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ABSTRACT

The onion is one of Ethiopia's most important vegetable crops, and it is used virtually

every day as a spice and vegetable in Ethiopian cuisine. However, its productivity is still

low due to various limiting factors such as low soil fertility, improper plant density or

spacing, disease and pests and lack of production technologies appropriate to different

varieties and agro-ecological conditions. Haphard fertilizer application and intra row

plant spacing are among others the most important once. To this effect, the present study

was initiated to evaluate the effects of NPSB fertilizers and intra-row spacing on the

growth and yield performance of onion variety of Bombay red under Enemor district

conditions during the “irrigation” season. There were 12 treatment combinations which

consisted of four levels of NPSB fertilizers (0, 122, 244 and 366kg ha-1) and three levels of

intra-row plant spacing (7.5cm, 10cm and 12.5cm). The experiment was laid out in

Randomized Complete Block Design (RCBD) with factorial arrangement and under three

replications. Results of the statistical analysis showed that the treatments had highly

significant (p ≤ 0.01) difference on the their interaction effect on both the growth and

yield parameters tested (i.e. plant height, leaf number, bulb diameter, bulb length, weight

of onion bulbs as well as marketable, unmarketable and total bulb yield). Generally, the

treatment combination of 244kg ha-1 and 7.5cm intra-row spacing recorded the largest

marketable bulb yield of 41.2t ha-1, total bulb yield of (41.34t ha-1), harvesting index of

77.17%, and the lowest unmarketable bulb yield of 0.14t ha-1. Results of the correlation

analysis also showed that almost all the tested parameters of onion were highly

significantly and positively correlated with the marketable bulb yield of onion. Besides, as

revealed by the partial budget analysis, the combined treatment of 244kg ha-1 NPSB and

7.5cm intra row spacing resulted in the highest net benefit increase of Birr 893,390 when

compared with the other treatments combinations. Hence, the combined application of

244kg ha-1 of NPSB fertilizers and intra-row spacing 7.5cm is recommended for onion

production in Enemor District as well as areas with similar agro-ecological conditions.

However, since the study was conducted only for a single season and in only one location,

further research is recommended to be carried out in more other locations as well as at

different seasons.

Keywords: Blended fertilizer, spacing, Bulb quality, Onion, yield
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1. INTRODUCTION

Onion (Allium cepa L.) is cross pollinated diploid 2n = 16, biennial plant originating from

central Asia, i.e. Afghanistan, Iran, and Pakistan (Boukary et al., 2010). The plant belongs

to the Alliaceae family (Hanelt, 1990). It is the genus Allium's most commonly grown

species. The onion is among the major vegetable crop in the world, second only to the

tomato in terms of economic importance. Onion has special nutritive value and therapeutic

properties that have potential antibacterial, antifungal, anthelminthic, anti-inflammatory,

antiseptic, antispasmodic, anti-cancer, anti-cholesterol and antioxidant properties

(Telkamp, 2015 and Chand et al., 2018). The crop grows in more than 261 countries, from

those country world onion production in 2019 was about 99,968,016.00 tons of dry bulbs

from 5,192,651.00 hectares of land with an average yield of 19.3t ha-1. China is the biggest

onion producer followed by other major onion producing countries India, USA, Iran,

Egypt, Russia and Turkey (FAO, 2019). From Africa production in 2019 was about

13,903,222 ton of dry bulbs from 1,197,468 hectare of land with an average yield of 11.6 t

ha-1(FAO, 2019). Ethiopia, behind Egypt and South Africa, is the continent's third-largest

onion producer, accounting for only 2.7 percent of global production between 2000 and

2011 (FAOSTAT, 2019).

As stated by CSA (2021), Onion area covered and production and productivity of onion in

Ethiopia was 52, 616.24 hectares from which 4, 209, 670.43 tones were produced with an

average yield of about 8.00t ha-1. In Southern Nations, Nationalities and Peoples Region

(SNNPR) the area covered by onion was 2, 244.42 ha and production was 16, 160.4 tones

with the productivity of 7.2t ha-1 (CSA, 2021). Generally the productivity of onion in the

SNNPR and Gurage Zone (study area) is less than the national.

Regardless of religion, race, or culture, the onion is one of Ethiopia's most important

vegetable products, used practically every day as a spice and vegetable in local dishes

(Anchala et al., 2006). Ethiopia is also favorable for the development of several onion

types due to its highly diverse agro-climatic conditions (Lemma et al., 2006). It thrives

primarily between the elevations of 700 and 2000 meters above sea level (Lemma, 2004).

It is considered as a very important income crop for smallholder farmers, in addition to its

culinary importance for practically every household. It's made all across the country for

both domestic and export purposes (MoARD, 2005).
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The productivity of onion in Ethiopia which, is far below the world average Yield. This

lower productivity of onion in Ethiopia is attributed to various factors such as the use of

largely low yielding local varieties and inappropriate or inadequate agronomic practices,

including fertilizers and plant density per unit area. Such factors have uncontested impact

on any crop productivity or yield and are known to vary from place to place according to

the type of crop, environmental condition and soil fertility. Various studies indicate that,

nitrogen (N) and phosphorus (P) are the primary macro nutrients, which are taken up in

larger quantities from the soil system than the other essential nutrients (Marschner, 1995).

Cognizant of this, the Minister of Agriculture (2015) had recommended a blanket

application of 92kg ha-1 P2O5 and 105kg ha-1 N for the production of onion in Ethiopia,

regardless of the type and fertility of the soil as well as variations in climatic conditions. In

this regard, the Agriculture transformation Agency introduce NPSB fertilizer that contains

N (18.7%), Phosphorous (37.7%) and Sulfur (6.95% and Boron (0.1) in the crop

production system (EthioSIS, 2013).

Similarly, spacing is highly recognized to have a very significant effect on the productivity

and quality of onion. Various research findings indicate that a wider spacing helps the

individual plants to utilize more water, nutrients, air and light for their growth and

development than those planted closer to each other (Devulkar, 2013). Hence, maintaining

the optimum level of spacing or plant population is important to minimize competition the

basic resources (water, nutrients, light, etc.) as well as to utilize the available cropland

effectively and efficiently (Awase et al., 2010). In line with this, EARO (2004), had

generally recommended a double row spacing of 40cmx20cm x10cm (i.e. between furrows,

rows and plants) for optimum production of onion in Ethiopia, again without considering

the fertility status of the soil and variations in climatic conditions of the growing areas.

Conversely (Gebremeskel et al, 2015) studied that the tallest plant height was obtained at

spacing of single planting 40 x 20x10 cm but, maximum total bulb yield and above ground

dry biomass yield were obtained at the double planting of 40x20x5 cm in both years as

compared to the other treatments. Similarly, other studies like that of Tegen et al. (2016)

indicate that onion bulbs produced using the above stated intra-row spacing of 10cm are

mostly bigger in size (>160g), which often are not preferred by consumers for home

consumption. This shows that farmers all over the country, including those in Enemor

district of the Gurage zone, are still using such blanket recommendations, without regards

to the specific conditions prevailing in their respective localities. Cognizant of this, this
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research was developed with studied and determined the optimum level of blended NPSB

fertilizer and intra-row spacing for onion production under Enemor woreda (district)

conditions of the Gurage zone, Southern Ethiopia.

1.1. Statement of the Problem

Onion is one of the major vegetable crops cultivated widely across Ethiopia, including the

Enimor Woreda of the Gurage Zone. It is one of the major sources of income for

smallholder farmers, in addition to its indispensable role for culinary purposes at every

household level. However, its production, productivity and quality is often constrained by

several biotic and abiotic factor, including improper agronomic practices like plant density

per unit area and inappropriate application of the right type and rate of fertilizers (Eshetu

et al., 2006). As reported variously, smallholder farmers, including in the study area, are

using different varieties from different sources, plant population (spacing) arrangements

and haphazard application of fertilizer types and rates as provided to them as blanket

recommendations by extension workers. This, however, is assumed to significantly affect

its productivity and quality across the different areas on the basis of their variations in

terms of soil and climatic endowments. It is therefore imperative to study and determine

the right intra-row spacing and appropriate rate of the recently recommended blended

NPSB fertilizer to the study area.

1.2. Research Questions

 What are the effects of the different intra-row arrangements (spacing) on the growth

and yield performance of onion in the study area?

 What are the effects of the different rates of NPSB fertilizers on the growth and yield

performance of onion in the study area?

 How would the interaction effect of the two factors as well as their respective levels

influence the growth and yield performance of onion in the study area?

Hence, the present experiment was initiated and designed to be carried out in Enemor

Woreda of the Gurage zone (Ethiopia) with the following prime objectives.

1.3. Research Objectives

1.3.1. General Objective

To study Effect of Blended NPSB Fertilizer Rate and Intra-row Spacing on Growth and

Yield Performance of Onion (Allium cepa L.) in Gurage Zone, Ethiopia.
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1.3.2. Specific Objectives

 To study and determine the optimum blended NPSB fertilizer Rate for onion

production under Enemor woreda (district) conditions of the Gurage zone, Southern

Ethiopia.

 To study and determine the optimum intra-row spacing for onion production under

Enemor woreda (district) conditions of the Gurage zone, Southern Ethiopia.
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2. LITERATURE REVIEW

2.1. Origin and Description of the Onion Plant

The onion (Allium cepa L.) is a belong of the Alliaceae family, which is said to have

originated in southwestern Asia, the center of domestication and variability, from where it

was originally distributed over the world and has been farmed as annuals for bulb

production purposes for about 4700 years (Malik, 2000; Brewster, 2008; Saud et al., 2013).

According to (Rabinowitch and Currah, 2002), the genus Allium contains over 750 species,

with onion, Japanese bunching-onion, leek, and garlic were being the most important

culinary Allium crops.

Onions were eaten mostly for their distinct flavor or for their capacity to improve the

flavor of other dishes (Randle, 2000). The Onion stem is a flattened disc at the plant's base

that grows below the soil surface. The shoot apex is located in the middle of the stem and

is where all new leaves and roots are formed. A blade and a sheath make up each leaf. The

leaf sheaths that appear to be the plant's stem above the soil level are actually pseudo

stems. The leaf sheath covers the growth tip and forms a tube that encloses the youngest

emerging leaves as it develops. Long, circular, and hollow leaves (Bosekeng, 2012).

Onion roots are shallow, usually occurring within 15-20cm of the soil surface and seldom

extending more than 50cm horizontally (Brewster, 2008). Onion roots have a limited

lifespan and are generated in large quantities. Roots rarely have branches or root hairs, and

their width rarely increases (MoANR, 2011). The terminal inflorescences extend to 30 cm

in height and grow from the ring like apical meristem scrapes. The flowers are tiny and

form umbels at the stem's terminal tip (Norman, 1992). The umbel is a cluster of

numerous blooms in varying stages of development, including between 2000-6000 little

individual flowers. Flowering periods might span four weeks or longer. Six white petals,

six stamens, and a three-carpel pistil characterize the flowers. Flowers contain nectar,

which attracts pollinating insects such as honey bees. After anthesis, onion seeds mature

approximately 45 days. The seeds are black, irregularly shaped, and tiny, weighing about

200 seeds per gram (Tindall, 1983).

2.2. Importance of Onion

Onions are farmed primarily for their bulbs and salad green shoots, and their use is not

confined to any climate or nationality. It is the world's most adaptable vegetable and an
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essential element in every kitchen as a condiment to flavor a wide range of cuisines. For

various uses, the onion is one of the most significant vegetable crops in the world (Randle,

2000; Saud et al., 2013). As a result, onion is known as the "Queen of Kitchen"

(FAOSTAT, 2017). In many developing nations, like Ethiopia, the crop serves a critical

role in creating money and employment for rural communities, as well as contributing to

the food security of millions of people (Boyhan et al., 2001).

Onion is processed into various products such as ketchup, chutney, sauce, puree, salsa, dry

soup mixture and powder form as spice for seasoning in cooking (Bagali et al., 2012). It is

used as condiments for preparation of traditional foods commonly called wot in most

Ethiopian cuisine. Bulbs and the lower section of the stem are the most popular as a

seasoning or vegetable in stews (MoARD, 2005). It is also in therapeutic medicine in the

country (Shiberu and Amin , 2014). Onion bulbs contain some important Vitamins (A, B

and B2) and minerals (Ca, P, Fe, Cu and Zn), soluble sugars, small percentage of proteins,

nicotinic acid. Therefore the crop has a range of health benefits including anti

carcenogenic properties, anti platelet activity, anti thrombotic activity, asthmatic and

antibiotic effects and effective against the common cold, heart disease, diabetes,

osteoporosis, and other diseases (Decoteau, 2000; Griffiths et al., 2002).

2.3. Soil and Climatic Requirements of Onion

With the rise of irrigated agriculture and a growing understanding of the sector's

importance as a source of revenue, increased food security, raw material sources for

businesses, and job opportunities, the sector is becoming more important. Vegetable

production is becoming increasingly significant as it requires a huge labor force. Water

harvesting systems for small farmers and irrigated agricultural growth projects have also

aided the sector's development greatly. The success of production depends on the use of

upgraded technology, such as cultivars with appropriate standards and high value in both

domestic and international markets (Lemma et al., 2006).

Ethiopia has a lot of potential for growing onions all year, for both home and export usage.

It grows best between 700 and 2000 meters above sea level (Lemma, 2003). The onion is

rapidly gaining popularity among growers and customers alike. Its high yield potential,

availability of suitable cultivars for potential utilization, ease of seed propagation, high

domestic (bulb and seed) and market availability in both fresh and processed forms

contribute to its appeal among producers (Lemma and Shimeles, 2003). Onions contribute
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significantly to the national economy in addition to addressing local demands. With the

country's increasing irrigated agriculture, there's a lot of potential for onion seed and dry

bulb development across the country's various production belts.

The Ethiopian Agricultural Research Institute has made attempts to develop many

improved onion cultivars, specifically for onion production and development. Farmers

now have access to the cultivars Adama Red, Bombay Red, Red Creole, Melkam,

Mermiru Brown, Nasik Red, and Nafis as a consequence of this effort (Lemma and

Shimelis, 2003; MoARD, 2010). Throughout the year, small farmers and commercial

growers produce it for local consumption and export. All parts of the onion plant are

edible, though the bulbs are typically used as a flavour or a vegetable in a diversity of

cuisines. Onions are appreciated for their pungent flavor and are used to flavor a variety of

meals, including sauces, soups, sandwiches, and snacks like onion rings. Because of its

great yield potential per unit area, availability of suitable cultivars for varied uses, and

ease of seed propagation, it has surpassed the native shallot in popularity (Lemma, 2004) .

In Ethiopia, onions are one of the most important vegetable crops grown on a huge scale.

It is also one of the most economically important veggies in the country. The area under

onion is gradually rising, owing to its high profitability per unit area and ease of

production, as well as the expansion of small-scale irrigation regions. During the "Meher"

season, the crop is rain-fed, and during the off season, it is irrigated (CSA, 2018).

2.4. Onion Production and Challenges in Ethiopia

Despite the enormous benefits that onions provide to farmers, their output has been limited

by a variety of biotic and abiotic phenomena, as well as institutional constraints. Disease

and pest attacks, weeds, a lack of quality seed, a lack of pesticide, and a lack of irrigation

water/pump for irrigation are all mentioned as key obstacles of onion production in the

area by the majority of the sample producers. Pests and diseases, combined with a lack of

improved agricultural technology, repeated droughts, and decreases in soil fertility levels,

are some of the major contributors to Ethiopia's low and unstable crop yields, as shown in

a survey conducted in the rift valley (the country's major onion-growing region) (Eshetu et

al., 2006).

According Muluneh (2019) vegetables are susceptible to a wide range of pests and

diseases, and require intensive pest management. According to the research report, about

77.78 % of the respondent’s ranked insect attack is the most important production problem
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followed by disease attack and lack of pesticide/poor management respectively. In

addition to disease and pest problems, the results from the key informants and farmers’

group discussions stress the critical importance of post-harvest losses which occur due to

the perishable nature of onion and lack of appropriate post-harvest handling practices and

processing technologies. The high incidence of insect pest and diseases infestation further

accentuates high pre-harvest and post-harvest losses.

2.4.1. Plant Population Management

Improved agronomic management is a critical strategy for closing the production gap and

increasing food security within a region and among agricultural households (Kihara et al.,

2015). One of the key agronomic issues that can affect onion output and productivity in

Ethiopia is plant population density (Yemane, 2013). Awas (2010) reported that at Adami

Tulu, three onion cultivars, Bombay red, Adama red, and Nasika red, responded

deferentially to intra-row spacing on yield and yield components. The prevalence of this

competition among plants for the same resources, according to the two research findings,

are due to the requirement for plants to achieve their maximum growth and development

in order to achieve their potential yields. As a result, identifying this yield-limiting factor

owing to population density is critical for onion production in the face of declining yield

trends in the country. plant spacing has a major influence on plant growth and

development of onions through competition for nutrients, moisture, air, radiation and other

growth factors (Kantona et al., 2003; Dereje, 2012). According to Khan et al. (2002)

report maximum leaf per bulb was obtained from 12 cm spaced plants whereas 9 cm

spaced plants gave 11.25 leaves per bulb. Nasir et al. (2007) also stated that the highest

leaf number per plant was recorded at lower planting density.

Garlic leaves with the smallest leaf width (0.73cm) were found in higher plant density,

(Seid et al., 2014). according to (Khan et al., 2003, Latif et al., 2010, and Sikder et al.,

2010) Plant spacing of 10cm caused larger plant height, leaf length and number of leaves,

bulb length, diameter, and weight of onion. Intra-row spacing of 10cm produced the

largest bulb diameter (5.78 cm), followed by 8 cm and 6cm (Awas et al., 2010).

According to Yemane et al. (2013), increasing intra-row spacing from 5 to 10cm increased

onion bulb diameter and bulb neck from 4.66 to 5.63 cm and 1.48 to 1.74 cm, respectively.

As the intra-row spacing increased from 5 to 10 cm, the percentage of large size bulbs

increased from 9.3 to 20.3% (Yemane et al., 2013).
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According to Farage et al. (1992) report the higher bulb yield was obtained from plant

spacing of 7 cm than with wider spacing treatments. Total bulb weight and mean bulb

weights were significantly affected by plant spacing and 10cm plant spacing gave

significantly higher bulb weight than 7.5 and 5cm (Fikreyohannes, 2005). Yemane et al.

(2013) found highest total bulb yields at 5 and 7.5cm intra row spacing as compared to the

10cm intra-row spacing. Dereje et al. (2012) reported that individual plants, their

components and total yield ha-1 were increased as plant density increased of shallot.

According to Awas et al. (2010) maximum marketable bulb yield (32.45 t ha-1) of onion

plants was obtained at 4 cm intra-row spacing followed at 6 cm (25.15 t ha-1). Yemane et

al. (2013) observed that as intra-row spacing increased from 5 to 10 cm, marketable bulb

yield decreased from 34.49 to 28.1 t ha-1. Significant differences were observed in

marketable, unmarketable and total bulb yields per plots and 10 cm plant spacing gave

significantly higher yields than plots with 20 cm spacing between plants in the rows (Sam-

Aggrey et al., 1986)

An increasing the intra row spacing from 5 to 10 cm, decreased marketable bulb yield

from 34.49 to 28.10 t ha-1 (Yamane et al., 2013). Seck and Baldeh (2009) reported that

plant density has an impact on marketable bulb size where higher plant density increased

the smaller marketable size. On the other hand the highest unmarketable bulb yields of

onion and shallot are produced at narrower intra-row spacing (Dereje et al.,2012; Yemane

et al., 2013). According to Nasir et al. (2007) highest weights of small and medium sized

bulbs of onion were obtained at higher population. However, the highest weights of large

bulbs were found at the lowest planting spacing. Yield of medium bulbs increased with

population but, the yield of large bulbs decreased as plant spacing increased (Rumpel et al.,

2000)

2.4.2. Fertilizer Management

Improved plant nutrient management is critical for healthy plant growth and development,

particularly in the vegetative plant sections, in order to achieve optimal yields. The use of

manure, compost, and/or inorganic fertilizer improves onion yields, which benefits

growers (Zeleke and Derso, 2015). According to Assefa et al. (2015), utilizing the optimal

amount of fertilizer nutrients significantly enhances onion bulb productivity when

compared to using improved cultivars. Because onions are a heavy feeder vegetable crop,

they require more mineral fertilizers for bulb and buildup than other vegetables (Yohannes
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et al., 2013). According to Simon et al. (2015) report, three onion varieties (Adama Red,

Bombe Red, and Nafis) have been tested at humbo, wolaita zone; Ethiopia was responded

to different application of nitrogen and phosphorous fertilizer rates.

The findings revealed that as the levels of nitrogen and phosphorous were increased, the

size and yield of onion bulbs increased, implying that optimal nutrient management has a

positive contribution to onion yield improvement and productivity, particularly in areas

where nutrient deficiency is critical. Yohanis et al. (2013) revealed a similar conclusion on

the impacts of nitrogen and farmyard manure combination application, which increased

onion bulb yield at Jimma environmental conditions. Furthermore, the effects of nitrogen

and phosphorous on onion yield and yield components were researched on the vertisol of

Shewa Robit, Northeast Ethiopia, where each rate of fertilizer was reacted to and

recommendations were made based on the best yield obtained (Abdisa et al., 2011).

According to this research output, the application of nitrogen and phosphorus fertilizer

showed a significant response on a fresh bulb yield, dry bulb yield, and total dry biomass

and on harvesting index of onion as compared to the non-applied treatments.

In general, all of the outcomes of diverse nutrient management strategies have indicated

that by using various plant nutrient management systems for certain soil types at specific

locations, onion crop production and productivity may be optimized. Despite the fact that

fertilizer rates should be determined depending on the soil type of the location, in most

parts of the country, 200kg ha-1 DAP before transplanting by mixing with soil and

100kg/ha urea after 45 days after transplanting has been recommended as sufficient

(Zeleke and Derso, 2015). In addition, the role of a moderate dose of sulfur was

discovered to be responsive, with S up to 24kg ha-1 greatly improving bulb diameter and

weight (Ahmed et al., 1988).

2.5. Effect of NPSB Fertilizer on Yield and Yield Components of Onion

2.5.1. Effect of Nitrogen on Growth and Yield of Onion

Nitrogen (N) and phosphorus (P) are referred to as the primary macro nutrients because of

the high likelihood of deficiency in plants and the massive amounts taken up from the soil

in contrast to other key nutrients (Marschner, 1995). Many tropical African soils,

particularly those rich in nitrogen (N) and phosphorus (P), are deficient in these essential

plant nutrients (Richardson, 1968), which may be true of many Ethiopian soils as well

(Murphy, 1959).
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Nitrogen is a crucial component of plant proteins, enzymes, and vitamins. It is a crucial

component of the photosynthetic molecule chlorophyll (Marschner, 1995). As a result,

plants require far more nitrogen than most other nutrients, therefore it is critical to improve

onion output both in quantity and quality (Kafkafi and Genbaum, 1971). The authors also

noted that available nitrogen is often a more limiting factor for the plant growth than any

other nutrients. As shallow rooted crop, onion is a heavy feeder of nutrients and require

ample amount of nitrogen for optimum yield.

However, too much nitrogen might cause excessive vegetative growth, delaying maturity.

Furthermore, excessive vegetative growth makes onion plants more susceptible to disease

and lowers the dry matter content and storability of onion bulbs. As a result of the excess

nitrogen, onion yields are lowered in both quantity and quality (Brewster, 1994; Srensen

and Grevsen, 2001). On the other hand, when nitrogen levels are low, onion plants can

become severely stunted, resulting in undersized bulbs and lower production. As a result,

low levels of this nutrient in the soil have a negative impact on onion bulb quantity,

quality, and storage. Onion bulb size is proportional to planting density, with smaller bulbs

forming when plants are spaced closer together. Increased nitrogen fertilizer application is

very required in these conditions to yield optimal-sized onion bulbs (Rice et al., 1993).

2.5.2. Effect of Phosphorus on Growth and Yield of Onion

Phosphorus is the second most critical nutrient for plant growth (Tisdale et. al., 1995). It

accounts for 0.2 to 0.5 percent of the dry weight of the plant (Bieleski, 1973). Phosphorus

is a component of membranes, chloroplasts, and mitochondria, as well as a component of

sugar, and is known to have a role in several of physiological and biochemical processes

in plants. In plant maturity, fruit setting, and seed formation, phosphorus was also

important in energy transfer reactions and metabolic activities (Brady and Weil, 2002). In

many tropical soils, phosphorus deficiency is one of the most significant restrictions to

crop productivity. The reasons for all of this are either a low phosphorus content in the soil

or a high phosphorous fixation rate (Fairhurst et al., 1999). As a result, most soils around

the world are phosphorus deficient (Batjes 1997).

The use of phosphorous fertilizers is so frequently linked to an increase in the growth and

development of crop plants, including onions. As Greenwood et al. (2001) found that

applying phosphorous fertilizer to soils with a moderate phosphorus level improved onion

growth and yield. Similarly, Singh et al. (1998) found that increasing P2O5 from 25 to
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100kg ha-1 reduced onion weight loss, sprouting, and rotting after 160 days of storage.

When soils are deficient in phosphorus, more phosphorous can be sprayed to enhance

onion growth and output (Alt et al., 1999).

The presence of phosphorus in the soil encourages plant growth because phosphorus is a

major building block of DNA molecules (Pant and Reddy, 2003). In addition, Hinsinger,

(2001) reported that the two forms of phosphorus in soil are organic and inorganic.

Therefore, inorganic phosphorus is readily absorbed and used by plant if it is not fixed.

Phosphorus has been recommended at rates of 33 to 80 kg·ha−1 (Sharma et al., 2003). For

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

have shown a strong response of onion to Phosphorus fertilization in the range of 0 to 52

kg ha-1 (Alt et al., 1999).

Many researchers are looking at the impact of phosphorus on plant growth (Nikolay et al.,

1996; Warade et al., 1996; Hinsinger, 2001; Pant and Reddy, 2003 and Shafeek et al.,

2004). Because phosphorus is an essential nutrient, they all agreed that its presence in the

soil supports plant growth. Phosphorus fertilizer had a significant impact on onion plant

output, resulting in a rise in overall bulb yield and its components. It could be linked to the

effect of phosphorus on plant growth, which is shown in the production of bulbs. Many

researchers had observed a similar pattern of outcomes (Gupta and Sharma et al., 2000,

Shafeek et al., 2004). Furthermore, optimum growth and yield were achieved with a

phosphorus application of 22kg ha-1, but even greater levels were effective with the variety

Pusa White Flat, which had optimum growth and yield at 33kg ha-1 (Jha et al., 2000).

Sulfur is also a necessary component for plant growth and development.

2.5.3. Effect of Sulfur on Growth and Yield of Onion

Sulfur, as a macro-nutrient, has a favorable impact on onion quality (El-Shafie and El-

Gamaily, 2002; Bloem et al., 2004). It plays a role in the expression of bulb flavor

strength, which is linked to onion pungency (propyl disulfides and other disulfides) and

sugar content (glucose, fructose, and sucrose).

The onion is a sulfur-loving plant that requires a lot of it for optimum growth and

improved output (Bloem et al., 2004). The enzyme allinase causes the volatile sulfur

compounds in onions to be released when they are cut or damaged. Onion cultivars differ

in the amount and types of sulfur compounds found in the bulb. Furthermore, sulfur is

required for the formation of sulfur-containing amino acids (Anwar et al., 2001).
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Sulfur has gotten a lot of attention in recent years when it comes to crop productivity all

around the world. Sulfur in the soil has numerous impacts including lowering pH,

enhancing the soil-water relationship and increasing the availability of nutrients such as P,

Fe, Mn, and Zn (Marschner, 1998). According to Mengel and Kirkby (1982), plants

absorb sulfur mostly in the form of sulfate, which has little competition for absorption

with other elements. Onion sulfur needs vary depending on soil texture, leaching losses,

sulfur concentration of irrigation water, previously applied fertilizer and sulfur-containing

additions (Ahmed, et al., 1988). They found that applying sulfur at a rate of up to 24kg ha-

1 enhanced the diameter and weight of onion bulbs significantly. They also stated that not

applying sulfur to inadequate soils resulted in a low onion yield. Sulfur shortage causes

stunted shoot growth, stiffened stems and woody and small-sized bulbs, as it is required

for chlorophyll production. However, too much sulfur can make onions more pungent,

which isn't ideal for the fresh market (Bloem et al., 2004).

2.5.4. Effect of Boron on Growth and Yield of Onion

Boron is an essential micro nutrient for plants, with the exception of molybdenum and

copper, its requirements are lower than those of any other nutrients. It is the only non-

metal among the micro nutrients, as well as the only micro nutrient that exists as a neutral

rather than an ion over a wide pH range (Epstein and Bloom, 2005). Boron has been

discovered to play an important role in the formation of anthers, pollen germination, and

pollen tube expansion during reproductive activities (Loomis and Durst, 1992).

Boron deficiency can be confused with Ca deficiency, which also affects the growing

points and leads to their „dying off.‟ the primary role of boron is in the cell walls, where it

provides cross-links between polysaccharides to give structure to cell walls (Egata et al.,

2021). Boron application directly affect yield and yield related attributes modifying the

root development and facilitates nutrient-up take by initiating new root as well as stolen

development which resulted in more tubers and bulb production (Egata et al., 2021).

Generally As Khalid (2019) reveled application of micro nutrient have a significant

improvement on onion yield at a rate of zinc sulfate (ZnSO4 at 0.5%), iron sulfate (FeSO4

at 1.0%), and boron (B at 0.5%).
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2.6. Response of Onion to Interaction Effect of NPSB Fertilizer Rate and Intra-Row

Spacing

NPSB fertilizer rate and intra-row spacing were used to control onion growth and yield

parameters such as plant height and number of leaves, length, diameter, and weight of

onion bulbs, and bulb yield. Using 150kg ha-1 NPS fertilizer on plants spaced 10cm intra-

row spacing resulted in the maximum plant height (67.74cm), bulb width (7.01cm), bulb

length (5.85cm), bulb weight (139.05g), marketable (41.58t ha-1) and complete bulb yields

(42.04t ha-1) (Amakel, 2020). This treatment increased marketable bulb production by

78.72 percent as compared to marketable bulb output reported from vegetation without

NPS fertilizer cultivated at 5cm intra-row spacing.

Similarly Nibret (2020) also reported that Garlic yields of 15.88t ha-1 and 15.5t ha-1,

respectively, were obtained when garlic plants were given 242kg ha-1 NPS fertilizer and

when garlic plants were planted at 15cm intra-row spacing. Similarly, when garlic plants

were given 242kg ha-1NPS fertilizer and intra-row spacing of 5cm with a fee of 28.01 t ha-

1, the best total yield of 23.16t ha-1 was obtained. Furthermore, garlic plant life was

inferior in all evaluated parameters of garlic except above ground biomass, bulb weight,

clove variety, and marketable yield, with the exception of NPS fertilizer. Furthermore,

plants spaced at 5cm intra-row spacing performed poorly in all metrics tested, resulting in

excessive unmarketable production and complete yield.

Pervez et al. (2004) also found that the treatment combination of 150kg ha-1 N and 15cm

intra-row spacing resulted in the largest number of leaves per plant. According to the

authors, the highest total biomass per plant was obtained when 200kg ha-1 nitrogen was

combined with 15cm intra-row spacing, followed by 200kg ha-1 nitrogen and 10cm

spacing. According to Weldemariam et al. (2015), the combination of 100kg ha-1 nitrogen

and 15cm intra-row spacing increased onion bulb output (40.83t ha-1). However,

increasing the nitrogen level to 150kg ha-1 did not result in a significant increase in bulb

yield.
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

The experiment was conducted under field condition in Enemor district of the Gurage

zone. It was carried out under irrigation condition in 2021. The site located 192km away

from Addis Abeba and 42km from city administration. Enemor district is located at 8°0′ N

latitude and 37°49′ E longitude. The altitude of the Woreda is 1876m a.s.l. Clay loamy and

Vertisol soil types are the most dominant ones in the area (Elias, 2017). It has bimodal

rainfall pattern with the short rainy season falling from February to May and the long rainy

season from June to September. The mean annual rainfall is 1150mm and the minimum

and maximum air temperatures are 17°C and 21°C respectively (Elias, 2017).

Figure 1. Map of the study area

3.2. Experimental Materials

Bombay Red variety of onion was used as a test crop, which was collected Melkasa

Agricultural Research (MARC).The variety is registered by Melkasa Agricultural

Research Center (EARO, 2004). It is an early maturing variety, takes less than 120 days to

maturity (EARO, 2004). it also preferred by smallholder farmers and commercial farmers

throughout the country( Dasash, 2019).
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Three rate of blended NPSB fertilizer 122kg ha-1, 244kg ha-1 and 366kg ha-1 and 150kg

ha-1 of urea were used.

Table 1. The actual content of blended NPSB fertilizer rate within the ratio

NPSB(kg/ha) N (%) P2O5 (%) S (%) B (%)

122 22.8 46 8.5 0.1

244 45.6 92 17 0.2

366 68.44 138 25.4 0.4

Hint: 100kg N:P2O5:S:B, the concentration was 18.7%, 37.7%, 6.95% and 0.1%

respectively

3.3. Experimental Treatments and Design

The experimental treatments were: (1)Three intra-row spacing (7.5cm, 10cm and 12.5cm),

which were considered as per recommendation by EARO (2004), and (2) Blended NPSB

fertilizers (122kg ha-1, 244kg ha-1 and 366kg ha-1 and without NPSB or control), which

were 50% below and above the blanket recommendation by MoA (2015), i.e. 92kg ha-1

P2O5 or when changed into N:P2O5:S:B, the concentration was 18.7%, 37.7%, 6.95% and

0.1% respectively. The experiment was laid out in a Randomized Complete Block Design

(RCBD) with factorial arrangement in three replications. As such, the experiment had a

total of 12 treatments combinations and 36 experimental units or plots.

3. 4. Experimental Procedure

Good quality seeds of Bombay red variety of onion was sown in rows on 1m x 5m well

prepared seedbed at seeding rate of 3-4kg ha-1 to raise seedlings (EIAR, 2012). The

management of seedlings such as watering, cultivation, fertilization, control of diseases

and insect pests were done as per the recommendation as described by EIAR (2007). The

experimental site was prepared well by broken down large clods in order to make the fine

tilt of the experimental plots. The whole field was divided in to three blocks containing

twelve (12) treatments. The plots were be leveled and prepared with a distance of 0.5m

between plots, 1m between blocks.

The total size of the experimental area and net area were 281.8m2 .The size of each

experimental plot and net area was 2 x 1.5m (3m2) and 1.6 x 1.5m (2.4m2) respectively.

After 45 days of seeding, only healthy, vigorous and uniform-sized seedlings were
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transplanted to the experimental field, which was laid out with double row planting system

at the spacing of 40cm x 20cm between irrigation furrows (double rows) and intra-raw

spacing of 7.5cm, 10cm and 12.5cm respectively.

The total amount of NPSB and 50kg of urea was applied after the establishment of onion

seedlings (ten days after transplanting). The other 50kg of urea was applied as side

dressing 45 days after transplanting while the remaining 50kg was applied at the

establishment of bulb, 60 days after transplanting (EIAR, 2007). Experimental units were

irrigated using hand irrigation method by water can in each plot and row in plots to

prevent mixing of fertilizer rates agreed to different plots. Transplanted seedlings were

irrigated using furrow irrigation at 4-5 days interval until their establishment and at 5-7

days intervals until maturity. Fifteen days before harvesting however, irrigation of plants

were stopped for curing purpose as recommended by Nikus (2010).

3.5. Data Collection

Data was collected on the following yield and yield components. Ten randomly selected

plants from the middle rows of each experimental plot was tagged and used for data

recording. The detailed methodology adopted for data collection is presented as follows.

3.5.1. Growth Parameters

Average Plant Height (cm): Plant heights of ten randomly selected plants were measured

from the soil surface to the top of the longest leaf using a standard ruler. This was

measured when the plats attain a full physiologically matured stage.

Average Leaf Length (cm): The longest leaves of ten randomly selected plants were

measured at full physiologically matured stage using a standard ruler.

Leaf Number: Number of leaves of ten randomly selected plants per plot were counted at

physiologically matured stage and thereby the mean values were computed.

Leaf Dry Weight (g): Dry weight of ten randomly selected above ground part of plants at

harvest was measured using sensitive balance after drying them in oven for 24 hours at

640C and the mean values per plant was computed and used for further analysis.
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3.5.2. Yield Parameters

Average Bulb Weight (g): The mean bulb weight of ten randomly selected bulbs at

harvest were measured with sensitive balance and used for further analysis (Guesh Tekle,

2015).

Average Bulb Length (cm): The average length of ten randomly selected bulbs per plot

were considered by measuring from the bottom to the top of the Bulb using a standard

caliper (Guesh Tekle, 2015).

Average Bulb Diameter (cm): The mean size of the harvested bulbs were computed by

measuring the diameter of ten randomly selected bulbs from each plot using a standard

caliper (Lemma and Shimeles, 2003).

Bulb Dry Weight (g): Ten randomly selected bulbs were taken from each plot and

chopped into small 1-2cm cubes. The exact weight of each sample was determined and

recorded as fresh weight. Each sample was placed in a paper bag and put in an oven until

constant dry weight was attained. Each sample was then immediately weighed and

recorded as dry weight yield.

Total Dry Biomass (g): This was determined by summation of the shoot and bulb dry

weights of sample plants.

Total Marketable Bulb Yield (t ha-1): Harvested bulbs which are free of mechanical,

disease and insect pest damages as well as uniform in color and medium to large in size

(20g-160g) were considered as marketable. The weight of such bulbs were taken from

those harvested within the net plot areas (Lemma and Shimeles, 2003).

Total Unmarketable Bulb Yield (t ha-1): Harvested bulbs that are under and oversized

(i.e. <20g and >160g), misshaped, decayed, discolored, diseased and physiologically

disordered were considered as unmarketable (Lemma and Shimeles, 2003). The weight of

such bulbs were considered from those within the net plot areas.

Total Bulb Yield (t ha-1) the total yield was calculated by summing up both the

marketable and unmarketable yields of the bulbs (Guesh Tekle, 2015).

Harvesting Index (%): This was expressed as the ratio of total bulb dry weight to the

total biomass dry weight and were expressed in percentage.

Harvesting Index = ( Bulb Dry Weight ÷ Total Dry Biomass) ×100
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3.6. Correlation Analysis

Correlation coefficient was calculated for the different response variables which help to

show how the yield components and growth characters affecting the marketable bulb yield

of onion.

3.7. Data Analysis

All collected data were subjected to Analysis of Variance (ANOVA) using SAS

(Statistical Analysis System) software, version 9.3 (SAS, 2014). Mean separation was

carried out using Duncan Multiple Range Test (DMRT) at 5% level of significance

(Gomez, 1984).

3.8. Partial Budget Analysis

Partial budgeting is a way for organizing and storing experimental data and information

about the costs and benefits of various treatment options. According to CIMMYT (1988)

The partial budget analysis comprises the total variable costs and net benefits of each

treatment. The net benefit of the treatments was estimated by removing variable costs

from the gross benefit of each treatment. As a result, the following procedure had been

used to calculate it.

Gross Unadjusted Bulb Yield (kg ha-1): it was the average yield of marketable bulb

Weight ha-1.
Adjusted Bub Yield (kg ha-1): It was the average yield adjusted downward by a 10%

To reflect the difference between the experimental yield and yield of farmers.

Gross Income/Benefit (ETB ha-1): It was computed by multiplying field/farm gate

Price that farmers receive for the crop when they sale it as adjusted yield.

Total Cost (ETB ha-1): It Were assumed the cost of labor for transplanting, applied of

fertilizer, costs of seed and fertilizer among treatments.

Net-Benefit (ETB ha-1): It was calculated by subtracting the total costs from gross

Income/benefits.

Marginal Rate of Return (%): It was calculated by dividing change in benefit by

Change in cost.
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4. RESULTS AND DESCUSSION

4.1. Physico-chemical Properties of the Experimental Site Soil

Initial soil samples were collected from the experimental field before planting. A random

soil samples were collected in zigzag manner from >30 different points from a depth of

15-200cm (surface soil) using auger and composited to make one homogenized sample.

The soil samples were air dried, grinded, and mixed thoroughly before laboratory analysis.

The air dried soil was sieved through 2mm mesh and soil physico-chemical parameters for

this study was analyzed at Wolkite and Hawassa soil laboratory. The composite soil

sample was analyzed for selected physico-Chemical properties mainly textural analysis

(sand, silt and clay), soil pH, total nitrogen, available phosphorus, Available of Sulphur,

Available of Boron, Electric conductivity and organic carbon (Table 1) using standard

laboratory procedures at soil laboratory of Wolkite And Hawassa. Soil texture analysis

was performed by Bouyoucous hydrometer method (Day, 1965).

Total N was analyzed using the Kjeldahl digestion, distillation and titration method as

described by Black et al. (1965) by oxidizing the OM in concentrated sulfuric acid

solution (0.1N H2SO4). The pH of the soil was determined on 1:2.5 (weight/volume) soil

samples to water ratio using a pH meter (Motsara and Roy, 2008). Available phosphorus

was determined by using procedures of Olsen methods in soils by Extracting with Sodium

Bicarbonate (Olsen, 1954). Boron was extracted by hot water & measured by azomethine-

H colorimetric method (Bingham, 1982) and available Sulfur was measured with 0.01M

Ca (H2P04)2, they were analyzed as described by Lisle et al. (1994) (Table 2).

Table 2. Major soil characteristics of the experimental site (taken before planting)

Soil Variable Unit Value Remark Reference
pH soil: water 6.8 Slightly

Acidic
(Hazelton and Murphy, 2007)

Organic carbon content % 1.404 Low (Tekalign Tadesse, 1991)
Total Nitrogen % 0.12 very Low (Tekalign Tadesse, 1991)
Available Phosphorus Ppm 4.68 Low (Hazelton and Murphy, 2007)
Available of Sulphur Ppm 17.83 Low (Lisle et al. 1994)

Available of Boron Ppm 0.084 Low (Bingham, 1982)
Electrical Conductivity ms 63.25 Non-saline
Sand (%) % 20 (Day, 1965)
Silt (%) % 46
Clay (%) % 34
Textural class Silty clay
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4.2. Growth Parameters of Onion.

4.2.1. Plant Height (cm)

The main effects of blended NPSB fertilizer and intra-row spacing as well as their

interaction effects highly significantly (P < 0.01) influenced the plant height of onion

(Appendix 1). Application of different rates of NPSB fertilizer rate and intra-row spacing

increased plant height of onion due to the presence of macro and micro nutrients and less

computation of growth factors.The longest plant height (66.97cm) was recorded by the

interaction of 366kg ha-1 NPSB fertilizer rate and 12.5cm intra-row spacing. On the other

hand, the shortest plant height (34.35cm) was recorded from plants grown without

fertilizer at 7.5cm intra-row spacing (Table 3).

The reasons for excessive in length of plants observed in high level of NPSB and the

widest intra-row spacing in the present study could be count of the fact that able supply of

nitrogen advance the formation of chlorophyll which is contribute to higher photosynthetic

activity, vigorous vegetative growth and taller plants. Furthermore, nitrogen is a crucial

component of amino acids and the production of proteins, both of which are necessary for

plant growth (Bungard et al., 1999). In shoot and root tips, where metabolism is intense

and cell division is rapid, considerable amounts of phosphorus are necessary (Ndakidemi

and Dakora, 2007). Similarly, Sulphur is a vital ingredient for plant growth, accumulating

0.2 to 0.5 percent of dry matter in plant tissue (Kumar and Singh, 1992). Boron treatments

also have a substantial impact on the crop's plant height. According to Manna (2014), the

treatment of 0.5 percent Boron, considerably increased plant height over the control.

On the other hand Plant spacing has also major influence on plant growth and

development of onions through competition for nutrients, moisture, air, radiation and other

growth factors (Kantona et al., 2003; Dereje, 2012).Wider plant spacing promotes plant

growth due to less competition for light and nutrients.

4.2.2. Leaf Number Per Plant

The main effects of blended NPSB fertilizer and intra-row spacing as well as their

interaction effects highly significantly (P < 0.01) influenced the Leaf number per plant of

onion (Appendix 1). The maximum Leaf number per plant (9.2) was recorded by the

interaction of 244kg ha-1 NPSB fertilizer rate and 12.5cm intra-row spacing. On the other

hand, the minimum leaf number per plant (3.7) was recorded from plants grown without

fertilizer at 7.5cm intra-row spacing (Table 3).
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The availability of enough plant nutrients through the application of NPSB fertilizer,

which favorably influenced the vegetative growth of the plants, could be the reason for the

observed greatest number of leaves per plant. The synthesis of several protein components

essential for leaf development, photosynthesis, and metabolic processes required for plant

growth were among the nutrients. By expanding the photosynthetic area, phosphorus and

nitrogen have been linked to the formation of additional leaves.

The findings of Blay et al. (2002) and Gebremichael et al. (2017), who discovered that

nitrogen supply enhanced the number of leaves per plant, are consistent with the current

study. When low amounts of phosphorus fertilizer are given, garlic leaf expansion and leaf

surface area, as well as the number of leaves, are reduced (Uzma et al., 2016). Similarly,

30kg S ha-1 and 69 kg P2O5. Plants planted at 12cm intra-row spacing generated the most

leaves per bulb (Khan et al., 2002), which is consistent with the current study.
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Table 3. Interaction effects of blended NPSB fertilizer and intra row spacing on selected

growth parameters of onion

NPSB
fertilizer
(kg ha-1)

Intra row
spacing (cm)

PH (cm) LN/plant

0 7.5 35.23g 3.7c
10 46.27def 3.4c
12.5 41.77gf 8.5a

122 7.5 42.17gf 6.7b
10 53.17cd 7.0ab
12.5 58.2cb 8.1ab

244 7.5 45.07ef 9.2a
10 53.07cd 8.3ab
12.5 63.27ab 9.23a

366 7.5 40.10gf 8.2ab
10 50.00de 7.4ab
12.5 66.97a 9.0a

SE± 1.86 0.45
CV (%) 7.9 13.1

Where: PH = Plant Height; LN = Leaf Number; SE = Standard Error; and CV =

Coefficient of Variation. Means with the same letter (s) within a column are not

significantly different at 5% (p < 0.05) level of significance.

4.2.3. Leaf Length (cm)

The analysis of variance (ANOVA) revealed that leaf length was highly significantly (P<

0.01) influenced by the main effects of NPSB fertilizer rate and intra-row spacing

(Appendix 1). However, their interactions did not show significant difference in the leaf

length (P>0.05). The longest leaf length (41.9cm) was recorded by the application of

366kg ha-1 NPSB fertilizer. The shortest leaf length (31.5cm) was recorded from plants

without NPSB fertilizer (Figure 2). On the other hand, the longest leaf length (42.4cm)

was obtained from plants spaced at 12.5cm intra-row spacing. While the shortest leaf

length (34cm) was recorded from plants spaced at 7.5cm intra-row spacing (Figure 3).

In the current study, a high level of NPSB fertilizer and the largest intra-row spacing

improved leaf length. Nitrogen is a component of several essential cell components and is

essential for plant elongation (Fageria and Baligar, 2008; Marschner, 1995). These

findings are consistent with those of other researchers who found that applying nitrogen

from mineral fertilizer sources (as a single or blended form) considerably increased the
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length of onion leaves due to its role in the synthesis of chlorophyll, enzymes, and proteins

(Jilani et al., 2010; Abdissa Yohannes et al., 2011; Rao et al., 2013, Birhanu Messele,

2016; Gebremichael et al., 2017). According to Abdulsalam and Hamaiel (2004),

increasing phosphorus fertilizer rates up to 92kg ha-1 improved plant height and leaf length,

which is consistent with the findings of this study. In addition, Fatma et al. (2014)

discovered that using a sulfur-holding fertilizer had a beneficial effect on all onion growth

indicators.

On the other hand, spacing has its own influence because wider spacing results in less

competition for light, but closer spacing results in more competition. Similarly, Jilani et al.

(2010) found that larger intra-row spacing enhanced onion leaf length considerably. Jilani

and Ghaffor (2003) also suggested that plant densities could alter length of leaves. Khan et

al. (2003), and Khan et al. (2002) also reported that wider intra-row spacing significantly

increased leaf length of onion.

Figure 2. Main effect of NPSB Fertilizer rate on leaf length of onion

Where: CV = Coefficient of Variation; SE = Standard Error;

Means with the same letter (s) within a bar are not significantly different each other at

5% (p<0.05) level of significance.
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Figure 3. Main effect intra-raw spacing on leaf length of onion.

Where: CV = Coefficient of Variation; and SE± = Standard Error;

Means with the same letter (s) within a bar are not significantly different each other at

5% (p<0.05) level of significance.

4.2.4. Leaf Dry Weight (g)

The analysis of variance (ANOVA) indicate that leaf dry weight was highly significantly

(P < 0.01) influenced by the main effects of NPSB fertilizer rate (Appendix Table 1).

However, intra-row spacing and their interactions did not show significant difference in

the leaf dry weight (P>0.05). The maximum leaf dry weight (10.8g) was recorded by the

application of 366kg ha-1 NPSB fertilizer. The minimum leaf dry weight(6.5g) was

recorded from plants without NPSB fertilizer (Figure 4).

The results of this study clearly showed that the incorporation of nitrogen, phosphorus

Sulphur and Boron fertilizers an effect on promoting vigorous plant growth. Also the

improvement of fresh and dry weight of whole onion plant could be attributed to an

increased photosynthetic area in response to NPSB fertilization that enhanced assimilates

production and partitioning to the plants. The obtained results are in conformity with the

findings of Shege, 2015, Abrheham et al. (2014) ; Balasubramonium et al. (1979)

Betewulign et al. (2014); faraooqui et al. (2009) and Zaman et al. (2011) on garlic which

said that NPS fertilization positively affected all vegetative characters of garlic plant.
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Figure 4. Main effect of NPSB Fertilizer rate on leaf dry weight of onion.

Where: CV = Coefficient of Variation; and SE± = Standard Error;

Means with the same letter (s) within a bar are not significantly different each other at

5% (p<0.05) level of significance.

4.3. Yield Components and Yield of Onion

4.3.1. Fresh Bulb Weight(g)

The analysis of variance showed that NPSB fertilizer rate and intra-row spacing as well as

their interaction effects highly significantly (P < 0.01) influenced the average bulb weight

of onion (Appendix 2).The largest mean bulb weight 75.75g was obtained from the

application of 244kg ha-1 NPSB fertilizer on 12.5cm spaced onion plant. On the other hand,

the smallest average bulb weight (18.77g) was recorded from plants grown without NPSB

fertilizer and spaced at 7.5cm intra-row spacing(Table 4).

Largest bulbs with highest average weight were produced with highest NPSB fertilizer

rates and widest intra-row spacing, which could be linked to a suitable supply of plant

nutrients for onion plant growth and development. The plant's metabolic activities enhance

as a result of these conditions, resulting in increased assimilate accumulation and

translocation from leaves to bulbs.

The findings of this study are similar to those of (Amakel, 2020), who found that higher

bulb weight was related to higher NPS and broader intra-row spacing. Furthermore,

applying NPKS or single nutrients such as phosphorus and sulphur increased onion bulb

weights (Kumar and Singh, 1992; Baiyeri, 2002; Aliyu's et al., 2008; Aster, 2009; Mahala,

2015). Muluneh (2016) found that when nitrogen levels were higher and intra-row spacing
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was substantially wider, bulb weight was highest, similar to Naik and Hosamani's findings

(2003). Aliyu et al. (2008) discovered that densely populated onion plants produced

smaller bulbs than sparsely populated onion plants, which is similar to the current study's

findings.

4.3.2. Bulb Diameter (cm)

The main effects of NPSB blended fertilizer, intra row spacing and their interaction highly

significantly (P < 0.01) influenced bulb diameter of onion (Appendix 2). The widest bulb

diameter (6.8cm) was recorded by the combined treatment of 244kg ha-1 NPSB fertilizer

and 12.5cm intra-row spacing. Plants grown at 7.5cm intra-row spacing without NPSB

fertilizer produced bulbs with narrow bulb diameter (3.1cm) as indicated in Table 4.

The probable reasons for wider bulb diameter of onion recorded from plants supplied with

relatively high NPSB and at wider intra-row spacing could be due to the presence of

enough nutrients (N, P S and B) that promote the growth and development of plants and

consequently the diameters of bulbs. The increase in bulb diameter is obviously associated

with increased in dry matter production and allocation of assimilates to the bulb through

increased number of leaves, plant height and leaf length and thus higher photo assimilate

concentration in the bulbs that ensure large bulb diameter.

According to Abraha et al. (2015) and Uzma et al. (2016), the combined application of

phosphorus and sulfur increased the diameter of garlic and onion, which is consistent with

the findings of this study. When onion plants were planted at considerably wider intra-row

spacing, many studies noticed bigger onion bulbs with broader diameter, similar to the

current study (Akoun, 2005; Jilani et al., 2009; Geremew et al., 2010, Muhammad et al.,

2011; Yemane et al., 2013).

4.3.3. Average Bulb Length (cm)

Bulb length of onion was very highly significantly (P≤0.01) influenced by the main effects

of blended NPSB fertilizer rate, intra-row spacing as well as their interaction (Appendix 2).

The longest bulb length 5.6cm was recorded with the treatment combination of 244kg ha-1

NPSB fertilizer rate and 12.5cm intra-row spacing. The shortest bulb length 3.3cm of

onion was recorded from plants spaced at 7.5cm intra-row spacing and grown without

NPSB fertilizer (Table 4).
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The availability of enough plant nutrients through the application of NPSB fertilizer,

which positively influenced cell enlargements, rapid root development, and good water

utilization, which in turn promote plant growth and thus onion bulb length, could be one

of the reasons for the observed longest bulb length. Onion bulb lengths were considerably

longer in all fertilized plots than in the unfertilized plot.

These findings are consistent with those of Falodun et al. (2013), who found that NPK

treatment resulted in the longest bulb length (80kg ha-1). Kumar et al. (2017) also found

that applying the recommended dose of NPK fertilizers after harvesting resulted in the

longest bulb length. In reaction to nitrogen fertilizers, Yadav et al. (2003) and Reddy

(2005) showed an increase in onion bulb length. According to Dawar et al. (2007), high

planting density results in shorter bulb length due to the high computation of soil nutrients,

water, and light, which causes bulb size to be reduced in order to reach its full potential.

Table 4.Interaction effect of NPSB blended fertilizer rate and intra-row spacing on yield

component parameters of onion.

NPB fertilizer
(kg ha-1)

Intra-row (cm) FBW(gm) BD (cm) BL(cm)

0 7.5 18.77e 3.1h 3.3f
10 38.8d 3.83g 3.4f
12.5 65.1b 4.67de 4.3cd

122 7.5 28.8de 4.2f 3.5f
10 49.3c 4.5ef 4.1e
12.5 63.7b 5.9c 4.8bc

244 7.5 49.97c 4.8de 4.0e
10 73.4ab 4.9d 4.7cd
12.5 75.73a 6.8a 5.6a

366 7.5 63.67b 5.6c 4.93bc
10 75.47a 5.6c 5.3ab
12.5 72.9ab 6.3a 5.27ab

SE± 2.88 0.19 0.39
CV (%) 10.9 3.7 6.3

Where: FBW =Fresh Bulb Weight; BD = Bulb Diameter; BL = Bulb Length; SE± =

Standard Error; and CV = Coefficient of Variation

Means with the same letter (s) within a column are not significantly different each other at

5% (p<0.05) level of significance.
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4.3.4. Bulb Dry Weight (g)

The bulb dry weight of onion was highly significantly (P < 0.01) influenced by effects of

NPSB fertilizer and intra-row plant spacing. However, their interactions did not show

significant difference in the Bulb dry weight (P>0.05) (Appendix 3). The highest bulb dry

weight (24.8g) was recorded by the application of 366kg ha-1 NPSB fertilizer. The lowest

Bulb dry weight (11.9g) was recorded from plants without NPSB fertilizer (Figure 5). On

the hand the effects of intra-row spacing was highly significantly (p < 0.01) influenced

average dry biomass yield. As intra-row spacing increased from 7.5 to 12.5cm average dry

biomass yield was also increased from 16.4g to 20.5g (Figure 6).

The higher bulb dry weight from each level of blended NPSB fertilizer is most likely

owing to the availability of sufficient nutrients with low competition among plants,

resulting in superior photosynthetic accumulation in their sink (bulbs) than the control.

Higher levels of photosynthates in the bulbs could result in larger individual bulb weights,

bulb diameters, and neck diameters. Because phosphorus is a large component of nucleic

acid, which aids in the growth and development of the entire plant, more energy is stored

in the bulb.

The results of the present study are in agreement with findings of other researchers who

report that an increased in mean fresh bulb weight in response to nitrogen application

could be attributed to increase in number of leaves, leaf length and extended physiological

maturity that led to increased assimilate production and allocation to the bulbs (Kokebe et

al., 2013). Higher nitrogen doses resulted in higher bulb dry matter yields than lower

nitrogen doses (Yadav et al., 2003) and El-Tantawy and El-Beik (2009). The use of sulfur-

containing fertilizers resulted in a high utilization of macro and micro-nutrients, resulting

in a considerable increase in total solids in onion bulbs at maturity (Nasreen et al., 2007).

Increased nitrogen application resulted in considerable increases in bulb weight Abdissa et

al. (2011). Abraha et al. (2015) also found a beneficial effect of N, P, S, and Zn fertilizer

application on onion bulb growth, which contributes to bulb weight. On the other hand

These finding is consistent with those of Dereje et al. (2012) and Sikder et al. (2010), who

found that wider spacing resulted in increased bulb dry weight in shallot and onion,

respectively.
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Figure 5. Main effect of NPSB fertilizer on dry bulbs of onion.

Where: CV = Coefficient of Variation; and SE± = Standard Error. Means with the same

letter (s) within a bar are not significantly different each other at 5% (p< 0.05) level of

significance.

Figure 6. Main effect intra-row spacing on bulb dry weight of onion.

Where: CV = Coefficient of Variation; SE± = Standard Error. Means with the same letter

(s) within a bar are not significantly different each other at 5% (p<0.05) level of

significance.

4.3.5 Total Dry Biomass (g)

The analysis of variance (ANOVA) indicate that total dry biomass was highly

significantly (P< 0.01) influenced by the main effects of NPSB fertilizer rate. However,

intra-row spacing and their interactions did not show significant difference in the total

biomass (P>0.05) (Appendix 2). The maximum total biomass (35.6g) was recorded by the
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application of 366kg ha-1 NPSB fertilizer. The minimum total dry biomass (18.4) was

recorded from plants without NPSB fertilizer rate (Figure 7).

The increase in the amount dry biomass yield in response to increasing NPSB fertilizer

rates is likely due to increased NPSB fertilizer supply, which improves plant vegetative

growth such as leaf number, leaf diameter, leaf length, and plant height, all of which

contribute to improved photosynthesis and assimilate production in the vegetative part of

the plant, as well as partitioning to the bulbs (Sharma, 1992). According to Guesh, 2015,

Nasreen et al. (2007), and El-Tantawy and El-Beik (2009), applying a greater N rate ha-1

improved onion dry total biomass yields. Similarly, Pervez et al. (2004) found that

increased nitrogen dosages resulted in the highest total biomass per plant of radish.

Figure 7. Main effect of NPSB fertilizer on total dry biomass of onion.

Where: CV = Coefficient of Variation; SE± = Standard Error. Means with the same

letter (s) within a bar are not significantly different each other at 5% (p<0.05) level of

significance.

4.3.6. Total Marketable Bulb Yield (t ha-1)

The analysis of variance revealed that marketable bulb yield of onion was highly

significantly (P < 0.01) affected by NPSB fertilizer rate and significantly (P<0.05) their

interaction effects (Appendix 3). However, spacing did not show significant difference in

the marketable bulb yield (P>0.05). Generally, marketable bulb yield of onion was

increased with increasing NPSB fertilizer rate from 0 to 244kg ha-1 with intra-row plant

spacing 7.5cm. The highest marketable yield 41.2t ha-1) of onion was achieved from

treatment combination of 244kg ha-1 NPSB fertilizer and 7.5cm intra-row spacing. The
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lowest marketable yield (8.9t ha-1) was recorded from plants grown without NPSB

fertilizer and planted at 7.5cm intra-row spacing (Table 5).

This could be due to the presence of plant nutrients that are required from improved

growth and development of onion plants that in turn increased the marketable bulb yield.

These conditions also improved the diameter and weight of onion bulbs as indicated above

that contributed to higher marketable yield with proper size, shaped and color of the bulbs.

These finding is agree with the finding of Solomon et al., (2020) who reported that the

maximum marketable yield (41157kg ha-1) was observed for plots that received a blended

fertilizer rate of 250kg ha-1 (NPSB) + 69kg ha-1 N top dress. Similarly, increasing the rate

of NPS fertilizer increased marketable bulb yield (Amakel, 2020). Muluneh (2016) also

discovered that using NPS fertilizer at a rate of 105:119.6:22kg ha-1 N: P2O5: S resulted in

the maximum marketable yield of onion. Similarly, increasing the nitrogen delivery rate

enhanced the marketable bulb yield substantially (Guesh, 2015; Jahan et al., 2010;

Soleymani and Shahrajabian, 2012). Higher phosphorus levels resulted in significant

increases in onion bulb length, diameter, weight, and dry matter content, all of which

contributed to increased onion marketable bulb production (Aster, 2009).

El-Shafie and El-Gamaily (2002) and Juszczuk and Ostaszewska (2011) reported that

sulfur and nitrogen stimulate the enzymatic actions and chlorophyll formations, which

promote the growth and development of the plant leading to high yielding performance.

According to Weldemariam, et al. (2015), application of 138kg ha-1 N to plants planted at

7.5cm intra-row spacing recorded the highest marketable bulb yield under Gode condition.

Similarly, the highest bulb yield (31.6t ha-1) was obtained from the lowest spacing along

with nitrogen level of 150kg ha-1 and 120kg ha-1 (Naik and Hosamani. 2003).

4.3.7. Total Unmarketable Bulb Yield (t ha-1)

Unmarketable bulb yield of onion was highly significantly (P≤0.01) affected by the main

effects of blended NPSB fertilizer and intra-row spacing as well as their interaction effects

(Appendix 3). The maximum unmarketable bulb yield of onion was obtained from plants

supplied with 366kg ha-1 NPSB fertilizer and planted with 12.5cm intra-row spacing. The

lowest unmarketable bulb yield 0.14t ha-1) was obtained from plants 244kg ha-1 NPSB

fertilizer and spaced at 7.5cm (Table 5).
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Higher unmarketable bulb yield recorded at widest intra-row spacing with 366kg-1ha

NPSB level could be due the presence of excess soil nutrients for sub-optimal growth led

to over size or weight of bulbs, split bulbs, physiologically disordered, doubles, rotten, off-

color and discolor. These research fit with the finding of (Moray et al., 2012) Availability

of excess soil nutrients for sub-optimal growth led to over size or weight of bulbs, split

bulbs, physiologically disordered, doubles, rotten, off-color and discolor and consequently

higher unmarketable yield. In addition to these (Solomon et al., 2020) stated that the

maximum unmarketable yield (1273.1kg ha-1) was recorded for plots that received a

blended fertilizer rate of 300kg ha-1 (NPSB) + 69kg ha-1 N top dress. Khan et al., (2002)

indicated that application of fertilizer not only improve average bulb weight but also

enhance marketable bulbs and significantly reduce the production of unmarketable bulbs

by preventing culling or wastage of too much bulbs.

However, these findings contradict the findings of Rumpel et al. (2000), who found that

lower nitrogen doses increased the output of under-sized bulbs. Similarly, at the maximum

planting density and with no nitrogen fertilizer more undersized onion bulbs are gotten

(Nasir et al., 2007; Jilani et al., 2009; Negash et al., 2009; Weldemariam et al., 2015). It

also contradicts the findings of Yemane et al. (2013) and Dereje et al. (2012), who found

that smaller intra-row spacing yielded the largest unmarketable bulb yields of onion and

shallot.

4. 3. 8. Total Bulb Yield (t ha-1)

The main effects of blended NPSB fertilizer and their interaction highly significantly

(P<0.01) influenced total bulb yield of onion. However, spacing did not show significant

difference in the total bulb yield (P>0.05) (Appendix 4). Total bulb yield of onion

increased significantly in response to increasing the rate of NPSB fertilizer application

across of the 7.5cm intra-row spacing except in treatment combination of 366kg ha-1 with

7.5cm intra-row spacing decreased total bulb yield. The combined treatment of 244kg ha-1

NPSB fertilizer and 7.5cm intra-row spacing produced the highest total bulb yield of 41.3t

ha-1. Plants planted at 7.5cm intra-row spacing without NPSB fertilizer, on the other hand,

generated lower bulbs yield (9.4t ha-1) as shown in Table 4.

The availability of macro plant nutrients in blended NPSB fertilizer may account for the

increased output in the fertilizer-needed treatment. This is attributable to the functions of

nitrogen in many physiological and metabolic processes, as well as an increase in onion
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dry matter production. Similarly, the investigation came to the conclusion that (Nibret,

2020) Plots that received a blended fertilizer rate of 250kg ha-1 (NPSB) + 69kg ha-1 N top

dress produced the best overall yield (42378kg ha-1).

According to Shinde (2014) the increased in total bulb yield could be due to better uptake

of nutrients from soil that might have contributed to increased plant height, number of

leaves, bulb diameter and weight of bulb. The highest total bulb yield was obtained from

NPSB fertilizer rate at the concentration of 385.86kg ha-1 NPS (Muluneh, 2016).

The findings are also consistent with those of (Abraha et al., 2013), who found that

fertilizer combinations of N, P, S, and Zn had a positive impact on onion bulb diameter

development, which adds to overall bulb output. According to various studies, applying

phosphorus to increase the size of onion bulbs resulted in a higher total bulb yield (Costa

et al, 2009; Dudhat et al., 2010; Wamser et al., 2011; Tibebu et al., 2014; Resende et al.,

2016). Kalid (2019) also discovered that adding micro nutrients at a rate of 0.5 percent

zinc sulfate (ZnSO4), 1.0 percent iron sulfate (FeSO4), and 1.0 percent boron to onions

significantly increased onion yield (B at 0.5 percent).

4.3.9. Harvesting Index (%)

The analysis of variance showed that means of harvesting index was significantly (P <

0.01) affected by the interaction effect of NPSB Fertilizer and intra-row spacing.

Moreover, harvesting index was significantly (P < 0.01) influenced by the main effects of

NPSB fertilizer application and intra-row spacing) (Appendix 4).

Harvesting index increasing significantly as the rate of NPSB fertilizer application was

raised in tandem with the closest intra-row spacing. As a result, the best harvesting index

was obtained by applying NPSB fertilizer at a rate of 244kg ha-1 with the narrowest intra-

row spacing. On the other hand, onion plants without NPSB fertilizer and at 7.5cm had the

lowest Harvesting index (Table 5).

This study agrees in part with the findings of (Guase Tekle, 2015), who found that the

most nitrogen fertilizer and widest intra-row spacing resulted in shorter leaf length, leaf

diameter, and plant height, which may have resulted in lower above ground biomass and a

higher harvesting index. Abdissa et al. (2011) found a similar impact when they found that

the lowest onion harvest index occurred when no nitrogen fertilizer was applied. Similarly,
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Yemane et al. (2013) found that wider intra-row spacing reduced harvest indices in onion

while Dereje et al. (2012) found that wider intra-row spacing reduced harvest indices in

shallot. Furthermore, because of the lower vegetative biomass, the highest values of the

mungbean harvest index were previously reported with closer spacing (Kabir and Sarkar,

2008).

Table 5. Interaction effect of NPSB blended fertilizer rate and intra-row spacing on bulb

yield parameters of Onion.

NPSB fertilizer
(kg ha-1)

Intra-row
(cm)

MBY (t
ha-1)

UNMBY (t
ha-1)

TBY(t ha-1) HI (%)

0 7.5 8.9g 0.5abc 9.4g 58.8d

10 13.2fg 0.31def 13.54fg 65.47c

12.5 16.2ef 035cde 16.59ef 69.63bc
122 7.5 20.17de 0.52ab 20.68de 64.83c

10 22.17cd 0.18fg 22.32cd 68.23bc

12.5 25.27c 0.49abc 23.75c 70.3bc

244 7.5 41.2a 0.14g 41.3a 77.17a

10 34.27b 0.26efg 34.49b 68.78bc

12.5 37.07ab 0.29def 37.36ab 73.37ab
366 7.5 37.63ab 0.4bcde 38.03ab 66.57c

10 38.27ab 0.43abcd 38.56ab 66.6c
12.5 38.2ab 0.56a 38.67ab 70.5bc

SE± 1.3 0.04 1.3 1.46
CV (%) 10.0 23.59 9.8 4.5

Where: MBY =Marketable Bulb yield; UNMBY=Unmarketable Bulb Yield; TBY=Total

Bulb Yield; HI =Harvesting Index; SE±=Standard Error; and CV = Coefficient of

Variation.

Means with the same letter(s) within a column are not significantly different each other at

5% (p< 0.05) level of significance.

4.4. Correlation Analysis

Correlation coefficient (r) values, computed to decide the relationships between and within

each pair of the characters, are in Table 6. The correlation values showed obvious

affiliation of the variables with every other, and certainly indicated the magnitude and

course of the affiliation and relationships. Results of the correlation analysis revealed that

marketable bulb yield was positively and highly significantly (P<0.01) correlated with

plant height (r= 0.41**), leaf length (r= 0.62**) number of leaves (r=0.72**),leaf dry

weight (r=0.61**), bulb length (r= 0.86**), bulb diameter (r=0.69**), fresh bulb weight
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(r= 0.67**), Bulb dry weight (r= 0.83**), total dry biomass ( r= 0.78**), total bulb yield

(r= 0.99**) and Harvesting index (r=0.6**). The feasible reason for the observed

association between total bulb yield and these variables could be because increase in plant

height and number of leaves produced higher photosynthesis, which in turn resulted in

vigorous vegetative boom and those plants gave higher marketable and unmarketable bulb

yield and as a end result the total bulb yield of onion increased.

Table 6. Correlation Coefficient among different variables of onion.

Where: NS=non-significant; *=Significant; and **=highly significance differences at 5%

(p< 0.05) level of probability; PH = Plant Height, LL = Leaf Length; LN = Leaf Number;

LDW= Leaf Dry Weight ; FBW = Fresh Bulb Weight; BD = Bulb Diameter;TDB= Total

Dry Biomass; BDW= Bulb Dry Weight; BL = Bulb Length; MBY = Marketable Bulb Yield;

UNMBY = Unmarketable Bulb Yield; TBY = Total Bulb Yield; and HI = Harvesting

Index Respectively.

PH LL LN LDW FBW DBW BL BD TDB MBY UNMB
Y

TBY HI

PH 1.0

LL 0.66** 1.0

LN 0.44** 0.66** 1.0

LDW 0.67** 0.72** 0.64** 1.0

FBW 0.6** 0.64** 0.68** 0.63** 1.0

DBW 0.51** 0.67** 0.67** 0.64** 0.82** 1.0

BL 0.65** 0.72** 0.64** 0.71** 0.64** 0.75** 1.0

BD 0.75** 0.75** 0.68** 0.67** 0.83** 0.71** 0.9** 1.0

TDB 0.64** 0.68** 0.73** 0.85** 0.77** 0.68** 0.83** 0.91** 1.0

MBY 0.41** 0.62** 0.72** 0.61** 0.67** 0.83** 0.69** 0.69** 0.78** 1.0

UNM
BY

0.083** 0.063NS -0.18NS -0.16 -0.12NS -
0.073NS

0.14NS 0.13NS -0.14NS 0.2NS 1.0

TBY 0.42** 0.62** 0.71** 0.77 0.67** 0.84** 0.69** 0.7** 0.81** 0.99*
*

-0.19NS 1.0

HI 0.45** 0.43** 0.59** 0.69 0.43** 0.32** 0.43** 0.55** 0.67** 0.6** 0.36** 0.59** 1.0
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4.5. Partial Budget Analysis

The economic analysis was done to evaluate the benefits of each treatment where the costs

of NPSB fertilizer (15Birr kg-1), onion seeds (Birr 1000kg-1) and labor cost to NPSB

fertilizer application, transplanting (Birr 150 person-1) were considered as variable costs.

About 4.6, 3.5 and 2.8kg ha-1 onion seeds were required for 7.5, 10 and 12.5cm intra-row

spacing. The farm get price of the marketable yield of onion during the time of harvesting

was Birr 25kg-1, which was used in the present study. Accordingly, the highest net benefit

(Birr 893,390) was obtained from the treatment combination of 244kg ha-1 NPSB fertilizer

and 7.5cm intra-row spacing. The lowest net benefit (Birr 173,900) was recorded from

plants without NPSB fertilizer and planted at 7.5cm intra-row spacing indicated in Table 7.
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Table 7. Partial budget analysis of onion as influenced by NPSB fertilizer rate and intra row spacing at Enemor district during the 2021

irrigation season.

Treatment
combinati
on

Market
able
Bulb
Yield
( t ha-1)

Actual
Marketa
ble Yield
(Kg ha-1)

Actual
Marketab
le Yield -
10% (kg
ha-1)

Adjusted
Marketab
le Yield
(kg ha-1

Total
Gross
Return
( Birr ha-
1)

Cost of
NPSB
Fertiliz
er (Birr
ha-1)

Cost of
labor for
fertilizer
applied

Cost of
Onion
Seed
(Birr ha-1)

Cost of

labor for

transplant

ing

Total Variable

Cost (Birr ha-

1)

Net

Benefit

(Birr ha-1)

7.5*0 8.9 8900 890 8010 200,250 0 0 4600 21,750 26,350 173,900

10*0 13.2 13200 1320 11,880 297,000 0 0 3500 14,400 18,050 278,950

12.5*0 16.2 16200 1620 14,580 364,500 0 0 2800 7200 10,000 354,500

7.5*122 20.17 20170 2017 18,153 453,825 1830 1800 4600 21,750 29,980 423,845

10*122 22.17 22170 2217 19,953 498,825 1830 1800 3500 14,400 21,680 477,147

12.5*122 25.27 25270 2527 22,743 568,575 1830 1800 2800 7200 13,630 554,945

7.5*244 41.2 41200 4120 37,080 927,000 3660 3600 4600 21,750 33,610 893,390

10*244 34.27 34270 3427 30.843 771,075 3660 3600 3500 14,400 25,310 745.765

12.5*244 37.07 37070 3707 33,363 834,073 3660 3600 2800 7200 17,260 816,813

7.5*366 37.63 37630 3763 33,867 846,675 5490 5400 4600 21,750 37,240 809,435

10*366 38.27 38270 3827 34,443 861,075 5490 5400 3500 14,400 28,700 832,135

12.5*366 38.2 38200 3820 34,380 859,500 5490 5400 2800 7200 20,890 838,,610
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Table 8. Dominance analysis of onion as influenced by NPSB fertilizer rate and intra-row

spacing at Enemor during 2021 under irrigation season.

Total Variable
Cost (Birr ha-1)

Net Benefit (Birr
ha-1)

Dominance

10,000 354,500

13,630 554,945

17,260 816,813

18,050 278,950 D

21,680 477,147

25,310 745,745

26,350 173,900 D

28,940 832,175

29,980 423,845

33,610 893,390

37,240 809,435

Where: D = Dominance

Table 9. Marginal Rate Return (MRR) of onion as influence by NPSB fertilizer rate and

intra-row spacing at Enemor District during 2021 under irrigation Season.

Treatment
combination

Total Variable Cost
(Birr ha-1)

Net Benefit (Birr ha-1) MRR (%)

12.5*0 10,000 354,500 0

12.5*122 13,630 554,945 5522

12.5*244 17,260 816,813 6368

10*244 25,160 745,765 2556

10*366 28,700 832.135 2474

7.5*244 33,610 893,390 2282

Where: MRR (%) = (Change in Net Benefit /Change in Variable Cost) ×100%
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5. CONCLUSION AND RECOMMENDATIONS

5.1. Conclusion

The results of the present study clearly showed that NPSB fertilizers and intra-row spacing

affected the growth and yield performance of onion under Enemor District conditions. This was

specifically reflected on plant height and number of leaves as well as the length, diameter and

weight of the bulbs. Accordingly, this combined application of 244kg ha-1 on NPSB and 7.5cm

intra-row spacing gave the best marketable yield of 41.2t ha-1, which is averagely 78.4% increase

when compared to the other treatment combinations tested.

On the other hand, the correlation analysis of plant height, length, and number of leaves, bulb

length, bulb diameter as well as the fresh and dry bulb weight, including the total bulb yield

showed a highly significant and positive correlation with the marketable bulb yield of onion. As

such, the present findings has concurred with previous findings reported by CIMMYT (1988) in

that the highest net benefit of onion was recorded from the treatment combination of 244kg ha-1

NPSB fertilizer and narrow intra-row spacing.

5.2. Recommendations

Based on the results of the present study, the application of 244 kg ha-1 of NPSB fertilizer with

narrow intra-row spacing is recommended for onion production in Enemor District as well as

areas with similar agro-ecological conditions. This was economically substantiated by the

partial budget analysis, which showed the highest net benefit increase of Birr 893,390 while

using the stated treatment combination as compared to the others tested. Besides, since the

study was conducted only for a single season and in only one location, further research is

recommended to be carried out in more other locations as well as at different seasons.



41

6. REFERENCES

Abdissa Yohannes, Tekalign Tadesse and Pant, L. M. 2011. Growth, bulb yield and quality of

onion (Allium cepa L.) as influenced by nitrogen and phosphorus fertilization on

vertisol. Growth attributes, biomass production and bulb yield. African Journal of

Agricultural Research, 6(14): 3252-3258.

Abdulsalam, M.A. and A.F. Hamaiel. 2004. Effect of planting dates and compound Fertilizers

on growth yield and quality of hassai onion under Al Hassai Oasis conditions.

Scientific Journal of King Faisal university (Basic and Applied sciences), 5(1):3-20

Abraha Gebrekiros, Solomon Habtu and Yirga Weldu. 2015. Response of onion (Allium cepa

L.) growth and yield to different combinations of N, P, S, Zn fertilizers and compost

in northern Ethiopia. International Journal of Science and Research,4(2), pp.985-989

Abreham Mulatu, Bizuayehu Tesfaye and Essubalew Getachew.2014. Growth and bulb yield

garlic varieties affected by nitrogen and phosphorus application at Mesqan districts,

South Central Ethiopia. Journal of Agricultural Research Vol. 3 Pp. 249 – 255.

Agro BIGP (Agribusiness Induced Growth Program). 2016. Onion value chain analysis. Agro

Big Program me for agribusiness induced growth in Amhara region.

Ahmed, M. K., Aditya, D. K. and Siddique, M. A., 1988. Effect of nitrogen and sulfur

application on the growth and yield of onion CV. Faridpur Bhatti. Bangladesh

Horticulture. 16(1):36-41.

Akuon, J. 2005. Effect of plant density and manure on yield and yield components of common

onion (Allium cepa L.)Var. Nsukka Red. Nigerian Journal of Horticulture. Science, 9:

43–48.

Aliyu U., Dikko A.U., Magaji M.D. and Singh A. 2008. Nitrogen and intra row Spacing

Effects on Growth and Yield of Onion (Allium cepa L.). Journal of Plant Sciences, 3:

188-193.

Alt, D., Ladebusch H. and Melzer O. 1999. Long-term trial with increasing amounts of

phosphorus, potassium and magnesium applied to vegetable crops. Acta Horticulture,

506(2):29-36



42

Amakel Assefa. 2020. Effects of blended NPS fertilizer rates and intra-row spacing on growth

and bulb yield of onion (Allium cepa L.). Mekdela district, eastern Amhara, Ethiopia

Anwar, M.N., J.U. Sarker, M. Rahman, M.A. Islam and M. Begum. 2001. Response of onion

to nitrogen, phosphorus, potassium, sulphur and zinc. Bangladesh Journal of

Environmental Scences. 7: 68-72. Area and Production of Crops. Addis Ababa: CSA,

Pp.193-211.

Asfaw Zeleke and Eshetu Derso. 2015. Production and management of major vegetable crops

in Ethiopia.

Assefa Abrha, Mesgina solomon and Abriha Yirga. 2015. Effect of inorganic and organic

fertilizers on the growth and yield of garlic crop (Allium sativum L.). In Northern

Ethiopia. Journal of Agricultural Science, 7(4):80.

Aster Kora. 2009. Effect of nitrogen and phosphorous fertilizers on yield and yield component

of onion (Allium cepa L.) at Melkassa, central rift valley of Ethiopia, Pp: 109.

AVRDC (Asian Vegetable Research Development Center). 2004. Asian Vegetable Research

and Development Center, Shanhua, Tainan, Taiwan. Vii 152p.

Awas Geremew, Abdisa Teshome, Tolesa Kasaye, and Chali Amenti .2010."Effect of intra-

row spacing on yield of three onion (Allium cepa L.) varieties at Adami Tulu

agricultural research center (mid rift valley of Ethiopia)," Journal of Horticulture and

Forestry, 2(1), 7-11.

Bagali, A.N. Patil H.B. Guled M.B. and Patil R.V. 2012. Effect of scheduling of drip irrigation
on growth, yield and water use efficiency of onion (Allium cepa L.). Journal of
Agricultural Science, 25 (1):116-119

Baiyeri, K. P. 2002. Nitrogen fertilizer influenced harvest index of plantain (Musa AAB, cv.

Agbagba) in a subhumid zone of southeastern Nigeria. University of Nigeria, Nsukka,

ES, Nigeria. Journal of Sustainable Agriculture, Pp 95-102.

Balasubramonium A.S., Raman G.V.G. and Moorty K. K. K.1979. Effect of sulfur application

in the yieldand quality of onion (Allium cepa L.) Agril. Res. J. Kerala (1979). 17(1): 138-

140.



43

Baloch, A.F. 1994. Vegetable crops. Horticulture. National Book Foundation, Islamabad,

Pakistan. pp. 489-537.

Batjes, N.H. 1997. A world data set of derived soil properties by FAO. UNESC.O soil unit for

global modeling. Soil use manages. 13(1):9-16.

Begum, M. Jahiruddin, Kader MA., Haque MA., Hoque ABMA. 2015. Effects of zinc and

boron application on onion and their residual effects on Mungbean. Department of Soil

Science, Department of Environmental Science, Bangladesh Agricultural University,

Mymensingh-2202, Bangladesh; Progressive Agriculture 26 (2): 90-96.

Betewlign Eshetu and Solomon Tulu .2014. Evaluating the Role of Nitrogen and Phosphorus

on the Growth Performance of Garlic (Allium Sativum L.). Asian Journal of Agricultural

Research 8 (4): 211-217F.

Bieleski, R. L.1973. Phosphate pools, phosphate transport, phosphate availability. Ann Rev

Plant Physiology, 24:225-252.

Bingham, F. T. 1982. Boron.p. 431-448. In: Methods of Soil Analysis Part-2 Chemical and

mineralogical properties (A.L. Page (ed.), ASA, Madison, WI, USA.

Birhanu Messele. 2016. Effects of nitrogen and phosphorus rates on growth, yield, and quality

of onion (Allium cepa L.) at Menschen Für Harar, Ethiopia. Agriculture Research and

Technology, 1(3):555-563.

Black, C.A. 1965. Determination of exchangeable Ca, Mg, Na, K, Mn and effective cation

exchange capacity in soil. Methods of soil analysis. American Society of Agronomy,

Madison, Wisconsin.

Bloem, E.S., Haneklaus and Schnug, E. 2004. Influence of nitrogen and sulfur fertilization on

the alliin content of onions and garlic. Journal of Plant Nutrition, 27(10): 1827-1839.

Bosekeng G. 2012. Response of onion (Allium cepa L.) to sowing date and plant population.
MSc Thesis, University of Free State, Bloem. Sciences in Soil, 4(5):95-100.

Boukary, H., Haougui, A., Barage, M., Adam, T., Roumba, A., & Saadou, M. 2010.

Evaluation agro-morphologique des varietes et/ou ecotypes locaux d’oignon du Niger.

International Journal of Biology Chemistry Science, 6 (6), 3098-3106.



44

Boyhan, G. D., Granberry, K. T., & Kelley, T. 2001. Onion production guide. The University

of Georgia College of Agricultural Environmental Science. Bulletin, 1198.

Brady, N.C. and R. R. Weil. 2002. The Nature and Properties of Soils. Thirteenth Edition.

Pearson Education Asia. Delhi, India. 960P.

Brewster JL, 2008. Onions and other vegetable alliums (No 15). CABI.
Brewster, J.L. 1994. Onions and other vegetable Alliums. CAB publishing. UK. 321p.

Bungard, R.A., Wingler, A., Morton, J.D and Andrews, M. 1999. Ammonium can stimulate

nitrate and nitrite reductase in the absence of nitrate in Clematis vitalba. Plant Cell

and Environment 22 (7): 859-866.

Central Statistical Agency (CSA) of Ethiopia. 2021. Agricultural sample survey 2020/21

(2013E.C) report on area and production of major crops private peasant holding, meher

and belg season Volume I.

Central Statistical Agency (CSA). 2018. Report on Area and Production of Private Peasant

Holdings Statistical Bulletin, Volume I. Addis Ababa, Ethiopia. p 14.

Chemdo Anchala, Deressa, Lemma Desalegn 2006. Farmers' participatory onion seed

production in the Central Rift Valley of Ethiopia: achievement, constraints and its

implication for the national seed system. In the Conference of the Crop Science

Society of Ethiopia, 11, Addis Abeba (Ethiopia), Crop Science Society of Ethiopia.

Chand, R.R., Devi, S.S., Kumari, S.S., Kumar, S.S., Goundar, N.N., Naranyan, N. and

Chandra, P., 2018. Traditional use of medicinal plants among selected villages in Fiji

islands: a review perspective. Pac Med Stud J, 1, pp.10-20.

CIMMYT (International Maize and Wheat Improvement Center). 1988. from Agronomic Data

to Farmer Recommendations. An Economic Training Manual. Completely Revised

Edition. CIMMYT, Mexico, D. F., Mexico: 79.

Costa, R., Park, E.J., Alexander, E., Taylor, G.A., and Kang, D.H. 2009. The decontaminative

effects of acidic electrolyzed water for Escherichia coli O157: H7, Salmonella

typhimurium, and Listeria monocytogenes on green onions and tomatoes with

differing organic demands. Food Microbiology, 26(4), pp.386-390.



45

Dabhi, N. M., Patel, M. V. and Patel, V. R. 2004. Effect of sources and levels of sulphur on

yield and chemical composition of onion in loamy sand. Nat. Semi. on Dev. Soil Sci.:

69th Ann. Con. Hyderabad, October 27–30, p. 124

Dasash Atalay . 2019. Effect of intra-row spacing and nitrogen fertilizer rate on Growth and

yield of onion (Allium cepa L.) under irrigation Condition in Mecha district of Amhara

region. MSc. Thesis Bahir Dar, Ethiopia

Dawar, N.M. Wazir, F.K. Dawar, M. and Dawar, S. H. 2007. Effect of planting density on

growth and yield of onion varieties under climatic conditions of Peshawar. Sarhad

Journal of Agriculture, 23(4):911-918.

Dawar, N.M. Wazir, F.K. Dawar, M. and Dawar, S.H. 2005. Effect of planting density on the

performance of three varieties of onion under the agro-climatic conditions of Peshawar.

Sarhad Journal of Agriculture, 21:545-550.

Day, P.R. 1965. Particle fractionation and particle-size analysis. Methods of soil analysis. Part

1. Physical and mineralogical properties, including statistics of measurement and

sampling, 545-567

Decoteau, D.R. 2000. Vegetable crops. Prentice Hall. New Jersey, United State of America.

Journal of Science, Technology and Arts Research, 2(3):561p

Dereje Ademe, Derbew Belew and Getachew Tabor. 2012. Influence of bulb topping and intra

row spacing on yield and quality of some shallot (Allium Cepa Var. Aggregatum)

varieties at Aneded Woreda, Western Amhara. African Journal of Plant Science,

6(6):190-202

Devulkar.G .2013. "Effect of different spacing and transplanting dates on growth and yield of

onion (Allium cepa. L.) varagri found light red under South Gujarat condition," A

Thesis Submitted to the Navsari Agricultural University.

Dorcas, A.O.A. Magaji, M.D. Singh, A. Ibrahim, R. and Siddiqu,Y. 2012. Irrigation

scheduling for onion (Allium cepa L.) at various plant densities in a Semi-Arid

environment. UMT 11th International Annual Symposium on Sustainability Science

and Management, Terengganu, Malaysia.



46

Dudhat, M.S., Chovatia, P.K., Sheta, B.T., Rank, H.D. and Parmar, H.V. 2010. Effect of

nitrogen, phosphorous and potash on growth and bulb yield of onion (Allium cepa L.).

Asian Journal of Soil Science, 5(1), pp.189-191.

Egata Shunka, Abebe Chindi, Kassaye Negash, Gebremedhin W/Giorigis, Tesfaye Abebe,

Atsede Solomon, Mihiretu Bedasa, Ibrahim Said, Lema Tesema. 2021. Optimum Rate

of Blended Fertilizer and Urea Determination for Potato Production under Irrigation

Condition in Holetta Research Center, West Showa, Ethiopia. International Journal of

the Science of Food and Agriculture; 5(1):32.

El-Shafie, Fattma S. and El-Gamaily, E. 2002. Effect of organic manure, Sulphur and

microelements on growth, bulb yield, storability and chemical composition of onion

plants. Minufiya Journal. Agricultural. Research. 279: 407-424

El-Tantawy, E.M and El-Beik, A.K. 2009. Relationship between growth, yield and storability

of onion (Allium cepa L.) with fertilization of nitrogen, sulfur and copper under

calcareous conditions. Research Journal of Agriculture and Biological Science 5(4):

361-171.

Epstein, E. and Bloom, A.J. 2005. Mineral Nutrition of Plants: Principles and Perspectives.

2nd Edition, Sinauer Associates, Inc., Sunderland.

Esheteu Bekele, Ferdu Azerefegne and Abate Tsedeke. 2006. Facilitating the Implementation

and Adoption of Integrated Pest Management (IPM) in Ethiopia. Planning Workshop,

13-15 October 2003, Melkassa Agricultural Research Center, EARO. Jointly organized

by the Association for Advancement of IPM (ASAI) and the Ethiopian Agricultural

Research Organization (EARO).

Ethiopian Agricultural Research Organization (EARO). 2004. "Released crop varieties and

their recommended cultural practices," Progress Report, Addis Abeba, Ethiopia.

Ethiopian Agricultural Research Organization (EIAR). 2007. Crop technologies guideline.

Ethiopian Institute of Agricultural Research, Addis Ababa, Ethiopia. 173.

Ethiopian Agricultural Research Organization (EIAR). 2012. Directory of Released Crop

Varieties and their Recommended Cultural Practices. Addis Ababa, 26.



47

Eyasu Elias. 2017. Characteristics of Nitisol profiles as affected by land use type and slope

class in some Ethiopian highlands. Environmental Systems Research 6: 20.

Fageria, N.K., Baligar V.C. and Li Y.C. 2005. The role of nutrient efficient plants in

improving crop yields in the twenty first century. Journal of plant nutrition,

31(6):1121-1157.

Fair hurst, T., R. Lefroy.T, Mutert. E., and Batijes.N. 1999. The importance, distribution and

causes of phosphorus deficiency as a constraint to crop production in the tropics.

Agroforestry Forum 9: 2-8.

Falodun, E.J., Ehigiator, J.O. and Ogedegbe, S.A. 2013. Growth and Yield Response of

Soyabean (Glycine max Merr.) to Organic and Inorganic Fertilizer in Edo Rainforest

of Nigeria. American Journal of Plant Sciences, 6(19):3293.

Fanadzo M, C Chiduza, PNS Mnkeni, Vander .I. Stoep and Stevens, J. 2010. Crop production

management practices as a cause for low water productivity at Zanyokwe Irrigation

Scheme. Water SA, 36: 27-36.

Farage, M.M., Hassan, M.A.M., El-Mazny, M.Y.A., Abokr, M.M. and El-Grammah, M.M.,

1992. Effect of inter and intra row spacing on growth, yield and bulb quality of onion

CV. “Giza 6” Horticultural Abstract. 62 No.3.

Farooqui M. A., Naruka I. S., Rathore S. S., Singh P.P. and Shaktawat R. P. S. 2009. Effect of

nitrogen and sulphur levels on growth and yield of garlic (Allium sativum L.). Aus. J.

Food Ag-Ind. Special Issue, pp. 18-23

Fatma A. Rizk, A.M. Shaheen, E.H. Abd El-Samad and T.T. El-Labban. 2014. Response of

onion plants to organic fertilizer and foliar spraying of some micro-nutrients under

sandy soil conditions. Journal of applied sciences research.

Fikreyohannes Gedamu, 2005. Effects of clove size and plant density on the bulb yield and

yield components of garlic (Allium sativum L.) in Awabel woreda, Eastern Gojjam

Zone. (MSc. thesis), Haramaya University, Ethiopia

Food and Agriculture Organization (FAO). 2010. The FAO-CDMDP Onion seed production

techniques. Ethiopia: Asella: A manual for extension agents and seed producers.

Food and Agriculture Organization (FAO). 2019. Production year book. Food and Agriculture.



48

Food and Agriculture Organization of United Nations (FAOSTAT),2017. Area and

production of crops by countries. www.faostat.fao.org

Food and Agriculture Organization Statistical Division (FAOSTAT). 2019. Retrieved from

http://www.fao. Org/faostat/en/? #data/QC

Gebremeskel Gebrekorkos, Hayelom Berhe and Kasaye Abera .2015. Effect of inter and intra

row spacing on the yield and yield components of Onion (Allium cepa L.). African

Journal of plant science, 11(4):86-91).

Gebremichael Yohannes, Kebede Woldetsadik, Arvind Chavhan, and Fikreyohannes

Gedamu .2017. "Effect of integrated nutrient management on growth and bulb yield of

onion (Allium cepa L.) Under irrigation at Selekleka, Northern Ethiopia." Internationl

Journal of Life Sciences 5, no. 2: 151-160.

Geremew Awas, Teshome Abdisa, Kasaye Tolesa and Amenti Chali. 2010. Effect of intra-

row spacing on yield of onion (Allium cepa L.) varieties. Journal of Horticulture and

Forestry, 2(1):7-011.

Gomez, K.A., and A.A. Gomez, A.A. 1984. Statistical Procedures for Agricultural Research.

John Willey and Sons, New York. 390 p.

Greenwood, D.J., Stone, D.A and. Karpinets, T.V. 2001. Dynamic model for the effects of soil

P and fertilizer P on crop growth, P uptake and soil P in arable cropping: Experimental

test of the model for field vegetables. Annals of Botany, 88: 293- 306.

Griffiths G., Trueman B., Crowther B.and Thomas, B. 2002. Onions. A global benefit to
health. John Wiley and Sons, Ltd.

Grubben, J.H. and Denton, D.A. 2004. Plant Resources of Tropical Africa. PROTA

Foundation, Wageningen; Backhuys, Leiden, CTA, Netherlands.

Guesh Tekle .2015. Growth, Yield, and Quality of Onion (Allium Cepa L.) As Influenced by

Intra-Row Spacing and Nitrogen Fertilizer Levels in Central Zone of Tigray, Northern

Ethiopia.

Gupta, R.P. and V.P. Sharma. 2000. Effect of different spacing and levels of nitrogen for

production of export quality onion bulbs planted on raised bed. News Letter National

Horticultural Research and Development Foundation. 20(1-4):13-16.

http://www.faostat.fao.org


49

Habtamu Tegegn, Minuyelet Jember, Esmelealem Mihiretu, and Alebachew Enyew. 2016.

"Influences of inter and intra-row spacing on yield, yield component and

morphological characteristics of onion (Allium cepa L.) At Western Amhara region,"

African Journal of Agricultural Research, 11(20):1797-1804.

Hamasaki, R. Valenzuela, H. and Shimabuku, R. 1999. Bulb Onion Production in Hawaii,

College of Tropical Agriculture and Human Resources (CTAHRb), Hawaii, USA).

Hanelt, P.1990. Taxonomy, evolution and history. In: Rabinowitch, H.D. and J.L. Brewster

Onions and Allied C rops vol.1. CRC Press, Boca Raton, Florida, pp. 1-26.

Hazelton, P. and Murphy B. 2007. Interpreting soil test results: what do all the numbers mean?

CSIRO publishing

Hinsinger, P. 2001. Bio availability of soil inorganic P in the rhizosphere as affected by root-

induced chemical changes: a review. Plant and soil, 237: 173-195.

Jahan, M.A.; Hossain, M.M; Yesmin, S. and Islam, M.S. 2010. Effect of nitrogen and

potassium on growth, yield and nutrient concentrations of onion. International

Journal of Sustainable Agriculture and Technology, Dhaka, Bangladesh.

Jan, N.E. Wazir, F.K. Ibrar, M. Mohammed, H. and Ali, A.R. 2003. Effect of different inter

and intra-row spacing on the growth and yield of different cultivars of onion. Sarhad

Journal of Agriculture, 19:4.

Jha, A.K., Pal, N. and Singh, N. 2000. Phosphorus uptake and its utilization by onion varieties

at different stages of growth. Indian Journal of Horticulture. 57:347–350.

Jilani MS, Khan MQ, and Rahman S. 2009. Planting densities effect on yield and yield

components of onion (Allium cepa L.). Journal of Agricultural Research, 47(4):397-

404

Jilani, M. S., and Ghaffoor, A. 2003. Screening the Local Varieties of Onion (Allium сера L.)

for Seed Production. Asian Journal of Plant Sciences, 2(9), 688-691.

Jilani, M.S. Ahmed, P and Kiran, M. 2010. Effect of plant spacing on growth and yield of two

varieties of onion (Allium cepa L.), Pakistan Journal of Science, 62(1):37-41



50

Jilani, M.S. Ghaffoor, A. Waseem, K. and Farooqi, J.I. 2004. Effect of different levels of

nitrogen on growth and yield of three onion varieties. International Journal of

Agriculture and Biology, 6(3):507-510.

Juszczuk, I.M. and Ostaszewska, M. 2011. Respiratory activity, energy and redox status in

sulfur-deficient bean plants. Environmental and Experimental Botany, 74: 245- 254.

Kabir, M.H. and Sarkar, M.A.R. 2008. Seed yield of mungbean as affected by variety and

plant spacing in Kharif-I season. Journal of Bangladesh Agriculture University.

6(2):239-244.

Kafkafi, U. W. and S. Genbaum.1971. Effect of Potassium Nitrate on Growth, Cation Uptake

and Water Requirement of Tomato Grown in Sand Culture. Israel Journal. of

Agricultural. Resource. 21: 13-20.

Kantona, R.A.L. Abbeyb, L. Hillac, R.G. Tabil, M.A. and Jane, N.D. 2003. Density affects

plant development and yield of bulb onion (Allium cepa L.) in Northern Ghana.

Journal of Vegetable Crop Production, 8(2):15-25.

Khan, H., Iqbal, M., Ghaffoor, A. and Waseem, K. 2002. Effect of various plant spacing and

different nitrogen levels on growth and yield of onion (Allium cepa L.). Online

Journal of Biological Science, 2(8):545-547.

Kihara, J. Tamene, L.D. Massawe, P. and Bekunda, M. 2015. Agronomic survey to assess

crop yield, controlling factors and management implications: a case-study of Babati in

northern Tanzania. Nutrient Cycling in agro ecosystems, 102: 5-16.

Kokebe Wolde, Derbew Belew and Adugna Debela. 2013. Effect of farmyard manure and

nitrogen fertilizer rates on growth, yield and components of onion (Allium cepa L.) at

Jimma, South West Ethiopia. Asian Journal of Plant Science, 1-6.

Kumar, H. Singh, V.J. Ajay, K. Mahak, S. Kumar, A. and Singh, M. 1992. Studies on the

effect of spacing on growth and yield of onion (Allium cepa L.) CV. Patna Red. Indian

Journal of Agricultural Research, 2:134-138.

Latif, M.A. Choudhury, M.S.H. Rahim, M.A. Hasan, M.K. and Pal, B.K. 2010. Effects of

spacing and age of seedling on the growth and yield of summer onion. Journal of.

Agroforestry and Environment, 3 (2):129-133.



51

Lemma Dessalegn and Shimeles Aklilu. 2003. Research Experience in Onion Production.

Research Report Number, 55, EARO, Addis Ababa, Ethiopia

Lemma Dessalegn, Shimeles Aklilu, Selamawit Ketema and Chimdo Anchela. 2006. The

Vegetable Seed Sector in Ethiopia: Current Status and Future Prospects. EHSS,

Proceedings of the Inaugural and Third National Horticultural Workshop, Ethiopia.

Volume I. 103-109.

Lemma Dessalegn. 1998. Seed production guideline for tomatoes, onion and hot pepper

Institute of Agricultural Research (EIAR). 22p.

Lemma Dessalegn. 2004. Onion Production Pamphlet (Amharic version). EARO, Melkassa

Research Center.

Lisle, L., Lefroy, R., Anderson, G. and Blair, G. 1994. Methods for the measurement of

sulphur in plant and soil. Sulphur in Agr. 18, 45-54.

Loomis and Durst. 1992. Proceeding of an international workshop on all aspects of animal and

plant boron nutrition, held July 23-27, in Bonn, Germany, 75.

Mahala P. 2015. Integrated Nutrient Management in Rabi Onion (Allium cepa L.), Doctor of

Philosophy in Agriculture (Horticulture),

Malik, M. N. 2000. Horticulture. Biotech Books. Delhi. 586p.
Manna D. 2014. Growth, yield and bulb quality of onion (Allium cepa L.) in response to

foliar application of boron and zinc. Journal of Plant Nutrition; 39

Marschner H. 1995. Boron in Mineral Nutrition of Higher Plants, 2nd edition. pp. San Diego:

Academic Press; 379-96.

Marschner, H. 1998. Mineral nutrition in higher plants. Academic Press, Harcourt Brace

Jovanovich Publisher, 674.

Mengel, K. and E.A. Kirkby.1982. Principles of plant nutrition. 3rd ed. Intl. Potash Inst. Bern,

Minister of Agriculture. 2015. "Crops production manual packages," Ministry of Agriculture

Irrigation Directorate, Addis Ababa, Ethiopia, p. 150.



52

Ministry of Agriculture and Rural Development. 2005. Irrigation development package

manual (Amharic version). Ministry of Agriculture and Rural Development, Addis

Ababa, Ethiopia.

MoANR (Natural Resources Management Directorate, Sector and Ministry of Agriculture).

2011. Guideline on irrigation agronomy, Addis Ababa, Ethiopia

MoARD (Ministry of Agriculture and Rural Development). 2005. Irrigation development
package.

MoARD (Ministry of Agriculture and Rural Development). 2010. Crop variety register.

Ministry of Agriculture and Rural Development. Issue no.13, Addis Ababa.

Moray M.G. Marey R.A., Karam S.S and Abo-Dahab, A.M. 2012. Productivity and storability

of onion as influenced by the different levels of NPK fertilization. Journals of

Agricultural Research, 38 (1):171-187.

Motsara, M.R. and Roy, R.N. 2008. Guide to laboratory establishment for plant nutrient

analysis Vol (19). Rome: Food and Agriculture Organization of the United Nations.

Muhammad, A. Gambo, B. and Ibrahim, N.D. 2011. Response of onion (Allium cepa L.) to

irrigation intervals and plant density in Zuru, Northern Guinea Savanna of Nigeria,

Nigerian Journal of Basic and Applied Science, 19(2):241-247.

Muluneh Bekele, Mosissa Chewaka, Mosissa Chewaka, Bikila Ollika Fufa. 2019. Major

Onion (Allium cepa L.) Production Challenges in Ethiopia: Journal of Biology,

Agriculture and Health care Department of Horticulture, College of Agriculture and

Veterinary Science, Ambo University, Ambo, Ethiopia. 9:7.

Muluneh Nigatu. 2016. Assessment of Onion production practices and effects of N:P2O5:S

fertilizers rates on yield and yield components of onion (Allium cepa L.). MSc. Thesis

presented to the School of Graduate Studies of Bahir Dar University College of

Agriculture and Environmental Sciences, Bahir Dar, Ethiopia.

Murphy, H.F.1959. A Report on Fertility Status of Some Soils of Ethiopia. HSIU/College of

Agric. Alemaya. Experiment Station. Bullet Number 1.

Naik, B.H and Hosamani, R.M. 2003. Effect of spacing and nitrogen levels on growth and

yield of Kharif onion. Karnataka Journal of Agriculture. Science, 16 (1):98-102.



53

Nasir MD, Wazir FK, Dawar MD, Dawar SH 2007. Effect of planting density on growth and

yield of onion varieties under climatic conditions of Peshawar. Sarhad J. Agric. 23:4.

Nasreen S, Haque MM, Hossain MA, Farid ATM. 2007. Nutrient uptake and yield of onion as

influenced by nitrogen and sulfur fertilization. Bangladesh Journal of Agricultural

Research 32(3):413-420

Ndakidemi, P.A. and Dakora, F.D. 2007. Yield components of nodulated cowpea (Vigna

unguiculata) and maize (Zea mays) plants grown with exogenous phosphorus in

different cropping systems. Animal Production Science, 47(5):583-589.

Negash Aregay, Mitiku Haile and Charles Yamoah. 2009. Growth and Bulb Yield Response

of Onion (Allium cepa L.) to Nitrogen and Phosphorous rates under variable irrigation

regimes in Mekelle, Northern Ethiopia. Journal of the Dry lands 2(2): 110-119.

Nibret Shitu. 2020. Effects of NPS fertilizer and intra row spacing on growth and yield of

garlic (Allium sativum L.) . MSc. Thesis. South Gonder, Ethiopia.

Nikolay Vassilev, Irena Franco, Maria Vassileva and Rosario Azcon. 1996. Improved plant

growth with rock phosphate solubilized by Aspergillus niger on sugar-beet waste

Estacion Experimental del Zaidin, CSIC Prof. Albareda, 1, 18008, Granada, Spain 5

July 1995; accepted 6 January 1996; Available online 17 February.

Nikus O. and Fikre M. 2010. Onion Seed Production Techniques: A Manual for extension

agents and seed producers, FAO-CDMDP, Asella, Ethiopia. Nutritional phosphate

deprivation. Plant Physiology, 101: 339–344.

Norman, J.C. 1992. Tropical Vegetable Crops. Aurher Stockwell Ltd. UK.

Olsen, S.R., C.V. Cole, F.S. Watanabe and L.A. Dean. 1954. Estimation of available

phosphorus in soils by extraction with sodium bicarbonate. Cire USQep. Agri. Q 39.

Pant, H.K. and K.R. Reddy .2003. Potential internal loading of phosphorus in a wetland

constructed in agricultural land water research, 37: 965-972.

Pervez, M.A. Ayub, C.M. Alisaleem, B. Virk, N.A. and Mahmood, N. 2004. Effect of nitrogen

levels and spacing on growth and yield of radish (Raphanus sativus L.). International

Journal of Agriculture and Biology, 6(3):504-506.



54

Rabinowitch, H.O. and Currah, L. 2002. Allium Crop Science: Recent Advances. CABI

Publishing, UK. 585p.

Raemaekers, H. R. 2001. Crop Production in Tropical Africa. DGIC Ministry of Foreign

affairs, External Trade and International co-operation, Brussels, Belgium. pp 455.

Randle, W. M. 2000. Increasing nitrogen concentration in hydroponic solutions affects onion
flavour and bulb quality. Journal of the American Society for Horticultural Science,
125: 254-259.

Rao, B.N. Roy, S.S. Jha, A.K. Singh, I. M. and Prakash, N. 2013. Influence of nitrogen

andspacing on the performance of Alliuodorosum under mid-altitude foothill condition

of Manipur. Indian Journal of Hill Farming, 26(2):67-70.

Resende, G.M., Costa, N.D. and Souza., D.C. 2016. Population densities for onionproduction

in the Sao Francisco valley. Communicado Tecnico Centre, Tropic Semi-Arid, 81: 4.

Rice, R.P.; L.W. Rice and H.D. Tindall. 1993. Fruit and vegetable production in warm

climates The Macmillan press Ltd. London and Basing stoke.

Richardson, H. L.1968. The Use of Fertilizers: The Soil Resources of Tropical Africa. Moss, R.

P. Cambridge University Press. P. 138.

Rumpel, J., Felczyński,. K., Stoffella, P.J, Cantliffe, D.J. and Donialo, G. 2000. Effect of plant

density on yield and bulb size of direct sown onions. 8th int’ Symposium o liming of

field prod, in vegetable crops, Bari, Italy. Acta Horticulturae. 533: 179-185.

Sam-Aggrey, W.G., Chemdo Anchala and Hybtye Shiferaw, 1986. Review of onion and

shallot research in Ethiopia and proposal for future research and development

directions. pp. 153-206.

Sara Belay Daniel Mideksa, Solomon Gebrezgiabher and Woldemariam Seifu. 2015. Yield

components of adama red onion (Allium cepa L.) cultivar as affected by intra-row

spacing under irrigation in fiche condition. Department of Horticulture, College of

Veterinary Medicine and Agriculture, Addis Ababa University, Fiche, Ethiopia.

Saud S., Yajun, Abdullah, M. and Sadiq, A. 2013. Effect of potash levels and row spacing on

onion yield. Journal of Biology Agriculture and Healthcare, 3(16):2013-2118



55

Seck, A. and Baldeh, A. 2009. Studies on onion bulb yield and quality as influenced by plant

density in organic and intensive cropping systems in The Gambia (West Africa).

African Crop Science Conference Proceedings, 9:169 -173.

Seid Hussena, Fikrte Medhinbs, Abeba Tadesse. 2014. Effect of intra-row spacing on growth

performance of garlic (Allium sativum) at the experimental site of Wollo University,

South Wollo, and Ethiopia. European Journal of Agriculture and Forestry Research,

2(4):54-61.

Shafeek, M.R., S. Faten, Abd El-Al and Aisha, H. Ali. 2004. The productivity of broad bean

plant as affected by chemical and/or natural phosphorus with different bio- fertilizer.

Journal of Agricultural Science.Mansoura University. 29: 2727-2740.

Sharma, R.P.1992. Effect of planting material, nitrogen and potash on bulb yield of rainy

season onion (Allium cepa L.). Indian Journal of Agronomy, 37:868-869.

Shiberu Taddele and Amin Mahammed. 2014. The importance and management option of

onion thrips (Thrips tabaci L.), in Ethiopia. Journal of Horticulture, 1-6.

Shinde, K.G., 2014. Studies on Nutrient Management in Rabi Onion (Allium cepa L.)

(Doctoral Dissertation, Mahatma Phule Krishi Vidyapeeth, Rahuri.).

Sikder, M. Mondal, F. Mohammed, D. Alam, M.S. and Amin, M.B. 2010. Effect of spacing

and depth of planting on growth and yield of onion. Journal of Agroforestry

Environment, 4 (2):105-108.

Simon T, M Tora, a Shumbulo and S Urkato. 2015. The effect of variety, nitrogen and

phosphorus fertilization on growth and bulb yield of onion (Allium cepa L.) at Wolaita,

Southern Ethiopia. Journals of Biology, Agriculture Healthcare, 4(11): 90-92.

Singh, J.V., A. Kumar and C. Singh. 1998. Studies on the storage of onion (Allium cepa L.) as

affected by different levels of phosphorus. Indian Journal Agricultural Research,

32:51-56

Soleymani, A. and Shahrajabian, M. H. 2012. Effects of different levels of nitrogen on yield

and nitrate content of four spring onion genotypes. International Journal of

Agricultural Crop Science, 4 (4):179-182.



56

Solomon Mebrahtom, Kinfe Tekulu, Tewolde Berhe, Tsadik Tadele, Weldegebreal

Gebrehiwot, Gebresemaeti Kahsu, Samrawit Mebrahtu and Goitom Aregawi. 2020.

Evaluation of blended fertilizer on growth performance and yield of onion (Allium

cepa L.). Tigray Agricultural Research Institute, Shire Soil Research Centre. Vol 16(9):

pp (1239-1244).

Sorensen, J.N. and K. Grevsen .2001. Sprouting in bulb onions (Allium cepa L.) as influenced

by nitrogen and water stress. Journal of Horticultural Sciences and Biotechnology,

76(4): 501-506.

Statistical Analysis Software (SAS). 2014. SAS/STAT User’s Guide, Version 9.1.3. SAS

institute Inc.,Cary, NC.

Stoffela, P.J. 1996. Planting arrangement and density of transplants influence sweet Spanish

onion yields and bulb size. Horticultural Science, 317:1129-1130.

Tekalign Tadesse. 1991. Soil, plant, water, fertilizer, animal manure and compost analysis.

Working document No.13. International Livestock Research Centre for Africa, Addis

Ababa, Ethiopia.

Telkamp, M., 2015.The Straight Poop on Using Chicken Manure as Fertilizer". Retrieved 16

Tibebu Simon, Melese Tora, Abrham Shumbulo, and Samuel Urkato. 2014. The effect of

variety, nitrogen and phousphorous fertilization on growth and bulb yield of onion

(Allium Cepa L.) at Wolaita, Southern Ethiopia. Journal of Biology, Agriculture and

Healthcare, 4(11), pp.89-97.

Tindall, H.D.,1983. Vegetables in the tropics. Mcmillan Education Ltd.
Houndmills,Basingstoke, Hampshire and London.

Tisdale, S.L., Nelson W.L., and J.D. Beaton. 1995. Micronutrients in soil and fertilizers. In;

Soil fertility and fertilizers. 4th Edition. Macmillan publishing co. 866 3rd avenue, New

Yark. 10022. pp. 394.

Uzma Arif, Sayed H, Syed Z, Abdul H, Abid Y,and Ayaz A. 2016. Interactive effect of

phosphorus and zinc on the growth, yield and nutrient uptake of garlic (Allium sativum

L.) variety Gulabi. Asian Journal of Agriculture and Food. 04.



57

Walkley, A. and C. A. Black. 1934. Determination of organic matter in the soil by chronic

acid digestion. Journal of Soil Science, 63: 251-264.

Wamser, A.F., Suzuki, A., Mueller, S., Gonçalves, M.D.M., Valmorbida, J. and Becker, W.F.

2011. Fertilization of onion with phosphorus and potassium in an area with residual

fertilization of tomato. Agropecuária Catarinense, 24(3), pp.86-88.

Warade, S.D., Desale S.B. and Shinde K.G.1996. Effects of organic inorganic and bio-

fertilizers on yield of onion bulbs CV.B-780. Journal of Maharashtra Agricultural

Universities, Publication. 1996, 0(3): 467-468.

Weldemariam Seifu, Kebede Woldetsadik and Wassu Mohammed. 2015. Growth parameters

of onion (Allium cepa l. var. cepa) as affected by nitrogen fertilizer rates and intra-row

spacing under irrigation in Gode, South-Eastern Ethiopia. Agriculture, Forestry and

Fisheries, 4(6):239-45.

Yadav R.L. Sen, N.L. and Yadav, B.L. 2003. Response of onion to nitrogen and potassium

fertilization under semi-arid condition. Indian Journal of Horticulture, 60(2):176-178

Yemane kahsay, Derbew Belew and Fetien Abay. 2013. Effect of intra row spacing on yield

and quality of some onion varieties (Allium cepa L.) at Aksum, Northern Ethiopia.

African Journal of Plant Science 7(12):613-622.

Yohannes Kahsay, Derbew Belew and Aduqna Debela .2013. Effect of farmyard manure and

nitrogen fertilizer rates on growth, yield and yield components of onion at Jimma,

Southwest Ethiopia. Asian Journal of Plant Science, 12(6-8): 228.

Zaman M.S., Hashem M.A., Jahiruddin M., Rahim M.A. 2011. Effect of Nitrogen for Yield

Maximization of Garlic in Old Brahmaputra Flood Plain Soil. Bangladesh Journal of

Agricultural Research 36(2): 357-367.



58

7. APPENDICES

Appendix 1. Mean squares from analysis of Variance (ANOVA) for leaf length, plant height

and Number per plant of onion as influenced by blended NPSB fertilizer rate and

intra-row plant spacing.

Source of
variation

DF

Mean of squares

LL(cm) NL PH(cm) LDW(g)

Rep 2 73.4 0.5 159.3 2.8

NPSB 3 225.2** 16.6** 867.0** 35.4**

IRS 2 209.8** 24.8** 300.5** 4.5NS

NPSB*IRS 6 16.8NS 4.7* 76.8** 6.2NS

Error 22 16.5 0.93 15.6 4.8

CV (%) 10.8 13.1 7.9 26.4

Where: LL = Leaf Length; NL = Number of leaf per plant; PH= Plant Height; DWL = Leaf

Dry Weight; DF = degrees of freedom; NS, * and ** implies non-significant; Significant and

highly significance differences at 5% (p< 0.05) level of probability respectively.



59

Appendix 2. Mean square from analysis of Variance (ANOVA) for Bulb length, bulb diameter

and fresh weight of onion as influence by blended NPSB fertilizer rate and intra-

row plant spacing.

Source of variation

DF

Mean of squares

BL(cm) BD(cm) FBW(g)

Rep 2 0.9 2.1 1.8

IRS 2 3.4** 7.5** 2588**

NPSB 3 4.0** 6.7** 1889**

IRS*NPSB 6 0.3* 0.4** 216**

Error 22 0.08 0.03 37.3

CV(%) 6.3 3.7 10.9

Where: BL = Bulb Length;BD= Bulb Diameter; FBW= Fresh Bulb Weight; DF = degrees of

freedom; NS= non-significant; * = Significant; and ** = highly significance differences at 5%

(p< 0.05) level of probability respectively.
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Appendix 3. Mean squares from analysis of Variance (ANOVA) for Bulb dry weight,

Marketable bulb and Unmarketable bulb of onion as influenced by blended NPSB

fertilizer rate and intra-row plant spacing.

Source of
variation

DF

Mean of squares

BDW TDB MBY UMBY

Rep 2 0.1 6.5 0.7 0.014

IRS 2 51.13** 38.3NS 19.6NS 0.05**

NPSB 3 334.4** 582** 1356.2** 0.09**

NPSB*IRS 6 11.3NS 27.2NS 26.0* 0.04**

Error 22 6.4 21.8 7.7 0.008

CV 13.7 17.5 10.0 23.6

Where: BDW =Bulb Dry Weight;TDB = Total Dry Bio-Mass; MBY = Marketable Bulb Yield;

UMBY = Unmarketable Bulb Yield; DF = Degrees of Freedom; NS = Non-Significant; *=

Significant; and ** = highly significance differences at 5% (p< 0.05) level of probability

respectively.
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Appendix 4. Mean square from analysis of variance (ANOVA) for Harvesting Index and Total

yield of onion as influenced by blended NPSB fertilizer rate and intra-row plant

spacing.

Source of variation

DF

Mean of squares

HI TY

Rep 2 10.2 0.4

IRS 2 61.5* 21.1NS

NPSB 3 110.7** 1346.4**

IRS*NPSB 6 39.9** 24.6*

Error 22 9.6 7.6

CV(%) 4.5 9.8

Where: HI = Harvesting Index; TY = Total Bulb Yield; DF = degrees of freedom;

NS=significant; * Significant; and ** = Highly Significance Differences at 5% (p< 0.05) level

of probability respectively.
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