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ABSTRACT

Land degradati

yields nn“ adation and Low _’“’“ lertility has been attributed 1o be the major cause of pesor
i $ u Imnu small holder farmers in sub Saharan Alrica The problem is further increased
¥ the Tailure of the soils to respond (o fentilizer applicaion due low very low soil carbon in

the soil especially the highly weathered lerralsol soils which oceupy the largest portion of sub
Saharan Africa.

Studies condueted in sub Saharan Africa indicate low fertilizer response especially in cereals
Erown in ferralsol soils with soil carbon levels below the critical level of 1.2%, similar
problem has been reported in Uganda, A study is therefore proposed 1o be conducted 10
determine the effect of legume integration on soil organic carbon levels in the soil and finger-
millet productivity in Teso farming system. Specifically the study will determine the spatial
distribution of soil organic carbon, Nitrogen, Phosphorus and Potassium levels in the Snget
millet growing arcas of Eastern Uganda; determine the effect of finger millet legume
tntegration options on soil organic carbon in Easicm Uganda; to determine the effect of
legume integration on finger millet productivity and nutrient use efficiency and to determine
the effect of legume integration on nutrient composition of the three varictics of finger millet

flours grown in Eastern Uganda.

A field experiment will be conducted ot National Semi-and Rq.:anurm Rescarch Tml.um;
(NaSARRI) in Serere distnict easicm Uganda. The Center is located at IJE:J'HI nort
33739 east of the equator. The expenment will be conducted during the short mfu:ld-un!g rains
of 2020 and 2021 and the study will be laid downn a randomized cnm:pl::ln block tilgn na
three by two by two factorial treatment structure. The three factors will be I:_gum: varieties
(groundnuts, green gram and cowpeas), two finger millet varielies {S_ERI:.MII 2, Hfﬂ.ﬂg
MIL3) and two cropping systems (Iniercroppinig and Crop rotation). Ft_'“lf“' :“d“:n;t:nlumw
. . : - | arrangement (one row of legume follow '
mt:rcmpped o 1 i : (Groundnuts, green and co ).
finger millet) and also rotated with the three I-r:lgumcs : - wEiillmh-:n piam::.'lhpmsin =
tudy will therefore, be replicated three imes and the expenime . 5
i ile and fertile fields and fertility levels used for blocking. Crop gro
pe peden S} fm!lﬂ ill also be entered in Microsoft Excel spreadsheet, Simple
data, soil data and yield data Wi “ : rain vield and maturity time; nutrent
correlation (between Days 10 flowering and mulurltz. :3, Tmillel i yicld), mulivarat
i ieties, SOC and Onger '

i and finger millet variclies, i as
uee eﬂ'}mﬂ:’f ume inlSErElinn options and yield, legume treatment and SU".; [;T[::I;mms
oo 15 50% flowering, Days to maturity and finger number S

d tiller number, €as 59 : i fliciency, tillering ability, days o
i (ANOVA) 10 determine nuirient use € s 13 il canducted using
of variance writy, finger qumber, head size and grain yield v o g
Hovie dags el [a{';tical software will be conducted. The means Wi separated

2 qtiion atall
GenStat 14 Edition

L.SD at 5% level of significance.
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CHAPTER ONE

INTRODUCTION

L0 General Intraduction

This chapter presents background (historical and theoretical background), statement of the
prablem, objectives of the stady, hypotheses, scope of the study, significance of the study,

Tustification of the study, definition of key terms as scen below,

L1 Background of the Study
1.1.1 Historical and Contextual Background

Finger-millet (Eleusinecoracana (L) is a major food crop of the semi-arid tropics af Asia and
Africa and fits well in dry land farming systems (Goron and Raizada, 2015). The crop was
domesticated in the highlands of Ethiopia and Uganda approximately 5000 years ago, and
today it is ranked fourth globally in importance, after sorghum, pearl millet, and foxtail mallet
(Das, 2013). Tt is cultivated in more than 2% countrics, mainly in Africa and
Asia(Chandrasckara and Shahidi, 2010). Finger-millet is a major staple crop in Uganda and is

rated second to maize (Zea mays 1) in importance among the cereals (UBOS, 2016).

According to the National Agricultural Research (Organization, finger-millet is a high priority
food commodity research crop, ranking second only after bananas (Owere, Tongoona,
Derera, & Wanyera, 2014a). The crop is grown on an estimated annual area of 249,987 ha
which provides grain harvests of up o 276,928 metric tonnes, production of the crop is
largely in the northemn, eastemn and western regions of the country(UBOS, 2010)

Besides its importance as a staple food crop, finger millel contributes greatly to the incomes
of rural households, particularly women in Uganda. It is brewed into local beer for sale or 15
sold directly as grain in local markets where there isready demand(UBOS, 2010).
Furthermore, finger millet plays a major role in providing for the dietary needs of the rural
people who constitute more than 80% of the Ugandan population. It is & major preventative
food against malnutrition, owing to ils high content of essential amino acids namely,

tryptophan, cystine, methionine, and total aromatic amino acids (phenylamine and rysone)

1|Page



:;:Il‘r; I.:u: ::mly r::-lttl-ﬂcd .'-um.:li.v:y by national agriculturnl research organization (NAJRE)

: addition finger millet has high amount ol iron which is one of the most deficient
m’"‘m"'“- for children under five in Uganda (Tumwine ct al., 2018). Increasing production snd
Productivity of finger millet in Uganda and eastern Uganda in particular would help in
addressing the problem of iron deficiency in children below five years among rural
hmlxs-.‘chulds especially if they are fed on finger millet porage. Also finger millet is a fairly
resilient erop; it is drought tolerant and its grain has good storage qualitics without significant
damage by storage pests. Finger millet, therefore, offers great food sccurity opportunifics for

the small holder farmers in the semi-arid regions (Gupta et al., 2017).

[}'t.i]}itt the great value associated with this crop by the population, its productivity (yield per
unit area) has remained low in Uganda. Production figures consistently show an increase in
area under finger millet production, bul paralleled by a decline in land productivity (as low as
600 kg ha' YUBOS, 2016). Several causes have been advanced to explain this decline and the
major ones are thought to be low soil fertility, poor agronomic practices, poor quality
varieties and weed proliferation (Ebanyat, 2009 Kidoido et al., 2002; Owere el al., 2014a).
Low soil fertility is associated with low Seil Organic Carbon(SOC) which is a key indicator
of soil quality and productivity in the <emi-arid tropics of sub-Saharan Africa (T ittonell and
Giller. 2013). Soil Organic Carbon (SOC) refers only 1o the carbon component of organic
(SOM) is difficult to measure directly, so

compounds (FAO, 2017). Soil organic matler
organic carbon therefore, is a measureable

laboratories tend to measure and report SOC Soil

component of soil organic matter. Organic matier makes up just 2-10% of most soil's mass

and has an important role in the physical, chemical and biological function of agricultural
soils. Organic matter contributes to nuirient retention and turnover, soil structure, moisture

retention and availability, degradation of pollutants, ©
f Westem Australia, 2019). In fact most soils in the semi-arid tropics has been

of less than 1.2 % (Musinguzi et

arbon sequestration and soil resilience

(Government 0
reported to have S
al., 2016a). Yet S0OC has been reported 10 influence soil
production (Musinguzi et
und 1o be influenced by environment, agronomic practices,
N., Gaur, & Kumar,

OC below the thresh hold (critical value)
quality, NPK amounts in the soil and

nitrogen use efficiency in cercal al., 2016b). In addition, the quality

of finger millet grain has been fo
crop, SOC and soil fertility( Gupta,
soil such as legume integration in cereal

ilizers have been used 10 manage

the genetics of the
2012).Interventions that increase biomass in the

production, 3 combination of organic and in organic fert

2|Page



SOC levels and sofl fertility in the semi-arid tropical areas of Sub Soharan Africs (0CRISAT

2003y, However, the quantity of S0C added by dilferent legumes, organic and i organic

lertilizers over lime remaing scanty. Therelore, there is need o provide practical and context
based solution 1o address the problem of low soil organic carbon which in tum contributes (o

increased soil fertility and consequently increased linger millet yields for the benefit of the
small holder farmer.

1.1.2 Theoretical and Philosophical Background
Theoretical Background

A number of studies have attempted 1o explore critical Soil Organic Carbon (S0(C)
concentrations 1o attain desirable soil characteristics, production potentials and a good
lunctional ecology. These studies have indicated 2% SOC as the critical concentration for
structural stability, water holding capacity, cation exchange capacity, soil aggregate stability
and < 1.2% for optimal vield response 1o N fertilizer (Musinguzi et al., 2016). In the past
decades these studies were based on the classic ecological theory that states that SOC is a
function of recalcitrance propertics of the soil and stabilization process leading to the
formation of complex organic compounds These compounds are made of dead plants and
other organic materials degraded by soil micro-organisms inlo organic compounds such as
large humic substances that are highly resistant 1o further decomposition (Tan, 2014). This
theory was challenged by the ecological equilibrium theory (Caruso et al., 2018)., that states
that ‘persistence of SOC is an equilibrium point where SOC losses resulting from continuous
decomposition and SOC gains due to SOC protection are balanced’ and stated as de/de=

G cson)-L{Cs0n)

Where; de/dtis SOC persistence or accumulation, Gice) is SOC gains and Lica) 15 SOC
losses. As a result of these theories, more than thirty models have been developed 1o study
soil organic matter dynamies in the soil and in the past one decade, Roth C model (Coleman
and Jenkinson, 1996) and Century model have commonly been used (Parton et al., 2010).
Studies conducted by (Smith et al.,, 1997) compared nine models and found out that Roth c,
CANDY, DNDC, CENTURY, DAISY and NC soil models did not differ significantly from
each other while SOMM, ITE and Verberne did not differ significantly from each other but
significantly showed larger model errors. It is upon this background that this study will apply
the Roth ¢ model principles which consider the parameters of interest in this study. The Roth

3|Page



C m " et ) " .
odel states that Soil Orgonic Carbon (SO0]) 15 8 funcilon of soll type {Amount of clay
con i ;
% lent in the soil express in %), avernge monthly rainfnll, avernge monthly lemperatiire
C il ; : :
("C), soil cover/cropping system, monthly input ol farm yard manurel FYM) or compost, the

d a1 + -
ecomposition of the incoming plant material and depth of soil sampled

Philosophical Background

The study is grounded on the positivism philosophy. Posilivism is the view that the
only authentic knowledge is scientific knowledge, and that such knowledge can only come
from positive affirmation of theories through  strict scientific methods (techniques  for
investigating phenomena based on gathering observable, empincal and measurable cvidence,
subject to specific principles of reasoning). The doctrine was developed in the mid-1%th
Century by the French sociologist and philosopher (“Comie, Augustc (1798 - 1857) - Credo

Reference,” n.d.).

The term "positive” in the epistemological sense indicates a “value-free” or objective approach
to the study of humanity that shares much in common with methods employed in the natural

sciences, as contrasted with "normative”, which is indicative of how things should or ought to

be.

Comte saw the scientific method as replacing Metaphysics in  the  history of thought
and Philosophy of Science. His law of three sitages (Universal Rule) sees socicty as

undergoing three progressive phases in its quest for the uuth; the theological (where

everything s referenced to God, and the divine will subsume human rights),
the metaphysical (the post-enlightenment humanist period, where the universal rights of
humanity are most imporiant), and the positive (the final scientific stage, where individual
rights are more important  than  the rule of any one person). Comie believed
that Metaphysics and theology should

mathematics at the base (0 sociology at the top.

be replaced by o hierarchy of sciences, from

a|Page



There are fjv
live main principles behind Positiviam;

-'I'hlr logic ol inquiry is the same across all sciences (both social and natural )

Ihe goal of inquiry is to explain and predict, and thereby 1o discover necessary and

sulficient conditions lor any phenomenon

* Rescarch should be empirically obscrvable with  human  senses, and  should

use inductive logic to develop statements that can be tested

Science is not the same as common sense, and rescarchers must be careful not to let
common sense bins their research,

* Science should bejudged by logic, and should be as value-free as possible. The
ultimate goal of science is to produce knowledge, regardless of politics, morals and
values.

Positivism is therefore, a way of thinking/an epistemology that secks explanation of events
for the discovery of underlying laws so that any future event of that type can be predicied and
the implication controlled. On the basis of these predictions, it becomes possible to

manipulate a particular set of variables, control events so that desirable goals are achieved

and undesirable consequences eliminate (Benson, 1989)

Epistemology is the investigation of the nature of knowledge itself. Its study focuses on our

means for acquiring knowledge and how we can differentinte between truth and falsehood

Modemn epistemology generally involves a debale between rationalism and empincism
Rationalists believe that knowledge s acquired through the use of reason, while empincists
assert that knowledge is gained through experiences (Alston, 1989; Cline et al.,, 2019).
1.2 Statement of the Problem

The soils in the Teso farming systcm
organic carbon (SOC), a key indicator of soil fertility and

ferralsols characterized by low soil
In addition, the soils are deficient in N and P which are

soil health (Musinguzi et al., 2016b).
the main nutrients required for finger millet growth and grain development (Ebanyat, 2009,
ted to continuous cultivated due to

Musinguzi et al., 2016). The low soil carbon is attriby

use hold land size and poor agronomic practices such as bush burming.
1o be declining (UBOS, 2016). For
(K-

in the semi-arid regions of Uganda are majorly

reduction in ho
Consequently, Finger millet yields have been reported
instance, yield trends over a len-ycar period showed a growing gap between on-farm
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RO0 ]
]"Ft ha™) and on-station productivity (2,500 kg ha SLEIET )8, 2006). This is majarly

aur SO0 '
buted to low 8OC resulting 1o low soil Tertility (especially low M-less than 0 1% snd P
less than 7 mgkg " soil)

) and weed proliferation,  (Kidoido et al | 2002, Opole. Prassd. &
Staggenborg, 2

Wi 013, Owere, Tongoona, Derern, & Wanyera, 2014b) And according 1o

'f.“m“mm et al., (2016b), a critical SOC level below 1.2% does not favor grain yield cven
With application of NPK fertilizer Yel most soils in eastern Uganda have very low SOX
(<1.224) implying thai application of NPK fertilizers will not greatly influence grain yield
Therefore, application of integrated soil and N management practices (ISFM) such as finger
millet legume inter cropping, finger millet legume rotation and fertilizer application could
lead 1o achieving critical SOC required to boost productivity on Ferralsol soils. In addition o
timely weed control and, pest and discase management. Information on the effect of
integration of legumes with good agronomic practices 1o enhance SOC and finger millet
vields in ferralsol soils is scanty. This is because of the limited research on finger millet, thus
has been considered an ‘orphan crop”. Therefore this study secks 1o determine the effect of
legume integration on soil organic carbon and finger-millet productivity in Teso farming
system in Eastern Uganda.

1.3 Objectives of the Study

1.3.1 Major Objective
The overall objective of this study 15 1o contnbute 1o increased finger millet productivity in

Teso farming system in castern Uganda through finger millet legume integration.

3.1.2 Specific Objectives
The specific objectives are:

1. To determine the spatial distribution of soil organic carbon, Nitrogen and Mhosphorus
levels in the finger millet growing areas of Eastern Uganda

2 To assess the effect of finger millet legume integration options on soil organic carbon,

nitrogen and phosphorus levels in Eastern Uganda

3. To examine the cffect of legume integration on finger millet productivity and nitrogen

phosphorus and potassium nutrients use efficiency
4. To determine the effect of legume integration on nutrient compaosition of the three

varieties of finger millet flours grown in Eastern Uganda

6|Page



1.4 Hypotheses
Hm: T : i
iere is no difference in the distribution of soil organic carbon, Nitrogen and

Phosph '
1 ;
phorus in the nger millet growing areas of Eastern Uganda varies in space

Haa: Soi
: Soil e iy
il carbon sequestration, nitrogen and phosphorus levels are not affected by legume

integration options
Ho: Legume i on opti o
gume integration options has no effect on finger millet productivity in Fastern Uganda

- . . . .
o4 Nutrient use efficiency of different finger millet varieties 15 nol affected by legume type

used in the intercrop or rotation

os: Legume integration options has no effect nuinent composition of the three finger millet

varietics grown in Eastern Uganda

1.5 Scope of the Study
This looks at the conceptual, Geographical and uime scope of the study.

1.5.1 Conceptual Scope

Generally, the concemn of the study is 1o contribute 1o
aided by increasing Organic matter levels through

increased productivity of finger millet

in Teso eastern Uganda and this can be

legume integration and fertilizer application in finger millet production. Specifically. the

study will focus on determining the effect of finger millel legume integration on soil fertility

and finger millet yields.

1.5.2 Geographical Scope
The study will be conducted in Amuria, 40 kilo meters (km)
oroti town. These arcas have been chosen because the soils are largely

soil organic carbon and therefore low soil fertility (Patrick et

north of Soroti wown and Kumi

district 60 km east of S
ferralsols characterized by low

al., 2013a; UBOS, 2016) and are major finger millet growing areas in Teso.

1.5.3 Time Scope

The study will be conducted between 2019 and 2020, This is the period when funds for

research will be provided by the sponsor of this study

7IPage



1.6 Significanee of the Study

It % ho d
ped that the swudy lindings and recommendations will be an addition o the ——

knowledge ;
e . .
Be in the academia. To the policy makers especially Ministry of Agriculture Animal

I . -
u:i;::fﬂ:["ﬂ;:::::: [M;MFL the findings will guide on policy formulation on training of
on how to increase :“Til g r.“"““”‘ ﬂ‘:“]f‘ﬂmcf' I"fd'lmminuunn and training materials
farmers, if the mc‘hm; m_ organic carbon, soil It'cmhlf and finger millet productivity. To
g ogies are adopled linger millet productivity will be improved. This will
contribute to food and nutrition security, incomes and wellbeing of small holder farmers in
castern Uganda. This will contribute to the attainment of sustainable development goal
(SDG) 1 (ending all forms of poverty) and 2 (eradication of malnutrition).

1.7 Justification of the Study

Finger millet is an important cereal with outstanding attributes as a subsistence food crop. In
Africa and South Asia, finger millet is a staple food grain upon which millions depend
Additionally, finger millet straw also makes good animal fodder, containing up to 60°% total
digestible nutrients (Goron and Raizada, 2015). Finger millet grain is rich in calcium, iron,
methionine, and tryptophan(Gupta et al., 2017) forming an integral part of the diet of the rural
populations in developing tropical countries where calcium deficiency and anemia are
widespread (Babu et al., 2013). Besides its imporiance as a staple food crop in the region,
finger millet contributes greatly to the incomes of rural houscholds, particularly 1o women’s
income (Wanyera, 2007). It is sold directly as grain in local markets where there is a high

demand for the crop, and is also brewed into local beer for sale. Moreover it is a farly

resilient crop, it is drought tolerant, and ils grain has an extended shelf life of several years

without significant damage by storage pesis (Kidoido et al., 20
contributes to about 23.7% of the country's GDP (UBOS, 201 0).

02). As a couniry mullet

1.8 Definition of key terms

1.8.1 Soil Organic Carbon (SOC)

Soil Organic Carbon is a measurable component of soil organic matter and soil organic

s a compenent of soil consisting of plant and
n, cells and tissues of soil organisms and subst

animal residues at various stages of

matter i ‘
ances synthesized by soil

decompositio

organisms.
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I.
8.2 Sail carban sequestralion

This 1%
b | ; . o
Process in which Carbon dioxide is removed from the atmosphere and stored in the

son] ¢ca - :
rbon pool. The process is primarily mediated by plants through photosynthesis with

carkg ; .
1} Slored Iﬂft‘:ml ol SO '[..Iﬂﬂk‘.-il'l-l'l-. :"I?'ﬁ Soil carbon F{]H] I5 o 1.}“1:'“ that has the

Capacity -
Apacity to release or store carbon. The Marrakesh accords recognizes five main carbon posols

ar mﬁcn- . B s -
01irs 1in rl'll'f."ﬁ-[!-. Above Emlll'ld hll_]-l'l'lh_ﬁ:., h:!{pw u“;und hlﬂmﬂ‘l, dead wood., litter and

Organic matter

L83 Climate

w . | 1 gt .

cather conditions prevailing in an area observed over a long period of time is ¢limate and
weather is a state of the atmosphere described in terms of hot or cold (temperature), wet or
dry (humidity), calm or stormy and clear or cloudy

1.3.4 Tq-pu-grnph!.

It is the arrangement of natural and artificial physical features of an area for example hills,

mountains, valleys, forests etc.

1.8.5 Soil texture

The relative composition of sand, clay and silt particles in a given soil

1.8.6 Land use

Land use is the purpose to which the land cover is commitied

1.8.7 Fertilizer
Natural or synthetic chemical based substance added to the soil to enhance its fertility

1.8.8 Inorganic fertilizer
This is artificially manufactured/ chemical fertilizers

1.8.9 Organic fertilizer
It is a plant fertilizer that is derived from organic sources such as organic compost, cow
manure, Goat/sheep droppings elc. Organic fertilizer contains only plant or animal based

materials that are either a bi-product or end product of natural processes such as manure,

leaves or composl.
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L9 ¢
Conceprug) Framewnrk

This
15 0 sehey : ; .
ne of concepls (varinbles) which n researcher will operntionalize in the study i

order g T . ,
achieve set objectives. The (ramewaork is normally  presented graphically

i
\ SBRmMmatically) as shown below,

[ndcpendmt variable

Dependent variahle
Megrated soil Mgt u'purmﬁ '{‘;iﬂl.': A
* Intereropping finger Sail fertility and health

millet with legumes
Finger mille

* Lepume-finger - productivity
millet rotation

Intervening variahles

|
\_ I
\ _‘% *  Pest and Discase \‘

¢  Soil and water
mnnngt:m:nl

« (iood agronomic practices

- 7

Explanation of the Conceptual Framework

The conceptual frame work above shows the relationship between integrated soil
management options and improved finger millet productivity. The integrated  soil
management options that are anticipated to improve finger millet productivity include; a
combination of organic and inorganic fertilizers, inlercropping and legume, finger-millet
rotation. Pest and disease management, soil erosion control, soil waler management and

environmental management would enhance the above independent variables in ImMproving

finger millet yield.
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CHAPFTER TWO
LITERATURE REVIEW

2.1 Status of soil organic carbon (SOC) stocks In sub Saharan Africa

Soil Organic Carbon is the main indicator of soil fertility in the tropics and is also the main
m.h“ﬁ“ of soil fertility heterogeneity due to its variation across tropics (Patrick et al., 2013h;
Tittonell and Giller, 2013). Soil organic carbon plays o major role in improving soil quality
through the soil aggregate stabilization, reduced effect of soil crosion improvement in cation
exchange capacity water holding capacity, biological functioning and availability of macro
and micro nutrients (Carter et al.. 2004). Studies conducted by Patrick et al. (2013b); Tittonell
and Giller(2013) and (Musinguzi ct al., 2016b), in tropical sub-Saharan Africa reporicd high
SOC to be associated with high soil fertility and yield. However, high yicld was not reported
with soils low in SOC (Ebanyat, 2009). Most soils with low SOC are associated 1o highly
weathered tropical soils especially ferralsols characterized by high levels of sequioxides,
kaolinitic clays and inherently low in nutricnt retention capacity (Bruun et al., 2010; Steiner
et al,, 2007). Because of the low levels of SOC, yield response 1o mineral N fentilizer
application was reporied insignificant (Ebanyat, 2009). Thus Musinguzi et al. (2014)
explored to determine the critical SOC concentration for optimal yield response to mineral N
fertilizers, this was observed at SOC > 1.2%. However, the rate at which different soil

management practices/options aitain the critical SOC concentration is unknown. Therefore,

this study will seek to determine the effect of fertilizer application and finger millet legume

integration on soil organic carbon and finger-millet productivity in Teso farming system.

2.2 Finger millet legume integration and its cffect on soil organic carbon and finger

millet yield

Legume integration is one of major components of integrated soil fertility management in sub

Saharan Africa (Giller,
groundnut. Farmers commonly in
maximize utilization of land and labo
pattem, aboveground canopy, rooling system,
g effectively enables a more efficient utilizatio
utrients), and can result in relatively higher yields than when crops are
ds (Willey, 1979). Different legumes [ix nitrogen at varying

2001). In drier areas, common beans are often replaced by cowpea ot
tercrop lo secure food production by averting risk, and to
r. When crops are complimentary in terms of growth
and their water and nutrient demand,

:tercroppin n of available resources (sunlight.

moisture and soil n
grown separately, as pure stan
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rates and also generate varying biomass. These biomass contributes 1o SOC stocks and
enhances eeregl grain yvield (Myaka et al., 20006).

Studies conducted in west Alrica particulorly Nigerla, on the practice ol rotating
Mucunapruriens with maize(ICRISAT, 2013) oand soil fertility manogement in maize
production in Nigeria (Kamara et al., 2014) reporied groin yield increase between 25-50%
and improvement of SOC and soil fertility. In Kenyn, Ngosong et al.(2015) reported grain
Yield increase between 21-24% when maize was intercropped with Mucunapruriens
However, limited studics have been conducted on legume integration and fertilizer

application to enhance soil in linger millet production in the semi-arid region of Sub Saharan
Africa.

2.3 Soil organic carbon as influenced by organic and inorganic fertilizer input in the soil

2.3.1 Soil organic carbon as influenced by organic fertilizer input in the soil

Terrestrial eco-system especially soil is an important sink for carbon (Musinguzi et al,,
2016b). And long term application of organic fertilizers sequestered carbon between 1.5 - 2.0
times higher than balanced inorganic fertilizer under rice wheal cropping system (Gupta
Choudhury et al., 2018). This study was conducted under long-term rice-wheat cropping
system along with its productivity in gypsum-amended partially reclaimed sodic soils of
semi-arid sub-tropical Indian climate. Similarly Hs and Bs (2016) reported an increase in soil
organic carbon when farm yard manure (FYM) was applied to the soil over a long period of
time. Similar observations were made by (Yang ct al, 2016), they reported manure
application to have significantly to have led to accumulation of carbon and nitrogen in the
soil leading to improved soil physical propertics. Also biomass carbon was reported to have
significantly increased when organic fertilizer was applied in barley, wheal, beans, maize,
cotton and rice (Wang et al., 2016).The above studies were limited to rice- wheal; maize,
beans, barley, cotton and rice  cropping system with very limited information on S0C
sequestration studies under finger millet fertilizer application yet finger millet is a very

important cereal in semi-arid tropical regions of Sub Saharan Alfrica.

2.3.2.2 Soil Organic Carbon stocks as influenced by inorganic fertilizer application

Application of inorganic fertilizer to the soil especially Phosphorus (P) has been reported 1o
increase organic carbon (OC) and Nitrogen (N) stocks in soil with > 2mm aggregates (Hao et

al., 2017). On the contrary, Su et al., (2006) reported carbon and nitrogen accumulation in a
12|Page



ne STI I H .
Wiy cultivated larm land 0 be influenced by a combinmion ol organic and inorganic

lertilj, Eoioa -
lizer application, Application ol nitrogenous Tertllizers 1o cercals has been reported

in - G | _
Crease plant biomass (Fayisa et al., 2016). The biomass when returned 1o the soil plays a
bi - . . i .
B role in adding SOC 1o the soil through the decomposition and mineralization processes

the organic residues undergo (Wang et al., 2016).

14 Nutrient use efficiency of different fnger millet varicties

4.1 Nitrogen, Phosphorous and Potassium status in Uganda

Considerable Proportions of soils in Uganda are highly weathered with low nutrient reserves
and therefore, have limited capacity to supply P, K, Ca, Mg. and 5 to meet the crop
Fequirements for growth (Gupta, Gaur, & Kumar, 2014; Nkonya, 2004). Some soils in
Uganda are acidic leading to high Aluminum toxicity, and this is a common phenomenon in
Ferralsols and Acrisols soils. These soils constitute more than 70% of Uganda's soils on
which most of the crop production is done (Nkonya, 2004). In the semi-arid regions of
castern Uganda, the common soil types are Plinthisols, light textured Ferralsols and vertical,
These soils are low in P and N levels due 1o high level of weathering and nutrient mining
leading to depletion rate of 41 kgN, 4 Kg P and 31Kg K per hectare per annum (Bekunda et
al., 2005). In summary it should therefore, be noted that the N and P levels in most soil types
in Uganda is below the finger millet N and P requirement and there is need to address this if

finger millet vield per hectare is 1o be increased.

2.4.2 Finger millet N and P’ requirements

Finger millet is known to be one of the most efficient crops in utilizing nitrogen in the soil
hence indicating high nitrogen use efficiency (NUE) (Gupta et al., 2014). The mechanisms by
which finger it achieves this has not been understood, however studies conducted by Kumar
et al., (2016), suggests that finger millei has a unique mechanism through which the small
amounts of nitrogen in the soil is maximally utilized by the crop. This mechanism is
associated to the genetic influence of a wide range of finger millet varieties to nitrogen
utilization within the crop (Gupta et al., 2014) . To maximize this benefit, this benefit there is
need to increase the quantity of soil organic carbon (SOC) to and above the critical levels
(Musinguzi et al., 2016b). On the other hand, studies on finger millet P requirements show
different P rates. However, the rates range from 25 — 69kg per hectare depending on the agro-
ecological zone and specifically soil types. For instance, (Anbessa Fayisa, (2016a)
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FeCom y .
Mended 69y P (o sundy loam and sandy clay soil soils while Phanya, (2009)

recomm ; : e §
ended 52 Ky P for degraded sandy lonm solls in enstern Uganda, However these

TeConm -
| endations were based on sole cropping and not other cropping systems like linger
millet |¢ : . :
Bume integration and imercropping. In addition studies on the effect of & combination

of ing i ' ili
reamic & organic fertilizers and cropping systems on linger millet yields and soil
Organic carbon are limited.

2.4, ;
4.3 The effect of nitrogen and phosphorus on Anger millet growth and yield

Nitrogen is the main component of the protoplasm which is responsible for various metabolic
Processes such as photosynthesis (Razaq et al., 2017), cell division and elongation (Ali,
2010). These metabolic processes are responsible for accumulation of dry matter, plant height
increase and tillering (Ayub et al., 2009). This therefore means that nitrogen plays a big role
in influencing vield and yicld components of finger millet. Arcas with low nitrogen levels
have been reported to have poor yield of finger millet and this is attributed to the critical roles
ﬂfﬂitmgtn in growth and development of crops (Opole et al., 2013).

On the other hand, Phosphorus (P) is a major plant nutrient responsible for initiation and
growth of plant roots responsible for the uptake of nutrients and moisture from the soil (Ayub
et al., 2009). Optimal P levels in the soil inhibit formation of excess roots leading to
reduction in the loss of carbon from the rooting svstem and energy production efficiency
(Wafula et al., 2016). This study did not investigate the effect of combination of different
sources of P on sustaining P release but only looked at inorganic source of P which often
does not sustain long term and continuous supply of P (Opiyo, 2004). Furthermore, increase
in the spikes’ length and number per head in wheal have been attributed to application of P
fertilizer, however, information on the direct effect of P fertilizer application on finger millet
i< limited but additive and synergistic interactions between P and N has been reported. Soils
with deficient P have low response and uptake of N (Opiyo, 2004) . This therefore, means
that interactive effect of P and N plays an indirect and direct role in influencing finger millet
yields respectively. Prasad (2014), observed that response of finger millet to nitrogen (N)
application was poor or even negative in the soils deficient of P leading to low recovery
efficiency. Therefore, there is need to identify and exploit the positive interactions key in

increasing finger millet returns (yield, quality and nutrient use efficiency) from applied N and
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P (Milkhg and Sukhdev, 2008}, This will be one ol the moul imporant inleractions of
Practical signilicance,

2.4.4 Finger millet nutrient use efficiency

Mujmil:.- ol old finger millet varieties (released carlier than 2017) are known o be cificien
€rops in utilizing nitrogen in the soil hence indicating high nitrogen use cfficiency (NUE)
(Gupta et al., 2014y, The mechanism by which finger millet achieves this has not heen
understood. A study by Kumar et al(2016), suggests that finger millet has a unigue
mechanism through which the small amounts of nitrogen in the soil is maximally utilized by
the crop as a nutrient. This mechanism is associated to the genetic influence of a wide range
of finger millet varieties to nitrogen wiilization within the crop (Gupta et al., 2014) . In
addition NUE has been associated with the amount of initial SOC in the soil, if the S0C s
>1.2% then the NUE of maize could be generally high compared to when the soil organic
carbon (SOC) is < 1.2 % (Musinguzi et al., 2014). Studies comparing nutrient use efficiency
of finger millet and carbon levels in the soil are scanty. There is therefore nced to
determining how Soil carbon levels influence nutrient use efficiency of finger millet varieties

cultivated in the semi-arid region of castern Uganda.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 In traod “-t'ﬂ.l‘l]‘l

This chapter discusses the materials of the study, experimental sites, experimental design, soil

sampling and manure characterization and data collection procedures.
3.2 Materials of the study

3.2.1 Objective one

Global positioning system tool (GPS) for taking position (location) of a given parameter of

study, soil auger for obtaining soil samples and paper/polythene bags for storing soil

3.2.2 Objeetive two, three and four

One finger-millet variety commonly grown by farmers and onc Striga tolerant varieties
(SEREMI 2, NARO MIL 3) and three most grown legumes (groundnuts-Serenut 11, cowpea-
SECOW 2 and green gram NARO GRAM 1), Meter rule for measuring plant height and

digital weighing scale for measuring grain yicld (kg)
3.3 Study sites

3.3.1 Objective 1 (spatial distribution of soil organic carbon, Nitrogen, Phosphorus and

Potassium levels in the finger millet growing arcas of Eastern Uganda)

The study will be conducted in the districts of Amuria, Kumi and Serere. These three districts
are the major finger millet producing Districts in Teso farming systems castern Uganda.
These districts also experience unreliable weather patterns, regular flooding, prolonged dry
spells and low soil fertility (UBOS 2017).

3.3.2 Objective twao, three and four

Field experiments will be conducted in Amuria, Kumi and Serere districts. These districts

experience high incidences of unreliable weather patterns, low soil fertility and prolonged dry

spells in the region. The experimental fields will be purposively selected and fields with
ferralsol soil will be considered. Ficld trials will be planted for three consecutive seasons;
second rains of 2020 (2020B), first rains of 2021 (2021A) and second rains of 2021 (2021B).
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On-station experiment will be conducted nt National Semi-arid Resources Research Institute

National Semi-arid Resources Research Institute is located 28 Km south of Soroti town with
& mean annual rainfall that ranges from 800 to 1200 mm and distributed in a bimodal pattern.
The first rains are from March to June and the second rains from August to October or
November, A dry spell stretches from NMovember to March. Monthly temperature ranges from
15°C 1o 36°C, with an annual mean of 25°C (Yost and Eswaran, 1990). The soils arc
predominantly sandy loam and sandy ¢lay lonm (Ebanyat, 2009). While on farm experiment

will be conducted in the three districts of Amuria, Kumi and Screrc,

3.4 Experimental design

The study will mainly employ quantitative and qualitative methods of inquiry with ficld
experiments conducted in three districts in eastern Uganda where finger millet 1s highly
grown with high rates of low soil fertility. For objective one, a soil survey will be conducted

and for objective two three and four, a 3 by 2 by 2 factorial treatment structure laid down in

a randomized complete block design (RCBD), replicated three times.

3.4.1 Objective one

The study will be a soil survey to be conducted in Serere Kumi and Amuria districts
purposively sclected from the nine districts in Teso. These three districts is where finger
millet is majorly grown in Teso (UBOS, 2016), Three major finger millet growing sub
counties will be purposively sampled from each district based on finger millet production
information from UBOS. Three parishes from each selected sub county will also be randomly
selected. In addition, two villages will be randomly selected from each selected panish.
Finally, two finger millet growing households from each village will be randomly selected
and soil sampled from a poor, moderate and fertile field per farmer house hold for
determination of organic carbon, The poor, moderate and fertile fields will be selected based
on Farmers’ Field Experience model (Musinguzi el al., 2013), where [ertility rating is based

of farmers experiences on weed type growing in the field, slope position, years of cultivation

and cropping history.
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Sample size determination and sampling technigues

It is not possible for the researcher 1o study the whole targel population due to time and
FEsource constenints: therefore, o representative population will be sclected (sample), This is

In line with (Ghosh and Rao, 1994) who stated that the sample size is of greal imporance in

the study of the population.

The Sample size will be determined using the equation os described by Yamane (1967)

S B
14X (#)?

Where n is sample population; N is the total population and ¢ is the degree of precision

(confidence level)
According to UBOS (2018), there 86911 hectares of cultivated land in the 36 districts of
castern Uganda. This translates to 2414 hectares of cultivated land per district on average.

Therefore, in the three districts purposively sampled, the average cultivated land size will be
three districts (3) times 2414 hectares. Giving a total of 7242 hectares, thercfore, n= m:T}' =

7242 =379

147242 (0.05)°
The total number of ficld sampled will be 379 (Two fields per category per selected village,

making a total 126 fields per field category). Geographical Positioning System coordinates
will be recorded for each sampling point. Diagonal sampling technique will be used and from
each field 21 sub samples will be taken. A composite sample will be obtained from each five

sub samples per field.

3.4.2 Objective two, three and four

3.4.2.1 On-station experiment

The study will be eonducted in Randomized Complete Block Design (RCBD) with a 3x2x2
factorial treatment structure, The three factors are three legumes (groundnuts, green gram and
cowpeas), two finger millet varicties (SEREMI 2, and NARO MIL3) and wwo cropping
systems (Intercropping and Crop rotation). Finger millet will be intercropped with legumes in
a | by 1 arrangement (one row of legume [ollowed by one row finger millet) and also rotated
with the three legumes (Groundnuts, green gram and cowpeas). There will be blanket
application of nitrogen and phosphorus fertilizers at a rate of 18 and 17 kg N and P per
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hectare respectively (fertilizer micro dose, Ekwangu et al., 2020). Phosphorus will be spplied
ot planting along the furrows covered and finger millet seeds planted on top of the covered
fertilizer along the furrows and also covered. While N will be applied between rows as side
dress at vegetative growth stage (45 days afler sowing) and the P and N sources will be Di-
ammonium phosphate (DAP) and Urea respectively, Application ol urea will be by drilling a
hole in between the two rows of plants applying fertilizer and covering it. The study will

therefore, be a 3x2x2 factorial experiment lnid down in a randomized complete block design

(RCBD) and replicated three times,
3.4.2.2 On-farm experiment

Two farmer houscholds will be purposively selected from the sampled villages from cach of
the three districts (Amuria, Kumi and Serere) to host the experiment. The selection process of
the farmers is well claborated in objective one. The farmers are sclected purposively to enable
the researcher select fields with ferralsol soils for the establishment of the experiment. A total
of six farmers will be selected to host the experiment.

The study will also be a 3x2x2 factorial experiment. The three factors are three legumes
(groundnuts, green gram and cowpeas), two linger millet varieties (SEREMI 2, and NARO
MIL3) and two cropping systems (Intercropping and Crop rotation). Finger millet will be
intercropped with legumes in a 1 by | armangement (one row of legume followed by one row
finger millet), also rotated with the three legumes (Groundnuts, green gram and cowpeas) and

laid down in a randomized complete block design (RCBD), in a split-split plot treatment

structure replicated three times.

3.4.3 Determination of Nutrient Composition of Different Flour Obtained from Three
Finger-millet Varieties

Moisture, Crude protein, Crude fat, Ash content, Carbohydrate content and Energy

content

Moisture content of flours will be determined by oven drying method (AOAC International,

1995) Method 934.1; Crude protein will be determined by the micro Kjeldahl method

(AQAC International, 1995) Method 992.23; Crude fat content will be determined using the
extraction method (ACQAC International, 1995) Method 920.29; Ash content will be

Soxhlet
od 923.03;Carbohydrate content will be

determined using (AOAC International, 1995) Meth
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determing by subtracting the sum of weights ol protein, lipid, ash, and moisture from the

total wet matter basis (FAQ, 2003); Energy content will be determined by multiplying the
mean values of crude protein,

k). 37.656 k) and 16,736 kJ respectively. Results will be expressed as kilojoules per 100 g
sample (FAD, 2003),

erude [l and tolnl carbohydrate by Alwaler lactors of 16,736

Phnsghnrus, iron and Zine

The amount of iron and zinc in the Nour of different linger millet varicties will be determined

using Atomic Absorption Spectrometer as deseribed by Association of Official Analytical

Chemist (A OAC), 1995 method 999.11, while Phosphorus will be determined using AOAC
1995 method 9951 (CunnifT, 1996).
3.4.4 Treatment Structure for objective two, three and four

Table 1: Treatment structure for Rep 1

SEREMI 11 NARO MILL 3
T“lmmp Rotation Intercrop Rotation

5 8 4 10

3 9 5 R

4 10 7 9

6 H 2 10

2 10 | 9

1 9 3 8

7 7 6 7

The above structure will be replicated three times

Note: 1= Intercrop of millet with cowpea; 2= Intercrop of millet with groundnuts; 3=
Intercrop of millet with green gram; 4= Sole crop of Green gram; 5= Sole crop of cowpea,
6=50le crop of groundnuts, 7=Sole crop of finger millet; 8= Rotation of finger millet with
groundnuts; 9= Rotation of finger millet with green gram; 10= Rotation of finger millet with

cowpea.
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35D
uta collection Procedures and Instrumenis

3.5.1 Data collection procedures

3.5.2 Objective one
Five samples of soil will be taken from cach sampled (poor, moderate and good ficld) field at

a depth of 0-30 ecm and composite sample oblaincd by quarter sampling. Ceographical
Positioning System coordinate recorded per field. The composite soil sample obtained from
each ficld will be taken for oven drying at 65°C for 48 hours (o obtain the average moisture
content. Air-dried composite samples will be ground and sieved through 2 mm sicve and later
subjected to physico-chemical analysis at Makerere soil laboratory using spectral and
standard wet chemistry analysis procedures (Shepherd and Walsh, 2002). Organic N will be
determined by the Kjeldahl procedure (Bremner and Mulvaney, 1982) and Soil Organic
carbon (SOC) by using dichromate oxidation (Walkley and Black, 1934). Available P will be
determined using Bray | method. The above soil analysis methods will be applied as
described by Okalebo et al. (2002). Also data will be recorded on cropping history for the

past five years and present vegelation cover Lype.

1.5.3 Objective two three and four
Prior to experimentation and after harvesting of the experimental crops, soil samples will be

taken from three spots of each experimental plol (3.3 m by 3.3 m) randomly selected and soil

sampled at a depth of 0-30 cm. A composite sample will be obtained from the sampled soil

by guarter sampling for determination of SOC, N and P as described by Okalebo et al.,
(2002). In addition data will be collected on monthly rainfallimm) amounts, monthly

temperature (°C), soil type, stand count, days (o 50% flowering, pod numbers, pod length,

pod damage by pests, discase
area under intercrop, land arca under sole crop and grain yield.

incidence, plant height, finger number, 1000 seced weight, land

The annual rate of SOC sequestration (Se ha') in each treatment will be determined as the

difference between the contenls of SOC in the final scason and the initial season (Kong et al.

2005; Zhang et al. 20
gains and losses of SOC, respectively, in cach treatment,

12). Positive and negative changes in SOC values will be interpreted as

Se = [(5O0Crina % SBDjinal) - (SOCinitiat X SBDiniviat) ¥ d/n]

21| Page



WI'L{H';}

“final® ' :

und “lndtial’ are the contents in the Mnal season nnd the initinl season lor esch
4] A

Xperimeny, respectively; n

18 the duration ol the experiment in yenrs, SV (g em 'y ia the sl
bulk density

mensured ot the Initlal and Nnal years ol experiment; and d is the depth of the
Eﬂ'il |1,.|;l|r'- : £
Zon. A value ol 20 em will be used for d in the calculation

1531 Ruinfall (mm)

Av hom .
€raBe monthly rainfall at the station (NaSARRI) will be recorded. The rainfall is imporiant

in determin T , .
crmining the changes in SOC in the soil ns a result of decomposition

3.5.3.2 Daily Temperature (")

Daily temperatare recordings will be taken using o temperature meter installed at NaSARRI
and later average monthly temperature computed. The temperature is  important in
determining SOC added 1o the soil. This will be an automated lemperalure meter recording

lemperature at half hour basis and generating mean daily temperature

3.5.3.3 Stand count

Stand count will be assessed ten days alter sowing (IDAS); in situ observation per plot is

conducted and percentage germination score per treatment is determined.

3.5.3.4 Tiller number no.
Tillering will be assessed at 50 days afler sowing (DAS); in situ sampling will be done by
randomly selecting ten plants from the six middle rows of each plot leaving out two border

rows from each side of the plot. The number of tillers per sampled plants will be counted and

recorded (Rebetzkeal et al., 2012)

3.5.3.5 Growth vigor
Growth vigor will be determined at 60 DAS. Ten (10) plants will be randomly selected from

the six middle rows of cach plot; the growth vigor of each plant sampled will be recorded by
scoring using a scale of 0-4 as described by (Iatier et al., 2014), Where O= Plant is dead/ did
not germinate= poor; 1= plant has no tiller= low; 2= Plant has less than two tillers=
Moderate: 3 = Plant has 2-3 tillers= vigorous; 4= plant has above three tillers= Very

vigorous. Average value for plant vigar per plot will be computed and used for data analysis?

Determined and recorded for further analysis.
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3.5.3.6 Days to 50% Nowering

Da , :
ys to 50% MNowering will be determined at the imitint
plot of the experiment and number o

than 50% tho

on of MNowing stage. (ne by one

me
ter (1x1 m) condrant was randomly thrown al ench

be counted, 1T they plants arc less

least one Nower 1s obtained

further analysis,

plants that carry ot least one MNower will
process is repeated cach coming day until the 50% plants with at

and that date will be recorded. Days 1o 50% Nowering will be recorded for

3.5.1.7 Plant height (em)
Plant height for finger millet will be measured

plants will be randomly selected from the four middle rows

at harvesting (75 days after sowing). len

out of 10 rows per plot. Plant

height will be taken from the stem base up to the finger millet head by use of a meter rule.

Average plant height per treatment will then be recorded for further analysis.
3.5.3.8 Pod number and number of seeds per pod

Ten plants will be randomly selected from the four middle
Pod number per plant will be counted. Average

Il also be recorded. The recording

rows of cach plov treatment

leaving out three border rows from each side.

pod number and number of seeds per pod per treatment Wi

is done at pod filling stage and at physiolo gical maturity.
3.5.3.9 Pod length (em)

Pod length will be recorded at physio
Ten plants will be randomly selected from the

border rows from each side. Pod length will be tken
to the stem base to the tip of the pod. Average pod length per reatment will

when the pods harden and become firm.

logical maturity
three

four middle rows of cach plot leaving out
from the point of attachment of the pod
also be recorded.

3.5.3.10 Pod damage (%)
This will be observed and recorded at

plants will be randomly selected from
from each side. (Observations are

sampled plant. The average

pod filling and physiological maturity stages. Ten

the four middle rows of each plot le
made on them to assess for any pest damage on

number of pods damaged for each treatment

aving out three
border rows

the pods for each
will be determined.
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35311 Leaf number

Ten plants will be randomly selected from the four middle rows of each plot leaving out three

plant will be counied and the average

border rows from each side. Leaves from each snmpled

leave number for cach treatment will be determined.

3.5.3.12 Finger number

Ten plants will be randomly selected from the four middle rows of each
plant will be counted and the average

plat leaving out three

border rows from cach side. Fingers from each sam pled
be determined.

leave number per plant for each treatment will
3.5.3.13 Discasc incidence (%)

This will be observed and recorded at vegetative, pod filling
sclected from the four middle rows

and physiological maturty

stages. Ten plants will be randomly of cach plot leaving

out three barder rows from each side. Obscrvations arc made on them 1o
ty will be scored using a scale ns described by Saari & Prescoll

assess for any

disease attack. Discase severi
(1975),

3.5.3.14 Soil organic carbon and nutricnts
soil cores will be collected for SOC and nutrient determination.

0-30 ¢m depth using a soil
omposite samples will be

From each treatment/plot,
Five soil sub-samples will be taken from each experimental site at

auger. It will be thoroughly mixed and by quarter sampling ¢

obtained. Simple random soil sampling with diagonal sampling technique will be used.

for oven drying at 65°C for 48 hours o obtain the average

moisture content. Air-dried composite soil (<2 mm) samples will be subjected to physico-

Composite samples will be taken

chemical analysis at Makerere soil laboratory.

3.5.3.15 Grain yicld (kg/ha)
Harvesting of finger millet heads will be done manually by

75 days after sowing. Six middle rows per plot will
from each side. The area where the six rows of finger millet will

and recorded for determination of grain yicld per unit arca. The harvested fi

are sun dried to a proximately
grain weight recorded in kilograms per unit area of the plot from which it will be harvested.
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3.5.16 Agronomie efficie ney
D |
atn on N and P in the plant tissue Wil nlso he collected by destructive sampling where ome

comer of each plot will be randomly sampled by placing | mx | m quadrant and 10 % of the

plants within the quadrant sample at physiological maturity. The plant samples obtained from

each field will be taken for oven drying at 65°C for 48 hours Air-dried samples will be

ground and sieved through 2 mm sieve and lnter subjected (o physico-chemical analysis al

Makerere soil and plant analytical lnboratory using spectral and standard wet chemistry

analysis procedurcs (Shepherd and Walsh, 2002). Organic N will be determined by the
Kjeldahl procedure (Bremner and Mulvancy, 1982) and available P using Bray 1 method.

Therefore, agronomic cfTiciency ol nutrients supplied 1o degraded ficlds by legume
integration options will be computed from the following equations:

AE = (GYT «GYCN RN e ers e s st sirs e it i (Equation 1)
Where:

AE is agronomic efficiency (kg kg . GYT = grain yicld of treatment (kg ha') and GYC is

(kg ha') and RN is the quantity of N supplicd by legume
Y
al.. 1999). The quantity of N supplied by

nset of the experimentation from

grain yield of control treatment
integration option (kg ha ') as adapted from (Witt et
legume is determined by subtracting N from the soil at the o

total available N (N in the plant tissue + N at harvesting).

3.5.17 Determination of Moisture content, Nitrogen, Fat, Carbohydrates, Phosphorus

Iron and Zinc in Finger millet flour (p rocedure)

Moisture Content

Moisture content of flours obtained from different
AOAC International, 1995) Method 934.1. About 2 g of the samples

5% C for 3.5 hours then cooled in a desiccator and weighed. The

finger millet varieties will be determined

by oven drying method (

will be oven dried at 10

moisture content of the sample will be expressed as a percentage of the initial weight of the

sample using the following formula:

igh t - Wei
o Moisture content = Weight of we fampe eight of dry sample <100
Weight of wet sample

25| Page



Crude Protein

Crude protein will be determined by the micro Kjeldahl method (ADAC International, 1995}

Method 99223 A sample of 0.3 g of each of the fours will digested in a heating block
(Model DK serics 20 digester unit, 115 V / 50 - 60 Hz, manufactured by VELP Scientifica
Srl, Milano laly) at 370-400" C for about 60-90 minutes or until the contents became clear.
In 0.2 ml of the digested sample, Sml of n previously prepared N1 mixture will be added and
allowed 10 siand for about 15 minutes before § ml of N2 is added. The mixlure will be
allowed 1o stand for one hour during which it develops a hlue color whose absorbance was
read off a spectrophotometer (Spectronic 21D AKIU®, Millon Roy, Germany) at 630 am.
The %N in the sample will be caleulated using the formula:

% Nitrogen = =y vs 10
1000 = w x al = 1000

Where

a= Concentration of N in the solution

b= Concentration of N in the blank

V= Total volume at the end of analysis procedure

w= Weight of the dried sample and

al=  Aliguot of the solution taken

The crude protein will then be determined by multiplying the % nitrogen by a factor (6.25).

Crude Fat

Crude fat content will be determined using the Soxhlet extraction method (AOAC
International, 1995) Method 920.29. Samples of 2 g will be weighed into a thimble and oil
extracted using petroleum ether (40-60°C) for 8 hrs. The extract will be oven-dried at 105 g
for about 30 minutes, cooled in desiccators, and weighed. The oil content will be as

determined using the following formula:

Weight of fat
Weight of sample

% Crude fat = x 100

Ash content
Ash content will be determined using (AOAC International, 1995) Method 923.03. Samples
of 2 g will be burnt at 500 — 6000C for 6 hours in a muffle furnace (Carbolite 530 2 AU,
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Bamitiorg, ShefTicld, England) to constant weight. The samples will he cooled in desiceators

and weighed. Ash content will be determined using the following formula:

% Ash = __Veight of ash

: 100
Weight of sample )

Carbohydrate content
Carbohydrate content will be determined by subtracting the sum of weights of protein, lipid,

ash, and moisture from the total wel matter basis (FAQ, 2003).
% Carbohydra tes = 100 - (% fat + % moisture +% ash + % proteins)

Ehm‘m' content
Energy content will be determined by multiplying the mean values of crude protein, crude fat
and total carbohydrate by Atwater factors of 16,736 kl, 37.656 k] and 16,736 kJ respectively.

Results will be expressed as kilojoules per 100 g sample (FAQ, 2003).

Phosphorus, iron and Zinc
Ths skt of iron and zinc in the Mour of different ﬁnggr millet varicties will be determined

using Atomic Absorplion Spectrometer as described by Association of Official Analytical
Chemist (AQAC). 1995 method 999.11, while Phosphorus will be determined using ADAC

1995 method 995.11 (CunnifT, 1996).

3.6. Data collection Instruments

3.6.1 Data sheet
A data sheet is a research instrument that contains variables (data) to be measured at difTerent

cycles of experimentation.

3.6.2 Rain gauge
A rain gauge is an instrument for measuring the amount of precipitation

3.6.3 Temperature meter

This is equipment for measuring temperature
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3.6.4 Global Positioning system receiver (GI'S recelver)

GPs receiver is o tool used o capture x and y coordinates showing location of a given point

line or polygon. A OIS receiver works when there is a satellite and master station (ground

slalion),

3.7 Data Quality Control Methods

S.T,I‘Validit}-

3.7.1.1 Data Sheet

The researcher will engage the supervisor to verifly il the measurements 1o the conducted in

the field are in line with the objectives of the study.

3.7.1.2 Global Positioning System (GI'S) Receiver
The researcher will enpage the supervisor o determine whether the GPS receiver o be used

for capturing data(x and v) coordinates is the right one to be used.

3.7.1.3 Rain gauge
The rain gauge will be verified by an expert in the metrology department at National Semi

Arid Resources Research Institute (NASARRI) where the studies will be conducted

3.7.1.4 Temperature meter
The instrument will be procured with a protocol that can casily be followed; the supervisor

will also verify the instrument.

3.7.2 Reliability

3.7.2.1 Data Sheet
The data sheet will be pretested to determine whether it could be used to collect the required

data. Five plants in a plot will be randomly selected and measurement was conducted to gage

the understanding of the research assistants on data collection,

3.7.2.2 Global Positioning System (GI'S) Receiver
The researcher will pre-test the GPS receiver by collecting x and y coordinates of ten points

and polygons and maps generated using geographical information system (GIS) before going

to the field. Also the research assistants will be trained on how to collect data using GPS

before going to the field.
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3;1..113 Rﬂin nn“"(_l
The rain Bauge will pre tested by an expert in the metrology department of Mational Sem)
Arid Resources Research Institute (NaSARRI) where the studies will be conducted in the

Presence of the rescarcher and rescarch assistants, Also installation of these rin gauges will

be done by the expert.

3.7.2.4 Temperature meter
Also the lemperature meter will be pre tested by the rescarcher and rescarch assistants and

'nstallation will be done with the help of the expert at MaSARRL

3.8 Data Ma nagement and Processing
Data will be entered into Microsoft cxcel spread sheet, cleaned and sorted using application

tool in the Microsoft excel sheet called the pivot tables. Afler sorting and cleaning, data will

be stored in Microsoft excel spread sheet folders awaiting analysis

3.9 Data Analysis

3.9.1 Objective one

Soil data will be captured in GIS software (ARC GIS) from excel and SOC, NPK and pH
distribution map generated using GIS software. Descriplive statistical analysis will be
conducted to determine the means of N, P, K, and pH, SOC, Mg, Fe and CEC of the sampled
50il in the three districts of Amuria, Kumi and Serere.  Analysis of variance (ANOVA) will
be conducted on N, P, K, and pH, SOC, Mg, Fe and CEC using GenStat 14™ Edition
statistical software. The means will be separated by LSD at 5% level of significance

3.9.2 Ohjective two
Soil data (N, P, K, and pH, SOC, Mg, Fe and CEC) entered in Microsofl Excel spreadsheet

and will be exported to Minitab version 17. Lincar correlation between Groundnuts finger
millet inter crop and SOC, cowpea finger millet inter crop and SOC, green gram finger millet
inter crop and SOC, green gram finger millet rotation and SOC, cowpea finger millet rotation
and SOC, groundnuts finger millet rotation and SOC; SOC and pH, SOC and N 50C and P,
SOC and K, SOC and Mg, SOC and Fe and SOC and CEC will be conducted to determine
the type (Positive, negative or no correlation) and strength of correlation. Multivanate
regression will be used to build a model which best predicts SOC as influenced by legume

integration options using backward selection, stepwise selection and forward selection. The
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criteria (o select the best model that explains the major variobles causing variation in 30¢

levels and growth parameters will be based on R, R* CP and variance inflation factor (VIF).

3.9.3 Objective three

Crop growth data (Growth vigor, plant height, tiller number, Days to 50% flowering and

maturity time) , soil data (N, P, K, and pll, SOC, Mg, Fe and C LEC) and grain yicld entered in

Microsoft Excel spreadsheet will be exported to Minitab version 17. Lincar correlation

between Groundnuts finger millet inter crop and vigor, plant height, days to 50% fNowering,

maturity time, grain yield and agronomic efficiency; cowpea finger millet inter crop and

vigor, plant height, days to 50% fowering, maturity time, grain yicld and agronomic

efficiency; Green gram finger millet inter crop and vigor, plant height, days to 50%

Nowering, maturity time, grain yield and agronomic efficiency; Green gram finger millet

Fotation and vigor, plant height, days to 50% MNowering, maturity time, grain yield; Cowpea
finger millet rotation and vigor, plant height, days to 50% flowering, maturity time, grain
yield; groundnuts finger millet rotation and vigor, plant height, days to 50% flowering,
maturity time, grain vield; SOC and crop vigor; SOC and plant height; SOC and Days to
50% flowering; SOC and maturity; SOC and finger millet grain yield will be conducted to
determine the type (Positive, negative or no correlation) and strength of correlation.
Multivariate regression will be used 1o build a model which best predicts finger millet yield
and finger millet nutrient use efficiency as influenced by legume integration oplions using
backward selection, stepwise selection and forward sclection. The criteria to select the best
model that explains the major variables causing vaniation in finger millet grain yield and

agronomic nutrient efficiency will still be based on R, R* CP and variance inflation factor

(VIF).

3.9.4 Objective four (Proximate analyses of finger millet flour obtained from three
varieties used in the experiment)

Data from proximate analysis of finger millet flour will be entered into excel spreadsheet and
later exported to Genstat 14™ edition. Descriptive analysis will conducted o generale means
for the variables (moisture conlent, crude protein, erude fat, ash content, carbohydrate and
energy). Two-way ANOVA will be conducled to determine the differences between the

means of the variables. The mean of cach variable will be separated using Fishers least
significant difference (LSD) test at 5%,
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110 Presentution of resulis
The results in all the four objectives will he presented in graphs, Geographical Informastion

System (GIS) maps, scatier plots and lables.

.11 Ethieal Considerations

The research will seck approval of the study from the Uganda Martyrs University rescarch

and ethics committee and also from Uganda council of science and technology.

The researcher will also employ the principle of voluntary participation where the farmer
household is given the opportunily to voluntarily provide land for experiments and also
conduct field management with the rescarcher. The researcher will also employ the principle
of informed consent where consent is sought from farmer houschold to take part in the study

by explaining comprehensively what the study is aboul.

Cunﬁlinnl.iﬂlit}r; the researcher will not release any information about the hosting farmer

without secking permission from him.
When reporting the rescarch findings, the name of the farmer will not be declared, the

farmers name will be replaced with codes for purpose of their security.

31|Page



REFERENCES
<e elliciency of pearl millet as affecied by plant
i sondy soil Amerlcon-Lurnsion Journal of

7.3127-325,
in the Theory of Knowledge, Carnell

AL AL 2010, Grain yield and nitrogen u
density, nitrogen rate and splitting |
Agricultural and Environmental Selence

Alston, W1, 1989, Epistemic Justilication: Essays
University Pre: n, NY

rsily ress, Ihoen, Rates of Nitrogen and Phosphorus

Ar“‘ﬂﬂﬂﬂ F“ g 3 i TR TITRIE ol 0 limum
yisa, [V, 2016, Determ | Claerin&lt/i&gt:)

Fertilization for i illet (&Il Eleusine corncana L
b e g i Gumuz IRegion of Ethiopio. Advances in

Production at Assosa Zone, in Nenishangul
Sei 3 dies 2 1 hips:/fdot.arg/ 10,1 1648/).ash 2016020111
Ganony and Mumaretion. &, 2. S0 v [ A., Tahir, M. (University of A,

Ayub, M. (University of A.. Nadeem, M.A. (University of A, ; i
Torahim, M. (University of A., Aslam, M.N., 2009, Effect of nitrogen application and

Ilﬂl"l."-ﬂ:o’.[!lng intervals on foroge jlc!{l and ql..lllli.l:r' ol Flﬂl'il']lmll"l:t l’_pl':l'l.ﬂlﬂ:lllm
americanum L.). Pakistan Journal of Lile and Social Sciences {r'ﬂ:'ﬁll-"l-lﬂﬂ}- _

Babu, T.K., Thakur, R.P., Upadhyaya, 11.D., Reddy, P.N., Sharma, R., Girish, A.Ci., Sarma,
N.D.R.K.. 2013. Resistance to blast (<Emphasis T}rp-:-“"Iltnllc"ﬂ-hflngnnpnﬂ_hc
grisea</Emphasis=) in a mini-core collection of finger millet germplasm. Eur J Plant
Pathol 135, 299-311. hitps://doi.org/10.1007/510658-012-0086-2 ”

Bekunda, M., Ebanyat, P.. Nkonya, E., Mugendi, D., Msaky, J., 2005. Soil fertility Status,
Management, and Research in East Africa. Eastern Africa Journal of Rural

Development 20. https://doi.org/10.43 14/eaj rd.v20il 28362 )
Benson, G., 1989, Review of Becoming eritical: Education, knowledge and action research.
The Journal of Educational Thought (JEET) ! Revue de la Pensée Educative 23, 209-

216,
Bruun, T.B., Elberling, B., Christensen, B.T., 2010. Lability of soil organic carbon in tropical
soils with difTerent ch]}' minecrals. Soil Iljnln[:}' and ['-im:ht:mistry 42, RRE-ROS5.

https://doi.org/10.1016/.50ilbio. 2010.01.009
Carter, M.R., Sanderson, J.B., MaclLcod, J.A., 2004. Influence of compost on the physical

propertics and organic matter fractions of a fine sandy loam throughout the cycle of a
potato rotation. Canadian Joumnal of Soil Science 84, 211-218.

hltps:ffdnf.urg-"l 0.4141/503-058
Caruso, T., Vries, F.T.D., Bardgett, R.D., Lehmann, J., 2018. Soil organic carbon dynamics

matching ecological equilibrium theory. Ecology and Evolution 8, 11169-11178.

hitps://doi.org/10.1002/ece 4586
Chandrasekara, A., Shahidi, F., 2010. Content of insoluble bound phenolics in millets and

their contribution to antioxidant capacity. J. Agric. Food Chem. 58, 6706-6714,
https://doi.org/10.1021/4100868b

Cline, A.C.A., Humanism, a former regional director for the C. for S., writes, Atheism,
L.E.A., agnosticism., 2019. Why We Need Epistemology to Understand Knowledge

[WWW Document]. Learn Religions. URL https://www.leamreligions.com/what-is-
epistemology-250526 (accessed 10.20.19).

Coleman, K., Jenkinson, D.S., 1996. RothC-26.3 - A Model for the turmover of carbon in soil,
in: Powlson, D.8., Smith, P., Smith, J.U. (Eds.), Evaluation of Soil Organic Matter
Models. Springer Berlin Heidelberg, Berlin, Heidelberg, pp. 237-246.
https://doi.org/10.1007/978-3-642-61094-3 17

Comte, Auguste (1798 - 1857) - Credo Relerence [WWW Document], n.d. URL
htips://search.credoreference.com/content/topic/comte_auguste 1798 1857 (accessed

10.20.19).

32|Page



CunnilT, p, 1994 Official Methods of Analysis of AOAC International. [WWW Document |

s LIRL I11l,[:|:a:-'.-'.-l.n.‘hn'lnr.gnuglc.t‘-ﬂl'l'l"?“-'l“ﬂ"'r I

as, R“ 2[”3 (HZNFTIE IﬂVE“ﬁl‘er' LT IS IN FINGER MILLET (Eleusine
corncana (1..) Guertn) GERMPLASM { Thesia). ACHARYA N. (. RANGA

E AGRICULTURAL UNIVERSITY. .

-banyat, ., 2009. A road to food? efficacy of nutrient management options targeted to

I'L-E:t:;mEannus Fﬂ-uiﬂﬂpﬂﬁ in the Teso I'rlrmlllg Ry sicmm, ”“ﬂnll-ﬁ-.

Ek\.\lnngu. .T., f‘hngufiﬂ, I!l-_.I fﬂlﬂlli.k“. Cu "'Lh“:‘-v.l“_ ]_5,, ni.!ik"ﬁ':'l-. .I.. WI]J:I}'EH], N-. []H’Eﬂ. M ||'|I...
2020. Fertilizer Micro-dosing and Timing of Weeding for Enhancing Finger-Millet
Production in Fastern Uganda, Journal ol Agricultural Science |2, p29().

. https://doi.org/10.5539/as.v1 20l 1p290
AD, 2017. Soil organic carbon: The hidden potential , ISBN 978-92-5-109681-9. Food and

Eavi Agriculture Organization of the United Nations, Rome,

ayisa, B.A., Welbira, G.D., Bekele, D.A.. 2016. Determination of Optimum Rates of
Nitrogen and Phosphorus Fertilization for Finger Millel { Elensine coracana L.

Gaerin) Production at Assosa Zone, in Benishangul - Gumuz Region of Ethiopia.
Advances in Sciences and Humanities 2, 1.
hitps://doi.org/10.11648/.ash. 20160201.11

Ghosh, M., Rao, J.N.K.. 1994, Small Arca Estimation: An Appraisal. Statistical Science 9,
55-16.

Goron, T.L., Raizada. M.N.. 2015. Genetic diversity and genomic resources available for the
small millet crops to accelerate a New Green Revolution. Front. Plant Sci. 6.
https://doi.org/10.3389/fpls.2015.00157

Government of Western Australia, D. of I*.1. and R.D., 2019. measuring-and-assessing-
soils/What is soil organic carbon? [WWW Document]. URL
https:// \ﬂﬁ\r,agﬁ:,wn,gcw,uwmm::uring-and-mac&sing-mﬂs." what-soil-organic-carbon
(accessed 10.21.19).

Gupta Choudhury, S., Yaduvanshi, ¥.P.S., Chaudhan, S.K., Sharma, D.R., Sharma, D.K.,
Nayak, D.C., Singh, S.K., 2018, Effect of nutrient management on soil organic carbon
sequestration, fertility, and productivity under rice-wheal cropping syslem in semi-
reclaimed sodic soils of North India. Environ Monit Assess 190, 117.
https://doi.org/10.1007/s10661-018-6486-9

Gupta, N., Gupta, A.K., Gaur, V.S., Kumar, A., 2012. Relationship of Nitrogen Use
Efficiency with the Activitics of Enzymes Involved in Nitrogen Uptake and
Assimilation of Finger Millet Genotypes Grown under Different Nitrogen Inputs. The
Scientific World Journal 2012, 1-10. https://doi.org/10.1100/2012/625731

Gupta, S., Gupta, S.M., Gupta, A.K., Gaur, V5., Kumar, A., 2014. Fluctuation of Dofl/Dof2
expression ratio under the influence of varying nitrogen and light conditions:
involvement in differential regulation of nitrogen metabolism in two genotypes of
finger millet (Eleusine coracana L.). Gene 546, 327-335.
https://doi.org/10.1016/j.gene.2014.05.057

Gupta, S.M., Arora, S., Mirza, M., Pande, A., Lata, C., Puranik, 5., Kumar, J., Kumar, A.,
2017. Finger Millet: A “Certain” Crop for an “Uncertain” Future and a Solution to
Food Insecurity and Hidden Hunger under Stressful Environments. Front Plant Sci 8.
https://doi.org/10.3389/1pls.2017.00643

Hao, Y., Wang, Y., Chang, Q., Wei, X., 2017. Effects of Long-Term Fertilization on Soil
Organic Carbon and Nitrogen in a Highland Agroecosystem. Pedosphere 27, 725~
736. htps://doi.org/10.1016/51002-0160(17)60386-2

33| Page



Hatier, J-H.B,, Faville, M.J., Wickey, M.J., Koolnard, 1.1°., Schmidt, 1., Carey, B.-1.., Jones,
C.5., 2014. Plant vigour at establishment and following defoliation are both
associated with responses to drought in percnnial ryegrass ( Lolium perenne L.). J
Exp Bot 65, 58235834, hups:/doi.org/ 10, 1093 /jxblerul 1 R

Hs, D., Bs, B., 2016, Effect of long-term dilferential application ol inorganic lertilizers and
manure on soil CO, emissions. Plant, Soil and Environment 62, 195-201.
hitps:/idoi.org/10.17221/266/201 5-PSE

ICRISAT, 2013, Annual report 2013 [WWW Document]. Issuu, URL
l“IpS1f|fi5.3.uu_|;.u|n,|'i{:ﬁ5;]|jdg: siannunl _I'l:[]ﬂl"l_zﬂ 13 {nccessed 5.1 5.1 ﬂ]

Kamara, A.Y ., Ewansiha, $.10., Menkir, A., 2014, Assessment of nitrogen uptake and
utilization in drought tolerant and Striga resistant tropical maize varicties. Archives of
Agronomy and Soil Science 60, 195-207.

i https://doi_org/10.1080/03650340,2013. 783204

Kidoido, M.M., Kasenge, V., Mbowa, S., Tenywa, 1.5., Nyende, P, 2002. Sociocconomic
factors associated with finger millet production in castern Uganda. African Crop
Science Journal 10, https://doi.org/10.4314/acsj.v10i1.27561

Kumar, A, Metwal, M., Kaur, 5., Gupta, AK., Puranik, 5., Singh, 5., Singh, M., Gupta, 5.,
Babu, B.K., Sood, S., Yadav, R.. 2016. Nutraccutical Value of Finger Millet [Eleusine
coracana (L.) Gaertn.], and Their Improvement Using Omics Approaches. Front.

Plant Sci. 7. https://doi.org/10.3389/fpls.2016.00934

Milkha, 8.A.. Sukhdev, S.M., 2005, Interactions of Nitrogen with Other Nutrients and Water:
Effect on Crop Yield and Quality, Nutrient Use Efficiency, Carbon Sequestration, and
Environmental Pollution. Advances in Agronomy 86, 341-409.
https://doi.org/10.1016/S0065-2113 (05)86007-9

Musinguzi, P., Ebanyat, P., Tenywa, 1.5, Basamba, T.A., Tenywa, M.M., Mubiru, D.N.,
2016a. CRITICAL SOIL ORGANIC CARBON RANGE FOR OPTIMAL CROP
RESPONSE TO MINERAL FERTILISER NITROGEN ON A FERRALSOL.
Experimental Agriculture 52, 635-653. hitps://doi.org/10.1017/5001447971 5000307

Musinguzi, P., Ebanvat, P., Tenywa, 1.S., Basamba, T.A., Tenywa, M.M., Mubiru, D.N.,
2016b. Critical soil organic carbon range for oplimal crop response to mineral
fertiliser nitrogen on a ferralsol. Experimental Agriculture 52, 635-653.
https://doi.org/10.1017/80014479715000307

Musinguzi, P., Ebanyat, P., Tenywa, ].S., Mwanjalolo, M., Basamba, T.A., Tenywa, M.M.,
Porter, C., 2014. Using DSSAT-CENTURY Medel to Simulate Soil Organic Carbon
Dynamies Under a Low-Input Maize Cropping System. Journal of Agricultural
Science 6. https://doi.org/10.5539/jas. von3p120

Myaka, F.M., Sakala, W.D., Adu-Gyamfi, 1.J., Kamalongo, D., Ngwirna, A., Odgaard, R.,
Nielsen, N.E., Hogh-Jensen, H., 2006. Yields and accumulations of N and P in
farmer-managed intercrops of maize-pigeonpea in semi-arid Africa. Plant and soil.

MNgosong, C., M. Mfombep, P., C. Njume, A,, S. Tening, A., 2015, Integrated Soil Fertility
Management; Impact of &lt;i&gt;Mucuna&lt;/ikgt; and &lti&gt Tithoniadlt,/ikey
Biomass on Tomato (&lt;idgt;Lycopersicon esculentumdelt;/id&gt; L.) Performance in
Smallholder Farming Systems. Agricultural Sciences 06, 1176-1186.
https://doi.org/10.4236/a5.2015.610112

Nkonya, E., 2004. Strategics for Sustainable Land Management and Poverty Reduction in
Uganda. Intl Food Policy Res Inst.

Okalebo, J.R., Cathua, K.W., Woomer, P.L., 2002. Diagnostic indicators of soil quality in
productive and non-productive smallholders’ fields of Kenya's central highlands.
Agriculture, ecosystem and environment 79 1-8, - Google Search [WWW

34|Page



Document], LRI 3 X '
https://www, google com/scarch?q-Okalebo, _|_M‘_ A mthunt K. W tand + Waoomer, +f
L+2002) + Dingaoatictindicntom+ol soil-tguality +in bp[lll;!.l.li.'"‘-'l: Fand non-
productive +smallholders® 27807699 + lields+al+ Kenyn'al2%R0%9%: central thigh

In—'l'ld'ﬁ."',-l\ﬂric“l ure, tecosysiom anel enviromment | Tk ] - .
8. &tbm=isch& tho=ud source=univ&sa=X&ved=2nh UK EwjmobaL.2Ple AhVCwisK

HetX ARUQsARGBARFEA E&biw=13150&bih=661limgre-ysy YIvd[ZvnCTM:

~ (accessed 11.28.18). _ T .
Opiyo, A.M.. 2004. Effect of Nitrogen Application on Leal Yicld and Nutritive Quality of

Black Nightshade (Solanum Nigrum L.) [WWW Document]. URL
I“'l'p:.".lrjﬂumnlglgngnpub_cn““'dgi.f! 0.5367/00000000425301 T8 (nccesscd 5.29.1R).

Opole, R.A., Prasad. P.V.V., Staggenborg, S.A., 2013, Effcct of seeding and nitrogen
fertiliser application rates on field performance of finger millet. T1th hl_"r!cun E'"‘?
Science Proceedings, Sowing innovations (or sustainable food and nutrition security
in Africa. Entebbe, Uganda, 14-17 October, 2013 127-115. _ )

Owere, L., Tongoona, P., Derera, )., Wanyera, N., 2014a, Farmers' Perceptions of Finger
Millet Production Constraints, Varictal Preferences and Their Implications to Finger
Millet Bmcding in Ugnndn, Tournal of Agricu!luml Science 6.
https://doi.org/10.5539/jas.von12p126

Owere, L., Tongoona, P., Derera, J., Wanyera, N., 2014b, Farmers’ Perceptions of Finger
Millet Production Constraints, Varictal Preferences and Their Implications to Finger
Millet BIE‘Edi“E in Uganda, Journal of ..-\gri-:ull,um'l Science 6.
https://doi.org/10.5539/jas.v6n12p126

Parton, W.J., Hanson, P.J.. Swanston, C., Tom, M., Trumbore, S.E., Riley, W, Kelly, R,
2010. ForCent model development and testing using the Enriched Background
IEﬂleE Sll.ld}' experiment. Journal of Geophysical Rescarch: Biogeosciences 115.
hltps:ﬁdni.urg!l 0.1029/2009JG001193

Patrick, M., Tenywa, J.S., Ebanyat, P., Tenywa, M.M., Mubiru, D.N., Basamba, T.A., Leip,
A., 2013a. Soil Organic Carbon Thresholds and Nitrogen Management in Tropical
Agroecosystems: Concepis and Prospects. Journal of Sustainable Development 6.
https://doi.org/10.5539/jsd.vén12p3|

Patrick, M., Tenywa, 1.5, Ebanyat, P., Tenywa, M.M., Mubiru, D.N., Basamba, T.A., Leip,
A., 2013b. Seil Organic Carbon Thresholds and Nitrogen Management in Tropical
Agroecosystems: Concepts and Prospects. Journal of Sustainable Development 6.
https://doi.arg/10.5539/jsd.v6n12p3 1

PRASAD, §.K., SINGH, M.K., SINGH, R., 2014. Effect of nitrogen and zine fertilizer on
pearl millet (pennisetum glaucum) under agri-horti system of castern uttar pradesh 5.
https://doi.org/221005(u.p), india

Razag, M., Zhang, P., Shen, H., Salahuddin, 2017. Influence of nitrogen and phosphorous on
the growth and root morphology of Acer mono. PLOS ONE 12, e0171321,
https://doi.org/10.1371/journal.pone.0171321

Rebetzkeaf, G., van Herwaardenb, A, Chenue, K., Moellerd, C., Biddulphe, B., Richardsa,
R., Ratteya, A., 2012. Protocols for experimental plot sampling, handling and
processing of cereals in field experiments - PDF [WWW Document], Standardised
methods for use in large agronomic, physiological and genetic field studies. URL
https://docplayer.net/28884194-Protocols-for-experime ntal-plot-sampling-handling-
and-processing-of-cereals-in-field-experiments.himl (accessed 10.10.18).

35| Page



Saan, 5, Prescott, M., 1975, A seole lor approising the Toliar intensity of wheat discases

[WWW Document]. Plant Disease Reporier URL
hupua;.r;gumhm“nﬂ.m,m-,mm.mh,.'[mu.fqmr-lr:]lHH‘r[lH:‘:ﬁ?_php {nccessed 2.1.19)

Smith, P, Smith, J.U.. Powlson, 1.5, McOill, W .. Arah, J.R.M,, Chenov, 0.0, Coleman,
K., Franko, U., Frolking, S., Jenkinson, D.S., Jensen, L.5., Kelly, "-}:‘-- ":1“':;]
Gunnewiek, 11., Komarov, A5, Li, €, Moling, J..ﬂ.:i:-. Mucller, T., Parton, :
Thomley, J .M., Whitmore, A.P., 1997, A comparison of the performance of nine

% k 2 1 . s is
s0il organic motter models using datnscls (rom scven |=_:JﬂH lerm eXperiments,
Geoderma, Evaluation and Comparison of Soil Organic Matier Maodels &1, 153-225

https://doi.org/10.1016/S0016-7061(97)00087-6 ,
Steiner, C., Teixeira, W.G.. Lehmann, J., Nehls, T., de Macédo, J..V., Blum, W.E.H., Zech,

W, 2007. Long term effects of manure, charcoal and mineral fertilization on crop
production and fertility on a highly weathered Central Amazonian upland soil. Plant
and Soil 291, 275-290. hups://doi.org/10. 1007/s11104-007-9193-9

Su, Y.-Z., Wang, F., Suo, D.-R., Zhang, Z.-11., Du, M.-W., 2006. Lang-term I:ITI:t:_l Ini'
fertilizer and manure application on soil-carbon sequestration and !Erll.l fertility under
the wheat-wheat-maize cropping system in northwest China. Nutr Cycl Agroecosyst
75, 285-295, hups://doi.org/10.1007/51 0705-006-9034-x :

Tan, H.K., 2014. Humic Matter in Soil and the Environment: Principlcs and Controversies,
Second Edition [WWW Document]. CRC Press. URL . o
h‘tl_'pg_'_nrlll\.lﬂ.'li!\'ll'_:E.CPEESS_tﬂmﬂ-Iumi_E-MﬂltE‘l'-iﬂ-s-niI'md-lhn"r_':n‘l' Lmﬂmﬂﬂt'Pﬂﬂtlplcﬁ-
and-Controversics/Tan/p/book/978 1482234459 (aceessed 2.10.19).

Tittonell, P, Giller, K.E.. 2013. When yicld gaps arc poverty traps: The paradigm of
ecological intensification in African smallholder agriculture. Field Crops Research,
Crop Yield Gap Analysis - Rationale, Methods and Applications 143, 76-90.
https://doi.org/10.1016/).fcr.2012.10.007

UBOS, 2016. Uganda statistical abstract on agricultural cencus 2016 (Bulletn). Kampala
Uganda.

UBOS, 2010. Ubos report 2010 Ugnda census 2010.pdL.

Wafula, W.N., Nicholas, K.K., Henrv, O.F_, Siambi, M., 2016. Finger millet (Eleusine
coracana L.) grain yield and yield components as influenced by phosphorus
application and variety in Western Kenya. Tropical Plant Research 3, 673-680.
hups:/fdoi.org/10.22271 /ipr.2016.v3.13.088

Walkley, A., Black, [.A., 1934. An examination of the degtjarefl method for determining soil
organic malter, and a proposed modification of the chromic acid titration method: Soil
Science 37, 29-38. htps://doi.org/10.1097/00010694-193401000-00003

Wang, G., Luo, Z., Han, P., Chen, H., Xu, J., 2016. Critical carbon input lo maintain current
soil organic carbon stocks in global wheat systems. Scientific Reports 6, 19327,
https://doi.org/10.1038/srep19327

Wanyera, N.M.W., 2007. Finger-millet (Eleusine coracana (L) Gaertn) in Uganda, in:
Proceedings of the First International Finger Millet Stake-Holders Workshop,
Projects R8030 & 8445, UK Department lor International Development - Crop
Protection Programme Held on 13th -14th September 2003, in: Mgonja, MLA., JM.
Lenne, E. Manyasa, and 8. Srcenivasaprasad (Eds)., Nairobi, Washington DC, USA.

Witt, C., Dobermann, A., Abdulrachman, S., Gines, H.C., Wang, G., Nagaraj, R., 1999,
Internal nutrient efficiencies of irrigated lowland rice in tropical and subtropical Asia.
Fieid Crops Research 63 (2): 113-138. [WWW Document].

Yamane, T., 1967. Statistics An Introductory Analysis, 2nd Edition, Second Edition edition.
ed. Harper & Row.

|Page



et ol chemical ond organic ferilicaton on

a newly cultivated Tarmland, Jourmal of
Sfdol.org/ 10101 G 200501 V0 5 10T -4
arenn of Uganda. 8. C. Service,

ure. {annual report). washinglon i,

Yanyg, F..._E-'.u. Y.. Wang, T.. Yang, Q.. 2016,
i::' ""““?'““ ane _niimgm*. aecumulation in

Yost, D Efmilw Agriculiure |5, 65R-666. hiips
W waran, 1., 1990, Major lond resource
UE""""’““E.l.ﬂn, 0. C., U8, Depariment of Agricull

37| Page



aded| BE

ADN

Suy | -sump| Aepy

ady

- uEp

=8ny | —ady | —wwr

—any

120

panUNUOD SAUATDY

*

s1ostatdns (iim MITAI SISIYL

_

dunim SISIYL

SISA[EUR 1]

Tona3[[e9
mep pue sjuawuadxa jo 138 pimp jo dn Sumag

uonII[|od
mup pue sjuawuadxa jo 1as puoeaas jo dn Jumas

Ton2RN0D
mep pue sjuawuadxa jo 135 150 jo dn Sumag

asuajap esodoig

wawdopaaap esodoag

= r—— o=

SaIN12a| puany

Aoy |

dag
-dny

- auny

ARy

ady

170%
JEy
- uep

0T0Z | 0TOT | 00T
BETH | Alnp | aepy

—dny | —ady | —uep

GI0T

- dny

SADIANAdIY

Aanoy

ueld o dug xipuaddy




aded|ow

[®10L 908
0O0'OFC T —
000°000°S O RGNS

SITEISISSE [AIEISIT

000008 suosiad Z ot 000'001 Ross| O Iy eomenely

et uonaa[|oa eep JuLmp

=d sdun moj pue TOTEPOUNIOIIE
din 1od siySmo mo g 000'00T £ 91 _ 000'00z ydm pue JuraARl]
Buydom pue

000°009 £ 000002 ape | @wddeq “Fumysasng|

000'00¢ £ 000’00l I i e

000'09E £ 000°0Z 1 asoe Fuipaap

D00'0LE £ 000011 e Sunueg

000°051 £ 000°0% AR dulaa3] puey

000'00€ £ 000°001 e dumgdnold puoasg

eswadxa sad ¢ (00°00€ £ 000°001 2008 FuyBnopd 151
20N 1502 [EJO | Anuenb 1502 yiupy nup) | wonduasaq Anagay

IO UOSEIG

wilpng :om] xipuaddy




aled| v

3241} QOSEIS

TR =10 qn§

IqoJTen]

S0t ut sisAeue ajdureg

SIURISISSE [[IIEISAl

000008 suosiad 7 4 000'001 quuowr O] J0] IITRMOITY

UOSTIS _ uonI||02 EEp duump

12d sdin moy pue UOTEPOWLITOIIE

dun 1ad sygdm moy 000'00T'€ 81 000'00Z W pue Surjaser]
Burydiam pue

000" 009 £ D00 00T 2o | Buidleq ‘Surgsang)

000°00€ £ 000°001 ks dunsaarep

000°09€ £ 000°0T1 anoe Furpaam

000'0EE £ 000°011 e Funuey

000051 £ 00008 a1 Buiaaa) puep

000" 00E £ 000001 a1oe BunyBnod puosag

| wswuadxa sad | 000'00€ £ 000'001 e Burydnoyd 1z
| sa0y | 1503 [EJ0 Apuenb 1502 Jruy nun | wondussaq Knanoy
L __ _ 0M) UDSEDS




aded|Tv

=00 0T0"EL | (10 PUEID)

000°0FC T [E1o L qns

1qorneN

000°000°8 1 ut sisd[eue ajduesy

SIUEISISSE [IIBasal

000 008 suosiad 7 ¢ 000001 oL OM1 10] IERMO[IY

mOSTIS _ | — uons3|03 elep Juump

rxd sdin moj pue UONEPOWOIIE
din 12d siqdru mog 00000T € 91 000° 00T 3 pue Sutjaavi]
! duydiam puw

_ 000°009 £ 000" 00T alse Bui§feq “Fumsany |

| 000°00% 3 000001 ale Sunsaamey

000'09€ £ 000°0T1 aioe Sutpas

000'0EE £ 000011 ale Funuelg

000°05 1 £ 000°0% 0w Buipana) puey

__ 000°00€ £ 000°001 aoe duiydnold puosag

wawuadxa sad ¢ __, 000°00€ £ 000°001 auoe FuFnold 1sny
£3joN] ‘ﬁ 1503 [E]0 ], Anuenb J500 Jiupy ywupy | wonduasa Ananay




