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EXTENDED ABSTRACT

Crop production in sermrid areas is faced with different challenges that resulted
into low crop productivity, low household income and food insecurity. The main
production challenges in these areasdeclining soil fertility and moisture stresses.
The integration of different techniquesghich restore soil nutrients at low costs and
improve soil moisture can be used as a strategyope with these constraints and
ensuringsustainable crop produoti. The purpose of this work was to investigate the
effects of applying inorganic fertilizer at reduced ame(nticro-dose rates) under
different insitu rainwatetharvestingand soil moisture managemeathnologiedy
using tied ridges and infiltratiopits in pearl millet and groundnut growth and grain
yields. It also,focused on assessing profitabilitgf integration of fertilizer rates with
tied ridges and infiltration pits in smallholder farming communities. Field
experiments were conducted in a samd central part of Tanzaniaom 2015 to
2017coveiing llolo and Idifu villages located in Chamwino distri€todoma region.

It was observed thatisingtied ridges and infiltration pits increaspdarlmillet and
groundnut yield significantly comparedth flat cultivation. Applicationof fertilizer
micro-dose from 25% to 75% othe recommendedate for pearl millet and from
50% to 75% of recommended rate for groundnateased grain and kernel yisld
significantly compared wittzero application. Imigration offlat cultivationandtied
ridges with micredose at 25% of recommended rétepearl millet gave yield
advantage ranging fror295 to 455 kg/haand 537 to 959 kg/harespectively,
compared to farmer practicds alsoresulted into positive ngtrofit. Flat cultivation

with zero fertilizer application resulted in lowest groundnut yield and had a negative



net profit. The integrations of tied ridges and fertilizer mictase at 50% of
recommendedate gavesignificanty higher kernel yieldrangng from 906 to 1,197
kg/ha and higher net profit ranging from 424 to 558 USD/ha compared to farmer
practice. Tied ridges and infiltration pits conserved soil moistyrd8% and 45%
respectively more than flat cultivation at 30 cm depth after ten daysaoffall.

Land use efficiency was 98- 157% higher in intercropping system than in sole
cropping. Intercropping of pearl millet and groundnut along with tied ridges and
infiltration pits with micredose rates from 25% t65% of recommended rate had
financial returis of 648 998 USD/ha higher than sole pearl millet in flat cultivation
without fertilizer application. Therefore, the use of miatose at 25% ofthe
recommended raté.e 15 kgN/ha and 10 kg:Ps/ha) for pearl millef and 50% of
recommende rate(22.5 kg P,Os/ha) for groundnuts along with tied ridges and flat
cultivation is recommended to resource poor farnoéientral Tanzanialhe study

also recommends intercropping of pearl millet and groundnut along with tied ridges
and infiltration pts with microdose ratesat 25% andadvanced to higher rates up to
recommended rate as their resources increases. This study is fectthramending
review of fertilizer package to include lom@mountsuch as 5 kg, 10 kg, 15 kg 25

kg bags This will enable smallholder farmers to purchase small amount of fertilizer
as per their requirement. The study is furthezcommenihg the establishment of
government agricultural center in each villageserve famers oall agricultural

issuessuch agpurchasing of improved inputs on time.
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ORGANISATION OF THE THESIS

thesis is organized in thesoffikubl i shabl e

chapters as follows;

Chapter one is the General Introductidgrcoversthe background of the

manuscr

thesis including problemistatement justification and objectes of the ( comment [EC1}:

study

Chapter two paper 1 Effects of fertilizer micrdose and moisture
management practices on growth and yield of pearl millet in-saiiai
environment in Dodoma Tanzania.

Chapter Three: paper Effect of fertilizer micredose and moister
management practices on agronomic and economic performances of
groundnut in sermiarid area®f central Tanzania

Chapter Four. paper3 Effect of fertilizer micredose and rainwater
harvesting practices on yield and resource utilization indices in pearl
mallet-groundnut intercropping system

Chapter five Contains the gneralConclusion and Recommendationis

the whole work
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CHAPTER ONE

1.0 GENERAL INTRODUCTION
1.1 Pearl millet

Pearl millet Pennisetum glaucurfL) R.Br.) is an erect, tillering cereal crop with
determinategrowth patternBoncompagniget al, 2018. The crop hasn extensive
fibrous root system with strong lateral roots, which allow effective water and
nutrients extraction from deeper soil layers that makes it to be resistant to drought
and harsh environmenD{as-Martins et al, 2018). Pearl nillet is usually gown as a
rainfed crop in the dry tropics and one of the most important cereals in the Sahel

Zone South of the Sahara in AfridRajaramet al,, 2013).

The crop is mainly grown for human consumption serving as staple faiyg areas

of the continent. The grain is among the most nutritious of the major cereal, grains
is used for human consumption & in formssuch as porridge, cakeBreads,
sweets main meal (ugalignd alcoholic beverag€adebiyi et al, 2019. Pearl millet

grain is also used to feed birds, particularly poultry and game birds for recreation
hunting such as bobwhite quail, turkey and doRearl nillets are nutritionally
superiorto other cereals such @ise and wheat as they contain a high amount of
proteins,dietary fibers, iron, zinc, calcium, phosphorus, potassium, vitamin B, and

essential amino acid¥inoth andRavindhran2017;Kimenye, 2013

The crop does well in soils with temperatures of@3o0 30°C and its rainfall
requirement ranges from 200 to 1500 mm (DAFF, 20T18spite the importance of

pearl millet in the semirid areas of SA and Tanzania in particularhe yield


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vinoth%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28167953
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ravindhran%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28167953

recorded by farmers in Tanzania is still very lowqKg/ha) (Kamhambwa, 2014)
compared with the global yield @0 kgha) (Railey, 2006). In Tanmé, this crop

is mainly grown inthe semiarid areas of Dodoma (50%), Singida (20%) and
Shinyanga (16%). Other areas include Mara (6.4%), Mwanza (IRé&bybach and

Kiriwaggulu, 2007)

1.2 Groundnut

Groundnut Arachis hypogaed . ) i s one of the worldds most popul ar
It is best cultivated in well drained sandy or sandy loam soils with pH ranging from

5.5 to 6.5 and rainfall requirement yarg between 50@Gnd 1200 mm Katunduet

al., 2012) The crop does well in areas with soil temperatures ranging fr6@ tb8

30°C n a weltdrained fertile soil (DAFF, 2010)Groundnut is among the cultivated

legumesin semiarid part of SSAwhich accounts for about 250 f househol dés

agricultural income. Its seeds contain%480% fats, 206-50% protein and 19%-

20% carbohydrateswhich make it to bea very important crop for improving

nutrition and health in senrarid areas.

The crop provides a number of benefits to smallholder farmers, for instince
improvessoil fertility through BNF and saves fertilizer costs for subsetjosops;

forms an important component of both rural and urban diets like a source of valuable
protein, edible oil, fats, energy, minerals, and vitamins (Oketlal, 2010) In
livestockfarming communities, groundnuésidues areised as livestock feecha
increases livestock productivity. Groundnkernel yields is still low in Africa,

averaging about 800 Kgp, compared to the potential yield of 300@hieOlayinka



and Etejere, 2015)In Tanzania, the average yield isO3&/hawhich is lower than
the potential yield oft500 kg/ha from improved varietiessuch as variety Pendo
(Kanyekaet al, 2007). Generally,the crop is grown in various regions such as
Dodoma and Singida&Central Zong Tabora and Kigoma (western zone), Shinyanga

and Mwanzal(ake Zone)nd Mtwara $outhern Zonge

1.3 Productions Challengesin SemiArid Areas of sub-Saharan Africa

Declining soil fertility is amonghe major production challenges in searid areas

of SSA including TanzaniaCrop productivity has remained low because of no or
little use of fertilizers in crop production, limitedr untimely availability of
inorganic fertilizers and other inputs (Liverpobasie et al, 2017 World Bank
2006), imperfect fertilizer markets systemlfrar et al, 2009, lack of agronomic
knowledge for the farmers on fertilizer usgsfaw and Admassie, 20D4riskiness

and credit constraints (Liverpe®lasie et al, 2017). The low use of inorganic
fertilizer in Africa can be attributed to both demand side ampblkyside factors. The

first and most obvious demand side factor that could potentially explain the low use
of fertilizer in Africa relates to profitability.
fertilizer is weak because fertilizer use is probably unprofitablenly marginally
profitable to most farmers. Incentives to use fertilizer are often undermined by the
low fertilizer response rate, high variability of crop yields, lack of credit and high
fertilizer prices relative to crop output prices. The demandfddilizer is further
exacerbated by lack of information about the availability and cost of fertilizer,
inability of farmers to raise resources needed to purchase fertilizer, and lack of

knowledge on the part of many farmers about how to use fertilifieieetly.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384440/#b0305
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384440/#b0305
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384440/#b0005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384440/#b0025

Apart from declining soil fertility, drought condition due to little and erratic rainfall

is alsoimportant challenge farmghave been facin this area. The major causes
contributing to drought is increased pressure of both human and livestock population
which hasimposed tremendous pressure on natural resources particularly in the arid
and semirid regions Kgosikoma and Batisani, 20L4Lack of awareness and
underutilizationof rainwater harvesting practices such as tied ridges, pits and open
ridges in some parts of this region limit adoption and spreading the concept and
implementation of rainwater harvesting systems. Moreover, highcagipl costs of
some of the rainwater harvesting practices in terms of, timenceand labor limit

its adoptiorby the farmer despitef their high performances.

Other factorsare nonavailability of seed of improved varieties, inappropriate crop
manag@ment practices, as well as pests and diseases (Adtoldal, 2018).
Malfunctioning and inefficient markets (largely due to a frail private sector in most
countries), insufficient investment in infrastructure, high transportation costs, weak
information sgtems and a poor regulatory framework have hampered proper
remuneration of producers/farmers and deterred indeed, incapacitated them from
investing and specializing in new and highlue products. Prices remain low and are
highly volatilei and there arecmechanisms that can help minimize or share the
risk borne by producerdg-urther, the political unrest and armed conflicts also
constrained on agricultural development and on improved food security. This
situation preventsfarmers from puing more effors on agricultwe and therefore
create wider gape between actual yield and potential {deldes, 2008; FOA,2005;

Muzari 2014)



1.4 Ways Toward Improving Agricultural Productivity in Subsistence
Farming Communities

1.4.1 Soil fertility management

There are two main approaches to improved soil fertilitye firstis to attempt to

meet plant requirements with purchased mineral fertilizers. Various studies showed
that, the application of inorganic fertilizers at micro dose rates to recommended rate
resulted better agronomic and economic performance compaesiaapplication
(LiverpootTasieet al,2017 Adedeji et al, 2014 Omononaet al, 2012 Akighir

and Shabu, 2031 According to thelnternational Crops Research Institute for the
SemiArid Tropics (ICRISAT), micro dosing iglefinedadit he ap pdmalcati on o
affordable quantities of fertilizer with the seed at planting time or as top dressing 3 to
4 weeks after emergence. Fertilizers are often very expensive for farmers in the
developing world, particularly in suBaharan Africa (Blessinegt al, 2017 Druilhe

and Barreiro, 2012). Therefore, for such farmemnigro dosingcan help reduce
fertilizer costs and give higher returns. ICRISATs initiated micro dosing
programs in West Afriaacountries such as Mali, Burkina Faso, and Niger, reaching
over 25,000 smatholder farmers and in India. The litgte reports that sorghum

and millet yields have responded well to the technigbeosting yields between 44

and 120 percent and inconmessalso increased by as much as 130 percent for some
families. ICRISAT is working with agricultural extension seesgcto better instruct

farmers on how to effectively measure and apply fertil{feRISAT. 2009)

The second relies on biological processiest resultng from the use of organic

materials and other crop management options such as deahe intercroping,


https://www.ncbi.nlm.nih.gov/pubmed/?term=Liverpool-Tasie%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=28413245
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384440/#b0215
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384440/#b0020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384440/#b0020
http://www.icrisat.org/
http://www.icrisat.org/
http://www.icrisat.org/impacts/impact-stories/icrisat-is-fertilizer-microdosing.pdf
http://blogs.worldwatch.org/nourishingtheplanet/snapshots-from-the-field-14/
http://www.farmradio.org/english/radio-scripts/79-4script_en.asp

agroforestry and use of green manures (Annicchiagical, 2011). However, the

more sustainable middle path borrows the best features from both and is referred to
as Integrated Nutrition Management (INMategrated Nutrition Management
combines mieral fertilizers with organic resources, thus increasing fertilizer use
efficiency, reducing the risks of acidification and providing a more balanced supply

of nutrients Hirel et al, 2017).

1.4.2 Soil moisture conservation

Increasing moisture availabilitto the agricultural crops in serarid areas is very
important for sustainable crop productiodofig et al, 2018) This can be done
through, harvesting water from little and erratic rainfall these areesive and
temporary conservbarvestedwater in he soil for crop use. One of the methods
frequently used in rainwater harvesting is lla@vesting andtorage of rainwatéan-

situ. Thein-situ technology consists of making storage available in areas where the
water is going to be utilizedAll rainwater harvesting systems have three
components: a collection area, a conveyance system, and a storage area. In this
application, collection and storage is provided within the landscape. The principle
behind the recommendation of different practices is to iserét@awaterinfiltration

and percolatiofby reducing the rate of runefiemporarily impounding the water on

the surface of the soil toncrease timefor infiltration and modifying land
configuration for inter plot water harvestingied ridges and infiltration pits are
some of insitu rainwater harvesting technologies used in dry prone areas. These
technologies enhance long storability of soil water and enhance sorghum and millet

crop grain yield up to 65% (Kilasaed al, 2015; Yogph, 2014).



1.4.3 Crop diversification and intensification

Intercropping is the practice growingtwo or more crops in the same field at the
same time. The goal of intercropping is to achieve increased crop yields on a piece of
land through maximized crop grtiivand resource use efficiency (Dodiyet al,

2018; Azizet al, 2015). Crops grown in this system may not necessarily be sown or
harvested at the santame but are grown simultaneously during their respective
cropping cycle $andleret al, 2015. Havingdiverse crops in the same field allows

the farmers to have some yield even if the primary saamage or does notield

as much as expected and this instived security.

It also maintains soil fertility as the nutrient uptake is made from bot#rdayf soil
(Ullah et al, 2016). Legumesthrough their symbiotic relationship with nodule
dwelling bacteria fix atmospheric N through biologically changing it from the
inorganic form to forms that are available for uptake by plévitaris et al, 2017,
Brookeret al, 2014;Lithourgidiset al.,2011). Legumes grown on soils with low N
derive their N requirements entirely from the proceshkialbgical nitrogen fixation
(BNF) while cereals grown may patrtially satisfy their N requirements from N fixed
by the previous legume if residues are incorporated into the soil, which is alternative
and sustainable way of introducing N into low input cropping systems. In addition,
roots of legumesdecompose and release N into the soil thereby increasing soil N

reserves for uptake by subsequent crops (Lithourgidis.,2011).

Intercropping also help in reduction of soil runoff by covering the soil and can
control weeds by suppression g et al, 2014). On weed suppression,

intercropping of cereals and cowpea has been observed to reduce striga infestation



This was attributed to the soil cover by the cowpea that created an unfavorable

condition for strigaseedgermination (Hesammi, 20)1.3n Zimbabwe, Mashingaidze
(2004) found that maizbean intercropping reduced weed biomass through
suppressiorby 50%-66% when established at a density 7,000 plants/ha for
maize and222000 plants/hafor beansdue to more surface coveim general,

intercropping systems are useful in terms of increasing productivity and profitability

per unit area, water, nutrients and radiation use efficiency and pests and diseases

(Wanget al, 2014; Lithourgidiet al.,2011).

1.5 Evaluation of the Productivity of Intercropping Systems
1.5.1 Land equivalent ratio

Land equivalent ratio (LER) is a measure of the yield advantage obtained by growing

two or more crops or varieties as an intercrop compared to growing the same crops

or varieties as aotlection of separateole cropgDariushet al, 2006 Berhanuet

al., 2016) The LER is used to evaluate the productivity of intercrops againsbtbe
crop. The LER is calculated using the formWlaER= E ( Ypi / Ymi ) ,
yield of each crop rovariety in the intercrop or polyculture, and Ym is the yield of
each crop or variety in the sole crop (Bamtieal, 2014). For each crop (i) a ratio is
calculated to determine the partial LER for that crop, then the partial LERs are
summedup to give he total LER for the intercrgpng systemAn LER value of 1.0
indicates no difference in yield between the intercrop and the collectmmieotrop
(Dariushet al, 2006) A value of less than 1.0 indicates that there is no advantage on
land usewhenintercroppingsystem is compared &ple crop A value greater than

1.0 indicates the intercropping had advantage on land use compande toopping

system
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1.5.2 Monetary advantage
Monetary advantage (V) also is a very commoneindsed in determinain of

intercropping advantages (Gebru, 20X8houdhary, 2014)1t is also done by

comparing monetary values of yield proportion of intercrops and sole crops and it

gives exactly monetary value of yield advantages. The formula used to estimate

monetary advatage is V=KY 1+K,Y,; Where: K and K are yields of pearl millet
and groundnut respectively while; nd Y, are prices of the respective crops; V is

the financial return value.

1.6 Problem Statement andJustification

Declining soil fertility andwater stressonditions are the main production challenges
that resulted into lowpearl millet and groundnut yield in Dodoma region. The
average yield for pearl millet and groundnut in Tanzania @skgtha and 9® kg/ha,
respectively(Kamhambwa, 2014) Pearl milletactualyield in Chamwino, Dodoma

is muchlower, averaging 36 kg/ha The actual yields are much lower compared to
the yield potential of 280 kg/ha and 1500 kg/ha for pearl nillet and groundnut,
respectively(Kanyekaet al, 2007). In other countriesuch as USA, the yield of
6100 and 3490 kg/ha for pearl millet and for groundnut, respectively were reported

(Kaushik 2013 Obenget al, 2012.

Dodomaregion, particularly Chamwindistrict is a low-rainfall district, like others
in the regionwhichreceives an average of 400 mn6&0 mmof rainfall per annum
(Temu et al, 2011).Further there is large amount of water that is lost through
surface runoff because of the topographical nature of theefa 6 s f i el ds

mostly located in slope#iverage yield loss due to drought is estimated to be 17%

as

they

ar
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but it may go up tdl0®%. Tie ridges and infiltration pits are some of the water
management practices that can be used to conserve soil m¢ksilasaraet al,

2015 Mudatenguhaet al, 2014)

Continuous cropping with insufficient or no fertilizer input and off season field

grazing activities are major contributois declining soil nutrient{Kamhambwa,

2014) Also, the nutrients lost through soil mining of about k§ N/haand2 kg Pha

for pearl millet and groundnut respectivelgcrease the rate of nutrients loss in the

soi |l . Organic materials such as farm O6kraal é manur e
production system but it is needed in large quantityoQ@0' 15000 kg/ha) at

recommended ratewhich makes it limited for use bysmall scale farmers

(Kamhambwa, 2014 Inorganic fertilizer is mostly recommended for use in crop

production but most small scale farmers are poor with low purchasing power

(Odhiambo and Magandini, 2008)

Thus, concept of micrdose fertilizer application which is the application of
fertilizer at a third to a fourth of the recommended rate may be appropriate to the
resource poor farmers in Dodoma. This method is proven to be worthy and is in use
in Zimbabwe, Bukinafaso, Mali, Niger and Ethiopi@a maximize return to
investmenton pearl millet (Sime and Aune, 2014jlowever, in Tanzania, few
researcheshave beenconducted to evaluate the effect of miciase fertilizer
application inmaize production in sub humid condition but nongearl milletand
groundnut production systenin semiarid areasFurther, there is no established
micro-dose ratefor a particular production system.On the other handthe

synergistic effect of low to high fertilizer rates andifferent soil moisture
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conservation technologies on milegroundnut production system ipoorly
understood. Therefore, the purpose of this work was to investigate the effect of
integrating fertilizer at different rates (miedmse rates) and in situ rainwater
harvesting technologies on agronomic performance and household profitability
amongpearlmillet-groundnut smallholder farming communitiessemiarid central

Tanzania.

1.7  Objectives of the Study

1.7.1 Overall objective

The overall objective was to increase pearl millet and groundnut productivity at
small scalefarm level by optimizing fertilizer usage and soil water conservation

practices in Chamwino district, Dodoma region.

1.7.2 Specific objectives

i. To evaluatehe effects of feilizer micro-doseand moisture management
practices on growth and yield pkarl milletin semiarid central part of
Tanzania

. To determine the influence of fdizer micro-dose and moisture
management practices aroundnutyield in semiarid central part of
Tanzania

ii. To assesghe responsejield and resource utilization indices qrearl
millet -groundnutintercropping system under faiter micro-doseand soil

moisture management practices
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1.8 ResearchHypothesis
i. Application of fertilizer at micredose rate will not reduce pearl millet and
groundnut yields significantly compared to recommended rate.
ii. Application oftied ridges and infiltration pits asinwater harvesting practices
will not increasesignificartly soil moisture and pearl millet and groundnut
yields compared to flat cultivatian
iii. Production of pearl miit and groundnut in sole cropping and intercropping
systemdhaveno effect on yield, land use efficieypand monetary value.
iv. Integrating small fertilizer rates (micradose rates) andn-situ rainwater
harvesting practicevill not increase proftc ompar ed to traditional far mer 6

practicesof flat cultivation with no fertilizer use.
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CHAPTER TWO
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2.1 Abstract

Declining soil fertility and low erratic rainfall are key factors limiting crop
production and threatening food security in sand areas worldwide. Applying
inorganic fertilizer ata reduced amount (micrdose rates) anéh-situ rainwater
harvesting using infiltration pits (IP) or tied ridges (TR) are lowput strategies to
cope with these environmental constraints. The purpose of this work was to
investigate the effect of integrating fertilizer at different application ratesnasitl
rainwaer harvesting technologies on pearl millet growth and grain ,yéeld their

household profitability among Tanzaniamallholderfarming communitiesn semi
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arid areas of central Tanzani@plit plot field experiments were conducted from
2015 to 2017 cropping seasonBlain plot factor was rainwater harvesting
technologieqtied ridges and infiltration pit) and sub plot factor were fertilizer rates.
Tied ridges and IP used alone and in combination diffierent fertilizer rates had
significant positive effect on pearl millet growth and yield. The highest yield of
2,202 kg/ha was obtainedith the recommendedertilizer rates under IPbut it
resulted into negative net profit (NP). Flat cultivation (R@ith zero fertilizer
application resulted in lowest grain yield ranging from 297 to 453 kugfitla a
negative NP. Use of IRith 25% micredose of the recommended rate resulted into
relativdy higher grain yield (778 2,202 kg/ha) comparedith TR (8871915
kg/ha) and FC (592,144 kg/ha) However,due to its higher production costs, it
resulted into negative NP. The use of TR and FC with ndose at 25% of
recommended rate had a yield advantage ranging from 537 to 959 kg/ha and 295 to
455 kg/ha respetively, comparedwith farmer practices and both resulted into
positive NP. The use of micrdose at 25% of recommended rate along with TR or
FC, which gave higher grain yield and NP compangth farmer® practice, is

recommended to resource poor farmerdricreasegearl millet productivity

Keywords: Pearl millet, micro dosing, tied ridges, infiltration pits, seanid

environment
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2.2 Introduction

Pearl millet Pennisetum glaucurL.) R. Br.) is among the primary staple food
crops in semarid regions (Aliyu et al, 2015). It can withstand adverse
environmental conditions, such as drought and poor soil fertility, in compawision
other cereal crops such as maize and rice (Sangh., 2017). Despite its drought
resistance, it requires evenly distributed rainfall during the growing sekboau
2017). Post flowering drought stress is one of the most important environmental
factors reducing pearl millet grain yield (Yadav, 201@¢arl millet is adapted to a
wide range of ecological conditions but performs best in light,-draiined loamy
soils (Bandyopadhyagt al, 2017; Ahmecet al, 2016; DAFF, 2011). Pearl millét
positioned sixth in area of cereal production worldwide behiwheat, maize, rice,
barley, and sorghum (Masa@t al, 2015). In semarid parts of suSaharan Africa
(SSA), it is among the most widebultivatedand consumed crop (Masat al,
2015; Dick, 2007).The SSA produces about 56% of the pearl millet warldput

(FAOSTAT, 2010. The top world producers are India, followed by Nigeria, Niger,

and Mali (DSFN, 2017). These three Afrficamant r i es al one make up 70% of SSAC

production (DAFF, 2011). In East African countries, the average yield is low while
the yield potenti al of 't hm Tanzamais digherd vari eties such
with 2400 kg/ha (Kanyekat al.,2007). For instancén semiarid parts of Tanzania,

the yields are much lower with average of 400 kgkemhambwa, 2014)

Poor and erratic rainfall (36600 mm) and high evapotranspiration rates are among
the major production constraints in semrid areas Yabe et al, 2018 Knipper,
2017; Kahimbaet al, 2015; Yosef and Asmamaw, 2013) additional tolow

rainfall received in these areas, |l arge amount of

C


http://faostat.fao.org/site/339/default.aspx
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through surface runoff because ahdulating topography uncovered surfaces,
surface crusting (Graef and Stahr, 2000), and high rainfall intensity (Graef and
Haigis, 2@1). Hence, more efficient use of water resources is needed to take
advantage of the scarce rainfall. This can be done thranghitu rainwater
harvesting and soil moisture conservation practices such as tied ridges and
infiltration pits (Kilasaraet al, 2015; Mudatenguhat al, 2014; Nyamadzawet al.,

2013). These technologiéaprovestorage of soil watewhich enhance sorghum and

millet grain yields up to 65% (Kilasarat al, 2015; Yoseph, 2014).

Declining soil fertility (in particular nitrogen and phosphorus) is also a major
production challenge that smallholder famers face in-seidiareas. It is caused by
production without or with insufficient fertilizer inputs, efeason field grazing
activities (Kamhambwa, 2014; Kimenye, 20143nd soil erosion (Sharmet al,

2015; Sermeet al, 2015;Pimentel and Burgesg013). Furthermore, nutrients are

lost through crop harvest @8 kg/ha per annum)Henao and Baanante, 2006)
Though organic materials such as farmyard manure are sometimes used by
smallholder farmers to supplement soil nutrients, they do not reach the large
quantities needed (D00-15000 kg/ha (Kanyekaet al, 2007). Furthermore, the
availability of farmyard manure to most of the smallholders farmers is limited
(Kamhambwa, 2014 The conventional approach to improve crop productivityyis
applying chemical fertilizers at recommended rates (IDRG14). However, it is
widely realized that high fertilizer costs deter smallholder farmers from using these
rates. In rural areas of SSA, fertilizer prices are about three times higher than in the

developedworld, Due to high prices of agriculture inputs in SSA, it lead
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substantially redumn of profit margin of farmers(Odhiambo and Magandini,
2008) Consequently, average fertilizer input rates in SSA for millet is low about 8
kg/ha (Chianwet al, 2012) comparewith 100 kg/ha, 120 kg/ha, and 85 kg/ha for
the entire Wdd, Asia and India, respectively (Mala, 2013). Moreover, fertilizer
recommendations fail to consider rainfall risks, capital and resource constraints, and
marketing costs faced by smallholder farmers (IDRG14). Furthermore, high
fertilizer rates in thee areas increase the risk of environmental pollution, such as N
and P leaching into groundwater, ammonia volatilization into the atmosphere, and

N2O emissions via microbial denitrification (Lia al, 2017).

Collaborative research among various research institutions in the Sahel, developed
an effective technique to increase fertilizer use efficiency and reduce investment
costs to smalscale farmers. The technique is known as fertilizer micro dosing,
which isthe localized application of fertilizer at reduced amount than recommended
(Camaraet al, 2013; ICRISAT, 2009). Micralose technology is in use in some
semiarid SSA countries and helps farmers to maximize returns on investment, in
particular forpearl milet production (Sime and Aune, 2014) and reduces the yield
gap between the actual and potential yield (IDRC, 2018). It has been shown that
optimized soil moisture and fertilizer use have synergistic effects on crop growth,
which can increase the crop yelwater use efficiency (WUE), and nutrient use
efficiency (NUE) (Lianet al, 2017; Yang, 2015)However, synergistic effects of
fertilizer rates and technologies to conserve soil moisture in pearl millet production

are poorly researched to date.
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The obgctives of this study, therefore, were a) to investigate the effects of

integrating both micralose fertilizer rates and situ rainwater harvesting practices

on growth and yield of pearl millet in a typical seanid agreclimate, withcentral

Tanzania 8 a case study, and b) to assess the economic profitability of the

technologies used ksmallholderfarmers. We hypothesize that a) combining micro

dose fertilizer rates and-situ rainwater harvestingracticeswill increase crop yield

and enhance foodesc ur i ty compared to traditional farmerds opr
profits will be achieved when integrating small fertilizer rates (mawse ratesand

in-situr ai nwater harvesting practicewrerempared to traditioa

farmers are normallgultivationon flat land without application of fertilizer

2.3  Materials and Methods
2.3.1 Location, soil type and climate

This study was conducted in llolo and Idifu villages in send Chamwino district,

Dodoma TanzaniaThe sitesarelocatedat latitude06 20Nj5njand longitude85 54N;j

12njand latitude 06 24Np9nj and longitude35 59NP3nj f or 11 ol o and 1 difu

respectively.The slope at llolo was 3.2 with analtitude of 1,620 maslAt Idifu
site,theslopewas2.2% andhe altitudewas1,006 masl. The soil types for bathes
were moderately acid sandy clay loam. The area has a unimodal rainfall regime,
which start in DecemberThis gives farmers the opportunity to start planting their
cropsat the end oDecemberuntil mid-January. The area receives highly erratic
rainfall ranging from 400 to 650 mm annually, with ofted 2veeks of dry spells in

between.
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2.3.2 Experimental materials

Improved variety6 Ok o a & o f , gbtairsed fromtheiAgricuiture Research
Institute (ARI) Hombolg was used. Okoa is an early maturiariety, resistant to
drought, tolerant to fungal diseases, and reaching a heighBd&f B at maturity.
Under optimal management it has a yield potential of 2,400 kg/ha (Kamyeka

2007) which is higher compared to other pearl millet varieties releas&drinania

Fertilizers used were Dimmonun Phosphate (DAP) with 46%,0s and 18% N,

and Urea with 46% N.

2.3.3 Experimental design

A split plot experiment in a randomized complete block design was used with three
replications. The main factor was kpioisture management with three levels, tied
ridges (TR) of 60 cm width and X&n height, infiltration pits (IP) of 40 cm diameter
with 40 cmdepthand fl at cul tivation (FC)Subt hat represented
factorswere fertilizer rates of zero pfication FO (0 kg N/ha, 0 kg.Ps/ha), micro

dose at 25% of the recommended (MD 1) (15 kg N /ha; 7.5®g/fa), micro dose

at 50% of recommended (MD2) (30 kg N/ha; 15 k@4ha), micro dose at 75% of
recommended (MD3) (45 kg N/ha; 22.5 kgd/ha) andL00% of recommended rate
(RR) (60 kg N/ha; 40 kg ®s/ha). Plaring spacingused was80 x 30 cm as
recommended by Kanyelet al. (2007) and the arrangement of planting holes flat
cultivation, tied ridges and infiltration pit is shown in skefth. Subplot size was

of 192 m? with 5 rows and 16 plant hills per roive seeds were sown per hole and

after emergence they were thinned to two plants ilier h

f
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Sketch 2.1: Plot dimension and arrangement of planting holes on flat

cultivation, tides ridges and infiltration pits
2.4 Data Collection
2.4.1 Soil sampling and analysis
Preplanting soil sampling at both research sites was done irNmigmber 2014
using the random soil sampling method as described by Clain (2014). An aggregate
of eight soil samples was gathered from eachasitethe compositeoil samplerom
eachlocation was prepared by quartering meth&dalysis of physical and chemical
soil characteristics was conducted at the Department of Soil and Geological Sciences
laboratory of the Sokoine University of Agriculture. Soil analysiduded particle
size distribution for textural class by Hydrometer method, soil pHblymeter in
1:2.5 soilwater, organic carbon bWalkley Black Method total nitrogen by micro
Kjedahl digestion methodyvailable phosphorus by Bray and Kurtzetchangeble

cations (K) by NH4-acetate filtrates by Ammonium Acetate Saturation.
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2.4.2 Rainfall

Daily precipitation was recorded by standard rain gauges at both experimental sites.
It consised of a funnel emptying into a graduated cylindegn2 radius, which fits
inside a larger container 2n in diameter and 56m tall. If the rainwater overflows

the graduated inner cylinder, the larger outer container will catch it. When
measurements areken, the height of the water in the small graduated cylinder is
measured, and the excess overflow in the large container is carefully poured into

another graduated cylinder and measured to give the total rainfall amount.

2.4.3 Crop growth characteristics (leafarea index and crop growth rate)

Four plants from central rows were randomly selected from each plot and number of
tillers per hill and number of leaves per tiller were counted and leaf lengths and
widths were measured. Leaf area (LA) and leaf area index (LAI) was calculated
according td~ageriaet al (1997).

LA= K x Leaf Il ength (cm) x | éafE®Qi dRhlfjcm)éééécéeéeéecé
LAI= (Total number of tillers x number of leaves per tiller x LA)/Area of land
covered by totahumbero f  t i | | er séé éé é &&&&eé4q EQ. 2. 2)
where; LA = leaf area, LAl leaf areandex, K=determined constant=0.75

Plant sampling was done at flag leaf and 50% flowering stages. Four plants per plot
were randomly selected, cut just above ground, chopped and weighed. The samples
were taken to ARl Makutupora lab for dry neattletermination. Samples were oven

dried at 66C for 42 hours and the total dry matter was recor@zdp growth rate

(CGR) was calculated according to Fagetial.(1997)
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CGR=  (W2-W1) (g/n/day)
GA(T2TLE 6666 . . . . . . . . ... .. . 6666é6. . . . 23E(

Where, GA is a ground area covered, W1 and W2 are weight of dry matiag at
leaf and at 50% flowering stagesspectively. Further, T1 and T2 are time intervals

in days at different growth stages.

2.4.4 Grain yield
Grain yield of individual plots was obtained from selected samples of 16 plants
located at inner rows of el plot. The panicles of the sampled plants were cut,

threshed and dried to 14% moisture content and the weight recorded.

2.4.5 Economic data

The costs of all experimental materials used in the study such as fert#izedsand
storage bags Tanzanian shillings and market prices for 2015/2016 and 2016/2017
seasosin (Tsh/kg) were recorded. Furthermore, costs of crop management activities
(Tsh/ha) were recorded. Then, the costs and market pricescaavertedto USD

based on the exchangate of 1 USD =2,100TBOT exchange ratef July 2017)

2.5 Data Analysis

Descriptive statistical analysis was used for rainfall data while inferential statistics
were used for crop growth data, Analysis of variance was done bgt@ersoftware

at PO5% using the statistical model indicated in equafieh Tukeys test at FO

5% was used for separation of means (Montgomery, 2004). € i+ Ajd B+

AB+ Bléééééeécéécécéécééecééeééé (EQ 2. 4)



33

WhereYy= Response | evel, & = GenlkrBlbck ef fect or gener al
effect, A= Mai n p ljothe naih plat rartdom etror (Error a), B Subplot

effect, ABe= | nteraction effect betwegmSut he main plot and t
plot randan error effect (Error b). Simple economic analysis using net profit were

done by subtracting the total production costs from the total revenue of each

technology $ekumadg2017; Adesojet al, 2016).

2.6 Results

2.6.1 Soil characteristics onexperimental units

The soil texture in experimental unit was found to be sandy clay loam for both sites
with pH of 5.8 and 5.3 for llolo and Idifu, respectively (Table 2.1). The soil organic
carbon was very low with 0.46% and 0.11% for llolo and Idifu eeipely. Total
nitrogen and extractable phosphorous of the soil was also very low at both sites. The
potassium content was high at llolo and medium at Idifu (@ré8L kg* and 0.43

cmok kg™, respectively). These physical and chemical sleélracteristics are typical

for Tanzanian and other SSA searid regions.
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Table 2.1  Physical and chemical properties of soils at experimental sites

. . S Values for Values for
Particle size distribution llolo site difu site
% Clay 21.6 25.6
% Silt 29 4.9
% Sand 75.5 69.5
Textural class SCL SCL
Chemical characteristics
Organic Carbon (OC) (%) 0.46"* 0.11""
Soil pH (in HO) 5.88" 5.30M
Total nitrogen (N) (%) 0.06"* 0.06"*
Ext. Phosphorus (P) (mg/kg) 12.88" 6.43""
Cation Exchange Capacity (craki™) 15.20™ 5.40"
Exch. Bases K+ (cmgkg™) 0.69" 0.43

Mg (cmok kg™) 0.67™ 0.:3M
Ca(cmokkg?) 3.37" 37"
Na(cmok kg ™) 0.5" 0.48M

SCL=sand clay loam, VL= very low, L= low, M= mediusccording toLandon

1991

2.6.2 Rainfall amount and distribution

Total rainfall received at Idifu during 2015/2016 and 2016/2017 cropping seasons
were 425mm and 153nm, respectively (Fi@.1). Furthermore, the total amount of
rainfall at llolo was 298 mm and 141 mm recorded during 2015/2016 and 2016/2017
cropping seasons, respectively. Idsfite had generallyrigherrainfallamountin both
seasongompared to llolo, but its distribution was more uneven as it had a lower
number of rainfall events than llolo. During 2015/2016 cropping season, a dry spell
occurred at Idifu at the end of the vegetative phase and extended up to the early
stages of panie development phase. The period of dry spell also occurred at both
locationsat theend of panicle development phase to early stages of grain filling
phase. Duringhe 20162017 cropping seasoa,dry spell at both locations occurred

at the end of the vegetative phase and extended to the early stage of panicle

development and at the second half of grain filling stage.
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Figure 2.1 Cumulativerainfall amounturing different pearl millet growth stages
llolo and Idifuvillages

2.6.3 Spatial and seasonal variation of leaf area index (LAI) and crop growth

rate (CGR) under famers practices
The results showed no significant difference on LAl and CGR when pearl millet was
planted at different locations (Table 2.2). Pearl millets at llolo site exhibited
relativdy higher LAl values (0.34) at flowering compared to Idifu (0.25). Despite
relativdy higher LAI of pearl millet at llolo site it had relatiyelower CGR of 19.89
g m?day" compared to pearl millets at Idifu site with 21.04 Gday". The effect of
cropping seasons on LAl and CGR was significant (Table 2.2), since higher CGR of
0.38 and 24.41 g fiday’, were observed during 2015/2016 and 2016/2017 cropping

seasonsespectively.
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Table 2.2 Spatial and seasonal variation of LAl and CGR(g m?day™) under
famers practices

LAI CGR
Locations llolo 0.34 19.89
Idifu 0.26 21.04
Lsd 0.08"® 3.59"®
Seasons 2015/2016 0.39 16.52
2016/2017 0.21 24.41

Lsd 0.08 3.59

Lsd= least significant difference, *=Significant difference and ns =not significant

2.6.4 Leafarea index (LAI) and crop growth rate (CGR) of pearl millet

under in-situ rainwater harvesting technologies and fertilizer rates
In situ RWH technologies (tied ridges and infiltration pits) had significant effé€at (P
0.05) on LAI only at Idifu during2016 (Table 2.3)The use of tiedidges and
infiltration pits resulted in relativg higher LAl and CGR compared to flat

cultivation.

Table 2.3 Leaf area index and CGR (g rifday™) of pearl millet under
different in-situ rainwater harvesting technologies

LAl llolo CGR llolo LAl Idifu CGR Idifu
RWH 2016 2017 2016 2017 2016 2017 2016 2017
FC 0.44a 0.24a 17.33a 22.45a 0.34a 0.18a 1571a 26.37a
TR 0.49a 0.32a 16.67a 19.33ab 04l1ab 0.32a 21.93a 26.06a
P 051a 03la 1833a 17.82a 054b 0.22a 23.07a 25.15a
CV (%) 2220 11.30 19.30 5.80 16.40 26.90 19.10 4.90
F value 0.70 0.09 0.84 0.01 0.06 0.11 0.15 0.53

Means in the same column followed by the same letters are not significantly different
according toT u k etgsbasPO0.05%

RWH= Rain water harvestind;C= flat cultivation, TR= tied ridges, IP= infiltration pits,
CV =coefficient of variation

Increasing fertilizer rates from zero tite recommend rate had significant effect on

CGR except during 2016/2017 cropping seasa@m both locations However, it
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resulted into significant effect on LAl and CGRiring 2015/2016 cropping season
(Table 2.4). Brmers practice (zero fertilizer) resulted in the lowest LAl (0.18 to
0.44) while the use of recommended rate had the highest LAl (0.73 to 1.39).
Furthermore, the use of micro dose rates from MDI to MD3 resulted into higher LAI
compared to famers practicgimilar trend was observed on CGR where the lowest
CGR of 17.33 g riday" and the highest CGR of 32.67 g*day* were obtained

from farmers practice and recommended, naspectively during 2015/2016 at llolo.

Table 2.4 Effect of water management practices and fertilizer micro dose on
LAl at flowering and CGR (g m“day™) from 45 to 65 DAS

LAl llolo CGR llolo LAI Idifu CGR Idifu
FR 2016 2017 2016 2017 2016 2017 2016 2017

FO 0.44a 0.24a 17.33a 2245a 0.34a 0.18a 15.71a 26.37a
MD1 0.76ab 0.32ab 27.00b 20.95a 0.49ab 0.23a 17.84ab 25.73 a
MD2 0.76ab 0.47b 29.33bc 21.64a 0.71ab 0.39a 19.7 abc 29.07 a
MD3 1.08bc 0.66c 29.67 bc 22.57a 0.78 b 0.44 a 20.88 bc 28.94 a
RR 1.39c 0.73c 32.67c 24.77a 1.24c 0.79b 22.5¢c 17.58 a
CV% 1570 11.80 6.60 12.10 20.80 29.30 7.60 30.10

Fvalue 0.001 0.001 0.001 0.535 0.001 0.002 0.004 0.412

Means in the same column followed by the same letters are not significantly different
according tol' u k etgstaspO00.05% FR=fertilizer ratg FO= zero fertilizer, MD1=
micro dose at 25% of recommended rate, MD2= micro dose at 50% of recommended
rate, MD3= micro dose at 75% of recommended rate, RR= recommended rate,
CV=coefficient of variation
2.6.5 Leafareaindexand CGR (g m?day™) under integrated in situ

rainwater harvesting practices and fertilizer rates
Effect of integration ofainwater harvestingractices and fertilizer rates on LAI at
and CGR are shown in Table 2.5. Flat cultivation with zero fertiliZermer
practice) resulted into the lowest LAl and CGR in all locations across all seasons

except in 2017 at llolo where infiltration pits with zero fertilizer application

producedthe lowest CGR of 17.82 g fuay’. Integration of tied ridges and
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infiltration pits with fertilizer micro dose at 50% to recommended rate significantly,
increased LAl and CGR at bolbcationacross all seasonp (@.001). The smallest

LAl of 0.18 and CGR of 15.71 g fulay® were observed at Idifu during 2017 and
2016 cropping s&son respectively, under flat cultivation with zero fertilizer. The
highest values of LAI of 1.71 at llolo and CGR of 32.33gday" at Idifu were
observed under infiltration pits with recommended rate during 2016 and 2017
cropping season respectivelyurthermore, integration of tied ridges and infiltration
pits with fertilizer micredose rates (MD1 to MD3) resulted into higher LAl and

CGR compared to farmers practices.

Table 2.5 Leaf area index at flowering and CGR (g rifday™) (from 45 to 65
DAS) under integrated in situ rainwater harvesting practices and
fertilizer rates

Interaction of LAl llolo CGR llolo LAl Idifu CGR Idifu
RWH and FR 2016 2017 2016 2017 2016 2017 2016 2017
FCxFO 0.44a 0.24a 17.33a 2245abc  0.34a 0.18a 15.71a 26.37 a
FC x MD1 0.76abc 0.32ab  27.00ab  20.95abc 0.49abc 0.23a 17.84ab 2573 a

FC x MD2 0.76 abc  0.47 bc 29.33ab 21.64abc 0.71 ad 0.39abc  19.70 abc 28.94a
FC x MD3 1.08¢f 0.66de 29.67ab 2257abc 0.78be  0.44abc 20.88abc 29.07 a
FC xRR 1.39efg 0.73def 3267b 24.77abc 1.24fgh  0.79 de 2250abc 17.58a
TR xFO 0.49ab 0.32ab 16.67a 19.33 ab 0.54abc 0.32ab 21.93abc 26.06 a
TR x MD1 0.82ad 0.4lab 1867a 22.45abc  0.59abc 0.30 ab 24.17 abc 27.69a
TR x MD2 0.93be 0.60cd 24.67ab 24.42abc  0.84 bf 0.56 bcd 26.32abc  27.06 a
TR x MD3 1.41fg 0.80ef 27.00ab 2558abc 1.05dg 0.6l1be 2863bc 26.58a

TR xRR 1.38efg 0.84f 34.67b 26.97 be 1.32gh 087e 30.25¢ 23.40a

IP xFO 0.51ab 0.3lab 18.33a 17.82 a 0.41ab 0.22a 23.07abc 25.15a

IP x MD1 0.77 abc  0.46bc 23.33ab 20.25abc 0.7l ae 0.39abc 27.68abc 27.44a

IP s x MD2 0.95bf  0.6lcd 26.67ab 2211abc 0.88ecg 0.59be  28.4bc 26.80 a

IP x MD3 1.27dg 0.77def 29.33ab 26.27abc 1.15eh  0.66cde 29.04bc 26.12a
IPsxRR 1.71¢ 0.83ef 32.33b 27.89 ¢ 1.51 0.80de  29.47bc  23.14a

CV (%) 15.70 10.2 175 12.2 17.5 20.8 16.5 17

P value 0.001 0.001 0.001 0.001 0.001 0.001 0.007 0.760
Means in the same column followed by the same letters are not significantly different accofdinktetgstoas
p 60.05

RWH= Rain water harvesting, FR=fertilizer ratEC= flat cultivation, TR= tied ridges, IP= infiltration pits
FO= zero fertilizer, MD1= micro dose at 25% of recommended rate, MD2= micro dose at 50% of recomimr
rate, MD3= micro dose at 75% of recommended rate, RR= recommended rate, CV=coefficient of variatio
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2.6.6  Spatial and seasonal variation of thousand seed weight (g) and grain

yield (kg/ha) under famers practices
The results showed that, the locations had significant effect on thousand seed weight
(TSW) but had no effect on grain yield (Table 2.6). Plantfolt site had significant
higher TSW of 11.70 g compared to plants at Idifu with 9.03 g while the grain yield
was not influencedy location.Also, it was observed that, cropping seasons had
significant effect on TSW while no effect was observed on griaid.yHigher TSW

of 11.15 g were observed during 2015/2016 cropping season.

Table 2.6 Spatial and seasonal variation of thousand seed weight (TSW) (g) and
grain yield (kg/ha) under farmers practices

TSW Grain yield
Location llolo 11.77 396
Idifu 9.03 359
Lsd 1.00 190™
Season 2015/2016 11.15 381
2016/2017 9.65 375
Lsd 1.00 190™

Lsd= least significant difference, *=Significant difference and ns =not significal

2.6.7 Thousandseedweight (g)and grain yield (kg/ha) under in-situ rainwater
harvesting practices and fertilizer rates
Thousand seed weight were significantly affected by in situ rainwater harvesting
practices only during 2017 at Idiflout the rest of the seasons, in situ rainwater
harvesting practices had no significant effect on TWS (Table 2.7). The grain yield
was also significantly affected by in situ rainwater harvesting practice in all season
except for Idifu during 2017 cropminseason. Flat cultivation resulted into lowest
grain yield (297 to 453 kg/ha) while the use of tied ridges and infiltration pits

resulted to higher grain yield (699 and 814 kg/ha, respectively).
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Table 2. 7 Thousand seed weight (TSW)(g) and grain yield (kg/ha) under
different in-situ rainwater harvesting practices

TSW llolo Grain yield llolo TSW Idifu Grain yield Idifu
RWH 2016 2017 2016 2017 2016 2017 2016 2017
FC 11.54a 12.00a 340 a 452 a 10.76 a 730a 422a 297 a
TR 11.95a 12.00a 405 ab 553 a 9.98a 10.76 b 699ab 45l1a
P 13.60a 11.67a 542 b 703 b 1043 a 10.98b 814b 437a
CV(®) 7.10 6.50 14.40 6.30 7.90 5.05 19.40 17.40
PValue 0093 0.836 0.037 0.003 0.56 0.002 0.04 0.092

Means in the same column followed by the same letters are not significantly different according to
T u k etgstoaspO0.05

RWH= Rain water harvesting, FC= flat cultivation, TR= tied ridges, IP= infiltration pits, CV =coefficient of
variation

The result Bo showed significant increage thousand seed weight and grain yield
when different fertilizer rates were applied (Table 2.Barmer practice zgro
fertilizer) had the lowest TSW (7.3 to 12 g) and lowest grain yield (297 to 453 kg/ha)
while recommendedate produced the highest TSW (11.571®34 g) and grain
yield (1,115 to 1,362 kg/ha). Micro dose rates from MD1 to MD3 also resulted into
significanty higher grain yield that randefrom 592 to 1,313 kg/ha compared to

farmers practices.

Table 2.8: Thousand seed weight (TSW) (g) and grain yield (kg/ha) under
different fertilizer rates

TSW llolo Grain yield llolo TSW Idifu Grain yield Idifu
FR 2016 2017 2016 2017 2016 2017 2016 2017
FO 11.54a 12.00a 340a 453 a 10.76a 7.30a 422a 297a

MD1 13.37ab 12.22a 756 b 844 b 10.98 a 991b 848b 592 b
MD2 14.08b 12.56a 1,141c 980 bc 11.32a 10.37b 945bc 979c
MD3 14.73b 12.89a 1,313c 1,042c 11.65a 11.08b 996 bc 1,042c
RR 15.34b 13.00a 1,362c 1,138¢c 11.76a 11.57b 1,115c 1,145c
CV (%) 6.3 4.1 9.4 6.4 4.6 6.3 8.4 8.5

P Value 0.005 0.181 0.001 0.001 0.181 0.001 0.001 0.001
Means in the same column followed by the same letters are not significantly different according to
T u k etgstiaspO0.05

FR=fertilizer rate FO= zero fertilizer, MD1= micro dose at Z& of recommended rate, MD2=
micro dose at 506 of recommended rate, MD3= micro dose af@sf recommended rate, RR=
recommended rate, CV=coefficient of variation
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2.6.8 Thousandseed weigh (g) and grain yield (kg/ha) under integrateéh-situ
rainwater harvesting practices and fertilizer rates

Integration of tied ridges and infiltration pits with fertilizer miatose at 25% of

recommended rate to recommended rate had significargaise in thousand seed

weight and grain yield ©0.001) in all seasons across all locations (Table 2.9). Flat

cultivation with zero fertilizer had the lowest TSW and grain yield ranging from 7.8

to 11.54 g and 297 to 453 kg/hraspectively. Furthermor@tegration of tied ridges

and infiltration pits with recommended rate had signifisahigher TSW ranging

from 12.32 to 15.19 g and 11.98 to 14.95respectively. It further resulted into

significanty higher grain yield ranging from 1696.9 to 1,91¢/Ha and 1,518.9 to

2,202 kg/harespectively. The integration of tied ridgand infiltration pits with

micro-dose at 25% of the recommended rate resulted into inelgaseranging

from 887 to 1,299 kg/ha and 778 to 1,650 kgfeapectively, which arsignificanty

higher compared to that of farmers practice. However, by comparing integration of

tied ridges and infiltration pits with micrdose rates from 2% to 75% of

recommended rate, the results showed no significant effect on thousand seed weight

ard grain yield.
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Table 2.9 Effect of integration of in-situ rainwater harvesting practices and
fertilizer rates on thousand seed weight (TSW) (g) and grain yield

(kg/ha)
Interaction of TSW llolo Grain yield llolo TSW Idifu Grain yield Idifu
Ez" Hand 5516 2017 2016 2017 2016 2017 2016 2017
FCxFO 11.54a 12.00 ab 340 a 453 a 10.76 abc  7.30 a 422 a 296.9 a
FCx MD1 1337 abc 12.22abc 756abc 844 ad 10.98 abc 9.91 ab 848abc  591.8 abc

FCx MD2 14.08 abc 12.56abc 1,142 cde 980 be 11.32abc 10.37bc  945bcd  979.3 cd
FCx MD3 1473¢c  12.89abc  1,313def 1,042be 11.65bc  11.08be 996 bcd  1,041.9 de
FCxRR 15.34c  13.00abc  1,362def 1,138cde 11.76bc  11.57bf 1,116 be  1,144.9 def
TR xFO 11.95ab  12.00ab 406 a 553 ab 9.98 a 10.76 bcd 700 ab 450.8 ab
TR x MD1 1357 abc 12.78abc 1,299 def 990 be 1154abc 12.81bg 1,240cf 887.1cd
TR x MD2 14.38bc 12.78abc  1,665efg 1,084cde 11.54abc 13.00eg 1,409dg 1,136.8 def
TR x MD3 15.13¢  13.11bc 1,763fg  1,327dg  11.87bc  13.75efg 1,536eh 1,394.9 efg
TR XRR 15.19¢c  1356¢ 1,915 g 1,715¢g 12.32¢ 14.42fg 1,781 ghi 1,696.9 g
IPxFO 13.6abc 11.67a 542 ab 703abc  10.43ab  10.98be 8l4abc 437.3ab
IP x MD1 1494c  11.89ab 1,078 bcd 1,126 cde 10.65ab  13.56dg 1,650 fgh 777.6 bed
IP x MD2 15.39c  12.22abc  1,348def 1,207def 10.98abc 14.02fg  1,739ghi 929.6 cd

IP x MD3 15.71c  12.89abc 1,473dg 1,418efg 11.65bc  14.33fg  1,962hi  1,079.1de

IP X RR 1495¢  13.22bc 1,822fg 1,686 1fg 11.98bc  14.95g 2,202 1,518.9 fg
CV (%) 6 3.6 14.8 15.2 4.6 7.9 12.7 13.8
P value 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Means in the same column followed by the same letters are not significantly different according to
T u k etgstas ;b0.0S. RWH= Rain water harvesting, FR=fertilizer rateC= flat cultivation, TR= tied

ridges, IP= infiltration pits. FO= zero fertilizer farmers, MD1= micro dose at 25% of recommended
rate, MD2= micro dose at 50% of recommended rate, MD3= milmse at 75% of recommended
rate, RR=recommended rate, CV=coefficient of variation

2.6.9 Profitability assessment (USD/ha) of integration of fertilizer rates and
water management practices

The averagecosts of materialscrop management activitieend market pricesf

peal millet for 2015/2016 and 2016/2017 were shown in Table 2Ri@paratiorof

flat cultivation had the lowest labour cof6.9 USD/ha)while tied ridges and

infiltration pits had higher labourcost of 330.7 USD/ha and 881.8 USD/ha,

respectively
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Table 2.10: Average cost of materials and crop management activities of pearl

millet production

ltems Unit Cost (Tsti/ha)  Cost (USD/ha
Materials
Seeds Tsh per ha 25,000 11.9
Fertilizers costs: DAP Tsh per 50 kg bag 125,000 59.5
UREA Tsh per 50 kg bag 127,000 60.5
Storage bags Tsh per bag 1200 0.3
Activities
Flat cultivation preparation  Tsh per ha 138,888 66.9
Tied ridgegpreparation Tsh per ha 694,444 330.7
Infiltration pits preparation Tsh per ha 1,851,85 881.8
Sowing Tsh per ha 100,000 47.6
Fertilizer application Tsh per ha 75,000 35.7
Weeding Tsh per ha 85,000 40.5
Harvestingand threshing Tsh per ha 225,000 107.1
Transportation Tsh per bag 1500 0.7
Market price(pearl millet) Tsh/kg 850 0.43

*Tsh =Tanzanian Shillings, USD= United state dollars

Simple economic analysis to evaluate the profitability of technologies used in the

study was done by calculating the net profit (NP) (Fig 2.2). The use of flat

cultivation without fertilizer input(f ar mer 6 s

p r aic negatve I atr esul t ed

llolo but positive at Idifu. The use of tied ridges and infiltration pits without

application of fertilizer resulted into negative NP at both locations. Furthermore, use

of micro-dose rates to recommended rate along with infiltration pits had negative

NP. Integraibn of tied ridges and fertilizer at recommended rate resulteithan

highest NP 282.0 and 277.2 USD/ha at Idifu and Jlaspectively, followed by flat

cultivation with recommended rate of 222.9 and 224.8 USD/ha at Idifu and llolo

respectively. Integt#aon of flat cultivation and fertilizer micralose rates from 2%

to 75 % resulted into relatively higher NP compared to the use of tied ridges with

micro-dose rates. The results also showed that, integration of Hehie® with flat

cultivation or tied rilges had relativge higher NR ranging from 4.7 to 224.8

USD/ha respectivelycompared to farmers practiae€both locations.
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Profitability of technologies used in the study was assessed using
net profit (NP)

IPxRR —— ® |lolo village = Idifu village
IP x MD3 e —
IP x MD2 - ——
IP x MD1 e ——
o
% TRxRR ——
= TR x MD3 -
B TR x MD2 o
'gvTR X MD1 ey
©
£ FCxRR e
O FC x MD3 e
2 FcxMp2 E
FC XMD1 —_—
I=error bar
IPxFO S —— at 5% value
TR x FO Fe—
FCxFO -

-900 -800 -700 -600 -500 -400 -300 -200 -100 O 100 200 300 400
Net profit (USD/ha)

Figure 2.2 Net profit of technologies used in the study (USD/ha)

FO= farmers practice, MD1=micro-dose at 25% of recommended rate, MD2=
micro dose at 50% of recommended rate, MD3= micro dose at 75% of recommended
rate, RR= recommended rate
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2.7  Discussion

2.7.1 Soil fertility status

Soil fertility status of the experimental sites, was v@gor in nitrogen and
phosphorous contents (Table 2.1) as in most SSA arable sandyAsaitgeése and
Giller, 2017; Tully et al., 2015; Vanlauwe et al, 2015. Low nitrogen and
phosphorus status in these areas is likelype due to the tendency of farmers to
cultivate without applying fertilizers and other soil amendments dbald restore

soil nutrients (Zingore, 2016; Chiart al, 2012). Also, off season dield grazing

of crop residuegin the fieldg can reduce soil félity (Tully, 2015). Therefore,
strategies of improving soil fertility should target nitrogen and phosphorus
amendmerst These strategies include the use of organic sources such as manure, use
of inorganic fertilizers, incorporation of green manure, pl@asidue management
(Yusufu and Yusufu, 2008; ICRISAT, 2000) and other cultural practices such as

intercropping of cereal and legumésiléh et al, 2016;Wanget al, 204).

2.7.2 Rainfall amount and distribution

The amount of rainfalleceived in tk study area was lower thératrequired by the
crop asmentionedby Kanyekaet al (2007) which is 500 to 1500 mm per growing
season. Apart from amouyntlistribution during the growing seasofis most
important for crop production (Ndamani and Watanabe, 2015; @uah, 2015.
Although llolo received 127 mm lesainfall than Idifu in 2015/201&eason the
distribution was goodwvith 10 rainfall events more compared to Idifu (Fig 2.1). This
favorable rainfall distribution resulted into good crop performance and relatively
higher grain yieldthan Idifu. Well distributed annual rainfall ranging from 200 to

1200 mm promotes pearl millet growth and yield (Mweu, 2017; Retldy, 2013)
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2.7.3 Effect of fertilizer micro-dose rates and in situ rainwater harvesting
technologies on LAl and CGR.
Higher LAl insures more solar radiation is captured and utilized by the plant as very
little amount will be penetrating to the grouridripathi et al, 2018; Schwerzt al,
2017. The use of ridges and pits along with micro dose at 25% of recommended rate
significantly improved LAl and CGR of pearl millet at flowering stage compared to
flat cultivation with no fertilizer (Table 2.5). Little nitrogen addérough DAP
during planting and througlrea at vegetative stage together with a short term
favorable soil moisture due to tied ridges and infiltration pits promoted crop growth
and yield Gibhatuet al, 2017;Sharma and Bali2017; Leghariet al, 201§. This
resulted into healthier crops with higher LAl and CGR (Table arbyngfertilizer
treated plots with tied ridges and infiltration pits compared to farmers practice. These
results concur with those of Tajet al (2013) who assessed the influeméglant
population and nitrogen fertilizer at various levels, on growth and growth efficiency
of maize and found that LAI increased when fertilizer rates increased and
maximum LAl were observed at the highest ratehds beeralso reported that
nitrogenfertilizer significantlyenhancedeaf areaindex, dry massproduction,crop

growth rateandgrain yields (Mon Keet al, 2017; Bayu2005)

2.7.4 Agronomic and economic responses of integrating fertilizer micralose
rates andin-situ rainwater harvesting practices

High crop yield and economic benefits &ne most important attributes that farmers

consider in selection of new technologies in their production sys{&uoa and

Kambata,2017; Gurmu, 2013)This will ensure both food segty and economic

worthiness of the technologies to the famers (Métzzl, 2015; Birthakt al, 2014).
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The use of micraloseat 25% of recommended rate along with tied ridges and
infiltration pits significantly improved millet grain yield (Tab29). The yield
advantage was 818 and 1,228 kg/ha achieved when micro dose rate of 25% were
used under tied ridges and infiltration pitespectively. The increased grain yield
could be due to proper functioning of the physiological processes of the crop due to
more available nitrogen and moisture in the soil (Inetal, 2015;Ali et al, 2011)
Integration of fertilizer at micro dogates andn-situ rainwater harvesting practices
createl suitable conditions for the crop to effectively utilize water and nutrients in
the soil. This resulted into higher average grain yield compared to farmer practices.
This observation is supported that of Naboojiet al (2018) and Aliyuet al.(2015)

who assessed the influence of intra row spacing and nitrogen levels on pearl millet
growth and found maximum millet yield at higher nitrogen raddthough the use of
micro-doserates with infiltrationpits resulted intchighly agronomic valuehut it is

not worth for the farmersas it gavenegative net profit (Fig2.2). Constructing
infiltration pits is tedious and requires high labour cestpresented in Table 2.10
andthis upsed revenue generatedhaking farmers to operate on economic losses.
Useof flat cultivation and tied ridges alongside with micro dose rates from 25% of
recommended rate indicated potential to have both high economic and agronomic
benefit to the farmers compared to other tetdmies tested. These technologies
resulted into higher net profit and doubling of the
practices. Therefore, farmers searching for both high economic and agronomic
performanceof the cropin semiarid areas may favour theausf micredose at 25%

of recommendedatesalongside flat cultivation and tied ridges. However, micro

dose al5% under flat cultivation entailed higher net profit than mitose of 25%
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with tied ridges. In dry areas, the use of micro dose at 25% alibhgi®d ridges can

supplement nutrients at theme time harvesting rainwater andonservingsoil

moi stur e. This can help small holderdéds farmers to
because of dry spells. Micidose rate of 15 kg N/ha was recommenfigdhe sub

humid drought prone areas for improved production (Mowtca, 2014; Camarat

al., 2013). Revisiting our hypotheses, we find that, integrating both rdimse

fertilizer rates at 25% of recommended rate emslitu rainwater harvesting such as

tied ridges and infiltration pits increases crop yield and enhances food security

compared to traditional farmerds practices. Hi gher
integrating micredose fertilizer rates at 25% of recommendet@ @nd tied ridges

compared to traditional farmerés practices.

2.8 Conclusionsand Recommendations

This study evaluated the effedif integrating fertilizer at different application rates
and in situ rainwater harvesting technologies on pearl millet growth performance and
grain yield in semarid environment, and their household profitability among

smallholder farming communities Modoma.

Based on the findirgyof this study, it is concluded that integration of inorganic
fertilizer at micro dose rate of 25% of recommended rate (15 kgN/ha and 10 kg
P.Os/ha) and irsitu rainwater harvestingsing tied ridges significantly increade

both grain yield and net profit compared to fan@epsactices.Promotingthese
technologiesto farmersin semiarid areas may help theto move from their
traditional practices to the use of tied ridges with micro dose matelshence

increased crop productty. Farm machinery and toglsuch as oxidger, help
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famers in preparing tieddgesbut need more promotion. Although infiltration pits
resulted in higher yield, this technology is tedious and caatigthence makesit to
uneconomicalto famers. New equipment that malkdiltration pits ould increase

the agronomic and economic benefits.

The study therefore recommends the use @forganic fertilizer atmicro-dose at
25% oftherecommended rate along with TR or FC for increased giald and net
profit instead of using flat cultivation with no fertilizgfarmers practice). The
practice is recommended to resource poor farmers for increased pearl millet

productivityandfood security.
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3.1 Abstract

Low soil fertility and drought arghe main crop production challenges thate
threatening food security in semiid areas globally. Use of fertilizer in small
amouns (micro-dose rates) together with isitu rain water harvesting using
infiltration pits (IP) or tied ridges (TR) are leimput strategies to cope with these
challenges. This research was conducted to investigate effects of integrating fertilizer
micro dose rates anda-situ rain water harvesting using IP and TR on groursinut

yield and its household profitability to Tanzania smallholder farming groups. A split
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plot field experimentunder Randomized Complete Block Desigare conducted

from 2015/2016 to 2016/2017 croppirseasonsFarmer practice had the lowest
yield randng from 271 to 409 kg/ha. Infiltration pits and tied ridges increased
groundnut yield significantly by 2092 to 32.6% and 34% to 46.6% respectively

over flat cultivation. Fertilizer micro dose at 5a%frecommended rate significantly
increased yield by 5098 to 64.7% over zero application. Integration of IP and TR
with MD2 increased groundnut kernel yield by 72% and 114% respectively, and also
TR resulted into higher net profit (NP) compared to farnpeestice. Integration of

TR with fertilizer at RR resulted into highest groundnut yield nag¢rom 1,034 to

1,096 kg/ha and highest NP ramgfrom 1,027 to 1,081 USD/ha. The integrations of
TR and fertilizer micro dose &5% of recommended had sigrifinty higher yield

which ranged from 748 to 1,086 kg/ha and higher NP ranging from 405 to 662
USD/ha compared to famer practice. The integrations of micro dose rate of 25% of
recommended rateitht i ed ri dges i s recommendeéd to small hol der ¢
in semi dry areas of central Tanzania. This will enable farmers to achiewver high

agronomic and economic performangasncurrentfarmer practices.

Keywords: groundnut, micredosing, tied ridges infiltration pits, sentarid

environment

3.2 Introduction

Groundnut isone of the mostmportant crog worldwide. It is ranked 6" most
important oilseed crop in the world ant tajor source of edible oil (Redaat al,
2017; Upadhyayatal., 2006). Groundnut is alssmimportant crop fomutrition as

its kernel contains about /D% fats, 2660% protein and 1:20% carbohydrates
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(Redaeet al, 2017; Janileet al, 2013; Bhatieet al, 2006). It is also a source of
vitamin E and minera)sncluding niacin, falacin, calcium, phosphorus, masimen,
zinc, iron, riboflavin, thiamine and potassium (Katuretual., 2012; Janilaet al,
2013; Yawet al 2008). The production of groundnuts is concentrated in Asia with
64% of global production and less in Africa with 28% of global production (Retdae
al., 2017; Janilaet al, 2013; Niganet al, 2004). In Tanzaniait is produced in only
2.9% of the global area under smsdhle level with less application of improved
technologies (Tamba, 2016; FAOSTAT, 2013). Thad resulted intoan average
yield of 964 kg/hawhich is less compared to other African countries (1,264.6 kg/ha
in Nigeria; 1,724 kg/ha in GuineBissau) and AsiaKamhambwa, 2014 The
efforts of increasing productivityf this crop in serparid areas is very important as

it can boost health and i mprove economic welfare of ¢

Low soil nutrients especially phosphorus is among major groundnut production

constraints that f ac earidamad df sulbabdradAicab s f amer s i n s emi
(SSA).The normal practices of the farmerdliese areasf producingcrops with no

or little fertilizer input together with off season fiefgtazingactivitiesand removal

of crop residues in the field to feed livestock are the main courses of low soail

fertility. (Kamhambwa, 2014Sermeet al, 2016; Pimentel and Burges2013). The

low soil nutients can also be causkycrop harvesin which in Africa a loss 08 to

88 kg N/ha per annunftdue to crop harvestis reportedamong thefarming

communities (Mwinuka, et al, 2017; Henao and Baanante, 2Q0@®espite the

presence of organic materials such as farm yard manunting communities,

which is also recommended for use in crop production, the availability in terms of
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quantity needed10,000-15,000 kg/ha) is limited to most smallholder farmers
(Kamhambwa, 2014; Kanyekat al, 2007). On the other hanidl was realized that
high cost of inorganic fertilizer at recommended rate Smihallholder farmers from
using the inorganic fertilizerdue to their financial limitationdOdhiambo and
Magandini, 2008) The effectivetechnique which reducesivestment cost while
increadng fertilizer use efficiency to small scale farmers was developed in the Sahel
through collaborative research conducted by different institutions. This technique
also reduces the risk of environmental pollution, as it deeselsand P leaching
into groundwater, ammonia volatilization into the atmosphere, axl énissions
(Lian et al, 2017). The technique is known as fertilizer midasing, which is the
localized application of fertilizer at reduced amount than that recomece(Camara

et al, 2013; ICRISAT, 2009). This technology is used in some seidi SSA
countries and helps farmers to improve returns, in particulacdi@als production
(Ouattaraet al, 2018; Abdallaet al, 2015, Sime and Aune, 2014jowever, for
legume cropssuch as groundnuts, the information on the agronomic and economic

performance of this technologyscanty

Moisture stresgsondition due tdow and erratic rainfall (30800 mm annually) and

high evapotranspiration rates are amongomégctors limiting crop production in
semiarid areasYabeet al, 2018;Knipper, 2017; Kahimbaet al, 2015). Most parts

of these areas have slopy topography Wehesurfaceswvhich accelerate the rate of
water loss due to surface rundfraef and Haigis, 2001; Graef and Stahr, 2000).
Therefore, efficient use of water resources is needed in these areas. Tied ridges and
infiltration pits are amongthe in-situ rainwater harvesting and soil moisture

conservation practices that can be useihéédraet al, 2015; Mudatenguhat al,
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2014). These technologies improve soil water and increases crop productivity up to
65% compared to flat cultivation (Kilasarat al, 2015; Yoseph, 2014). The
integration of soil moisture and fertilizer contentsdaynergistic effects on crop
growth, which can increase crop yield, water use efficiency (WUE), and nutrients
use efficiency (NUE) (Liaret al, 2017; Yang, 2015)However, the synergistic
effect of low to high fertilizer rates and different soil moistuconservation

technologies on yield isoorly understood.

The objectives of this study were to investigate the effects of integrating-dise
fertilizer rates andh-situ rainwater harvesting practices on agronomic and economic
performances of groumdt cultivationin semiarid areasn Tanzania centralt was
hypotheszed that, integrating both micrdose fertilizer rates and-situ rainwater
harvesting practicesoald increase agronomic and economic value of groundnut.
Ultimately, if such technology is found appropriate for increasing agronomic and
economic value compared to traditional production system, it wdujgrove

smallholderfarmerslivelihoods and food secuyi

3.3 Materials and Methods

3.3.1 Locations and climate

This study was conducted at llolo (latitud® 20N§5njand longitude35 54Nj.2n)

and Idifu (latitude06 24Np9ngnd longitude35 59NP3n) villages located in

Chamwino District, Dodoma region of Tanzania. The slope of experimental site at
llolo was 3.2% while the altitude of 1620 m.a.s.l. The experimental site at Idifu

village had a slope of 2.2% and altitude of 1006 m.a.s.l. The area Urdmadal
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rainfall regime, with the rains, starting in December which gives the farmers the
opportunity to start planting their crops usually up to4daduary. The area receives
low and erratic rainfall ranging from 400 to 650 mm annually, and about 838ts0

fall between December and March (Teatwal, 2011).

3.3.2 Experimental materials

| mproved groundnut seed variety OPendobd obtained fo
Institute (ARI) Naliendele was used. It is a spanish type witilO0 days to reach

maturity and under optimal management it has a yield potential of 1500 kg/ha. Also,

fertilizer material used was Di Ammonia Phosphate (DAP) of 469 &8nd18% N).

3.3.3 Experimental design

A split plot experiment in a randomized complete block desigs used with three

replications. The main factor was soil moisture management practices with three

levels which were tied ridges (TR) of 50 cm width and 15 cm heights; infiltration

pits (IP) of 40 cm diameter and 40 cm depth; and flat cultivation (F&)rtimic

farmerds practices. Sub factor Msha®, fertilizer rates
micro dose at 25% of the recommended (MD1) (11.25 Xgs/Ra), micro dose at

50% of recommended (MD2) (22.5 kg®/ha), micro dose at 75% of recommended

(MD3) (33.75 kg RBOs/ha) and 100% of recommended rate (RR) (45 KQsha)

were applied. Plant spacing used was 50 x 10 cm as recommended by Ketrgleka

(2007).
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3.4  DataCollection

3.4.1 Soil information

Preplanting soil sampling at both research sitess done in midNovember, 2014

using the random soil sampling method as described by Clain, (2014). An aggregate
of eight soil samples was gathered from each site. Analysis of physical and chemical
soil characteristics was conducted at the Departmentibf8d Geological Sciences
laboratory of the Sokoine University of Agriculture. Soil analysis included particle
size distribution for textural class by Hydrometer method, soil pHblymeter in

1:2.5 soilwater, organic carbon bWalkley Black Method tatal nitrogen by micre
Kjedahl digestion methodyvailable phosphorus by Bray and Kurtzekchangeable

cations (K) by NH4-acetate filtrates by Ammonium Acetate Saturation.

3.4.2 Rainfall

Daily precipitation was recorded by standard rain gauges atelptrimental sites.
It consisedof a funnel emptying into a graduated cylindegn in radius, which fits
inside a larger container which is 2t in diameter and 56m tall. If the rainwater
overflows the graduated inner cylinder, the larger outer gwntavill catch it. When
measurements are taken, the height of the water in the small graduated cylinder is
measured, and the excess overflow in the large container is carefully poured into

another graduated cylinder and measured to give the total rainfall

3.4.3 Groundnut yield
Onemeter squararea wererandomly marked on central rows of the plots, well

matured groundnuts were uprooted by hand niimaber of plants, number of pods,
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and pods weight wasecorded. Harvested pods were sun dried to constant weight

and theweight of kernel wasecorded.

3.4.4 Economic data

The costs of materials used in the study such as fertilizer and seeds in (Tsh/kg) and
average market prices for 2015/2016 and 2016/2017 season in (Tsh/kg) were
recorded. Furthermore, costs of crop management activities including planting,
weeding, harvesting (Tsh/ha) were recorded. The costs weredhegartedto USD

based on the exchange rateldfSD =2,100

3.5 Data analysis

Rainfall data were subjectetb descriptive statistical analysis were cumulative

rainfall were plotted.Inferential statistics were used for crop yield data where

analysis of variance was done by Gaart software at ®5% using the statistical

model indicated in equation 1. Tuliytest at RO 5% was used for separation of

means (Montgomery, 2004).

Yik= €+ A B BB+ ABk+ ki (1)

Y= Response Il evel, & = GermemBlackeffec Aect or general err
= Mai n pl;ethe mainfpletecandom érror (Error a), 8 Subplot effect,

ABxk= I nteraction effect bet weej=Subplet main pl ot and t he
randan error effect (Error b). Simple econondaalysis using net profit in USD of

each technology wasalculated by subtracting the total production costs to the total

revenue of each technology (Sekumade, 2017; Adetali, 2016).
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3.6 Results

3.6.1 Soil characteristics on experimental units

The texture of the soil in experimental unit was sandy clay loam for both sites with
pH of 5.8 and 5.3 for llolo and Idifu, respectively (Table 3.1). The organic carbon of
the soil was very low with 0.46% and @% for llolo and Idify respectively. Total
nitrogen and extractable phosphorous of the soil was also very low at both sites. The
potassium content was high at llolo and medium at Idifu (0.69 crilcikgl 0.43
cmolkg®, respectively). These physical ancentical soil characteristics are typical

for Tanzanian and other SSA seanid regions.

Table 3.1 Soil characteristics on experimental units

Particle size distribution Values for Values for
llolo site Idifu site

% Clay 21.6 25.6

% Silt 2.9 4.9

% Sand 75.5 69.5

Textural class SCL SCL

Chemical characteristics

Organic Carbon (OC) (%) 0.46"" 0.11"

Soil pH (in HO) 5.88" 5.30M

Total nitrogen (N) (%) 0.06"* 0.06""

Ext. Phosphorus (P) (mg/kg) 12.88" 6.43""

Cation Exchange Capacity (craki™) 15.20 5.40"

Exch. Bases K+ (cmgkg™) 0.69" 0.43"
Mg (cmokkg™) 0.67" 0.m"
Ca(cmokkg™) 3.37" 3.72"
Na(cmokkg™?) 0.25" 0.48M

SCL=sand clay loam, VL= very low, L= low, M= mediusfccording toLandon
1991

3.6.2 Rainfall amount and distribution

The cumulative rainfall graph which shoamoun of rainfall and its distribution
(number of rainfall even}sduring 2015/2016 and 2016/2017 cropping seasons are
presentedn Figure 3.1. Idifu had relative higher amount of rainfall in both seasons

of 425.3 mm for 2015/2016 and 153.3 mm for 2016/2017 cropping seasons
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compared to llolo which site which had a totalinfall of 298.2 mm during
2015/2016 and 141.1 mm during 2016/2017 cropping season. Although Idifu
received higher amount of rainfathe distributiorwaspoor as it hd lower number

of rainfall occurrencgthan llolo.

Idifu village llolo village
450 350 2015/16 = = = 2016/17
400 300
350
E 300 £ 250
=250 £ 200
] ©
€ 200 :‘% 150
]
& 150

T 100
50

100
50

Day

(%]

after sown Days afetr sown

Figure 3.1 Cumulative amount of rainfall in different days after groundnut
sown

363 Spatial and seasonal variations of groundnut vyielc

practices
The results showed that, locations and seasons had no significantosffgcain
yield (Table 3.2). llolo had relatilye higher yield compared todifu. Also,

2016/2017 cropping season had better crop yield the previous one (2015/2016)
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Table 3.2 Spatial and seasonal vadtions of groundnutkernel yield (kg/ha)
under famerds practices

Kernel Yield
Locations Idifu 512
llolo 544
Lsd 92.7"°
Seasons 2015/2016 511
2016/2017 546
Lsd 92.7"°

Lsd = least significant difference, ns =nsignificance

3.6.4 Kernel yield under in-situ rainwater harvesting practices

Tied ridges and infiltration pits resulted into significantreasein kernel yield
compared to F@&xcept at Idifu during 2016/17 cropping season (Table 3.3). Tied
ridges gave the highest kernel yieldanged from 654 to 739 kg/hahile flat
cultivation gave the lowest yieldranges from 483.3553 kg/ha No significant
increase in yield whea tied ridge iscompared to infiltration pit though tied ridges

had relativegreaterkemel yields.

Table 3.3 Effect of soil water management technologies on groundnut kernel

yield
Factor A Levels llolo_2015/16 llolo_2016/17 Idifu 2015/16 _Idifu 2016/17
RWH FC 534.8 a 553.4 a 486.3 a 537.7a
TR 654.6 b 699.8 b 643.2b 739.0a
IP 617.7b 638.3b 556.1b 685.4 a
CcVv 2.7 3.0 5.7 11.4
F value 0.002 0.002 0.01 0.07

Means in the same column followed by the same letter are not significantly different
according tdl' u k etgsBasRO0.05.

FC= flat cultivation, TR= tied ridges, IP= infiltration pits, CV =coefficient of
variation
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3.6.5 Effect of fertilizer micro -dose on groundnut kernel yield

The groundnutkernel yield increasksignificantly in all seasos across locations
when different fertilizer rates were applied (Table 3.4). Zero fertilizer (farmers
practice) resulteihto lowest kernel yield in both seasons which ranged from 486.3
to 553.4 kg/ha whilehe recommended rate had highest yield ranginghf@v8.9 to
1140.4 kg/ha. Micralose at 50% increadgjield significantly compared to farmer
practice except at llolo during 2015/$6asomwhen no significan yield increase was
observed. Further, the results showed no significant yield increase wherdosero

at 75% oftherecommended rateagcompared withtherecommended rate.

Table 3.4 Effect of micro dose on groundnut kernel yieldkg/ha)

Factor B Levels llolo 2016  llolo 2017 Idifu 2016 Idifu 2017

Fertilizer

rates FO 534.8 a 553.4a 486.3 a 537.7 a
MD1 602.4 ab 637.2 ab 636.2 ab 559.9b
MD2 631.2 ab 757.2b 834.0 bc 734.1b
MD3 780.8 bc 989.8 c 972.3 ¢ 959.6 ¢
RR 878.9c¢c 1,123.2¢c 1,140.4 c 1,109.9¢c
CcVv 10.7 5.7 10.7 10.8
F value 0.002 0.001 0.001 0.001

Means in the same column followed by the same letter are not significantly different
according tdT u k etgsbasPO0.05.

FO= zero fertilizer, MD1= micro dose at 25% of recommended rate, MD2= micro
dose at 50% of recommended rate, MD3= midose at 75%f recommended rate,
RR=recommended rate, CV=coefficient of variation

3.6.6 Kernelyield under integrated in-situ rainwater harvesting practices

and fertilizer rates
Flat cultivation without fertilizer application which typicallgepresentsfarmer
pracices resulted into the lowest kernel yieldt both locations. (Table 3.5).
Integrating tied ridges with fertilizer at recommended rate had the highest kernel

yield (1,263.5-1,543.5 kg/ha) followed by infiltration pits with recommended rate
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(1,135.8 1,337.9 kg/ha). Integration of tied ridges andltirdtion pits with fertilizer

rates from 50%of recommended rate to recommended  ratereased yield

significantly compared to farmer practice. The groundnut kernel yield increased by

652.3 kg/ha and 352.4 kg/ha at llolo during 2015/2016 and 2016/2@ppirg

seasons, respectively, when tied ridges were integrated with fertilizer-duseoat

50% ofthe recommended rate with similar trend for Idifu. The results also showed

no significan increase in yield when micrdose rate at 50%5% and recommended

rate were used under both tied ridges and infiltration pits.

Table 35 The effect integrations of micro dose fertilizer rates andin-situ
rainwater harvesting management practices on groundnut kernel

yield (kg/ha)
Interaction(A*B) llolo 2016 llolo 2017 Idifu 2016 Idifu 2017
FC x FO 534.8 a 553.4 a 486.3 a 537.7 a
FC x MD1 602.4 ab 637.2 ab 636.2 ab 559.9 a
FC x MD2 631.2 ab 757.2 ad 834.0 ad 734.1 ab
FC x MD3 780.8 ab 989.8 dg 972.3 be 959.6 ad
FC xRR 878.9 bcd 1,123.2fgh  1,140.3 de 1,109.9 be
TR x FO 654.6 ab 699.8 abc 643.2 ab 739.0 ab
TR x MD1 823.7 abc 727.7 ad 827.4 ad 948.6 ad
TR x MD2 1,160.1 def 906.0 ef 981.7 be 1,197.7 ef
TR x MD3 1,234.8 ef 1,134.3 fgh 1,118.7 cde 1,407.5 ef
TR X RR 1,338.5f 1,263.5 h 1,284.0 e 1,543.7 f
IP x FO 617.7 ab 638.3 ab 556.1 a 685.4 ab
IP x MD1 819.3 abc 7443 ad 779.0 abc 800.7 abc
IP s x MD2 918.8 be 843.8 be 999.4 cde 1,021.5 be
IP x MD3 1,124.9 ef 1,049.9 eh 1,073.3 cde 1,174.3 €f
IPs xRR 1,222.1 ef 1,187.8 gh 1,135.8 de 1,337.9 def
cv 121 10 12.9 14.4
F value 0.001 0.001 0.001 0.001

Means in the same column followed by the same letter are not significantly different accofingktetestoas

p 00.05.FC= flat cultivation, TR= tiedridges, IP= infiltration pits. FO= zero fertilizer, MD1= micro dose at

25% of recommended rate, MD2= micro dose at 50% of recommended rate, MD3= micro dose at 75% of
recommended rate, RR= recommended rate, CV=coefficient of variation
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3.6.7 Economic assessment of all technologies used in the study

The average costs of materials, crop management activities and market prices of

groundnutfor 2015/2016 and 2016/2017 were shown in Téxe Preparation of

flat cultivation had the lowest labour cost (66.9 USD/ha) while tied ridges and

infiltration pits had higher labour cost of 330.7 USD/ha and 881.8 USD/ha,

respectively.

Table 3.6: Cost of materials,management activities and average market price
of groundnut kernels

Iltems Unit Cost(Tsh*/ha) Cost(USD*/ha)
Materials

Seeds Tsh per ha 240,000 114
Fertilizers costs: DAP Tsh per 50 kg bac 125,000 59.5
Storage bags Tsh per bag 1200 0.3
Activities

Flat cultivation preparation ~ Tsh per ha 138,888 66.9
Tied ridges preparation Tsh per ha 694,444 330.7
Infiltration pits preparation Tsh per ha 1,950,000 928.5
Sowing Tsh per ha 120,000 57.0
Weeding and earthing up Tsh per ha 120,000 57.0
Harvesting Tsh per ha 180,000 85.0
Transportation Tsh per bag 1500 0.7
Groundnut kernel market pric Tsh per kg 3500 14

1 Tsh =Tanzanian Shillings, USD= United state dollars

The resultsfurther showed that, use of infiltration pits without applicatiof

fertilizer, with micredose of 25% and at 50% of recommended adlb®th locations

resulted into negative net profit (Figure 3.2). Integration of tied ridges and fertilizer

at recommended rate resulted into the highest NP of 884.4 and 650.7 USDufor Idi

and llolo respectively. Integration of tied ridges and midose rates of 25%, 50%

and 75% of recommended rate increased NP by 140.3, 347 and 5225 USD

respectively compared to farmers practices at Idifu village. Furtaerllolo,

integration of tiedridges and micralose rates of 25%, 50% and 75% of
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recommended rate increased NP by 72, 303 and 436 té¢Spectively compared to
farmers practices. Moreovehe use of micralose rate from 25% to 75% with flat
cultivation gave positive NP raimg from 257.4 to 631.7USD and 188.5 to 332

USD at Idifu and llolgrespectively
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ENP Idifu (USD) P=0.001,CV=35

Figure 3.2: Net profit of technologies used in the study (USD/ha

FC= flat cultivation, TR= tied ridges, IP= infiltration pits. FO= zero fertilizer,
MD1= micro-dose at 25% of recommended rate, MD2= midose at 50% of
recommended rate, MD3= micdose at 75% of recommended rate, RR=
recommended rate, CV=coefficient of variation
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3.7 Discussion

3.7.1 Soils fertility and rainfall

Soils atthe experimental sites were sand clay loam, a soil texture widkeal for

most crop growth (Birkast al, 2014 with very low nitrogen (N) and phosphorous
(P) contents. Both sites had acidic soils with pH of 5.3 (llolo) and 5.2 (ldifu), which
is slightly below that required (5-B) for groundnut production (Putnastal, 1991)

and this affected its growth and productivity (Murataal., 2011). The deficiency of

P in the soils could have been due to unavailability of inherent soil P, fixattiBn

by aluminum, iron, or calcium as soils are acidic and poor managemenitfafnon
organic and inorganic P resources in the soil (CeaindiFitzsimmons, 2016). Off
season grazing activities in these areas which resulted into reduction of organic
mater in the field also contributed to nutrients deficigin the soils. h such soil,

the application of lime toaisepH toappropriateange for groundnut production and

to enhance availability of nutrients in the soil is very important as suggested by

Goulding(2016 and Rastijeet al (2014).

The amount of rainfall received in both experimental sites was below that required
by groundmit crop of 7561200 mm per growing season (Teetual, 2011; Kanyeka

et al, 2007). Low amount and poor distribution of rainfall could be due to
environmental degradatipmainly deforestation. Large part tifis areais covered

by bare soils, grasslandadifew scattered trees due to deforestation (FAO, 2001,
Backéuset al, 1994), unlike other tropical areas which mosthg covered with
forests with highamouns of rainfall. Increasing deforestation reduces the natural

recycling of moisture from soils, through vegetation, and into the atmosphere, from


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Back%C3%A9us%2C+I
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where it returns as rainfall (Bagley al, 2014; Oliveiraet al, 2013). When forests

are replaced bygsture or crops, water recycling process changes, leading to reduced
atmospheric humidity and potentially suppressing precipitation (Devaraju, 2015;
Spracklen and Garci@arreras, 2015; Deborah and Karen, 2014). Therefore,
strategies of in situ harvestimgin water by using technologies such as tied ridges

and infiltration pits are vital for increasing crop productivity these areas.

3.7.2 Effects of in-situ rainwater harvesting technologies and fertilizer on

kernel yield

Kernel yield increased by 32% and 46% during 2015/2016 and 25% and 34% during
2016/2017 at llolo when infiltration pits and tied ridges were used, respectively with
similar trend fortheldifu site. The increase in yield could have been due to available
moisture in the soil resuittg from in-situ catchment and temporary stored rain water
by tied ridges and infiltration pitsvhich suppord physiological processes of the
crop. This explairs why crops grown in tied ridges and infiltration pits performed
beter than tlesegrown on flat land. According toKilasaraet al (2015 and Yoseph,
(2014, tied ridges can improve soil moisture and increase yield up to 67% compared
with flat cultivation. Application of phosphorus at 50% tbe recommended rate
increasedkernel vyield significantly compared to zero application. The added
phosphorus in the soil through inorganic fertilizer (DAP) promgteundnutshoot

and rootgrowth It also stimulatd podssetting decreasg number ofempty pods
(pops) andhastered matuity of the crop (Tamba, 2016; Kamaga al (2011). The
groundnut yield increased by 26.7% in 2015/2016 and 34.8% in 2016/2017 seasons

when micredose rate of 50% were applied at llolim India and West Africamicro
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dosing is used as a strategy of imgiag fertilizer use and incormamd lead into
increased crop yieldsy up to 120% and incread family income by 506 to 130%
(Abdalla,et al, 2015;Kamhambwa, 20L4CRISAT, 2009). Small holder farmers in
the study areas with financial constraiof purchasing inorganic P fertilizer die
recommended rate can redube cost of purchasing fertilizer by 50% when micro

dosing at 50% otherecommended rate is used.

3.7.3 Agronomic and economic responses of integrating fertilizer micro dose

and in situ rain water harvesting technologies

The potentialof using either fertilizer at micro dose rates alone or soil moisture
management practices on yield performance was .viiavever, integration of
these technologies is very important for smallholideness in semiarid areas as it
simultaneously tackle the problem of low soil fertility and drougtiegration of

tied ridges with micro dose rate at 50% of recommended rate increased groundnut
kernel yield by 63.7% to 117% at llolo and 101 to 122.7%li&d while infiltration

pits with micredose rate at 50% increased yield by 52 to 71% aht t80105% at

llolo and Idifu, respectivelyKamhambwa2014reported thatintegration ofin-situ
rainwater harvesting technologies along with fertilizer micro dosing increased crop
yield up to 80% compared to famers practices. Significant increase of kernel yield
when integrating irsitu rainwater harvesting and fertilizeould be due to the
presese of enough moisture in the soil which facilitate the dissolution and
absorption of soil nutrientsThis enhanceghe availability of the nutrients in
particular P for proper growth and development of the crop. Considering the

economic worthiness of thedhnologies, all technologies that resulted to negative
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net profitarenot economical to invest &élseylead to economic losses (Adingaal,

2010; DFA, 2006). The use of infiltration pits without fertilizer inputs and with
fertilizer application up t®0% of recommended rate resulted into economic losses
to the famers. This is because of highly production costs especially during infiltration
pits preparation (tedious and time consuming) and little harvests received from these
treatmentsintegrating fetilizer micro-dos at 50% of recommended rate with tied
ridges or flat cultivation are options that could benefit stallholder farmers in semi
arid area These technologies resulted into higher economic and agronomic

performances comparedftoa r npegactiées.

3.8 Conclusionsand Recommendations

This study evaluated the effect of integrating fertilizer at different application rates
and insitu rainwater harvesting technologies on groundnut kernel yield in-agdhi
environment, and their household profitability among smallholder farming
communities in central Tanzani@he amount of rainfall in these arease below
average to support crop pradion. Tied ridges and infiltration pits significayt
increased kernel yield compared to flat cultivation. Midose fertilizer application

at 50% of recommended rate had higher yield thamd& gractice. Also, the
integration of tied ridges or flatuttivation and fertilizer micradosing at 50% of
recommended rate to recommended rate had high agronomic and economic
performance compared to farmer practices. The stidyefore recommends the
use of tied ridges and application of inorganic fertiliaemicredose rateat 50% of
recommendedate (2.5kg P,Os/ha) for small holder groundnut farmenssemiarid

areas of central Tanzania. This will enable farmers to achieve high economic and
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agronomic performances compared to farmer practices. réeb@mmendation will
transmute negative thinking of most farmers on the use of inorganic fertilizers and
inspire them towarsluse of tied ridgewith micro-doserates anccould make them

movesto recommend rates resources increased.
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4.1 Abstract

Poor soil fertility and moisture stress are among the main challenges facing small
scale farmers in senairid areas worldwide, resulting into food and income
insecurity. Application of small rates of fertilizémicro-dose rates) along with-n

situ rain water harvesting practices under intercropping system may improve crop
productivity, land use efficiency and financial return to small scale farmers. This
study aimed at evaluating effect of integrating midose rates and moisture
management practices using tied ridges (TR) and infiltration pits (IP) on sail

moisture, yield and resource utilization indices under pearl millet and groundnut
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intercropping system iasemiarid environmentSplit sgit plot field experiments under
Randomized Complete Block Design wamenductedon sandy loam soils at two sites
from 2015/2016 to 2016/2017 cropping seasohied ridges and infiltration pits
conserved soil moisturey 38% and 45%respectively more than flat cultivation at
30 cm depth ten dayaterrainfall. Use of micredose rate at 25% of recommended
rate along with tied ridge and infiltration pit had a yield advantage of 969 kg/ha and
766 kg/harespectively than flat cultivadn without fertilizer. Land use efficiency
was 9% 1 157% higher in intercropping than sole crop. The financial return was
11171120USD/ha higher from pearl millet and groundnut intercropping under tied
ridges and infiltration pitsrespectively, appliedvith fertilizer at therecommended
rate. Intercropping of millet and groundnut along with tied ridges and infiltration pits
with micro dose rates from 25% to%b of recommended rate had financial return of
760- 1076 USD/ha higher than sole millet in flaamd with no fertilizer application.
The use of tied ridges and infiltration pits conserweare soil moisture than flat
cultivation, this enhanced fertilizer use efficiency that improved crop yield and land
equivalent ratio under intercropping system. Thisategy could increase food

availability and income generati@mongsmallholder farmers in serarid areas.

Key words: cropping systemdertilizer microdosing, rainwater harvesting, resource

utilization indices

4.2 Introduction

Trends inagricultural production systems is towards achieving high productivity and

promoing sustainability over time to meet the needstlw# rapid by increasng
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population Metwally et al, 2015) Peal millet and groundnuts are among important
crops not only irsemiarid areas of suBaharan Africa but also in sesmuiid parts
worldwide (Tarawali 2014; Melese and Dechassa, 20R&daeet al, 2017).
Diversifications of crops in production is among very important stiedefpr
stall holderds farmers to avoid total crop failure as
food crops alternatives in their production systeffise arable land is a scarce
resource, cropdiversification by intercropping aneéfficient utilization of sail
nutients and moisture (intensification) seem feasible over increasing area under
cultivation without efficient utilization of nutrients and soil moistyi@assi and

Dugje, 2016; Nkamleu, 201} Intercropping provides better opportunity to
accommodate legumeghich are otherwise neglected crops in the space prbiatde

cereal crop Kiroriwal and Yaday 2013). This can even help farmers to cope with
planting period because most of these parts have shorter planting period and also can
reduce the impact of landegradation by expansion of production Igihkamleu

and Manyong, 2005)Apart from crop diversification, intercropping of cereal and
legumes has more advantages including improvement of soil fertility, reduction of
weed population and hence improving cremductivity (Bassi and Dugje2016;

Derejeet al,, 2016 Fenget al, 201§.

Despite the importance of crop diversification in the sarid areas, major problems
associated with crop production were declining soil fertility and drought conditions
which resulted into food insecurity to most of seamid areasNlelese and Dechassa,
2017).The declined soil fertility is caused by imeatlow fertility of the sall, little

or no fertilizer application in production systefKamhambwa, 20L4Kimenye,
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2014) Other causes includsoil erosion,off season grazing activitieGeduce
organic matters in the shilsoil mining andnutrients leachindMwinuka, et al,
2017 Sharmaet al, 2015; Seme et al, 2016; Pimentel and Burgess, 2013)
Fertilizer use in most of the SSA countries is low averad®dg/ha(Cameronet

al., 2017)and 19 kg/ha inTanzania(MALF, 2017). These rates are below that
committed by Africarld n i o n 6 s the Abujadactaration of increasing fertilizer
use to 50 kg/haGameronet al, 2017. This is because, most farmers in seamd
areas are small holders , with low knowledge on fertilizer (dMehapatra and
Kameswari, 2014) anidw ability of using fertilizes and other improved agricultural
inputs due to high costs at current recommendatignsnanuekt al, 2016; MALF,
2017) Despite the awareness of rain water harvesting practices such as tied ridges
and infiltration pits in some parts of searid areasits applicationlevel is low.
Application of these technologies in dry prone aresas improve soil moisture and
increase crop productiori&athuli and Itabari2014; Kathuliet al, 2010; Gichangi

et al, 2007).Fertilizer applicationat reduced amountricro-dose ratesis one of the
ways of increasingts use and crop productivity in regions where farmers do not
apply fertilizer due to financial limitatia The integrations of fertilizer use (miero
dose rate) and imitu rainwater harvesting practices can improve crop productivity
through the synergistic effect of providing nutrients and water to the crop
simultaneously (Liaret al.,2017;Yang, 2015)Micro-dose fertilizer application and
in-situ ran water harvesting practices were proved to be potential on increasing soil
fertility, soil moisture and crop yielK{lasaraet al, 2015; Yoseph, 2018ime and

Aune, 2014).
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Therefore, efficient utilization of moisture and nutrients in the soil, tstagmable

way of intercropping systems undersitu rain water harvesting (tied ridges and
infiltration pits) and reduced fertilizer dosisdeconing very vital. Althoughseveral
researches on intercroppihgve beerconducted globally, knowledgen influence

of in situ rainwater harvesting methods as well as fertilizer rdosing on yield,

land use efficiency and financial returns of pearl millet and groundnut intercropping
in the semiarid areass scarce.The objectives of this study were to examitie
influence ofin-situ rainwater harvesting methods as well as fertilizer mawsing

on land use efficiency and financial returns of pearl millet and groundnut

intercropping systems in the searid areas of Tanzania.

4.3 Materials and Methods

4.3.1 Locations and climate

This study was conducted at llolo and Idifu villadgesatedat latitude 06 20N§5n;

longitude 35 54Nj2njand latitude 06 24N4§9nj longitude35 59N)3nj respectively.
These villages are in Chamwino District, Dodoma region of Tanzania. The
experimental site at llolo had a slope of 3.2% andltitude of 1620 masl while at
Idifu, the slope was 2.2% arah altitude of 1006 masl. The areas have low and
erratc unimodal rainfall regime ranging from 400 to 650 mm annually. About 85%
of its amountof rainfalls between December and March (Teetwal, 2011) which

gives farmers the opportunity to start planting their crops up teJamdary.
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4.3.2 Experimental materials and design

|l mproved groundnut seed v &koa ebtayeddrdime nd o d
Agriculture Research Institute (ARI) Naliendele and ARllombolo, respectively

were used. Under optimal manageineariety Pendo haa yield ptential of 500

kg/ha whereas Okoa yield2400 kdgha Also, fertilizer materials Di Ammomim
Phosphate (DAPyith 46% BOs and18% N and Ureavith 46% N were usedA
split-split plot experiment in &andomized Complete Block Desigras used with

three refications. The main factor was soil moisture management practices with
three levels; (1) tied ridges (TR), (2) infiltration pits (IP), and (3) flat cultivation
(FC) that mimic ffacormvasrdpping pystemx1) peal endlet Sub
sole crop,(2) groundnut sole crop an@) pearl milletgroundnut intercropping and

the sub sub factowas fertilizer rates; (1) 0%of the recommendethte (2) micro

dose at 25% of the recommended (MD1), (3) midose at 50% of recommended
(MD2), (4) micrecdose at75% of recommended (MD3) and (5) 100% of
recommended rate (RRThe recommended rate for pearl miile60 kg N/ha and 40

kg P,Os/ha and for groundnut5 kg P.Os/ha (Kanyekaet al, (2007).The spacing for

millet sole crop vas80 x 30 and for groundnut selwas 50 x 10 cm as recommended

by Kanyekaet al, (2007). For intercropping option, the spacing of main crop (pearl
millet was used and in between groundnut was intercropped. The size of tied ridges
was 75 cm width, 20cm height forpearimillet and 50 cnwidth, 15 cm height for
groundnutswhile the size of infiltration pits were 40 cm diameter and 40 @ptd

for both crops.

and

mill et
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4.4 Data Collection

4.4.1 Soil moisture

Soil moisture content expressed in percentage by volume (% vol) was determined by
using a ®lta T device Moisture Meter type HH2 with SM 300 moisture sensor. A
hole dug by hantioe ata soil depth of 35 cmVolumetric soil moisture content as

the ratiobetween the volume of water present and the total volume of the sample was
expressed in perceage (%vol) as described by Delta T Devices Ltd (2013).
Measurements were taken frardevice screen aftémsertinga pair of metal rings

(sensol on the soiat 5 cm, 15 cm and 30 cm soil depths.

4.4.2 Rainfall

Daily precipitation was recorded by standaath gauges at both experimental sites.

It consisedof a funnel emptying into a graduated cylindegn in radius, which fits

inside a larger container 20n in diameter and 5€m tall. If the rainwater overflows

the graduated inner cylinder, the largeuter container will catch it. When
measurements are taken, the height of the water in the small graduated cylinder is
measured, and the excess overflow in the large container is carefully poured into

another graduated cylinder and measured to give thkrsbfall.

4.4.3 Crop yield for pearl millet and groundnuts

Grain yield of pearl millet was obtained from randomly selected samples of 16 well
matured plants located at inner rows of each plot. The panicles of the sampled plants
were cut, threshed amlains dried to 14% moisture content and the weight recorded.

For sole crop groundnuts, oneeter squaredrea wasrandomly marked orthe
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central rows, well matured groundnuts were uprooted by handuthber of plants,
number of pods, pods weight wascorded Harvested pods were sun dried to
constant weight and theeight of kernel wasecorded. For intercropped groundnuts,

all groundnuplantin the plot were harvested.

4.4.4 Economic data

The costsof materials used in th study (fertilizer and seedsand maximum and
minimum market prices for 2015/2016 and 2016/2017 seasoiTsh/kg) were
recorded. Furthermore, costs of crop management activities (Tsh/ha) were recorded.
Then, the costs and market prices wawavertedo USD based on the exchange rate

of 1 USD =2,100TsiBOT exchange rate of July 2017)

4.4.4 Computation of land equivalent ratio, benefit cost ratio andmomentary

values of the crops
Land equivalent ratio (LER), the relative land area under sole crops that is required
to produce the yieldachieved by intercropping was calculated udtqgation4.1 as
suggested by Metwallgt al (2015 as follows
LER= (Ya/Yad + (YodYor) €€ €€ éééééééééééééédl)
where Y= pure stand yieldf crop 1(pearl millet), %= pure stand yield of crop 2
(groundnut), Y=intercrop yield of crop 1, ¥= intercrop yield of crop 2Benefit
cost ratio of all technologies tested were calculatgdg the equation 4.2 (Debertin,
2012).
Benefit cost ratio = Gross return/ Tot al production cc
The monetary values of crops were calculated from yield and price data as described

by Federer (1993) and showmequation 4.®elow:
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V=KiY1+tKY 6 €6 6 € ééééééééééeéééééééeée. .. é. (4.3)
Where: g and K are yields of pearl millet and groundnrgspectively while

Y and Y, are prices of the respective crops; V is the financial return value.

4.5 Data Analysis

Rainfall data were subjected into descriptive statistical analysis were cumulative
rainfall were plotted.Crop yield LER and momentary valuesf the crops were
subjected to analysis of variance (ANOVA$ing Gerstart software aP O 5 %
basing on the statistical model for the spfilit-plot design.The mean separation

test was done usinibukeyd test.

4.6 Results

4.6.1 Soil characteristicsand rainfall

The texture of the soih experimental unit was sandy clay loam for both sites with
pH of 5.8 and 5.3 for llolo and Idifu, respectively (Table 4.1). The organic carbon of
the soil was very low with 0.46% and 0.11% for llolo and Idispedtely. Total
nitrogen and extractable phosphorous of the soil was also very low at both sites. The
potassium content was high at llolo and medium at Idifu (0.69 .ckadi and 0.43

cmok kg?, respectively). These physical and chemical soil characteristicspical

for Tanzanian and other SSA seanid regions.
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Table 4.1  Soil characteristicson the experimentalareas

. . S Values for Values for
Particle size distribution llolo site difu site
% Clay 21.6 25.6
% Silt 29 4.9
% Sand 755 69.5
Textural class SCL SCL
Chemical characteristics
Organic Carbon (OC) (%) 0.46"* 0.11""
Soil pH (in HO) 5.88" 5.30M
Total nitrogen (N) (%) 0.06"* 0.06"*
Ext. Phosphorus (P) (mg/kg) 12.88" 6.43""
Cation Exchang€apacity (cmalkg™) 15.20™ 5.40"
Exch. Bases K+ (cmgkg™) 0.69" 0.43

Mg (cmok kg™) 0.67" 0.:3M
Ca(cmokkg?) 3.37" 3.72"
Na(cmokkg?) 0.25- 0.48"

SCL=sand clay loam, VL= very low, L= low, M= mediumAccording to
Landorl991

The amountand number of rainfall events during 2015/2016 and 2016/2017
cropping seasons are indicated in Fig 4.1. Idifu had relgtikegher amount of
rainfall in both seasons of 425.3 mm for 2015/2016 and 153.3 mm for 2016/2017
cropping seasons compared to llaite which had a total rainfall of 298.2 mm
during 2015/2016 and 141.1 mon 2016/2017 cropping season. Although Idifu
received higher amount afinfall, the distributionwaspoor as it hd lower number

of rainfall occurrence than llolo.
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Figure 4.1: Total amount of rainfall (mm) per month and per growing season

4.6.2 Soil moisture managemenpractices

Soil moisture at different soil depths in percentage by volume (%vol) varied with
different rainwater harvesting (RWH) practices as shown in Fig 4.2. Tied ridges and
infiltration pits improved soil moistureetention two days after rain by 24.4% at 5

15 cm soil depth to 27.8% at-B® cm soil depth while infiltration pits improved soil
moistureretentionby 15.9% at 515 cm soil depth to 18.5% at -B® cm soil depth.

It was further observed that, ten days after rainfal gbil moistureretention was
improved by 34.1% at-25 cm soil depth to 38.3% at-B® cm soil depth and 45.6

at 515 cm soil depth to 50.2% at -B® cm soil depth when tied ridges and

infiltration pits respectively were used compared to flat cultivation.
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Figure 4.2 Soil moisture as influenced by rainwater harvesting practices at
different soil depths and duration after rainfall

AR= after rainfall, DAR = days after rainfall, FC= flat cultivation, TR= tied ridges,
IP=infiltration pit
4.6.3 Effect of in-situ rain water harvesting, cropping systems and micro

dose fertilizer on pearl millet yield
Rain water harvesting practice under zero fertilizer input signifiggptO 0. 05)
affectedgrain yield only at llolo (Table 4.2). Infiltration pits resulté@to highest
grain yield followed by tied ridgeshereas flat cultivation had tHewestyield. At
Idifu site, rainwater harvesting practices under zero fertilizer input had no significant
effect on grain yield but it resulted into relatiyebetter yield than flat cultivation.
Fertilizer application rates increased grain yield significantQ@m®07) at both sites.
Application of fertilizer at recommended rate resulted into highest graid yie

followed by micredose rate at 750, 50% and 25% of recommended rate while
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zero application scored the lowest yield. Cropping systems had no significant effect

on grain yield however pearlmillet produced insole croping system had relative

higheryield than the one produced in intercropping system.

Table 4.2 Effect of in-situ rain water harvesting, cropping systems and micro
dose fertilizer on pearl millet yield

Factors Levels llolo 2017 llolo 2016 Idifu2016 Idifu 2017
RWH FC 306.3a 2509a 296.8 a 258.2 a
TR 460.6 b 357.8ab 552.3a 3415a
P 576.4b 472.3 b 635.6 a 375.4a
CV (%) 8.9 15.6 27.2 14.6
P-value 0.003 0.021 0.078 0.086
Fertilizer rates FO 306.3a 2509a 296.8 a 258.2 a
MD1 773.4b 605.5b 686.7 b 554.4b
MD2 874.3 bc 1001.2¢c 827.7bc 855.5¢c
MD3 966.1 cd 1191.1cd 913.7c 978.9¢c
RR 1037.2d 1263.4d 935.9c 1094.5¢c
CV (%) 7.2 10.5 9.7 11.6
P-value 0.001 0.001 0.001 0.001
Cropping systems Intr 306 250.9 297 258
SC 505 340.2 422 297
CV (%) 33.9 5.3 19.3 12.7
P-value 0.218 0.02 0.158 0.312
Lsd 482.9 54.87 243.4 124.2

Means in the same column followed by the same letter are not significantly different
according toT u k etgsb a pO 0.05 FC= flat cultivation, TR= tied ridges, IP=

infiltration pits.

CV=coefficient of variationSC

sole peal

millet, Int=

intercropping of pearl millet and groundnut, cv= coefficient of variatib®= zero
fertilizer farmers, MD1= micredose at 25% ofecommended rate, MD2= micro
dose at 50% of recommended eatMD3= micredose at 75% of recommended rate,
RR=recommended rate

Interaction effects of rainwater harvesting, cropping systems and fertilizer use on

grain yield were highly significant at llo in both seasons and Idifu during 2017

(Table 4.3). Intercropping of millet in a flat cultivation with zero fertilizer

application (FC+Intr+ZERO)had the lowest grain yield in both locations. The

application of tied ridges and infiltration pits whetherai sole or in an intercropping
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system along with micro dose rate at 25% resulted into significant higher grain yield

than (FC+Intr+ZERO)

Table 4.3 Interaction effects of rainwater harvesting, cropping systems and
fertilizer use onpearl millet grain yield

Interaction llolo 2017 llolo 2016 Idifu 2016 Idifu_2017
FCSCFO 505 abc 340ab 422ab 296.9 ab
FCSC MD1 844 bh 756 be 848 be 591.8 ag
FC SC MD2 980 bi 1142 efg 945 cf 979.3 fl
FC SC MD3 1042 dj 1313 fk 996 cg 1041.9 gm
FCSC RR 1138 fj 1362 fl 1116 éh 1144.9in
FC Intr FO 306 a 251a 297 a 258.2 a
FC Intr MD1 773 ag 605 ad 687 ad 554.4 af
FC Intr MD2 874 bh 1001 ef 828 be 855.5 ¢
FC Intr MD35 966 bi 1191 eh 914 be 978.9 fl
FC Intr RR 1037d-j 1263 fj 936 cf 1094.5 hn
TRSC FO 553 ad 1299 tk 1240 ei 887.1 €j
TR SC MD1 990 bi 1665 hm 1409 fk 1136.8 in
TR SC MD2 1084 ej 1763 fm 1536 hl 1394.9 ko
TR SC MD3 1327 hk 1915 m 1781 jm 1696.9 0
TRSCRR 1715k 358 ab 552 abc 341.5 abc
TR Intr FO 461 ab 406 ab 700 ad 450.8 ae
TR Intr MD1 798 ah 1192 eh 1025 eg 739.4 bi
TR Intr MD2 1031 ¢j 1551 gm 1295 €j 1022.6 @l
TR Intr MD3 1271 gk 1656 khm 1456 gk 1231.8 jn
TR Intr RR 1553 jk 1773 kim 1613 im 1496.5 mno
IPSC FO 703 af 542 abc 814 be 437.3 ae
IP SC MD1 1126 fj 1078 dg 1650 im 777.6 ¢
IP SC MD2 1207 fk 1348 fl 1739 in 929.6 fj
IP SC MD3 1418 ijk 1473 fm 1962 Imn 1079.1hn
IP SC RR 1686 k 1822 Im 2202 n 1518.9 no
IP Intr FO 576 ae 472ab 636 ad 375.4 ad
IP Intr MD1 986 bi 1069 dg 1448 gk 654.4 ah
IP Intr MD2 1036 dj 1239 ei 1592 hm 833.9 dj
IP Intr MD3 1250 gk 1329 fl 1811 kn 941.2 fk
IP Intr RR 1475 ijk 1703 im 2039 mn 1411.540
CV% 16.1 13.5 12.6 15.8

F value 0.001 0.001 0.032 0.001

Means in the same column followed by the same letter are not significantly different
according toT u k etgsb a pO 0.05 FC= flat cultivation, TR= tied ridges, IP=
infiltration pits. CV=coefficient of variatior8C = sole crop, Int= intercropping of
pearl millet and groundnut, cv= coefficient of variatidfiO= zero fertilizer farmers,
MD1= micro-dose at 25% of recommended rate, MD2= midose at 50% of
recommended rate, MD3= micidose at 75% of recommended rate, RR=
recommended rate
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Groundnut kernel yield as significantly affected by rain water harvesting only at
llolo during 2017 and Idifu during 2016 cropping season (Table 4.4). Flat cultivation
resultedinto the lowest kernal yield while infiltration pit and tied ridges had
relatively better yield compared to flat cultivation. However, no signifiean
differerces were observed at llolo in 2016 and Idifa 2017. However, the
infiltration pits and tied ridges resulted intelatively greaterkernel yield than flat
cultivation. The use of different fertilizer rates also increased kernel vyield
significantly exceptat Idifu in 2017 wheredifferences weraat significart (Table
4.4). The results showed positivesponseof fertilizer on kernel yield. Zero
application resultedo lowest kernel yield whilethe recommended rate had the
maximum yield. The use of micrdose rates from 25% to 75% of recommended
amounthad greateryield than zero application. Cropping systems had significant
effect on kernel yield (Table 4.4roduction d groundnutasa sole croping system

gavehigher kernel yield comparedith intercropping system.
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Table 4.4 Effect of in-situ rainwater harvesting, cropping systems and micre
dose fertilizer on groundnutkernel yield

Factors Levels llolo 2017  llolo_2016 Idifu 2017 Idifu 2016
RWH FC 154.1a 192.7 a 156.9 a 2334 a
TR 221.7 a 216.8 a 257.2a 402.2 b
IP 336.3b 332.1a 358.4 a 424.1b
CV (%) 13.7 21.5 27.9 24.9
P-value 0.006 0.065 0.064 0.104
Fertilizer rates FO 1541 a 192.7 a 156.9 a 233.4a
MD1 228.5 ab 307.9b 2129a 336.3ab
MD2 292.5ab 343 b 344.1a 418.6 bc
MD3 324.2b 421.7 ¢ 396.6 a 449.3 bc
RR 3709b 453.8c 3724a 549.1c
CV (%) 20.2 7.2 38.6 15
P-value 0.01 0.001 0.121 0.002
Croppingsystems Intr 154a 193a 157a 233a
SC 553b 535b 538b 486b
Cv (%) 9.8 10.6 20.2 16.1
P-value 0.005 0.008 0.022 0.033
Lsd 121.3 135.2 246.2 203.4

Means in the same column followed by the same letter are not significantly different
according toT u k etgsb a pO 0.05 FC= flat cultivation, TR= tied ridges, IP=
infiltration pits. CV=coefficient of variatior5C= sole crop, Intr= intercropping of

pearl millet and groundnut, cv= coefficient of variatidfO= zero fertilizer farmers,
MD1= micro-doseat 25% of recommended rate, MD2= mialose at 50% of
recommended rate, MD3= micidose at 75% of recommended rate, RR=
recommended rate

Interaction effects of rainwater harvesting, cropping systems and fertilizer rates on
kernel yield were highly sigridant (Figure 4.5). Intercropped of groundnut in a flat
cultivation with zero fertilizer application (FC+Intr+ZERO) resuliatb the lowest

grain yield in both locations. The use of tied ridges and infiltration pits in a sole
cropping system along witheemmended rate resultéato the highest kernel yield

in both locations. The application of tied ridges and infiltration pits in a sole
cropping system along with micidose rate at 25% resulted into signifidgrttigher

grain yield than (FC+Intr+ZERO).
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Table 4.5 Interaction effects of rainwater harvesting, cropping systems and
fertilizer rates on groundnut kernel yield

Interaction llolo 2017 llolo 2016 Idifu 2017 Idifu 2016
FC SC FO 553.4 eh 534.8 eg 537.7 af 486.3 ae
FC SC MD1 637.2 di 602.4 eh 559.9 ag 636.2 bf
FC SC MD2 757.2 gk 631.2 di 734.1 bh 834 £k
FC SC MD3 989.8 in 780.8 fi 959.6 € 972.3 gl
FC SCRR 1123.2 Imn 878.9 hk 1109.9 gk 1140.3 ki
FC Intr FO 154.1 a 192.7 a 156.9 a 233.4a
FC IntrMD1 228.5 ab 307.9a bc 2129 ab 336.3 ab
FC Intr MD2 292.5 abc 343 ad 344.1 abc 418.6 abc
FC Intr MD3 324.2 abc 421.7 ae 372.4 abc 449.3 ad
FC Intr RR 370.9 ae 453.8 ae 396.6 ae 549.1 af
TR SC FO 699.8 fj 654.6 ei 739 bh 643.2 bf
TR SC MD1 727.7g;j 823.7 gj 948.6 dj 827.4 tk
TR SC MD2 906.0 im 1160.1 kl 1197.7 hk 981.7 hl
TR SC MD3 1134.3Imn 1234.81 1407.5 jk 1118.7 ki
TR SCRR 1263.5n 1338.51 1543.7 k 1284 |

TR Intr FO 221.6 ab 216.8 ab 257.2 abc 402.3 abc
TR Intr MD1 403.1af 342.1 ad 349.3 abc 599.3 bf
TR Intr MD2 530.6 bg 565.4 eg 453.4 ae 663.6 eh
TR Intr MD3 583.7 ¢h 575.5 g 454.2 ae 693.8 ci
TR Intr RR 641.2 di 688.7 e 649.5 ah 776.3 di
IP SC FO 638.3 di 617.7 di 685.4 ah 556.1 af
IP SC MD1 744.3 gk 819.3 ghi 800.7 ei 779 €

IP SC MD2 843.8 hl 918.8 ijk 1021.5 $k 999.4
IP SC MD3 1049.9 kn 11249 jki 1174.3 Kk 1073.3 jkl
IP SC RR 1187.8 mn 1222.11 1337.9 ik 1135.8 ki
IP Intr FO 336.3 ad 332.1ad 358.4 abc 424.1 abc
IP IntrMD1 397.4 af 396.8 ae 389.1ad 472.6 ae
IP Intr MD2 526.2 bg 505.3 bf 4435 ae 554.9 af
IP Intr MD3 563.4 eh 679.2 ei 481.6 af 653 bg

IP Intr RR 647.6 ei 766.7 fi 599.2 ag 655 bh
CV (%) 14.8 14 25.5 14.3

F value 0.016 0.001 0.001 0.043

Means in the same column followed by the same letter are not significantly different

according toT u k etgsb at pO 0.05 FC= flat cultivation, TR= tied ridges, IP=
infiltration pits. CV=coefficient of variatiorB8C = sole crop, Int= intercropping of

pearl millet and groundnutCV= coefficient of variation FO=
farmers, MD1= micredose at 25% of recommended rate, MD2=

zero fertilizer
midose at 50%

of recommended rag, MD3= micredose at 75% of recommended rate, RR=
recommeded rate
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4.6.5 Effect of rain water harvesting practices and fertilizer rates on LER
under pearl millet i groundnut intercropping system

The application of rainwater harvestihgdno effect on LER except at llolo during

2015/2016 were infiltration pis had significanly higher LERvalues(Table 4.6).

However, usingf rainwater harvesting practicessulted into relativg higher LER.

Application fertilizer at different ratesalso had no significant effect on LER,

however, significant differences wesbserved only at llolo in 201&ason.

Table 4.6  Effect of rain water harvesting practices on LER under pearl
millet i groundnut intercropping system

Factors Levels Idifu 2016 Idifu 2017 llolo 2016 llolo 2017

RWH FC 1.21a 1.16a 1.10a 0.93a
TR 1.43a 1.11a 1.21a 1.15ab
P 1.56 a 1.39a 1.40a 1.35b
CV (%) 16.10 19.20 9.30 6.80
P-value 0.28 0.37 0.08 0.01

Fertilizer rates FO 1.21a 1.16a 1.10a 0.93a
MD1 1.35a 1.31a 1.31b 1.26a
MD2 1.39a 1.38a 1.43b 1.28a
MD3 1.39a 1.39a 1.45b 1.29a
RR 1.33a 1.30a 1.45b 1.24a
CV (%) 6.8 9.7 5.6 11.7
P-value 0.212 0.262 0.002 0.06

Means in the same column followed by the same letter are not significantly different
according toT u k etgsba PO 0.05. FC= flat cultivation, TR= tied ridges, IP=
infiltration pits, CV =coefficient of variation FO= zero fertilizer, MD1= micomse

at 25% of recommended rate, MD2= mialose at 50% of recommended rate,
MD3= micro-dose at 75% of recommended rate, RR=coramended rate,
CV=coefficient of variation

The integration of rainwater harvesting and fertilizer rates had signifi¢gats on

LER only at llolo (Table4.7). Flat cultivationwith zero fertilizergavethe lowest

LER (0.9-1.2) while the use of rainwat and fertilizer rate from 25% up to
recommended ratimcreases the values of LERt llolo, application of tied ridges

and infiltration pits along with the application of fertilizer micttosing from 50%o0
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75 % had significant effeston LER comparedwith farmer practice but the

differences were not significant when compared with recommended rate.

Table 4.7  Effect of integrating rainwater harvesting and fertilizers rates on
LER under pearl millet i groundnut intercropping system

Interaction Idifu 2016 Idifu 2017 llolo 2016 llolo 2017
FC FO 1.21a 1.16 a 1.10a 0.93a
FC MD1 1.35ab 131la 1.31abc 1.29 ab
FC MD2 1.39 ab 1.38a 1.43 bc 1.28 ab
FC MD3 1.39 ab 1.39a 1.45 bc 1.26 ab
FC RR 1.33 ab 1.30a 1.45 bc 1.24 ab
TRFO 1.43 ab 1l.11a 1.21 ab 1.15ab
TR MD1 1.58 ab 1.20a 1.34 abc 1.36b
TR MD2 1.65 ab 1.20a 1.40 bc 1.53b
TR MD3 1.54 ab 1.28a 1.42 bc 1.46b
TR RR 1.51 ab 1.28a 1.44 bc 1.41b
IP FO 1.56 ab 1.39a 1.40 bc 1.35b
IP MD1 1.49 ab 1.33a 1.48 bc 1.41b
IP MD2 1.48 ab 1.35a 1.49 bc 1.49b
IP MD3 1.54 ab 1.29a 151c 1.42b
IP RR 1.50 ab 1.38a 1.57c 1.43b
CV (%) 8.3 13.9 7.0 9.7

F -value 0.571 0.59 0.001 0.001

Means in the same column followed by the same letter are not significantly different
according toT u k etgsé a PO 0.05. FC= flat cultivation, TR= tied ridges, IP=
infiltration pits. FO= zero fertilizer, MD1= micredose at 25% of recommended
rate, MD2= micro-dose at 50% of recommended rate, D3= midose at 75% of
recommended rate, RR=recommended rate, CV=coefficient of variation

4.6.6 Cost benefit ratioanalysis

The effect of imsitu rain water and soil moisture conservation, cropping systems and
fertilizer ratesareshown in Tablet.8. Application of tied ridges and infiltration pits
had higher values of CBRompared to flat cultivationln cropping systems,
production of pearl milletas a sole crop resulteéhto higher values of CBR
compared to intercropping?roduction of groundnuds sole crop and intercropping

of pearlmillet with groundnut resulted into significdptiower values of CR, which

rangal from 047 to 0.84. Furthermore, the use of fertilizers from mibose at 256
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to therecommended rate had significgnibwer values of CBR rarigg from 0.60 to
0.9 compared tthe zero fertilizer treatment with values of 1.1 and 1.3 for Idifu and
llolo, respectively.lt was also observed that, the values of cost benefit ratio

decreasdwith increasing of fertilizer rates.

Table 4.8  Effect of RWH, cropping system and fertilizer rates on cost benefit ratio

Factors Levels CBR DIFU CBR ILOLO
RWH FC 0.59 a 0.69 a
TR 0.67b 0.72a
IP 1.04c 1.20b
CV (%) 2.5 3.3
F value 0.001 0.001
Cropping systems Sole PM l11c 1.22¢c
Sole GN 0.75b 0.84b
Intr 0.47 a 0.57 a
CV (%) 2.5 15.2
F value 0.001 0.001
Fertilizer rates ZERO 1.10e 1.31d
MD 25 0.79d 0.90c
MD 50 0.72c 0.78 b
MD 75 0.66 b 0.72 ab
RR 0.60 a 0.66 a
CV (%) 8.6 10.6
F value 0.001 0.001

Means in the same column followed by the same letter are not significantly different
according tol' u k etgsbas PO0.05.FC= flat cultivation, TR= tied ridges, IP= infiltration

pits. FO= zero fertilizer, MD1= micralose at 25% of recommended rate, MD2= micro
dose at 50% of recommended rate, D3= midose at 75% of recommended rate, RR=
recommended rate,\G-coefficient of variation

Integration of RWH, cropping systems and different fertilizer rates had significant
effect on benefittost ratio (BCR) (Figure 4.3). Intercropping ofpearl millet and
groundnut and production ofpearl millet as sole crop in dlat land with zero
fertilizer application hadBCR valueslessthan 1. Also, the use of infiltration pits in
sole crop and intercropping system under all lewel fertilizer resulted into
significanty lower values ofBCR, which range from 0.3to 1.1. The results also
showed that, production @fearlmillet asa sole crop on flaand with no fertilizer
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application resulted into higher value BCR. Intercropping of pearl millet and
groundnut both flat cultivation, tied ridges and infiltration pits glevith fertilizer at
micro-dose rateat 25% of recommendedate torecommended ratiead higher values
of BCR which ranges from 1-3.9.
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4.6.7 Effect of rainwater harvesting practices, cropping system and fertilizer
rates on monetary value of pearl millet and groundnut under
intercropping system

Effects of soil moisture conservation practices on monetary value of pearl millet

groundnut intercropping are shown in Tal@. Soil moisture conservation practices

had significant effects on monetary values of the crops at llolo and Idifu only in

20152016 cropping seasompplication of infiltration pits had higher monetary

value (198 370 USD/ha) compared to flat cultivation and tied ridges at llolo in both

seasons and at Idifu only in 2015/2016 cropping seadbmgas followed by tied
ridges with value ranges from 184 to 318 USD/ha and flat cultivation had the lowest

monetary value (154229 USD/ha).

There vere significant effecs in monetary value when pearl millet and groundnut
were produced in different croppingstgms at both sites in 2015/2016 cropping
season (Table 4.9Productionof groundnut as sole crop resulted the highest
monetary valuewvhich rangel from 332 to 502 USD/haOn the other handyearl
millet in sole cropsystem hadhe lowest monetary valuanging from 154 m to 309
USD/ha. Intercropping ofpearl millet and groundnut had higher monetary value
(328 433 USD/ha) compared to when pearl milleds produced in a sole crop.
Application of fertilizer at micredose to recommended rate resulted into significant
effects on monetary value (© 0.001) (Table4.9). The highest monetary values
ranged from 507 to 619 USD/havere recorded wheffertilizer was usedat the
recommended rate followed by 4526 USD/ha at miado-dose at 7% and the

lowest values (13229 USD/ha) formfarmer practice.Micro-dose fertilizer
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application from25% to 75% of recommended rate had significant effects on

monetary value compared to zero application.

Table 4.9 Effect of rainwater harvesting practices, cropping system and
fertilizer rates on monetary value of pearl millet and groundnut
under intercropping system

Factors Levels llolo 2016 llolo 2017  Idifu 2016 Idifu 2017
RWH FC 279.2a 2634a 335.4a 247.8 a
TR 342.7ab 386.6b 5935bhb 375.0 ab
P 496.2 b 539.9¢c 646.0 b 484.3 b
CV (%) 18.9 4.6 16.5 21.4
F value 0.044 0.001 0.024 0.052
Cropping systems SCM 129.6 a 1925a 160.6 a 113.1a
Int 279.2b 263.4a 335.4b 247.8 a
SGN 509.3 ¢ 527.1b 463.1b 512.1b
CV (%) 14.7 8.6 18.5 25
F value 0.001 0.001 0.009 0.006
Fertilizer rates FO 279.2 a 263.4 a 335.4a 247.8 a
MD1 5239b 512.3b 581.9b 414.0 ab
MD2 708.1c¢c 611.6 bc 714.0 bc 653.6 bc
MD3 855.4d 676.8 bc 775.9 cd 750.6 ¢
RR 913.5d 748.4 ¢ 879.5d 7716 c
CV (%) 7.0 10.7 8.4 18.3
F value 0.001 0.001 0.001 0.001

Means in the same column followed by the same letter are not significantly different
according toT u k etgsb & pO 0.05 FC= flat cultivation, TR= tied ridges, IP=
infiltration pits. CV=coefficient of variationSM = sole peal millet SGN=sole
groundnutInt= intercropping of pearl millet and groundnut, cv= coefficient of
variation. FO= zero fertilizer farmers, MD1= micrdos at 25% of recommended
rate, MD2= micredose at 50% of recommended eatMD3= micredose at 75% of
recommended rate, RR= recommended rate

Interaction effectsof soil moisture conservation practices, cropping systems and
fertilizer rates on monetary vauof pearl millet and groundnut were significant
(Figure 44). Production of pearl millesa sole crop under flat cultivation with zero
fertilizer application resulted intthe lowest monetary value 12912.5 USD/ha

and 113.1160.6 USD/ha for llolo anddifu respectively. The highest monetary

values were obtained when pearl millet and groundnut intercropped in an infiltration
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pit and tied ridges along with application of fertilizer at recommended amount. Pearl
millet and groundnut intercropping systemder infiltration pits and tied ridges
along with application of fertilize at micredose rate from 2% to 75% of
recommended rate had significgnthigher monetary values in both locations

compared to farmers practicé&c(SCM FO)
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4.7 Discussion

4.7.1 Soils and weathercondition

The soils at both sites were sand clay loam with very low total nitrogen and
exchangeable phosphorous (P) Low nitrogen content could be due to little or no
fertilizer use in their production systems and off season grazing activities in these
areas which resulted into reduction of organic matter in the field. The deficiency of
P in the soils could have been due to unavailability of inherent soil P, fixation of P
by aluminum, iron, or calcium as the soil is acidic (Tahle and poor management

of on-farm organic and inorganic P resources in the soil (CemodiFitzsimmons,
2016). Both sites hadn acidic soil which isslightly below the range of 63
required for groundnut production (Thilakarathegal, 2014). In such soil, the
application 6 lime will favor crop productivity as it will allow fixed amount of
nutrient mainly phosphorus to be available in the soil solution. (Goulding, 2016 and

Rastijaet al, 2014).

The amount of rainfall was also low and its distributiwwas very poor in both
experimental sites (Figuréd.1l). This could be due to environmental degradation
mainly by deforestation. Larger part of the aneabare soils in dry season with very
few grasslands vegetation and few scattered trees due to defore@Eitioet al,
2015), unlike other tropical areas which mostly covered with forests with high
amount of rainfall. Increasing deforestation reduces the natural recycling of moisture
from soils, through vegetation, and into the atmosphere, from where rihgeis
rainfall (Spracklen and Garci@arreras, 2015Bagleyet al, 2014; Oliveiraet al,

2013). When forests are interfered with human activities like crop production and
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livestock keeping as in these areas, water recycling process changes, leading to

reduced atmospheric humidity and potentially suppressing precipitation

44.2 Effect of in-situ rainwater harvesting and fertilizer rates on soil
moisture conservation and yield
In situ rain water harvesting and soil moisture conservation practicesiihy tied
ridges and infiltration pits showed potential on the skemh conservation of
moisture in the soil. Infiltration pits and tied ridges improved soil moisture By 23
and 39%vol respectively, within 180 cm soil depth in 2 days period afternrai
compared to flat cultivation. In 10 days after rain, tied ridges and infiltration pits
improved soil moisture by 82 to 101% vol compared to flat cultivation. Therefore,
the strategies of in situ rainwater harvesting using technologies such as tiedd ridge
and infiltration pits are vital for soil moisture conservation in serid areas. It was
also observed by Kilasamt al (2015 and Yoseph(2014 that, insitu rainwater
harvesting improve moisture in the soil and increase crop productivity. Tied ridges
and infiltration pits have structureshat enable harvesting of rainwater and
temporary storage. This increasbe duration of water/moisture to be available in
the soil compared to flatuttivation where much wateis lost by runoff. These
structures also increased infiltration and percolation of rain wathich both
improved moisture status of the soil resolj into higher grain yields than flat
cultivation (Table4.2). These resultsrasimilar with findings byDemoz (2016) and
Gebreyesugt al (2006) which showed potential of using of tied ridges as it can
improve soil moisture and yield by 40% and 25%spectively compared to

traditional tillage practice.
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The significant increasein pearl millet yield from fertilizer micro-dose and
recommended rates indicated the importance of applying fertilizer under the low soil
nitrogen and phosphorus. Production of pearl millet and groundnut in sole crop had
better yield compared to when inteopped by groundnut. This is due to interactions
and resources competition effects created by intercrop. For intercropped groundnuts,
the yield is much smaller compared to sole groundnut and this is due to spacing as
the intercropped groundnut spacinglistated by mai crop (pearl millet). Although
production of these cremsa sole crofhad betteyield. Intercropping of these crops

is important in crop diversification for soil improvement, avoidance of risk of total
crop failure, food and income seity especially in semarid areasintegration of

tied ridges and infiltration pit with fertilizer application at small rates in millet
groundnut intercropping systeame very good strategof overcoming the problems

of declining soil fertility and drougf stresses in dry prone areas.

47.3 Monetary value of pearl millet and groundnut crops

The monetary value of crops highly depends on quantity of yield harvested and the
market price of each crop. The monetary value of pearl millet and groundnut were
significantly influenced by soil moisture management practices, cropping systems
and fertilizer application rates. Production of pearl millet in sole crop under a flat
land with zero application of fertilizer which is typically farmer practice had the
lowest monetary value (Fig.3). The application of ksitu rain water harvesting
practices (tiedridges and infiltration pits) and use of fertilizer in peal millet and
groundnut intercropping system showed potential in increasing monetary value
compared to farmers practices. The highest monetary value was obtained when pearl

millet and groundnut werintercropped on tied ridges and infiltration pit along with
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application of fertilizer at recommended amount. The higher monetary values
observed is a result of higher yield of both crops compared to farmers practice which
is caused by availability of gngh resources (nutrients and soil moisture) attributed
to applied technologies. The market price of pearl millet is low {80@0 Tsh/kg)
compared to market price of groundnut (2€BBDO Tsh/kg). Therefore, the
production ofpearlmillet alone will have rsultedinto famersselling their produce

at low price. By intercropping, farmers can earn more financial benkfitgtohigh
groundnut price. Thus, production of groundnut which is primarily cultivated for sale
(cash crop) and pearl millet basically groven food in an intercropping systehas
apotentialto increase monetary value compategroduction of pearl millet in sole

crop.

474 Land use efficiercy in pearl millet and groundnut intercropping system

The efficierty land use in an intercropping system is measuredthayland
equivalentratio (LER). It is the sum of the ratio of yields in sole crop and intercrop
of the component crops. Higher values of LER above 1.0 irdibat intercropping
system vas more efficiert on land utilization than sole crop systeg(iushet al,
2006; Berhaneet al, 2016) In this study, the LER randdrom 1.23 to 1.78 which
imply that intercropping of pearl millet and groundnutilrégher landproductivity

than when itvasproducedss a sole crop. The use of tied ridges and infiltration pits
along with application of fertilizer from micro dose rate at 25% of the recommended
rate to recommended rate had higher LiERnfamers practices. Maximization of
land use efficiency to 1.61.78 under intercropping system was a result of nutrient

availability and soil moisture conservation through rainwater harvesting practices
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and fertilizer use. The addition of 10 and 20 kg P/hhéform of DAP at planting
increased LERindicating the imptance of applying N as starter dose and P for root
development and enhanced nitrogen fixation in low soil N and P. Therefore, pearl
millet-groundnut intercropping under intesw rainwater harvesting and fertilizer
use increases land use efficiency andildaeduce land use conflict between farmers

and pastoralists (Zhareg al, 2015).

4.8 Conclusions and Recommendations

The fertility status of the soil in the experimental sites \waaserally very low and

this necessitated usef fertilizer in crop production. The sites had low and erratic
rainfall, which pose a big challenge of moisture stress and drought condition. The
use of rainwater harvesting practices such as tied ridges and infiltration pits should
be encouragedh this area as they are capalofeharvesing rain water and conserve

soil moisture, increase water infiltration while rehge run-off and soil erosion
compared to flat cultivation. Intercropping of millet and groundnut had better land
utilization efficiercy conpared to when produced as sole crops. Intercropping of
millet and groundnut under tied ridges and infiltratiors plbng with micro dose rate
from 25% to recommended rate had signifibamhigher monetary valuthanwhen
pearlmillet producedassole cropin flat cultivation with zero fertilizer application.

The use of intercropping system along witldtiEglge and infiltration pits with micro
dose at 25% is therefore the best strafegymproving crop and land productivity in

the semiarid areas. Thistsategy is recommended to searid areasto increag

farmerés food and income security.
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CHAPTER FIVE

5.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS

5.1 GeneralConclusions

The fertility status of the soils in the experimental sites geerally very poor and

this makes increasing of fertilizer use to be very important in crop production. The
sites had low and erratic rainfall, this pdse big challenge of moisture stress and
drought condition. Based on the findin@f this study, it $ concluded that,
application of tied ridges and infiltration pits increageshrl millet and groundnut
yields significantly compared to flat cultivation. Application of micro dose fertilizer
from 25% to 75% ofherecommendedatefor pearl millet and frm 50% to 75% of
therecommended rate for groundnut, increased grain and kerned gigidficantly
compared tazero application. Integration of tied ridges and flat cultivation with
micro dose at 25% of recommended rate had a pearl millet yield advaateyeg

from 537 to 959 kg/ha and 295 to 455 kg/ha respectively, compared to farmer
practice and both resulted into positive net profit. Flat cultivation with zero fertilizer
application resulted ithe lowest groundnut yield and had a negative net profie
integration of tied ridges and fertilizer micro dose at 50%hefrecommendedate

had significanty higher kernel yield rarigg from 906 to 1,197 kg/ha and higher net
profit ranging from 424 to 558 USD/ha compared to farmer practice. Tied riddes an
infiltration pits conserved soil moistutey 38% and 45%r respectively more than

flat cultivation at 30 cm depth after ten days of rainfall. Land use efficiency was
93% - 157% higher in intercropping system than in sole crop. Intercropping of pearl

millet and groundnut along with tied ridges and infiltration pits with micro dose rates
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from 25% to75% of recommended rate had financial return of-848 USD/ha

higher than sole pearl millet in flat cultivation with no fertilizer application.

5.2 Recommendations

1. The study therefore recommends the usmafganic fertilizer amicro-dose
rate at25% of recommended raf&5 kg N/ha and 18g P,Os/ha) along with
TR or FC for increased grain yield and net profit, instead of using flat
cultivation with no fertilizer use (farmers practice). The practice is
recommended to resource poor farmers for increased pearl millet productivity
at affordable fertilizer inputand hence improved livelihood and food

security.

2. The study also recommends the use of tied esdgnd application of
inorganic fertilizer at micraloserate of 5@6 of recommended rat2.5kg
P,Os/ha) for small holder groundnut farmers located in sadi areas of
central Tanzania. This will enable farmers to achieve high economic and
agronomic performancesusing affordable inputcompared to farmer
practices. This recommendation will transmute negative thinking of most
farmers on the use of inorganic fertilizers amdouragethem b adopttied
ridges with micro-dose technologies and finally reommend rate for

improved groundnut productivity

3. Intercropping of pearl millet and groundnut is also recommended as it

increase land use efficiey soil fertility and crop productivity, food and
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income security to small holder farmers locatadthe semiarid areasof

Dodoma.

. Further innovative research should be done on coming up with tool/
implements for infiltration pits preparatiohhis will reduce the cost in terms

of time and capital that farmer can spend during infiltration pit preparation.

. The government should formulate policy on fertilizer packaging materials
and fertilizer distribution channels to local areas. The policy should specify
the packaging materials to include lower amount such as of 5 kg, 10 kg and
15 kg and 20 kg fertilizer m&ages. This will help produces to purchase as
per their demandsomparedo current situation where farmers are forced to

buy fertilizerat only 5 kg and B kg packages.



