determined for economic production of dry bulb (Link, 1966 cited by Lemma and

Herath, 1994).

Nitrogen plays an important role to reach the optimum yield of onion and is found essential to

increase the bulb size and yield. Patel and Patel (1990) reported that N-level had significant

effect on bulb yield. Murata (1969) reported that nitrogen plays an important role in plant
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photosynthesis by improving leaf area index. He also stated that higher dose of nitrogen

application caused reduction in photosynthetic rate by mutual leaf shading due to excessive

plant growth. In contrast, the low level of nitrogen application caused reduction in

photosynthetic rate due to reduction in chlorophyll contents of plant cells, an effect of that is

reversible Girarden et al. (1985). It is, therefore, obvious that application of nitrogen at a

suitable rate can lead to increase of leaf area and chlorophyll contents thus resulting in higher

photosynthetic rate and higher plant yield.

2.8 Effect of different combination level of FYM and Nitrogen fertilizer

Inorganic fertilizer is considered a major source of plant nutrients (Naeem et al., 2006).

Generally, excessive amounts of inorganic fertilizers are applied to vegetables in order to

achieve a higher yield (Stewart et al., 2005) and maximum value of growth (Badr and Fekry,

1998; Arisha and Bardisi, 1999; Dauda et al., 2008). However, the use of inorganic fertilizers

alone may cause problems for human health and the environment (Arisha and Bardisi, 1999).

Mineral fertilizers are considered to be an important source of major and minor elements in

crop production. Continuous application of mineral fertilizers may adversely affect soil

chemical composition, nutrient imbalance, soil degradation and crop yield (Obi and Ebo,

1995; Ojeniyi, 2000). Cultivating with persistent application of mineral fertilizers increases

soil acidity and soil physical degradation which may reduce crop yield (Adeinyan and

Ojeniyi, 2003; Ojeniyi et al., 2007).

Nutrients have paramount importance in boosting productivity and quality of onion which is a

heavy feeder of mineral elements and continuous use of inorganic fertilizers resulted in

deficiency of micronutrients, imbalance in soil physicochemical properties and unsustainable

crop production (Jeyathilake et al., 2006). Farmers spend greater portion of their capital for

purchasing fertilizers. Generally excessive amounts of inorganic fertilizers are applied to

vegetables in order to achieve a higher yield (Stewart et al., 2005).
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Farmyard manure release nutrients slowly and steadily and activates soil microbial biomass

(Ayuso et al., 1996; Belay et al., 2001). Organic manures can sustain cropping systems

through better nutrient recycling and improvement of soil physical attributes (El-Shakweer et

al., 1998). The use of inorganic fertilizer has not been helpful under intensive agriculture

because of its high cost and it is often associated with reduced crop yields, soil degradation,

nutrient imbalance and acidity (Kang and Juo, 1980; Obi and Ebo, 1995).

The complementary use of organic and inorganic fertilizers has been recommended for

sustenance of long term cropping in the tropics (Ipimoroti et al., 2002). Fuchs et al. (1970)

reported that nutrients from mineral fertilizers enhance the establishment of crops while those

from mineralization of organic manures promoted yield when both fertilizers were combined.

In several studies, the effects of fertilization on yield and quality of onion were investigated.

Kumar et al. (2001) found that application of 120 kg N ha-1 increased onion yield to 30%.

Sharma et al. (2003) have found that addition of animal manure resulted in higher onion yield

compared to NPK fertilizer. 0, 50 and 150% of the recommended amounts of NPK fertilizers

(125:33:50 kg ha-1) with 0, 10, 20 ton ha-1 manure combination increased onion yield and

nutrient uptake.

Gambo et al. (2008) find out that the increasing rates of FYM tended to increase bulb yield of

onion with the highest values at 30 tons ha-1. The results show that there is the tendency for

higher onion bulb yield with higher application of FYM. Lombin and Abdullahi (1977) in

long term fertility studies in Northern Nigeria showed that 5 tons ha-1 of animal dung annually

combined with 100 kg N and 50 kg P2O5 will maintain yield under continuous cropping.

Similarly, Bababe et al. (1998) showed that organic manure is a supplier of N, P and K in the

soil, which also increase the phosphate solubulising bacteria in the rhizosphere. Akoun (2004)

confirmed that organic manure increases the nutrient status of a soil which leads to increase in

onion yield. The application of varying levels of nitrogen also had a significant effect on the

bulb yield of onions. Increasing the level of nitrogen applied led to an increase in yield with

highest yields obtained from the highest N rate of 75 kg ha-1.
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3. MATERIALS AND METHODS

3.1 Description of the study area

The experiment was conducted at Jimma University College of Agriculture and Veterinary

Medicine research field in the year 2011/2012 in the offseason under Irrigation. Jimma

University College of Agriculture and Veterinary Medicine is geographically located 346 km

southwest of Addis Abeba at about 70, 33’N latitude and 360, 57’ E longitude at an altitude of

1710 meter above sea level (m.a.s.l). The mean maximum and minimum temperatures are

26.80C and 11.40C, respectively and the mean maximum and minimum relative humidity are

91.4% and 39.92%, respectively (BPEDORS, 2000). The mean annual rainfall of the area is

1500-1800mm (Melaku, 2008). A physicochemical property of the soil of the experimental

area and FYM before setting up of the experiment is given in table 1 below.

Table 1. Physical and chemical analysis of soil and FYM used as organic fertilizer in the
experiment before planting.

Properties Soil sample FYM Sample
Chemical properties
pH (water 1:1) 6.7 6.99
Electrical conductivity(mS/cm) 0.28 0.67
Organic matter (%) 5.06 12.12
Organic carbon (%) 2.93 7.02
Total nitrogen (%) 0.25 0.61
Available phosphorus (ppm) 13.08 36.47
Available potassium (ppm) 2.61 7.29
Physical properties (%)
Sand 12 -
Silt 44 -
Clay 44 -
Texture class Silty Clay

Note: The soil physical and chemical properties of experimental site were determined at
Jimma University College of Agriculture and Veterinary Medicine soil laboratory
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3.2. Experimental Material

Onion cultivar ’Bombay Red’ was obtained from Melkassa Agricultural Research Center

(MARC) for this study. The variety is widely accepted by farmers for its earliness and higher

bulb yield. It is thick, flat shaped, light red and light pungent. The cultivar was released in

1980, well adapted to areas of 700-2000m. It matures within 110-120 days (EARO, 2004).

Yields up to 40 tons for Bombay red were observed on farmer’s fields in Central Rift Valley

areas (Olani and Fikre, 2010). The urea fertilizer was used as Nitrogen source and the

Farmyard manure used in the experiment was collected from the nearby animal production

station of the college which is fully decomposed manure.

3.3 Experimental Design and Treatments

The experiment consisted of four levels of Farmyard manure (0, 15, 30 and 45 tons ha-1) and

four levels of Nitrogen (0, 50, 100 and 150 kg N ha-1). The trial was set up in a randomized

complete block design (RCBD) in 4 X 4 factorial arrangements with three replications. Each

treatment combination was assigned randomly to experimental units within a block.

There were 16 treatments in the field experiment. Unit plot size of the experiment was 1m X

1.2m (1.2 m2). The blocks were separated by 1 m width whereas the space between each plot

within a block was 0.5 m. In each plot, there were six rows, and in each rows there were 10

plants. Totally, there were 60 plants in a plot with spacing of 20cm between rows and 10cm

between plants within the row.
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3.4 Cultural Practices

A seed bed of 1x 5m was well prepared for seedling development. The soil was harrowed or

cultivated to a fine tilth before sowing and transplanting. Seeds were sown on October, 2011 in

well pulverized seed bed. Sowing was at 10cm between rows and then lightly covered with soil

and mulched with grasses or straws until seedling emerged (2-5cm) from the soil.

Healthy and vigorous seedlings of 12-15cm height or 3-4 true leaf stages were carefully

uprooted for transplanting. The selected seedlings were transplanted in December 2011 with

recommended spacing 20cm×10cm between rows and plants respectively. After transplanting

important cultural practices such as uniform application of water, weeding, and cultivation was

done manually and equally for all treatments as required.

Different levels of N were applied in the form of urea (46% N) in two split doses of equal

amounts, 50% of urea at time of transplanting and the other 50% at one and a half month

after transplanting. The well decomposed manure was carefully weighed and thoroughly

applied as a single application into the experimental plot. The beds were watered and left for

one week before the transplanting to enable carbon dioxide escape thus preventing burning

and scorching on the tender seedlings (Olufolaji 1990). At maturity, onion bulbs from the

central four rows were manually harvested at the end of March, 2012.
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3.5 Data collection

Measurements on the following growth parameters and bulb characters were recorded at

physiological maturity and harvesting time, respectively.

3.5.1 Growth parameters

1. Plant height (cm): was measured using ruler from the soil surface to the tip of the

longest mature leaves at physiological maturity.

2. Leaf number per plant: the total count of leaves per plant at maturity.

3. Leaf length (cm): the length of the longest leaf was measured using ruler from the

sheath to tip of the leaf at physiological maturity.

4. Leaf diameter (mm): the maximum diameter of the longest leaf measured using ruler

at the widest point of the leaf.

5. Days to physiological maturity: the actual number of days from transplanting to a

day at which more than 50% of the plants in a plot have shown fallen tops (IPGRI,

2001).
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3.5.2 Yield parameters

1. Bulb length (cm): refers to the height of the bulb measured at harvest using a

vernier caliper from the bottom to the top of the matured bulb.

2. Bulb diameter (cm): was measured at harvest using a vernier caliper at the

widest point in the middle portion of the mature bulb.

3. Average bulb weight (g): computed by weighing ten marketable bulbs together

and calculating the average.

4. Total bulb yield (ton ha-1): The sum of total marketable and unmarketable bulbs

was computed based on the weight of matured bulbs yield per plot and converted

in to hectare base.

5. Marketable bulb yield (ton ha-1): was determined after discarding bulbs smaller

than 3 cm in diameter, split, thick necked, rotten and discolored.

6. Unmarketable bulb yield (ton ha-1): this were determined by categorizing which

were under sized (<20g), diseased, decayed, physiological disordered such as thick

necked splits and bolted were weighed and expressed as unmarketable bulbs.

7. Harvest index: It is the proportion of the crop that is of economic importance.  It

is the ratio of mature dry bulb weight to total dry biomass yield in gram. The data

set is the average of ten randomly taken plants in each experimental plot. This was

calculated by:

Harvest Index = Economic YieldBiological Yield
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3.5.3 Bulb quality parameters

1. Dry matter content (%): A homogenate (25g) was prepared for determination of percent

dry matter content from each plot of bulb samples and oven (DP 203A: P/N 2123LST

(A24) China) dried at a temperature of 800c for 48 hrs. Then the weight was measured

using digital balance and percentage was calculated using the following formula.

Dry Matter Content = Dry WeightFresh Weight ∗ 100
2. Total soluble solid (TSS oBrix): To determine the TSS of the sample mortar was used to

crush the bulb and prepare and extract aliquot. This was done in the laboratory of post-

harvest management department. The TSS was determined by refractormeter (Bellingham

+ Stanley 45-02 BS eclipse) by placing 1 to 2 drops of clean juice on the prism. Between

samples, the prism of the refractrometer was washed with distilled water and dried before

use.

3. Split bulbs percentage (%): was determined by counting the number of split bulbs per

plot and expressed in percentage in reference to total number of normal bulbs per plot.
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3.5.4 Soil parameters

The representative soil sample were collected from 0-30cm depth using an auger from

randomly selected sub-samples representing the entire experimental field and composited in

to one sample. Then the composited samples were dried and passed through 2.0 mm sieve

before laboratory analysis and all the soil parameter data were taken. Moreover, soil samples

were taken from each experimental plot at final harvest to determine the basic physico-

chemical properties of the soil status.

1. Soil pH: Digital pH meter was used to analyze the soil pH using pure water (1:1

ratio).

2. EC(mS/cm): The soil was analyzed for EC using EC meter

3. Organic carbon (%): organic carbon content of the soil was determined based on

oxidation of organic carbon with acid dichromate medium following the Walkley and

Black method as described by Dewis and Freitas (1970).

4. Organic matter (%): The Walkley and Black (1934) wet digestion method was used
to determine soil OM.

5. Available Phosphorus (ppm): Available phosphorus was determined using standard

procedure of Bray II method.

6. Potassium (cmol (+)/kg soil): Potassium was determined using flame photometer

(Rowell, 1994).

7. Total Nitrogen (%): was analyzed using the Kjeldahl digestion, distillation and

titration method as described by Black (1965) by oxidizing the OM in concentrated

sulfuric acid solution (0.1N H2SO4).



21

3.6 Data Analysis

The collected data were first checked for meeting all the ANOVA assumption and subjected

to analysis of variance (ANOVA) by using SAS computer software version 9.2 (SAS Institute

Inc., 2008). When ANOVA showed significant differences, mean separation was carried out

using LSD (Least Significant Difference) test at 5% significance level.
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4. RESULTS AND DISCUSSION

Data on growth, yield and quality parameters were recorded during the course of study and

the results are presented and discussed here under.

4.1. Growth parameters

4.1.1. Plant height

The interaction of Nitrogen and Farmyard manure significantly (P<0.05) influenced plant

height of onion (Table 2 and Appendix Table 1). Application of 100 kg N ha-1 and 15 ton

FYM ha-1 increased plant height by about 21% compared to the control (41.47 cm) although

further application did not cause further significant change. The highest mean plant height

was obtained at 100 kg ha-1 N and 45 ton ha-1 FYM while the lowest was at 0 kg ha-1 N and 0

ton ha-1 FYM. At physiological maturity, the highest mean plant height (54.16 cm) of onion

was achieved at 100 kg ha-1 N and 45 ton ha-1 FYM which was statistically similar with

100/15, 150/15, 50/30, 100/30, 150/30, and 150/45 kg ha-1 of N and FYM combinations,

respectively (Table 2). Thus the effects of N on plant height was enhanced when used in

combination with Farmyard manure. All the treatments recorded better plant height over the

control.

Nitrogen levels with more proportion of FYM fertilizer gave highest plant height as compared

to the lower level of FYM fertilizer (and the control). This might  be  due  to the  rapid

availability  of  nutrients  from  the  applied N in combination with FYM  fertilizers since

they  provide  major  elements  at  the  early  stage  of  plant  growth  and development.
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The result is in line with  the findings of Gupta et al (1999) who reported that application of

FYM  at 72.0 quintals ha-1 along with ammonium sulphate at 565 kg ha-1 were effective in

increasing the growth and yield in onion. Geetha et al. (2000) reported that application of

FYM at 25 ton ha-1 and 200 kg ha-1K increased the shoot and bulb yields of onion. Yassen and

Khalid (2009) also pointed out that the highest values of vegetative growth characters were

recorded with 23.8m3 ha-1 farmyard manure plus 47.6m3 ha-1 chicken manure. Organic

fertilizers i.e. mixture of farmyard and chicken manure, improved the vegetative growth

characters of onion plants.

Similar results were observed by Damke et al. (1988) enhanced plant height of chilli with

application of FYM at 9 ton per ha-1 along with 50 kg each of N, P2O5 and K2O. Similarly,

Surlekov and Pankov (1989) reported greater plant height, number of branches and number of

leaves per plant in chilli with the application of farmyard manure at 20 ton per ha-1 along with

100:80:100 kg N, P2O5 and K2O per ha-1. At harvest, application of FYM at 25 ton per ha-1

(100%) + PSB + Azospirillum recorded numerically higher plant height (81.0 cm) followed by

the application of FYM at 12.5 ton per ha-1(50%) + poultry manure at 2.1 ton per ha-1 (50%)

(79.9 cm) (Suresh, 2007).

Table 2. Interaction effect of farmyard manure and nitrogen fertilizer on mean plant height
(cm) of onion at Jimma

Nitrogen (kg ha-1) Farmyard manure (kg ha-1)

0 15 30 45

0 41.47f 46.29cd 45.21de 47.61cd

50 42.12ef 47.78cd 52.19a 51.72ab

100 48.86bc 52.33a 53.11a 54.16a

150 51.44ab 54.11a 53.29a 54.01a

LSD (0.05) = 3.18
CV (%) = 3.84

* Means followed by the same letter(s) in the same column are not significantly different at 5%
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Plant height was very highly significantly and positively correlated with leaf number per plant

(r=0.70***), leaf length (r=0.70***), days to physiological maturity (r=0.77***), average

bulb weight (r=0.63***), total bulb yield (r=0.62***), marketable bulb yield (r=0.62***),

bulb diameter (r=0.47**), bulb length (r=0.40**), bulb dry matter content (r=0.38**), harvest

index (r=0.70***) and split per cent of onion bulbs (r=0.64***) (Appendix Table 7).

4.1.2. Leaf number per plant

Mean number of leaves per plant at physiological maturity was significantly (P<0.05)

affected by combined application of N and FYM (Figure 1 and Appendix Table 1). The

highest mean value (15.44) was obtained from the combined application of 150 kg ha-1 N and

45 ton ha-1 FYM and the lowest mean value (7.86) was recorded in the control treatment.

Combined application of N and FYM at 150 kg ha-1: 45 ton ha-1 increased the mean number of

leaves by about 49% as compared with the unfertilized plots. This could be attributed to the

increase in the vegetative growth of the onion plants through its effect in the synthesis of the

different components of protein required for leaf development.

In line with this Bhujbal (1989) recorded that the effect of organic, inorganic and bio fertilizer

on growth, yield and storage quality of bulbs reported that the highest plant height and

number of leaves per plant were recorded by the treatment of 60 ton FYM + 100:50:50 kg

NPK ha-1. Suresh (2007) also reported that FYM at 12.5 ton per ha-1 (50%) + vermicompost at

2.1 ton per ha-1 (50%) produced maximum of 11.6 and 11.2 leaves per plant at 60 DAT and at

harvest, respectively.
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Figure 1. Interaction effect of farmyard manure and nitrogen fertilizer on leaf number per
plant of onion at Jimma

Similar results were reported by Nasreen et al. (2007) who found that application of 120 kg N

ha-1 significantly increased the number of leaves per plant and further increased N supply to

160 kg ha-1 tended to decrease it. Vachhani and Patel (1993) also found that number of leaves

per plant was the highest with the application of 150 kg N ha-1. Knal et al. (2002), Aregawi

(2006), Abdulsalam and Hamaiel (2004) also reported similar results in onion. The increase in

number of leaves per plant with increase in N level can be due to nitrogen that might have

contributed in producing new shoots and vigor in vegetative growth which is directly

responsible in increasing the leaf number.
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4.1.3. Leaf lengh

Application of N and Farmyard manure highly significantly (P<0.001) influenced leaf length.

However, their interaction was not significant. Increasing the level of FYM application from 0

to 45 ton ha-1, increased the mean leaf length per plant by about 28% when compared with the

control (33.60) (Table 3). This might be because it supplies nitrogen, phosphorus and sulphur

in available forms to the plants through biological decomposition. Indirectly, it improves the

physical properties of soil such as aggregation, aeration, permeability and water holding

capacity (Chandramohan, 2002).

Similarly, the results of this study revealed that application of N at different levels showed a

highly significant (P<0.001) effect on the mean leaf length per plant (Table 4 and Appendix

Table 1). The plots that were fertilized with the maximum rate of N (150 kg ha-1) showed

about 16% increase in mean leaf length per plant over the control which is statistically the

same value with (42.05) registered from plots that received only 100 kg of N ha-1. Further

application of N above 100 kg ha-1 did not bring change on mean leaf length onion. The

minimum mean leaf length (35.70cm) was recorded in the control treatment.

The result is in agreement with Bungard et al. (1999) who reported that N is the major

constituent of proteins and the presence of abundant protein tends to increase the size of the

leaves and ultimately increase carbohydrate synthesis. Similarly, Jilani (2004) reported that

application of 200 kg N ha-1 significantly enhanced the length of onion leaves. Kumar et al.

(1998) and Singh and Chaure (1999) also indicated that application of N at 150 kg ha-1 gave

the best result with regard to onion leaf length. Abdissa et al. (2011) also reported that N

application showed a significant effect on onion leaf length.
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4.1.4. Leaf diameter

The level of Nitrogen, Farmyard manure and interaction of the two did not affect leaf

diameter significantly (Table 4 and Appendix Table 1).

Table 3 Effect of farmyard manure and nitrogen fertilizer on leaf length and leaf diameter of
onion in Jimma

N (kg ha-1)
Leaf length

(cm)
Leaf diameter

(cm)

0 35.70b 0.81a

50 37.46b 0.84a

100 42.05a 0.91a

150 42.50a 1.00a

LSD (5%) 2.45 NS

FYM (ton ha-1)

0 33.60d 0.81a

15 36.85c 0.83a

30 40.88b 0.89a

45 46.38a 1.02a

LSD (5%) 2.45 NS
CV% 7.47 21.2

N=nitrogen, FYM=farmyard manure and Ns = Non significant at 5% level. Means followed by the
same letter(s) in the same column are not statistically significantly at 5% level of significancy.

The result disagrees compared to those reported by Kumar et al. (1998) in that N application

at 150 kg ha-1 gave the best result with regard to leaf diameter of the longest leaf. This result

is also in contrast with the finding of Suresh (2007) who reported that numerically higher leaf

width was observed with treatment receiving FYM at 100 per cent and lowest leaf width, was

obtained at Recommended Dose of Fertilizer (control). However, N and FYM fertilization in

didn’t influence leaf diameter of onion.
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4.1.5. Days to physiological maturity

The interaction effect of nitrogen with farmyard manure application at the rates of 150 kg ha-1

and 30 ton ha-1 respectively delayed the days to attain physiological maturity by about 14 days

compared to the unfertilized plot (98 days). Further application does not affect days to

physiological maturity of onion. This indicates that higher application of FYM and N

significantly delays days to attain physiological maturity in onion plants (Figure 2 and

Appendix Table 2).

Figure 2.  Interaction effect of farmyard manure and nitrogen on days to physiological
maturity of onion at Jimma

This result is in agreement with the findings of Brewster (1994), Sorensen and Grevsen

(2001) and Abdissa et al., (2011) who reported that too much nitrogen promotes excessive

vegetative growth and delayed maturity. Riekels (1979) and Batal et al., (1994) also indicated

that high nitrogen can result in excessive vegetative growth and delayed maturity of onion. In

line with this Kebede (2003) reported that increased nitrogen fertilizer rates enhanced

vegetative growth, delayed maturity and reduced bulblet sizes.
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4.2. Yield parameters

4.2.1. Bulb length

The level of farmyard manure and interaction with nitrogen had revealed non - significant

effect on mean bulb length of onion plant (Appendix Table 3). This is because of the fact that

nitrogen is responsible for vegetative growth of plants and later it increases the bulb weight

through increasing bulb diameter rather than bulb length (Brewster, 1994). Although FYM

fertilization did not affect bulb length in this study. But there are findings disclosing an

increased bulb length in response to N fertilization (Yadav et al., 2003; Reddy et al., 2005).

Separate application of N at different levels illustrated a highly significant (P<0.001) effect on

mean bulb length (Table 4 and Appendix Table 3). Of all the levels tested, the maximum rate

of N (150 kg ha-1) increased the mean bulb length by about 12% in reference to the control

treatments (4.54cm), which was statistically similar with 100 kg ha-1 N treatment (Table 4).

The result indicates that further application of nitrogen doesn’t affect mean bulb length of

onion.

4.2.2. Bulb diameter

Nitrogen and Farmyard manure highly significantly (P<0.001) influenced the mean bulb

diameter. However, their interaction did not show significant difference (Appendix Table 3).

Regardless of the rate of FYM fertilization a highly significant (P<0.001) variation exist in

mean bulb diameter of onion. Application of FYM at a rate of 45 ton ha-1 gave the highest

mean bulb diameter (5.99cm); which was statistically similar with 30 ton ha-1 (Table 4). The

smallest bulb diameter (5.59cm) was found at control (0 ton FYM ha-1).
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In a study of onions it was found that applications of farmyard manure, pelleted manure, neem

(Azadirachta indica) seed powder, and karanj cake (Pongamia pinnata) with 75% of the

recommended inorganic fertilizer [100 kg ha–1 N, 60 kg ha–1 phosphorus (P), and 80 kg ha–1

potassium (K)] resulted in increased onion bulb diameter compared with using inorganic

fertilizers alone (Mondal et al., 2004). Bulb width and the number of storage leaves were

observed to be maximum at 60 ton ha-1 application of organic fertilizer (Yoldas et al., 2011).

Similarly, N fertilization (150 kg ha-1) increased bulb diameter by about 8% in reference to

the control (5.47 cm), which may be linked to the increase in dry matter production and

allocation to the bulb. Larger bulb diameter in onion with N application could be associated

with promoting nature of nitrogen in cell elongation, above ground vegetative growth and

synthesis of more chlorophyll to impart dark green color of leaves which may be linked to the

increase in dry matter production and translocation to the bulb (Brady, 1985).

The result is in agreement with Aliyu et al. (2008) who reported a significant effect on bulb

diameter of onion at 100 kg ha -1 N application. Similar results were also reported by Yadav et

al. (2003) who found that N at 150 kg ha-1 enhanced the formation of bulbs with larger

diameters. Khan et al. (2002) and Maier et al. (1990) also reported similar result for onion.

The increase in bulb diameter corresponds to its effect on shoot dry weight.
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Table 4. Main effect of FYM and N on onion bulb length, diameter and mean bulb weight

N (kg ha-1)
Bulb

length (cm)
Bulb

diameter (cm)
Average bulb

weight (g)

0 4.54c 5.47b 40.37c

50 4.77bc 5.77a 49.85b

100 5.03ab 5.93a 58.98a

150 5.18a 5.94a 64.34a

LSD (5%) 0.35 0.23 5.67

FYM (ton ha-1)

0 4.73a 5.59b 48.92b

15 4.85a 5.73b 49.20b

30 4.87a 5.80ab 54.01b

45 5.06a 5.99a 61.42a

LSD (5%) NS 0.23 5.67
CV% 8.83 4.9 12.74

N=nitrogen, FYM=farmyard manure and Ns = Non significant at 5% level. Means followed by the
same letter(s) are not significantly different at 5% level of significancy.

4.2.3. Average bulb weight

A significant (P<0.05) interaction effect of nitrogen with farmyard manure was observed for

mean bulb weight of onion (Appendix Table 3). Mean bulb weight increased by about 43% in

response to application 150 kg ha-1N and 30 ton ha-1 FYM as compared to the control;

although further application did not bring significant change. Likewise, mean bulb weight of

onion was highly and significantly affected by farmyard manure alone, where in application

of 45 ton ha -1 registered the maximum mean value (61.42g) which was increased by about

20% as compared to the control (Table 4 and Appendix Table 3).

This result is in agreement with the findings of Abbey and Kanton (2003) who found that

application of farmyard manure (FYM), inorganic fertilizer (IF) or a combination of manure

and inorganic fertilizer (FYM + IF) resulted in onion bulb weight increase by FYM+IF in

subsequent years. Suresh (2007) also observed highest bulb dry weight by the application of

FYM at 25 ton ha-1 (94.5 g) followed by the Recommended Dose of Fertilizer (93.3 g).
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Average bulb weight of onion was found to be highly significantly (P< 0.001) affected by N

application (Appendix Table 3). The highest bulb weight (64.34g) was recorded at 100 kg ha-1

of nitrogen which was 37%  higher compared to the control. Bulb weight increased with

increased  nitrogen rate up to 150 kg ha-1 N doses (Table 4). Mean bulb weight improvement

in response to N could be attributed to the increase in number of leaves produced, leaf length,

and extended physiological maturity in response to the fertilization all might have increased

assimilate production and allocation to the bulbs.

The result is in accordance with the findings of Knal et al. (2002) and Kumer et al. (1998)

who reported a significant increase in bulb weight of onion with increasing N  level up to 100

kg ha-1, but a decline beyond this rate was observed. Similarly Kashi and Frodi (1998),

Greenwood et al. (2001) and Abdissa et al. (2011) also reported significant increase in bulb

weight due to increased N application.

Mean bulb weight was strongly and positively correlated with plant height (r = 0.63***),

number of leaves (r = 0.69***), leaf length (r = 0.69**), leaf diameter (0.47**) and days to

physiological maturity (r = 0.72***). It was also positively and strongly correlated with bulb

length (r = 0.50***) and diameter (r = 0.55***) signifying that FYM and N fertilization

increased bulb weight by improving these parameters (Appendix Table 7).
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4.2.4 Total bulb yield

The analysis of variance for the interaction effect of nitrogen and farmyard manure showed

significant (P<0.05) difference on dry bulb yield of onion (Table 5 and Appendix Table 4).

Increasing the combination level from 0 to 100 kg ha-1 of N and 0 to 30 ton ha-1 of FYM

resulted in progressive increase in bulb yield of onion. Further increase in nitrogen and

farmyard manure fertilizer to 150 kg ha-1 and 45 ton ha-1 respectively did not significantly

increase the yield. The highest bulb yield of onion (36.85 ton ha-1) was obtained when the

plots received combined application of 100 kg ha-1 of N and 45 ton ha-1 of FYM which was

statistically similar with the  levels of  150 kg ha-1 of N ; 30 ton ha-1 of FYM and 150 kg ha-1

of N ; 45 ton ha-1 of FYM. This increased the total bulb yield by about 53% as compared with

the unfertilized plot (17.45 ton ha-1). This is due to the fact that farmyard manure applied

along with mineral fertilizers tremendously increased the yield of onion bulbs and the

magnitude of the increase was about 130 and 140 % over control (no FYM and no- NPK

fertilizer) when 10 ton ha-1 and 20 ton ha-1 farmyard manure were used with NPK fertilizers,

respectively (Ezekiel, 2010).

This is in agreement with Rumpel (1998) who researched the effect of 20, 40, 60 ton ha-1

animal manure doses, NPK (75: 50:100 kg ha-1) and their combination. The result indicated

that the addition of animal manure resulted in higher onion yield as compared to NPK

fertilizer. In another study of organic amendments in onion production, it was found that an

integration of organic amendments (farmyard manure or vermicompost) and biofertilizers

with inorganic fertilizers resulted in higher yields and greater growth than the inorganic

fertilizer alone (Jayathilake et al., 2002). Similarly, Selvakumari et al. (2001) found in a study

of nutrient rates on various crops, including onions, that the inclusion of organic manures and

biofertilizers reduced the required amounts of inorganic N, P, and K.
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Kropisz, (1992) reported that organic fertilizers improved cropping with the highest average

yields, 28.3 ton ha-1 obtained on plots receiving FYM + NPK. Integrated application of

recommended dose of NPK + FYM improved the growth parameters as well as yield and

yield components in chilli (Mallangouda et al., 1995). Vinay Singh and Singh (1995)

observed the highest bulb yield (50.6 g/pot) from plants fertilized with FYM (10 ton ha-1) +

40 kg ha-1N + 60 kg ha-1 P. Similarly, Warade et al. (1996) reported that the highest bulb yield

(27.7 ton ha-1) was obtained with 40 ton ha-1 FYM + NPK (100, 50 and 50 kg ha-1). Lombin

and Abdullahi (1977) in long term fertility studies in Northern Nigeria showed that 5 tons ha-1

of animal dung annually combined with 100 kg N and 50 kg P2O5 maintains yield under

continuous cropping. Similarly, Bababe et al. (1998) showed that organic manure is a supplier

of N, P and K in the soil, which also increase the phosphate solubilizing bacteria in the

rhizosphere.

Table 5. Interaction effect of farmyard manure and nitrogen fertilizer on total and marketable
bulb yield of onion at Jimma

FYM ton ha-1 N kg ha-1 Total bulb yield
(ton ha-1)

Marketable bulb
yield (ton ha-1)

0

0 17.45e 15.83e

50 21.70cde 20.16cde

100 23.40bcd 21.97bcd

150 26.62bc 25.05bc

0 18.96de 17.66de

15 50 22.71bcd 21.45bcd

100 23.41bcd 21.95bcd

150 26.98b 25.38b

0 18.97de 17.55de

30 50 23.11bcd 21.78bcd

100 23.29bcd 21.82bcd

150 33.30a 32.50a

0 26.70bc 25.16bc

45 50 25.84bc 24.25bc

100 36.85a 36.32a

150 34.78a 33.52a

LSD (5%) 5.01 5.01
CV% 11.89 12.58

N=nitrogen, FYM=farmyard manure. Means followed by the same letter(s) within the same column
are not significantly different at 5% level of significancy.
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4.2.5. Marketable bulb yield

The analysis of variance for the interaction of nitrogen with farmyard manure fertilizer

showed highly significant (P<0.01) difference on marketable yield (Table 5 and Appendix

Table 4). The highest marketable bulb yield (36.32 ton ha-1) was recorded from 100 kg ha-1 of

nitrogen and 45 ton ha-1 of farmyard manure followed by 150 kg ha-1 of N; 45 ton ha-1 of

FYM and 150 kg ha-1 of N; 30 ton ha-1 of FYM which gave 33.52 and 32.50 ton ha-1

marketable yield per hectare respectively. From all the fertilizer combination treatments that

had more amount of farmyard manure fertilizer gave highest yield.

4.2.6. Unmarketable bulb yield

The level of nitrogen, farmyard manure and interaction of the two revealed non – significant

effect on unmarketable yield of onion (Appendix Table 4). However, the highest

unmarketable yield was recorded from the control plot (Table 6). Accordingly the results

indicate that higher application rate of N and FYM decreased the unmarketable bulb yield per

hectare. Among all treatments combinations the highest unmarketable bulb yield was

recorded in the unfertilized plots. Low levels of nitrogen as well as farmyard manure have

been associated with early bulb formation, plants can be severely stunted, with bulbs size and

marketable yields reduced in onion.
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Table 6.  Interaction effect of farmyard manure and nitrogen fertilizer on unmarketable bulb
yield and harvest index of onion at Jimma

FYM ton ha-1 N kg ha-1 Unmarketable bulb
yield (ton ha-1)

Harvest index

0 1.61a 0.58g

0 50 1.53a 0.65f

100 1.42ab 0.72ef

150 1.57a 0.75cd

0 1.29ab 0.61fg

15 50 1.26ab 0.74d

100 1.45ab 0.73de

150 1.60a 0.81bc

0 1.42ab 0.63fg

30 50 1.33ab 0.66ef

100 1.47ab 0.74d

150 1.26ab 0.87ab

0 1.54a 0.64fg

45 50 1.59a 0.67ef

100 1.28 ab 0.84ab

150 1.26ab 0.90a

LSD (5%) NS 0.06
CV(%) 21.78 5.61

N=nitrogen, FYM=farmyard manure and Ns = Non significant at 5% level. Means followed by the
same letter(s) are not significantly different at 5% level of significancy.

4.2.7. Harvest index

Highly significant (P<0.01) interaction effect of nitrogen with farmyard manure was observed

with respect to the harvest index (Table 6 and Appendix Table 2). The highest harvest index

(0.90) was recorded from treatment with 150 kg ha-1 N and 45 ton ha-1 FYM, which is not

significantly differ from plots received 100 kg ha-1 N; 45 ton ha-1 FYM and 150 kg ha-1 N; 30

ton ha-1 FYM. Increasing the combination level of nitrogen and farmyard manure application

from 0 to 150 kg ha-1 and 0 to 45 ton ha-1 highly and significantly increased the harvest index

by about 36% over the respective check.
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At harvest, onion bulb weight increased as the above ground shoot decreased and the

respective bulb dry weight is higher, while the shoot dry weight is lower; this make the onion

to have a high harvest index (Brewster, 1994). The plants receiving 50% N of RDF through

VC (T5) and through FYM (T4) in combination with chemical fertilizers recorded

significantly higher HI (65.6 and 64.7%, respectively) than the control (63.1%) as reported by

Jayathilake et al. (2006).

4.3. Quality parameter

4.3.1. Bulb dry matter content

Regarding the dry matter contents, combined application of N and FYM resulted to the

significant increase in dry matter (Figure 3 and Appendix Table 5). The increasing levels of N

and FYM encouraged bulbs with a significantly higher dry matter contents as compared to the

unfertilized plot. The maximum dry matter contents of onion bulbs (17.37%) were recorded

with application of 100 kg ha-1of N and 45 ton ha-1of FYM. However, further increase in the

rate did not bring significant increase except at the highest rate (150 kg ha-1of N and 45 ton

ha-1of FYM) that caused 29% bulb dry matter content over the control. Whereas, the

minimum dry matter contents (12.08%), were detected in the controls plot (Figure 3 and

Appendix Table 5).
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Figure 3.  Dry matter contents (%) of onion bulbs as affected by FYM and N fertilizers

4.3.2 Total soluble solids

Total soluble solid (TSS), was found to be highly significantly (P< 0.01) affected by N, FYM

and the interaction of the two treatments (Table 7 and Appendix Table 5). The highest TSS

value (15.43o Brix) was recorded as a result of the combined application of N-FYM at the rate

of 100 kg ha-1:45 ton ha-1; while the minimum TSS value (9.00 oBrix) was recorded from the

control one. More explicitly, the maximum TSS which was registered from the combined

application of N-FYM (100 kg ha-1:45 ton ha-1) was greater than the control by about 42%.

The results in Table 7 and Appendix Table 5 revealed that combined application of N and

FYM had shown a highly significant effect on the TSS of onion bulbs. Regardless of the

levels of Nitrogen applied at 150 kg ha-1 increased the TSS by about 15% as compared to

control (10.12 oBrix).
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Table 7. Total soluble solid and split % of onion bulbs as influenced by combined application
of farmyard manure and nitrogen fertilizer

FYM ton
ha-1

N kg ha-1 Total soluble
solid

Split bulbs
(%)

0 9.00h 1.20h

0 50 10.00g 1.24gh

100 11.00e 1.88de

150 11.00e 1.79f

0 10.00g 1.32g

15 50 10.50f 1.81ef

100 11.00e 1.90d

150 11.00e 1.31a

0 11.50d 2.21b

30 50 10.50f 1.79f

100 10.50f 2.20b

150 12.00c 2.23ab

0 10.00g 1.23h

45 50 10.50f 1.81ef

100 15.43a 2.30a

150 15.00b 2.00c

LSD (5%) 0.21 0.08
CV (%) 1.14 2.77

N=nitrogen, FYM=farmyard manure. Means followed by the same letter(s) are not
significantly different at 5% level of significancy.

4.3.3. Split bulbs

Application of N, FYM and their interaction significantly affect the formation of number of

splitted bulbs in onion (Table 7). Both Nitrogen and Farmyard manure fertilization at a rate of

100 kg ha-1 and 45 ton ha-1 increased the development of splitted bulbs by about 48% over the

check plot. However, further increase in the rate did not bring significant increase splitted

bulb formation. Steer (1980) reported that bulb splitting as a result of multiple growing points

is under genetic control with shallots being at the extreme in this respect. Growth in high

temperatures and short days increases lateral shoot production in some cultivar.
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4.4 Soil Parameters after harvest

Soil chemical analysis after harvest from the experimental field shows that soil chemical

properties such as organic carbon (OC), organic matter (OM), total nitrogen, available

phosphorus and available potassium of the soil showed increasing as compared with the value

of before planting as shown in Table 8 below.

Table 8. Chemical properties of soil after harvest of the experimental site

Treatments pH EC(mS/c) %OC %M %TN P(ppm) K(cmol (+)/kg soil)
FYM0,N0 6.85 0.15 1.94 4.32 0.24 10.40 2.98
FYM0,N50 6.91 0.15 2.93 4.76 0.25 10.75 3.05
FYM0,N100 6.97 0.15 3.12 5.09 0.26 11.78 3.25
FYM0,N150 7.03 0.19 3.27 5.34 0.25 11.58 3.21
FYM15,N0 6.88 0.16 2.82 5.58 0.28 12.80 3.46
FYM15,N50 6.92 0.17 2.74 4.43 0.27 12.75 3.45
FYM15,N100 6.98 0.14 3.15 5.13 0.28 13.94 3.68
FYM15,N150 7.05 0.15 3.01 4.90 0.28 13.09 3.52
FYM30,N0 6.89 0.16 3.68 6.04 0.30 15.63 4.02
FYM30,N50 6.95 0.16 3.57 5.86 0.30 15.93 4.27
FYM30,N100 7.00 0.19 3.15 5.13 0.28 15.11 3.92
FYM30,N150 7.09 0.17 3.82 4.57 0.29 15.63 4.02
FYM45,N0 6.90 0.17 3.55 5.83 0.32 16.86 4.38
FYM45,N50 6.96 0.15 3.23 5.27 0.32 17.40 4.47
FYM45,N100 7.01 0.16 3.07 4.99 0.33 17.86 4.59
FYM45,N150 7.09 0.21 3.40 6.30 0.34 18.47 4.47
Mean 6.97 0.16 3.15 5.22 0.29 14.37 3.80

EC = electrical conductivity, OC = organic carbon, OM = organic matter, TN = total nitrogen,P =
phosphorus and K = potassium
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4.4.1 Total Nitrogen

The total N in soil were recorded from highest application dose of FYM (45 ton ha-1) while

recording maximum (0.34%) in combination with nitrogen fertilizer which was on a par with

(30 ton ha-1) application of farmyard manure. The lowest level of total N (0.24%) was

recorded from the control plot (FYM 0) which was significantly lower to the other farmyard

manure treatments combinations.

4.4.2 Available Phosphorus

The available phosphorus in soil increased with application of farmyard manure in

combination with nitrogen fertilizer. Significantly higher available phosphorus (18.47ppm) in

soil was observed with the application of FYM 45 ton ha-1in combination with 150 kg ha-1 N.

The lowest value of available P (10.40ppm) in the soil after harvest was registered from the

treatment containing no FYM.

4.4.3 Available Potassium

The maximum available amount of potassium in the soil (4.59 cmol (+)/kg soil) was

registered from the combined application of (45 ton ha-1 FYM and 100 kg ha-1N) which was

significantly superior to the unfertilized plot (2.98cmol (+)/kg soil). The plots supplied with

the highest application dose of farmyard manure were recorded significantly higher values of

K over the lowest levels and the (control) treatments.
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4.4.4 Organic Carbon

All fertilized plots with FYM showed significant differences over the control treatment.

Higher organic carbon content (3.82%) of soil was recorded from 30 ton ha-1 of FYM, 150 kg

ha-1of N treatment combination. The lowest organic carbon content (1.94%) on the other hand

was recorded from the control. Generally plots having more amount of farmyard manure

fertilizer showed higher percentage of organic carbon over the control.  This result is in line

with Reza and Jafar (2007) who indicated that the additions of organic fertilizer resulted in

increased total OC. Maheswarappa et al. (1997) observed that, organic carbon content was

increased to a greater extent with FYM and vermicompost application than other sources.

Javariaa and Khana  (2011)  also  reported that  an  increase  in organic  C  is obvious  in soils

receiving  combined application  of  organic  manures  and inorganic fertilizers compared to

soils receiving inorganic fertilizers alone.

4.4.5 Organic Matter

Higher organic matter content of the soil was recorded from the combination of 45 ton ha- 1

FYM and 150 kg ha-1 N. The lowest amount of organic matter content (4.32%) on the other

hand was recorded from the control treatment. All other treatments were in between these two

results but greater than that of the control and the initial value. From all the treatments, those

having more proportion of FYM gave higher soil organic matter. Generally, all fertilized plots

showed significant differences over the control treatment. This result is in line with the result

of Reza and Jafar (2007) who reported that addition of organic fertilizer resulted in increased

total organic matter than that of inorganic fertilizer.
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5. SUMMARY AND CONCLUSION

Onion is relatively recently introduced vegetable crop and is rapidly becoming popular among

producers and consumers. It is widely produced by small farmers and commercial growers

throughout the year for local use and export market. Onions are heavy feeders and require

more fertilizer than is used in most vegetable crops. The amount to be applied depends on the

type and fertility status of the soil. However, the best combination levels for a particular locality

or soil type have to be determined for economic production.

Continuous usage of inorganic fertilizer alone affects soil structure. Hence, organic manures

can serve as alternative to mineral fertilizers as for improving soil structure and microbial

biomass. Similarly with the increased cost of inorganic fertilizers, application of

recommended dose is difficult to be afforded by the small and marginal farmers. Hence

renewable and low cost sources of plant nutrients for supplementing and complementing

chemical fertilizers should be substituted which can be affordable to the majority of farming

community. In this context, integrated nutrient management would be a viable strategy for

advocating judicious and efficient use of chemical fertilizers with matching addition of

organic manures. Farmyard manure is a conspicuous organic component of an integrated

nutrient supply system, which improves soil health, increases the productivity and releases

macro and micronutrients.

Integrated use of organic manure and chemical fertilizers result in onion yield increase in

comparison with the exclusive application of chemical fertilizers. Keeping this  fact  in  view

this  research  was  carried out  to  determine  the  comparative benefits of  using farmyard

manure  and nitrogen  fertilizers  in combination  or  alone  in respect  of  yield  and quality

of  onion at Jimma. The results of the study showed that main effect of FYM and N as well as

their interactions had considerable influence on different parameters.
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The interaction of FYM and N fertilizer revealed significant effect on plant height, number of

leaves, maturity date, average bulb weight, marketable yield, total yield of onion, bulb dry

matter content, total soluble solids, harvest index and split bulbs, but did not affect leaf length

and diameter, bulb length and diameter, unmarketable bulb yield. Increased combined

application of farmyard manure and nitrogen delayed maturity of onion by 14 days compared

to the control. The highest bulb yield of onion (36.85 ton ha-1) was obtained when the plots

received combined application of 100 kg ha-1 of N and 45 ton ha-1 of FYM which was

statistically similar with the  levels of  150 kg ha-1 of  N ; 30 ton ha-1 of FYM and 150 kg ha-1

of  N ; 45 ton ha-1 of FYM.

The result showed that appication of farmyard manure at different level significantly affect

plant hieght, number of leaves, leaf length, maturity day, average bulb weight, marketable

bulb yield, total bulb yield, bulb diameter, bulb dry matter content (%), total soluble solid,

harvest index and split bulbs; but it had no significant effect on leaf diameter, unmarketable

bulb yield andbulb lenght. Maximum application of FYM levels at 45 ton ha-1 increased the

marketable bulb yield by about 30% as compared with the control treatments.

Similarly, applied N fertilizer revealed significant effect on plant hieght, number of leaves,

leaf length, maturity day, average bulb weight, marketable bulb yield, total bulb yield, bulb

diameter, bulb lenght, bulb dry matter content (%), total soluble solid, harvest index and split

bulbs; but it had no significant effect on leaf diameter and unmarketable bulb yield. In this

study, the maximum dry bulb yield of onion (33.30 ton ha-1) was obtained when the plots

received combined application of 150 kg ha-1 of N and 30 ton ha-1 of FYM.

The highest organic carbon, organic matter, N, P and K were recorded from highest dose of

farmyard manure. It can be concluded that organic fertilizer (farmyard manure) can

significantly increase the soil nutrient content. Based on these result it can be concluded that

farmyard manure is very important combination for sustainable agriculture. It improves the

soil organic matter, adds soil nutrients, improves soil physical properties and increases the

productivity.
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The above findings indicated that the growth and productivity of onion at Jimma can be

improved by using increased farmyard manure and nitrogen fertilizer combination. Therefore,

from statistical point of view and labour requirements to prepare and apply FYM, a farmyard

manure application at a rate of 30 ton ha-1 and nitrogen fertilizer at a rate of 150 kg ha-1 can be

used as a recommended fertilizer combination for onion production around Jimma area. To

develop robust recommendation, it will be good to repeat the experiment on soils of different

characteristics, agro-ecological conditions and cost benefit analysis should be done.
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7. APPENDICES

Appendix Table 1. Mean square values for plant height, leaf number per plant, leaf length and
leaf diameter as affected by main and interaction effect of farmyard
manure and nitrogen fertilizer application rates for onion

Source of Degree of Mean squares

variation freedom Plant Number of Leaf Leaf
height leaves length diameter

Replication 2 15.080 1.458 76.193 0.058
N 3 161.995*** 38.390*** 136.251*** 0.086ns

FYM 3 81.447*** 17.261*** 364.149*** 0.101ns

N*FYM 9 8.342* 1.851* 12.271ns 0.036ns

Error 30 3.659 0.828 8.681 0.063
N=nitrogen, FYM=farmyard manure, N*FYM=interaction between nitrogen and farmyard
manure, ns = non significant*, **, and *** indicate significant difference at probability level
of 5%, 1% and 0.1%, respectively.

Appendix Table 2. Mean square values for days to physiological maturity and harvest index
of onion as affected by main and interaction effects of nitrogen and
farmyard manure fertilization at Jimma, south west Ethiopia 2011/12.

Source of Degree of Mean squares
variation freedom Days to physiological Harvest

maturity index

Replication 2 0.083 0.002
N 3 154.854*** 0.111***
FYM 3 50.020*** 0.015***
N*FYM 9 3.613* 0.004**
Error 30 1.638 0.001

N=nitrogen, FYM=farmyard manure, N*FYM=interaction between nitrogen and farmyard
manure, ns = non significant*, **, and *** indicate significant difference at probability level
of 5%, 1% and 0.1%, respectively.
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Appendix Table 3: Mean square values for bulb length, bulb diameter and average bulb
weight of onion as affected by main and interaction effects of nitrogen and
farmyard manure fertilization at Jimma, south west Ethiopia 2011/12.

Source of Degree of Mean squares

variation freedom Bulb length Bulb diameter Average bulb
weight

Replication 2 0.285 1.628 208.127
N 3 0.970** 0.576*** 1332.587***
FYM 3 0.225ns 0.334** 409.672***
N*FYM 9 0.047ns 0.079ns 109.262*
Error 30 0.186 0.08 46.296

N=nitrogen, FYM=farmyard manure, N*FYM=interaction between nitrogen and farmyard
manure, ns = non significant*, **, and *** indicate significant difference at probability level
of 5%, 1% and 0.1%, respectively.

Appendix Table 4: Mean square values for total bulb yield, marketable and unmarketable bulb
yield of onion as affected by main and interaction effects of nitrogen and
farmyard manure fertilization

Source of Degree of Mean squares

variation freedom Total bulb Marketable Unmarketable
yield bulb yield bulb yield

Replication 2 32.271 25.575 0.398
N 3 219.865*** 229.057*** 0.156ns

FYM 3 190.502*** 201.249*** 0.239ns

N*FYM 9 20.428* 25.449** 0.314ns

Error 30 9.028 9.049 0.186
N=nitrogen, FYM=farmyard manure, N*FYM=interaction between nitrogen and farmyard
manure, ns = non significant*, **, and *** indicate significant difference at probability level
of 5%, 1% and 0.1%, respectively.
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Appendix Table 5: Mean square values for dry matter content, total soluble solid and split
bulbs % of onion as affected by main and interaction effects of nitrogen
andfarmyard manure fertilization

Source of Degree of Mean squares

variation freedom Dry matter Total soluble Split bulbs
content solid %

Replication 2 10.301 0.016 0.002
N 3 7.826** 8.596*** 1.207***
FYM 3 14.456*** 14.063*** 0.248***
N*FYM 9 3.194* 7.235*** 0.282***
Error 30 1.41 0.016 0.002

N=nitrogen, FYM=farmyard manure, N*FYM=interaction between nitrogen and farmyard
manure, ns = non significant*, **, and *** indicate significant difference at probability level
of 5%, 1% and 0.1%, respectively.
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Appendix Table 6. Chemical properties of soil before planting and after harvest of the
experimental site

Properties Before planting After harvest

pH (water 1:1) 6.7 6.97
Electrical conductivity (mS/cm) 0.28 0.16
Organic matter (%) 5.06 5.22
Organic carbon (%) 2.93 3.15
Total nitrogen (%) 0.25 0.29
Available phosphorus (ppm) 13.08 14.37

Available potassium (ppm) 2.61 3.8
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Appendix Table 7. Simple correlation (r) among growth, yield and yield components of onion.

Parameter
PH LNPP LL LD MD BD BL ABWT TBY MBY

C
UMY DMC HI TSS      Split%

PH
1

LNPP 0.70**
***

1

LL 0.70**
****

0.64**
*

1

LD 0.27ns
*

0.39**
*

0.39**
*

1

MD 0.77**
*

0.76**
*

0.68**
*

0.30*
1

BD 0.47** 0.51** 0.60** 0.39** 0.45**
1

BL 0.40* 0.42* 0.45** 0.28* 0.56** 0.28*
1

ABWT 0.63** 0.69** 0.69** 0.47** 0.72** 0.55** 0.50**
1

TBY 0.62**
*

0.68**
*

0.76**
*

0.47**
*

0.72**
*

0.54** 0.53** 0.92**
*

1

MBY 0.62** 0.68** 0.75** 0.49** 0.72** 0.53** 0.55** 0.91** 0.99**
1

UMY -0.20ns -0.16ns -0.16ns -0.36* -0.26ns -0.06ns -0.36** -0.25ns -0.30* -0.37*
1

DMC 0.38** 0.53**
*

0.51** 0.31* 0.49** 0.42** 0.22ns 0.53** 0.57**
*

0.58*
*

-0.30*
1

HI 0.70**
*

0.80**
*

0.61**
*

0.54**
*

0.76**
*

0.57** 0.60** 0.78**
*

0.75**
*

0.75*
*

-0.32* 0.53**
*

1

TSS -0.09ns 0.02ns -0.19ns 0.14ns -0.07ns 0.14ns 0.10ns 0.22ns 0.12ns 0.13ns -0.15ns -0.08ns 0.18ns
1

1
Split% 0.64** 0.56** 0.44** 0.27* 0.67** 0.28* 0.41** 0.57** 0.47** 0.48* -0.25ns 0.39** 0.67** 0.09ns
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PH = plant height, LNPP = leaf number per plant, LL = leaf length, LD = leaf diameter, MD = days to physiological maturity, BD=
bulb diameter, BL= bulb length, ABWT= average bulb weight, TBY= total bulb yield, MBY= marketable bulb yield, UMY=
unmarketable bulb yield, DMC= dry matter content, HI= harvest index, TSS=total soluble solid, Split%=split bulb %. Ns= non
significant,*, **, and *** indicate significant difference at probability level of 5%, 1% and 0.1%, respectively.


