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ABSTRACT
This study was carried out in kichwamba sub county Kabarole district and it was motivated by
high levels of poor production and produetivity of garlic specifically in kichwamba Kabarole
district. The purpose of this study is to develop-an effective and sustaindble means of solving the
problem. of non-uniformly distributed, unreliable rainfall and use rudimentary methods of
irrigating garlic by designing a drip irrigation system in which.the supply of water for irrigation

will be river Mpaga.

The study objectives include; determining the agronomic requirements of 'g'ar‘lic’, analyzing sif¢ -
relevant climatic:data for irrigation system design and management, to study the topographical
features of the site, analyze the soil conditions of the proposed site as a basis for designing the
irrigation project in line with garlic requirements and to design and simulate the drip irrigation

systent.
In conclusion. by the end of this project, a sustainable drip irrigation system.was designéd for one

hectare of land and the project 'onc'e'-’i111plemented“wi'l'] enhance garli¢ production and productivity

all year round.

MUSHABE Allan BU/UG/2012/10 FINAL YEAR PROJECT REPORT




DEDICATION
This report book is-dedicated to all those who have ever contributed to who, what, where [ am

today and those who helped me out produce this report book.

MUSHABE Allan BU/UG/2012/10 FINAL YEAR PROJECT REPORT




DECLARATION

| Mushabe Allan, hereby declare that this report is an outcome of my own participation and has

not been presented for any award in any university, college or any institution of higher learning.

.......................................................

L L LR T T,

MUSHABE Allan BU/UG/2012/10 FINAL YEAR PROJECT REPORT




APPROVAL

This report has been submitted to the department of Agricultural Mechanization and lrrigation

Engineering with the approval of the supervisors.
MR. KILAMA GEORGE.
(Main Superviser)

]Jatc ................... R R EE R TR s

MS: NAKABUYE HOPE NJUKI

{Co-Supervisor)

Date. oo, e e e »

MUSHABE Allan BU/UGR012/10

FINAL YEAR PROJECT REPORT



ACKNOWLEDGEMENT

Great thanks and applause goes to my lecturers who have laid a foundation for-my project.

I am also grateful with sincerity to my meniors; Mr. Kilama George, Ms. Nal{abu_ye Hope Njuki

and Mr. Exiau Emmanuel who guided me during the preparation of this project report
Aboveall, Lam particularly thankful to my savior Jesus Christ, It’s not my wisdom, kinowledge or

understanding it’s the Tord who has been with me-always in éverything and-also in the writing of

this report.

MUSHABE Allar BU/UGR2012/10 FINAL YEAR PROJECT REPORT



LIST OF ACRONYMS
ETc

ETo

GPS

PVC

USDA

S

DAP

P

PN
Ha
Kin
NAADS
KW
kWhr
Rad
Min
Max
No
IR
Dev

Temp.

Crop water requlrement
Reference ¢rop evapotranspiration.
Global Positioning System
Polyvinyl chloride
United States Departiment
‘Single Super Phosphate -
Double Ammonium Phosphate
Phosphorus
Potassium
Nitrogen
QOrganic Matter
National Water and Sewerage Corporation
Liters per second
Liters-per hour
Present value.
Nominal Pressure.
Hectare
Kilometer
National Agricultural Advisory Services
kilowatt
kilowatt hour
Radidtion
Minimum
Maxinum
Number
Irrigation Requirement
Developnient,

Tenperature

MUSHARE Allan  BU/UG/2012/10 FINAL YEAR PROJECT REPORT

vi




LIST OF TABLES.

Table 1-17 Showing Altitude factors FOr NPSH -CalCUIAOM. rvoeroveereseeeeseessieisenemnsersssaesens e 20
Table 4-2; Water quality analytical test 1eSults, ..o oo e reiree e nrreear s i 26
Table 4-3: Soil physical laboratory test resuls. ....ccorviveivcnccvrinern, et veereei e s v edesress 28
Table 4-4: Soil physical an‘al_ysi’s results. .omrerinens,s S v e e 28
Table 4-5: Table showing the actual rainfall and effective rainfall. ............... eressare ety 31
Table 4-6: Showing the tabulated crop factor K¢ values of garhic. ..o oo, 34
Table 4-7. Showing the adjusted crop factor values of garlic:............ prerreernens SRR et 34

Table 4-8: Showing the Computed reference evapo-transpiration (ETo) of the project site area 35
Table 4-9: Showing the Computed crop water requirement (ETc) of garlic for first season. ...... 36

Table 4-10: Showing the compiited crop water requirement of garlic for the second season. ..... 37

Table4-11: Showing the computed ¢rop water requirement of garlic for the third season, ........ 38
Table 4-12: Showing the ‘agronomic requitements of garliC.. ... rivrerccreriorcnnrennsieriecere 39
Tabled-13: Showing pipe diamieters arid their pressure ratings. ......... eereeren et 43
Table 4-14: Showing UPVC iirigation pipe sizes available on the market. .......... oo eessarreenenn Ak
Table 4-15; Showing the results of the design of the drip irrigation system of garlic.......... e 4T

Table 4-16: Showing the Quotation of the supply and installation of Tha:drip irrigation system.54

Table-4-17: Showing ather operating costs.......c.o.ivinin, U U S DRRPRIOTON . &
Table 4-18: Showing the outpuf yield when no irrigation is used. ...ivie e ionnnnens cererenciveenn 3G
Table 4-19; Showing the yield output when irrigation.is used in garlic cultivation. ................ 57
Table 4-20: Showing the economic analysis:. ..o rieiiiione i et revireeive s e, I8

vii

MUSHARE Allan  BU/UG/2012/10. FINAL YEAR PROJECT REPORT



LIST OF FIGURES.

Figure 4-1: Topographic miap of the project site dred. ... e e et e g e esians S U
Figure 4-2: The graph showing the trend of rainfall received at the project site. .....,pvovee., e 32
Figure 4-3: The graph:showing the consistency of the rainfall data. .....coocverivrcviiivennn, e 33
Figure4-4: Showing the simulation model system layout......... et i 30
Figure 4-5: Showing the first output of the simulation after ranning it.......ioieiiivcinnnns 31
Figure 4-6: Showing the hourly hydraulic demand pattern al the emitter. ............ e B2

Figure 4-7: A gr.a‘ph output of the simulation mode! of demand and pressure at the emitter. ...... 53

Figure 4-8: Showinig yields and water requirements of irigated arid rain fed agriculture. .c....... 58

viit

MUSHABE Allan BU/UG/2012/10 FINAL YEAR PROIECT REPORT



Table of Contents

DEDICATION (it csisinies hasbas s msasbssssnststesstas e b b ias ot pa ot ba e anasis pedsassssonsian e dl
DECLARATION w-iaivirte e stirumeses s sisioss sosssssssn et emsicinsiesionsoreses ST O R TOUO I TOUIIOPINOOR 1
APPROVAL.....covve... et aea et aebe b s at 1 nen et e ses e e s [ TPTTSUURUTRN Y
ACKNOWLEDGEMENT ..., e enecens e ST e e oV
LIST OF ACRONYNMS 1. ooovoecees i esssetsmesassess st eses s casas st antsesss seeamsosstesenisensvesasiosresasesssasns vi
LIST OF TABLES: oo ctiotsosiieiesierss b bisssesey hiasssseasessio s s s s st ssssss s vii
LIST OF FIGURES. .o ireare o et e et e e e viii
CHAPTER ONE: INTRODUCTION. Lot o s rssssesionsimsnsamsvmmsins i |
1O INTRODUCTION. ...ootvitcecmeirnrenenessnens RTOORORORS et e renaneens ererereens |
1.1 Background 10 the study. ...ccoomerniinincirninenis e e ae e aras OURRURORRPY e 1
1.2 Problem statemiefit......oovvie e, eeianieae et er e a st et et PRI
1.3 Purpose of the StUdY. .coeeiiiiersesenseeeseve i e et et et s st rtenre e e 3
L4 Justiffcation ..o TS O SV VRO PP PP AL TTUIPI
1.5 OBIECtiveS 0F 1@ PIOJECL oiieiiiesteesies s esiescissessees s et ssssecremssas st e et et ssbss et e sansstsese, e o3
15,1 MAIN ODJECUVE. ittt i s cseiene e ns i es i et ir b s e e e e s s bireanan b e 3
1.5.2 Specific objective. i, vbeere et e et e sieniani 3

1.6 Scope and limitations of the study. .............. e rerresrrprnr e e nran e e ene ST |
CHAPTER TWO: LITERATURE REVIEW .....vvvveeee. e errerine e arne oy e rerreerienns D
2.0 LITERATURE REVIEW. ........... JOSTSTTUOURVOORIOO rceerienes ettt ettt o1 D
2.1 Introduction. .............. oo re e air et anens eerinae e s b s e s se S beneres rerrseere
2.2 lrrigaiion system, ,........, e r oo ettt trasriasoe et otsgerereeraraeen eeeerren e re et JRUSR.
2.2.1 Introduction of"clifferent't_ypes HEiGation SYSteNS. .....veviveererrrisnres e rrane wrreienc 0

2.3 Garlic agronomy and its production in Uganda. ........... [T OTROUPTUS SOOI s .8
2.3.1 Planting 'of_garli"c..:.-. ....... B PO S URO SO O PUUP SRVt ERORNUNYE ST 8

ix

MUSHABE Allan  BU/UG/2012/10 FINAL YEAR PROJECT REPORT



2.4 Determination of irrigation water need: :..o.iviv i e s wieiens 10
2.5 Estimation of reference crop evapotranspiration. w.......ccoeeresenee. e e s 10

2.6 Determination of Crop water TEQUIFEIMENT. ......o.cceivrrrceierre e sieresasres e esnssasessesssessassrssesrsens L1

2.6.1 Adjusting the values of crop coefficient. ......corvvrvvcvvnres sttt et 12

2.7 Determination of'the Effective rainfall, .oovvvvvecve e e an e eeeerirmeironinn 12
2.8 Consumptive irl‘ig’atit_:uh TRQUITEIMENT, 1. cvvesviiierenvirnseansietsionrasieveseenreen R TRE P AU ORI It
2.9 Design of the drip irrigation for garlic, ................... e be e re e e ttr et atastrnare e st sraneaenarranse o 14
2.9.1 Preliminary design steps: for a Drip irrigation SYSIel v ioriiaivasmmmivesgonns 14
2.9.2 Final design steps for a drip irrigation system. ............... b n e g eses e e r g r e neerean s .17
2.9.3 PUMP SEIECLION. L.uivriesirviiive i rciisses et e et cssease s eess bt er et es st snssones s sasrassensrasassesas 18
2.9.4 Irrigation Pipes. ........ SO cetirerens S o 21
CHAPTER THREE: METHODOLOQGY ........... peerrererzenranennans JOTTURTRORRON TOUO U 23
3.0 METHODOLOGY. .ccnreivmiirensrncneesivsiinneces SRR e et een e i 20

3.1 Materials and equipment used in the STUAY. ..cooriiniiiiniiories ettt ees e ety 23

3.2 Data collection techniques. .......oooeeeeeenn e ieea—— eeeserermtrarrreretr i geeeeiea it aasaoa s i 23
3.2.1 Desk STUAY . e e et ST et s it s N 23
3.2.2 Consultations........ et [N e eae e eres e reea e 23
3.2.3 Interviews............ i ervtre e et e aarienas s atveienean st esai b rereb e i .23
3.2.3 Topographic survey. ..o e cencnnn. b srntrr e tan et e s srnaereeeesnra vreenren s v 24
3.2.4 Water sample testing. ... oveervrerrsnnenns T erree et et r s e, - . 24
3.2.5 Climatic data collection. «..covienen e — s r it e s e are et i res O e .. 24

3.3 Data analysis. o e bbb e ekt enenenes 2O

3.4 Aciual design of the drip irrigation system, ,......... et s iren ety researeteesaans R 4. 4

CHAPTER FOUR: DATA PRESENTATION, ANALYSIS AND DESIGN............ i 26,
4.0 DATA PRESENTATION, ANALYSIS AND DESIGN. ....c.ooviicinricen. et e 26
4.1 Discharge of the water source and waler quality tests. analysis and discussion........o...... 20

X

MUSHABE Allan BU/UG/2012/10 FINAL YEAR PROJECT REPORT




4,1.1 Discharge of the waler SOUICe. .............. D SO SO TR e 20

4,1.2 Water quality. .............. ettt ot crvereeane et bt ans rriees SR eoremririerenns 20
4.2 Soil results, analysis and dISCUSSION. ...vrrerw. sy riviesieitonsiissasnsssseconssonsssrssenss rreniririnnin 27
4.3 Topographical result analysis. ..., SUROUTPRTIRORE 14
4:4 Climatic deta analysis. ...o.ovvvieeevrireecoeeonninnne. et ettt ers tber e st s w31

4.4.1 Computation of effective TaINFAIL ..o oottt et sesma i 31

4,4.2 The trend of rainfall received around the project site area, .......... et e .32

4.4.3 Testing for the consistency of the rainfall data. ............... SN DPE P NOTORK It
4.5 Determination of Crop water requirement for garlic. ................ er et o33

4.5.] Comiputation of the crop fACIOr (Ke) et cnseeis e s st ae e 34

4.3.2 Computation of reference evapo-transpiration (ETo)....oovireeeerennns b st it 34

4,5.3 Computation of the crop water requirement (ET¢) of garlic for first season. .............. 30

4.5.5 Computation of the crop water requirement for garlic for the third season................. 38

4.6 Preliminary design results of the drip irrigation system for garlic cultivation. ......c.......... 39
4.7 Final design results.of the drip irrigation system for garlic cultivation, ............ Gevereesinnnans: 41
4.7.1 Sizing of ITigation PIPes. ..cooercrienaione, e e rerreerieene e reenee F3

4.7.2 Calculation of the required inlet pressure of sub-main lines and main pipe line......... 44
4.7.3 Selection ofthe PUIILD.: coviiictiniveasger s eeniass o assas s b s soss s bmieesrmemrmp e nas s st s stessranennsepon e 40
4.7.4 Selection of the tanke... oo evcernreennnn. Srreerens e b enaeas et enersss et 0

4..?._5 Operation of the designed irrigation SYSIEM. .covcviivrceeriimececeiie s veerrsreressvesessesnsrees 47

4.7.6 How to maintain the system. ....... i et st ST SOOI PRIPRR 3.
4.8  SIMULATION OF THE SYSTEM. .........c... ettt st et sk es e Y e 0 e 49
4.8.1  Procedure that was followed-during the simulation. ... 49
4,9 FCONOMICEVALUATION. oo ceesre st eseeeeesescanes U
49,1 COSLOF OWNEESHIP 1veoisevmeereaereionivcits st gessrsanndonns s i sssnnans eeveremiererzais 34

xi

MUSHABE Allan BU/UG/2012/10 FINAL YEAR PROJECT REPORT




4.9.2 Determination of operaling costs ..., etk (e e Y e et .55

4.9.3 Annual sales from the garlic sold. .............. herreerrateri e rararaan v tare et e re b . 36
4.9.4 Eeonomic analysis. ..o, e evapeeree s vttt ey e abe s e e e e 38
CHAPTER FIVE: CONCLUSION, CHALLENGES AND RECOMMENDATIONS ............... 59
5.0 CONCLUSION, CHALLENGES AND RECOMMENDATIONS, .....covvericiveeniane. S .. 59
5.0 Conclusion. v i, SO PRI e ety 9O
5.2 Challenges. ........c...... e ereree et Senreanererateeteanee et eeaes rerreent e iaenoneens et ae ey an rereens eiennn, 39
5.3 Recommendations. ,......coveeecrarnenns ereobrarinedsen anens et rs e r e re st e nsedrena e ert e sresi g sernsrens DO
REFERENCES............ Sermnanesneanes: USRS SN et ba i b et st et S e st anesenbaaesnrnesaessranssenes DU
APPENDICES: (e vt et e OO UTOTTI ORI o B1
APPENDIX 1: Kyembogo monthly Rainfall {mm). i 61
APPENDIX 2: Kyembogo monthly maximum temperatures (%) ....oovvenee, v revrraeeenan 02
APPENDIX 3: k}-’embogo-m‘on‘th-ly minimum temperatuies (°¢) . oo iiivniriviesceniansnns 62
APPENDIX 4: kyemboge monthly maximum relative humidity at 9AM ) — SPPU %
APPENDIX 5: kyémbogo monthly minithum humidity at 3PM (%) ....eue...... peveerrersnnseeenenrs 03
APPENDIX 6: Design of the drip system layout drawing. ........... SOUPIONORUP S ... 64
APPENDIX 7: Typical drip irrigation block of 100x%8.32m. ....ccccvveriiiioniiiereneene, ereanans 04
APPENDIX 8: Details of the garden bed where to, plant Barlic. oo .o iverreesesrconsiosivenenses .. 63
APPENDIX 9: Picking coordinates using the GPS at the project sile area. ......o...vve.e... ORI %

APPENDIX 10: Garlic storage facility used by one of the prominent farmers in Kabarole. ... 66

xii
MUSHABE Allan BU/UG/2012/10 FINAL YEAR PROJECT REPORT




CHAPTER ONE: INTRODUCTION,

1.0 INTRODUCTION.

This chapteris.about the background to the study, problem :stat.emen‘_t_..jL‘l'sti_ﬁcation._ dbjectives and
scope of the study.

1.1 Background to the study.

Ugandais located on the East Aftrican plateau. The latitude and longitude denominations of Uganda
are 1 00 N'and 32 00-E respectively. The republic of Uganda covers a‘total arga of 236040 square
km. Uganda’s latitude and longitude denominations provides it with a climate that is typically
tropical(_www.mapsofworld.com).

According to the Ministry of Agriculture, Animal Industry and Fisheries (CAADP’s report 2009),
Seventy-five percent of Uganda’s geographical area is suitable for cultivation, However, only 30
percent of arable land is presently under cultivation. Nevertlieless, agricultire is the source of
employment for 70 percent of the people. The productivity, profitability, and continued expansion
of the agriculture séctor are critical to the well-being of millions of Ugandan house-holds. To
achieve this, the government has always advocated for irrigation of high value crops such as garlie

frony which subsistence farmiers can start benefiting financially.

Garlic (Allium sativunt locally known as katungutuchumu, has of late fgai'ned'. importance as a spice.
n many homes alsc an important spice crop belonging to the family Alliaceae dlong wilh onion,
shallot and chives. They are about 40cm tall when fully grown. The leaves of onion. shallot and
clitves are cylindrical and hollow while that of garlic are flat and very slender. All the leaves arise
{rowr the swollen stem that takes the form of a bulb.. According to (Medina ef al., 1960Q), garlic
bulb consist of small bulbils, which range from 6-50 commonly called cloves, Garli¢ plant, the
green ops as well as the bulbs are principally used as spice for Havering and seasoning vegetable.
and meat dishes, it gives the food a delightful fragrance. [t is usually deliydraied lor industrial and
home use: Its folk medicinal use includes treatment of whooping cough, lung diseasés, stomach
complaints (as healing of uleers of the intestines) and disorders resulting frony child birth and as a
speeific for colds, sore eyés and ear-ache; (Kostalova, 1982). Its ability to protect crop dagainst a
variely of fungal and bacterial diseases has been scientifically proven by researchers at the

University of California in Berkley. Garlic is believed to have originated from central Asia and
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