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ABSTRACT

In Uganda, as well as other developing countries, the major food crops such as cereal grains are
normally seasonal crops. Therefore, the food produced in one harvest period must be stored for
-gradual consumption until the next harvest.

Hermetic (i.e. airtight} storage systems have been developed but they have drawbacks such as
insects’ infestation and Jimited capacity. The absence of storage monitoring techniologies often
force the smaliholders fo sell their produce immediately after harvest to avoid post-harvest losses
from storage pests and pathogens. |

The main objective of this project was to design and develop a web-based storage monitoring
system for maize cereals that tracks and regulates selected parameters necessary for conducive
storage (i.e. temperature, moisture content and refative humidity), since it is observed that hermetic
storage method is more reliable and efficient compared to traditional storage praclices in
developing countries that cannot guarantee protection against major storagé pests of staple food
crops like maize. Hence, hermetic storage method has been used in this developed system. The
developed system is able to automatically take the values of these parameters in real time and they
are sent to a web application that is easily stored and interpreted for further analysis.

viii




Table of Contents.

LIST OF FIGURES ... ieverences

LISTOF TABLES .cooeeeeccetcamceninnn A S S D P e S ST Vil

ABSTRACT ...cooiiiiniicnnccccnacnas e s :

CHAPTER ONE: INTRODUCTION. oot et eseros e eneestssiessnnsiasesonaeeneren

1.3.1 Main ohjective ... cmsrasnno

1.3.2 Specific objective. ....... — eareraseareessessaiarsas

T4 JUSTICBIION cr e caar s emreceesemesa e cmrariasressnrsssavas sadesns srseeeasan Caervanarasare R ratear st e enssnnase s eeenrtemrrei e ar v aaid a2

BD. L T NI AL SEIPE oo eeee e eeeeeeeeeeeerereeseesearsae et s e eommam e aeetenreasesesnreeansrrarassnansessanseseam ranseasanss’

1.5.2 GEOGRAPHICAL SCOPE U :

153 THMIE STOPE ... crecreraieseeseonsaecemassmeessmsg crseseneeess oo stas A4 ee R4 R e ot b5 1

CHAPTER TWO: LITERATURE REVIEW ... SR rceerersr e R R 4

2,30 MAIZE SEEDS . ooovovemsessoes ot ocioe i asesesessessenesionsssssteseeeemesnen, i st s et

2.1.4 RELATIVE HUMIDITY ..o aarmnsveevivenienerernbanneasanres rrrssane e eeeestarenraar i esserassassansansyana

-2.1.5 MOISTURE CONTENT

2L B ACOUSTIC et ceeiossesersnssssseseasessasnee

2.2 RELATED WORKS ....ccoareccaeas ey asaaan s e itasasthebabeeers e setensensarrerasneranestatearansasraniens D

2.2.1 Postcosecha galvanized steel SO enveteseteermtmeeneeoenengratsasrsaesan b s bentammene e senemant e anEvRS e ban ey Rt

2.2.2 Hermetic Bags ..o veceeneeamecaeeeen e trvenenenersenatsrar e ha et en s s enteeas O rvernvaereerparaniss 5

2.2.3 RecyCled plastic COMEAINETS .. oerererisevienier e rvssicvcerssne st st ssebrearavamress s sebtessssamepesesansbnbsmsnsessasaenen

2.2.4 Traditional granary. rrasbsstisaneas

[ P g




2.3 Research gap 1able ..o P S S 7
2.4 DESIGNED SYSTEM...cccciiirecennns bt S eeaneas RTT ndutivnanr e ihe 8

2.5 TECHNOLOQGIES USED IN THE DESIGNED SYSTEM .............

2.5.1 Arduino technglogy ..o cimavsisan

2.5.2 web design technology...... ereeeineaen
CHAPTER THREE: METHODOLOGY ...

3.1 REQUIREMENTS GATHERING ......... Cevieeis b et b eeeet b trea e nereeemseman e ST
3.2 REQUIREMENTS ANALYSIS .ooomrorerrereemercensssanreesssorssivesresas
3.3 SYSTEM DESIGN coovrooervereestscassesssssessonsssssossssemsaemsioeeesoreesmsrensssreans et e b
3.4 SYSTEM IMPLEMENTATIOIN c.vvveecrecr i mevenssssarsesssssesassassamssssetassonssssssssssrossasssresnsssessssssssanssassass

3.5.1 UMIT TESTHNG ...coveerrvcracannae

.10

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

3.5.3 SYSTEM TESTING couver s cecuemamcenreamsensconamirarasine reaees

CHAPTER FOUR: SYSTEM ANALYSIS AND DESIGN......... o
4.2 REQUIREMENTS ANALYSIS ..ottt st st seasmaness et semsasasssssrsvesemss s vesssans
4.2.1 FUNCTIONAL REQUIREMENTS ANALYSIS .ocoo.cen. e

4.2.2 NON-FUMCTIOMAL REQUIREMENTS ANALYSIS ... oroorreeeoceesorvensssioeareeassnssmssasiissgermmsssnnssiomsecens

CHAPTER FIVE: iMPLEMENTATION AND TESTING .....o...oroooee e veesssasessssessassisesion
5.0 INTRODUCTION «.eeoveeraesivemaneessaiassssssssrisssansssssss osscoss e vens et stmsinssemseesnsionsssmresnsaseesacsssoeinisoes
5.1 DEVELOPMENT PLATFORMS...coontiiriresseaceeimreosmaseisrcmaeman

5.1.1 ARDUIND c...oveveverereenrseceseaanes e ateaem e s reeneemereaestmeanaeneaneens
B2 WAMP ..o vasasrsrasissessarensessans b s sss et e e e saa st e et et e s e et et n et
513 PHP coccroscenscrrereseaneessenrasasts nseiree s secensart seicereaie et e carins e npan e S es s s et A ime et e sacne b e rere
514 MYSQL cvenreemeeceeeee S SO .
5.1.5 HTML......c...... erruessenonbeareme o bt bttt st bbb e et b e eeemi e e eese e eeers
B L8 TS e aesusersos cevvsonsserseessseba s s sanssssess resssesse o e sa a4 SR vt Atk bt b tr e nn e

L A R P

10
10
10

10

10
11

_ .41
3,5.2 INTEGRATION TESTING w.o.ocoureeesarescoensesonssesine st sassssctsaseponssrasacsretsesagresassrasesssssarasssrssssosaspassies L1
11

12

w12

12
12

12
4.5 PHYSICAL DESIGN ... s R et enbitanes S,

13
14
14
i5
15
15
15
15
15

w15

15
16



5.1.7 BOOTSTRAP.............. SR S
5.2.2 CODE FOR WEB APPLICATION...

CHAPTER SIX: DISCUSSIONS AND RECOMMENDATIONS
6:0 SUMMARY OF MY WORK cooooviieiiersorsosereosins-eresiomevessesiosiassesessreeeeo I I e
6.1 CRITICAL ANALYSIS /APPRAISAL OF THE WORK
6.2 RECOMMENDATIONS .oooe. e ooeeececises e seseossssssissesesssoesssiomrensosscesseisesssssassssosesseoesoeeeeses oo

B Y T T L LI T T TP

6.3 CONCLUSION...........

REFERENCES......coiiiinsiiiiisisisiemiie e iy R et rie s esrs s STV

xi

w21

22
22
22
22
22
23
25



CHAPTER ONE: INTRODUCTION.

1.1 Backgronnd

Seeds are key to development. They are first and foremost the source of all food and agricultural
production. Seeds are genetic resources and carry plant genetic diversity. Seed storage systems
serve as a means to attain food and nutrition securiiy,_ ‘income generation and the '_preservétion of
genétic heritage {1} |

Africa is the center of origin and still teday the major producing area for several cereal crops,
notably sorghum, maize, millet and A frican rice; these traditional African cereals are staple foods
for millions of people in the semi-arid regions of the world, particularly in Africa and India, and
especially particularly those who live by subsistence farming[2].

Maize is widely grown in Uganda covering about 50 districts. The crop is cultivated by aver 3.6
million households on about 1.5 million hectares of land. [n terms of area planted, maize is the
third most cultivated crop after banana and beans. In some regions of the country, the crop has
now become a staple food; replacing crops like sorghum, millet, cassava and banana. It is a
growing source of household income and foreign exchange through éxports. In 2008 alone, maize
is estimated to have generated over US$ 18.5 million in export earnings from an estimated 66,700
tonnes[3].

Although in many parts of Uganda certain crops can be produced throughout the year, the major
food crops such as maize are normally seasonal crops. Consequently, the maize produced in one
harvest period, which may last for only a few weeks, must be stored for gradual consumption until
the next harvest, and seed must be held for the next season’s crop[4]. Home storage of seeds is still
a useful, necessary practice, though we share with our ancestors one continuing problem, the
presence of insect pests in stored food.

Traditional storage practices in developing countlries cannot guarantee profection against major
storage- pests of staple food crops like maize[5]. According to the executive-director of the grain
councll Uganda, Mr. Wilfred Tembo; Traders are losing 40% of what they would eam in
international trade due to poor storage of produce. Uganda prod'uces two million melric tonnes of
maize annually, but on,ly 550 metric tounes are properly stored. In 2017, the World Food
Programme cancelled $6m (about sh15b) worlh of contracts with Ugandan grain iraders because
their produce did not meet the required standards[6].

In an effort to store grains for a longer time, hermetic (i.e. airtight) storage systems have been
developed but they have drawbacks such as insects’ infestation and limited capacity [7].
Prevention of pests is important as losses during storage reduce food availability, quality, and the
stability of farmers’ food supply and income. The lack of suitable storage structures for grain
storage and absence of storage monitoring technologies often force the smallholders to sell their
produce immediately after harvest.
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