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ABSTRACT
Climate variability and change which manifestslitderough increase in temperature and
frequent occurrence of floods and droughts is easing agro-pastoralists vulnerability
and inability to sustain their sources of livelillp hence their need for coping adaptive
strategies. This study was undertaken in theaddd of Choma District in Southern
Zambia to generate information to aid in comingwith sustainable coping strategies as
an adaptation to climate variability. The objectivef the study were to: Determine the
extent of climate variability and the agro-pastistal coping strategies in extreme weather
conditions; Identify the livestock feeding straegiemployed by agro-pastoralists as an
adaptation in extreme weather conditions; Evalyatferred local fodder tree/browse
productivity for high dry season biomass yield bypgicing at different levels; and
Determine the nutritive quality of the preferre@dwse species using-vitro digestion in
order to ascertain the most appropriate stage edirfig to animals. Semi-structured
interviews and focused group discussions were ts@apture primary data. Secondary
data was also collected. Effects of coppicinglenpreferred drought tolerant browse tree
was conducted. The treatments were percent renaivile stems at 25, 50 and 75%
replicated three times. After one year, measuresn@mthe number of shoot re-growth and
biomass yield were done. A survey was also conducteletermine intensity of harvesting
of the preferred browse tree by the agro-pastasalis-vitro dry matter digestibility trials
of leaves of the preferred browse tree at foured#iit post-sprouting stages were
conducted to determine their nutritional qualitydag season feed for ruminants. Data sets
were subjected to descriptive trend analysis, aradyais of variance as appropriate. The
study revealed that there has been an increas® % in the average annual temperatures
over the previous five decades. Variability in #mmount of annual rainfall received has
increased by 33% over the same period while thaeavgeneral decline in average annual
rainfall received. Most of the agro-pastoraliste aoping with these extreme weather
conditions through sale of livestock and harvedboést products, which can pose a threat
to sustainable use of the forest resources indhg ftun. The major livestock feeding

strategies during extreme weather conditions wetanal grazing and browse utilization
XV



and 17 browse species were identified by the agstgpalists as being important.
Coppicing of the highly preferred browskilbernardia globiflorashowed that browse
trees subjected to higher coppicing intensity hagdiscantly less number of new shoots
and dry matter yield (P<0.05). Leaves from theyesthge of leaf sprouting gave the best
nutritive quality with significantly higher crudergiein andin-vitro digestibility levels
compared to the other sprouting stages (P<0.0%reTts need to enhance some of these
adaptive strategies to ensure survival in viewndifcgpated increase in frequency, intensity
and magnitude of extreme weather conditions. Hangof forest products should be
done sustainably to reduce pressure on the fonesaeoid de-forestation. Deliberate effort
should be made to capacity build the agro-passisatin how to plant and manage browse
species such alulbernardia globiflorathat are adaptable in extreme weather conditions
for productive use of the browse species for imptbanimal feeding and enhanced food
security. Also agro-pastoralists should be abletdake up management and feed

conservation measures for their animals.
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THESIS ORGANISATION
The Thesis is organised into Introductory Chapterd paper format Chapters, where

Chapters 1,2and 3 are the Introductory Chapterdew®hapters 4,5,6and 7 are paper
format Chapters. Chapter 1 deals with General daotcon, Chapter 2 comprises of
literature review and Chapter 3 deals with mater@ahd methods. The paper format
Chapters are based on specific issues of the stadyed from the specific objectives.
Chapter 8 deals with the general discussion, wteshup the various key issues across the

Thesis culminating in recommendations and areafuftrer research.
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CHAPTER ONE
GENERAL INTRODUCTION

1.1 Background Information

Dry lands cover about 40% of the world's surfageyijdle an important source of
livelihood to local communities and are home tallRdm people (FAO2009)These
include the poorest and the least developed nabansarth whose main source of
livelihood is pastoralism and agro-pastoralidm Sub-Saharan Africa, 40% of the
land is dedicated to pastoralism IRIN (2004) aral/joles source of livelihood for 25
million pastoralists (people whose livelihocglbased on mobile livestock keeping)
and over 200 million agro-pastoralists (people comly mobile livestock keeping
with agriculture) (SNV Practice Brief 2012). Thegpresent wer a quarter of the
total population in Africa. However, desertificatioand land degradation are
reducing the capacity of the land to sustain Ih@hds Agriculture accounts for
around 30 per cent of the regi®iGDP, 20 per cent of merchandise exports, and 60
per cent of employmen#fgriculture-based development is not only fundaraketd
cutting hunger and reducing poverty but also toegating economic growth,
reducing the burden of food imports and openingnthg to a moderate expansion of
exports(Otte and Knips 2005). Livestock productoomrently contributes about 35
per cent of agricultural GDP(and if non-food protduand services were added this
share would even be higher) (Cranefetldl.2002). The livestock sector contributes
between 20 to 50 percent to agricultural valuededdaroducts in African countries

with a continental average of 26 percent and iseetqul to become the largest



contributor to agriculture as economic developmaoigresses. This is due to the
growing demand for high-value food itemscluding meat and dairy products
(FAOSTAT201).In Zambia the trend is similar where agriculturatcidutes 21 %
of the GDP. The livestock sub-secttirough relatively unexploited is recognized as
an increasingly dynamic part of the agttawal industry The sub-sector contributes
about 35 percent to Agriculture Gross Domestic Bebocand has the potential to
expand its contribution to national economic grgwifiven Zambia's abundant

natural resource base(Ministry of Agriculture andelstock 2012).

Despite the high economic and environmental paernti drylands, and the
significant contribution of its agriculture to t&DP, most statistics show high levels
of poverty in agro-pastoral areas. The arid andi-sem districts of Kenya, Uganda,
Zambia, Ethiopia as well as North-Ghana and Bengnaanong the poorest in these
countries(SNV Practice Brief 2012). This is becauserent poverty reduction
efforts are not reaching the poorest and most maliged groups within
underdeveloped countries, of which pastoral categdorm aarge partPoverty is
higher in most African countries than elsewhere the developing
world. In Sub-Saharan Africa (SSA), 50 per cent of thalt@opulation or 300
million people ive on less than 1$ per day and is especially peavah rural areas
where an estimated 70 per cent or 210 million efgbor people live(Otte and Knips
2005). The prevalence of widespread chronic povanty human disease is linked to
the weak economic performance of SSA counti4sst of these rural poor depend

on pastoralism and agro-pastoralism as a sourckvefhood. In Zambia rural
2



poverty rates have also remained very high, i.e ,80%r the past decade and a half,
whilst urban poverty rates have declined, from 4861991 to 34% in 2006
(Chapotoet al2011) Sub-Saharan Africa with 11 per cent of the globapylation
has an estimated 73percentof global HANDS related infections (World Bank
2011). So far over 20 million Africans have diedHiVv/AIDS, 14.5 million children
have been orphaned and many families have lost t@ur supply as adults have

fallen ill or died (World Bank 2011).

1.2 Problem Description and Justification

The concentration of poor people in rural areas thed predominant involvement
in agriculture means that SSA rural well-being Iesely linked to agricultural
performance. Improving agro-pastoralists' livelileas closely linked to meeting
some of the challenges confronting drylands todlagiuding: loss of biodiversity
through conversion of grazing land to modern adjice and industries and human
population growth and pressure of scarce resoutbes;hallenge of the HIV/AIDS
pandemic and climate variability and change whielads to food insecurity.
Recurrent droughts and floods are a serious thredhe sustainability of agro-
pastoral production system, and the people relgmghese systems are increasingly

facing food shortages.

Enhancing agricultural and livestock productiorparticular and in view of climate
variability and change, is important for long teewonomic wellbeing of the agro-

pastoralists. Picat al(2008) found a statistically significant causalat&nship
3



between livestock sector development and econormowty in 18 of the 20 African
countries analyzed, strongly suggesting that irsgedn value-added per Tropical
Livestock Unit (TLU) are a driver of GDP per capgeowth In general, increased
agricultural productivity, including livestock, ianticipated to lower food prices,
which directly benefits the poor and generatesrplgs of products and by-products
that can be exported from agriculture to the réshe economy, thereby facilitating
economic growth and poverty reduction (Tiffin amtiz 12006). Livestock in the
household economy are one of the most common apdrtemt assets among rural
households in Africa. The continental data produbgdinternational Livestock
Research Institute (ILRI) in 2002 through oventayipopulation and poverty data
on livestock production systems, indicate that ov@8rpercent of the population
keeps somdivestock in sub-Saharan Africa, it@at one out of two persons in the
continent are partly dependent on livestock forirtheelihoods (ILRI 2002).
Furthermore SSA has the largest area of permarastane of any continent, and the

largest number of pastoralists (Ogle 1996).

Livestock production can contribute to poverty retthn in various wayslt can

increase food supply, serve as a source of inconme a means for capital
accumulation, generate employment and supply in@nd services for crop
production. Yet there is under and/or improperizdtion of available indigenous
natural resources in agro- pastoral areas dueaeguate scientific attention and
information. The situation has been made worsetadiee fact that agro-pastoralists

are often ignored in developmental debates andtgftbat focus on food security
4



are only in terms of crop production (Paatyal 1999 FAO 2006 IPCC 2007). The
majority of the rural poor have been excluded fritra policies and development
decisions that affect crop and livestock productsystems and which, to great
extent have marginalized and excluded these communities finfluencing the
process of change. Yet, poor communities are hedgansible for and share the
consequences of the poor management, low prodiycéimd continued deterioration
of renewable resources(Sidahmed and Kessaba 18930ld on to this, researchers
and development experts have previously delibgratgkrlooked the indigenous
knowledge in the development of research agendashé agro-pastoral diand
areas. Abateet al. (2009) indicated that development interventionat tdid not
integrate traditional range management strategesge Mot been successfuA
combination of pastoral indigenous knowledge andleno scientific information
may be helpful in providing a bettenderstanding of the environment from the

perspective of those utilizing the resources (Ayama Gufu 2009).

The ability of the agro-pastoralists to survive fble past many years in their
productve s/stem shows that they have been involved in some lgfvadaptation
and they have been usimgrious coping strategies for their surviddbwever, with
the increase in the frequency of extreme weathaditons, the landscape has
changed over the years and is likely to continugnging in the futureWith the
United Nations (UN) predicting of 3-4 degrees Gedsincrease in temperature by
2080 Africa will be hard hit by global warming (Unitedaions2008). The farmers

efforts to subsist on the land are going to belehgked and their resilience will be

5



gradually eroded (Mogotst al.20ll).There is therefore need to identify and enhance
coping strategies that will enable them to live aadapt to these serious

environmental changes.

Whereas a lot of work has been done in derivingouarstrategies to improve the
availability of fodderlack of strategies that address the effect of demariability
and change on animal feed resources has led tompoovement in feeding of
pastoral animals. There is therefore need to facuthe understanding of available
indigenous forage species and the way these resowe utised by the agro-
pastoralists in mitigating the effects of climatgiability. Documentation and use of
the indigenous knowledge will help to avoid potahtoss of this knowledge and
contribute to making better use of locally avaiéabhtural resources. This will also
ensure that the identified important indigenousuradtresources will be preserved
for long term use hence reducing biodiversity loss due to agricultura

modernization.



1.3

Research Objectives and Questions

The overall aim of the study was to contribute émeration of knowledge to aid in

the development of coherent management strategiesivelihoods in view of

climate variability and change. The specific objped of the study were:

(1)

2).

3).

(4).

To determine the extent of climate variabilapd change, and the agro-
pastoralists coping strategies in extreme weatheditions.

To document the livestock feeding strategiepleyed by agro- pastoralists
and identify the important browse species usecireme weather conditions
in order to improve their utilization for improvdigestock production,

To evaluate the most preferred browse treeymtvity for high dry season

biomass yield by coppicing the browse at differlaviels so as to identify

appropriate browse harvesting regimes and

To determine the nutritive quality of coppidabwse re-growth in line with

appropriate stage of feeding to animals.

The four specific objectives are reflected in tbkofving research questions.

1. What is the extent of climate variability and charand the agro-pastoralists

coping strategies in extreme weather conditiorteenstudy area?

. What are the feeding strategies employed by agestopalists and the

important browse species used in extreme weathedittons in order to

improve their utilization for improved livestockquuction?

. What is the dry season biomass yield of coppicedvbe trees at different

levels and appropriate browse harvesting regimes?



4. What is the nutritive value of coppiced re-growth different stages and

appropriate stage of feeding to animals.



CHAPTER TWO
LITERATURE REVIEW

2.1  Climate Change and Climate Variability

Climate change is the change in the statisticgbgmttes of the climate system when
considered over long periods of time regardlesshef cause (IPCC 2001) while
climate variability refers to variations in the mestate of climate on all temporal
and spatial scales beyond that of individual weadivents (USAID 2007). Climate
variation manifests itself in extended droughtpfle and conditions that result from
periods of El Nino and La Nino events. These flatiuns take place over periods
that are shorter than a few decades. The relaijprsétween climate and food
security is obviously not a new issue. In Rome 874, for example, the United
Nations convened a now famous World Food Conferemcker the guidance of the
UN FAO. It reminded governments of an urgent neefibtus on existing and yet-to
emerge food security and related issues. Thirteansylater (1987), the International
Rice Research Institute (IRRI) and the Americanogggtion for the Advancement
of Science (AAAS) convened an international sympasto address concerns about
climate, weather and water impacts on agricultpratiuction. The very same issues
of concern to policy-makers today were addressedcigntific researchers then. In
the 1970s no attention was paid to mitigation andcerns about adaptation to
climate were centred on weather extremes and d@imatiability from season to
season and year to year to address the cruciattasp®od production stability, one

of the pillars of food security. By 1996, howevdre World Food Summit (WFS)
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recognized that the resource base for food, aduieyl fisheries and forestry was
under stress and threatened by problems such astifiestion, deforestation, over
fishing, loss of biodiversity, inefficient use ofater, and climate change. Mainly
under its commitment three, the WFS made a numbexglicit references to the
dominant role of climate fluctuations in food supgps one of the main factors
interfering with sustainable increases in food pibn. Today’s concern about
climate change has added features to the issusodfdecurity. Figure 2.1.1, shows
the food production system and how it is affectgdweather parameters such as

drought.
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Figure 2.1.1 Schematic diagram showing food pradacystem in which drought is
one of the affecting parameter. Source FAO 2009
Climate change is already affecting all four dimens of food security: food

availability, food accessibility, food utilizatioand food systems stability. The
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impacts are both short-term, through more extrereather events, and long term
through changing temperatures and precipitationepet. Rural communities and
livelihoods face immediate risk of increased crelufe, loss of livestock, and
reduced availability of marine, aquaculture ande$bvrproducts and new patterns of
pests and diseases outbreak. People living inléraggosystems such as coasts,
floodplains, mountain areas and semi-arid landscape most at risk (FAO 2009).
Climate change can cause biodiversity loss, droagttdesertification and can lead
to unsustainable land utilization. The result W loss of agricultural productivity,
reduced capacity to sustain rural livelihoods amtaases risk of, and vulnerability
to natural and human disasters. Figure 2.1.2, shtva$ climate variability
negatively affects all types of capital resourceBicv are important to agro-
pastoralists for their survival. These include lanntapital, natural capital, social
capital, financial capital and physical capital.urian capital can be affected by
having people with poor nutrition and health assutt of climate variability. People
with poor education levels and skills will not beleato adapt to changes demanded
by new weather patterns. Social capital will detweie with increased climate
variability and will manifests itself in local, regnal and even international disputes,

conflicts and wars over the reduced natural ressurc

Refocusing efforts and investment on proper utilcta and management of these
capital resources is a prerequisite to secureities bnd livelihoods of millions of

people worldwide and to sustain the range of prtsdand services provided by the
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environment in the short and long term of the ryg@dr people living on less than

one dollar a day.
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Figure 2.1.2 Sustainable livelihood framework shayinteraction between
livelihood resources and climate change and vdityabAdapted from IFAD 2001

2.2 Livelihood Coping Strategies and Adaptation

Coping strategies are defined as specific efftudsh behavioural and psychological,

that people employ to master, tolerate, reduceinmmee stressful events (John and
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MacArthur 1998). Adaptation refers to the adjusttriematural or human system in
response to actual or expected climate stimulheirtefforts which moderate harm
or exploits beneficial opportunities (IPCC 2007hee adjustments are intended to
reduce the vulnerability of society to changesha tlimate system (Kates 2000).
Adaptive capacity is the capacity to cope with ietpaof climate variability and
change (Smit and Pilifosova 2002). Moreover adaptato changes including
climate variability is a dynamic process and shasdd survival mechanism display
enough flexibility to accommodate new componentNEP - ICRAF 2006).
Adaptation to changing conditions is the most imiated concern for sectors of
agricultural production and that vulnerability tonpacts varies greatly from
population to population and can even vary in thmes location from time to time.
Adaptation concerns are based on the identificatbbrikely impacts of global
warming at national, local and household levels @&y are increasingly focusing
on the development of both proactive and reacto@ng mechanisms to soften, if

not avoid, those impacts.

New coping strategies must ensure that the usesolurces is re-looked, re-oriented
and re-organised to be able to meet the new chytermssociated with climate
variability. Livelihood strategies which lead tbet destruction of the natural
resources should be discouraged while more sublaimaeans should be identified
and supported by all stakeholders in order to ereastable global environment.
Adaptation and mitigation strategies should contebto poverty reduction and at

the same time must benefit the most vulnerable coniiies without harming the
13



environment. Informing about climate change impaaténerability patterns, coping
and adaptive capacity as well as facilitating lmratspecific adaptation and
mitigation practices are of central concern. Theeautainties related to climate
change impacts and vulnerabilities are often camed as an impediment for
concrete and immediate action. However, uncertam&yfundamental component of
climate impacts and cannot, in itself, be used m&»xxuse for inaction. There is
need for better informed decisions on “resilienaatdtion” by merging adaptation,
mitigation and prevention strategies. It is impottéor policy-makers, institutions,

societies and individuals to find improved ways identifying most at-risk

communities and “best practices” of coping withreat climate variability and

extreme climate events. Table 2.2.1 provides féustilative examples of planned
adaptation options, underlying policy frameworksnstraints and opportunities in
the water and agriculture sector (IPCC 2007b). Tineeye a direct relevance to food

security.
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Table 2.2.1 Selected examples of planned adaptatisater and agriculture sector

Adaptation Underlying Policy Constraints Opportunities
Option/Strategy Framework

Expansion of National water Financial, human Integrated
rainwater policies and resources and water resources
harvesting; water  integrated physical barriers  management;
storage and water resources synergies with
Conservation management; other sectors

techniques; water  water-related
reuse; desalination; hazards
water-use and management
irrigation efficiency

Adjustment of R&D policies; Technological Access to new
planting dates institutional and financial varieties;

and crop variety; reform; land constraints markets;

crop relocation; tenure and land longer growing
improved land reform; training; season in
management, capacity building; higher

e.g. erosion crop insurance; latitudes;
control and financial revenues from
soil protection incentives, e.g. ‘new’ products
through tree subsidies and tax

planting credits

Source: IPCC 2007

Climate mitigation is any action taken to permateatiminate or reduce the long-
term risk and hazards of climate change to huméa dind property. The
International Panel on Climate Change (IPCC) dsfimaitigation as: “An
anthropogenic intervention to reduce the sourcesnbance the sinks of greenhouse

gases.” Although several social, economic and telcigical policies would also lead
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to emissions reduction, for climate change, mitggatencompasses implementing
policies to reduce greenhouse gas emissions arehtance sinks. Table 2.2.2
provides selected examples of mitigation techn@sgpolicies and measures as well
as constraints and opportunities for agriculturd torests as outlined in the IPCC

(2007) report.

In Zambia the Agro-pastoralists have not been spamm theses extreme weather
conditions. METNR 2007, reported that in Zambi& tincrease in frequency,
intensity and magnitude of climate variability ovédre past two decades have
adversely impacted on food security, water secunigter quality, energy and
sustainable livelihoods for the rural communitiésing the Zambian case it is
important to examine the magnitude climate varigbithe agro-pastoralists’
perception of climate variability and the copingdaadaptive strategies that they
employ when faced with this vice. There is alsodngelook at the possibility of

increased diversification of livelihood strategies.
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Table 2.2.2. Key mitigation technologies and piiin agriculture and forestry,
policies and measures, constraints and opportsnitie

Key Mitigation Policies, Key Key
Technologies and Measures and Constraints Opportunities
Practices Instruments

Shown to be

Environmentally

Effective
Improved crop and grazingrinancial May encourage
land management toincentives and synergy with
increase soil carbon storageegulations for sustainable
restoration of cultivatedimproved land development
peaty soils and degradednanagement; and with
lands; improved rice maintaining soil reducing
cultivation; techniques andcarbon content; vulnerability
livestock and manureefficient use of to climate
management to reduce CH4ertilizers and change, thereby
emissions; improvedirrigation overcoming
nitrogen fertilizer barriers to
application techniques to implementation

reduce N2O emissions;
dedicated energy crops to
replace fossil fuel use;
improved energy efficiency;
improvements  of  crop

yields.

Afforestation; reforestation;Financial Constraints Can foster
forest management; reducedncentives include lack poverty
deforestation; harvestednational and of alleviation

wood product managementinternational) to  investment
use of forestry products forincrease forest capital and
bio-energy to replace fossilrea, to reduce land tenure
fuel use; tree speciesleforestation and issues
improvement to increaseto maintain and

biomass productivity andmanage forests;

carbon sequestrationjand use regulation

improved remote sensingand enforcement
technologies for analysis of

vegetation/soll carbon

sequestration potential and

mapping land-use change;

Landfill management and

monitoring

Source: IPCC 2007
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The DFID sustainable livelihood framework (Figur@.2) looks at people’s existing
assets, builds on strengths and seeks to undertstamewn needs and priorities and
then addresses the complex issues and relationstapsffect their livelihoods. It
presents shocks, trend and seasonality (for exadmleght) as conditions that lie
furthest from people’s control. The fragility ofetlpoor means that they are least able
to cope with the negative impacts of these condltidLivelihood assets are the
resources people employ as part of their livelihsivdtegies in order to achieve their
livelihood outcomes. Increased assets can emp@a&eple and influence the
policies, institutions and processes that affedirthivelihoods. Institutions may
discriminate against the poor and inhibit theiremscto livelihood assets. Women,
children and ethnic minorities are the most likeysuffer as a result of institutional
discrimination. Livelihood outcomes are ‘outputd’strategies as they try to meet
the challenge from the existing source of vulnditgbi Positive outcome are likely
to include more income, increased well being, redueulnerability, improved food

security and more sustainable use of resources.
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2.3

Although the linkages between climate change and l@nure are complex and
indirect, the effects of climate change and valigbare felt through changes in
natural ecosystems, land capability and land ustBsys. Increasingly, these changes
will place diminishing supplies of land under gexapressure, for both productive
use and human settlement. As a result land issodspalicies should be key
considerations for adaptation planning, so as tengthen land tenure and
management arrangements in risk environments, ende supplies and access

arrangements for land for resettlement and changiaihood demands(Quan and

Dyer 2008).

Land Tenure and Climate Change
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Climate change mitigation policies that concern fibrestry and agriculture sectors
and build on economic incentive mechanisms willeheoyaddress land and resource
tenure in order to foresee, plan and distributksrasnd benefits of the mechanisms

(FAO 2010).

Zambia has a dual land tenure system: customatydeand formal title registration.
In the customary system the chiefs regulate treeation of the land. They rule with
the consent of their people (Leonen 1999). Thidesysis considered insecure
according to western standards but works for ttdigemous people. Customary
tenure covers 93% of the Zambian area (Angus-Lepp@®4).1t is occupied by 73
tribes, headed by 240 chiefs, 8 senior chiefs armhrmount chiefs (Chileshe,
2005). The recognition of customary tenure doeshbmioig about the registration of
ownership rights, but only the protection of usel accupancy rights. Customary
land is controlled by the chiefs and their headrenact with the consent of their
people. One key aspect of traditional tenure is &ecess to land by all members of a
community. In customary areas in Zambia individuw@hinership, concurrent
interests, and communal interests are recognizelivilual ownership means that
the landholder or occupant has more rights andeaste in the land than any other
person. The individual owns the land for as londgh@svishes. Concurrent interests
occur where persons, other than the landholdergoammto someone’s land and use
it for their own purposes. Communal interests imeothe use of certain tracts of
land, which are not individually owned. The roletloé chief in most of Zambia is as

regulator of the acquisition and use of land betd¢hare important variations in the
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73 tribes between the distribution of the “intesesf control” and “interests of
benefit”. Acquisition in land is possible throughetfollowing ways: clearing of
virgin bush, as a gift, sale of (improvements oer)thand, transfer of land in
exchange for goods, transfer of land in exchangseofices and marriage (Mvunga
1982). A stranger to the area needs the chiefsission to settle in the area before
acquiring a piece of land. Similarly a chief canohpbit an individual from
cultivating in a grazing area. The President of Benhowever, may alienate any
land in the customary area if he takes the locatauary law on land tenure into
consideration and if he consults the chief anddhal authority in the area in which
the land to be alienated is situated. The Presidamtthus over-rule the decision of
the chief. Without clearly defined systems of adstmtion and demarcation of
boundaries, customary Zambia is prone to more lemflicts hindering socio-

economic progress.

There is therefore need for land tenure governdhat provides secure access to
land for local communities provides stability thacilitates long-term planning and
investments across scales, from household level tlevelopment to international
agreements in view of climate variability and Chanddaptation also requires
increasing emphasis on land use regulation, thergawnce of land resources, and
the delivery of land in safe and secure sites &rous uses. This could help preserve

the land from degradation through anthropogenicneea
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24 Pastoralism and Climate Variability

The day-to-day impacts of climate variability suak higher temperature, erratic
rainfall and floods are increasing the pastoralistability to feed their animals
leading to loss of a source of livelihood and tieisd insecurity. In the horn of
Africa millions of people currently live a lifeswlthat is centred on the search for the
increasingly scarce pasture and water (Ehrhart 2009loods have devastating
effects on livelihoods and other human activitie$hey destroy agricultural crops,
disrupt electricity supplies and demolish basicasfructure such as roads, homes
and bridges. Moreover, IPCC (2007) asserts thatatks and ecosystems are
already changing as a result of human activitiesmojected warming of 2 to 2°&
will have significant impacts on global agricultuaad food prices by 2050. In
Southern Africa, it is estimated that by 2050 terapees will be significantly higher
and rainfall will greatly reduce (Zeidler and Chan@007) and have serious
consequences on food production and security. Drtsugre also going to increase.
Future climate predictions indicate that the fregiyeand intensity of dry spells is
going to increase in the region (Bel@wal.2010). Climate variability and change
will also cause water stress, land degradationetawop yields and increased risk of
wild fires, resulting to more than 50 % declineagricultural productivity (Erhart
2009). These climate change projections if realized likely to affect forage and
animal production, and ecosystem functioning (MakKeo al. 2009). The farmers
efforts to subsist on the land are going to belehged and their resilience will be
gradually eroded (Mogotsitt al.2011). Despite increasing vulnerability pastisral

is unique in being able to simultaneously secwelihoods, conserve ecosystems
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services, promote wildlife conservation and honoultural and traditions (ILRI
2006, UNDP 2006). There is therefore need t@mifly management strategies
that will enable the agro-pastoralists feed théredtock adequately and on a

sustainable basis.

2.5 Climate Variation and Feeding of Livestock

Livestock is the fastest growing sector and in scmentries accounts for 80% of the
GDP in particular in drylands (Nelly 2008). Sewepercent of the 880 million rural
poor people living on less the one dollar per daya least dependent on livestock
for their livelihoods and subsequent food secuiWorld Bank 2007). Grasslands
the basis for livestock production cover some 70%he global land area. Good
grassland management can increase productivity faod security, provide
development opportunities in resource poor drylaadd reduce the impacts of
drought and climate change. Because of the extemsiture of grasslands they hold
enormous potential to serve as one of the gretdasistrial sinks for carbon. Well
managed grasslands could continue to support msllimf agro-pastoral people and
achieve an estimated one billion tones carbon stpied per year (Lal 2004).
Livestock plays an important role in carbon seqadisin through improved pasture
and range management (FAO/LEAD 2006). Well margagsslands provide other
benefits such as increased water infiltration, egtdntion, improve nutrient cycling
associated with organic matter accumulation ingbié as well as increase growth,

biomass and diversity of species. Grassland manage is thereby also an
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adaptation strategy for climate change as it reslute risks associated with

prolonged drought periods and unreliable rains.

Grasslands and livestock stewards have many scoioeenic barriers to overcome
to be able to manage the vast areas of grasslasdcim a way that they will be
productive and sequester carbon. The barriersudeclamong others land
tenure/common property issues and privatizationcampetition from cropping and
other land uses which limit grazing patterns anelasy policies which focus on
reducing numbers instead of grazing managementrendompletion of land use for
crops include biofuels and low literacy levels amadime people. Figure 2.5.1 shows
the interaction of some of these components and thmy affect the grasslands

leading to environmental degradation
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Figure 2.5.1Various components and how they caathay affect animal feed

resources and cause environmental damage. Adaptedewari 2006
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However, these agro-pastoralists have managed ¢nagsland system for many
centuries and have had detailed knowledge of tbdiv®rsity and environment of
their grazing lands. Despite the existence of stathable knowledge, researchers
and development experts have previously delibgratgerlooked the indigenous
knowledge in the evaluation of rangeland (Abateal 2009). A combination of
pastoral indigenous knowledge and modern scientifmrmation may be helpful in
providing a better understanding of the environnfemn the perspective of those
utilizing the resources (Ayana and Gufu 2009). r Ewample droughts have the
effect of favouring some trees and shrubs while eegbly affecting others.
(Primefact 2007). Frequent floods and droughts alm cause changes in the
composition of the species of forage plants in dnea which has an impact on
animal production. Disappearance of certain plahts to drought can reduce the
biodiversity of plants which can have a negativéeaf on animal production.
Change in climate can also cause invasion of sameted pasture species in the

grazing areas which can also have a negative afféhe productivity of animals.

There is therefore need to understand the impadiirofte variability on the change
in the utilisation of the feed resources by thetqradists to mitigate the negative
effects. This will help to know which indigenousdge species are becoming more

adaptable and therefore more important for livdsteeding.
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2.6 Feeding Strategies in Extreme Weather Conditian

African pastoralism has evolved in adaptationacsh environments with very high
temporal variability in rainfall (Ellis 1995). Pasalists have employed strategies
such as moving to other areas unused in ‘normglsdason (Morton 2007), keeping
multispecies herds to take advantage of differentogjical niches and the labour of
men, women and children and supplementary feedintheir quest for proper
feeding of their animals. Many tropical pastureveéha high annual yield of dry
matter but annual animal production is serioughyited by the seasonal nature of
this production and negative effects of climataalality such as drought.

However proper feeding of animals has remainedadlesige because of increase in
climate variability and their animals are still poor diets. Feeding animals with
poor quality feeds has been associated with ineteasission of greenhouse gases
particularly carbon dioxide and methane that haeenbimplicated in global
warming (Beauchemigat al. 2008, 2009). Feeding animals on high quality pastw
balanced rations produce less methane (270 — 3&étlgane/cow/day) than those on
poor quality pasture or feeds (370 - 450 g metlnegtay), linking productivity to
emission rates (Eckard 2007). To improve the tpali feed given to animals use
of locally adapted green fodder legumes and bravess have been recommended

in many parts of the tropics (Simbaya 2002).

26



2.7 Climate Variation and Browse Feeding to Livesttk

Dry season feed resources are the major factactadfelong term livestock numbers
in the semi-arid region. Livestock nutrition is theajor constraint to sustainable
livestock production in drylands especially duritige dry seasons (Mneret al.
2004 and Kibetet al. 2006). In most semi-arid communal areas browsgspéa
critical role as livestock feed in the dry seas@ibénda 1986, Magadzire 2002,
Ndathi 2012). It is estimated that, in the Sahelto 80% of the protein ration is
provided by plants of th€apparaceadamily during the three driest months of the
year (Baumer 1992). Promotion of the use of brovgs@nportant because the
browse is less affected by climatic variation comegato herbaceous species.
Natural grasses which form the bulk of the feeduese dry up and lose their high
nutritive value and digestibility leading to poarimal performance. Browse trees
on the other hand remain green, have higher rudritialue and are still very
palatable during the dry season. The leaves, poddraits from deciduous browse
trees and shrubs are consumed from trees or aigrhave fallen naturally to the
ground (Aregawiet al 2008). Herdsmen can facilitate improved accel#tsibof
leaves, pods and other edible portion of the brosgezies to livestock during the
dry season using sticks or stones or by shakinprinese plants/branches or lopping
their branches (Aregawet al. 2008). Integrating browse trees, forage anesliock
creates a land management system to produce mialkef@oducts while
maintaining long-term productivity. Economic ris& ieduced because the system
produces multiple products, most of which have staldished market. Production

costs are reduced and marketing flexibility is erdea by distributing management
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costs between tree products such timber and ligkstomponents. Comprehensive
land utilization provides a relatively good incorfnem livestock sale and selective
sale of trees and timber products. Well-manageag®r production provides
improved nutrition for livestock growth and prodict Potential products of the
tree component include: saw-timber, logs, firewopadles, nuts, fruits, ornamental
flowers and greenery, mushrooms, organic mulchespéher secondary products.
Management practices of browse trees include pgjnpollarding, lopping and
coppicing. This can increase the amount of foddewested from the trees. The
idea is to cut away branches for fodder and firedvand to improve the potential of
the tree to produce more of the desired produdéerent tree species can withstand
the harvesting of branches to varying degrees. niRguis the removal of side
branches along the stem of the tree, to about invdg the height of the tree, leaving
the crown untouched (Figure 2.7.1). Except for batvmg branches for fodder or
fuel-wood, trees are usually pruned to reduce sleading effects on adjacent crops
and to encourage growth of a straight stem for émPollarding is the cutting back
of all branches of a tree several metres from tloeirgd (Figure 2.7.2). The main
purposes are to harvest branches and leavesntolate the growth of a new, well-
formed productive crown and to produce high-qudiityber. The branches can be
used for fodder and firewood. Only trees that die &0 produce new shoots after

cutting should be pollarded.

Lopping is to cut away one or more branches froenttbnk or stem of the tree to

obtain fodder as well as firewood (Figure 2.7.3nhlyOsmall portions of branches
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should be cut to allow the tree to continue to gmei. Looping of browse tree in
order to provide leaf for livestock is a commonaqpice in arid and semi arid lands.
This practice can help to improve the amount ofws® during the dry season or
extreme weather conditions because the browse t@esegenerate after lopping.
Mukungurutse (2002), found out that lopping of bsewtrees Gmbretum
apiculatumand Wlophospermum mopanacreased re-growth of shoots. Browse
trees were lopped at zero, 25%, 50% and 75%ankighest re-growth was found in
the 75% lopping. However, (Primefact 2009) suggtsis no more than about 60%
of tree/shrub foliage be removed and that soméstiegbs remain unlopped to avoid
permanent damage to the trees. In Zimbabwe loppirtganches is carried out in

the late dry season to make browse accessibledstdick.

Prune to 2/3 of height
of the tree

| oeen |
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Figure 2.7.1 Prunning Figure 2.7.2Before andrgftllarding
Source: Chileshe and Kitalyi 2002. Source: Chigeshd Kitalyi 2002.
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Figure 2.7.3 Before and after Lopping

Source: Chileshe and Kitalyi 2002.

Figure 2.7.4 Coppicing Figure 2.7.5 Re-growtleaéoppicing

Source: Chileshe and Kitalyi 2002. Source: Chigeahd Kitalyi 2002.
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2.8 Coppicing

Coppicing is the practice of cutting back a trestimulate it to produce new shoots
(Figure 2.7.4). This method is ideal for produciiogage where livestock are not
browsing on the tree directly. Coppicing will enbara bushy re-growth to produce
many branches for fodder (Chileshe and Kitalyi 200Zhis practice can help to
improve the amount of browse during the dry seasoextreme weather conditions
because the browse trees can regenerate aftercoappi If coppicing is done also
to produce timber, most of the new shoots shouldebeoved, leaving only two or
three branches. Coppicing should only be done wsvtire end of the dry season, or
just at the beginning of the rainy season, so tppiced plants have an opportunity
to regrow. Jimu (2010), indicates that sonmnse species such alilbernardia
globiflora coppices well, but trees cut close to the grounSci® produce less
coppice growth than plants cut at 1.3 m heightweler, very little is known about
the effect of coppicing on indigenous browse treecges in Zambia. It is therefore
important to look at the effect of coppicing on on@ant indigenous climate

adaptable browse trees.

2.9 Nutritive Quality Studies of Local Browse Spees

Although leaves of browse trees are an importantcgoof forage for ruminants

during the critical period when quality and quanbf pasture herbages are limited
there is little information about the nutritive wval of leaves. Therefore, it is

important to evaluate the potential nutritive vabfdeaves based on their chemical

composition, andn vitro dry matter digestibility. Chemical composition che
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known by carrying out proximate analysis and patansesuch as percentage Dry
Matter (DM), Crude Protein (CP), Neutral Detergéittre (NDF), Acid detergent
Fibre (ADF), and key minerals such as Calcium (&wa) Phosphorus (P) can be used
to measure forage qualityn vivo digestibility of many different herbages, have
shown that digestibility could be an important inaé the relative feeding value of a
herbage. However, such measurements are costly edreied out with animals; a
technique for the prediction of digestibility by laboratory method is therefore
desirable. Chemical analysis of herbages alonetisadequate for such prediction
purposes. Then vitro digestion technique is a promising laboratory metfior
estimating the digestibility of herbage (Tilley afeérry 1963). Reid, Jung and
Murray (1964), found dry matter digestibility invo was closely related tm vitro
cellulose digestibility, but anomalies in the redaship have been reported by

Quickeet al. (1959) and Naga and el Shazly (1963).

Thereforejn vitro digestion is a biological method in which, undenditions which
simulated those within the rumen of a ruminant éaohbic, near neutral pH, blood
heat), small samples of herbage could be digestddamude rumen liquor rich in
microorganisms. This laboratory technique for dateing the digestibility of dried
forages involves incubation first with rumen liquand then with acid pepsin
solution. The rumen inocula, is capable of deplvith the digestible structural
carbohydrates, while the digestible protein cotlolvever, be readily removed by a

second-stage treatment with acid-pepsin. Withrtieshodin vitro andin vivoresults
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are in very close agreement over a very wide rarigeerbage samples. Methods
based on the use of enzymes rather than rumerr ligaue subsequently been used.
It is therefore important measure the chemical amsiipn of browse trees and to
carry outin vitro digestibility studies in order to determine thedeusefulness and
effectiveness of the browse species as feed forathmals in extreme weather

conditions.

33



CHAPTER THREE
MATERIALS AND METHODS
3.1  StudyArea

Choma district (16° 40' 0 S, 27° 10' 0 E) and wdkt of 1200-1400m in Southern
Zambia was chosen because it falls in the semi+agibn of Southern Province
which is the driest part of the whole country, #w@a has often been severely
affected by drought, floods, soil erosion. Theritsties within the Tonga Plateau an
area between two of south central Africa’s greaems the Zambezi and Kafue
(Araki 2001). Choma has a tropical wet—dry climate controllednbgist, warm

equatorial and maritime tropical air masses charaed by three distinct seasons:
hot and dry, from mid-August to mid-November, warnd wet, from mid-

November to mid-April, cool and dry, from mid-Aptd mid-August.
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Hikpivaylees
Figure 3.1 Map of Zambia showing location of Chadisdrict. Source; Chileshe and

Kitalyi 2002.

The area experiences uni-modal type of rain ladtiogn November to April. The

annual rainfall ranges from 600 to 700mm with arewem distribution and is
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generally insufficient with 70% probability of drght. The average monthly
temperature is about 22 with a maximum of 3 in October and a minimum of

15°C in June (Table 3.1).

Table 3.1 Mean monthly temperaturéS)(for Choma District.

Seasonal Variations Temperature 9C)

Warm wet season (December to

February)

Minimum temperatures 16-17
Average temperatures 21-22
Maximum temperatures 26-27

Cool dry season (May to July)

Minimum temperatures 4-7
Average temperatures 13-16
Maximum temperatures 23-26

Hot dry season (August to October)

Minimum temperatures 8-12
Average temperatures 18-22
Maximum temperatures 28-32

SourceBaudroret al2007

The District covers 7,289 sq km (Ellisen 2010) éied within the Agro-ecological

Zones 1 and Il. (Figure 3.2). Zambia has beerdédd into three Agro-ecological
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Regions or Zones |, lla, llb and Ill. Region Iveos the low rainfall and drought
prone areas found in the southern parts the coumtwhich crop production does
not do very well. Crop production in agro-ecol@jidRegion | is mostly at
subsistence level and households depend on food dutside the area to make up
for shortages in the part of the year. Maize isagran Region | but the risk of crop
failure is high and the small grain crops of draugdlerant sorghum and bulrush

millet are the main cereals.

Livestock are important, and food purchase is dfiteenced by sales of livestock, as
well as fish from Zambezi and Luangwa Rivers ankel Kariba. Region lla is the

most productive for cropping and is the main mg@zeducing area in the country as
well as being the main area for cash crops lika¢ob and cotton. Region 11b is less
productive but has high potential for cassava, aod cattle. Mangoes and cashew
nuts have development potential. Region lll is nyaa cassava growing area, and
although maize is also grown extensively, yields lanited by the acidic nature of

the soils and loss of nutrients by leaching duhegvy rains. Coffee, pineapples, and

rice are important cash crops.
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The population of the district is 244,180 with ansi¢y of 33.5 and an annu
population growth rate of 1.9% and has 45 houséolds (CSO 2010). The maj
inhabitants of the study area are tllateau Tongas who are mainly a-pastoralists.
84% of the households are small scale subsistearteefs (FAO/FASAZ 2003)
The Tonga people live in scattered hamlets, oftgpasated by several hundr
metres, and are administratively under the auty of a local headman, wr
represents the traditional chief. Livelihoods reeolaround livestock and cre
production, commonly complemented by the use otimhtresources. The mc
common animals kept are cattle, goats and pouioyisehold size variesetween 4
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and 20 family members and polygamy is common. Tdeséholds are mostly male
headed but female- and child-headed householdd asiswell. HIV/AIDS and
malaria cases have had a tremendous negative effabie traditional family fabric,
disorienting many traditional values and farmingqtices. The prevalent land-tenure
system offers rights around the hamlets, croppettidi and planted trees but

cropland is used communally after harvest for grgzgathering and hunting

The Tonga people of southern Zambia practiced ditimaal system of grazing
reserves where certain areas were reserved forselngon grazing. These areas
included seasonally flooded grassland (FAO199@\uminant Livestock population
stands at 117,406 cattle and 55,832 goats (CSO)20d0st livestock kept in the
district is under the traditional sector with varynimal conventional interventions
such as dipping, de-worming and vaccinations. Téggtor has been greatly
marginalized despite the fact that it is the ecoicdmackbone of the majority of the

population due to constant poor crop yields becafifiee unfavourable rain pattern.

The vegetation type is miombo woodland (Fanshawegs1Zhileshe and Kitalyi
2002). The Vegetation is characterized by modbralense to open stands of
deciduous trees, usually over 6 m high Characteriste genera arBrachystegia
and Julbernardia. Other common genera a@mbretum, Parinarand Pericopsis.
Acaciaspp. are found in the high water-table areas ofpitoeince. Most notable

grass genera arAndropogon, Brachiaria, DigitariaHeteropogon, Hyparrhenia,
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Hyperthelia, Panicum, Pogonarthria, TristachgadUrochloa Chileshe and Kitalyi

2002).

The part of Choma district which is in ecologicaine I, is on flat and steep
topography with Haplic Luvisols (FAO 1973) and Hapbolonetz on the flat land
and Dystric Leptosols on the hills and ridges. Bwonetz are highly erodible;
arable production is concentrated on bulrush m{femnnisetum glaucumsorghum
and livestock. Food security concerns predominatetd recurrent food shortages.
The other part of the district is in ecological edita which constitutes the central
plateaux with rainfall of 800 to 1,000 mm. The sodre mainly Haplic, Lixisols
Luvisols, Acrisols and other soil types (FAO 197B)ese soils are more productive,
permanent cultivation of sorghum, maize, groundneasv peas and a range of cash

crops including tobacco, sunflower, irrigated wheatybean and horticultural crops

3.2 General Study Methods

This study was done in 2010. Both primary and sdapndata were used in this
study. The primary data was collected using dedapre-tested semi-structures
guestionnaires. Data gathered included the dembgrapnd socio-economic
characteristics of the respondents as well as fhexiception of climate variability.
Data on coping strategies as an adaptation to ®iwvexiability were also collected.
The selecting of the respondents was done withhéte Agricultural officers from
the Ministry of Agriculture and Cooperatives. Hebslds were selected from

Sikalongo Sub-district. Within the sub-district dam sampling was firstly used to
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select villages near Mochipapa Research stati@n athich a sampling unit of agro-
pastoral households was drawn from a list of alidedolds in the area. The total
number of agro-pastoralists was divided by 60 ttaiobthe ' value. The first
household was then selected randomly from the fraand the subsequent
households were selected every after theaiue until when sixty households were
obtained. The60 households were interviewed fromvidages namely; Masopo,
Siakacheka, Siachimputi, Siabbwenungu, Siamung8lazweni, Simuchembu,
Simweemba, Kaluwe and Namonza. In addition a Fdsusup Discussion and
secondary sources of data were used to get aibglisture of the coping strategies

that are used in the area.
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CHAPTER FOUR
CLIMATE VARIABILITY, LIVELIHOOD COPING STRATEGIES
AND ADAPTATION AMONG AGRO-PASTORAL COMMUNITIES.

(Work published in the Journal of Agricultural andBiomedical sciences JABS
Vol. 1 (1), pp 25-29, January —March 2012 ISSR25-6410)

Abstract

Agro-pastoralists whose source of livelihood deemainly on rain-fed agriculture
are increasingly facing immense challenges duelitbate change and variability.
Climate change and variability which manifests litséhrough increase in
temperature and frequent occurrence of floods ammughts are increasing the
agro-pastoralists, inability to sustain their saes of livelihood hence their need for
coping strategies to adapt to these changes . Sthidy looks at the extent of climate
change and variability, the agro-pastoralists petien of climate variability and
their coping strategies in extreme weather condgidn Zambia.  The study
employed semi-structured interviews and Focus Grdugcussion technique to
collect primary data. Secondary data was also emtd. The data sets were
subjected to descriptive and trend analysis. Jthey revealed that there has been
an increase of 1.6C in the average annual temperatures over the previfive
decades. Variability in the amount of annual ralhfaceived has increased over the
same period while there was a general decline eraye annual rainfall received.
This is in agreement with most of the farmers’ ppton that the frequency of floods

and drought has increased over the same period.t dbshe farmers are coping
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with these extreme weather conditions through to@ssales and engaging in non
agricultural activities. Non agricultural activite include harvest of products from
the forest such as charcoal burning, sale of firedjacarpentry, carving and sale of
thatching grass. Others engage in trading, workiag others, bee keeping, brick-
laying, knitting and fishing. There is need to amte some of these coping
strategies to ensure survival in view of anticighferther increase in frequency,
intensity and magnitude of these extreme weatbeditons. Harvesting of forest
products should be done on a sustainable basiedoae pressure on the forest and

avoid de-forestation.

Key Words: Extreme weather conditions, adaptation.
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4.1  Introduction

Agro-pastoralism provides source of livelihood fanllions of people in Sub-
Saharan Africa. However the sustainability of gmeduction system is under threat
due climate change and variability. The most serithreats have been recurrent
droughts and floods. The people have always sdfeecurring drought and floods
which often lead to food shortages. The situalias been made worse due to the
fact that Agro-pastoralists are often ignored imedepmental debates and efforts that
focus on food security in terms of crop product{®arryet al. 1999, FAO 2006,

IPCC 2007).

4.1.1 Climate variability

Climate variability which refers to the climate clges taking place around the globe
can affect the livelihoods of agro-pastoralists diverse ways. The day-to-day
impacts of climate variability such as higher tenapére, erratic rainfall and floods
are increasing the pastoralists’ inability to feeir animals leading to loss of a
source of livelihood and thus food insecurity. odds have devastating effects on
livelihoods and other human activities. They d®stagricultural crops, disrupt
electricity supplies and demolish basic infrastnoet such as roads, homes and
bridges. Moreover, IPCC (2007) asserts that cland ecosystems are already
changing as a result of human activities and ptegegvarming of 2 to 2.8C will
have significant impacts on global agriculture &ald prices by 2050. In Southern
Africa, it is estimated that by 2050 temperatura ke significantly higher and

rainfall will greatly reduce (Zeidler and Chunga 0Z) and have serious
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consequences on food production and security. Drtsugre also going to increase.
Future climate predictions indicate that the fregiyeand intensity of dry spells is
going to increase in the region (Belawal 2010). Climate change and variability
will also cause water stress, land degradationetawop yields and increased risk of
wild fires, resulting to more than 50 % declineagricultural productivity (Erhart
2009). These climate change projections if realized likely to affect forage and
animal production, and ecosystem functioning (Makeo al. 2009). The farmers
efforts to subsist on the land are going to belehged and their resilience will be
gradually eroded (Mogotset al. 2011) There is therefore need to indentify and
enhance coping strategies that will enable the desriive with these changes instead

of dying from them

4.1.2 Livelihood coping strategies and adaptation

Coping strategies are defined as specific efftmsh) behavioural and psychological,
that people employ to master, tolerate, reduceinommee stressful events (John and
MacArthur 1998). Adaptation refers to the adjusttiematural or human system in
response to actual or expected climate stimulheirtefforts which moderate harm
or exploits beneficial opportunities (IPCC 2007hee adjustments are intended to
reduce the vulnerability of society to changesha tlimate system (Kates 2000).
Adaptive capacity is the capacity to cope with ictpaof climate variability and
change (Smit and Pilifosova 2002). Moreover adapiato changes including
climate variability is a dynamic process and shagdda survival mechanism display

enough flexibility to accommodate new componentSIEB AND ICRAF 2006). In
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Zambia the Agro-pastoralists have not been spamh theses extreme weather
conditions. MTENR 2007, reported that in Zambi& tincrease in frequency,
intensity and magnitude of climate variability ovédre past two decades have
adversely impacted on food security, water secunigter quality, energy and
sustainable livelihoods for the rural communitigsing the Zambian case this study
examines the magnitude climate variability the ggmetoralists’ perception of
climate variability and the coping and adaptiveatgigies that they employ when

faced with this vice.
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4.2 Materials and Methods
4.2.1 Study area

The study was carried out in the Southern Regiafamhbia in Choma District. The
district lies within the Tonga Plateau an area leetwtwo of south central Africa’s
great rivers the Zambezi and Kafue (Araki 2001) Hinea experiences uni-modal
type of rain lasting from November to April. Theraal rainfall ranges from 600 to
700mm with an uneven distribution and is generaligufficient with 70%
probability of drought. The average monthly tempae is about 2& with a
maximum of 32C in October and a minimum of 45in June. The vegetation type
is miombo woodland (Fanshawe 1966; Chileshe andli2002). The major

inhabitants of the study area are the Plateau Towha are mainly agro-pastoralists.

4.2.2 Data collection

This study was done in 2010. Both primary and sdapndata were used in this

study. The primary data was collected using dedapre-tested semi-structured
guestionnaires as earlier described.  Data gadhieicluded the demographic and
socio-economic characteristics of the respondestsvall as their perception of

climate variability. Data on coping strategies asadaptation to climate variability

were also collected. The selecting of the respotsdevas done with the help

Agricultural officers from the Ministry of Agriculire and Cooperatives. Households
were selected from Sikalongo Sub-district. Withie sub-district random sampling

was firstly used to select villages near Mochip&®search station after which a

sampling unit of agro-pastoral households was drmam a list of all households in
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the area. Sixty farmers were interviewed from teltlages namely; Masopo,
Siakacheka, Siachimputi, Siabbwenungu, Siamung8lazweni, Simuchembu,
Simweemba, Kaluwe and Namonza. In addition a Fdsusup Discussion and
secondary sources of data were used to get aibglisture of the coping strategies

that are used in the area.

4.2.3 Climate data

The long term temperature and rainfall data watectd from the Meteorological

Department of the Ministry of Environment and NatuResources. This data came
from Mochipapa Research field station which is tedawithin the study area. The

data collected was for a period of 50 years, fr@&a0lto 2010.

4.2.4 Data analysis
Data were analyzed using GenStat Discovery EdBi@oftware programe. Graphs
were used to present climate data. Data from thestgpnnaire survey were first
coded and entered using Microsft Excel. Frequenei® calculated using simple
descriptive statistics for respondents demograplsosio-economic characteristics
and other related variables. The Coefficient ofhfidl variability was calculated
using the following formula;
CV :[iq} X 100where CV = Coefficient of Rainfall Variatio
Ri SD = Standard Deviation of Annual Rainfall

R = Annual Rainfall Average

I = Subindex ranging from 1 -10 fockaarticular year
of a decade.
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4.3  Results and Discussion

4.3.1 Age and gender distribution of the respondest

The study revealed that 94.92% of the agro-passtsah the study area were male
headed and 5.08% female. The majority of the pasioralists were headed by
members older than 40 years 74.14%. Of the rekpus 68.96% were in
monogamous marriages, 29.31% in polygamous masiafdst 3.44% were single
and female. The fewer female headed households agea result of polygamy. The
females are normally married off even to alreadyrried men as per Tonga
tradition. They have had a belief that having mbign one wife and a large family
is a way of having more labour to engage in agnical production thereby
increasing food production to ensure food securitfyolygamous marriages and
multiples wives in the homes make them free to gaga food security activities to
sustain the family unit. This is contrary to whagu@sumi and Ogbosuka(2009)
found out that the number of wives and the typemafiriage are not related to
maintaining food security. The level of educatadrthe family household was high
as more than 90% of them have had some formal &docaThe high level of
education is important as it encourages some l@vplanning and decision making
(Mogotsi et al. 2011). That means that it would be easy for taemérs to
comprehend issues of climate variability and areremiikely to make rational
decisions. Household sizes were higher, 16 indalglun polygamous marriages
compared to 9 in monogamous marriages and 10 glesin The large size of
households is common in agro-pastoral communitesablse of the high labour

requirement of farming operations.
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4.3.2 Agricultural activities

All the respondents were involved in mixed farmimgich involves the growing of
crops and the rearing of livestock. The main crgmsvn are maize as the staple
crop, groundnuts, sweet potatoes and cowpeas. & tivestock reared are cattle,
goats and chickens with cattle being the most ingmbras per Tonga Tradition. The
other agricultural activities practiced by the fam are gardening (growing of
vegetable), fruit growing, bee keeping and fish{sge Figure 4.1). All of these
agricultural activities have a direct relation tomatic conditions and any climatic

deviation from the normal would adversely affeaidrction.

BeeKeeping (15.009
Gardening (62.00

Orchards (19.00%)

Fishing (4.00%)

Figure 4.1 Other agricultural activities practidgdthe agro-pastoralists
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4.3.3 Climate data from the study area

Past climatic date collected from the area covaredriod of 50 years, from 1960 to
2009 as shown in Figure 4.2. The data revealedtliee has been temperature
variability as well as a general increase in therage annual temperatures. The
average annual temperature were 18.755, 19.101,190608 and 19.77C for the
decades ending in 1969, 1979, 1989, 1999 and 2&ectively, (Figure4.3). This
shows an increase of 1°0. between 1960 and 2009. This is slightly highantthe
empirical evidence that shows that a warming ofraxmately 0.7C over most of
Africa during the 28 Century (IPCC 2007). IPCC 2007 indicated that &3
temperature increase could lead to 0.4 to 1.8ohillinore people at risk of water
stress. The population at risk due to increaseégtiess in Africa is projected to be
between 75-250 million people by 2020 and 350-6Ubam by 2050. This increase
in average temperatures would cause a reductiowadar availability which will
impact negatively on livelihoods of the people sinihiey depend on rain fed
agriculture. Increase in temperature can also cdeseease in livestock productivity
directly and indirectly through changes in the &lality of feed and fodder. There
is also increase incidence of pest attacks and festation of vector and vector

borne disease.
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The rainfall data revealed that there has beereased variability in the amount of
annual rainfall received from 1973 to 2009 as shamvirigure 4.4. There is less
variability shown from 1951 to 1972. This increasediability is an indication that
the frequency of floods and droughts has incre&sed 1973 to 2009 compared to
the period 1951 to 1972. Decadal rainfall averagfgswv an increase from 810.13
mm to 851.75 mm in the two decades from 1960 t® X then reduced to 775.28
mm in 1989 as shown in Figure 4.5. There was farteduction to 714.49mm to
1999. In the decade from 2000 to 2009 there wame@ease to 813.59mm. This
shows that there has been some floods in certarsy@nd some droughts in other
years. The trend line also shows that there has begeneral decrease in rainfall
over the whole period of six decades, Figure 4.dmEet al. (2001) found a
decrease in precipitation by about 2.4.8 per decade in tropical rainforest of Africa
since the mid 1970s. If this trend continues tieme is going to be increased water
stress as the demand from water increases duectt@asing human and livestock
population. Reduction of water will lead to lossfobd production capacity due to
decreasing yields and hence the threat to foodrigeclPCC 2007 estimates that by

the 2080s, parts of arid and semi-arid lands incAfwill to increase by 5-8%.

It is therefore importance to ensure that climdtange reversal measures are put in
place to avoid acceleration of climate change dripeblems such as desertification
processes and food insecurity in the region. @&hmeasures include reduction in
deforestation and burning of grasslands, fossilsfuend other wastes. These

measures reduces the amount of carbon dioxide fotee @reen house gases which

53



is emitted into the atmosphere and causes clintetege. Feeding the ruminant high
guality pastures reduces methane emission (Len@)19% the ruminants are fed
poor pastures they produce more methane whichasbthe green house gases that
cause climate change. Animals on high quality pastu balanced rations produce
less methane (270 — 350 g methane/cow/day) thasetbo poor quality pasture or

feeds (370 - 450 g methane/cow/day), linking proditg to emission rates (Eckard

2007).
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Figure 4.4. Variations in Annual Rainfall (mm)@homa District

Coefficient of rainfall variability for each decadas;1951-1960 =17.23%,
1961-1970=18.78%,1971-1980=30.87%, 1981-1990 =23,13
1991-2000 =28.23 and 2001-2010 =18.88%
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Figure 4.5. Average annual Rainfall in Each Dedadeéhoma District

4.3.4 Perceptions of climatic change and variabiljt

As shown in Figure 4.6, 98.33% of the respondendscated that there has been
climate change over the past 30 years. Most ofébpondents (85.00%) used the
increase in rainfall as the indicator for climateasge compared to decrease in
rainfall (18.33), late onset of rains (5.00%), tweather becoming hotter (1.67%)
and the weather becoming colder (3.33%) (Figurg.4The highest response for the
increase in rainfall could have been due to thé taat the people had experienced

unprecedented floods the rainy season just befiersurvey was conducted.

The respondents states different opinions concgrrlimatic variability and extreme

weather conditions. 61.675% indicated that thelia increase in climatic variability
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in terms of increased frequency of floods and dntsig Figure 4.8, 13.33%
indicated that floods and droughts have reducé@%.said there was no change and
1.76% were not sure, Figure4.8. These perceptignthe agro-pastoralists are in
agreement with the climatic data from the same abk&h show an increase in
temperature and rainfall variability. This is basa farmers have been experiencing
regular occurrence of drought and floods. Thisnisagreement with Raet al.
(2011) who indicated that farmers are well awarehef general climate in their
location and its variability. The farmers are athgadjusting to their way of doing
things as a result of this perception. This inchidelecting of plant and animal
species that survive well in adverse weather candit The farmers do this by using
early maturing crop varieties, adjust the plantilages and choose to put their crop
fields in valleys, slopes, or on uplands areaseyTélso keep a variety of animals
such as cattle, goats and chickens. Infact a nunabeNon-governmental
Organisations such as Land O Lakes and World vikiave been promoting the
rearing of goats because they are adapted to sumvell in adverse weather
conditions. A progressive shift from cattle toahruminants has been observed
which is viewed as a strategic move since smattksteproduce much faster than
cattle and are more hardy, less costly and easidedd (Mortimore and Adams

2001).
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Figure 4.7. Comparisons of climate change indisato Choma district
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4.3.5 Livelihood adaptive strategies in extreme wéaer conditions

Households vary livelihood strategies when faceth witreme weather conditions
(Ellis 1998; Valvidia and Quiroz 2003) and is irdhced by linkages inside and
outside agriculture (Bebbington 1999). Table 4.avehthe variety of the livelihood

strategies employed in Choma district and are caimgd as agricultural related and
non-agricultural. The agricultural livelihood preets for the pastoralists were
livestock and crop sales, vegetable growing and sakitrus fruits. The main non

agricultural activities were charcoal burning amdesof firewood, trading, working

for others and carpentry. It is important to ndtattthere is diversification both

58



within the agricultural and non agricultural copirgjrategies. Diversification
between and within crops and livestock reducedaimers vulnerability to climate
variability more than if it takes place at one fargilevel, crop or livestock level.
Vulnerability to climate variability is further reded with incorporation and
diversification of non agricultural activities thare not directly dependent on
climatic conditions. Therefore the non agricultwaetivities are extremely important
in extreme weather conditions. The need for adtivae sources of income outside
agriculture is real and calls for diversificatiohliwelihood strategies ((UNEP AND

ICRAF 2006)

Among the non agricultural activities the most impat were charcoal burning, sale
of fire wood, carpentry, carving and sale of thatghgrass as indicated by the
highest value of 53.15%. The least practicedviiets are collection of wild fruits

and fishing as indicated by 1.69% of the resporsileill those activities have an

important effect on the forests.
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Table 4.1 Agricultural and Non-agricultural livetibd strategies of agro-pastoralists
during extreme weather conditions.

Livelihood practice Respondents % Ranking
Agricultural

Sale of Livestock 93.33 1
Sale of Crops 31.67 2
Vegetable Growing 23.33 3
Sale of Citrus Seedlings 3.33 4

Non- agricultural

Products from Forest (Charcoal burning, sale efwod

Carpentry/Carving, Sale of Thatching Grass) 53.15 1
Trading 30.51 2
Working for Others 13.56 3
Bee Keeping 6.78 4
Bricklaying 3.39 5
Knitting 3.39 5
Wild fruit collection 1.69 6
Fishing 1.69 6

4.3.6 Climate variability and harvest of forest pralucts for survival
In Africa two thirds of the population of approxitely one billion people, rely

directly or indirectly on forests and woodlands tioeir livelihoods (The World Bank
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2004). Tropical forests hold several goods andises used by forest dependent
people as safety nets to transverse difficult isriof resource supply (Nkeet al.
2010). Communities are able to cope with climatpacts using natural resource
base in the forest ecosystem that provides livetihgoods and services (COFCCA
2011). Forest resilience will ensure the contirsupuovision of these goods and
services as the lifeline of the poor majority whicedtly depend on them. In the
Choma agro-pastoral community charcoal burningperary, curving, selling of
firewood, sale of thatching grass and collectingwold products are important
activities farmers engage under extreme weatheditons (Figure 4.9). These
could cause a negative impact on the forest withesgsed climatic variability if not
done sustainably. Bonan (2008) and Eastaugh (2088 noted that forests are
expected to face significant pressure from climgtange over the next century
which will potentially disrupt the important ecologl, economic, social, and
aesthetic services that forests provide. Therefoee extreme weather conditions
will put more pressure on the forest which coulddi¢o serious deforestation and
land degradation. Since forests and trees areopéne strategy to cope with climate
change it is important to embrace forests use abittbecomes part of the climate
strategy for adaptation. It should be done in aasugble manner by not over
harvesting and by encouraging re-planting of tltkg@nous trees There is also need
to encourage livelihood strategies that do not hghrectly on the forest and to
ensure sustainable use of the forest. Coping gitestesuch as bee keeping and
trading do not impact negatively on the forest.sTWill help to mitigate the negative

effects of climate variability and climate changeforest use. Trading is the second
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most important non-agricultural livelihood strategysome of the pastoralists are
involved in trading in groceries, small farm implents and other merchandise
which they can get from nearby towns. Trading anodifess activities within the
confines of the village territory help supplemeatnii driven income (Batterbury
2001; Mortimore and Adams 2001). This should beoaraged because it does not

cause harm to the forest.

There is also need to bear in mind that, linkagetsvéen issues of climate change
and variability and questions of land tenure ardtipla, complex and indirect.
However, the effects of climate change and vaiigbdre felt through changes in
natural ecosystems, land capability and land ustBsys. Increasingly, these changes
will place diminishing supplies of land under gexapressure, for both productive
use and human settlement. As a result land issukpalicies are key considerations
for adaptation planning, which will need to strdregt land tenure and management
arrangements in risk environments, and secure mspahd access arrangements for

land for resettlement and changing livelihood dedsan
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Plate 4.2: Sale of charcoal by the road
side. Source; Author.

- e '
Plate 4.3: Sale of Craft such as woode
stools pestle and mort&ource; Author

rPlate 4.4: Sale of small wooden tables
Source; Author.

Plate 4.5 Sale of Thatching Grass.
Source; Author.

Plate 4.6 Sale of special types of pest
and mortars. Source; Author.
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4.4  Conclusions

From this study, the conclusions are that; there Ib@en an increase in climate
variability over the last five decades in the stuga. Farmers have the right
perceptions concerning climate variability and exte weather conditions and is
seen in the way the carry out their faming actgtand adaptation to the extreme
conditions. Livestock sales and use of forestsoueces are the key coping and
adaptive strategies to climate variability in thedy area. There are challenges
associated with some of the alternative strategieh as charcoal burning which

leads to deforestation.

4.5 Recommendations

The recommendations from this study were thatetheineed to promote the use of
climate data so that the agro-pastoralists can nrafkemed decisions concerning
alternative livelihood strategies. There is alsoecheto encourage alternative
livelihood strategies to climate variability so #s reduce the potential negative
impact of excessive exploitation of the forest diodest products particularly
deforestation and associated land degradation. s Will ensure sustainable
utilization of the natural resources for the lomgm benefit of the farmers. The
challenges associated with some of the alternatnategies such as charcoal burning
which leads to deforestation should be mitigated grpmotion of national
reforestation programmes. There also need to eageucontinued provision of
secure land tenure arrangements to enhance hodserad communities capacities

to sustainably adapt to climate change impacts$vetiioods and food security.
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CHAPTER FIVE
CLIMATE VARIABILITY,AND ADAPTIVE UTILISATION OF
BROWSE TREES FOR IMPROVED LIVESTOCK PRODUCTION AMON G
AGRO-PASTORAL COMMUNITIES IN SOUTHERN ZAMBIA.

(Work published in African Journal of EnvironmentaScience and Technology
Vol. 6(7), pp. 267-274, July 2012 DOI: 10.5897/AJEBRL.329 ISSN 1996-0786
©2012 Academic Journals. Available at http://wwwaatemicjournals.org/ajest/

abstracts/abstracts/abstract%202012/July/Chibinga@%®620al.htm)

Abstract
Agro-pastoralists whose source of livelihood degend rain-fed agriculture are

very vulnerable to ecological disturbance due tor@asing climate variability. They
are unable to adequately feed their animals in §rokextreme weather conditions of
floods and droughts thereby causing a disruptiothiir major source of livelihood.
This study analysed the feeding strategies empldyedAgro- pastoralists in
Southern Zambia and identify important browse sgecised in extreme weather
conditions in order to improve their utilizationrfamproved livestock production.
The major livestock feeding strategies during didsgnclude browse utilization,
dambo grazing, grazing along streams and suppleangnfieeding while during
floods upland grazing and browse grazing were tlagnrstrategies. However, most
of the agro-pastoralists do not practice pasture nagement and fodder
conservation for their animals. Of the twenty oBg)(tree browse species identified
by the agro-pastoralists seventeen (17) specie® len found to be important
during droughts and eight (8) during floods. Mosttlee agro- pastoralists neither
knew how to plant these browse species nor howateage them for better and
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sustainable use in feeding their animals. Theretbesagro- pastoralists in the study
area need to take up management and feed consarvaeasures for their animals.
Deliberate effort should be made to teach the agrastoralists how to plant and
manage the important browse species that are deitab extreme weather
conditions. This will enhance productive use of bmewse species for improved

animal feeding to ensure food security among the-pgstoralists.

Key Words: Extreme weather conditions, adaptation, browse ispgcagro-

pastoralists
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5.1 Introduction

Pastoral systems provides an important sourcevefiliood to many people in the
world. About 40 million people and almost halftbem being African pastoralists
depend on almost entirely on livestock for thewrelihoods (AFORNET 2005).
Sustainability of this production systems has laeimng a lot of challenges in Africa
especially with reference to availability of adetuanimal feed resources. In the
horn of Africa millions of people currently leaveliestyle that is centred on the
search for the increasingly scarce pasture andry@tehart 2009). Over the years
climate variability and change has impacted neghtion the ability of the local
ecosystems to faithfully meet the ever increasiaigpand for feed resources for their

animals.

5.1.1 Pastoralism and climate variability.

Climate variability refers to variations in the mestate of climate on all temporal
and spatial scales beyond that of individual weadivents (USAID 2007). Climate
variation manifests itself in extended droughtpfle and conditions that result from
periods of El Nino and La Nino events. Over thergdghe frequency of the climate
variation in terms of temperature and rainfall basn increasing. It is estimated that
by 2050 temperatures will be significantly highedaainfall will greatly reduce in
Southern Africa (Zeidler and Chunga 2007). Thesmatk projections are going to
affect forage and animal production, and ecosystenctioning (McKeonet al.

2009). Climate change and variability will also sawvater stress, land degradation,
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lower crop yields and increased risk of wild firessulting more than 50 % decline
in agricultural productivity (Ehrhart 2009). The sparal communities and their
livestock are very vulnerable to these ecologigsiubances which often result in
food insecurities and shortages (SORPARI 2005).yTéwe unable to feed their
animals on good quality feeds. In Zambia the meamperature computed for the
previous thirty years for the agro-ecological zofmsthree periods, November to
December. January to February and March to Apmicaie that the summer
temperature is increasing at the rate of®.fer decade, which is ten times higher
than the global or southern African rate of inceeas temperature, Centre for
Environmental Economics and Policy in Africa (CEER®B06). The annual rainfall
data for the 14 years from 1990/1991 to 2003/2@Bbw that at least ten years in
each agro-ecological zone had below normal rainfallhe southern zone has
experienced more severe dry seasons than the Iceotra in the last 20 years
(CEEPA 2006). The Agro-pastoralists in Zambiaehawot been spared from theses
extreme weather conditions. Ministry of Tourism vEonment and Natural
Resources (MTENR) reported that in Zambia the e®een frequency, intensity and
magnitude of climate variability over the past tdecades have adversely impacted
on food security, water security, water qualityereyy and sustainable livelihoods for

the rural communities(MTENR, 2007).
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5.1.2 Feeding strategies in extreme weather conditis.

African pastoralism has evolved in adaptation tshanvironments with very high
temporal variability in rainfall (Ellis 1995). Pasalists have employed strategies
such as moving to other areas unused in ‘normglsdason (Morton 2007), keeping
multispecies herds to take advantage of differentogjical niches and the labour of
men, women and children and supplementary feedintheir quest for proper
feeding of their animals. However proper feeding arfimals has remained a
challenge because of increase in climate variglalnd their animals are still on poor
diets. Feeding animals with poor quality feeds basn associated with increased
emission of greenhouse gases particularly carboridk and methane that have
been implicated in global warming (Beauchemiral, 2008, 2009). Feeding animals
on high quality pasture or balanced rations prodiess methane (270 — 350 g
methane/cow/day) than those on poor quality pasturefeeds (370 - 450 g
methane/cow/day), linking productivity to emissioates (Eckard 2007). To
improve the quality of feed given to animals uselawfally adapted green fodder
legumes and browse trees have been recommendedny parts of the tropics

(Simbaya 2002).

In Zambia there is lack of knowledge concerning plastoral production systems
and their adaptive use of browse trees in viewliofate variability. The type of

forage species that have higher adaptation to tdimariability in these rangelands
need to be given priority. For example droughtgehtine effect of favouring some

trees and shrubs while adversely affecting othersnefact 2007). In most arid and
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semi-arid areas browse play a critical role asslivek feed in the dry season. Trees
produce leaves, shoots and fruits which are a soafoutritious livestock feed.
Promotion of the use of browse is important becdhbsebrowse is less affected by
climatic variation compared to herbaceous specidse rangeland ecosystem needs
to be re-examined in view of climate variabilitydathe need to adequately provide
animal feed resources

In view of the above, this study was conducted dteanine the feeding strategies
employed by agro-pastoralists in Southern Zambexineme weather condition and
to identify important browse species for use sdoagmprove their utilization for

improved livestock production.

5.2 Materials and Methods
5.2.1 Study area

The study was carried out in Choma District in $eat Province, Zambia. Southern
province has the largest number of cattle and goétall Zambia’'s provinces,
comprising 33% and 31% of the traditional herdpeesively (CSO 2009). Choma
district lies within the Tonga Plateau an area leetwtwo of south central Africa’s
great rivers the Zambezi and Kafue (Araki 2001)hds a population of 244,180
inhabitants and 24,321 households (CSO 2011). aFba experiences uni-modal
type of rain lasting from November to April. Theraal rainfall ranges from 600 to
700mm with an uneven distribution and is generatgufficient with 70%
probability of drought. The average monthly tempae is about 2& with a
maximum of 32C in October and a minimum of 45 in June. The vegetation type

is miombo woodland (Fashawe 1966; Chileshe andyi2902). Characteristic tree
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genera ardrachystegia, Fulbernardia, Combretum, Pinari, Repsisand Acacia
(Chileshe and Kitalyi 2002). The major inhabitaotghe study area are the Plateau
Tongas who are mainly agro-pastoralists. The ntgjaf the households in the
district depend on agricultural related activities their livelihood including crop
production and livestock rearing. Over 90 % of tleestock are managed
extensively depending entirely am situ grazing in the rangelands for nourishment.

84% of the households are small scale subsistamceefs (FAO/FASAZ 2003).

5.2.2 Sources of data

This study was done in 2010. Both primary and sdapndata were used in this
study. The primary data was collected using dedapre-tested semi-structured
guestionnaires as earlier described. Data gathechaded the livestock ownership,
feeding strategies of the livestock, forage managgmand important browse
species in extreme weather conditions. Human,ecattid goat population in the
district was collected from the District Agriculadr Office in the Ministry of

Agriculture and Cooperatives.

5.2.3 Data analysis

Data were analyzed using GenStat Discovery Edifiosoftware programe. Data
from the questionnaire survey were first coded antéred using Microsft Excel.

Descriptive statistics were used to describe tlspaedents demographics, socio-

economic characteristics and other variables irptbduction system.
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53 Results and Discussion

5.3.1 Age and gender distribution of the respondeat
The demographic and socio-economic variables ofébpondents in the study area

have been reported in Chapter 4.

5.3.2 Agricultural activities

All the respondents were involved in mixed farmimgich involves the growing of
crops and the rearing of livestock. The main crgpsvn were maize the staple
crop, groundnuts, sweet potatoes and cowpeas. stbiele rearing is important for
rural households in Choma district and mainly imesl poultry (100%), goats
(81.36%) and cattle (100%). Goat and cattle reasriggher than what was quoted
in FAO/FASAZ (2003), who found 54% and 49% ofthké households interviewed
to be involved in goat and cattle rearing respetyivThe increase has been due to
deliberate government efforts through the cattitoeking programme. The cattle
restocking programme was introduced in 2003 taredtreeding stock and increase
animal draught power (IRIN 2004 and Mulemba 20089 #he Animal Disease
Control Programme to preserve the current popudaiidivestock. Goat rearing has
also increased because a number of Non-governm@rdahisations such as Land O
Lakes and World Vision have been promoting theimgaof goats because they are
adapted to survive well in adverse weather conaitioGoats also reproduce much
faster than cattle and are more hardy, less casitlyeasier to feed (Mortimore and

Adams 2001).
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Figure 51 Cattle and Goat Owners|

5.3.3 Cattle and goat (wnership

Most of the livestock is owned by the nucs family (Figure 51) 41.67% forgoats
and 35.00% for cattle. Ownership of cattle is ftiores higher for the husban

(25.00%) compared to wives (6.67) % while the owhgr of goats among the wiv

is two times higher (10.00% compared to husban@9%).

traditionally ownership of cattle has been more important amoeg than women
Ownership of goats is higher among women becausee thas been delibere
promotion of goat keeping to women by Non Governtale@rganisations(NGO)
This has been done as a way of emfring women with some wealth. Promoti

of goat keeping is very important adaptability &gy especially in times of hic
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climate variability because goats are able to wathd harsher climate compared to
cattle. The agro-pastoralists are still practiciing keeping animals from other
relatives. This is one way of adapting to harsima&le because if there is drought in
one region then the animals kept by relatives heotegion which are not hit by
drought would survive and thus, the owners will loste all the animals. It is also
one way of strengthening social relations becabsset without animals can keep

and use animals from relatives.

5.3.4 Herd composition

The results of the sex ratio of the cattle and gbard are presented in Figures 5.2
and 5.3. Cows consisted of 37% compared to b@dofithe herd population. The
trend was slightly higher for goats with 47% doempared to 5% bucks.. This is
because the herdsmen retain female animals folncoiyt of the herd. Waters-
Bayers (1985), Mohammed (1990), Okoruetaal (1996), lyayiet al. (2003) and
Musemwaeet al (2007), reported that female cattle usually dates the herd due to
the fact that they are reserved for breeding ani production with few bulls
retained to replace those sold. High proportiorfieafiales in the herd also gives the
agro-pastoralists a better chance of quickly bogdup the herd again in the
aftermath of disaster such as drought. The highbas of oxen in the cattle herd
indicated the need of the oxen as a source of grafter for farming and
transportation. The breeding ration for cattle alull per 9.5 cows and for the
goats it was 1 buck per 9.5 does. This ratio ithiwithe recommended breeding

ratios.
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5.3.5 Status of the grazing area

The status of the grazing area has been reduciegtbg years as indicated by 83%
of the respondents (Figure 5.4). The reasonshioreduction are due to increase in
human population, increase in livestock populatma poor management of feed
resources in grazing areas. The human populatidimel district has been increasing
at a rate of 1.8% in the past 10 years (CSO 201liyestock data also shows that
there has been 40% increase in population of catite93% increase of goats over
the past decade (CSO 2011). Human populationaseréas increased the demand
of land for settlement and for fields for growinfyjanops. Population increase cause
reduction in grazing lands (FAO 1996). The aninfeéd resources in grazing areas
are further reduced by cutting of trees for chadrdoarning and also having
uncontrolled fires. The problem of reduced graziagfurther compounded by
increase in climate variability. With increasingniperatures and increasing
frequency of droughts in the area, according to ERE 2006), the moisture
available for feed production will be decreasingdimg to decrease in livestock
production and loss of livelihoods for the peopl€here is therefore, the need for
adaptive feed strategies in the system by identifyand promoting utilization of

climate adaptable indigenous forage species.
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Figure 5.5 Population of cattle and goats in therGa district over the past decade
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5.3.6 Animal feeding strategies during extreme welér conditions

The most important animal feeding strategies dumingught included; browse
utilization, dambo area grazing, supplementatiod apland grazing while during
floods upland grazing and browse use were very rmapd(Table 5.1). “Dambo” is a
word used for a class of complex shallow wetlamdsentral, southern and eastern
Africa, particularly in Zambia. Daodet al(2009) also found out that during the
dry season important feed sources for animals Wene around brooks, dams, rivers
and streams. Even during normal weather condisopplementation during the dry
season is still very low among the farmers 8.33%gaats and 48.33% in cattle.
Supplementation is by use of, crop residues suclmage and groundnut stover,
velvet beans and maize bran. A large number ohdes do not practice feed
conservation (65.00%) and 50.00% do not practistupa management. The farmers
indicated that they lacked knowledge on how to eoressand manage pastures while
others indicated that they lacked labour. Browslzation is very important both

during drought and floods.

Table 5.1. Animal Feeding Strategies during Extr&feather Conditions

Feeding Strategy During Drought During Flood
% Respondents % Respondents

Dambo Grazing 67.80 -

Browse Utilisation 76.78 69.49

Supplementary feeding 8.47 -

Upland Grazing 22.03 77.97

Grazing along streams 18.64 -
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5.3.7 Water source

The most important sources of water for livestosk is from streams as indicated
by 98.31% of the respondents while water from boleh and wells are the most
important for home use, Table 5.2. The dependehs#eams as main water source
for livestock makes them to be very vulnerableinmes of drought because most of
the streams do run dry. However the fact that tieeeegood number of boreholes in
the area means that animals could still survivendudrought because they can also
use water from the boreholes as long as they dalmnotip. Distance to the water

supply for livestock is within one kilometer for @0of the households. The distance
to water supply could increase in times of drougbta number of steams could
easily dry up. Some pastoralists indicated thainduwirought animals could cover up

to 10 kilometers in search of water. It would bepartant to consider building a

dams in the area since there are no dams.

Table 5.2 Type of Water Source and Distance tdaew8ource for Home and
Animal use

Type of Home For Distance to Home Use For Animal

Water Use Animal Water Source Use

Source Use

Borehole 50.84 % 0% less than 500 m 23.73 % 10.17 %

Stream 16.94 98.31% 500-1000m 71.19 % 40.68 %

%

Well 322 % 1.69 % 1100-2000m 5.08 % 45.76 %
more than 0% 3.39%
2000m
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5.3.8 Establishment and management of browse trees

Very few farmers (6.78%) know how to establish bsevirees and 67.79 % do not
carry out any management on them (Figure 5.6).s@lfigures are lower than what
Ansah and Nagbila (2011) who found that 66.25% avfnkers were establishing
browse trees in Ghana. Small holder farmers lactwkedge on establishment,
conservation, and utilization of browse (Mupangw@94, Mapiyeet al. 2006).
Establishment of effective training-research-extam$armer and stakeholder
linkages can alleviate this problem (Mapigeal. 2006). It is therefore important
these farmers are taught how to establish and neathage trees so that they will not
be depleted. A number of browse trees have besrtiidd by the farmers as being
important as a source of feed for their animal9yl@&.3. These trees have other
important ecosystem services such as food, filbet, building materials, medicines,
soil erosion control, biodiversity, nutrient cyaincarbon sinks among others. They

should be managed sustainably for continued supfitlyese services.
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5.3.9 Adaptive useof browse in extreme weather conditions

Browse species are especially important in progdwmdder during the dry seas

(Reddy 2006, Mtengeti 2006, Mogcet al. 2011) and during drought. In Zamt

browse use is critical during the six month dryssedrom June to November. Wi

increased occurrences of dghts the dependence on browsey@ng to increase.
The agropastoralists indicated that in times of extreme thea conditions the

depend on climate adaptable browse species suDichrostachyscineregdPlate

5.1), Julbernadia globiflori (Plate 5.2) andPiliostigma thinningi (Plate 5.3)among
others while during flood Dichrostachys cinereand Piliostigma thinningii were

more popular(Tabl5.4). More emphasis should be put on coming up stithtegies

on how to use these highly ranked species moreigitly. Management practic

that could improve their utilization include loppgin coppicing, pruning an

pollarding. Planting of these sjies should also be encouraged so that they ar
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depleted since some of them have uses such asntoertand making charcoal. One
browse treeParinari curatellifolia (Plate 5.6) was identified as important source of
early warning information concerning drought intth& has a tendency to bear
excessively in years preceding drought. This isvgvortant climate indicator. This
is in line with Roncoliet al(2002) who reported that local climate indicatordlve

the use of a combination of tree flower productidaration and intensity of cold
and hot periods, bird and insect behaviour, andvament of stars and moon to
predict precipitation. This indigenous knowleddg@w@d be further studied in order

to determine its reliability.
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Table 5.3. Important browse species used for feglivestock in Choma district

No. Local Name Scientific Parts Other uses
Name utilized by
animals
1 Mweeye Dichrostachys  Leaves, pods Poles, firewood, medicine, live
cinerea fence, nitrogen fixing in soil
2 Muumba Julbernadia New flush of Firewood, fibre, poles
globiflora leaves building materials, charcoal,
crafts
3 Musekese Piliostigma Pods, shoots, Fibre, fire wood, curvings,
thonningii traditional medicine
4 Musiwe Brachystegia Leaves Fibre, firewood, poles
spiciformis
5 Mubula Parinari Leaves, Fruit Food, curvings, medicine,
curatellifolia charcoal
6 Muyongolo Swartzia Pods Curving, insecticides, fish
madagascariensi poison, medicine, bee forage
S
7 Mubombo Brachystegia Leaves, pods Fibre, firewood, charcoal,
boechmi poles
8 Muunga/ Falbedia albida Ripe pods, firewood, traditional medicine,
musangu beans, leaves indicator of soil fertility,
flavouring pods
9 Mango Mangifera indica Leaves, fruit Firewood, traditional medicine
10 Nakabombwe  Combretum Young leaves Firewood, timber , medicine
molle
11  Muyusa Bridelia Leaves Curvings, medicine
micrantha
12 Mucecete Ziziphus Leaves, fruit Firewood, charcoal, timber,
mauritiana food, bee forage
13 Mukuyu Ficus sur Fruits Food
14  Muntuntumba  Terminaliaspp Leaves Medicine
15  Muwi Strychnos Leaves, fruit Fruit for human food,
spinosa firewood, timber, medicine,
musical instrument
16  Chiwehehe Capparis Leaves Firewood,
tomentosa
17 Munego Dombeya Leaves Food, wood, curvings
rotundifolia
18 Mulbery Morus alba Leaves Food
19 Mukunka Psuedolachostyli Leaves, fruits Food, fibers, medicine, gum,
s maprouneifolia resin, dye
20  Mubbiti Crotan guboga Leaves Firewood
21 Musuku Uapaca kirkiana Fruit Fruit, firewood. Timber
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Table 5.4 Farmers response to browse species tampar in extreme weather
conditions

Respondents(%
R Normal During During

No Local Name Scientific Name Situation Drought Floods
1 Mweeye Dichrostachys cinerea  90.00 81.67 71.67
2  Muumba Julbernadia globiflora 81.67 68.33 3.33
3  Musekese Piliostigma thonningii 68.33 46.67 18.33
4  Musiwe Brachystegia 50.00 48.33 -

spiciformis
5 Mubula Parinari curatellifolia 45.00 31.67 8.33
6  Muyongolo Swartzia 33.33 23.33 -

madagascariensis
7  Mubombo Brachystegia boechmi  25.00 26.67 -
8 Muunga Falbedia albida 23.33 18.33 3.33
9 Mango Mangifera indica 13.33 - -
10 Nakabombwe Combretum molle 11.67 10.00 6.67
11 Muyusa Bridelia micrantha 11.67 11.67 -
12 Mucecete Ziziphus mauritiana 11.67 8.33 1.67
13 Mukuyu Ficus sur 11.67 - -
14 Muntuntumba Terminalia 8.33 6.67 -
15 Muwi Strychnos cocculoides  6.67 3.33 -
16 Chiwehehe Capparis tomentosa 1.67 1.67 -
17 Munego Dombeya rotundifolia 1.67 - -
18 Mulbery Morus alba 5.01 3.39 -
19 Mukunka Psuedolachostylis 1.69 1.69 1.69

maprouneifolia
20 Mubbiti Crotan guboga 1.69 1.69 -
21 Musuku Uapaca kirkiana 1.69 - -
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Plate5.7 Some important browse tree species in @hdistrict.

Very nutritious pods
which fall on the ground

Plate 5.1

Dichrostachys cinerdacally known as Mweeye is a semi-deciduous to alemis
browse tree. It is important for fodder(immaturegsy leaves, pods when they fall|to
the ground), Poles, firewood, medicine, live femagpgen fixing in soil.
Source; Author.

Plate 5.2 Julbernadia globiflordocally known as Muumba is important as a source
of browse (from new flush of leaves),firewood, &bmpoles building material
charcoal, crafts. Source; Author.

\*2
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Plate 5.3 Piliostigma thonningilocally known as Musekese is a shrubby tree w
is used for browse (pods and shoots). It is atswdor firewood, charcoal, timbe
poles, bee- forage, medicine, ropes from its bamkamental, tannin, dye (from see
pods, roots and bark). Source; Author.

nich

=

2d,

Fruits

Plate 5.4 Uapaca kirkianalocally known as Musuku is used for firewood, e,
timber, food(fruit is highly valued and sold in &anarkets), bee forage medici
(roots, bark, leaves) shade and fodder. Fruitscoatribute to animal feed. The flus
of leaves at the end of the dry season is utillaedattle as fodder in the absence
more palatable alternatives.Source; Author.

ne
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Leaves

Plate 5.5 Brachystegia boechioically known as Mobombois important for browse
(leaves and pods), fibre, firewood, charcoal, poSource; Author.

Plate 5.6 Parinari curatellifolia locally known as Mubula. It is important ag a
source of browse(leaves and fruit). Fruit is high&ued and sold irocal markets
The tree is also used for firewood, charcoal, timbed medicine. It is also an
important source of early warning information cam@eg drought in that is has|a
tendency to bear excessively in each year preceltmgght. Source; Author.
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5.4 Conclusion.

From this study, the conclusions are that; climadeiability is affecting agro-
pastoralists in the way they feed their animals aoW they are using the feed
resources. The people have adaptive strategiegedfirfg their animals but the
adaptive capacity of these strategies are not fidlyeloped hence the need to see
how they can be enhanced. However indigenous lravidisation and upland
grazing stand out as the most important livesteeding adaptive strategies used by
the agro-pastoralists in extreme weather conditidnsreasing temperatures may
require the livestock keepers to adopt more drouglerant browse species. The
agro-pastoralists know the most important browsecigs which can be used in
extreme weather conditions. Of the identified clienadaptable browse species
Julbernadia globifloracan preferably be used in enhancing silvo-pak$onsamong
these agro-pastoralists because it coppices wdllcanld produce reasonably high

dry matter yield of browse, hence the need to &rrthvestigate it in this area.

5.5 Recommendations

The recommendations from this study were that; geaping should be promoted
over cattle keeping with increasing climate vaiiggbi The agro-pastoralists should
be taught how to produce, harvest and conserveustivestock feed resources for
improved animal production. There should be rephgntof climate adaptable

indigenous browse species to increase livestockiymtovity and enhance food

security. On the other hand this will help in refstation of the drylands and bring

stability in the ecosystem.
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CHAPTER SIX
EFFECT OF COPPICING OF JULBERNARDIA GLOBIFLORATO
DETERMINE THE APPROPRIATE BROW SE HARVESTING REGIME

Abstract
Coppicing is a management practice that can inceedise amount of fodder

harvested from the trees. The idea is to cut awapdhes for fodder and wood and
allow the tree to regenerate to produce more of diesired product. This study
looks at the effect of coppicing a local importatrought tolerant browse tree

Julbernardia globiflora. A completely randomizeddk design with three treatments
applied. The treatments were 25 percent, 50 per@ed 75 percent, removal of the
branches. The treatments were repeated three tixfees. one year measurements on
number of shoots and amount of shoot re-growth dase. A survey was also
conducted to determine the effect of the intensityharvesting of Julbernardia

globiflora by agro-pastoralists on its regeneratiorhe cutting height, tree diameter
and number of shoot sprouting were measured ors tireen 5 sites. Ten trees were
measured from each site. Analyses of variance wertormed on number shoots
and the amount of shoot re-growth accumulated ah ¢éaee. Means were compared

using significant differences at 5 percent level.

Trees subjected to lower coppicing (25%) had sigaiitly more number of new
shoots (69) compared to 11 shoots at 50% coppiaity9 shoots at 75% coppicing
(P<0.05). The dry matter yield also followed themgapattern of with low yield

recorded as the severity of coppicing increasede @ihy matter yield of 586.00
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grams at 25% coppicing was significantly higherrttal the other levels (P<0.05).
The survey indicated that more than 80% of thestr@ere cut within a height of
100cm while less than 2% were cut at a height ald®@m. There was a positive
correlation (R = 0.45) between the cutting height and the nundfeshoots that
sprouted that was statistically significant (P<0)05These results suggest that
browse trees should not be cut close to the grogh@0cm) so as to balance
between the requirement of the local people fordvmw various uses, the ease of
regeneration of the tree on a sustainable basis #redneed of animals to easily
reach the tree for dry season browse. It is appatbat coppicing at 25% of the
shoots has most positive impact on tree regenerdtence, the most appropriate

level of utilisation for the browse in question.
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6.1 Introduction

In most semi-arid communal areas browse playstealrirole as livestock feed in
the dry season (Sibande 1986, Magadzire 2002, N@&thl). Dry season feed
resources are the major factor affecting long téwestock numbers in semi-arid
regions. Livestock nutrition is the major consttaito sustainable livestock
production in drylands especially during the drnasms (Mnenet al. 2004 and
Kibet et al. 2006). This is because the natural grasses which the bulk of the
feed resource dry up and lose their high nutritrakie and digestibility leading to
poor animal performance. Browse trees on therotla®ad remain green, have
higher nutritive value and are still very palatallleing the dry season. The leaves,
pods and fruits from deciduous browse trees angbshare consumed from trees or
after they have fallen naturally to the ground @awi et al. 2008). Herdsmen can
facilitate improved accessibility of leaves, podsdaother edible portion of the
browse species to livestock during the dry seassingusticks or stones or by

shaking the browse plants/branches or lopping tirainches (Aregavét al. 2008).

Management practices of browse trees include Igppeaoppicing, pruning and
pollarding. This can increase the amount of foddewested from the trees. The idea
is to cut away branches for fodder and firewood &noinprove the potential of the

tree to produce more of the desired produce.

Coppicing is the practice of cutting back a trestimulate it to produce new shoots.
This method is ideal for producing forage wheresitock are not browsing on the

tree directly. Coppicing will enhance a bushy regfoto produce many branches for
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fodder (Chileshe and Kitalyi 2009). This practg@n help to improve the amount of
browse during the dry season or extreme weatheditons because the browse
trees can regenerate after coppicing. However, élaats (2009) suggests that no
more than about 60% of tree/shrub foliage be remhcved that some tree/shrubs
remain unlopped to avoid permanent damage to #es.trJulbernardia globiflora
coppices well, but trees cut close to the grouritid) produce less coppice growth
than plants cut at 1.3 m height (Jimu 2010). ImZabwe lopping of branches is
carried out in the late dry season to make browsessible to livestock. However,
very little is known about the effect of coppicing indigenous browse tree species
in Zambia. This study therefore examined the effeictcoppicing Julbernardia

globiflora an important indigenous browse tree.

Julbernardia globiflorais a tropical African tree. It is well branchedgcitiuous,

rounded tree, growing to 15m in height. It occunsmixed deciduous miombo
woodland, growing over large areas of the escarpraad the Tonga plateau in
Zambia (Chileshe and Kitalyi 2002). It usually orzcat 250-2000m altitude with an
average annual rainfall below 1000 mm. It is ofl®@nminant or co-dominant in dry
miombo woodland usually occurring wiBrachystegia sperciformisThe climate in

the Brachystegia-Julbernardianfiombo) woodland region of southern Africa is
characterised by a long dry season (7-8 monthshiglwhich herbaceous vegetation
dries out and the litter of deciduous woody plaatcumulate on the ground
(Chidumayo 1991)ulbernardia globiflora displays a bright red foliage in late

August and then the red colour fades back to gireétober/November at the end
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of the dry season. It has tender leaves which aosl dodder for livestock and is
important as an early dry season browse plant.tfdeehas enormous ethno-botanic
value in Zambia. It is a bee forage, yielding howé very high quality and an
important food plant for edible caterpillars. Worsdused for poles, tool handles,
mortars, yokes harnesses and canoes. It is alselywigsed for fuelwood and
charcoal. The bark yields tannin which is useddgeing. In Zimbabwe farmers
gatherJulbernardia globifloraleaf litter from adjacent woodlands to improvel soi
fertility of their fields; it is sometimes moved koaals and composited with manure

before being applied to fields (Jimu 2010).
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6.2 Materials and Methods
A completely randomized block design with threemojmg treatments was used on

Julbernardia globiflordrees. The treatments were 25 percent, 50 percaht7&
percent removal of the branches. The treatments vegreated three times and were
applied in August 2010. After one year, measurememt number of shoots and
amount of shoot re-growth was done. For the 25¥%stwhich were already found
coppiced were measured. A survey was also conductdte area to find out how
the intensity of harvesting odulbernardia globifloratrees by agro-pastoralists
affected its regeneration. Five sites were randoselected and ten(10) coppiced
tress were measured from each site. Coppicing heigie diameter and number of
shoots were measured. Data were analysed usinGt&eBiscovery Edition 3
software programme. Analyses of variance were pagd on number shoots and
the amount of shoot re-growth accumulated on eesf tMeans were compared

using significant differences at 5 percent level.
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6.3 Results and Discussion

6.3.1 Coppicing relationships with shoots and dry @tter production.

Trees subjected to higher copping had less nunfbeew shoots compared to those
which were less severely coppiced. The highest &ashoots at 25% coppicing

while the highest level of coppicing (75%) yieldealy 9 shoots. The high yield of

shoots at 25% coppicing is as result of less stoesthe trees at lower coppicing.
The dry matter yield also followed the same patteith low yield as the severity of

coppicing increased. The dry matter yield of 586gp@ms at 25% coppicing was
significantly higher than all the others (P<0.0balfle 6.1). This results is similar to
Jimu 2010 who found thalulbernardia globifloracoppices well, but trees cut close

to the ground (<5cm) produce less coppice growdin fhlants cut at 1.3 m height.

Though the 25% coppicing produced the highestlyitgboses a big challenge with
regards to feeding animals because most animal&dwmi reach the shoots at this
height of more than 2 meters. However an excem@nbe made for goats because
they are able to climb trees in search of browsaidéerial. For cattle and sheep it
would be ideal if the shoots are harvested andideithe animals. Severe copping
(75%) though ideal for easy reach of the brows¢hleyanimals and good harvest of
timber for human use is not good for tree reger@rats evident from the number of
shoot re-growth. There is also the danger thabtshfyom trees coppiced at this
intensity could be burnt by uncontrolled bushfieesd further delay or even stop

their regeneration.

95



Table 61 Effects of Coppicing oJulbernardia globiflora

Parameter Coppicing

25% 50% 75%

Tree Circumferenc 31.33 +1.86 29.33 _+1.33 31.5+2.29
Number of shoots %69+5.49 P11+0.33 9 +2.65

Yield of Dry matter  %586.00+29.0  457.7 +27.10  °355.20+ 29.2
(9)

Row meansvith different letter superscripts are significgrdifferent at P<0.C

height more shoots

Plate 6.1Uncoppice..
Plate 6.2 ) Source; Authc

lower  cutting
Source; Author. height

fewer shoots
Source; Author.
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6.3.2 On-farm coppiced tree characteristics

The survey showed that more than half of the brotneses (52.94%) were cut at a
height between 50 and 100 cm followed by 25.46 %mefbrowse trees which were
cut between 20 and 49 cm(Table 6.2). Less thamm2%e cut at a height above
150cm. The highest cutting frequency of the 5@ehd height could be attributed to
requirement of this browse tree for other househwsiels. The tree has various uses
such as timber for building huts, fiber, craftseWwood and charcoal. This cutting
height is also ideal for livestock such as catjleats and sheep to easily reach the
shoots that sprout after the cutting. Cutting tree higher than 100cm would
therefore reduce the amount of wood that wouldvadable for these important uses
though it would increase the amount of shoots fawse. Browse trees with a
circumference of 31-40cm (10-13 cm diameter) wert the most (47.06%)
followed by browse trees with a circumference of-20 cm (6.6-9.5 cm diameter)
(39.21%). Browse trees with 6-11 shoots were ¥o#ld by those having with 1-5
shoots. Plates 6.2 and 6.3 shows the relations#ipden the number of shoots and

the cutting height.
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Table 6.2. Parameters on Harvestinglotbernardia globiflorain Choma District

Parameter Percentage of Trees (%)
N=51
Cutting Height (cm)
Less than 20 1.96
20-49 25.49
50-100 52.94
100-150 17.65
Above 150 1.96
Tree Circumference (cm)
0-19 0
20-30 39.21
31-40 47.06
41-50 7.84
51-60 5.88
Number of Shoots
1-5 31.37
6-11 54.90
11-15 7.84
16-20 5.88

Table 6.3 summarizes regression estimates of effettee coppicing height and
circumference on the number of shoots that spr@appicing height had a positive
correlation and was statistically significant (F3%). while tree circumference had a
negative correlation and was statistically insigaift (P<0.05). Figure 6.1 shows

the relationship between the number of shoots laaawtting height.
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Table 6.3Multiple regression of factors affectirge thumber of shoots that sprout
after coppicing

Model B Standard Error T P-value
Constant 4.47 1.88 2.38 0.02
Coppicing Height (cm) 0.08 0.01 6.59 0.00*
Tree circumference (cm) -0.08 0.05 -1.62 0.11

Dependent Variable: Number of shoots> R48.3 F=22.2  * Significant at P<0.05
The regression equation is:

Number of Shoots = 4.47 + 0.0818 coppicing heighD829 tree circumference

There was a positive correlation (r = 0.67) betwisencutting height and the number
of shoots that sprouted and was statistically fiant (P<0.05). The higher the
cutting height the more shoots the trees sproutds results is similar to Jimu
(2010) who found thalulbernardia globifloracoppices well, but trees cut close to
the ground (<5cm) produce less coppice growth thlants cut at 1.3 m height.
Kumar and Tewari (2000) indicated that not morenttao thirds of the crown
length should be removed preferably with a gap betwsuccessive lopping for
better yield and sustainable harvest. This positmeelation between cutting height
and number of shoots produced is because if tieeidreut at a lower height, it has
more stress as a lot of its material is removed iamgl shaded by other trees and
therefore will be less competitive for solar rasiat This will cause it to have less
number of shoot. If the tree is cut at a highaglme it has less stress since less
material is removed and it will be more exposedntwre light that will be available

for more shoot production. Though coppicing at bigheight yielded more shoots, it
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poses a big challenge with regards to feeding dsilm@cause most animals would
not reach the shoots at higher heights of more thareters. However an exception
can be made for goats because they are able tb ttews in search of browsable
material. For cattle and sheep it would be idktil@ shoots are harvested and fed to
the animals. Severe coppicing (below 20 cm) thougial for easy reach of the
browse by the animals and good harvest of timbehdonan use is not good for tree
regeneration as seen from the number of shootsreTik also the danger that shoots
from trees coppiced at high intensity could be buny uncontrolled bushfires and

further delay or even stop their regeneration.
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6.4  Conclusion

From this study, the conclusions are that; coppgiciulbernardia globiflorat
different levels affects the number of shoots angl matter yield of the shoots.
Higher intensity (> 50%) coppicing levels thouglsidable in order to maximize the
amount of produce from the tree reduces the numheéryield of shoots for animals
to browse. Lower intensity (25%) coppicing levallich produces high number
and dry matter yield of shoots reduces the amotititee produce for use by the
farmer and then the produced shoots would not bagye@ached by the browsing
animals. On farm coppicing showed that more tharesty percent of the browse
trees are coppiced above 50 cm which is good forenboowse regeneration for
livestock feeding. More that 60 percent of browse coppice are bigger than 30
cm in circumference which gives a good opporturfidly smaller trees to mature

before they can be coppiced.

6.5 Recommendations

The recommendations from this study were that; d&tmg of Julbernardia
globiflora should not be cut close to the ground (< 20cm)sstoaalance between
the requirement of the local people for wood forimas uses, the ease of
regeneration of the tree on a sustainable basishendeed of animals to easily reach
the tree for dry season browse. The best coppiaitegsity is around 25%. Other
browse species should be studied to determine biesir management practices for

higher production of browse.

102



CHAPTER SEVEN
CHEMICAL COMPOSITION AND IN VITRODRY MATTER
DIGESTIBILITY OF LEAVES OF JULBERNARDIA GLOBIFLORA

(Work published in the Research Journal of Animakc®nces, 6:30-34. Available
on http://www.medwelljournals.com/abstract/?doi=gnci.2012.30.3%

Abstract

An in vitro dry matter digestibility study of leavef Julbernardia globiflora at four
different post-sprouting stages (early, mediume land dry) was conducted to
determine their usefulness as dry season feeduiminants. Dried leaf material
were used as substrates and analysed for chemigalpasition and in vitro
digestibility.  The leaves from the early stadgdeaf sprouting had significantly
higher levels of crude protein (22.57%), IVDMD &%) and total tannins (6.21),
but lower in terms of Crude fibre (16.90%), NDF .@&®6), ADF(12.01%),
lignin(8.4%), hemicelluloses(14.01%) and cellul¢$@.42%) (P<0.05).Leaves from
the dry stage were lowest(P<0.05) in terms of dergrotein (10.29%), IVDMD
(38.11%) and total tannins (1.37%), but the highiesterms of NDF (59.83%),
ADF(24.72%), lignin(24.32%), and hemicellulosespbPb). There was a general
decrease in crude protein with increase in matunatf the leaves. There was also a
general decrease in total tannins with maturationtlee leaves. The amount of
tannins in early stage of leaf sprouting (6.21%Jeadied significantly(P<0.05) to the
amount in the late stage (4.14%) and in dry leav@s37%) but was similar to the

amount in the medium stage (P<0.05).
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This study suggests that the leaves of Julbernagtiiflora have high feeding
value for ruminants in the dry season. However,afsbe leaves in the early stages

of leaf sprouting could be limited by high tanrewels.

Key Words: Tannins, sprouting, dry season, maturation, Iegweotein.
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7.1 Introduction

In Zambia, as in various parts of the tropics, nsosall-scale farmers rely on grasses
as a major feed source for the grazing animals.wever, forage quality (low
digestibility and low nutrient content) declinesritig the dry season. The major
factor that limits animal production from these gp@s is the fact the animals lose
weight due to the nutritional imbalance in the &lde feed. To mitigate the
problem of feed availability, use of browse plamsuld is as a good option (Haile
and Tolemariam, 2008). Use of indigenous browssstris important because
browse species have high persistence in their cégpeareas (Woodward and
Coppock 1995). Herders can rely on fodder treethen dry season because the
foliage retain sufficient crude protein, mineralsdaenergy due to the deep root
system of these species (Speedy and Pugliese P@8&soret al. 1998; Upreti and
Shresta 2006). In Zambiaulbernardia globiflorais one of the most important
browse species that is utilized by pastoralistdendry season. New flush of leaves
are produced at the beginning of the dry seasomhwlile an important source of
browse in the dry season. Although leaves of bi®vse tree are an important
source of forage for ruminants during the critipatiod when quality and quantity of
pasture herbages are limited there is little infation about the nutritive value of
leaves of indigenous browse trees. Leaves at fages (Figure 5.1) from sprouting
namely; early, medium, late and dry stages weréyae@d The early stage is the
beginning of the sprouting which occurs mainly ingist/September; the medium
stage is around October/November when the sproldades are beginning to

mature, the late stage is around December wheledlves have fully matured; and
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the dry stage is June/July when the matured |lehses dried and are dropping on
the ground (Table 5.1). Therefore, it is impottemevaluate the potential nutritive
value of leaves based on their chemical compositeomd in vitro dry matter
digestibility at different sprouting stages.

Plate 7.1 The different sprouting Stageslofbernardia globiflora

Early stage Meduim stage Late stage Dry stage

Source; Author

Table 7.1 Characteristics of different sproutitigges ofJulbernardia globiflora

Early stage Medium stage Late Stage Dry Stage
August/September October/November December to May June/July
New flush of Newly sprouted Leaves mature  Mature leaves dry
leaves. The leaves leaves begin to and they up and drop on the
have a red colour. grow and thered completely ground. They are

colour begin to fade become green in locally known as
to green colour ‘Nkwalani’.
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Chemical composition can be known by carrying oubxpnate analysis and
parameters such as percentage Dry Matter (DM), €mdbtein (CP), Neutral
Detergent Fibre (NDF), Acid detergent Fibre (ADRBnd key minerals such as
Calcium (Ca) and Phosphorus (P) can be used toumeésrage qualityln vivo
digestibility of many different herbages, have shaotat digestibility could be an
important index of the relative feeding value ofharbage. However, such
measurements are costly when carried out with dsjma technique for the
prediction of digestibility by a laboratory methasl therefore desirable. Chemical
analysis of herbages alone is not adequate for grestiction purposes. The vitro
digestion technique is a good laboratory methodefirmating the digestibility of
herbage. Rert al(1964) foundnvivo dry matter digestibility was closely related to
in vitro cellulose digestibility, but anomalies in the redaship have been reported
by Quickeet al. (1959) and Naga and Shazly (1963).Thereforejtro digestion is a
biological method in which, under conditions whisimulated those within the
rumen of a ruminant (anaerobic, near neutral pldpdblheat), small samples of
herbage could be digested with crude rumen ligierin micro-organisms.

This laboratory technique for determining the didpigty of dried forages involves
incubation first with rumen liquor and then withica@epsin solution (Tilley and
Terry 1963). The rumen inocula, is capable @lidg with the digestible structural
carbohydrates, while the digestible protein cobie,readily removed by a second-
stage treatment with acid-pepsim vitro and in vivo results are in very close
agreement over a very wide range of herbage sampleshods based on the use of

enzymes rather than rumen liquor have subsequéetiyn used. It is therefore
107



important to measure the chemical composition ofMge trees and to carry ont
vitro digestibility studies in order to determine thedleusefulness and effectiveness

of the browse species as feed for the animalstieere weather conditions.

7.2 Materials and Method
The samples (leaves) for this study were colle@tesh Choma district in southern

Zambia during the 2011 dry season. Leaf sampia@s fthe four stages from
sprouting namely; early stage, medium late stagkedap stages were collected and
then they were dried in the shade. The dried sawadge ground to pass through a 2

mm screen and analysed for proximate compositionrding to (AOAC 1995).

For in vitro dry matter digestibility (IVDMD) anatys, (1g) of each sample was
weighed with 0.1 mg accuracy in a stoppered 12@iie vials bottles. Phosphate
buffer (3" 7.35) (35mL, 0.1M) containing 1% sodium lauryl swpe, and 1% 2-
mercaptoethanol (w/v) was added and the resultaxture homogenized by gentle
stirring.  Pronase solution (5mL, 5mg/mL in 0.1Mosphate buffer,'b7.35) was
added and mixture placed in an oscillating wateth {@@C) for 2 hours. The
mixture was rinsed with 15mL distilled water, ahé washings were filtered and the
proteolysis supernatant was discarded. The residygellet from proteolysis was
suspended in hot (96%€) 90% dimethly sulfoxide (10mL) and transferretbim
stoppered 120ml culture vials bottles. The mixtur@s homogenized by gentle
stirring, placed in a boiling water bath (96@) for 30 minutes. Boiling 0.1M
acetate buffer (p 5.66, 30mL) was added and the resultant solutioxehi

thoroughly; 0.5M of Termamyl 60L was added andrésultant solution was mixed
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and allowed to remain in the boiling water bath &or additional 15 minutes. The
Erlenmeyer flask was withdrawn and left on the kerto cool to 46C.
Aminoglucosidase solution (5mL, 20 mg/mL in 0.1Mette buffer, P 5.66, was
added and the flask placed in water bath’@30for 2 hours. The contents were
filtered and the amolysis supernatant was discardgte final residue (pellet) was
washed thoroughly with distilled water, re-suspehade50 mL of absolute ethanol
and filtered through a weight fritted glass crueiljpporosity 4, 0.d. pores 10-16 um).
It was dried by acetone and then diethyl oxide (BPeach placed in a vacuum oven
(0.50 psi) overnight at 76C, cooled in a dessicator and weighted with0.1mg
accuracy. Finally, the pellet was incinerated%Q% for 4 hours and weighed with

0.1 mg accuracy.

Insoluble cell walls (%) = weight of residue —weigl ashes
Weight of sample

The total tannins were determined by the Folin @mtalteu method. 100g of dried
(finely ground; passed through a 0.5mm screenh@ig¢aves (100grames) was taken
into a glass beaker of approximately 25ml capacifive ml of agueous acetone
(70%) was added and subjected to ultrasonic tredtrfeer 20 minutes at room
temperature. The contents of the beaker werefeard to centrifuge tubes and
subjected to centrifugation for 10 minutes at agpnately 3,000y. The supernatant
was collected and the pellet left in the centrifiiglee was transferred to the beaker
using two portions of 5 ml each of 70% aqueousametand again subjected the

contents to ultrasonic treatment for 20minutes. ddwetents were centrifuged for 10
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minutes at approximately 3,000 Then, 0.01ml of aliquots containing tannin were
put in tests tubes and the volume was made ubtalQvith distilled water. 0.25ml
of the Folin-Ciocalteu reagent and 1.25ml of sodrarbonate solution were added.
The mixture in the tubes was vortexed and absosbaras read at 725nm after 40
minutes. The total amount of phenols, as tannid aquivalent were calculated
from a calibration curve and the total phenolicteah was expressed on dry matter

basis.

7.2.1 Data analysis

The data were subjected to analysis of varianceQ@¥N) using the General Linear

Model (GLM) of Minitab Reference Manual Release(WBnitab 2000).
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7.3 Results and Discussion
The results for the chemical content of the learesshown in Table 7.2. The leaves

from the early stage of leaf sprouting had the ésghlevels of crude protein
(22.57%), IVDMD (61.04%) and total tannins (6.2tyt lowest in terms of Crude
fibre (16.90%), NDF (32.83%), ADF(12.01%), lignirg8o),
hemicelluloses(14.01%) and cellulose (10.42%). bsafrom the dry stage were
lowest in terms of Crude protein (10.29%), IVDMB8.11%) and total tannins
(1.37%), but highest in terms of NDF(59.83%), ADE{2%), lignin(24.32%), and
hemicelluloses(17.26%).There was a general deciragede protein with increase
in maturation of the leaves. This is similar to WwKaazaalet al. (1993) found. This
decrease in crude protein as the leaves matural coake nitrogen the limiting
factor to intake and digestibility. However the ta@ia range is still above the
adequate range (10-13%) for maintenance and grfovticattle, sheep and goats
(Kearl 1982). This protein levels compares weldl am even better crude protein
content (22.57% CP young leaves) than thafFaifiebia albida(17.1% CP young
leaves) which is an important browse specie in INgfrica andAcacia tortilis
(6.46% CP twigs and leaves) an important browseispa East Africa. Calcium
content was within the required levels for rumingrawth while phosphorus content
was lower than the ruminant animal requirement.il@mmesults were obtained by
Olsson and Welin (1989) and Bhalahenda (2001).is Itherefore important to
supplement minerals to browsing animals. The chemgeNDF and ADF are the
major determinants of forage quality (Van Soest4)9%he NDF content ranged

from 32.83% to 59.83% while that of ADF ranged frdi2.01% to 24.72% and
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compared well with those reported by (Romet@l2000; Bhalahenda 2001; Kuria

et al. 2005; Kamalak 2005).

Table 7.2. Nutritive Value and in-vitro digestilyliof four different re-growth stages
of Julbernardia globiflora

Parameter Early Medium Late Dry

Crude Protein (%) 22.57+ 1.11  14.3B+0.10 14.08+0.14 10.28+ 0.99
Ether Extract (%) 1.2%0.05 3.27+0.05 4.94+0.11 1.03+0.01
Crude Fiber (%) 16.9%-1.58 23.75+2.96 32.05+2.28  25.86%+ 1.51
NDF (%) 32.83+2.87 43.34+0.13 53.4+0.84 59.83+ 0.06
ADF (%) 12.0f+ 1.64 15.66%+ 0.23 20.74+ 0.47 24.72+1.54
Lignin (%) 8.4+1.26 10.87+0.20 14.43+2.02  24.32+0.68
Hemicellulosg%) 14.01+0.55 16.4840.57  16.814.33 17.26+1.29
Cellulose (%) 10.42+ 1.04 16.060+0.08 19.68+1.00 18.3%+0.67
Ash (%) 423'+0.22 4.88+0.42 3.47+0.06 3.20+0.38
Calcium (%) 0.98+0.08 1.28+0.03  0.93+0.02 1.14"+ 0.03
Phosphorus (%) 0.520.01 0.32+0.01 0.26+0.01 0.28+0.01
IVDMD (%) 61.04+1.84 47.7¥+0.49 42.2B+4.86  38.1P+0.06
Tannins 6.2% 0.09 5.06+ 0.25 4.18+0.16 1.3%+ 0.62

Row means with a different superscript are sigairiity different (p<0.05)
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NDF was also negatively correlated with IVDMD(R -0.96) (Figure 7.1). This is
similar to what Solorio-Sanchez al. (2000) found in leaves of fodder trees in South
East Mexico. ADF was also negatively correlatethiyDMD(R? = - 0.90) (Figure
7.2) while crude protein was positively correlateith [VDMD(R? = 0.96) (Figure

7.3).
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Figure 7.1 Relationship between IVDMD and NDF contef the leaves of
Julbernardia globiflora
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Figure 7.2 Relationship between IVDMD and ADF contef the leaves of
Julbernardia globiflora
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Figure 7.3 Relationship between IVDMD and CP coniginthe leaves of
Julbernardia globiflora
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There was a general decrease in total tanninsmatiuration of the leaves. The high
amount of tannins in young leaves (6.21%) diffeseghificantly to the amount in

mature leaves (1.37%). Koukoura and Nastsi (198@)@und general decrease in
total tannins with maturation of the leaves in ctdd fodder trees in the
Mediterranean zone. The red colour of the leamesarly sprouting is probably an
indicator of the high tannins levels. These higimtas levels may play an important
role in prevention of predation (Forknet al. 2004) and regulation of plant growth
(Ferrell and Richard 2006). It has been specult#tattannins are an ecologically
developed defense mechanism. Provenza and Malgd®&B3) have reported that
plant parts that are more succeptible to herbivilmynage contain higher tannin
concentration than their counterparts which hawenlbgeveloped at heights beyond

the animal reach.

Tannins therefore play an important role in affegtforage preference and quality.
They can bind both proteins and carbohydrates. rTheiding ability varies

according to their chemical structure. Tanningdkim proteins and modify the rate
and extent of their digestion (Feeny 1970). Feddke is depressed when feed
contains relatively high levels of tannins at leasbve 5%. The limited intake may
result partly from reduced digestion since conddnt@nnins seem to depress
digestion. The leaves in the early stages of gprguhough they contain very high
crude protein and high IVDMD and very low cruderébmay not necessarily be
consumed in high amount and utilised well by thienaits because of the high levels

of tannins.
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7.4  Conclusion

From this study, the conclusions are that; leaedutbernardia globiflordnave a
good potential to supply highly digestible feed#tahle for ruminants in the dry
season. The high protein and digestibility levelghe early stages of leaf sprouting
provides a good opportunity for use as browse Heranimals at a time when grass
resources are dwindling in quantity, quality andegtibility. However the high

tannin levels could cause a serious limitationeedfintake.

7.5 Recommendations

The recommendations from this study were that;etli®meed for more research on
how to reduce tannin levels to ensure better atilin of the browse material. Also
there is need to test feed the browse and measimalgproduction (growth rate and
animal function variables). There is need for ocured evaluation and promotion of
the use of other important indigenous browse spebé improved livestock

nutrition during the dry season and drought periods
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CHAPTER EIGHT
GENERAL DISCUSSION, CONCLUSION AND RECOMMENDATIONS
8.1 General Discussion

8.1.1 Climate variability and livelihood coping stategies

Agro-pastoralists perception of climate variabilishows that temperature, the
frequency of floods and drought increased over phevious three decades in
Southern Zambia. This is supported by climatic deltéch revealed an increase of
1.0 °C in the average annual temperatures over the quewsix decades. This is
slightly higher than the empirical evidence thabwk a warming of approximately
0.7°C over most of Africa during the $0Century (IPCC 2007). IPCC 2007
indicated that a 3C temperature increase could lead to 0.4 to 1l®mimore people

at risk of water stress. The population at risk tuencreased water stress in Africa
is projected to be between 75-250 million people2b20 and 350-600 million by
2050. This increase in average temperatures woaltse a reduction on water
availability which will impact negatively on livélbods of the people since they
depend on rain fed agriculture. Increase in tenipegacan also cause decrease in
livestock productivity directly and indirectly thugh changes in the availability of
feed and fodder. Variability in the total amount afinual rainfall received has
increased over the same period while there wasnargkdecline in mean annual
rainfall received. This decline of mean rainfalbrir 869.92 mm of rainfall in the
1950s to 813.59mm in 2010 represents a declineGofrén of rainfall per decade.
This amount is higher than what Hureeal. (2001) reported, who found a decrease

in precipitation by about 2.4 .3 mm per decade in tropical rainforest of Africa
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since the mid 1970s.Most of the agro-pastoralisés aping with these extreme
weather conditions through livestock sales and @inga in non-agricultural
activities. Non-agricultural activities include kiast of products from the forest such
as charcoal burning, sale of firewood, carpentayyiog and sale of thatching grass.
Others engage in trading, working for others, beepkng, brick-laying, knitting and
fishing. This shows how diverse the livelihoodastgies can be. This gives further
testimony to the diverse livelihood strategies emget by people in semi-arid areas
observed by Twyman et al 2004, Dube and Sekhw@& 2and Mogotsiet al 2012.
With projected further increase in climate varidpjlsome of these coping strategies
will need to be enhanced to ensure continued saino¥ the agro-pastoralists in
these extreme weather conditions. Use of foresburess was a key survival
strategy. However, harvesting of forest produ@s lis own challenges in that it
leads to deforestation and land degradation. Ther@eed to come up with
reforestation programmes to ensure long-term swtdity of this coping strategy.
Reforestation with indigenous tree species canigeolong term environmental,
economical and social benefits. Other copingestyias such as bee keeping should
be encouraged because they promote the well-béiting dorest ecosystem and does
not lead to degradation of grazing areas. Landessand policies are also key
considerations for adaptation planning, which ageded to strengthen land tenure
and management arrangements in risk environmemtiss@cure supplies and access

arrangements for land for resettlement and changiaihood demands.
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Without effective tenure policies in administeritagnd, sustainable development in
these areas will be threatened. To this effect,ighee of boundaries in customary
communities should be strengthened to ensure dealit integrity and land

management in customary land. The need for cadlastreaeys is becoming more
apparent with the rise in population and demandrfarket based activities in rural
land because without clearly defined systems ofiadtnation and demarcation of
boundaries, customary land in Zambia is prone ta@emand conflicts hindering

SOcio-economic progress.

8.1.2 Livestock feeding strategies in extreme weathconditions

The major livestock feeding strategies during didsgwere browse utilization,
dambo grazing, grazing along streams and supplemerf¢eding, while during
floods upland grazing and browse grazing were thérstrategies. In most semi-
arid communal areas browse plays a critical rolévastock feed in the dry season
(Sibanda 1986, Magadzire 2002, Ndathi 2012). Trawe the quality of feed given
to animals use of locally adapted green fodderreggiand browse trees have been
recommended in many parts of the tropics (Simb&@@Rp Browse utilisation will
continue to be an important feed resource for fazigg animal because it is less
affected by climate variability compared to grassbsenty one (21) tree browse
species were important for livestock feeding in thetn Zambia and of these (17)
species were important during droughts and eightd(8ing floods. The top five
ranked browse species during droughts wBiehrostachys cinera,Julbernadia

globiflora, Piliostigma thonningii, Brachystegia isformis and Parinari
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curatellifolia. More research should be targeted towards betteragesment and
utilisation of these browse species for feedingeditock. This will avoid
disappearance of some browse species through tlisation. The indigenous
knowledge systems and use need to be strengthermthance their multiple uses
such as firewood, traditional medicine, insectisidember, charcoal and making
musical instruments, among others. Also delibeedtert should be made to teach
the agro- pastoralists how to plant and managesthmeportant browse species that
are suitable in extreme weather conditions. Brotsses on the other hand remain
green, have higher nutritive value and are stityv@alatable during the dry season.
The leaves, pods and fruits from deciduous browsestand shrubs are consumed
from trees or after they have fallen naturally he ground (Aregawet al 2008).
Herdsmen can facilitate improved accessibility eaves, pods and other edible
portion of the browse species to livestock durihg try season using sticks or
stones or by shaking the browse plants/branchéspping their branches (Aregawi
et al. 2008). Integrating browse trees, forage anéslbock creates a land
management system to produce marketable produate wiaintaining long-term
productivity. This will enhance productive usetbé browse species for improved

animal feeding to ensure food security among ttstopalists.

8.1.3 Coppicing of Julbernadia globiflora
One important browse management practice found etouseful in the area is
coppicing. Coppicinglulbernadia globiflora increasethe amount of fodder from

the trees as the trees produced new fodder re-grafter harvesting. It also
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contributes to production of other tree productshsas timber. However, ideal
harvesting should not be cutting too close to theugd (< 20cm). Kumar and
Tewari (2000) indicated that not more than twodsiof the crown length should be
removed preferably with a gap between successipping for better yield and
sustainable harvest. Jimu (2010), indicates thahesdrowse species such as
Julbernardia globifloracoppices well, but trees cut close to the grounBicif®
produce less coppice growth than plants cut atrlt&ight. This is in agreement as
the results in this study showed that more shoet® \wroduced from trees that were
cut much higher. It is also apparent that coppicimignsity > 25% tends to depress
tree regeneration. There is need to ensure andmldetween the ease of
regeneration of the tree on a sustainable bagisebd of animals to easily reach the
tree for dry season browse and the requiremenhefldcal people for wood for
various uses. The other browse species should uskedtto determine their best

management practices for higher forage output.

8.1.4 Nutritional properties of leaves oflulbernadia globiflora

Forage trees and shrubs must have nutritive valubet useful as forage. The
nutritive value of trees and shrubs forage is deiteed by its ability to provide the
nutrient required by an animal to balance requirsnéBerg 2010).Herders can rely
on fodder trees in the dry season because theyéohetain sufficient crude protein,
minerals and energy due to the deep root systerthesde species (Speedy and
Pugliese 1992, Patersaet al. 1998; Upreti and Shresta 2006). In Zambia

Julbernardia globiflorais one of the most important browse species thatilized
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by pastoralists in the dry season. Nutritional gsial of leaves ofJulbernadia
globiflora showed that they have high feeding value for rumisizn the dry season.
The protein range of the leaves was above the afequange (10-13%) for
maintenance and growth for cattle, sheep and d&a&tarl 1982). It compares well
with other browse trees elsewhere. It has eetteibcrude protein content (22.57%
CP young leaves) than that l6dldebia albidd17.1% CP young leaves) which is an
important browse specie in North Africa aAgacia tortilig6.46% CP twigs and
leaves) an important browse specie in East Afritawever, use of the leaves of
Julbernadia globifloran the early stages of leaf sprouting could be tiahiby high
tannin levels. These high tannins levels may playngoortant role in prevention of
predation (Forkneet al. 2004) and regulation of plant growth (Ferrell @ighard
2006). It has been speculated that tannins arecalogically developed defense
mechanism. Provenza and Malechek (1983) have expdiiat plant parts that are
more succeptible to herbivory damage contain higga@nin concentration than their
counterparts which have been developed at heiglysna the animal reach. Tannins
bind to proteins and modify the rate and exteriheir digestion (Feeny 1970). Feed
intake is depressed when feed contains relativigly levels of tannins at least above
5%. The limited intake may result partly from redd digestion since condensed
tannins seem to depress digestion.The recommenddtiom this study were that;
there is need for more research on how to redugeirtaevels to ensure better
utilization of the browse material. Also there ised for continued evaluation and
promotion of the use of other important indigendmswse species for improved

livestock nutrition during the dry season and didugeriods. This will call for
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practical methods such as feeding and productiomdiet supported by more

intensive laboratory evaluations.
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8.2 Conclusion

From this study, the following were the key con@uas, that;

There has been an increase in climate variabiligr the last five decades in
Southern Zambia.

Farmers have the right perceptions concerning ¢imaariability and
extreme weather conditions and is seen in the hagarry out their farming
activities and adaptation to the extreme conditikmgestock sales and use
of forestry resources are the key coping and adairategies to climate
variability in the study area.

Indigenous browse utilisation is the most importdivestock feeding
adaptive strategy used in extreme weather congitidgro-pastoralists know
the most important browse species which can be usetreme weather
conditions.

Browse management practices such as coppicingffatetit levels affects
the number of shoots and dry matter yield of theoth Coppicing of one
important browse speciesulbernardia globiflora showed that higher
coppicing levels though desirable in order to mazérthe amount of forage
from the tree reduces the number and yield of shfmtanimals to browse.
Lower intensity coppicing levels produces high nemand dry matter yield
of shoots but reduces the amount of tree producether uses by the farmer.
It also produces shoots that could not be easdyghed by the browsing

animals. On farm coppicing showed that more tharesty percent of the
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browse trees are coppiced above 50 cm which enbahggh browse
regeneration for livestock feeding.

Nutritional analysis revealed that leaves Joilbernardia globiflordave a
good potential to supply highly digestible feedgahle for ruminants in the
dry season. The high protein and digestibilityelsvin the early stages of
leaf sprouting provides a good opportunity for asebrowse for the animals
at a time when grass resources are dwindling inntifya quality and
digestibility. However the high tannin levels cowlause a serious limitation

to feed intake.
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8.3

Key Recommendations

The following are the key recommendation from 8tigdy, that:

There is need to encourage alternative livelihotdhtegies to climate
variability so as to reduce the potential negativgpact of excessive
exploitation of forest and forest products partelyl deforestation and
associated land degradation. This will ensureasuable utilization of the
natural resources for the long term benefit ofAlyeo-pastoralists.

There are challenges associated with some of teenative strategies for
example charcoal burning which leads to deforestathould be mitigated
by promotion of national reforestation programmes.

Land issues and policies are key considerationsaftaptation planning,
which will need to strengthen land tenure and manmsnt arrangements in
these risk environments, and secure supplies aoédsacarrangements for
land for resettlement and changing livelihood dedsan

Agro-pastoralists should be taught how to produnenage, harvest and
conserve various livestock feed resources for imgalaanimal production.
There should be replanting of climate adaptableygmbus browse species to
increase livestock productivity and enhance foamisty. On the other hand
this will help in reforestation of the drylands ahding stability in the
ecosystem.

Browse management practices such as coppicing ¢hmilencouraged in
Southern Zambia while ensuring that there is ane@detween the ease of

regeneration of the tree on a sustainable bagspd¢led of animals to easily
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reach the tree for dry season browse and the eqaint of the local people
for wood for various uses.

There is need for more research on how to reduweirtdevels to ensure
better utilization of browse in livestock feeding

There is need for continued evaluation and promotib the use of other
important indigenous browse species for improvedstiock nutrition during

the dry season and drought periods.
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8.4

Further Research

From the study, the following areas were identitisdequiring further research;

1.

Evaluation of adaptation strategies and thescostadaptation at local and
national level.

Development of cheap feed conservation stradedoe improved feed
availability in extreme weather conditions.

Evaluation of different management practicesotimer indigenous browse
species to determine their best production levels.

Evaluation of different methods that can be useceduce tannins levels to
ensure better utilisation browse in livestock feed.

Evaluation of types of tannins in the differemdigenous browse species and

their effects on feed palatability and nutrientitaklity.
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APPENDICES
Appendix 1: questionnaire survey on climate variality and livelihood

strategies and livestock management.

Respondent number.............cooiiiiieeen,
Village.....oovvvviiiiiiiiiiie e

Section A

Socio Information

1. AGE o
2. Number of children............. Boys.........ocovveveeeen Girls
3 Number of wives................
4 Level of education..........coiiiiii
5 Main agricultural aCHVItIES. ...........uuumn e
6 Other agricultural aCtiVItIES..........coiiiiiiieee e
7 Has climate changed in the past 30-40 years
Y S NO. o,
8. If yes above, in what way has climate changed?
[JIncrease in rainfall amount ] Reduction imfall amount
[_] Late onset of rains [ 1 Hotter weather

[_1 Colder weather
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9. What type of climate variability have you expeced?
[ ] Only drought increased [ ] Only drought reduce
(] Both floods and droughts increased
[_1h floods and droughts reduced
(_ly floods increased d_ly floods reduced
_Jlchange [] Notsure

10. Means of Livelihood and Sources of Income

Means of livelihood Normal Most important | Most important
situation during periods of | during periods of
drought floods
Livestock
Crops
Off farm employment
Trade

Working for others
Sources of income
Sale of animals

Sale of animal product
Sale of crops

Others

U

11. Main SOUICE Of INCOMB ... .t e e e e e e e e,

12. Other soUrCes Of INCOM...... oo e

13. TYPES Of CrOPS GIOWN ... et e e e e e e e e e e e ens

143



Livestock management

14.  Types of livestock kept

Type of | Breeding Weaners

Suckling Total

Livestock Male Female | Male Female

Male Female

Cattle
Goats
Sheep
Donkeys
Chickens
Other

NB For cattle number of oxen should be taken............cooe e iee i

15, Purposes of keeping cattle and their rankinlgioaccording to importance

(n =60)

Purpose Respondents, Ranking

% order

Socio-Economic uses

Home consumed milk

Home consumed meat

Store of wealth /assets

Income from livestock products and live
animals sales

Security (savings and insurance)
Draught power

Manure

Socio-cultural uses

Dowry payments
Prestige
Sacrifice
Hides/skin
others
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16.

17

18.

19.
20.
21.
22.
23.
24,

25.

26.

Cattle ownership.

[1Husband only (1 wife only
[ ]Children only [ ] Husband and wife only
[ 1Husband, wife and children [ 1 Relatives only

[ ]Husband, wife, children and relatives

Goat ownership

[]Husband only ] wife only
[ ]Children only [ ] Husband and wife only
[ 1Husband, wife and children [] Relatives only

[ ]Husband, wife, children and relatives

Status of the grazing area
[1Increased ] Reduced

[ ] Remained the same

LivesStoCK MOrtality.......c.vveiie e e e e e e e e e e
LIVESIOCK TISBASES ...ttt i e e e e e e e e ey

How many animals do you sell peryear............ccoooi i i i,

Wheredoyousell.......................................Average Price...........
Who herds the animals a) cattle...................b)goats.....................
Grazing time Animals go out at .............. hrs #ais return at......... hrs

Feeding strategies of cattle; Rain Season............ocuueeeiiiiieeinnnn.
Dryseason.........coooeiiiiiiiiniiiien,

Feeding strategies for Goats & sheep; Rairogeas......................
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Dry season.........c..ocoveeeveenns
27. Is there any type of supplementary feedingrgieecattle yes......... no......
If YES WAL tYPC. .. e

28. Is there any type of supplementary feedingrgteegoats and sheep yes..no

If YES WhaL tYPe. ..ttt e
29. Source of water for home use; well ...... river... dam.. Borehole...........
30. DiStanCe t0 WaAter SOUICE... .. .. ittt et et e e e e
31. Source of water for livestock; well ......... river....am .... Borehole.........
32. DiStanCe t0 WALEr SOUICE..... ... et iee et et et et e e e e ettt ea s ammes

Land Use Strategy
33. How do you graze/move animals away from thiéeseént;
)] during the Wet SEAaSON........oviiii i e e
i) During the dry SEasON..........ieiii it e e
34. Give an indication of animal gain/performancgl production during;
iii) during the Wet SEaSON.........ccoiiiiii e
iv) During the dry SEas0N.........c.ovvieiii e e e e
35. Do you suffer restricted movement at any timgses................n0.........
If YES WNEN/NOW.. ... e e

Forage conservation

36. Do you do feed conservation Yes..........ccvvvivieieineinnnns NOuuervvvnen

I O WY e

If yes types of conservation USed..........c.oouii it iiiii i e
37.  What type of pasture management practices decgoy out...............
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Climate adaptation and Grasses/legumes use

38

39.

40.

41.

42.

43

44

Name the type of grasses/legumes which are taamidior grazing livestock

Which ones are the most important mention rdeio of importance
beginning with the most important..................ocoiiiiiiii i

Which grasses/legumes are very important duringong

ArOUGNES. e e

Which grasses/legumes are very important ddloagls.....................

What are the other uses of grasses and legoitmeisthan grazing animals

Name of grass/legume............cccce. (USBS ..ottt it i

Name of grass/legume...............c.ddSES. .. iuiieie it e e e e e
Name of grass/legume................. USEBS. i ie et et ee e e ee e e e
Name of grass/legume................. USEBS ..t ete et e e e ee e ene e
Name of grass/legume................. 0]

Climate adaptation and Browse use

Name the type of browse which are importangfazing livestock............

Which ones are the most important & mention mdeo of importance
beginning with the most important................coocoviiiiiiii i
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45 Which browse types are very important duringgldmoughts...............

46.  Which browse are very important during floods...........cccceeeeeeeiienneen.

47. What are the other uses of grasses and legoitmeisthan grazing animals

Name of browse............cc.coovevneee. USBS .. it iiie e e et e eae e
Name of browse...............ccoviiiinn, USES. .ttt iee et ee e e e ieee e
Name of brows..........cccceevvveiiiiiiinnn BBIS. .t
Name of browse...............ccoviviennnen. USES. . i ittt i
Name of browse..........ccoeeveviieeiiiieenns USBS e i i ee e,

48. What management practices do you do to ensuwed guse of
0] 10111
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