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ABSTRACT
Upland rice is rice grown on dry land. NERICA varieties, particularly NERICA 4, have
been well adopted, grown continually in wide agro-¢cological conditions in mid-altitude
ecology (mainly between 800-1400 meters above sea level). Rice dcreage increased in
Uganda from 1500ha to 50000ha by 2009 after NERICA introduction in 2002 and

production level increased from 123000 metric tons to 180000 metric tons.

The literature of the existing upland rice planters (hand pulled and two-row animal -drawn)
is; the hand pulled rice planter causes back pain and hand muscle pain though it reduces on
labor costs. The two-row animal drawn planter under-utilizes animal power. This calls for

need of a four-row animal drawn upland rice planter.

Using basic engineering principles and some physical properties of rice such as, size,
density and weight of the grain, the ‘various components of the upland rice planter were
designed and sized that is; the seed hopper, drive wheel, main frame, furrow opener, seed
metering unit and delivery tubes. The drive is from drive wheels to drive the roller shaft
where seed plates are rigidly attached. The prototype of an upland rice planter was
subjected to station field testing using oxen and NERICA 4 seeds where 3 replications were
performed to evaluate efficiency. The amouni of seeds delivered through delivery tubes

was determined from which economic evaluation in the long run was done.

Back pain and hand muscle pain while pulling the planter was reduced, draft power was
utilized, and the number of hectares planted per day is expected to increase through
designing an animal-drawn upland rice planter. The machine developed will. improve crop
and labor productivity and boost farmers’ income while rel'eaSihg_'valuable- time for other
activities. The proto-type should be adapted for use in Ugandan soil conditions. The
technology should be utilized by a group of small scale farmers to boost upland rice

production and rural development.

The project embraces. the budget for the design, fabrication, testing and economic
evaluation for the machine: The project costed 624,000 Uganda shillings.

Atulinda Cholet ~ BU/UG/2014/1 | o i



DECLARATION
I, ATULINDA CHOLET NYANGOMA sincerely declare that all the written material

contained in this report is an account of my own efforts unless where cited and has never

been submitted to any university or institution for an academic award.

Signature. % ........

B e e e e o et
Atulinda Cholet BU/UG/2014/1 ii



APPROVAL.

This project report has been submitted with the approval of the following supervisors.

MR. KIMERA DAVID

Signature

Date: 2™ Tune 2018

MR. ODONG SAMUEL ATOCHON

Signature................... PPN

Atulinda Cholet BU/UG/2014/1




DEDICATION
I dedicate this final report to my beloved parents Mr. Beebwa Stuart Kajura Adyeeri and
Mrs. 'Ka_j_ura. Everce Ateenyi of Kyabigambire, Hoima who supported me both morally and
financially through my struggle since my childhood, my Aunt Rose Kabaruli Akiiki, my
brother Musinguzi Henry, my sisters and brothers not forgefting my aunties whose love,

¢are, support, encouragement, patience and belief in me pot me this far. The almighty God

reward you abundantly.




ACKNOWLEDGEMENT
T-am grateful to God the almighty who has seen me through the years to reach this time

smiling.

Am greatly indebted to many people for their valuable assistance in compilation of this
final year project report, my dear brothers, sisters, classmates and friends to whom I extend

sincere appreciation for their support and guidance.

I extend my gratitude to all my Lecturers at the Faculty of Engingering, Department of
Agricultural Mechanization and lrrigation Engineering, who have equipped me with
academic knowledge that has guided me to succeed in my studies for the four academic

years.

I-acknowledge the valuable assistance given to me at various stages in the preparation of
this report by my supervisors Mr.Kimera David and Mr. Odong.Samuel Atochon whose
directions. and guidance enabled me to successfully complete the project and may the truly

provident God reward and prant your hearts® desires.

Great thanks to Mr.Becbwa Stuart Kajura Adyeeri and Mrs.Kajura Everce Ateenyi who

have been there for the timely assets, 1 will always owe gratitude.

Atulinda Chole BU/UG/2014/1 v




Table of Contents

ABSTRACT ....ocioeecveeeeseeseses s se s s s snesinesssimtoras ses sessmmsoeensorsssmnoceioemmscaseeneesiesmasieninares |
DECLARATION ... cereerastmsme e aae s sesamsrne st as e asas e anssms e ssatarssarssssressasaressasssrasrasas i
APPROVAL .......... eeesereaereassasemns e s e st e et paaetmsedesraeren s e segesasreessanressennennensentinsen HI1
DEDICATION............... aeererreenans memratseetemetcas e pat et aat s aetearat et ane ks rar S e 1V
ACKNOWLEDGEMENT .......ooeoeeeseeeecemsensssssessssivasasssssssssscasssmivssesiommaceemmosensiersenessserniorseV
Table of Contents......c.vivvrrerrrereensenras teeesserinraresssnreasraraens mvsenieanns e rvtteastrianes ...... vi
LIST OF TABLES.....corcreceecrrsreessssnseascsssnmenssseresaseresonen: eeueanabeerinneerasvanaretenireebennadeniresnsas ix
LIST OF FIGURES ..ottt etreearsesies et casassasasses s bsseanansanesssnsnessssssrassesnssssasossossns X
ACRONYMS .ot esrassenrsse s sassiassessstsssssesssrasoss sentssessssesssansessssessensssssecsomastasasseoesecesons xi
CHAPTER ONE:..ocoeenmecrseionsrernns S eeebeerenens eeeeteesecenenseeseren ereeeeeeseenmieserrereeee o
1 INTRODUCTION.............. hesrnesteseteseareaanes veeiianonnaenen eeeeeasrensoeiee s et nt e b ree e dnaserennenis 1
1.1  BACK GROUND ...... Lebenreserearassnnsanes eeeieanseirestiesrissaattesmressnarragesaresranseneannesaranen 1
1.2 PROBLEM STATEMENT ....coniiimmitcreeasivessssaresessassiasesasssssssssssosssssossanens asereesaens 3
1.3 JUSTIFICATION...cooiiiicciaisnenesseas e e emssesrecressnaans erreeermeseenaanas eerereneanns o3
1.4  PURPOSE OF THE DESIGNED PROJECT ...ovrereimmeereecssemierssnsessssiessssionsssense
1.5 OBIJECTIVES OF THE STUDY .oocoiiiaena T erresriecensaanrrsenans eeeemenearnes 4
1.5.1  Main objective............. SURTUURIOR rtvesteetnoeninesspeaeresaneeanneesseansneasssasaanessaraapiashiesssres 4
1.5.2.  SPECIfIC OBJEOHVES ierievreearesiareemssessomerernsssss s reesssiasssesnsisssssasinisnserssssssssneecsssncasnelh

1.6 SCOPE OF THE STUDY ...oovrerrneerenerenennes cerensaeratasasonsenstensnreans emeenanrea e seeenesmeaes 4

2 CHAPTER TWO:LITERATURE REVIEW................ e SISO,
2.1 UPLAND RICE PRODUCTION IN UGANDA........ceeennnens S revreearannanenrsaaneas 5
2.1.1  Typology and number of rice farmers, processors and traders......... S .6
2.1.2  Tmportance of tpland rice in Uganda’s ECONOMY ....cvoreoveeeinemreeeneoreaneesnenens 6

2.1.3  Common varieties of upland rice in Uganda ....c..ccoveeccicomiecsneccciniciinncnnnionn
214 Choice of land....cocovreeeeccenns eaeviesen e re et etare e snsaanssaarnns erveanrensessianrasannns i
215 CHOICE OF SBEAS ceeemeecrrvetesiierererecresnreessssrsas saesansarnanbasasssassansemsnsmtemnonsseraeonsnere |
2.1.6  Sowing time ....cocveevvevvreenens SR eeerraneasernennnres U eeeteriaieenranarenrens e

4

Atulinda C

vi

BU/UG/201



2.1.7  Plant SPACIAE......cveeieeseesiereasessms e sarassesrsscesssesseassnssesesssmsssnsssoessensasanmnns weneanenes 7
2.2 TYPES OF PLANTING METHODS ...oooueuuieucenensssiessnsnssaons errerease e rrateaesrans 7
2.2.1  Existing sowing methods................ aereenrerresraesraanen esenvereeanes evrreeanias reeereearen 8
2.2.2  Limitations of Traditional sowing methods;......couvevveerevcenremscieimimecs e w8
223  Operation of an upland rice planter ............cooeereenrvecsemeerrnnee. N rerennaraneed 0
224  Types of seed metering mechanisms ........o....... et eeereeeeee e 10
2.3 CHOICE AND USE OF ANIMALS ....ccovreuvnee eteretecets et e naraeenenas 10
2:3.1  Efficient use of energy potential by a draft animal power unit ...............ec....11

3 CHAPTER THREE: METHODOLOGY. i ccniereeemens S amenrmrnnanene 13
3.1  SPECIFIC OBJECTIVE ONE.....coooviieiironsereineeemssssesssmsosssserssrsssmsseessesons e 13
3.1.1  Sizing of the BOPPET c.uceunvreeereraerienienarenens revearbesienans st asae e esssenesenseassesresne 3
302 DIVEWREEL. oottt et s s sar s S 14
3.1.3  Designofaseed plate.......... ressenvarbsanfesb e e birsbemeviasnns bass e s e sansineansrasinnsansnaii LD
3.1.4  Shaft design i seencrnorions s eesesesnreoes N eererana wneriennna 16
3.1.5 Design of_handle of the planter......c..covenenne i rievureiaeaniatensesnesteanisnsashesaninsenses 4O
3.1.6  Designing of the adjustable furrow opener............ erermreenaseans eeerserensersersenese 19
3.1.7  Design of the deliVery tbe......cvemevemmericesaesseessemmmesssesnsionsessssasivessersennsee 21
3.1.8  Design of frame ....coeerevecurereeeeere e eeeeeneseian e saeasmanees S 22
3.1.9  Design of power ransmission SYStem oo veeecreeersereeevvvnesensareens — cesienennn 23
3.1.10. An assembly of an animal drawn upland rice planter parts.......c.coo....... eeenn 2t
3.1.11 Mode of operation................... ereeierer s sninsaenen: vt eevereensertesanner e 24
3.1.12 Measurements guided by design and sizing ......... s rerreaseet et v avaoneastass 2T
3.1.13  Production of drawings of the components of an upland rice planter ............25
3.2 SPECIFIC OBJECTIVE TWO .cooioeiiceremcrnsransoeresnsnsans renreesennen R e 25
3.2.1  Selection of materials ....coveeeeivereecnsvcriensieonens S erreraeereeeat e teaa e stanes 25
322  Design conSiderationS ... occooomiiceceiaeie e s etaicr e e s eesecsaesonseeraenneserarens 25
3.23  Production of the different parts of an upland rice planter.........oeeeveeeveenen.e. 26
3.24  Assembling of the different parts of the multi-planter ......c.oovemmerie oo 26
3.3 SPECIFIC OBJECTIVE THREE ............. ereerretsesanenas reererasreient et vaesae s srenraranes 26

3.4 SPECIFIC OBJECTIVE FOUR...

vii




4  CHAPTER FOUR: RESULTS AND DISCUSSIONS.......cc....... SOTUUUOOTOURRIRRN: 28.

%8 TN & (v o) 1) VOO O OO 28
42  Seed plate design.............. rrieesraneaserassaiane st reesene s ennes et anees eteabatetansensasnsntarassanessnrs 29
4.3  Design of the shaff ..o eeestetesae st et re et van s enmns eeserrsraanranes 30
4.3.1  Maximum bending DIOMENE ... eireeiciemrnnnreenscssenscssssessnisionannsarsanns eereerans S Y |

44  Furfow opener........... eeenersessrians errereenenene reeerrenraren et eereesreeasaes s senas eeerenrens 34
4.5 POWET ITANSTISSION covecveersenersrarestrrsessrasenerarensossucsneanacoraes esetesasssiiaeensaae e snaneens 36
4,6 Efficiency, E.oceoccirvevinnne veneeereasrasessesnsatesresaanece et tn et e s h et ar s resraranannee 37
4.6.1 Rephcatlons ....... 37
47  ECONOMIC ANALYSIS .o cocmsriarionriemsenenpocnsnaressatressisssessssmsessnssossencssorsasensos 3 O
47.1  Hand hoe planting costs incurred .........ccooecevamearven. rerereaeasraeasinr e nannns erenrens .40
472  Maching OPeration COSIS ..cuwiveuaiorsionvuaesrsssanesioermivssinsasioneronacass S )
4773  Othercash flOWS ooveoveeceeeeeereirereesenes e eeainterissinseernnennt s brsseaaesraaaneasanens .40
474  Determining futtiré values .......cocccecccnee riaresesreavasenas reenesrsarserngersarnranesoneesiees 40-
477.5  MAINIENANCE COSES v urrmrmrermernensresesarasiaseseansaressassans SOOI I |
4.7.6  Calculating the salvage valug .............oerveeenee. rmesvessesaaseeasasatasanntaame e et atas 42

5 CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS... SRR v
5.1 CONCLUSION............ besasssrasnsessi e niastireangibeasoniiraessssananes eertaaesreaceasaenereaaans ol
5.2  RECOMMENDATIONS.......c.coeermarensennrna ceereereeasenennans rererees eesertonetameangnanaenaans 45
5.2.1  Trouble shooting.........cccouene S— rearearseonacasennranans iarsensanseruar st iarmr et asreaes 46
Bibliography ....c.ccccovevrernens eeereneeenaannaes eeveneresrrasaesennnnreas reerevereenraeen eerereraateaens eeevrnesennes 47
APPENDICES ....ooocoeoeesieseins st sssssisssssssssssiesssssasissssssecsassisseesinessinsee 49
APPENDIX A; the seed plate and its views........ evveeraeans revvenraerteae e ear st eaneere e e nr e 49
APPENDIX B; the hopper and its VIEWS ....c.v.enuieerruoneninees rervereenens Cvraeemararaesnsressesenees 50
APPENDIX D; Field 1eStng OPEIationS .......c.uivestusiscssrsienssisesssossacseresserersssssssssessassassasees 52
APPENDIX E; Calibration work from the worksh()p creerervesies S— rreacreenneatanaraas 53

Atulinda Cholet BU/UG/2014/1 T



LIST OF TABLES

Table 2-1; sustainable power of individual animals in good conditions .......... reneerasrresanearas 12
Table 4-1; different ranges of Shaft dIAIEIEIS...ver.vvrevieeireseanecorsensemmsnmsmsensmseseoseenesorionens 3%
Table 4-2; replication results dUrng ESHNG .. .vuerirecrersrrememremamseecanrronsserserarssesenescnrseasessores 38
Table 4-3; budget of the entire project ........ et ses e e seme g s et senianassorinie 3D
Table 4-4; future values of the machine .........c........ e rmmeaserem e e et et e se s pressseaensnenes 41
Table 4-5; futuré maintenance COSIS ...coarrecrsarsneerreesans prestrasnnemaesseentisaesrnnras S IO ¥
Table 4-6; the net book value of the machine after depreciation ... weeeeeresveeeesena. 42
Table 4-7; net present value of the machine...........ovuuieceecnns eranterherens st eaaaapererernetesarseenerirs 43
Table 5-1; trOUBIE SHOOHRE.....cvveverieieesienermssen i eeemeees e aesemseemieemseeinmessemssemsssmsseees ceinsussares 46

Atulinda Cholet BU/UG/2014/1 i



LIST OF FIGURES

Figure 2-1; projected production and consumption of rice in Uganda ... eceireeiseeecnie 3
Figure 2-2; dibbling rice at a spacing of 20 X 2000 «.ovccceveevererceerrreenes SRS .8
Figure 2-3; a hand drawn planter..........copecremsinmsreermssesesscsecrsssntvmssansisiessstssisesssans wereareinninsd
Figure 2-4; a hand drawn planter........co.v e sensasseseans versisaensosaras 9
Figure 3-1; an inverted seed hopper ....... \srearetreeseseaseentesriesanraans sebareaneaeras veserenesenraanes S 14
Figure 3-2; drive wheel............ tarnrosneesssesnsentnrenserrataens rererasareeasensneenes reassiesrnoniessmmeane s reemenne 15
Figure 3-3 ; the seed plate with seed cells on 1t ....... 15
Figure 3-4; a shaft with bushes......ccooveorieoreemirenrimecrmsecns eeiraneensesttentbrensbestrtenranrans S—
Figure 3-5; some forces on the shaft..........ccccvununas T evermenrerar e e 18
Figure 3-6; the handle..... v cirecccinsicomminsierrerecsernes Crsaedaeerrsnsaoannsnsosnenensasnssrnsane 1O
Figure 3-7; a TUITOW OPBIET .o rrs e sssees s sescss e veanmsssanereasassesssrnsnies earsreanas .20
Figure 3-8; different forces acting on the furrow opener erervetratseerreneeesaesaenna ervesesmrreiniaan o 20
Figure 3-9; the delivery tube of thickness 2mm ......occciveeenee. eetareesinr st renrneas evvinrsanasaesead .22
Figure 3-10; part of the hollow frame.......cc.veevicremiereenioenmrirecsseransenas eenesserasaeitnsianssasensanes 22
Figure 3-11; 1he entire fIaIME ... oooeoi oo eee e cieneeienmesesesscessmsessssessnenes eeenadennnsnenssadannaer dd
Figure 3-12; an assembly drawing of the prototype covarreeesenseenrssnearrnen eerereemrerasanaaas verineasins 24
Figure 4-1; one side of an inverted hopper............. eeemerenereareseraas rsensve et agerensrens e 20
Figure 4-2; forces and moment acting on the drive shaﬂ .............. SR 30
Figure 4-3; sectioned shaft under shear force.......cocveeenn. seamnnvirasiussasisnssansiasnsanssaontessosarnine 1
Figure 4-4; the bending moment diagram for the shaft ............. OOV UUUOUDIOTUOR, 7

Amhnda e BU/UG/2014/1 r—



ACRONYMS

NAROG National Agricultaral Research Organization

NERICA  New Rice of Africa

FAQ Food and Agriculture Organization
DAP Draft Animal Power
URA Uganda Revenue Authority

NACCRI  Nationa! Crops Resources Research Institute

IRR] International Rice Research Institute:
NPV Net Present Value
Rep Replication

'linda C oet'




CHAPTER ONE:
1 INTRODUCTION

This chapter briefly analyzes the general information about the research design giving its
background, problem statement, objectives, study seepe and its justification and why it

should be designed.

1.1 BACK GROUND

Rice is a cereal crop that is rich in nutrients and complex carbohydrates plus vitamins
like thiamine, which are very necessary to the human diet (Rice-wikipedia). Upland rice is
rice grown on dry land. Rice (Oryza sativa L.) is a member of the Poaceae family, as are
barley (Hordeum v ulgare L.), wheat (Triticum aestivum 1..), and comn (Zea ma y s L.).
There are two species of cultivated rice. Oryza glaberrima originates from West Africa and
is presently only grown near its center of origin, while O. sativa, which is originally from

Asia, is grown on all continents in present-day.

Africa, O. glaberrima has been almost completely replaced by O. sativa.
Rice, particulaily upland rice, has becomé an increasingly important crop in Uganda since
2000 when NERICA{ New Rice of Aftica), a series of rice cultivars developed in the
African rice center ( then WARDA ) by crossing 0. glabérrima and O. sativa, was
introduced to the region (WARDA, 2001). With its nature of no sterility and high yields,
NERICA varieties, particularly NERICA 4, have been well adopted by farmers, diffused
rapidly and grown continually in wide agro-ecological conditions in mid-altitude ecology

(mainly between 800-1400 meters above sea level) (Haneishi, 2012).

‘The major challenge for upland fi_ce. production in Uganda is; farmers lack an implement
that saves time and reduces drudgery in planting. The planting of upland rice is labour
intensive and time consuming operation; farmers have very positively responded to
planting upland rice in rows from traditional methods, such as broadcasting, dibbling, hand

hoeing throughout the country but they are lacking an appropriate plariting implemerit.
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