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EXTENDED ABSTRACT

Ruminant livestock species such as cattle, sheep, and goats in
tropical countries including Tanzania to a large extent depend on
natural pasture found in semi-arid rangelands as the major feed
resource. Among the major challenges in the communal semi-arid
rangelands in Tanzania is the seasonal fluctuations in availability of
forages in terms of both quantity and quality. Natural forages are
plenty and nutritious during wet seasons but become scarce and
with less protein content during dry seasons, hence; inability to meet
nutritional requirements of ruminants throughout the year. There are
incidences of dry season loss of conditions and even mortalities of
cattle reared in the semi-arid rangelands. Various efforts are
employed to improve the situation, in particular towards improving
feed availability during dry seasons. The pastoralists practice
nomadism, the movement with animals to other potential places with
substantial pasture and water. The livestock mobility are
accompanied with serious consequences including conflicts with
crop farmers and conservation agencies, animal deaths, and
environment damage such as soil erosion and pollution of surface
water resources. Improving the utilisation and productivity of grazed
semi-arid areas under the pastoral system is crucial. Cenchrus
ciliaris forage could be cultivated to ensure feed availability for
sustainable dry-season livestock feeding. However, forage
cultivation is new among pastoralists, and there is a need for
participatory cultivation through Farm Field School (FFS). The
research project was conducted to evaluate the growth and
nutritional value of C. ciliaris cultivated under not-tilled (NT), tilled flat
(TF), and tilled sunken (SN) land preparation methods and different
manure levels (0 t/ha, 5 t/ha, 10 t/ha, and 15 t/ha). Quantitative and
qualitative data were collected in a semi-arid village in Mvomero
district, eastern Tanzania. The qualitative data involved information
on livestock importance and breeds, milk production and marketing,
livestock production challenges, and manure management. Other
gualitative data were grazing land conditions, improvement



practices, and dry-season feeding strategies. Quantitative data
included C. ciliaris establishment rate, grass cover, agronomic
characteristics, and nutritional values. Pastoralists were keeping
local cattle, goat, and sheep breeds, which they depend upon as a
source of income, food, insurance during emergencies, and other
socio-cultural values. The FFS members had a smaller average herd
size (35 cattle, 14 goats, and 8 sheep per household) than the non-
members (52 cattle, 30 goats, and 12 sheep per household). The
attitude of FFS members to keep fewer number of livestock
compared to non-members was attributed to awareness on safe
livestock caring capacity. Daily milk yield was low in both FFS
members and non-members (0.5 - 1.4 litres/cow/day) and varied
seasonally (p < 0.05), in dry season was lower than wet season,
which led to poor market access in the studied area. Many
respondents (68%) were not collecting or using manure for either
food crops or pasture production. Moreover, most respondents in
FFS member and non-member groups perceived grazing land to be
poor because it took their livestock a long time and distance to find
forage. Also, there were limited grazing land improvement practices
because of the communal grazing, limited privately owned land and
large herd sizes. Migration and use of crop residues were the main
dry-season feeding strategies in both groups. Few individuals had
established private forage reserves in the grazing land, which were
smaller (p < 0.05) in FFS members (0.8 ha per houehold) than non-
members (2 ha per household). The Tilled flat seedbed in different
manure levels had higher (p < 0.05) establishment rate (97%), grass
cover (66 - 78%), and biomass yields (10 — 12.6 t/ha) than no tilled
and sunken seedbeds. The responding FFS members perceived TF
as a better land preparation method because of its high yields and
grass cover at the study site. There were variations in biomass yield
and grass cover among manure levels, whereby a manure level of
10 t/ha resulted in the optimum return comparing to other manure
levels in the current study. The protein values (104 - 132 g/kg DM) in
cultivated forage were sufficient to meet the daily nutritional
requirements of ruminants. However, the estimated energy intake



(7 - 15 MJ ME/day) was insufficient for optimum cattle performance
and would require other feed supplementation, such as treated
maize stover and bean haulm with molasses or urea during the dry-
season. Lack of effective dry-season feeding strategy, poor grazing
land conditions, and low milk yield showed the importance of C.
ciliaris cultivation at the study site. Based on the results from this
study, the TF and manure 10 t/ha are the recommended land
preparation method and manure level for C. ciliaris cultivation at
study site and similar areas due to better agronomic performance.

Keywords: Farmer field school (FFS); land preparation methods;
dry-season feeding; agronomic characteristics; nutritional values;
Feed fluctuation, Grazing, Rangelands,



IKISIRI KUU

Mifugo kama vile ng’'ombe, kondoo na mbuzi kwa kiasi kikubwa
huchungwa katika nyanda za malisho zilizopo kwenye maeneo
kame katika nchi za ukanda wa Kitropiki ikiwemo Tanzania. Maeneo
kame mengi yanaathiriwa na mabadiliko ya tabianchi, hivyo mifugo
hulazimika kutembea umbali mrefu hasa wakati wa kiangazi kutafuta
malisho. Aidha, hali hiyo imekuwa ikisababisha kutokea kwa
migogoro ya matumizi ya ardhi baina ya wafugaji na watumiaji
wengine, uharibifu wa mazingira, kupungua kwa uzalishaji na vifo
vya mifugo. Katika kukabiliana na changamoto hiyo jitihada
mbalimbali zimekuwa zikifanyika kama vile kuhamasisha wafugaiji,
kupunguza vichaka na magugu vamizi katika maeneo ya malisho.
Upandaji wa majani ya mkia wa mbweha ni miongoni mwa suluhisho
kwa kuwa yanaweza kuwezesha upatikanaji wa malisho kwa kipindi
chote cha mwaka kwa ufugaji endelevu. Hata hivyo, upandaji
malisho ni shughuli mpya miongoni mwa wafugaji wa jadi na
hawana ujuzi wa kutosha. Utafiti huu ulilenga kufanya kilimo
shirikishi na kutathmini uzalishaji wa malisho aina ya mkia wa
ya ulimaji na upandaji wa malisho kupitia shamba darasa ilitanguliwa
na tathmini ya usimamizi wa maeneo ya malisho na mifugo katika
eneo hilo kame miongoni mwa wafugaji wa jadi. Tathmini ilifanyika
kupitia dodoso kwenye kaya za wafugaji wanachama wa kikundi cha
ufugaji bora na wale wasio wanachama. Takwimu nyingine
zilizokusanywa kupitia dodoso ni pamoja na uzalishaji wa maziwa na
soko lake, changamoto zinazoikabili mifugo, hali ya maeneo ya
malisho na matumizi ya samadi katika uzalishaji wa malisho. Aidha,
malisho ya mkia wa mbweha yalipandwa kwa kutumia vipando
vyenye mizizi kwenye vitalu ambapo njia mbalimbali za uandaaji wa
shamba na kiasi cha samadi ya ng’ombe vilitumika. Mbinu hizo za
uandaaji wa shamba ni bila kukwatua (BK), kukwatua (KA) na
tumbukiza (TA); wakati samadi ikiwekwa kwa vipimo vya tani
O/hekta, tani 5/hekta, tani 10/hekta na tani 15/hekta. Matokeo
yalionyesha kuwa wafugaji wengi walikuwa wanamiliki ng’ombe,



mbuzi, na kondoo wa asili kama chanzo cha kipato na chakula, bima
wakati wa dharura na kwa ajili ya shughuli nyingine za kijamii.
Wanachama wa kikundi cha ufugaji walikuwa na mifugo michache
(ng’'ombe 35, mbuzi 14 na kondoo 8 kwa kaya) ikilinganishwa na
wale ambao hawakuwa wanachama (ng'ombe 52, mbuzi 30 na
kondoo 12 kwa kaya). Uzalishaji maziwa ulikuwa ni mdogo kwa
wafugaji wote (wastani wa lita 0.5 - 1.4 kwa siku kwa ng’ombe
mmoja) na ulibadilika kulingana na msimu hali iliyopelekea
kutokukidhi mahitaji ya familia na soko. Wafugaji wengi (68%)
hawakuwa wakikusanya na kutumia samadi ya ng’'ombe kwa ajili ya
uzalishaji wa mazao na malisho. Wafugaji wote waliripoti hali ya
uwepo wa uhaba wa malisho haswa vipindi vya viangazi. Hii
ilisababishwa pia na kutokuwepo kwa shughuli za uboreshaji
maeneo ya malisho kutokana na mfumo usiothabiti wa umiliki ardhi
na idadi kubwa ya mifugo kwa kaya. Hivyo, wafugaji walikuwa
wakihamisha mifugo na kutumia mabaki ya mavuno mashambani
kama chakula cha mifugo huku wachache wakimiliki akiba ya
malisho kwenye maeneo yao binafsi ambayo yalikuwa na wastani
wa ukubwa wa hekta 0.8 kwa wanakikundi na hekta 2 kwa
wasiokuwa wanakikundi. Uchipuaji wa mimea (97%), kutanda kwa
malisho (66-78%) na uzalishaji (tani 10 - 13 kwa hekta) ulikuwa
mkubwa zaidi katika KA. Pia, wafugaji wanachama wa kikundi cha
ufugaji bora ambao walishiriki kwenye shamba darasa walipendelea
zaidi vitalu vya KA kwakuwa vilizalisha kiasi kikubwa cha malisho.
Kulikuwa na tofauti katika kutanda kwa malisho katika kiasi tofauti
tofauti cha samadi kilichotumika ambapo tani 10/hekta za samadi
zilizalisha kiasi kingi zaidi cha malisho. Kiwango cha protini (104 —
132 gramu/kilogramu majani makavu) kilichokuwepo kwenye
malisho ya mkia wa mbweha kilikuwa kinatosha kukidhi mabhitaji ya
mifugo. Hata hivyo, kiasi cha nishati (7 - 15 MJ ME/siku) kilikuwa
kidogo sana kisichotosheleza ukuaji wa ng’ombe, hivyo kuhitajika
kwa vyakula vya ziada kama vile mabaki ya mazao katika kipindi
cha kiangazi. Kutokuwepo kwa mkakati madhubuti wa ulishaji
mifugo kipindi cha kiangazi, kutokuwepo kwa shughuli za uboreshaji
eneo la malisho na uzalishaji mdogo wa maziwa vilionyesha



vi

umuhimu wa kupanda malisho katika eneo la utafiti. Uandaaji wa
vitalu kwa njia ya kutifua ardhi na kutumia tani 10 za samadi ya
ng’'ombe kwa hekta vilikuwa njia bora zaidi za kuzalisha malisho ya
mkia wa mbweha katika utafiti huu.

Maneno muhimu: Shamba darasa malisho; Uandaaji wa vitalu
malisho; Kurutubisha malisho; Malisho kiangazi; Hali ya malisho;
Viinilishe katika malisho.
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CHAPTER ONE

1.0 Introduction

1.1 Background Information

Globally human population is projected to reach 9.7 billion by 2050
(United Nations, UN, 2022). The population growth would increase
animal-source food demand, such as meat and milk, especially in
developing countries (Wang et al., 2022). The increase in livestock
production is necessary to ensure food security, meaning that all
people have access to nutritious, safe, and sufficient food at all
times to meet their food preferences and nutritional needs for a
healthy life without any economic, social, or physical barriers (Galié
et al., 2019). However, most developing countries, especially those
in Sub-Saharan Africa (SSA), have low livestock production due to
lack of solid agrarian policies and institutions, and climate change
effects (Cedrez et al., 2020; Ntali & Lyimo, 2022). This is because
most SSA livestock keepers (~250 million) are pastoralists who
operate in a low input system by grazing their livestock extensively
in large collectively owned grazing areas (Filho et al., 2020; Ruvuga
et al.,, 2020). The decline in available grazing land for livestock
production has led to conflicts between farmers and pastoralists
which affects pastoral livelihoods (Benjaminsen et al.,, 2009;
Woodhouse & Mccabe, 2018). Cropland expansion has limited
pastoralism to the marginal drylands, semi-arid areas unsuitable for
crop farming due to unreliable rainfall, high evapotranspiration, and
long dry periods (Espeland et al., 2020). These semi-arid areas are
characterised by seasonal differences in native pasture quality and
guantity, which are abundant and of high quality during rainy periods
while limited during dry periods (Ruvuga et al., 2021; Selemani et
al., 2013b). The pastures seasonal differences cause poor livestock
performance, for instance, <250kg mature live weight and
<2litres/day milk vyield in cattle among Tanzanian pastoralist
(Michael et al., 2018; Mushi, 2020).



The livestock kept including cattle, camel, goats, and sheep are
essential sources of food, income, insurance, and other socio-
cultural values, e.g., rituals, dowry, and ceremonies (Ruvuga et al.,
2022). These livestock species are mostly local breeds, the like of
Bos indicus cattle, e.g., Ankole, Nguni, and short horned Zebu, small
East African goats, and Red Maasai sheep, which are resilient to
droughts and diseases in semi-arid areas, though some keep few
crossbred livestock breeds for their relatively high performance
(Ruvuga et al.,, 2020; Yaro et al., 2016). Socially, pastoralists like
Maasai have the division of labour and asset ownership based on
gender and age. Adult males own all ruminants in the household and
make decisions related to grazing and animal management
(Mwacharo & Rege, 2002; Sangeda & Maleko, 2018). Females can
own poultry and milk from lactating animals; however, the decisions
on how to spend household income from milk sales are made by
adult males only. Young males and females are responsible for
grazing sick, old, or young animals (calves and kids) around the
homestead and assisting with household chores, respectively (Galié
et al., 2019; Truebswasser & Flintan, 2018).

Land reallocation for infrastructure development and settlements
have limited pastoral mobility and overall livestock production
system (Godde et al.,, 2018). Limited pastoral mobility can cause
excessive grazing in a small area due to overstocking and lack of
sufficient resting period for pasture regeneration (di Virgilio et al.,
2019; Godde et al., 2018). Overstocking and continuous livestock
grazing can lead to reduced ability of grazing land (grazing land
degradation) to support livestock production by replacing palatable
pasture species with weeds, increase bush encroachment, soil
erosion, and biodiversity losses (Dunne et al.,, 2011; Macharia &
Ekaya, 2005; Solomon et al., 2007). This led to the transition of open
grazing land into either shrub land or desert. Also, grazing land
degradations contribute significantly to climate change by releasing
previously soil-stored carbon into the atmosphere and increasing
greenhouse gas emissions per unit of land and animal product due



to the long period it takes livestock to attain mature weight and/or
lower yields (Abdalla et al., 2018; Kihoro et al., 2021). Grazing land
degradation, environment protection, poor livestock performance,
and projected increase in animal source food demand in SSA dictate
an improvement of the current pastoral production system (Komarek
et al., 2021). Pastoralists have extensive knowledge of grazing land
and livestock management due to their experience utilising semi-arid
areas for animal production (Liao et al., 2016; Ruvuga et al., 2020).

1.2 Grazing Land Management Among Pastoralists in Sub-
Saharan Africa

Grazing lands and their resources (forage and water) are collective
property under the pastoral system whereby only pastoralists
residing permanently in the respective area or village have rights to
the grazed lands within their boundaries (Meshesha et al., 2019;
Ruvuga et al., 2020; Sangeda & Maleko, 2018). By-laws or social
agreements govern these grazing lands depending on the existing
political or social structure (Glowacki, 2020; Kilawe et al., 2018;
Mccabe et al., 2021). The pastoral grazing land tenure is affected by
dry season emigration of “other livestock keepers” coming from
locations outside of the respective area or village (Mccabe et al.,
2014; Ruvuga et al., 2021; Treydte et al., 2017). Pastoralists mainly
adult males migrate with their livestock to other locations (>80km
from the permanent residence area) where temporary residents are
established until the pasture conditions become favourable in their
customary land (Adriansen & Nielsen, 2005). The pastoralists'
migration is a good practice for pasture regeneration in the
customary land, but it has various challenges and limitations. These
include excessive grazing in the area of destination which could
degrade grazing land and cause conflicts between different pastoral
groups (Dunne et al., 2011; Ruvuga et al., 2021). Another challenge
is related to food security since adult males are the ones who
migrate with the herd, leaving behind few livestock or none at all for
the remaining household members such as old, children and
pregnant women who lack access to nutritious animal source food
(Mengistu et al., 2017; Ripkey et al., 2021).



The grazing land degradation and food insecurity mitigation require
a shift in the pastoral system from transhumance to sedentary.
Some Maasai pastoralists in Tanzania keep large herd sizes of
cattle (105 - 600), goats (53 - 108), and sheep (50 - 106) per
household, hoping that not all animals would die during severe
droughts in case livestock migration is limited (de Glanville et al.,
2020; Kimaro et al.,, 2018b). Similarly, pastoralists establish
traditional forage reserves (Olalili or Ngitiri in Tanzania and Kallos in
Ethiopia) in their collectively owned grazing areas (Ruvuga et al.,
2020; Tefera et al., 2007). These forage reserves intend to limit
grazing within the reserves during the rainy season to allow pasture
regeneration and forage accumulation for dry-season livestock
feeding (Nyberg et al., 2019; Verdoodt et al., 2010). The communal
forage reserves can be between 42 - 179ha in size and are
established through a deferred grazing system facilitated by social
agreements and monitored by traditional institutions (Safari et al.,
2019; Selemani et al., 2012; Solomon et al., 2007). The traditional
institutions are established to address dry season feed shortage
among pastoral communities whereby elders make grazing
decisions, and youth enforce them (Sangeda & Maleko, 2018;
Wainaina et al., 2021). Also, individual pastoralists establish private
forage reserves by using thorn bushes as fences. These private
reserves are relatively small (2.2 - 54.9ha) and located around or
closer to the homesteads (Selemani et al., 2012; Safari et al., 2019).

However, forage reserves consist of native pasture species with
relatively low biomass, energy, and protein values for sufficient
livestock performance (Ruvuga et al., 2021; Safari et al., 2011).
Also, forage reserves do not always result in high forage biomass
yields due to alternative steady state influenced by soil erosion,
available plant species, and management (Seymour et al., 2010;
Verdoodt et al., 2010). These forage reserves challenges have led
some pastoralists to use other grazing resources, e.g., miombo
woodlands and feed, e.g., concentrates and crop residues for dry-



season feeding (Mtimbanjayo & Sangeda, 2018; Mushi, 2020;
Ruvuga et al., 2022). However, miombo woodlands are protected,
have tsetse flies (Glossina species), and grazing is forbidden in most
SSA except for some parts of Tanzania. The concentrates use is
limited by accessibility, high price, and large volume required by
ruminants, while crop residues have poor digestibility due to high
hemicellulose and lignin levels (Ruvuga et al., 2022; Subudhi et al.,
2020). The forage reserves, alternative grazing land, and feed
resources challenges affect livestock performance during dry
periods and pastoral livelihoods (Woodhouse & Mccabe, 2018).
There are reports of some traditional sedentary pastoralists shifting
to agro-pastoralism by engaging in crop cultivation for livelihood
diversification (Mccabe et al., 2010; Zampaligré et al., 2014). Crop
cultivation would be futile in semi-arid areas due to high aridity;
although crop cultivation can yield an energy-rich diet, it can end up
limiting the intake of protein-rich animal-source foods, which would
affect household nutrition and food security (Mengistu et al., 2017;
Ripkey et al., 2021; Woodhouse & Mccabe, 2018). It is, therefore,
essential to find effective means of utilising available grazing lands,
like introducing improved grass pastures, e.g., Cenchrus ciliaris, to
ensure sustainable livestock production in semi-arid areas.

1.3 Problem Justification

Cenchrus ciliaris is a native perennial grass species highly preferred
by grazing livestock species in African semi-arid areas (Selemani et
al., 2013a; Tefera et al., 2007). It has high drought resilience and
above-ground biomass of 1.1 - 6.0 t DM/ha in drylands which is
relatively higher than 0.3 - 5.1 t DM/ha in other native grass forage
species (Mganga, Ndathi et al., 2021; Mishra et al., 2010; Patidar &
Mathur, 2017; Ruvuga et al., 2021; Selemani et al., 2013b; Verdoodt
et al., 2010). Similarly, C. ciliaris has good nutritional values with
crude protein (CP), metabolisable energy (ME), and dry-matter
digestibility (DMD) of 47 - 109 g/kg DM, 7.7 - 9.2 MJ/kg DM, and 51 -
61%, respectively (Mero & Udén, 1998; Mganga et al., 2021; Mishra
et al.,, 2010; Ruvuga et al.,, 2022). These nutritional values are



relatively higher than 41 - 107 g/kg DM for CP, 3.5 - 8.1 MJ/kg DM
for ME, and 48 - 59% for DMD within native grass forage species
(Mganga et al., 2021; Ruvuga et al., 2021; Safari et al.,, 2011,
Selemani et al., 2013b). Drought resilience, decreasers status, high
biomass vyield, and good nutritional values are ideal C. ciliaris
gualities as the candidate grass forage species for livestock feeding
during the dry season in semi-arid areas.

However, most of the semi-arid grazing lands receive insufficient
rainfall with compacted and eroded soil due to climate change
effects and excessive livestock grazing, respectively (Dunne et al.,
2011; Kimaro et al., 2018a; Zampaligré et al., 2014). These factors
would lead to failure in establishing C. ciliaris or result in low
biomass yields due to poor soil- moisture, fertility, aeration, and root
penetrations (Ji et al., 2013; Pfeiffer et al., 2019). Land tillage is
suggested to break soil compaction on the cultivated plots to
improve root development and plant nutrient uptake (Ji et al., 2013).
Additionally, some scholars suggest sunken plot preparation,
“tumbukiza” (Figure 1.1), to ensure the collection and retention of
water, which would yield good biomass as was the case in cultivated
Pennisetum puerperium (Gogoi et al., 2022; Nyambati et al., 2011).
Moreover, there is a need to apply fertilisers in the cultivated plots to
restore soil fertility and ensure that grown pasture receives nitrogen,
phosphorus, and potassium in a sufficient amount for plant growth
(Kumar et al., 2005; Silcock, 2022). However, industrial fertilisers are
limited by high prices in SSA and have lower organic matter
contents required to bind together soil particles in the leached semi-
arid areas (Holden, 2018).

Therefore, organic fertilisers are recommended instead due to their
easy availability and to facilitate a circular bioeconomy (Bader et al.,
2021). Cattle manure is among the commonly used organic
fertilisers due to the broader distribution of cattle in SSA and the
large fecal matter produced by them (Carbonell et al., 2021). Cattle
manure has 1.1% nitrogen, 0.3% phosphorus, and 2.4% potassium,



sufficient to promote grass forage growth and high biomass yield
(Landon, 1991; Lekasi et al., 2003). There is no standard rate for
manure application in semi-arid areas as the rate would depend on
the grass forage type, soil fertility, and intended management or
production level (Maleko et al., 2015; McRoberts et al., 2018). Most
pastoralists are not aware of the existing plot tillage practices and
manure application rates since improved grass forage cultivation is
not a common practice in their grazing lands and livestock extension
services are poorly delivered in SSA (Mangesho et al., 2021; Sala et
al.,, 2020). Participatory forage establishment is recommended
through Farmer Field Schools (FFS), which would educate
pastoralists through practices to use the diverse resources for forage
cultivation (van den Berg et al., 2020, 2021).

Figure 1.1: Sunken seedbed with ability to retain water and
nutrients.

The Sustainable Agriculture Tanzania (SAT) established FFS in
2019 to introduce C. ciliaris cultivation to the Maasai pastoralists in
eastern Tanzania (SAT, 2017). A total of 34 Maasai households
joined the Farmers and Pastoralists Collaboration (FPC) project.
However, C. ciliaris cultivation attempts in 2019 and 2020 in the
private forage reserves within the grazing land failed. The failures



were due to unreliable rainfall and poor-quality pasture seeds
(personal communication with project field attendant, June 15,
2021). Also, there is no updated information regarding the relevance
of C. ciliaris introduction in the area since the pastoralists could not
adopt grass forage cultivation under their current system. Therefore,
there is a need to investigate existing grazing land and livestock
management practices to assess the relevance of C. ciliaris
cultivation in eastern Tanzania. Also, it is imperative to change C.
ciliaris establishment methods by using vegetative propagation,
different land preparation methods, and manure. Generally, this
work would provide insight into the strategies for cultivating
improved forage and their practicality to the pastoralists in the semi-
arid areas.

1.3 Study objective

1.3.1 General objective

The general objective of the study was to improve dry-seasons
forage availability for livestock in the degraded semi-arid grazing
land in Morogoro, Tanzania.

1.3.2 Specific objectives
To achieve the overall objective, the following were the specific
objectives :

i. To describe the existing grazing land and ruminant livestock
management at the study site;

i. To evaluate performance of C. ciliaris established under
different land preparation methods and cattle manure
application levels at the study site; and

iii. To determine the pastoralists’ preference/s among the different
land preparation methods and cattle manure application levels
at the study site.



1.4 Methodology Overview

1.4.1 Study design and data collection

House hold survey (Paper 1) and on-farm forage establishment
(Paper | and II) studies were conducted in Mela village found in the
Mvomero district located at latitude 8°0'-10°0'S and longitude 28°22'-
37°0'E, eastern Tanzania. Mvomero, the area is semi-arid with mean
annual rainfall and temperature ranging from 300 — 800 mm and 18-
30°C, respectively (Magita and Sangeda, 2017). The Maasai
pastoralists in the study area were the only individuals sampled for
the household survey due to their large number and participation in
livestock production activities. The stratified sampling techniques
were employed whereby respondents were grouped into the Farmer
Field School members and non-members strata. The two sets of
guestionnaires were developed and pretested. The first
guestionnaire had open and close-ended questions about grazing
land and livestock management. This questionnaire was
administered face to face to FFS members (18 households) and
non-members (22 households). The second questionnaire was
administered at the end of C. ciliaris cultivation to all 34 FFS
members and had questions related to the preferred land
preparation method and the motivation behind the selected method.
The respondents were asked for their consent to participate in the
survey. Similarly, the household head was chosen for the two
surveys, and if not available, the another sinior member of the
household was interviewed.

An on-farm/field forage planting experimental study (Paper | and II)
was conducted on the 0.04 ha experimental plot found in Mela
village. The plot was part of a larger 3.2 ha private forage reserve
fenced using thorn bushes. One FFS member donated the site, and
all members participated at every stage of establishment to facilitate
learning. The plot was first divided into 36 smaller 2m x 3m sub-plots
with 1m space in-between sub-plots and around the main plot.
Individual sub-plots were prepared by using three different methods:
not tilled (NT), tilled flat (TF), and tilled sunken (SN). The NT was
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prepared by clearing only the top vegetation using the hand-hoe,
and TF involved tilling the topsoil using hand-hoe in addition to
vegetation clearing. The SN included raising soil bunds (~3cm high)
around the sub-plot after vegetation clearance and soil tillage. Cattle
manure was collected around the village, composted for 63 days,
and applied on the respective sub-plot. The manure was used at 0
g/plant (0 t/ha), 200 g/plant (5 t/ha), 400 g/plant (10 t/ha) and
600g/plant (15 t/ha) levels per plant. The land preparation method
and manure level combination were replicated three times and
assigned randomly following a complete randomised design. The C.
ciliaris was established using splits with roots collected from one-
year-old plants cultivated in the pasture research farm at the
Sokoine University of Agriculture. A total of 15 splits were planted
per treatment with 50cm space between and within the rows.

The C. ciliaris was cultivated for 12 weeks, and individual sub-plots
were irrigated manually at 5 litres of water per m?. The irrigation was
throughout the experiment except during week 2, 3, 4, and 9
because it rained for four consecutive days. Overall, irrigation was
conducted because C. ciliaris was cultivated at the end of the short
rainy season (January - April 2022). The cultivated C. ciliaris was
evaluated for establishment rate on week three after planting of
splits. Basal cover, above-ground biomass, plant height, leaf length
and width, tiller numbers, and leaves per tiller were evaluated at the
end of the cultivation period (week 12) without cut-back since
planting. The C. ciliaris from each treatment was sampled for
chemical analysis following the standard protocols (AOAC, 1990;
Mganga et al., 2021; Tilley & Terry, 1963; Van Soest et al., 1991).
The analysed components were dry-matter (DM), crude protein
(CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), in-
vitro dry-matter digestibility (IVDMD), metabolisable energy (ME),
dry-matter intake (DMI) and metabolisable energy intake (MEI).
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1.4.2 Statistical analysis

Statistical Package for Social Science (SPSS 20) and Statistical
Program R (4.2.3) were used to analyse house hold survey and on-
farm forage establishment data. The house hold survey data were
grouped into FFS members and non-members; then descriptive
statistics were calculated in percentage or mean values. The mean
and percentage differences between the two groups were compared
using the Student t-test and Pearson’s chi-square test at the 95%
confidence interval in the SPSS. On-farm forage establishment
data, namely agronomic parameters, establishment rate, and
chemical composition were analysed using analysis of variance
(ANOVA) in R. The two-way ANOVA model with interaction was
used with the preparation method, and manure levels were set as
independent variables, while the parameters mentioned above were
dependent variables. The mean pairwise comparison among
independent variables was conducted using Tukey’s test, and
Pearson correlation test was used for the correlation test among
agronomic parameters at p < 0.05.

1.5 Study Limitations

The study was limited by a small sample size of the surveyed
population, and the experimental plot used for C. ciliaris cultivation
lacked replication. This was because a single village (Mela) was
selected because it had FFS and land use plan, but the results can
be applied to other semi-arid areas provided they have similar social
and physical characteristics. Furthermore, C. ciliaris was cultivated
for one season without cut-back for growth standardisation among
different treatments. This could be misleading as it only showed
treatments' effects at the beginning of the experiment and did not
capture the long-term impact of particular interventions under
variable rainfall conditions due to climate change. However, it is
crucial to understand the study's main objective was to test if C.
ciliaris can be established successfully in the semi-arid area of
eastern Tanzania in light of the previous failure. Also, there was no
sufficient rainfall during C. ciliaris cultivation and manual irrigation
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was conducted in selected weeks. Irrigation could be limited by
water scarcity in semi-arid areas, raising the question about its
practicality among pastoralists. Therefore, future studies should time
cultivation around the long rainy seasons instead of the short ones,
which are unreliable.

1.6 Organisation of the Dissertation

The work is organised into five chapters, and the first chapter
provides background information related to the current status of
global food insecurity, livestock production in Tanzania, study
justification, and research objectives. Chapters two and three are
based on papers published in reputable international journals. Also,
they answer individual research questions and specific objectives
raised in this dissertation following the standard research
procedures. Chapter four covers a general discussion and analysis
of the key results from the two published papers. The analysis
includes the interpretation and implications of the key findings. Also,
it raises the research questions that are yet to be answered by the
current work. Finally, Chapter five provides a detailed conclusion
and recommendation based on the key findings and how these
findings could be of significance to different stakeholders for
sustainable livestock production and improved food security in semi-
arid areas.
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and @ong main plot bordars) ware demascated within the

plot and prepared for C cibass

acd ton mathod as descrbed by Gorsuch (1958) The
manure had a pH of 83 10.9% organic content, 1 5% total
nitrogen, 0 7% hotus and 0 3% pot

Individual seedbed-manuie levels were assigned
randomly and topm:uod Ihren Smes per traatment It was

that € otans would be smgated due to

usmg no tll (NT), tilled Mot (TF) and sunken bl (SM)
preparabon methods There was no inlarvention dona
on NT seedbeds except digging furrows of ~10 cm deep
using a hand-hoe tor planting C cliaris and caltie manue
apphcation. There was Llling and harrowing of top soll
020 cm) uming a hand-hoe whan prapanng TF seadbeds
The SN reatment mvolved llling and harmowing folowed
by ereching walee bamers approximately 3 cm hgh using
soil bunds around the individual subpict in order 10 trap
walar and nutrents insde Me subpiot: Caltle manue wes
compostad for 63 cays as descrived by Kajya ot ol (2014)
and appiad at rates of O tha*, Stha’', 10t ho ' and
151ha' The apphed callle manure was mixed wilh tlopsold
for TF and SN but it was simply placed in e furrows dug

:mummmnhlnmeumammmhssnmm
m t fallures y, spits wera
uudmhndalmdmhhhdxolnm-uosum
of qualty forage seads in the courdry Spits, wheeh wera
approomataty 15 am-iong sections af piant contasnng bath
maen stem and roods, were collected from one-yoar-old
C cbans plants cullivated in & pasture ressarch famm st
Sokone University of Agriculture, aastarn Tanzans. The
splils were N sach treatmant at the rate of 15
spits par subpiot with 50 cm spaceg betwean and within
rows The C.ofiars spiits ware planted dunng the shod
ravrty season (Jenuary 2022) and wore imgated manually
sarty 1 (he moming iree limes 8 week using cans al the
ate of approximatoly 51m7  Individual subplots wees
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Mperdl Margs Mushe e Masao

Above gronand tsmass © 00 8 « pland hegra (om
& 00 bt cower (W) 1870 | 50 00|

Do anadynis
Sutyey dals were calegorised and coded Inte FFS
bors and non ey The coded data waie then

Pl OO §
.‘_*_.‘.""-‘ ‘ ‘

A Tenperature
- Ran

iy

analysed using Staistice Package for Socl %
(BPSS 20) Dite on livestock production, grasng land
munag wnd FFS parvep of C ctarm
oslabishimant were analysed and reporied in either
MOAN OF POIRNtAge values Case parcaniages wate
toporied on MUltple (Esponse questuns whech 1esulied
0 1ol percentngs axoneming 100% Student fest and
Paarson's chiaguare tas! were used 10 compars maan
and p apn oiMee Frs 5 ad
non-membenss, and woare doclared sgnificant w p < 004
The T Tests wors Uned DOOAUSS Of he OMerences I dsa
DU, L8 Pnence versus normnal

The C oMavis eatadindimeil fnin. bosal cover and wookly
tnomass Yyl wete analysed using H-statishcsl program
(429) A woway ANOVA model was used 10 anslyse
OnlaBishment fale. Dasal covl g Diomass ekl (Weak
10). Thes model wins denined o

¥ 0 Bewadbod typa ¢ Massas loval ¢ Sasidasl s

The establshment rate was nn on ANOVA type | while
Bansl covet et DIOmass yiokd wemm 1un on ANOVA-Lype HI
The weokly bramass yekd wes sanlysed usng (he anatyss
of covmniuncs (ANCOVA) model

¥ Bstabibabwani 1 * Wonk = Induponsent varabie
(Meedbed type o Marure level) + Renodus mirec

The estabilnhiment (sl wins sal #s covanote becauss I
vaned signifcantly among Independent varables  Meon
values wete @ Indnp vatiables by
g Tubey's mnitod s the O5% confgenos interval

Kapt cattle, gosts nnd shaep, whis 15% sapl ontte only
and 10% kopl catte and goals These bvesiock spocas
wore oo Desedy such as Short Homed Zeba cafte, smed
Eaut Atncan poats and 1od Masss sheop  Thats ware 1o
Aifersroes (p > 0 05} m herd composition betwesn FFS
mariers and nomembers, ms shown 0 Table 1 However

rder of grealest 1o lowst importance Milk was the commen
Tvantook, pIOduct Mo ketod by I two pasione groups and
wan 5ok ot locsl manet @t 500 TZ8 sivlings (~ 0 20 USD)
por Mie durmg Wie wel season and 1 000 TZS shillings
(* 043 USD) in e dry season Relatively moece milk was
Produced et cow end avaiabiln 106 sale g ihe wet the
0 e dry season | Teok 1)

The maonty of imspandents (00%) &g ool colinct nor
Aapose of maeiinm. A Bed (A%) collectod manum mnd bumt
o 0 scurce of el (cookng), ised # for crop culivaton,
o o making beddng mateneis Livesiock disense wos
MONBONNG by Wl MspONGanty a6 1he mapr chalenge Worg
hon bvostook Contagious Bovine (COPm)
and ok borme disoases such as Eaut Coast Fever (ECF)
wore i 10 huve Pigh lovets of ocourence. Forage seesonsl
walatality was menboned by many pastorsists (00%) m o
livestook production chabenge followed by the commural
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and 1enure system (73%) Snoo rngeland wos cofecively
owned  Also, more than ona-thwd of the  interviewed
pasicenbsts (18%) d facing
Mmssmmmnmmmm
TNy SEES0N M0 FRceeved 10w DOces for Mes milk whan they
U Booess thee

Grazing land management

These ware o vanations (o > 0 05) in pastonalists perospl-
was of grazing land condibons. both pasioral groups
manboned that & was of poor qualty becauss they had 1o
fraved long destances and speit a long hime (> 8 hr day*') In
search of pasture Mo than haif of the respondants in e
Two groups wore not carmying out any rangeland smprovement
practices (56% Tor FFS membes and 55% o not-mernbess )

crentng forage reserves (Ol This waes done by seting
Askie her pevatiely owned land and useg # ior grazng dunng
1he &ry seasons. These privatoly owned fomge reserves had
an avarage s2e of 08 ha for FFS membecs and 2 ha for
noey memboers.

Raspondsnts wero alse d i ofhwer armed
at mitgating fuage shotage  These includad migratryg pant
of their herds to ather arers (B9% of FFS members and
B1% of non-members) snd feadng crop rewdues (Moo
stovens), camad oul by 72% of FFS mambars and 1% of
non-members. The cop residuas ware purchased from the
crop owners and fed lo Ivesiock on he puchase ste Al
wiles d FFS s and Non were wilng o
cultivale forage ns & mesrs of mitgaling forsge shonages
mmwmm;;m.nma

Some FFS members (25%) and non- bers (40%) wers wage, land o systems (communal
hip, dissegard for privale property, and emgraton of
: mmwmmmml.mb
Table 1 Hew g wet ik Fan Faio
Sched (FFS) v ey . e e plantng matanals. and laege herd SZe, 1 GBSCRNGNG Ordar
wrob of eastern Tanzanis of imporiance. There wees no statistical differances m pastue
establishment challenges between FFS meombess and
Vet o -
o i Pastoral percaption of seedbed type and Cenchrus
Livesiock apecus memhers non-members
(m s 1) {n s 22 ciliaris establishment
Gl bL%) e Mary dents (53%) selected TF as thell preferred
Goaty 128 04 seadbed ype Tof estabishing C cilans foliowed closedy by
Sheep 70 121 T (A5%) S (%) was the least prefermed The respondonts
Mk Wiy aay! e d TF b it was pe d fo result m high
Nl producon FFS FF5 Dlomass yiekd (06 of respondents) with kow manegenal cost

Yient pat cow, wet Season 14 14
Mk soldihousehold. wet seasan 64 4z
Yieidd per cow, oy season 05 [\1.3
Mk soldhousenhol, dry seanon 20 30

(5% of respondents) Those who selected NT mentioned
that @ was an sasy method of astabiishment {wss lMbour
required) despite low biomass retuned, while S8 was not
profonted because o was isbowr intensive and had low
bromass yield. Oversll, the C céans culivalion study showed

PERCENTAGE (%)

Lack of \echncal
rowiedage

Figore 3: Chalerges bmibing postiune estabbatvrmnt #s expeessed by Farmer Fiedd Schoo! (FFS)

A serteand Ao aastern Tanzaia

| DFFS member  WFFS non member |

Laege herd sow

LERLIE me2
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Mt Mere wers Sigr Aiffew in wstabl L
amang sasdbed fypes (7 < 0.001) but not n manure evels
©=0413) The estabishment rahe was lowes! in SN (87%)

wivie it was semder In T (95%) and TF (07%)

Canchrus cillaris biomass and basal cover
The weekly bromass changas of C cllans sstatished m Svee
diferen| soodbed types and four levels of meamaee apphoston
e shown In Figure 4 and Figure 5. espectivaly Therm was
omwwndmmwm
evels, with TF foliowed by
NT, wmmmmmwmm
" lovess as fo 0<5<10<15tha™"
The Dromass varabions ) sesded 1yDes and manue levels
wers sigmiticantty dfiersat [p <0 001)

There were sgnificant vanations (p <0.001) o bassl cover
and Bomass ylek! by Week 10 Befawen mmnues ey and
saached typas (Table 2) Bomass yki was at the highest
n TF and lowest o SH whch wes s o NT Manure
O 1ha™ hod lower Dumass yeld in companson o 151 ha™'
whist oifers in batwean On Ihe other hand basel cover
was hgher i TF than SH while NT dd not vary with arther
of the seadbeds. Manure 10 tha' and 151 ha* had hagher
s cover than manure O ha' whvie marore 5tha' wes
ridermedets

Descussion

Livestock and grazing land manegemaent
mmammﬂumm
of cattie gosts ane shasp o

harsh semi-and conditons. e g wu-—w
(Filho &t o 2020). As reporisd m ihves sludy imul-species
Weasiock hards ars S0 important for efectivaly ubiising
gmang land  This s becausa catthe and goats have diferent
fornge prederences, and goats small se enabdes them
mmnmmn-muu 2016
However cattie remaen a p pecws

both FFS and non o ﬂ'ﬁ‘l)-m
made uwp the largest partion of the herd structure, winch
wirs aieo noted by Kimavo of al (2018) The FFS members
nad relativaly fewer catlie. sheep and goats compared o
NON-Mambers POSIDly dUS 1D Ther IOWer SOC0-SCoNOmIC
status This was also evidant in the smalier size of thes
Divabes forsge reserves, and may heve mede Meembers mone
noined W jon the Farmers and Pastoralists Callaboration
(Woodhoune and Mocabe 2018 Ancther remsan for small
nerd size amaong FFS membars coukt be concaatment of
aciual hord site n fesr of refocation or deslocking csmpagns
by Me goverrement. Pastoralists do not Trust Me goverrenent
becausa of e use of anvironmentsl DECtRcton as Me pretext
for k and d ds 1o redc 3
number in the past (Mindi of &i | 2014, Weldemichel, 2021)
Hongthelass, the two pasionl groups i Bus Sudy had had
sizws of 105000 for cattie. and not more than 108 for goats.
and 108 ur shaep. par household, as eparted by Kimam &t
ul (2014) and de Glanwiie of al (2020) for pastombmts 0
Tanzania The yanstions in hend si2e per household Detween
the studies could be due 10 Ivastock mugraton snce 1he
survay was conducted dunng the dry sosson, or he mpact
aof chmnale change rangeiends degradalion and Gsesses

-
-~
T

L R
- hNe B e
T

BIOMASS YIELD (1 DM ha™")
Now s

- -

™

N~

3 L] ! 8 s "

thmnwu—dm
on three types (1 nat
n-»-ut Wed faf » TF and tled sumtan = SN)

T T TTTTT T T YT

Dbioowany of Cencheus
s estatinhed on four manuwe levels (0, 5 10 e 151 k™)

Figure 5. Weekly Change n

cmsng deaths (Adranssn and Neisen M05. Mccaba ot ai
204)

Cow's milk wes 8 sourcs of lood and & commonly madketed
livestock. product for housahold income generaton = Ihe
mny ares These fndngs e sanidar 1o hese found

Sluches by Fiho e ol (2020), Omollo et ol (2018} snd Ripkey

CR mnmmummdmm
ity ard #s = sowrce of income
mmmmu-um which showed
thar lack of megrabon into the formal doiry value chan as
wits ais0 notad by Baywyenae ot & (2018) Twine &t W 2017)
Wued et pastorsiists e not INgrived o e formal
manet bocause of seasaned mik pekd vanabons as shown n
Tabie 1, whach rnske a0 svastment in mik collection fecilies




Avican Seamal of Rasge & Fooge Scsncw 2004 41(1) 2328

21

Table 2; Anove-grouni Gromass ywld and base cover (Wesk 10)
of C chans on thiee types (not
Wied = HT, ed fat = TF st thed sumen = SH) und fowe mamee
Wevels (0,5, 10 and 15 1 i)

OOOUIMHNGES BMONG PAsIOMnD a6 Jue 10 o lack of alfecive
disoase control programimas, & (. vacanabion, paasite
control snd beosecurty measures, exscertaled by the maing
dmmmmmmrmm
(Mangesho et al 2021) Livestock d ard
mmumn«mnmam
markating bubs. as it has been done provously I easten
At nocthern Taezanis (Pram of ol 2015, Raa ot al 20149)

Forage production and pastoralists perceptions
pastoralists wore all willing 1o parsopate n

Seedbod M.lnhvdmu')
tow [ h

|D
nr ‘IF F o
w o~ 040" 10 1=
B K P Ao l?" - Intwy

Banut cover (W)
"w arw L]

w o1 069+ (£ 81 e
s 5 i 6l oot R " Im

Maans in e same column and raw win dilferent Intinrs and
symechs respactvely. were Affunt al p = 005

unfensbie Ths atso oxplans e low mik pnces 0 the local
i hol dure) the ey season Deciwse of maket selumion
and 8 hgher poce in the dry season s 10 reduced sipply
Prstorlsts need 1o secure suMcint ivestock Teed o as
10 maintsn 4 hgh ek ysid throughout the yose Howaver,
fhus might not be passbie in he study mea. whore ivestock
pert 8 long lime searching foe fodder Indcating the nabety
of grazng Wnd 1o sUPHoA apimuim Ivesiock performance,
18 poor rngeland condfion It & also worl notng thal when
vexiock onds K spond a king bme focaging on poor cofddon
QMg SEnd. s can ead 10 ower dvesiock pedormance,
weght loss s aven death (bung ef ol 2002)

The prwsance of offes fangaland users and Ihe préavailng
communal land 10uTe Sysem 1 the shudy ase Ao manage-
mont challenges #hat can lead 10 8 tragedy of commons
scannek 55 described by Moz st al (2015) We Dekéve (hat
grazng and Impeovement pracices 1 e Study ares shoukd
take indwacusl mstead of group spproaches, and nghts o
provete forage: reserves nesd o be enforced. Mary survey
1850ONBANS ware Setling asice forage feserves on ther
prvdaly owned land which was sho obssived by Seleman
ol ol {2013) Thes proction secures o forege esource for (he
Mvestock cwnar Dut some Natve grass species Il grow o
hese reserves are of poor quality and cannol meedt livestock
manbons roguitemonts K satistactary produchon (Safe
ol o 201Y) lmmmmnmﬂmu
unaustainable e eMocts
mwwmmmmbmm
diffarent users (Godde of @ 2018) The FFS members
(T2%) and noo-memmibens (B1%) were using crop ressdues.
G0 MOZG stovers, uwymw mmmw
Jow digessbdity due 1 hegh st
mmmmmdmmm
ummmmwmaym«muu znm

Lack of an eff ity 9 syatogy,
ik yweld fuctustions, nndlv.unndmhof

pasture grass production bul were kmited by the lack of
wchnical skits (Figure 31 simdar to tha indings of Omodo
ol of (2018) Thes emphasises the mmportence of ihe FFS
g the sred pastiare cullivation skilly among
pastorasis. Howaver, e lack of lechnics wkilis aid not
vary between IS mambers and non-members (Figure 3)
becuuse FFS was orly established in 2019 and the previous
attompt 10 establish C ciors o the study area faled
Howavar, C cllars was astablished in the
cument study ot m rate of B7-G7%, which was highar than
the 00% reported by Bhalt el i (2020) in other sarm-snd
wrens The contrust = due 1o differsnces in the estabish-
ment manods, Imganon and planting materss botwean
e o studies. The sunkan seedbed (SH) technigue had
Me lowes! eslablishment tale (B7%) corrpared 1o nol lilled
(lm-nomnu(m despite ity shility 10 collect water
and stnant runofts (Hy ot al 2091) This s
umnmmmmcd%ks“ Figure 2)
Que 1o heavy rardall is € wats dusignad 10 colect and retun
waler anid C cillans &= unable o lolersle walsdogged soil
(Kosch sl al. 2016) Walelogong con also expiin i low
blomass ncrease obsarvad in SH compared to HT and TF
(Fgure 4) Theretora, S11 is not @ sustable soedbod prepam-
ban for the establishenent of C. alany n conditions where
walslogging can occut. The doks suggest that TF 1 ihe best
seadbed praparation method for C cans astablishmant in
M6 Semi-aid 2000 of Gostern Tanzana

Fawnl (Woek 10) twomess yiokds (SH B 1 w0 TF 101 10M
hi') repaited o s study wore Pagher than 2-6 | DM ha™
reported for C olans in semi-and aress (Mishva of of 2010,
Patdar ana Mathur 2017) The otferences we extreme
consdarng C cars wes cullivaled Sor o very short lime n
s study, which implies fat Equation 1, used 1o sstimate
omass yokds, skowad tha resums daspie it igh edpustod
R2 (0.93) We recommend thal Equabon 1 should be
rerexamned and modified befors beng used to sslimals
C ol bomass In ot studes. Bomass ywkd Incraased
with un increase in manure lovels, which was expecied
due 10 mput of nutrents and orgamc mattee (McRoberts
of al 2018) " can bo further deduced that & manwe
apphication level of 101 ha ' o 151 k™ 15 better then O o
Sha™ for G olavie cultivation in semsand aees There in
an oppottursty to abdain e wguUIed man snce most

and livestock dissases High levels of livestaok dsense

pas (55%) in the study area welo 1ot using manus
for other purposes. Dung 15 bsuslly deposited by calis
drectly anlo ihe graszed land, shematively. pusionists olats
mon Ivestock corral hokiing facities as # means of creating
nutnent-dense petches which support fonsge regeneration
(Muruba of o 2018) The pastoralists manwe use in
C clbwis ulunton regures Naiher shudies 1o delecne iy
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wflocts, cost and hade offs on overst raeng land hesith n
oo arons

Tha sl cover rapoeting in this SOy (Tatee 2) was witvy
S1-TH% whath 15 cmtegonsed & good I drytends and wes
gher Man the 15-47% teponed In grazed mngelands n
wastrn Toanzoois (Ruvuge of sl 2021) Bassl cover can
Prohedt the nodl srface apANat eroson ageetts such as wing
surince naofls and vesiock rurpleg (Duree of ol 2071)
The good Tl Covar 11 e currenl Wludy snphasses e
mporiance of Culivesng ImHraved herege specws for tgh
Domess ywids ang hewiBty nerntand raoguinods in Asios
The tassd cuver (00 not vary betesen 1T and S5 despin
he observed differences 1 Blomass in the cutren! studty
This coud ba cae 10 the soll comgaction a NT wine mied
wbel iAeahion, SO anialion end o0l Sevelopiment Bist
o than afect e 400co plant growth (N ol »l 2013
Lack of uodl compacion and sesdbod fio oy sitre)

to 8N and HT Thess mesults inthoste that TF ssedtods
are suftabie for C clans ouliivabon i Thes semi-and site
Marure apphoston levts of 101 ha snd 1451 he d o e
Pughest tuomesss yelt! and besad cove bl 10 | har ' level was
feconImanded for GIass OUMVRon o ees Wi 1o 600l
Doned w uning an extin S1he The C© aliens oullivabon
wak relevant o pestoralsis i the ¥ludy ares and coud be
Planted and grown scoesstly m Pin povalsly owned Jorsge

Adtmawiedgoments — The suthors we graedd 1o Mty of
Liversiock and Fanary D v Dape of On 9

£ nad une " e sdy Faoady
we e gratehd 1 Pe o who s very
el bed 1 Do o P s

fackons 1 Be bugher basal cover observed i TF As TR0
ang TF15 hed basal cover valies in e uppar lenits of
S1-T5W for good mngetand condon in e drylands. they
W0 AeCOITNGed (% The Dot sendted Snarsire Treatments
of © clbevie svlabiehioent Treatient TFI10 i hought Yo
e el because high manue evels wosld demand mone
labowr € dnims of handing and would 1k eovronmenis
POMBO Qi 10 W TAMNES ety

The NT testment was selocted by some tespondents
(45%) due 10 s semploity Gesgein &y Mawer Diomans yield
This wars probatey Decauss hand-hoers) i & thskind Sags
tectvvque tor TF and SH greparaiion m e wea In the
N, draught power could D INkoduond hrough FFS e
- termative land Miege method Pesioosists rapcied S)
S0t praparaton Becasse | wis Toughl 1 e 1880 -
intenysve It semall scale horbiouliure producton, S felds se
comInan and st more relevant 10 lonege seed production
(MRenen ot al 2001, Maleho of w2015}

s doar that the FPS actwevad ity indended objectves
of mtabishing C ofans sucomsiully and impertng Siage
cultivartion skils useg avslablo lesoueces. 6 g cattie manue
10 o marmbsrs o thes study  The FES shourd be ised o the
meurs for horonksl sowiedge and fechnakagy et V0

pastocalistn m wooand arews (van den Deep of of 2000
021). Goneraly, owr survey sugpesing that C ol
cultivadion s polecdially valusbie 1o the paskoiaisls o the
Shady wea and ths persnossd grans can be estabiinhed on
thew priviuly owned forge resecves.

Conclusion

Pastoralists keep indigencus vestock breeds which we
wn impocient sowoe of foad end income Gaazing lung
CONMBON Was Porsved 10 He poor by both FES memben
o non eneebers seces vestook 3pont 8 Kang Sene in sewch
of forsge. An unclosr and tenure sysen Itded apbions ko
land smprovenent. heson grazing dand amprovernend shoukd
o done ndivdusily 10 tuke sdviringe of sheedy scstng
prvetaly owrnd formge reserves  Pastoratistn ware willing
0 oulivae forages on el prvele land. howeve . bothy
FES mumbors and non membens were miled by & lack of
tectwical kevdedge B thes study, C olbess wies sucorssiully
aslatdshiad with TF having 1he taghest astabissnment
rain. bannl cover and weekly thomaws charge compared
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Influence of seedbed type and cattle manure level on
herbage characteristics and forage nutritive value of
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Comchrur clliariy (Afriean foxtall grass) s one of the peremnial grass specles with high dreought and grasng telersnee,
Blosmnes yields and nutritionnl yalues. These factors em| e (s potenting 1o bgirove Nyvestock production i deylands,
The stisdy wan conducted to lnvestignte effects of seedbed types and mantee bevels an C oiiarts herbage chareteristios and
wutritionnl values I o sennl wrid aren of eastern Taneanda, C ciarts wis coliivated for 12 weeks on three seedbed types,
waimely not tlled (NT), tilled fat (TF) and sunken (SN), wich catthe mamure applied at 0, 8, 10 and 15 Vha cates, Forages
wore evnlated for blamass yiedd, grass cover, seed production petential, aod sutritonal valses. Fornge bomass yiedd and
s cover were affected by seedbied type and mamure Jevel, The consbbaation of TH seodbed wmd 10 or 15 Uhin eatthe manure
Boaik the Tdghest fornge Dlomnrs yields of 12,4 sod 12,6 1ha, respectively. Similarly, TV seedbed with masre 10 and 15 (/b
hadd highest vegetative covers of T0.0% amid TR2%, respectively. Tnflorescence density did not vary sieng seedbeds aml
wmamnre levels, Forage energy and contents were not affected by seedbed. Energy intake was affected by manure
bevel wheveby It was higher b manure 10 and 15 Uha for all seedbods. 16 was conclinded that TF amd 10 tha are the best

seedbedd amid mamire bevel (o exiabbish C oflimeds for sustadnable Tivestock feeding (o semd ardd arem of enviern Taneanin

wodd slenblar eny bevmment,

Keywords: Tillage type, buffel grass, African foxtnil grass, forage b

African grazing lands are facing an increased
rte of degradation due to climate change
offects and reduced livestock mobility as o
result of land wse changes (Abdalla et al
2018). Also, native grass species 1 these
grazed lands have low digestibility and vy
seasonally in terms of bomass yields and
energy content (Ruvagn et al. 2021). These
limitations  affect livestock  production and
livelihoods of the households that depend on
these resources (Dunne ef al. 2011; Ruvuga et
al 2021). The introduction of new grass
species 1 seen s 4 viable solution to improve
grazing lands and enhance fornge quality and
quantity during dry periods, This would lead to
effective utilisation of grazing lands through
improved animal production (Opiyo ot al
2010, Patdir and Mathur 2017). Cenchrus
ctliarts (Afiwcan foxtail grass or buffel grass) s
among  the perenninl grass  species  with
drought resilience, high biomass yields (up to
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yreld, mil

13 1 DM/hia) and nutritional values o.g. energy
of 7.6 - 9.2 Mlkg DM and protein up to 103
gkg DM (Bwire et al. 2003, Mishi ot
2010, Ruvugn et al 2022). These thetors make
C. ciliaris m ideal candidate for grazing land
restoration and livestock dry senson feeding in
senu-nrid arens.

However, €' eiliaris production is faced
with various challenges in grazed semi-and
regions  such as the need for fertiliser
application  because of poor soil fertility
(Kizima ot al 2014, Koech eof al 2016)
Recommended synthetic fertilisers are not
casily nccessible by the majority of resource-
poor farmers in developing countries becmise
they are expensive (Lekasi et al. 2003).
Organic ferfilisers e.g cattle manmre con be
used as an alternative 1o synthetic fertilisers
due to high nitrogen (1.1%), phosphorus
(0.39%) and potassium (2.4%) contents that are
required for optunum plant growth (Lekasi et

0041-3216/2023/030191-208
© 2023 Trop. Agric. (Trinidad)
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al 2003; McRoberts of al. 2018). Also, cattle
manure is abundant in Afiican drylands due 1o
the presence of large populations of cattle that
produce a buge volume of faeces. The mamue
application mte depends on soil fertility, the
type of forage cultivated and  fum
management (McRoberts et al 2018) It &
therefore muportat 1o evaluate  diffevent
mamwe application rates at a specific site o
that 1o determune the optimal levels with the
best outcomes i terms of C. cllaris herbage
charctenstics.

Furthermore, soil physical properties such
as bulk density can affect forage establishment
and growth m semv-and areas due to soil
compaction because of histoncal hvestock
overgrazing (Dunne et al. 2011). Establishing
forage on pon-tilled sosl can preserve sml
organic matter and bt carbon escape winch
can contnibute to climate change mtigation
through carbon sequestration (Abdalla et al
2018). However, compacted soil can affect
water mfiltmtion, soil  acration,  root
development and  peoetration  thus  reduce
biomass yield (Opiyo et al 2011). Tillage is
widely used to break soil compaction m
agricultural lands to enlunce plant yields.
Sunken seedbed (Tumbukiza) s gaiming
recopnition m sexm-anid areas as an aliemative
techuique for establishing forages because
can retam water and nutnents as wis evident
Pennisetum  puerperivon  cultivation  study
(Nyambat: et al 2011). Thas study was
therefore set to compare the effocts of not tilled
(NT), tilled fist (TF) and tilled sunken (SN)
scedbeds o different manure levels on herbuge
charactensstics  and nutritive value of C
ciliaris. It was hypothesised that NT seedbed
and Jower levels of mamue will result i poor
berbage characteristics and nufritional values
compared to other seedbed types and higher
manure levels,

Methodology
Study area descnption

The study was conducted in Mela village
(Figure 1) Jocated 1 Mvomero district (§°0° -
100" S and 28°22' - 370 E), Easterm
Tanzania. The village i in the southwest of the
Mvomero distract at an altitude of 600 - 1200
m The region receives annual ranfall rnging
between 300 - 800 mm distributed mto two
muny seasons, the haghly varmble shott rmny
penods (October-Janmary) and the long ramy
penods  (March-May); temperatures  range
from 18 - 30°C (Magita and Sangeda 2017),
The area around Mela 18 mostly flat with well-
damed soil and  semi-and
characterised by scattered bushes and grasses,
winch makes o ideal for livestock grazing
Understory  herbaceous  vegetation s
dominated by Bothriochloa  intermedia,
Enteropogon  macrostaclyws, Heteropogon
comtortus and Aristida stipoides grasses while
Combretum collinum, Commiphora gfricana,
Dichrastachys  cinerea  and  Piliostigma
thonningti  arve  common woody plauts
(Mdegela et al 2022). The selected village has
a land use plan m whach 60.8% of the land was
allocated exclusively for grazing at a stocking
mte of 93 Tropical Livestock Unst
(TLUYha/year in 2021, Maasai pustoralists are
the major ethauc group occupying the ures
allocated for gzmg which is commmnally
peactsces.  These pastoralists  are  highly
affected by seasonal forage vanstions and
grazmg  land dquaduionvladua 1o poor
livestock performance and wcreased conflicts
with other land users (Magita and Sangeda
2017). Presence of land use plan and increased
signs of grzmg land degradation such as soil
erosion, weed mvasion, and loss of palatable
prass species led to the selection of Mela
village for the current study.
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Figure 1: Map of Mela village in Mvomero district, Tanzania showing location of

cxperimental site and land cover types
Expenimental design

A 01 acre (004 ha) area of land withm
allocated grazing land was used m the C
ciliaris cultivation experunent. Selected top
soil (0 - 20 cm) properties of the experimental
plot are shown in Table 1. The C. ciliaris was
rools which were sourced from a pasture

193 Trop. Agric. {Trinidad) Vol 100 Ne. 3 Juy 2023

research farm at Sokome Umiversity of
Agniculture, eastern Tamzania. Dry cattle
manure used 1 the study was collected around
Maasu  settlements (bomas) and m  the
facilies where cattle were kept overmight
(kraals). Collected manure was composted for
63 days following the procedures of Kajiva et
al (2014); s properties are shown m Table 1.
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Table 1: Selected properties of the experunental area topsoil (0 - 20cm) and conposted mansre

used dunng forage establishunent
Parameter Soil Manure
Amount Remarks Amount Remarks

pH 1.7 Shghtly alkalme 826 Mildly alkalme
Saoil texture Silt loam  Sustable -
Ongamc content (%) 091 Low 1089  Hgh
Total utrogen (%) 009  Verylow 147 Very hugh
Extractable (mgkg) | 824  Low 0.74%  Sufficient
Calemum (Ca™) 6.55 High -
Magnesium (Mg™) 158 Medium .
Ca/Mg 416 Favourable .
Potassmm 041 Medim 031 High
Sodium 0.76 High -

Nd—-vl—hnwnd“ reguirements for forage growth as detoved by Landon (1991)

The expermmental area was divided mto 36
plots of 2 x 3 m with 1 m space in between
them A completely mndonnsed design with
and SN) ench st four

The NT dd oot

£7§

i
i
H
i
E

£

SN plots surface, whalst #t was applied in
the NT plots burrowed pat

The C ciliaris wplits were planted m rows
with S0 cm spacing within lines and between
each row. The C. ciliaris was cultivated for 12
weeks counting from platimg day without cut-
back and mamally srigated using cans ot a rte
of § L/m’ three times i the selected woeks (1,
5, 6,7, 8 and 10) during the experunent. There
was grigation in the respective wooks bocause
#t did pot tam for four consecutive duys and
The mam was overall lugh from week 2 - 4
abruptly with sporadic distribution (Figure 2)
Also, forages were hand weeded whenever
weods were observed in the plots, The C
ciliarts wan evaluated for different herbage
charactenstics, nutritional values and potential
10 produce seeds at the end of the study
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Figure 2: Mean weekly
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and rainfall distribution in the study area during the

temperature
study period, 28 January to 28 March 2022 (Tanzania Meteorological Agency 2022)

length and across the nuddle of the lkeaf for
width. The nller pumber was determmed by
countmg all tillers withm the quadrat frame (1
or) Leaves were counted i ope tiller from

plant cover was measured usmg
the Canopeo mobile apphication version 1.1.7

195 Trop. Agric. (Trimidad) Vol 100 No. 3 Juty 2023

for Androxd devices by taking a quadrat’s
acral picture about 0.6 m shove the ground
(Patnignam and Ochsner 2015). Inflorescence
density was determumned by counting all
mflorescence found m the indvidual plot and
nmmuph(mbdﬂm&nﬁy
per or. Five mflorescences were sampled
mandomly and measwred for length and
diameter using 5 Vermier calliper. Above-
ground forage biomass was obtamed by cutting
forage about 10 cm above the ground m each
plot. Harvested forages were weighed
separately usmg a scale and a sanple was
taken to the boratory for chemmcal analysis.
Above-ground biomass was defermuned as the
product of conplete dry matter (DM) and
barvested forage per area

The C cifionis samples were aw dned
mdividually at 60 - 65°C for 48 — 72 h until
constant weights were achieved so as o
samples were ground separately to pass
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# | nun screen. Full DM (ID 930.15)
and ash (ID 942 05) contents were analysed
following the Association of Official
Analytical Chenusts (AOAC 1990) standard
methods. The complete DM (product of partial
and full DM) wis used as the basis to estunate
forage biomass yield on individual subplot and
reported in t DM/ha. The Kjeldahl method (1D
954.01) was wed i crude protem (CP)
analysis while Van Soest et al (1991)
techuiques were employed during neutral
detergent fibre (NDF) and acid detergent fibre
(ADF) analyses. [nvitro  dry  matter
digestibility (IVDMD) was  determned
following the Tilley and Terry (1963) two-
stage peocedure. Model 0.15(0.98*IVDMD-
4.8) was wsed i estunating the metabolisable
energy (ME) of sampled forages (Bwire et al,
2003).

The DM intake (DMI) and relative forage
values (RFV) were calculated based on the
NDF and IVDOMD values of a respective forage
sample using Equations | and 2 which were
adopted from Mganga et al. (2021)

Dry matter intake
120

= srutral detergent fbre ) OV

Relative fornge value
B dvy matter digestibility x dry mutter intake
129

)

The DMI was converted from caleulated
percentage to kg DM/day by using
Tropical Livestock Units, TLL (250 kg) as a
standard with one cattle equivalent to 0.7 TLU
= 175kg live weight (Ruvuga et al 2021). The
DMI (kg DM/day) was used to estimate daily
metabolisable energy intake (MEI) based on
the ME value of the respective sampled forage
Mean grass cover was categorised as very poor
(0%%), poor (1 - 25%), fair (26 - 50%), good (51
« 75%), or excellent (76 - 100%) as described
by Ruvuga et al (2021).

Data analysis

The R statwtical program version 4.0.1 was
used to analyse berbage charcteristics (above-
gound fornge biomass, plat height, leaf
length and width, tumber of leaves per tiller,
tiller density and mflorescence
charactenstics), grass cover, nutnitional values,
DML, MEI and RFV of cultivated C cfliaris.
The ANOVA-type Il model with mteraction
was tsed 10 atalyse effects of seedbed type and
manure level on the dependent vanables. The
model used was:

Y = soedbed type + manure level + seedbed
type * masure level + residual error

Tukey's method was used 0 compare the
trestment means st P < 0,05 Herbage
characterstics were analysed for correlations
using the Pearson correlation test.

Results
Herbage characteristics

The herbage charactermstics and grass cover of
established € ciliarts are shown i Table 2.
Seedbed type and manure level affected (P <
0.01) above-ground forage biomass and grass
cover as expected but their interaction was not
statistically  different (P > 0.05). Foruge
biommass and grass cover were highest at TF
all masure levels while they were lowest at
NT. Forage homass and grass cover were
highest i all seedbeds with manure at 10 and
15 tha, while they were lowest at 0 tha
masure  level Mean grass  cover was
catogorised ms good m almost all treatment
combinations except at TF 10 tha (76 0%) and
TF 15 tha (78%) which were excellent.
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Table 2: Mean herbage characterstics and grass cover of Cemchrus cilffarts established on different

seedbed types (NT = pot tilled; TF = tilled flat; SN = sumken) and mamue levels
Seedbed type Mammwe level (tha)
[) 3 10 13
Biemass (1 DM ha)
NT 195 (X 784 T84
¥ 993 1028 152 o e
N T8 74N G FA S~
SEM () 07 06 0§ 06
_Plant height (cm)
NT % 103 3*A% 108 3+ 109 8°4
1F 113 117 A 1223 124 ™A
SN 105003 109.125 11814 1186
SEM () 18 26 24 k ¥
Tiller
NT & 37 <65 617
TF 453 o L300 b+
SN iset 206" 39 156
SEM (=) 26 M7 505 S0.6
Number lesves viller
NT 953 10245 104 1035
TF 1032 0. 7AR 109+ 107
SN 10122 10528 | R 105242
SEM (£) o1 0l [ 8] o1
Leaf leugth (cm)
NT P Y 29. A8 L R
TF 305 LT 33 334
SN 9.0 30 AR ;A D
SEM (=) 04 0s 04 0s
Leaf width (cm)
NT 056~ 1o1=% 103°5C 106
TF Lo 1052 106™2E LIE
SN 1Lo1A 106" " O RE LIIWE
SEM (=) 001 001 0ol 001
Graws cover (%)
NT %2 Ak 67008 3o
TF 65 ™A T RAS T6.0MEC g e
SN sT8A 63 342 68 12< 7034
SEM () 27 19 15 15
SEM ~ Sundard error of the mean
Sovdbed npes with different smoll letser in the same columm ond mamoe levels with different copatal letters in the
some row are stotisscally different
Taller was affected by  leafwiith were hagher m TF and SN than m NT.

sgficantly

secl:adl)pe(l’=0,0l5)h!mmbwk(l’
=0211) It was 487 - 617 tillers'rir’ at NT whach
was higher than SN (356 - 486 tillersur) while
TF (453 - 582 tillrs'nr’) was mtermedate The
mumber of kaves per tiller, plant height keaf
length and width were all igmificantly affected (P
< 0.01) by both seedbed type and manure level
Phnt heght and leaf length were haghest m TF
comparad 1o other seedbeds; leaves per tiller and
197 Trop. Agric. (Trinicad) Vol 100 No. 3 July 2023

Plant heiglt, leaf length and width were higher at
marswe 10 and 15 vha compared to 0 tha m all
seedbeds. The mumber of Jeaves per tiller was
hagher at 10 tha than af 0 vha manure kevel m all
secdbeds, winle others (5 and 15 tha) wese
mienmeduate. Overall, seedbed-mamwe
mieraction had no effects (P > 0.05) on uller
densaty, munber of leaves per tiller, plaut hewght,
leaf length and width.
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Table 3: Correlations among Cenchrus ciliaris hetbage characteristics established on different

seedbed types and mamsre levels
Biomass Plant Tiller Leavesitille Leaflength  Leaf
height density width
Platt hesght 099"
Tiller density 0.18 027
Leavestiller 0.86" 090" 0.08
Leaf length 0.92° 096" 0.46 088
Leaf width 0.68" 078 0.22 077" 0.82° )
Grrass cover 0.90 0.95 0.56 052 0.99 0.77

" Indicates correlation among comgrared variales (P < 0.05)

There was a postive correlation smong all
herbage charactenstics (P < 0.05) except for
tiller density (P > 0,05, Table 3). Inflorescence
characterstics of the established C ciliaris are
shown m Table 4. Seedbed, manure levels and
seedbed-tanure mteraction had no effects (P >
0.05) on mflorescence density which ranged
between 46 - 87 per m’. There were seedbeds
(P <0.01) and manure level (P = 0.02) effocts,
but, not seedbed-mamwe interaction on
mflorescence length wlich was lower m NT 0

tha (109 cm) and NTIS tha (111 cm)
compared to SN ut 0, 10 and 15 t/ha and TF at
15 tha (all 121 ¢m). Seedbed and seedbed-
manure mterachon had no significant effect (P
> 0.05) on mflorescence dimeter, but manure
levels affected it sigmificantly (P = 0.01); NT
10 t/ha and SN 10 t/ha bad higher mflorescence
diameter (2.2 cm) compared to NT 15 tha
(1.9cm). Inflorescence width within TF and
SN seedbeds did not vary sigmficantly at
different manure levels.

Table 4: Inflovescence chatactenstics of Cencliruy ciliaris established on different seedbed types
(NT = not tilled; TF = tilled flat, SN = sunken) and manure levels

Seedbed type Mantire level (Vha)
0 § 10 15

Iuflorescence density/m”

NT 91 66.3 695 812

TF 646 nz 748 866

SN 460 330 562 679

SEM (£) 150 11.8 163 158

Inflorescence length (cm)

NT 109" 112 120 e

¥ 1= 118 125 121

SN 2.1° 11.5 121 121

SEM () 02 02 0.2 02

Inflorescence dinmeter (cm)

NT 200 200 224 1.9%

TF 20 20 20 21

SN 20 2.1 22 20

SEM () 003 0,03 0.04 0.02
SEM = Sumndard error of the mean

Seedbed tipes with different small letier tn the same colunm and monure levols with differont captial letters i the

same row are statisticolly differen

Trop. Agric. (Trinidad) Vol 100 No. 3 Juty 2023 198
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Nutritional values and intakes

Manure levels and seedbed-mamure mteraction
did not affect (P > 0.05) DM, ash, CP, NDF
and ADF among established C. ciliaris forages
(Table 5). Also, seedbed type did not
significantly affect nutritional parameters
except for DM (P = 0.03) which was highest in
NT (516 - 519 gkg). The C. ciliaris had CP
values ranging between 104 - 132 gkg DM,
NDF and ADF values were 685 - 710 g’kg DM

and 392 - 430 g/kg DM, respectively. There
were 1o variations among seedbed type and
seedbed-mamure teraction (P > 0.05) on
IVDMD and ME, but the difference among
manure levels was significant (P < 0.05). The
10 t/ha had the highest ME (4.9 MJ’kg DM)
mnd IVDMD (38.4%) within TF seedbeds at
different mamure levels. There were no
variations m [VDMD and ME withm NT and
SN seedbeds at different mamure levels.

Table 5: Nutnitional values of Cenchrus ciliaris established on different seedbed types
(NT =not tilled; TF = tilled flatr; SN = sunken) and manure Jevels

Seedbed type | Manure level (tha)
| d 5 10 15
DM
NT 519 51T sig 5100
T sio* 08" st soT
SN S140 S13e> s13 S1%
SEM (2) 12.0 17,0 23.2 14.3
_Ash (g'kg DM)
NT 712 578 %05 454
TF 67.0 56.3 532 456
SN u9 459 23 446
SEM () 53 51 i6 a1
(&3
NT 106 126 123 132
TF 104 121 118 125
SN 1 120 132 n?
SEM (2) 44 3.1 4.9 44
_NDF (gkg DAM)
NT 690 95 710 706
TF 704 w1 &7 693
SN 496 07 685 &8
SEM (%) 68 34 76 43
_ADF (g'kg DM)
NT 103 192 422 08
T a8 407 405 408
SN 207 430 403 413
SEM (2) 25 7.8 6.5 23
TVDMD (%)
NT wo 312 308 381
TF 13 25242 3844 24
SN i 74 157 246
SEM (2) 33 23 31 14
ME (MJkg DM)
NT 53 10 38 34
TF 244 ior g8 26
SN 42 33 47 20
SEM (2) 0.5 03 04 02

SEM = Standard ervor of the mean: DM = dry matter; CP = crude protem; NDF = neutral detergent fiber; ADF = acid
detergent fiber; TVDMD = mvitro dry mntter digestibility; ME = metabolisable energy
Seedbed npes with different small letter m the same columm and manure levels vath differont copital lesters in the

samme row ave stavtsticolly different
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The seedbed and seedbed-manure internction
did not affect (P > 0.05) RFV, DMI and MEI
significantly. Manwre level did not differ
mgnificantly in RFV and DMI, but it varied

significantly (P < 0,05) for MEL: MET was
lughest for manure at 10 Vha for all seedbod
types.

Table 6: Relative forage value (RFV), dry matter intake (DMI) and metabolisable energy intake
(MEI) among different seedbed types (NT = not tilled: TF = tilled flat; SN = sunken) and mamure
levels

Seedbed type Manure bevel (Vha)
o [ s 10 15
RFV
NT 463 A 510 70
TF 382 EER| 28 269
SN 433 384 8.0 30
SEM (1) 49 10 43 18
_DMI (kg DM/ day)
NT 29 298 298 398
F 302 101 301 101
SN 302 101 101 101
SEM (£) 0,03 0,02 0.04 0.02
_MEI (MJ/day)
NT 13.2° 1ne* "s 10.1°
13 10.8* Ko 1o T4
SN 122> 106 nr 0.1
SEM () 18 1.0 1.4 0.6
SEM = Sundard error of the mean

Mamwre levels vath different letters tn the same row are statistically different

Discussion
Herbage charactenstics

The above-grotnd biomass reported in this
study is within 1.9 - 126 t DM/l range
reported m C. ciliaris by Kizima et al (2014)
and by Patidar and Mathur (2017). Biomuass
wis affected by manure levels as was alvo
reported by McRoberts ef al (2018). This
emphasises importance of manure use for
optunun forage yiekds and unproved bivestock
production it seom-and areas. The higher
biomass yvields reported ot 10 and 15 vha
mamue lovel m all seedbeds meant that these
two levels were best m forage
biomass as was also reported by Maleko ot al
(2015) hence we accept the hypothesis that
lower levels of mamue will result m poor
above the levels tested might result in even
lugher forage yields, however, # would alwo

risk witrogen leaching and contmninate water
bodies

Higher biomass yields in TF than in NT
seedbeds was due to the tilling effect which
unproves root penetration, soil aeration and
water percolation rate (Liu et al. 2021). Tillmg
i unportant w facilitating  plant  growth,
especially on compacted soil which s the case
i tmnost grazing lands (Abdalla et al
2018). The omass m SN seedbeds was also
higher than NT (which nught change in the
long term due to fmproved soil bulk density),
but was lower than TF contrary to findings by
Nyambati ef al. (2011) who reported higher P.
prrpurenm omuss w SN than TF. The SN
deviation from normy in this study i due to the
flooding of the seedbed ax a result of water
logging. The SN seedbed flooded i weeks 2-
3 of cultivation because of heavy rainfall
(Fugure 2), which slowed C ciliaris growth
due 1o its inability to tolerate water-logged soil
(Koech et al 2016), Therefore, positive growth
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results obtained by Nymmubati et al. (2011) in
SN were attnbuted o 2. purpureum ability 1o
toletate witer-logged soil Furthetmore, water
loggmg and/or retention i SN was attributed
to the binding together of soil particles due 1o
high orgamc matter content i the applied
maire (Lekasi et al 2003). The TF lad higher
biomass than NT and SN winch makes #
appropriste for € ciliaris establishment in
sem-and

areas

Plant height, number of leaves, leaf length
and width contributed 10 varations m biomass
among seedbeds and manure levels us they
were found to positively correlate with ench
other. The C ciliaris heaght, munber of leaves
and Jeaf width m NT were within 88 - 154 em,
S8 <129 and 0.6 - 1.0 cm ranges reported in
other studies for plant herglit, munber of leuves
and leaf width, respectively (Blntt et al 2007,
Kizima et al 2014; Mishra ot al 2010; Msedd:
et al. 2009). Otherwise, TF and SN had plant
beight, nimber of Jeaves and leaf width on the
upper lumit or even exceeding the above-
mentioned ranges, Furthermore, NT had lower
values  of  fore-mentioned  vegetative
chamctensstics than TF and SN i this study
which mdicates NT mability to  support
optumun C. cfltarts growth and produce high
biomass veeded for sustainable livestock
production. Poor NT vegetative characterstics
than TF and SN is likely due to huuted plant
development caused by poor soil aeration and
water mfiltration (Opiyo et al 2011). Leaf
length in all seedbeds was Jower than 36.5 -
44.8 cm but bugher than 5.5 < 10.1 cm for C
ciliaris as was reported by Bhatt e al (2007)
and Mseddi et al. (2009), respectively. The
variations between these two studies were
attributed 1o differences w C cillaris growth
stage and management.

Tiller density was higher than 116 - 155
tillers/n’ (Bhatt ot al., 2007) due to differences
n methods used to determme tiller mumbers
Actial tillers were counted separately in this
study mstead of coumting only those
onginating from tussock/basal tillers. Tillers
were affected by seedbed type with higher
values seen i NT but manure levels had no
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effects coutrary to Tin e al (2017)
observations 1 nee, Lack of manure effects
way sttributed to tiller types whereby NT had o
Jot of aerial rather than basal tillers as seen in
TF and SN due to NT mability to colomse
mter-plant  space  probubly due to  soil
compaction. This may also be the reason why
there were no positive correlations between
tiller densaty and either biomass or grass cover
contrary to reports by Blatt et al. (2007) and
Kizima et al (2014) on C  ciliaris.
Purthermore, basal tillers have lugh weight as
they obtmn mtrsents duectly from the ground
(Kizinw et al 2014) which explained the lower
biomnss seen m NT compared to TF and SN,
Mamure effects on ground cover within
seedbeds were due to the mcrease of herbage
parnmeters with the increase in fertiliser Jevels
m this study which supports the findings of
T ot al. (2017). Grass cover was excellent in
TF ot 10 and 15 tha manure which mdicated
the atulity of C etltarts to reduce ground
10 erosion agents (Dunne of al 2011).

The TF ot 10 Vs matnwre 18 recomnended as
the best method to establish € ciliaris for
better grass cover as o would be more
econonuc and did not differ with TF at 15 tvha,
Thete were no seedbed or manue effects
on C ciliaris mflorescence density which was
lugher than 10.7 - 33.9 (Bruno et al. 2017) but
contrary to Kumar et al (2005), who reported
higher mfloresconce density in C. cflfaris with
attnbuted to differences i €. ciffaris varieties
(Bruno et al 2017) and days m flowering
(Kumar et al 2005). The C cilfaris
mflorescence length was within the 84 - 13.0
cn range, but its dinteter was higher than 1.1
= 1.4 cm (Bruno et al 2017, Kizima et al 2014,
Kumar ¢t al. 2005). The lngher wflorescence
Jength of TF ot 15 tha manure compared to NT
ot 15 tha could be due to morphological
differences as the result of surface runoffs m
NT. which hmited water and plant sutrients
availability, Kumar et al (2005) established
that there s a positive relationship between
mflorescence size and seod quality and/or
quantity i C. ciliaris. Therefore, TF seodbeds
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w15 vha mamwe had the potential to produce
more seeds compared to NT seedbeds at 15 tha
manure due to their differences i inflorescence
length. Smee, there were no varmations
milorescence  length or width withn TF
seedbeds, TF at 10 tha manure s reconunended
for seed production as ot also performed well in
bwomass and grass cover. Further studies are
required o mvestigate the effect of seedbed types
on seed quality and yields since these were not
assessed m this study.

Nutntional value and mtakes

The DM values observed were lower than 896 -
916 g/kg (Avilés-Nieto et al 2013; Kizima et al

2014) with observed variations caused by growth
stage differences. NT had higher DM than TF
beciuse of differences m keaves per tiller, leaf
length and width. These herbage chumncteristics
were hugher m TF than NT which mdicated that
NT plants had a relatively lage stem proportion.
Lack of seedbed and manue effects m CP, NDF
and ADF mdseated that C. ciffaris m thas study
were at the same growth stage. The CP values
reported were ligher than 39.0 - 109.3 g’kg DM
(Kizima et al 2014; Mishen et al 2010) with the
variations attnbuted to differences m growth
stage, harvesting method, and annlysed plant
part. CP walues were enough to meet the
ntnitonal requirements of growmg nimanants as
estinated by Salah et al (2014). The hugh CP iy
C. ciliaris could mmprove livestock production
while reducmg production costs, especmlly
during dry penods (Ruvaga et al. 2022),

The NDF and ADF were lower than 771 -
898 gkg DM for NDF and 509 - 593 gkg DM
for ADF (Avilés-Nieto et al. 2013; Kizima et ol
2014). The vanmbons are attnbuted to the
walysed plant parts and harvesting stage. The
IVDMD vaned statistically within TF manure
Jevels despite o lack of sigmificant differences in
NDF, which was also observed by Trujilk et al
(2010), due to the sensitivity of the evaluation
methods used. Also, # was becauise ADF
declined with an mcrease m mamre levels within
TF despite not showmg statistical differences in
this study. Nosetheless, IVDMD was lower than

49 - 68% (Awvilés-Nieto et al 2013; Ruvuga et al.
2022). The IVDMD vanations between current
and former studies are due to the stage of growth,
C. ciliaris melusion level m the diet, and
methods used 1o estimate digestibulity.

The ME was hugher than 0.6 - 0.7 MIkg DM
(Kizima ot al. 2014) but lower than 7.6 - 9.2
Mlkg DM (Bwue et al 2003; Ruvuga et al
2022). The vanations are attnbuted to the same
factors which affected IVDMD since it was used
directly to estunate ME m this study, Sampled
forages had MEI lower than 24.4 - 86.4 MVday
for Zebu cattle to gam 224 - 952 g/day live
wesght, but DMI was within 1.2 - 3.9 kg DM/day
for forage (Astuwe of al 2015; Musly, 2020).
The MEI variations between current and former
studies, despite simulne forage mtakes, was
attnbuted to the differences m  structural
carbolrydrates 7e NDF and ADF. High NDF
reduces digestibilty and intake (feed and
nutrients) as was the case m this study since it
increases animal feed refention and  satiety
(Salfer et al. 2018). Lower MEI mdicated that
pone of the seedbed types or manure Jevels m
this study was sufficient enough to meet energy
requiremients of cattle. Therefore, €' cillaris
should be supplemented with other energy-
source feedstufls as was the case m the studies
by Asimwe et al (2015) and Mushi (2020),
preferbly legummous fodder sloubs wihich are
abundant i sennearid  areas  (Magita  and
Sangeda 2017).

Nonetheless, MEI vanations among manure
levels were due to differences m samplad forage
TVDMD and DMI used to detenmme MEL The
vanations however mdicated that manure at 10
tha was better than manure at 15 tha and had
high encrgy mtake in all seedbeds. Relative
forage value (RFV) i thus study was lower than
55- 81 for C ciliaris and other pative forages in
Afncan semeand rangelands (Mganga et al
2021). The vanations could be due to differences
in forage matunty stage between the two studies,
and m the previous study leaves and stem were
analysed separately unlike the cwvent study.
Otherwise, any of the seedbed types and manure
levels could be promoted for € ciliaris
cultivation due to sunilar RFV. However, TF is
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the best seedbed since # had higher aomass and
grass cover despite pot showmg differences m
CP, IVDMD, DMI, ME and ME] with other
seedbeds (NT and SN).

Conclusion

The stated was 1

I-nnhmhlodlivhluidnhgh
omass m all seedbed types but TF seedbed
had lugher eomass conpared to NT and SN
The wvarations were attributable to  soil
compaction and waterlogging which affected
NT and SN, respectively. The TF at 10 and 15
t/ha manure had excellent grass cover which is
usefil i protecting the soil agamst eroson.
The CP and ME dad not vary among seedbeds,
however, MEI vaned among mamue levels
and was Jower in manure at 15 tha than ot 10
tha MEl was msufficsent for optumum
livestock performance i all treatments which

wﬂh‘mb\mnWMTF\hhSNw-
miermedinte. Inflorescence density was not
affected by seedbeds or mamue levels, but TF
at 15 tha manure had a hagher potential 1o
produce more seeds due to
mflorescence. It was concloded that TF at 10
tha manure was the best seedbed and mamire
combmnation to establish C cifiaris m semu-
cover, MEl and potential to produce many
seeds.
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CHAPTER FOUR

4.0 General Discussion

4.1 Cenchrus ciliaris Cultivation

Cenchrus ciliaris was cultivated successfully in all land preparation
methods and manure levels in the studied semi-arid area (Paper | &
II). The successful result was contrary to the previous on-site failure
due to insufficient rains and the use of poor-quality seeds (personal
communication). The C. ciliaris seeds have low germination rate of
0.3 - 8.3% and O - 48% for untreated seeds, as reported by Kizima
et al. (2013) and Venter and Rethman (1992), respectively. The low
seed germination rates are attributed by poor soil fertility status,
insufficient rainfall, and germination inhibitory structure in the seed
caryopsis of some C. ciliaris varieties. Similarly, SSA has poor
production and pasture seed regulations, which could be another
reason for the broader circulation of sub-standard C. ciliaris seeds
(Kizima et al., 2014; Mekonnen et al., 2022). This study has shown
that vegetative propagation, e.g., splits with roots can be used
instead of seeds to establish C. ciliaris in semi-arid areas, as were
cuts used to establish Pennisetum puerperium in sub-humid climate
(Maleko et al., 2019). However, using vegetative propagations could
be limited by planting material availability, as was the case with
pasture seeds. It is, therefore, vital to introduce small C. ciliaris
forage grass fields at the intended village, which would act as the
demonstration plot and source of planting materials.

Furthermore, C. ciliaris splits had higher establishment rates (87% -
97%, Paper I) than 65 - 89% reported in transplanted seedlings in
arid environments (Yafiez-Chavez et al., 2023). The variations in
establishment rate between the two studies were due to the
environmental differences and planting materials used since
seedlings are more fragile and require extra care during planting.
Splits with roots had a superior establishment rate in this study than
seeds or seedlings in the former studies, which meant that splits are
better planting material for C. ciliaris establishment in semi-arid
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areas. The establishment rate variations between not-tilled (NT) and
tiled (TF) land preparation methods were expected due to
differences in water infiltration, surface runoffs, and below-ground
biomass development (Opiyo et al., 2011). The NT and TF did not
vary in this study because of planting materials used (splits), soil
physio-chemical conditions during cultivation, and irrigation coupled
with rainfall during establishment (Paper | & Il). The SN had the
lowest establishment rate (87%) despite its loose soil particles for
easy water infiltration, enhanced below-ground biomass
development, and reduced surface runoffs because of soil tillage
and raised soil bunds (Nyambati et al., 2011; Maleko et al., 2019).
The lower SN establishment rate in Paper | was because
experimental plots flooded during weeks 2 - 4, whereby C. ciliaris
cannot tolerate water-logged soil, unlike P. puerperium (Koech et al.,
2016).

The establishment rate did not vary among manure levels in Paper |
because of the short duration (week 3) from planting to evaluation
with cattle manures release nutrients more slowly than other types of
organic fertilisers (Bloukounon-Goubalan et al., 2019; Piash et al.,
2021). Otherwise, manure levels significantly varied in above-ground
biomass yield and grass cover by weeks 10 and 12 (Paper | & II)
due to the essential nutrients released to the soil as the cultivation
period progressed. The higher biomass and grass cover with
increased manure levels in all land preparation methods was
expected due to increased nitrogen, phosphorus, and potassium
concentration (Kumar et al., 2005; Maleko et al., 2015). These
results showed the importance of manure for forage grass cultivation
in semi-arid areas. The lack of variations in biomass yields and
grass covers between manure level 10 t/ha and 15 t/ha in all land
preparation methods showed that either of the manure levels can be
used with acceptable results. However, a 10 t/ha manure level is
recommended since higher uses did not result in higher biomass
yields or grass cover, suggesting optimum manure used due to
diminishing returns (Jahan & Amiri, 2018). Higher manure levels
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would be labour-demanding and time-consuming while risking
nutrient leaching and surface runoff into water bodies, leading to
algae blooming that affect the aquatic ecosystem (Kimambo et al.,
2022).

The reported above-ground biomass (4.9 - 12.6 t DM/ha) and grass
cover (56.7 - 78.2%) by week 12 in this study were slightly higher
than 2.5 - 9.1 t DM/ha for biomass vyield and 30 - 59% for grass
cover in C.ciliaris cultivated in semi-arid areas (Mganga et al., 2015;
Koech et al., 2016; Mganga, Kaindi et al., 2021; Mganga, Ndathi et
al., 2021). The variations in biomass yields and grass cover between
current and former studies could be due to the differences in the C.
ciliaris variety used, cultivation period, and growth stage. Similarly,
current biomass yields and grass covers were higher than 2 - 7 t
DM/ha and 6 - 25%, respectively, among native forage grasses
within the forage reserves in semi-arid areas (Tefera et al., 2007;
Verdoodt et al., 2010; Ondier et al., 2019). The variations between
cultivated C. ciliaris and native forage grass species, were due to
season, and management differences, but it emphasizes that
improved grass species, such as C. ciliaris, can outperform native
grasses in forage reserves. Therefore, C. ciliaris is recommended for
sustainable livestock production due to its high biomass, while its
high grass cover can ensure that soil is protected against erosion
agents like running water and wind. The land preparation method
influenced biomass yields and grass covers as they were higher in
TF (9.9 - 12.6 t/ha) and (65.7 — 78.2%) respectively and were lowest
in NT (4.9 — 7.6 t/ha) and (56.7% — 69.2%) while SN was in between
in all manure levels (7.0 — 9.8 t/ha) and (57.8% — 70.3%) (Paper II),
in contrast to the establishment rate observed in Paper I. Despite its
lower establishment rate, the SN had higher biomass yields and
grass covers than the NT because SN underwent compensatory
growth after the water-logging period (week 2 - 4).

The SN water-logged soil and lower establishment rate were the
reasons for its lower biomass yield and grass cover than TF since
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TF did not suffer similar setbacks (Paper | & Il). Otherwise, NT
lowest biomass and grass cover was because of its inability to utilise
inter-plant space compared to other preparation methods as the
result of soil compaction, which led to limited root penetration due to
a lack of soil tillage (Ji et al., 2013; Liu et al., 2021). This was the
same reason that led to variations in agronomic parameters and
their correlation with biomass yield (Paper II) among land
preparation methods. Also, NT inability to utilise inter-plant space
would leave open patches for weed invasions that reduce forage
grass quantity and quality (Mganga et al., 2021). Interestingly, tiller
density was higher in NT (487 — 617) than SN (356 — 486) despite
NT having lower biomass and grass cover. This was due to
differences in tiller types, as NT had more aerial than basal tillers
compared to other land preparation methods. This indicates that due
to soil compaction, NT was adapting by making more aerial tillers
than basal tillers. Aerial tillers have lower weight because they must
take nutrients through the stem and compete with other plant parts,
while basal tillers absorb nutrients directly from the ground (Kizima
et al., 2014). Generally, the TF preparation method was suitable and
recommended for C. ciliaris cultivation in semi-arid areas with the
same soil characteristics to the study site due to its higher biomass
yields and grass cover. Furthermore, TF could utilise inter-plant
space quickly, unlike NT and SN, limiting weed invasion and not
suffering water-logging.

The interviewed farmer field school (FFS) members who participated
in the C. ciliaris cultivation preferred the TF preparation method over
NT and SN (Paper I). The deliberation showed the relevance of FFS
in facilitating learning through practicing and helping farmers acquire
new skills and technologies (van den Berg et al., 2021). Therefore,
FFS should be established and employed elsewhere in semi-arid
areas to help pastoralists acquire other animal husbandry skills,
such as haymaking. The FFS members rejected SN, which had a
lower biomass yield and was labour intensive than TF (Paper I). The
lower SN preference is understandable because it is commonly used
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to cultivate high-value horticultural products like tomatoes and
forage grass seed production (Maleko et al., 2015). Nonetheless, the
TF preparation method included land tillage using hand-hoe as was
done in Paper | and Il, which was tedious and would be a potential
reason for pastoralists to regress into NT with lower biomass. The
introduction of draught power is recommended to reduce workload
and facilitate effective land tillage in semi-arid areas (Ramaswamy,
1998; Abdul Rahman & Reed, 2014). The draught power use would
be possible due to the cattle ownership in every household;
however, FFS would be required to provide draught animal training
and design the necessary implements.

Another strong motivation for draught power use would be women's
empowerment in the Maasai pastoral households. The Maasai
pastoralists have a division of labour based on gender, with a high
likelihood that women will be responsible for forage cultivation
(Mccabe et al., 2010; Zampaligré et al., 2014; Truebswasser &
Flintan, 2018; Sala et al., 2020). The Maasai women would have to
cultivate forage while managing other household responsibilities.
This would reduce efficiency and participation in forage cultivation;
hence, draught power would be essential to ensure a large area is
cultivated. The ample forage cultivated area would be a basis for
improved livestock performance and an additional source of income
in case of forage surplus, which can be sold to other pastoralists
(Sala et al., 2020). Furthermore, pastoralists need to conserve
forage as hay to reduce the risk of biomass losses during dry
periods due to other users trespassing or unprescribed fire (Oluwole
et al., 2008; Ruvuga et al., 2021). Finally, there is a need for further
studies on the performance of C. ciliaris in the mixed sward with
other forage grass species. The mixed sward would act as an
insurance against C. ciliaris dominance despite its decreaser status,
but an expansion of existing- and/or emergence of new pest or
forage diseases like buffel grass dieback and fungal leaf spot as the
result of climate change could lead to a complete loss of available
forage resources (Makiela & Harrower, 2008; Mlay et al., 2022).
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Also, mixed sward tends to have higher nutritional values than pure
stand (Agreil et al., 2005; Hilario et al., 2017).

4.2 Nutritional Values of Cenchrus ciliaris

The crude protein (CP), neutral- (NDF) and acid detergent fibre
(ADF) did not vary (Paper 1) among land preparation-manure
treatments which meant that cultivated C. ciliaris were in the same
growth stage. They were in the same growth stage because CP
tends to decrease while NDF and ADF increase with an increase in
growth (Patidar & Mathur, 2017). The CP, NDF, and ADF observed
among treatments in the current study were slightly higher than 47 -
109 g/kg DM for CP, lower than 702 - 7194 g/kg DM for NDF and
within 365 - 566 g/kg DM for ADF as were reported in C. ciliaris
(Bwire et al., 2003; Mishra et al., 2010; Mganga et al., 2021). The
CP and NDF variations between the two studies could be due to
differences in analysed morphological parts, growth stage, and
cultivated variety. Otherwise, reported CP values can be enough to
meet the estimated digestible crude protein of 3.5g and 0.2 - 0.4g
(per kilogram of metabolic live weight) for livestock maintenance and
gain, respectively, of ruminants species in the tropical environment
(Salah et al., 2014). Further feeding studies are required to validate
the CP requirements for local livestock breeds kept by pastoralists in
semi-arid areas. Similarly, the feeding trial would provide information
on C. ciliaris rationing for sustainable feeding during dry periods.

Metabolisable energy (ME) and dry-matter digestibility (IVDMD) in
Paper Il were lower than 5.5 - 8.1 MJ/kg DM and within 32 - 68%,
respectively, reported in C. ciliaris-based diets with the variations in
ME attributed to the stage of growth and diet inclusion levels (Bwire
et al., 2003; Kilyenyi et al., 2023). The ME did not vary among land
preparation methods because the IVDMD used for its estimation did
not differ (Paper 1I). The IVDMD is affected by structural
carbohydrates, namely NDF (Kilyenyi et al., 2023), which was lower
than the measured values in other studies, as described above.
Similarly, ME and IVDMD did not vary with an increase in manure
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level except for TF, which was at the highest in manure at 10 t/ha.
The deviation was also noted by Trujillo et al. (2010) and can be
attributed to the water bath's temperature fluctuation, which skewed
the IVDMD evaluation. The DM was lower than 855 - 952 g/kg
(Kilyenyi et al., 2023; Mganga et al., 2021) due to the differences in
growth stage between the two studies. Furthermore, the DM varied
among land preparation methods because of their differences in
agronomic parameters such as number of leaves per tiller, leaf-
length, and width (Paper Il). Despite observed DM variations in land
preparation methods, all treatments had no differences in DM intake
(DMI). The lack of DMI variation was attributed to similar NDF and
ADF values that could influence feed intake by filing the
gastrointestinal track quickly while causing a slow out-flow of digesta
and leading to overall satiety (Mutimura et al., 2018; Salfer et al.,
2018).

The DMI influenced ME intake (MEI), which was highest in manure
level 10 t/ha in all land treatments. This meant that the manure level
was better for producing energy-dense and nutritious C. ciliaris.
Nonetheless, MEI in all treatments was lower than 57 - 86 MJ/day
required by finished local cattle (Bos indicus) to attain 599 - 952
g/day (Asimwe et al.,, 2015; Asimwe et al., 2015; Kilyenyi et al.,
2023; Mushi, 2020). However, MEI in manure 10 t/ha (14 - 15
MJ/day, Paper II) was slightly closer to 24 MJ/day and 22 - 29
MJ/day required by finished and growing Zebu to attain 223 g/day
and 179 - 219 g/day, respectively (Mushi, 2020; Nantongo et al.,
2021). Also, manure 10 t/ha had the potential of supplying MEI
within 3 - 7 MJ/day required by local growing small ruminants (goats
and sheep) to gain 23 - 74 g/day (Mushi et al., 2009; Safari et al.,
2009; Safari et al., 2011). These results showed that manure 10 t/ha
had sufficient MEI required to support the optimum growth of small
ruminants. It also indicated that C. ciliaris did not have enough MEI
to meet the optimum performance of cattle. This meant that C.
ciliaris could support cattle maintenance requirements and a
relatively low weight gain, which is better than weight loss that could
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occur during a dry period due to feed shortage (Selemani et al.,
2013b). However, low weight gain would lead to underutilisation of
available animal resources, cause food insecurity and increase
methane emission that contributes to climate change (Hawkins et
al., 2021; Ripkey et al., 2021). Therefore, it is recommended that C.
ciliaris should be supplemented with the least cost and easily
available energy source feeds, such as treated crop residues, to
ensure optimum performance during dry periods.

4.3 Grazing Land and Feed Management

Grazing land refers to the site where livestock are foraging, while
grazing management involves all activities related to site selection,
duration, and frequency of livestock foraging (Godde et al., 2018).
The grazing land condition, meaning its capacity to support livestock
production, was perceived as low by responding FFS members and
non-members (Paper [). The poor condition was because they spent
a long time in search of pasture with their animal, which is well-
founded since animals tend to spend a long time foraging in grazing
lands with poor grass covers (Jung et al.,, 2002; Selemani et al.,
2013b). Also, long livestock foraging reduces the time for other
activities such as ruminating, resting, and mating, increasing energy
expenditure for walking, compromising animal well-being, and
minimizing reproduction efficiency (Jung et al., 2002). Ecologically,
excessive livestock grazing in poor grazing lands causes wildlife
displacement and land trampling, facilitating erosion and converting
previously grazed lands into deserts (Dunne et al., 2011; Odadi et
al., 2009, 2017). The desertification would reduce the size of the
available grazing lands in the country and put more pressure on the
remaining resources. These consequences affect the overall
national economy and food security, which can reverse positive
measures taken to achieve different sustainable development goals.

Limited rangeland improvement practices and unclear land tenure
systems were reported in Paper | and thought to be the drivers
behind poor grazing land conditions because pastoralists collectively
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own forage resources (Mccabe et al.,, 2021). This collective
ownership and reluctance to improve rangeland can lead to a
“tragedy of the common”. The tragedy of commons occurs when
individuals do not manage communal property properly because of
the existing legislature or by-laws and fear unfair utilisation by other
users (Kilawe et al., 2018; Solomon et al., 2007). These challenges
would require intensive management of livestock production among
pastoralists. Traditional institutions can be an example of a collective
approach to increase livestock intensification through deferred
grazing among Maasai pastoralists renowned for their division of
labour, using different age groups to facilitate grazing activities
(Sangeda & Maleko, 2018). However, there is a need for the
coherence of individuals into groups, adherence to social
agreement, and even sharing of the expected benefits for traditional
institutions to succeed (Glowacki, 2020). If these aspects are not
realised due to cultural differences, free-riders, and corruption or
nepotism, the traditional institutions will fail to achieve their goals.

Other intensification approaches could be made individually, such as
feeding alternative feed resources like crop residues during the dry
periods as practiced by some pastoralists in the study area (Paper
I). Crop residues are poor-quality feedstuffs, barely enough to meet
livestock maintenance requirements (Mushi, 2020; Nazli et al., 2018;
Njie & Reed, 1995). The crop residues are ideal for dry-season
feeding despite their poor quality because of their easy availability;
they keep livestock alive and reduce potential weight loss. However,
pastoralists must optimize livestock performance to capture the
demand for animal-source food and address food insecurity in SSA
(FAO et al., 2022; OECD/FAOQ, 2022). Therefore, crop residues can
be treated with a strong alkali, urea, or fermented as silage to
ensure break down of the indigestible carbohydrate, which would
ultimately improve their digestibility and nutrients utilisation (Driehuis
et al.,, 2018; Kilyenyi et al., 2023; Wanapat et al., 2009). Further
studies are needed to assess the feasibility of these treatment
methods in semi-arid areas under pastoral systems. Since high
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temperatures could limit silage-making, their inaccessibility and high
price can hinder urea and alkali use (Bernardes et al., 2018).

Moreover, treated crop residues can be fed as a basal diet and C.
ciliaris as the supplementary diet to ensure optimum cattle
performance. The C. ciliaris can be cultivated in the private forage
reserves (enclosures) established by the individual pastoralists in
the grazing land since native forage resources have poor biomass
and nutritional quality (Ruvuga et al., 2021). However, fewer
members (25%) and non-members (46%) owned forage reserves
whose size was lower than 2.2 - 54.9ha (Safari et al., 2019;
Selemani et al.,, 2012). The differences in forage reserve size
between the current and former studies were attributed to the
existing land tenure system, emigration of other livestock keepers
due to allocated grazing land, and large herd size owned, as the
respondents in Paper | mentioned. The village and national
authorities must restrict livestock emigration into other villages,
guarantee the grazing rights of the residents, and enforce private
land ownership in the grazing land. These measures can be taken
within the existing Tanzanian legal framework, such as the Grazing-
land and Animal Feed Resources Act, Land Use Planning Act, and
Village Land Act (Land Use Planning Act, 2007; Grazing-Land and
Animal Feed Resources, 2010; Massay, 2016). These measures are
anticipated to promote a sedentary pastoral system and intensive
livestock production through forage cultivation and treatment of crop
residues, improving performance and reducing conflicts among land
users.

It should, however, be noted that the privatisation of grazing land
through the formalisation of private forage reserves will not be
without its challenges. The direct challenge would be the
fragmentation of the grazing land due to private forage reserves,
limiting livestock mobility to the watering points even within the
respective village (Galvin et al., 2008; Said et al., 2016). The limited
livestock mobility would result in regular conflicts among different
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pastoral households in the village and might lead to the degradation
of grazing hotspots due to limited resting between grazing periods
(Benjaminsen et al., 2006; Egeru et al., 2015). Perhaps the major
challenge is the “paradox of pastoral land tenure” in semi-arid areas.
The paradox of the pastoral land tenure phenomenon occurs when
pastoralists want a land tenure that can protect their grazing rights
against emigrating livestock keepers, but it should be flexible
enough to allow them to migrate to other areas during stress periods
such as prolonged droughts (Turner et al., 2016). Therefore, grazing
land fragmentation would go against flexible livestock mobility,
especially with the increase in drought frequency and intensity in
semi-arid areas and a risk that C. ciliaris cultivation can be
challenged by emergency and spread of new forage pests and
diseases (Makiela & Harrower, 2008; Mlay et al., 2022).

It would, therefore, be ideal to combine secured private forage
reserves and flexible livestock mobility, as in Botswana (Basupi et
al.,, 2017). This can be done by allowing smaller private forage
reserves and using the existing legislature to allocate grazing land in
every village in Tanzania (Land Use Planning Act, 2007; Grazing-
Land And Animal Feed Resources, 2010). The allocated grazing
land from different villages or districts can be located closer to each
other and connected to form a larger grazing area, which would
allow migration similar to those available for wildlife where
pastoralists can migrate during stressful conditions (May et al., 2019;
Omondi et al., 2021). However, the larger grazing area would raise
the managerial question as to who will own and manage these areas
located in different villages since the current legislature identifies
village authority as the sole custodian of customary land (Land Use
Planning Act, 2007; Grazing-Land And Animal Feed Resources,
2010). The village authorities might not have sufficient skills or
resources to monitor the grazing land, and they may decide to
reallocate grazing land for other uses, which can be
counterproductive (Basupi et al., 2017; Nindi et al., 2014). Therefore,
the central government could intervene and manage the more
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extensive network of these grazing lands by guaranteeing legal
grazing access and monitoring available resources to avoid grazing
land degradation. This intervention would create a favourable
environment for the transformation of pastoralism to a sedentary
system followed by a more intensive small-scale ranch system.

4.4 Livestock Production

Pastoralists keep ruminants’ livestock, such as cattle, goats, and
sheep (Paper I), to convert human-inedible materials like grass into
guality animal-source food products such as meat and milk. These
livestock species have different foraging behaviours, meaning they
can be grazed in the same area without competing with each other
for the same feedstuffs. This is because cattle are bulk feeders
capable of digesting low-quality fodder, sheep are selective grazers
feeding on young forage, and goats are mainly feeding on shrubs
(Hilario et al., 2017; Mohammed et al.,, 2020; Schroeder et al.,
2019). The local cattle, goats, and sheep breeds kept by pastoralists
have a high resilience to pests, diseases, long drought, and hot
conditions in semi-arid areas (Ngugi & Conant, 2008; Yaro et al.,
2016). Moreover, local livestock breeds have relatively small body
sizes compared to their exotic counterparts and are early maturing
due to the low amount of protein and energy required for their body
maintenance and growth (Nogueira, 2004; Wei et al., 2018; Worku &
Alemayehu, 2020). Overall, this livestock facilitates a circular
bioeconomy and the achievement of different sustainable
development goals in return. Furthermore, livestock promotes a
pastoral lifestyle through ceremonies and rituals with cultural
significance, as mentioned by Mccabe et al. (2014) and Nyariki and
Amwata (2019).

Paper | established that cattle are the most crucial animal and could
be synonymous with livestock among pastoralists due to their
relatively large number in the household herd’s structure. Cattle are
essential because of their large size, popularity, the high price
fetched from the sale than other livestock, and preference for their
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products, namely meat and milk, unlike sheep and goats,
respectively (Kibona et al., 2022; Kidoido & Korir, 2015; Wang et al.,
2022). Alternatively, goats were the second most popular livestock
species among respondents since they could be sold fast to address
food, school, and medical needs while fetching an acceptable price
because of the preference for goat meat than sheep (Komarek et al.,
2021; Kosgey et al.,, 2008). Also, goats can control bush
encroachments (Mohammed et al., 2020; Rosa Garcia et al., 2012),
especially in poor-conditioned grazing lands, as in the studied area.
Therefore, it can be argued that cattle and goats are the most
important livestock species in African semi-arid regions. Measures
aiming to improve livestock production under the pastoral system
must prioritize the nutrition and management of these two species.

Furthermore, respondents had above 20 TLU (Tropical Livestock
Unit) per household, which can be categorised as wealthy based on
the description by Kipuri and Sgrensen (2008). The wealthy status
meant that pastoral households in eastern Tanzania were better
socially than their counterparts in northern Tanzania (Nkedianye et
al., 2019; Woodhouse & Mccabe, 2018). It is also worth noting that
although the respondents were wealthy by pastoral standards, there
is a risk of sliding into abject poverty. This is because their
household herd sizes were much smaller than 105 - 600 for cattle,
53 - 108 for goats, and 50 - 106 for sheep among pastoralists (de
Glanville et al., 2020; Kimaro et al., 2018b). The herd size variations
can be due to the method of data collection, season of the year, and
disease outbreaks. Similarly, there were higher herd sizes and
number of individual livestock species in FFS non-members than
members. The herd variations between the two groups were due to
the potential differences in wealth or social status, livestock
emigration during the dry period (when the study was conducted),
and polygamy with pastoralists distributing livestock to different
households in various villages (Woodhouse & Mccabe, 2018).
Alternatively, the herd variations could be because FFS members
underreported their herd size, hoping to receive assistance from the
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Farmers and Pastoralists Collaboration (FPC) project or fearing the
destocking campaigns.

Based on FPC membership and smaller forage reserve ownership, it
was deduced that FFS members had smaller herd sizes because
they were relatively resource-poor and more likely to be coerced into
the social group (Paper 1). Large herd size can be negated by high
production performance per animal, but this is not usually the case
among local livestock breeds or pastoral systems (Mwacharo et al.,
2006; Mwacharo & Rege, 2002; Ripkey et al., 2021). The daily milk
yield per cow reported in Paper | did not vary between the two
groups and was lower than 0.7 - 3.2 l/day in the local cattle breeds
under the pastoral system (Mwacharo & Rege, 2002; Ruvuga et al.,
2020). The daily milk yield variations between the current and former
studies could be due to the differences in lactation stage, season,
and calf suckling, either partial or unlimited. The lower daily milk
yield resulted in a small proportion of milk sold, reducing potential
household income and food security. It was clear that milk yield
fluctuated between the rainy and dry season. These fluctuations are
the reason for the reported lack of market access among pastoralists
in the studied area. This is because of unreliable milk production,
which would discourage investment in milk collection facilities (Twine
et al., 2017). Unreliable milk market can also lead to post-harvest
milk losses due to spoilage during rainy season when the market is
saturated (Ruvuga et al., 2020). The post-harvest loss is bad for the
environment and farm economy since all the resources put into food
production are wasted.

Two simultaneous measures can be taken to ensure continuous milk
production in pastoral households. Pastoralists should improve dry-
season feeding through C. ciliaris cultivation, which can be
successfully established in semi-arid areas (Paper | & Il). The C.
ciliaris forage can be fed with treated crop residues to meet cow
nutritional requirements (see section 4.2). The continuous milk
supply throughout the year due to improved dry-season feeding
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would attract investment in collection facilities, facilitating milk
transportation to processing plants. However, rural roads, as was
the case in the studied area, are not passable all year around due to
poor infrastructure developments, which would require another
strategy, such as a cooperative or innovation platform through the
existing FPC organisation, to gain access to the formal dairy value
chain (Kilelu et al., 2017; Pham et al., 2015). The innovation platform
would unite actors with different backgrounds and roles in the
livestock sector to serve a common goal. These actors include milk
processors, government agencies, feed processors, and farm inputs
traders (Cadilhon et al., 2016). The milk processors would provide
education to promote conformation to the proper milk handling and
facilitate milk transportation to collection centers if needed.

The government agencies and farm input traders in the innovation
platform would assist in animal health management due to the high
prevalence of infectious livestock diseases, e.g., Contagious Bovine
Pleuropneumonia (CBPP) and East Coast Fever (ECF) mentioned
by the respondents (Paper 1). The two actors would provide
pastoralists access to vaccines and means to control livestock
disease, e.g., acaricide for tick control. The innovation platforms
would also support accurate prescription of veterinary medicines
since livestock extension services are poorly developed in some
semi-arid areas in SSA (Gustafson et al., 2011; Mangesho et al.,
2021). Perhaps biosecurity measures would be the most effective
disease control practice among pastoralists in the collectively grazed
semi-arid areas. Biosecurity measures can be taken at the village
level, whereby care should be taken to ensure that individual
animals are appropriately vaccinated, and there is limited contact
with herds from other villages (Kimaro et al., 2017; Omondi et al.,
2021). The biosecurity measure and disease control combined
would reduce livestock diseases as the major challenge among
pastoralists, while C. ciliaris cultivation using the TF land preparation
method and manure level 10 t/ha would address forage seasonal
variability as discussed in section 4.1.
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Generally, it is deduced that the presence of many livestock in the
studied area, milk yield fluctuation, private forage reserves, and
seasonal forage variability would provide strong reasons to
pastoralists for C. ciliaris cultivation. Similarly, most respondents
reported not utilizing manure for other economic activities (Paper 1),
which can be used as fertiliser for forage cultivation. However, this
work did not establish how manure for forage production can be
collected since livestock were extensively grazed. Also, there would
be a higher demand for manure as it would need to be applied
regularly after C. ciliaris harvesting to facilitate regrowth. If the
required manure was to be collected from overnight livestock holding
facilities as was in this study (Paper | & II) or directly from grazed
areas, the existing trade-offs are not clearly understood. This is
because the holding facilities provide nutrient hotspots for forage
regeneration, and livestock defecation in the grazed areas recycles
nutrients from the soil via forage (Mayengo et al., 2020; Porensky &
Veblen, 2015). It is expected that infertile soil due to manure off-take
and regular grazing during the rainy season would be incapable of
supporting plant growth, leading to desertification. Therefore,
manure collection and existing trade-offs warrant further
investigation to ensure effective and sustainable forage production.
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CHAPTER FIVE

5.0 General Conclusions and Recommendations
5.1 General Conclusions

The participating pastoralists and cultivation study showed
that the TF and manure 10 t/ha were the ideal land
preparation method and manure level for C. ciliaris cultivation
because of their high establishment rate, biomass yields, and
grass covers. Furthermore, these treatments had an
acceptable amount of CP, ME, and MEI required by the
ruminants daily. However, the MEI values in TF and manure
10 t/ha were only sufficient to meet maintenance
requirements and a weight gain for matured cattle compared
to the optimum performance in the small ruminants. The C.
ciliaris cultivated using TF and manure 10 t/ha might need to
be supplemented with crop residues such as maize stover
and bean haulm treated with molasses or urea to provide
sufficient nutrients for optimum cattle performance.

The respondents in the studied area perceived their grazing
land ability to support livestock production as poor. This was
because livestock spent a long time and walking distance
searching for pasture, and there were limited grazing land
improvement practices. The limited grazing land
management practices were because of communal land use,
disrespect for private property, and emigration of other
pastoralists during the dry periods. The pastoralists were
resolving into migration and feeding livestock crop residues
mainly dry maize stover and beans haulms to alleviate the
dry-season feed shortage in the semi-arid area. However,
few respondents engaged in grazing land improvement
practices and were doing so by establishing forage reserves.
These forage reserves can be used for C. ciliaris cultivation
to facilitate sustainable dry-season livestock feeding in the
studied semi-arid area.



58

Generally, pastoralists kept local breeds of cattle (Tanzania
Short Horned Zebu), goats, and sheep, essential food
sources, income, and other cultural values. The FFS
members had an evarage of fewer livestock numbers than
non-members this was attributed to their awareness on safe
livestock carrying capacity. There was a high prevalence of
livestock diseases such as East Coast Fever (ECF) and
Contagious Bovine Pleuropneumonia (CBPP). Daily milk
yield was low and varied seasonally due to forage fluctuation,
leading to an unreliable dairy market and reduced farm
income. The lack of grazing land improvement practices, low
milk yield, and seasonal forage variations provide strong
reasons for pastoral adoption and introduction of C. ciliaris in
the studied area.

5.2 General Recommendations

More pastoralists should establish private forage reserves in
the semi-arid rangelands to cultivate C. ciliaris using the TF
land preparation method with a 10 t/ha manure application
rate in the studied area and other areas with the same
climatic condition and soil characteristics. National and
village authorities must promote forage cultivation by
protecting private property ownership through the existing
legal framework to intensify livestock production in semi-arid
areas.

The FFS needs to be introduced and promoted in other semi-
arid areas to facilitate knowledge and technology transfer to
the pastoralists. Furthermore, FFS can address other animal
husbandry challenges, such as forage conservation and
ration formulation, milk marketing, and disease control.
Scientifically, it is imperative to investigate the long-term
performance (over one year) of C. ciliaris cultivated in
different land preparation methods and involving multiple
semi-arid areas. Studies are also needed on the growth
performance of mixed swards containing C. ciliaris and other
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forage species including legumes. Overall, it would be crucial
to investigate the effects of cutting or grazing frequencies in
the C. ciliaris regeneration to formulate a sustainable
management plan.
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APPENDICES

Appendix 1: A questionnaire on farm field school members and
non-members on grazing lands and livestock

management
1. Name ofrespondent.................cooiiiiiiiinnn. Phone
number ..................... Household No..........
2. Gender : (a) Male
(b) Female
3. Age (years).......cocoveviiiiiiinin
4. Place/Village ..........cccooviiiiiiiiininnn.

5. Education level (a) Primary school
(b) Secondary school
(c) University
(d) Didn’t attend to school

6. Marital status

a) Single

b) Engaged

c) Married

d) Divorced

e) Separated

f) Widowed
7. Household size — how many people live in your home?
Years Females | Males
1-14
14-17
18-35
36-45
46-60
Above 60
8. What kind of work do you do? (a) Livestock keeping |:|

(b) Farmer |:|

(c) Business

(d) Others [ ]




9.

(d) Cattle and goat
(e) Cattle and sheep
()  Sheep and goat

are keeping
(@ Cattle
(b) oat
(c) Sheep

88

(g) Cattle, sheep and goat
10. Are you a member of Farmer Pastoralist Collaboration

(FPC)?
(@ Yes
(b) No

LU

[ ]

11. Indicate the numbers of cattle owned

If you are livestock keeper, name the type of livestock you

Breed Number | Use (e.g. Source
breeding, (e.g.
transport, bought,
ploughing, inherited,
milking, etc) | pass on,
project
Bulls
Cows
Heifers
Steers
Oxen
Calves | female
male

12. Other livestock owned beside cattle

Species

Number

Local goats
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Dairy goats
Sheep

Pig

Poultry - chicken
Others (specify)
Others (specify)

Land ownership
13. Do you own land? Yes

No
14. If no, why? I:I

15. If yes, how many acres? .....................
16. If you graze your animals, how much land have set aside
solely for this purpose? ................ Acres

17. Do you grow pasture? Yes [ ]

No |:|
18. If Yes, how many acres? .........ccccccmnnens
19. Why you grow pasture?

20. Which species do YOU QroW? .........cccoeeiiiiirereeeeeenennienen
21.1fnot, Why?......oooeeiiiiiiiiiee e,
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Production
22. Milk yields
SIN | Season | Liters/cow//day | No. of Value Sold | Number
€) cattle | (Tshs)/liter to of liters
milked (©) (d) sold
per per day
day (e)
(b)
Wet
season
Dry
season
Sold to (d) 2. Secondary market (e.g. In 5. Other outlets
0. Did not sell, nearby town), (specify)
1. Neighbors, 3. Processing industry,
4. Trader(s) at farm, .
6. Large scale
farm,
7. Local market,
Sell of animals
23. How many cows do you sell per annum? ..........ccccceveeeeenen.
24. Market price; Bull........................... ,COW. oo,
25. Distance to Pasture; Dry season.......... km Wet

season.......

26. Grazing time; Dry Season

hrs

27. Distance to water (to and from); Dry season

season.......

.. km

28. What do you normally do when you face pasture shortage in

your grazing

areas?

Purchase feeds [ ] Sale some animals [ ] Move them to
somewhere else [ ] Do nothing [ ]

Others: Specify

29. What do you normally do when you face pasture surplus in

your grazing




30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

How do you access crop residues? (Interactions with
farmers)

In which form do you feed them? In-situ[ ], ex-situ[ ]
How do you access pasture in reserved areas? (Private and
public — interaction with land users e.g., conservators WMA)

What initiatives do you take to improve grazing

BIBAS?. .ottt
What challenges do you face in improving grazing
BIBAS? ..ttt e
Can you allocate time and resources for pasture
establishment? (a) Yes

(b) No %

Manure management Practices
Do you collect manure from cow shed? (a) Yes

(b) No
If no, how do you dispose I:I
(1 aF= T 01U = PR

If yes, how do you handle the collected manure? E.g Krall
heaps, heaping, composting............cccceeeeeeinnnes
What do you do with the collected/handled manure?

(a) Apply on crop farms

(b) Apply on pasture/grazing land

(c) Selling

(d) Giving to other people for free
If you sell, give the cost (Tshs) at specific amount of
MANUIE....eeeieiiiieie et ee e
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What challenges you are facing in livestock production?

Challenge Remarks

Diseases Which diseases?

Market prices e.g., milk? Which price do
you think will suffice??

Market access Auction? Location,
middlemen, Laws and
Regulations

Land ownership What ownership?

Pasture Availability?

Water Availability? Distance to
water soureces

Herding labor Presence of Labor? labor
cost

Conflicts with other land Farmers? WMA etc

users

Breeds Low production?
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Appendix 2: A questionnaire on preference of pasture

establishment methods for farm field school

members

1. ame ofrespondent.............cccoooiiiiinl.

number .................... Household No..........
2. Gender : (a) Male
(b) Female

3. Age (years).......cocoviiiiiiiiiiiiinnns.
Village ..oovviiiiiiii
5. Education level (a) Primary school

(b) Secondary school

(c) University

(d) Didn’t attend to school

»

6. Marital status

g) Single [ ]
h) Engaged |:|
i) Married

j) Divorced I:I
k) Separated |:|
) Widowed [ ]

LUl UL

7. Household size — how many people live in your home?

Years Females | Males

1-14

14-17

18-35

36-45

46-60

Above 60

8. What kind of work do you do? (a) Livestock keeping

(b) Farmer
(c) Business
(d) Others

[ ]
[ ]
[ ]
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9. If you are livestock keeper, name the type of livestock you
are keeping

(h) Cattle
(i) Goat
(i) Sheep

(k)  Cattle and goat
()  Cattle and sheep
(m)  Sheep and goat
(n)  Cattle, sheep and goat
10. Can you allocate time and resources for pasture
establishment? (a) Yes
(b) No
11. Which method of pasture establishment you prefer among
these?
(a) Tilling and planting
(b) Planting without tilling
(c) Preparing sunken beds
12. Give the reasons of choosing the method from the question
above

Hnnn

il

13. What are the reasons for not selecting ............ in pasture
establishment?

14. What are the reasons for not selecting ......................... in
pasture establishment?............iiiiiiieeeeeeeee
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Appendix 3: Consent form

This study is about grazing land and livestock management in Mela
village, Mvomero district. You are invited to participate in this
interview. The study consists of over 40 questions and will take
approximately 30 minutes to complete. Please answer the questions
to reflect your opinions and experiences to the best of your
knowledge. If you would like clarification on any of the questions,
please do not hesitate to ask the interviewer. If you wish not to
answer any particular question(s), please say so and the interviewer
should be able to proceed to the next question. If you choose to
participate the interviewer will record your name, and note your
responses in the questionnaire. The interviewer should be able to
inform you when the interview questions are complete. Although the
respondents will be identified individually, collected information will
only be used for report writing with anonymity and will not be shared
to the individuals outside of the research team. Your participation is
highly encouraged and appreciated.

Swahili translation

Huu ni mradi wa utafiti kuhusiana na hali ya malisho na mifugo
katika dodoso. Dodoso litahusisha maswali zaidi ya 40 na itachukua
takribani dakika 30. Tafadhali jibu maswali kulingana na maoni na
uzoefu wako kwa kadiri ya uelewa wako. Endapo utataka ufafanuzi
kwenye swali lolote lile tafadhali usisite kumuuliza mtafiti. Na pia
kama hautapenda kujibu swali lolote lile mijulishe mtafiti naye
atahamia kwenye swali linalofata. Endapo utachagua kushiriki mtafiti
ataandika jina lako, na kuandika majibu yako katika karatasi. Ingawa
taarifa zako binafsi zitakusanywa, taarifa hizi zitatumika kuandaa
ripoti na tunakuahidi usiri/faragha, pia taarifa hizi hazitaonyweshwa
kwa mtu yeyote isipokuwa kwa timu ya utafiti huu tu. Ushiriki wako ni
muhimu na tunatanguliza Shukrani zetu kwako.
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Appendix 4: Composting of cattle manure

y AV B

Appendix 5: Cenchrus ciliaris

: . ——

planting in the experimental plot_s
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Appendix 6: Measuring of cultivated Cenchrus ciliaris for
growth and biomass in Mela village

Appendix 7: Interviewing a pastoralist on grazing lands and
livestock management




