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Abstract: As a review, garlic (Allium sativum L.) is one of the 

main allium vegetable crops known through worldwide with 

respect to its production and economic value. Garlic belongs to the 

genus Allium and family Alliaceous. Garlic has high 

morphological diversity and adaptable to different agro-climatic 

regions and environments. Morphological and agronomic 

variations in characteristics of garlic are shown such as color of 

the bulb, size of the bulb, plant height,  number of cloves, size of 

the cloves, days to harvesting, resistance to storage capacity, 

dormancy and adaptation to agro-climatic conditions. Farmers 

endeavor to produce high yield and good quality garlic for 

consumption and economic value. Correlation between some 

quantitative traits of garlic showed the positive and significant 

correlation with yield and leaf length. All yield and yield-related 

traits were significantly influenced through the interaction of 

cultivar and nitrogen fertilizer except leaf length, leaf number per 

plant, bulb length and sizes of bulbs and cloves of different 

categories that were significantly influenced either by both cultivar 

and nitrogen or one of these.   

Key words: Diversity, Morphological traits, Growth, Yield, 

Fertilizer and Nitrogen. 

I. INTRODUCTION 

Garlic (Allium sativum L.) is one of the main vegetable 

crops known worldwide with respect to its production and 

economic value. Garlic is a species-rich and taxonomically 

complicated genus with more than 750 species. It is an 

important vegetable crop for its culinary, religious, grown 

and medicinal purposes [10, 32]. Garlic is the most widely 

produced for fresh market, dehydrated as an ingredient for 

food processing, essential oil, oil macerate and powder. 

Garlic has constituted significant amounts of element such as 

Ca, P and K, and their leaves sources of proteins, vitamins 

and contains antibiotics like garlicin and allistatin [16]. The 

principal conservation of gene bank is to maintain genetic 

diversity active and reduce the loss of genetic diversity of 

crop and plant species. Plants cannot be conserved as seeds 

because of their unmanageable nature and clonally 

propagated are traditionally conserved [19]. Phenotypic 

variability in the gene banks should be calculated in order to 

allow effective use of accession collection and studies on the 

agro-morphological characterization of cultivars [37]. 
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Morphological traits diversity of crop genetic resources 

plays a significant role in the breeding programs. Identifying 

appropriate indices for selecting garlic varieties and 

understanding the variation between accessions can be 

improve the efficiency of breeding programs [43].   

Generally, the garlic is an important bulb crops produced 

for home consumption as a flavor, medicinal value and source 

of income in Ethiopia [12]. It grows mainly in the mid-

altitudes and highlands of the country. Garlic is one of the 

high-value vegetable crops produced in rotation with pulses 

during the cold season [11]. Lack of improved high yielding 

varieties, low soil fertility, inappropriate agronomic practices 

and lack of improved postharvest technologies are among the 

well-known factors for limited productivity of garlic [13, 28]. 

Bulb yield and days to maturity of garlic were disposed to 

environmental changes resulting in variable yield due to the 

significant effect of genotype-by-environment interaction 

[38]. Lack of appropriate variety and plant population greatly 

affects garlic growth, yield and quality [12]. There are local 

improved garlic varieties under cultivation in the country. 

Varieties of garlic may differ in root architecture, foliage and 

a cultivar performs differently under different agro-climatic 

conditions [35]. This review was to evaluate the growth and 

yield related traits which could be suitable descriptors in 

future clonal selection programs regarding to 

agromorphological traits.  

II. BOTANICAL AND AGROMORPHOLOGICAL 

TRAITS DESCRIPTION GARLIC (ALLIUM 

SATIVUM L)  

Botanically, garlic belongs to the genus Allium, family 

Alliaceous, which includes important vegetable crops such as 

onion (Allium cepa), leek (A. ameloprisum) and shallots (A. 

asacloncum). Garlic is propagated asexually and shows 

highly morphological diversity among cultivars. These 

diversity traits have a wide range of adaptations to different 

environments and agro-ecological zones. Garlic plants have 

thin tape-shaped leaves up to 30 cm long like that of onions. 

The roots have reached up to 50 cm depth and more. The 

bulbs and heads  are white skinned which  divided into certain 

types of sections called cloves and each bulb could have  6 up  

to 12 cloves covered by a white or reddish papery layer [16].  

The sexual propagation of garlic’s has been facilitated the 

exchange of genetic traits from one genotype to others to 

improve garlic cultivars in classical breeding [18]. It does not 

produce true seed but propagates through planting cloves. 

The select seed bulbs should be large, smooth, fresh, and free 

from disease.  
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Garlic bulb is the best for planting garlic because larger 

cloves yield larger size and mature bulbs at harvesting time.  

To plant the garlic properly dig a hole, place the unpeeled 

clove gently into the hole with the pointed side up the stem 

end down and cover the clove with smoothed soil and the 

setting of cloves has been in an upright position to make sure 

a straight neck [26].  

III. PRODUCTION AND PRODUCTIVITY OF 

GARLIC IN ETHIOPIA 

Garlic is one of the important agricultural bulb vegetables 

grown and seasoning vegetables mainly used for flavoring 

and has many traditional and modern medicinal properties 

[1]. The small growers of garlic in the highlands are grown 

through traditionally faulty agricultural practices and the 

yields are low [6, 5]. Generally, garlic is adapted to cool 

climates and the amount of rainfall during the growing period 

(4 to 6 months) with 600 mm to 700 mm. It should not be 

planted at altitudes below 2000 m. a. s. l. The optimum 

temperature for growing garlic lies between 12°C and 24°C. 

It is essential to select land with high fertility and apply 

considerable quantities of manure or fertilizers to obtain good 

yields of garlic bulbs [6]. Under the comparison of countries 

in garlic production, Ethiopia has been placed the 12th in the 

world ranking [7].  

IV. ECOLOGY AND METHODS OF GARLIC 

PRODUCTION    

Garlic has a wide area of adaptation and cultivation 

throughout the world. The ecological requirement of garlic is 

a mild winter season which has certain rainfall with a sunny 

dry summer season which is good for garlic production  but 

very high humidity and rainfall are unfavorable to vegetative 

bulb formation and reduce its production[4]. The productivity 

of garlic in many parts of the world is low due to genetic 

variability, ago ecological and environmental factors 

affecting the quantity and quality of yield and yield-related 

traits. Yield and quality will vary with climate, altitude, soil, 

pH, cultural practices and the variety of garlic [30]. It is 

advisable to conversation with local growers who have 

experience growing garlic and experiment with different 

cultural practices and varieties. Water stress during the 

growing season can cause bulbs to be smaller and to cause a 

multiple stem disorder [2, 36]. The ‘seeds’ needed per hectare 

are very variable as the cloves of different species vary 

greatly in size. The upper 15-20 cm of the soil surface should 

be always moist, but not wet, because most of the root system 

will be grown in this depth [41].  

A. Development and Growthing of Garlic 

Garlic is a cool season growth plant that all vitality and leaf 

growth when the temperatures are cool and the day is short. 

When the temperature becomes warm and the day is lengthen 

the growthing of garlic plant stop making leaves and activates 

to form bulbs. The life cycle of the plant under go successive 

stages of growth and development the dormancy of mature 

cloves, induced through the temperature of 25-30 0C is 

eliminated most quickly at 6-7 0C vegetative growth is 

optimal at 18-20 0C[27]. When 12-14 leaves have been 

produced, bulb swelling is induced at a temperature below 20 

0C. The total growing period varies from 4 months to 9 

months. Garlic cloves require a period of 6-8 weeks of cool 

weather after planting in low winter temperatures. The clove 

will swell considerably forming a globular bulb with many 

fine roots and a pair of intertwined leaves will emerge from 

the terminal end of the bulb. Leaf development also will 

accelerate with flat and dark green leaves on stems reaching 

a height of 30 cm or more. As temperatures rise and day 

length increases, bulb formation begins. The results showed 

the following development stages in garlic: Sprouting: from 

sowing to 20-30 days, adventitious roots, leaf emergence, and 

total soluble carbohydrate assimilation in seed cloves are 

observed. Shoot growth: from the end of sprouting until 140 

days after sowing. Translocation of photosynthesis to the bulb 

begins afterwards. Bulb growth: during the inductive stage 

from sprouting, no increase in dry weight of total soluble 

carbohydrates can be observed up to 90 days [22]. Garlic is a 

species of vegetative propagation, showing high 

morphological diversity and has specific adaptations to 

different agro-climatic regions and environments [31]. 

Extensive morphological and agronomic variations in the 

characteristics of garlic are shown such as color of the bulb, 

size of the bulb, plant height, number, of cloves, size of the 

cloves, days to harvesting, resistance to storage capacity, 

dormancy and adaptation to agro-climatic conditions[9].  

B. Irrigation and Farming Management of Garlic 

Most of the time, garlic likes moist soil and necessary to 

regularly water during germination and in dry climates. When 

the bulbs are finished off and the wrappers are drying out too 

much water is not good which can be created a mold or fungus 

problem. Some people like to heavily irrigate during drier 

climates at the pre planting phase to help build a deep soil 

moisture reserve. Nitrogen and water will have the greatest 

effect on the yield of garlic prior to bulbing. However, garlic 

requires around 2.5 cm up to 5 cm of water per week and 

sufficient moisture is needed after bulbing but irrigation 

should be stopped at least two weeks prior to the expected 

harvesting date. The late-season irrigation tends to stain the 

skin and reduce the quality of yield [14]. Water stress should 

be avoided in garlic crops prior to the first signs of maturity 

to achieve optimum yields and quality [17]. Cease irrigation 

when the first signs of maturity are evident yellowing or neck 

softening.  

C. Composition and Use of nutrition Garlic  

The growth and yield of garlic were influenced by different 

nutrition management and other factors during their 

production in the field. The elements of freeze-boron, 

magnesium, phosphorus, potassium, and nitrate nitrogen are 

significantly different on the growthing and production of 

garlic bulb [42]. The garlic flavor is a group of sulfur-

containing compounds and lachrymatory effect due to the 

high proportion of 2-propenyl L-cysteine sulphoxide (2-

PECSCO) constitute. However, garlic is rich in sugar, 

protein, fat, calcium, potassium, phosphorus, sulfur, iodine, 

fiber, and silicon, in addition to vitamins. 
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 The garlic pungent flavor makes it used as a spice, 

seasoning and flavoring for food stuff involving both green 

tops and bulbs [20]. Although bulb consumption is more 

common, tender shoots and a delicatessen for sophisticated 

cuisine. These shoots may be prepared like asparagus. Each 

clove is able to develop a new plant, since they have an apical 

shoot bud that can elongate even though they are not sown. 

This shoot is apparent after three months of harvest, 

depending on the genotype. These stems produce a strong 

odor from two compounds: alliin and diallylsulfide.  

V. DIVERSITY AND DEVELOPMENT OF GARLIC 

SPECIES 

The different garlic species are classified in four groups: 

longicuspis, Ophioscorodon, sativum, subtropical, and 

pekinense subgroup. The Longicuspis group is considered 

the oldest and it is postulated to be the original group. The 

Ophioscorodon group is distributed in Central Asia, the 

sativum group in the Mediterranean zone, and subtropical in 

the south and southeast of Asia. Finally, the pekinense 

subgroup comes from the east of Asia [23].  To develop 

specifically adapted and high yielding varieties of garlic’s has 

to be initiated through farmer experimentation, innovation, 

selection, improves of genotypes, development of appropriate 

management practices as well as production of bulb and 

quality seeds[34]. Characterize garlic for developing 

important ago production variety through ago morphological 

and molecular conserve of local and exotic germplasms. 

Germplasms of garlic were collected from domestic and 

exotic sources and the yield performances of these collected 

germplasms were assessed through field testing [34].  

The effectiveness of garlic selection depends on the 

amount of variability present in the genetic material for yield 

and yield-related traits. The majority of traits are important 

for crop productivity which is controlled through the 

combined effects of a number of genes that influence the trait 

[33]. The Mexican genotypes have a wide variation in clove 

size and number that reflects a good genetic pool for breeding 

through individual selection of plants. Some other 

characteristics are qualitative that may have a positive impact 

on worldwide market demand. Garlic cultivated in rural farms 

of South Italy is often a heterogeneous clone population, 

which can comprise different cytogenetic types and showing 

significant differences in yield were observed within and 

between ploidy levels. Discriminant analysis did show that 

four characters (leaf basal width, total number of leaves, 

clove diameter, and neck height) were able to correctly 

discriminate all germplasm accessions and the highest 

differences of bulb diameter were found among 

varieties[9,16]. Plants showing a smaller number of cloves 

per bulb appeared to have greater clove weights. Varieties 

with greater bulb weight appeared to be taller than smaller 

bulb weights.  The greatest bulb weight varieties showed 

more than 75% greater bulb weight than the lowest bulb 

weight varieties had a better tolerance to environmental 

conditions with its bulbs having fewer cloves (10-12), and the 

bulb and clove weights were favorably compared with those 

of commercial varieties in California[16].  

 

 

A. The Role of diversity on Garlic Yield and Yield 

Components 

The variety of garlic must be selected from a list of 

recommended or local varieties. Depend on its adaptation; the 

variety should have high yield potential, tolerance to biotic 

and abiotic stresses, good marketability, and high consumer 

preferences. The agro-morphological character of yield 

reflects the performance of all plant components and plant 

contains an inherent physiological production capacity that 

operates on the energy required for normal plant performance 

while all accessions do not have the same inherent 

physiological capacity to yield [3]. Breeders commonly find 

yield to be a very complex array of plant-component 

interactions and through the manipulation of these genetic 

systems, yield is improved as a result of plant efficiency 

improvement.  

B. Function of Nitrogen in Growth and 

Development of Garlic 

Farmers endeavor to produce high yield and good quality 

garlic for consumption and economic value but soil fertility 

depletion is the major obstacle to sustained garlic production. 

Nitrogen has been identified as the most limiting nutrient in 

plant growth. However, plants obtain readily available N 

forms from different sources. The major forms of available N 

are biological nitrogen fixation by soil microorganisms, 

mineralization of organic N, industrial fixation of nitrogen 

gas and fixation as oxides of nitrogen, and mineralization of 

organic nitrogen to inorganic forms, level of soil moisture and 

supply of oxygen [40]. Nitrogen is a necessary and important 

element for increasing the yield and quality of vegetables 

[15]. As increased the level of N it increased the growth trend 

of the number of leaves, leaf length, and plant body that garlic 

has a high nitrogen requirement, particularly in the early 

stages of growth. Availability of nitrogen is a prime 

importance for growing plants and essential source of protein 

and nucleic acid molecules. It is well known that the use of 

fertilizer helps in production and rapid method for achieving 

maximum yields [29][45][46]. Manure is a good supplier of 

organic matter but a low and slow supplier of nutrients as it 

releases over a year. This fact has made fertilizer 

management be an important aspect of crop production 

practices [21, 40]. At the highest application of urea, the 

highest yield was recorded and the application of increasing 

rates of nitrogen had a significant effect on fresh bulb yields 

[25][44].  The significantly application of nitrogen fertilizer 

increased the growth attributes like plant height and neck 

thickness, bulb diameter, number of cloves per bulb, fresh 

weight of cloves, dry weight of cloves, fresh weight of bulb, 

dry weight of bulb and bulb yield ha-1[8]. Correlation 

between some quantitative traits of garlic showed the positive 

and significant correlation with yield and leaf length. 

Between performance and bulb diameter and length, 

diameter, and weight, cloves showed positive correlation 

observed. Leaf length, bulb diameter and length, and the 

mean number clove, negative clove, and significant bulb 

weight and number of leaves per plant were showed 

significant positive 

correlations [25].  
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The effect of N fertilizer levels on the performance of 

different onion varieties suggested that N levels significantly 

enhanced plant height, producing the bulbs of the greatest 

marketable yield, total bulb yield [24, 39].  

VI. CONCLUSION  

Garlic (Allium sativum L.) is one of the oldest cultivated 

crops. It is the most important vegetable bulb crops produced 

for home consumption as a flavoring agent for foods, 

medicinal value and as a source of income. Selections of 

cultivars based on morphological and agronomical 

characteristics of varieties that respond to fertilizer rates are 

essential to produce high yield; adaptable and high market 

acceptance. The growth and yield of garlic is influenced by 

different nutrition management and other factors during their 

production in the field. Appropriate nitrogen fertilizer rates 

are very significant factors to increase the productivity, bulb 

quality, and marketability of garlic. Farmers endeavor to 

produce high yield and good quality garlic for consumption 

and economic value, but soil fertility depletion is the major 

obstacle to sustained garlic production because of limited 

application of suitable soil fertility and sources of fertilizers. 

Significantly application of nitrogen fertilizer increased the 

growth attributes like plant height in cm and neck thickness, 

bulb diameter, number of cloves per bulb, fresh weight of 

cloves, dry weight of cloves, fresh weight of bulb, dry weight 

of bulb and bulb yield. Garlic is propagated asexually and 

shows highly morphological diversity among cultivars. 

Garlic has a wide area of adaptation and cultivation 

throughout the world. The optimum temperature for growing 

garlic lies between 12°C and 24°C. The productivity of garlic 

in many parts of the world is low due to genetic variability, 

ago-ecological and environmental factors affecting the 

quantity and quality of yield and yield-related traits. 

Morphological and agronomic variations in characteristics of 

garlic such as color of the bulb, size of the bulb, plant height, 

number of cloves, size of the cloves, days to harvesting, 

resistance to storage capacity, dormancy and adaptation to 

agro-climatic conditions. The different garlic species are  

longicuspis, Ophioscorodon, sativum, subtropical, and 

pekinense subgroup. The effectiveness of garlic selection 

depends on the amount of variability present in the genetic 

material for yield and yield-related traits.  

DECLARATION STATEMENT 

Funding/ Grants/ 
Financial Support 

No, I did not receive. 

Conflicts of Interest/ 

Competing Interests 

No conflicts of interest to the best of our 

knowledge. 

Ethical Approval and 

Consent to Participate 

No, the article does not require ethical 
approval and consent to participate with 

evidence. 

Availability of Data and 
Material/ Data Access 

Statement 

Not relevant. 

Authors Contributions 
All authors have equal participation in this 

article.  

REFERENCES 

1. Abreham, Mulatu, BizuayehuTesfeye and Essubalew G. 2014. 

Growth and bulb yield garlic varieties affected by nitrogen and 

phosphorus application at South Central Ethiopia. Journal of 

Agricultural Research, 3(11): 249-255. 

2. Anonymous. 2004. Garlic organic (Allium sativum), ministry of 

agriculture, fisheries and food industry competitiveness branch. Fact 

Sheet, V2C4N7, British, Columbia.  

3. Bishaw, Z., Yonas S.and Belay S. 2008. The status of the Ethiopian 

seed industry Farmers, seeds and varieties: supporting informal seed 

supply in Ethiopia. Waganinhgen International 

4. Brewster, J. 1994. Onions and other vegetable alliums. Horticultural 

research international, Wellesbourne, Warwick, UK University press, 

Volume 3: Pp. 83-125.  

5. Central Statistical Agency (CSA, 2011/ 2012). The preliminary results 

of area, production and yield of temporary crops.Statistical Bulletin, 

Volume 1, Addis Ababa, Ethiopia. 

6. Crop Variety Register (CVR). 2009. Ministry of agriculture and rural 

development, animal and plant health regulatory directorate, (12): 

135-136.  

7. FAOSTAT.2013.FAOSTAT-Crop Statistics. In: FAOSTAT URL 

(faostat. fao. org/ site /567 /) Desktop Default.aspx. 

8. Farooqui, M., Naruka, I., Rathore, S. and Shaktawat R. 2009. Effect 

of nitrogen and sulphur levels on growth and yield of garlic (Allium 

sativum L.). Asian Journal of Food and Agro-Industry, Pp. 19-23.  

9. Figliuolo G., Candido V. and Spagnoletti P.2001. Genetic evaluation 

of cultivated garlic  germplasm  (Allium sativum L. and A. 

ampeloprasum L.).Euphytica, 121 (3): 325-334. 

https://doi.org/10.1023/A:1012069532157 

10. Fritsch R.M. and Friesen, N.2002.Evolution, domestication and 

taxonomy. In Allium crop science: recent advances, (Ed.). 

https://doi.org/10.1079/9780851995106.0005 

11. Gebremedhin W, Berhanu G,and Dirk H. 2010. Improving Livelihood 

of Small-scale Farmers through Market Led Irrigated Crops: Case 

Study from Tigray Northern Ethiopia Conference on International 

Research on Food Security. 1-4. 

12. Getachew T, Asfaw Z.2000. Achievements in shallot and garlic 

research. In: Ethiopia Agricultural Research Organization. Addis 

Ababa, Ethiopia. 

13. Getachew T, Asfaw Z.2010. Achievements in shallot and garlic 

research. Report No36, Ethiopian Agricultural Research Organization 

2010. 

14. Goldy, R. 2000.Producing garlic in Michigan, southwest Michigan 

Research & Extension Center.Extension bulletin e-2722.Michigan 

State University. 

15. Gulser, F. 2005. Effects of Ammonium Sulphate and Urea on NO3- 

and NO2- accumulation, nutrient contents and yield criteria in 

spinach.Journal of Science in Horticulture, 106: 330-340. 

https://doi.org/10.1016/j.scienta.2005.05.007 

16. Hector S, Espino F. and Olivio HH.2012. Agronomic and 

biotechnological strategies for breeding cultivated garlic in mexico.  

17. Hickey, M., 2006.Growing garlic at New south wells (NSW). 

Primefact, volume (269):1-6.  

18. Kamenetsky, R., Shafir I. andRabinowith H. 2004.Environmental 

control of garlic growth and florogenesis.Journal of American Society 

Horticultural Science, 129:144–151.  

https://doi.org/10.21273/JASHS.129.2.0144 

19. Kasso, M. and Balakrishnan, M. 2013.Ex situ conservation of 

biodiversity with particular emphasis to Ethiopia.ISRN Biodiversity, 

1–1. https://doi.org/10.1155/2013/985037 

20. Kilgori, M., MagaJi M. and Yakubu A. 2007 .Effect of plant spacing 

and date of planting on yield of two garlic (Allium Sativum L.) 

cultivars in Sokoto, Nigeria. American-Eurasian Journal of 

Agricultural & Environmental Science, 2(2): 153-157.  

21. Kleinkopf, G., Westermann D. and Kleinscmidt G. 1987.Specific 

gravity of russet Burbank potatoes.American Potato Journal, 64: 579-

587. https://doi.org/10.1007/BF02853760 

22. Ledesma, A., Nunez S.andArguello J. (n.d.). Bulbing physiology in 

garlic (Allium Sativum L.) cultivar "Rosado Paraguayo” 

characterization of ontogenic stages by shoot growth dynamics 

.International Society for Horticultural Science, Pp.433. 

23. Maab, H. and Klaas M. 1995.Infraespecific differentiation of garlic 

(Allium sativum L.) by isozyme and RAPD markers.Theoretical and 

Application of Genetics, 91: 89-97. 

https://doi.org/10.1007/BF00220863 

 

 

 

 

 

 

http://doi.org/10.54105/ijab.A1014.042122
http://www.ijb.latticescipub.com/
https://doi.org/10.1023/A:1012069532157
https://doi.org/10.1079/9780851995106.0005
https://doi.org/10.1016/j.scienta.2005.05.007
https://doi.org/10.21273/JASHS.129.2.0144
https://doi.org/10.1155/2013/985037
https://doi.org/10.1007/BF02853760
https://doi.org/10.1007/BF00220863


Indian Journal of Advanced Botany (IJAB) 

ISSN: 2582-9475 (Online), Volume-2 Issue-1, April 2022 

                                                   5 

Published By: 

Lattice Science Publication (LSP) 
© Copyright: All rights reserved. 

 

Retrieval Number: 100.1/ijab.A2014043123 

DOI:10.54105/ijab.A1014.042122 

Journal Website: www.ijb.latticescipub.com 
 

24. Marschner, H. 1995. Mineral nutrition on higher plants. (2ed ). 

Academic press. London. https://doi.org/10.1016/B978-012473542-

2/50008-0 

25. Maryam, N., Fariba B. and Akbar E. 2012.Changes of vegetative 

growth indices and yield of garlic (Allium sativum L.) in different 

sources and levels of nitrogen fertilizer.International Journal of 

Agriculture and Crop Sciences, 4 (18): 1394-1400.  

26. McLaurin, W. J., Adams D. and Eaker T., 2012.Garlic Production for 

the Gardener.Learning for life. Circular 854: Pp.1-7.  

27. Messiaen, C. and Rouamba A., 2004.Plant Resources of Tropical 

Africa Vegetables. PROTA Foundation, Netherlands Netherlands, 

CTA, Pp. 56-61. Wageningen, Netherlands.  

28. Mohammed A. and Thangavel S.2014. White rot an aggressive pest 

of onion and garlic in Ethiopia: an overview. J AgricBiotechnol 

Sustain Dev: 6(1): 6-15. https://doi.org/10.5897/JABSD2013.0210 

29. Naruka, I. and Dhaka R. 2001.Effect of row spacing and nitrogen 

fertilization on growth, yield and composition of bulb in garlic (Allium 

sativum L.) cultivars.Journal of Spices and Aromatic Crops, 10 

(2):111-117.  

30. Panda, S., Panda P.and Nanda S. 1995. Nitrogen and phosphorus 

uptake from Tithoniadivers folia and inorganic fertilizers and their 

effect on maize yield in Malawi, Pp.264-266.  

31. Paredes, M., Becerra V., and Gonzalez A. 2007. Low Genetic 

Diversity among Garlic (Allium sativum L.) Accessions detected 

using Random Amplified Polymorphic DNA (RAPD). Chilean 

Journal of Agricultural Research, 68 (1): 3-12. 

https://doi.org/10.4067/S0718-58392008000100001 

32. Petropoulos S.,Fernandes, A. and Ferreira, I. (2018). Nutritional 

value, chemical characterization and bulb morphology of Greek garlic 

landraces.Molecules, 23(2), 319. 

https://doi.org/10.3390/molecules23020319 

33. Pike, L. M. 1986. Breeding Vegetable Crops, AVI Publishing Co. 

Connect cut. Pp. 348-394.  

34. Rahim, M. 2011, Evaluation of Genetic Resources for variety 

Development of Garlic and Onion.Technical 

bulletin.KirishiGobeshona, Bangladesh Agricultural University. 

35. Rubatzky, V. and Yamaguchi M. 1997.World Vegetables, Principles, 

Production and Nutritive Values.International Thomson publishing, 

Pp. 843. New York, USA.  

36. Silva, A.R., Cecon, P.R. and  Carneiro, A.P.S.2014. Morphological 

phenotypic dispersion of garlic cultivars by cluster analysis and 

multidimensionalscaling.Scientia Agricola, 71(1), 38-43. 

https://doi.org/10.1590/S0103-90162014000100005 

37. Tewodros B, Fikreyohannes G. and Mulatua H.2014. Registration of 

Chelenko Garlic (Allium sativum L.) Variety Haramaya University, 

Ethiopia. East Afri J of Sci: 8(1): 71-4. 

38. Tibebu S., Melese T. and Samuel U., 2014.The Effect of Variety, 

Nitrogen and Phosphorous Fertilization on Growth and Bulb Yield of 

Onion (Allium Cepa L.) at Wolaita, Southern Ethiopia.Journal of 

Biology, Agriculture and Healthcare, 4(11): 89-98 ISSN 2225-093. 

39. Tisdale, S., Nelson, W. and Halvin, J. 1995.Soil Fertility and 

Fertilizers 5th Edition. Macmillan Publishing Co., Inc. New York. pp. 

109-229.  

40. Trejo, P. 2006. Presentation, II National Forum of garlic.Memories. 

Government of Zacatecas: INIFAP, Foundation produces, Zacatecas, 

SAGARPA, FIRA, producers of garlic of, Zacatecas State Council. 

Mexico. Pp: 9-13.  

41. Volk, G. and Stern D. 2009.Phenotypic Characteristics of Ten Garlic 

Cultivars Grown at Different North American Locations.Journal of 

Horticultural science, 44(5):1238–1247.  

https://doi.org/10.21273/HORTSCI.44.5.1238 

42. Wang, H., Li, X. and Song, J. 2014.Diversity evaluation of 

morphological traits and allicin content in garlic (Allium sativum L.) 

from China.Euphytica, 198(2), 243-54. 

https://doi.org/10.1007/s10681-014-1097-1 

43. Welsh, J. 1981. Fundamentals of Plant Genetics and Breeding, John 

Willey and Sons, Inc., New York, P: 290.  

44. Arunpradeep. N and Dr. G. Niranjana, “Different Machine Learning 

Models Based Heart Disease Prediction,” International Journal of 

Recent Technology and Engineering (IJRTE), vol. 8, no. 6., pp. 544–

548, Mar. 30, 2020. doi: 10.35940/ijrte.f7310.038620. Available: 

http://dx.doi.org/10.35940/ijrte.F7310.038620   

45. A. М. Chesnokov, “Functions in Column-Based Intelligent Systems,” 

International Journal of Engineering and Advanced Technology, vol. 

9, no. 2., pp. 5045–5051, Dec. 30, 2019. doi: 

10.35940/ijeat.b3191.129219. Available: 

http://dx.doi.org/10.35940/ijeat.B3191.129219 

46. N. Shafoat*, T. Uktam, and U. Najimuddin, “Research of the Process 

of Obtaining Organo-Mineral Fertilizer Based on Nitrogen Acid 

Decomposition of Non-Conditional Phosphorites of Central 

Kyzylkumes and Poultry Cultivation Waste,” International Journal of 

Innovative Technology and Exploring Engineering, vol. 8, no. 12., pp. 

2260–2265, Oct. 30, 2019. doi: 10.35940/ijitee.l2529.1081219. 

Available: http://dx.doi.org/10.35940/ijitee.L2529.1081219   

 

 
Disclaimer/Publisher’s Note: The statements, opinions and 

data contained in all publications are solely those of the 

individual author(s) and contributor(s) and not of the Lattice 

Science Publication (LSP)/ journal and/ or the editor(s). The 

Lattice Science Publication (LSP)/ journal and/or the 

editor(s) disclaim responsibility for any injury to people or 

property resulting from any ideas, methods, instructions or 

products referred to in the content. 
 

http://doi.org/10.54105/ijab.A1014.042122
http://www.ijb.latticescipub.com/
https://doi.org/10.1016/B978-012473542-2/50008-0
https://doi.org/10.1016/B978-012473542-2/50008-0
https://doi.org/10.5897/JABSD2013.0210
https://doi.org/10.4067/S0718-58392008000100001
https://doi.org/10.3390/molecules23020319
https://doi.org/10.1590/S0103-90162014000100005
https://doi.org/10.21273/HORTSCI.44.5.1238
https://doi.org/10.1007/s10681-014-1097-1
http://dx.doi.org/10.35940/ijrte.F7310.038620
http://dx.doi.org/10.35940/ijeat.B3191.129219
http://dx.doi.org/10.35940/ijitee.L2529.1081219

