
   

GROWTH, YIELD AND QUALITY OF GARLIC (Allium sativum L.)  TO 

BLENDED NPS AND ZINC FERTILIZER RATES AT DEBRE BERHAN, 

CENTRAL HIGHLAND OF ETHIOPIA 

  

 

MSc. THESIS 

  

  

ABRHAM KEFELEW GOREFE 

 

  

 

 

 

 

MAY, 2024 

DEBRE BERHAN, ETHIOPIA 

 

  



i 
 

GROWTH, YIELD AND QUALITY OF GARLIC (Allium sativum L.)  TO 

BLENDED NPS AND ZINC FERTILIZER RATES AT DEBRE BERHAN, 

CENTRAL HIGHLAND OF ETHIOPIA 

 

A Thesis Submitted to the Department of Horticulture 

 

College of Agriculture and Natural Resource Sciences, College of Graduate 

Studies, Debre Berhan University 

 

 

In Partial Fulfillment of the Requirements for the Degree of Master of 

Science in Horticulture 

 

 

ABRHAM KEFELEW 

 

 

 

Major Advisor: BIZUAYEHU DESTA (PhD) 

Co-Advisor: FRESEW BELETE (PhD) 

 

  

May, 2024 

Debre Berhan, Ethiopia    

 

 



ii 
 

COLLEGE OF GRADUATE STUDIES 

COLLEGE OF AGRICULTURE AND NATURAL RESOURCE 

SCIENCES 

DEBRE BERHAN UNIVERSITY 

APPROVAL SHEET – I 

This is to certify that the thesis entitled: Growth, Yield and Quality of Garlic (Allium sativum 

L.)  to Blended NPS and Zinc Fertilizer Rates at Debre Berhan, Central Highland of 

Ethiopia submitted in partial fulfillment of the requirements for the degree of Master of Science 

with specialization in Horticulture of the Graduate Program in the department of horticulture, 

College of Agriculture and Natural Resource Sciences, Debre Berhan University and is a record 

of original research carried out by Abrham Kefelew, DBU1400516, under my supervision, and 

no part of the thesis has been submitted for any other degree or diploma. 

The assistance and help received during the course of this investigation have been duly 

acknowledged. Therefore, I recommend that it to be accepted as fulfilling the thesis requirements. 

 

_______________________           _________________                             _________________  

Name of Major Advisor                             Signature                                                 Date  

Or 

_______________________          _________________                                _________________ 

 Name of Co-Advisor                                        Signature                                                Date 

 

 

 

 

 



iii 
 

COLLEGE OF GRADUATE STUDIES 

COLLEGE OF AGRICULTURE AND NATURAL RESOURCE SCIENCES 

DEBRE BERHAN UNIVERSITY 

APPROVAL SHEET – II 

We, the undersigned members of the board of the examiners of the final open defense by Abrham 

Kefelew have read and evaluated his thesis entitled: Growth, Yield and Quality of Garlic 

(Allium sativum L.)  to Blended NPS and Zinc Fertilizer Rates at Debre Berhan, Central 

Highland of Ethiopia, and examined the candidate. This is therefore to certify that the thesis has 

been accepted in partial fulfillment of the requirements for the degree of Master of Science in 

Horticulture.  

_____________________       ___________________           ___________________  

Name of the Chairman                    Signature                                        Date  

_____________________        ___________________           ___________________  

Name of Major Advisor                  Signature                                        Date   

_____________________       ___________________          ___________________  

Name of Internal Examiner             Signature                                       Date  

_____________________       ___________________             ___________________  

Name of External Examiner             Signature                                       Date  

Final approval and acceptance of the thesis is contingent upon the submission of the final copy of 

the thesis to the Council of Graduate Studies (CGS) through the department graduate committee 

(DGC) of the candidate’s major department. 

 

  



iv 
 

DEDICATION 

It is my great pleasure to dedicate this thesis to my beloved mother, Mrs. Abebech Yeshitla, who 

always support me and is eager to see my success. May God give her a long life! 

  



v 
 

STATEMENT OF THE AUTHOR 

I, Abrham Kefelew, declare that, this thesis is my genuine work, and that all sources of materials 

used for this thesis have been profoundly acknowledged. This thesis has been submitted in partial 

fulfillment of the requirements for Master of Science (MSc) at Debre Berhan University and it is 

deposited at the University library to be made available for users under the rule of the library. I 

intensely declare that this thesis is not submitted to any other institution anywhere for the award 

of any academic degree, diploma or certificate.  

Brief quotations from this thesis are allowable without special permission, provided that accurate 

acknowledgement of the source is made. Requests for permission for extended quotation from or 

reproduction of this manuscript in whole or in part may be granted by the head of the major 

department or the Dean of the College of Graduate Studies when in his/her judgment the proposed 

use of the material is in the interest of scholarship. In all other instances, however, permission 

must be obtained from the author and advisors of this thesis.  

Name: ABRHAM KEFELEW GOREFE 

 Signature: ______________  

Place: Debre Berhan University.  

Date of Submission: May, 2024 

  



vi 
 

BIOGRAPHICAL SKETCH 

The author, Mr. Abrham Kefelew Gorefe was born on September 1, 1995, at Emegua Kebele, 

Menz Mama Midr Woreda, North Shewa Zone, Amhara National Regional State, Ethiopia. He 

attended his elementary, secondary and preparatory educations at Molale Primary, Molale 

Secondary (Abeto Negasi Kirstos Werede Kal) and Molale Higher Preparatory (Dej Azmach 

Kefelew Preparatory) Schools from 2003 to 2010, 2011 to 2012 and 2013 to 2014, respectively. 

He joined University of Gondar in 2015 and graduated with a BSc degree in Horticulture in July 

2017. Following his graduation, in November 2017, he was employed by Debre Berhan 

University as Senior Technical Assistant where he served up to now.  

In February, 2022, he joined the college of Graduate Studies, Debre Berhan University in part-

time education to pursue his study leading to the Degree of Master of Science in Horticulture. 

 

  



vii 
 

ACKNOWLEDGEMENT 

Above all, thanks to the Almighty God for everything done for me, whom I always trust, for 

giving me health, patience, strength and for keeping my spirits up even in the most difficult times 

from the beginning to end of this work and also his Mother Saint Virgin Mary for her 

compassionate help in all aspects of my life to the success and accomplishment of this thesis. It 

is my pleasure to express my heartfelt sincere appreciation and deepest gratitude to my advisors, 

Dr. Bizuayehu Desta and Dr. Fresew Belete who provided me with their commitment, kindness, 

professional guidance, constructive comments, closer supervision of the field experiment, support 

and encouragement from developing the proposal till the experimental period as well as in 

preparing this manuscript by sacrificing their precious leisure time.  

I am very grateful to Debre Berhan University, College of Agriculture and Natural Resource 

Science and Horticulture Department for allowing me to study MSc in part-time education and 

for the provision of land for conducting the field experiment. I also thank Debre Berhan 

Agricultural Research Center Soil Laboratory, Horticulture Office and their staff for helping me 

in soil analysis and provision of garlic seed. More importantly, all fourth year horticulture and 

plant science under graduate students are acknowledged for the all-round support that helped me 

during field work. 

With the deep sense of veneration and obligation from the corner of my heart, I take this 

opportunity to express my gratitude to Yeglie Wondafer, Mekoya Wondafer, Belayhun Tesfaye, 

Gzachew Mndaye, Dereji Yisma, Ermiyas Bekele, Getenesh Abebe, Ababi Kebede, Lamrot 

W/Maryam, Alemayehu Abera,  Netsanet Tena, Yeshifanos Abebe, Amarech Belayneh, Maledu 

Gera, Nardos Ayalew, Kaleab Yeshitila, Kelem Muluneh, Bemnet Abera, Sintayehu Tenaye, 

Engdashet Lakew, Sharew Belete, Yonas Denekew, Aleme Beletie and Fikre Kebede for their 

material and moral support, inspiration, constructive ideas,  concrete suggestions, encouragement, 

and valuable criticism all the way from the outset to the completion of this study.  

Moreover, my deepest and heart-felt gratitude also goes to my family for their uncountable 

support and encouragement during course offerings and research work. The last but not the least 

my warmest thanks goes to friends, all individuals, groups and organizations who put a drop of 

contribution in one way or another in my study.   



viii 
 

ABBREVIATIONS AND ACRONYMS 

ANOVA               Analysis of variance 

ATA                     Agricultural Transformation Agency 

CEC                      Cation exchange capacity  

CIMMYT             International Maize and Wheat Improvement Center 

CSA                      Central Statistical Agency  

DBARC                Debre Berhan Agricultural Research Center  

DMRT                  Duncan’s Multiple Range Test 

DZARC                Debre Zeit Agricultural Research Center 

EARO                   Ethiopian Agricultural Research Organization 

EC                         Electrical conductivity 

EHPEA                 Ethiopia Horticulture Producers and Exporters Association 

EIA                       Ethiopian Investment Agency 

EIAR                   Ethiopian Institute of Agricultural Research 

ETB                      Ethiopian's Birr 

EthioSIS               Ethiopian Soil Information System 

FAO                      Food and agricultural organization 

FAOSTAT            Food and Agriculture Organization Statistics 

M. a. s. l                Meter above sea level 

NPS                       Nitrogen, Phosphorus and Sulfur 

RCBD                    Randomized Complete Block Design 

SAS                        Statistical Analysis System  

TSS                        Total Soluble Solid 

  



ix 
 

TABLE OF CONTENTS 

Contents                                                                                                                            Page 

DEDICATION ........................................................................................................................................... iv 

STATEMENT OF THE AUTHOR .......................................................................................................... v 

BIOGRAPHICAL SKETCH ................................................................................................................... vi 

ACKNOWLEDGEMENT ....................................................................................................................... vii 

ABBREVIATIONS AND ACRONYMS ............................................................................................... viii 

LIST OF TABLES ................................................................................................................................... xii 

LIST OF FIGURES ................................................................................................................................ xiii 

LIST OF TABLES IN THE APPENDIX .............................................................................................. xiv 

ABSTRACT .............................................................................................................................................. xv 

1. INTRODUCTION ............................................................................................................................. 1 

1.1. Objectives ........................................................................................................................... 4 

1.1.1. General Objective .................................................................................................................... 4 

1.1.2. Specific Objectives................................................................................................................... 4 

2. LITERATURE REVIEW ..................................................................................................................... 5 

2.1. The Garlic Crop ................................................................................................................ 5 

2.2. Use and Importance of Garlic .......................................................................................... 5 

2.3. Opportunity and Challenges of Garlic Production in Ethiopia .................................... 6 

2.4. Nutrient Requirements of Garlic ..................................................................................... 7 

2.4.1. Role of nitrogen in garlic growth, yield and quality ............................................................ 8 

2.4.2. Role of phosphorus in garlic growth, yield and quality ....................................................... 9 

2.4.3. Role of sulfur in garlic growth, yield and quality ............................................................... 10 

2.4.4. The role of NPS fertilizer on garlic growth, yield and quality .......................................... 11 

2.4.5. The role of zinc fertilizer on garlic growth, yield and quality ........................................... 13 

2.4.6. The interaction role of NPS and zinc fertilizers on garlic growth, yield and quality ...... 15 

3.  MATERIALS AND METHODS....................................................................................................... 17 

3.1. Description of the Study Area ........................................................................................ 17 

3.2. Experimental Materials .................................................................................................. 18 

3.3. Treatments and Experimental Design ........................................................................... 18 

3.4. Experimental Procedures ............................................................................................... 19 

3. 5. Soil Sampling and Analysis ........................................................................................... 19 

3.6.3. Yield parameters ................................................................................................................... 21 



x 
 

TABLE OF CONTENTS (Continued) 

3.6.4. Quality parameters ............................................................................................................... 22 

3.6.5.  Partial budget analysis ......................................................................................................... 23 

3.7.  Data Analysis ........................................................................................................................... 23 

4.  RESULTS AND DISCUSSION......................................................................................................... 25 

4.1. Soil Physico-chemical Properties of the Experimental Site before Planting ............. 25 

4.2. Phenological Parameters ................................................................................................ 28 

4.2.1. Days to emergence ................................................................................................................. 28 

4.2.2. Days to maturity .................................................................................................................... 28 

4.3. Growth Parameters ......................................................................................................... 29 

4.3.1. Plant height ............................................................................................................................ 29 

4.3.2. Leaf length ............................................................................................................................. 30 

4.3.3. Leaf diameter ......................................................................................................................... 32 

4.3.4. Leaf number per plant .......................................................................................................... 33 

4.3.5. Neck diameter ........................................................................................................................ 34 

4.4. Yield and Yield Components .......................................................................................... 37 

4.4.1. Bulb length ............................................................................................................................. 37 

4.4.2. Bulb diameter ........................................................................................................................ 38 

4.4.3. Clove length ........................................................................................................................... 39 

4.4.4. Clove diameter ....................................................................................................................... 40 

4.4.6. Total dry biomass .................................................................................................................. 42 

4.4.7. Average bulb weight.............................................................................................................. 43 

4.4.8. Average clove weight ............................................................................................................. 44 

4.4.9. Total bulb yield ...................................................................................................................... 45 

4.4.10. Harvest index ....................................................................................................................... 47 

4.5. Quality Parameters .................................................................................................................. 47 

4.5.1. Percent dry matter ................................................................................................................ 47 

4.5.2. Total soluble solid .................................................................................................................. 49 

4.6. Clove Size Category ........................................................................................................ 51 

4.6.1. Marketable clove size (MC, >2.5 g) ..................................................................................... 51 

4.6.2. Marketable clove size (MC, 2.0- 2.5g) ................................................................................. 51 

4.6.3. Acceptably marketable clove size (AMC, 1.5-1.99 g) ......................................................... 52 

4.6.4. Scarcely marketable clove size (SMC, 1.0-1.49 g) .............................................................. 53 

4.6.5. Unmarketable clove size (UMC, <1.0 g) .............................................................................. 54 



xi 
 

TABLE OF CONTENTS (Continued) 

4.7. Results of Correlation Analysis for Growth, Yield Components and Some Quality      

Parameters of Garlic .............................................................................................................. 55 

4.8. Partial Budget Analysis .................................................................................................. 57 

5.  SUMMARY, CONCLUSION AND RECOMMENDATION ........................................................ 58 

6.  REFERENCES ................................................................................................................................... 60 

7.  APPENDICES .................................................................................................................................... 75 

 

 

 

 

 

 

 

  



xii 
 

LIST OF TABLES 

Table                                                                                                                                      Page 

1. Agromorphological characteristics of ‘Qundi’ (NG0048/04) garlic variety. .......................... 18 

2. Physico-chemical characteristics of the soil in the experimental site. ..................................... 27 

3. Effect of NPS fertilizer on days to emergence and days to maturity of garlic. .......... …..Error! 

Bookmark not defined. 

4. Effect of NPS and Zn fertilizers on plant height, leaf length, leaf diameter and leaf number of 

garlic…………………..………………………………………………………………………..32 

5. The interaction effect of NPS and Zn fertilizers on neck diameter of garlic. .......................... 34 

6. Effect of NPS and Zn fertilizers on shoot dry weight of garlic. .............................................. 36 

7. Interaction effect of NPS and Zinc fertilizers on bulb length, bulb diameter, clove length and 

diameter of garlic. ........................................................................................................................ 38 

8. Effect of NPS and Zn fertilizer rates on clove number and total dry biomass of garlic. ......... 42 

9. Interaction effect of NPS and Zinc fertilizers on average bulb weight, average clove weight, 

total bulb yield and harvest index of garlic. ................................................................................. 45 

10. Interaction effects of NPS and Zinc fertilizers on percent dry matter content of garlic. ....... 48 

11. Effect of NPS and Zinc fertilizers on TSS of garlic .............................................................. 50 

12. The interaction effect of NPS and Zinc fertilizers on marketable clove size of garlic .......... 52 

13. Effect of NPS and Zn fertilizers on scarcely marketable clove size of garlic ....................... 53 

14. The interaction effect of NPS and Zinc fertilizers on acceptable marketable clove size and 

unmarketable clove size of garlic ................................................................................................ 54 

15. Correlation analysis of phenological, growth, yield and quality parameter of garlic as 

influenced by the application of NPS and Zinc fertilizers. .......................................................... 56 

16. Summary of partial budget and marginal rate of return analysis for garlic production as 

influenced by NPS and Zn fertilizer during the irrigation season of 2022/23. ............................ 57 

 

 

 

 



xiii 
 

 

LIST OF FIGURES 

Figure                                                                                                                                   Page 

1.  Map of the study area ........................................................................................................................... 17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



xiv 
 

LIST OF TABLES IN THE APPENDIX 

Appendix Table                                                                                                                  Page           

 1. Mean square from analysis of variance (ANOVA) for days to emergence and maturity, plant 

height, leaf length, leaf diameter, leaf number, neck diameter and shoot dry weight of garlic as 

influenced by NPS and Zinc fertilizer. ........................................................................................ 75 

 2. Mean square from analysis of variance (ANOVA) for bulb length, bulb diameter, clove length, 

clove diameter and clove number per bulb of garlic as influenced by NPS and Zinc fertilizer. . 75 

 3. Mean square from analysis of variance (ANOVA) for total dry biomass, average bulb weight, 

average clove weight, total bulb yield and harvest index of garlic as influenced by NPS and Zinc 

fertilizer. ....................................................................................................................................... 76 

 4. Mean square from analysis of variance (ANOVA) for percent dry matter and total soluble solid 

of garlic as influenced by NPS and Zinc fertilizer. ...................................................................... 76 

 5. Mean square from analysis of variance (ANOVA) for marketable clove size and acceptably 

marketable clove size of garlic as influenced by NPS and Zinc fertilizer. .................................. 77 

 6. Mean square from analysis of variance (ANOVA) for scarcely marketable clove size and 

unmarketable clove size of garlic as influenced by NPS and Zinc fertilizer. .............................. 77 

 7. Effect of NPS and Zn fertilizers on neck diameter, bulb length, bulb diameter, clove length 

and clove diameter of garlic ......................................................................................................... 78 

 8. Effect of NPS and Zn fertilizers on average bulb weight, average clove weight, total bulb yield, 

harvest index and percent dry matter of garlic............................................................................. 78 

 9. Effect of NPS and Zn fertilizers on marketable clove size, acceptably marketable clove size 

and unmarketable clove size. ....................................................................................................... 79 

  



xv 
 

GROWTH, YIELD AND QUALITY OF GARLIC (Allium sativum L.)  TO BLENDED 

NPS AND ZINC FERTILIZER RATES AT DEBRE BERHAN, CENTRAL HIGHLAND 

OF ETHIOPIA  

By: Abrham Kefelew 

Major Advisor: Bizuayehu Desta (PhD) 

Co-Advisor: Fresew Belete (PhD) 

ABSTRACT 

Garlic (Allium sativum L.) is the second most important and widely grown Allium crop in many 

regions of Ethiopia. However, the average bulb yield is low compared to the crop's potential yield 

due to several factors including lack of improved varieties, the occurrence of diseases and insect 

pests, lack of improved post-harvest technologies, poor agronomic and cultural practices and 

inappropriate use of fertilizer rates. Among these, inappropriate applications of macro- and 

micronutrient fertilizers are the major agronomic practices that tremendously reduce the yield of 

the crop. Using proper types and rates of fertilizer is one of the measures to increase the crop 

productivity in the region. Hence, a field experiment was conducted to evaluate the effects of 

blended NPS and zinc fertilizer rates on the growth, yield, and quality of garlic during irrigation 

time of 2022/23. The treatments consisted of factorial combinations of four rates of NPS fertilizer 

(0, 121, 242 and 363 kg ha-1) and four levels of Zn (0, 0.3, 0.6 and 0.9%). The experiment was 

laid down in a randomized complete block design with three replications using the garlic cultivar 

‘Qundi’. Data on different phenological, growth, bulb yield and quality-related variables were collected 

and analyzed using R- software. The analysis of variance showed that most of the studied parameters 

were significantly affected by the interaction of the two factors. Accordingly, the study revealed 

that the combined application rates of 242 kg ha-1 NPS and 0.6% zinc resulted in the widest neck 

diameter (1.52cm), longest bulb length (4.98cm), widest bulb diameter (4.44 cm), longest clove 

length (2.61 cm), widest clove diameter (1.59cm), highest average bulb weight (44.63g), highest 

average clove weight (5.93 g), highest total bulb yield (14.89g), highest harvest index (87.41%), 

and highest percent dry matter content (43.18%). The average bulb weight, percent dry matter 

content and total bulb yield due to 242 kg ha-1 of NPS and 0.6% of zinc fertilizer application was 

increased by15.17, 24.12 and 39.94%, respectively, as compared to 242 kg ha-1 NPS without zinc 

application. In addition, the highest net benefit (Birr 1,606,330 ha-1) with an acceptable marginal 

rate of return (116.61%) was recorded from 242 kg ha-1 of NPS with 0.6% Zn rate application as 
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compared to the other treatments. Thus, it can be concluded that the combined application of 

NPS at a rate of 242 kg ha-1 and Zn at 0.6% rate could be recommended to enhance total bulb 

yield and quality of garlic in the study area and other similar agro-ecologies.  

Keywords: Garlic, Bulb, Clove, Blended fertilizer, Nutrient  
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1. INTRODUCTION 

Garlic (Allium sativum L.) belongs to the family Alliaceae which is the second most widely grown 

bulb crops next to onion (Rubatzky and Yamaguchi, 1997; Hore et al., 2014). Garlic crop originated 

in Central Asia (India, Afghanistan, West China and Russia) and it spreads to other parts of the world 

through trade and colonization (Panthee et al., 2006; Muneer et al., 2016). It has been known as a 

cultivated spice and medicinal plant for over 5000 years. Garlic has higher nutritional (Mishra and 

Vikram, 2017) and medicinal (Salomon, 2002) values than other bulbs. It is widely used as anti-

inflammatory activity, an antioxidant and anti-infective properties of many human diseases 

(Lawrence and Lawrence, 2011; Elosta et al., 2017).  

In recent years, the economic importance of garlic has increased considerably in the entire world 

including Ethiopia. It is a big demanded crop both locally and internationally and also the most 

paramount economic crop for low-income smallholder farmers (Getachew and Asefa, 2021). The 

total world production of garlic was 29,149437.66 tons, from 1662384 hectares of land with an 

average productivity of 17.53 t ha-1 (FAOSTAT, 2022). Among the top ten garlic producers, China 

is the largest producer accounting for nearly 73.39% of world production (21391340.27 tons) 

(FAOSTAT, 2022). Following China, other major producing countries were India, Bangladesh, South 

Korea, Egypt, Spain, Uzbekistan, Ukraine, Myanmar and Russia, respectively. In Africa, the total 

production of garlic is 948338.32 tons from 73390 hectares of land with average productivity of 12.92 

t ha-1 (FAOSTAT, 2022). Ethiopia has ranked number 15 in the world ranking (FAOSTAT, 2022).  

In Ethiopia, the total production of garlic is 218806.97 tons from 29131 hectares of land with average 

productivity of 7.51 t ha-1 (FAOSTAT, 2022). Amhara National Regional State is also one of the 

potential areas for the production of garlic with a total production of 70220.72 tons from 11206.59 

hectares of land and with average productivity of 6.27 t ha-1 (CSA, 2022). However, the average 

productivity of garlic in the country in general is below the potential. This low yield is due to the 

declining of soil fertility (Belay, 2015), the use of low-yielding varieties (Jafar, et al., 2021), 

insufficient and inefficient use of fertilizers (Workat et al., 2018), inappropriate clove size (Bizuayehu 

et al., 2021), poor agronomic and cultural practices (Shege et al., 2021), occurrence of disease 

(Abraham et al., 2019) and lack of improved post-harvest technologies (Bizuayehu et al., 2021).  
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Among these, inadequate and unbalanced uses of fertilizer are the major constraints that limit its 

production.  

Fertilizers offer the best means of increasing yield and quality and also maintaining soil fertility. The 

application of NPS fertilizer plays a significant role in improving the productivity of vegetables 

including garlic. Increasing NPS fertilizer application rates significantly enhanced growth, yield and 

marketable bulb proportions as well as bulb quality of garlic (Shege et al., 2017; Abera, 2020).  The 

improvement in vegetative growth of garlic plant due to NPS fertilizer application also has direct 

relation with improvement of bulb weight which consequently increased bulb yield by their pivotal 

roles on the enhancement of physiological activity (Shege et al. 2021; Bewket, 2021). 

In addition to N, P and S, the importance of micronutrients in agriculture is truly well recognized and 

their uses have significantly contributed to the increased productivity of several crops (Tirpathi et al., 

2015). Although their requirement is only in traces, they are essentially as important as 

macronutrients (Yadav et al., 2018), which play an active role in the plant metabolic process starting 

from cell wall development to respiration, photosynthesis, chlorophyll formation, enzyme activity 

and nitrogen fixation (Ballabh et al., 2013). Micronutrients play an essential role to have better 

growth, yield and improved quality of many crops (Alam et al., 2010; Ballabh and Rana, 2012; Yadav 

et al., 2018).  They help for enhanced enzymatic and photosynthetic activity and greater translocation 

rate which consequently resulted in an increased growth and bulb yield of garlic (Yousuf et al., 2016). 

Among these, zinc is an effective micronutrient for the synthesis of plant hormones like auxin and 

carbohydrate formation (Alloway, 2008; Pankaj et al., 2018). It also plays a vital role in sulfur and 

nitrogen metabolism (Pandev et al., 2016). Foliar application of micronutrients during active crop 

growth stage was successfully used for correcting their deficits and improving the mineral status of 

the plants as well as increasing the crop yield and quality (Kolota and Osinska, 2001; Alam et al, 

2010; Ali, 2013).  

Most of the Ethiopian smallholder farmers around the highland area produce garlic partially for home 

self-consumption and mainly for marketing as an income generation. North Shoa zone of Amhara 

region also has tremendous potential for garlic cultivation and it has a total production of 15359.56 

tons from 2166.37 hectares of land and with average productivity of 7.09 t ha-1 (CSA, 2022). 

However, despite its importance, great potential for production and high market demand, production 
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and productivity of garlic particularly in Debre Berhan is limited and remains seasonal. Although 

numerous production problems accounted for the reduction of the yield, inappropriate application of 

macro- and micro-nutrients is one of the major constraints for garlic production. Specifically, 

micronutrients have received less attention in fertilizer management research, development and 

extension system, while it has a great role in the fertilizer program to achieve higher and sustainable 

crop yield by increasing the efficiency of the use of macronutrients (Fouda, 2017; Omesh and Vijay, 

2021).  

According to the atlas of soil fertility made by EthioSIS, seven soil nutrients (N, P, K, S, Zn, B and 

Cu) are found to be deficient in the soils of Amhara region (ATA, 2016). Currently, the nationally 

recommended fertilizer rate of 242 kg ha-1 NPS (92 kg ha-1 P2O5) as side dressing and 130 kg ha-1 

Urea in the split application are used for ‘Qundi’ garlic cultivar (DBARC, 2021), with no 

consideration of soil types. However, farmers in the study area have no experience of applying the 

nationally recommended NPS fertilizer rate and Zn micro-nutrient rather they randomly practice 

undetermined fertilizer rates and types. Hence, yields have not increased as expected even when the 

recommended rates of NPS fertilizers are applied.  This indicates that the use of inappropriate types 

and rates of fertilizer could reduce yield considerably. In addition, information on the use of micro-

nutrients(Zn) in combination with NPS fertilizers for garlic is scanty in Ethiopia. Thus, the integrated 

nutrient supply approach is one of the opportunities for obtaining fairly high productivity with 

substantial fertilizer leading to sustainable agriculture (Bhagwan et al., 2012). Considering the 

importance of garlic as one of the potential vegetable crops for both domestic consumption and 

export, it is imperative to increase its productivity along with the appropriate application of macro- 

and micro-nutrients. Therefore, there is a need to identify the correct and optimum fertilization for 

maximum yield and best possible quality of garlic. In view of these, the present study is initiated to 

find out optimum and economic rates of blended NPS and Zn fertilizers for increased garlic 

productivity at Debre Derhan. 
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1.1. Objectives 

1.1.1. General Objective                                                                                                                                                                                                                                                                                                                        

 To evaluate the growth, yield and quality response of garlic to different rates of blended 

NPS and zinc fertilizers. 

1.1.2. Specific Objectives 

 To evaluate growth, yield and quality response of garlic to different rates of blended NPS 

fertilizer. 

 To evaluate growth, yield and quality response of garlic to different rates of Zn fertilizer. 

 To evaluate the growth, yield and quality response of garlic to the combined effect of 

blended NPS and Zn fertilizers application rates.  

 To determine economically feasible rate of blended NPS and zinc fertilizers for garlic 

production in the study area.  
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2. LITERATURE REVIEW 

 2.1. The Garlic Crop  

Garlic originated in Central Asia and spread to other parts of the world through trade and colonization 

(Panthee et al., 2006; Muneer et al., 2016). Garlic (Allium sativum L.) belongs to the family Alliaceae 

and the genus Allium, which contains more than 600 species and it is the most important widely 

consumed vegetable and ranks second next to onion in the world (Rubatzky and Yamaguchi, 1997; 

Ovesná et al., 2011; Hore et al., 2014).  The generic name Allium is the Latin word for garlic and the 

type of species for the genus is Allium sativum, which means cultivated garlic (Gledhill, 2008). It is 

shallow rooted bulb-forming biennial herbaceous grown as an annual spice having a chromosome 

number 2n =2X=16 with umbellate inflorescence (Kamenetsky and Rabinowitch, 2001; Ovesná et 

al., 2011; Hamma et al., 2013; Hassan, 2015). Its relatives include edible onions (Allium. cepa), 

shallots (Allium. ascalonicum), leeks (Allium. ampeloprasum L.) and chives (Allium. schoenoprasum) 

(Allen, 2009; Hussena et al., 2014; Nicastro et al., 2015). Leek is a tetraploid (2n=32), the other three 

species like garlic are diploid with the basic chromosome number of 2n=16 (Currah and Rabinowitch, 

2002).  

Garlic is a diploid species of obligated apomixes. Hence, it is a sterile species, produces sterile flowers 

which does not produce seeds and propagated only vegetatively through its cloves (Ipek et al., 2005). 

It produces hermaphrodite flowers mainly pollinated by bees, butterflies, moths, and other insects 

(Meredith et al., 2014).  Garlic plants have thin tape shaped leaves (flat and very slender) about 30 

cm to 60cm long and 5.0 to 7.5 cm wide depending on the cultivars. The roots are a shallow 

adventitious system and reaches up to 50 cm in depth or a little more. Heads or bulbs are white 

skinned, divided into sections called cloves, which are the main economic organ of the garlic crop. 

Each head could have 6 to 12 cloves, which are covered with a white or reddish papery layer or “skin” 

(Hector et al., 2012). Depending on where they are grown, the size, shape, color, and flavor will 

differ. Colors can range from white to red to purple or pink (Dayi, 2008).  

 2.2. Use and Importance of Garlic  

Garlic is considered as one of the most important vegetable and spice crops, rightly called the “queen 

of kitchen” (Amin et al., 2014). Nowadays, it is widely produced Allium for its cloves, primarily 



6 
 

used for home consumption as a seasoning in various forms for cooking as either a spice or condiment 

(Hamma et al., 2013; Sung et al., 2014; Hassan, 2015). It is consumed both fresh (green tops and 

bulbs) as well as in dried form as an important ingredient for flavoring various vegetarian and non-

vegetarian dishes (Dufoo-Hurtado et al., 2015). Garlic has higher nutritive value as compared to other 

bulbous crops. It is produced for its medicinal and nutritional properties and has been recognized in 

almost all cultures for its culinary properties. It is an excellent source of several minerals and vitamins 

that are essential for health and has had a medicinal role for centuries such as antibacterial, 

antioxidant, antifungal, antiviral, antitumor and antiseptic properties (Govind et al., 2015; Elosta et 

al., 2017). It can produce organosulfur compounds, such as allicin and diallyl disulfide (DADS), 

which account for their pungency, lachrymatory effects and spicy aroma (Mansoub, 2011).  

 

In Ethiopia, it is one of the important bulb crops produced for home consumption and is a source of 

income for many peasant farmers in many parts of the country (Getachew and Asfaw, 2000). It has a 

significant role in many small-scale farmers due to its major economic and dietary importance in 

addition to fresh consumption. The production of dried and processed garlic products for use in food 

preparation and as dietary health-food supplements is an important industry. In Tigray Ethiopia, garlic 

is one of the high value vegetable crops produced during the cold season, in rotation with pulses that 

have contributed in breaking the life cycle of pest problems and improve soil fertility (Gebremedhin 

et al., 2010). 

 

2.3. Opportunity and Challenges of Garlic Production in Ethiopia  

Ethiopia has a diverse soil and climate comprising several agro-ecological regions which provide 

ample opportunity to grow a variety of horticulture crops. Its topographical differences result in 

different climatic zones which make Ethiopia an attractive country for different kinds of agricultural 

production systems including vegetables (garlic) throughout the year (Ashebre, 2015). Besides, the 

country has tremendous surface irrigation water potential which is estimated to be 122 Billion M3 

(EHPEA, 2013) and underground water potential is estimated to be 40 billion M3 (Abiti, 2011).  

Additionally, Ethiopia has a comparative advantage in a number of horticultural commodities due to 

its proximity to European and Middle Eastern markets and cheap labour (EIA, 2012) and also both 

in Europe and the Middle East a growing interest exists for products from Ethiopia. The Government 
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of Ethiopia also gives high priority to the development of the horticulture sector and in 2008 the 

Horticultural Development Agency has been established with a specific focus to promote and support 

the further development of the horticulture sector (Wiersinga and de Jager, 2009). In order to 

encourage private investment, the Ethiopian Government has developed a package of incentives 

under Regulations No.84/2003 for investors engaged in new enterprises and expansions across a 

range of sectors (EIA, 2012).  

Despite its importance, high market demand and great production potential in different agro-

ecologies, the production, and productivity of garlic crop in Ethiopia is very low, due to a number of 

problems associated with biotic and abiotic stresses as well as improper agronomic practices. From 

those, lack of proper planting material (improved varieties), inappropriate agronomic practices, 

absence of proper pest and disease management practices, and lower soil fertility status in many soil 

types are major production constraints (Getachew and Asfaw, 2000). Among the various challenges, 

major production bottlenecks of all vegetable crops, particularly garlic crop are biotic factors, such 

as fungal disease is the most widespread and destructive pathogens of cultivated garlic crops 

(Getachew and Asfaw, 2000; Selvaraj et al., 2014). Though there is no effective and sustainable 

method reported so far (Lourenco et al., 2018), once established in a field, the pathogen is difficult 

to manage and it permanently renders the field unusable for garlic production for long period of time 

(Wu et al., 2010). Deficiency of soil nutrients during the past growing season has grown in both, 

magnitude and extent. This also becomes a major constraint to production and productivity of 

vegetables in general and garlic in particular. Ethiopian soils are exposed to rapid depletion of macro 

and micronutrient or deficiencies (Achieng et al., 2010) that closely associated with the yield and 

quality of crops. Generally, farmers produce horticultural crops with traditional farming system that 

led to low production and productivity (Alemayehu et al., 2015).  

2.4. Nutrient Requirements of Garlic 

In many crop-producing areas, lack of available nutrients is frequently one of the most limiting factors 

due to continuous cultivation of the land and degradation of soils fertilizers which is one of the bases 

to produce more crop output from existing land under cultivation. However, the economic and 

environmental implications of excessive nutrient use by crops call for balanced fertilization and the 

nutrient needs of crops according to their physiological requirements and expected yields (Ryan, 
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2008). Balanced fertilizer application is essential for vegetative growth and thus, for producing crops 

with top quality and high yields, especially on soils that are cultivated continuously (Chintala et al., 

2012).  

Nutrient requirements of garlic crops vary with the fertility status of the soil, availability of soil 

moisture, variety of the crop and purpose for which the crop is grown. Of many factors, the fertility 

status of the soil significantly affects garlic crop yield (Diriba, 2016).  Garlic has a moderate to high 

fertilizer requirement depending on the nutrient status of the soil. The major factors determining the 

level of soil fertility for improving the productivity and quality of garlic are organic matter content, 

availability of macro and micronutrients, soil reaction and soil physical characteristics (Tisdale et al., 

1995). The effects of these factors are expressed in terms of nutrient availability to plants and fertility 

requirements as well as the level of crop production (Brewster, 1994). Garlic crops have low nutrient 

extraction capacity because of their shallowness and lack of root hairs or un-branched root system. 

Adequate nutrient supply is essential for healthy crop growth and for attaining higher yield in 

sustainable way (Cantwell et al., 2006; Jones et al., 2011). Thus, it needs optimum and regular 

nutrient application. Hence, high yield and good quality of garlic can therefore be obtained through 

efficient and balanced use of macro and micro nutrients (Shukla et al., 2018). 

2.4.1. Role of nitrogen in garlic growth, yield and quality 

Nitrogen (N) is important for chlorophyll, enzymes and protein synthesis in plants. Its availability in 

soil is of prime importance for growing plants as it is a major and indispensible constituent of protein 

and nucleic acid molecules (Yadav, 2003; Farooqui et al., 2009). The availability of N in soil is 

associated with vigorous vegetative growth where more carbohydrates are synthesized and thus 

increases the bulb weight and the total yield of garlic (Amin et al., 1995).  

The application of N at the proper time and amount is a necessary and important consideration for 

increasing the growth, yield and quality of garlic (Kakar et al., 2002). Excessive application of N at 

a later vegetative stage of garlic crop can limit yields and increases storage losses, while inadequate 

nitrogen can hasten maturity and limit yield (Batal et al., 1994). Thus, adequate application of 

different sources and rates of N during the sprouting stage plays an important role in the production 

of vigorous vegetative and optimum leaf expansion of crops and influences bulb size produced (Stork 
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et al., 2004). It is best not to apply N when the bulbs are beginning to enlarge since it will encourage 

excessive leaf growth and reduce bulb size (Bachmann, 2001). 

Growth parameters in garlic were influenced with an increased application rate of N up to 200 kg ha-

1, while further increase in the level of nitrogen up to 250 kg ha-1 decreased most of the growth 

parameters (Zaman et al., 2011). In addition, all yield components of garlic were positively influenced 

by the application of N up to 200 kg ha-1, but it was statistically similar with 150 kg ha-1 of nitrogen 

fertilizer application (Zaman et al., 2011). Similarly, an increased level of nitrogen up to 150 kg ha-1 

increased the growth and yield attributes in garlic 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 total bulb yield (Farooqui et al., 2009). 

Abreham et al. (2014) reported that the application of nitrogen fertilizer significantly affected the 

bulb yield along with all growth as well as yield components of garlic. Plant height, bulb diameter, 

bulb weight and dry matter per bulb in garlic were increased with an increased rate of nitrogen 

fertilizer from 0 to 120 kg ha-1 (Gebrehaweria and Nigussie, 2007). Similarly, most of the growth 

parameters were influenced with an increased application rate of N up to 120 kg ha-1 (ElHifny, 2010). 

Kilgori et al. (2007) also reported a significantly increased cured bulb yield of garlic from the 

increased rate of nitrogen from 0 to 60 and 120 kg ha-1. However, higher dosages of nitrogen up to 

180 and 240 kg ha-1 reduced the bulb yield of garlic. 

2.4.2. Role of phosphorus in garlic growth, yield and quality 

 Phosphorus (P) is a constituent of nucleic acids, phospholipids, the coenzymes DNA and NADP, and 

most importantly ATP. It activates coenzymes for amino acid production used in protein synthesis; 

it decomposes carbohydrates produced in photosynthesis and it is involved in many other metabolic 

processes required for normal growth, such as photosynthesis, glycolysis, respiration, and fatty acid 

synthesis. Phosphorus plays an important role in plant nutrition, particularly it helps to increase early 

crop growth (Jenkins et al., 1999). The application of different levels of P enhanced the growth and 

yields of garlic in comparison to the control. Whereas, limited phosphorus fertilizers in bulb crops 

reduced root growth, leaf growth, bulb size and yield (Stone et al., 2001). When the levels of 

phosphors become increased, yield in garlic crop also become increased. The application of 
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phosphorus at a rate of 75 kg ha-1 significantly increased the neck thickness of bulb, bulb diameter, 

number of cloves per bulb, length of clove, average bulb weight, bulb yield, total soluble solids in 

garlic over control, 25 and 50 kg ha-1 of P fertilizer application (Meena et al., 2019).  

The highest plant height, leaf number, leaf area and bulb yield of garlic was recorded at the rate of 

69 P2O5 kg ha-1 (Tibebu et al., 2014) and 40 P2O5 kg ha-1 (Geleta, 2014).  Further, Geleta (2014) 

showed that phosphorus application at the rate of 40 kg P2O5 ha-1 led to the production of heavier 

cloves, highest bulb diameter and bulb weight in garlic. Alemu (2014) also reported that the 

maximum plant height, leaf number, clove weight and leaf area index of garlic was recorded from 

the application rate of 92 phosphorus kg ha-1. The application of 46 to 92 kg P2O5 ha-1 increased bulb 

yield of garlic by 48.3% as compared to the control (Workat et al., 2018). Shege (2015) figured out 

that the maximum bulb yield of garlic was recorded from the application rate of 122.6 P2O5 kg ha-1. 

2.4.3. Role of sulfur in garlic growth, yield and quality 

Sulfur (S) has an important role in protein synthesis and some hormones formation. It is also 

necessary for enzymatic action, chlorophyll formation, synthesis of certain amino acids and vitamins, 

hence it help to have a good vegetative growth leading to get high yield (El-Shafie and El-Gamaily, 

2002). Appropriate application of S results in an increased photosynthetic rate in garlic leaves, while 

enhancing the antioxidant enzyme and nitrate reductase activities of the leaves (Liu et al., 2010). It 

helps to enhance the availability and uptake of other nutrients (N, P, K, and Ca) which promote the 

growth and development of plants. It has also a direct effect on soil properties as it- may reduce soil 

pH which may improve the availability of micro elements such as Fe, Zn, Mn and Cu (Tantawy and 

Beik, 2009). Sulfur deficiency may also result poor utilization of nitrogen, phosphorus, potash and a 

significant reduction of catalase activities at all age of plants (Nasereen et al., 2003). 

Sulfur application has a significant influence on the bulb diameter of garlic. The application of S at 

rate of 40 to 60 kg ha-1 favored plant growth and development which resulted large sized bulb in 

garlic (Veer et al., 2021). Jaggi and Raina, (2008) reported the increased in fresh and the dry yield of 

garlic bulbs through S application up to 45 kg ha-1. Surendra (2008) also reported an increase in bulb 

yield of garlic by 1.88 t ha-1 with higher S use efficiency due to the application of S up to 40 kg ha-1 

over the recommended dose of NPK fertilizers. The increase in bulb yield of garlic with the 

application of higher levels of Sulphur might be due to its importance in enhanced protein synthesis 
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and translocation of photosynthates in to the bulbs (Chandra and Pandey, 2013 and Cheng et al., 

2015). Similarly, the application of 60 kg S ha-1 significantly increased growth and yield attributes 

like plant height, number of leaves per plant, neck thickness, bulb diameter, number of cloves per 

bulb, fresh and dry weight of cloves, fresh and dry weight of bulb and bulb yield as compared to 

lower doses of Sulfur (Farooqui et al., 2009). Significantly increased growth, bulb and foliage yields 

and other yield and quality attributes in garlic from application of Sulfur ranging from 20 to 60 kg 

ha-1 over the control was reported by different scholars (Nagaich et al., 2003; Losak and Wisniowska-

kielian, 2006; Farooqui et al. 2009; Hore et al., 2014; Diriba et al., 2015). 

2.4.4. The role of NPS fertilizer on garlic growth, yield and quality 

In Ethiopia, the rates of application of plant nutrients are far less than the requirements and blanket 

recommendations (Fikreyohannes, 2005), but farmers use frequently most important mineral 

fertilizers like N, P and K for producing most crops (Yohannes, 1994; Rao et al., 1998). Although, 

the crop nutrient requirements vary with species, variety, soil type, rate and season, bulbous crops are 

heavy feeders requiring optimum supplies of N, P, K and S as well as other nutrients which might 

have synergistic role in providing balanced supply of nutrients that adversely affect growth and yield 

of garlic bulbs (Amin et al., 2007; Diriba et al., 2015; Kumar et al., 2019). The application of sulfur 

containing fertilizers like NPS modifies soil pH, improves soil-water relation and increases the 

availability of plant nutrients like P, Zn, Mn and Fe which may increase the bulb yield of garlic 

(Marschner, 1995). Garlic is a nutrient exhaustive crop and removes a good amount of nutrients from 

the soil. Uptake of sufficient nutrient, N, P and S by the garlic crop is important to improve growth, 

marketable yield as well as quality of the crop (Nai-hua et al., 1998). Thus, an adequate supply of 

nutrients like N, P and S particularly in crop root zone might have improved the chemical and 

biological properties of soil and enabled plant roots to proliferate and resulting in better utilization of 

nutrients by crop (Bhandari et al., 2012). The application of NPS fertilizer significantly influenced 

the growth, yield and yield components of garlic crops (Shege et al., 2017; 2015; Abera, 2020 and 

Bewket, 2021). 

A significant increase in growth attributes of various vegetables including garlic in response to NPS 

fertilizer application was reported by several authors (Shege et al., 2017; Minwyelet, 2017; Maritu, 

2019; Getachew and Temesgen, 2020 and Chala et al., 2022). The increased rate of blended NPS 
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fertilizer application leads to the increased plant height, leaf length and leaf diameter of garlic (Shege, 

et al., 2017; Abera, 2020 and Bewket, 2021) and onion (Muluneh et al., 2018; Shura et al., 2022).  

An increased level of NPS till 200 kg ha-1 increased the growth attributes of shallot like plant height, 

leaf length and leaf number with a delayed day to maturity (Merga, 2022). On the other hand, other 

author (Mohamed and Wagi, 2021) revealed that an increased level of NPS up to 250 kg ha-1 caused 

a higher percentage of variation in leaf length, neck diameter and dry weight of above ground biomass 

in onion.  

The highest fresh and dry weights of aboveground biomass in garlic (Shege et al., 2017) and onion 

(Muluneh et al., 2018) was observed from 105:122.6: 22.6 kg ha-1 of N: P2O5: S and 136.5:119.6:22 

kg ha-1 N: P2O5: S fertilizer application respectively. 

NPS fertilizer had a significant effect on yield and yield contributing characters of garlic crop. Shege 

et al. (2017) conducted an experiment and indicated that NPS fertilizer required for successful garlic 

production and an increased rate of blended NPS fertilizer results the higher marketable (17.42 t ha-

1) and total bulb yield (17.8 t ha-1) of garlic. The application of NPS fertilizer at the rate of 

57: 114: 21 kg ha-1 resulted in the highest average bulb weight and bulb yield of garlic (Bewket, 

2021). The maximum bulb weight, highest marketable bulb yield and total bulb yields of onion was 

observed from the application of N: P2O5: S fertilizer at a rate of 105:119.6:22 kg ha-1, which was 

significantly superior over the control (Muluneh et al., 2018).   

As NPS fertilizer levels increased from 0 kg ha-1 to 200 kg ha-1, total bulb yield in onion also increased 

significantly. The highest total bulb yield (29.35 t ha−1) of onion was recorded from NPS fertilizer 

application at a rate of 200 kg ha-1 (Chala et al., 2022). On the other hand, Shura et al. (2022) indicated 

the increase in bulb diameter, total dry biomass and average bulb weight was observed from the 

highest NPS fertilizer application at a rate of 363 kg ha-1. However, bulb length in onion was increased 

only by the application of 242 kg ha-1 of NPS fertilizer. Hence, increasing the rate of NPS fertilizer 

increased the average bulb weight of garlic which consequently increased bulb yield. This is because 

of the highest nitrogen, phosphorus, and sulfur contribute to the metabolic process such as the 

formation of nucleic acids, phospholipids, coenzymes, and chlorophyll that in turn enhances the bulb 

weight of garlic plants (El-Shafie and El-Gamaily, 2002). 
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Quality attributes of different vegetables like total soluble solid (TSS) were also significantly 

influenced by NPS fertilizer application (Nardos, 2021; Shura et al., 2022 and Merga, 2022). Dry 

matter content of Potato was significant influenced by NPS fertilizer application (Amin, 2018). 

Abera, (2020) found that the increased in NPS (305.5 kg ha-1) fertilizer resulted the higher harvest 

indices (73.81%) in garlic. 

2.4.5. The role of zinc fertilizer on garlic growth, yield and quality 

Micronutrients are to be necessarily taken up by the plants from soil or supplemented through foliar 

application for improving vegetative growth and yield of crops. Foliar application of micronutrients 

during crop growth shows better efficiency than soil application as the uptake and assimilation of 

micronutrients by later method take more time (Pandev et al., 2016) and thus, this method 

successfully used for correcting their deficits and improving the mineral status of plants as well as 

increasing the crop yield and quality (Kolota and Osinska, 2001).  Due to some soil properties, such 

as high pH and lime or heavy texture crop roots are unable to absorb some important nutrients such 

as zinc, thus foliar spraying of micro nutrients is better as compared to soil application (Zhimomi, 

2022). Likewise, the foliar application of micronutrients reduces the cost of owing to the lesser 

requirement of nutrients and better absorption through the foliage (Choyal et al., 2022).  

The application of micronutrients significantly influences the improvement of garlic crop 

productivity by taking an active part in photosynthesis, which ultimately helps towards an increase 

in weight of bulbs. This is because of micronutrients had an essential role in enhancing the 

translocation of carbohydrates from the site of synthesis to the storage organ that improve growth, 

yield and quality of the crop (Alam et al., 2010; Chanchan et al., 2013; Choudhary et al., 2014; 

Choyal et al.,2022). 

Zinc has important functions in the synthesis of auxin or indole acetic acid (IAA) from tryptophan as 

well as in biochemical reactions required for the formation of chlorophyll and carbohydrates which 

noticeably regulates plant growth. It also regulates the functions of stomata by retaining the potassium 

content of protective cells. The crop yield and quality of produce can be affected by deficiency of Zn 

(Jamali et al., 2011; Pankaj et al., 2018). Plants uptake Zn as a divalent cation (Zn2+), however only 

a very minute amount of Zn is readily available as soluble Zn for plant uptake (Gao et al., 2009).  
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Micronutrients(Zn) play an eminent role in plant growth, development and plant metabolism.  

However, their deficiencies may induce several physiological disorders and diseases in plants and 

later, can reduce the quantity as well as quality of vegetable crops (Sharma and Kumar, 2016). Zinc 

deficiencies become so extensive that it ranks next to N and P (Takkar and Randhawa, 1980). Its 

deficiency is significant and widespread deficiency compared to other micronutrients, which affects 

the rate of photosynthesis in various crops (Barman et al., 2018) which leads to discoloration of leaf, 

and this condition is termed chlorosis (Sharma et al., 2013). Hence, farmers should carefully follow 

recommendations to avoid unnecessary costs, possible toxic effects and deleterious interactions with 

other nutrients (Omesh and Vijay, 2021). 

Foliar application of zinc sulphate (ZnSO4) significantly influenced growth, yield and quality 

attributes of the garlic crop (Srivastava et al., 2005; Chanchan et al., 2013; Choyal et al., 2022 and 

Kulthe et al., 2022). The maximum plant height, number of leaves per plant, average clove and bulb 

weight and bulb yield of garlic was obtained from 0.6% of ZnSO4 as compared to the control 

treatment (Choyal et al., 2022).  Similarly, the highest values in plant height, number of leaves, shoot 

fresh and dry weight, bulb diameter, number of cloves per bulbs, bulb and clove weight, clove length, 

clove diameter and total bulb yield was recorded from foliar application of ZnSO4 at a rate of 0.5% 

(Kulthe et al., 2022).  

In addition, the increased in growth and yield contributing characters of onion like plant height, 

number of leaves per plant, leaf fresh weight, bulb fresh weight, total dry matter production and bulb 

yield were observed from the application of 0.5% ZnSO4 fertilizer (Acharya et al., 2015). Foliar 

application of Zn also significantly affected quality parameters like total soluble solids and pyruvic 

acid content (Abd El-Samad et al., 2011). Foliar application of zinc sulphate (0.5%) was an effective 

practice to deal with the low productivity of the crop due to zinc deficiency (Sharma and Singh, 

2018).  Other author Zhimomi, (2022) revealed that an increased level of Zinc till 2.5% caused the highest 

value in plant height, number of leaves per plant, leaf length, neck thickness, polar diameter, 

equatorial diameter, average weight of bulb, number of cloves per bulb, marketable bulb yield, total 

bulb yield, TSS and ascorbic acid content in garlic. 
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2.4.6. The interaction role of NPS and zinc fertilizers on garlic growth, yield and quality  

Although the requirement of micronutrients is only in traces, it is essentially as important as 

macronutrients to have better growth, yield and quality in plants (Yadav et al., 2018). In addition to 

nitrogen, phosphorus, potassium and Sulphur application, zinc as a micronutrient has great role in the 

fertilization program to achieve higher and sustainable bulb yields and quality (Singh and Tiwari, 

1995; Rafie et al., 2017). Improvement of management for macro and micronutrients in the soil could 

improve yields and quality of vegetables (Diriba et al., 2013). Thus, the use of integrated sources of 

nutrients to obtain maximum yield and good quality bulbs is an important practice in today’s garlic 

production. The combinations of different nutrients can influence growth, yield and quality in garlic 

by increasing maturity of the crops which attributed to the availability of ideal nutrients that may 

have led to prolonged maturity through enhanced leaf growth and photosynthetic activities thereby 

increasing partition of assimilates to the bulb growth (Alemu et al., 2016). Hence, the availability of 

balanced macro and micronutrients in the soil is essential for optimum growth, yield and best possible 

quality of the crops which differs with fertility status of the soil and cropping seasons (Teklu et al., 

2004). 

Bulbous crops are heavy feeders, requiring optimum supplies of nitrogen, phosphorus, potassium, 

zinc, sulphur and other nutrients which can adversely affect the growth, yield and quality of bulbs 

under sub-optimal levels in the soil (Gubb and Tavis, 2002). Different combinations of macro and 

micro nutrients played important roles in growth, yield and quality of garlic crop. This is mainly due 

to the fact that micronutrients are essential for better absorption of water, macronutrients uptake and 

metabolism which ultimately resulted in significantly higher bulb yield of garlic (Yousuf et al., 2016; 

Pandev et al., 2016).  

 

The combined application of nutrients leads to an increased bulb weight of garlic, which might be 

attributed to the increased uptake of adequate nutrients and buildup of sufficient photosynthesis that 

enables the increase in the size of bulbs (Singh and Singh, 2017). Thus, application of balanced 

nutrients can improve soil fertility and eliminate the effect of nutrient deficiencies beyond improving 

the productivity and quality of garlic (Lujiu et al., 2004). The combined application of macro and 

micronutrients plays an important role in improving the vegetative growth and yield of garlic (Shukla 

et al., 2018). The longest plant height (65.20 cm), leaf length (51.93 cm), highest marketable bulb 
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yield (34.87 t ha-1), lowest unmarketable yield (0.33 t ha-1), highest total bulb yield (35.04 t ha-1) and 

highest net benefit (908,628.89 ETB ha-1) with an acceptable MRR (313.64%) in onion were recorded 

from the combined application of 242 kg ha-1NPS and 0.75% ZnSO4 (Kelem et al., 2024). Hence, 

NPS and Zn fertilizer could have a synergistic effect and their combined application is the most 

suitable for maximum growth, yield and quality attribute of garlic.   
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3.  MATERIALS AND METHODS 

3.1. Description of the Study Area  

The experiment was conducted under irrigation conditions at Debre Berhan University, College of 

Agriculture and Natural Resource Sciences research site during the growing season of 2022/23. The 

study area is located at 130 Km from the capital city of Addis Ababa with latitude and longitude of 

90 39’24’’N and 39031’17’’ E, respectively and an elevation of 2840 m.a.s.l. 

. 

Figure 1.  Map of the study area 

Major crops grown in the study area are wheat, barely, pea, haricot bean, potato, carrot and garlic. In 

the mixed crop livestock, the farming practices in the area is dominated by sole cropping. The data 

obtained from the Ethiopian National Meteorological Agency indicated that the study area receives a 

mean annual rainfall of 927.10mm and is characterized by a bimodal rainfall pattern with a maximum 

(293.02mm) and minimum (4.72mm) peaks in August and December, respectively. The average 



18 
 

monthly maximum and minimum temperatures range from 18.3 OC to 21.8 OC and from 2.4 to 8.9 

OC, respectively. The most dominant soil type in the area is vertisol (FAO, 1984). 

3.2. Experimental Materials 

Garlic cultivar (Qundi), the newly released cultivar by DBARC and adapted to the agro-ecology of 

the area and obtained from DBARC was used for the study area. The fertilizer sources NPS (19% N, 

38% P2 O5 and 7% S), urea [CO (NH2)2] (46% N) and zinc sulfate (ZnSO₄) (99%) were used for the 

study. Zinc sulphate is widely applied as source of zinc because of its high solubility and low cost 

(Roohani et al., 2013) and foliar sprays have no residual effect (Hafeez et al., 2013) on subsequent 

cropping. 

Table 1. Agromorphological characteristics of ‘Qundi’ (NG0048/04) garlic cultivar. 

Cultivar Year of 

release 

(GC) 

Maturity 

time 

(days) 

Rainfall 

(mm) 

Altitude 

(m a.s.l) 

Fertilizer 

rate  

(kg ha-1) 

Foliage 

color 

Skin 

color 

Flesh 

color 

Breeder/ 

Maintainer 

 

Qundi  

(NG-

0048/04) 

2021 138 934-1700 2850  

to 3145  

 

242 NPS 

&130 

Urea    

 

Green White Creamy DBARC/ 

ARARI 

Bulb Yield (t ha-1)

  

 Research field 13.03    

  Farmers’ field 6.68-14.62    

Source: Debre Berhan Agricultural Research Center (2021). 

3.3. Treatments and Experimental Design  

The treatments consisted of a 4x4 factorial combination of NPS fertilizer rates (0, 121, 242 and 363 

kg ha-1) and Zn rates (0, 0.3, 0.6 and 0.9% w/v).  The treatments were arranged in a randomized 

complete block design (RCBD) with three replications.  The blended NPS fertilizer rates were 

calculated based on the blanket recommendation rate of 242 Kg ha-1 of NPS and 130 Kg ha-1 of Urea 

for Qundi, cultivar (DBARC, 2021) and foliar application of ZnSO4 were calculated based on the 

recommendation rate of 0.6%, which was significantly enhanced growth, yield and quality in garlic 
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(Srivastava et al., 2005; Choyal et al., 2022). After calculating the nutrients in the blanket 

recommendation, 50% of nutrients were added and subtracted.  

3.4. Experimental Procedures 

The land was ploughed by the tractor and harrowed to break down large clods in order to make the 

land to a fine tilth. All the stubbles and uprooted weeds were removed. The land was leveled using a 

rake and ridges at 20 cm in height, then plots was marked and rows for planting was lined. In 

accordance with the specification of the design, each block contains a complete set of the treatments 

which was allotted to the plots within each block at random. The total area for the experiment was 

26.7m * 6.5 m (173.55 m2). The plot size was 1.2 m * 1.5 m (1.8 m2) accommodating five rows and 

12 plants in a row. The distance between blocks and plots was 1 m and 0.5 m respectively. Each plot 

contained 60 garlic plants. The outer single rows at both sides of the plot and one plant at both ends 

of the rows were considered border plants. The central three rows were used as the net plot area for all 

data collection. Thus, the net plot size was 1m * 0.9m (0.9 m2). 

 

Cloves (2- 2.5 g) used for the propagation purpose were prepared from clean, well-developed and dry 

bulbs. The cloves were directly planted on prepared plots at a spacing of 30 cm x 10 cm between 

rows and plants, respectively, by sticking the clove into the raised bed by hand. One-third of urea was 

applied at planting and the remaining was applied in split, half at active vegetative growth (three 

weeks after emergence) and the rest six weeks later after emergence (before bulbing) as a side 

dressing (DZARC, 2003). The NPS as per the treatment was applied at planting in a single dose 

whereas, the micronutrients namely zinc as zinc sulphate was applied by foliar spray three times at 

monthly intervals starting from 30 days after planting (Manna, 2013). All the recommended 

agronomic practices like irrigation, weeding, inter-cultivation and ridging were done uniformly for 

all treatments, at the appropriate time to facilitate root, vegetative growth and bulb development 

(Asfaw and Eshetu, 2015).  

3. 5. Soil Sampling and Analysis  

Soil samples (0-20 cm depth) were collected from the entire experimental field by Auger sampler 

using a zigzag pattern before planting. The samples were composite into one, dried by air under shade, 
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ground into small crumbs with a pestle and mortar, mixed thoroughly and sieved through a 2-mm 

sieve. From this mixture, a sample weighing one-kilo gram was taken and filled into a plastic bag for 

the analysis of soil texture, soil pH, CEC, EC, organic carbon (OC), organic matter content (OM), 

total N, available P, exchangeable K, available S, available Zn, exchangeable Ca, Mg and Na. 

Standard laboratory procedures were followed in the analysis of such soil physico-chemical 

properties.  

The textural class was determined by using the hydrometer method of Bouyoucos (Bouyoucous, 

1962). The soil pH was estimated from the filtered suspension of 1:2.5 soils to water ratio using a 

glass electrode attached to a digital pH meter (Jones, 2003). Soil cation exchange capacity (CEC) was 

determined by ammonium acetate method (Cottenie, 1980). The soil OC was determined by using 

wet digestion and oxidation method (Walkley and Black, 1934) and its content was used to estimate 

the OM content by multiplying OC by 1.724 (Broadbent, 1953; Pribyl, 2010). Total N content was 

determined using the modified micro Kjeldhal method (Cottenie et al., 1982), the available P was 

determined using the Olsen method as described by Olsen et al. (1954) and exchangeable K was 

determined by using neutral normal ammonium acetate method (Schollenberger and Simon, 1945). 

The exchangeable Ca, Mg and Na was determined by using ammonium acetate method. The S content 

was determined by monocalcium phosphate extraction method or turbidmetrically using a 

spectrophotometer method (Chesnin and Yien, 1951; Johnson and Fixen, 1990). Available Zn was 

determined by using AD-DTPA (dietylene triamine penta acetic acid) method (Ryan et al., 2001). A 

soil analysis was conducted at Debre Berhan Agricultural Research Center Soil Laboratory.  

3.6. Data Collected  

3.6.1. Phenological parameters 

Days to emergence (day): Days to 50% emergence was recorded when 50% of the cloves sprout and 

emerges out of the soil in each plot. The average of days to emergence on each plot for all replications 

was taken as the actual number of days to emergence. 

Days to 75% physiological maturity (day): It was recorded as the number of days required from 

planting to the time when 75 % of the leaves in each plot become yellow, dry and show senescence. 
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3.6.2. Growth parameters 

Plant height (cm): The average length of ten randomly taken plants in each net plot was measured 

from the soil surface to the tip at physiological maturity and the average was considered for statistical 

analysis. 

Leaf length (cm): The length of the longest leaf from the leaf sheath to the tip of the leaf at 

physiological maturity was measured from ten randomly taken plants and their average was expressed 

as leaf length. 

Leaf diameter (cm): One leaf from each sample plant was measured from the widest part of the 

leaves during physiological maturity. The average diameter of leaves was considered from ten 

randomly selected plants in the three central rows.  

Number of leaves per plant (No): The total number of healthy leaves was counted from ten 

randomly selected plants from the central three rows at physiological maturity and the mean value 

was computed. 

Neck diameter (cm): The thickness of the neck was determined from ten randomly selected plants of 

the three central rows. It was measured by using a caliper after curing. 

Shoot dry weight (g): The shoot fresh mass was oven-dried until a constant weight is achieved at a 

temperature of 650C and its dry matter yield was determined.  

3.6.3. Yield parameters  

 

Average bulb weight (g): The average mature bulb weight per plant was registered after the 

weighing of cured bulbs produced in the net plot area by using sensitive balance and divided by the 

number of bulbs. 

Bulb length (cm): It was determined from ten randomly selected plants of the three central rows and 

it was measured longitudinally from the bottom to the top using a caliper after curing.  

Bulb diameter (cm): It was determined from ten randomly selected of the three central rows. It was 

measured at the middle cross section of the bulb by using caliper after curing.  
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Clove length (cm): The average clove length of five randomly taken bulbs from the net plot area was 

taken and measured from the base to the tip of the clove using a caliper after curing.  

Clove diameter (cm): The average clove diameter of five randomly taken bulbs from net plot area 

was measured from the middle portion of the clove using a caliper after curing.  

Average clove weight (g): Clove weight of ten randomly selected plants from the net plot area was 

measured after curing by using sensitive balance and dividing by the number of cloves and their mean 

was taken as average clove weight.  

Clove number per bulb (No): The number of cloves produced from ten randomly selected plants in 

the net pot area was counted and divided by the number of bulbs; their mean was taken as clove number 

per bulb. 

Total dry biomass (g): This was determined by taking the total biomass weight of sampled plants 

from the net plot area which included dried bulbs, leaves, stems, and roots after drying in an oven at 

700c until a constant weight was attained.  

Total bulb yield (t ha-1): The bulb weight of plants harvested from three central rows was weighed 

after curing for 10 days under shade in ambient conditions and converted to tons per hectare.  

Harvest index (%):  It was calculated as the ratio of dry bulb yield weight to biological yield and 

multiplied by 100.  

HI (%) = (EY/BY) *100  

Where: EY: Weight of dry bulb (Economic Yield) 

           BY: Weight of biological yield (above-and below-ground dry weight). 

3.6.4. Quality parameters  

Clove size category: Cloves of five bulbs from randomly taken bulb ware categorized in to four 

market clove sizes and one unmarketable clove sizes (very small) on the basis of clove weight as very 

large size (greater than 2.5 g), large size (2.00-2.50 g), medium size (1.50-1.99 g), small size/ scarcely 

marketable cloves (1.00-1.49 g) and very small cloves with weight of less than one gram 

(Fikreyohannes, 2005). 
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Bulb dry matter content (%DM): Cloves from five randomly selected bulbs were chopped into 

small pieces with the help of stainless steel knife, mixed thoroughly and the exact weight of each 

sample was determined and recorded as fresh weight. The samples were placed in paper bags and 

dried in an oven at 65 0C until constant weight is obtained. Each sample was immediately weighed 

using digital sensitive balance and recorded as dry weight. Percent dry matter content for each sample 

was calculated by the following formula: 

DM =
[(DW+CW)−CW)

[(FW+CW)−CW]  
 × 100% 

Where: DM = dry matter, DW= dry weight, CW=container weight, FW= fresh weight 

Total soluble solid (TSS) (0Brix): An aliquot of juice was extracted using a juice extractor and 100ml 

of the slurry was filtered using muslin cloth. The total soluble solids of garlic were determined using 

a digital refractometer with a range of 0 to 32 °Brix and a resolution of 0.2 °Brix by placing 2 drops 

of clear juice on the prism. Between samples, the prism of the refractometer was washed with distilled 

water and dried before use and was expressed as 0Brix (Robert and Bradley, 2010).  

3.6.5.  Partial budget analysis  

A partial budget was employed for economic analysis of fertilizer application and it was carried out 

for combined bulb yield data. The costs of fertilizers and labor costs for fertilizers were considered 

as variable cost. The cost of land preparation, field management, seed cost, harvest, transportation, 

storage, post-harvest and other extra expenses was not included in the calculation; the economic 

analysis was done as per the formula developed by CIMMYT (1988).  

Marginal rate of return (%) = Changes in net benefit/Change in total cost*100.  

A treatment having a marginal rate of return (MRR) greater than or equal to 100% is said to be 

economically profitable.  

3.7.  Data Analysis 

Data obtained were subjected to Analysis of Variance (ANOVA) using the general linear model 

(GLM) of R – software. All significant pairs of treatment means were compared using Duncan’s 

Multiple Range Test (DMRT) (Gomez and Gomez, 1984) at a 5% level of significance. A Pearson 
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correlation was computed to understand the association between selected growth, yield and quality 

parameters. 
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4.  RESULTS AND DISCUSSION 

4.1. Soil Physico-chemical Properties of the Experimental Site before Planting 

The results of the soil analysis before the experiment indicated that soil of the study site was 

dominantly clay (Table 2). The soil pH (6.09) of the study area was slightly acidic, as rated by 

Tekalign (1991).  Bachmann (2001) indicated that pH in the range of 5 to 7.5 is favorable for garlic 

production, while soil that is too acidic or too alkaline causes slow growth and late maturity. Soil pH 

has a vital role in determining several chemical reactions that influence plant growth by affecting the 

activity of soil microorganisms and altering the solubility and availability of most of the essential 

plant nutrients, particularly the micronutrients such as Fe, Zn, B, Cu and Mn (Sumner, 2000). EC of 

the soil was 0.093 (ds m-1) which was non-saline (USSLS, 1954). Hazelton and Murphy (2007) 

described that less than 2 d S m-1 soil is non-saline, 2 - 4 d S m-1 slightly saline, 4 - 8 d S m-1 moderately 

saline and 8-16 d S m-1 highly saline and greater than 16 d S m-1 extremely saline. They further 

reported that the soil salinity effect below 2.0 d S m-1 is mostly negligible for most crops.   

 

The CEC of the soil was 25.45 cmol (+) kg-1 which was high (Landon, 1991; Hazelton and Murphy 

(2007). Hazelton and Murphy (2007) described that CEC (cmol (+) kg-1) of the soil less than 5 is 

rated as very low, 5-15 is rated as low, 15-25 is rated as medium, 25- 40 is rated as high and greater 

than 40 is rated as very high, thus high CEC values imply that the soil has high buffering capacity 

against induced chemical changes. High CEC indicates that the soils can strongly hold nutrients and 

is mainly due to its high clay content. Organic carbon of the soil was 1.6% which was medium. 

Tekalign (1991) described that the OC (%) of the soil less than 0.5 is rated as very low,0.5-1.5 is 

rated as low, 1.5-3 is rated as medium and greater than 3 is rated as high. Organic matter of the soil 

was 2.76% which was medium. Tekalign (1991) described that the OM (%) of the soil less than 0.86 

is rated as very low,0.86-2.59 is rated as low, 2.59-5.17 is rated as medium and greater than 5.17 is 

rated as high. Potgieter (2006) showed that the soil with over 2% of organic matter content was good 

for plant growth and development.  

 

The total nitrogen content TN (%) of soil was medium 0.19 % (Table 2). Tekalign (1991) and Goronski 

et al. (2010) described that the TN (%) of the soil less than 0.01 is rated as very low,0.01 - 0.12 is rated 

as low, 0.12 - 0.25 is rated as medium and greater than 0.25 is rated as high. The available P (mg kg-
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1) content of the soil was 8.67 mg kg-1 which was low. According to Olsen et al. (1954), the available 

P of the soil less than 5 is rated as very low, 5-9 is rated as low, 10-17 is rated as medium, 18-25 is 

rated as high and greater than 25 is rated as very high. The exchangeable K (cmol (+) kg-1) content 

of the soil was 1.55 (cmol (+) kg-1) which was very high. Hazelton and Murphy (2007) and FAO 

(2006) described that the Exchangeable K of the soil less than 0.2 are rated as very low, 0. 2 - 0.3 are 

rated as low, 0.3 - 0.6 are rated as medium, 0.6-1.2 are rated as high and greater than 1.2 are rated as 

very high. The soil available sulfur of the experimental area was 11.37 mg kg-1. Bashour and Sayegh 

(2007) reported that soils with Sulfur content of <0-10 are very low, 10-20 is low, 20-35 is medium, 

35-45 is high and > 45 is very high.  Thus, it has been rated as low.  

 

Available Zn (mg kg-1) content of the soil was 1.02 mg kg-1 which was medium.  According to 

Lindsay and Norvell (1978), the available Zn (mg ha-1) of the soil is less than 0.5 very low, 0.6 - 1.0 

low, 1.0-3.0 medium, 3.0-6.0 high and >6.0 very high. The exchangeable Ca (cmol (+) kg-1) content 

of the soil was 19.72 (cmol (+) kg-1) which was high. Hazelton and Murphy (2007) and FAO (2006) 

described that the Exchangeable Ca of the soil less than 2 is rated as very low, 2 - 5 are rated as low, 

5 -10 are rated as medium, 10 - 20 are rated as high and greater than 20 are rated as very high. The 

exchangeable Mg (cmol (+) kg-1) content of the soil was 6.92 (cmol (+) kg-1) which was high. 

Hazelton and Murphy (2007) and FAO (2006) described that the Exchangeable Mg of soil less than 

0.3 is rated as very low, 0.3 – 1.0 is rated as low, 1.0 – 3.0 is rated as medium, 3.0 – 8.0 are rated as 

high and greater than 8.0 are rated as very high. The exchangeable Na (cmol (+) kg-1) content of the 

soil was 0.48 (cmol (+) kg-1) which was medium. FAO (2006) described that the Exchangeable Na 

of the soil less than 0.10 is rated as very low, 0.1 - 0.3 is rated as low, 0.3 - 0.7 is rated as medium, 

0.7 - 2.0 is rated as high and greater than 2.0 are rated as very high. 
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Table 2. Physico-chemical characteristics of the soil in the experimental site. 

Parameter Value Rating Reference 

Sand (%)  18   

Silt (%)   34   

Clay (%) 48   

Textural class Clay   

pH 6.09 Slightly acidic Tekalign (1991) 

Organic carbon (%) 1.6 Medium  Tekalign (1991) 

Organic matter (%) 2.76 Medium  Tekalign (1991) 

Total nitrogen (%) 0.19  Medium Tekalign (1991); Goronski et al. 

(2010) 

Available P (mg kg-1) 8.67  Low  Olsen et al. (1954) 

Exchangeable K  

(Cmol(+) kg-1) 

1.55 Very high Hazelton and Murphy (2007) 

Available S (mg kg-1) 11.37  Low Bashour and Sayegh (2007) 

Zn (mg kg-1) 1.02 Medium Lindsay and Norvell (1978) 

EC (ds ml-1) 0.093 Non-saline USSLS, (1954) 

CEC (Cmol(+) kg-1 25.45 High  Landon (1991); Hazelton and Murphy 

(2007) 

Ca2+ Cmol(+) kg-1 19.72 High  Hazelton and Murphy (2007) 

Mg2+ Cmol(+) kg-1 6.92 High  Hazelton and Murphy (2007) 

Na+ Cmol(+) kg-1 0.48 Medium  FAO (2006) 

Where: - pH= Potential of Hydrogen, OC = Organic Carbon; OM= Organic matter; N = Nitrogen; P 

= Phosphorus; S= Sulphur; Zn= Zinc; CEC = Cation Exchange Capacity; Ca = Calcium; Mg = 

Magnesium and Na = Sodium. 



28 
 

4.2. Phenological Parameters  

4.2.1. Days to emergence 

The main effect of the NPS rate significantly (P < 0.001) affected the number of days required for 

emergence. However, the main effect of the Zn rate and the interaction effect of NPS and Zn rate did 

not significantly affect this parameter (Appendix Table 1). The earlier days to emergence (13.91) was 

recorded from the application of the highest (363 kg ha-1) rate of NPS fertilizer, while the delayed 

day for emergence was recorded from the control treatment. The application of the highest rate of 

NPS (363 kg ha-1) shortened days to emergence by 0.75 and 3.75 days as compared to the application 

of 242 and 0 kg ha-1 of NPS fertilizer, respectively (Table 3). The hastened duration of emergence by 

the highest amount of NPS application might be attributed to the sufficient supply of nutrients that 

could facilitate root initiation and development which consequently led to early shoot emergence. In 

line with this finding, Getachew and Temesgen (2021) reported early emergence in garlic by the 

application of 105: 92: 17 kg ha-1 NPS. In contrary to the current finding, Abera (2020) indicated that 

NPS fertilizer application did not significantly affect days to emergence. 

Table 3. Effect of NPS fertilizer rates on days to emergence and maturity of garlic 

NPS rate (kg ha-1)                                              Days to emergence (day) 

 

Days to maturity (day) 

 

0 17.66a 139.33d     

121 15.25b 145.00c     

242 14.66c 148.67b      

363 13.91d 154.17a   

Significance level *** *** 

CV (%) 3.00 2.42 

Means in the table followed by the different letter are significantly different to each other *** = 

significant at P ≤ 0.001; CV= coefficient of variation. 

4.2.2. Days to maturity 

Days to maturity was significantly (P < 0.001) influenced by the main effect of NPS rate. On the 

other hand, the main effect of Zn rate and the interaction effect of NPS and zinc rate did not 

significantly affect this parameter (Appendix Table 1). The shortest days to maturity (139.33) was 

recorded from the nil fertilizer application while the longest days to maturity (154.17) was recorded 

from the application of the highest (363 kg ha-1) NPS fertilizer (Table 3). When the application of 
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NPS fertilizer was increased from the lowest to the highest rates, the number of days required to 

maturity was significantly and linearly increased. The application of NPS fertilizer at all levels 

resulted in a delay in maturity as compared to the control treatment. Garlic plants, which were not 

fertilized with NPS had shortened days to maturity by 9.34 days as compared to the application of 

242 kg ha-1 NPS fertilizer (Table 3). This could be due to the increased vegetative growth in response 

to NPS application which extended physiological activities and continued in photosynthesis thereby 

increasing the production of assimilates that caused a delay in maturity.  

In agreement with this, Shura et al. (2022) reported that the shortest days to maturity of onion were 

recorded from 0 to 121 kg ha-1 of NPS fertilizer levels while the longest days to maturity were 

recorded from 242 to 363 kg ha-1 of NPS. Similarly, Maritu (2019) reported that the application of 

the highest NPS (361.5 kg ha-1) fertilizer in onion crop resulted in a delay in maturity by 4.04 days 

as compared to the control treatment. In addition, Mohamed and Wagi (2021) stated that the longest 

days to maturity in onions were recorded in plots supplied with 250 kg ha-1 NPS fertilizer which was 

increased by 5 days compared with the control. Moreover, Chala et al. (2022) also reported that the 

day to physiological maturity in onion crop was delayed at higher level of NPS (200 kg ha-1) fertilizer 

application than the control treatment.  However, Shege et al. (2017) described that NPS fertilizer did 

not significantly affect days to maturity of garlic.  

4.3. Growth Parameters  

4.3.1. Plant height 

Plant height of garlic was significantly (P ≤ 0.001) affected by the main effects of NPS and Zn rates 

but, their interaction did not significantly affect this parameter (Appendix Table 1). The longest plant 

height (66.28 cm) was recorded from the application rate of 363 kg ha-1 NPS, whereas the shortest 

plant height (51.26 cm) was recorded from the control (0 kg ha-1 of NPS) treatment (Table 4). The 

increase in plant height due to the application of the highest rate of NPS fertilizer was by 5.54 and 

29.30% as compared to the application rate of 242 and 0 kg ha-1 of NPS fertilizer, respectively. The 

positive effect of NPS on plant height could be attributed to the favorable effects of those three 

abundantly available nutrients on assimilates production that favors vigorous vegetative growth. This 

ultimately caused an increase in plant height. This result was in agreement with the finding of Bewket 
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(2021) who reported that the highest plant height was obtained from the highest rate of NPS fertilizer 

(57 :114: 21 kg ha-1) application while the lowest value was recorded from the control treatment. 

Shege (2015) also found that the application of N: P2O5: S (105:122.6: 22.6 kg ha-1) resulted in 

maximum plant height in garlic as compared to the control treatment. Similarly, Muluneh et al. (2018) 

describe that the longest plant height in onion was observed by the application of NPS fertilizer at the 

rate of 73.5:92:16.95 kg ha-1 N: P2O5: S. In addition, Chala et al. (2022) described that NPS fertilizer 

significantly affected the plant height of garlic. 

The tallest plant height (61.98 cm) in garlic was observed from the application of Zn at 0.6% rate, 

which was statistically similar to the application of 0.3 and 0.9 % Zn rate. On the other hand, the 

shortest plant height (55.23 cm) was recorded from the control treatment (Table 4). This might be 

ascribed to the role of zinc in assimilates production that favors vigorous vegetative growth. This 

eventually resulted in higher plant height. In line with this, Choyal et al. (2022) and Acharya et al. 

(2015) reported a maximum plant height in garlic and onion from foliar application of zinc sulphate 

at 0.6% and 0.5% rate, respectively. Similarly, Srivastava et al. (2005) stated the tallest plant height 

in garlic at 60 days after planting from 0.6 % zinc sulphate application. In addition, Kulthe et al. 

(2022) found a significantly maximum plant height of garlic from foliar application of ZnSO4 at 0.5% 

while the lowest plant height was recorded from the control treatment. Moreover, Manna et al. (2014) 

reported that the highest plant height in onion was recorded from the application of 0.5% ZnSO4 while 

the lowest was recorded from the control treatment.   

4.3.2. Leaf length 

Leaf length of garlic was significantly (P ≤ 0.001) affected by the main effects of NPS and Zn 

application rates. However, the interaction of both had responded none significantly (Appendix Table 

1). The application of 363 kg ha-1 of NPS resulted in the longest leaf length (44.02 cm) of garlic 

which was statistically similar with the application of 242 kg ha-1 NPS, whereas the control treatment 

resulted in the shortest leaf length (35.29 cm) (Table 4). The increase in leaf length due to the 

application of large amount of NPS was by 0.96 and 24.74% as compared to the recommended NPS 

(242 kg ha-1) and the control treatment, respectively. The increase in leaf length due to the higher 

NPS fertilizer application might be attributed to more availability of nutrients which had an 

stimulative effect on root development and vegetative growth that caused a higher leaf length.  In line 



31 
 

with this, Mohamed and Wagi (2021) observed the longest leaf length in onion from the highest rate 

of NPS (250 kg ha-1) fertilizer application. Similarly, Bewket (2021) found that the highest leaf length 

was recorded from NPS fertilizer at a rate of 57:114: 21 kg ha-1 while the lowest leaf length was 

recorded from the control treatment. Shege (2015) also reported that the longest leaf length of garlic 

was obtained from NPS application at a rate of 105:122.6:22.6 kg ha-1 while the shortest leaf length 

was obtained from nil application. In addition, Muluneh et al. (2018) reported that the longest leaf 

length in onions was recorded from the highest NPS fertilizer level.  

 

The application of zinc fertilizer at a rate of 0.6% resulted in the tallest leaf length (42.50 cm) which 

was statistically similar to the application of zinc at a rate of 0.9%. However, the shortest leaf length 

(39.14 cm) was recorded from the control treatment (Table 4). The increase in leaf length due to the 

application of zinc fertilizer was by 8.58 % as compared to the control treatment. There was an 

increasing trend in leaf length as zinc rate increased from 0 up to 0.6%, but further increasing up to 

0.9% decreased the leaf length to 41.66 cm (Table 4). The increment in leaf length could be attributed 

to the role of zinc in assimilates production that favors vigorous vegetative growth. This eventually 

resulted in higher leaf length. Similarly, Khan et al. (2007) found that the maximum leaf length in 

onion was obtained from the application rate of 10 kg ha-1 Zn fertilizer, while the minimum leaf length 

was obtained from the control treatment. Tisdale et al. (1985) also reported that zinc is involved in 

auxin metabolism and other enzymatic reactions that increase the leaf length. These results are also 

supported by the findings of Rohidas et al. (2010) and Alam et al. (2019) who reported the significant 

influence of zinc n on leaf length of garlic.  
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Table 4. Effect of NPS and zinc fertilizers on plant height, leaf length, leaf diameter and leaf number 

of garlic 

Means in the table followed by the different letter(s) are significantly different to each other *** = 

significant at P ≤ 0.001; ** = significant at P ≤ 0.01; CV= coefficient of variation. 

4.3.3. Leaf diameter  

The main effects of NPS and Zn significantly (P < 0.001) influenced leaf diameter. However, the 

interaction effect of both did not significantly affect this parameter (Appendix Table 1). The widest 

leaf (2.54 cm) was recorded from the application of 363 kg ha-1 NPS which was statistically similar 

to the application rate of 242 kg ha-1 NPS. On the other hand, the narrowest leaf (2.18 cm) was 

recorded from the control treatment (Table 4). The increase in leaf diameter due to the application of 

the highest rate of NPS fertilization was by 16.51% as compared to the control treatment (Table 4).  

This could be due to the availability of a balanced amount of N, P and S which promotes vigorous 

vegetative growth. This in turn might led to a higher amount of assimilates production and 

partitioning to the plant parts that eventually caused an increase in leaf diameter. The result is in close 

conformity with the findings of Muluneh et al. (2018) who reported the widest leaf diameter in onion 

from 136.5:119.6:22 kg ha-1 of N, P2O5 and S fertilizer application, respectively. 

 

The application of zinc fertilizer at the highest rate (0.9%) resulted in the widest leaf (2.56 cm) which 

was statistically similar to the application of zinc at a rate of 0.6%. However, the narrowest leaf 

(2.17cm) was recorded from the control treatment (Table 4). The increase in leaf diameter due to the 

application of the highest rate of zinc was 17.97% as compared to the control treatment. This might 

NPS rate (kg ha-1)                                              Plant height (cm) 

 

Leaf length (cm) Leaf diameter (cm) Leaf number 

  0 51.26d 35.29c 2.18c 8.30c 

121 58.85c 40.89b 2.40b 9.07b 

242 62.80b 43.60a 2.51ab 9.68a 

363 66.28a 44.02a 2.54a 9.92a 

Significance level *** *** *** *** 

Zn rate (%)     

0 55.23b 39.14c 2.17c 8.55c 

0.3 60.71a 40.52b 2.36b 9.13b 

0.6 61.98a 42.50a 2.54a 9.70a 

0.9 61.29a 41.66ab 2.56a 9.58ab 

Significance level *** *** *** ** 

CV(%) 5.45 3.45 6.81 6.91 
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be ascribed to the role of zinc in assimilates production that favors vigorous vegetative growth. This 

in turn led to a wider leaf diameter. Khan et al. (2007) and Arif et al. (2016) reported the importance 

of zinc for enhanced vegetative growth in garlic and onion crops, respectively. 

4.3.4. Leaf number per plant 

Leaf number in garlic was significantly (P ≤ 0.05) affected by the main effects of NPS and zinc while 

the interaction of both did not significantly affect this parameter (Appendix Table 1). The application 

of the highest NPS (363 kg ha-1) fertilizer resulted in the highest leaf number (9.92) of garlic which 

was statistically similar to 242 kg ha-1 NPS application, whereas the control treatment resulted in the 

lowest (8.30) (Table 4). The leaf number increased by 19.52% due to the application of the highest 

rate of NPS fertilizer as compared to the control treatment. Such increment by the highest amount of 

NPS fertilizer might be due to the sufficiently available nutrients that enhance vigorous vegetative 

growth. This consequently caused an increase in the number of leaves per plant. In agreement with 

this, Abera (2020) reported that the highest leaf number was recorded from 305.5 kg ha-1 NPS 

fertilizer application, while the lowest leaf number was recorded from nil application. Similarly, 

Bewket (2021) observed that the highest and lowest leaf numbers were recorded from 57:114: 21 kg 

ha-1 NPS fertilizer application and the control treatment, respectively. In addition, Shege et al. (2017) 

reported that the highest number of leaf in garlic was obtained from the application of 140:122.6: 

22.6 kg ha-1 of N: P2O5: S fertilizer. Further, Maritu (2019) reported that the highest number of onion 

leaves was recorded from the application of 271.12 kg ha-1 NPS and the lowest number of leaves was 

recorded from the control treatment. On the contrary, Muluneh et al. (2018) stated that the application 

of NPS fertilizer did not significantly influence leaf number in onion crops. 

The application of zinc fertilizer at the rate of 0.6% resulted in the highest leaf number (9.7) which 

was statistically similar to the application of 0.9%. However, the lowest leaf number (8.55) was 

recorded from the control treatment (Table 4). The increase in leaf number due to the application of 

zinc (0.6%) fertilizer was by 13.45% as compared to the control treatment. This increment in leaf 

number in response to zinc application could be ascribed to its role on photosynthetic activity and 

assimilates production and partitioning to the plant parts. This eventually caused an increased number 

of leaves. In agreement with this study, Acharya et al. (2015) and Choyal et al. (2022) found the 

maximum number of leaves per plant in onion and garlic from foliar application of zinc sulphate at 
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0.5 and 0.6%, respectively. Similarly, Kulthe et al. (2022) found a significantly increased number of 

leaves in garlic from foliar application of ZnSO4 at 0.5%, while the lowest leaf number was recorded 

from the control treatment. On the contrary, Manna et al. (2014) and Kelem et al. (2024) indicated 

that the application of zinc fertilizer did not significantly influence the leaf number of onion. 

4.3.5. Neck diameter 

Neck diameter was significantly influenced by the main effects of NPS and zinc as well as by their 

interaction effect (Appendix Table 1). The widest neck diameter (1.52 cm) was measured from the 

combined application of 242 kg ha-1 of NPS and 0.6% of zinc fertilizers which was statistically similar 

to 242 kg ha-1 of NPS with 0.3% zinc and 363 kg ha-1 of NPS with 0.3% and 0.6% zinc applications. 

On the other hand, the narrowest neck diameter (1.04 cm) was recorded from the control treatment 

(Table 5). The increase in neck diameter due to the application of 242 kg ha-1 NPS and 0.6% of zinc 

fertilizers was by 7.04 and 46.15% as compared to the application of 242 kg ha-1 NPS without zinc 

and the control treatment, respectively.  The increment in neck diameter due to the combined 

application of NPS and Zn might be attributed to the availability of those nutrients increased 

chlorophyll synthesis which increased the photosynthetic area that led to vigorous vegetative growth. 

This, in turn, resulted in the maximum number of leaves that produced maximum photosynthates 

accumulation and translocation into the pseudo stem and ensured higher neck thickness of garlic. 

Similarly, Guesh (2015) reported that the vigorous growth of plants due to sufficient growth resources 

resulted in the highest bulb neck diameter of onion. Adekpe et al. (2007) indicated that garlic plants, 

which attained higher vegetative growth earlier possibly, had developed larger neck diameter. In 

addition, Mohamed and Wagi (2021) reported that the widest neck thickness in onion was obtained 

by application of 250 kg ha-1 NPS fertilizer rate. 

 

The reduced neck diameter beyond the application of 243 kg ha-1 of NPS fertilizer and 0.6% of zinc 

might be ascribed to excess application of nutrients that caused a luxurious vegetative growth and 

consequently led to partitioning of assimilates mainly to the vegetative parts that eventually resulted 

in reducing of neck diameter. In agreement, Akuamoah-Boateng (2016) reported that the neck 

thickness of onion bulbs was reduced as the application of organic and inorganic fertilizer increased 

which might cause vigorous vegetative growth and then ultimately cause distribution of 

photosynthates principally to the vegetative parts. 
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Srivastava et al., (2005) observed the thickest neck in garlic at 90 days after planting under 0.6% zinc 

sulphate application. Similarly, Babaleshwar et al. (2017) reported that the highest value in neck 

thickness in onion was measured from foliar application of zinc sulphate at a rate of 0.5% while the 

lowest value in neck thickness was measured from the control treatment. In addition, Zhimomi (2022) 

described that the maximum neck thickness of garlic bulb was obtained from zinc application up to 

2.5% rate and the minimum neck thickness was obtained from the control treatment. However, 

Chanchan et al. (2013) observed that the neck thickness of garlic was not influenced by the different 

levels of micro-nutrient application. 

Table 5. The interaction effect of NPS and zinc fertilizers on neck diameter of garlic 

Means in the table followed by the different letter(s) are significantly different to each other at *** = 

significant at P ≤ 0.001, CV- coefficient of variation. 

 4.3.6. Shoot dry weight 

The main effects of NPS and zinc significantly (P < 0.001) affected the shoot dry weight of garlic, 

while their interaction did not significantly affect this parameter (Appendix Table 1). The highest 

shoot dry weight (9.05 g) was obtained from the application of 242 kg ha-1 of NPS which was 

statistically similar to the application of NPS at a rate of 363 kg ha-1. However, the lowest shoot dry 

weight (5.52 g) was obtained from the control treatment (Table 6). The increase in shoot dry weight 

NPS rate (kg ha-1) Zn rate (%) Neck diameter (cm)  

0 0 1.04j 

 0.3 1.12i 

 0.6 1.24h 

 0.9 1.30g 

121 0 1.36g 

 0.3 1.37ef 

 0.6 1.41c-f 

 0.9 1.38d-f 

242 0 1.42c-f 

 0.3 1.50ab 

 0.6 1.52a 

 0.9 1.44b-d 

363 0 1.43b-d 

 0.3 1.47a-c 

 0.6 1.47a-c 

 0.9 1.45b-d 

Significance level  *** 

CV(%) 2.66 
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due to the recommended rate of NPS fertilizer application was by 63.95% as compared to the control 

treatment. The increase in shoot dry weight of garlic could be due to the increased application of NPS 

that might have attributed to the maximum vegetative growth, assimilates production and 

accumulation of carbohydrates which increased shoot dry weight of garlic. In agreement with this, 

Abera (2020) reported that the application of blended NPS fertilizer improved root growth and 

increased the uptake of nutrients that favor better vegetative growth and delayed senescence of leaves 

which resulted in the maximum above ground dry biomass per plant. Mohamed and Wagi (2021) also 

reported that the highest dry weight of above ground biomass in onion was obtained from the 

application of 250 kg ha-1 NPS fertilizer while the lowest value was observed from the control 

treatment. On the contrary, Muluneh et al. (2018) indicated that the application of NPS fertilizer did 

not significantly influence the shoot dry weight of onion. 

The application of zinc fertilizer at the rate of 0.6% resulted in the highest shoot dry weight (8.34 g), 

which was statistically similar with the application of 0.9% zinc rate. On the other hand, the lowest 

shoot dry weight (7 g) was recorded from the control treatment but statistically similar to the 

application of 0.3% zinc rate (Table 6). The increase in shoot dry weight due to the application of 

zinc (0.6%) fertilizer was by 19.14% as compared to the control treatment. This increment in shoot 

dry weight in response to Zn application could be due to its role on photosynthetic activity and 

assimilates production and partitioning to the plant parts. This eventually caused an increased dry 

matter accumulation in the shoot. In agreement with this, Kulthe et al. (2022) stated that foliar 

application of ZnSO4 at a rate of 0.5% resulted in maximum shoot dry weight in garlic, while the 

lowest was recorded from the control treatment. Arif et al. (2016) also indicated that garlic plants 

attained higher leaves dry weight in response to zinc application.  
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Table 6. Effect of NPS and zinc fertilizers on shoot dry weight of garlic 

Means in the table followed by the different letter(s) are significantly different to each other, *** = 

significant at P ≤ 0.001; CV= coefficient of variation. 

 4.4. Yield and Yield Components  

4.4.1. Bulb length  

Bulb length was significantly influenced by the main and interaction effects of NPS and zinc 

fertilizers application rates (Appendix Table 2). The longest bulb length (4.98 cm) was measured 

from the combined application of 242 kg ha-1 NPS and 0.6% zinc fertilizers, which was statistically 

similar with the application of 363 kg ha-1 NPS with 0.6% zinc. However, the smallest bulb length 

(2.95 cm) was recorded from the control treatment, which was statistically similar to the application 

of different zinc rates alone (Table 7). The increase in bulb length due to the application of 242 kg 

ha-1 of NPS with 0.6% of zinc was by 28.5% and 68.81% as compared to the application of 242 kg 

ha-1 NPS without zinc and the control treatment, respectively. The increase in bulb length by the 

application of the higher amount of NPS and Zn ascribed to the more availability of nutrients which 

caused vigorous vegetative growth and increased assimilates production that led to accelerated 

translocation of assimilates in to bulbs. This consequently resulted in an increased bulb length. In 

agreement with this, Maritu (2019) reported that the highest bulb length in onion was obtained from 

the application of 271.12 kg ha-1 NPS, whereas the lowest was obtained from the control treatment.  

Similarly, Mohamed and Wagi (2021) described that the highest onion bulb length was obtained from 

the highest NPS (250 kg ha-1) fertilizer application while the lowest bulb length was from the control 

NPS rate (kg ha-1)                                              Shoot dry weight(g) 

0 5.52c 

121 7.66b 

242  9.05a 

363 8.95a 

Significance level *** 

Zn rate (%)   

0 7.00c     

0.3 7.63bc     

0.6 8.34a       

0.9 8.21ab     

Significance level *** 

CV (%) 8.22 
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treatment. In addition, Shura et al. (2022) stated that the longest bulb length in onion was recorded 

from the application of 242 kg ha-1 NPS fertilizer. However, Shege (2015) and Muluneh et al. (2018) 

described that NPS fertilizer did not significantly affect the bulb length of garlic and onion, 

respectively.  

Begum et al. (2015) reported that the application of Zn at 4 kg ha-1 had a significant positive effect 

on onion bulb length. In agreement with this, Rohidas et al. (2010) and Choyal et al. (2022) indicated 

that the increase in average bulb weight of garlic with the increased level of Zn fertilizer application 

and in turn caused an increased bulb length of garlic. 

4.4.2. Bulb diameter 

Bulb diameter was also significantly influenced by the main and interaction effects of NPS and zinc 

application rates (Appendix Table 2). The widest bulb diameter (4.44 cm) was measured from the 

combined application of 242 kg ha-1 NPS and 0.6% zinc fertilizers application, which was statistically 

similar to the application of 242 kg ha-1 of NPS and 0.3% zinc fertilizers application. On the other 

hand, the narrowest bulb diameter (2.60 cm) was recorded from the control treatment (Table 7). The 

application of NPS at a rate of 242 kg ha-1 with 0.6% zinc increased bulb diameter by 17.77% as 

compared to the application of 242 kg ha-1 NPS and 0% Zn fertilizers. The increment in bulb diameter 

might be due to the higher amount of NPS application that could have been attributed to the synergetic 

role played by the three nutrients in providing a balanced supply of nutrients to the crop. The 

application of a balanced amount of N, P and S as well as Zn had a great effect on the vegetative 

growth and assimilate production that in turn led to the increased translocation of assimilates into 

bulbs, which resulted in increased bulb diameter.  

Similarly, Shege et al. (2017) reported that the widest bulb diameter in garlic was achieved by the 

application of the highest rate of NPS fertilizer (140:122.6:22.60 N: P2O5: S kg ha-1), while the 

narrowest bulb diameter was obtained from the control treatment. Shura et al. (2022) also stated that 

the widest bulb diameter in onion was obtained from the highest NPS (363 kg ha-1) fertilizer rate, 

which was statistically similar to the application of 242 kg ha-1 NPS, whereas the lowest bulb diameter 

was recorded from the control treatment. However, Muluneh et al. (2018) stated that the diameter of 

onion bulb was not significantly influenced by the application of different NPS fertilizer rates. 
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Babaleshwar et al. (2017) reported that the application of zinc fertilizer at a rate of 0.5% resulted in 

the widest bulb diameter and the control treatment resulted in the narrowest bulb diameter (5.4 cm) 

of onion. Kelem et al. (2024) also found that the widest bulb diameter in onion was obtained from 

foliar application of ZnSO4 at 0.75%, which was statistically similar to the application of 0.5%, 

whereas the lowest bulb diameter was recorded from the control. Similarly, Bhat et al. (2018) 

reported that the widest bulb diameter of onion was recorded from the application of zinc at a rate of 

7.5 kg ha-1 and the narrowest bulb diameter was recorded from the control treatment. 

Table 7. Interaction effect of NPS and zinc fertilizers on bulb length, bulb diameter, clove length and 

diameter of garlic 

NPS rate (kg ha-1) Zn rate 

(%) 

Bulb length 

(cm) 

Bulb diameter 

(cm) 

Clove length 

(cm) 

Clove diameter 

(cm) 

0 0 2.95g 2.60f    2.17l 1.02i 

 0.3  3.32fg 3.33e 2.29j 1.09gh 

 0.6 3.34fg 3.80cd 2.33ij 1.15fg 

 0.9 3.27fg 3.43de 2.22k 1.08hi 

121 0 3.65ef 3.80cd 2.32ij 1.20ef 

 0.3 3.94de 3.83cd 2.38gh 1.21ef 

 0.6 3.89de 3.77cd 2.38gh 1.24e 

 0.9 3.88de 3.88bc 2.34ih 1.21ef 

242 0  3.88de 3.77cd 2.42fg 1.26e 

 0.3 4.51bc 4.29ab 2.57ab 1.51b 

 0.6 4.98a 4.44a 2.61a 1.59a 

 0.9 4.28cd 3.97bc 2.49de 1.36cd 

363 0 3.60ef 3.60c-e 2.45ef 1.33d 

 0.3 4.48bc 4.0bc 2.54bc 1.42c 

 0.6 4.88ab 4.03bc 2.51cd 1.42c 

 0.9 4.48bc 3.89bc 2.47de 1.34d 

Significance level  * * * *** 

CV (%)  6.27 6.00 1.04 3.20 

Means in the table followed by the different letter(s) are significantly different to each other at * = 

significant at P ≤ 0.05; ***= significant at P ≤ 0.001; CV= coefficient of variation. 

 4.4.3. Clove length  

The main effects of NPS and zinc application rates as well as their interaction significantly influenced 

clove length (Appendix Table 2). The longest clove length (2.61 cm) was obtained by the combined 

application of 242 kg ha-1 NPS and 0.6% zinc, which was statistically similar to 242 kg ha-1 NPS and 

0.3% zinc application rates. However, the narrowest clove length (2.17 cm) was recorded from the 
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control treatment (Table 7). The increase in clove length due to the combined application of 242 kg 

ha-1 NPS and 0.6% zinc was 7.85 and 20.28% as compared to 242 kg ha-1 NPS without zinc and the 

control treatment, respectively. This could be due to the combined application of NPS and Zn that 

favored the maximum clove length by enhancing physiological activity and metabolic process which 

increased vegetative growth, dry matter production and translocation of photosynthates that 

contributed to the enlargement of bulbs and resulted in increased clove length. In agreement with this, 

Bewket (2021) described that the increased level of NPS fertilizer application promoted vigorous 

vegetative growth and increased production of assimilates and translocation to bulbs that ultimately 

resulted in larger bulb weight. This in turn caused an increased clove length of garlic. 

Kulthe et al. (2022) reported that foliar application of ZnSO4 at a rate of 0.5% significantly influenced 

clove length in garlic. They also stated that the maximum value in clove length was recorded from 

foliar application of ZnSO4 at a rate of 0.5%, while the lowest clove length was recorded from the 

control treatment. Significantly increase the clove length of garlic due to the application of zinc 

sulfate (0.25%) also reported by Chanchan et al. (2013). Similarly, Rohidas et al. (2010) indicated 

the significant increment of clove length of garlic due to the application of zinc micronutrient. 

 4.4.4. Clove diameter 

The main as well as their interaction effect of NPS and zinc fertilizers application rates significantly 

(P < 0.001) influenced clove diameter (Appendix Table 2). The widest clove diameter (1.59 cm) was 

recorded by the combined application of 242 kg ha-1 NPS and 0.6% zinc, which was followed by the 

application of 242 kg ha-1 NPS and 0.3% zinc application rates. However, the narrowest clove 

diameter (1.02 cm) was recorded from the control treatment (Table 7). The increase in clove diameter 

due to the combined application of 242 kg ha-1 NPS and 0.6% zinc application rates were 26.19 and 

55.88% as compared to the application of 242 kg ha-1 NPS without zinc and the control treatment, 

respectively. The increase in clove diameter might be attributed to the application of higher amount 

of NPS and Zn which increased the vegetative growth and produces good quality foliage that 

promotes carbohydrate synthesis through photosynthesis and translocation that ultimately increased 

clove size of garlic that in turn resulted in wider clove diameter. In agreement with this, Bewket 

(2021) described that the increased level of NPS fertilizer application promoted vigorous vegetative 
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growth and increased production of assimilates and translocation to bulb that ultimately resulted in 

larger bulb weight. This in turn increased the clove diameter of the garlic. 

 

Kulthe et al. (2022) reported that foliar application of ZnSO4 at a rate of 0.5% resulted in maximum 

clove diameter in garlic which was superior over the control. Similarly, Rohidas et al. (2010) 

indicated the significant increment of clove diameter of garlic due to the application of zinc 

micronutrient. 

 Clove number per bulb was significantly (P ≤ 0.001) influenced by the main effects of NPS and zinc 

application rates, while the interaction of both did not significantly affect this parameter (Appendix 

Table 2). The highest clove number per bulb (15.02) was recorded by the application of 242 kg ha-1 

NPS fertilizer which was statistically similar to the application of 363 kg ha-1 NPS. However, the 

lowest clove number per bulb (9.42) was recorded from the control treatment (Table 8). The increase 

in clove number due to the application of 242 kg ha-1 NPS was by 59.45% as compared to the control 

treatment. The increase in clove number in response to the increased NPS application might be due 

to the application of a balanced amount of N, P and S that had a great effect on the vegetative growth 

and assimilates production. This eventually led to the increased translocation of the assimilates into 

cloves which resulted in an increased number of cloves. In agreement with this, Mekides et al. (2020) 

reported the significant effect of blended NPS fertilizer on tuber number of potato. They observed 

that the maximum tuber number per hill was recorded from the application of NPS (55.5: 89.7:16.52 

kg ha-1) fertilizer, while the lowest tuber number per hill was recorded from unfertilized treatment. 

However, the current finding is in contrast with the finding of Abera (2020) who reported the non-

significant influence of NPS fertilizer on cloves number per bulb of garlic.  

The application of zinc fertilizer at a rate of 0.6% resulted in the highest clove number (14.57) which 

was statistically similar to the application rate of 0.3% zinc. However, the lowest clove number 

(11.67) was recorded from the control treatment (Table 8). The increase in clove number due to the 

application of zinc (0.6%) fertilizer was by 24.85% as compared to the control treatment. This could 

be due to the function of zinc in translocation of photosynthates from one plant part to the other, 

mainly for rapid translocation and storage of food material in the bulb which ultimately increased the 

number of cloves per bulb in garlic.  In line with this, Kulthe et al. (2022) reported that the maximum 

number of cloves per bulb was obtained from foliar application of ZnSO4 at 0.5%, while the lowest 
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number of cloves per bulb was recorded from the control treatment. Arif et al. (2016) also suggested 

the increased number of cloves per bulb in garlic in response to zinc application. However, Srivastava 

et al. (2005) observed that the number of cloves per bulb in garlic was not influenced by the foliar 

application of zinc micronutrient. 

Table 8. Effect of NPS and zinc fertilizer rates on clove number and total dry biomass of garlic 

Means in the table followed by the different letter are significantly different to each other at *** = 

significant at P ≤ 0.001, CV- coefficient of variation. 

4.4.6. Total dry biomass 

The main effects of NPS and zinc significantly (P < 0.001) influenced total dry biomass, while the 

interaction of both did not significantly affect this parameter (Appendix Table 3). The highest total 

dry biomass (46.10 g) was attained from the application of the highest NPS rate (363 kg ha-1), which 

was followed by the application of 242 kg ha-1 of NPS (42.25 g). On the other hand, the lowest total 

dry biomass (30.82 g) was recorded from the control treatment (Table 8). The increment in total dry 

biomass was by 9.11 and 49.58 % as compared to the application of 242 kg ha-1 NPS fertilizer and 

the control treatment, respectively. This might be because NPS fertilizer application improves the dry 

weight of garlic by enhancing an increased photosynthetic area that helped for enhanced assimilates 

production and partitioning to the plant parts. In agreement with this, Shura et al. (2022) reported that 

the highest value of total dry biomass in onion was recorded by the application of NPS at a rate of 

363 kg ha-1. On the other hand, the lowest value of total dry biomass was obtained by applying 0 kg 

ha-1 of NPS level. In agreement with this, Shege et al. (2017) reported that the highest above ground 

biomass per plant was recorded from N: P2O5: S at the rate of 105:122.6:22.6 kg ha-1, while the lowest 

NPS rate (kg ha-1)                                              Clove number Total dry biomass(g) 

0 9.42c      30.82d 

121 13.95b      38.56c 

242 15.02a      42.26b 

363 14.91a      46.10a 

Significance level *** *** 

Zn rate (%)   

0 11.67c     35.06c 

0.3 14.15a    38.57b 

0.6 14.57a      42.30a 

0.9 12.91b     41.81a 

Significance level *** *** 

CV (%) 6.83 5.92 
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was recorded from the control treatment. Likewise, Mekides et al. (2020) reported that the application 

of 55.5:89.7:16.52 kg ha-1 of NPS fertilizer increased the total dry biomass of potatoes by 74.8% as 

compared to the control treatment. On the contrary, Muluneh et al. (2018) observed that fresh and 

dry weights of aboveground biomass in onion crop was not significantly influenced due to the 

application of NPS fertilizer.  

The application zinc fertilizer at the rate of 0.6% resulted in the highest total dry biomass (42.30 g) 

which was statistically similar to the application of 0.9% zinc rate. However, the lowest total dry 

biomass (35.06 g) was recorded from the control treatment (Table 8). The increase in total dry 

biomass due to the application of the zinc fertilizer was 20.65% as compared to the control treatment. 

The favorable influence of Zn application on the total dry biomass of garlic could be attributed to its 

role in various physiological and metabolic processes and also in translocation of photosynthates to 

the plant parts thereby leading to higher total dry biomass of the crop. In line with this, Kulthe et al. 

(2022) and Srivastava et al. (2005) reported the significant influence of Zn nutrient on vegetative 

growth and yield attributes of garlic, resulting in higher total dry biomass. In addition, Gurmani et al. 

(2012) described the increase in total dry biomass of tomato crop in response to zinc (10 kg ha-1) 

fertilizer application. 

4.4.7. Average bulb weight 

The main effects of NPS and zinc as well as their interaction significantly (P < 0.05) influenced 

average bulb weight (Appendix Table 3). The highest average bulb weight (44.63g) was measured 

from the combined application of 242 kg ha-1 of NPS and 0.6% of zinc rate which was statistically 

similar to the application of 242 kg ha-1 of NPS with 0.3% and also from 363 kg ha-1 of NPS with 

0.3% and 0.6% zinc rate application. However, the lowest average bulb weight (24.56 g) was obtained 

from the control treatment (Table 9). The increase in average bulb weight due to the application of 

242 kg ha-1 of NPS and 0.6% of zinc was by15.17 and 81.72% as compared to the application of the 

242 kg ha-1 NPS without zinc and the control treatment, respectively. This might be due to the 

balanced amount of N, P, S & Zn for increased vegetative growth and photosynthesis rate which 

produce a higher amount of photo-assimilates and translocation to the bulbs that consequently 

increased the average bulb weight of garlic.  
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In line with this, Shura et al. (2022) found that the highest value of average bulb weight in onion was 

recorded from the highest level of NPS (363 kg ha-1) fertilizer, which was statistically similar to 242 

kg ha-1 NPS while the lowest values of average bulb weight was recorded from the control treatment. 

Similarly, Bewket (2021) noted that the highest average bulb weight of garlic was recorded from the 

highest (57:114:21 kg ha-1) level of NPS fertilizer. Consistent with this study, Muluneh et al. (2018) 

observed that bulb weight in onion was significantly influenced by different NPS fertilizer rates in 

which the application of 105:119.6:22 kg ha-1 N: P2O5: S fertilizer rate was 50.1% bigger than the 

control treatment.  

Bhat et al. (2018) reported that the average bulb weight of onion was maximum from the application 

of rate 7.5 kg ha-1 Zn and the minimum from the control treatment. This was also supported by the 

finding of Rohidas et al. (2010) who reported that the highest bulb weight of garlic was obtained 

by zinc application. In addition, Acharya et al. (2015) and Choyal et al. (2022) found the maximum 

average bulb weight in onion and garlic from foliar application of zinc sulphate at 0.5 and 0.6%, 

respectively. 

4.4.8. Average clove weight 

The main effects of NPS and zinc as well as their interaction effect significantly (P < 0.01) influenced 

average clove weight (Appendix Table 3). The highest average clove weight (5.93 g) was obtained 

from the combined application rate of 242 kg ha-1 of NPS and 0.6% of zinc fertilizers which was 

statistically similar to the combined application rate of 242 kg ha-1 of NPS and 0.9% of zinc. However, 

the lowest average clove weight (2.13 g) was recorded from the control treatment (Table 9). The 

increase in average clove weight due to the application of 242 kg ha-1 of NPS with 0.6% zinc was by 

36.95 and 178.40 % as compared to the application of 242 kg ha-1 NPS without zinc and the control 

treatment, respectively.  

The favorable effects of these combined application, which resulted in increasing the average clove 

weight, might be attributed to the synergetic effect of NPS and zinc combination, in which the 

availability of those nutrients at optimum level led to an increase in number and weight of cloves 

through facilitating improved leaf growth and photosynthetic activities thereby increasing 

partitioning of assimilates to the storage organ. This higher photosynthate accumulation in the bulbs 
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would ensure higher individual clove weight and number which collectively increases the average 

clove weight. In agreement, Bewket (2021) reported that the increase in average bulb weight of garlic 

with the increased level of NPS fertilizer application and that consequently resulted in maximum 

clove weight of garlic.  

Kulthe et al. (2022) stated that foliar application of ZnSO4 at a rate of 0.5% resulted in the maximum 

clove weight in garlic which was superior to the control treatment. Choyal et al. (2022) also found 

the maximum average clove weight in garlic from foliar application of zinc sulphate at 0.6%. 

Table 9. Interaction effect of NPS and zinc fertilizers on average bulb weight, average clove weight, 

total bulb yield and harvest index of garlic 

Means in the table followed by the different letter(s) are significantly different to each other at * = 

significant at P ≤ 0.05; **= significant at P ≤ 0.01; ***= significant at P ≤ 0.001; CV- coefficient of 

variation. 

 

4.4.9. Total bulb yield 

The main as well as the interaction effects of NPS and zinc significantly (P < 0.05) influenced the 

total bulb yield of garlic (Appendix Table 3). The highest total bulb yield (14.8 9 t ha-1) was measured 

from the combined application of 242 kg ha-1 of NPS and 0.6% of zinc rate which was statistically 

NPS rate  

(kg ha-1) 

Zn rate  

(%) 

Average bulb 

weight (g) 

Average clove 

weight (g) 

Total bulb 

yield (t ha-1) 

Harvest 

index (%) 

0 0 24.56i 2.13g 8.15i 85.60f 

 0.3 25.67i 3.83ef 8.67hi 86.33e 

 0.6 28.97h 3.93ef 9.93f-h 86.80cd 

 0.9 25.53i 2.33g 8.80hi 86.57de 

121 0 31.13g 3.30f 9.65gh 86.80cd 

 0.3 35.27e 4.33de 10.33fg 86.83cd 

 0.6 36.87de 4.13e 11.37d-f 86.77cd 

 0.9 33.12f 4.03e 10.85fg 86.87cd 

242 0 38.75cd 4.33de 10.64fg 86.77cd 

 0.3 43.64a 5.03bcd 14.36ab 87.27ab 

 0.6 44.63a 5.93a 14.89a 87.41a 

 0.9 41.67b 5.73ab 12.69cd 86.97bc 

363 0 36.44e 4.07e 10.99e-g 86.73cd 

 0.3 43.88a 4.87cd 13.49bc 87.00bc 

 0.6 44.08a 5.10bc 13.34bc 87.03bc 

 0.9 39.82bc 5.23bc 12.35c-e 86.87cd 

Significance level * ** * *** 

CV (%) 3.21 9.10 7.00 0.22 
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similar to the application of 242 kg ha-1 of NPS and 0.3% zinc rate.  However, the lowest bulb yield 

(8.15 t ha-1) was obtained from the control treatment (Table 9). The increase in total bulb yield due 

to the application of 242 kg ha-1 of NPS and 0.6% of zinc fertilizer was by 39.94 and 82.70 % as 

compared to the application of 242 NPS kg ha-1 without zinc and the control treatment, respectively. 

The increment in bulb yield due to the combined application of NPS and Zn fertilizers could be due 

to the role of those abundantly available nutrients that could have enhanced vigorous vegetative 

growth and increased photosynthetic rate which increased the amount of assimilates that could be 

partitioned to the storage organs which consequently increased the bulb yield. In agreement with this, 

Kelem et al. (2024) reported that the highest total bulb yield in onion was obtained from the combined 

application of 242 kg ha-1 of NPS and 0.75% ZnSO4, while the lowest was obtained from the control 

treatment. 

 

Bewket (2021) found that significantly higher bulb yield of garlic was recorded from NPS (57: 114: 

21 kg ha-1) fertilizer application, which was 65% higher than the control treatment. Similarly, 

Muluneh et al. (2018) reported that the highest total bulb yield of onion was obtained from NPS 

fertilizer application at rate of 105:119.6:22 kg ha-1 N: P2O5: S, while the lowest was obtained from 

the control treatment. Chala et al. (2022) also observed the maximum total bulb yield of onion due to 

the application of 200 kg ha-1 of NPS while the minimum total bulb yield was obtained from 0 kg 

ha−1 NPS fertilizer application. 

 

The application of zinc sulphate at a rate of 0.6% produced a significantly maximum bulb yield in 

garlic, which increased by about 14.71% over the control treatment (Choyal et al. 2022).  Similarly, 

Kulthe et al. (2022) reported that the maximum bulb yield per hectare of garlic was obtained from 

foliar application of ZnSO4 at a rate of 0.5%, while the lowest yield per hectare was recorded from 

the control treatment. In addition, Babaleshwar et al. (2017) stated that the highest total bulb yield of 

onion was recorded from the application of 0.5% Zn rate and the lowest total bulb yield was recorded 

from the control treatment. However, Zhimomi (2022) indicated that zinc application up to 2.5% rate 

resulted in the highest total bulb yield of garlic while the minimum was recorded from the control 

treatment. 
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4.4.10. Harvest index 

The main effects of NPS and zinc as well as their interaction significantly affected harvest index of 

garlic (Appendix Table 3). The highest harvest index (87.41%) was measured from the combined 

application of 242 kg ha-1 of NPS with 0.6% zinc which was statistically similar with the combined 

application of 242 kg ha-1 of NPS and 0.3% zinc rate. However, the lowest harvest index (85.60%) 

was obtained from the control treatment (Table 9). The increase in harvest index due to the application 

of 242 kg ha-1 of NPS with 0.6% zinc was by 0.74 and 2.11% as compared to 242 kg ha-1 NPS without 

zinc application and the control treatment, respectively. The increase in harvest index due to the 

balanced amount of N, P, S & Zn application might be ascribed to the role of those abundantly 

available nutrients that enhanced vigorous vegetative growth and increased photosynthetic rate which 

increased the amount of assimilates that could be partitioned to the storage organs which consequently 

increased the harvest index. In consistent with this, Diriba (2014) reported that the highest harvest 

index of garlic was recorded due to the increased rate of N, P and S fertilizer. Similarly, Abera (2020) 

found that the maximum harvest index in garlic was due to the application of 305.5 kg ha-1 blended 

NPS fertilizer and the lowest from the control treatment. On the other hand, Mekides et al. (2020) 

described that the increased in the rate of NPS fertilizer led to lower harvest indices. 

4.5. Quality Parameters  

4.5.1. Percent dry matter 

Percent dry matter content was significantly (P < 0.05) affected by the main effects of NPS and zinc 

as well as by their interaction effect (Appendix Table 4). The highest percent dry matter content 

(43.18) was attained from the combined application of 242 kg ha-1 of NPS with 0.6% zinc rate which 

was statistically similar with different treatment combinations. However, the lowest percent dry 

matter content (25.67) was obtained from the control treatment (Table 10). The increase in percent 

dry matter content due to the application of 242 kg ha-1 of NPS and 0.6% zinc fertilizer was by 24.12 

and 68.21% as compared to the application of 242 kg ha-1 of NPS without zinc and the control 

treatment, respectively. This might be ascribed to the higher amount of available nutrients in NPS 

and Zn that resulted in vigorous vegetative growth of the plant and ultimately resulted in higher 
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production of photo-assimilates or dry matter and translocation to the bulbs that in turn increased dry 

matter content of the bulbs. 

In line with this, Amin (2018) described that the highest dry matter content of Potato was obtained 

from the application of highest NPS (150 kg ha-1) blended fertilizer and the lowest dry matter content 

was obtained from the control treatment. Similarly, Minwyelet (2017) and Melkamu and Minwyelet 

(2018) reported that the increased in tuber dry matter content of potato was due to the increased rate 

of NPS fertilizer application of 272 kg ha-1 and 283.75 kg ha-1, respectively. Acharya et al. (2015) 

reported that foliar application of ZnSO4 at a rate of 0.5% significantly influenced dry mater 

production in onion. Manna et al. (2014) also reported that the dry matter content in bulb was 

significantly increased with the application of 0.5% zinc rate as compared to the control treatment. 

In addition, Solanki et al. (2018) reported that the increased dry mater production of onion crop in 

response to zinc (4 kg ha-1) fertilizer application.  

Table 10. Interaction effects of NPS and zinc fertilizers on percent dry matter content of garlic 

Means in the table followed by the different letter(s) are significantly different to each other at * = 

significant at P ≤ 0.05; CV- coefficient of variation. 

NPS rate (kg ha-1) Zn rate (%) Dry matter content (%) 

0 0 25.67h 

 0.3 29.55fg 

 0.6 31.57ef 

 0.9 27.72gh 

121 0 32.44d-f 

 0.3 34.81cd 

 0.6 35.69c 

 0.9 33.57c-e 

242 0 34.79cd 

 0.3 42.28ab 

 0.6 43.18a 

 0.9 36.28c 

363 0 39.73b 

 0.3 40.55ab 

 0.6 41.60ab 

 0.9 40.29ab 

Significance level  * 

CV(%) 4.68 
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4.5.2. Total soluble solid 

The main effects of NPS and Zn significantly (P < 0.001) affected total soluble solids of garlic, 

whereas their interaction did not significantly affect this parameter (Appendix Table 4). The highest 

total soluble solid (15.52°Brix) was measured from the application of 242 kg ha-1 of NPS which was 

followed by the application of 363 kg ha-1 NPS. However, the lowest value for total soluble solid 

(13.44°Brix) was obtained from the control treatment (Table 11). The increase in total soluble solid 

was by 15.48% as compared to the control treatment. The increase in TSS might be due to the role of 

balanced amount of NPS that increased vegetative growth and photosynthesis rate which produce a 

higher amount of photo assimilates (dry matter) and translocation to the bulbs that consequently 

increased TSS content of garlic bulbs. In line with this, Shura et al. (2022) found that the highest TSS 

value in onion was obtained from the highest application rate of NPS (363 kg ha-1) fertilizer, which 

was statistically similar with 242 kg ha-1 of NPS and the lowest TSS value was recorded from the 

control treatment. Merga (2022) also reported that the highest TSS in shallot was recorded from the 

application of 200 kg ha-1 NPS fertilizer and the lowest was recorded from the nil NPS fertilizer 

application. In addition, Nardos (2021) reported that the highest and the lowest values of total soluble 

solid in tomato fruit was obtained by the application rate of 240 kg ha-1 of NPS and the control 

treatment, respectively. 

Table 11. Effect of NPS and zinc fertilizers on TSS of garlic 

NPS rate (kg ha-1) TSS (%) 

0 13.44c 

121 13.89c 

242 15.52a 

363 14.99b 

Significance level *** 

Zn rate (%)  

0 13.77b 

0.3 14.97a 

0.6 15.08a 

0.9 14.02b 

Significance level *** 

CV(%) 4.19 

Means in the table followed by the different letter(s) are significantly different from each other *** 

= significant at P ≤ 0.001, CV = coefficient of variation. 
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The application of Zn fertilizer at the rate of 0.6% resulted in the highest total soluble solid (15.08 

°Brix), which was statistically similar with the application rate of 0.3% Zn. On the other hand, the 

lowest total soluble solid (13.77°Brix) was recorded from the control treatment but statistically 

similar to the application rate of 0.9% Zn (Table 11). The increase in total soluble solid due to the 

application rate of Zn fertilizer was 9.51 % as compared to the control treatment. The increased in 

TSS due to the contribution of micronutrient (Zn) for quality traits like total soluble solid might be 

owing to its role in increased carbohydrate production during photosynthesis and consequently more 

translocation of photoassimilates towards the bulb. In agreement with this, Manna et al. (2014) 

reported that zinc fertilizer at a rate of 0.5% exhibited the best quality in terms of total soluble solid 

attributes in onion. Similarly, Babaleshwar et al. (2017) also stated that the highest TSS of onion was 

recorded from the application rate of ZnSO4 at 0.5% while the lowest TSS was recorded from the 

control treatment. Furthermore, Bhat et al. (2018) also reported a significant response of vegetable 

crops to zinc application, in which increased zinc levels significantly increased the TSS value in 

onion. However, Zhimomi (2022) found the highest value of TSS in garlic from the application rate 

of zinc at 2.5% while the lowest was recorded from the control treatment. 
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4.6. Clove Size Category  

4.6.1. Marketable clove size (MC, >2.5 g) 

The main effects of NPS and Zn as well as their interaction significantly affected very large size 

marketable clove (MC, >2.5 g) of garlic both in weight and number (Appendix Table 5). The highest 

marketable clove size (MC, >2.5 g) both in weight (92.44g) and in number (30.00) was measured 

from the combined application of 242 kg ha-1 of NPS and 0.6% of zinc. However, the lowest 

marketable clove size in weight (35.97 g) and number (11.67) was obtained from the control 

treatment (Table 12). The increment of marketable clove size due to 242 kg ha-1 of NPS with 0.6% 

of zinc fertilizer application might be attributed to the supply of sufficient nutrients that promoted 

vigorous vegetative growth which resulted in increased photosynthesis and production of assimilates 

and translocation towards cloves that might led to the increase in weight which resulted in higher 

proportion of marketable clove size. In agreement, Adekpe et al, (2007) indicated that garlic plants 

which attained higher vegetative growth earlier possibly had developed higher marketable clove size. 

Shege (2017) also reported that the increased marketable bulb yield of garlic due to the application 

of the increased fertilizer rate ultimately led to a higher proportion of marketable clove size. 

4.6.2. Marketable clove size (MC, 2.0- 2.5g) 

The main effect NPS and Zn as well as their interaction significantly affected large size marketable 

clove (MC, 2.0-2.5 g) of garlic both in weight and in number (Appendix Table 5). The highest 

marketable clove size (MC, 2.0-2.5g) both in weight (37.56g) and in number (18.00) was measured 

from the combined application of 242 kg ha-1 of NPS and 0.6% of Zn. However, the lowest 

marketable clove size both in weight (5.84g) and in number (2.67) was obtained from the control 

treatment (Table 12). The increment of marketable clove size due to 242 kg ha-1 of NPS with 0.6% 

of Zn fertilizer application might be attributed to the supply of sufficient nutrients that promoted 

vigorous vegetative growth which resulted in increased photosynthesis and production of assimilates 

and translocation towards cloves that might lead to the increase in weight which resulted in higher 

proportion of marketable clove size. Similarly, Adekpe et al. (2007) indicated that garlic plants which 

attained higher vegetative growth earlier possibly had developed higher marketable clove size 
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Table 12. The interaction effect of NPS and zinc fertilizers on marketable clove size of garlic 

Treatments Marketable clove size 

NPS rate  

(kg ha-1) 

Zn rate 

(%) 

Very large  size 

weight(g) 

Very large size 

number (No) 

Large size  

weight (g) 

Large size  

number (No) 

0 0 35.97h 11.67h 5.84h 2.67h 

 0.3 45.21g 13.33gh 14.33f 6.33fg 

 0.6 45.89fg 14.33f-h 14.77f 6.67fg 

 0.9 42.03g 13.00h 10.20g 4.67g 

121 0 50.91f 17.00e-g 15.44f 6.67fg 

 0.3 59.54e 17.67ef 17.59e-f 8.00d-f 

 0.6 61.01e 18.33d-f 19.87de 9.33cde 

 0.9 58.19e 17.33ef 17.01ef 7.67ef 

242 0 68.43d 19.00de 20.08de 9.33c-e 

 0.3 91.26a 25.67b 32.97b 15.00b 

 0.6 92.44a 30.00a 37.56a 18.00a 

 0.9 83.77b 22.00b-d 28.33c 13.67b 

363 0 75.41c 19.67de 21.45d 10.00cd 

 0.3 80.81bc 24.00bc 30.31bc 14.67b 

 0.6 80.45bc 22.33b-d 27.13c 13.00b 

 0.9 78.82bc 21.00c-e 21.91d 10.67c 

Significance level  ** * ** ** 

CV (%) 4.93 11.40 11.36 11.69 

Means in the table followed by the different letter(s) are significantly different to each other at * = 

significant at P ≤ 0.05; ** = significant at P ≤ 0.01; CV- coefficient of variation. 

4.6.3. Acceptably marketable clove size (AMC, 1.5-1.99 g) 

The main effect NPS and zinc as well as their interaction significantly affected acceptable marketable 

clove size (Appendix Table 5). The combined application of 242 kg ha-1 of NPS fertilizer with 0.6% 

of Zn produced the highest proportion of medium-sized marketable cloves both in weight (35.95g) 

and in number (21). However, the lowest medium size marketable clove both in weight (9.70) and in 

number (5.67) was obtained from the control treatment (Table 14).  
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The increase in marketable clove size due to 242 kg ha-1 of NPS fertilizer with 0.6% of Zn application 

could be attributed to the increased photosynthetic area of leaves resulting in higher dry matter 

accumulation and partitioning of assimilates to the cloves which promote better clove size formation. 

In agreement, Adekpe et al. (2007) indicated that garlic plants which attained higher vegetative 

growth earlier possibly had developed higher acceptable marketable clove size. Tadesse (2015) also 

reported that the increased marketable bulb yield of garlic due to the application of the increased 

fertilizer rate that consequently resulted in higher proportion of medium-sized marketable cloves. 

4.6.4. Scarcely marketable clove size (SMC, 1.0-1.49 g) 

The main effect NPS significantly (P < 0.001) influenced scarcely marketable clove size. However, 

Zn rate and the interaction effect of NPS and Zn rate did not significantly affect this parameter 

(Appendix Table 6). The highest scarcely marketable clove size both in weight (21g) and in number 

(17.42) was obtained from the control treatment (Table13). This might be as a result of the lower 

vegetative growth because of insufficient supply of NPS fertilizer that reduced the physiological 

activity and metabolic process which caused the development of small cloves and resulted in higher 

proportion of scarcely marketable clove size both in terms of weight and number. In agreement, 

Bewket (2021) and Shege (2015) indicated that garlic plants which attained lower vegetative growth 

due to nil NPS fertilizer application resulted in reduced average bulb weight and that consequently 

led to higher proportion of scarcely marketable clove size. 

Table 13. Effect of NPS and zinc fertilizers on scarcely marketable clove size of garlic 

Means in the table followed by the different letter(s) are significantly different to each other at *** = 

significant at P ≤ 0.001, ns = non- significant, CV- coefficient of variation. 

NPS rate (kg ha-1)                                              Scarcely marketable clove size 

Small size clove weight (g) Small size clove number (No) 

0 21.00a 17.42a 

121 16.80b 13.42b 

242 12.58c    9.50c 

363 13.62bc 11.25bc 

Significance level *** *** 

CV (%) 29.51 26.83 
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4.6.5. Unmarketable clove size (UMC, <1.0 g) 

Unmarketable clove size was significantly affected by the main effect NPS and zinc as well as their 

interaction (Appendix Table 6). The highest unmarketable clove size both in weight (21.13 g) and in 

number (40.33) was obtained from the control treatment (Table 14). The increment of unmarketable 

clove size from the control treatment might be due to the insufficient supply of NPS and zinc fertilizers 

that resulted in lower vegetative growth which possibly had developed small bulbs that might led to 

the development of small clove weight that in turn resulted in higher proportion of unmarketable 

clove size. Similarly, Liu et al. (2010) indicated that inadequate level of plant nutrient led to weak 

vegetative growth and poor bulb formation which consequently resulted unmarketable clove size in 

garlic. Shege (2015) also reported that the increased unmarketable bulb yield of garlic due to reduced 

fertilizer application that ultimately resulted lower proportion of unmarketable clove size.  

Table 14. The interaction effect of NPS and zinc fertilizers on acceptable marketable clove size and 

unmarketable clove size of garlic 

Treatments Acceptable marketable clove 

size 

Unmarketable clove size 

NPS rate 

(kg ha-1) 

Zn rate 

(%) 

Medium size 

clove weight 

(g) 

Medium size 

clove  

number (No) 

Very Small size 

clove weight (g) 

Very Small size 

clove number (No) 

0 0 9.70i 5.67k 21.13a      40.33a    

 0.3 9.97i 6.33jk 16.16b 31.67b 

 0.6 14.25gh 8.33h-j 13.95bc 20.67c 

 0.9 12.00hi 7.33i-k 12.00cd 18.00cd 

121 0 15.18gh 8.67hi 11.45c-e 16.00de 

 0.3 16.11fg 10.00f-h 9.02d-h 12.67fg 

 0.6 18.99ef 11.00e-g       9.43d-g 12.00f-h 

 0.9 17.21fg 9.00g-i 10.16d-f 13.33e-g 

242 0 19.52ef 11.33ef 8.67d-h 15.00d-f 

 0.3 21.62de 17.33bc 3.87ij 5.67lk 

 0.6 35.95a 21.00a 2.78j 3.67l 

 0.9 32.58b 18.67b 6.44g-i 8.67i-k 

363 0 20.88de 12.00d-f 8.23e-h 10.33g-i 

 0.3 29.85bc 16.00c 5.51h-j 7.00jk 

 0.6 27.30c 14.00d 6.90f-i 8.67i-k 

 0.9 23.90d 12.67de 7.75f-h 9.00h-j 

Significance level *** *** * *** 

CV (%) 9.88 9.86 19.69 12.25 

Means in the table followed by the different letter(s) are significantly different to each other at * = 

significant at P ≤ 0.05, *** = significant at P ≤ 0.001, CV- coefficient of variation. 
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4.7. Results of Correlation Analysis for Growth, Yield Components and Some Quality      

Parameters of Garlic 

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

the growth characters and yield components affected bulb yield and quality of garlic. All growth, 

yield and quality parameters (except days to emergence) were significantly and positively correlated 

with each other. Thus, it was observed that total bulb yield was significantly and positively correlated 

with days to maturity (r=0.58***), plant height (r=0.78***), leaf length (r=0.81***), leaf diameter 

(r=0.63***), leaf number (r=0.69***), neck diameter (r=0.79***) and shoot dry matter (r=0.81***). 

This indicated that the vigorous vegetative growth of the plant significantly increased the production 

of photoassimilates that caused increased yield and quality of garlic. Guesh (2015) and Shege et al. 

(2017) also indicated that total bulb yield in garlic had a positively strong association with growth 

attributes (plant height, leaf number, leaf length and bulb length). Similarly, Farooqui et al. (2009) 

showed that the adequate supply of nutrient in garlic had a positive association with vigorous 

vegetative growth that led to higher productivity of the crop.  

The correlation analysis further indicated that the total bulb yield of garlic was significantly and 

positively correlated with bulb length (r=0.86***), bulb diameter (r=0.65***), average bulb weight 

(r=0.89***), average clove weight(r=0.78***), total dry biomass (r=0.78***), harvest index 

(r=0.65***), dry mater content (r=0.84***) and total soluble solid (r=0.75***) (Table 15). The 

increment in bulb yield was a result of increase in yield component of garlic which led to enhanced 

bulb weight and number that caused increased yield and other quality attribute of garlic. Shege et al. 

(2017) also indicated that the garlic total bulb yield had a positively strong association with bulb 

length, bulb diameter, bulb weight and marketable bulb yield.  
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Table 15. Correlation analysis of phenological, growth, yield and quality parameters of garlic as influenced by the application of NPS and zinc 

fertilizers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Where: PAR=parameter, DE- days to emergence, DM- days to maturity, PH-plant height, LL- leaf length, LD -leaf diameter, LN-leaf number per plant, ND-neck diameter, SDW- 

shoot dry weight, BL- bulb length, BD- bulb diameter, ABW-average bulb weight, ACW-average clove weight, CL- clove length, CD- clove diameter, CN- clove number per bulb, 

TDB- total dry biomass, TBY-total bulb yield, HI- harvest index, PDM- percent dry matter and TSS-total soluble solid. * = significant at P ≤ 0.05; ** = significant at P ≤ 0.01, and 

*** = significant at P ≤ 0.001. 

PAR DE DM PH LL LD LN ND SDW BL BD ABW ACW CL CD CN TDB TBY HI PDM TSS 

DE   1                    
DM   -0.78 

*** 

1                   

PH -0.76 

*** 

0.68 

*** 

1                  

LL -0.83 
*** 

0.68 
*** 

0.81 
*** 

1                 

LD -0.55 

*** 

0.35 

* 

0.69 

*** 

0.71 

*** 

1                

LN -0.60 

*** 

0.40 

* 

0.64 

*** 

0.71 

*** 

0.69 

*** 

1               

ND -0.79 
*** 

0.65 
*** 

0.82 
*** 

0.90 
*** 

0.63 
*** 

0.63 
*** 

1              

SDW -0.79 

*** 

0.60 

*** 

0.75 

*** 

0.85 

*** 

0.65 

*** 

0.65 

*** 

0.81 

*** 

1             

BL -0.73 

*** 

0.47 

** 

0.78 

*** 

0.79 

*** 

0.69 

*** 

0.70 

*** 

0.77 

*** 

0.79 

*** 

1            

BD -0.57 
*** 

0.36 
* 

0.52 
*** 

0.63 
*** 

0.65 
*** 

0.66 
*** 

0.68 
*** 

0.50 
*** 

0.62 
*** 

1           

ABW -0.84 

*** 

0.66 

*** 

0.82 

*** 

0.88 

*** 

0.59 

*** 

0.66 

*** 

0.87 

*** 

0.85 

*** 

0.87 

*** 

0.63 

*** 
1          

ACW -0.66 

*** 

0.52 

*** 

0.76 

*** 

0.70 

*** 

0.57 

*** 

0.61 

*** 

0.71 

*** 

0.65 

*** 

0.74 

*** 

0.68 

*** 
0.80 

*** 
1         

CL -0.63 
*** 

0.44 
** 

0.69 
*** 

0.77 
*** 

0.56 
*** 

0.57 
*** 

0.78 
*** 

0.75 
*** 

0.72 
*** 

0.61 
*** 

0.79 
*** 

0.62 
*** 

1        

CD -0.76 

*** 

0.58 

*** 

0.76 

*** 

0.80 

*** 

0.61 

*** 

0.68 

*** 

0.81 

*** 

0.79 

*** 

0.87 

*** 

0.71 

*** 
0.91 

*** 
0.75 

*** 
0.81 

*** 
1       

CN -0.77 

*** 

0.57 

*** 

0.77 

*** 

0.84 

*** 

0.57 

*** 

0.57 

*** 

0.85 

*** 

0.79 

*** 

0.79 

*** 

0.67 

*** 
0.87 

*** 
0.77 

*** 
0.73 

*** 
0.81 

*** 
1      

TDB -0.82 
*** 

0.63 
*** 

0.81 
*** 

0.85 
*** 

0.69 
*** 

0.70 
*** 

0.81 
*** 

0.87 
*** 

0.81 
*** 

0.54 
*** 

0.85 
*** 

0.69 
*** 

0.71 
*** 

0.76 
*** 

0.79 
*** 

1     

TBY -0.71 

*** 

0.58 

*** 

0.78 

*** 

0.81 

*** 

0.63 

*** 

0.69 

*** 

0.79 

*** 

0.81 

*** 

0.86 

*** 

0.65 

*** 

0.89 

*** 

0.78 

*** 

0.77 

*** 

0.91 

*** 

0.77 

*** 

0.78 

*** 

1    

HI -0.58 

*** 

0.37 

** 

0.53 

*** 

0.65 

*** 

0.63 

*** 

0.65 

*** 

0.69 

*** 

0.50 

** 

0.61 

*** 

0.99 

*** 
0.63 

*** 
0.67 

*** 
0.62 

*** 
0.71 

*** 
0.66 

*** 
0.54 

*** 
0.65 

*** 
1   

PDM -0.79 
*** 

0.71 
*** 

0.83 
*** 

0.81 
*** 

0.58 
*** 

0.60 
*** 

0.84 
*** 

0.71 
*** 

0.83 
*** 

0.68 
*** 

0.90 
*** 

0.81 
*** 

0.70 
*** 

0.89 
*** 

0.84 
*** 

0.77 
*** 

0.84 
*** 

0.68 
*** 

1  

TSS -0.59 

*** 

0.44 

*** 

0.55 

*** 

0.67 
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4.8. Partial Budget Analysis 

The results of the partial budget analysis (Table 16) revealed that applying 242 kg ha-1 of NPS and 

0.6% of Zn had the highest net benefit (1606330 Birr ha-1) and MRR of 116.61% followed by the 

combined application of 242 kg ha-1 of NPS and 0.3% Zn with a net benefit of 1574030 Birr ha-1 

and MRR of 1407.22%. Thus, the application of 242 kg ha-1 of NPS with 0.6 and 0.3% Zn are 

recommended as first and second options, respectively, for garlic production in the study area. 

Table 16. Summary of partial budget and marginal rate of return analysis for garlic production as 

influenced by NPS and zinc fertilizer during the irrigation season of 2022/23 

Treatments AvY 

(t ha-1) 

AjY 

(t ha-1) 

TVC 

(Eth-birr) 

GFB 

(Eth-birr) 

NB 

(Eth-birr) 

MRR 

% NPS rate 

(kg ha-1) 

Zn rate (%) 

0 0 8.15 7.34 0 917500 917500 - 

 0.3 8.67 7.8 27700 975000 947300 D 

 0.6 9.93 8.94 55400 1117500 1062100 D 

 0.9 8.8 7.92 83100 990000 906900 D 

121 0 9.65 8.69 6635 1086250 1079615 24433.33 

 0.3 10.33 9.3 34335 1162500 1128165 D 

 0.6 11.37 10.23 62035 1278750 1216715 D 

 0.9 10.85 9.77 89735 1221250 1131515 D 

242 0 10.64 9.58 13270 1197500 1184230 1676.71 

 0.3 14.36 12.92 40970 1615000 1574030 1407.22 

 0.6 14.89 13.4 68670 1675000 1606330 116.61 

 0.9 12.69 11.42 96370 1427500 1331130 D 

363 0 10.99 9.89 19905 1236250 1216345 799.72 

 0.3 13.49 12.14 47605 1517500 1469895 D 

 0.6 13.34 12.01 75305 1501250 1425945 D 

 0.9 12.35 11.12 103005 1390000 1286995 D 

Where: AvY-average yield; AjY- adjustable yield; TVC - total variable cost; GFB - gross field benefit; NB-

net benefit; ETB- Ethiopian’s birr; D-Dominated; Selling price of garlic at farm gate = 125 Birr kg-1; 

Purchasing costs of NPS fertilizer= 35 Eth-Birr kg-1; Cost of ZnSO4 =1500 ETB kg-1; Labor cost for 

fertilizers application = 300 Eth-Birr Man per day. 
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5.  SUMMARY, CONCLUSION AND RECOMMENDATION 

Garlic is a highly demanded crop both locally and internationally and also the most paramount 

economic crop for low-income smallholder farmers in Ethiopia, which is used as spice and 

flavoring agent for foods and as medicinal plant. However, production and productivity from its 

yield potential is by far lower compared to other countries. This low yield is mainly due to the 

depletion of macro and micronutrients from the soil and inadequate and unbalanced use of fertilizer 

that limit its production. In view of this, the current study is conducted to evaluate the effects of 

different rates of NPS and Zn fertilizers on growth, yield and quality of garlic (Allium sativum L.)  

during 2022/23 season using irrigation at Debre Berhan University, College of Agriculture and 

Natural Resource Sciences demonstration and research site. The treatments consisted of four rates 

of NPS fertilizer (0, 121, 242 and 363 NPS kg ha-1) and four rate of Zn micronutrient (0, 0.3, 0.6 

and 0.9%) and laid out in a factorial arrangement using a randomized complete block design with 

three replications.  

The study revealed that the combined application of NPS and zinc at different levels significantly 

determined most of the parameters evaluated in this experiment. The results showed that the main 

effect of NPS fertilizer and zinc rate significantly influenced most of growth parameters (except 

neck diameter) and some yield and quality parameters. However, most of yield and quality 

parameters were significantly influenced by their interaction. Of all the treatment combinations 

evaluated, the combined application of 242 kg ha-1 of NPS and 0.6% of zinc rate provided the 

highest and consistent result for different growth, yield and quality parameters of garlic. The 

widest neck diameter (1.52cm), the highest average bulb weight (44.63g), average clove weight 

(5.93 g), total bulb yield (14.89 t ha-1), harvest index (87.41%) and percent dry matter content 

(43.18) were produced from the combined application of 242 kg ha-1 of NPS and 0.6% of Zinc.  

The increase in total bulb yield due to the combined application of 242 kg ha-1 of NPS and 0.6% 

of zinc was by 39.94 and 82.70% as compared to the application of 242 NPS kg ha-1 without zinc 

and the control treatment, respectively. Similarly, these combined application increased harvest 

index and percent dry matter by 0.74 and 24.12% as compared to as 242 kg ha-1 of NPS without 

zinc fertilizer application, respectively. In addition, a partial budget analysis also showed that the 

combined application of 242 kg ha-1 of NPS and 0.6% of zinc rate is economically the most feasible 

in reducing cost of production and increase the profit gained. However, as the experiment was 
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done for only one season and single location it is hardly possible to give a conclusion, while it has 

to be repeated over seasons and locations to draw sound conclusions and recommendations for 

optimum garlic.  
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7.  APPENDICES 

Appendix Table 1. Mean square from analysis of variance (ANOVA) for days to emergence and maturity, plant height, 

leaf length, leaf diameter, leaf number, neck diameter and shoot dry weight of garlic as influenced by NPS and Zn 

fertilizer. 

Source of 

variation 

DF DE DM PH 

 

LL 

 

LD 

 

LN 

 

ND 

 

SDW 

 

Rep 2 0.81 

* 

13.15 

ns 

25.98 

ns 

2.81 

ns 

0.05 

ns 

3.33 

* 

0.001 

ns 

4.50 

** 

NPS  3 31.58 

*** 

466.97 

*** 

498.97 

*** 

193.69  

*** 

0.32 

*** 

6.27 

*** 

0.22 

*** 

32.42 

*** 

Zinc  3 0.08 

ns 

23.58 

ns 

144.54 

*** 

25.49 

*** 

0.40 

*** 

3.27 

** 

0.02*        4.50 

*** 

NPS x Zn 9 0.28 

ns 

3.29 

ns 

1.87 

ns 

3.51 

ns 

0.05 

ns 

0.22 

ns 

0.01 

*** 

0.47 

ns 

Error 30 0.21 12.61 

 

10.62 1.99 0.03 0.41 0.001 0.41 

CV (%) 3.00 

 

2.42 

 

5.45 

 

3.45 6.81 6.91 2.66 8.22 

Where: - DF - degree of freedom, DE - days to emergence, DM - days to maturity, PH - plant height, LL - leaf length, 

LD – leaf diameter, LN - leaf number, ND – neck diameter, SDW – shoot dry weight. 

Appendix Table 2. Mean square from analysis of variance (ANOVA) for bulb length, bulb diameter, clove length, 

clove diameter and clove number per bulb of garlic as influenced by NPS and Zn fertilizer. 

Source of variation DF BL BD CL CD CN 

Rep 2 0.13 

ns 

1.68 

*** 

0.0002 

ns 

0.009 

* 

0.98 

ns 

NPS  3 3.69 

*** 

1.45 

*** 

0.19 

*** 

0.29 

*** 

84.07 

*** 

Zinc  3 1.21 

*** 

0.70 

*** 

0.036 

*** 

0.05 

*** 

20.63 

*** 

NPS x Zn 9 0.15 

* 

0.15 

* 

0.003 

** 

0.01 

*** 

1.42 

ns 

Error 30 0.06 0.05  0.0006 0.002 0.83 

CV (%) 6.27 6.00   1.04 3.20  6.83   

Where: - DF – degree of freedom, Rep.-replication, BL-bulb length, BD - bulb diameter, CL - clove length, CD - 

clove diameter, CNB – clove number per bulb. 
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Appendix Table 3. Mean square from analysis of variance (ANOVA) for total dry biomass, average bulb weight, 

average clove weight, total bulb yield and harvest index of garlic as influenced by NPS and Zn fertilizer. 

Source of variation DF TDB  ABW  ACW  TBY  HI 

Rep 2 12.00 

ns 

1.01 

ns 

2.70 

*** 

0.33 

ns 

1.63 

*** 

NPS rate 3 509.64 

*** 

654.11 

*** 

11.40 

*** 

45.31 

*** 

1.31 

*** 

Zinc rate 3 135.11 

*** 

79.27 

*** 

3.93 

*** 

13.78 

*** 

0.60 

** 

NPS x Zn 9 4.57 

ns 

3.57 

* 

0.62 

* 

1.52 

* 

0.17 

* 

Error 30 5.45 1.32 0.15 0.62 0.04 

CV (%) 5.92 3.21 9.10 7.00 0.22 

Where: - DF – degree of freedom, Rep.-replication, TDB - total dry biomass, ABW - average bulb weight, ACW - 

average clove weight, TBY - total bulb yield, HI - harvest index. 

Appendix Table  4. Mean square from analysis of variance (ANOVA) for percent dry matter and total soluble solid 

of garlic as influenced by NPS and Zn fertilizer. 

Source of variation DF PDMC TSS 

Rep 2 23.69  

** 

3.57  

** 

NPS rate 3 350.64  

*** 

11.02 

*** 

Zinc rate 3 58.01 

*** 

5.26 

*** 

NPS x Zn 9 7.43 

* 

0.25  

ns 

Error 30 2.77 0.37    

CV (%) 4.68 4.19 

Where: - DF – degree of freedom, Rep.-replication, PDMC - percent dry matter content, TSS - total soluble solid. 
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Appendix Table 5. Mean square from analysis of variance (ANOVA) for marketable clove size and acceptably 

marketable clove size of garlic as influenced by NPS and Zn fertilizer. 

Source of 

variation 

 

DF 

MC AMC 

Very large size 

weight  

Very large 

size 

number 

Large 

size  

weight  

Large size  

number 

Medium size 

Weight 

Medium size 

Number 

Rep 2 9.90 

Ns 

8.58 

ns 

147.02 

*** 

30.08 

*** 

187.76 

*** 

60.58 

*** 

NPS rate 3 4499.63 

*** 

284.74 

*** 

803.04 

*** 

194.58 

*** 

668.27 

*** 

239.17 

*** 

Zinc rate 3 378.37 

*** 

45.91 

* 

213.0 

*** 

50.30 

*** 

130.22 

*** 

37.00  

*** 

NPS x Zn 9 42.64 

*   

12.22 

* 

23.66 

* 

5.39 

* 

44.25 

*** 

10.24 

*** 

Error 30 10.49   4.76 5.65 1.31 4.03 1.36 

CV (%)  4.93 11.40 11.36 11.69 9.88 9.86 

Where: - DF – degree of freedom, Rep.-replication, MC- marketable clove size, AMC- acceptably marketable clove 

size. 

Appendix Table 6. Mean square from analysis of variance (ANOVA) for scarcely marketable clove size and 

unmarketable clove size of garlic as influenced by NPS and Zn fertilizer. 

Source of variation DF SMC  UMC 

Weight Number Weight Number 

Rep 2 174.54 

* 

110.40 

** 

74.45 

*** 

6.77 

ns 

NPS rate 3 172.05 

*** 

139.80 

*** 

249.27 

*** 

985.92 

*** 

Zinc rate 3 32.84 

ns 

19.19 

ns  

42.56 

* 

202.75 

*** 

NPS x Zn 9 3.79 

ns  

3.06 

ns 

10.81 

* 

68.14 

*** 

Error 30 22.29 11.97 3.56   3.17   

CV (%) 29.51 

 

26.83 19.69 12.25 

Where: - DF – degree of freedom, Rep.-replication, SMC – scarcely marketable clove size, UMC – unmarketable 

clove size. 
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Appendix Table 7. Effect of NPS and Zn fertilizers on neck diameter, bulb length, bulb diameter, clove length and 

clove diameter of garlic 

Where: - ND-neck diameter, BL-bulb length, BD- bulb diameter, CL- clove length, CD-clove diameter 

Appendix Table 8. Effect of NPS and Zn fertilizers on average bulb weight, average clove weight, total bulb yield, 

harvest index and percent dry matter of garlic. 

Where: - ABW – average bulb weight, ACW- average clove weight, TBY- total bulb yield, HI- harvest index, PDM 

– percent dry matter. 

  

NPS rate (kg ha-1)                                              ND  

 

 BL 

 

 BD  CL CD  

  0 1.18c 3.22c 3.29c 2.25d 1.09d 

121 1.38b 3.84b 3.82b 2.35c 1.22c 

242 1.47a 4.41a 4.12a 2.52a 1.43a 

363 1.45a 4.36a 3.88b 2.49b 1.38b 

Significance level *** *** *** *** *** 

Zn rate (%)      

0 1.31b 3.52c 3.44b 2.34c 1.20c 

0.3 1.37a 4.06ab 3.86a 2.45a  1.31a 

0.6 1.41a 4.27a 4.01a 2.46a 1.35a 

0.9 1.39a 3.98b 3.79a 2.38b 1.25b 

Significance level ** *** *** *** ** 

CV(%) 2.66 6.27 6.00 1.04 3.20 

NPS rate (kg ha-1)                                              ABW  

 

ACW  TBY HI PDM 

  0 26.19c 3.06d 8.89c 86.33c 28.63c 

121 34.10b 3.95c 10.55b 86.82b 34.13b 

242 42.17a 5.26a 13.15a 87.10a 39.13a 

363 41.05a 4.82b 12.54a 86.91ab 40.54a 

Significance level *** *** *** *** *** 

Zn rate (%)      

0 32.72d 3.46c 9.86c 86.48b 33.16b 

0.3 37.12b 4.52ab 11.71ab 86.85b 36.80a 

0.6 38.64a 4.78a 12.39a 87.00a 38.01a 

0.9 35.03c 4.33b 11.17b 86.82a 34.47b 

Significance level *** *** *** ** *** 

CV(%) 3.21 9.10 7.00 0.22 4.68 
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Appendix Table 9. Effect of NPS and Zn fertilizers on marketable clove size, acceptably marketable clove size and 

unmarketable clove size. 

 MC AMC UMC 

NPS rate  

(kg ha-1) 

Vlsw  Vlsn  Lsw  Lsn  Msw Msn  Vsscw Vsscn  

0 42.28d 13.08d 11.28d 5.08d 11.48c 6.92d 15.81a 27.67a 

121 57.41c 17.58c 17.48c 7.92c 16.87b 9.66c 10.01b 13.50b 

242 83.98a 24.17a 29.74a 14.00a 27.42a 17.08a 5.44c 8.75c 

363 78.87b 21.75b 25.20b 12.08b 25.48a 13.67b 7.10c 8.25c 

Significance 

level 

*** *** *** *** *** *** *** *** 

Zn rate (%)         

0 57.68c 16.83c 15.70c 7.17c 16.32c 9.42c 12.37a 20.41a 

0.3 65.70b 20.17ab 23.80a 11.00a 19.39b 12.42ab 8.64b 14.25b 

0.6 69.95a 21.25a 24.83a 11.75a 24.12a 13.58a 8.26b 11.25b 

0.9 69.21a 18.33bc 19.36b 9.17b 21.42ab 11.92ab 9.09b 12.25b 

Significance 

level 

*** ** *** *** *** *** ** *** 

CV(%) 4.93 11.40 11.36 11.69 9.88 9.86 19.69 12.25 

Where: - MC – marketable clove size, Vlsw- very large size weight, Vlsn-Very large size number, Lsw- large size 

weight, Lsn- Large size number, AMC – acceptably marketable clove size, Msw-medium size weight, Msn-medium 

size number, UMC – unmarketable clove size, Vsscw- very small size clove weight, Vsscn- very small clove number 

 


