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Effects of Intra Row Spacing and Varieties on Yield and Yield Component of Shallot (Allium cepa Var. aggregatum) at Densa, Gidan District,  Northeastern Ethiopia

ABSTRACT


1. [bookmark: _Toc6500062]INTRODUCTION

1.1. [bookmark: _Toc472578450][bookmark: _Toc6500063]Background and Justification

Shallot (Allium cepa var. aggregatum), belongs to the family of Alliaceae, is an onion like plant that is originated from Western Asia (Splittstoesser, 1990). It is grown in more than 170 countries in the world. China and India are the world’s largest producers of onion, followed by USA, Pakistan, Egypt and, Iran (FAOSTAT, 2017). According to FAOSTAT (2017), 4955432 ha of land is covered by onion and shallot and produced 9316548 million ton. 	Comment by Dr.Bruck: Put it in millions

Shallot is predominantly produced by Ethiopian smallholder farmers in high and mid-altitude areas mostly using traditional production system (Kubsa et al. 2006). According to CSA, (2017), the average annual production of shallot and onion is about 2938875.585 tons produced on 31673.2 hectares of land. About 705,877 households are participated in the production of onion in the country. Although the production of shallot is likely increasing because of the expansion of irrigable areas (MoARD, 2005), its average yield is 9.56 ton ha-1 the production of shallot in the Amhara region and north Wollo zone is 12339.39 ha and 463.197 ha, respectively with the productivity of 12.84 ton ha-1 and 12.7 ton ha-1, respectively (CSA, 2017). The average productivity of the crop is low as compared to the world’s average yield of 18.8 ton ha-1 (FAOSTAT, 2017).  	Comment by Dr.Bruck: Who are they? Are they Ethiopians?	Comment by Dr.Bruck: In millions?	Comment by Dr.Bruck: Shallot vs. onion? You have to talk about shallot

 This plant is similar to common onion but smaller in size of bulb. It is one of the most widely cultivated bulb crops in Ethiopia. The crop has a wide range of climatic and soil adaptation and cultivated both under rain-fed and irrigated condition. It is the favorite and a widely grown condimental crop in Ethiopia. It is used daily in almost every house as a seasoning spice in the preparation of local dishes such as wot (a stew) (Getahun et al, 2003). Regardless of the effect on growth and overall performance of shallot, traditional bulb placement or planting practices of shallot have been employed in Ethiopia.	Comment by Dr.Bruck: This part should be moved into LR or write properly

Shallot is mostly produced and adapted in areas where the climate is humid (rainy season) and where the growing season is short for their being relatively tolerant to purple blotch disease (Brink and Basuki, 2012). Shallot has very short growing season of not more than 3 months, which allows it to be grown between other crops or during the short rains in the dry season of Rift Valley areas (Getachew and Asfaw, 2004). However, in areas where onion seed is hard to produce, or onion production is difficult and the growing season is too short for the production of bulb onion, shallot is cultivated as an important substitute for bulb onion in Southeast Asia, as well as in some African countries including Ethiopia (Robinowitch and Kamenetesky, 2002). Shallot is widely produced in high- and mid- altitudes of Ethiopia and mainly used as condiment (Getachew and Asfaw, 2000; Getachew et al., 2009). According to BOARD (2014), shallot is among the major cash crops produced in Amhara region including North Wollo Zone. However, production and productivity has been limited due to its propagation using vegetative bulbs, absence of improved varieties, and lack of improved production and protection technologies and high post-harvest losses that discourages producers (Getachew et al., 2009).

The production of shallot is highly related to agronomic and management practice, as inappropriate management and agronomic practice decrease the growth performance and yield of the crop. Optimization of spacing and/or plant population has dual advantage. What are the dual advantages? It also avoids strong competition between plants for growth factor such as water, nutrient and light. Conversely, optimum plant population enables efficient use of available crop land without wastage. Improper spacing is among the factors which affect crop emergence, growth and yield of shallot (Fikadu, 2015). 

Alfu et al. (2013) indicated that there are many shallot cultivars cultivated in Indonesia with greatly varying seed production potential, morphological traits and yield in which such variation indicates that there are genetic variations for flowering, and resistance to pest and disease. Moreover, Tendaj and Mysiak (2013) concluded that the production of shallots for commercial purposes was limited due to low supply of the seeding material as well as no breeding cultivars that would produce seeds.  The local shallot populations commonly grown in various parts of different countries are reproduced mainly in vegetative way because they usually do not produce flower stalks nor seeds, or if they are formed, in a very reduced number and hence introducing and screening true seed shallots in different growing conditions for large scale commercial production should be the best option to benefit from this crop (Tendaj and Mysiak, 2013).	Comment by Dr.Bruck: Long sentences are not recommended for thesis/scientific papers

Shimels and Lemma (2015) reported that the best line Vethalam with a small deviation from regression was found widely adaptable to different environments and it was released with local name ‛Yheras’ to be grown in Rift Valley and similar areas in Ethiopia.  As the seed production technology is now available for onion, farmers can produce their seed requirement in their own fields. Shifting from cultivation of shallot from bulb to seed producing shallot can help the farmers to overcome the high cost of production and the need of long time for propagation and storage constraints to shallot planting material in the country. Recently, the government is giving due attention for the production of cash crops especially horticultural crops to enhance the income of the farmers. Hence, this research will be conducted evaluating intra row spacing and selecting shallot varieties for their adaptability and high yielding.	Comment by Dr.Bruck: You did it! But not proposed! Check the mistake you did
 

1.2. [bookmark: _Toc472247054][bookmark: _Toc6500064]Statement of the Problem

The average productivity of shallot in Ethiopia is about 9.56 t ha-1 (CSA, 2017) which is very low compared to world`s average of 18.8 t ha-1 (FAOSTAT, 2017). Gidan District has an enormous irrigation potential for the production of different horticultural crops including shallot (source?). The estimated area under production of shallot in the district in the 2017/2018 cropping season was 159 ha with total production of 1446.9  ton of fresh bulbs in irrigation and 106 ha with total production of 752.6  ton of fresh bulbs in rainy season totally 265 ha with total production of 2199.5  ton of fresh bulbs in the district . Therefore as indicated above the yield of shallot is very low (Gidan District Agricultural Office Annual Report, 2017). The low level of shallot productivity could be attributed by low soil fertility, inappropriate agronomic practices (spacing, fertilizer application), lack of quality seeds of improved varieties, diseases and insect pests and poor extension services (Currah and Proctor, 1990; 2004; Melkamu Alemayehu et al., 2015). In this regard, Lemma and Shimeles (2003), recommended that to optimize shallot productivity, full package of information is needed for each growing areas.. 	Comment by Dr.Bruck: Be consistent! Sometimes you use only author’s name sometimes  author and father’s name…how it could be possible in one thesis? Based on the guideline written by Dr. Eyilachew Zewdie…..use either of the two 
Unlike onion, shallot is grown from bulbs (sets) mostly by small farmers and the main constraint to shallot cultivation is the need of high amount of planting material. True seed Shallot lines when grown from transplants producing better yield with good quality of high, bigger bulb sizes with a mean number of split of not more than 4 per plant with attractive color under sandy loam soils of Melkassa compared to Arsi Negle (Shimels and Lemma, 2015). About 1.5-2 t ha-1 of edible bulbs which comprises about 40% of cost of production compared to the 4 kg ha-1 of true onion could be used to transplant seedling (Lemma and Yayeh, 1994). In the study area there is high scarcity of planting material during peak planting time, and sometimes the cost of bulb transplant shows fivefold fluctuation in price and usually difficult to obtain during peak planting time. Therefore, to tackle this problem research effort is to be made adaptability of shallot from true seed transplant.  All Shallot lines have been found to produce about 4 kg ha-1 of transplant seed under normal growing period (MARC, 2005). In Gidan district local shallot varieties moved out from production, due to its low productivity and absence of true seed shallot varieties as compared to onion. Thus, internationally, optimum intra-row spacing for shallot is contentious and is dependent on the experience of the production areas. There is no recommended plant spacing for shallot in the study area and farmers traditionally practicing non-uniform plant spacing to grow the crop. Some farmers use the recommended (10 cm) intra-row spacing for onion despite the fact that shallots produce multiple bulbs per plant unlike onion and thus need totally different intra-row spacing.
Thus the present study was initiated with the aim of improving production and productivity of shallot in the area by using appropriate varieties and determines the appropriate intra-row spacing. In addition to that, integrated use of varieties and Intra Row Spacing will determine the level of yield gained from shallot management.
[bookmark: _Toc472578452][bookmark: _Toc6500065]1.3. Objectives of the   Study
The general objective of the study was investigating the effect of different intra-row   spacing on shallot varieties grown at Densa farmers’ training center. 	Comment by Dr.Bruck: Revise according to the title of the experiment
Specific objectives are:
· To determine the optimum intra row spacing for growth and yield of true seeded shallot varieties.
· To evaluate  growth performances and economical bulb yield of shallot varieties  
· To determine the response of shallot varieties to different intra-row spacing 

2. [bookmark: _Toc472247057][bookmark: _Toc6500066]LITERATURE REVIEW

[bookmark: _Toc515783443][bookmark: _Toc515783631][bookmark: _Toc6500067]2.1. Brief Description of Shallot 

Shallot (Allium cepa L. aggregatum group), belongs to the family of Alliaceae (Splittstoesser, 1990), is a perennial plant produced as annual and produces several bulbs from a single parent bulb (Robinowitch and Kamenetesky, 2002). Shallot is an onion like plant that is originated from Western Asia. It is being cultivated in Tropical Asia, West Africa, Central and East Africa, Tropical South America and the Caribbean (source??). It is one of the most important cash crops and traditionally produced under rain-fed conditions in many regions of the country (Hararghe, Shoa, Arsi, Bale, Gojjam, etc.) by small farmers as income generating spice crop for flavoring local dishes (Shimeles, 2014).  The main differences between ordinary onions and shallots are that shallots grow in clusters with the separate bulbs being much smaller than regular onions, usually up to the size of a golf ball, which are attached at the base (UKF, 2006). According to UKF (2006), the bulbs when planted divides and produces more than two and up to 15 distinct small bulbs (cloves) which remain attached at the bottom in cluster or aggregated.	Comment by Dr.Bruck: Written under section 1. Don’t repeat 	Comment by Dr.Bruck: You have to define the abbri.?

Origin Morphology, taxonomy distribution (you have to describe these characteristics of the crop in paragraph 

On a global scale, shallot is a minor alliaceous crop. However, in many tropical countries the vegetative propagated shallot is cultivated as an important bulb crop (Rabinowitch and Kamenetsky, 2002). According to Ademe et al. (2012), using four local shallot varieties produced in Ethiopia by the local farmers, the local check (farmers’ variety) gave the highest dry matter and total solid content compared to the released varieties ‘Minjar’, ‘Negelle’ and ‘Huruta’, which might be attributed to their wider genetic variation, and breeding them with this local variety for high dry matter content, total soluble solid, and better bulb skin color is advisable for the future. Shallots are rather exacting in their soil requirements, a sandy loam being best. In Ethiopia, they are planted during the rainy season and the tops of the sets are cut before planting. Depending on the availability of water and the cultivars, it should be possible to raise more than one crop in growing season (Getachew and Asfaw, 2000).	Comment by Dr.Bruck: Move this part into the appropriate section or re-write as a distribution	Comment by Dr.Bruck: Move this part into varieties 	Comment by Dr.Bruck: This part should be written under climatic requirements 

Esuyawukal! This is an MSc thesis ok! So you have to review more
[bookmark: _Toc472247059][bookmark: _Toc6500068]2.2. Environmental and Soil Requirement of Shallot

[bookmark: _Toc472578458][bookmark: _Toc521725906][bookmark: _Toc6500069]     2.2.1. Climatic requirements

Shallot has a wide range of climate and is cultivated both under rain-fed and irrigated conditions (who said so?). In Ethiopia, it is mostly produced and adapted in areas where climate is humid (rainy season) and where the growing season is short (Getachew and Asfaw, 2004). Various climatic requirements are necessary to ensure a good onion crop with the main requirements being day length, temperature, rainfall and humidity. Among the most important climatic condition in onion production is day length. Short day onions require 11.5 – 12.5 hours day length threshold for bulbing (George and Reid, 2009) . The authors further reported that intermediate day length onions require 12.5 – 13.5 hours day length threshold for bulbing. In long day varieties requiring 14 or more hours of day length is required before bulbing is initiated.  Long photoperiods shorten the duration required to vernalize growing plants; thus, photoperiod requirement can be lessened by nitrogen deficiency in the plants (Brewster, 2008).

Temperature - the shallot is very tolerant to high temperature up to 30°C and relatively high temperatures encourage bulb development in most cultivars (Raemaekers, 2001).  The same author reported that the crop is adapted to a wide range of temperatures and relatively frost tolerant. Best production is obtained when cool temperatures prevail over an extended period of time that permit considerable foliage and root development before blubbing starts (Raemaekers, 2001). Temperature is noted to be the most important environmental factors that affect onion dry bulb in Ethiopia. The crop requires cool condition during early development and warm conditions during bulbing, bulb maturity, harvesting and curing stages. An optimum temperature for the production of onion ranges from 18 to 24°C days and 10–12oC nights are ideal for bulb production in Ethiopia. Temperatures below the optimum ranges caused bolting of plants consequently reduced bulb yield. Similarly temperatures above 30°C lead to early maturity of the plant and reduced bulb yield. High temperature favors bulbing and accelerates maturities then results in small bulbs, split, double with consequence of low yield and quality (Lemma and Shimeles, 2003). 

Moisture Adequate soil moisture is critical for uniform seedling emergence. For onion crops, especially during flowering, seed development and maturity excessive rainfall and very cool condition are undesirable as they lead to disease development and poor seed setting (Raemaekers, 2001). Furrow irrigation is the most common practice used in onion production, however, the frequency and amount of irrigation water applied varies with cultivars, soil types, and development stage of the plant. Generally, EARO (2004) reported that irrigation water is applied more frequently, every 4-5 days for the first 3 to 4 weeks after planting and extended to every 7 - 9 days then after. Furthermore, as the shallot begins to mature and the tops begin to fall that is 15-25 days before harvest, irrigation should be terminated. It has been note that late and infrequent application of irrigation water results in thick necked, none uniform and low storable bulbs. 

[bookmark: _Toc472578462]Altitude: Most cultivars of shallot grow well at altitudes varying from sea level to 2500 m.a.s. l. (Tindall, 1983).  Large bulbs are formed in day length of twelve hours than of ten hours (Tindall, 1983). According to Getachew et al. (2009), shallot has long been growing in Ethiopia by subsistent farmers in the mid and high altitudes (1800 m.a.s.l to 2200 m.a.s.l) for flavoring of local foods and as a source of cash . 	Comment by Dr.Bruck: Move it into photoperiod
Here, you have to review the effect of altitude on allium crops (garlic, shallot, onion…) and other crops. There are so many researches which have been conducted regarding altitude effect…… ቀድመህ ስራው ያልኩህ ለዚህ ነበር! Look thesis! From haramaya, Jimma, Hawassa, Bahir Dar….
[bookmark: _Toc6500070]2.2.2. Soil requirements

Shallot can be grown in all types of soils (Tindall, 1983)  However, Corgan et al. (2000) reported that for higher yield well drained friable sandy loam soils with high fertility and plenty of organic matter and light sands to heavy clay loams  are preferred. The author further reported that peat soils or sandy soils, if irrigation is available, are preferred and often used. Soils with high water holding capacity are better able to provide moisture to the shallow rooting system but must also drain well to be suitable. Poorly drained soils are not recommended for onion production, especially because of frequent problems with bulb diseases at harvest time, which lead to problems in marketing (Corgan et al., 2000). (በ ቴሲስ አጻጻፍ ህግ መሰረት ከ3-4 መስመር ጽፈህ አንድ ሪፈረንስ ታስቀምታለህ እያውቃል! 

Shallot is also sensitive to highly acid soils and the highest yield was obtained from freely drained friable loam soil with pH of 6.7 to 7 (Lemma and Shimelis, 2003). Adequate moisture is critical for uniform seedling emergence. Favorable soil pH is about 6.0–7.0 in mineral soils and about 5.8 in peat soils (Fikadu, 2015). Highest yield can be obtained from freely drained friable loam soil with pH of 6 – 6.8.	Comment by Dr.Bruck: Repeated and even it is not the appropriate section

Due to 	Comment by Dr.Bruck: Unrelated! Should be deleted 
build up of soil borne disease it should be rotated with unrelated crops such as beans, cereals
etc at least once every 3 – 4 years (Lemma and Shimeles, 2003). Poorly drained soils often are 
high in soluble salts, and onion is relatively sensitive to high soluble salt levels. Poorly drained soils are slow to dry following rainfall or irrigation, and therefore have a greater probability of being wet at harvest time. Poorly drained soils are not recommended for onion production, especially because frequent problems with bulb diseases at harvest time lead to more problems in marketing (McCormack, 2005).
[bookmark: _Toc6500071]2.3. Agronomic Factors Influencing Growth and Yield of Shallot 	Comment by Dr.Bruck: From agronomic practices, your work is concerned only on the influence of intra-row spacing, varieties may from the breeding aspect and/or agronomy. So the issues written under this section are irrelevant. 
 
Various agronomic factors are influencing shallot bulb yield. Among them water and nutrient management, planting systems and variety are the main factors that influence onion bulb yield. 
[bookmark: _Toc6500072]2.3.1. Water management 
 
Soil moisture is one of the most important factors that influences onion yield. Shallots have a shallow and limited root system and require frequent irrigation as the crop extract very little water (Ali et al., 2007). This crop should be irrigated frequently throughout out the growing season. Moisture is important in the growth of new roots; the soil moisture must reach the base of the bulb periodically if the newly formed roots from the stem are to grow into the soil. New roots will not grow in to dry soil (EARO, 2004). Bulbs grown under low soil moisture regimes are usually smaller and tend to loss more moisture and dry earlier during storage.  
 
Shallots are sensitive to a high water table or water logging. Uniform moisture availability about 400-800 mm per crop is conducive to large bulb size and high yields. It is most sensitive to water deficit during the yield formation period, particularly during the period of rapid bulb growth and transplantation. Water deficit of 50-75% during the total growing season at the yield formation period caused a large decrease in bulb yield (Kadayifci et al., 2004). However, the crop appears to be relatively less sensitive to water deficits during the vegetative and maturity period. Hence, judicious use of water is very essential. According to Msuya et al. (2005) warm and dry atmospheric conditions are important for bulb formation.  
 
Generally, water is applied more frequently, every 4-5 days for the first 3 to 4 weeks after planting and extended to every 7-9 days then after. As the shallot begins to mature and the tops begin to fall that is 15-25 days before harvest, irrigation should be terminated. It has been note that late and infrequent application of irrigation water results in thick necked, none uniform and low storable bulbs (EARO, 2004).  
[bookmark: _Toc6500073] 2.3.2. Nutrient management 
 It is well known that the use of fertilizer helps in production and a somewhat quick method for achieving maximum yields of onion (Naruka and Dhaka, 2001). Organic matter improves soil structure and releases the available nutrients to plants over an extended period and inorganic elements mainly the primary macro elements namely nitrogen, phosphorus and potassium are necessary for plant growth, bulb yield, quality and storability.  Among the various nutrient required to produce high yield, potassium is considered a very important element due to its influence on translocation of photosynthates. Potassium deficiency dramatically reduced leaf length and dry matter accumulation and affected assimilate partitioning among plant tissues (Duli et al., 2001). Sulphur is an essential plant nutrient. Its role in balanced fertilization and consequently in crop production is being increasingly appreciated (Farooqui, 2009). The sulphur compound in onion has received a lot of attention because of their potential antibiotic and flavor properties.
[bookmark: _Toc6500074]  2.3.3. Insect, disease and weed management 
 Onion Thrips (Thrips tabaci) is a key insect pest of onion (Tadele et al., 2013). In Ethiopia, it is an important insect pest that affect onion yield by direct feeding as well as reducing the quality and quantity by rasping the leaves and other tissues of onion crops to release the nutrients. Yeshitila (2005) reported that onion bulb yield losses of 26-57% due to onion thrips.  
 
Purple blotch (Alternaria porri) is a very severe disease in most onion growing regions in Ethiopia mainly during wet season. It attacks leaves, bulb and seed stalks and subsequently reduces yield and quality. In order to overcome the problem, using clean seed, growing under well drained soil, rotation with non related crops, burning crop debris and more frequent chemical (Mancozeb 80 WP and Ridomil Gold Mz 68 WP) application are good practices (Lemma et al., 2009). 
  Shallot is poor competent of weeds for nutrient and moisture because of a shallow rooted crop, the vertically oriented leaves are also less competent for light with broadleaved weeds. Weeds, besides competing for the essential factors and reduce yield, may also harbor various insect and diseases that are continual threat to the crop and also reduce the uniformity of the mother bulb crop and make rouging more difficult. The critical period of weed competition is found to be 4-8 weeks after transplanting. At least three cultivation; the first at 15 days after transplanting, the second during side dressing and the third when onions started bulbing  to lose the soil around the bulb is necessary (EIAR /WARC,2008). 
[bookmark: _Toc6500075]2.4. Production Potentials and Constraints of Shallot in Ethiopia

Shallot is cultivated in almost all countries of the tropical Africa including Ethiopia (Grubben and Denton, 2004). In Ethiopia, shallot was introduced recently to the agricultural community in the early 1970s through foreigners (Currah, 1990). However, according to Lemma and Shimeles ( 2003), it rapidly becomes a popular vegetable crop widely grown in the country. The crop is produced in many parts of the country by smallholder farmers and private commercial growers . Ethiopia has favorable climate and edaphic conditions for the production of tropical, sub-tropical and temperate vegetables in the lowlands (EHDA, 2012). 	Comment by Dr.Bruck: Repeated! Written under section one or somewhere	Comment by Dr.Bruck: Are you sure Currah reported this?	Comment by Dr.Bruck: By what criteria? 	Comment by Dr.Bruck: In the reference part, such kind of abbr. should be defined 

Various types of vegetable crops including onions are grown in Ethiopia under rain-fed and irrigation systems .With the growing irrigate agriculture in the country, there is a great potential for extensive onion seed and dry bulbs production in the different production belts of the country . In this regard, Selesh (2010) reported that the country is gifted with underground and surface water potential which can be used for the production of horticultural crops including shallot. Moreover, the existence of huge area of cultivable land and fertile soils make the country appropriate for commercial production of onion (Joonsten et al., 2011). The production of horticultural crops in general and shallot in particular is labor-intensive enterprise (EIA, 2012). In this respect, more than 50% of the population of Amhara region is at working age (BoFED, 2003) that can be actively engaged in the production of shallot. 

The increasing demand in export market can be also considered as an important opportunity for farmers in Ethiopia including those in Amhara region to produce onion having export quality, since the country is near to the world market compared to other exporters (Joonsten et al., 2011).

With the growing irrigate agriculture in the country, there is a great potential for extensive shallot seed and dry bulbs production in different production belts of the country. The national average yield of bulb shallot is about 7 t ha-1  and the bulb yield is characterized by poor quality of mixed varieties varying in size, color, shape and storability and in most cases the crops are grown in usually moisture-stressed areas and yields are commonly very low  (Shimeles, 2014). Specifically to shallot production and improvement, the Ethiopian Agricultural Research Institute has made efforts to generate different improved varieties. As a result of this effort the varieties Dz-sht 157-1B, Dz-sht -91-2B (MOARD, 2016) and Yheras are made available to farmers (MOARD, 2005).

The estimated area under production of shallot and onion in the country in the 2016/2017 cropping season was 33603 ha with total production of 3, 274, 75.245 ton, in Amhara region 13755.30 ha with total production 184571.302 ton and North Wollo zone 436.97 ha with total production 5938.206 ton of fresh bulbs (CSA, 2017). Despite its high economic importance, the yield of shallot under farmers’ conditions is very low (6 t ha-1) compared to the 25 t ha-1 obtained under good management practices (Getachew et al., 2009). The wide gap in yield is attributed to lack of improved varieties, poor agronomic practices and soil fertility and diseases (bulb rot and downy mildew) and insect pests (onion thrips), etc in farmers’ fields (Getachew and Asfaw, 2000).

Shallot contributes substantially to the national economy, apart from overcoming local demands. Shallot is an important cash crop to the farmers. It is a liquid asset for the smallholder’s farmers in Ethiopia. The main production regions of shallot in Ethiopia are Amhara, Oromia, Benishngule-Gumuz, Gambella, Tigray and South Nation Nationalities and People Regions (CSA, 2017).	Comment by Dr.Bruck: This paragraph is not related to the section where it is written, hence either remove it from this section or move it into the appropriate section

Even though high potentials, the production and productivity of horticultural crops including shallot in Ethiopia in general and in Amhara Region in particular is very low. According to Bezabih and Hadera (2007) and Adugna (2008) the constraints of onion production could be categorized in to farmer, institutional, natural and infrastructure related factors. According to the same authors, shallots are mostly produced by smallholder farmers where inappropriate agronomic practices are employed, agricultural inputs such as fertilizers, improved varieties and pesticides are not sufficiently used, and inappropriate postharvest handling practices are employed. Generally, Melkamu et al. (2015) reported that farmers produce horticultural crops including onion with traditional farming system that contribute to low production and productivity.  

 According to Edossa (2013), diseases and insect pests are the other major constraints of shallot production in Ethiopia including Amhara Region. The author further reported that improper agronomic practices employed by smallholder farmers for the production of shallot contributed to high incidence and severity of pests. The losses caused by pests are further aggravated due to Pesticides are not used by some farmers and also not available sufficiently. Some traders adulterate pesticides with other substances which may either reduces their effectiveness or harm the crop plants and consequently incur economical losses for onion growing farmers The most common diseases occurred in Ethiopia onion farming system are purple blotch, onion neck rot and powdery mildew caused by the fungi Alternaria porri, Botrytis cineraria and Peronospora destructor, respectively (Lemma and Shimelis, 2003). Among insect pests, thrips, mites and cut worms are the most important once in farmer`s onion farms (Lemma, 2004). 	Comment by Dr.Bruck: You focused only on onion. How it could be acceptable? 

Melkamu et al. (2015) reported that poor infrastructures such as rural roads and means of communication for efficient flow of goods and market information are limited; most of the production sites are not accessible for vehicles, handling and means of transportation are undeveloped, shallots are perishable by nature it cannot be stored for long period of time without quality deterioration unless properly handled and there is a serious problem in the marketing of horticultural crops including shallot in Ethiopia including the Amhara region, such conditions affect not only the income negatively but also the interests of farmers to participate in onion production in the following years .

According to Bezabih and Hadera (2007and Adugna (2008), lack of provision of improved production technologies including supply of relevant varieties, market outlets linkage, storage and processing facilities, marketing information, credit facilities and strengthen farmers cooperatives are some of institutional factors that contributes their own role for low shallot production in the country as a whole. Furthermore, improved onion seeds are scarce because of undeveloped onion seed production system in the country. Fertilizers are mostly offered for main cropping season. For irrigated vegetable crops like onion fertilizers are not available in adequate quantity (Melkamu et al., 2015). 

Its use as a condiment for many local dishes has significant importance. Shallots contribute significant nutritional value to the human diet and have medicinal properties and are primarily consumed for their unique flavor or for their ability to enhance the flavor of other foods (Randle and Lancaster, 2002). Shallot is considerably important in the daily Ethiopian diet, mostly used as seasonings or as vegetables in stews . It is one of the richest sources of flavonoids in the human diet and flavonoid consumption has been associated with a reduced risk of cancer, heart disease and diabetes. In addition it is known for anti bacterial, antiviral, anti-allergenic and anti-inflammatory potential. The demand for Allium cepa var. aggregatum is worldwide and their use is not limited to any climate or associated to any nationality. They are consumed universally in small quantities and used in many homes almost daily, primary as a seasoning for flavoring varieties of dishes. Shallot contains vitamin B and traces of vitamin C, carbohydrate and small percentage of proteins. In Ethiopia Allium cepa var. aggregatum is for home use in flavoring of local dishes, like hot pepper; it is indispensable ingredient of the traditional sauce or “wot”. Besides it’s an important cash crop to the farmers. Ethiopia has a great potential to produce shallot throughout the year both for local consumption and for export. Shallot is a rapidly becoming popular among producers and consumers. Its popularity among producers is because of the advantage of high yield potential, availability of desirable cultivars for various uses, ease of propagation by seed, high domestic (bulb and seed) and markets in fresh and processed forms (Lemma and Shimeles, 2003).	Comment by Dr.Bruck: This part is talking about importance of shallot; but the section is potentials and constraints of shallot, how it could be accepted by scholars? Look! I said you have to give your thesis for readers and they may comment you and finally send to me could be possibly important. Any ways delete this part or move iit into the importance of shallot 


[bookmark: _Toc472578464][bookmark: _Toc6500076]2.5. The Performance of True Seed Shallot

The True shallot seeds (TSS) are increasingly used by farmers in Indonesia.  The benefits of TSS are free from pathogen, smaller number of planting materials, easier transporting and storaging, producing healthier crops and bigger bulbs (Brink and Basuki, 2012). In many countries, the traditional method of growing shallots from bulbs is replaced by direct seeding in the field or by planting seedlings (Răduica and Popescu 2010, Brink and Basuki 2012). It is possible thanks to the progress in breeding and introduction into cultivation of new cultivars that produce seed stalks and seed (Getahun et al., 2003; Awale et al., 2011).

The farmers are usually forced to sell all the produce either directly on the farms or immediately after harvest mainly due to the need of immediate cash return and storage problems. This has resulted in difficulty to obtain planting materials at the peak planting time and farmers are forced to buy planting material of any kind available in the market at a very high price, which is in most cases transported from long distances. This causes some farmers to keep their own seed bulbs tight into bunch and to keep them above the heater in the kitchen for 3 to 5 months (Shimeles, 2014). In addition, using such vegetative propagated materials also promotes diseases, viruses, fungi, bacterial pathogens and nematodes (Currah and Proctor, 1990). Therefore, to tackle this problem, research effort was made at Debre Zeit and Melkassa to grow shallot from true seed as a good option for the grower to avoid the storage problems and to get disease-free planting material. Since shallot crop meets a great demand as cash crop, attempt were made in preliminary studies to investigate potential of bulb yield from true seed in order to address one of the barriers to produce the crop. As shallot lines grown from true seed gave better yield and bulb quality at Melkassa Research Center, a multi location trial was initiated to further verify the performances of these lines under different agro-ecological conditions of the country (MARC, 2005). As in every plant-breeding program, breeders have to plant materials for a number of years in various locations in order to test stability of materials over a range of environments (Yan and Hunt, 1998).

The performance of crop plants varies in different environments, which indicates their adaptability to specific region or over wide areas (Khan et al., 2002). Yield stability of promising genotypes over different environments is very important in breeding strategy for varieties to be released nationally for wide or specific adaptation. This crop has very short growing season of about 3 months, which allows it to be grown between other crops or during the short rainy season. Nevertheless, currently the crop is widely grown in irrigated conditions of the Rift Valley areas. Thus, its cultivation and distribution to new areas showed its potential for further expansion and improvement in the country (Lemma and Shimeles, 2003). Moreover, diseases, insects and lack of improved pre- and post-harvest management practices have also contributed to low yield and quality (Getachew and Asfaw, 2004).

The main advantage of these shallot lines is that it flowers freely and produces viable seeds satisfactorily under local conditions without any vernalization and produce high bulb yield with bigger and uniform bulb size which is highly preferred by the consumers. As the seed production technology is now available for onion, farmers can produce their seed requirement in their own fields. Shifting from cultivation of shallot from bulb to seed producing shallot can help the farmers to overcome the high cost of production and the need of long time for propagation and storage constraints to shallot planting material in the country (Shimels and Lemma, 2015).  Shimeles (2014) reported variability among the tested shallot accessions for bulb splits. The combined analysis of the result over location and season showed significant variation among the parameters except for days to maturity. The largest bulb split was recorded by Negele followed by Hurruta cultivars. The highest bulb yield was recorded by Hurruta cultivar followed by Negele cultivars. Hence, farmers around the areas of Sayda, Dehana and Lalibela can use Hurruta and Negele cultivars to maximize their bulb productivity and production (Aleminew et al., 2017).
Comment: Documented reports of varieties regarding yield and other morpho-physiological characteristics (in Ethiopia or abroad, your materials used for this experiment should be well reviewed 
[bookmark: _Toc6500077]2.6. Effect of Intra-row Spacing on Growth and Yield of Shallot

Spacing is frequently referred to as a limiting factor but in reality embraces growth factors such as water, nutrient and light (Soffe, 1995). Robinowitch and Kamenetsky (2002). stated that close spacing of individual plants suffer much from competition and the crop may be impaired in too wide spacing; however, the yield per hectares may be reduced because of reduction in plant number and the plants become too large and/or wood for consumption and weeds allow developing aggressively in the open space between crop plants.The competition occurs between plants of the same species and is termed as intra-specific competition. In extreme cases of crop plant growing in complete isolation, its individual yield gives an indication of the maximum yield possible per plant (). The authors further 	Comment by Dr.Bruck: Not related

The production of shallot is highly related to agronomic and management practice; as inappropriate management and agronomic practice decrease the growth performance and yield of shallot. Among them, improper intra-row spacing  is the factors which affect crop emergence, growth and yield of shallot (Fikadu, 2015). Shallot production can be affected by several biotic, a biotic and management factors, but cultivars, soil and climate, seedling age, bulb weight, spacing (plant spacing), date of planting and seed quality are very important (Fikadu, 2015). Sara et al. (2015) reported that closer intra row spacing of 7.5cm and 5cm enhanced maturity by about 116.6 and 112.6 days, respectively, while wider plant spacing of 10 cm showed slightly delayed maturity of 121 days.

Intra-row spacing is an important practice that influencing yields components, bulb yield and quality of the shallot. Hence, the use of proper geometry to get appropriate plant stand is a pre-requisite for higher crop yield per unit area (Tesfaye, 2008; Geremew et al., 2010; Nilesh, 2013).  Ademe et al. (2012) reported that the yield per unit area did not increase proportionally to the increase in planting density since bulb weight per plant decreased at higher densities, but low planting density and small planting stock size favored production of large bulbs required for some markets, but with greatly reduced total yield. . In this regard, Tendaj (2005) reported that an increase in intra row spacing of shallot from 5 to 20 cm resulted in increase in marketable yield from 2.1 t ha-1 to 10.4 t ha-1. On the other hand, onion is planted in flat ridges spacing of 40 x 20 x 10 cm, 40 cm bed including furrow, 20 cm between rows on the bed and 10 cm between plants (EARO, 2004). Thus, what was the result???? 

Tindall (1983) reported that shallots are commonly planted at intra-row spacing's between 12 to 15 cm. Devi and Anal (2008) recommended 10 cm as optimum intra-row spacing for onion for higher marketable yield. Bodnar (2010) also reported shallots planted at 15 to 20 cm between the bulbs gave highest marketable yield.  Kanton et al. (2003) reported a decrease in bulb weight as the plant population per square meter increased from 50 to 200 plants likely due to competition associated with closely spaced plants that resulted in lower bulb weight per plant.	Comment by Dr.Bruck: Use the recent reports


In the onion crops, Akoun (2005) reported that more leaves were produced at lower plant density. Furthermore, Geremew et al. (2010) suggested the intra-row spacing of 4 cm for Nasik red and Adama red onion varieties, and 6 cm for Bombay red variety in central rift valley areas of Ethiopia for high yield and best quality of onion bulbs. According to Naik and Hosamani (2003), narrow spacing of 15 cm between rows of onion plants gave the highest bulb yield while it was reduced with the widening of the row spacing. On the contrary, highest yield was observed at the closest spacing and the lowest yield at widest spacing. Yamane et al. (2013) noted that as intra-row spacing increased from 5 to 10 cm marketable bulb yield decreased from 34.49 to 28.10 t ha-1. According to Seck and Baldeh (2009), plant density has also influenced on marketable bulb size where the higher the plant density the smaller was the marketable size. 

Dorcas et al. (2012) reported that increasing plant density from 100,000 plants ha-1 to 500,000 plants ha-1 decreased the average bulb weight from 58.22 g to 40.04 g and bulb diameters from 4.56 cm to 2.83 cm. According to Saud et al. (2013), larger bulb diameters of 5.64 cm were observed at 25 cm intra-row spacing followed by 5.46 cm at 20 cm intra- row spacing while the small bulb diameters of 5.39 cm were observed at narrow intra-row spacing of 15 cm. The maximum bulb diameters recorded at wider intra- row spacing might be due to more light availability to plants and less competition among the plants (Saud et al., 2013) while it reduced onion yield due to reduction of total number of plants ha-1 (Aliyu et al., 2008). 

The research conducted by Dawar et al. (2007) showed that onions grown at wider plant spacing had significantly increased weights, diameters and neck thickness of onion bulbs while at closer spacing these yield components were reduced., bulb diameter and fresh weight of bulb. Latif et al. (2010) also reported that maximum yield of onion bulbs at the spacing of 20 cm x 10 cm compared to 20 cm x 20 cm spacing. 	Comment by Dr.Bruck: This part is growth parameters. Hence, it is better to review influence of itra-row spacing on growth, then yield components, then yield ….Coherence should be kept
Plant spacing has a major factor that influence on plant growth and development of onions (Kanton et al., 2003). Sikder et al. (2010) evaluated three intra-rows spacing (20 x 20, 20 x 15 and 20 cm x 10 cm) and reported that maximum bulb yield per hectare was recorded from 20 cm x 10 cm spacing which also produced comparatively lower values on fresh weight of leaves per plant, plant height, leaves number per plant. Moreover, suitable spacing enables the farmers avoid over and less population of plants in a given plot of land which has negative effect on yield and quality (EARO, 2004). Geremew et al. (2010) explained that the higher yield and better control of over or under sized bulbs could be obtained if plants are grown at optimum plant spacing. According to Kanton et al. (2003), total bulb yield can be increased as population density increases while the size of the individual bulbs decreases. 	Comment by Dr.Bruck: You have to review about shallot first and then other allium crops then other related crops

In this regard, Khan et al. (2002) reported that different plant spacing affects plant height, onion bulb size, and weights of individual bulbs and total bulb yields which differ among other with the environmental factors, soil fertility status and varieties of onion. According to Khan et al. (2003), wider spacing i.e. 20 x 10 cm, produced longer plant height, leaf length and bulb length, higher number of leaves, higher diameter and weight of onion. Akoun (2005) reported that more onion leaves were produced at lower plant density. Kanton et al. (2003) noted that as plant density increased number of marketable bulbs increased. According to Mahadeen (2008), narrow intra-row spacing produced maximum yield.  Days to maturity of onion is also affected by intra-row spacing. Sara et al. (2015) reported that closer plant spacing of 7.5 cm (116.6 days) and 5 cm (112.6 days) enhanced maturity days of onion while wider plant spacing of 10 cm showed slightly delayed maturity (121 days) of onion. 

Sikder et al. (2010) evaluated three intra-row spacing (20x20, 20x15 and 20 cmx10 cm) of onion; and the result revealed that the maximum yield were recorded from 20 cm x 10 cm spacing and the narrow plant spacing produced comparatively lower values on fresh weight of leaves per plant, plant height, leaves number per plant, bulb diameter and fresh weight of bulb. Latif et al. (2010) showed that yield of onion bulbs produced at the spacing of 20 cm x 10 cm was recorded as the highest compared to 20 cm x 20 cm spacing. Mahadeen (2008) also reported that narrow intra-row spacing produced higher yield. 
 
Latif et al. (2010) indicated that the numbers of leaves per plant, bulb weight, foliage dry weight, plant height was highest when the plants were grown at wider spacing of 20 x 20 cm. However, yield per unit area was higher in the narrow spacing. Nasir et al. (2007) also stated that the highest leaf number per plant was recorded at lower planting density. Planting of onion at 20 and 25 cm spacing produced larger bulbs compared with planting at 10 and 15 cm spacing (Mahadeen, 2008). Jilani (2004) reported that onion plants from the lowest plant population (20 plants m-2) recorded the highest number of leaves and leaf length.  
 
According to Jan et al. (2003), the highest yield (40.44 t ha-1) was found at spacing of 17 x 4.5 cm, and the lowest yield (19.95 t ha-1) at 27 x 14.5 cm spacing. Yemane et al. (2013) also indicated that the highest total bulb yields were achieved at 5 and 7.5 cm intra-row spacing, respectively as compared to the 10 cm intra-row spacing. Ademe et al. (2012) also indicated that total yield per hectare increased as plant density increased although yield of the individual plants and their components were significantly reduced suggesting a compensation of higher plant densities on yield in shallot.  
 
Kanton et al. (2003) observed that onion yield increased from 17.4 to 39.5 t ha-1 as plant population per square meter increased from 50 to 150. Yemane et al. (2013) mentioned that the highest unmarketable bulb yield of onion was produced by the narrow intra-row spacing. Ademe et al. (2012) also reported that high unmarketable yield of shallot was recorded in closely spaced plants. Seck and Baldeh (2009) also concluded that plant density has an impact on marketable bulb size. The smaller the marketable size is an issue for high plant densities and needs to be improved. 
 
According to Nasir et al. (2007) maximum weight of small and medium sized of onion was obtained at higher population density, However, the highest weights of large bulbs were found at the lowest planting density. Dawar et al. (2007) also reported that maximum weight of medium and small sized bulb was achieved at higher planting density of 80 plants 4m-2. However, maximum weight of large bulbs was found at the lowest planting density of 40 plants 4m-2. Rumpel et al. (2000) showed that yield of medium bulbs increased with density but, the yield of large bulbs decreased as plant density increased. Yemane et al. (2013) stated that the highest percentage of small and medium size bulbs yield was scored at narrow intra-row spacing of 5 cm as compared to 7.5 cm and 10 cm. However, as the intra-row spacing increased from 5 to 10 cm, the percentage of large size bulbs increased from 9.3 to 20.3%.  
 
Minimum planting density attained the highest number of leaves which decreased with increasing planting density. Minimum plant population (20 plants m-2) had larger bulb diameter against smaller bulb diameter of higher plants density (40 plants m-2) (Jilani et al., 2009). A report by Hyder et al. (2007) who indicated that plant height, bulb length, bulb diameter and days to harvest were the most important yield contributing factors. There is indirect effect on bulb yield of each trait. Akoun (2005) reported that bulb diameter was greatest (8.18cm) at the lowest population density. Seid et al. (2014) indicated that lowest leaf width (0.73 cm) of garlic was recorded in higher plant density.  Ademe et al. (2012) reported that lower harvest index of shallot in wider intra-row spacing. Kabir and Sarkar (2008) also reported highest value of harvest index of mungbean recorded from closer spacing probably due to the reduced vegetative biomass. 
 
The ideal spacing and plant population are those that maximize yield, vegetable quality and profits to farmers without excessively increasing costs. An essential aspect of any crop production system is the development of a crop canopy that optimizes the interception of light, photosynthesis, and the allocation of dry matter to harvestable parts. A crop canopy is commonly managed by manipulating row spacing and plant population; as plant density increases, yield per unit area will approach an upper limit, plateau, and then decline while yield per plant tend to decrease with increasing plant density because of competition for growth factors between adjacent plants (Silvertooth, 2001).  

Geremew et al. (2010) found that Adama Red onion variety grown at intra-row spacing of 10 cm gave the highest bulb diameter (5.78 cm) as compared to intra-row spacing of 8 cm (5.65) and 6 cm (5.28 cm) though the means did not show statistically significant difference. Aliyu et al. (2008) also found that significantly tallest plant was obtained from a wider intra-row spacing of 20 and 25 cm of onion plants. The authors suggested that closer spacing resulted in competition among plants for nutrient and light thus resulting short plants while the plants grown in wider spacing had adequate space and consequently they were not severely competing for resources for their growth and development. Tegbew (2011) reported that as plant  population of the onion was increased from 25 plants m-2 to 50 plants m-2, the difference in height of the plants remained statistically non significant. However, as the plant population increased to 66.67 plants m-2, 100 plants m-2 and 200 plants m-2, the heights of the plants decreased significantly. Fikreyohannes (2005) observed increased plant height and leaf length at narrower row spacing of garlic. Ademe et al. (2012) found that bulbs of “Huruta” shallot planted at 20 cm intra-row spacing produced the highest bulb weight per plant while those planted at 10 cm intra-row spacing produced the lowest bulb weight per plant. Geremew et al., (2010) reported that onion varieties with wider spacing gave maximum unmarketable yield due to higher bulb diameter that result in over-size bulb diameter (unmarketable yield). 

Generally, yield of onion increases with an increase in plant population because plant densities allowed the canopy to close quickly reducing the ability of weeds to compete, but only up to an optimal limit and yield will decrease beyond this optimum. Appropriate spacing enables the farmers to keep appropriate plant population in their field. Hence, a farmer can avoid over and less population in a given plot of land, which has negative effect on yield. Therefore, to avoid nutrient competition due to inappropriate use of plant spacing and N fertilizer, sufficient spacing between plants and rows and optimum amount N fertilizer application is vital to get highest yield in a given plot of land (AVRDC, 2004).  

Bhati et al. (2002) reported that number of cloves, diameter of bulb, weight of bulb and average yield were higher under 20x1Ocm spacing as compared to 20x20 cm spacing. Singh et al. (2002) observed that size of onion mother sets and distance of sets produced maximum percentage of bulb diameter, neck thickness, specific gravity, dry weight, juice content of bulb and dry weight of leaves significantly increased with increasing size of mother sets and with spacing of sets, whereas total soluble solid percentage of bulb was significantly increased with decreasing size and distance of planting (15 x 1Ocm). Jahangir et al. (2005) observed the effects of plant spacing (5, 7.5 and 1Ocm) and reported that plant spacing. of 5cm recorded the highest yield of bulb  garlic (4.6 t ha-1). Sirohi (2005) demonstrated that planting of garlic cloves at closer spacing (15x10cm) was the best in respect to fresh weight per bulb, diameter of bulb, number of cloves per bulb and yield per hectare. Karaye and Yakubu (2006) conducted field experiment to investigate the response of bulb yield of garlic to intra row spacing of 10, 15 and 20 cm and reported that the optimum bulb yield of garlic with intra row spacing at 20 cm was the best.

Potato is well known that plant density (inter and intra-row spacing) is very important aspect of potato production since it significantly affects number of tubers per plant and per stem, mean tuber weight, tuber yield and size grading (Haase et al., 2007). According to Khajehpour (2006) increase in plant density decreases mean tuber size probably because of plant nutrient elements reduction, increase in interspecies competition and large number of tubers produced by high number of stems.  Alvin et al. (2007) reported that with increasing plant density, yield of potato increased. On the other hand, increase in plant density, probably is the reason of the lack of nutrient elements for each plant or production of more tubers per unit area and reduction of their mean size. Zamil et al. (2010) also reported that total yield increases with increasing plant density while percentage of large tubers decreased. However, the optimal planting density differs depending on the environmental conditions and cultivars.  

As a general rule, the higher plant densities are recommended for early potato production systems in the Mediterranean type of environments since out-season production of potato crop limits its growth and yield potential (Mauromicale et al., 2003). In related study Holetta evaluated the effect of intra-row spacing on tuber size and yield of different varieties. In all varieties the highest total yield was obtained from the 20 cm intra-row and 75 cm inter-row spacing. In a situation where the number of tuber is of greater importance, as in seed production, the narrow intra-row spacing (20 cm) is preferred (Gebremedhin et al., 2001).     
 
According to Leyla and Halis (2009) closer spacing reduced tuber number per hill, average tuber weight, tuber yield per hill and percentages of large and medium size tubers and total yields increased as increasing planting density up to 20 cm spacing.   Very little or no benefit is gained from increasing row width above 75 cm. Bohl et al. (2010) also reported that intra-row spacing had a significant effect on tuber yield; the closest intra-row spacing (10 cm) gave the highest yield (19.10 t/ha) whereas the widest intra-row spacing (40cm) yielded the lowest (12.00 t ha-1).  

General comments: please arrange the report as follows: growth-yield components- yield-quality ….Moreover, try to reduce the huge texts, use the latest sources. Hence, based on the general comments and comments which I have given correct the above reviews as the section is the nucleus of the work!!  
[bookmark: _Toc6500078]2.7. Interaction Effects of True Seed Shallot Varieties and Intra Row Spacing

[bookmark: _Toc472247071]Differences in shallot variety’s responses to different intra-row spacing's are manifested in differential ability to transform accumulated biomass to bulb production under different intensities of interplant competition (Awale et al., 2011). The authors further reported that many years of research on yield and quality of shallot of different varieties and populations have allowed the researchers to identify many varieties with different traits that determine the excellent adaptation of this plant to various climate and soil conditions in which shallots are known and appreciated in both hot and cold climates .

Differences in intra-row spacing enhanced plant-plant variation in terms of accumulated biomass and this phenomenon affected bulb yield and the stability of dry matter partitioning to bulbs (Fikadu, 2015). Tendaj (2005) who reported that shallot clusters varied in weight from 50.7 to 342.7 g when shifted from high to low planting density. Moreover, better air circulation reduces disease occurrence which contributes to higher yield per plant. In other crops, Carlson et al. (2009) reported plant density did impact the yield of two potato varieties and both varieties produced highest total yields at the closest plant spacing 17.75 cm. according to Kabir and Sarkar (2008), that interaction effects between variety and spacing were significant for seed yield of mungbean and the highest value was recorded at wider spacing which has less population density.	Comment by Dr.Bruck: What does it mean? You must be focused on response of shallot varieties to intra-row spacing!

Das and Mohanty (2001) Conducted field experiment on Garlic cv. Madrasi to evaluate the effect of plant densities (8x8, 10x8, 10x10 and 15x 10 cm) and recorded highest yield at the spacing of 8x8 cm followed by 10x8 cm. Naruka and Dhaka (2001) observed that the growth parameter, yield components (plant height, number of leaves, fresh leaf weight, maturity period, neck thickness, bulb diameter, fresh bulb weight, clove weight and harvest index) increased significantly with increasing level of nitrogen and row spacing that highest parameters with 200 kg N ha-1 at a row spacing of 15 cm. Naruka and Singh (2002) studied the interaction effect of row spacing and cultivars on the yield and yield attributes of garlic and observed that the interactions were significant for the yield and yield attributes. The result revealed that maximum values for yield attributes were observed when row spacing of 15x7.5 cm was kept with cultivar (Jaguar Local) while maximum bulb yield and harvest index were observed under 10x 7.5 cm row spacing and cultivar 'Jaguar Local' treatment combination. 

Hossain et al. (2003) conducted field experiment to determine the effect of different spacings viz. (25x20, 20x20, 20x15 and 20x10cm) on growth parameters of garlic cultivar Patna. Highest root length, leaf number per plant and leaf dry matter were observed at the plant spaci.ng of 25 x 20 cm while the spacing of 20x20 cm gave highest root dry matter and plant height. Jan et al. (2003) conducted field trial to study the inter and intra row spacing on the growth and yield of. Onion cultivar Swat-1 and Red Glossy at Dargai, different intra and inter row spacing had significant effects on various parameters studied. However, both the cultivar and their interactions with spacing did not show any significant difference. 	Comment by Dr.Bruck: Senseless sentences! Please rewrite
 

Khan et al. (2003) conducted an experiment to determine the effect of different spacing viz-a—viz. 20 x 10 cm, 15 x 10 cm, 10 x10 cm, 15 x 7.5 cm, 10 x 7.5 cm, 7.5 x 7.5 cm on the production of different onion varieties. spacing’s taken were. Three varieties viz., Bari Piaz-1, Taherpuri and Faridpur Bhati were used for study. Significantly wider spacing produced higher plant height, leaf length and number of leaves. Bulb length, diameter and weight have also shown the same trend in wider spacing. The weight of individual bulb of onion (23.52 g) was increased with the widest spacing (20 x10 cm). On the contrary, yield per hectare was the highest (16.65 t/ha) at the closest spacing (7.5 x 7.5 cm) and lowest (10.05 t ha-1) at the widest spacing (20 x 10 cm). But in closer spacing, bulb size was found so small that it was not suitable for choice of consumer. On the other hand, wider spacing produced the higher percentage of multiplier bulbs that was not better for storing and consumer demand. So, with respect to economic point of view 15 x 10 cm spacing was recommended for onion cultivation. It was found that Bari Piaz-1 performed better with respect to yield and other parameters.

Singh and Singh (2003) studied the combined effect of onion mother sets and planting distance on growth, quality, storage weight loss and yield attributes of variety N-53   during kharif 199899 and 1999-2000. The maximum number of leaves (9.00 and 9.88), neck thickness of plant (2.13 and 2.39 cm), fresh weight (61.10 and 65.67 g), diameter (5.07 and 5.l5 cm), neck thickness of bulb (1.85 and 2.05 cm), recovery percentage of 'A' grade bulb (10.93 and12.53 %), juice content in bulb (25.47 and 28.04 %) and ambient storage weight loss of bulb (29.02 and 27.92 %) were found with combination of larger set size (2.1- 2.5cm) and wider planting distance (15 x 15 cm) compared to all treatment combinations during both the years. However, highest recovery percentage of 'B' grade bulb (86.15 - 88.78 %), gross yield (342.33 - 364.54 q/ha) and yield of marketable bulbs (32.706 – 34.414 t ha-1) were obtained with combination of bigger size of sets (2.1 - 2.5 cm) and closer planting distance (15 x 10 cm). 

Bijaya et al. (2008) observed that the maximum yield of onion was obtained with closer spacing (10 x 10 cm) and bigger bulb size (B3). Among different spacing’s, 20 x 10 cm recorded maximum number of leaves per hill, number of bulbs per hill and also in most of the bulb characters, but the highest yield (18.4 t ha-1) was recorded in closer spacing (10 x 10 cm). Bulb size also influence significantly the growth parameters like number of leaves per hill, leaf length and bulb characters. 

Jilani et al. (2010) studied the performance of Naurang Local and Phulkara cultivars with respect to different plant spacing (10, 15, 20 and 25 cm). The data on number of leaves/plant, plant height, leaf length, bulb weight, bulb diameter, bulb yield/plot and total yield (t ha-1) were recorded. Significant variations were recorded for two onion cultivars and different plant spacing for all the parameters studied. Phulkara excelled in all the parameters against Naurang Local as it produced maximum leaves per plant (9.63), plant height (52.98 cm), leaf length (46.32 cm), bulb weight (56.40 g), bulb diameter (5.25 cm), bulb yield per plot (2.89 kg) and total yield (10.78 t ha-1). Among plant spacing, although the widest plant spacing (25 cm) produced the maximum leaves per plant, plant height, bulb weight and bulb diameter, but it reduced the yield per plot and total yield. However, closest plant spacing (10 cm) produced significantly maximum yield per plot and total yield. For better yield of onion, Phulkara cultivar with closet plant spacing of 10 cm is highly recommended.

Singh and Singh (2004) evaluated garlic variety Yamuna Sated (G-1) under different row spacing of 1Ox1Ocm, 15x15cm and 20x20cm and observed that lower spacing resulted in higher yield, while large number of cloves and fresh weight per bulb were recorded with widest spacing, however, largest bulb diameter was recorded at widest spacing. The highest level of nitrogen and widest spacing proved less effective for the growth and yield of garlic. Vargas et al. (2007) evaluated onion cultivar Princesa and Superex with different spacings of 8, 12 and 14 cm and observed that bulb yield was only influenced by cultivar. The bulb yield of Superex was 33.1 per cent higher than tract of Princesa (51.7 t ha-1). Superex recorded higher yield and bulb weight than Princesa at 14 cm spacing.
























3. [bookmark: _Toc6500079]MATERIALS AND METHODS	Comment by Dr.Bruck: As a rule, first heading/chapters should written on the new page okay

[bookmark: _Toc472247072][bookmark: _Toc6500080]3.1. Description of the Study Area

The experiment was conducted at Densa Kebele of Densa FTC, Gidan district of Amhara Region (Figure 3.1) during the 2018/19 season under irrigation condition. Gidan district is located 599 km far away from Addis Ababa and ---km away from Woldia at 12° 14' 60.00" N latitude to 39° 09' 60.00" E longitude. Its altitude ranges from 1300 to 4100 m.a.s.l. (Ege, 2002). It receives an annual average rainfall of 900 mm and the average temperature ranges from 18 to 20 o C . 

The experimental area (Densa) is located about 67 km far from Woldia towards the North West and 568 km far from the capital city of Ethiopia. The area is situated at 12.03’’ and E?’’ latitude,  39.03 N longitu and an altitude of 2200 m.a.s.l and the and de is (Ege, 2002). It receives an average annual rainfall of 900 mm and minimum and maximum temperatures ranging from 18°C to 22°C respectively (Seifu, 2013). It has unimodal nature of rainfall; with a long rainy season, kiremitbetween June and September and the short rainy season from---to ---?. The soil type of the experiment site is red brown with clay textural classes (source?). The major vegetable and cereal crops cultivated using both rainfall and irrigation in the district are Shallot, Onion, Potato, Tomatoes, Teff, Maize, Sorghum, Chickpea, Cabbage, Green pepper. 	Comment by Dr.Bruck: Check and re-write	Comment by Dr.Bruck: See the above paragraph 

[image: ethiopia.jpg]
Figure 3.1.1: Map of the study area (

[bookmark: _Toc6500081]3.2. Description of the Experimental Materials

Shallot varieties viz-a-viz., Dz-sht -157-B, Dz-sht 91-2B and Yheras were used as a test crop for experiment. All varieties are introduced and adapted by Debrezeit and Melkasa Research Center (which one is from Debrezeit and which on is from Melkasa?). Their seeds are black, wrinkled at maturity, 6×4 mm and sickle shaped embryo bulbs (cloves) are variable in shape, size and color, covered with thin red scale leaves (Getachew and Asfaw, 2000). Detailed description of the three shallot varieties are depicted in table …? The maturity date of Dz-sht 91-2B, Dz-sht -157-B, and Yheras variety is 127,125 and 115 days respectively. According to Sekota Dry Land Agricultural Research Center (SDARC) shallot variety DZ-157-B variety is more adapted in the study area. Yield in the study area if it is adapted should be mentioned by referring their (SDARC) documents…	Comment by Dr.Bruck: Improved? Released…?	Comment by Dr.Bruck: Put in the table below by inserting one column 
Table 3.1.Detailed description of true seed shallot varieties in Ethiopia

	No.
	Varieties
	year  of Release
	Altitude
(m.a.s.l.)
	Maturity date
	Yield  (t ha-1)
	Description of the Varieties

	
	
	
	
	
	On research station
	On farmers field
	

	1
	DZSHT-157-B
	2016
	1600-2200
	
	35.0
	-
	Leaf color light green & bulb skin color dark red

	2
	DZSHT-91-2B
	2016
	1600-2200
	
	40.0
	-
	Leaf color light green & bulb skin color dark

	3
	YHERAS
	2005
	500-2500
	
	25.0
	-
	Leaf color deep green & bulb skin color red-white


Source: MOARD, 2005 & 2016, Variety Registration Book.
[bookmark: _Toc6500082]3.3. Treatments and Experimental Design
[bookmark: _Toc472247075]The experiment consisted of  four intra-row spacing (5cm , 10 cm,15cm and 20 cm) and three varieties [Dz-sht 157-1B (V1), Dz-sht -91-2B (V2),and Yheras (V3)]. The treatment was laid out in 3×4 factorial combinations arranged in randomized complete block design (RCBD) with three replications . The detailed treatment combinations are indicated (Table 3.1). The size of each plot was 3m× 1.8 m (5.4 m2) accommodating five double rows with 340, 160, 100, and 70 plants per plot for the intra-row spacing of 5, 10, 15, and 20cm, respectively. Inter row spacing? ridge height? Seedlings were planted in double row planting system. The distance between blocks and plots was 1.5 m and 1 m ,respectively. The outer row at both sides of the plot and one plant at both ends of each row were considered as a border plant. The gross and net experimental field area was 391.2 m2 and 156.24m2, respectively with the experimental area of ----?. 	Comment by Dr.Bruck: Move it into management




   
Table 3.2 .Treatment Combination	Comment by Dr.Bruck: Is detailed comb. Important?
	Intra-row spacing(cm)
	Shallot  Varieties
	Treatment combination

	
	V1
	S1V1

	
	V2
	S1V2

	S1 (5 cm)
	V3
	S1V3

	
	V1
	S2V1

	
	V2
	S2V2

	S2 (10 cm)
	V3
	S2V3

	
	V1
	S3V1

	S3 (15cm)
	V2
	S3V2

	
	V3
	S3V3

	S4 (20 cm)
	V1
	S4V1

	
	V2
	S4V2

	
	V3
	S4V3


Where V1=variety1  V2 = variety2, V3= variety3, and  Spacing 1=5cm, Spacing 2=10 cm and Spacing 3=15cm Spacing 4= 20 cm  intra- row spacing.	Comment by Dr.Bruck: This is already defined in the above paragraph; for me no need of detailed experimental combinations here, hence remove the table or see the other thesis
[bookmark: _Toc6500083]3.4. Management of the Experimental plants
Seeds of all shallot varieties at a rate of 4 kg ha-1 were sown on well prepared nursery beds with the width of 1.0 m and 5 m length in the second week of August 2018 (Lemma and Shimeles, 2003). (). About 242 kg NPS ha-1 will be apply during transplanting and 79 kg N ha-1 half 15 days after transplanting and half  30 days after transplanting will be applied in the form of urea. The seeds were drilled on row at the spacing of 2 and 15 cm apart between seeds and rows, respectively andcovered with mulch until germination. The mulch was removed after germination of seedling. All agronomic practices of the seedling such as watering, weeding, hoeing were performed as per recommendation (whe recommended?). 	Comment by Dr.Bruck: What are you doing man? How any times did you mentioned? Don’t repeat okay? Fertilizer rate for seedling at nursery before transplanting may not be equal rates after transplanting! So do it again by referring others’ work

Before transplanting, the experimental field was ploughed for how many times?, pulverized, and leveled and then a total of 36 experimental plots were prepared in which 12 plots were allocated to each replication. On each experimental plot ridges and rows were marked where each experimental plot had ten single rows (five double rows). the treatments were randomly assigned on each plot. One day before transplanting of seedlings the nursery beds were irrigated for the safe uprooting and to avoid root damages for subsequent good field establishment. Seedlings were transplanted to the experimental field after 50 days when they reached at 3 to 4 true leaf stage by carefully uprooting from nursery bed (Lemma and Shimeles, 2003). Seedlings were planted in double row planting system with the spacing of 40 cm between water furrows or ridges, 20 cm between rows on the ridges and 5, 10, 15 and 20 cm between plants on rows. During transplanting only healthy, vigorous and uniform-sized seedlings were used.	Comment by Dr.Bruck: I think flat plot or planted under ridge?	Comment by Dr.Bruck: The ridge height sould mentioned in the above section 

NPS fertilizer was applied as sources of nitrogen, phosphorous and sulphur in the rates of 242 kg ha-1 for all plots during transplanting uniformly as recommended by MOARD (2015).  Based on the treatments 50% of the nitrogen in the form of urea was applied as side dressing 20 days after transplanting, while the remaining half of nitrogen was applied four weeks after transplanting (EARO, 2004; Anisuzzaman et al., 2009).	Comment by Dr.Bruck: How did you calculate the N rate? B/c NPS contains about 19% of N….you have take care of this part and revisit ok!	Comment by Dr.Bruck: This is from abroad…no need to mentioned in Ethiopian condintions

The experiment was conducted under furrow irrigation method which is the most commonly used irrigation system in Gidan District. Four day irrigation interval was maintained for the 1st four weeks and then it was extended to five to seven day’s interval until 15 days before harvesting where it was stopped completely to facilitate curing as indicated by EARO (2004). All other agronomic practices such as weed control, hoeing, earthling up and disease and insect pest control were employed uniformly for all treatments during the growing season as described by Tekalign et al. (2012). Harvesting of onion bulbs will be done when 80% plants show neck fall and bulbs will cure for four days by windrowing on the ground before topping (Khan, et al., 2002).
 During experiment shallot cutworm was occurred in all treatments and for the control of cutworm caratin 5% was applied weekly. 	Comment by Dr.Bruck: For me no need of mentioning this; as the scholars will ask you the sevierity and incidence of its effect!	Comment by Dr.Bruck: Cutworm? It attacks the root part; so how did you control it by spraying chemicals 

[bookmark: _Toc481283009][bookmark: _Toc521726067]Seeds were sown on 1mx5m sized seed bed to raise seedlings and the seedlings will be for nursery rising and transplanted after 50 days from sowing Cultural management practices (weeding, hoeing, and irrigation) was done equally for all treatments. The seedlings will be transplanted in the experimental field at 3 to 4 leaves stage or 12 to 15 cm height. The nursery bed was irrigated one day before uprooting of the seedlings in order to maintain the root damage and subsequent good field establishment of seedlings. Planting was done on ridges of about 25 cm high adopting the recommended spacing of 40 cm between water furrows, 20 cm between rows on the ridge, and 5, 10, 15 and 20 cm between plants in a double row per ridge. 
[bookmark: _Toc6500084]3.5. Data Collection
[bookmark: _Toc6500085]3.5.1. Growth phenolegy 
Data on growth and   of Shallot were recorded from the middle four single rows excluding the two border rows and one plant at both ends of each row with the net plot area to avoid boarder effects using the standard measures described below. Phenolegy parameter (days to maturity) was recorded???

Growth parameters 
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 ruler at physiological maturity and the mean values were computed for further analysis. 	Comment by Dr.Bruck: You said that you collected repeatedly.  Why only at physiological maturity?

Leaf number: Number of leaves of ten randomly selected plants per plot was counted at physiological maturity and the mean values were computed. 
Days to maturity (days): was recorded as the actual number of days from the date of transplanting to the time when 75% of plants in each plot showed neck fall (EARO, 2004).   
Aboveground Fresh biomass weight (g): The aboveground biomasses of ten randomly selected plants from the net plot area at physiological maturity were cut off and weighed using sensitive balance and the mean values were computed for further analysis.
Aboveground dry biomass weight (g): The aboveground biomasses of ten randomly selected plants from the net plot area at physiological maturity were measured using sensitive balance after oven drying at the temperature of 65 OC for how long? In an oven (trade mark of oven drier?) until constant weights were obtained and used for further analysis. 
Shoot dry matter content (%): ??
Biomass (g): ?? that means root and shoot weight??

3.5.2. Yield parameters  

 Mean fresh bulb weight (g): The average weight of bulbs of plants which were harvested from net plot was calculated as the mean fresh bulb weight after curing. 	Comment by Dr.Bruck: How? The avr. Bulb weight eans weight per individual bulb
Bulb length (cm): The lengths of ten randomly selected bulbs per plot were measured from the bottom to the top using caliper (Trade mark of caliper should be indicated here) and the mean value was computed for further analysis (Guesh Tekle, 2015). 
Neck diameter (cm): The average neck widths of ten randomly taken mature bulbs was measured by using a veneer caliper and expressed in centimeter after harvest. Neck should be clearly defined 
Bulb diameter (cm): The mean size of the bulb at harvest was computed by measuring the diameters at the middle of ten randomly selected bulbs in each plot using caliper (Lemma and Shimeles, 2003). 	Comment by Dr.Bruck: Try to revise 
Bulb dry weight (g): Similar to the aboveground dry biomass weight, the fresh bulb of ten bulbs free from soil were chopped and put in an oven until constant weight and the dry weight was recorded. Sample bulbs were sliced with knife, homogenized and about ---gram was oven dried at To? For 24 hr? until constant weight is was achieved (correct this part as indicated?)
Marketable bulb yield (t ha-1): Bulbs which were free from mechanical, disease and insect pest damages, uniform in color and medium to large in size (20 - 160 g) were considered as marketable (Lemma and Shimeles, 2003). The weight of such bulbs obtained from the net plot area of each plot was measured using scaledsensitive balance and expressed as ton per hectare. 
Unmarketable bulb yield (t ha-1): Harvested bulbs which were under as well as over sized (<20g and >160g), misshaped, decayed, discolored, diseased and physiologically disordered were considered as unmarketable according to Lemma and Shimeles (2003). The weight of such bulbs obtained from the net plot area of each plot was recorded using sensitive balance and expressed as ton per hectare.   	Comment by Dr.Bruck: What could be the reasons for physiological disorder?  And what are the indicators that bulbs are physiologically disordered
Total bulb yield (t ha-1): Total yield of shallot was obtained by adding marketable and unmarketable bulb yields (Guesh, 2015).  
Harvest index (%): it is the ratio of economic yield to biological yield expressed in percent  as described by Mazurczyk, et al. (2009). Harvested index (%) = (economic yield/ total biomass) x 100.
[bookmark: _Toc472578476][bookmark: _Toc6500086]3.6. Data Analysis
the collected growth and yield data were subjected to the analysis of variance (ANOVA) using SAS software version 9.2 (2) (SAS Institute, 2009) according to the methods described by Gomez and Gomez (1984). Least Significant Difference (LSD) values were used to separate differences among treatments means at 5% or 1% level of significance. Pearson’s correlation analysis was used to reveal the magnitudes and directions of relationships between selected growth, yield and yield component of the crop.




[bookmark: _Toc472247078][bookmark: _Toc6500087]3.7. Economic Analysis

To determine the economic feasibility of the treatments, economic analysis in the form of net benefit analysis and marginal rate of return was done according to the procedures developed by CIMMYT (1988).  The cost of seed and the labor required for the transplanting of seedling was used as variable cost of the experiment. Moreover, the market prices of seed and marketable bulb yield of shallot and cost of labor were taken from market assessment during the experimental period.
This part is poorly written, hence, you have to do it again! Please see Alebachew’s thesis! 
Dominant, IRR, Net benefit, variable costs….didn’t mentioned



















4. [bookmark: _Toc6500088][bookmark: _Toc508133374][bookmark: _Toc508134260]RESULTS AND DISCUSSION

[bookmark: _Toc6500089]4.1. Response of Shallot Varieties to Intra row Spacing 
[bookmark: _Toc6500090]4.1.1. Plant Height 

The analysis of variance showed that different varieties of shallot did not respond to different intra-row spacing, however it had significantly (P < 0.01) influenced by the main effect of varieties and intra-row spacing (Appendix Table 1).  

The plants of Dz-sht-157-1B attained maximum height (78.69 cm) which was significantly different than Yheras variety, whereas no significant differences in plant height recorded from variety Dzsht-91-2B (Table 4.1). Although they have grown in the same environment the difference in plant height among the shallot varieties could be due to the difference in their genetics make up that could be differently influenced by the environment. In line with this result, Tegbew (2011) indicated the mean plant height of Adama Red (62.25 cm) cultivar was significantly higher than Bombay Red (56.04 cm) cultivar. The result was also similar to the finding of Ghafoor et al. (2003) and Yemane et al. (2014) who indicated the presence of significant differences among onion cultivars in plant height.  

Plants spaced at 20 cm were significantly taller (79.16 cm) than plants grown in other except 15 cm intra-row spacing. The lowest height was found in 5 cm intra-row (69.06 cm) spaced plant which was statistically in parity with the plant height obtained at 10 cm intra- row spacing. The plants spaced at 20 cm had height plant height that exceeded the plants spaced at 5, 10, and 15 cm by about 14, 8 and 4%, respectively (Table 4.1). Plant height can be considered as one of the indices of plant vigor and it depends upon vigor and growth habit of the plant. The result showed that the plants grown in wider spacing attained higher than that of recorded from the plants grown in closer spacing. longest plant height at wider intra-row spacing might be due to the change in growth of plants with relatively less competition for growth factors such as mineral nutrients, solar radiation (sun light) and soil moisture.   The finding of Aliyu et al. (2008) confirms wider spacing of  25 cm intra-row produced significantly the highest plant height (51.78)  than produced at at 15 cm intra-row spacing (47.35 cm). The reduction in plant height at increased plant density might be attributed to the possible competition for soil moisture and nutrients (Karaye and Yakubu, 2006). In line with this result, Tesfalegn (2015) reported that plant height of onion plants was significantly affected by intra spacing of cultivars. The highest plant height was obtained at 10 cm and the lowest plant height at 4 cm. The increased plant height at wider intra row spacing might be due to the change in growth of plants with relatively less competition for growth factors such as mineral nutrients, solar radiation (sun light) and soil moisture. The finding of Khan et al. (2003) had confirmed that widest plant spacing of 10 cm produced significantly the highest plant height. This value was decreased as plant spacing reduced and ultimately significantly lowest value of this growth parameter was recorded in the closest intra-row spacing of 7.5 cm. Aliyu et al. (2008), Jilani et al. (2010) and Sikder et al. (2010) also reported the closer intra-row spacing resulted short plant height than wider plant spacing. The authors suggested that less competition for nutrient, light and moisture are the causes of better performance in wider spacing. 	Comment by Dr.Bruck: How did you calculate?	Comment by Dr.Bruck: Repeated 


Table 4.1.Main effect of variety and intra-row spacing on plant height, days to maturity and number of leaves per plant of shallot grown at Densa FTC in 2018/2019 irrigation season.
	Treatment
	Plant height(cm)
	Leaf number plant-1
	Days to 50% maturity 

	Intra row  Spacing (cm) 
	
	
	

	5
	69.06c
	25.18d
	129b

	10
	73.38bc
	30.58c
	131b

	15
	76.33ab
	35.23b
	137.77a

	20
	79.16a
	43.42a
	140a

	LSD (P<  0.001)
	5.29
	3.90
	6.73

	Significance Level
	**
	***
	**

	Varieties 
	
	
	

	Dz-sht-157-1B
	78.69a
	35.82a
	134.25b

	Dz-sht-91-2B
	75.71a
	33.74ab
	142.91a

	Yheras
	69.05b
	31.25b
	126.16c

	LSD (P<  0.05)
	4.58
	3.37
	5.83

	Mean
	74.48
	33.60
	134.44

	Significance Level
	***
	*
	***

	CV (%)
	7.28
	11.87
	5.12



[bookmark: _Toc508133375][bookmark: _Toc508134261]LSD = least significant difference, CV = coefficient of variation, SE = standard error,* significant at P < 0.05;** highly significant at P < 0.01;*** very highly significant at P ≤ 0.001; Means with the same letter(s) within a column are not significantly different.	Comment by Dr.Bruck: You have already defined these in abbreviations and ackro section. No need of presenting here

[bookmark: _Toc6500091]4.1.2. Number of Leaves per Plant 
 
The varieties did show significant difference in the number of leaves per plant; intra-row spacing showed very highly significant (P < 0.001) effect on the number of leaves per plant. However, variety and intra-row spacing did not interact significantly to influence number of leaves per plant (Appendix Table 1)..  The highest leaf number (35.82) was obtained from Dzsht-157-1B while the lowest leaf number was recorded from the Dzsht- 91-2B (31.25) and Yheras (31.25). in line with the result Tibebu et al. (2014) reported that Adama Red had 10.17 while variety Bombay Red had the lowest (9.69) mean number of leaves per plant.
.  
Higher number of leaves (43.42) was obtained from plants spaced at 20 cm, while the number of leaves reduced as plants spaced at 15, 10 and 5 cm that produced less number of leaves by about 7-23% compared to the widest plant spacing (20 cm). The lowest mean number of leaves per plant was recorded at plant spacing of 5 cm intra-row spacing (Table 4.1). The decrease in the number of leaves per plant in response to closer intra-row spacing could be serious competition for growth factors such as light, moisture and nutrients. The result is in agreement with of the finding of  Jilani et al. (2010) who obtained maximum number of leaves plant in plants with 25 cm intra-row spacing, followed spacing of 20 and 10 cm between plant. Similarly, Khan et al. (2002) and Aliyu et al. (2008) reported closer plant spacing resulted in reduced number of leaves per plant, due to shortage of growth factors. The increase in leaf number per plant at wider intra-row spacing could be attributed to the availability of enough growth factors that permit leaves to grow vigorously with less competition. The result is in agreement with Tegbew (2011) who reported that the number of leaves produced per plant was increased in response to decreasing plant population density.  Similarly, Jilani et al. (2010) found more number of leaves per plant of onion at minimum plant population density (20 plants m-2)
[bookmark: _Toc6500092]4.1.3. Days to Maturity
Days to maturity was very highly significantly (P < 0.001) affected by variety and intra-row spacing; while intra-row spacing had highly significantly (P < 0.01) affected this phonological parameters However, the interaction of variety and intra-row spacing had no significant influence on days to maturity (Appendix Table 1). 
Yheras matured 17 days earlier than Dzsht-91-2B followed by Dzsht-157-1B; whereas Dzsht-91-2B matured about nine days later than Dzsht-157-1B (Table 4.1). The variation of maturity among shallot varieties might be due to their genetic differences. However, the difference in number of days to attain maturity in this experiment and as reported earlier might also was due to the difference in environmental conditions prevailing at the locations as reported by 
 Tesfalegn et al. (2015). On the other hand, Azoom et al. (2014) also reported significant differences among eight onion varieties for days to bulb maturity. Bombay Red and Adama Red matured by less than 120 or/and in between 110 to 130 days, respectively (EARO, 2004). 	Comment by Dr.Bruck: Have you got the document? Please don’t copy the others and directly paste as it is considered to be plagiarism 
Plants grown at 20 cm intra-row spacing took more time to mature by about 1.72 to 9.99 % than intra-row spacing of 15, 10, and 5 cm, of which the 9.99 % additional maturity days were calculated compared the lowest 5 cm intra-row spacing while the lowest percent increase (1.72%) was as compared to 15cm spaced plants (Table 5.1). The minimum days to maturity at closer plant spacing of 5 cm might, stimulated early bulb growth and earlier maturity of the crop. With the increase in intra-row spacing, the time to maturity also increased, however, the time taken to maturity by the plants in 20 cm intra-row spacing was in statistical parity with intra-row spacing of 15 cm. Similarly, the time taken to maturity by the plants in 10 cm intra-row spacing was in statistical parity with intra-row spacing of 5 cm. This might be due to the less competition of plants for growth resources at increased intra-row spacing which prolonged the period of vegetative growth while the reduced spacing between plants may exert competition for different growth factors that forced plants to mature earlier. In onion, Rumpel and Felczyński (2000) indicated that the crop was harvested 10 days earlier at 140 plant m-2 compared to onions planted at 20 plants m-2. The result of Brewster (2008) indicated bulb harvesting from a plant population of 100 plants m-2 took 12 days earlier than bulb harvesting from plants at 25 plants m-2. What was his justification? 	Comment by Dr.Bruck: What is the relationship between intra-row spacing and the number of plants per unit area? Or how can you  relate this to your work?
[bookmark: _Toc6500093]
4.1.4. Average shoot fresh and dry biomasses

The analysis of variance revealed that aboveground fresh and dry biomass of shallot was significantly (P< 0.05) affected by the main effect of variety and intra-row spacing. In addition, the interaction of variety and intra-row spacing had significantly (P< 0.05) affected aboveground fresh and dry biomass (Appendix Table 3). The highest fresh biomass  (43.40 g) was recorded with Dz-sht-157-1B when they were spaced 20 intra-row spaced though statistical similar with Dz-sht-91-2B grown at 20 cm intra row spacing. The highest dry aboveground biomass weight (4.89 g) was recorded from Dz-sht-91-2B grown at 20 cm intra-row spacing although statistical similar with dry aboveground biomass obtained from Dz-sht-157-1B grown at the same intra-row spacing On the other hand lower shoot fresh (29.63 g) and dry (2.65g) shoot weights were achieved at the combination of Dz-sht-157-1B and narrowest intra-row spacing of 5 cm (Table 4.2).  	Comment by Dr.Bruck: Mean square of shoot fresh and dry weight should be presented according to the order presented here! i.e App Table 2, might be better
 
The lower average shoot fresh and dry weights of shallot observed at combination of closer intra-row spacing and varieties might be due the fact that the plants suffer with the limited growth resources due to competition which may have resulted in reduced vegetative growth like leaf number, leaf diameter, leaf length and plant height. The result is in agreement with the findings of Khan et al. (2002) and Akuon (2004) who reported that the increased bulb weight and aboveground vegetative parts of onion were obtained from plants grown in wider spacing ultimately increased the fresh biomass yield of onion.  The research conducted on eggplant (Solanum melongena L.) by Gizachew (2009) indicated that plants grown under wider intra-row spacing (60 cm) produced higher shoot dry weight by about 11% over plants at the closest spacing (30 cm). Yemane et al. (2014) reported that the highest leaf dry weight was recorded at intra-row spacing of 10 cm (2.63 g) followed by intra-row spacing of 7.5 (2.28 g) and 5 cm (1.48 g). The experiment conducted on groundnut indicated aboveground dry matter increases as intra-row spacing was increased from 15 to 20 cm at harvest. This was suggested that as plant number decrease thereby decreasing overshadowing of plants with each other and this leads to effective solar radiation interception (Abdi, 2004). 

4.2. Yield Components and Bulb Yield of Shallot   
4.2.1. Bulb diameter  	Comment by Dr.Bruck: But in the table below it is presented  next to aver bulb weight. i.e you have to follow the table and bring the average bulb weight here
Very highly significant (P<0.001) difference was observed in bulb diamer per bulb due to the influence of intra-row spacing while highly significant (P<0.01) difference in varieties (App Table ?)  . Dzsht-157-1B variety had significantly higher mean bulb diameter as compared to Dzsht-91-2B and Yheras. Dzsht-157-1B variety bulb diameter was larger by about 17 and 18 % than Yheras and Dzsht-91-2B, respectively (Table 4.3). The reason of this variation could be due to genetic difference between the varieties. In the case of onion, Tibebu et al. (2014) reported that Bombay Red had higher bulb diameter than Adama Red. Yemane et al. (2013) reported that the mean bulb diameter of Melkam (5.2 cm) was greater than Adama Red (5.07 cm). Likewise, Mohanty and Prusi (2001), Ishwori et al. (2006) and Ansari (2007) reported the presence of significant variations for bulb diameter among different onion cultivars. 
Table 4.2.Interaction Effects of intra-row spacing and varieties on fresh and dry shoot weight of shallot grown at Densa FTC in 2018/2019 irrigation season.
	Intra-row  Spacing (cm)
	Varieties
	Average fresh shoot weight (g plant-1)
	Average  shoot dry weight                                                                                                   (g plant-1)

	5
	Dz-sht-157-1B
	29.63d
	2.65e

	
	Dz-sht-91-2B
	24.16e
	2.45e

	
	Yheras
	28.63de
	2.40e

	10
	Dz-sht-157-1B
	36.26bc
	3.30bcd

	
	Dz-sht-91-2B
	32.26cd
	3.28bcd

	
	Yheras
	32.56cd
	2.89dce

	15
	Dz-sht-157-1B
	30.20d
	4.42a

	
	Dz-sht-91-2B
	39.20ab
	3.47bc

	
	Yheras
	32.86cd
	2.83de

	20
	Dz-sht-157-1B
	43.40a
	4.57a

	
	Dz-sht-91-2B
	41.16ab
	4.89a

	
	Yheras
	33.56cd
	3.78b

	LSD (P<  0.05)
	5.17
	0.58

	Mean
	33.66
	3.4

	Significance Level
	*
	**

	CV (%)
	9.49
	9.93



LSD = least significant difference, CV = coefficient of variation, SE = standard error,* significant at P ≤ 0.05, ** highly significant at P ≤ 0.01, *** very highly significant at P ≤ 0.001, Means with the same letter(s) within a column are not significantly different.	Comment by Dr.Bruck: See the previous comments

The bulb diameter increased with the increase in intra-row spacing. However, the highest bulb diameter (5.71 cm) obtained at intra-row spacing of 20 cm was significantly higher except 15cm. The narrow bulb diameter (4.02 cm) observed in plants spaced at 5cm plant spacing. As intra-row spacing increased from 5 to 10, 15 and 20 cm the bulb diameter was increased in the range between about 16 to 44% (Table 4.3). One of the probable reason for decreasing in bulb size as intra-row spacing decrease is reduced number of leaves per plant which intern negatively affect the amount of assimilation production. Other possible reason could be more severe competition for growth factors between neighboring plants.  Increasing intra-row spacing from 5 to 20cm significantly increased bulb diameter. Similar observations have been reported by Khan et al. (2003) whom reported that wide spacing produced higher value of bulb diameter. The increased in bulb diameter at wider plant spacing could be probably attributed to more nutrients, space, moisture availability and resulting in enlargement of their bulb size. Similarly, high plant density implies closer spacing and ultimate reduction in space available per plant, and then the tendency is real that bulb expansion might be limited due to smaller space for bulbing Mohammed et al. (2011).The present finding is in line with Nigulle and Biwas (2017) who found the highest bulb diameter from wider intra-row spacing. The trend of decreasing bulb diameter as an intra-row spacing decreased was in consistence with the results reported by Geremew et al. (2010) where the highest bulb diameter was recorded at intra-row spacing of 10 cm as compared to intra-row spacing of 8, 6 and 4 cm for Adama Red variety. Tendaj (2005) observed increment of bulbs diameter from about 14 to 47% as the intra-row spacing increased from 5 to 20 cm in shallot. The present finding was in agreement with many other authors who reported the larger bulbs of onion obtained in wider intra-row spacing of onion cultivars (Kanton et al., 2003; Akoun, 2005; Hydar et al., 2007; Jilani et al., 2009).    	Comment by Dr.Bruck: Is it the appropriate word?
[bookmark: _Toc6500096]4.2.2. Average bulb weight 
The average fresh bulb weight was significantly (P < 0.001) influenced by variety, while intra-row spacing had significant (P < 0.05) effect on this parameter. However, varieties of shallot did not respond to different intra-row spacings (Appendix Table 2). Dzsht-91-2B variety had significantly higher mean fresh bulb weight (69.27 g) which exceeded Yheras varieties by about 8%, (Table 4.3). The observed difference in mean fresh bulb weight among varieties might be due to their genetic differences. Geremew et al. (2010) also reported significant difference between the two varieties that Bombay Red had higher mean fresh bulb weight of 104.78 g per plant than Adama Red. Similarly, Tibebu et al. (2014) also observed that Bombay Red had significantly higher mean fresh weight of bulb per plant than Adama Red. Khan et al. (2003) and Ansari (2007) also reported significant mean fresh bulb weight differences among onion varieties. 	Comment by Dr.Bruck: How did u calculate?
 
The data (Table 4.3) indicated that the mean fresh bulb weight per plant was significantly decreased with decreased intra-row spacing. The highest mean fresh bulb weight of 75.55g per plant was recorded at wider plant spacing of 20 which no significant difference with the mean fresh bulb weight had obtained under 15 cm intra-row spacing. The least mean fresh bulb weight observed at narrow intra-row spacing of 5 cm. In general, mean fresh bulb weight was increased as intra-row spacing increased from 4 to 20 cm by about 45% (Table 4.3). Heavier bulbs in wider spacing might be attributed to the lower competition of plants for limited resources as compared to the plants in narrower spacing which allowed higher assimilation and accumulate more dry matter in the bulbs. 
 
Aliyu et al. (2008) reported the increase of mean fresh bulb weight from 54.89 to 84.58 g as the plant spacing increase from 10 to 15 cm. Jilani et al. (2010) indicated significantly the maximum mean fresh bulb weight (59.82 g) in plants spaced at 25 cm apart followed by 20 cm apart plants with 57.45 g mean fresh bulb weight. Khan et al. (2002) and Kanton et al. (2003) results were also in agreement with the current study that observed heavier mean fresh bulb weight at wider intra-row spacing. 

[bookmark: _Toc6500097]4.2.3. Bulb length 

 Bulb length was significantly (P < 0.001) influenced by variety, while intra-row spacing had significant (P < 0.05) effect on this parameter, but not by the interaction of the two main factors (Appendix Table 2). Variety Dzsht-157-1B gave the longest (6.75 cm) bulb length while variety Yheras had the shortest (6.01 cm) bulb length. This is due to the reality that varieties can have different genetic makeup that makes them different. Similarly, Jilani et al. (2010) and Yemane et al. (2013) reported variation among onion varieties for bulb length.
Significantly longest bulb length was recorded in plants spaced at 20 cm (7.43 cm), while the smallest bulb length of 5.08 cm was obtained from plants spaced at 5cm. The increase in bulb length as the intra row spacing increased from 5 to 20 cm that the increased bulb length was ranged from about 6 to 46% (Table 4.3). 
[bookmark: _Toc508221784][bookmark: _Toc510318812][bookmark: _Toc511530838]In this study, the general trend was that as intra-row spacing decreased so did the shallot bulb length. This might be due to the competition of plants for nutrients, light and moisture at narrow spacing which did not allow the bulbs to have more assimilates available for storage and thus resulted in smaller bulb length. This could be attributed to the adequate availability of growth resources at a wider spacing that allows the bulbs to have more assimilates available for storage.  The present finding is in agreement with the result reported by Yemane et al. (2013) that the highest bulb length was recorded at intra-row spacing of 10 cm as compared to intra-row spacing of 7.5 cm and 5 cm. Similar results were reported by Khan et al. (2003), Hydar et al. (2007) and Jilani et al. (2010). 
Table 4.3.Main effects of intra-row spacing and varieties on bulb diameter, average bulb weight and bulb length of shallot grown at Densa FTC in 2018/2019 irrigation season
	Treatment
	Average bulb weight (g)
	 Bulb diameter (cm)
	Bulb length (cm)

	Intra row  Spacing (cm) 
	
	
	

	5
	52.15c
	4.02c
	5.08c

	10
	69.53b
	4.97b
	6.24b

	15
	72.81ab
	5.79a
	7.01a

	20
	75.55a
	5.80a
	7.43a

	LSD (P<  0.001)
	4.76
	0.63
	0.57

	Significance Level
	***
	***
	***

	Varieties 
	
	
	

	Dz-sht-157-1B
	69.27a
	5.71a
	6.75a

	Dz-sht-91-2B
	69.08a
	4.84b
	6.55a

	Yheras
	64.18b
	4.88b
	6.01b

	LSD (P<  0. 05)
	4.12
	0.55
	0.49

	Mean
	67.51
	5.14
	6.44

	Significance Level
	*
	**
	*

	CV (%)
	7.22
	12.62
	9.16



LSD = least significant difference, CV = coefficient of variation, SE = standard error,* significant at P ≤ 0.05, ** highly significant at P ≤ 0.01, *** very highly significant at P ≤ 0.001, Means with the same letter(s) within a column are not significantly different.
[bookmark: _Toc6500098] 4.2.4. Neck diameter
 The varieties did not show significant difference in the bulb neck thickness while intra-row spacing showed a significant (P < 0.01) effect on neck thickness. However, variety and intra-row spacing did not interact significantly to influence this parameter (Appendix Table 2). 
 
Thicker bulb neck was observed in plants spaced in 20 cm (3.6 cm) than the other intra row spacing, however, it was statistically in parity with the neck thickness obtained with intra-row spacing of 15 cm. On the other hand, the lowest neck thickness observed with 5 cm intra-row spacing was statistically at par with the neck thickness under 10 cm intra-row spacing. There was about 47% higher bulb neck thickness in plants spaced at 20 cm than at 5 cm. The general trend observed was as the intra-row spacing increased from 5 to 20 cm, the neck thickness was also increased in the range between about 6-47% (Table 4.4). The decrease in neck diameter in response to decreased intra-row spacing could be attributed to the availability of progressively lower amount of photosynthesis due to the increasing competition among plants for growth factors. Thick neck in onion is caused by the active onion growth that the neck did not become dormant and resulted to undifferentiated scales with high thickness at wider intra-row spacing (Currah and Proctor, 1990). This indicated that thick neck in onion causes delay in bulbing and has a negative impact on bulb yield (Yemane et al., 2013). Gautam et al. (2006) observed that bulbs with thin necks store longer than bulbs with thick necks. Thick bulb necks take longer to dry after harvesting and provide a high risk for infection of post-harvest storage diseases such as bacterial soft rot (Bosekeng, 2012). 
 
Jilani (2004) also found bulbs of thick neck in plots of lowest planting density (20 plants m-2) while the plots of highest density (40 plants m-2) produced bulbs of thin neck diameter. The present study is in agreement with the report of Sikder et al. (2010) that the closest spacing (20 × 10 cm) significantly produced lower bulb neck thickness (1.18 cm), followed by plant spaced with 20 × 15 (1.30) and 20 × 20 (1.43 cm). This report was also similar with the reports of Dawar et al. (2005) and Khalid (2009) that higher bulb neck thickness was observed in plants spaced at wider plant spacing, while the lowest in plants spaced at closer intra-row spacing. 





[bookmark: _Toc6500099]4.2.4. Bulb dry weight 
The analysis of variance showed that bulb dry weight was significantly (P < 0.001) affected by variety and intra-row spacing. Nevertheless, the interaction effect of the two factors was not significant on this parameter (Appendix Table 2). 
 
Dz-sht-157-1B variety gave significantly higher bulb dry weight (9.04 g) than Dz-sht-91-2B and Yheras that exceeded by about 7 and 23%, respectively. On the other hand, Yheras had significantly lower bulb dry weight (10%) than Dz-sht-91-2B (Table 4.5). The variation of bulb dry weight within the varieties could be due to the difference in bulb weight and thickness per plant. Onion dry matter content is a function of genetic makeup of cultivars (Islam et al., 2007). Tibebu et al. (2014) reported the lowest mean bulb dry matter per plant for Adama Red which was significantly lower than Bombay Red.  

The result revealed that as intra-row spacing increased from 5 to 10, 15 and 20 cm, the mean bulb dry weight also increased by about 7, 14, and 33%, respectively. Highest mean bulb dry weight was observed in plants spaced at 20cm whereas; the lowest was recorded for plants spaced at 5 cm. The lower mean bulb dry weight obtained from plants in closer spacing might be due to high competition of plants for growth factors that resulted in less accumulation of dry matter in bulbs. Azmi and Al-Hadidi (2005) reported lower onion plant density of 67 plants m-2 significantly increased the average bulb dry weight per plant. Ademe et al. (2012) also reported bulb dry weight advantage of in plants at 20 cm intra-row spacing by about 9 and 17 g over plants at 15 and 10 cm intra-row spacing in shallot. 






Table 4.4.Main effects of intra-row spacing and varieties on bulb dry weight, average of shallot grown at Densa FTC in 2018/2019 irrigation season .
	Treatment
	Bulb dry weight (g)

	Intra row  Spacing (cm) 
	

	5
	6.98c

	10
	8.15b

	15
	8.67ab

	20
	9.33a

	LSD (P<  0.001)
	0.66

	Significance Level
	***

	Varieties 
	

	Dz-sht-157-1B
	9.04a

	Dz-sht-91-2B
	8.45b

	Yheras
	7.36c

	LSD (P<  0.05)
	0.57

	Mean
	8.28

	Significance Level
	***

	CV (%)
	8.21



LSD = least significant difference, CV = coefficient of variation, SE = standard error,* significant at P ≤ 0.05, ** highly significant at P ≤ 0.01, *** very highly significant at P ≤ 0.001, Means with the same letter(s) within a column are not significantly different.
[bookmark: _Toc6500100] 4.2.5. Harvest index 
The interaction effect of variety and plant density was found significant (P < 0.05) on the harvest index of shallot (Appendix Table 3). The highest harvest index (71.0%) was obtained from the Dz-sht-157-1B and 15 cm intra row spacing while the lowest harvest index (62.97%) was recorded for Yheras and 5 cm intra row spacing (Table 4.5).. The lower harvest index  at the wider spacing might be due to the production of more vegetative parts, which might had  diverted assimilate away from the economically important part i.e. bulbs. This might be due to 
the reduced vegetative biomass as compared to the relative higher weight of economic yield of the crop which resulted higher harvest index.
Tegbew (2011) and Tibebu et al. (2014) reported higher harvest index for Bombay Red variety. Study conducted on shallot in Aneded Woreda, western Amhara indicated that the harvest index was more pronounced in local cultivar followed by Huruta and Negelle varieties, This might be due to the shorter leaf, plant height and thin leaf diameter in case of local cultivar that could reduce the aboveground biomass and consequently higher harvest index (Ademee et al., 2012). Yemane et al. (2014) reported that the highest harvest index of 0.83 was recorded for Bombay Red variety followed by Melkam (0.81) and Adama Red (0.77). Fasika et al. (2008) also reported highly significant genetic differences among Ethiopian shallot genotypes for harvest index. 
[bookmark: _Toc6500101][bookmark: _Toc511530840]4.2.6. Unmarketable bulb yield 
[bookmark: _Toc508133383][bookmark: _Toc508134269]Unmarketable bulb yield was significantly (P ≤ 0.05) affected due to variety while intra-row spacing had a significant (P ≤ 0.01) effect on this parameter (Appendix Table 3). However, the interaction effect of variety and intra-row spacing did significantly influence unmarketable bulb yield. 
The highest unmarketable bulb yield was produced, by the treatment combination of 5 cm intra-row spacing and ‘Dz-sht-91-2B (1.10 t ha-1) (Table 4.5). High unmarketable yield in closely spaced plants could be due to inter-plant competition resulting in a fewer small sized bulbs than wider spacing that negatively affected the marketable yield and favored the production of small sized bulbs. This finding is in agreement with related report of Seck and Baldeh (2009) who concluded that plant density had an impact on marketable bulb size. The result further revealed that ‘Adama’ Red and ‘Nasik’ Red varieties are relatively less tolerant to narrower intra-row spacing in the study area. In support of the present result, some authors (Russo, 2008; Jilani et al., 2009; Geremew et al., 2010) also reported similar results that marketable bulb yield and unmarketable bulb yield could be affected by both varietal differences and plant density.  
	Intra row  Spacing (cm)
	Varieties
	Harvest index (%)
	Neck diameter (cm)
	Unmarketable  bulb 
yield ( t ha-1)

	5
	Dz-sht-157-1B
	63.67f
	2.56e
	0.90b

	
	Dz-sht-91-2B
	69.92ab
	2.03f
	1.10a

	
	Yheras
	62.97f
	2.76de
	0.88b

	10
	Dz-sht-157-1B
	66.47bcdef
	3.16c
	0.70cd

	
	Dz-sht-91-2B
	69.34abc
	3.30bc
	0.86b

	
	Yheras
	65.80bcdef
	3.06cd
	0.72c

	15
	Dz-sht-157-1B
	71.01a
	3.56ab
	0.59cde

	
	Dz-sht-91-2B
	65.34cdef
	3.36abc
	0.59def

	
	Yheras
	68.24abcde
	3.30bc
	0.54f

	20
	Dz-sht-157-1B
	64.43def
	3.66a
	0.54ef

	
	Dz-sht-91-2B
	              64.33ef
	3.60ab
	0.53def

	
	Yheras
	68.84abcd
	3.53ab
	0.54f

	LSD (P<  0.05)
	4.48
	0.35
	0.08

	Mean
	66.70
	3.16
	0.72

	Significance Level
	**
	*
	**

	CV (%)
	4.15
	6.59
	7.23


 Table 4.5 .Interaction Effects of intra-row spacing and varieties on unmarketable bulb yield, harvesting index and bulb dry weight of shallot grown at Densa FTC in 2018/2019 irrigation season
LSD = least significant difference, CV = coefficient of variation, SE = standard error,* significant at P ≤ 0.05,** highly significant at P ≤  0.01,*** very highly significant at P ≤ 0.001, Means with the same letter(s) within a column are not significantly different.



[bookmark: _Toc6500102]4.2.7. Marketable bulb yield 
The variety and intra-row spacing had significant effect (P < 0.001) on marketable bulb yield, but the two factors did not interact to influence significantly marketable bulb yield (Appendix Table 3). 
Dz-sht-157-1B had significantly higher marketable bulb yield (24.46 t ha-1) than Dz-sht-91-2B and Yheras by 5 and 25%, respectively (Table 4.6). In agreement to the present results, Jilani et al. (2009) reported similar observation. A cultivar performs differently under diverse climatic conditions and various cultivars of the same species grown even at the same environment often yield differently. Thus, performance of a cultivar mainly depends on the interaction of genetic makeup and environment (Jilani and Ghaffoor, 2003).

 A cultivar may performs differently under diverse agro-climatic conditions and various cultivars of the same species grown even at the same environment with different management often yield differently due to the genetic makeup of the cultivars and the interaction effects of genotype x environment or genotype x management (Yemane et al., 2013). Gautam et al. (2006) indicated that yield of fresh onion bulb was significantly affected by varieties. The mean highest fresh bulb was obtained from the variety N-53, whereas lowest yield was recorded for Red Creole. Tibebu et al. (2014) was reported minimum mean marketable bulb yield in Adama Red than Bombay Red. In agreement with this finding Jilani (2004) and Geremew et al. (2010) also reported significant difference within varieties for marketable bulb yield. 
The highest marketable bulb yield of 25.24 and 24.99 t ha-1 was obtained from plants with intra-row spacing of 5 and 10 cm, respectively which were statistically at par. As the intra row spacing decreased from 20 cm to 15, 10 and 5 cm, marketable bulb yield was increased in the range between 1 to 43% (Table 4.6). Similar to this finding Khalafalla (2001) reported that marketable yield was significantly increased with closer spacing over the wider spacing in potato. Production of high amount of marketable yield at wider spacings might be due to the advantage of producing larger and healthier bulbs per plant on those treatments. This result is in agreement with Tendaj (2005) who reported that an increase in intra row spacing of shallot from 5 to 20 cm resulted in increase in marketable yield from 2.1 t ha-1 to 10.4 t ha-1
Geremew et al. (2010) reported intra-row spacing’s have effect on marketable yield, Adama Red variety planted at 8 and 10 cm intra-row spacing recorded the list marketable yield. Yemane et al. (2013) also obtained the decreased marketable bulb yield as the intra-row spacing increased from 5 to 10 cm. Similarly Khan et al. (2003) also reported higher marketable bulb yield as the plant spacing decreased. In carrot (Daucus carota L.), Abiyot (2008) reported that as intra-row spacing decreased from 10 to 8, 6 and 2 cm, marketable yield exceeded by about 57, 32 and 30%, respectively. 
[bookmark: _Toc6500103]4.2.8. Total bulb yield 
Variety and intra-row spacing showed highly significant (P˂0.001) effect on total bulb yield however, their interaction were not significant (Table 4.6). The highest total bulb yield (25.17 t ha-) was obtained from variety Dz-sht-157-1B followed by Dz-sht-91-2B (24.04 t ha-1). The lowest total bulb yield (20.22 t ha-1) was recorded from variety Yheras (Table 4.6). The difference in bulb yield of shallot varieties depends on variation in genotypes, climate, cultural practices and their interactions. The present result is in agreement with findings of Simon et al, (2014) who obtained the highest total bulb yield from variety Nafis than other varieties. The increased total bulb yield by high plant population might be due to increased plant stand and consequently, a higher number of bulbs produced per unit area. However, the weight of bulbs reduced due to higher competition among plants for growth factors. This result is in agreement with findings of Nigullie and Biawas ( 2017) who found the highest total bulb yield from densely populated onion plants than sparsely planted ones. Similarly, Geremew et al. (2010), Yemane et al. (2013) and Tibebu et al. (2014) were found total bulb yield of Bombay Red more than Adama Red variety.  
 The highest total bulb yield of 26.20 and 24.75 t ha-1  were obtained from plants spaced at 5 and 10 cm intra-row spacing, respectively were statistically similar. Total bulb yield decreased with increasing intra-row spacing. However, the total bulb yield obtained at intra row spacing 20 cm was statistically in parity with the yield obtained with 15 cm intra row spacing (Table4. 6). 
 In general, as intra-row spacing decreased from 20 to 5 cm the total bulb yield increased in the range between 2 to 41%. The increased total bulb yield by high plant population can be explained due to the increased plant stand and consequently higher number of bulbs produced per unit area, however, the weight of the bulbs reduced due to higher competition among plants for growth factors. Total yield per hectare increased as plant density increased although yield of the individual plants and their components were significantly reduced suggesting a compensation of higher plant densities on yield in shallot. This result is in agreement with Tendaj (2005) who reported that an increase in intra-row spacing of shallot from 5 to 20 cm resulted in reduction of total yield from 36.0 t/ha to 23.9 t/ha but the majority (86%) of the bulbs are undersized and then unmarketable in case of 5 cm intra-row spacing. The present finding is supported by Yemane et al. (2013) that intra-row spacing increased from 5 to 10 cm decreased total bulb yield. They were reported significantly highest total bulb yields of 36.14 and 33.82 t ha-1 were recorded at 5 and 7.5 cm intra-row spacing, respectively, and at wider intra-row spacing of 10 cm, the lowest total bulb yield of 28.51 t ha-1 was recorded. This is due to the reality that as intra row spacing decreases, total plant population increases and this in turn contributes to increase in total bulb yield. This result is in agreement with the finding of Tegbew (2011) that the higher total bulb yield was obtained at higher plant population density of 200 plants m-2, but the lowest total bulb yield was recorded at 25 plants m-2. 
 Jilani et al. (2010) found higher total bulb yield of 14.62 t ha -1 at narrow intra-row spacing of 10 cm followed 10.46 and 9.50 t ha-1 obtained from plants spaced at 15 and 20 cm, respectively. The authors also reported the lowest total bulb yield of 7.21 t ha-1 for the widest plant spacing of 25cm.Wider spacing caused higher yield per plant, although the closer spacing gave higher yield per unit area due to increased plant density up to a certain limit (Sikder et al., 2010). Similar results were reported by many other researchers that stated the increased plant spacing resulted in decreased total yield in onion (Khan et al., 2002; Geremew et al., 2010; Bosekeng, 2012). 




[bookmark: _Toc511530842][bookmark: _Toc509088522] Table 4.6.Main Effects of intra-row spacing and varieties on marketable and total bulb yield of shallot grown at Densa FTC in 2018/2019 irrigation season.
	Treatment
	Marketable  bulb yield ( t ha-1)
	Total bulb yield ( t ha-1)

	Intra row  Spacing (cm) 
	
	

	5
	25.24a
	26.20a

	10
	24.99a
	25.75a

	15
	21.54b
	222.14b

	20
	17.60c
	18.50c

	LSD (P<  0.05)
	2.34
	2.32

	Significance Level
	**
	***

	Varieties 
	
	

	Dz-sht-157-1B
	24.46a
	25.17a

	Dz-sht-91-2B
	23.27a
	24.04a

	Yheras
	19.54b
	20.22b

	LSD (P<  0.05)
	2.03
	2.01

	Mean
	22.43
	23.15

	Significance Level
	***
	***

	CV (%)
	10.71
	10.29


LSD = least significant difference, CV = coefficient of variation, SE = standard error,* significant at P < 0.05, ** highly significant at P < 0.01, *** very highly significant at P ≤ 0.001, Means with the same letter(s) within a column are not significantly different.







[bookmark: _Toc508133386][bookmark: _Toc508134272][bookmark: _Toc6500104]4.3. Correlation Analysis
The correlation values showed apparent association of the parameters of the crop with each other and indicated the magnitude and direction of the association and relationships. The correlation coefficients between each pair of the characters studied are presented in Table 4.7. Results of the correlation analysis revealed that total bulb yield was positive and highly significantly (P < 0.01) correlated with marketable bulb yield (r = 0.999**) and unmarketable bulb yield (r = 0.622**) (Table 4.7). Besides there was positive and significant correlation between marketable and unmarketable bulb yield, this indicated the positive and significant influence of these parameters on bulb yields. At closer intra-row spacing plant population increased this led to production of more bulbs per unit area of land, marketable and unmarketable bulb yield and vice-versa at wider intra-row spacing, hence a positive direct relationship was observed on these parameters. Tegbew (2011) reported positive and significant correlation of total yield with marketable (r = 0.997**) and unmarketable (r = 0.685**) bulb yield. 
 Total yield was negatively and highly significantly (P < 0.01) correlated with number of leaves per plant (r = -0.519**), bulb length (r = -0.332*), neck diameter (r = -0.468**) and average shoot dry weight (r = -0.425**). Marketable and unmarketable bulb yield also showed negative and significant correlations with most of the characters (Table4.7). While bulb yield was negatively and none significantly (P >0.05) correlated with number of days to maturity (r = -0.146), average shoot dry weight (r = -0.285) average bulb weight (r = -0.287) and bulb diameter (r = -0.194). At narrow intra-row spacing, due to increased plant density the competition for growth factors were higher and obtained lower amount of the aboveground growth parameters, and vice-versa for wider intra-row spacing. The change of the above parameters adversely influenced total yield and other two yields. In agreement with this result Hosamani et al. (2010) indicated dry matter exerted negative direct effect on bulb yield. 
 Average bulb weight was positively and highly significantly (P < 0.01) correlation with plant height (r = 0.505**), leaves number (r = 0.695**), days to maturity (r = 0.431*), average shoot  fresh weight (r = 0.585**) ,bulb diameter (r = 0.668**), bulb length (r = 0.755**), bulb dry weight (r = 0.702**) and average shoot  dry weight (r = 0.697**) neck diameter (r =0.752**)  (Table 4.7). This finding showed that all growth parameters positively directly correlated with yield per plant (bulb weight), this is due to the effect of intra-row spacing, which affects assimilation and accumulate of dry matter in the bulbs. Cheema et al. (2003) reported bulb weight was positively correlated with diameter of bulb.  
 On the other hand, plant height positively and highly significantly (P < 0.01) correlated with days to maturity (r = 0.483**), number of leaves per plant (r = 0.536ulb length (r = 0.450**), neck diameter (r = 0.404**), bulb dry weight (r = 0.684**) and average shoot dry weight (r = 0.666**) (Table 4.7). The result indicated change of one of these parameters by intra-row spacing or variety may also lead to change positively in plant height. Hydar et al. (2007) indicated that plant height was positively correlated with number of leaves per plant and bulb length
[bookmark: _Toc511530843]Table 4.7.Simple correlation coefficient among different growth and yield parameters of shallot at Densa FTC  in irrigation season during the main irrigation season of 2018/2019.
	PAR.
	PH
	LN
	DM
	ASFW
	ASDW
	ABDW
	ABW
	BL
	BD
	ND
	HI
	MBY
	UMBY
	TBY

	PH
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	LN
	.581**
	1
	
	
	
	
	
	
	
	
	
	
	
	

	DM
	.483**
	.536**
	1
	
	
	
	
	
	
	
	
	
	
	

	ASFW
	.489**
	.658**
	.370*
	1
	
	
	
	
	
	
	
	
	
	

	ASDW
	.666**
	.759**
	.540**
	.663**
	1
	
	
	
	
	
	
	
	
	

	ABDW
	.684**
	.668**
	.570**
	.701**
	.842**
	1
	
	
	
	
	
	
	
	

	ABW
	.505**
	.695**
	.431*
	.585**
	.697**
	.702**
	1
	
	
	
	
	
	
	

	BL
	.699**
	.728**
	.466**
	.621**
	.729**
	.730**
	.755**
	1
	
	
	
	
	
	

	BD
	.451**
	.652**
	.164
	.555**
	.600**
	.609**
	.668**
	.724**
	1
	
	
	
	
	

	ND
	.404*
	.768**
	.330*
	.639**
	.692**
	.612**
	.752**
	.742**
	.769**
	1
	
	
	
	

	HI
	.012
	-.009
	.083
	.514**
	.000
	-.032
	.380*
	.107
	.050
	.036
	1
	
	
	

	MBY
	.118
	-.500*
	-.138
	-.263
	-409*
	.162
	-.264
	.308
	-.170
	.445**
	.103
	1
	
	

	UMBY
	-.380*
	-.750**
	-.260
	-.692**
	-.631**
	-.577**
	-.728**
	-.762**
	-.686**
	-.843**
	.064
	.595**
	1
	

	TBY
	.131
	-.519*
	-.146
	-.285
	-.425**
	.182
	-.287
	-.332*
	-.194
	-.468**
	.103
	.999**
	.622**
	1



[bookmark: _Toc508133387][bookmark: _Toc508134273]PR=parameter, PH = Plant height, LN= Leaf number; DM= Day to maturity, ASFW= Average shoot fresh weight; ASDW= Average shoot dry weight; ABW= average bulb weight; ABDW= Average bulb dry weight BL= Bulb length; BD= Bulb diameter; MBY= Marketable bulb yield, UBY= Unmarketable bulb yield, TBY =Total bulb yield, ns=non significant different * Significant at(P≤0.05); *** very highly significant at (P≤0.001).
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[bookmark: _Toc6500105]4.4. Economic Analysis
The economic analysis was done according to CIMMYT (1988) to calculate the incomes and expenses of each treatment used in the experiment. The different costs of this experiment which includes cost for seeds and labor costs for transplanting are varied among the different treatments. Purchasing cost for seed taken as Birr 700 kg-1. The cost for daily labor during the season was 150 Birr per day. The selling price of shallot during harvesting season of the local market was taken as Birr 15 kg-1. For the different treatment combinations the total costs and net benefits were calculated. To calculate the gross incomes, the marketable yields obtained from each treatment of onion plants were downward by 10%. All variable costs were summed up and subtracted from gross benefits which were taken as a net benefit (Table 4.8).

The partial budget analysis revealed that the highest net benefit (Birr 371824) with higher variable cost was recorded from treatments treated with the combination of Dzsht-157-1B and 5cm intra-row spacing which was followed by net benefit (Birr 370635) from the Dzsht-91-2B and spacing of 10 cm intra-row spacing. However, the lowest net Benefit (Birr 204558.) was obtained from treatment received Yheras at 20 cm intra-row spacing. 

[bookmark: _Toc511530844][bookmark: _Toc83406841]








Table 4.8.Variable costs, gross incomes and net profits of shallot as influenced by varieties and intra-row spacing in the study area .
	Treatment 
combination
	MY (t ha-1)
	AMY (t ha-1)
	GI (Eth Birr)
	CS (Eth Birr)
	LCT (Eth Birr)
	TVC (Eth Birr)
	NB (Eth Birr)
	Benefit -Cost -ratio

	5×Dzsht-157-1B
	28.4
	25.56
	383524.
	5600
	6100
	11700
	371824.
	32.77

	5×Dzsht-91-2B
	25.62
	23.06
	345960
	5600
	6100
	11700
	334260
	29.56

	5×Yheras
	21.68
	19.515
	292725
	5600
	6100
	11700
	281025
	25.01

	10×Dzsht-157-1B
	26.10
	23.496
	352440
	4200
	5100
	9300
	343140
	37.89

	10×Dzsht-91-2B
	28.14
	25.329
	379935
	4200
	5100
	9300
	370635
	40.85

	10×Yheras
	20.72
	18.64
	279720
	4200
	5100
	9300
	270420
	30.07

	15×Dzsht-157-1B
	23.06
	20.75
	311355
	3890
	4500
	8390
	302965
	37.11

	15×Dzsht-91-2B
	21.45
	19.305
	289575
	3890
	4500
	8390
	281185
	34.51

	15×Yheras
	20.09
	18.08
	271305
	3890
	4500
	8390
	262915
	32.33

	20×Dzsht-157-1B
	20.29
	18.26
	274005
	3400
	3900
	7300
	266705
	37.53

	20×Dzsht-91-2B
	17.88
	16.09
	241380
	3400
	3900
	7300
	234080
	33.06

	20×Yheras
	15.69
	14.12
	211858.
	3400
	3900
	7300
	204558.
	29.02



MY=marketable yield, AMY=adjusted marketable yield, CS=, cost of seed, LCT=labor cost for transplanting GI: = gross income, TVC=total variable cost, NB=net benefit

Accordingly, the highest cost benefit ratio (379935) with least cost (9700) of production was recorded from treatment combination of Dzsht-91-2B with 10cm intra-row spacing and followed by those plants Dzsht-157-1B with spacing of 10cm (Table 4.8).





[bookmark: _Toc6500106][bookmark: _Toc510318819]5. SUMMARY AND CONCLUSION
[bookmark: _Toc508133389][bookmark: _Toc508134275][bookmark: _Toc513433455][bookmark: _Toc6500107]5.1. Conclusions
Shallot is widely recognized as an important vegetable condiment as a form of dry bulb and cash crop in Ethiopia. It is successfully produced under rain fed as well as irrigated conditions in different agro ecologies of the country by small holder farmers and commercial growers. In Gidan Woreda, shallot is produced as vegetable and cash crop by many farmers. However, the productivity and the produced quality of shallots are not as expected due to many production constraints. The use of different plant spacing’s by farmers without considering the varieties is among the many production constraints. Since selection of varieties that produce high yield along with the manipulation of intra-row spacing is an important agronomic management, it was necessary to conduct research. Therefore, this study was conducted to evaluate the effect of intra-row spacing on performance of three shallot varieties. The experiment was conducted at Densa farmer training center, Gidan woreda, and North Wollo during the year 2018/2019 under furrow irrigation with the objective of assessing the effect of intra-row spacing on growth, bulb yield and yield components of shallot varieties (Allium cepa var.aggrgatum.). The experiment was laid out in randomized complete block design (RCBD) with three replications consisting of four intra row spacing’s (5, 10, 15, and 20 cm) and three shallot varieties (Dz-sht 157-1B, Dz-sht -91-2B and Yheras ) in factorial arrangement. Data were collected for phenology of the crop, growth, yield and yield components and analyzed accordingly. 
 The analysis of variance revealed the significant effect of variety and intra-row spacing on all the parameters except neck diameter and average fresh shoot weight was not significantly affected by intra row spacing differences and only harvest index was not affected by intra-row spacing and varieties but the interaction is significant.. The result suggested that the importance of growing the variety that produce high bulb yield using the intra-row spacing that also gave higher yield to exploit the genetic potential of the variety that resulted efficient use of land which is one of the most scarce resources to increase production. 
 
The variety Yheras was earlier maturing by about 9 and 17 days than Dzsht-157-1B and Dzsht-91-2B, respectively. Physiological maturity of the crop was increased as the intra-row spacing increased from 5 to 20 cm of which plants spaced at 5cm matured early by about five days than plants spaced at 20 cm. The early maturing variety Yheras also had shortest plant height and leaf length. Similarly, plants grown at narrow intra-row spacing of 5cm had shortest plant height and leaf number. Leaf number was a linear increasing trend as intra-row spacing increased with a maximum of about 12% increase at wider intra-row spacing of 20 cm over the narrowest spacing (5 cm). 
Dzsht-157-1B variety had larger bulb diameter than Yheras and Dzsht-91-2B. Dzsht-157-1B variety also had maximum fresh bulb weight (69.27 g) while the lowest value obtained from Yheras. Similarly, Dzsht-157-1B had higher bulb dry weight by about 6 and 17% than Dzsht-91-2B and Yheras, respectively.. Dzsht-91-2B had the lowest averaged shoot dry weight and but highest harvest index while Yheras recorded the least harvest index (62.97). On the other hand, the plants at wider intra-row spacing of 20 cm had bulb diameter and length more than intra-row spacing of 5 cm by about 15 and 18%, respectively. Similarly, plant spaced at 20 cm was recorded about 12% more neck thickness than the closest spacing (5 cm). Moreover, about 47% more fresh bulb weight obtained when intra-row spacing increased from 5 cm to 20 cm. Higher bulb dry weight (9.33g) was recorded at 20 cm whereas minimum bulb dry weight of 6.98 g was found at closer intra-row spacing of 5 cm. Plants grown at narrow intra-row spacing of 5 cm had lower average shoot dry weight by about 45% more than the wider intra-row spacing of 20 cm. Most of these yield components had negative and significant correlations with bulb yields except harvest index. The result suggested that shallot producers could grow varieties at closer intra-row spacing to attain preferable bulb size and thin bulb neck for fresh market. Thick neck in shallot causes delay in bulbing and has a negative impact on bulb yield and storability. Bulb weight, contribute significantly to yield components which could be better controlled by intra-row spacing.  
The variety Dzsht-157-1B had the highest total and marketable bulb yield t ha-1 than the other two varieties. It had 6 and 15% more marketable bulb yield than Dzsht-91-2B and Yheras respectively. Maximum unmarketable bulb yield recorded from Dzsht-91-2B with 5cm intra row spacing while lowest unmarketable bulb yield of 0.53 t ha-1 was obtained from Dzsht-91-2B with 20cm intra row spacing. Plants grown at the closest intra-row spacing of 5 cm produced total and marketable yield higher by about 42% over wider intra-row spacing of 20 cm. Moreover, when intra-row spacing increased from narrow intra-row of 5cm to the wider spacing of 15 cm, unmarketable bulb yield was decreased by about 22%. The result suggested that farmers could grow Dzsht-157-1B variety was highly performed and at closest intra-row spacing of 10 and 5 cm obtained highest marketable bulb yield per unit area.  
[bookmark: _Toc513433456][bookmark: _Toc6500108]5.2. Recommendations
 Site specific recommendations of varieties and intra row spacing are necessary to produce vegetables crops economically included shallot. Therefore, emphasis should be given using optimum level of intra-row spacing to increase production and productivity of shallot in the study area
The result of this study imply the advantage of growing Dzsht-91-2B  variety and planting of shallot crop at narrow intra-row spacing of 10 cm to increase bulb yield, However, Yheras(early maturing) and Dzsht-157-1B with large bulb could be considered if farmers need to exploit the market of short supply, and specific customers demand for large size bulbs, respectively. However, it is necessary to repeat the experiment at different locations in the district to make final recommendation. 
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7. [bookmark: _Toc6500110]APPENDIX
Appendix-I .Field Layout and Randomization
Crop: ‘Shallot’
Planting date: October 2018 Location:  Densa FTC Year: 2018/2019.
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Figure3. 2. Lay out of field experiment      
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Appendix –I. Treatment and plot arrangement

	Treatment code
	Treatment
Intra row spacing and Variety
	Replication

	
	
	R-I
	R-II
	R- III

	01
	S1*V2
	5
	15
	25

	02
	S1*V1
	1
	19
	28

	03
	S1*V3
	4
	13
	31

	04
	S2*V2
	11
	16
	26

	05
	S2*V3
	2
	22
	30

	06
	S2*V1
	8
	21
	33

	07
	S3*V1
	6
	14
	27

	08
	S3*V2
	9
	18
	36

	09
	S3*V3
	12
	20
	34

	10
	S4*V3
	10
	23
	32

	11
	S4*V1
	3
	17
	29

	12
	S4*V2
	7
	24
	35


 N.B;  plot size = 3mx1.8m, Spacing Between plants 5cm, 10 cm; 15 cm and 20cms, Spacing b/n replication =1.5m,Spacing Between plots = 1 m, Spacing Between furrow ,  Spacing Between rows 20cm, Gross trial size = 32.6 m x 12 m  =391.2 m2 , Net trial size = 5.4 m2x 36 Plots  =194.4 m2  ,Fertilizer Rate  NPS 242 kg ha-1 ,Urea 79  kg ha-1, Trial Width and Length 12 m x32.6 m respectively. Design; Factorial RCBD with three Replications, Treatment=12
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APPENDIX -III
Appendix Table 1.Mean squares value from analysis of variance (ANOVA) for days to maturity and growth characteristics of shallot as influenced by varieties and intra-row spacing
	Sources of variance
	DF
	                            Mean square values

	
	
	PH
	LN
	 DM   

	Replication
	2
	6.68
	11.26
	42.52

	Intra-row spacing
	3
	167.68**
	536.87***
	250.44**

	Varieties
	2
	291.97***
	62.72*
	842.02***

	Intra-row spacing* Varieties
	6
	22.58
	8.64
	28.02

	Error
	22
	29.38
	15.93
	47.46

	CV (%)
	
	7.27
	11.87
	5.12



Key, DF = Degree of freedom, PH=plant height, LN=leaf number per plant, DM=days to maturity, ns = non significant,* significant, ** highly significant, *** very highly significant
[bookmark: _Toc511600940]












Appendix Table 2.Mean squares value from analysis of variance (ANOVA) for yield component of shallot as influenced by varieties and intra-row spacing
	Sources of variance
	DF
	                            Mean square values

	
	
	ABW
	BL
	BD
	ND
	BDW

	Replication
	2
	9.87
	0.288
	0.29
	0.06
	0.14

	Intra-row spacing
	3
	998.05***
	9.52***
	6.43***
	2.26
	8.87***

	Varieties
	2
	99.94*
	1.76*
	2.94**
	0.08
	8.62***

	Intra-row spacing* Varieties
	6
	18.55
	0.49
	0.86
	0.15*
	0.59

	Error
	22
	23.77
	0.34
	0.42
	0.04
	0.46

	CV (%)
	
	7.22
	9.16
	12.62
	6.59
	8.21




Key, DF= degree of freedom, ABW=average bulb weight, BL=bulb length, BD=bulb diameter, ND=neck diameter, BDW= bulb dry weight, ns=non significant, * significant, ** highly significant *** very highly significant.
Appendix Table 3.Mean squares value from analysis of variance (ANOVA) for yield component of shallot as influenced by varieties and intra-row spacing
	Sources of variance
	DF
	                            Mean square values

	
	
	ASFW
	HI
	ASDW
	MBY
	UMBY
	TBY

	Replication
	2
	1.03
	0.63
	0.18
	1.64
	0.001
	1.65

	Intra-row spacing
	3
	213.29**
	13.77
	5.77***
	105.77***
	0.326***
	116.4***

	Varieties
	2
	29.02
	42.58
	1.84***
	79.06***
	0.029**
	80.82***

	Intra-row spacing* Varieties
	6
	51.71**
	31.96**
	0.42*
	7.29
	0.015**
	7.47

	Error
	22
	10.20
	7.65
	0.11
	5.77
	0.002
	5.67

	CV (%)
	
	9.49
	4.15
	9.93
	10.71
	7.23
	10.29


Key, DF= degree of freedom, ASFW=average shoot fresh weight, ASDW= average shoot dry weight, MBY=marketable bulb yield, UMBY=unmarketable bulb yield, TBY=total bulb yield, ns=non significant, * significant, ** highly significant, *** very highly significant.
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