Enhancing productivity and resilience of semi-arid rangelands of southwestern
Zimbabwe: A case of adaptation in extensive livestock production in a communal area

Alois Sifelani Hlatshwayo

A thesis submitted in partial fulfillment of the requirements for the Degree of Doctor of
Philosophy Majoring in Sustainable Agriculture

Department of Sustainable Food Systems and Development
Faculty of Natural and Agricultural Sciences

University of Free State

October 2023



Enhancing productivity and resilience of semi-arid rangelands of southwestern Zimbabwe: A
case of adaptation in extensive livestock production in a communal area

By

Alois Sifelani Hlatshwayo

A thesis submitted in fulfilment of requirements for the Degree of Doctor of Philosophy Majoring
in Sustainable Agriculture

Department of Sustainable Food Systems and Development

Faculty of Natural and Agricultural Sciences

University of Free State

Approved

By

Dr. P.J. Malan Prof JA van Niekerk

Supervisor HOD: Sustainable Food Systems and Development



ABSTRACT

The main objective of this study was to enhance productivity and resilience of semi-arid
communal rangelands through manual and livestock seed dispersions and fodder production
adoption. Semi-arid communal rangelands support livestock production which is the flagship of
food security and livelihoods in the areas. Three treatments; Seed + Ridges, Seed +Ridges +
Brushwood, Seed + Brushwood and a Control were used to reseed a degraded semi-arid
communal rangeland. Results showed that Treatment had a significant effect on reseeding.
Grass seedling counts were significantly higher (p<0.01) at treatments Seed + Ridges and Seed
+ Ridges + Brushwood. Grass species diversity increased at treatment Seed + Ridges +
Brushwood where frequencies were as follows: Heteropogon contortus 13.8%, Schmidtia
pappophoroides 12.1%, Urochloa mosambicensis 11.5%, Eragrostis trichophora 9.8%,
Eragrostis rigidior 6.9%, Panicum maximum 6.3% and Eragrostis superba 0.6%. Most observed
grass species had good forage value. Treatment also influenced biomass production: Seed +
Ridges + Brushwood 0.2852 t/ha, Seed + Brushwood 0.254%" t/ha and Seed + Ridges 0.204°
t/ha and Control 0.079¢t/ha.

In the second experiment, cows were used to reseed a semi-arid communal rangeland. Four
treatments and a Control were used. Treatment 1. Seven days after grass seeds started
showing physiological maturity, 40 animals were grazed for 24 hours on diversified grass
species, after 24 hours, the animals were taken away. On the following day ten animals were
randomly selected and 20g of dung collected from each animal. Treatment 2: The process was
repeated after fourteen days, Treatment 3: twenty-one days, Treatment 4: twenty-eight days
and for the Control a soil sample was collected from a degraded area. The dung samples were
dried in a sample room. Each dry dung sample was gently mashed. River sand was collected,
and heated in a dehydrator for 48 hours at 80°C to sterilise it. The sand was allowed to cool off,
then put in labelled germination trays. Each mashed dung sample was spread in a labelled
germination tray and watered. Results showed significantly higher seedling counts and species
diversity in Treatments | and 2 than in Treatments 3 and 4. Seedling counts increased from day
7 to day 14 but decreased from day 21 to day 28. This seed dispersion method is effective
however, time factor is very important for its success. Observed grass species had good forage

value.

An investigation on fodder production adoption in semi-arid communal areas was conducted
through a structured questionnaire administered to 125 farmers. Results showed a proportion of

61.4% of respondents used fodder, 1.3% used commercial feeds and 37.7% used both.



Respondents preserved their fodder as indicated by 86.7% who prepared hay, while 13,3%
prepared silage. Livestock species supplemented during the dry season included cattle, goats
and donkeys. Fodder production adoption had an effect on livestock mortalities; 97.3% of
respondents said mortalities decreased and 2.7% saw an increase

A survey to investigate allocation of financial resources from livestock sales to family needs was
conducted through a structured questionnaire administered to 125 randomly selected farmers.
Survey results showed 95% of respondents sold livestock to private buyers and 5% to abattoirs.
A proportion of 52% of respondents conducted livestock sales every 3 — 6 months and 35% 6 —
12 months. Usually sold animals included: cattle 31.0%, goats 27.6%, Chickens 27.6%, sheep
9.2% and donkeys 4.6%. Money from livestock sales was allocated as follows; food 33.3%,
medication 33.3%, school fees 27.3% and restocking 6.1%. The results indicate that semi-arid
communal farmers sell their livestock, and that their animals are a store of wealth used to

enhance food security and livelihoods.

In conclusion, results of the two experiments show effectiveness of restoring degraded
environments through manual/mechanical and livestock seed dispersions. Grass species
diversity and forage value can be increased through manual and livestock seed dispersions. By
manually dispersing seeds, results show that biomass production can be increased on low
producing semi-arid communal rangelands, since production trebled at Treatment; Seeds +
Ridges + Brushwood and doubled at Seeds + Ridges. The methods promise to be useful tools
for restoring semi-arid communal rangelands, which have been constrained by degradation for
many Yyears, thereby raising productivity and resilience, which in the long term will boost
livestock productivity in the areas. Further to being effective, the reseeding methods, are

environmentally friendly, cheap and easy to implement.

Results of the fodder production adoption survey showed high adoption among farmers which
promises to reduce over dependency on rangelands for livestock feed and enhance natural
regeneration in the long term. Fodder production adoption promises to be a useful tool for

permanently solving feed shortages in semi-arid communal areas.

Results of the financial resource allocation survey, showed that farmers sell livestock
periodically and use the money to buy food, medication, pay school fees and restock to make
livestock production sustainable. All these, significantly confirm that semi-arid communal

rangelands play a pivotal role in food security and livelihoods.
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A species foreign to an ecosystem which causes harm to it
An area with mixed sweet veld and sour veld components
A plant that lives for more than two years
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1 CHAPTER ONE

1.1 Background
Semi-arid rangelands occupy sixty-five percent of Zimbabwe’s total area and, are major players

in the country’s livestock production system, contributing 86% of the national herd (Mashoko et
al., 2007; Tavirimirwa et al., 2013) which includes 5 598 982 cattle, 3 974 707 goats and 697
910 sheep (SRCLA, 2020). They provide cheap livestock feed, (Grissom and Steffens, 2013;
Mudzengi et al., 2017) and are easily accessible (Chaminuka et al., 2014) which make them an
important matrix in the livestock production value chain (Diogo et al., 2020). Their major function
is providing livestock fodder (Kgosikoma et al., 2015) which includes grasses, browse and forbs
(Penderis and Kirkman, 2014; Mariotti et al., 2020; Vundla et al., 2020). Livestock provide an
assortment of goods and services such as savings and capitalization (Gamoun et al., 2015;
Diogo et al., 2020) food security and livelihoods (FAO, 1992; Thornton, 2010), as dry land crop
production usually fails (Phiri et al., 2019). Animals tolerate droughts, which makes them more
suited for semi-arid production (Thornton and Gerber, 2010; Thornton et al., 2009). Livestock
production gives assurance against natural shocks such as droughts, food insecurity and poor

livelihoods, to many semi-arid communal farmers (IPCC, 2007; Norton et al., 2013).

1.2 Management, ownership and utilization of semi-arid rangelands
Semi-arid rangelands play a very important role in the livestock production sector. However, the

conspicuous absence of management plans or strategies for the rangelands is threatening their
sustainability (Holechek et al., 2011; Gamoun et al., 2014; Hunt et al.,, 2014). A matter of
concern affecting communal smallholder farmers is the issue of land ownership, rangelands are
communally owned, utilized and governed by Rural District Councils (RDC), (Cotula et al.,
2004). Consequently, due to the unclear land ownership policy in communal areas, rangeland
management is not impressive thus far. No one is answerable for the unsustainable activities
that damage the natural resource whose contribution to livelihoods and food security is
invaluable (Moritz et al., 2013). In addition to challenges affecting livestock production in
communal areas, is over utilization which is driven by anthropogenic activities (Abate et al.,
2012; Rutherford and Powrie, 2013; Beyene, 2016), while climate change is also complicating
the matter (Galvin et al., 2004; UNFCCC, 2008). The two factors cause low rangeland
production (Kassahun et al., 2008b), a problem that has been affecting semi-arid rangelands
over the years (Abate et al., 2010). Low biomass production on rangelands has a negative

implication on livestock production, as it is the precursor of feed shortages more so in semi-arid



areas, considering the frequent incidents of droughts there (Breckle et al., 2001; Gemedo et al.,
2006; Cingolani et al., 2005). In the past years, many livestock have been lost through death by
starvation especially in worst drought years (Oba and Kotile, 2001) and more will still be lost if a
long-term solution is not put in place. While loss of vigour and species biodiversity on the
rangelands are apparent, fragmentation of rangelands is also a worrisome development
(Behnke, 2008) driven by high demand for agriculture land (Senda et al., 2020; Greiner et al.,
2013; Hobbs et al., 2008). This is happening, despite the common knowledge that livestock
production is a better agricultural option than dry land crop farming. As a result, a lot of grazing
pressure is exerted on the bits and pieces of the remaining grazing spaces (Ilbanez et al., 2007,
Hlatshwayo, 2017) creating unnecessary competition for a diminishing feed resource base
among animals. On the ecosystem, it causes changes in species diversity and standing
biomass (Dembele et al., 2006; Deng et al., 2013). Poor grass species take over, and replace
extinct grass species of good forage value (Patton et al.,, 2007; Sasaki et al., 2012).
Consequently, feed shortages become common especially during the dry season when the
rangelands offer feed that is low in both quality and quantity (Liu et al., 2009; Tarhouni et al.,
2007) and the situation gets extreme during drought years (Vetter et al, 2020; Wigley-Coetsee
and Staver, 2020).

1.3 Factors affecting condition, production and sustainability of semi-arid rangelands

Semi-arid rangelands (SAR) all over the world, and more so in Zimbabwe, support extensive
livestock production, and will continue to do so for a long time to come (Hoffman et al., 2018; O’
Connor, 2015). However, they suffer from a disequilibrium between utilization and regeneration
of plant species ((Wigley-Coetsee and Staver, 2020; Gillson et al., 2019). This is mainly driven
by human factors (Deng et al., 2013; Bo et al., 2013; Ibanez et al., 2007), though forces of
nature also contribute through droughts and climate change which add their foot prints (Rhode
and Hoffman, 2012; IPCC, 2013; Vetter et al., 2020). Currently the semi-arid rangelands are
threatened by steadily progressing degradation (Hoffman et al., 2018), due to many years of
mismanagement and abuse (Bai and Dent, 2009; Higginbottom and Symeonakis, 2014). An
undesirable change in vegetation species is noticeable (Rutherford and Powrie, 2010). This will
worsen feed shortages, which have been threatening livestock production annually particularly
in communal areas (Myers et al., 2000; Eldridge et al., 2016). Since livestock production drives
rural micro-economies (Gamoun et al., 2015), rangelands need to continue producing feed

without disturbances.



Grazing on communal rangelands is characterized by high population pressure and heavy
utilization (Ibanez et al., 2007; Louhaichi and Tastad, 2010), and this does not auger well for
rangeland sustainability (Tarhouni et al., 2007). Most livestock in communal areas are not
penned overnight, causing grass species to be grazed continuously without rest (Rutherford and
Powrie, 2013; Villagra et al., 2009) resulting in degradation (Liu et al., 2009; Bo et al., 2013).
Rangeland degradation is like a plague to livestock production, as it induces feed shortages
(Chanda et al., 2003; Hickman et al., 2004). Feed shortages always haunt semi-arid communal
farmers who are vulnerable and resource constrained (Gamoun et al., 2014; FAO, 1992). There
is no doubt that rangelands provide cheap feed, which provides nutrients and minerals to
livestock (Van Der Westhuizen et al., 2001; Mugasi et al., 2000), and livestock owned by
communal farmers are included. Therefore, the rangelands’ sustainability is paramount (Yates
et al., 2000). This enables the rangelands to continue to support livestock production (Abate et
al., 2012; Anderson et al., 2014) and in turn rangelands prop up livelihoods and food security
(Thornton et al., 2010).

1.4 Healing the “sick” semi-arid rangelands

Following several years of unsustainable and unmanageable utilization methods, semi-arid
communal rangelands, are now “sick” (Peters et al., 2013; Reynolds, 2013) and unproductive
(Archer and Smeins, 1991; Tarhouni et al., 2007). Severe changes have occurred on the
rangelands, especially in the soil chemical composition and above ground biomass (Kimiti et al.,
2017). Scientific evidence proves that animals alter vegetation species through grazing and
browsing (Bo et al., 2013; Louhaichi and Tastad, 2010) resulting in low biomass production and
degradation in extreme cases. Semi-arid communal rangelands support livestock production
which significantly influences food security and livelihoods (Mussa et al., 2016). In respect of
this reality, the rangelands should remain productive and sustainable. In return the rangelands
can continue to provide cheap fodder to livestock, while humans can get products, by-products
and services to sustain their livelihoods. It is apparent that semi-arid communal rangelands are
severely degraded and badly need rejuvenation (Abdelsalam et al., 2017) to boost above
ground biomass and vegetation species diversity (Karubian and Duraes, 2009). Following this,
the rangelands will continue to function properly without interference from external factors,
whether natural or human induced. Rangeland restoration can be undertaken in two ways: (i)
Manual seed dispersion and (ii) Animal-mediated seed dispersion (Williams and Shepherd,

1991; Nordborg and Roos, 2016). The two methods of rangeland rejuvenation used



concurrently and satisfactorily, can complement each other to raise productivity of the
rangelands, restore ecosystems and habitats and avail more fodder for livestock.

1.5 Mechanical seed dispersion
Over the years, rangeland regeneration has been occurring naturally, and agents such as wind,

water and animals influenced dispersion of seed for perpetuation and persistence of vegetation
species significantly (Saatkamp et al., 2014; Karubian and Duraes, 2009). Through the natural
mechanism, soil-seed banks, the major drivers of regeneration are replenished effectively
(Gomaa, 2012; Liu et al., 2016). However, human population is increasing, and so is demand
for livestock products, by-products and services, while nature is failing to produce enough plant
materials to match the demand for fodder by the increasing animals (Rohde et al., 2006; Puttick
et al., 2014). The disparity induces perennial feed shortages, which threaten viability of livestock
production in the semi-arid regions seriously (Izzauralde et al., 2011). Therefore, man must
intervene on nature’s behalf by manually recharging soil-seed banks, which are severely
depleted due to factors such as recurrent droughts, over stocking and overgrazing (Kimiti et al.,
2017). Manual seed dispersion has several merits that benefit both the rangelands and livestock
in the long run (Liu et al., 2016). Some of the benefits include introduction of good forage-value
species, guaranteed species diversity, increased biomass production and cover which are easy
and cheap to implement (Scholz, 1995). The exercise only requires seed of different grass
species to be picked during the growing season and stored for use at the right time. Above all,
restoration success is guaranteed as long there is adequate rainfall during a season the seed is
broadcasted (Saunders et al., 1993). However, one limitation is sometimes seed is harvested a

little too soon before physiological maturity and cause poor germination.

1.6 Livestock mediated seed-dispersion
Animals dependent very much on plants on rangelands for all their energy requirements

(Hempson et al., 2015). Through adaptation to their environments, animals influence micro-
ecosystems and enable plant succession, a mechanism that is responsible for promoting grass
communities’ diversity (Young et al., 2020). Due to the grazers’ influence on the structure and
function of ecosystems where they feed, animals can be used to rejuvenate the same
ecosystems (Nordborg and Roos, 2016). Livestock can participate in the succession and grass
communities’ diversity by dispersing seed passively on the rangelands via dung (Olff and
Ritchie, 1998; Venter et al., 2015). The mutual relationship between rangelands and grazers
plays a major role in maintaining ecosystem balance and perpetuation of herbaceous species

(O’Connor and Pickett, 1992). In cases where desirable plant species have been depleted
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rendering rangelands degraded and unproductive, livestock can be used to restore such areas
effectively (Frost and Hunter, 2007; Cromsigt et al., 2017; Hopcraft et al., 2010). The objective is
to increase rangeland productivity and build resilience through different restoration methods.
The rangelands will in turn, continue to feed livestock whose importance to livelihoods and food

security in communal areas needs no emphasis.

1.7 Dealing decisively with degradation on semi-arid rangelands (SAR)
There is no doubt that semi-arid rangelands, have long been constrained by a number of

challenges, which hinder productivity (Kgosikoma et al., 2015; Hoffman et al., 2018). Major
drivers of most challenges are natural factors such as weather (Malherbe et al., 2020) and
human factors (Bonnet et al., 2010). Combined, the factors worsen feed shortages, threatening
viability of extensive livestock production from the rangelands (Thornton et al., 2009; Thornton
and Gerber, 2010). Low precipitation and heavy utilization in semi-arid areas cause a
disconnection between species composition and rangeland productivity thus inducing less
fodder for livestock. Due to the significance of livestock production to livelihoods and food

security in semi-arid areas, much effort is needed to make rangeland utilization sustainable.

However, on their own semi-arid rangelands, cannot satisfy grazers’ demand for fodder as they
receive low and highly variable rainfall (Ebei et al., 2007), in addition to being over stocked and
over grazed (du Toit et al., 2018; Vetter et al., 2020) which culminate into annual feed shortages
(Day et al., 2003). A long-term solution to feed shortages is required (Hargreaves et al., 2004) to
avert future disasters. Many livestock died in semi-arid communal areas in the past, and more
will continue to die, if a permanent solution is not found (Thornton et al., 2015). The most
appropriate intervention is fodder production and preservation to create fodder banks (Ansar et
al., 2010; Al-Karaki and Al-Hashimi, 2011), to enhance dry season supplementation. Fodder
gardens or planted pastures can augment the little fodder produced on rangelands naturally.
The advantage of fodder is that some of it, can be grown on dry land production (Mhere et al.,
2002; Mwembe and Tavirimirwa, 2020) and under irrigation (Cuddeford, 1989; Al-Hashmi,

2008), and both cases can produce good results.

Forage production has several benefits including high yields, good nutritive value and high
palatability making them readily acceptable to livestock (Capstaff and Miller, 2018). In addition
to good nutritive value fodder can be used as a tool for building rangeland resilience (CIAT and
CGIAR, 2015). Fodder can reduce grazing pressure on rangelands and enhance significant

recovery after grazing (Derner et al., 2017). Fodder can also lessen communal farmers’ over



reliance on rangelands for livestock feed, which renders semi-arid rangelands unproductive and
in need of correctional interventions (Sala and Paruelo, 1997; Brkljacic et al, 2011). Producing
fodder is a cheaper way for communal farmers to avail more feed to livestock (CIAT and
CGIAR, 2015) and permanently deal with perennial feed shortages that constrain livestock
production in the regions. In the long-term, rangelands will regenerate naturally (Saunders et al.,
1993; Scholz, 1995; Karubian and Duraes, 2009) because they will no longer be under heavy
grazing pressure. Symbiotic co-existence must be nurtured between man and the God-given
natural resource known as rangelands (Jones, 2017; Jones et al., 2017). Man has an obligation
to look after the environment (rangelands) well, in turn it will satisfy his social, ecological and

economic needs.

1.8 Significance of the study
This study reacts to results of research work for a dissertation conducted for a Master Degree

entitled, “The effect of open (uncontrolled) grazing on semi-arid communal rangelands of
southwestern Zimbabwe”. It was conducted in Pelele village, Gwanda District, Matabeleland
South Province. The village has three lines; Likakeng, Mbirwane and Nyikanyoro, with a
population of 160 households distributed among the three lines. Communal farmers in this area,
practice a crop-livestock system of agriculture, but, since they are living in a semi-arid region,
livestock production is the better agricultural option. Livestock in the area comprise 500 cattle,
300 donkeys, 600 goats and 250 sheep, grazed on a communal rangeland. Grazing space is
declining steadily due to fragmentation because of high demand for cropping land (Senda et al.,
2020). Results of the study showed heavy grazing, and a major shift in species composition on
the rangeland (Aristida barbicollis was dominant), low rangeland productivity (0.117t/ha) and
subsequent rangeland degradation (Eleven grass species identified, and only four were
palatable) (Hlatshwayo, 2017). Due to the significance of livestock production and its
importance to livelihoods and food security, good rangeland condition and productivity are

necessary for the agricultural activity to remain sustainable.

The study was conducted on rangeland grazed communally, where 169 ha were fenced off to
exclude grazing by livestock. However, farmers sometimes sneak their animals into the site at
night to eat new good grass in the exclosure. This kind of behaviour was threatening
effectiveness of the project, but community leaders conducted awareness campaigns to deter

culprits and allow the rangeland to recover.



In addition to the two methods of seed dispersion, the study used biophysical assessment to
take an inventory of species growing on the site, as well and the Free Listing Method (FLM) to
establish the species that were growing there some years back. The objective was to assess
changes that took place in the species diversity due to several years of unsustainable rangeland
utilization methods. Species composition has a direct influence on rangeland productivity and

nutritive value of species.

The rangelands fall in a region with low and highly variable rainfall hence they are commonly
referred to as sweet veld. Grass species in the area are nutritious throughout the year, resulting
in over grazing due to over stocking which drives rangeland degradation. However, degraded
land is not productive, therefore the anomaly needs reversed, so that food security and
livelihoods dependent on livestock production can remain sustainable.



2 CHAPTER TWO REVIEW OF LITERATURE

2.1 Importance of rangelands to livestock in Africa
Over fifty percent of Africa practices one form or another of pastoralism as a source of livelihood

(Abebe et al., 2012). Rangelands are the basis of pastoral life, they provide grazing to a variety
of livestock species such as camels and goats in drier regions, and cattle, sheep and goats in
higher rainfall areas (Behnke et al., 2011; Davies et al., 2016). The different species of livestock
guarantee assurance on food security (Tessema et al>, 2014) and a source of livelihood for the
over 236 million pastoralists in the different regions of Africa (Schmidt and Pearson, 2016).
Pastoral livelihood is practiced in different forms such as; (i) Nomadic pastoralism where
livestock owners move along with their herds in search of grazing, (ii) Seasonal pastoralism in
which case herders migrate searching for new grazing and (i) Transhumance pastoral life
which is more or less like herders (Grebremeskel et al.,, 2016). However, there is another
dimension to the pastoral practice, farmers have assumed a sedentary lifestyle and practice a
crop-livestock system of agriculture. This enables them to spread risk against effects of natural
calamities like diseases, floods and droughts which sometimes disrupt agricultural activities.
Crops and livestock complement each other in providing food security and livelihoods to
smallholder farmers who practice them.

The age-old pastoral practice has been maintained and passed on from generation to
generation through indigenous knowledge systems (IKS) (Oba, 2012). Rangelands have
supported pastoral livelihoods over hundreds of years, however, their future faces uncertainty
as there are many challenges haunting them (Senda et al., 2020). The most notable challenges
are rangeland fragmentation and loss of grazing (Clavijo et al., 2005; Desta and Coppock, 2004;
Beyene, 2016), impacts of climate change and variability (Galvin et al., 2004; FAO, 2012) and
conflicts over land use and rights (Ambaye, 2012; Benjaminsen et al., 2009; Fernandez-
Giminez, 2002; Kuusaana and Bukari, 2015).

Despite the odds, rangelands continue to support livelihoods and food security as pastoral life is
all what pastoralists know, and they are expected to pass on the legacy to generations of future
pastoralists. Going forward, semi-arid rangelands must be conserved and nurtured to ensure

they do not become derelict and fail to feed animals.

2.2 Theimportance of rangelands to livestock in semi-arid areas of Zimbabwe
Rangelands can be defined as lands on which the native vegetation is predominantly grasses,

grass-like plants, forbs or shrubs suitable for grazing or browsing whether in their climax or



natural potential communities (Abate et al., 2010). Globally, fifty percent of the earth’s surface is
made up of rangelands (Menke and Bradford, 1992) and in Zimbabwe, sixty-five percent of the
country comprises of rangelands, situated in agro-ecological regions IV and V (Vincent and
Thomas, 1960; Mugandani et al., 2012). The regions receive low and highly variable rainfall
hence they are commonly referred to as the semi-arid regions (Homann et al., 2007; Havstad et
al., 2007).

Dry land cropping in semi-arid regions is always unsustainable due to recurrent droughts, low
and patchy rainfall (Phiri et al., 2019) resulting in annual crop failures, which induce food
insecurity (Murungweni et al., 2016). However, livestock production stands out as a better
agricultural option (FAO, 1992) due to its tolerance to long dry periods which are very common
in semi-arid regions (Thornton et al., 2015). As a result, livestock production is mainly
associated with societal needs such as food security and livelihoods (Anderson et al., 2014;
Beyene, 2016). Communal farmers in semi-arid regions have taken to livestock production in
their numbers fully, to keep their micro-economies running (Abate et al., 2010; Abate et al.,
2012). Livestock production, is supported by rangelands which are sources of cheap feed all
year round (Gamoun et al., 2014; Chaminuka et al., 2014; Derner et al., 2017). Farmers in semi-
arid regions keep livestock including; cattle, goats, sheep and donkeys (SRCLA, 2020) from
which they derive many products, by-products and services to sustain their livelihoods. Benefits
from livestock come in the form of meat, milk, money, manure and animal draft-power which
translate to food security in households (Steinfeld et al., 2006). Rangelands make it possible for
farmers to derive the benefits from livestock through the animals’ ability to convert grasses and
browse into tangible materials that people can use (Day et al., 1997; Day and Phelp, 1997). A
livestock farmer can be likened to an entrepreneur who owns factories, the only difference being
that in this scenario the factories are livestock which require raw materials in the form of plant
materials (grasses, forbs and browse) (Ebei et al., 2007). Animals convert the materials, into
food (milk, meat) and money which the farmers can readily use to satisfy family needs. Grasses,
forbs and browse grow abundantly on rangelands, and this demonstrates how important

rangelands in semi-arid regions of southwestern Zimbabwe are to people’s livelihoods.

Although the major function of semi-arid rangelands is to supply cheap grazing (Anderson et al.,
2014) and browse (Mukungurutse, 2002; Sebata and Ndlovu, 2010; Sebata and Ndlovu, 2011;
Mudzengi et al., 2017) to animals, there are other natural resources generally referred to as
non-timber forest produce (NTFPs) that are important in the day to day lives of rural folks, also

derived from the rangelands (Mahonya et al., 2019). The items play an important role, in rural



people’s micro-economies, livelihoods and food security (Angelsen et al.,, 2014). NTFPs
maintain micro rural economies and boost food security in several households (Awono et al.,
2010). They include an assortment of items such as fuel/firewood, thatch grass, wild fruits, wild
vegetables, medicines, bush meat, mopani worms and rope fiber (Abtew et al., 2012; Adam et
al., 2013; de Sousa et al.,, 2018). Rural people, regard semi-arid rangelands, as God-given
natural resources, easy to access and heavily depend upon (Chaminuka et al., 2014) for food
and livelihoods (Mudzengi et al., 2017). In addition to provision of food, NTFPs are sources of
income for rural folks whose majority is financially constrained (De Sousa et al., 2018; Adam et
al., 2013; Abtew et al., 2012). Therefore, it can safely be concluded, that rangelands and their
NTFPs effectively alleviate poverty and food insecurity of rural folks in semi-arid communal

areas and will continue to do so for a long time to come.

2.3 Therole of rangelands to livestock production in semi-arid communal communities
Zimbabwe’s agro-driven economy is greatly influenced by the country’s five agro-ecological

zones (Mugandani et al., 2012), which determine the location of each agricultural activity. The
country was partitioned into the five natural regions to ensure efficient land utilization to sustain
food security (DMS, 1981). The country has two major agricultural activities; crop farming and
livestock production both practiced in high and low rainfall areas respectively (Nyakanda, 2005).
In the semi-arid regions, rain fed cropping does not always produce desired results (Hussein,
1987) hence extensive livestock production from the rangelands, is the better agricultural option
(Steinfeld et al., 2006). Livestock produce various products and services essential in people’s
day to day lives (Anderson et al., 2014). All this is made possible by rangelands which form the
backbone of livestock production (Undersander et al., 2002).
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Table 2.1: Five Natural Regions and farming systems of Zimbabwe

Natural Area (km2) Annual rainfall Rainfall Farming System
region (mm) Intensity
I 5835 1000 - 900 High rainfall Specialized
Il 72 745 900 - 750 Moderately high Intensive
1 67 690 750 - 650 Moderate Semi-intensive
v 128 370 650 - 450 Fairly low Semi-extensive
\% 112 810 <450 Low, erratic Extensive

(Source: Day et al, 2003).
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Semi-arid rangelands’ significant role in sustaining livelihoods needs not be over emphasized
(Havstad, 2007). They are the important cog that keeps food security and livelihoods in semi-
arid areas turning (Twilley and Manaugh, 2013). Sustainability, perpetuation and persistence of
vegetation species on the rangelands must be nurtured to benefit of livestock production (Willms
et al., 1990). The current generation of communal farming communities in semi-arid areas has
an obligation to pass on a legacy, to the future generation of rangeland users (Chanda et al.,
2003; Hlatshwayo, 2017). By failing to act responsibly, the current generation risks being
blamed by future generations for running down the legacy which is expected to benefit future

generations.

2.4 Productivity and sustainability of semi-arid communal rangelands
In agriculture production, rainfall is a very important variable whose influence on plant

productivity potential’s success or failure is significant (Doorenbos and Kassam, 1979; Mason
and Jury, 1997). Because they are situated in Natural Regions IV and V (Vincent and Thomas,
1960; Mugandani et al., 2012) semi-arid rangelands receive very low and highly variable rainfall,
negatively affecting biomass production and rangeland sustainability (Hein, 2006). Semi-arid
communal rangelands have been known for producing low biomass for a long time, because of
a number of factors including low rainfall, frequent droughts (Darkho, 1990), high population
pressure (Bo et al., 2013; Deng et al., 2013) and unsustainable utilization methods (Day et al.,
1997). The problem is exacerbated by climate change and variability (Izzauralde et al., 2011),
which pile negative pressure on productivity, vigor and persistence of some plant species with

good forage value (Abate et al., 2012).

Due to low biomass production, feed shortages in semi-arid communal areas are a perennial
constraint affecting livestock production (Thornton et al., 2015; Kgosikoma et al., 2015). Most
communal farmers lack financial resources to enable them to buy commercial feedstuffs for dry
season supplementation, hence they depend heavily on rangelands (Chaminuka et al., 2014;
Mudzengi et al., 2017). Many of them suffered huge livestock losses during two severe droughts
of the early 1980s and 1990s (Abebe et al., 2012), compromising livelihoods (Day et al., 2003).
They experienced food insecurity as their sole reliable source of livelihood was snatched away
from their grasp by forces of nature (Hargreaves et al., 2003; Ebei et al., 2007). Feed deficits
will continue to haunt semi-arid communal farmers, so they must devise an adaptation strategy
(Roux and Foxcroft, 2011). Utilization of semi-arid rangelands must be sustainable first
(Anderson and Hoffman, 2007) so that livestock can continue to get fodder, while farmers get
benefits from the livestock (Havstad, 2007).
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However, the situation on the ground paints a gloomy picture, communal rangeland utilization is
complicated because of factors including; continuous decline in grazing space due to rangeland
fragmentation (Clavijo et al., 2005; Desta and Coppock, 2004), high grazing intensity (Deng et
al., 2013) and climate change and variability (Thornton et al., 2015; Allreda et al., 2014). Lack of
statutes and regulations to govern rangeland utilization in semi-arid communal areas is leaving
a disastrous footprint on rangeland sustainability. Should the situation be left to continue as it is,
livestock production will face annual feed shortages forever, because the natural stability of

rangelands is declining at an alarming rate.
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Figure 2.4: Biomass production on semi-arid communal rangelands
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2.5 Problems associated with utilization of semi-arid communal rangelands

Grazing on semi-arid rangelands is nutritious all year round, because the rangelands are
situated in Agro-ecological Regions IV and V commonly referred to as sweet veld. Zimbabwe
has three major veld types; sweet, mixed and sour (Mugandani et al., 2012). Sweet veld
occupies sixty-five percent of the total area of the country justifying why it is renowned for
extensive livestock production (Mugandani et al., 2012; Abate et al., 2012; Abebe et al., 2012).
Despite the importance of semi-arid rangelands in livestock production, constraints are created
by how they are utilized. The problems impede the full potential of livestock production in semi-

arid communal areas which will be discussed in the paragraphs below.

2.6 Property rights in semi-arid communal areas
Semi-arid communal farmers in Gwanda District, or elsewhere in the country do not own land

they utilize. It is communally owned instead and this applies even to rangelands in other Agro-
ecological regions such as |, Il and Il where livestock production is also practiced. Communal
land is state land that is administered by local authorities especially Rural District Councils
(Mbiba, 2001; Mkodzongi and Lawrence, 2019). Lack of clarity and uncertainty over land
ownership in communal areas, creates a disconnection between utilization and conservation of
the natural resources. Despite common knowledge that they contribute significantly to people’s
livelihoods, no one feels obliged to conserve rangelands. This, together with other factors,
whether biotic or abiotic compromise the condition of semi-arid communal rangelands,
rendering them incapacitated to produce enough grazing for a season. There is wanton
destruction and abuse of rangelands with activities such as deforestation, over stocking and

over grazing which result in degradation being apparent.

2.7 Management of semi-arid communal rangelands
Semi-arid rangelands are famous for extensive livestock production, an agricultural activity

credited for supporting livelihoods of many rural folks, whose hope for food security was
dampened by perpetual annual crop failures (Murungweni et al., 2016). However, sustainability
of the rangelands is a thorny issue stifling livestock production, because of its complicated
nature (Anderson et al., 2014). There are no grazing management systems on semi-arid
communal rangelands, which leaves the animals to free-range (Soder et al., 2007). They forage
for fodder daily, everywhere and anywhere without restriction, rest or rotation (Barnes and Hild,
2013; Norton et al., 2013). Worse still, they are not penned overnight, a practice straining the
rangelands’ productive potential. The practice looks quite harmless and beneficial to both farmer

and animal at face value since it does not involve herding of livestock, which cuts down on
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herding costs (Anderson, 2007). However, it has its own short coming, it does not encourage
recovery of herbaceous plants after grazing (Fuhlendorf et al., 2001). This way of rangeland
utilization is counterproductive to the perpetuation and persistence of perennial grass species
with good forage value. Perennials are often grazed to extinction due to lack of chance to
rejuvenate and manufacture their own food through the photosynthesis process. When good
perennial species die, their place is subsequently taken over by annual species with an inferior
grazing value. Animals practice selective grazing during feeding, through this feeding behavior
they choose and pick what they would like to eat and leave what they don't like to eat (Deng et
al., 2013). By and large heavily utilized grass species, lose diversity and vigor, good species are
usually hard hit. In the end where there used to be perennial grass species, annual grass
species which neither produce high biomass nor support livestock production take over the

spaces.

In addition to biodiversity loss on poorly managed rangelands (Senda et al., 2020) there is
steady decline in grazing space due to rangeland fragmentation, driven by rising demand for
cropping land (Abebe et al., 2012; Greiner et al.,, 2013; Hlatshwayo, 2017). Lack of grazing
management systems and by-laws to govern utilization of semi-arid communal rangelands,
drive users to have differing views and aspirations regarding how the rangelands should be
utilized or benefited from. Not all farmers own equal numbers of livestock; some have more
while others own less or none at all. Such discrepancies compromise among farmers the spirit
of conserving and sustaining the rangelands ending up over utilising them (Elloumi et al., 2001).
Judging by the importance of livestock production on food security and livelihoods in semi-arid
communal areas, it is incumbent upon development agents in both public and private extension
services to direct their intervention strategies towards sustainable utilization of rangelands. More
work needs to be done on the rangelands which are major contributors to the livestock
production industry in the country which feeds into the national herd. Past work on rangelands
did not put much effort on communal rangelands. Most of the energy and time were spent on
rangelands owned by the former largescale commercial farmers (LSCF) who were mostly white

and to enhance their sustainability, while communal rangelands were left behind.

2.8 Livestock populations on semi-arid communal rangelands
Semi-arid rangelands of southwestern Zimbabwe are the hub of livestock production (Gamoun

et al.,, 2015) by virtue of being in agro-ecological regions (AER) IV and V (Mugandani et al.,
2012). Communal farmers keep a wide range of livestock including; cattle, sheep, goats,
donkeys and poultry (Mashoko et al., 2007; Tavirimirwa et al., 2013; SRCLA, 2020), from which
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many benefits are derived in the form of products, by-products and services (Hargreaves et al.,
2004). Farmers keep varying numbers of livestock species for various reasons such as animal
draft-power from cattle and donkeys, milk, meat and manure from cattle, sheep and goats.
Large numbers of livestock species such as donkeys and sheep kept by farmers are often
blamed for being the major drivers of overgrazing and rangeland degradation (Pers.
Communication). In the southwestern parts of the country donkeys are used for draft-power, so
nearly every household keeps them. Donkeys and other livestock species kept in large numbers
in the area, heavily utilize rangelands, causing serious degradation. As a result, the rangelands
are no longer producing enough biomass, and will continue to decline further worsening feed

shortages.

2.9 Degradation on semi-arid communal rangelands
Degradation is the worst problem ever to affect semi-arid communal rangelands (Reynolds,

2013) due to several years of unsustainable grazing management systems or the complete lack
(Sasaki et al., 2012; Rutherford and Powrie, 2013). As a result of poor grazing management
practice over the years, biodiversity loss is quite apparent on semi-arid communal rangelands
(Senda et al., 2020) and the malpractice is reducing rangeland vigor (Kassahun et al., 2008;
Bennett et al., 2012). Consequently, species composition and diversity are declining (Ibanez et
al., 2007) and Aristida barbicollis now dominate the rangelands. This is a sign of rangeland
degradation (Gibbs-Russell et al., 1991; Chippindal and Cook, 1976; Hlatshwayo, 2017). Broad-
leafed grass species responsible for good animal development were grazed to extinction (Day
et al., 1997). The species are mostly perennials whose benefit is not only limited to grazing but

to protection, maintenance and balance of ecosystems and rangeland health.
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Table 2.2: Vegetation species in the soil seed bank of a degraded semi-arid communal

rangeland

Species Growth habit Type Forage value
Perennial | Annual | Grass | Forbs | Good | Poor

Apium leptophylum X X X

Avristida barbicollis X X X

Borreria scabra X X X

Brachiaria deflexa X X X

Chiloris virgata X X X

Cyperus angolensis X X X

Eragrostis viscosa X X X

Fimbristylis dichotoma X X X

Ipomoea alba X X X

Panicum novermnerve X X X

Schmidtia pappophoroides X X X

Tragus berteronianus X X X

Source: Hlatshwayo, 2017

Extinction of good grass species on semi-arid communal rangelands need not be blamed solely

on poor rangeland management practices (Anderson and Hoffman, 2007; Gamoun et al., 2015).

Climate change and variability also added their foot prints on the complication (Hein, 2006;

Galvin et al., 2004). Several parameters on the rangelands have been affected, and the soll

seed bank is the worst casualty (Gomaa, 2012; Karubian and Duraes, 2009; Liu et al., 2016).

Soil seed banks are responsible for species perpetuation and persistence (Saatkamp et al.,

2014). However, following several years of unsustainable utilization (Deng et al., 2013),

recurrent droughts and climate change and variability (Ebei et al., 2007) semi-arid communal

rangelands’ soil seed banks are failing to facilitate plant species regeneration. The problem is

mainly attributed to inadequate replenishment, and degradation is now a pressing matter,
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disrupting rangeland sustainability and capacity to supply grazers with adequate fodder (Ash et
al., 2011). Rangelands are currently dominated by annual grass species, which apart from being
unpalatable, produce low biomass and cover and cannot support livestock production
(Mestdagh et al., 2003). There are several forbs species (non-graminoid herbaceous vascular
plants) on the rangelands whose forage value is poor and are not useful to animals (Siebert and
Dreber, 2019). Some of the not so good plants have become invasive compromising the
productive potential of the rangelands. However, despite their poor forage value, the forbs
contribute immensely to biodiversity on rangelands and survive due to their ability to tolerate
adverse conditions and disturbances on the micro-environment (Buitenwerf et al., 2011;
Trollope et al., 2014). The presence of unpalatable forbs on semi-arid communal rangelands is
evidence of palatable species in the past (Siebert et al., 2020) which were grazed to extinction
due to the overgrazing and overstocking (Young et al., 2013; Odadi et al., 2007; Kimuyu et al.,
2017). As in the case of A. barbicollis, certain forbs species on the rangeland indicate
degradation which is common on semi-arid communal rangelands of southwestern Zimbabwe
(Siebert and Dreber, 2019).

Soil erosion is a menace and a pertinent issue to ecosystems in semi-arid areas. Rangelands
have been stripped away of cover protecting them due to several years of heavy grazing (van
der Waal, et al.,, 2011). They have become degraded, and tons and tons of top soil with its
nutrients is being washed away annually leaving behind infertile soil which fails to support plant
life (Palmer and Bennett, 2013). Several human activities carried out on rangelands are
expediting the condition. Productivity and sustainability of rangelands is compromised, exposing
them to the vagaries of forces of nature which are now wreaking havoc on the future of the
rangelands. Some anthropogenic activities trigger soil erosion, run-off water washes away soil
and its nutrients, ending up in the Indian Ocean on the Mozambican coast to feed aquatic life.
For the sake of the rangelands’ future corrective interventions to stop erosion need to be
undertaken, this is one “export” that rangeland users do without gain (Hlatshwayo, 2017).
Instead, the Mozambicans benefit from the Zimbabweans’ silly mistake. The sad reality is that
when the Mozambicans sell sea products, they never stop to think that some Zimbabweans also
took part in feeding them. Only proper and sustainable rangeland utilization methods are the
panacea to the plethora of problems affecting semi-arid communal rangelands of southwestern
Zimbabwe. The sooner communal rangeland users start to think about conserving their natural

resources (van Coller et al., 2018) the sooner the rangelands will start to recover and stabilize.
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However, as the situation stands currently, destruction of natural resources is quite high and it is
not good enough for extensive livestock production, which depends on rangelands.

Another matter of concern complicating the state of further degradation, is the proliferation of
too many woody species, forming bush encroachment on semi-arid communal rangelands
(Ward et al., 2014; Buitenwerf et al., 2012). Bush encroachment like rangeland fragmentation
(Senda et al.,, 2020; Clavijo et al., 2005; Tessema et al., 2014) reduces grazing space
considerably (Higgins and Scheiter, 2012; Moncriefff et al., 2014). This further worsens feed
shortages, which are an annual phenomenon on semi-arid communal rangelands (van
Langevelde et al., 2003). Bush encroachment has several negative effects on rangelands; (i) It
uses up a lot of moisture, (ii) It is not aesthetic (iii) It suppresses growth of the under layer (Ward
and Esler, 2011) and (iv) It makes movement impossible for both humans and animals.
Therefore, on semi-arid rangelands, bush encroachment reduces biomass production further,

which for decades has been low due to climatic and anthropogenic factors (Puttick et al., 2014).

The exponential increase in woody species on rangelands is not only limited to communal areas
in semi-arid southwestern Zimbabwe, but is cause for concern worldwide (Archer et al., 1995;
van Auken 2009). While there are many explanations for bush encroachment causes, in the
context of semi-arid regions of Zimbabwe, two major drivers come to mind; (i) Grazing pressure
and (i) Climate change and variability (Spinage, 2012). Following several decades of
inappropriate utilization methods, semi-arid communal rangelands became degraded (van
Langevelde et al., 2003) and many changes occurred on the ecosystems (Stuart-Hill and
Tainton, 1989; Spinage, 2012). Summed up, the changes render semi-arid rangelands of
southwestern Zimbabwe incapable of supplying adequate fodder to grazers. Therefore, in order
to satisfy the rising global demand for food from animal products and by-products semi-arid
communal rangelands of southwestern Zimbabwe, which at this stage are can be likened to
sleeping giants, must wake up and take up their rightful position in supporting extensive
livestock production. This is now the time, to rejuvenate degraded rangelands and restore
productivity, so they continue to support livestock production, which in turn will guarantee
livelihoods and food security in the smallholder communities. This is a welcome intervention as
dry land crop farming fails to guarantee food security due to recurrent droughts, poor soil fertility

and climate change and variability (Murungweni et al., 2016).
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2.10 Restoration of degraded communal rangelands

Semi-arid rangelands worldwide, are caught up in a myriad of problems (FAO, 2010, Senda et
al., 2020) The net effect of the problems is low biomass mass production falling far too short to
satisfy livestock feed requirements for a year. Allowing this to continue unchecked, reduces
livestock production in semi-arid communal rangelands, having spill-over effects on livelihoods
and food security dependent on livestock production. Enough evidence is available proving that
semi-arid communal rangelands are degraded (Bai and Dent, 2006) following decades of heavy
utilization, overpopulation and climate change effects (Reid et al., 2010). Overgrazing on
communal rangelands, lowers soil-seed bank viability (Hlatshwayo, 2017) due to poor
replenishment inhibiting plant population dynamics and stability (Zuloaga-Aguilar et al., 2016).
Due to declining biodiversity on ecosystems, herbaceous species are now dominated by annual
plant species of both grasses and forbs whose forage value is poor (Gemedo-Dalle et al., 2006).
The implication is that restoration must be performed as remedial intervention (De Groot et al.,
1992) to revive the rangelands and nurture them to continue to feed livestock into the future
(Galvin et al., 2002).

Rangeland restoration means bringing back a degraded rangeland to its prime productive state,
while providing fodder to livestock (Brown and Bugg, 2001). It can be undertaken in two ways:
(i) Dispersing seed manually or mechanically (Scholz, 1995); seeds of different grass species
mixed are manually broadcasted on an affected area and (ii) Seed dispersion using animals as
a medium to spread seed on an affected area via dung (Ash et al., 2011; Saunders et al., 1993).
Both seed dispersal methods, can potentially recharge the soil-seed bank and enhance plant
population dynamics and stability (Gomaa, 2012; Christoffoleti and Caetano, 1998). A
productive rangeland is necessary especially in semi-arid regions where livestock production is
a key agricultural activity contributing to people’s livelihoods and food security. The agricultural
activity is not very sensitive to the adverse effects of droughts. Generally, droughts occur
frequently in semi-arid regions. Encouraging herbaceous vegetative growth on the rangelands

increases fodder availability, hence livestock production is boosted.

2.10.1 Mechanical seed dispersion
Semi-arid rangelands of southwestern Zimbabwe are important in the livelihoods of many

resource poor communal people. They perform many functions such as providing grazing to
livestock (Boval and Dixon, 2012), food for humans in the form of wild fruits, wild vegetables,
mopani worms and many others as well as services such as medicines, firewood and so forth

(Abtew et al., 2012; Adam et al., 2013). However, over the years the rangelands have been
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struggling to provide enough grazing to livestock, due to high levels of degradation caused by
climatic (recurrent droughts) and human factors (over utilization and continuous grazing) (Abebe
et al., 2012; Anderson and Hoffman, 2007). Major changes in species occurred resulting in poor
replenishment of the soil-seed bank whose major function is to perpetuating vegetation species
and building rangeland resilience (Mestdagh et al., 2003).

Demand for animal products and by-products continues to rise worldwide, requiring rangelands
to maintain a balance between fodder requirements and livestock productivity (Ash et al., 2011).
This can be achieved through remedial interventions such as re-seeding to reverse degradation,
one of the causes of biodiversity loss, poor species composition and low rangeland productivity
(Bai and Dent, 2009). Through rejuvenation, rangelands can continue to feed livestock and
support food security and livelihoods in semi-arid regions where annual failures characterize
crop production. Scientific proof points to low seed reserves in the soil-seed banks, indicated by
low species diversity on communal rangelands (Christoffoleti and Caetano, 1998; Hlatshwayo,
2017). Available species are mostly annuals lacking the ability to support livestock production,
hence the need to re-introduce leafier and palatable perennial grass species suited for livestock

production (Boval and Dixon, 2012)

2.10.2 Requirements for mechanical seed dispersion
Grass is the most important crop to a livestock farmer (Mestdagh et al., 2003), it is the stuff that

animals convert into all the useful products and by-products such as meat, milk, money, animal-
draft power and so forth, necessary in people’s lives (Palmer and Bennett, 2013). Therefore,
degradation must be reversed as it reduces seed and biomass production. Seed is a major input
guaranteeing mechanical seed dispersion success on degraded land (Saunders et al., 1993;
Scholz, 1995). It can be derived by ensuring that every year, mature seed of different grass
species is harvested during the peak growing season (February — April) and stored under shade
awaiting processing and use. The seed must be handled with extreme care to retain viability,
under no circumstances should it be exposed to direct sunlight which causes poor germination.
After processing, it is stored in vermin and moisture-proof containers waiting for time for

rejuvenating degraded rangelands (Liu et al., 2016).

2.10.3 Key aspects of restoration
Rangeland regeneration occurs naturally to a certain extent however, degraded land will rarely

revert to its original condition. More often than not, degradation may worsen first before

recovery, so restoration action is necessary for speeding up the restoration process (Brown and
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Bugg, 2001). To conduct successful restoration, four aspects must be fulfilled: (i) Identifying the
cause and effect of degradation; rangeland degradation does not happen spontaneously but
caused by something which must be identified first and addressed (Boval and Dixon, 2012). For
instance, in semi-arid communal rangelands, soil-seed banks are depleted, so to bring back
desirable species on them, manual/mechanical re-seeding is necessary (Mestdagh et al., 2003).
(ii) Stabilizing the site; after identifying the cause, further damage on the site must be reversed
or stopped. This allows remedial interventions to be effective in order to benefit the ecosystem’s
biodiversity and natural balance. (iii) The degraded environment needs reconstructing; in the
case of rangelands, their prime function is to provide animals with grazing, however, this ceases
to occur once land becomes degraded. There will be changes in species diversity and forage
value (Hlatshwayo, 2017), efforts to rebuilt species diversity and rangeland vigour require the
support of manual seed dispersion. Seeds of different grass species mixed together having
many perennial species must be re-introduced into the herbaceous species communities of
degraded sites (Ash et al.,, 2011, Liu et al., 2016). (iv) Monitoring; is a key aspect in the
restoration process making it easy to take stock of progress on the exercise. Without
monitoring, it will be hard to measure success of interventions conducted on the degraded land.

The ultimate goal is building rangeland resilience and productivity of semi-arid communal areas,
where these biomes are vital to supporting livestock production, which is famed for supporting
food security and livelihoods. In semi-arid regions where dry land crop farming usually fails,
livestock production is a better agricultural option. Food insecurity is mitigated through livestock
production because the agricultural activity is less sensitive to droughts which are frequent in

the regions.

2.10.4 Benefits of restoration
Land is an important factor of production, societies’ livelihoods dependent on it, 99.9% of the
food humans consume is derived from it and more than 50% of the world’s GDP comes from it
(Patro, 2021). Therefore, degraded rangelands are not productive and cannot fulfill their
obligation to livestock and humans (Shackleton and Gambiza, 2008). However, through
restoration, degraded land can be rejuvenated (Scholz, 1995; Saunders et al.,, 1993).

Restoration has many benefits on the land, some of which are listed below;

o Improvement of biodiversity; reseeding is conducted using mixed seeds of different plant
species. This improves species composition and diversity especially in cases where

some species had become extinct (Boval and Dixon, 2012).
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e Improvement of infiltration; run-off is high on bare ground due to low infiltration a
restored site gains good cover which increases infiltration. Underground water bodies
get replenished by increased infiltration.

o Restoration ensures food and water security, animals whose products and by-products
are important in humans’ lives of depend on plants for food. The abundance of plants on
rangelands ensures animal productivity. Besides, prime land is productive which benefits

humans.

o Reduction of emissions (greenhouse gases such as carbon dioxide have a negative
implication on the climate due to corrosion of the ozone layer resulting in global

warming).

2.11 Livestock mediated seed dispersion
Land and animal interaction, dates back a long time (Liu et al., 2016. Animals ingest plant

materials in order to satisfy their energy requirements (Boval and Dixon, 2012). The interaction
is very symbiotic or mutual as the land benefits from animals and vice versa. During feeding
animals select and pick plant species they want to eat (Mestdagh et al., 2011) and at the same
urinate and drop dung used by plants for their energy requirements (Anderson and Hoffman,
2007; Bakker, 1989). Further to enhancing and maintaining soil fertility, animals play a critical
role in perpetuation and persistence of plant species. Great strides have been made in
understanding better, seed dispersal by wind, yet animals are equally critical in dispersing
seeds (Cousens et al., 2010). The seed dispersal process is critical for plant diversity (Jones,
2017). In semi-arid communal rangelands, the influence of where animal mediated seeds land,
is not well understood but is critical in maintaining plant diversity (Karubian and Duraes, 2009).
Degradation and biodiversity loss on semi-arid communal rangelands are major problems which
disrupt animal seed dispersal, especially where animals shun badly degraded areas (Jones et
al., 2017). Despite limitations associated with animal-mediated seed dispersal in communal
rangelands, the method still stands out as a good medium and option for restoring degraded

rangelands.

2.12 Fodder production, conservation and utilization in semi-arid communal areas
Scientific evidence proved that semi-arid communal rangelands are derelict due to several

years of abuse (Tessema et al., 2014; Senda et al., 2020). Currently, as things stand, there is
no hope in sight that rangeland condition will improve naturally any time soon, more so with

climate change expediting the complexity. It is incumbent upon users, researchers and policy
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makers to think outside the box and come up with strategies to achieve sustainable rangeland
utilization. The rangelands have a huge obligation ahead, of supporting livestock production
which is a flagship of food security and livelihoods in semi-arid regions where annual failures
always blight crop farming (Adam et al., 2013; Abtew et al., 2012; Thornton et al., 2015). The
long-term solution to feed shortages and good rangeland condition in semi-arid communal areas
lies in production and utilization of fodder crops for dry season supplementation (Al-Hashmi,
2008; Al-Karaki and Al-Hashmi, 2011). Fodder crops have the potential to reduce over reliance
and grazing pressure from rangelands, for communal farmers who have limited options of
livestock feed sources. Therefore, the two major animal feed sources; rangelands and planted

pastures must complement each other in providing livestock with reliable fodder-flow.

2.12.1 Family groups of fodder crops
Fodder crops can be defined as crops grown for purposes of feeding livestock. They are

composed of two main families; Poaceae where all fodder grasses belong, for instance Rhodes
grass (Chloris gayana), Mombasa (Panicum maximum cv. Mombasa) Fox-tail grass (Cenchrus
ciliaris) and Brachiaria (Brachiaria brizantha cv Pilata) (Carlier et al., 2009; Maass et al., 2015;
Njauri et al., 2016; Kumar et al., 2022) and forage sorghums which are most suited for dairy
animals. Examples of forage sorghums include Nutritop, Sugar graze and Sugar drip. The
Leguminosae family includes legumes such as Lablab (Lablab purpureus), Velvet beans
(Mucuna pruriens), Siratro (Mircoptilium atropurpureum), Lucerne (Medicago sativa) Cowpeas
(Vigna unguiculata) and Sunhemp (Crotalaria juncea) (Ekepu and Tirivanhu, 2016; Semba et
al., 2021; Beuselinck et al., 1994; Bhagawati and Paul, 2021). Fodder legumes are classified
under two groups; herbaceous fodder legumes which have already been mentioned and tree
legumes which include Acacia angustifolia, Leucaena lucocephala and Moringa (Moringa
olifera) to name just a few. Legume trees are good sources of browse especially during the dry
season when the rangelands would be offering low quality and quantity feed. Both fodder
grasses and legumes play an important role in the nutrition of animals, as grasses are good
sources of crude fibre which supplies energy (MacDonald et al., 2010) while legumes are a
good source of crude protein which is responsible for the development and growth of an animal
and digestion of acid fibres (Beuselinck et al., 1994). Lack of feed requirements such as crude
protein and crude fibre in animal diets can affect the performance of affected animals and cause

poor animal body condition and reproduction.
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2.12.2 Advantages of fodder crops
Fodder crops have several advantages making them better feed materials more so for livestock

farmers in semi-arid communal areas of the country where they fill the feed deficit gap. Fodder
crops can adapt to a wide range of soil types, are easy to grow, they grow fast and they produce
high yields (Prakashkumar and Sreenath, 2019). The attributes make them more suited to semi-
arid communal areas where rangelands produce low biomass. Fodder crops are very palatable
and nutritious and fodder grasses such as Giant-Juncao grass (Pennisetum purpureum X
Pennisetum typhodium) and Bana grass (Pennisetum purpureum) can contain up to 10.8% CP
at six weeks of growth while forage legumes such as Lablab (Lablab purpureus) can have 26%
CP and Lucerne (Medicago sativa) also known as the Queen of forages contains 30% CP at
flowering stage (CIAT and CGIAR, 2015). Unlike natural pastures, where some plant species
have poor forage value and are generally shunned by grazing animals which usually select and
pick what they like to graze leaving out those species they don't like, fodder crops are highly
palatable and readily accepted by all livestock species at any stage of growth. Fodder crops
enable farmers to offer cheap supplementation to their livestock, compared to commercial stock
feeds which are way out of reach of communal farmers most of whom are resource constrained.
Adoption of fodder production in semi-arid areas which are characterized by annual deficits can
improve livestock feed availability. The positive attributes of fodder crops make them the crops
of choice as they have the potential to make the future of extensive livestock production

sustainable as it is currently under threat from feed shortages.

2.12.3 Production mode of fodder crops
The two major fodder groups discussed above Poaceae/ graminoids and Leguminosae can be

produced under both dry land farming and irrigation with a good measure of success, although
higher biomass yields produced under irrigation are the only noticeable difference (Al-Hashmi,
2008; Al-Karaki and Hasmi, 2011). However, fodder production in semi-arid regions must focus
on fodder crops suitable for dry land production only. This is mainly because the majority of
farmers in semi-arid communal areas have no capacity to irrigate their crops as they depend
entirely on rainfed agriculture (Phiri et al., 2019). However, one worrisome observation is low
fodder production in Zimbabwe, especially in semi-arid communal areas. Uptake of the
technology is slow, despite the need, to permanently solve perennial feed shortages which are

so common in the regions.
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2.12.4 Uses of fodder crops

The major purpose for growing fodder crops is to feed livestock, although fodder can be
produced as an income generating enterprise. The crops are handy in semi-arid regions where
rangelands produce little natural fodder falling far short of annual animal feed requirements.
Fodder crops can be used according to the farmer’s preferences and needs. There are many
ways of using fodder crops (Beuselinck et al., 1994), these include grazing especially for fodder
grasses such as Mombasa (Panicum maximum cv. Mombasa), Rhodes grass (Chloris gayana),
Tanzania (Panicum maximum cv. Tanzania), Tifton grass (Cynodon nlemfuensis) and Fox-tail
grass (Cenchrus ciliaris) (Maass et al., 2015) or mowed for hay or ensiling (Musalila et al.,
2016). Cut-and-carry is also another method of utilizing fodder crops, involving cutting the
fodder and taking it to the animals to feed them. This is mostly used on fodder crops such Bana
grass (Pennisetum purpureum) where grazing may weaken the stand, therefore to avoid the
challenge, the grass is harvested fresh and taken to the feeding pens and given to the animals.
However, cut-and-carry does not address the issue of feed shortages which occurs every year
mostly during the dry season.

2.13 Preservation methods of fodder crops

Growing fodder crops aims to enhance dry season supplementation as during this period, semi-
arid communal rangelands will be at their lowest ebb. The rangelands are characterized by low
productivity which induces feed shortages annually, getting worse during the dry season (Abebe
et al., 2012). Some past feed shortages caused huge livestock losses compromising livelihoods
and food security dependent on livestock production (Bo et al., 2013). As an adaptation strategy
against annual feed deficits, farmers must produce fodder crops to preserve them and create
fodder banks for use during needy times. To create fodder banks, the crops are preserved in
two forms; (i) Dry form to prepare hay (Hussain, 2018), and (ii) Fresh form to prepare silage
(McAllister et al., 2017). Choice of preservation method is the farmer’s responsibility the farmer
chooses a method that suits their conditions and capabilities. However, farmers with the
necessary resources can opt to use both forms of fodder preservation when they choose to

create their own fodder banks.

2.13.1 Desirable characteristics of fodder crops used for hay making
Fodder materials must have certain desirable qualities ideal for hay making when the time to

preserve them is ready (Musalila et al., 2016). The fodder materials must be easy to cut, it must
not be cumbersome to accomplish. If they are difficult to work, they are unsuitable for hay

making as it would be difficult and expensive to make. According to the definition, hay is cut and
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dried grass, fodder legumes or other plants, hence, the ability of cut fodder materials to dry is a
critical requirement when choosing fodder materials for hay making (Hussain, 2018). Yield is
another characteristic to consider when making hay, fodder materials such as Lucerne
(Medicago sativa), Brachiaria (Brachiaria brizantha) and Mombasa (Panicum maximum cv.
Mombasa) produce 40t DM/ha per year making them ideal for hay making (McAllister et al.,
2017). The last factor to consider is the fodder plants’ ability to regrow after cutting or mowing.
Fodder crops listed above, form what are generally referred to as permanent pastures, as
stands of these fodder plants have a life span exceeding twenty years. During all the

subsequent years, only harvesting is done as there is no need for establishing new fodder.

2.14 Hay
Hay can be defined as cut and dried grass, forage legumes or other herbaceous plants, and

stored in a barn or fodder bank for feeding livestock such as cattle, sheep, goats, horses and
others such as rabbits and guinea pigs. However, it is important to note that hay alone is not a
complete feed as it is used as a supplement during lean periods such as the dry season when
rangelands offer little feed of poor quality (Hussain, 2018). Hay is preserved during the peak
growing period when fodder plants are nutritious and plenty. It is suitable for communal farmers
who are usually resource constrained as it is easy to prepare, keep and use.

2.14.1 Importance of hay
Hay has many benefits, making it an important feedstuff, providing high quality nutrients
because it is usually cut when the nutrient content is at its optimum level (CIAT and CGIAR,
2015). During lean periods, hay it makes it possible for farmers to give their animals high quality
supplementary feed that helps animals to maintain good body conditions. The dry feedstuff
improves the management of both planted and natural pastures by: (i) Reducing over reliance
on natural fodder thereby allowing rejuvenation of grazed fodder plants. This ensure the control
of over utilization of rangelands leading to degradation especially in semi-arid communal areas.
(i) Cutting or mowing prevents accrual of moribund stuff, which causes the death of tufts
especially of plants of the poaceae family. Mowing/ cutting, enables planted fodder crops to

produce fresh and highly nutritious feed for livestock.

2.14.2 Hay making
Hay making enables the capture of nutrients in fodder materials in a storable form so that they
become available as fodder feed during the dry season (Prakashkumar and Sreenath, 2019).

Timing is a critical aspect in hay making as the process must coincide with the right stage of
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plant growth and weather conditions to achieve desirable results (Fraccarolli, 2015). The value
of nutrients is greatest during the early growth stages of plants, as during this time plants put
most of their energy into vegetative growth resulting in high concentrations of starches, proteins
and minerals. The hay making process starts with cutting or mowing (Prakashkumar and
Sreenath, 2019), and this is determined by the maturity of forage plants which should be in their
early vegetative stages. Timing of the process must be made in such a way as to coincide with
the most reliable weather forecast. However, for best results fodder materials must be cut in the

morning to allow them to gain more hours of drying time.

When the forages are cut, tedding follows, this process involves an equipment with power
takeoff, which is made to throw fodder materials gently into the air to speed up drying. The
stage can also be done manually in the absence of machinery, where the process is carried out
by resource constrained communal farmers. When the fodder dries up, it is raked. Once all the
dried fodder materials are raked, baling is the final stage in the hay making process. Hay bales
can be made in any shape (square, rectangle or round) according to the farmer’s preference.
When baling is complete, the hay bales are ferried to a fodder bank for storage. The major
determinant factor in the quality of hay is moisture, too high or too low of it spoils the product.
High moisture content causes spoilages due to accumulation of fungi, while too little moisture

increases the risk of fires which easily destroy stored hay (Fracarolli, 2015).

2.14.3 Causes of losses in hay
Hay making aims to create fodder banks for mitigating feed shortages during lean periods,
however, several factors can disrupt achieving this objective. Stomping is a cause of losses in
hay, which happens when animals are allowed to graze on a site before fodder plants are cut for
hay. As the animals move all over the area during grazing, some of the fodder plants are
destroyed by hoof action and the damage is becomes extensive due to large numbers of
grazing animals. The other factor of concern in hay losses, is leaf-fall. As plants grow old, some
of their parts such as leaves tend to dry off and eventually fall down and become plant debris.
The more the leaves fall down, the less the hay harvested, as only the culms will be remaining,
and most of them will have lignified and lost nutritional value. The other loss of hay is caused by
chemical deterioration during the growing stages of the fodder plants. Fodder plants more so
from the Poacea family are very nutritive during the early stages of growth (Maass et al., 2015).
However, as they grow older carbonification and lignification set in, reducing the nutritive value
of the plants. Lastly, hay loss is also caused by fecal contamination, animals urinate and drop

dung on standing fodder plants during grazing and movement. When this happens, animals
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tend to shun the contaminated plants. Huge amounts of hay get lost during the period animals

graze in large numbers.

2.14.4 Factors affecting hay under storage
Temperature is a very important factor in storing good quality hay because it must remain below

50°C, which is considered as normal (Fraccarolli, 2015). When temperatures range between
50°C and 60°C, farmers with hay in their fodder banks are advised to exercise caution because

the hay is prone to fires. Stored hay is at more risk of fire when temperatures exceed 70°C.

2.15 Silage making
Silage can be defined as the product of fermentation of given fodder materials under anaerobic

conditions in an environment called a silo. Silage making is another way of preserving fodder
materials to mitigate fodder shortages during the dry season (Musalila et al, 2016). This type of
feedstuff is suitable for semi-arid communal areas as it is a risk reduction strategy in livestock
production in semi-arid regions. Silages allow feedstuffs prepared from fodder materials to be
kept in fresh, because it has long shelf life of up to twenty years. However, silage is maostly
suited for dairy enterprises, although it can also be used to feed other species of farm animals
such as beef cattle (Borreani et al., 2017). Although silage is a type of feed prepared from
fodder materials, it is not ideal for use as a sole diet, but suitable for supplementation. The
ensilage process dates 3000 years back, during the ancient times when livestock farmers saw
to the need to preserve fodder materials in fresh form (Coblentz and Akins, 2018). On the
African continent, the Egyptians started making silage as far back as 2000 BC (McAllister et al,
2018), and it is still being made to date because of evolution in the silage making process. This
was made necessary because feed was abundant during the growing season, but tailed off
during winter months causing anxiety and challenges to farmers in sourcing good quality feed
for livestock during lean periods. As a long-term solution to the feed crisis, early people came
up with the silage making technology (Avila et al., 2010), through which feed was preserved in
fresh form and used when the need arose. The technology has been perfected over time and is

still being used today for the betterment of livestock production systems (McAllister et al., 2017).

2.15.1 Advantages of silage
The major constraint affecting livestock production in semi-arid areas is feed shortage during

the dry season (Abebe et al., 2012), however, silage making and its use as a supplement in
animal diets addresses this issue. Several advantages that can be derived from using this type

of feed, first, it guarantees feed availability throughout the whole year, ensuring animals
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maintain good body condition and health (Kumar, 2016). Silage is a type of feed which animals
efficiently utilize to their advantage, making it a superior supplementary feedstuff which any
fodder bank must have. During the ensilage process, fermentation takes place catalyzing
bacteria to act on cellulose and carbohydrates found in the forages resulting in the production of
volatile fatty acids (VFA) which include acetic, lactic and butyric acids (Kumar, 2016; Borreani et
al., 2017) Further evidence of silage being a good feedstuff, is demonstrated by its ability to
minimize nutrient losses, a challenge which is commonly related to other feedstuffs such as hay
where losses as much as 30% of the dry matter (DM) may be incurred (Borreani et al., 2017). d
After ensiling, silage can keep in a stable condition for longer periods (Kumar,2016), some
silages are known to have life spans extending from five years to as long as twenty years. In
environments such as the semi-arid regions where climatic conditions are unpredictable
affecting rangeland productivity, the feed comes in handy when animals run short of feed more

so in the event of serious droughts which are not very uncommon.

2.15.2 Disadvantages of silage
Although many merits of silage have been discussed, the feedstuff has disadvantages, which

blight its merits. The ensilage process, requires a silo, which involves construction of a
permanent structure for the good of the end product. Compared with other simpler field methods
of curing and storing feedstuffs such as hay, silage comes with added costs, making it
expensive for communal farmers. Since most smallholder farmers in the semi-arid regions are
resource constrained, silage making may be way out of reach of many farmers in this category
(Adesogun, 2009). A lot of care is required during the ensilage process, without which more
wastages are incurred if the product is not properly prepared. Further to losses, livestock reject
badly prepared silage, meaning an affected farmer wastes time and resources to prepare feed
animals won't eat. The objective of preserving a feedstuff is to mitigate feed shortages, but they

remain unresolved when the feed goes bad leaving animals to continue suffering.

Fermentation of chopped fodder materials resulting in silage, takes place in an environment
called a silo, where sunshine does not access. This causes a significant reduction in the amount
of vitamin D in silages, and compared with sun dried feedstuffs such as hay, it is inferior. Further
to lowered nutritive value associated with silages, is the issue of cost which is two pronged: (i)
Inoculants required to enhance fermentation, do not come cheap, money has to be forked out to
procure additives and (ii) Silo filling up during silage making process requires extra labour, this
adds an extra cost to silage preparation. The third cost is incurred through transportation of

harvested fodder materials and when all costs are factored in, silage making becomes
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expensive for communal farmers. In principle silage making is supposed to be affordable since
farmers in semi-arid communal areas badly need feed for their livestock during the dry season,

however, the farmers have no money for undertaking silage making.

2.15.3 The silage making process
The silage making process is very much dependent on timing, such that fodder materials must

be cut just before they are fully mature, as this is the period when the level of nutrients is at its
highest. The ensilage process must make sure that the end product is as nutritious as possible
(Adesogun and Newman, 2014). Therefore, harvested forages should be allowed to wilt in the
field for at least six hours to drain effluent to the optimum level which is pegged at 60 — 75%.
However, extreme care must be exercised during the wilting process, so that the fodder does
not become either too dry or rained on. Both events are not desirable as they reduce efficiency
of the fermentation process, it is pertinent to remember that fermentation plays a significant role

in silage which is the end product (Adesogun, 2009).

Before the silage making process begins, a silo supposed to be prepared and made ready. Four
basic steps follow silo preparation; first fodder is cut/ harvested, wilted and transported to the
silo. Excess effluent draining of fodder materials should not exceed DM of 70- 80% as this may
result in haylage formation thereby compromising silage quality (Borreani et al., 2017). Second,
fodder materials are chaffed, squashed and chopped to pieces between 2 and 4cm long, which
is the preferred size. The size of chopped fodder materials enhances packing density which is
favoured by the (LAB) lactic acid bacteria (Bolsen, 2006). During chaffing, a fermentation
mixture comprising Six constituents (molasses, salt, mineral mixture, DCP, LAB and Urea)
should be ready and added to the fodder materials in small quantities (Brusetti et al., 2008).
Third, the pit is filled with chopped fodder materials and compacted. This step is very necessary,
it aids in expelling air from the chopped fodder materials. It needs no emphasis that
fermentation of chopped fodder materials should take place in anaerobic conditions in a silo.
The presence of air in silage encourages the growth of moulds, causing it to rot or spoil.
Animals do not accept spoiled silage therefore, farmers need not waste time, money and fodder
materials preparing feedstuffs that will go to waste. The purpose of ensilage is to prepare for dry
season feeding, however, this may not happen when the silage spoils during the fermentation
process. Fourth, the silo is covered with polythene material, tucked in as tightly as possible to
exclude air. Silage maturity takes 30 — 40 days, thereafter one side can be opened, and silage

enough for a day’s ration taken out at a time. It is important to understand that once the pit is
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opened up, silage use must be done as soon as possible to avoid spoilages due to deterioration
rendering it unacceptable to livestock.

2.15.4 Attributes of good quality silage
The essence of preserving green fodder materials by way of chaffing and fermenting them

under anaerobic conditions is to produce good quality feed called silage. In order to determine
Good quality and mature silage is determined by the satisfaction of four requirements
(Adesogun, 2010). First, the silage must be free of moulds, which usually occur during the pit-
filling and compaction process, if they are poorly done. Second, good quality silage produces a
sweet smell or a sour taste and thirdly, its colour must always be faint green or brownish
however, poorly prepared silage changes to a black colour. Fourth, good quality silage is
determined by pH that should range from 3.5 to 4.2. A silage that meets all the four

characteristics above, is deemed good quality, and readily accepted by livestock.

2.15.5 Factors influencing quality of silage
Products produced for utilization or sale have to meet certain quality standards to make them
acceptable and this also applies to silage. While caution is exercised during ensilage to ensure
the end product is of good quality, eleven factors influence quality in a silage (Borreani et al.,
2017). First; Grass type and variety, it is always important when using some grass types for
ensilage to remember that as soon as they are cut or harvested, certain grass types start losing
their sugars (Muck and Dickerson, 1988). This problem is mitigated by selecting varieties that
take a little longer to lose their sugars. Second; Grass sugar content, the LAB, (lactic acid
bacteria) feed on sugars for them to cause fermentation in fodder materials, therefore, grass
varieties that quickly lose sugar content are to be avoided. Three; Stage of growth, grass cut for
ensilage must be mature enough, harvesting it a little too early reduces crude fibre content,

which influences silage quality.

Four; Dry matter (DM) at ensiling, it is key to dry the fodder materials to an appropriate dry
matter level to enable ensiling to be conducted as soon as possible. However, over drying
fodder materials makes compacting or packing difficult, due to air pockets which lead to
spoilage (Adesogun, 2010). Fife; Length of chopped fodder material pieces, the ideal length is 2
— 4cm. Anything longer than this makes compacting hard, in any case longer pieces cannot
release adequate sugars to feed the LAB (Bernardes et al., 2017). Six; Contamination, usually

happens when the silage starts to mould. The silage changes to a black colour as opposed to a
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greenish tint or brownish colour which is common in good quality silages, and animals reject

poor quality silages.

Seven; Additives, a silage is never complete without them, lack of additives results in poor
quality silage. Additives aid the activity of the LAB which cause fermentation in silages. Eight;
Fertilizer, the choice of a fertilizer to apply when top dressing must be guided by results of
recent soil tests. Although Sulphur (S) is important, the recommended amount to apply is
20kg/ha per harvest. The other fertilizer to consider as important is potassium (K). It is
responsible for the construction of starch sugars and development of amino acids which are the
building materials of protein. Nine; Speed of ensiling; the process must be completed in
recommended time as taking too long to finish it, may cause the chopped forage material to dry
up and cause both packing and fermentation difficult thus compromising the quality of the end
product. Ten; Exposure to air; fermentation of chopped fodder materials is a process that should
take place under anaerobic conditions, exposing chopped forage materials longer during
ensiling may affect quality of the silage. Eleven; Feeding technique; silage can be compromised
during feeding. Failure to practice due caution during silage removal from the silo and taking it
to feed lots. Failure to tuck in the covering material tightly affects silage, allowing in air causes
spoilage rendering the silage unfit for livestock. Still on the same note during feeding, only
silage enough for a feeding session must be dug out of the silo. Taking out too much silage
causes it to dry up due to exposure to the sun and air, once this happens, it ceases to be silage
any more. Silage must remain in fresh form over a long period of time as long as it is kept under
favourable conditions. All discussed eleven factors play a significant role in influencing the
quality of silage. Under no circumstances should any of the factors be compromised as quality
of silage is compromised. The objective of ensilage is to produce nutritious livestock feed for dry
season feeding, this can only be achieved by properly adhering to factors influencing silage
quality.

2.16 Summary of the literature review
This review of literature shows that numerous factors constrain semi-arid communal rangelands

of southwestern Zimbabwe, hence they are now producing very little fodder. Over the years,
feed availability on the rangelands, has been characterized by annual shortages, with severe
cases causing huge livestock mortalities. Livestock production in semi-arid regions is a better
agricultural option, significantly influencing food security and livelihoods, however, its future is

doubtful due to low rangeland productivity.
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The serious degradation on semi-arid communal rangelands of southwestern Zimbabwe is
driven by high grazing pressure and lack of sustainable grazing management systems. Carrying
capacities have decreased, due to a shift in species diversity and low standing biomass
resulting from the depletion of soil-seed banks. The factors confirm the effects of consecutive
years of poor soil-seed bank replenishment which is retarding regeneration, perpetuation and
persistence of plant species. Sufficiently recharging soil-seed banks in communal rangelands
can speed up rangeland rejuvenation and bring them to climax condition. Consequently, species
diversity, biomass production and rangeland resilience will increase and guarantee stability to
livestock production. Seed dispersion on the rangelands can be implemented in two methods: (i)
Manually and (ii) Livestock mediated. Both methods produce good results, however, they have

not been tested fully, to evaluate their effectiveness in restoring degraded rangelands.

Semi-arid communal farmers over rely on rangelands for livestock feed, which exerts high
grazing pressure on the rangelands, however, this can be reduced significantly by adopting
fodder production, preservation and utilization. The two major feed sources; rangelands and
fodder gardens can complement each other in feeding livestock in the semi-arid regions all year
round. As a matter of fact, two basic benefits accrue due to adopting fodder production,
preservation and utilization: (i) Permanently solving the long-standing annual feed shortages
problem, and relieve anxiety among livestock farmers (ii) Reducing grazing pressure on
rangelands, and building resilience, increasing biomass production and bringing stability to
extensive livestock production. Fodder production technology has not been adopted fully in
semi-arid communal areas, despite evidence of its benefits to farmers. Harvested fodder
materials can be preserved in two forms: (i) Dry form (hay) and (ii) Fresh form (silage). Both
feedstuffs are suitable for fodder banking which enhances dry season feeding, an intervention
that remained a pipe dream over the years. Performance and offtake of livestock will increase
due to availability of disposable animals for sale on the market and families will get money to
cater for their needs. Sustainably rangeland management efforts guarantee fulfillment of the
farmers’ ecological, social and economic needs. An evaluation of resource allocation to family
needs serves purposes of assessing the impact of building resilience and productivity of semi-
arid communal rangelands to stabilize livestock production which sustain food security and
livelihoods. A structured questionnaire is the tool administered to the farming community in the

study area to carry out the assessment.
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CHAPTER THREE
3 Reseeding of a degraded communal rangeland in semi-arid savanna

3.1 Introduction

Rangelands can be defined as lands on which the native vegetation is predominantly grasses,
grass-like plants, forbs or shrubs suitable for grazing or browsing whether in their climax or
natural potential communities (Soder et al., 2007; Abate et al., 2010; Squires et al., 2018).
Semi-arid rangelands occupy sixty-five percent of Zimbabwe (Mugandani et al., 2012). Their
major role is to provide fodder to animals (Undersander et al.,, 2002; Abate et al., 2010),
however, they also provide societal necessities such as wild fruits, vegetables, medicines and
fuel which are important in the lives of resource constrained rural people (Abtew et al., 2012; de
Sousa et al., 2018; Mahonya et al., 2019). In semi-arid areas, livestock production, is the better
agricultural activity in the crop-livestock system of agriculture practiced, however, it is
dependent on rangelands (Undersander et al., 2002; Steinfeld et al., 2006). Animals can
accomplish life processes such as movement, digestion, foraging, work, growth and
reproduction because of the energy, they derive from graminoids supplied by rangelands
(Jones, 2017). Due to this reason grass communities must remain persistent and productive on

rangelands, to benefit animal production (Boval and Dixon, 2012).

Low rangeland productivity is a major constraint to livestock production on semi-arid communal
rangelands (Rutherford and Powrie, 2013). The poor rangeland performance is usually
attributed to droughts (UNFCCC, 2008; Vetter et al., 2020) and mismanagement (Rohde et al,
2006), yet the soil-seed bank which is a major driving factor behind plant species regeneration
is totally ignored, (Karubian and Duares, 2009; Shang et al., 2009; Saatkamp et al., 2014;
Vandvik et al., 2016). Information on soil-seed banks of semi-arid communal rangelands is
limited (Chambers and Mac Mahon, 1994; Skalova et al., 2019; Shi et al., 2020). In the
southwestern semi-arid communal rangelands, Hlatshwayo (2017) reported serious depletion of
the soil-seed bank. This and other factors contribute further to low rangeland productivity in the
long run (Cingolani et al., 2005; Tarhouni et al., 2007). Livestock in these regions experience
feed shortages which have evolved into an annual phenomenon over time (Reid et al., 2010).
Animal movement and interaction with plant species communities alter the composition of
species (van der Waal et al., 2011), which subsequently affect the soil-seed bank (Karubian and
Duraes, 2009; Tessema et al., 2011). One of the after-effects of the animal-plant interaction is

rangeland degradation (Sasaki et al., 2012). The problem needs reversing, more so considering
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that livestock production has direct influence on food security and livelihoods in communal
areas (FAO, 1992; Tessema et al., 2014). Without a permanent solution, livestock production in
the regions will decrease and animal off-take from rangelands will remain low (Shackleton and
Gambiza, 2008). Over time there will be food insecurity and compromised livelihoods, demand
for animal products and by-products will rise continuously while animal production remains
stagnant (Solanki and Naik, 1998; Thornton and Gerber, 2010).

3.2 Seed dispersion/ reseeding
Part of the solution to perennial feed shortages and rangeland degradation lies in building

resilience and raising productivity of semi-arid rangelands, through manual seed dispersion/
reseeding (Saunders et al, 1993; Scholz, 1995). While nature facilitates regeneration and
persistence of plant species (Saatkamp et al., 2014) the process is generally slow, and the land
rarely recovers fully (Ash et al, 2011). Therefore, the onus rests on rangeland scientists, users
and other interested parties to revegetate degraded rangelands and resuscitate their vigour
(Saunders et al, 1993; Vandvik et al., 2016). The extensive degradation on semi-arid communal
rangelands, shows lack of intervention strategies (Yates et al., 2020; Young et al., 2013) despite
their necessity. Rejuvenating rangelands guarantees food and water security to humans (de
Groot et al., 1992; Derner et al., 2017) and enhance biodiversity (Elridge et al., 2016), to enable
rangelands to continue feeding animals (Galvin et al., 2002; Gillson et al., 2019). Degraded land
is not only unproductive but fails to feed animals (Higginbottom and Symeonakis, 2014; Hobbs
et al., 2008; Ibanez et al., 2007; Kassahun et al.,, 2008b) which impacts on food security.
Therefore, the effort to buttress food security in semi-arid communal areas, must start with
rangeland rebuilding through reseeding (Kiss et al., 2018; Kimiti et al., 2017). Successful
reseeding has many benefits on rangelands (Mussa et al., 2016; Norton et al., 2013; Petermann
and Buzhdygan, 2021). The most notable benefits of reseeding include plant species diversity,
cover, improved ecosystems and increased rangeland productivity which all promote

sustainability of livestock production.

3.2.1 Objectives of the study
The main objective was to study the effect of manual/mechanical seed dispersion on degraded

semi-arid communal rangeland
Specific objectives were to:

o Determine the effect of different reseeding densities on the restoration of degraded

semi-arid communal rangeland
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o Measure species diversity and frequencies on a restored semi-arid communal rangeland
e Assess biomass production on a rejuvenated semi-arid communal rangeland

e Quantify the forage value of grass species of a restored semi-arid communal rangeland

3.3 Materials and methods

3.3.1 Study site
The study was conducted at Pelele Village, Ward 12, (21° 30’ S 28° 30’ E) 60 km south west of
Gwanda town in Matabeleland South Province. The village has three lines; Likakeng, Mbirwane
and Nyikanyoro, and 160 households distributed among the three lines. Communal farmers in
the area, practiced a crop-livestock system of agriculture, however, livestock production was the
better agricultural option because the site was in a semi-arid region. Livestock in the area
included; 500 cattle, 300 donkeys, 600 goats and 250 sheep, which grazed on communal
rangelands. Grazing space was steadily declining due to fragmentation caused by high demand
for cropping land (Senda et al, 2020). The study site had 169ha fenced off to exclude grazing.
However, farmers sometimes sneaked their animals into the exclosure at night to graze on the
new good grass inside. This way of behaviour threatened the success of restoration but
fortunately, community leaders used to conduct awareness campaigns to educate the culprits to

stop the bad habit so that the rangeland would fully recover.

The site was located in agro-ecological region (AER) V, characterized by low and highly variable
rainfall with an annual mean below 450mm. The rainy season usually commenced in November
and tailed off in March. The soils were sandy loams. Dominant tree species were Vachellia
tortilis, Terminalia randii, Dichrostachys cineria, Lonchocarpus capassa, Combretum
apiculatum, Cassia abbreviatta, Gymnosporia senegalensis, Colophospermum mopane, Grewia
flavescens, Grewia monticola, and Gardenia volkenzii. The dominant grass species were
Aristida barbicollis, Brachiaria deflexa, Chloris virgata, Eragrostis viscosa, Panicum
novermnerve, Schmidtia pappophoroides and Tragus berteronianus and forbs included Apium
leptophylum, Borrreria scabra, Ipomoea alba, and nutsedges Fimbristylis disticha and Cyperus
angolensis. There was one invasive cactus species Cylindriopuntia fulgida which was a threat to

both the rangeland and livestock.
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3.3.2 Experimental design

Table 3.1 Treatments in the experiment

Treatment Activities
1 Seed + Ridges + Brushwood cover
2 Seed + Ridges
3 Seed + Brushwood cover
Control No treatment

The trial was a (RCBD) with six 6m * 6m plots marked in each of the three blocks. There were

three treatments, replicated three times (Table 3.1)

Treatment 1: Seed + Ridge + Brushwood cover (SRB)

Plots, 6m * 6m, were randomly marked in a block and replicated three times, the sixth plot was
a control. After marking each plot, three ridges 15cm deep, 15cm wide and 6m long were dug in
each plot at stipulated intervals using a hand-hoe. The ridges were dug across the slope and
the soil mount put in the direction of the slope. The ridges harvested water, to irrigate the plots.
When the ridges were ready, seeds of ten different grass species mixed together were
broadcasted on plots in the different treatments, the soil was disturbed a little to cover the
seeds. The grass species included; Heteropogon contortus, Panicum maximum, Urochloa
mosambicensis, Urochloa panicoides, Eragrostis superba, Eragrostis rigidior, Eragrostis
trichophora, Digitaria eriantha, Chloris virgata and Melinis nerviglume. Only 7g of seed for each
grass species was used. Brushwood cover of Vachellia bushes was used to cover the plots
lightly to limit grazing on the new grass seedlings. Choice of grass species broadcasted, was
based on the species that were identified during a species inventory conducted prior to
restoration. Information about former plant species was captured from the Free Listing Method

(FLM) during a focal group discussion (FGD).

Treatment 2: Seed + Ridges (SR)

Plots, 6m * 6m were randomly marked, replicated as in the first treatment and three ridges 15cm

deep, 15cm wide and 6m long were dug at stipulated intervals on each plot to harvest water.
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The sixth plot was marked as a control. Seven (7g) of seeds of each of the ten species. were
broadcasted on each of the five plots, the soil was disturbed a little to cover the seeds.

Treatment 3: Seed + Brushwood cover (SB)

Plots, 6m * 6m were randomly marked and replicated three times and a sixth plot was a control.
Seeds of ten different grass species were mixed together, seeds of each species weighed 7g.
The mixed seeds were broadcasted on each of the five plots, and the soil was disturbed a little
to cover the seeds. Brushwood cover was laid on the plots to prevent limit grazing on seedlings,

and allow them to grow, mature and seed so as to replenish the soil-seed bank.

The total number of treatment and control plots was eighteen (Figure 3.1). The plots were
randomly distributed in three blocks marked; A, B and C. Each block had six plots which
included five treatments and a control and abbreviations were used to identify each plot:

SRB — Seeds + Ridges + Brushwood
SR — Seeds + Ridges

SB — Seeds + Brushwood

CO1 - Control 1

CO2 — Control 2

CO3 - Control 3

(o8]

Figure 3.1: Layout of experimental plots



3.3.3 Measurements
Seedling counts

A quadrat (1.0m x 0.5m) was randomly laid four times in each plot and all grass and forbs

seedlings were counted three days after germination.

3.2.2 Species diversity and biomass assessments

A guadrat (1.0m x 0.5m) was randomly laid six times in each plot, all species in the quadrat
were identified first and recorded. All grass and forbs species were harvested with a grass
clipper, put in labelled khaki sample bags and taken to a sample room. A combination of the
dry-weight rank (DWR) method (Mannetjie and Haydock, 1963) and the SWIFTSYND
methodology (Day et al, 1997) was used for sampling. SWIFTSYND methodology was
developed in Australia in 1997, to calibrate grass production using a few samples, but still
getting credible results. The harvested samples were put in a dehydrator which was run for 48
hours at 60°C. After 48 hours the samples were taken out of the dehydrator and allowed to cool
off, and weighed on an electronic balance in grams.

3.3.4 Data analysis
Statistical model and procedure

All graphical presentations were done using Microsoft Excel and statistical analyses were
conducted using the General Statistical Software (Genstat) 14" Edition (2017). The Statistical
Package for Social Scientists (SPSS, IBM version 21) was used to compute data on species
frequencies. Data were tested for normality assumptions before being subjected to the analysis
using the Shapiro-Wilk test. Biomass productivity across all treatments was analyzed in a one-
way ANOVA with biomass as the response. A general Linear Model (GLM) was fitted to test the
effect of treatments on biomass production (t/ha) in Genstat. Treatments were specified as a
factor and biomass productivity as response variables. Differences of means between
treatments were tested using a Least Significant Difference (LSD) post hoc test at 5% level of

significance. Treatment for the ™

A General Linear Model (GLM) of the form (eq(1) below was fitted to the biomass productivity

data

Yi=u+ T+ € eq(1)
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Where Yj was the amount of biomass observed in the i treatment for the j" plot (Control, SR,
SB SRB)

Ti the i treatment effect on the observed biomass
€jjwas the error term

M was the overall estimate of the population mean

3.4 RESULTS

3.4.1 Seedling counts
Seedlings of grass species were significantly higher (p < 0.01) than those of forbs species in
two treatments; Seed + Ridges and Seed + Ridges + Brushwood and very low in the Seed +
Brushwood (Table 3.2). Seedlings of forbs were high in the Seed + Brushwood treatment and
lower in the other treatments. The combined effect of ridges reduced runoff and increased
infiltration and brushwood cover which provided protection to the seedlings was responsible for
the high seedling populations in the two treatments. The control plot had lower populations of
seedlings for both grass and forbs species, an indication that the soil seed bank was very
depleted. Reseeding showed that it was an effective way of replenishing the soil seed bank,

hence it is suitable for rebuilding degraded rangelands successfully.

Reseeding has significant effect in rejuvenating degraded rangelands, it allows the operator to
select the ideal species of grass to introduce on a given site. As such, perennial grass species
which often go extinct following heavy utilization resulting in degradation, can be re-introduced
on a degraded site. Stability of habitats and ecosystems can be achieved successfully through
reseeding. (Figure 3.2) shows observed seedling counts per square metre, indicating higher

seedling densities for grass species across treatments.
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Figure 3.2: Seedlings of grasses and forbs counted in the different treatments

Semi-arid communal rangelands have been extensively degraded which further complicates
rangeland productivity. Intervention strategies such as reseeding can reverse the degradation
and rejuvenate rangelands, which in the long term will increase biomass production and reduce
feed shortages. (Figure 3.3), indicates extrapolated seedling densities on a larger scale and the
numbers of thousands of grass seedlings counted per hectare. Take for instance, if a hectare in
the semi-arid communal rangelands is reseeded, and the treatment is Seeds + Ridges +
Brushwood the expected seedling density would be four hundred and sixty thousand (460 000)
grass seedlings. Such a high number of new seedlings makes a significant impact on the

rangeland’s species diversity and biomass production.
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Figure 3.3: Seedlings of grasses and forbs in the different treatments expressed per hectare

3.4.2 Reseeding
Reseeding increased species diversity (Table 3.2) in the treatment with Seed + Ridges +
Brushwood (SRB), where seven introduced perennial grass species; Heteropogon contortus
13.8%, Schmidtia pappophoroides 12.1%, Urochloa mosambicensis 11.5%, Eragrostis
trichophora 9.8%, Eragrostis rigidior 6.9%, Panicum maximum 6.3% and Eragrostis superba
0.6% were observed. The seven species had good forage value in addition to producing big
culms and leaves which translates to more biomass. There was one unpalatable perennial
grass species Melinis nerviglume 0.6% that was introduced in the treatment. There was one
annual grass species with good forage value; Chloris virgata 8.6% while the other four had poor
forage value; Aristida barbicollis 10.9%, Eragrostis species 3.4%, Eragrostis viscosa 3.4% and
Tragus berteronianus 2.9%. There was great improvement in the species diversity and the
forage value of grass species, an indication that reseeding improves species diversity on
rangelands. Observed forbs species which contributed a proportion of 5.7% had poor forage

value. In the (SRB) treatment Heteropogon contortus was the dominant grass species.
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Table 3.2: Frequencies of grass species at Seeds + Ridges + Brushwood (SRB) treatment

Treatment Species Number of species observed Proportion (%)
SRB Hc™® 24 13.8%
Spa™® 21 12.1%
Um™ 20 11.5%
AbYA 1 10.9%
EtP 17 9.8%
Cv*A 15 8.6%
Er® 12 6.9%
Pm™ 11 6.3%
FbUA 10 5.7%
De™® 6 3.4%
EspYA 6 3.4%
EvUA 6 3.4%
ThYA 5 2.9%
Es™® 1 0.6%
MnYP 1 0.6%
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Table 3.3: Frequencies of grass species at Seeds + Brushwood (SB) treatment

Treatment Species Number of species observed Proportion (%)

SB Hc™® 15 19.7%
Um® 14 18.4%
AbYA 14 18.4%

EtP 6 7.9%

Cv#A 6 7.9%

Er® 5 6.6%

Pm™ 5 6.6%

FbvA 3 3.9%

De™® 3 3.9%

EspYA 2 2.6%

ThUA 2 2.6%

Es™® 1 1.3%

Grass species in treatment; Seeds + Brushwood (SB) (Table 3.2) were dominated by
Heteropogon contortus a palatable perennial grass species which had a proportion of 19.7%.
Other palatable perennial grass species that were introduced through reseeding include;
Urochloa mosambicensis 18.4%, Eragrostis trichophora 7.9%, Eragrostis rigidior 6.6%,
Urochloa mosambicensis 6.6%, Panicum maximum 6.6%, Digitaria eriantha 3.9% and
Eragrostis superba 1.3% with a total of eight perennial grass species with good forage value.
Annuals had one palatable species; Chloris virgata with a proportion of 7.9% and three
unpalatable species; Aristida barbicollis 18.4%, Eragrostis species 2.6% and Tragus

berteronianus 2.6%. Observed forbs were not palatable.
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Table 3.4: Frequencies of grass species at Seeds + Ridges (SR) treatment

Treatment Species Number of species observed Proportion (%)

SR Hc™® 24 15.0%
Um® 20 12.5%

AbYA 19 11.9%

EtP 17 10.6%

Cv*# 15 9.4%

Er® 15 9.4%

Pm™ 15 9.4%

FbyA 13 8.1%

De™® 11 6.9%

EspYA 4 2.5%

ThUA 4 2.5%

Table 3.2. indicates that reseeding resulted in six palatable perennial grass species;
Heteropogon contortus 15.0%, Urochloa mosambicensis 12,5%, Eragrostis trichophora 10.6%,
Eragrostis rigidior 9.4%, Panicum maximum 9.4% and Digitaria eriantha 6.9%. No unpalatable
perennial grass species was observed in this treatment. There were four annual grass species,
out of these only one was palatable; Chloris virgata 9.4%; while the other three; Aristida

barbicollis 11.9%, Eragrostis species 2.5% and Tragus berteronianus 2.5% were not palatable.

Observed forbs were also not palatable.
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Table 3.5: Frequencies of grass species at Control plot

Treatment Species Number of species observed Proportion (%)
Control Um™ 19 31.7%
AbYA 13 21.7%
FbvA 12 20.0%
EspYA 11 18.3%
ThUA 2 3.3%
BdUA 2 3.3%

The number of palatable perennial grass species in the Control plot was low (Table 3.5) only
one species; Urochloa mosambicensis contributing a proportion of 31.7% was observed. There
were no palatable annual grass species observed except for four unpalatable ones; Aristida
barbicollis 21.7%, Eragrostis species 18.3%, Tragus berteronianus 3.3% and Brachiaria deflexa

3.3%. The observed forbs species were not palatable.

Note: The key below must be read with Tables 3.1 to 3.4 and Figures 3.2 and 3.3

Key

AbUA Aristida barbicollis (YA unpalatable annual)
Cv*A Chiloris virgata (** palatable annual)

De*P Digitaria eriantha (*F palatable perennial)

Er+P Eragrostis rigidior (*” palatable perennial)
EspYA Eragrostis species (YA unpalatable annual)
Es*? Eragrostis superba (*F palatable perennial)
Et*P Eragrostis trichophora (** palatable perennial)
EvUA Eragrostis viscosa (YA unpalatable annual)
ForbyYA Forb species (Y* unpalatable annual)
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Hc*? Heteropogon contortus (*P palatable perennial)

MnuP Melinis nerviglume (Y? unpalatable perennial)
Pm*?P Panicum maximum (*F palatable perennial)

Spa*P Schmidtia pappophoroides (*F palatable perennial)
Um*? Urochloa mosambicensis (*F palatable perennial)
ThuA Tragus berteronianus (YA unpalatable annual)

SB Seeds + Brushwood

SR Seeds + Ridges

SRB Seeds + Ridges + Brushwood

3.4.3 Plant species biodiversity
There was multi-species mix of plants observed, following reseeding in the different treatments

(Figure 3.2), which in the long run will improve fodder availability to livestock as well as build
resilience and productivity of the rangeland. Introducing grass species by reseeding increased
the number of grass species on treatments, which composed both annual and perennial grass
species. While this is important in the plant communities, it is equally necessary for the good of
ecosystems. Aristida barbicollis was dominant on the site prior to the intervention however, this
changed and Heteropogon contortus became the dominant grass species following its

introduction into the treatments.

3.4.4 Effect of treatment on reseeding
Treatment significantly affected reseeding as indicated by the results; Seeds + Ridges +

Brushwood (SRB) had the highest number of grass species, both perennial and annual. Ridges
contributed to the good result by helping water to infiltrate into the soil and irrigate the reseeded
areas and enhanced higher seedling germination. In addition, brushwood cover provided
protection to the new grass seedlings against grazers, hence the large number of grass species
(15 species) (Table 3.2). The trend persisted across the rest of the treatments; Seeds +
Brushwood (SB) 12 species, Seeds + Ridges (SR) 11 species while the Control plot had 6
species. Reseeding showed a great potential of rejuvenating semi-arid communal rangelands

which have been badly degraded.

Seed + Ridges + Brushwood SRB)
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Fifteen (15) grass species were identified on the treatment Heteropogon contortus, Schmidtia
pappophoroides, Urochloa mosambicensis, Aristida barbicollis, Eragrostis trichophora, Chloris
virgata, Eragrostis rigidior, Panicum maximum, Forbs, Digitaria eriantha, Eragrostis species,
Eragrostis viscosa, Tragus berteronianus, Eragrostis superba and Melinis nerviglume (Gibbs
Russell et al, 1991). Out of the grass species, nine of them; Heteropogon controtus, Schmidtia
pappophoroides, Urochloa mosambicensis, Eragrostis trichophora, Eragrostis rigidior, Panicum
maximum, Digitaria eriantha, Eragrostis superba and Melinis. nerviglume were perennial
species (Chippindall and Cook, 1976). In terms of forage value, eight of the species were good,
only one grass species had no forage value (Table 3.2). There was one palatable annual grass
species (Chloris virgata), four annual grass species had no forage value; Eragrostis viscosa,
Tragus berteronianus, Aristida barbicollis and Eragrostis species as well as one unpalatable

species of forbs.
Seed + Brushwood (SB)

Results of the species inventory showed that there were twelve species (eleven grass species
and one forb species) Heteropogon contortus, Urochloa mosambicensis, Aristida barbicollis,
Eragrostis trichophora, Chloris.virgata, Eragrostis rigidior, Panicum maximum, Forbs, Digitaria
eriantha, Eragrostis species, Tragus berteronianus and Eragrostis superba. Out of the eleven
grass species identified, seven were perennial grass species, four were annual grass species
and one was a forb species. In terms of the forage value of the grass species; the seven
perennial grass species were palatable; Heteropogon contortus, Urochloa mosambicensis,
Eragrostis rigidior, Panicum maximum, Digitaria eriantha and Eragrostis superba. There was
one palatable annual grass species Chloris virgata, three unpalatable annual grass species;
Aristida barbicollis, Eragrostis species, Tragus berteronianus and one unpalatable forbs

species.
Seed + Ridges (SR)

Ten (10) grass species; Heteropogon contortus, Urochloa mosambicensis, Aristida barbicollis,
Eragrostis trichophora, Chloris virgata, Eragrostis rigidior, Panicum maximum, Digitaria eriantha,
Eragrostis species, Tragus berteronianus and a forbs species were identified on the treatment.
Out of the grass species identified, six were palatable perennial grass species, one annual
grass species was palatable, three annual grass species and one forb species were

unpalatable.
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Control

Results of an inventory of species showed five (5) grass species; Urochloa mosambicensis,
Aristida barbicollis, Eragrostis species, Tragus berteronianus, Brachiaria deflexa and a forbs
species. Out of the species, only one perennial grass species Urochloa mosambicensis was
palatable, while four annual grass species were unpalatable; Aristida barbicollis, Eragrostis
species, Tragus berteronianus and Brachiaria deflexa. There was one unpalatable annual forbs

species.
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Figure 3.4: Grass species observed at treatments following reseeding

Reseeding induced high biodiversity of grass species (Figure 3.4) across treatments. In the
Seeds + Ridges + Brushwood (SRB) 15 species were observed, Seeds + Brushwood (SB) 12
species were observed and Seeds + Ridges (SR) 12 species were observed. The Control had 7
species. The species included annuals and perennials, some of which were palatable while
others were unpalatable. What is coming out clearly is that reseeding resulted in a huge
increase in species. This implies that in order to increase species biodiversity on semi-arid

communal rangelands, reseeding does a good job. Semi-arid communal rangelands have been
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over grazed and became degraded, common species observed include annuals which apart
from producing low biomass are also unpalatable. This makes the species unsuitable for
livestock production, yet semi-arid communal rangelands are famous for supporting the
agricultural activity.
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Figure 3.5: Proportions of grass species observed in the different treatments

Key

SB Seed + Brushwood

SR Seed + Ridges

SRB Seed + Ridges + Brushwood

One of the benefits of reseeding is enhancement of species biodiversity on rangelands (Figure
3.5). Following reseeding, species observed at treatments contributed significant proportions to
the herbaceous species, for instance Heteropogon contortus contributed 15% at Seeds +
Ridges (SR). The trend is the same in the other treatments, proportions of grass species were
high, indicating that reseeding is a suitable intervention to be used in semi-arid communal areas

to reverse degradation and increase species biodiversity. It is known that communal rangelands
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are seriously degraded, which has compromised the rangelands’ ability to provide adequate
fodder to grazers.
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Figure 3.6: Numbers of different plant species grouped according to grazing value

There were seven perennial grass species (Table 3.6) that were palatable in the treatment with
Seeds + Ridges + Brushwood (SRB). One annual grass species was also palatable, but there
were three unpalatable annual grass species. Forbs species had one unpalatable species.
Palatability of the grass species was determined through the use of a book by written by
Chippindall and Cook (1976) which indicates grass species that have good grazing value and
those that do not have good grazing value. Reseeding used with ridges and brushwood
increased species biodiversity and forage value. This shows that that semi-arid communal

rangelands can be restored using seeds, ridges and brushwood cover.
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Figure 3.7: Numbers of different plant species grouped according to grazing value at Seeds +
Brushwood

Treatment; Seeds + Brushwood (SB) (Figure 3.7) showed that seven perennial grass species
observed in the treatment were palatable. One annual grass species was also palatable
however, the number of unpalatable annual grass species was more (three) while forbs species
only had one unpalatable species. What this indicates is that reseeding can be used on
degraded rangeland to perform two functions: (i) Increasing species biodiversity and (ii)
Increasing the number species with good grazing value. Considering that semi-arid communal

rangelands are severely degraded the methodology looks suitable for reversing the degradation.
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Figure 3.8: Numbers of different plant species grouped according to grazing value in the Seeds
+ Ridges treatment

Reseeding is a reliable method of rebuilding a degraded rangeland (Figure 3.8) indicates six
perennial grass species which were introduced on a degraded and increased the number of
palatable species. While the numbers of palatable annual grass species and forbs was one for
each, there were three unpalatable annual grass species. The advantage of having more
perennial grass species on rangelands is that they produce more biomass and also do not
depend on seeds for perpetuation. New shoots come out every season making perennial grass
species more important on the rangeland.
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Figure 3.9: Numbers of different plant species grouped according to grazing value in the
Control

Treatment had an effect on species diversity as indicated in (Figure 3.9) which was not treated.
There were fewer perennial grass species in the Control plot which reflects of the degree of
degradation on the rangeland. There were only two palatable perennial grass species, while
unpalatable annual grass species were five. A degraded rangeland is usually populated by

annual species which apart from producing low biomass, are not palatable.

3.4.5 Assessment of biomass production
Results of the experiment showed that reseeding increased biomass production across

treatments (Table 3.3 and Figure 3.9) Ridges and brushwood cover had an effect on treatments;
ridges increased infiltration and it resulted in the germination of more grass seedlings, while
brushwood cover protected the seedlings from heavy grazing, thereby giving them chance to
grow and produce biomass. Treatment also significantly affected the amount of biomass
observed after different treatments of reseeding were used (p < 0.01; SED = 0.0399).

Production of biomass tripled on treatments at Seeds + Ridges + Brushwood (SRB) while it
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doubled at Seeds + Ridges (SR) and brushwood used independently with treatments resulted in
the production of more biomass.

The increased number of perennial grass species that were introduced on the treatments
caused a rise in biomass production, a factor that can be attributed to their large culms and

leaves.

Table 3.6: Biomass production measured at different treatments

Treatment Yield (t/ha) Std Dev.
Control 0.079¢ 0.030
Seeds + Brushwood 0.25420 0.167
Seeds + Ridges 0.204° 0.120
Seeds + Ridges + Brushwood 0.2852 0.160

ab means with different letter superscripts were significantly different at 5% level of significance
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Figure 3.10 Graph showing biomass production in the different treatments

abmeans with different letter superscripts were significantly different at 5% level of significance

Treatment shows that it had an effect on biomass production (Figure 3.10) as shown by letters
a, b in superscripts. Biomass production trebled at treatment Seeds + Ridges + Brushwood,
while it doubled at Seeds + Brushwood. Reseeding used with other treatments such as ridges

and brushwood raised biomass production at treatments.
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3.5 Discussion

3.5.1 Seedling densities
The significantly higher seedling densities at treatments (Figure 3.5) indicates that germination

of grass seedlings on a rangeland, is influenced by a healthy soil seed bank (Fenner and
Thompson, 2005; Shi et al., 2020). Species perpetuation, persistence, and vigour are factors
which are heavily dependent on the health of soil seed banks (Karubian and Duraes, 2009;
Gioria et al., 2012), although other auxiliary factors both biotic and abiotic influence rangeland
stability (Izzauralde et al., 2011; Abdelsalam et al., 2017). It has been suggested that one of the
probable drivers of reduced rangeland vigour is poor management (Liu et al., 2009; Kgosikoma
et al., 2015), which results in over utilization and subsequent degradation (OIff and Ritchie,
1998; Mussa et al.,, 2016), hence poor soil seed bank replenishment (Bo et al., 2013). The
decline in seedling populations of both grass and forbs species in the control plot (Figure 3.5)
indicated that several years of over utilization, influenced depletion in soil seed banks of semi-
arid communal rangelands’ (Rutherford and Powrie, 2013; Saatkamp et al., 2014; Kiss et al.,
2018).

The considerably higher densities of forb species’ seedlings observed on two treatments at
Seeds + Brushwood and Seeds + Ridges was not expected and requires further investigation.
The soil type at both treatments is homogeneous displaying sandy loam characteristics and low
fertility. The seeds of forbs could probably have been imported into the plots by seed dispersion
agents such as water and wind (Chamber et al., 1994; Gioria et al., 2012). This is highly
probable due to two reasons; (i) Treatment at Seeds + Brushwood, had no ridges, hence runoff
was high in the plot therefore, water could have brought in seeds of the forbs species (ii)
Treatment at Seed + Ridges, had no brushwood cover, making it highly probable that wind

could be responsible for bringing in the seeds from the vicinity (Shang et al., 2009).

The forbs species observed in the treatments were not palatable (Table 3.1) and (Figure 3.5).
While they do not serve much purpose on the rangeland, they provide protection to the soil
(Long et al., 2008). Despite offering protection to the environment (Gioria et al, 2012), the forbs
do not address the problem of feed shortages which are threatening sustainability of livestock
production (Izzauralde et al., 2011; Thornton et al., 2015). A question then arises whether the
characteristic smell produced by some the forb species is the reason why animals shunned
them or whether there are particular chemical compounds responsible for the shunning. Small
ruminants especially goats are natural browsers (Sebata and Ndlovu, 2011) and could have

utilized the forbs. However, they too like cattle did not touch the forbs, which partly explains the
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high densities of forbs species (Shi et al., 2020). Palatable forbs species such as Wandering
Jew (Commelina benghalensis) and Sabi Morning Glory (Ipomoea plebia) were conspicuously
absent, because they were probably grazed to extinction (Cousens et al., 2010; Skalova et a.,
2019). Only unpalatable species such as Apium leptophylum and Borreria scabra were
observed.

3.5.2 Frequencies of plant species introduced in the different treatments
While species frequencies in the different treatments were high (Jaunatre et al., 2014) they were

significantly higher (Figure 3.5) at Treatment; Seeds + Ridges + Brushwood (SRB) than Seeds
+ Brushwood (SB) and Seeds + Ridges (SR), indicating that treatment had a positive effect on
species frequencies (Dahlberg, 2000). Perennial grass species frequencies were exceptionally
higher and were dominated by the following species in descending order; Heteropogon
contortus, Urochloa mosambicensis, Eragrostis trichophora, Eragrostis rigidior, Panicum
maximum, Digitaria eriantha, Eragrostis superba and Schmidtia pappophoroides (Gibbs Russell
et al.,, 1991; Kwembeya and Takawira, 2013). The result favours rangeland sustainability,
because perennial grass species do not necessarily perpetuate by seed only, but can regrow
from shoots (Snyman et al., 2013; de Groot et al., 1992).

Although frequencies of perennial grass species were higher, it was the opposite for annual
grass species. There were fewer, and observed species included; Chloris virgata, Tragus
berteronianus, Aristida barbicollis, Eragrostis viscosa, and Eragrostis species at all treatments
(Petermann and Buzhdygan, 2021). While this could not be explained, it could have probably
been influenced by the viability of annual species’ seeds broadcasted on the treatments. The
seeds were probably harvested much earlier than their physiological maturity, which
compromised their viability (Wenny and Nyboer, 2008). Unlike perennial grass species, annuals
depend entirely on seeds for perpetuation, which explains why immature grass seeds hardly
germinate after planting (Alabdulla, 2019). This is one weakness of rebuilding degraded
rangelands using seeds of grass species. The intervention had its own strengths and
weaknesses, however, despite the shortcomings, the exercise was successful judging from the
densities of perennial grass species (Saatkamp et al., 2014). Any element of doubt, must be
dealt with through further investigation to enhance the drawing up of solid conclusions which
could be useful for similar future work. However, proof has been availed showing that reseeding
can address the pertinent issue of degradation in semi-arid communal rangelands (Gokbulak,
2006).
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Of importance to remember, is that annual and perennial members of the poaceae communities
play critical roles, both in the balance of ecosystems and habitats as well as the provision of
animal fodder (Petermann and Buzhdygan, 2021). Their co-existence is absolutely necessary,
because when one species disappears probably as a direct result of human activities, the other
can take over roles meant for both of them (Rohde et al., 2006; Palmer and Bennett, 2013).
During rangeland reconstruction exercises it is critical to ensure that seeds of both herbaceous
community members are adequately represented (Vandvik et al., 2016). While perennial
species persist on rangelands by tillers or shoots, annual species accomplish that by seeds for

persistence and perpetuation (Kiss et al., 2018; Vandvik et al., 2016).

3.5.3 Diversity of plant species introduced in the different treatments
Observed grass species in the different treatments showed diversity (Figure 3.5), indicating

effectiveness of the intervention (Squires et al., 2018). Results of treatments; Seeds + Ridges +
Brushwood (SRB), Seeds + Brushwood (SB) and Ridges + Brushwood (RB) proved that mixing
different grass seeds enhanced mixed species on rangelands (Saatkamp et al., 2014). It also
showed that the broadcasted seeds were physiologically mature which influenced high
germination percentages. Diversity of grass species (Scherber et al., 2010) enhances
herbaceous plants’ interaction with animals to persist while they are being grazed (Gibbs Russel
et al., 1991; Cingolani et al., 2005). Plant species diversity also increases chances of species
adaptation to the different veld types of the country (Muandani et al., 2012). The existence of
the veld types streamlined grass species into two classes; mesic and xeric to enhance
adaptability (Abrams et al., 1990; Elliott et al., 2014).

Grass seeds broadcasted during the reseeding exercise, fall under the xeric class of species
(Abrams et al., 1990). This characteristic enables the grass species’ adaptation to semi-arid
climatic conditions which form the sweet veld (Squires et al., 2018). Consequently, this positions
extensive livestock production from the rangelands as the better agricultural option in semi-arid
areas. Grasses such as Heteropogon contortus, Panicum maximum, Eragrostis superba,
Digitaria eriantha, Eragrostis trichophora, Urochloa mosambicensis and Chloris virgata are
common species in semi-arid rangelands also known as sweet veld, which explains why they
established favourably on the reseeded sites (Soder et al., 2007; Spinage, 2012; Squires et al.,
2018). The species are popular in semi-arid communal rangelands because of their good forage
value (Archer, 2006). Due to their prevalence on sweet veld, the grass species are the reason
the veld is called sweet veld, the species are palatable throughout the year (Cayssials and

Rodriguez, 2016). They are usually over utilized because animals prefer them, they are always
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picked first and selectively grazed, while the unpalatable ones remain untouched (Zama, 2018).
However, the major limitation associated with the grass species is that their production is
limited, which explains why feed shortages in semi-arid areas are frequent (Arshadullah et al.,
2011).

The absence of Hyparrhenia rufa and Hyparrhenia filipendula in observed species was not by
coincidence (Izzauralde et al., 2011), but very much influenced by adaptability. Hyperrhenia rufa
and Hyperrhenia filipendula are mesic species (Elliott et al., 2014), hence they are mostly
restricted to high rainfall areas where they form Hyparrhenia tall-veld or what is commonly
referred to as sour veld (Mugandani et al., 2012). Grazing in such veld types is only good during
the growing season, thereafter, palatability decreases when the grasses start to flower and
worsens in the dry season due to lignification, which causes animals to shun them (Cowlishaw
and Alder, 2009). In drawing up a list of grass species used for rangeland rebuilding, two factors

were considered; forage value and adaptability.

3.5.4 Assessment of biomass production at treatments
Reseeding influenced significant increase in the amount of biomass produced on observed

treatments (Table 3.6 and Figure 3.10) (p<0.01, S.E.D = 0.0399) (Getabalew and Alemneh,
2019). Results showed that treatment had significant effect on biomass production; SRB —
0.285t/ha, SB — 0.254t/ha and SR — 0.204t/ha. Consequently, biomass production tripled at
treatment; Seed + Ridges + Brushwood (SRB) and doubled at Seed + Brushwood (SB)
independently used. Use of brushwood cover on plots produced better results compared to
treatment at Seed + Ridges (SR). It is probable that brushwood cover protected the grass

seedlings and limited grazing hence more biomass on the treatments.

Probable factors could have influenced the significance; (i) Introduction of seeds of different
grass species which increased species diversity and densities (Kiss et al., 2018; Getabalew and
Alemneh, 2019) (ii) Ridges harvested water and provided more moisture to the grass seedlings
and (iii) Brushwood cover offered protection against grazing to the grass seedlings. All species
introduced on the sites; Panicum maximum, Eragrostis superba, Digitaria eriantha, Heteropogon
contortus and the other species are perennials known for producing large culms and leaves
resulting in unusual leafiness and bulky biomass, making them more suitable species for
livestock production (Manske, 2005). However, results of the Control plot showed the opposite,
most grass species on it were annuals; Aristids barbicollis, Eragrostis species, Tragus

berteronianus and Brachiaria deflexa which apart from being unpalatable produce little biomass
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hence they cannot support livestock production (Gioria et al., 2012). The positive results on
treatments provide empirical evidence that semi-arid communal rangelands which have been
constrained by serious degradation for many years, can be rejuvenated with grass species
adapted to sweet veld (Alabdulla, 2019; Cousens et al., 2010; de Groot et al., 1992).

A question arises whether rangeland mismanagement is the only cause of low rangeland
productivity or whether other factors are responsible for the anomaly in semi-arid communal
rangelands (Buzhdygan et al., 2020; Petermann and Buzhdygan, 2021). Utilization in semi-arid
communal rangelands is very heavy, negatively affecting plant species diversity and productivity
(Deng et al., 2013). Other extenuating factors include rangeland fragmentation (Senda et al.,
2020) due to high demand for cropping land (Hlatshwayo, 2017), over population (Rutherford
and Powrie, 2013; Sasaki et al., 2012; Tarhouni et al., 2007) and frequent droughts (Thornton et
al., 2009; Vetter et al., 2020) which do not favour the persistence of certain grass species on the
rangelands (Villagra et al., 2009; Thornton et al, 2015). Reseeding in conjunction with ridges
and brushwood cover produced higher biomass (Table 3.6) and this raises to two critical factors;
(i) Soil seed banks on semi-arid communal rangelands were depleted (Fenner and Thompson,
2005) and (ii) Grass species diversity on the rangelands had decreased a lot (Vandvik et al.,
2016; Squires et al., 2018). Further to that line of thinking, the Control plot contained only
annual grass species which had two limitations; poor forage value and low biomass production
(Getbalew and Alemneh, 2019).

Results of the trial also indicated that plant species diversity was an important matrix in the
biomass production value chain (Cowlishaw and Alder, 2009; Squires et al., 2018). Due to
several years of unsustainable utilization practices, plant species with good forage value
disappeared, creating a void hard to fill on semi-arid communal rangelands (Holechek et al.,
2004). Farmers are reminded of the void by yearly feed shortages, some of them inflicted huge
livestock mortalities in the past, which snatched away food security and livelihoods from their
clasp (Day et al., 2003; Thornton et al., 2015). For livestock production to remain sustainable,
reconstruction of the rangelands is needed in semi-arid communal areas (Savory and
Butterfield, 2016; Scholz, 1995; Williams and Shepherd, 1991). Results of the different
treatments have demonstrated this, an indication that the intervention has merits such as
ecosystems balance and natural habitats, increased species diversity and high biomass

production which all favour livestock production (Scherber et al., 2010; Squires et al., 2018).
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3.5.5 Forage value of introduced grass species
While treatments were different, results of the trial show a constant trend in the forage value of

all introduced grass species (Table 3.1). Grass species such as; Schmidtia pappophoroides,
Heteropogon contortus, Urochloa mosambicensis, Eragrostis trichophora, Chloris virgata,
Digitaria eriantha, Eragrostis superba which are all members of the sweet veld grass

communities were introduced by reseeding (Gibbs Russel et al., 1991; Mugandani et al., 2012).

Although all the introduced grass species had good forage value (Hammond et al., 2014) and of
economic importance to livestock production, it remains unknown why there were no forbs
species with good forage value in all the treatments (Gioria et al., 2012; Vandvik et al., 2016).
Certain forb species constitute livestock diets hence their presence in herbaceous plant
communities is necessary (Brown and Bugg, 2001). In addition to providing livestock fodder,
forb species are cover plants, which offer soil protection and enhancing biodiversity in plant
communities (Vandvik et al., 2016). Forb species with poor forage value observed on the

treatments were; Apium leptophyllum and Borreria scabra. Both had similar characteristics to

those of observed annual grass species; Tragus berteronianus, Eragrostis viscosa and Aristida
barbicollis; which produce little cover and biomass hence were not of economic importance in
the livestock production value chain. Unsustainable rangeland management practices constrain
the persistence and perpetuation of forbs species with good forage value in semi-arid communal
areas. Land is communally owned and administered by local authorities such as Rural District
Councils (RDCs). This factor exposes semi-arid communal rangelands to unrestricted abuse

leading to degradation.

3.6 Conclusion
Reseeding recharges depleted soil seed banks and enhance effective restoration of degraded

rangelands. It addresses species diversity and cover, it restores ecosystems and habitats as
well as increasing biomass production, which are all beneficial attributes to semi-arid communal
rangelands, which have endured degradation and low productivity for a long time. The
intervention is affordable, practical and cheap to implement making it ideal for semi-arid
communal rangelands which are constrained by degradation. Results of the trial present a good
opportunity for development agents in Public and Private Extension Services to adopt the
technology and upscale it in semi-arid communal areas where climate change and degradation

have compromised rangelands.
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3.7 Recommendations

Development agents in Public and Private Extension Services should adopt the technology and
validate it at a larger scale in semi-arid communal rangelands. They must start with awareness
campaigns and trainings to sell the technology to farmers to get buy-in of the idea, which will
make adoption and implementation of the technology successful. The approach has advantages
in that while reseeding is being implemented, rangelands will be rebuilt which will increase
species diversity and productivity. The intervention must be introduced in form of a community
project or competition where hard working communities receive incentives, prizes or look-and-

learn visits as motivation.
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CHAPTER FOUR
4 Reseeding a degraded semi-arid communal rangeland using livestock

4.1 Introduction

Semi-arid communal rangelands are unique biomes closely-knit with availability of services,
goods, and food which have significant importance in livelihoods and micro-economies of low-
income people (Chaminuka et al., 2014; Mudzengi et al., 2017). In Zimbabwe semi-arid
rangelands occupy sixty-five percent of the total area of the country and are home to most
communal farmers (Mugandani et al., 2012). They are the basis of extensive livestock
production, which provides a cheap source of livestock feed (Karubian and Duraes, 2009; Boval
and Dixon, 2012; Carlier et al., 2009). Animal - plant interaction dates back a long time
demonstrating a mutualistic relationship between the two (Jones, 2017; Cayssials and
Rodriguez, 2006; Cingolani et al., 2005). Plants are important in the lives of livestock, which
enables them to accomplish certain processes such as foraging, digestion, movement, work,
growth and reproduction during their life time (Brown and Bugg, 2001). Plant communities must
be inhabited by self-sustaining plants also known as perennials whose main purpose is to
satisfy nutritional requirements of grazers to their benefit (Hammond et al., 2014; Kgosikoma et
al., 2015). Rangeland condition, is one variable whose influence on the rangeland’s ability to
provide fodder to animals is great (Holechek et al, 2004; Manske, 2005). Poor rangeland
condition triggers feed shortages, especially during the dry season, which often catch many
communal farmers in semi-arid areas unprepared (Higginbottom and Symeonakis, 2014;
Kassahun et al., 2008b; Thornton et al, 2015).

Maintaining balance between utilization and rangeland sustainability during plant-animal
interactions is hard (Izzauralde et al., 2011; Cowley and McCosker, 2011). Such interactions
usually alter species composition, diversity and rangeland productivity (Eldridge et al., 2016).
Several factors influence the condition of plant communities (Holechek et al., 2004; Manske et
al., 2005). Biotic (human activities) and abiotic factors (climatic conditions) contribute to the
complexities on sustainable rangeland management and utilization in semi-arid communal
rangelands (O’Reagain and Scanlan, 2011). While climatic conditions usually suppress
rangeland productivity, anthropogenic activities are major contributors to challenges affecting
semi-arid communal rangelands (Ibanez et al., 2007; Liu et al., 2009). Such factors include
rangeland fragmentation (Senda et al., 2020), over stocking and over utilization (Gamoun et al.,

2015). The impact of the numerous challenges is rangeland degradation (Cingolani et al., 2005;
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Bo et al., 2013). It causes further complications such as reduced standing biomass and poor
species diversity which drive feed shortages in semi-arid communal areas (Deng et al., 2013;
Derner et al., 2017). Livestock production can only be sustainable through holistic adoption of
remedial interventions to reverse degradation in semi-arid communal areas (Rohde et al., 2006;
Kassahun et al., 2008). Degraded land is unproductive due to loss of vigour and biodiversity
which cause its failure to produce fodder for livestock (Squires et al., 2018; Buzhdygan et al.,
2020; Petermann et al., 2021)). Consequently, rangeland health and productivity must be
nurtured to enhance productivity in semi-arid communal areas where degradation is a constraint
to livestock production (Mestdagh et al., 2003; Thornton et al., 2015). This is important because
livestock production is the cog that turns the wheels of food security and livelihoods in semi-arid
communal areas (Palmer and Bennett, 2013; Malusi et al., 2021). Restoration is the intervention
which must improve production and animal off-take in semi-arid communal rangelands because

healthy land is more productive.

4.2 Fighting fire with fire on semi-arid communal rangelands
Plant - animal interaction alters plant communities when due care is not exercised (Meyer et al.,

1957; Karubian and Duares, 2009; van der Waal et al., 2011). However, the interaction is also
beneficial to the environment where animals are used to restore and manage the land (Savory
and Butterfield, 2016; Nordborg and Roos, 2016). A study by Jones et al (2017) offers
encouraging scientific proof that animals are effective mediums of reseeding damaged
ecosystems and bringing them back to their climax condition. Degradation (Bai and Dent, 2006;
Bennett et al., 2012), which is rife on semi-arid communal rangelands, is possible to reverse
through careful planning of animal movements across landscapes, as this has a direct impact
on how plant seeds are deposited (O’Connor and Pickett, 1992; Cousens et al., 2010). The
practice though not very common, and rather cumbersome to implement in a communal set up,
can demonstrate how the same animals that overran ecosystems, can also rebuild what they
destroyed (Saunders et al., 1993; Savory and Butterfield, 2016; Shinde and Malshe, 2015;
Tessema et al.,, 2011). Degraded land is not productive due to loss of biodiversity and
productive potential hence it requires corrective intervention to enhance water and food
insecurity (Scholz, 1995; Tila et al., 1996; Cousens et al., 2010). Several benefits are created by
restoration which include healthy land, biodiversity and improved infiltration which all amount to
productivity. Healthy land offers more fodder to livestock thus increasing chances of food

security supported by livestock production.
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4.2.1 Objectives of the study
The main objective of the study was to evaluate the effect of livestock seed dispersion on

degraded semi-arid communal rangeland

Specific objectives were to:
¢ Investigate grass species dispersed by livestock
o Determine the ideal period for using livestock to disperse seed
e Determine the growth habit of species dispersed by livestock

o Determine the palatability of species dispersed by livestock

4.3 Materials and methods

4.3.1 Study site
The study was conducted at Pelele Village, Ward 12, (21° 30’ S 28°30’ E), 60 km south west of
Gwanda town in Matabeleland South Province. The village has three lines; Likakeng, Mbirwane
and Nyikanyoro, which have 160 households distributed among them. Although communal
farmers in this village practice a crop-livestock system of agriculture, livestock production is the
better agricultural option, because they are living in a semi-arid region. Livestock in the area
comprise 500 cattle, 300 donkeys, 600 goats and 250 sheep, all grazed on communal
rangelands. Grazing space is steadily declining due to fragmentation caused by high demand

for cropping land (Hlatshwayo, 2017; Senda et al., 2020).

The site is located in agro-ecological region (AER) V, which is characterized by low and highly
variable rainfall and annual mean is below 450mm (Mugandani et al., 2012). The rainy season
usually commences in November and tails off in March. The soils are sandy loams. Dominant
tree species are Vachellia tortilis, Terminalia randii, Dichrostachys cineria, Lonchocarpus
capassa, Combretum apiculatum, Cassia abbreviatta, Gymnosporia senegalensis,
Colophospermum mopane, Grewia flavescens, Grewia monticola, and Gardenia volkenzii
(Kwembeya and Takawira, 2002). The dominant grass species are Aristida barbicollis,
Brachiaria deflexa, Chloris virgata, Eragrostis viscosa, Panicum novermnerve, Schmidtia
pappophoroides and Tragus berteronianus (Gibbs Russell et al., 1991; Timberlake et al., 2007)
and forbs such Apium leptophylum, Borrreria scabra, Ipomoea alba (Mangosho and
Mupambwa, 2013) and nutsedges Fimbristylis disticha and Cyperus angolensis (Gibbs Russell
et al., 1991). One invasive cactus species Cylindriopuntia fulgida threatens the rangelands and

livestock.
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4.3.2 Experimental design
The experiment was RCBD, forty animals were randomly selected from a large herd with a

factorial concept and allocated to four treatments, each treatment had ten animals.

During the peak growing season, seven days after grass seed had started to mature, the herd of
cattle was grazed for 24 hours, on a site with good species diversity and cover. At the end of
twenty-four hours, the animals were taken out of the site and penned overnight. On the following
day, ten animals were randomly selected from the herd and allocated to Treatment 1, each
animal was followed and when it dropped dung, 20g of dung were collected from the dung,
labelled and taken to a sample room at Matopos Research Institute and dried under shade. On
the fourteenth day the animals were taken again to the site and grazed for 24 hours and taken
out at the end of the day. On the following day, 20g of dung were collected from each animal out
of the second set of ten randomly selected animals. The dung was also taken to a sample room
and dried under shade. The second set of ten animals were allotted to Treatment 2. The
process was repeated for Treatment 3 on the twenty-first day and Treatment 4 on the twenty-
eighth day.

After all the collected cow-dung samples had dried enough, each sample was taken out of the
sample bag, gently crushed and put back in its respective bag. River sand was collected and
heated in a dehydrator at 80°C for 24 hours to kill all seeds present (Patel et al., 2020; Ardiarini
et al., 2021). The heated river sand was allowed to cool off and spread in forty-one germination
trays; forty for the treatments and one for the control. Germination trays were filled with the
scarified river sand, leaving an allowance of 3cm at the top of each tray for watering, the trays
were labelled and arranged in their treatments in a greenhouse. Each crushed cow-dung
sample was spread on top of the scarified river sand in the labelled germination trays. For the
Control, a soil sample collected from a degraded (Kiss et al., 2012) site was spread on top of
the scarified river sand. Once germination started, the seedlings were counted and recorded.
Germination trays were watered until all plants flowered, and became easy to identify (Gibbs
Russell et al., 1991; Poilecot et al., 2007; Kwembeya and Takawira, 2013). After identification

of all plants in the treatments and control, were uprooted.
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Table 4.1: Treatments of the experiment and sampling days

Treatment Sampling day after seed maturity
1 7
2 14
3 21
4 28
Control Soil seed bank from the rangeland

4.4 Data analysis

4.4.1 Statistical model and procedure

All graphical presentations were done using Microsoft Excel and species frequencies were
computed using a Statistical Package for Social Scientists (SPSS, IBM version 21, 2018).
Treatments were specified as a factor and number of species observed as response variables.
A trend equation was fitted over the number of days when animals were sampled and the R-
square was fitted as a coefficient of determination.

A Linear trend model of the form (eq 2) below was fitted to the number of seedlings observed for

the data.

Where Y is the number of species observed after a number of days when animals were sampled

(7, 14, 21, 28)

Y =a+ bX

eq(2)

X is the independent variable, day at count of the species in the randomly selected animals

b is the coefficient to the trend equation

a is the constant term
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45 RESULTS

Diversity of observed species was good in all the treatments for both grass and forb species
(Table 4.1) indicating that animals are reliable agents of seed dispersion (Gokbulak, 2006;
Forest et al., 2015). Herbaceous species observed in treatments 1 and 2 were more than the
ones observed in treatments 3 and 4 (Gioria et al., 2012; Long et al., 2008), however, they were
lower in the Control plot. The observed herbaceous plant species indicated diversity and good
proportions of both grass and forb species, displaying a considerable similarity between plant
communities at treatments and the ones observed on the rangeland. Although animals
sometimes eat Acacia pods, their seedlings were not observed in all treatments suggesting that
they may not have been ingested during grazing and browsing. It is also probable that during
the time the animals were pushed to graze in a site with good species diversity, Acacia pods
were not yet available, hence animals could not access them.

Grass species at Treatment 1 included six palatable perennial grass species; Eragrostis
superba, Panicum maximum, Cynodon dactylon, Eragrostis habrantha, Eragrostis rigidior and
Eragrostis trichophora; two palatable annuals; Urochloa panicoides and Dactyloctenium
aegyptium; (Gibbs Russell et al., 1991; Poilecot et al., 2007; Kwembeya and Takawira, 2013)
Three palatable forb species; Triumfetta rhomboidea, Leucas martinicensis and Portulaca
oleracea (Mangosho and Mupambwa, 2013) were observed. One unpalatable perennial grass
species Tricholaena monachne was observed while more unpalatable annual grass species;
Eragrostis species, Tragus berteronianus, Eragrostis aspera, Setaria interpillosa and Aristida
barbicollis. (Chippindall and Cook, 1976; Gibbs Russell et al., 1991) were observed. Forbs with
poor forage value included; Altenanthra repens, and Erigeron floribundus. This method of
reseeding can be useful in semi-arid communal areas, where a lot of effort is required to
address the prevalent degradation which threatening livestock production (Gokbulak, 2006;
Aboling et al., 2008).
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Table 4.2: Proportions of plant species observed at treatment 1

Treatment Species Frequencies Proportions (%)

1 Es 13 16.9
Pm 10 13.0
Esp 8 10.4
Cd 7 9.1
Eh 7 9.1
Efl 5 6.5
Er 4 5.2
Tb 4 52
Eas 3 3.9
Fb 2 2.6
Pol 2 2.6
Sin 2 2.6
Up 2 2.6
Aas 1 13
Ab 1 1.3
Are 1 13
Dae 1 13
Et 1 1.3
Lma 1 13
Tm 1 1.3
Trh 1 1.3
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Table 4.3: Proportions of plant species observed at treatment 2

Treatment Species Frequencies Proportions (%)

2 Sve 23 28.0
Pm 12 14.6

Et 7 8.5

Dae 6 7.3

Esp 6 7.3

Cd 5 6.1

Up 5 6.1

Efl 4 4.9

Eh 3 3.7

Fb 2 24

Lma 2 2.4

Th 2 24

Trh 2 24

Ale 1 1.2

Cbe 1 1.2

Er 1 1.2

Herbaceous plants at Treatment 2 showed higher species diversity in both grasses and forbs
(Table 4.3) and their forage value was good. Five palatable perennial grass species were
observed; Panicum maximum, Eragrostis trichophora, Cynodon dactylon, Eragrostis habrantha
and Eragrostis rigidior. Only two palatable annual grass species were observed; Dactyloctenium
aegyptium and Urochloa panicoides (Gibbs Russell et al., 1991; Poilecot et al.,, 2007;
Kwembeya and Takawira, 2013). Three forbs species had good forage value; Leucas
martinicensis, Triumfetta rhomboidea and Commelina benghalensis (Mangosho and
Mupambwa, 2007). However, three annual grass species with poor forage value were observed;
Sorghum versicolor, Eragrostis species and Tragus berteronianus (Chippindall and Cook, 1976)
while unpalatable forbs included only Apium leptophylum. Proportions of species were also
good indicating species diversity in the site where animals were grazed prior to collection of
dung samples (Gokbulak, 2006; Aboling et al., 2008). One factor that comes out clearly is that

livestock-mediated reseeding is dependent on timing as indicated by the numbers of species at
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Treatments 1 and 2 (Tables 4.2 and 4.3) where dung samples were collected during the first
fourteen days of the observation period (Gokbulak, 2006; Tessema et al., 2011).

Table 4.4: Proportions of species observed at treatment 3

Treatment Species Frequencies Proportions (%)
3 Pm 13 26.0
Es 12 24.0
Efl 7 14.0
Lja 5 10.0
Sve 5 10.0
Bp 2 4.0
Ale 1 2.0
Can 1 2.0
Lma 1 2.0
Up 1 2.0

Plant species diversity depressed at Treatment 3, (Table 4.4) indicating that animals ingested
less seeds as days progressed towards the end of the observation period. Only two palatable
perennial grass species; Panicum maximum and Eragrostis superba and two palatable annual
grass species; Urochloa panicoides and Cyperus angolensis (Gibbs Russell et al.,, 1991;
Poilecot et al., 2007) which is a sedge although it was listed as a grass species were observed.
Three forbs palatable species; Bidens pilosa, Lippea javanica and Leucas martinicensis were
observed. Two of the forbs were unpalatable; Erigeron floribundus and Apium leptophylum
(Mangosho and Mupambwa, 2013). This indicated the importance of correct timing where

livestock-mediated reseeding is being implemented.

The methodology has a weakness where good timing is not properly adhered to (Aboling et al.,
2008), however, it is still an effective way of rebuilding degraded rangelands considering the
numbers of grass species at Treatments 1 and 2 (Tables 4.2 and 4.3) respectively which were
observed at the treatments. The intervention could benefit semi-arid communal rangelands

which are degraded, more so considering that farmers in those areas have animals for use.
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Table 4.5: Frequencies of species observed at treatment 4

Treatment Species Frequencies Proportions (%)

4 Pm 4 16.0
Efl 3 12.0

Lja 3 12.0

Are 2 8.0

Cd 2 8.0

Trh 2 8.0

Aas 1 4.0

Bp 1 4.0

Can 1 4.0

Dt 1 4.0

Eh 1 4.0

Er 1 4.0

Lma 1 4.0

Sve 1 4.0

Up 1 4.0

45.1 Plant species observed at Treatment 4
Depression of plant species diversity was noticeable at Treatment 4 (Table 4.5), the treatment

was in the final days of the observation period (Aboling et al., 2008). The treatment presented
four palatable perennial grass species; Panicum maximum, Cynodon dactylon, Eragrostis
habrantha and Eragrostis rigidior. There were two palatable annual grass species; Urochloa
panicoides and Cyperus angolensis which although it was classified under grass species is a
sedge. Three annual grass species Eragrostis aspera, Sorghum versicolor and Digitaria ternata
had no forage value. There were four palatable forbs species Leucas martinicensis, Bidens
pilosa, Triumfetta rhomboidea and Lippea javanica while two forbs Alternanthera repens and
Erigeron floribundus were unpalatable. Numbers of observed grass species were reduced as
the observation period drew to a close indicating that timing is crucial in using animals to

disperse grass species seeds.
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Table 4.6: Proportions of species observed at Control

Treatment Species Frequencies Proportions (%)
Control Um 19 317
Ab 13 21.7
Fb 12 20.0
Esp 11 18.3
Tb 2 3.3
Bd 2 3.3
Spa 1 1.7

Observed herbaceous species at Control plot indicated degradation signs on the site where the
soil sample was collected. There were only two grass species with good forage value; Schmidtia
pappophoroides and Urochloa mosambicensis while unpalatable annual grass species were
four; Brachiaria deflexa, Tragus berteronianus, Eragrostis species and Aristida barbicollis. The
herbaceous species at Control were a true representation of a degraded semi-arid communal
rangeland (Vandvik et al., 2016; Shi et al., 2020), where good species were grazed to extinction.
Consequently, the rangelands were now dominated by annuals which apart from having no
forage value produced low biomass. Such rangelands require restoration to bring back good

grass species ideal for grazing.
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Key

Grass species
Ab
Bd

Can

Cd
Dae
Dt

Fb
Eas
Eas
Eh
Er
Es
Esp
Pm

Sin
Spa

Sve
Tb
Tm
Up
Forbs
Aas
Ale
Are
Bp
Cbe

Efl
Lja
Lma
Pol
Trh

Aristida barbicollis

Brachiaria deflexa
Cyperus angolensis

Cynodon dactylon
Dactyloctenium aegyptium

Digitaria ternata

Forbs

Eragrostis asperas
Eragrostis asperas
Eragrostis habrantha
Eragrostis rigidior
Eragrostis superba
Eragrostis species

Panicum maximum
Setaria interpillosa
Schmidtia papphophoroides

Sorghum versicolor
Tragus berteronianus
Tricholaena monachne

Urochloa panicoides

Achyranthes aspera
Apium leptophyllum
Alternanthera repens
Bidens pilosa

Commelina benghalensis

Erigeron floribundus
Lippea javanica
Leucas martinicensis
Portulaca oleracea

Triumfetta rhomboidea
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4.5.2 General observation on plant species at treatments

There were more species observed in Treatments 1 and 2 compared to Treatments 3 and 4
(Figure 4.1), showing that animals ingested more seed during the first 14 days of the
observation period (Sagario et al., 2020). However, as days progressed fewer species were
observed, indicating that less grass seeds were ingested during that period. It is probable that
as grass seeds mature, they tend to fall to the ground as a soil seed bank replenishment
mechanism. Therefore, by the time animals were moved to graze, there were fewer seeds on
the grass species. The observation is that timing is a critical factor in the process (Aboling et al.,
2008). The activity is most effective during the first fourteen days when seeds have strated to
show physiological maturity.

While results of the experiment show positive signs of effectiveness in rebuilding degraded
rangelands, it must always be borne in mind that timing determines its success (Aboling et al.,
2008). Poor timing is one major short coming of the technology, however, it demonstrates great
potential of bringing a solution for degradation in semi-arid communal areas. The simple nature
of the technology is set to enhance its adoption in rural communities it stands to bring change to

communal rangelands.
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Figure 4.1: Observed seedling densities at a 28-day cattle grazing cycle
Notes:

e A correlation between number of species observed in dung sample and time/day at
sampling strongly exists

¢ Coefficient of determination, R? implies amount of variability explained by the fitted line,
in this regard is above 84%
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Figure 4.2: Proportions of species observed at different treatments

Proportions of observed species were high during the first fourteen days of observation (Figure
4.2) at Treatments 1 and 2. This indicates the significant influence of time factor when a high
success rate is expected out this technology. Of interest to note is that observed grass species
such as Eragrostis superba, Panicum maximum, Eragrostis rigidior and Eragrostis habrantha
are perennials which will add diversity and forage value to annual grass species on the
rangeland as observed in the Control plot (which was a true reflection of available grass species
on the rangeland). The Control plot indicated annual species only; A. barbicollis, Eragrostis
species, Brachiaria deflexa, Tragus berteronianus and forbs while there were two perennial

species; Urochloa.mosambicensis and Schmidtia pappophoroides (Table 4.1 and Figure 4.2).

81



35.0

30.0

25.0

20.0

15.0

Proportion of observed species (%)

10.0

||||||||||||| “””m ”IIII ”””” ”I

Es Esp Eh Er Eas Pol Up Ab DaelLmaTrh PmDae Cd Efl Fb Tb Ale Er Es Lja Bp AleLmaPm Lja Cd Aas Can Eh Lma Up Ab Esp Bd

Trt 1 (77) Trt 2 (82) Trt 3 (50) Trt4 (25) Control {60)
Treatments

Figure 4.3: Percentages of species observed at different treatments

Observed grass and forb species at Treatments were grouped into two classes; (growth habit)
to determine whether they were perennial or annual species and (palatability) to determine
forage value (Figure 4.3). Both grass and forb species included annuals and perennials. The
composition was good for species diversity, balance of the ecosystems and habitats. Besides
providing fodder for animals, both types of plant species play important roles in the persistence

and perpetuation of ecosystems, which makes their existence in an ecosystem necessary.
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Table 4.7: Growth habit of grass and forb species observed from cow dung samples

Name of plant Palatable | Type of plant Perenniality
Yes No | Grass | Forb | Perennial | Annual

Bidens pilosa X X X

Lippea javanica X X X

Apium leptophyllum X X X
Cynodon dactylon X X X

Tragus berteronianus X X X
Erigeron floribundus X X X

Triumfetta rhomboidea X X X

Leucas martinicensis X X X
Dactyloctenium aegyptium X X X
Aristida barbicollis X X X
Urochloa panicoides X X X
Portulaca oleracea X X X
Eragrostis asperas X X X
Eragrostis rigidior X X X

Eragrostis habrantha X X X

Eragrostis species X X X
Eragrostis superba X X X

Panicum maximum X X X

Forage value of observed grass species across Treatments was good (Table 4.2), and included
Cynodon dactylon, Dactyloctenium aegyptium, Urochloa panicoides, Eragrostis rigidior,
Eragrostis habrantha, Eragrostis superba and Panicum maximum (Chippindall and Cook, 1976;
Gibbs Russell et al., 1991). All observed grass species were palatable indicating that animals
generally spread plant species with good forage value. This could probably be attributed to the
selective nature practiced by animals during grazing. Some forbs species were also observed
across treatments some of which were palatable such as Bidens pilosa, Lippea javanica,
Triumfetta rhomboidea, Leucas martinicensis and Portulaca oleracea (Mangosho and

Mupambwa, 2013; Kwembeya and Takawira, 2013). Although Heteropogon contortus is
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ubiquitous, and can be found in many habitats and soil types, it was not observed among
observed grass species. It is highly probable that the reason for this was due to its seeds which
are little spikes hence animals shunned it at grazing as they did not want to injure their mouths.

60
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Proportion of palatable species (%)
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O Palatable Perennial Grasses Wl Unpalatable Annual Forbs B Unpalatable Annual Grasses
El Unpalatable Perennial Forbs BUnpalatable Perennial Grasses

Figure 4.4: Proportions of different classes of grass species across treatments

One interesting observation (Figure 4.5), is that animal-reseeding only brings good forage value
species of annuals and perennials in both grasses and forbs. This is important for semi-arid

communal rangelands where degradation altered species composition.
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4.6 DISCUSSION

4.6.1 Animal-grass interaction
Animal-grass interaction dates back a long time indicating either a mutual co-existence between

the two or antagonistic where one species depends on the other (Solanki and Naik, 1998; Soder
et al., 2007; Abrahamson, 2011). However, high demand for animal products and by-products
worldwide (Boval and Dixon, 2012; Steinfeld et al., 2006), is straining grass species productivity,
hence their failure to compete favourably with animals’ demand for fodder and remain persistent
(De-Claro and Torezan-Silingardi, 2021). Heavy rangeland utilization by animals, causes
disappearance of certain plant species which results in degradation (van Coller et al., 2011,
Yates et al., 2000). Rangelands must continue to function efficiently in the interface of several
odds including; climate change, high population pressure and rangeland fragmentation (Behnke,
2008; Senda et al., 2020; Young et al., 2013). To strengthen the mutual co-existence, animals
must be used in a reciprocal manner to restore destroyed environments (Tilman et al., 1996;
Forest et al.,, 2015; Savory and Butterfield, 2016). Rejuvenating rangelands can enhance

persistence and perpetuation of plant species, and promote sustainable plant-animal interaction.

4.6.2 Seedling populations in the different treatments
Although animals cause rangeland degradation (Cingolani et al., 2005), results indicate that with

proper management, there is high potential of using animals to reseed degraded land (Table
4.1). Large seedling populations were observed at Treatments 1 and 2, which sufficiently proves
that animals are good agents of seed dispersion (Gokbulak, 2006; Cousens et al., 2010).
Although observed seedling numbers decreased steadily at Treatments 3 and 4 (Aboling et al.,
2008), the technology demonstrates reliability, and proves effectiveness of animals in spreading
certain plant species’ seeds (Tessema et al., 2011). The results raise hope that semi-arid
communal rangelands which are seriously degraded, due to several years of over grazing, can

be rejuvenated using animals to spread plant species seeds through dung.

The merits of using livestock to reseed semi-arid communal rangelands, are affordability and
simplicity, especially considering that communal farmers are financially constrained to afford
expensive intervention strategies (McNaughton et al., 1982). The intervention does not require
money and besides it is user friendly for laymen who constitute the majority of smallholder
farmers in communal areas. It is the obligation of research to inform extension services to

enhance adoption of the technology in communal areas on a large scale. Upscaling the
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technology has two positive aspects; (i) Many communities will have chance to test its efficacy
in reseeding rangelands and (ii) Further to validation, restoration of many ecosystems will be
accomplished, resulting in stable environments (Gokbulak, 2006).

4.6.3 Significance of using livestock to disperse seed

Diversity of observed species in all Treatments was high (Table 4.2), which indicates efficiency
of livestock seed dispersion in rangeland improvement (Sagario et al., 2020). Several years of
unsustainable utilization methods of semi-arid communal rangelands resulted in extinction of
good species of both grasses and forbs. Results at treatments indicate that animals are good
agents for restoring lost plant species on rundown rangelands (Shinde and Malshe, 2015)
however, the animals must access grass seeds first. Contrary to lower numbers of observed
species in the Control plot where mainly annual grass species such as Aristida barbicollis,
Eragrostis species, Tragus berteronianus, Brachiaria deflexa and forbs were observed,
treatments had more perennial grass species such as Schmidtia pappophoroides, Eragrostis
rigidior, Eragrostis habrantha, Eragrostis superba and Panicum maximum (Chippindall and
Cook, 1976; Gibbs Russell et al., 1991; Kwembeya and Takawira, 2013) One question that can
be asked is; why is it was so? The probable response can be; the selective behaviour practiced
by animals during grazing, causes good quality grass species to be picked first, and so on,
seeds of such species will be spread (Gokbulak, 2006; Dongre, 2007).

Both annual and perennial grass species play important roles on the environment, hence their
presence in ecosystems is equally crucial (Carlier et al., 2009). Unlike annual grass species,
perennials largely depend on tillers for regeneration enabling these species to provide soll
protection all the time. However, because perennial species are highly preferred by grazers
(Eldridge et al., 2016) and several years of unfavourable climatic conditions (Fuhlendorf et al.,
2001), semi-arid communal rangelands end up degraded (Deng et al., 2013). In addition to soil
protecting, perennial grass species enhance high productivity, due to their big culms and leaves
(Day et al., 1997). In semi-arid areas, these attributes can be beneficial, because rangeland
productivity is generally low, yet the areas are major contributors to the livestock production
industry (FAO, 1992; Thornton et al., 2015). Semi-arid communal rangelands have been
constrained by annual feed shortages for long (Hargreaves et al., 2004), which sometimes

cause huge livestock mortalities (Day et al., 2003), inducing food insecurity in many households.
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Results indicate great potential for a symbiotic plant-animal interaction to be initiated in semi-
arid communal areas for the benefit of the environment (Gokbulak, 2006; Aboling et al., 2008)

The absence of Heteropogon contortus among observed plant species at all treatments, despite
its ubiquitous nature in all veld types of the country (Mugandani et al., 2012) is unexplainable,
and warrants further investigation. However, it is probable that it was shunned by animals (Bao
et al., 2010; Meyer et al., 1957) because its seeds are like little spikes which when grazed, can
cause irritation and injuries in the mouths of animals. The conspicuous absence of the grass
among observed species was consistent in all treatments, raising suspicion of a cause behind it.
Diversified forb species were observed at treatments which included; Bidens pilosa, Lippea
javanica, Triumfetta rhomboidea, Leucas martinicensis and Portulaca oleracea (Mangosho and
Mupambwa, 2013) which indicates the efficacy of animal seed dispersion in enhancing species

diversity on rangelands.

4.6.4 The correlation of time and animal mediated seed dispersion

While rangeland reseeding using animals is effective as indicated by the trial results the
methodology’s success is very much dependent on proper timing (Aboling et al., 2008).
Observed species humbers were high during the first two weeks (Figure 4.1), but decreased
steadily in the last two weeks of the observation period. The peak growing season, is the time
when most grass species’ seeds mature. Therefore, using animals during this period enhances
higher chances of them picking more plant seeds at grazing (Gokbulak, 2006). This method of
seed dispersion is reliable and effective in reseeding derelict environments. However, failure to
observe proper timing can compromise effectiveness and reliability of the methodology (Bao et
al, 2010; Meyer et al, 1957).

Timing when to expose animals to the grass and re-exposing grass to the animals is critical to
ensure physiologically mature grass seeds are ingested and deposited on the environment in
need of reseeding (Savory and Butterfield, 2016). This answers a question which adopters of
the technology may likely ask like “when should animals go and “harvest” seeds of grass
species which should be dispersed on a degraded site? It is critical to note that most agricultural
activities are dependent on accurate timing for their success (Aboling et al, 2008; Shinde and
Malshe, 2015; Tessema et al., 2011). Variations of timing in agricultural production, no matter

how small the variability may be, can have serious consequences on quality of a product, and
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should be avoided by adhering to the appropriate time when performing an agricultural activity.
To a livestock farmer, the most important crop is grass, because it is what animals convert into

items that are beneficial to man.

4.6.5 Forage value of plant species observed in treatments
A large number of observed species had good forage value (Table 4.2 and Figure 4.4) which

proves further the selective graving behavior of animals (Bao et al., 2010). Classification of
observed plant species according to palatability, was based on information provided by
Chippindall and Cook (1976) which shows the grazing value of two hundred and forty grass
species of Southern Africa. Palatability of plant species was uniform across treatments in both
annuals and perennials for both grass and forb species. Using animals to reseed disturbed
environments, can be viewed in a way as adding value to the plane of nutrition of a rangeland
(Meyer et al., 1957). Plant species’ seeds dispersed by animals have a superior nutritive value
(Brown and Bugg, 2001). The forage value of forbs compares favorably with browse which has
nearly 30% crude protein content (Mukungurutse, 2002). Therefore, animals stand to benefit

more from diversified of plant species as this increases nutritive value.

Observed plant species at treatments tally with the ones found on sweet veld (Mugandani et al.,
2012) whose nutritive value is not affected by seasons. This is contrary to Hyperrhenia Tall veld
whose nutritive value of grasses is affected by seasons hence the name sour veld (Sasaki et al.,
2012). Elsewhere in this manuscript, animal-grass interaction has been described as mutual,
however, it is relevant to call it symbiotic. (Table 4.4) indicates that as animals get good quality
species as they graze, they also bring back to the environment good quality species through
seeds (Gokbulak, 2006; Aboling et al., 2008).

A question then arises about how semi-arid communal rangelands which are affected by
degradation can be reseeded? A probable response is that animals can effectively reseed
damaged environments through what Savory and Butterfield (2016) call holistic rangeland
management. Results of the trial have demonstrated that livestock and the environment can
have a symbiotic co-existence, while man enhances chances of food security supported by

livestock production.
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4.7 Conclusion
Reseeding degraded rangelands can be done successfully using animals. Due to the selective

nature of grazing animals, results of the trial have opened an opportunity for demonstrating that
animals can effectively reseed damaged environments with good species. This can address the
issue of species diversity which affects most semi-arid communal rangelands. The reseeding
method is cheap and user-friendly making it suitable to anybody, however, it must be noted that
its success is very much dependent on correct timing. Although the methodology looks
promising, it can be difficult to implement on communal rangelands because of the question of
land ownership which is not clear. Cultural norms and beliefs can also complicate its adoption
and use in communal areas due to the superstitious nature of communal people. They may
have fear of the unknown and become reluctant to mix their animals with their neighbours’
during implementation of the methodology. However, the technology offers chance for both
Public and Private Extension Services to upscale it in communal areas where rangelands are
severely degraded. This can be done through validation trials to assess effectiveness of the
methodology. Awareness campaigns and trainings should precede the actual work so that
communities can buy-in of the idea. This is an important aspect of the development process

because communities must own projects that come to their areas to enhance sustainability.

4.7.1 Recommendations
Animal-mediated seed dispersion should be validated on communal rangelands which are badly

degraded. Extension Services should take up the technology and validate it through on-farm
trials. Awareness campaigns should precede validation trials to deal with superstitious beliefs
that may hinder adoption of the technology. Incentives in form of prizes or organized look-and-
learn tours can be used to reward hard working groups as this will entice other community

groups to take up the technology.
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CHAPTER FIVE
5 Adoption of fodder production by farmers in a semi-arid communal area

5.1 Introduction

Over the years, semi-arid communal rangelands have been experiencing serious degradation
(Tarhouni et al., 2007; Rutherford and Powrie, 2013; Eldridge et al., 2016). The development
compromises their ability to feed grazers, which is one of their core functions (Deng et al., 2013;
Derner et al, 2017). Livestock production is a game-changer for semi-arid communal farmers,
whose food security is threatened by annual crop failures, driven by low and highly variable
rainfall (FAO, 1992; FAO, 2001; Murungweni et al., 2016). While livestock production
guarantees food security and livelihoods in the semi-arid communal sector, its sustainability is
dampened by feed shortages (Yates et al., 2000; Rutherford and Powrie, 2010; Derner et al.,
2017). The problem has existed for a very long time, and serious ones in the past, left farmers
counting their losses after suffering huge livestock deaths (Day et al., 1997; Cingolani et al.,
2005). Future livestock losses can be prevented by finding a long-term solution to feed-deficits,
which would bring assurance and stability in the livestock production industry. The solution lies
in adopting fodder production in semi-arid communal areas (Musalila et al., 2016). Fodder crops
can solve feed shortages permanently in semi-arid regions, due to numerous benefits and good

attributes.

Fodder crops can be defined as plants grown for purposes of feeding animals (Kumar et al.,
2022). The plants are classified under two categories; graminoids which are sources of energy
(Annicchiarico, 2004) which include Pennisetum purpureum, Chloris gayana and Cenchrus
ciliaris and Leguminosae (Bhandari et al., 2007) which include Mucuna pruriens, Lablab
purpureus and Crotalaria juncea) which are sources of crude protein (Mhere et al., 2002; Boller
and Greene, 2010; Ekepu and Tirivanhu, 2016). Fodder crops adapt to a wide range of soll
types, and can grow under both rainfed and irrigation, the only noticeable difference is in yields
which are higher under irrigation (Mwembe and Tavirimirwa, 2020; Kumar et al., 2022). Fodder
crops can augment the little fodder produced on rangelands and help livestock pull through the
dry season safely, due to their higher yields, nutritive value and palatability (CIAT and CGIAR,
2015). During the dry season, rangelands offer low quality and quantity feed, which can be
augmented by growing fodder crops, known for their high nutritive value (Cowley and
McCosker, 2011; Coblentz et al., 2018). Semi-arid communal farmers are not used to the idea

of creating fodder banks for their livestock. This short-coming is rectifiable through adopting

90



fodder production and preserving it either in fresh form (silage) or in dry form (hay), so that it
can be used to supplement livestock in the dry season (Musalila et al., 2016). Day et al (2003)
discussed huge livestock losses experienced in semi-arid areas during two severe droughts in
the early 1980s and 1990s, as sufficient proof of little or no fodder production in the semi-arid
communal farming communities. Droughts are very frequent and common in semi-arid regions
while farmers are slow to act despite knowing that rangelands cannot cope with the high

demand for fodder due to low productivity.

Rangelands’ capacity to produce sufficient fodder is low, as they are constrained by several
challenges including climate change, biodiversity loss, over grazing and fragmentation (Myers et
al., 2000; Behnke, 2008; Senda et al., 2020). With the situation not showing signs of
improvement any time soon (lzzauralde et al., 2011), the only farmers’ option, is to intervene
and produce their own fodder. Livestock production is the string that keeps food security and
livelihoods together in semi-arid communal areas (FAO, 1992; Tessema et al., 2014; Thornton
et al., 2015). Allowing livestock losses to occur, is akin to breaking the same string. All
constraints hindering rangeland performance must be dealt with to enhance sufficient fodder

production for the benefit of livestock.

5.2 Economic importance of fodder production
Fodder production is good for providing cheap high-quality livestock feed, and can be taken up

as an enterprise to generate family incomes. This can be achieved in two ways; (i) Producing
fodder for sale to farmers who own livestock and (ii) Producing seeds for local sales or for sale
to Seed Houses (CIAT and CGIAR, 2015). Communal farmers are financially constrained
people, who survive on low incomes which barely cover basic family needs, therefore,
introducing income generating activities for them can uplift their livelihoods (Awono et al., 2010;
Angelsen et al., 2014). The few farmers who produce fodder, have only managed to feed it
straight to livestock (Mhere et al., 2002; Mwembe and Tavirimirwa, 2014). However, this is an
opportunity for the farmers to add value to the fodder, through production of feedstuffs such as
pellets or supplementation blocks which can bring more profit to them. Value-added feedstuffs
increase animal feed-intake, compared to fodder fed straight to animals, resulting in selectivity
during feeding times. Animals usually start by eating the softer plant parts, leaving those with

high carbon content, which causes feed wastages, and this is not acceptable in semi-arid areas.
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5.3 Environmental benefit of fodder production in semi-arid regions

Land is the basis of societies, which is unfortunately buckling under immense pressure from
serious degradation (Ilbanez et al., 2007) largely driven by human activities (Myers, 2000;
Kassahun et al., 2008) and natural forces (lzzaraulde et al., 2011). The net result of the
challenges summed up is failure by semi-arid communal rangelands to produce adequate
fodder to satisfy grazers. This results directly from over grazing and over stocking which cause
degradation (Brown and Bugg, 2001). Livestock production in semi-arid communal areas
breathes life to food security and livelihoods which are being threatened by climate change
(FAO, 1992; Ibanez et al, 2007; IPCC, 2013). Sustainability of rangelands is paramount
because they support livestock production, and it can become viable through fodder production
in semi-arid communal areas. Fodder production is another sustainable avenue of rebuilding
degraded land, at the same time enhancing rangeland resilience and availability of fodder for
livestock, which for many years has been low (CIAT and CGIAR, 2015; Fraccarolli, 2015). Semi-
arid communal farmers depend heavily on rangelands for their fodder requirements (Mudzengi
et al, 2017). Adopting fodder production in semi-arid communal areas can reduce grazing
pressure on rangelands which will allow restoration to take place gradually (Scholtz, 1995). The
two sources of livestock feed; rangelands and fodder gardens can complement each other in
providing livestock feed and at the same time enhancing resilience and productivity of semi-arid

communal rangelands.

5.3.1 Objectives of the study

The main objective of the study was to investigate fodder production adoption in a semi-arid
communal area

Specific objectives were to:

e Evaluate adoption of fodder production in communal areas

¢ Determine methods of fodder preservation preferred by smallholder farmers

e Determine livestock species mostly supplemented during the dry season

¢ Investigate other uses of fodder legumes identified by smallholder farmers in a semi-arid

communal area

5.4 Materials and methods

5.4.1 Study site
The study was conducted at Pelele Village, Ward 12, 21° 30’ S 28° 30’ E, 60 km south west of

Gwanda town in Matabeleland South Province. The village has three lines; Likakeng, Mbirwane
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and Nyikanyoro, and 160 households distributed among the three lines. Pelele communal
farmers, practice a crop-livestock system of agriculture, however, livestock production is the
better agricultural option because area is in a semi-arid region. Livestock species include; 500
cattle, 300 donkeys, 600 goats and 250 sheep, which are grazed on a communal rangeland.
Grazing space is steadily declining as a result of fragmentation due to high demand for cropping
land (Senda et al., 2020).

The site is located in agro-ecological region (AER) V, which is characterized by low and highly
variable rainfall with an annual mean below 450mm. The rainy season commences in
November and tails off in March. Soils are sandy loams. Tree species are dominated by
Vachellia tortilis, Terminalia randii, Dichrostachys cineria, Lonchocarpus capassa, Combretum
apiculatum, Cassia abbreviatta, Gymnosporia senegalensis, Colophospermum mopane, Grewia
flavescens, Grewia monticola, and Gardenia volkenzii (Kwembeya and Takawira, 2013). While
dominant grass species include Aristida barbicollis, Brachiaria deflexa, Chloris virgata,
Eragrostis viscosa, Panicum novermnerve, Schmidtia pappophoroides and Tragus
berteronianus (Chippindall and Cook, 1976; Gibbs Russell et al., 1991) and forbs such species
as Apium leptophylum, Borrreria scabra and Ipomoea alba (Mangosho and Mupambwa, 2013)
and nutsedge species; Fimbristylis disticha and Cyperus angolensis. One cactus species

Cylindriopuntia fulgida was invasive and a threat to rangelands and livestock.

5.4.2 Procedure
A fodder production model was used and during the first year, twenty-five farmers were

randomly selected and each supplied with fodder seeds; 2kg Lablab (Lablab purpureus), 2kg
Velvet beans/mucuna (Mucuna pruriens) and 1kg forage sorghum (Sorghum bicolor L.) PVK
801 seed (Kumar et al., 2022). The farmers were trained on fodder production, preservation and
utilization. After training, the farmers planted the fodder seeds, and were told they had joined a
pass-on seed fodder scheme whereby each farmer would allow some of the fodder to produce
seed for harvesting. The farmer would use stover to hay for supplementing livestock during the
dry season. Each farmer was required to pass-on seed to five people. In the following season
125 farmers planted fodder and each passed-on the seed to five farmers. In the third season,
625 farmers planted fodder and also passed-on seed to five farmers each and in the fourth
season 3125 farmers planted fodder. The pass-on seed scheme was not limited to Pelele
Village farmers alone, as farmers were allowed to pass-on seed to any other five farmers of

their choice in their vicinity.
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A formula for determining expected number of fodder adopters
Ne X ASe

Where S is the season 1, 2, 3, 4

Nris the initial beneficiaries of fodder seeds

Aris the number of adopters from other farmers

Nr=25

Ar=5

Such that S1: 25 x5'=25x5=125

S2: 25x52=25x25=625......... up to S4

A structured questionnaire (See Appendix for Chapter 5) was administered to 125 farmers in the

village to assess effectiveness of the pass-on seed fodder scheme. The questionnaire aimed to

evaluate the number of farmers who started to produce fodder for their livestock through the

pass-on seed scheme.

5.5 Data analysis

5.5.1 Statistical model and procedure

After the questionnaires had been completed, post coding was done, followed by double entry

for data integrity checks and summary reports to check for inconsistencies. The next step was

to carry out descriptive statistics, frequencies, measures of central tendency and dispersion

[variability etc] using SPSS IBM Version 21 (2018). Cross tabulations were carried out to test

correlation between two variables.
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56 RESULTS
The following figures and graphs help to explain survey results on fodder production adoption in
semi-arid communal areas.

5.30%

\

* Male = Female = Primary school * Secondary school * Tertiary

Figure 5.1: Proportions of gender and education of respondents

The majority of respondents comprised 36% females and 64% females (Figure 5.1) of whom
44% had gone through primary education, 50.7% went through secondary education while 5.3%
went through tertiary education.
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Figure 5.2: Age groups of respondents
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(Figure 5.2), indicates 38.7% of respondents were in the 51 — 60 age group, 18.7%. were above
61 years. This is worrying because farming in the area is in the hands of elderly people whose
energy is going down. Respondents in the 41- 50 years comprised 12%, 36 — 40 years 14.7%,
31 — 35 years 13.3% and those below 30 years constituted 2.6%. It is probable that younger
people prefer to cross borders to seek employment opportunities in Botswana and South Africa
due to the proximity of the two countries to the area. Farming sustainability in the area is under
threat because most active farmers are in their twilight years, suggesting that there won't be

continuity once they are no more.
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Figure 5.3: Number of dependents per respondent
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Most of respondents had dependents (Figure 5.3), ranging between 2 and 14 per family, the
proportions of respondents were as follows; 4 dependents were 25.3%, 3 — 24%, 5 — 13.3%, 6 —
10.7% while those with dependents above 7 were negligible.
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Figure 5.4: Livestock species kept by farmers in their order of importance

Respondents were categorized into three classes (Figure 5.4); Class 1 had goats, donkeys and
cattle, Class 2; goats, donkeys, cattle and chickens and Class 3; goats, donkeys, cattle,
chickens and pigs.
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Figure 5.5: Livestock species that were supplemented in order of importance

A larger proportion of respondents (Figure 5.5) 93.4% experience feed shortages during the dry
season while 6.6% said they experience the problem in summer. Livestock species
supplemented by farmers, were categorized into three classes; Class 1; 45.3% had goats,
49.3% had cattle and 4% had donkeys. Class 2; 36% had goats, 29.3% had donkeys, 6.7% had
cattle and 28% had chickens. Class 3; 18.7% had goats, 48% had donkeys, 1.3% had cattle
and 20% had chickens. All the three classes prioritized goats, cattle and donkeys. However,
classes 2 and 3 also included chickens. Goats were prioritized in classes 2 and 3 while in class

1 cattle were high priority
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Figure 5.6: Types of feedstuffs used by farmers to supplemented livestock

Results indicate that respondents supplement livestock with both commercial feeds and fodder
(Figure 5.6). However, 61.3% of respondents used fodder, 1.3% used commercial feeds while
37.3% used both fodder and commercial feeds. The supplementation period ranged between
three and six months according to responses given. Respondents who supplemented animals
for one to three months constituted 64% and three to six months constituted 36%. What comes
out strongly from the results is that farmers supplemented livestock in the dry season, to prevent
mortalities caused by starvation. Respondents constituting 93.4% said the dry season was the
worst period affected by feed shortages, while those who indicated summer accounted for 6.6%.
Results also indicated fodder production adoption by communal farmers in semi-arid

southwestern Zimbabwe to mitigate dry season feed shortages.
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Table 5.1: Facts about fodder production in semi-arid communal areas

Method of fodder preservation Proportion of respondents (%)
Hay 86.7
Silage 13.3

Impact of fodder on livestock mortalities
Decreased 97.3
Increased 2.7

Means of annual fodder yield

<250kg 40.0
251 — 500kg 45.3
>500kg 14.7

Effect of fodder on milking duration
Increased 70.7

No change 29.3

(Table 5.1) indicates that the proportion of respondents who preferred to prepare hay with their
fodder constituted 86.7%, while the remainder 13.3% preferred silage. A proportion of 97.3% of
respondents indicated a reduction in poverty deaths in their herds due to adoption of fodder,
while only 2.7% said mortalities increased. A proportion of 40% of respondents produced an
average of 250kg of fodder per year, 45.3% produced between 251 and 500kg while 14.7%
produced fodder above 500kg. A proportion of 70.7% of respondents, indicated an increase in
the milking period due to supplementation, while a proportion of 29.3% of respondents did not

notice any change.
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Figure 5.7: Proportions of farmers who adopted fodder production

Results of the survey showed a proportion of 49.3% of respondents indicated that the number of
armers who adopted fodder production increased (Figure 5.7). However, a proportion of 28% of
respondents noticed no change while 22.7% thought the number of farmers who adopted fodder
production went down. A proportion of 54.7% of respondents indicated that they had shared
fodder production knowledge with five farmers; A proportion of 37.3% of respondents had

shared with six to ten people while 8% shared the knowledge with eleven to fifteen people.
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Figure 5.8: Other uses of fodder legumes besides supplementing livestock

Respondents were also asked whether fodder production had other benefits besides livestock
supplementation (Figure 5.8). Responses were put into three categories; Classes 1, 2 and 3.
Three responses were randomly picked; cover crop, control of certain weed species and
improvement of soil fertility. For the first response Class 1 had a proportion of 2.7% while Class
3 had 6.7%. In the second response; Class 1 had 2.7%, Class 2 9.3% and Class 3; 38.7%. In
the third answer; Class 1 had 48%, Class 2 44% and Class 3 6.7%. The responses show that
the respondents discovered other uses of certain fodder legume crops besides livestock

supplementation.
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Figure 5.9: Arable weed (Striga asiatica) controlled by mucuna/velvet beans (Mucuna pruriens)

Results indicate that a proportion of 84% of respondents noticed that one of the fodder legume
species controlled a certain arable weed species (Figure 5.9). Weeds have the potential to
reduce yields of most crops. A proportion of 90.7% of the respondents indicated that the weed
Striga asiatica (Witch weed) was controlled by one of the forage legume species. A proportion
of 84% of the respondents indicated that the fodder legume Mucuna/Velvet beans (Mucuna
pruriens) controls (Striga asiatica) Witch weed. Although the respondents’ main objective for
growing fodder legumes was dry season supplementation, the discovery indicated that fodder
production had extra benefits.
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5.7 Discussion
Semi-arid communal farmers of southwestern Zimbabwe, practice a crop-livestock system of

agriculture which enables them to spread risk in their farming activities (FAO, 1992; Mugandani
et al, 2012; Tessema et al., 2014). However, a bigger proportion of active farmers were elderly
people (Ndhlovu, 2020). Respondents in the 51 — 60 years age group constituted a proportion of
38.7% of the respondents, while those above 61 years of age constituted 18.7% (Figure 5.1).
Respondents who were actively participating in farming activities, were elderly people whose
energy levels were low, which was threatening the future of farming in the area. The probable
explanation for this phenomenon is that due to the proximity of the study site to Botswana and
South Africa, most youths crossed borders in search of employment opportunities which left
farming activities in the hands of their elderly parents and relatives (Chambers and Conway,
1992; Awono et al., 2010; Bird and Prowse, 2008). Respondents’ literacy rate was high, as
indicated by a proportion of 44% of respondents who went through primary education, 50.7%
secondary education and 5.3% tertiary education. This factor contributed positively to the quality
of work done by the respondents. Respondents indicated that they had dependents ranging
between two and fourteen (Figure 5.3). This was probably a push factor for respondents to carry
out agricultural activities them which enabled to sustain their livelihoods and food security.

Results indicate that although respondents were involved in a crop-livestock system of
agriculture, livestock was the better agricultural option guaranteeing food security and
livelihoods (FAO, 1992; Thornton et al., 2015) (Figure 5.4), because the respondents are living
in a semi-arid region. Common livestock species kept by respondents included; goats, donkeys,
cattle and chickens. Livestock production is dependent on rangelands which are not producing
enough fodder due to over grazing (Ibanez et al., 2007), climatic conditions and many other
challenges (Ebei et al., 2007; Fuhlendorf et al., 2001). Feed shortages are a major threat to
livestock production, and have ripple effects on food security and livelihoods (Thornton et al.,
2015). The most critical period was the dry season as indicated by a proportion of 93.4% of
respondents (Figure 5.6) who experienced feed shortages during the dry season, requiring them

to supplement livestock to prevent poverty deaths.

5.7.1 Adopting fodder production as a lasting solution to annual feed shortages
in semi-arid communal areas

Semi-arid communal farmers have been experiencing feed shortages for many years which
caused huge livestock losses in the past (Day et al., 2003; Ebei et al., 2007; Fan et al., 2008).

Given the significance of livestock production to food security and livelihoods in semi-arid
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regions (FAO, 1992), it makes a whole lot of economic sense to find a lasting solution to the
problem. A critical question then arises, how can the perennial the feed shortages problem be
resolved permanently? One possibility to finding a long-term solution, is to buy commercial feed
for dry season supplementation (Hargreaves et al., 2004). Although the solution is practicable, it
will always remain a pipedream for semi-arid communal farmers, most of whom are financially
constrained. Consequently, this leaves fodder production adoption as the only solution in the
long term (Boller and Greene, 2010; CIAT and CGIAR, 2015). Fodder crops have many
advantages over commercial feeds, which includes affordability, and this makes fodder
production an ideal option for financially constrained semi-arid communal farmers
(Annicchiarico, 2004; Ekepu and Tirivanhu, 2016; Kumar et al., 2022).

In addition to affordability, fodder crops readily adapt to a wide range of soil types and climatic
conditions, hence they can tolerate semi-arid climatic conditions (Maass et al., 2015; Bhagawati
and Paul, 2021). The crops are high yielding, palatable, nutritious and readily accepted by
livestock. Adopting fodder production can become a game changer as feed shortages will be
eradicated completely in semi-arid communal areas (Prakashkumar and Sreenath, 2019).
Turning to fodder crops in semi-arid areas aims to solve feed shortages, by introducing high
yielding and nutritious crops as livestock feed (Kumar et al., 2022). Farmers will no longer worry
about feed shortages, as they watched helplessly while their livestock starved to death in the
past (Day et al, 2003).

To strengthen dry season supplementation in semi-arid communal areas, fodder can be
preserved in two ways; (dry form and fresh form) to enhance its utilization when the need arises
(Bhandari et al., 2007; Bhagawati and Paul, 2021). Hay (Mwembe and Tavirimirwa, 2014) and
silage (Fraccarolli, 2015) are feedstuffs made out of fodder materials, which communal farmers
can take advantage of in semi-arid southwestern Zimbabwe. Survey results (Table 5.1), indicate
that fodder production can become the panacea to feed deficits and enhance sustainability of
livestock production, as micro-economies of semi-arid areas are driven by livestock production
(FAO, 1992; Havstad, 2007; Thornton et al., 2015). Fodder production adoption in semi-arid
communal areas is also enhanced further by the ability of some of the crops to grow under dry
land production for instance; Chloris gayana, Pennisetum perpureum, Cenchrus ciliaris, Mucuna
pruriens and Lablab purpureus to mention a few (Annicchiarico, 2004; Boller and Greene, 2010;
Bhagawati and Paul, 2021). There are no special skills required for one to produce fodder
crops, except the willingness to work, making them more suited for communal areas, where

most of the farmers are just laymen (Figure 5.1).
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5.7.2 Impact of dry season supplementation on livestock production in semi-arid
communal areas

What comes out clearly is that semi-arid communal rangelands are failing to supply enough
fodder-flow to livestock due to climatic conditions (Mason and Jury, 1997; O’Reagain and
Scanlan, 2011) and human activities (Palmer and Bennett, 2013; Mussa et al., 2016; Norton et
al., 2016). Feed shortages are frequent in semi-arid communal areas requiring interventions,
which farmers are failing to execute mainly due to unavailability of the necessary resources
(Kgosikoma et al., 2015). However, results of the fodder production adoption survey (Table 5.1),
indicate reduction in poverty deaths due to dry season supplementation (Njauri et al., 2016;
Bhagawati and Paul, 2021). This has been lacking for many years casting doubt on the future of
livestock production, which is the anchor of food security and livelihoods in semi-arid communal
areas. Due to the significance of livestock production to food security and livelihoods, fodder
production adoption can enhance sustainability of the agricultural activity in semi-arid areas
(Prakashkumar and Sreenath, 2019; Kumar et al., 2022).

Semi-arid areas of south western Zimbabwe are famous for their large herds of livestock (Ebei
et al., 2007) which also feed into the national herd. The country used to fulfill beef export quotas
to the lucrative European markets because of cattle from the region (Thornton et al., 2015;
Mwareya, 2019). There is hope in reviving the country’s livestock production industry which had
been been blighted by feed deficits (Musemwa et al., 2008). In communal areas this will
improve availability of food and nutrition which will ensure healthy communities. Dry season
supplementation increased the milking period (Table 5.1), which is going to increase milk
consumption in communal areas because it is currently low (Achchuthan and Kajananthan,
2012). Availability of surplus milk in communal areas will enhance local milk sales, and improve
societies’ micro-economies (Beigrezaei et al, 2022). This is a business opportunity with the

potential to improve communal people’s sources of income.

5.7.3 Other benefits of adopting fodder production in semi-arid communal areas
Semi-arid communal farmers practice a crop-livestock system of agriculture which helps them to

spread risk in their farming activities and increases chances of food security. (Figure 5.9) shows
that fodder production benefits are not limited to livestock supplementation, but also extend to
crop production (Ekepu and Tirivanhu, 2016; Ginwal et al., 2019). Leguminous fodder crops
such as; Mucuna pruriens, Crotalaria juncea and Lablab purpureus can benefit subsequent
cereal crops, because of their ability to improve soil fertility through the biological nitrogen

fixation process (BNF) (Ekepu and Tirivanhu, 2016. A question that comes to mind, is it
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supplementation that can influence fodder production adoption in semi-arid communal areas?
Participants responses indicate that several reasons drive fodder production adoption in the
smallholder communal sector (Figures 5.8 and 5.9). Respondents indicated that yields of
subsequent cereal crops increased when used in crop rotation systems, where a cereal crop
was planted after a legume crop (Shankar et al., 2022). This benefit is a real push-factor, for
high fodder production adoption rate among semi-arid communal farmers. Following several
years of mono-cropping systems, minerals in root zones of most crops preferred by farmers
have been depleted, which causes low grain yields (Murungweni et al., 2016). The fact that
fodder legume crops can fix nutrients into the soil is a probable reason why communal farmers
take up fodder production (Ekepu and Tirivanhu, 2016; Visha et al., 2023). This cheaper way of
fertilizing the soil is definitely preferred by communal farmers whose financial resources are low
(Shankar et al., 2022).

Other benefits of fodder legume production adoption include; improving infiltration, covering
crops, reducing evapo-transpiration and soil erosion (Ginwal et al., 2019). Legume fodder crops
such as Mucuna pruriens, provide cover thereby protecting the soil from erosion and loss of soil
moisture through evapo-transpiration (Ekepu and Tirivanhu, 2016). Temperatures in semi-arid
areas can be quite high, however, soil moisture losses can be minimized by growing fodder
legume crops (Murungweni et al., 2016; CIAT and CGIAR, 2015).

Crop yields are usually affected by weeds which cause problems including harboring pests and
diseases, unfair competition for nutrients and moisture between crops and weeds, in which
weeds always become the winners (Mangosho and Mupambwa, 2013). Respondents indicated
that the fodder legume species Mucuna pruriens (Table 5.9), controlled Striga asiatica, a weed
of economic importance. Striga asiatica reduces yields of most cereal crops if it is not controlled
(Abdallah et al., 2015). It is probable that most respondents adopted fodder production because
they also wanted to take advantage of the biological control of S. asiatica using M. pruriens
especially considering that the method has no cost implications, gelling well with communal
farmers who cannot afford herbicides. Most crop fields in communal areas are now infertile
which can be a pull-factor to such problematic weeds as they have parasitic tendencies

(Mangosho and Mupambwa, 2013).

Through monitoring and observations, the farmers discovered a cost-effective way of controlling
some problematic weeds. In today’s world where people are becoming more cautious about the

safety of the environment, it is commendable for the farmers to conduct their farming activities in
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an environmentally-friendly way (Shankar et al.,, 2022; Visha et al.,, 2023). In addition to
ensuring environment safety, biological control of certain weed species is important, because
calls for practice of more organic farming are getting louder, and advocating for zero-tolerance
to environmental contamination with hazardous chemicals. While use of agro-chemicals helps
farmers cut labour costs, the environmental damage by chemicals far outweighs the benefits. In
light of this realization, use of chemicals should be minimized to ensure water bodies and
waterways are free from contamination, and not affect aquatic bio-diversity. Careless utilization
of hazardous substances (agro-chemicals) will always come back to haunt future generations

who deserve to live in a clean environment.

5.7.4 The environmental benefit of adopting fodder production in semi-arid
communal rangelands

Semi-arid communal rangelands have experienced serious degradation for a long time, which
reduces species diversity and threaten rangeland sustainability (Cingolani et al., 2015).
Degradation is driven by communal farmers’ over reliance on rangelands for grazing and other
natural resources. Changes in ecosystems and the effects of climate change are affecting semi-
arid communal rangelands’ stability and the effects cascade down to livestock production. One
pertinent question that comes to mind is; In what way can fodder production adoption in semi-
arid communal areas benefit the environment? The first step is to reduce over dependency on
rangelands for livestock feed, and find an alternative source (CIAT and CGIAR, 2015;
Bhagawati and Paul, 2021; Boller and Greene, 2010)). Availing feed from an alternative source
to livestock can enhance recovery of grazed plants (Cowley and McCosker, 2011) as animals
won’t necessarily fill their guts with feed from rangelands alone. To illustrate this point; one
animal eats feed equivalent to three percent of its body weight per day from the rangeland
alone, but if the same animal eats two percent from the rangeland and the remainder from
fodder gardens, persistence and perpetuation of certain grass species will not be affected
(Bhandari et al., 2007). Rangeland degradation can be reversed by reducing grazing pressure,
and allowing nature to restore what animals would have eaten (Savory and Butterfield, 2016;
Sasaki et al., 2012; Tessema et al., 2014, Yates et al., 2000). Semi-arid communal rangelands
are never given chance to heal independently due to several other challenges including
rangeland fragmentation, high population pressure and over utilization (Reid et al., 2010;
Rutherford and Powrie, 2013; Senda et al, 2020).

By allowing chance for grass species to grow, two benefits can be expected; (i) Maturity of the

grass species and seed production and (i) Replenishment of the soil seed bank which is the
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growth-point of future grass communities (Gamoun, 2012; Saatkamp et al, 2014; Kiss et al.,
2018). All these are benefits can accrue from fodder production adoption in semi-arid communal
areas where livestock production is an important agricultural activity. Reducing grazing pressure
on rangelands creates a conducive environment for natural reconstruction of damaged
environments. Signs of natural regeneration is indicated by species diversity and cover, both of
which are affected by over grazing, which drives influx of annual grass species which are
notable for low biomass production, unpalatability and inability to sustain livestock production
(Sasaki et al, 2012).

Biodiversity loss is another major problem on semi-arid communal rangelands which emanated
from several years of continuous and unsustainable grazing. However, fodder production
adoption as an alternative source of livestock feed can enhance species diversity restoration
since animals will not look up to rangelands alone for feed (Carlier et al., 2009). Naturally,
animals practice selective grazing, a behaviour through which they choose and pick plants they
prefer to eat. In a scenario where grazing is intensive and the period of stay long, palatable
species suffer due to over grazing (Rutherford and Powrie, 2013). It is probable that due to this
grazing behaviour, good forage value species were stripped from semi-arid communal
rangelands (Ebei et al., 2007; Reid et al., 2010; Rutherford and Powrie, 2013). Most of such
species are perennials known for their leafiness, a characteristic synonymous with high biomass
production (Boller and Greene, 2010; Carlier et al., 2009). The current generation is obligated to
leave a legacy for future generations, who will fill the space and expect to enjoy the same
benefits, current generations are enjoying from rangelands. The time is now which the current
generation should use to reverse biodiversity loss and low rangeland productivity and nurture
and cox rangelands to produce more biomass, which in the long term stands to benefit livestock
productivity (Savory and Butterfield, 2016; Abdelsalam et al., 2017; Anderson and Hoffman,
2007). Fodder crops have many advantages such as fast growth, high biomass vyields,
palatability, high nutritive value and adaptability to different habitats (Al-Hashmi, 2008; A-Karaki
and Al-Hashmi, 2011; CIAT and CGIAR, 2015; Kumar et al., 2022; Bhagawati and Paul, 2021).
These traits can be used to improve rangeland reconstruction and shift animals’ focus on
rangelands to fodder gardens for their feed requirements (Musalila et al., 2016; Ginwal et al.,
2019; Bhandari et al., 2007)). As this happens, rangelands can recover and start producing

more biomass in the long run, something which has been lacking for many years.
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5.8 Conclusion
The dry season is a difficult time for many semi-arid communal farmers who are financially

constrained to afford commercial feeds. Fodder production adoption can enhance cheap dry
season feeding and prevent livestock poverty deaths. It can reduce grazing pressure on
rangelands, and allow natural recovery to take place. In a way, fodder production adoption can
enhance natural regeneration in semi-arid communal rangelands which are now degraded.
Recover of ecosystems will take, while biodiversity will improve since plants will no longer be
over grazed. Apart from providing livestock feed, some fodder legume crops such as Mucuna
pruriens can improve soil fertility, cover crops and control the arable weed Striga asiatica which
can reduce yields in many cereal crops. In this era, where many people are advocating for a
pollution-free environment, fodder production adoption can reduce dependency on expensive

and hazardous agro-chemicals, and encourage organic farming.

5.9 Recommendations
Extension Services should conduct trainings on fodder production, preservation and utilization

to increase adoption in semi-arid communal areas. Validation of control of Striga asiatica must
be conducted in semi-arid areas, where the weed is affecting yields in many cereal crops. Use
of hazardous agro-chemicals should be discouraged while biological control of weeds is

encouraged as this will enhance organic farming and promote a pollution free environment.
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CHAPTER SIX

6 Allocation of incomes from livestock sales to family needs by farmers in a semi-arid
communal area

6.1 Introduction

Livestock species such as cattle, sheep and goats are valuable live assets which significantly
contribute to food security and livelihoods, in the semi-arid communal areas, where many low-
income earners live (FAO, 1992; Schmidt and Pearson, 2016). Production of livestock is
supported by rangelands, which don’t produce low biomass onlyt, but are degraded (Ilbanez et
al., 2007; Gemedo-Dalle et al., 2006) and are utilized communally (Elloumi et al., 2001). The
above factors threaten the future of livestock production, which is a better agricultural activity
than dry land crop production which always fails, resulting in food insecurity and poor livelihoods
(Phiri et al., 2019; Murungweni et al., 2016). However, technologies such as restoration of
degraded rangelands (Saunders and Hobbs, 1993; Karubian and Duraes, 2009) and fodder
production (CIAT and CGIAR, 2005; Mwembe and Tavirimirwa, 2020; Bhagawati and Paul,
2021; Bhandari et al., 2007), confidence in livestock production is being restored. It had been
decreased by fragility of semi-arid communal rangelands and climate change effects (Eldridge
et al.,, 2016; Deng et al.,, 2013; Thornton et al., 2015). Livestock production can become
sustainable if farmers guard against natural resource degradation, in semi-arid communal areas
(Bai and Dent, 2009). Healthy land is more productive than degraded land (Savory and
Butterfield, 2016). It is able to supply fodder to animals efficiently, which can boost animal off-
take, and guarantee food security. The benefit accruing from environmental stability to farmers
is satisfaction of their social and economic needs (Mmbengwa et al., 2015). The benefit comes
in monetary form, which farmers get after selling livestock, and satisfy family needs (Mwareya,
2019).

The significance of livestock in semi-arid communal areas

The monetary value of communal livestock is more compared to the ones in the commercial
sector, when all services, products and by-products are summed (Hesse and McGregor, 2006).
This disproves the general belief that animal off-take from communal rangelands is very low
(Lesham and Odhiambo, 2013). The line of thinking is premised on lack of knowledge about
how the communal livestock production system functions. Cattle perform many functions under
communal set-up, such as providing draft-power for tillage, milk and meat for domestic

consumption (Malusi et al, 2021). Smaller livestock such as goats and chickens provide petty
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cash, when they are sold to raise quick cash for family emergencies, while cattle are sold only
when there is a crisis in the family (FAO, 1992; Barrett, 1992). Cattle are sold especially when
the family needs food during a drought, or when a child needs school fees or when hospital fees
and medication are required (Mwareya, 2019).

However, communal farmers are shifting gradually from their traditional way of doing things,
they are drifting slowly away from a subsistence way of life to a commercial one (Coetzee et al.,
2004). Past experiences show that communal farmers only sold livestock to solve family
problems which required money. Nowadays they frequently sell animals at sale pens through
the auction system organized monthly in their wards by Rural District Councils (Musemwa et al.,
2007). Living standards in most communal setups are significantly improving as farmers
frequently get money, from livestock sales through various means such as farmer-to-farmer,

private buyers or the auction system which is gaining popularity among farmers (FAO, 1992).

6.2 Availability of proper livestock markets
It is not entirely true that communal farmers hold on to their animals for too long, rather the

behaviour is usually driven by lack of proper livestock markets where farmers get good returns
for their animals (Coetzee et al., 2004; Coetzee et al., 2004). Smallholder farmers are short-
changed by middlemen most times, who usually buy animals for a song and later make huge
profits from resale of the animals while the farmers sing the blues (Tavirimirwa et al., 2013). On
their part, the farmers fail to form farmer groups to enable them to speak with one voice when
fixing prices of their animals (Barrett, 1992). This leaves them at the mercy of middlemen who
feel obliged to reap where they did not sow. Farming is a business and should be treated as
such, therefore it requires communal farmers to view farming as a business, which this will
make enjoy benefits from farming (Mahonya et al., 2019). The collapse of the Cold Storage
Company took away the farmers’ opportunity of getting good prices for their animals, like what
used to happen in the past when the company was operating at full capacity (FAO, 2001).

6.3 Dealing with challenges on livestock markets in communal areas
Scrutiny of livestock markets in semi-arid communal areas points to two glaring issues; (i)

Unavailability of good livestock markets in communal areas and (i) Lack of business
management and marketing skills on the part of farmers (Malusi et al., 2021). This is knowledge
gap which Extension Services both public and private should fill. Non-governmental
Organizations (NGO) and the government arm, the Extension Services are working flat-out to

improve livelihoods and living standards in communal areas therefore, therefore, it is incumbent
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upon them, to conduct their work in a holistic approach (Homann and van Rooyen, 2007).
Sometimes both government and NGOs donate livestock to communal farmers as a
capacitation strategy, while this is commendable, the two extension entities must go a step
further and train farmers on aspects of business management and marketing strategies (FAO,
2001; Malusi, 2021). Middlemen benefitting from the farmers’ hard work, would find it difficult to
shortchange them because they would be knowing the true value of animals they would be
selling and the markets they would take their animals to (Mwayera, 2019). Competitive markets
and good prices of goods are enough impetus to push farmers to invest more effort in their
farming activities. Besides, the issue of low animal offtake from communal rangelands can be
rectified, with more animals at their disposal, farmers are more likely to sell as many animals as
y can. The frequent sale of livestock in semi-arid communal areas will positively impact on food
security and livelihoods (FAO, 1992; FAO, 2001; Tavirimirwa et al., 2013).

6.3.1 Objectives of the study
The main objective of the study was to investigate allocation of livestock incomes to family

needs in a semi-arid communal area
Specific objectives were to:

e Determine livestock species kept by semi-arid communal farmers
¢ Determine the species of livestock sold most by farmers and the frequency of sales
¢ Investigate how incomes from livestock sales are allocated to family needs

¢ Investigate other sources of family incomes the respondents have

6.4 Materials and methods

6.4.1 Study site
The study was conducted at Pelele Village, Ward 12, 21° 30’ S 28° 30’, 60 km south west of

Gwanda town in Matabeleland South Province. The village has three lines; Likakeng, Mbirwane
and Nyikanyoro, and 160 households distributed among the three lines. Communal farmers in
this vilage, practice a crop-livestock system of agriculture, in which livestock production is the
better agricultural option, because they are living in a semi-arid region. Livestock species
comprise 500 cattle, 300 donkeys, 600 goats and 250 sheep, which graze on a communal
rangeland. Grazing space is steadily declining as a result of fragmentation due to high demand

for cropping land (Senda et al., 2020).
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The site is located in agro-ecological region (AER) V, which is characterized by low and highly
variable rainfall, with an annual mean below 450mm. The rainy season usually commences in
November and tails off in March. The soils are sandy loams. Tree species are dominated by
Vachellia tortilis, Terminalia randii, Dichrostachys cineria, Lonchocarpus capassa, Combretum
apiculatum, Cassia abbreviatta, Gymnosporia senegalensis, Colophospermum mopane, Grewia
flavescens, Grewia monticola, and Gardenia volkenzii (Kwembeya and Takawira, 2013). The
dominant grass species are Aristida barbicollis, Brachiaria deflexa, Chloris virgata, Eragrostis
viscosa, Panicum novermnerve, Schmidtia pappophoroides and Tragus berteronianus
(Chippindall and Cook, 1976; Gibbs-Russell et al., 1991) and forbs such Apium leptophylum,
Borrreria scabra, Ipomoea alba, and nutsedges Fimbristylis disticha and Cyperus angolensis
(Mangosho and Mupambwa, 2013). One cactus species Cylindriopuntia fulgida was invasive

and threated rangelands and livestock.
Procedure

A structured questionnaire was administered to 125 out of 160 farmers who stay in three lines of
the village; Likakeng, Mbirwane and Nyikanyoro. The purpose of the questionnaire was to
establish the species of livestock kept by farmers and whether they sell the livestock, the
frequency of sales and how the money was allocated to family needs.

6.5 Data analysis

6.5.1 Statistical model and procedure
When the questionnaires had been completed, post coding was done, followed by double entry

for data integrity checks as well as summary reports to check for inconsistencies. The next step
was to carry out descriptive statistics, frequencies, measures of central tendency and dispersion

[variability]. Cross tabulations were carried out to test correlation between two variables.

6.6 RESULTS

A larger proportion of respondents was in age groups above 40 years as show by 25% of
respondents in the 41 — 50 years age group; 35% in the 51 — 60 years and 22.5% above 61
years (Figure 6.1). Of great concern was old people whose energy levels are low were the ones
actively participating in agriculture. This was a threat to the future of agriculture in the area.
Respondents below the age of 40 years were very few, which showed younger people’s lack of
interest in agricultural activities. It is probable that instead of engaging in farming, they go to

look for employment opportunities in neighboring countries such as Botswana and South Africa
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due to the proximity of the study site to those countries. However, it is interesting to note that
despite crossing borders to look for employment opportunities in neighboring countries, the
youths still go on to work as farm hands in those countries, despite shunning the same jobs
back home (ZIMSTAT, 2018). The reason for this kind of behaviour by the youths is not known.

51 - 60 41 - 50 36 - 40 31 - 35 26 - 30 16 - 25

Elderly farmers Youthful farmers

40.0
35.0
30.0

25.0

20.0 é
15.0 g
10.0 g
5.0 ;
0.0 :

61 and above

Proportion of farmers (%)

Figure 6.1: Age groups of respondents

Results of the resource allocation survey (Figure 6.1) indicated 45% of respondents being
females and 55% being males. There was male dominancy in agricultural activities in
community, which was a little surprising, considering that females are usually the ones
dominating in agricultural activities in rural areas, because their male counterparts would be
employed elsewhere. However, it is important in this case to note that most farmers are elderly

people, which could be probable that a greater proportion of respondents were pensioners.
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Table 6.1: Demographic information about the respondents

Gender of respondents Proportion (%)
Females 45%
Males 55%

Highest level of education of respondents

Never went to school 10%
Primary education 25%
Secondary education 50%
Tertiary education 15%

Number of years respondent has farmed in the area

Less than 10 years 27.5%

Above 10 years 72.5%

Number of dependents

2-5 dependents 57.5%
5-10 dependents 37.5%
11 -16 dependents 5%

A proportion of 10% of respondents had never attended school, 25% attended primary
education, 50% attended secondary education and 15% attained tertiary education (Table 6.1).
Out of all respondents in the survey, 27.5% indicated that they had been staying in the area for
less than ten years, while 72.5% had stayed in the area for more than ten years. Results also
indicated that 57.5% had 2 — 5 dependents, 37.5% having 5 — 10 and 5% having 11 — 16

dependents. This was probably the reason why the respondents were involved in agricultural
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activities since they were obliged to provide for their dependents. Besides, Zimbabwe economy
is agro-based, agriculture is a source of livelihoods and food security for people staying in rural

communities.

Table 6.2: Number of 50kg bags of grain harvested during good and bad seasons

Season Bags of grain harvested (50kg) Proportion of respondents

Good >21 50%
16 - 20 30%

11-15 10%

5-10 10%

Bad 0 2.5%
<3 27.5%

<5 30%

5-10 40%

Since the respondents were involved in a crop-livestock system of agriculture, they sometimes
harvested grain from their fields (Table 6.2). However, good harvests were far in-between due
to frequent droughts which caused crop failures. Results indicated that in a good year, 50% of
respondents harvested above twenty-one 50kg bags of grain, 30% harvested sixteen to twenty,
10% harvested eleven to fifteen and another 10% also harvested five to ten bags of grain.
However, in a bad year, 2.5% of the respondents indicated they harvested nothing, 27.5%
harvested less than three 50kg bags, 30% harvested less than five bags while 40% harvested
five to ten bags. This clearly demonstrates that dry land crop farming in semi-arid areas is highly
unreliable. Due to this reason, respondents spread risk by practicing a crop - livestock system of

agriculture, with the later providing them a safety-net against food insecurity.
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M Family consumtion M Sales

Figure 6.2: Proportions of respondents indicating reason for producing grain

Survey results indicated that 75% of respondents produced grain for family consumption (Figure
6.2), while 25 produced it for sale. The responses demonstrate that the respondents are living a
subsistence way of life, where produce from their agricultural activities is for domestic

consumption.
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Table 6.3: Methods used by respondents to sell grain

Method of sale of grain Proportion of respondents
Contract farming 2.5%

Private buyers 45%

Grain Marketing Board (GMB) 52.5%

Results of the allocation of resources to family needs survey (Table 6.3) shows 52.5% of
respondents sold grain to the Grain Marketing Board (GMB), 45% sold it to private buyers and
2,5% were in contract farming. The GMB is a quasi-government parastatal, responsible for
distributing farming inputs to farmers and buying produce from them. Those farmers who
receive such inputs are required by law to sell their produce to the parastatal, while farmers who

breach the agreement are liable to prosecution.

Farmers who sold produce to private buyers usually conducted farmer-to-farmer sales, which
did not pay well as sales are slow and far-n-between. Besides, during good years grain is hard
to sell as everyone else would be having something in store. This method of selling is only good
during bad years as most people would be looking for grain everywhere possible to feed their
families. Contract farming is also not reliable, farmers are sometimes duped by unscrupulous
companies or individuals who collected grain from them with promises of paying later but ended

up disappearing for good.

119



Table 6.4: Crops grown by respondents

Duration respondent

farmed in the area

has

Type of crops grown

Proportion of respondents

<10 years Maize 33.3%
Groundnuts 21.2%

Sorghum 18.2%

Bambara nuts 9.1%

>10 years Maize 33.3%
Groundnuts 23.0%

Cowpeas 21.8%

Sorghum 13.8%

Bambara nuts 4.6%

Pearl millet 3.4%

Respondents were categorized under two classes (Table 6.4), those who had been farming in
the area for less than 10 years, and those that have been farming in the area for more than 10
years. In the category of farmers who have been in the area for less than ten years, 33.3% of

respondents grew maize, 21.2% grew groundnuts, 18.2% grew sorghum and 9.1% grew

Bambara nuts.

In the second category of respondents who have been farming in the area for more than ten

years, 33.3% grew maize, 23.0% grew groundnuts, 21.8% grew cowpeas, 13.8% sorghum and

3.4% grew pearl millet. Except for maize, all the crops were suitable for semi-arid areas.
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Table 6.5: Livestock species kept by the two categories of respondents

Duration respondent has

Species of livestock kept by

Proportion of respondents

farmed in the area respondents
<10 years Cattle 30.3%
Goats 33.3%
Sheep 3.0%
Donkeys 3.0%
Pigs 3.0%
Chickens 27.3%
>10 years Cattle 31.0%
Goats 31.0%
Sheep 10.3%
Donkeys 3.4%
Chickens 24.1%

Respondents were categorized under two classes (Table 6.5), those who had been farming in

the area for less than 10 years, and those that have been farming in the area for more than 10

years. In the category of farmers who have been in the area for less than ten years, 33.3% of

respondents kept goats, 30.3% kept cattle, 27.3% kept chickens while sheep, donkeys and pigs

there were 3% for each livestock species. In the second category of respondents who have

been farming in the area for more than ten years, 31.0% of them indicated that they kept cattle,
another 31.0% kept goats, 24.1% kept chickens. 10.3% kept sheep and 3.4% kept donkeys.

The livestock species play an important role in the crop-livestock system of agriculture practiced

by the farmers which help to sustain food security and livelihoods. It is important to note that in a
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communal setup, livestock perform many functions which all contribute to livelihoods to the rural
communities, some of which include animal draft-power from cattle and donkeys. The functions

help to strengthen food security in households.

Table 6.6: Livestock species usually sold by respondents

Duration respondent Livestock species usually Proportions of
has farmed in the area sold respondents
<10 years Goats 33.3%
Cattle 30.3%
Chickens 27.3%
Sheep 3.0%
Donkeys 3.0%
Pigs 3.0%
>10 years Cattle 31.0%
Goats 27.6%
Chickens 27.6%
Sheep 9.2%
Donkeys 4.6%

Respondents indicated that they sold livestock once in a while in order to satisfy family needs
(Table 6.6). In the respondents who have been farming in the area for a period below ten years
33.3% sold goats, 30.3% sold cattle, 27.3% sold chickens while there were 3.0% each for
sheep, donkeys and pigs. In the second category where farmers had stayed in the area for over
ten years 31.0% sold cattle, 27,6% goats, 27.6% sold chickens, 9.2% sold sheep and 4.6% sold
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donkeys. What comes out strongly from the results is that respondents sell livestock at one time
or another to satisfy family needs. However, respondents in the second category sold more
cattle (31.0%) than those sold by respondents in the first category (30.3%). It is probable that
this happened because respondents in the second category were more established than the
ones in the first category, hence they kept larger herds of cattle giving an allowance for higher
cattle off-take. Respondents in the first category indicated that they sold more goats than those
in the second category. The proportion of respondents who sold chickens is the same in both
categories (27.3%) probably because chickens are easier to sell without family members
consulting each other first. In addition to being easy to dispose of, chickens breed fast thus their

numbers increase rapidly availing bigger numbers of disposable birds.

B Private buyer

B Abattoirs

Figure 6.3: Major buyers of livestock kept by respondents
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Results indicated that respondents had two possible markets (Figure 6.3), 95% of respondents
sold livestock to private buyers and only 5% sold their livestock to abattoirs. Private buyers
usually include farmer-to-farmer sales or sales to individuals living outside the area. Middlemen
are also included in this group of buyers, and while respondents manage to sell livestock
through this type of market, they cannot make much money because the market is open to
bargaining. The limitation of this type of market is that if the respondent is not good at

bargaining, they cannot get a price for their animal and vice versa
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Figure 6.4: Frequencies of livestock sales

Results showed that respondents sold livestock once in a while (Figure 6.4); 10.0% sold
livestock every month, 52.5% sold livestock every three to six months, 2.5% sold livestock every
six months while 35.0% sold livestock every six to twelve months. The frequencies of sales
show that livestock are important live assets in sustaining food security and livelihoods of
communal people living in semi-arid areas. Results also show that more livestock sales take

place in two periods during the year; three to six months (52.5%) and six to twelve months
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(35%) while the other two periods had less sales of 10.0% for monthly sales and 2.5% for every

six months.

Results showed that livestock sales were driven by family needs as indicated by proportions of
respondents for each reason Figure 6.5; 12.5% sell livestock when the family needs money, 5%
sell livestock when they want to buy food, 7,5% sell livestock to raise school fees while 75.0%
sold livestock for all the above reasons. What comes out strongly is that livestock are a store of

wealth, waiting to be used when the family is in need of money.

A" the T _
School fees are need -

Family wants to buy food

Reasons for selling livestock

Family needs money -

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0%

Proportion of repondents

Figure 6.5: Respondents’ reasons for selling livestock

Results showed that livestock sales were driven by family needs as indicated by proportions of
respondents for each reason (Figure 6.5); 12.5% sold livestock when the family needed money,
5% sold livestock when they wanted to buy food, 7,5% sold livestock to raise school fees while
75.0% sold livestock for all the above reasons. What comes out strongly is that livestock are a

store of wealth, waiting to be used when the family needed money.
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Table 6.6: Proportions of allocation of livestock incomes to family needs

Duration respondent Family needs Proportion of
has farmed in the area respondents
<10 years Food 33.3%
Medicines 33.3%
School fees 27.3%
Restocking 6.1%
>10 years Food 19.8%
Medicines 32.6%
School fees 27.9%
Restocking 17.4%
Savings 2.3%

(Table 6.6) indicates the items respondents spend their money from livestock sales on.
Respondents were categorized under two classes; those farming in the area for less than ten
years and those farming in the area for more than ten years. In the class of respondents who
farmed in the area for less than ten years 33.3% spent their money on food, 33.3% on
medicines, 27.3% on school fees and 6.1% on restocking. The class of respondents who
farmed in the area for more than ten years; 19.8% spend their money on food, 32.6% on

medicines, 27.9% on school fees and 17.4% on restocking.

(Table 6.6) shows the differences in proportions in allocations of livestock sales incomes for
food and restocking between the two classes of respondents. The class of respondents who
have been in the area for more than ten years had a lower proportion for food than those who

have less than ten years. However, on restocking, the respondents who have been farming in
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the area for more than ten years constituted 17.4% compared to 6.1% for respondents who
have been farming in the area for less than ten years. The category with respondents who have
been farming in the area for more than ten years, 2.3% of the respondents also indicated that
they saved some of their incomes while the other class not mention savings. Both classes had
almost similar proportions of respondents on who allocated resources to medicines and school

fees.
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Table 6.7: Other sources of incomes for the respondents

Duration respondent Sources of incomes Proportions of
has farmed in the respondents
area

<10 years Remittances 21.2%
Crop sales 18.2%

Cattle sales 6.1%

Goat sales 9.1%

Piece jobs 12.1%

Monthly salaries 18.2%

Pensions 15.2%

>10 years Remittances 13.8%
Crop sales 23.0%
Cattle sales 25.3%

Goat sales 8.0%

Piece jobs 8.0%

Monthly salaries 6.9%
Pensions 14.9%

Results showed respondents’ sources of incomes (Table 6.7) categorized under two classes;
those that have been farming in the area for less than ten years and those that have been

farming in the area for more than ten years. Respondents in the class of farmers who have been
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farming in the area for less than ten years, indicated 21.2% receiving remittances, 18.2% got
money from crop sales, 6.1% cattle sales, 9.1% goat sales, 12,1% piece jobs, 18.2% monthly
salaries and 15.2% pensions.

In the category of respondents who had been farming in the area for over ten years, proportions
of respondents were as follows; remittances 13.8%, crops sales 23.0%, cattle sales 25.3%, goat
sales 8.0%, piece jobs 8.0%, monthly salaries 6.9% and pensions 14.9%. The second class of
respondents had higher proportions for crop sales 23.0%, cattle sales 25.3% but had lower
proportions on monthly salaries 6.9%, piece jobs 8.0% and pensions 14.9% compared to the
group of respondents who had been in the area for less than ten years. It is probable that
respondents who had been farming in the area for more than ten years were more established,
hence they relied more on agricultural activities for their livelihoods.

It is probable that the category that had been farming in the area for more than ten years has
respondents who settled well in the area hence they are benefitting from their agricultural
activities. The category of new comers is still settling in, and because of that reason, they
depend more on sources of income such as remittances 2.2%, monthly salaries 18.2% and
pensions 15.2%.
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6.7 DISCUSSION
The crop-livestock system of agriculture practiced in semi-arid communal areas of south

western Zimbabwe is dominated by farmers who are above forty years of age (Figure 6.1). Few
youths are into farming, which is not good for the future of farming in the area. A question that
arises is why are youths in the area not interested in agricultural activities? It is probable that
since the communal agricultural system is not well developed due to lack of financial resources
to buy modern equipment, youths find farming unattractive (Chimonyo et al., 1999; FAO, 2001,
Chidoko and Zhou, 2012). Instead they cross borders into neighbouring Botswana and South
Africa, to look for employment as a coping strategy, where they incidentally get employed in
farms (ZIMSTAT, 2018; Bird and Prowse, 2008).

Results show a proportion of 45% of respondents being for females, while 55% were males
(Table 6.1), which indicating male dominancy in farming activities, despite the general belief that
females make up the majority of farmers in rural communities (IFAD, 2018). Respondents
showed 10% never went to school, 25% attended primary education, 50% attended secondary
education and 15% attained tertiary education. The respondents were categorized under two
classes; those that have farmed in the area for not more than ten years constituted 27.5% and
those that have farmed in the area for more than ten years were 72,5%. Results of the survey
indicate that the majority of respondents were more established farmers. Respondents had
dependents; two to five 57.5%, 6 to ten 37.5% and 11 to sixteen 5%. It is probable that having
dependents was a push factor for respondents to farm, so that they could provide for them (Fan
et al., 2008). However, it is commonly known that farming is a source of livelihood for many rural

people (Homann and van Rooyen, 2007).

Results also showed that respondents grew crops mainly for domestic consumption as indicated
by 75% of respondents, 25% sold their produce (Figure 6.2). Crops grown by respondents who
were categorized under two classes (Table 6.4); those that have farmed in the area for less than
ten years; Maize 33.3%, Sorghum 18.2%, Ground nuts 21.2% and Bambara nuts 9.1%.
Respondents who have farming in the area for more than ten years; Maize 33.3%, Sorghum
13.8%, Pearl millet 3.4%, Ground nuts 23.0%, Cowpeas 21.8% and Bambara nuts 4.6%. It is
surprising however, that despite farming in semi-arid areas where rainfall is low and highly
variable, the respondents still preferred maize as indicated by 33.3% of respondents from each
group. However, respondents in the category of farmers who have farmed in the area for more
than ten years had a wider selection of drought tolerant crops (Murungweni et al., 2016; Phiri et

al., 2019). This is indicated by crops such as; Sorghum 13.8%, Pearl millet 3.4%, Ground nuts
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23.0%, Cowpeas 21.8% and Bambara nuts 4.6%. The crops commonly referred to as
Traditional Grains are drought tolerant and suited to semi-arid areas (Homann-Kee Tui et al.,
2013). Since the respondents are farming in a semi-arid area, incidents of crop failures are high
as indicated by 60% who harvested between zero and five 50kg bags of grain and 40% who
harvested between five and ten 50kg bags of grain. In good years, which are far in-between a
combined figure of 50% of respondents harvested between five and twenty 50kg bags of grain
and another 50% of respondents harvested above twenty-one 50kg bags of grain. The figures
are not surprising considering that they do mostly small grains which adapt well to the harsh
weather conditions of semi-arid regions (Phiri et al., 2019). Respondents sold grain to private
buyers as indicated by a proportion of 45% of respondents, 52.5% sold grain to the government
owned parastatal; Grain Marketing Board (GMB) while 2.5% of respondents did contract
farming. The low percentage of respondents who did contract farming can be attributed to the
system’s unreliability (Mazwi et al., 2018). While this system is be good, it has its own short

comings such as short-changing farmers by unscrupulous dealers.

6.7.1 Spreading the risk in farming activities
Semi-arid communal farmers spread risk in their farming activities by keeping livestock (FAO,
2001) (Table 6.5). Respondents were categorized under two classes; those who have farmed in
the area for less than ten years and those who have farmed in the area for more than ten years.
In the first category 30.3% kept cattle, 33.3% kept goats, 3% kept sheep, 3% kept donkeys and
27.3% kept chickens. In the second category; 31.0% kept cattle, 31.0% kept goats, 10.3% kept
sheep, 3.4% kept donkeys and 24.1% kept chickens. The results further confirm that semi-arid
communal farmers are involved in a crop-livestock system of agriculture (Homann and van
Rooyen, 2007; Homann-Kee Tui et al., 2013). While crops are more sensitive to dry spells,
livestock are tolerant hence, they are the flagship of food security and livelihoods in the areas
(Tavirimirwa et al., 2013; Thornton et al., 2015). Between the two categories of respondents
(Table 6.6), those in the first category sold more goats as shown by 33.3% of the respondents,
30.3% cattle, 27.3% chickens while sheep, donkeys and pigs had 3% each. However, in the
category of respondents who have been farming in the area for more than ten years, results
indicate that they sold more cattle 31.0%, goats 27.6% chickens 27.6%, sheep 9.2% and
donkeys 4.6% (Tavirimirwa et al, 2013). One possible explanation for the higher percentage of
respondents who sold cattle in the category, is that they were more established hence, they had
more cattle to sell (Mwayera, 2019). Most respondents, 95% sold livestock to private buyers

(Figure 6.3), while 5% sold to abattoirs. Although most respondents chose to sell livestock to

131



private buyers, the market was prone to irregular marketing practices, resulting in respondents
losing money to middlemen (Musemwa et al., 2008). Results also showed a proportion of 52.5%
preferring to sell livestock every three to six months, 35% every six to twelve months (Figure
6.4). The other frequencies had lower proportions as indicated by 10% who sold livestock
monthly and 2.5% who sold livestock every six months.

Communal sector livestock are a store of wealth waiting to be exchanged for money when the
need arises (Ebei et al., 2007; Mwayera,2019). While there were similarities in the items which
respondents allocated money from livestock sales to, between two farmers’ categories (Figure
6.7), there were differences in the proportions of respondents as indicated by respondents who
have been farming in the area for less than ten years; food 33.3%, medicines 33.3%, school
fees 27.3% and restocking 6.1%. Respondents who have farmed for more than ten years
showed that 19.8% spent money of food, 32.6% on medications, 27.9% on school fees, 17.4%
on restocking and 2.3% on savings. One point of interest is that respondents who have been
farming in the area for more than ten years allocated 17.4% of the resources to restocking
(Thornton et al., 2015) and 2.3% to savings. Respondents in the second category probably
wanted to keep livestock production sustainable, hence the thought of restocking and saving for
a rainy day (Achchutan and Kajananthan, 2012). Semi-arid regions are prone to droughts, and
as such feed shortages are quite common, some of which caused heavy livestock mortalities
(Day et al., 2003). Respondents in the category who have farmed in the area for a period
exceeding ten years, use restocking as an adaptation strategy, considering poverty deaths
which occur in the dry season once in a while or during a drought (Hargreaves et al., 2004).
However, it is not clear why respondents in the first category reserved very little for restocking

as shown by 6.1% of the respondents (Figure 6.7), and never saved for a rainy day.

What comes out clearly from the respondents is that there are three major items which both
groups spent incomes from livestock sales. These include; food, medication and school fees, as
indicated by both categories of respondents, who have presented significant percentages for the
items (Figure 6.7). The allocation of more resources to food as indicated by both categories of
respondents justifies why livestock production in semi-arid communal areas is associated with
food security and livelihoods (FAO, 1992; Homann and van Rooyen, 2007; Thornton et al.,
2015). The larger percentages of financial resources allocated to medication for both groups are
probably pushed up by the cost of living which is generally high in the country, due to
unfavorable prevailing economic conditions. Over the years, the country has been battling with

runaway inflation, which triggers high prices of goods and services (ZIMSTAT, 2018). While
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some of the respondents in both categories indicated receiving monthly salaries (Table 6.8), it is
important to note that most people in semi-arid communal areas are not gainfully employed,
hence they look up to agriculture as a source livelihood (FAO, 1992; FAO, 2001). The
agricultural activities they do must take care of their family needs.

6.7.2 Other sources of income of the respondents
Although respondents indicated getting incomes from agricultural activities, which confirms that

agriculture is a source of food security and livelihoods, they also had other sources of incomes
(Adam et al., 2013). It is probable that the other sources of incomes are safety-nets
safeguarding the respondents against the unpredictable forces of nature (Abtew et al., 2012).
Natural disasters have the potential to cause failure in farming activities, especially considering
that the respondents are in semi-arid areas where climatic conditions are not conducive for
agriculture (Mugandani et al.,, 2012; Thornton et al.,, 2015). (Table 6.8) indicates that
respondents who have been farming in the area for less than ten years also got incomes from
non-agriculturally related sources (Adam et al.,, 2013). A proportion of 21.2% received
remittances, 12.1% got incomes from piece jobs, 18.2% received monthly salaries while 15.2%
received incomes from pension funds. In the category of respondents who have been farming in
the area for more than ten years, 13.8% received remittances, 8.0% got incomes from piece
jobs, 6.0% received money from salaries and 14.9% received money from pension funds.
Considering the age groups of the respondents (Figure 6.1), it is probable that some of the

respondents are pensioners.

6.8 CONCLUSION

Livestock production in the semi-arid communal areas, is an important agricultural activity,
which contributes significantly to food security and livelihoods. Animals are kept in lieu of money
and are sold when need arises, to satisfy family needs such as food, school fees, medication
and in some cases restocking and savings. Although livestock sales are far in-between, semi-
arid communal farmers sell livestock at one point or another, through various means, when
money is needed in the family. Livestock production also complements crop production which is

not reliable due to high incidents of droughts.

6.9 RECOMMENDATIONS
Effort must be made to increase livestock numbers kept by communal farmers to avail adequate

numbers for offtake at any given time. Adaptation interventions such as restocking and fodder
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production must be adopted to strengthen livestock production. The genetics of livestock
species kept in communal areas must be improved with superior breeds to enable farmers to
make profits when they sell animals. Development agents such as Public and Private Extension
Services need to work hard to develop a good market for the farmers’ livestock.

134



7 CHAPTER SEVEN SUMMARY AND CONCLUSIONS

7.1 Background

Semi-arid communal rangelands are an important matrix in the livestock production value-chain
and a good source of cheap livestock feed (Abate et al., 2012). Livestock production is a better
agricultural option, in the crop-livestock agriculture system practiced in semi-arid communal
areas, which offers better chances of food security than crop production which usually fails due
to frequent droughts (Tavirimirwa et al.,, 2013; Phiri et al., 2019). The agricultural activity
contributes significantly to food security and livelihoods of poorly resourced semi-arid communal
people (Table 6.7) (FAO, 1992; Barrett, 1992). However, sustainability of livestock production in

semi-arid areas is affected by low rangeland productivity (Steinfeld et al., 2006).

Semi-arid communal rangelands are constrained by several challenges both biotic and abiotic.
Their future is also threatened by rangeland fragmentation (Senda et al., 2020) which is driven
by high demand for agricultural land, while grazing pressure, high population pressure and over
grazing are further complicating the problem. The net effect of the myriad problems on semi-arid
communal rangelands summed, up is serious degradation, which further lowers rangeland

productivity (Young et al., 2013).

With climate change adding complexity to existing problems, livestock production’s future on
semi-arid communal rangelands is uncertain. (Wigley-Coetsee and Staver, 2020) The
uncertainty has ripple effects on food security and livelihoods which are dependent on livestock
production (FAO, 1992; Thornton et al, 2015). To avert future food insecurity, due to low
livestock productivity, rangeland degradation needs to be reversed through rehabilitation of
semi-arid communal rangelands, which are the basis of livestock production (UNFCCC, 2008;
Scholz, 1995). Rangeland productivity can be increased through three possible interventions; (i)
Rebuilding the rangelands through manual reseeding (Kiss et al., 2018; Vandvik et al., 2016) (ii)
Reseeding the rangelands through livestock (Savory and Butterfield, 2016; Aboling et al,, 2008;
Gokbulak, 2006) and (iii) Fodder production adoption to reduce grazing pressure on the
rangelands (CIAT and CGIAR, 2015; Bhagawati and Paul, 2021; Kumar et al., 2022). Several
benefits (Table 3.2) such as; species diversity, ecosystems restoration and increased biomass
production can accrue through rangeland reconstruction, which will avail more feed to grazers
(Shinde and Malshe, 2015; Tessema et al., 2011). This is possible in that healthy land is more
productive than unhealthy one (de Groot et al., 1992; Cowley and McCosker, 2011). As proven
by results of the two seed dispersion experiments, biomass production increased at all

treatments; which boosted rangeland productivity, thereby guaranteeing sustainability of
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extensive livestock production in semi-arid communal areas (Sagario et al, 2020; Loydi et al,
2012).

7.2 The benefits of reseeding
One major negative impact of degradation is soil seed bank depletion. The soil seed bank is the

growth point of ecosystems and habitats, which enhances species perpetuation and persistence
(Babai and Molnarc, 2013). While, (Figure 3.2) showed low seedling counts on the Control plot,
they increased at treatments or reseeded plots. This indicates effectiveness of healthy soil seed
banks on species regeneration (Manske, 2005; Kiss et al., 2018). The benefit does not end at
boosting the soil seed bank, but also extends to species diversity and forage value. (Figures
3.6; 3.7 and 3.8), which indicated an increase in palatable perennial grass species, averaging
eight species at treatment compared to the Control plot (Figure 3.9), which had only two
palatable perennial grass species. Palatable perennial grass species are famous because of
their leafiness, a characteristic that favours high biomass production which avails more livestock
feed (Holechek et al., 2004; Day et al., 1997). Species diversity and grazing value improvement
is needed in semi-arid communal rangelands, where mismanagement altered species to
predominantly unpalatable annuals such as Aristida barbicollis, Brachiaria deflexa and Tragus
berteronianus which apart from producing low biomass, cannot support livestock production
(Gamoun et al., 2014; Gemedo-Dalle et al., 2006). While the dominant grass species on the
rangeland was Aristida barbicollis an unpalatable annual, reseeding altered that, and

Heteropogon contortus became dominant, (Table 3,2) and (Figure 3.5).

Biomass production on reseeded plots increased (Table 3.3), which resulted in mean biomass
trebling (0.285%/ha) at Treatment SRB, and doubling at treatment SB (0.254%°t/ha). What comes
out clearly is that reseeding causes two things to happen on a degraded rangeland; (i) Species
diversity increases and (ii) Biomass production increases (Petermann and Buzhdygan, 2021;
Buzhdygan et al., 2020). Grass species increased in that treatments as indicated by more
perennials with good grazing value (Gibbs Russell et al., 1991). Perennial grass species such
as Heteropogon contortus, Urochloa mosambicensis, Eragrostis trichophora, Eragrostis rigidior,
Panicum maximum and Eragrostis superba were introduced through reseeding. One advantage
of perennial grass species is their ability to perpetuate by tillers (Brown and Bugg, 2001).
Reseeding is a tool with great potential to address degradation on semi-arid communal
rangelands. However, it should be supported by a good rainy season, to guarantee success
(Petermann et al., 2008).
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7.3 Livestock mediated reseeding
Livestock reseeding is another method suitable for implementation on degraded semi-arid

communal rangelands (Gokbulak, 2006). It has the potential to restore rangelands and
make them more productive (Savory and Butterfield, 2016; Aboling et al., 2008). Several
advantages are associated with livestock reseeding; (i) Improved grass species diversity
(i) Re-introduction of good forage value species on rangelands (Figure 4.2) and (iii)
Relevance of technology to semi-arid communal areas, [it is cheap and easy to
implement, it does not require any form of expertise]. However, success of livestock
reseeding is dependent on good timing as indicated by (Figure 4.1) which showed
observed grass seedlings at Treatments 1 and 2 with a timeline of fourteen days after
physiological seed maturity (Alabdulla, 2019; Dongre, 2007; Tessema et al., 2011).
However, observed seedling densities gradually dropped as days progressed towards the
end of the observation period (Figure 4.1). It is important to graze animals at the right
time, to enable them to pick as many seeds as possible. After the stipulated grazing time
the animals must be moved out and allowed to spent the next twenty-four hours in a
degraded environment. Cow dung dropped during that period, will be containing mature
seeds of different species grass (Shinde and Malshe, 2015; Gokbulak, 2006). The grass
seeds will start to germinate in the subsequent growing season to fill the void caused by
degradation.

7.4 Species diversity in livestock mediated reseeding
Observed species at Treatments showed diversity, (Figure 4.2) as indicated by species such as

Eragrostis superba, Eragrostis habrantha, Eragrostis rigidior, Urochloa panicoides and
Dactyloctenium aegyptium all of which had good forage value (Gibbs Russell et al., 1991;
Cousens et al., 2010). All the species in (Table 4.2) and (Figure 4.4) save for Dactyloctenium
aegyptium and Urochloa panicoides are perennials, which are common on sweet veld
(Mugandani et al., 2012; Chippindall and Cook, 1976). However, although livestock are good
agents for seed dispersion, it is interesting to note that Heteropogon contortus which is
ubiquitous on most veld types was not among grass species dispersed by livestock. While it is
not clear why Heteropogon contortus, was missing, it is probable that the grass species was
shunned because its seeds are like little spears (Meyer et al., 1957). The little sharp spears
cause injuries and irritations in the mouths of animals. Therefore, as a precaution, animals
shunned it. In addition to the seeds of the Poaceae plant species dispersed by livestock, forbs
were also observed; Portulaca oleracea, Leucas martinicensis and Triumfetta rhomboidea

(Table 4.4). Forbs have high nutritive value of of approximately 30% CP (Mukungurutse, 2002)
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hence animals that take forbs during grazing, do not necessarily need browse (Sebata and
Ndlovu, 2011). Results of the experiment prove clearly that livestock are good agents of seed
dispersion (Gokbulak, 2006; Aboling et al., 2008). The methodology awaits adoption and
validation in semi-arid communal areas where degradation is extensive. Development agents
such as public and private extension services can conduct participatory restoration work with

rural communities to rebuild rangelands so that they continue to support livestock production.

7.5 Fodder production in semi-arid communal areas
Serious degradation is a challenge, which impacts negatively on fodder availability thereby

threatening the future of livestock production on semi-arid communal rangelands (Shackleton
and Gambiza, 2008; Tarhouni et al., 2007). While restoration is an effective intervention for
rebuilding degraded rangelands, the technology alone is not enough. It must be complemented
by other interventions, such as fodder production adoption (CIAT and CGIAR, 2015; Kumar et
al., 2022). Fodder production adoption in semi-arid communal areas can be the missing piece in
a puzzle, which can solve feed shortages problem, which have been blighting livestock
production over the years (Day et al., 2003; Prakashkumar and Sreenath, 2019). While fodder
production adoption solves feed shortages, it has the potential to reduce grazing pressure on
rangelands, which can enhance natural rangeland regeneration (Sasaki et al., 2012). Results of
the fodder production adoption survey, (Figure 5.2), show 38.7% of the respondents were in the
51 to 60 years age group and those above 61 years 18.7%. Youths were few which is worrying
because active fodder producers are elderly people, which casts doubt on the future of
agriculture in the area. Results of the fodder production adoption survey show that 44% attained
primary education, 50.7% secondary education, while 5.3% reached tertiary education. The

literacy level of respondents was interestingly high (Figure 5.1).

Respondents were categorized into three classes according to the species of livestock they kept
(Figure 5.4) showed respondents keeping goats constituted 50.7%, cattle; 46.7% and donkeys;
2,7%; Class 2; goats; 37.3%, donkeys; 28%, cattle; 6.7% and chickens; 28% while in Class 3,
respondents who kept goats constituted a proportion of 10.7%, donkeys; 48%, cattle; 4%, pigs;
2.7% and chickens; 24%. All the livestock require dry season supplementation (Figure 5.5)
93.4% of the respondents, supplement livestock during the dry season. During this period,
rangelands offer low quality and quantity feed and which affects animal performance seriously if
mitigation measures are not taken. Respondents adopted fodder production as a long-term
solution for safe guarding their livestock against poverty deaths (Musalila et al., 2016;

Bhagawati and Paul, 2021; Bhandari et al., 2007). Supplemented livestock were categorized
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into three classes (Figure 5.5); Class 1; 45.3% of the respondents supplemented goats, cattle
49.3% and donkeys 4%. Class 2; 36% of the respondents supplemented goats, 29.3% donkeys,
6.7% and chickens 28%. In Class 3; 18.7% of respondents supplemented goats, donkeys 48%,
cattle 1.3% and chickens 20%. Results show that respondents in Class 1 had larger proportions
of cattle and goats while donkeys were low (4%). In Class 2, the trend is still the same but
proportions were lower than those in Class 1, however, respondents who supplemented
donkeys increased from 4% in Class 1 to 29.3% in Class 2. In Class 3, goats 18.7%, cattle 1.3%
while donkeys accounted for 48%. The numbers of goats and cattle decreased from Class 1 to
Class 3 while donkeys increased from Class 1 to Class 3. While the trend looks surprising, it is
probable that donkeys in southwestern Zimbabwe are used as animal draft-power, hence the

increasing proportions of donkeys that got supplementary feed.

(Figure 5.7) shows that 61.3% of the respondents used fodder to supplement livestock, 37.3%
used both fodder and commercial feeds while 1.3% used commercial feed only. A proportion of
64% of respondents indicated supplementing livestock for a period of three to six months, 36%
supplemented livestock for one to three months. Results of the fodder production adoption
survey (Table 5.1) indicated 97.3% of the respondents noted reduced poverty deaths due to
supplementing with fodder, although 2.7% of the respondents surprisingly indicated that poverty
deaths increased. Proportions of respondents (Table 5.1) indicated that 40% of respondents
produced an average of 250kg of fodder per year, 45.3% produced 251 to 500kg while 14.7%
produced over 500kg. What comes out strongly is that respondents adopted fodder production
as an adaptation strategy (Hargreaves et al., 2004; Thornton et al., 2010) since the areas are
prone to droughts, which induce feed shortages (Day et al., 2003).

7.6 Other pull factors for the adoption of fodder production in semi-arid communal
areas

Apparently, the objective of fodder production is dry season supplementation (Annicchiarico,
2004; Boller and Greene, 2010), however, results show that there are other factors which attract
farmers to fodder production. Respondents noticed other benefits of growing fodder legumes
(Figure 5.9). Six reasons were identified and responses were classified under three categories;
Class 1, Class 2 and Class 3. One of the reasons for adopting fodder legumes was that species
such as Mucuna pruriens controlled certain weed species (Ginwal et al., 2019). Responses in
Class 1, 2.7% of the respondents said certain fodder legumes controlled some weed species, in
Class 2, 9.3% also concurred while in Class 3, 38.7% also felt the same. (Figure 5.9) shows that

90.7% of the respondents indicated that Striga asiatica was controlled by a fodder legume, while
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84% of the respondents indicated Mucuna pruriens controlled Striga asiatica. Two other
reasons were prevention of soil erosion which had proportions of 33.3%, 37.3% and 25.3% in
Casses 1, 2 and 3 respectively. Improvement of soil fertility had the following proportions of
respondents 48%, 44% and 6.7% in Classes 1, 2 and 3 respectively (Shankar et al., 2022;
Visha et al., 2023). This shows that while fodder legumes are important sources of crude protein
during the dry season, there are other pull factors encouraging the adoption of fodder
production in the semi-arid communal areas. It must also be remembered that the respondents
practice a crop-livestock system of agriculture to enhance their food security. To this end, any

measure that is beneficial to the agricultural activities is easily adopted.

7.7 The benefits of sustainable rangeland utilization
Semi-arid communal rangelands are important biomes whose obligation is to feed livestock

(FAO, 2001). Farmers make great efforts to look after the environment, because they expect
reciprocation from the environment. Needless to say, healthy land is more productive than
degraded land. Sales of agricultural products bring incomes to families to satisfy their needs.
However, the majority of respondents is composed of old people which is worrying (Figure 6.1).
This casts doubt on the future of livestock production in the area. A proportion of 25% of the
respondents were in the 41 to 50 years age group, 35% 51 to 60 years age group while those
above 61 years constituted 22.5%. Gender proportions of respondents comprised 45% females
and 55% males (Table 6.1), showing male dominance in agriculture despite the common
narrative that the industry is dominated by females. However, it is also important to note that
since some of the respondents were old, they could be pensioners. (Table 6.1) indicates that
10% of the respondents had never gone to school, 25% attended primary school, 50% attended
secondary school while 15% attained tertiary education. The respondents were classified under
two groups; those that have been farming in the area for less than ten years (27.5%) and those

that have been farming in the area for above ten years (72.5%).

It was not clear why youths were not interested in agricultural activities. However, it is probable
that since the area was closer to Botswana and South Africa, young people opted to cross into
the neighboring countries to seek employment opportunities there (ZIMSTAT, 2018). However,
what is surprising is that young people run away from partaking in agricultural activities in their
home area, and go on to work in farms outside the country. It might correct to assume that
because communal farmers are poorly resourced, most of their agricultural activities are carried
out manually due to lack of machinery and this drives away young people from agriculture
(Chambers and Conway, 1992) .
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Since the respondents practice a crop-livestock system of agriculture, they also harvest grain
from their fields. (Table 6.2) shows that 10% of the respondents get five to ten 50kg bags of
grain, 10% eleven to fifteen 50kg bags, 30% sixteen to twenty 50kg bags and 50% get over
twenty-one 50kg bags of grain in a good season. However, in a bad season 2.5% of the
respondents got nothing, 27.5% get less than three 50kg bags of grain, 30% get less than five
50kg bags of grain while 40% get five to ten 50kg bags of grain. The result is enough proof to
show that dry land cropping in semi-arid areas yields poor results (Murungweni et al., 2016),
and on the other hand confirm that livestock production is a better agricultural option in the
semi-arid areas (Musemwa et al., 2008). In (Figure 6.2), 75% of the respondents indicated that
they produced grain for family consumption while 25% produced grain for sale. The grain is sold
through three methods; 2.5% of respondents indicated contract farming, 45% sold to private

buyers while 52.5% sold to the Grain Marketing Board (GMB), a quasi-government company.

Respondents who have been farming in the area for less than ten years (Table 6.5) kept
livestock species in the following proportions of respondents; cattle 30.3%, goats 33.3%, sheep
3% donkeys 3%, pigs 3% and chickens 27.3%. Those that had been farming in the area for over
ten years had the following proportions of respondents; cattle 31%, goats 31%, Sheep 10.3%,
donkeys 3.4% and chickens 24.1%. Respondents in the second group had more cattle, sheep
and donkeys than the ones in the first group. Both groups indicated that they sell livestock at
one point or another (Table 6.6). Respondents who sold livestock showed that in the group of
respondents who have been farming for less than ten years 33.3% sold goats, 30.3% sold cattle
and 27.3% sold chickens. In the group of respondents who have been farming in the area for
over ten years 31% sold cattle, 27.6% sold goats and 27.6% sold chickens. This group sold
more cattle than the first one. The reason can be attributed to the fact that they are now more
established farmers. Most of the livestock were sold to private buyers (Figure 6.3) showed that
95% of the respondents sold livestock to private buyers while 5% sold livestock to abattoirs. The
results show that respondents don’t have a good market for their livestock (Musemwa et al.,
2008). By selling livestock to private buyers, the respondents are exposed to middlemen who

usually want to pay very little for the livestock but get huge profits when they resell the animals.

The frequency of livestock sales (Figure 6.4), is indicated by 10% of the respondents who sell
monthly, 52.5% who sell every three to six months, 2.5% sell livestock every six months while
35% sell livestock every six to twelve months. (Figure 6.5) shows that 12.5% of the respondents
sell livestock when the family wants money, 5% sell livestock to buy food, 7.5% sell livestock to

get money for school fees while 75% sell livestock for all the above reasons combined. This
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kind of behavior indicates that livestock is a store of wealth and can be sold in lieu of cash
whenever it is needed in the family (FAO, 1992).

(Table 6.7) indicates the proportions of allocation of incomes from livestock sales to family
needs. Respondents who have been farming in the area for less than ten years indicated that
33.3% allocated money to food, 33.3% to medication, 27.3% to school fees and 6.1% to
restocking. In the group of respondents who have been farming for over ten years 19.8%
allocated money to food, 32.6% to medication, 27.9% to school fees, 17.4% to restocking and
2.3% to savings. One interesting observation is that respondents in the over ten years group
allocated less money to food but more on restocking and savings which respondents in the first
group did not do. It is not clear why respondents who have been farming in the area for less
than ten years do not allocate money for savings and less for restocking. What is clear is that
livestock contribute greatly to livelihoods of semi-arid people (FAO, 1992). Considering that dry

land farming is unreliable livestock give assurance to people’s needs (Thornton et al, 2015).

Although respondents get money from livestock sales, they had other sources of income (Table
6.8). Respondents who had been farming in the area for less ten years show that 21.2% of them
got money from remittances, 18.2% from crop sales, 6.1% from cattle sales, 9,1% from goat
sales, 12.1% from piece jobs, 18.2% from monthly salaries and 15.2% from pension funds.
Those in the group above ten years; 13.8% of the respondents received money from
remittances, 23% from crop sales, 25.3% from cattle sales, 8% from goat sales, 8% from piece
jobs, 6.9% from salaries and 14.9% from pension funds. The first group of respondents had
larger proportions for remittances, monthly salaries, piece jobs and pension funds while the
second group had larger proportions on crop sales and cattle sales. This can be attributed to the
fact that they are more established than the second group, and as such they are depending to a

large extend on their farming activities.

7.8 Recommendations
Due to the importance of semi-arid communal rangelands to livestock production, degradation

on the rangelands, must be reversed to enhance productivity and resilience. Two possible
interventions to rectify the anomaly are readily available (i) Reseeding and (ii) Livestock
mediated reseeding. While results of this study indicate that the two methodologies can be used
to rebuild semi-arid communal rangelands which have become derelict, extension services from
both the public and the private sectors have the opportunity to validate the effectiveness of the

two technologies. This could be undertaken in a participatory method that involves communities.
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Although respondents in one of the surveys indicated that they adopted fodder production in
order to enhance dry season supplementation, more work needs to be done so that many more
farmers take up fodder production in semi-arid communal areas. The benefit of more numbers
adopting fodder production, is that grazing pressure will be reduced from the rangelands. This
will facilitate the recovery of the rangelands which are now seriously degraded.

Development agents should also consider introducing grazing management committees and
plans to help better management of rangelands in semi-arid communal areas. While this
approach can be difficult because land is communally owned, awareness campaigns and
trainings can help to get buy-in of the idea from the farmers so that they support it. Traditional
institutions such as Chiefs, Headmen and Village heads could be used as entry points to

facilitate mobilization of communities to better manage natural resources in their areas.

Rather than waiting for the government to take the lead, communal farmers should be
encouraged to sale older animals and use the money to restock. In this way livestock production

in communal areas can remain sustainable.

143



8 REFERENCES

Abate, T., Ebro, A and Nigatu, L. 2010. Traditional rangeland resource utilization practices and
pastoralists’ perceptions on land degradation in south-east Ethiopia. Tropical Grass. 44, 202 -
212

Abate, T., Ebro, A and Nigatu, L. 2012. Evaluation of rangeland in arid and semi-arid grazing
land of South East Ethiopia. International Journal of Agricultural Science ISSN: 2167- 0447 Vol.
2 (7), pp- 221 - 234

Abebe, A., Eik, LO., Holand, O., Adnoy, T and Tolera, A. 2012. Pastoralists’ perceptions of feed
scarcity and livestock poisoning in southern rangelands. Ethiopia, Trop. Anim. Health Prod. 44,
149 — 157. https://doi.org/10.1007/s11250 - 011 - 9902 — 5

Abdallah, B., Saha, HM and Tsanuo, MK. 2015. Control of Striga asiatica through the integration
of legume cover crops and Striga resistant maize. Int. J. Pure Appl. Sci Technol. 29(1) pp 42 *-—
53.

Abdelsalam, MI., Abdalla, N and Abdelkreim, A. 2017. The effect of rangeland protection and
reseeding on vegetation attributes at Alazazah area, Blue Nile State, Sudan. Modern
Agricultural Sciene and Technology, Vol. 5 No. 1 — 7 pp. 43 — 47 DOI: 10.15341/mast (2375 —
9402) 01.03.2017/006

Aboling, S., Sterberg, M., Perevolotsky, A. and Kigel, J. 2008. Effects of cattle grazing-timing
and intensity on soil seed banks and regeneration strategies in a Mediterranean grassland.
Community Ecology, Vol. 9, (2008) pp. 97 — 106

Abrams, MD., Vose, JM and Rankin, D. 2014. Ecophysiological responses in mesic versus xeric
hardwood species to an early-season drought in Central Pennsylvania. Forest Science 36(4):
970981

Abrahamson, W.G. 2011. Plant- animal interactions. Bucknell University, McGraw Hill
Encyclopedia of Science and Technology, 10" Editon

Abtew, AA., Pretsch, J., Mohmoud, TE and Adam, YO. 2012. Commaodity chain of frankinsense
from the dry woodlands of Nuba Mountains, South Kordofan State, Sudan. Small-Scale Forest
11, 365 - 388. Doi: 10,1007/s11842 — 011 — 9189 — 4

Achchuthan, S and Kajananthan, R. 2012. A study on value chain analysis in the dairy sector
Kilinochchi District, Sri Lanka. Global Journal of Management and Business Research. Vol. 12
Issue 21 Version 1.0

Adam, Y., Pretsch, J and Pattenella, D. 2013. Contribution of non-timber forest products:
Livelihoods strategies to rural development in dry lands of Sudan: Potentials and failures. Agric
Syst. 117, 90 — 97. Doi: 10.1016/j.agsy.2012.12.008

Adesogun, AT. 2009. Challenges of tropical silage production. Pp 139 — 154 in Proc. 15" Intl.
Silage Conf. Madison, WI. University of Winsconsin, Madison

144


https://doi.org/10.1007/s11250

Adesogun, AT and Newman, YC. 2014. Silage harvesting, storing and feeding. IFAS Extension,
University of Florida. Gainesville. https://edis.ifas.ufl.edu/pdffiles/AG/AG18000.pdf

Alabdulla, SA. 2019. Seed Vviabilty. Research Gate, University of Basrah.
https://www.researchgate.net/publication/333092001

Al-Hashmi, MM. 2008. Hydroponic green fodder production in the Arabian Gulf Region, MS
Thesis, Faculty of Graduate Studies. Arabian Gulf University, Manama, Bahrain, 2008.

Al-Karaki, GN and Al-Hashimi, M. 2011. Green fodder production and water use efficiency of
some forage crops under hydroponic conditions. International Scholarly Research Network
ISRN Agronomy Vol. 2012 Article ID 924672, 5 pages, doi.10.5402/2012/924672

Allreda, BW., Scastab, JD., Hovickb, TJ., Fuhlendorf, SD and Hamiltone, RG. 2014.Spatial
heterogeneity stabilizes livestock productivity in a changing climate. Agric Ecosyst Environ, 193:
37-41

Ambaye, DW. 2012. Land rights in Ethiopia: Ownership, equity and liberty in land use rights.
FIG Work. Week 6 — 10

Anderson, DM. 2007. Virtual fencing — past, present and future. The Rangeland Journal 29, 65
— 78, doi: 10.1071/RJ06036

Anderson, DM., Estell, RE., Holechek, JL., lvey, S and Smith, GB. 2014. Virtual herding for
flexible livestock management — a review. The Rangeland Journal, 2014, 36, 205 — 221
http://dx.doi.org/10.1071/RJ13092

Anderson, PML and Hoffman, MT. 2007. The impact of sustained heavy grazing on plant
diversity and composition in lowland and upland habitats across the Kamiesberg mountain

range in Succulent Karoo, South Africa, Journal of Arid Environments 70: 686 — 700

Angelsen, A., Jagger, P., Babigumira, R., Belcher, B., Horgarth, NJ and Bauch, S. 2014.
Environmental income and rural livelihoods: A global-comparative analysis. World Dev. 64, S12
— S28. https://doi:10.1016/].worlddev.2014.03.006

Annichiarico, P. 2004. A low-cost procedure for multipurpose, large scale field evaluation of

forage crop genetic resources. Euhytica 140: 223 — 229

145


https://edis.ifas.ufl.edu/pdffiles/AG/AG18000.pdf
https://www.researchgate.net/publication/333092001
http://dx.doi.org/10.1071/RJ13092
https://doi:10.1016/j.worlddev.2014.03.006

Ansar, M., Ahmed, ZI., Maliki, MA., Nadeem, M., Majeed, A and Rischkowsky, BA. 2010.
Forage yield and quality potential of winter cereal-vetch mixtures under rain-fed conditions.
Emirates Journal of Food and Agriculture Vol. 22 No. 1, pp. 25— 36

Archer, M. 2006. Species preferences of grazing horses. Grazing and Forage Science 28(3):
123 - 128 DOI: 10.1111/j.1365 - 2494. 1973. tb00732.x

Archer, S., Schimel, DS and Holland, EA. 1995. Mechanisms of shrub land expansion: Land
use, climate or CO2? Climatic Change 29: 91 — 99

Ardiarini, N., Lase, J.A., Hidayat, Y. and Habeahan, K.B. 2021. The effect of seed scarification
on the germination process and the growth of long bean (Vigna sinensis) sprout. E3S Web of
Conferences 306, 01002(2021) https://doi.org/10.1051/esconf/202130601002

Arshadullah, M., Rasheed, U., Hyder, SI and Anwar, M. 2011. Screening of Panicum antidotale
grass species under spring and monsoon seasons in the mesic climate of Pothowar Plateau
(Pakistan). Journal of Animal and Plant Sciences 21(3) pp 531 — 534 ISSN: 1018 — 7081

Ash, AJ., Corfield, JP., Mclvor, JG and Ksiksi, TS. 2011. Grazing management in tropical
savannas: Utilization and rest strategies to manipulate rangeland condition. Rangeland Ecology
and Management 64: 223 — 239

Avila, CLS., Bravo-Martins, CEC and Schwan, R. 2010. Identification and characterization of
yeasts in sugar cane silages. J. Appl. Micribiol. 109: 1677 — 1686

Awono, A., Ndoye, O and Preece, L. 2010. Empowering women’s capacity for improved

livelihoods in non-timber forest product trade in Cameroon. Int. J.Soc.Forest. 3,151 — 163

Babai, D and Molnar, Z. 2013. Small-scale traditional of highly species-rich grasslands in the

Carpathians. Agriculture, Ecosystems and Environment, Vol. 182 pp. 123 — 130

Bai, Z and Dent, D. 2009. Recent land degradation and improvement in China. Ambio 38: 150 —
156

Bakker, JP. 1989. Nature management by grazing and cutting: On the ecological significance of
grazing and cutting regimes applied to restore species-rich grassland in The Netherlands.

Kluwer Academic Publishers, Dordrecht.

146



Bao, Jg., Giller, P.S. and Stakelum, G. 2010. Selective grazing by dairy cows in the presence of
dung and the defoliation of tall grass dung patches. Animal Science, Vol. 66, Issue 1.
Cambridge University Press

Barrett, JC. 1992. The economic role of cattle in communal farming systems in Zimbabwe.
London: Overseas Development Institute

Barnes, M and Hild, A. 2013. Strategic grazing management for complex creative systems.
Rangelands 35, 3 — 5. Doi: 10.2111/RANGELANDS-D-13-00052.1

Behnke, RH. 2008. The drivers of fragmentation in arid and semi-arid landscapes, In: Galvin,
KA., Reid, RS., Behnke, Jr. RH., Hobbs, NT. (Eds.), Fragmentation in semi-arid and arid
landscapes: Consequences for human and natural systems. Springer, Dordrecht, Netherlands,
pp. 305 — 340

Behnke, RH., Fernandez-Giminez, ME., Turner, MD and Stammler, F.2011. Pastoral migration:
Mobile systems of livestock husbandry. Anim. Migr. a Synth 144 - 171.
https://doi.org/10.1093/acprof:0s0/9780199568994.003.0010

Beigrezaei, S., Forbes, S.C., Kaviani, M., Roy, B.D. and Salehi-Abargouei, A. 2022. Roll of dairy
foods in sport nutrition. Dairy Foods: Processing, Quality and Analytical Techniques, pp. 339 —
364

Bennett, J., Palmer, A.R. and Blackett, M. 2012. Range degradation and land tenure change:
Insights from a “released” communal area of Eastern Cape Province, South Africa. Land
Degradation and Development 23: 557 - 568

Benjaminsen, TA., Holden, S., Lund, C and Sjaastad, E. 2009. Formalization of land rights:
Some empirical evidence from Mali, Niger and South Africa. Land Use Policy 26 (1) 28 — 35.
https://doi.org/10.1016/j.landusepol.2008.07.003

Bernardes, TF., Daniel, JLP., Adesogun. AT., McAllister, TA., Drouin, P., Nussio, LG.,
Huhtanen, IIP., Tremblay, GF., Belanger, G and Cai, Y. 2017. Silage review: Unique challenges
of silages made in hot and cold regions. J. Dairy Sci. 101: 4001 - 4019
https://doi.org/10.3158/jds.2017-13703

147


https://doi.org/10.1093/acprof:oso/9780199568994.003.0010
https://doi.org/10.1016/j.landusepol.2008.07.003
https://doi.org/10.3158/jds.2017-13703

Beuselinck, PR., Bouton, JH., Lamp, WO., Matches, AG., MacCaslin MH., Nelson, CJ., Rhodes
Sheaffer, CC and Volenec JJ. 1994. Improving legume persistence in forage crop systems.
https://doi.org/10.2134/jpal1994.0311 Vol. 7 Issue 3 pp. 311 — 322

Beyene, F. 2016. Land use change and determinants of land management: Experience of
pastoral and agro-pastoral herders in eastern Ethiopia. J. Arid Environ. 125, 56 — 63
https://doi.org/10.1016/j.jaridenv.2015.10.001

Bhandari, H.S., Pierce, C.A., Murray, LW. and Ray, |.M. 2007. Combining abilities and
heterosis for forage yield among high-yielding accessions of the alfalfa core collections. Crop
Science 77: 665 — 673

Bird, K and Prowse, M. 2008. Vulnerability, poverty and coping in Zimbabwe. United Nations
University. UNU-WIDER Research Paper 2008/41

Bo, TL., Fu, LT and Zheng, XJ. 2013. Modeling the impact of overgrazing on evolution process

of grassland desertification. Aeolian Res, 9: 183 — 189

Boller, B. and Greene, S. 2010. Fodder crops and amenity grasses. Article January 2010.
https://doi.org/10.1007/978 - 1 - 4419 — 0700 — 8 — 2

Bolsen, KK. 2006. Silage management: Common problems and their solutions pp. 83 — 93 in
Tri-State Dairy Nutrition Conference, Wayne, IN

Bonnet, O., Fritz, H., Ggonoux, J and Meuret, M. 2020. Challenges of foraging on high-quality,
but unpredictable food source: The dynamics of grass production and consumption in savanna
grazing lawns. Journal of Ecology 98(4): 908 - 916. https://doi.org10.1111/.1365 -
2745.2020.01663.x

Boone, R.B., Galvin, K.A. Burnsilver, S.B., Thornton, P.K. and Ojima, D.S. 2011. Using coupled
simulation models to link pastoral decision making and ecosystem services. Ecology and
Society 16: 6

Borreani, G., Tabacco, E., Schmidt, RJ., Holmes, BJ and Muck, RE. 2017. Silage review:
Factors affecting dry matter and quality losses in silages. J. Dairy Sci. 101: 3952 — 33979
https://doi.org/10.3168/jds.2017-13837

148


https://doi.org/10.2134/jpa1994.0311
https://doi.org/10.1016/j.jaridenv.2015.10.001
https://doi.org/10.1007/978
https://doi.org10.1111/j.1365%20-2745.2020.01663.x
https://doi.org10.1111/j.1365%20-2745.2020.01663.x
https://doi.org/10.3168/jds.2017-13837

Boval, M. and Dixon, R.M. 2012. The importance of grasslands for animal production and other
functions: A review on management and methodological progress in the tropics. Animal (2012),
6.5, pp. 748 — 762. The Animal Consortium 2012, doi: 10.1017/S1751731112000304

Breckle, SW., Veste, M and Wuchere, W. 2001. Sustainable land-use in deserts. Berlin:

Springer — Verlag; pp. 465

Brkljacic, J., Gotewold, E., Scholl, R., Mockler, T., Garvin DF and Vain, P. 2011. Brachypodium
as a model for the grasses: Today and the future. Plant Physiol. 157; 3 - 13
doi.org/10.1104/pp.111.179531

Brown, CS and Bugg, RL. 2001. Effects of established perennial grasses on introduction of
native forbs in California. Journal of the Society for Ecological Restoration
https://doi.org/10.1046/j.1526-100x.2001.009001038.x

Brusetti, LS., Borin, A., Rizzi, D., Mora, C., Sorlini, C and Daffonchio, D. 2008. Exploration of
methods used to describe bacterial communities in silage maize (Zea mays) cultivars. Environ.
Bio-safety Res. 7: 25 — 33 https://doi.org/10.1051/ebr:2007047

Buitenwerf, R., Swemmer, AM and Peel, MJS. Long term dynamics of herbaceous vegetation
structure and composition in two African savanna reserves. Journal of Applied Ecology 48: 238
— 246

Buitenwerf, R., Bond, WJ., Stevens, N and Trollope, WSW. 2012. Increased tree densities in
South African savanna: >50 years of data suggests CO2 as a driver. Global Change Biology 18:
675 — 684

Buzhdygan, O.Y., Tietjen, B., Rudenko, S.S. and Nikorych, V.A. and Petermann, J.S. 2020.
Direct and indirect effects of land use intensity on plant communities acrossmelevation in semi-
natural grasslands. PLoS One, 15(2020) p.e0231122

Carlier, L., Rota, I., Vlahova, M. and Vidican, R. 2009. Importance and functions of grasslands\.
Notulae Botanici Horti Agrobotanici Cluj Napoca, 37(1)2009, 25 — 30

Cayssials, V and Rodriguez, C. 2006. The adaptive value of grass traits in response to grazing.
The Journal of Plant Ecology 11(2): rtw 139 DOI:101093/jpe/rtw139

Chambers, R. and Conway, G. 1992. Sustainable rural livelihoods: Practical concepts of the 21

Century. (Brighton: Institute of Development Studies: University of Sussex, 1992).

149


https://doi.org/10.1046/j.1526-100x.2001.009001038.x
https://doi.org/10.1051/ebr:2007047

Chambers, J.C., and Mac Mahon, J.A. 1994. A day in the life of a seed: Movements and fates of
seeds and their implications for natural and managed systems. Ann. Rev. Ecol. Syst 1994, 25,
263 - 292

Chaminuka, P., Groenveld, RA and van Ireland, EC. 2014. Reconciling interests concerning
wildlife and livestock near conservation areas: A model for analyzing alternative land uses. J.
Ecol. Econ. 98: 29 - 38

Chanda, R., Totolo, O., Moleele, NM., Setshego, M and Mosweu, S. 2003. Prospects for
subsistence livelihood and environmental sustainability along the Kalahari Transect: the case of

Matsheng in Botswana’s Kalahari rangelands. j. Arid Environ. 54, 425 — 445

Chidoko, C and Zhou, S. 2012. Impact of agricultural development on youth employment in
Zimbabwe: The case of Masvingo Province. Russian Journal of Agricultural and Economic
Science, No. 11(11) 2012. DOI:10.18551/rjoas.2012-11.04 License: CC BY 4.0

Chimonyo, M., Kusina, N.T., Hamudikuwanda, H. and Nyoni, O. 1999. A survey on land use and
usage of cattle for draught in a smallholder farming area of Zimbabwe. Journal of Applied
Sciences in Southern Africa 5: 111 - 121

Chippindall, LKA and Cook, AO. 1976. 240 Grasses of Southern Africa. Published by M.O.
Collins (Pvt) Ltd. Salisbury. Printed by Edinburgh Press, Salisbury

CIAT and CGIAR. 2015. Improved forages to enhance farming productivity, climate change
resilience, and environmental sustainability in Eastern and Southern Africa. Nairobi.

International Livestock Research Institute. CIAT

Cingolani, AM., Noy-Meir, | and Diaz, S. 2005. Grazing effects on rangeland diversity: a
synthesis of contemporary models. Ecol. Appl. 15: 757 — 773

Clavijo, del PM., Nordenstahl, M., Gundel, PE., Jobbagy, EG. 2005. Poplar afforestation effects
on grassland structure and composition in the flooding pampas. Rangel. Ecol. Manag. 58, 474 —
479, https://doi.org/10.2111/1551 - 5028(2005)58.

Coblentz, WK and Akins, MS. 2018. Silage review: Recent advances and future technologies for
baled silages. J. Dairy Sci. 101: 4075 — 4092 https://doi.org/10.3168/|jds.2017 - 13708

150


https://doi.org/10.2111/1551%20-%205028
https://doi.org/10.3168/jds.2017%20-%2013708

Coetzee, L., Montshwe, BD and Jooste, A. 2004. The marketing of livestock on communal lands
in the Eastern Cape Province: Constraints, challenges and implications for the Extension
Services. South African Journal of Agricultural Extension 34(1) 81 — 103

Cousens, RD., Hill, J., French, K and Bishop, ID. 2010. Towards better prediction of seed
dispersal by animals. Functional Ecology 24(6): 1163 d0i.10.111/1j.1365 — 2435.2010.01747.x

Cotula, L., Toulmin, C and Hesse, C. 2004. Land tenure and administration in Africa; Lessons of
experience and emerging issues. International Institute for Environment and Development,

London

Cowley, R and McCosker, K. 2011. Safe pasture utilization: In Sustainable development of VRD
grazing lands. Final Report, B.NBP.0375, Meat and Livestock Australia, North Sydney, Australia
pp. 463

Cowlishaw, SJ and Alder, FE. 2009. The grazing preferences of cattle and sheep. The Journal

of Agricultural Science Vol. 54 Issue 2
Cuddeford, D. 1989. Hydroponic grass. In Practice, Vol. 11 No. 5 pp. 211 - 214

Dahlberg, A.C. 2000. Vegetation density and change in relation to land use, soil and rainfall: A
case study from North Eastern District, Botswana. Journal of Arid Environments 44: 19 — 40

Darkoh, MBK. 1990. Trends in natural resource use and prospects for sustainable resource
management in Kenya’s arid and semi-arid lands. Land degradation and rehabilitation. Vol. 2 pp
177 - 190

Davies, P., Herrera, J., Ruiz-Mirazo, J., Mahomed-Katere, | and Hannan, E. 2016. Improving
governance of pastoral lands. Implementing the voluntary guidelines on the responsible
governance of tenure of land. Fisheries and Forests in the context of National Food Security.
GOVERNANCE OF TENURE TECHNICAL GUIDE No. 6 FAO, Rome.

Day, KA., McKeon, GM and Carter, JO. 1997. Final report to the Rural Industries Research and
Development Corporation. Evaluating the risks of pasture and land degradation in native

pastures in Queensland, Australia

Day, KA and Phelp, MW. 1997. Final Report the Rural Industries Research and Development
Corporation. Appendix 3. SWIFTSYND METHODOLOGY. Evaluating the risks of pasture and

land degradation in native pastures in Queensland. Australia

151



Day, KA., McLaurin, G., Dube, S., Hlatshwayo, AS and Trevor, C. 2003. Final report to the
Australian Centre for International Agricultural Research (ACIAR): Capturing the benefits of
seasonal climate forecasts in agriculture management. Subproject 3: Grazing systems in
Zimbabwe

De Groot, P., Field-Juma, A., and Hall, DO. 1992. Reclaiming the land: Re-vegetation in semi-
arid Kenya. African Centre for Technology Studies (ACTS) Press, Nairobi, Kenya: Biomass
Users Network (BNU), Harare, Zimbabwe

Del-Claro, K. and Torezan-Silingardi, H.M. 2021. Plant-animal interactions: Source of
biodiversity. Springer, Cham. https://doi:10.1007/978 - 3 030 - 66877 — ISBN: 978 — 3 — 030 —
66876 — 1

Dembele, F., Picard, N., Karembe, M and Bimbaun, P. 2006. Tree vegetation patterns along a

gradient of human disturbance in the Sahelian area of Mali. J. Arid Environ. 64: 284 — 297

Deng, L., Sweeney, S and Shangguan, ZP. 2013. Grassland responses to grazing disturbance:
plant diversity changes with grazing intensity in a desert steppe. Grass Forage Sci. doi:10.1110/
gfs.12065

Department of Meteorological Services. 1981. Climate Handbook of Zimbabwe. Government
Printers, Harare, Zimbabwe

Derner, JD., Hunt, L., Filho, KE., Ritten, J., Capper, J and Hang, G. 2017. Livestock production
systems in Rangeland production systems: Processes, management and challenges (ed.
Briske, DD., Cham: Springer) 347 — 372

Desta, S and Coppock, DL. 2004. Pastoralism under pressure: Tracking system change in
Southern Ethiopia. Hum. Ecol. 32, 465 - 486.
https://doi.org/10.1023/B:HUEC.0000043516.56037.6b

De Sousa, FF., Vieira, de Silva, C and Barros, FB. 2018. The (in)visible market of Miriti (Mauritia
flexuosa L.f.) fruits, “winter acai” in Amazonian riverine communities of Abaetetuba, Northern
Brazil. Glob. Ecol. Conserv. 14: e00393. https://d0i:10.1016/j.gecco.2018.e00393

Dongre, R. 2007. Effect of soaking time of cow urine and rooting media on seed germination of
kagzi lime (Citrus aurantifolia swingle). MSc Thesis submitted to Jawaharlal Nehru Krishi,

Vishwa Vidyalaya Jabalpur, Madhya Pradesh, India

152


https://doi:10.1007/978
https://doi.org/10.1023/B:HUEC.0000043516.56037.6b
https://doi:10.1016/j.gecco.2018.e00393

Doorenbos, J and Kassam, AH. 1979. Yield response to water. FAO Irrigation and Drainage
Paper No. 33. FAO, Rome, Italy

Du Toit, JCO., Ramaswiela, T., Pauw, MJ O’Connor, TG. 2018. Interactions of grazing and
rainfall on vegetation at Grootfontein in the eastern Karoo. African Journal of Range & Forage
Science 2018, 35(3 & 4): 267 — 276 https://doi.org/10.2989/10220119.2018.1508072

Ebei, P., Oba, G and Akuja, T. 2007. Long term impacts of droughts on pastoral production and
trends in poverty in northwestern Kenya: An evaluation of 14 — year drought early warning data

series

Ekepu, D and Tirivanhu, P. 2016. Assessing socio-economic factors influencing adoption of
legume-based multiple cropping systems among smallholder sorghum farmers in Soroti,
Uganda. S. Afr. J. Agric. Ext. Vol. 44 No. 2 2016: 195 — 215 https://www.doi.org/10.17159/2413
— 3221/2016/v44n2a421 Accessed: 09/03/2022

Eldridge, DJ., Poore, AGB., Ruizi-Colmenero, M., Letnic, M and Soliveres, S. 2016. Ecosystem
structure, function and composition in rangelands are negatively affected by livestock grazing.
Ecological Applications 26: 1273 — 1283

Elliott, KJ., Vose, JM and Rankin, D. 2014. Herbaceous species composition and richness of
mesophytic cove forests in the southern Appalachians: Synthesis and knowledge gaps. The
Journal of Torrey Botanic Society 141(1): 39 - 71

Elloumi, M., Nasr, N., Selmi, S., Chouki, S., Chemak, F., Raggad, N., Nefzaoui, A and Ngaido,
T. 2001. Rangeland management options and private and community strategies of agro-pastors
in Central and South Tunisia. In: International Symposium on Policy and Institutional Options for
the management of Rangelands in Dry Areas; May 6 — 11; Hammamet

Fan, S., Johnson, M., Saurkar, A and Makombe, T. 2008. Investing in African agriculture to
halve poverty by 2015. IFPRI Discussion Papers 751, International Food Policy Rsearch
Institute (IFPRI).

FAO, 1978. Report on the Agro-ecological zones project. Vol. 1. Methodologies and Results for
Africa. Rome. FAO Publication. World Soil Resources Report pp 158

FAO, 1992. Livestock — A driving force for food security and sustainable development. FAO

Animal Production and Health Division

153



FAO. 2001. Mixed crop-livestock farming: A review of traditional technologies based on
literature and field experiences. Traditional technologies for animal production. Chp 5
https://www.fao.org/DOCREP/004/Y0501E/y0501e06.htm

FAO, 2010. Guide lines on sustainable forest management in dry lands of sub-Saharan Africa.
Arid Zone Forests and Forestry Working Paper No. 1, Rome.

FAO. 2012. Voluntary guidelines on the responsible governance of tenure of land. Fisheries and

Forests in the context of food security, Rome. https://www.fao.org/docrep/016/i2801e/i2801e.pdf

Fenner, M and Thompson, K. 2005. The ecology of seeds. Cambridge University Press:
Cambridge, UK. 2005

Ferandez-Giminez, ME. 2002. Spatial and social boundaries and the paradox of pastoral land
tenure: A case study from pastoralist Mongolia. Hum. Ecol. 30, 49 - 78
https://doi.org/10.1023./A:1014562913014

Forest, | et al, 2015. Biodiversity increases the resistance of ecosystem productivity to climate
extremes. Nature 2015. D0i:10.1038/nature15374

Fraccarolli, C. 2015. Making hay while the sun shines. Colleges of Agricultural and Life
Sciences CALS. Cornell Small Farms Program

Frost, CJ and Hunter, MD. 2007. Recycling of nitrogen in herbivore feces: Plant recovery,
herbivore assimilation, soil retention and leaching losses. Oecologia 151(1): 42 — 53. https://
doi.org/10.1007/s004442-006-0579-9

Fuhlendorf, SD., Briske, DD and Smiens, FE. 2001. Herbaceous vegetation change in variable
rangeland environments: The relative contribution of grazing and climatic variability. Applied
Vegetation Science 4, 177 — 188 doi: 10.1111/j.1654 — 109X.2001.tb00486x

Galvin, KA., Ellis, J., Boone, RB., Magennis, AL., Smith, NM., Lynn, S and Thornton, P. 2002.
Compatibility of pastoralism and conservation. In: Chatty, D. and Colchester, M. (eds)

Conservation and mobile indigenous peoples. Beghahn Books. New York, Oxford, pp36 — 60

Galvin, KA., Thornton., Boone, RB and Sunderland, J. 2004. Climate variability and impacts on
East African herders: The Maasai of Ngorongoro Conservation Area. Tanzania. African J.
Range Forage Sci. 21, 183 — 189. https://doi.org/10.2989/10220110409485850

154


https://www.fao.org/DOCREP/004/Y0501E/y0501e06.htm
https://www.fao.org/docrep/016/i2801e/i2801e.pdf
https://doi.org/10.1023./A:1014562913014

Gamoun, M., Patton, B and Hanchi, B. 2014. Assessment of vegetation response to grazing
management in arid rangelands of southern Tunisia. International Journal of Biodiversity
Science, Ecosystem Services and Management, 2015 Vol. 11, No. 2, 106 - 113,
http://dx.doi.org/10.1080/2151372.2014.998284

Gemedo-Dalle, T., Maass, BL and Isselstein, J. 2006. Rangeland condition and trend in the
semi-arid Borana lowlands, southern Oromia, Ethiopia. Afri. J. Range and Forage Sci. 23, 49 —
58

Getabalew, M. and Alemneh, T. 2019. Factors affecting productivity of rangelands. J. Plant Sci
Agri Res Vol. 3 No. 1: 19

Gibbs Russell, GE., Watson, L., Koekemoer, M., Smook, L., Barker, NP., Anderson, HM and
Dallwitz, MJ. 1991. Grasses of Southern Africa. National Botanic Gardens, South Africa. ISBN 0
620 14846 2

Gillson, L., Biggs, H., Smit, IPJ., Virah-Sawmy, M and Rogers, K. 2019. Finding common
ground between adaptive management and evidence-based approaches to biodiversity.

Conservation Trends in Ecology & Evolution 34(1): 31 — 44

Ginwal, D., Kumar, R., Ram, H. and Dutta, S. 2019. Fodder productivity and profitability of
different maize and legume intercropping systems. Indian Journal of Agricultural Sciences 89(9):
1451 — 1455 https://doi.org/10.56093/ija.v89i9.93486

Gioria, M., Pysek, P and Moavcova, L. 2012. Soil seed banks in plant invasions: Promoting
species invasiveness and longOterm impact on plant community dynamicas. Preslia 2012, 84,
327 - 350

Gokbulak, F. 2006. Recovery and germination of grass seeds ingested by cattle. Online Journal
of Biological Sciences 6(1): 23 — 27 ISSN: 1608 — 4217

Gomaa, N.H. 2012. Soil seed banks in different habitats of the Eastern Desert of Egypt. Saudi
Journal of Biological Sciences. Vol. 19 Issue 2 pp. 211 - 220

Greiner, C., Alvarez, M and Becker, M. 2013. From cattle to corn: Attributes of emerging farming
systems of former pastoral nomads in east Pokot, Kenya. Soc. Nat. Resour. 26, (12), 1478 —
1490. https://doi.org/10.1080/08941920.2013.791901

155


http://dx.doi.org/10.1080/2151372.2014.998284
https://doi.org/10.1080/08941920.2013.791901

Grebremeskel, T., Flintan, F and Borinann, U. 2016. Woreda (District) participatory land use
planning in pastoral areas of Ethiopia: Development, piloting and opportunities for scaling up.
Paper prepared for presentation at the 2016 In: World Bank Conference on land and poverty.
The World Bank — Washington DC, March 14 — 18, 2016.

Grissom, G. and Steffens, T. 2013. Adaptive grazing management at Rancho Largo Cattle
Company. Rangelands, 35, 35 — 44. Doi: 10.2111/RANGELANDS-D-13-00015.1

Hammond, K.J., Humphries, D.J., Westbury, D.B., Thompson, A., Crompton, L.A., Kirton, P.,
Green, C. and Reynolds, C.K. 2014. The inclusion of forage mixtures in the diet of growing dairy
heifers: Impacts on digestion, energy utilization and methane emissions. Agricultural
Ecosystems and Environment Vol. 197 pp. 88 — 95 https://sdoi.org/10.1016/j.agec.2014.07.016

Hargreaves, SK., Bruce, D and Beffa, ML. 2004. Disaster mitigation options for livestock in
communal farming systems in Zimbabwe. International Crop Research Institute in Semi-Arid

Tropics pp. 19 — 32

Havstad, KM., Peters, DPC., Skaggs,R., Brown, J., Bestelmeyer, B., Fredrickson, E., Herrick, J
and Wright, J. 2007. Ecological services to and from rangelands of the United States.
https://doi.org/10.1016/jecoloecon.2007.08.005

Havstad, KM. 2007. Mongolia’s rangelands: Is livestock production the key to the future?

Hein, L. 2006. The impacts of grazing and rainfall variability on the dynamics of a Sahelian
rangeland. Journal of Arid Environments 64: 488 — 504

Hempson, GP., Archibald, S and Bond, WJ. 2015. A continent-wide assessment of the form and
intensity of large mammal herbivory in Africa. Science 350(6264): 1056 — 1061. https:
//doi.org/10.1126/science.aac7978

Hesse, C and McGregor, J. 2006. Pastoralism: Dry lands invisible assets? Developing a
framework for assessing the value of pastoralism in East Africa. Drylands Issue Paper 142.
IIED, London. Available at https://pubs.org/pdf/12534IIED.pdf?

Hickman, KR., Hartnett, DC., Cochran, RC and Owensby, CE. 2004. Grazing management

effects on plant species diversity in tallgrass prairie. J. Range Management. 57: 58 - 65

156


https://doi.org/10.1016/jecoloecon.2007.08.005

Higginbottom, TP and Symeonakis, E. 2014. Assessing land degradation and desertification
using vegetation index data; current frameworks and future directions. Remote sensing 6: 9552
— 9575

Higgins, Sl and Scheiter, S. 2012. Atmospheric CO:; forces abrupt vegetation shifts locally, but
not globally. Nature 488: 209 — 213

Hlatshwayo, AS. 2017. The effect of open (uncontrolled) grazing on semi-arid communal
rangelands of south western Zimbabwe. A thesis submitted in partial fulfilment of the
requirements for the degree of Master in Sustainable Agriculture, Faculty of Natural and

Agricultural Sciences, Centre for Sustainable Agriculture, University of Free State, South Africa.

Hobbs, NT., Galvin, KA., Stokes, CJ., Lackett, JM., Ash, AJ., Boone, RB., Reid, R and
Thornton, PK. 2008. Fragmentation of rangelands: implications for humans, animals and

landscapes. Global Environmental Change 18: 776 — 785.

Hoffman, MT., Skowno, A., Bell, W and Mashele, S. 2018. Long term changes in land use, land
cover and vegetation in the Karoo drylands of South Africa: Implications for degradation
monitoring. AJRFS Vol. 35: 3 & 4 pp. 209 - 221
https://doi.org/10.2989/2989/10220119.2018.1516237 ISSN 1022 - 0119

Holechek, J.L. Pieper, R.D. and Herbel, C.H. 2004. Range management: Principles and

practices. Prentice Hall, New Jersey, p: 607

Homann, S., Raschowsky, B. and Steinbach, J. 2007. The effect of development intervention on

the use of indigenous range management strategies in the Borana lowlands of Ethiopia

Homann-Kee Tui, S., Bandason, E., Maute, F., Nkomboni, D., Mpofu, N., Tanganyika, J., van
Rqooyen, AF., Gondwe, T., Dias, P., Ncube, S., Moyo, S., Hendricks, S. and Nisrane, F. 2013.
Optimizing livelihood and environmental benefits from crop residues in smallholder crop-
livestock systems in Southern Africa. Crop residues uses and trade-offs, exploring options for
sustainable intensification with stakeholders. International Crop Research Institute for the Semi-
arid Tropics (ICRISAT) Patancheru 502 324, Andhra Pradesh, India.

Hunt, LP., Petty, S., Cowley, R., Fisher, A., White, A., MacDonald, N., Pryor, M., Ash, AJ.,
McCosker, K., Mclvor, JG and McLeod, ND. 2013. Sustainable development of Victoria River
District (VRD) grazing lands. Final report Project B.NBP.0375. (Meat and Livestock Australia:
North Sydney, NSW).

157


https://doi.org/10.2989/2989/10220119.2018.1516237%20ISSN%201022%20-%200119

Hussain, I. 2018. Farmer reformer. A monthly e-magazine about Agriculture and Livestock. Vol.
3 Issue 10

Hussein, J. 1987. Agro-climatological analysis of growing season in Natural Regions lll, IV and
V of Zimbabwe. In: Cropping in the semi-arid areas of Zimbabwe. Vol.1. Proceedings of a
workshop held in Harare 24" — 28" August 1987. AGRITEX and DR&SS

Ibanez, J., Martinez, J Schnabel, S. 2007. Desertification due to overgrazing in a dynamic

commercial livestock-grass-soil system. Ecol. Modell. 205: 277 — 288
IFAD, 2018. Rural women in agriculture

IPCC (Intergovernmental Panel on Climate Change) 2007. Climate Change 2007 — The
Physical Science Basis. Working Group 1 Contribution to the Fourth Assessment Report of the
IPCC. (Cambridge University Press: Cambridge, UK).

IPCC, 2013. Climate change 2013: The physical science basis contribution of working group 1
to the fifth assessment report of the Intergovernmental Panel on Climate Change. Cambridge,
United Kingdom and New York, United States: Cambridge University Press pp 1535

Izzauralde, RC., Thomson, AM., Morgan, JA., Fay, PA., Polley, HW and Hatfield, JL. 2011.
Climate impacts on agriculture: Implications on forage and rangeland production. Agronomy
Journal 103: 371 — 381

Jaunatre, R., Buisson, E. and Du Toit, T. 2014. Can ecological engineering restore
Mediterranean rangeland after intensive cultivation? A large-scale experiment in southern
France. Ecol. Eng. 2014, 64. 202 — 212

Jones, LR. 2017. Modelling the effects of animal movements and behaviour on spatial patterns
of seed dispersal in fragmented landscapes. PhD Dissertation, University of Lousiana at

Lafayette

Karubian, J and Duraes, R. 2009. Effects of seed dispersion social behaviour on patterns of

seed movement and deposition. Oceologia Brasiliensis 13: 45 — 57

Kassahun, A., Snyman, HA and Smit, GN. 2008b. Impact of rangeland degradation on pastoral
production systems, livelihoods and perceptions of the Somali pastoralists in Eastern Ethiopia.
J. Arid Environ. 72, 1265 - 1281

158



Kgosikoma, OE., Mojeremane, W. and Harvie, B. 2015. The impact of livestock grazing
management systems on soil and vegetation characteristics across savanna ecosystems in

Botswana. African Journal of Range and Forage Science 32(4) 271 — 278

Kimiti, DW., Hodge, AMC., Herrick, JE., Beh, AW and Abbott, AE. 2017. Rehabilitation of
community-owned, mixed-use rangelands: Lessons from the Ewaso ecosystem in Kenya. Plant
Ecology 218: 23 — 37 (2017)

Kimuyu, DM., Veblen, KE., Riginos, C., Chira, RM., Githaiga, JM and Young, TP. 2017.
Influence of cattle on browsing and grazing wildlife varies with rainfalland presence of

megaherbivores. Ecological Applications 27: 786 — 978

Kiss, R., Deak, B., Torok, P., Tothmeresz, B and Valko, O. 2018. Grassland seed bank and

community resilience in a changing climate. Restor. Ecology. 2018. S141 — S150

Kumar, P., Singh, J., Kaur, G., Adunola, P.M., Biswas, A., Bazzer, S., Kaur, H., Kaur, |., Kaur,
H., Sandu, K.S., Vemular, S., Kaur, B., Singh, V and Tseng, T.M. 2022. OMICS in fodder crops:
Applications, challenges and prospects. Current Issues Mol. Biol. 2022, 44(11), 5440 — 5473
https://doi.org/10.3390/cimb44110369

Kuusaana, ED and Bukari, KN. 2015. Land conflicts between smallholders and Fulani
pastoralists in Ghana: Evidence from Asante Akim North District (AAND) J. Rural Stud. 42, 52 —
62. https://doi.org/10.1016/].jrurstud.2015.09.009

Kwembeya, E.G. and Takawira, R. 2002. A check list of Zimbabwean vernacular plant names
. National Herbarium and Botanic Garden. Second Edition

Lesham, MT and Odhiambo, EOS. 2013. Pastoralism: A livelihoods system in conflict. ADIMS
And Education, Vol. 2 No. 4, Oct 2013

Liu, H., Han, X., Huang, J., Liu, H and Li X. 2009. Grazing density effects on cover, species
composition, and nitrogen fixation of biological soil crust in an Inner Mongolian steppe.
Rangeland Ecol. Manag. 62: 321 — 327

Long, R.L., Panetta, F.D., Steadman, K.J., Probert, R., Bekker, R.M., Brooks, S., Adkins, S.W.
2008. Seed persistence in the field may be predicted by Laboratory-Controlled aging. Weed Sci
56, 523 — 528

159


https://doi.org/10.3390/cimb44110369
https://doi.org/10.1016/j.jrurstud.2015.09.009

Louhaichi, M and Tastad, A. 2010. The Syrian steppe: past trends, current status and future
priorities. Rangelands 32: 2 - 7

Mahonya, S., Shackleton, CM and Schreckenberg, K. 2019. Non-timber forest product use and
market chains along a deforestation gradient in south west Malawi. Front for Glob. Change 8
Nov 2019. https://doi.org/10.3389/ffgc:2019.00071. Accessed 10/09/2021

Mannetje, L. ‘t and Haydock, KP. 1963. The dry-weight rank method for the botanical analysis of
pasture. J. Br. Grassld Soc. 18: 267 — 275

Manske, L.L. 2005. Environmental factors to consider during planning of management for range
plants in the Dickson North Dakota Region, 1892 — 2004, NDSU Dickson Research Extension
Centre, Range Research Report, DREC 05 — 1018h. Dickson, ND 37

Mariotti, E., Parrini, F., Louw, CJ. and Marshal, J. 2020. What grass characteristics drive large
herbivores feeding patchy selection? African Journal of Range and Forage Science 2020. 37(4)
286 — 294

Mason, SJ and Jury, MR. 1997. Climatic variability and change over Southern Africa: A
reflection on understanding processes. Progress in Physical Geography 21: 23 — 50

Maass, BL., Midega, AO., Mutimura, M., Rahetlah, VB., Salgado, P., Kabirizi, JM., Khan, ZR.,
Ghimire, SR and Rao, IM. 2015. Homecoming of Brachiaria: Improved hybrids prove useful for
African Animal A;griculture. East African Agricultural and Forestry Journal 81: 71 — 78

Malusi, N., Falowo, AB and Idamokoro, EM. 2021. Herd dynamics, production and marketing
constraints in the commercialization of cattle across Nguni Cattle Project beneficiaries in
Eastern Cape, South Africa. Pastoralism: Research and Practice (2021) 11: 1
https://doi.org/10.1186/s13570-020.00186-x

Mangosho, E. and Mupambwa, H.A. 2013. Integrated weed management and control in
selected field crops: A field manual for Extension Agents, Trainers, Farm Managers and
Researchers. Agronomy Research Institute, Department of Research and Specialist Services,

Ministry of Agriculture, Mechanization and Irrigation Development, Zimbabwe

Mazwi, F., Chambati, W and Mutodi, K. 2018. Contract farming arrangement and poor
resourced farmers in  Zimbabwe. Technical Report 2018. Research Gate

https://www.researchgate.net/publication 325881375

160


https://doi.org/10.3389/ffgc:2019.00071
https://doi.org/10.1186/s13570-020.00186-x
https://www.researchgate.net/publication

Mbiba, B. 2001. Communal land rights in Zimbabwe as State Sanction and Social Control: A
narrative. Journal of the International African Institute, Vol. 71, No. 3 (2001) pp 426 — 448.
https://doi.org/10.2307/1161545 Accessed: 29/09/2021

Mestdagh, I., lantcheva, A., De Vliegher, A and Carlier, A. 2003. Conflicts of grassland for
forage production and environmental benefit. Grassland Science ibn Europe, 8: 487 — 490

Meyer, J.H., Lofgreen, G.P. and Hull, J.L. 1957. Selective grazing by sheep and cattle. Journal
of Animal Science, Vol. 16, Issue 4, pp. 766 — 772

McAllister, TA., Duniere, L., Drouin, P., Xu, S., Wang, Y., Munns, K and Zaheer, R. 2018. Silage
review: Using molecular approaches to define the microbial ecology of silage. J. Dairy Sci. 101:
4060 — 4074 https://doi.org/10.3168/jds.2017.13704

McNaughton, S.J., Coughenour, M.B. and Wallace, L.L. 1982. Interactive processes in
grassland ecosystems: In Grasses and Grasslands: Systematics and Ecology, (ed) J.R. Estes,
R.J. Tyrl and J.N. Brunken (Norman: University of Oaklahoma Press, 1982), 167 — 193

Mhere, O., Maasdorp, B and Titterton, M. 2002. Growing and ensiling annual and perennial
forage crops suited to marginal and semi-arid areas of Southern Africa. Forage Production and

Conservation Manual

Mkodzongi, G and Lawrence, O. 2019. The fast-track land reform and agrarian change in
Zimbabwe. Review of African Political Economy. Vol. 46, 2019 - Issue 159.
https://doi.org/10.1020/03056244.2019.1622210. Accessed:29/09/2021

Mmbengwa, VM., Nyhodo, B., Lindikaya, M and van Schalkwyk, H. 2015. Communal livestock
farming in South Africa: Does this farming system create jobs for poverty stricken rural areas?
Sylwan., 159(10) ISI Indexed-Oct 2015

Moncrieff, GR., Scheiter, S., Bond, WJ and Higgins, SI.2014. Increasing atmospheric CO;
overrides the historical legacy of multiple stable biome states in Africa. New Phytologist 201:
908 — 915

Muck, RE and Dickerson, JT. 1988. Storage temperature effects on proteolysis in alfalfa silage.
Tran ASAE 31: 1005 — 1009

161


https://doi.org/10.2307/1161545
https://doi.org/10.3168/jds.2017.13704
https://doi.org/10.1020/03056244.2019.1622210

Mudzengi, CP., Murwira, A., Zengeya, FM and Murungweni, C. 2017. Screening key browse
species in a semi-arid rangeland. Cogent Food and Agriculture 3: 1, 1285854 doi:
10.1080/2331.1932.2017. 128584 Accessed 10/09/2021

Mugandani, R., Wuta, M., Makarau, A and Chipindu, B. 2012. Re-classification of agro-
ecological regions of Zimbabwe in conformity with climate variability and change. African Crop
Science Journal Vol. 20 Issue Supplement s2 pp. 361 - 369

Mugasi, SK., Sabliti EN and Tayebwa, BM. 2000. The economic implication of bush
encroachment on livestock farming of Uganda. Afri. J. Range and Forage Science 17(1 — 3), 64
- 69

Mukungurutse, E. 2002. Browse production in Southern African semi-arid savanna grazing

systems. MPhil Thesis. University of Edinburgh

Murungweni, C., van Wik, MT., Smaling, EMA and Giller, KE. 2016. Climate-smart crop
production in semi-arid areas through increased knowledge of varieties, environment and
management factors. Nutr Cycl Agroecosyst (2016) 105: 183 — 197 doi: 10.1007/s10705 — 105
9695 - 4

Musalila, LM., Odilla, GA., Nderi, OM and Muleke, V. 2016. Current status of fodder production,
conservation and marketing in the arid and semi-arid lands of Tharaka Nithi County, Kenya.
African Journal of Agricultural Research. Vol. 11(26) pp 2337 — 2347

Musemwa, L., Chagwiza, C., Sikuka, W., Fraser, G., Chimonyo, M and Mzileni, N. 2007.
Analysis of cattle marketing channels used by smallholder farmers in the Eastern Cape
Province, South Africa. Livestock Research for Rural Development 19(9) Article No. 131

Musemwa, L., Mushunje, A., Chimonyo, M., Fraser, G and Mapiye, C. 2008. Nguni cattle
marketing constraints and opportunities in the communal areas of South Africa: Review. African
Journal of Agricultural Research 3(4) 239 - 245

Mussa, M., Hashim, H and Teha, M. 2016. Rangeland degradation: Extent, impacts and

alternative restoration techniques in the rangelands of Ethiopia. Tropical and Subtropical Agro-
ecosystems 19: 305 — 318

Mwareya, R. 2019. Zimbabwe’s beef industry stampede back to life. Africa Renewal: April 2019.

162



Mwembe, R. and Tavirimirwa, B. 2020. Fodder banking and Utilization: Notes for farmers

Myers, N., Mittermeier, RA., da Fonsenca, GAB and Kent, J. 2000. Biodiversity hotspots for

conservation priorities. Nature 403: 853 — 858

Ndhlovu, E. 2020. Communal rangelands and livelihoods development in rural Zimbabwe. Vaal
University of Technology. Journal of International Studies, January 2020.

https://www.researchgate.net/publication/338950371

Njauri, DMG., Gichangi, EM., Ghimire, SR amd Muinga, RW (Eds) 2016. Climate-smart
Brachiaria grass for improving livestock production in East Africa — Kenya experiences, Kenya

Agricultural and Livestock Research Organization, Nairobi, Kenya p. 271

Nordborg, M and Roos, E. 2016. Holistic management: A critical review of Allan Savour’s
grazing method. Technical Report 2016. Centre for Organic Food and Farming. Swedish

University of Agricultural Sciences

Norton, BE., Barnes, M and Teague, R. 2013. Grazing management can improve livestock
distribution. Rangelands. 35: 45 — 51

Nyakanda, C. 2005. Crop production management module. University of Zimbabwe

Oba, G and Kotile, DG. 2001. Assessment of landscape level degradation in southern Ethiopia:

Pastoralists versus ecologists. Land Degrad.and Develop. 12: 461 — 475

O’Connor, TG and Pickett, GA. 1992. The influence of grazing on seed production and seed
banks of some African savanna grasslands. Journal of Applied Ecology 29(1): 247 — 260.
https://doi.org/10.2307/2404367

O’ Connor, TG. 2015. Long term response of herbaceous sward to reduced grazing pressure
and rainfall variability in a semi-arid South African savanna. African J. R & F Sci. 32(4): 261 —
270 ISSN 1022 — 0119 EISSN 1727 — 9380 https://dx.doi.org/10.2989/10220119.2015.1015052

Odadi, WO., Young, TP and Okeyo-Owuor, JB. 2007. Effects of wildlife on cattle diets in
Laikipia rangeland, Kenya. Rangeland Ecology and Management 60: 179 — 185

Olff, H and Ritchie, ME. 1998. Effects of herbivores on grassland plant diversity. Trends in
Ecology and Evolution 13(7): 261 — 265. https://doi.org/10.1016/S0169-5347(98)01364-0

163


https://www.researchgate.net/publication/338950371
https://dx.doi.org/10.2989/10220119.2015.1015052
https://doi.org/10.1016/S0169-5347(98)01364-0

O’Reagain, PJ and Scanlan, JC. 2011. Sustainable management for rangelands in a variable
climate: Evidence and insights from northern Australia. Animal (2013), 7:s1, pp. 68 - 78. The
Animal Consortium 2012 doi: 10.1017/S17517311100262X

Palmer, AR and Bennett, JE. 2013. Degradation of communal rangelands in South Africa:
Towards an improved understanding to inform policy. African J. R&F. Sci. Vol. 30(1&2) pp. 57 —
63

Patel, N., Tandel, Y.N., Morasada, A. and Parmar, V.K. 2020. Effects of seed scarification and
soaking treatments on germination indices of Sapota. Plant Archives Vol. 20, No. 2, 2020, pp.
4526 — 4530 e-ISSN: 2581 — 6063

Patton, BD., Bestelmeyer, BT., Havstad, KM., Rango, A., Archer, SR., Comrie, AC., Gimblett,
HR., Lopez-Hoffman, L., Sala, OE and Vivoni, ER. 2013. Effects of grazing intensity,

precipitation, and temperature on forage production. Rangeland Ecol. Manag. 60: 656 — 665.

Patro, L. 2021. Worldwide development and monetary security in global economy. Journal of
Global Economics Vol. 9: 2, 2021 ISSN: 2375 — 4389

Penderis, CA and Kirkman, KP. 2014. Savanna browse production. 1: Determinants and
measurement. African Journal of Range and Forage Science 31(1) 13 - 24

Petermann, J.S., Fergus, A.J.F., Turnbull, L.A. and Schmid, B. 2008. Janzen-Connell effects are
widespread and strong enough to maintain diversity in grasslands. Ecology, 89(2008), pp. 2399
— 2406

Petermann, J.S. and Buzhdygan, O.Y. 2021. Grassland biodiversity. Current Biology Vol. 31,
Issue 19 pp. R1195 — R1201 https://doi.org/10.1016/j.cub.2021.06.060

Peters, DPC., Bestelmeyer, BT., Havstad, KM., Rango, A., Archer, SR., Comrie, AC., Gimblett
HR., Lopez-Hoffman, L., Sala, OE., Vivoni, ER. 2013. Desertification of rangelands. Clim.
Vulner. 4: 230 - 259

Phiri, K., Dube, T., Moyo, P., Ncube, C. and Ndlovu, S. 2019. Small grains “resistance?” Making
sense of Zimbabwean smallholder farmers’ cropping choices and patterns within a climate
change context. Cogent Social Sciences (2019), 5: 1622485
https;//doi.org/10.1080/23311886.2019.1622485

164



Poilecot, P., Timberlake, J., Drummond, R.B., Mapaura, A. and Shava, S. 2007. Eragrostis
species of Zimbabwe ISBN: 978 — 2 — 7592 — 0032 - 0

Prakashkumar, R and Sreenath, D. 2019. Green fodder production. A manual for field
functionaries. ICRISAT

Puttick, JR., Hoffman, MT and Gambiza, J. 2014. The impact of land use on woody plant cover
and species composition on the Grahamstown municipal commonage: Impact for South Africa’s
land reform programme. African J. R & F Sci. Vol 31(2) pp. 123 - 133

Reid, RS., Bedelian, C., Said, MY., Kruska, RL., Mauricio, RM., Castel, V., Olson, J and
Thornton, PK. 2010. Global livestock impacts on bio-diversity. In: Livestock in a changing land
scape: Drivers, Consequences and Responses. Vol. 1 (Eds: H. Steinfeld, HA. Mooney, F.
Schneider and LE Neville) pp111 — 137 (Island Press: Washington DC.)

Reynolds, JF. 2013. Desertification. Encycl Biodivers. 2: 279 — 494

Rohde, RF., Moleele, NM., Mphale, M., Allsopp, N., Chanda, R., Hoffman, MT., Mahole, L and
Young, E. 2006. Dynamics of grazing policy and practice: Environmental and social impacts in
three communal areas of Southern Africa. Environmental Science and Policy 9: 302 - 316

Rhode, RF and Hoffman, MT. 2012. Historical ecology of Namibian rangelands: vegetation
change since 1876 in response to local and global drivers. Science of the Total Environment
416: 278 — 288

Roux, DJ and Foxcroft, LJ. 2011. The development and application of strategic adaptive
management within South African National Parks. Koedoe 53(2). Artic. #1049.
https://doi.org/10.4102/loedoe.v54i1.1049

Rutherford, MC and Powrie, LW. 2010. Severely degraded rangeland: Implications for plant
diversity from a case study in Succulent Karoo, South Africa. Journal of Arid Environments 74:
692 - 701

Rutherford, MC and Powrie, LW. 2013. Impacts of heavy grazing on plant species richness: a

comparison across rangeland biomes of South Africa. South Afr J. Bot. 87: 146 - 156

Saatkamp, A., Poschold, P and Venable, DL. 2014. The functional role of soil seed banks in
natural communities. The Ecology of Regeneration in Plant communities, 3" Edition (ed. R.S.
Gallagher). CAB International 2014. Seeds.

165



Sala, OE and Paruelo, 1997. Ecosystem services in grasslands. In: Daily GC (ed.), Nature’s
services: Societal dependency on natural ecosystems. Washington, DC: Island Press. Pp 237 —
252.

Sasaki, T., Ohkuro, T., Jamsran, U and Takeuchi, K. 2012. Changes in the herbage nutritive
value and yield associated with thresh-hold responses of vegetation to grazing in Mongolian
rangelands. Grass Forage Sci. 67: 446 — 455.

Saunders, DA., Hobbs, RJ and Ehrlich, PR (eds). 1993. Reconstruction of fragmented

ecosystems. Surrey Beatty and Sons, Sydney.

Savory, A and Butterfield, J. 2016. Holistic management: A commonsense revolution to restore

our environment. Third Edition. Island Press, Washington, Covelo, London pp 328 - 329

Scherber, C., Eisenhaur, N., Weisser, W.W., Schmid, B., Voigt, W., Fischer, M., Schultze, E.D.,
Roscher, C., Weigelt, A. and Allan, E. 2010. Bottom-up effects of plant diversity on multitrophic
interactions in a biodiversity experiment. Nature, 468(2010) pp. 553 — 556

Schmidt, M and Pearson, O. 2016. Pastoral livelihoods under pressure: Ecological, political and
socioeconomic transitions in Afar (Ethiopia). J. Arid Environ. 124.
https://doi.org/10.1016/j.jaridenv.2015.07.003

Scholz, G. 1995. A practical guide to rangeland revegetation in western New South Wales:
Using native grasses. Technical Report No. 33. Department of Land and Water Conservation

Sebata, A and Ndlovu, LR. 2010. Effect of leaf size, thorny density and leaf accessibility on
instantaneous intake rates of five woody species browsed by Matabele goats (Capra hircus) in a

semi-arid savanna, Zimbabwe

Sebata, A and Ndlovu, LR. 2011. Effect of shoot morphology on browse selection by free

ranging goats in a semi-arid savanna. Journal of Livestock Science

Second Round Crop and Livestock Assessment Report 2019/2020 Season. Ministry of Lands,

Agriculture, Fisheries, Water and Rural Resettlement, Government of Zimbabwe, 13 May 2020

Semba, RD., Rahman, N., Du, S., Ramsing, R., Sullivan, V., Nussbaumer, E., Love, D and
Bloem, MW. 2021. Patterns of legume purchases and consumption in the United States.
Frontiers in Nutrition. Frot Nutr. 2021, 8.732237 do0i:10.3389/fut.2021.732237 Accessed:
09/03/2022

166


https://doi.org/10.1016/j.jaridenv.2015.07.003

Senda, TS., Robinson, LW., Gachene, CKK., Kironchi, G and Doyo, J. 2020. An assessment of
the implications of alternative scales of communal land tenure formalization in pastoral systems.
Land Use policy 94 (2020) 104535 https://doi.org.10.1016/].landusepol.2020.104535

Shackleton, CM and Gambiza, J. 2008. Social and ecological trade-offs in combating land
degradation: The case of invasion by a woody shrub (Euryops floribundus) at Macubeni, South
Africa. Land Degradation and Development 19: 454 — 464

Shang, Z., Rren, G. and Long, R. 2009. Review of seed-bank studies: Size, parten and
impacting factors. Acta Prataculture Sin, 2009, 2009, 18, 144 — 154

Shankar, T., Nandi, S., Panda, M. and Maita, S. 2022. Dry matter accumulation, yield and
economics of maize cultivation as influenced by mixed stands of Maize + Vegetable Legumes.
International Journal of Bioresource Science 9(2), https://d0i.10.30954/2347 - 9655.02z.2022.5

Shi, Z., Jiaen, Z and Hui, W. 2020. Research progress on soil seed bank: A bibliometrics
analysis. Landscape and Ecology for Sustainability 12(12), 4888
https://doi.org/10.3390/su12124888

Shinde, V.V. and Malshe, K.V. 2015. Effect of cattle urine and cow dung slury as seed treatment
on germination and growth of khirni (Manilkara hezandra L.) J. of Eco-friendly Agric. 10(2): 128
- 130

Siebert, F and Dreber, N. Forb ecology research in dry savannas: Knowledge gaps and future
perceptive. Ecology and Evolution 9(13): 7875 — 7891

Skalova, H., Moravcova, L., Cuda, J. and Pysek, P. 2019. Seed-bank dynamics of native and
invasive impatiens species during a five-year field experiment under various environmental
conditions. Neobiota 2019. 50, 75 - 95

Soder, KJ., Rook, AJ., Sanderson, MA and Gooslee, SC. 2007. Interaction of plant species
diversity on grazing behavior and performance of livestock grazing temperate region pastures.
Crop Science 47, 416 — 425. Doi: 10.2135/cropsci2006.01.0061

Solanki, G.S. and Naik, R.M. 1998. Grazing interactions between wild and domestic herbivores.
Small Ruminants Research, vol. 27, Issue 3, pp. 231 — 235 https;//doi.org/10.1016/S0921 —
4488(97)00038 — 2

167


https://doi.org.10.1016/j.landusepol.2020.104535
https://doi.10.30954/2347%20-%209655.02z.2022.5
https://doi.org/10.3390/su12124888

Spinage, CA. 2012. African ecology: Bench marks and historical perspectives. Berlin: Springer-
Verlag

SPSS, IBM Version 21, 2018

Squires, V.R., Dengler, L., Hua, L. and Fang, H. 2018. Grasslands of the world: Diversity,

management and conservation. CRC Press, Boca Raton, FL (2018)

Srinivasrao, Ch and Pankaj, PK. 2017. Fodder production strategies in dryland farming.
STUDENT PRESS, New Dheli, 2017 pp. 117 — 134

Steinfeld, H., Wassenaar, T and Jutzi, S. 2006. Livestock production systems in developing
countries: Status, drivers, trends. Rev. Sci. Tech. off.int. Epiz, 2006, 25 (2), 505 — 515

Stuart-Hill, GC and Tainton, NM. 1989. The competitive interaction between Acacia karroo and
the herbaceous layer and how this is influenced by defoliation. Journal of Applied Ecology 26:
285 — 298

Tarhouni, M., Ouled Belgacem, A., Neffati, M and Henchi, B. 2007. Qualification of rangeland
degradation using plant life history strategies around watering points in southern Tunisia.
Pakistan J. Biol. Sci. 10: 1229 - 1235

Tavirimirwa, B., Mwembe, R., Ngulube, B., Banana, NYD., Nyamushamba, GB. Ncube, S. and
Nkomboni. D. 2013. Communal cattle production in Zimbabwe: A review. Livestock Research
for Rural Development 25(12) 2013

Tessema, Z.K., de Boer, F.W., Baars, R.M.T and Prins, H.H.T. 2011. Influence of grazing on
soil seed banks determines the restoration potential of aboveground vegetation in a semi-arid

savanna of Ethiopia. Biotropica, Vol. 44, Issue 2, pp. 211 — 219

Tessema, WK., Ingenbleek, PTM and van Trijp, HCM. 2014. Pastoralism, sustainability and
marketing. A review. Agron. Sustain. Dev. 34 (1), 75 — 92. https://d0oi.org/10.1007/s13593 - 013 -
0167 -4

Tila, D., Wedin, D. and Knops, J. 1996. Productivity and sustainability influenced by biodiversity
in Grassland ecosystems. Nature 379(1996): 718 — 720

168


https://doi.org/10.1007/s13593

Thornton, PK., van der Steeg, J., Notenbaert, A. and Herero, M. 2009. The impacts of climate
change on livestock and livestock systems in developing countries: A review of what we know
and what we need to know. Agric. Syst. 101, 113 - 127

Thornton, PK. 2010. Livestock production: Recent trends, future prospects.
Doi.org/10.1098/rsth.2010.0134

Thornton, PK. and Gerber, P. 2010. Climate change and the growth of the livestock sector in
developing countries. Mitigation adaptation strategies. Global Change 15, 169 — 184.

Thornton, PK., Boone, RB and Ramirez-Villegas, J. 2015. Climate change impacts on livestock.
Working Paper No. 120. CGIAR Research Programme on Climate Change, Agriculture and
Food Security (CCAFS)

Trollope, W., van Wigen, BW., Trollope, TA., Govender, N and Portigieter, AL. 2014. The long-
term effect of fire and grazing by wildlife on range condition in moist and arid savannas in the

Kruger National Park. African Journal of Range and Forage Science 31: 199 — 208

Twilley, N and Manaugh, G. 2013. The land of the free: How virtual fences will transform rural
America, The Atlantic.

Undersander, D., Albert, B., Cosgrove, D., Johnson, D and Peterson, P. 2002. Pastures for
profit: A guide to rotational grazing. University of Winsconsin Extension Publication A3529,
Madison, WI, USA. https://learningstore.uwex.edu/assts/pdfs/A3529.pdf

UNFCCC (United Nations Framework Convention on Climate Change) 2008. Challenges and
opportunities for mitigation in the agricultural sector: Technical paper. UNFCCC

https://unfccc.int/resource/docs/2008/tp/08.pdf. Google Scholar

Van Auken, OW. 2009. Causes and consequences of woody plant encroachment into western

North America grasslands. Journal of Environmental Management 90: 2931 — 2942

Van Coller, H., Siebert, F., Scogings, PF and Ellis, S. 2018. Herbaceous responses to
herbivory, fire and rainfall variability differ between grasses and forbs. South African Journal of
Botany 119: 94 - 103

Van der Waal, C., Kool, A., Meijer, SS., Kohi, E., Heitkonig, IMA., de Beer, WF., van
Langevelde, F., Grant, RC., Peel, MJD and Slowtow, R. 2011. Large herbivores may alter

169


https://unfccc.int/resource/docs/2008/tp/08.pdf

vegetation structure of semi-arid savannas through nutrient mediation. Oecologia 165: 1095 —
1107

Van Der Westhuizen, HC., Snyman. HA., van Rensburg, WLJ and Potgieter, JHJ.2001. The
guantification of grazing capacity from grazing and production values for species in the semi-
arid grassland biome of Southern Africa. Afr. J. Range and Forage Sci. 18, 43 — 52

Vandvik, V., Klanderud, K., Meineri, E., Maren, L.LE and Topper, J. 2016. Seed banks are
biodiversity reservoirs: Species-area relationships above versus below ground. Oikos 2016.
125, 218 — 228

Van Langevelde, F., van de Vijver, CADM., Kumar, L., van de Koppel, J., de Ridder, N., van
Andel, J., Skidmore, AK., Hearne, JW., Stroosnijder, L and Bond, WJ. 2003. Effects of fire and

herbivory on the stability of savanna ecosystems. Ecology 84: 337 — 350

Venter, JA., Prins, HHT., Mashanova, A., de Boer, WF and Slotow, R. 2015. Intrinsic and
extrinsic factors influencing large African herbivore movements. Ecological Informatics 30: 257 —
262. https://doi.org/10.1016/j.ecoinf.2015.05.006

Vetter, S., Goodall, VL and Alcock, R. 2020. Effect of drought on communal livestock farmers in
KwaZulu-Natal, South Africa. African J. R&F. Sci. 2020, 37(1): 93 — 106 ISSN 1022 - 0119
EISSN 1727 — 9380 https://doi.org/10.2989/10220119.2020.1738552

Villagra, PE., Defosse, GE., del Valle, HF., Tabeni, S., Rostagno, M., Cesca, E and Abraham,
E. 2009. Land use and disturbance effects on the dynamics of natural ecosystems of the Monte
Desert: implications for their management. J. Arid Environ. 73: 202 — 211

Vincent, V. and Thomas, RG. 1960. An agro-ecological survey of Southern Rhodesia Part 1:
Agro-ecological Survey: Government Printers. Salisbury. pp 1 — 217

Visha, K.V., Vinod, K.S., Gopinath, K.A and Venkatesh, G. 2023. Crop and livestock
productivity, soil health improvement and insect dynamics: Impact of different fodder-based
cropping systems in a rainfed region of India. Agricultural Systems 208(4): 103646
https://d0i.10.1016/j.agsy.2023.103646

Vundla, T. Mutanga, O. and Sibanda, M. 2020. Quantifying, grass productivity using remotely
sensed data: An assessment of grassland restoration benefits. African Journal of Range and
Forage Science, 2020. 37(4) 247 - 256

170


https://doi.org/10.2989/10220119.2020.1738552
https://doi.10.1016/j.agsy.2023.103646

Wairore, JN., Mureithi, SM., Wasonga, O and Nyberg, G. 2015. Enclosing the commons:
Reasons for the adaption and adoption of enclosures in the arid and semi-arid rangelands of
Chepareria, Kenya. SpringerPlus (2015) 4: 595 doi:10.1186/s40064 — 015 — 1390 — z Accessed:
20/10/2021

Ward, D band Esler, KJ. 2011. What are the effects of substrate and grass removal on
recruitment of Acacia mellifera seedlings in a semi-arid environment? Plant Ecology 212: 245 —
250

Ward, D., Hoffman, MT and Collocot, SJ. 2014. A century of woody plant encroachment in the
dry Kimberley savanna of South Africa. African Journal of Range and Forage Science 31 (2):
107 — 121 http://dx.doi.org/10.2989/10220119.2014.914974

Wenny, D and Nyboer, RW. 2008. Viability of warm-season grass seed from grazed and
ungrazed prairies (lllinois) Ecological Restoration 26(1): 5 — 7 DOI: 10.3368/er.26.1.5

Wigley-Coetsee, C and Staver, AC. 2020. Grass community responses to drought in an African
savanna. Africa J.R&F Sci 2020, 37(1): 43 52 ISSN 1022 - 0119 EISSN 1727 — 9380
https://doi.org/10.2989/10220119.2020.1716072

Willms, WD., Smoliak, S., and Dormaar, JF. 1990. Vegetation response to time-controlled
grazing on mixed and fescue prairie. Journal of Range Management 43: 513 — 517. Doi:
10.2307/4002355

Williams, A. and Shepherd, R. 1991. Regenerating rangelands. Journal of the Department of
Agriculture, Western Australia, Series 4: Vol. 32 No. 2 Article 9

Yates, CJ., Norton, DA and Hobbs, RJ. 2000. Grazing effects on plant cover, soil and micro-
climate in fragmented woodlands in southwestern Australia: implications for restoration. Austral
Ecolo. 25 (1) 36 — 47

Young, HS., McCauley, DJ., Helgen, KM., Goheen, JR., Otarola-Castillo, E., Palmer, TM, TM.,
Pringle, RM., Young, TP and Dirzo, R. 2013. Effects of mammalian herbivore declines on plant
communities: Observations and experiments in an African savanna. Journal of Ecology 101:
1030 — 1041

Young, C., Fritz, H., Smithwick, EAH and van Venter, JA. 2020. Patch-scale selection patterns

of grazing herbivores in the central basalt plains of Kruger National Park. African Journal of

171


http://dx.doi.org/10.2989/10220119.2014.914974
https://doi.org/10.2989/10220119.2020.1716072

Range and Forage Science 2020, 37(3): 199 - 213
https://doi.org/10.2989/10220119.2020.1733084

Zama, NZ 2018. The relative tolerance of mesic grassland species to defoliation and
competition. MSc Thesis. School of Life Sciences, College of Agriculture, Engineering and

Science. University of KwaZulu-Natal, Pietermaritzburg, South Africa

ZIMSTAT, 2018.

172


https://doi.org/10.2989/10220119.2020.1733084

9 APPENDICES

APPENDIX 1: ANOVA for Chapter Three

127 "General Analysis of Variance."

128 BLOCK "No Blocking"

129 TREATMENTS Trt

130 COVARIATE "No Covariate"

131 ANOVA

[PRINT=aovtable, information,means, $cv, stratumvariance, cbmean; FACT=32;
CONTRASTS=7; \

132 PCONTRASTS=7; FPROB=yes; PSE=diff,lsd,means; LSDLEVEL=5] t ha
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Analysis of variance

Variate: t_ha

Source of variation d.f. S.S.
Trt 3 0.51036
Residual 91 1.62901
Total 94 2.13937

m.s. V.I. F pr.
0.17012 9.50 <.001
0.01790

Message: the following units have large residuals.

*units* 1

*units* 45

*units* 77

Tables of means

Variate: t_ha

Grand mean 0.215

Trt Co1 SB SR
0.079 0.254 0.204
rep. 18 18 30

0.376 approx. s.e. 0.131
0.370 approx. s.e. 0.131

0.408 approx. s.e. 0.131

SRB
0.285

29
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Standard errors of means

Table Trt
rep. unequal
d.f. 91
e.s.e. 0.0315

0.0244

min.rep

max.rep

Standard errors of differences of means

Table Trt
rep. unequal
d.f. 91
s.e.d. 0.0446
0.0399

0.0345X

min.rep
max-min

max.rep

(No comparisons in categories where s.e.d. marked with an X)

Least significant differences of means (5% level)
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Table Trt

rep. unequal
d.f. 91
l.s.d. 0.0886 min.rep

0.0792 max-min

0.0686X max.rep

(No comparisons in categories where |.s.d. marked with an X)

Combined estimates

No combined estimates (design orthogonal).

Estimated stratum variances

Variate: t_ha

variance effective d.f.  variance component

0.0179 91.000 0.0179

Stratum standard errors and coefficients of variation

Variate: t_ha
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d.f. s.e. cv%

91 0.1338 62.3

133 DELETE [REDEFINE=yes] mean, rep, var, resid, rdf, scode

134 AKEEP [FACTORIAL=9] Trt; MEAN= mean; REP= rep; VARIANCE= var;
RTERM= resid; STATUS= scode

135 IF scode.IN.! (1,2)

136 AKEEP [FACTORIAL=9] #_resid; DF:_rdf
137 AMCOMPARISON [METHOD=fplsd; DIRECTION=descending; PROB=0.05]
Trt

Fisher's protected least significant difference test

Trt
Mean

SRB 0.2853 a

SB 0.2545 ab

SR 0.2040 b
CO1 0.0785 c

138 ELSE

139 PRINT !t ('Multiple comparisons available only if all
components of the term',\

140 'are estimated with equal efficiency and in the same
stratum. ') ;\

141 JUsST=left

142 ENDIF
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APPENDIX 2: Questionnaire for Chapter five

MATOPOS RESEARCH INSTITUTE

An assessment of adoption and utilization of forages as dry season supplement

in the smallholder sector of semi-arid regions

QUESTIONNAIRE

Guiding Instructions for the Enumerator

1. Briefly introduce yourself

2. Explain the purpose of the interview

This questionnaire serves as a tool for obtaining information on adoption and use of forages as
dry season supplementary feed in semi-arid areas to mitigate feed shortages. Answers from
respondents will be treated confidentially. All information given will be used for purposes of

producing scientific reports.

PARTICIPANT’S LOCATION

Name of Observer: Date:

Ward: GPS coordinates:

Village:

Line:

SECTION A Demographic Information
When answering questions write the number with the appropriate answer in the box
Al Gender of household head 1 = Male 2 = Female

A2 Age of respondent

(@) 16 - 25 1

(b) 26 - 30 2
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(c)31 - 35 3
(d) 36 - 40 4
(e)41 - 50 5
(f) 51 - 60 6
(g) 61 and above 7

A3 Age of the household head

(@) 16 - 25 1
(b) 26 - 30 2
(c)31 - 35 3
(d) 36 - 40 4
(e)41 - 50 5
() 51 - 60 6
(g) 61 and above 7

A4 Highest level of education of respondent

(a) Never went to school 1

(b) Primary school

2
(c) Secondary school 3
4

(g) Tertiary

A5 How long have you been farming in this area?

(a) < 10 years 1

(b) > 10 years 2

A6 How many dependents do you have?

Write number of people
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SECTION B FORAGE PRODUCTION, CONSERVATION AND UTILIZATION

Bl What type of farming system do you practice at your household?

(a) Crop - livestock 1
(b) Crops only 2
(g) Livestock only 3

B2 Choose the 3 livestock species in their order of importance that you keep

(a) Goats 1
(b) Donkeys 2
(c) Cattle 3
(d) Sheep 4
(e) Pigs 5
(f) Chickens 6

B3 During which time of the year do you experience feed shortages?

(a) Summer

(b) Dry season

B4 Choose 3 livestock species in their order of importance that you supplement

(a) Goats 1
(b) Donkeys 2
(c) Cattle 3
(d) Sheep 4
(e) Pigs 5
(f) Chickens 6
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B5 For how long do you supplement your livestock per annum?

(a) <1 month 1
(b) 1 - 3 months 2
(c) 3 - 6 months 3
(d) All year round 4

B6 What feedstuffs do you use for supplementation?

(a) Commercial feed 1
(b) Forages 2
(d) Both 3

B7 Which feed stuffs are easily available to you?

(a) Commercial feed 1
(b) Forages 2
(d) Both 3

B8 Choose 3 forage crops you grow in their order of importance

(a) Cowpeas 1
(b) Bana grass 2
(c) Mucuna 3
(d) Forage sorghum 4
(e) Lablab 5
(f) Sunnhemp 6

B9 How do you conserve the forages?

(a) Hay (Dry form)

1

(b) Silage (Fresh form)

2
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B10 In what way has forage supplementation benefitted your livestock?

(a) Poverty deaths 1
dropped
(b) Numbers have 2

increased

B11 How much forage material do you harvest per year?

(a) < 250kg 1
(b) 251 — 500kg 2
(c) > 500kg 3

L)

B12 Before you started supplementing your livestock with forages how was the mortality rate

of kids, lambs, calves and foals?

(a) It was high 1
(b) It was low 2
(c) There was no change 3

B13 How has supplementing your livestock with forages improved the milking period?

(a) It increased 1
(b) It decreased 2
(c) There was no change 3

B14 How many people in your area did you advise to grow forages for their livestock?

(@) <5 1
(b) 6 - 10 2
(c) 11-15 3
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B15 What is your comment about the number of people growing forages in your area?

(a) It is increasing 1
(b) It has not changed 2
(c) Itis decreasing 3

SECTION C OTHER BENEFITS OF FORAGES

C1 Choose 3 other benefits of forages in order of their importance

(a) Improve soll fertility

1

(b) Protect soil erosion

(c) Kill some weed types

(d) Cover crop

(e) Reduce evapo-
transpiration

2
3
4
5

(f) Improve infiltration

Cc2 Which forage legume kills some species of weeds?

(a) Lablab 1
(b) Mucuna 2
(c) Cowpeas 3

C3 From your own observation which weed has been wiped away by Mucuna?

(a) Upright starvur 1
(b) Witch weed 2
(c) Rapoko grass 3

C4 Would it be correct to say that some forage legume species can be used for the
biological control of certain species of weeds?

(a) | disagree

1
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(b) I agree 2

(c) I strongly agree 3 :]

C5 How people have you told about using some legume forage species to control certain
types of weeds?

(a) <5 people 1

(b) 6 — 10 people 2

(c) 11 - 15 people 3 :]

C6 What is your comment about the yield of a cereal crop following a forage legume crop?

(a) It Increases 1

(b) It goes down 2

(c) There was no change 3 :]

THANK YOU FOR PARTICIPATING
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APPENDIX 3 Questionnaire for Chapter Six

MATOPOS RESEARCH INSTITUTE

An analysis of the economic contribution of livestock to food security and

livelihoods and the allocation of incomes from livestock sales to family needs in

the smallholder sector of the semi-arid regions

QUESTIONNAIRE

Guiding Instructions for the Enumerator

1. Briefly introduce yourself. 2. Explain the purpose of the interview

This questionnaire serves as a tool for gathering information on how incomes from livestock

sales are

allocated to family needs of people living in the smallholder sector of the semi-arid regions.
Answers from respondents will be treated confidentially. All information given will be used for

purposes of producing scientific reports.

PARTICIPANT’S LOCATION

Name of Observer: Date:

Ward: GPS coordinates:

Village:

Line:

SECTION A Demographic Information
When answering questions write the number with the appropriate answer in the box
Al Gender of household head 1 = Male 2 = Female

A2 Age of respondent

(@) 16 - 25 1
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(b) 26 - 30 2
()31 - 35 3
(d) 36 - 40 4
(e)41 - 50 5
(f) 51 - 60 6
(g) 61 and above 7

A3 Highest level of education of respondent

(a) Never went to school 1
(b) Primary school 2
(c) Secondary school 3
(g) Tertiary 4

A4 How long have you been farming in this area?

(a) < 10 years 1

(b) > 10 years 2

A6 How many dependents do you have?

Write number of people

SECTION B SOCIO-ECONOMIC INFORMATION

Bl Choose 3 major sources of the household income in their order of importance

(a) Remittances 1
(b) Crop sales 2
(c) Cattle sales 3
(d) Goat sales 4
(e) Piece-jobs 5
(F) Monthly salary 6
(g) Pension 7

186

JU U 0L ]

]



B2 Choose 3 crops grown by the household in their order of importance

(a) Maize 1
(b) Sorghum 2
(c) Pearl millet 3
(d) Ground nuts 4
(e) Cowpeas 5
(f) Bambara nuts 6

B3 What is the household’s annual harvest during a good year?

(@) 5-—10 (50kg bags) 1
(b) 11 — 15 (50kg bags) 2
(c) 16 — 20 (50kg bags) 3
(d) 21 and above 4

B4 What is the household’s annual harvest during a bad year?

(@) 5-—10 (50kg bags) 1
(b) <5 (50kg bags) 2
(© < 3 (50kg bags) 3
(d) 0 (50kg bags) 4

B5 What do you produc

e your grain for?

(a) Family consumption

1

(b) Sale

2

B6 Where do you sell your grain?

(a) GMB 1
(b) Private buyers 2
(c) Contract farming 3

B7 Choose in order of importance 3 liv

estock species kept at the household

(a) Cattle

1

(b) Goats

2
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(c) Sheep 3
(d) Donkeys 4
(e) Pigs 5
(f) Chickens 6

B8 Choose in order of importance 3 livestock species you sell most

(a) Cattle 1

(b) Goats

(c) Sheep

(e) Pigs

2
3
(d) Donkeys 4
5
6

(f) Chickens

B9 How often do you sell the chosen livestock species per year?

(a) Every month 1
(b) 3—6 months 2
(c) 6-12 months 3

B10 Where do you sell your livestock?

(a) Private buyers 1
(b) Auctions 2
(c) Abattoirs 3

B11 When do you sell your livestock?

(a) When family needs 1
money

(b) When family wants to 2
buy food
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(c) When school fees are 3
needed

(d) All the above 4

B12 Choose 3 items in order of importance you use the money for after selling livestock

(a) Buying food 1
(b) Buying medicine 2
(c) Paying school fees 3
(d) Keeping the money 4
(e) Buying beer 5
(f) Buying other livestock 6

B13 Isthe choice in Question B12 above a good one?

(a) I agree 1
(b) I strongly agree 2
(c) I disagree 3

THANK YOU FOR PARTICIPATING
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