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SUMMARY

In response to the increasing livestock feed shortages in Kenya’s arid and semi-arid rangelands,
production and storage of hay and/or other forages for utilization during the dry seasons has been
identified as a possible strategy. However, because of the low and highly variable rainfall received in
these areas, implementation of this programme would require support of an elaborate irrigation
system. In addition, indigenous grass species which are capable of surviving in these rather hash
conditions better than most of the introduced species such as Rhodes grass and alfalfa must be
incorporated. The initiative should address such questions as which grass species should be
cultivated in which areas, and what crop husbandry practices, especially watering will give the best
results. The aim of this study was to evaluate the productivity of six range grasses under varying soil
moisture contents (80, 50 and 30% Field Capacity; and rainfed conditions), in pure and mixed stands.
The study evaluated water use efficiency (WUE) plus the quantity and quality of seeds of each
species and how they were affected by the method of storage and length of storage. Finally, the study
evaluated the effects of stage of maturity, curing methods and storage on its quality. The grasses
evaluated were Chloris roxburghiana- (CR), Eragrostis superba -(ES), Enteropogon macrostachyus-
(EM), Cenchrus ciliaris- (CC), Chloris gayana -(CG), and Sorghum sudanense -(SB).

As expected, watering treatments had a positive and significant (p<0.05) effect on above
ground dry matter (AGDM) yields in all the grasses in pure and mixed stands. SB had the highest
yields (13.7t ha™) at 80% FC although not significantly different from the 50 and 30 % FC (11.6t ha
'and 7.7t ha™, respectively.. Pure grass stands performed better than mixed stands in terms of biomass
yields. However, the highest (5-species) mixtures had higher yields than mixtures with fewer species
(2, 3 and 4 species) which was attributed to functional diversity effects. Watering also boosted tiller
heights and densities in all the species. SB was the tallest followed by CG and EM. In addition, SB
and CG performed better under lower watering profiles making them more likely species for pasture
production under irrigation under arid and semi-arid conditions.

Augmenting soil moisture, increased seed yields on all the grasses with SB having the highest
yields at 80% FC (1250 kg ha™), compared to 700.5, 533.9 and 150.7 kg ha™, at 50 and 30% FC, and
control, respectively. CG yielded more seeds at 30% FC (1066.8 kg ha™) than at 80 and 50% FC and
rain fed (766.9, 866.8 and 123.7 kg ha™, respectively). CR, on the other hand had higher seed yields
at 50 and 30 % FC (516.1 and 633.4 kg ha™, respectively), than at 80% FC and rain fed treatment
(103 and 54.3 kg ha™) respectively. ES and CC exhibited no difference in seed yields across the three

soil moisture levels. .
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Although there were clear differences between the species, duration of seed storage between
harvesting and planting had high impact on subsequent germination rates and indices (Gl). Two
weeks storage had the poorest germination rates for the six species, while more than 24 weeks storage
had the highest germination rates. For instance, SB had the highest germination rate (> 50%) when
stored for 2 weeks and >75% when stored for 36 weeks. EM seeds stored for 2 weeks achieved <10%
germination rate even after on the 14" day after sowing. With at least 12 weeks storage, all the grass
species started germinating 3 days after sowing.

In terms of forage quality, all the species exhibited a significant (p<0.05) decline in crude
protein (CP) content as the plants aged. SB hand the lowest CP content of the six species. Curing
period did not substantially affect the CP content, while indoor storage had significantly (p<0.05)
higher CP than outdoor storage. Crude fibre (CF), neutral detergent fibre (NDF) and acid detergent
fibre (ADF) forage components increased with increase in maturity in all the species, and in the two
storage methods. On the other hand, storage method had no effect on the in sacco dry matter
digestibility (ISDMD).

As expected, the hay quality was affected by the age of the grass at harvesting and storage
methods. Indoor storage is always more beneficial than outdoor method, since it shields the forage
from the vagaries of weather. The result of this study demonstrated that harvesting the forage
between 8 and 10 weeks old, curing the material for 1-3 days before baling and storing it indoors had
better quality hay than the other handling methods.

The six grasses demonstrated distinct differences in water use efficiencies (WUE). Generally,
there was a decline in WUE with maturity in all the species. SB had the highest WUE (> 20) WUE
between the 8" and 12" week of maturity at 30% FC soil moisture content.
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DEFINITIONS OF KEY TERMS USED IN THIS THESIS

¢ Rangelands: "land on which the native vegetation, predominantly grasses, grass-like plants,
forbs, or shrubs are suitable for grazing or browsing use." They include natural grasslands,
savannah, shrublands, most deserts, tundra, alpine communities, coastal marshes and meadows
(SRM, 2006).

e Dry lands: tropical and temperate areas with an aridity index of less than 0.65 [2]. Drylands can
be further classified into four sub-types: dry sub-humid lands, semi-arid lands, arid lands, and
hyper-arid lands. Some authorities consider Hyper-arid lands as deserts (UNCCD) although a
number of the world’s deserts include both hyper arid and arid climate zones.

e Soil moisture content: the quantity of water contained in soil (called soil moisture. Water
content is used in a wide range of scientific and technical areas, and is expressed as a ratio, which
can range from 0 (completely dry) to the value of the soil porosity at saturation. It can be given on
a volumetric or mass (gravimetric) basis (Dingman, 2002).

e Water use efficiency (WUE): the ratio of water used in plant metabolism to water lost by the
plant through transpiration (evapotranspiration). This takes into account the amount of biomass
produced per unit of evapotranspiration (Tambussi, et al., 2007).

e Field capacity (FC): the amount of soil moisture or water content held in the soil after excess
water has drained away and the rate of downward movement has decreased (Veihmeyer &
Hendrickson, 1949)

e Pastoralism: nomads who raise livestock on natural pastures

e Pastoral farming: settled farmers who grow crops to feed their livestock

e Drought: the absence of rainfall or irrigation for a period of time sufficient to deplete soil
moisture and injure plants.

e Water or Drought stress: when water loss from the plant exceeds the ability of the plant's roots
to absorb water and when the plant's water content is reduced enough to interfere with normal

plant processes (Gomez-Luciano et al., 2012).
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CHAPTER ONE

General introduction
1. Introduction

Low and erratic rainfall, punctuated by frequent and protracted droughts is today a common
feature in the world’s rangelands. Consequently, these lands, whose primary economic activity is
livestock production, are characterized by low and highly variable supply of poor quality fodder
for livestock. The areas ‘swing’ between periods of excess forage of fairly high quality during the
wet season, to situations of very little and poor quality forage during the dry seasons. This has
further been worsened by reduced mobility as a result of land fragmentation and land use changes.
For many years, pastoralists employed mobility to meet their livestock feed requirements;
especially access to forage during dry seasons. According to FAO (2005), these scenarios are
major constraint to livestock production particularly in the tropics, due to lack of adequate protein
and energy during the dry season.

Livestock industry in Kenya contributes up to 10% of National Gross Domestic Product
(GDP) and 40% of agricultural GDP (USAID, 2011; Alila & Otieno, 2006). In arid and semi-arid
lands (ASALSs), for example, about 90% of employment opportunities and 95% of family incomes
are derived from the livestock (FAO, 2005). However, about $2 billion worth of livestock is lost
annually through mortality arising from starvation, diseases and missed trade opportunities,
leading to increased food insecurity in the ASALs (USAID, 2011). The acute shortage of forage to
sustain livestock populations through the dry seasons has threatened the livelihood security of
pastoral communities (Ndathi et al., 2011; Opiyo et al., 2011). Death of livestock at the peak of
the prolonged droughts has been a common phenomenon in the horn of Africa in the last few
decades. For example, in the 2005/2006 drought, livestock worth more than KSh70 billion was
lost in North Eastern Kenya (UNDP, 2010). Going forward, climate change coupled with the
closely related land use changes associated with the increasing human and livestock populations
may further exacerbate this situation. Consequently, there is an urgent need to increase the
availability of forage in the drylands in order to maintain and improve the mainstream livelihood
systems (Ndathi et al., 2011).

Livestock production especially under agro-pastoral and pure pastoralism is the main
economic activity in the drylands of eastern Africa. The communities living in these areas have
over the years developed coping mechanisms which enable them to survive through the dry
seasons. However, the effectiveness of such mechanisms has been negatively impacted by the

1



rapid increase in human and livestock populations. This situation has been exacerbated by land use
changes and climate variability and change (Ndathi et al., 2011). Pastoral areas that were
previously used for dry season grazing have been encroached by other land uses such as farming,
mining, wildlife conservation, and human settlements leaving the pastoralists with limited options
which trigger resource conflicts between them and farmers. Communal grazing areas have been
sub-divided into uneconomical and unviable units that can no longer support the nomadic
lifestyles of livestock owners (Pratt & Gwynne, 1977; Orindi et al., 2007) while increasing
frequency of droughts has led to deaths of large numbers of livestock (Morton 2006; IPCC 2007).
This is particularly so because of reduced livestock feed supply especially during the dry seasons.

Production of livestock forage through irrigation in the ASALSs has recently been identified
as one of the potential intervention measures of dealing with the highly variable livestock feed
supply in the ASALs (Mnene, 2006, Mganga et al., 2010a). This will entail growing, harvesting
and storing of the forage in form of hay, or preserving it in situ as standing hay and utilizing it
during the dry season when the open pastures have been completely utilized. While integration of
crops, pastures and livestock production has shown some benefits in some of the pastoral areas,
especially under irrigation conditions, it has its own challenges (Allen et al., 2007). Anderson &
Schatz, (2003) argues that dry land ecosystems are more resilient than has previously been
accepted, as long as livestock, crops and pastures are integrated in such a way that they
complement each other.

To deal with this challenge, range scientists, pasture experts and animal production
specialists have considered several options of ‘bridging’ the feed supply/demand gap. One of them
is large-scale cultivation of fodder through irrigation within the ASALs where water for irrigation
is available from sources such as rivers, dams, or harvested rain water stored for use during the dry
seasons.

Large irrigation schemes exist in some parts of Kenya’s ASALs such as Perkerra in
Baringo County, Bura in Tana River County, Katilu and Lokubai in Turkana County among
others. However, emphasis has always been on food crop production despite the fact that in most
of these areas, the neighbouring communities are pastoralists or agro-pastoralists. This has often
resulted in very low level of ownership and support of the development programmes initiated by
government. It has also been reported that pastoralists who go into farming during droughts, buy
livestock from crop earnings during the wet season when conditions are favourable for growth of

natural forages (Kirbride & Grahn, 2008). At times, they also quit farming when situations



improve posing even more challenge to livestock feed supply due to rapid increase in livestock
numbers thereafter.

A number of studies have evaluated the performance of range grasses under irrigation and
some species have shown great potential for higher yields under rainfed cultivation (Opiyo, 2007;
Mganga et al., 2010b; Ogillo et al., 2010; Opiyo et al., 2011). However, most of these studies
focused on productivity and other morphometric characteristics of the grass species, but hardly any
evaluated the practical feasibility of cultivating these species under irrigation in varying soil water
profiles. If this option will be pursued, issues of water use efficiency (WUE), seed productivity
and quality, watering or irrigation regimes would have to be addressed. Since these grasses in the
natural pastures grow in mixed stands, one would want find out which one is more productive:
pure (monoculture) or mixed stands? If mixed stands are more productive, which species are more
compatible and/or how many species give the optimum forage yield? If this information is availed
to farmers and pastoralist then there would be high chances of increasing fodder production in
ASALs through irrigation which would close the forage supply gap between the wet and dry

season.

2. Scope of the study

This study sought to determine the performance of six dominant rangeland grass species under
different soil moisture contents in the southeastern rangelands of Kenya. The study further
evaluated the water use efficiency (WUE) of the six grass species as well as the effects of stage of
maturity, curing and storage methods on forage quality. The grasses evaluated were: Chloris
roxburghiana (Horsetail grass), Eragrostis superba (Maasai love grass), Enteropogon
macrostachyus (Bush rye), Sorghum sudanense (Sudan grass), Chloris gayana (Rhodes grass) and
Cenchrus ciliaris (African fox tail grass). The six species were selected after a reconnaisence
survey which confirmed that they were the most dominant species in the area. A few pastoralists
and/or agropastoralists are already cultivating them for commercial production of fodder and

seeds.

3. Objectives

The main objective of this study was to evaluate the performance of six local grass species under
different soil moisture contents in the southeastern rangelands Kenya.



The specific objectives were:

1. To determine the growth responses (biomass yield and morphometric characteristics) of six
range grasses to different soil moisture contents

2. To determine the effects of varying soil moisture content on seed yield of the six range
grasses

3. To determine the effects of varying soil moisture content on seed quality of the six range
grasses

4. To determine the effects of curing and storage methods on the quality of forage from six
range grass species

5. To determine the relative Water Use Efficiencies (WUE) of the six grass species.

4. Research questions

This study attempted to answer the following questions:

1. How does variation in soil water content affect above ground biomass productivity, water use
efficiency and forage quality of the various grasses, when grown singly and/or in various
mixed stands?

2. How does variation in soil moisture content affect species interaction and responses among
grasses, and how does it affect the quality and quantity of forage produced?

3. How do different curing and storage conditions affect the quality of the forage (hay)?

4. How do the species perform in terms of water utilization at different irrigation levels?
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CHAPTER TWO

General materials and methods

1. Description of the study site

The study was conducted in Bura Irrigation Scheme located in Tana River County (1°30’S, 40°0'E,
1.5°S 40°E; Figure 1) of Kenya. The irrigation scheme is managed by the National Irrigation
Board (NIB) of Kenya, but the farms are owned by the community members. The climate of Tana
River County is generally hot and dry with daily temperatures ranging between 20°C and 38°C.
Rainfall is bimodal in distribution with long rains falling between April and June and the short
ones between November and December. Long-term average rainfall ranges between 220mm and
500mm and are erratic in frequency and distribution. Temperatures are highest February to April
and September to October. About 72% of the population of Tana River lives below the absolute
poverty line and in the last 10 years, these people have been permanently on food relief (GoK,
2005). Tana River County is divided into three livelihood zones, namely, pastoral, agro-pastoral

(mixed farming) and subsistence farming.

Legend
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Figure 1 Study area map (Tana River County) in relation to Kenya

2. Soil types
The soil types of Tana River County are mainly vertisols and vertic fluvisols. They are associated

with swelling and forming of ponds during wet seasons with low infiltration rates from the sealing
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by high clay content. During dry seasons, the soils dry out and form cracks. The soils are deep
along the river valleys, but highly susceptible to water and wind erosion. Within the same County,
the soils in the hinterlands are shallow and have undergone seasons of trampling by livestock, and

thus easily eroded during rainy seasons.

3. Vegetation of the study area

Vegetation in the county ranges from thorny thickets of acacia trees to shrubs along the riverine
ecosystems. Shrubs and grasses dominate most parts of the grazing areas in the county, with trees
and perennial range grasses dominating the wetter parts along the delta. The county is also affected
by invasive species such as Prosopis juliflora, commonly known as ‘Mathenge’ (Mwangi &
Swallow, 2008). This species was introduced in Baringo County in 1983 but has spread rapidly
into many parts of the country smothering indigenous grasses, trees and shrubs (Andersson, 2005).
The species has posed the threat of eliminating natural vegetation, blocking water points, canals

and colonizing riparian areas.

4. Water Resources

The major permanent water source in the county is Tana River. However, seasonal rivers
(‘laggas’) are present. Tana River is the only permanent river flowing through the County
providing water for livestock and domestic use, especially during the dry seasons when all other
sources have dried up. The river is also a source of water for irrigation along its course. The
laggas which cover extensive areas during the wet seasons provide water to most households.
They maintain sub-surface flow in the loose sand beds used during dry seasons by pastoralists.
There are also numerous natural depressions and water holes across the county, especially areas
between the laggas which can store water up to three months after the wet seasons hence are

important water points for livestock.

5. Economic activities

Pastoral livestock production is the main economic activity in Tana River County. This covers
most of the mainland areas of the county except the narrow strip along the river. Crop production
is practised along the river banks and in the lagga banks during wet seasons. Crops commonly
grown are sorghum and millets (Allison & Badjeck, 2004). There are also to large-scale irrigation

schemes--Bura and Hola--where maize, beans, cotton are produced.



6. Experimental design, treatments and layout
One-acre parcel of land was identified within the NIB research site in the scheme, cleared off any
bushes, ploughed and harrowed to a fine tilth. The ploughed area was then divided into four plots
of 39 x 11m with five metre intervals to minimize interference from lateral seepage of water. The
blocks were then randomly assigned to the water treatments as follows: treatment one (T1) =80%
FC, treatment two (T2) = 50% FC, treatment three (T3) = 30% FC and treatment four (T4) =
control (rain fed). Each main plot was then sub-divided into 30 sub-plots measuring 3 m x 3 m
with 1 m boundary. Ten grass species treatment levels were then randomly assigned to the 30 sub-
plots in three replicates. The treatment levels were: Chloris roxburghiana (CR)- (T.), Eragrostis
superba (ES)- (T,), Enteropogon macrostachyus (EM)- (T3), Cenchrus ciliaris (CC)- (T4), Chloris
gayana (CG) (Ts), Sorghum sudanense (SB)- (Ts),

superba + E. macrostachyus + C. Ciliaris - (Ts), E. superba + E. macrostachyus + C. ciliaris + C.

E. superba + E. Macrostachyus (T7), E.

Gayana- (Ty) and E. superba + E. macrostachyus + C. ciliaris + C. gayana; E. Superba - (T1o).
For the mixed species treatments, proportional quantities of seeds of each species were mixed
manually with aim of attaining >75% germination percentage. The seeds were sowed by broadcast
method.

The moisture levels were selected to give high water conditions (80% FC), medium water
(50%) and low soil moisture condition (30%). The latter soil moisture condition was above the
wilting point of the grasses. The irrigation method was a modified overhead system that involved
water being pumped into a storage tank. A hose-pipe was then connected from the tank to the
experimental plots sprinkler. The amount of water applied to each plot was determined by a water
meter fitted to the hose pipe before the sprinkler. The study layout of this study is illustrated in
Table 1.

Table 1 Experimental layout

T1-80% FC
(Ty) (To) (T7) (Ts) (Ts) (Te) (Ty) (Ta) (T10) (T2)
(Ta) (Te) (Te) (T1o) (T2) (To) (T3) (T1o) (T3) (To)
(Te) (Ts) (T2) (Te) (Ty) (Te) (T2) (Te) (Ts) (Ta)
T 2-50% FC
(Ts) (Ts) (T7) (Ty) (Ta) (Ts) (T2) (To) (Te) (T2)
(To) (T7) (Te) (Ty) (T2) (Ta) | (Ts) (T10) (Ty) (To)
(Te) (Te) (Ty) (T10) (Ts) (M) | (T9) (Te) (T4) (T10)
T 3-30% FC
(T2) (Ts) (T2) (Ts) (T) (Te) (T2) (To) (Ta) (Ts)
(T2) (Te) (Te) (Ta) (T2) (Ts) (Ts) (T1o0) (Te) (To)
(Te) (Ty) (T10) (Ty) (Ta) (To) (Te) (T2) (T10) (Ts)




T 4 - Control/ Rainfed

(T10) (Ts) (T7) (Ts) (Ty) (Te) | (T0) (Tg) (Tao) (Ty)
(T7) (Te) (Te) (Ty) (Ty) (Ts) | (Ts) (Ty) (Ts) (Tg)
(Ta) (Ts) (T2) (Tao) (Ty) (Te) | (T9) (Te) (Tg) (Te)

For each treatment, soil moisture was maintained at the prescribed level through irrigation. In order to
know when to recharge the plots, soil moisture content was monitored by means of the Delmhorst
Soil Moisture Meter Gypsum Blocks (GBs) installed within each sub-plot. The GBs comprised
Gypsum cast around two concentric, stainless steel electrodes. Two GBs were installed in each sub-
plot. This was done at the centre of each sub plot, at two depths--15 cm and 30cm-- in separate holes
dug using a 50 mm soil auger. The GBs were soaked in water overnight prior to installation as
recommended. After the installation, the wire ends originating from the installed blocks were
carefully supported by vertical sticks placed on the ground for easy access and to avoid burying them
in the ground. The moisture readings were thereafter taken by means of GBs moisture metres. The
amount of water applied to each treatment was recorded throughout the study period for the three soil
water content.

The grass seeds were sourced from Kenya Agricultural Research Institute (KALRO), Kiboko
Station. Before planting, the grass seeds were tested for germination rates using the method described
by ISTA (1976). The germination rates obtained were used to determine the mixing and sowing rates
for each species such that >75% germination rates were obtained. Sowing was done manually by
broadcast. DAP fertilizer was applied to all the experimental plots at the rate of 200kg ha™. All other
routine pasture husbandry practices such as weeding were conducted at the same time for all the

treatments. Data collections methods pertinent to each of the objective are presented in the chapters.

0% FC 302 FC

§0% FC

Plate 1 Photographs showing the grass species grown at 80, 50 and 30% FC soil moisture content
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CHAPTER THREE

Effect of varying soil moisture content on aboveground biomass yields and
morphometric characteristics of six dryland grasses of Kenya

Submitted to Journal of Arid Land (JAL) — (Springer publisher) - Under review

Abstract

Aboveground biomass yields by six indigenous rangeland grasses in pure and mixed stands at 80%,
50% and 30% field capacity (FC) and rainfed soil moisture conditions were determined. The soil
moisture was allocated to four main plots. Each main plot was subdivided into 30 subplots which
were randomly allocated to ten grass species treatments replicated three times. All the three water
treatment levels yielded significantly (p<0.05) higher above ground dry matter (AGDM) than the
rainfed in pure and mixed stands. S. sudanense had the highest yields at 80% FC (13.7t ha™), though
not significantly different from the 50 and 30 % FC (11.6t ha™and 7.7t ha™), respectively. C. gayana
and C. roxbhurghiana yields were not significantly affected by changes in soil moisture content with
yields ranging between 10.1 and 10.8t ha™ but were lower than those of CR (<3.3t ha™). C. ciliaris
performed better at 50% FC (9.1 t ha™) The 5 species mixed plots had greater than 9t ha™ at 80% FC
which is attributed to functional diversity effects under mixture. Differences in tiller numbers across
the watering treatments and grass species were not significant, but very low under rainfed conditions.
The tiller heights in all the species were lower under rainfed than irrigated treatments. S. sudanense
had the highest tiller height followed by C. gayana and E. Macrostachyus, respectively. The three
species also had higher AGDM vyields than E. superba, C. ciliaris and C. roxburghiana. Irrigation
increased the productivity of the six range grass species. S. sudanense and C. gayana performed
better in AGDM production under lower irrigation levels and are therefore suited for production

under irrigation in the semi-arid rangelands.

Keywords: Soil moisture content; Range grasses; Pasture irrigation; Semi-arid rangelands; Herbage; Biomass yields

1. Introduction

Rangelands are characterized by variable supply of fodder for livestock (Smith et al., 2010) which is
largely attributed to low and erratic precipitation. During normal wet seasons, most of these lands
support large volumes of forage which is also of relatively high quality (Mbatha & Ward, 2010).
The dry seasons, on the other hand, are characterized by scanty amounts forage which is also poor in

quality (Ontitism et al. (2000). Until recently, pastoralists employed livestock mobility as the main
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mechanism of adapting to the feed deficits during the dry season (Orindi et al, 2007). This strategy is
increasingly becoming untenable today due to a wide array of socio-economic, political and
anthropogenic factors such as extension of crop farming and human settlements (cities and towns)
into the dry lands. These factors are accompanied by rapid land fragmentations. Consequently, in
most parts, the vast opentracks of drylands which facilitated the free movements of livestock in
search of water and forage are virtually gone. This paradigmatic shift is being compounded by the
climate change phenomenon. Under these circumstances, livestock feed supply remains a major
challenge and is most likely going to get worse (Kirkbride & Grahn, 2008). Therefore, unless
appropriate steps are urgently taken, the livelihoods of the many pastoral and agro-pastoral
communities residing in these areas will continue being disrupted.

Large-scale cultivation, harvesting and storing of forage (hay, browse, pods, etc) to be
utilized later during the dry season, when the conventional pastures have been depleted, has been
marked as a potential strategy for bridging livestock feed deficits and adapting to climate change in
the dry lands (USAID, 2011). For this to be pursued formally there is urgent need for research to
identify the grass species with fast growth rates, drought tolerance and superior yields. In addition,
there is need for information on appropriate agronomic and crop husbandry practices, including
water use efficiency (WUE); forage quality and quantity; seed quantity and quality as well as major
post-harvest losses of forage and seeds. Since these grasses under natural conditions grow in mixed
stands, research to determine whether pure stands are more productive than mixed stands, is required.
And if the later are more productive, then which species are most compatible? A comprehensive
compendium of this kind of information covering the most dominant forage plants in the rangelands
is missing. Very few studies have evaluated the practical feasibility of cultivating a given grass
species for hay production in a given agro-ecological zone (Rao et al.1996; Muhammad, 1989;
Mganga, 2009; Mganga et al. 2010b). This study was therefore carried out to evaluate the
aboveground biomass yields and morphometric characteristics responses (shoot length, tiller number,
tiller length, number of leaves per tiller and plant density) of six dryland grasses of Kenya. The
grasses tested were Chloris roxburghiana (CR), Eragrostis superb (ES), Enteropogon macrostachyus
(EM), Cenchrus ciliaris (CC), Chloris gayana (CG), Sorghum sudanense (SB).
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2. Materials and methods

Experimental design and layout
This information is provided in chapter two.

2.1 Data Collection

2.1.1. Above ground biomass production

Above ground biomass yields were estimated at three phonological stages--12, 14, 16 weeks-- using
the total harvesting method where a 0.25m? quadrat was systematically placed in each sub-plot three
times and all the aboveground biomass clipped to 2.5cm stubble height each time (Tarawali et al.,
1995). The harvested materials from each quadrat were stored in separate labeled paper bags; oven
dried at 80°C for 96 hrs and weighed on a digital scale (AOAC, 1990). The average weights were
then extrapolated to production per hectare (kg™ ha™).

2.1.2 Tiller heights, numbers and number of leaves per tiller

Tiller heights and numbers were determined on the 8", 10™ and 12" week from sowing. The number
of tillers around three randomly selected *mother’ shoots were counted, the heights of each tiller
measured and the number of leaves per tiller counted. Tiller heights were measured from the base to
the tip of the longest leaf. These were tagged for ease of identification during subsequent

assessments.

2.1.3 Species density

Plant species density was estimated by frequency grid method (Vogel & Masters). Four grid sampling
points were marked by systematically placing the grid in each of the sub-plots and the number of
each grass species inside the grid identified and counted. The frequency of each species was then
calculated by summing up the number of plots each species appeared from the four grid sampling
points and dividing by 100 (Eqn. 1). Frequencies were then multiplied by 0.4 to get an estimate of
density (plants m?) as described by Vogel & Masters (2001) (Eqn 2). Plant density (plant m?)

estimates were done at 12th week from sowing.

Number of quadrats in which species occur

Frequency = x 100 1)

total number of quadrats sampled (100)

Species density = Frequency (in Eqn 1) x 0.4 2
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2.1.4 Statistical analysis

Statistical analyses included Analysis of Variance (ANOVA) at 95% confidence level. Where
significant differences were detected, the means were separated by the Least Significant Difference
(LSD) method at 5% probability level.

3. Results

3.1 Biomass production

Table 1 contains the average above ground biomass yields (kg ha™) of the six grass species in pure
and mixed stands under 80%, 50% and 30% FC soil moisture regimes and 12, 14 and 16 weeks old.
Changes in the soil moisture profiles had a significant (p<0.05) effect on the performance of all the
grasses, whether in pure or mixed stands (ANOVA - Appendix 2). In pure stands, 12 weeks old and
within 80% FC moisture range, SB and CG species performed significantly (p<0.05) better (>9.5
and 7.9 t ha™, respectively) than all the other four species. Under 50% FC moisture content SB and
CG, EM, yielded significantly (p<0.05) more forage (7.0--9.0 t ha™) than the other three species, e.g.,
CR and ES with 2.5 t ha™). Within the 30% FC moisture profile, CG was the most prolific (>9.0 t ha”
1) followed by SB (7.2 t ha™). At the 14 weeks and 80% FC, CG and SB were still the most prolific
(> 9.0 and 12.0 t ha™) compared to CC and CR which yielded slightly about 2.0 t ha™. Around 50%
FC moisture, EM’s performance dropped significantly to 6.7 t ha™ compared to CC and CG (>8.0
and 9.0 t ha™). Within 30% FC moisture regime, CG and SB species were the most prolific (9.4 and
7.1t ha™)). At about 16 weeks old (maturity) and 80% FC, SB and CG exhibited higher performance
(>10.0 and 13.0 t ha, respectively) than the rest. CC was the poorest yielding about 2.5 t ha™. Within
50% FC moisture level, EM, CC, CG and SB out-performed the other two (9.0—12.0 Vs 1.5—25t
ha™). Under 30% FC moisture treatment, CG performed much better than all the other species (>10.0
Vs < 7.0 t ha). Under the rainfed conditions CR, CG and SB were consistently the most productive
species although they produced less than 10% what any of the irrigation treatments produced. For the
mixed species treatments, the 5-species treatment combination performed consistently higher

(p<0.05) than the 2-, 3- or 4-species combinations.
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Table 1 Mean above ground biomass yields (kg ha-1) of the six grass species in pure and mixed stands at 80%, 50% and 30% FC at 12, 14 and 16 weeks old

CR ES EM cc CG SB CRIES CRI/ES/EM CR/ES/EM/CC ~ CR/ES/EMI/CCICG
WEEK 12
80% FC 3600.4°£76.9  3468.3°+£340  6600.6°+37.7  4064.6°+£18.9  7932.2°+93.1  9464.4°+23.1  4000.8"+84.1 39325°+144  5532.7°%+115 9524.2° + 163.3
50% FC 2532.3°+68.1  1800.5°+30.4  7400.7°x57.7  6532.9°£93.0  9400.6°t44.4  9200.5°+312  1464.9°x2.9 6732.3°£59.7  5932.1°+66.6 7664.4° +59.7
30% FC 27323%+£176  3264.1°%76 5400.1°+30.4  5932.4°+£451  9000.7°+50.0 7264.8°+351  1200.9°45.0 41321°+189  49323°+7.6 6800.6"+21.8
Rainfed 7325°+87.1 364.1°+57.6 500.3° +80.4 532.5°+75.1 707.5% 80.0 764.6°£55.2 340.4° +85.2 432.8°+78.1 432.4°+575 610.5°+51.8
WEEK 14
809% FC 2400.2°+132  43325°%£18.9  5132.9°+126  2532.4°+17.6  9000.3°+47.7  12664.7'+257 8400.3°+265  5264.2°+16.1  5400.3°+13.2 8464.4°+ 448
50% FC 1800.5°+5.0 1200.6°+5.0 9000.8°+15.0  8400.2°%20.0 9532.1°+ 18.9 6864.2°+128.5  1600.8°+18.0  7864.9°+153  4332.4°+12.6 7932.3°+81.3
30% FC 3264.5"+7.6 3600.b* £5.0 6400.9° 5.0 5332.1°+10.4  9400.5°% 18.0 7124.3°+104  1932.1°+58 4064.0°+10.4  5000.1° +15.0 5800.7" + 26.5
Rainfed 764.2°£57.6 381.0°+55.1 604.3%+45.0 558.2° £ 50.4 767.0°£ 48.0 824.9°+60.4 532.8° £ 55.5 464.8°+60.3 511.0°+65.1 680.6° + 56.5
WEEK 16
809% FC 3320.6°+9.8 5600.3°+13.2  64645°+20.8  2464.8°+247  10864.1°+41.9 13664.2"+17.6 8864.8°£34.03 5600.9° +13.2 57325°+153 9664.2° + 106.1
50% FC 253232104 1532.2°%125  10,464.4°+17.6 9132.6°%£34.0  10200.1°%25.0  11600.0°#17.3  1800.5°%5.0 7332.1°+592  6200.8°+37.8 9264.6° + 20.0
30% FC 21326°+126  3132.7°+£12.6  6664.8°+104  6864.8°+£12.6  10132.1°+7.6  7664.5°+10.4  2864.3°+12.6  4400.2°+18.0  5132.1°%2.9 6800.0b + 15.0
Rainfed 759.8° £ 62.2 372.3'+42.6 664.8°£50.4 664.5°+42.5 832.7°£37.6 964.8° £ 60.5 7645425 480.1°+48.0 532.4°432.2 702.3°+45.1

Means within the same columns with different superscripts are significantly different at p<0.05.
Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana, SB= Sorghum sudanense, FC= Field capacity, + Standard deviation
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3. 2 Effect of soil moisture on number of tillers and leaves

Table 2 presents tiller numbers and lengths; number of leaves per tiller and plant density by
species and soil moisture content levels (80, 50, 30% FC and rain-fed). Soil moisture content
in the irrigated plots did not have a significant influence on either the number of tillers,
number of leaves per tiller and/or the tiller lengths in any of the species However, the effect
was significant (p<0.05) in the control plots. SB had the highest number of tillers in all the
three soil moisture content levels (p<0.05). Differences in plant density across the six grass
species and soil moisture contents were significant (p<0.05), with SB having the highest

density followed by CG and EM.

Table 2 Mean tiller number, tiller length (cm), shoot length, plant density and leaves per tiller

of six grass species at 80, 50 and 30% FC soil moisture content

CR ES EM cC CG SB

Tiller numbers

80% FC 11.1° +2.3 19.3° +4.7 16.2°+23  28.0°+6.4 21.1°+11.1  31.0°+16.1
50% FC 10.8"+3.3 14.3" +5.8 14.1* +33 220" +114 18.1* 9.1 29.0° +6.1
30% FC 12.3*+6.3  18.3°+7.1 12.1% +2.4 200 +84  16.3°+94 31.2° +11.1
Rainfed 3.3%+1.3 3.1%#11 4.1%+23 477424 4.3 %12 5.2°+21
Tiller length

(cm)

80% FC 98.9°423.1  111.9°+54.8 89.7°+13.8 76.8° +12.7 114.8°+21.9  119.6° +67.9
50% FC 57.9°+21.4 99.7°+47.3  74.3°+325 96.5°+44.2  102.8°+54.3 128.6° +57.1
30% FC 64.6°+31.3 97.9°+41.1  77.7°+33.3 100.8°+56.8 109.8°+51.3  143.3°+54.7
Rainfed 24.6°+11.2 33.1°+21.6  41.3*°+11.3 33.2%°+18.1  43.3%+19.5 52.4% +24.3
Leaves per

tiller

80% FC 447421 6.9°+2.1 5.1%7+2.1 7.8°+238 8.1°+3.1 6.9°+2.2
50% FC 44%+2.1 6.9°+2.1 5.2°+2.1 8.6"+2.8 8.5°+2.1 48°+2.1
30% FC 3.4%°+1.1 7.1%+4.1 6.2°+3.3 9.2"+3.8 8.1°+3.2 6.1°+2.2
Rainfed 3.5%+21 4.1%+21 4.2°+2.2 4.6°+2.8 528422 5.1°+25
Plant Density

(plant m-?)

80% FC 21.2° 24.4%® 32.4° 27.6° 27.6° 32.8°

50% FC 20.8" 20.4® 31.6 25.2° 28.4° 34.8°

30% FC 22.0° 26.8% 29.2% 26.0°% 28.8" 30.0°
Rainfed 18.0° 19.0a 17.2% 22.0° 20.9% 23.3°

Means within the same columns with different superscripts are significantly different at p<0.05.

Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana,

SB= Sorghum sudanense, FC=Field capacity, + Standard deviation
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4. Discussion

The above results have confirmed that soil moisture is major determinant of biomass yields in
grasses. With adequate and regular supply of water, as well as other plant growth
requirements, biomass yield will increase to the maximum. The higher biomass yields
exhibited by EM and SB in this study were largely attributed to their early and faster
germination rates which gave them a competitive advantage over the other four species which
were slow in germinating (Kadmon & Schimida, 1990). These findings concur with those of
Ferat et al. (2009), who obtained higher yields of 11.68 t ha™ in SB (Chopper variety) under
irrigation.

The differences in biomass yields at the different phenological stages, on the other
hand, were attributed to morphological differences among the grasses. For instance, SB is
naturally stemmier than the other species and therefore able to maintain higher vegetative
productivity which, in turn, can account for a large portion of the higher dry matter yields
above the other species. The same species had higher and longer number of tillers than the
other species, which further contributes to overall biomass yields. Other studies have shown
that SB generally has longer roots and higher water use efficiency than most of its
contemporary species (Koech et al. 2014; Uzun et al., 2009) which give it drought tolerance
traits.

The relatively lower yields exhibited by CC at 80% FC soil moisture was attributed
to the species’ low tolerance to excess soil moisture content conditions (Jacobs et al., 2004).
Akram, et al. (2008) classified CC as drought tolerant because it showed high tendency to
accumulate N, P, K* and Ca* during growth which enhances plants’ productivity at lower
moisture levels. The same species has also been identified as super performer (14.6 t ha)
under low irrigation and sandy-loam soils in the United Arab Emirates (Osman et al., 2008).

The unusually high yields of CG in all the three soil moisture contents compared to
CC are contrary to the findings of Asadullah & Ahmed, (2010), which were the opposite.

However, their study focused on moisture ‘extraction’ capacities and not the biomass yields.
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For this study, the higher performance of CG than CC could be largely attributed to higher
germination rates of the former than the latter. Ability to germinate faster allows quick and
fast penetration of roots through the soil profile which increases the volume of soil from
which the plants extract water (Bibi et al., 2010). Similarly higher yield of CG than CC and
ES were reported by Bulle et al. (2010) in Northern Kenya, but under rainfed conditions.
Ontitism et al. (2000) also earmarked CG as a potential livestock feed game-changer in the
drylands. These characteristics give the species a competitive edge over many other range
grasses in selecting species for pasture establishment and reseeding of denuded rangeland
sites.

The extremely low productivity of all the six grass species under rainfed treatment
(control) was not a surprise, given the fact that the amount of rainfall received during the
study period was not only below normal, but also unevenly distributed (266.1mm with 56%
received in 3 days).

The higher biomass yields from the five-species mixed stands than the monoculture
stands observed in this study, was surprising as one would have expected the reverse. This
phenomenon has been attributed to the diversity (synergistic) factor (Berdahl et al., 2001;
Donald-Thompson, 2013). Each species contributes to the total biomass yield on the basis of
their individual physiological and morphological traits which play out differently depending
on their level of adaptability (Berdahl et al., 2001; Donald-Thompson, 2013). Mganga et al.
(2010a) working with CC, ES and EM in pure stands and in mixtures also observed the
biodiversity factor-- the mixed stands had higher yields than pure stands which was
attributed to enhancement of some growth and development traits of the species when
cropped in mixtures. Donald Thompson, (2013) working with grass-alfalfa and orchardgrass-
fescuegrass mixtures also observed that the mixtures outperformed alfalfa, orchardgrass, and
tall fescuegrass monocultures which he associated with the diversity factor. When several

plant species grow side-by-side naturally in a mixture, some species grow much faster than
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others and become more dominant. This is largely attributed to their ability to utilize the
available moisture and other nutrients (Bergh, 1968).

The observed differences in tiller numbers and heights could be attributed to the
morphological differences which are associated with genetic differences among the grass
species. SB and EM have vertical growth habits with strong and thicker culms and therefore
have advantage over the semi-erect species like CG and ES. Such growth habits have been
shown to impart competitive advantages in resource utilization and species survival. Kanak et
al. (2013) attributed the higher performance of grass species with vertical growth habit to
their ability to shade other plants and reduce competition for resources.

The observed increase in tiller lengths and shoot height in all the six grass species
with advance in maturity is normal. Site conditions, soil type and rainfall amounts determine
the performance of the species (Opiyo, 2007). Morphometric characteristics such as tiller
numbers are important for plant adaptability and survival under grazing pressure since they
determine photosynthetic rates and ultimately, the food reserves (Laidlaw, 2005). The
number of tillers per plant determines the rate of biomass accumulation and the quality of
forage (Skinner & Moore, 2007). Tillers contain leaves which are easily digestible and more
preferred since they have less structural carbohydrates, especially the newly developed tillers
with young leaves (Wilson et al., 1991). However, a tiller will have both old leaves from
previous season and young leaves from current season. The old leaves are lower in quality
but enhance total biomass yields (Soininen, 2010), while the young ones improve the quality.
Increase in tiller numbers with increase in water supply can be attributed to enhanced tiller
recruitment. The findings of Mganga et al. (2010b) closely agreed with those of this study in
terms of tiller recruitment patterns as the plants advanced in growth.

Surukhan et al. (1984), Skerman and Riveros, 1990; and Laidlaw 2005 concluded that
grass species with higher number of tillers are more persistent and contribute more resources

to the next generation of reproductive tillers in the sward. Differences in tiller density
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observed in this study could be attributed to their genetic differences coupled with
environmental conditions including soil water content.

Leaf dynamics in grasses are a function of new leaf development and death of leaves
which are determined by the environment and genetics of the grasses (Harper, 1989; Huibert
& Jan, 1998). However, there is a close relationship between tiller numbers and leaf
recruitment per tiller (Matthew et al., 2000). Plant leaves determine the quality of forage for
livestock with higher young and green leaves contributing more to the increase in crude
protein (Michel & Helene, 2000; Arzani et al., 2001). The leaf: stem ratio is a parameter of
concern when evaluating pasture quality, and grass species with higher proportion of leaves
per tiller and less stems tend to be of higher quality (Ball et al., 2001; Rad et al., 2013).

Therefore the higher leaf numbers in CG and CC suggest better quality forage grasses.
Conclusion

The above findings amplify the importance of water availability in determining the overall
biomass yields by the six indigenous grasses. As such, the heavy reliance on rainfall in forage
production in all ASALSs is the main cause of the rampant feed deficits in these areas. It was
evident that SB, CG and EM were the most productive when properly watered. All of them
produced more than 10t ha™ equivalent to 700 bales of 14kgs each even under lowest soil
moisture content. CC could give maximum vyields at medium (50% FC) water supply.
Because of the clear differences in WUE in each species, the need to grow the species
separately and not in mixtures is apparent and hence the need to supply each of them with the
appropriate amount of water throughout the growing period. SB and CG were the best

choices for pasture production in moisture deficit environments.
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Abstract

Seed yields of six range grass species grown at 80, 50 and 30% field capacity (FC) soil
moisture content and rain fed condition were evaluated. Watered treatments had higher seed
yields than rain fed for all the grasses. C. roxburghiana had higher seed yields at 50 and 30 %
FC (516.1 and 633.4 kg ha™, respectively), than at 80% FC and rain fed treatment (103 and
54.3 kg ha™, respectively). E. superba and E. macrostachyus showed no difference in seed
yields across watered treatments. C. ciliaris had no significant difference among watered and
rain fed. C. gayana produced more seeds at 30% FC (1066.8 kg ha™), than 80, 50% FC and
rain fed had 766.9, 866.8 and 123.7 kg ha™, respectively. The highest yield was observed in
S. sudanense at 80% FC (1250 kg ha™), compared to 50, 30% FC and rain-fed (700.5, 533.9
and 150.7 kg ha™, respectively). Even under rain-fed conditions, S. sudanense yielded the
highest quantity of seeds (150.7 kg ha™) compared to C. ciliaris (21.8 kg ha™). C. gayana and

S. sudanense were the most promising species under limited water supply.

Keywords: Field Capacity, Irrigated Pasture, Range Grasses, Grass Seeds, Soil moisture content, Kenya

1. Introduction

Kenyan rangelands are increasingly becoming less productive in terms of livestock forage
due to range degradation (Nyangito et al., 2008; Kigomo & Muturi 2013). This has become
more severe with the increasing climate change phenomenon that has resulted into reduced
precipitations leading to reduced livestock productivity due to feed shortage (Musimba et al.,
2004). The main drivers of rangeland degradation are overgrazing, inappropriate cultivation
in the marginal and fragile areas, deforestation and climate change (Mganga et al., 2010b;
Clay et al., 2014) hence accelerated loss of dryland community’s livelihoods in the long term.

The effects of land degradation has far much impacts on livestock production (Nyangito,
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2005; Simba et al., 2013) with direct effects on reduced feed supply, reduced carrying
capacity and the frequently observed livestock mortality due to starvation.

Production of pastures under irrigation for dry season use has been used as one of the
interventions for sustaining and improving forage production and consequently improving
livestock production in rangelands (Mnene, 2005; Mganga et al., 2010b; Mganga et al.,
2013). Integration of crops, pastures and livestock production has shown some benefits in
pastoral areas especially under irrigation conditions (Allen et al., 2007; Anderson &Schatz,
2013) and some range scientists have argued that dryland ecosystems are more resilient than
has previously been accepted, as long as livestock, crops and pastures are integrated to
complement each other. Establishment of irrigated pastures has been touted as one of the
ways to enhance adaptation of livestock production to climate change in the drylands through
utilization of established pastures for strategic feeding during dry seasons (USAID, 2011).
This is especially so because pasture production under natural rainfall has failed to sustain the
pastoral production systems.

Past studies on performance of range grasses under irrigation have shown greater potential
in rangelands (Opiyo, 2007; Mganga et al., 2010b; Ogillo et al., 2010; Opiyo et al., 2011).
However, these studies assessed the range grasses in terms of biomass productivity and
ecological restoration capacities and never evaluated the productivity under different soil
moisture profiles and water use efficiencies (WUE). The increasing pressure on available
water use for both crops and pastures calls for studies that maximize water available with
greater benefits in biomass and seed yields.

Recently, there has been a steady increase in demand for grass seeds for rehabilitation of
degraded rangelands and establishment of pastures. However, the challenge has all along
been availability of adequate quantities of seeds of high quality (Reynolds et al., 2005;
Mganga et al., 2010a). Many efforts to reclaim denuded rangelands have shown positive
responses. For instance, range land reseeding in Kenya by a charitable organization:
“Reclamation of Arid Environments (RAE)”, has reclaimed denuded areas of Baringo County
using range grasses under rain-fed conditions. Other efforts have been made in the southern
rangelands of Kenya with the support of Kenya Agricultural Research Institute (KARI). All
the same, the impacts and coverage are far too few for the vast degraded rangelands. This is
largely attributed to the low seed yields under rainfed conditions. This calls for more research

on grass seed multiplication for rehabilitation and pasture establishment for improved
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livestock production. A study by Mganga et al. (2010a) reported that farmer’s efforts to
rehabilitate denuded southern rangelands were hampered by lack of adequate and high quality
seeds.

This study aimed at evaluating the potential of six local grass species to produce seeds
under different soil moisture conditions. Most previous studies have focused on evaluating
the impacts of agronomic management on grass seed yields with little attention to WUE and
its effects on seed production (Griffiths, 1993; Awad et al., 2013; Guan et al., 2014). The
study contributes information on varied soil moisture content effects on range grass seed
yields which could be useful in large scale seed multiplication for reseeding, as well as
providing farmers with access to grass seeds for pasture production. This is further supported
by the current increasing demand for rangeland rehabilitation, increasing livestock forage
demand, making grass seed production a priority for Kenyan rangelands (Mnene, 2005;
Mganga et al., 2010b; Mganga et al., 2013).

2. Materials and Methods
Experimental design and layout have been described in chapter two.

2.1 Data collection
Data collection covered the period between planting and 16 weeks of age.

2.1.1 Seed Yields Determination
Seed yield determination was conducted in pure stands experimental plots only. Ripe seeds

were hand-harvested from three systematically placed 1m? quadrats within each of the pure
species sub plots in the main blocks. The seeds were stored in brown paper bags, sun-dried
and weighed using a digital balance. The dry weights were then converted to yields per

hectare.

2.1.2. Data Analysis

To determine whether treatments had significant effects on seed vyields, the data were
subjected to Analysis of Variance (ANOVA) using SAS Version 9 [28]. Where a significant
difference was detected, the means were separated by Least Significant Difference (LSD) at

5% probability level.
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3. Results

Table 1 contains average seed yields (kg ha™) of the six grasses under 80, 50 and 30 % FC
soil moisture profiles and the control (rain fed). Seed yields varied significantly (p<0.05)
among the grass species and soil moisture content levels (see ANOVA tables in Appendix 3).
Generally, all the watered treatments produced higher seed yields than the rain fed treatment.
CR realized the highest seed yield at 30% FC moisture content though it was not significantly
above that of 50% FC. Yields from ES and EM were not significantly affected by changes in
soil moisture content. However, yields were significantly lower (p<0.05) under rain-fed
treatment than under the watered conditions for the all the grasses. CG gave the higher seed
yields (1066.8 kg ha™) at 30% FC soil moisture content than at 80 and50% FC and rain fed
(766.9, 866.8 and 123.7 kg ha™, respectively). Among the six grasses, SB gave higher
(1250.7 kg ha™) seed yields than the other species at 80% FC moisture content and under
rain-fed conditions (150.7 kg ha ™).

Table 1. Mean seed yields (kg ha™) by the six range grasses under 80, 50, 30 %FC and rain
fed soil moisture content conditions

80 % FC 50 % FC 30% FC Rain fed (control)
CR 103.3°+5.77 516.1°+ 7.64 633.4°+ 14.43 54.2%+9 62
ES 350.1° +57.66 286.0° + 41.63 343.2° + 50.57 39.8%7.91
EM 566.3°+ 2.88 550.4° + 0.00 516.3°+5.77 105.3"+21.11
cc 150.5% +13.22 136.6° + 16.07 156.6° + 20.21 21.8%+4.43
CG 766.9% + 15.27 866.8" + 20.20 1066.8° + 2.88 123.7°+33.21
SB 1250.7¢ + 7.07 700.5% + 10.00 533.9°+2.88 150.7°+31.42

Means within the same columns with different superscripts are significantly different at p<0.05.

Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana,
SB= Sorghum sudanense,

+Standard deviation

Table 2 presents the average number of tillers per shoot at 12 weeks after planting. Changes
in soil moisture content did not significantly affect the number of tillers in any of the species.
As expected, moisture supplementation significantly (p<0.05) increased tiller numbers across

all the species.

30



Table 2. Mean number of tillers per shoot for the six grasses under 80, 50, 30 % FC soil moisture content and rain fed.

80 % FC 50 % FC 30% FC Rain fed (control)
CR 11.1742.3 10.8"+3.3 12.3*+6.3 33%+13
ES 19.3%+4.7 143* 158 18.3°+7.1 31%+1.1
EM 16.2°+2.3 141" 433 12.1%+2.4 41°+23
cc 28.0° +6.4 22.0°+11.4 20.0°+8.4 47°+2.4
CG 21.1°+11.1 18.1%49.1 16.3°+9.4 43°+12
SB 31.0°+16.1 29.0°+6.1 31.2°+11.1 52°+2.1

Means within the same columns with different superscripts are significantly different at p<0.05.

Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus
ciliaris, CG= Chloris gayana, SB= Sorghum sudanense

+ Standard deviation

4. Discussions

Results of this study have demonstrated that genetic and morphological differences were
major “drivers’ of quantity and quality of seeds produced by individual grass species (Masuka
et al., 2012; Mganga et al., 2013). The relatively large size of SB seeds compared to those of
the other species was highly attributed to its higher biomass and seed vyields. Studies by
Mganga et al. (2010b) showed that ES had higher seed yields than CC which was attributed
to high spikelet densities per inflorescence. Other morphometric characteristics with a big
impact on seed yields include tiller density. This relationship was also reported by Awad et
al. (2013) working with SB who demonstrated a positive correlation between grain yields and
number of tillers and panicles per plant. Other studies have affirmed that grasses with many
reproductive tillers produce more seeds (Adler et al., 2006; Silvertown & Charlesworth,
2009; Guan et al., 2014) than those with fewer or many which are non-reproductive. In our
study SB which has higher number of reproductive tillers had higher seed yields than CC and
EM. This was also observed by Opiyo et al., (2011) working with EM, ES and CC under rain
fed conditions and different land preparation methods--reaped and hand cleared.

These findings also closely concurred with those of Mganga et al. (2010b), where tiller
densities varied with grass species and influenced biomass productivity. Besides tiller density
influencing seed yields, it also influences adaptability to grazing pressure, which is a function
of photosynthetic rate and food reserves (Laidlaw, 2005). The number of tillers in a plant
determines the biomass production and the quality of forage (Mganga et al., 2013; Skinner &
Moore, 2007). Tillers contain leaves which have more easily digestible nutrients and less

structural components especially from the newly developed tillers with young leaves (Wilson

31



et al., 1991). Essentially, a tiller will have both old and young leaves. The older leaves are
less active in terms of food manufacturing but contribute more biomass (Soininen et al.,
2010) while the young ones contribute more new tissues and substances required for growth
and development.

Water plays important role in nutrient absorption and translocation by plants as well as
modulation of plant temperature through transpiration (Oddo et al., 2014) which is conducive
for plant growth and development. Therefore, irrigation will always have beneficial effects on
plants. It does not only increase the germination rate of seeds and subsequent establishment
of the plant species, but will also boost biomass and seed yields (Horton et al., 1990; Lee et
al., 2013; Sulc & franzluebbers, 2013). Therefore, the seed yield patterns observed in this
study, were a direct response to the soil moisture differences which were transmitted through
the plants’ physiological process; and productivity in terms of biomass seed yields. The
results of the study by Martiniello et al. (2007) where SB yielded 130 kg ha™ and 110 kg ha™

under irrigation and rain fed conditions, respectively, support the findings of this study.

5. Conclusions and recommendations

The findings of this study provide useful information on which recommendations to farmers
or individuals in the dry lands who would want to produce seeds from indigenous grass
species. These results amplify the importance of adequate water supply to the plants
throughout the growing season for high seed yields to be realized. These further, emphasized
the fact that different grass species have different water requirements during the growth
period, an aspect which if incorporated in the routine husbandry practices of the grasses, can
improve seeds and/or other grass products. According to our results, CC would be the best
choice for seed production under conditions of limited water supply, while CR was the best
pick under medium water supply situations and SB the best in areas where water is not
limited at all. On the basis of the results of this study, successful seed production from local
grass species in the arid and semi-arid conditions will require either full or supplemental
irrigation. And, although the study did not compare the performance of the local and exotic
grass species, it is evident that the local species, by virtual of their adaptation to the arid

conditions, would be the better choices.
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Abstract

Effect of three soil moisture levels (80, 50, 30% field capacity; and rainfed) and period of storage (2,
12, 24 and 36) on quality of seeds of six range grasses in the semi-arid ecosystems of Kenya were
evaluated. Seeds stored for only two weeks after harvesting had the lowest germination rate (GP). E.
macrostachyus showed low GP (<10%) after 2 weeks storage, but at the late incubation periods of
11th to 14th day. S. sudanense demonstrated higher GP (> 50%) after storage period of 2 weeks
from DOH and GP>75% from the three soil water content after storage period of 36 weeks. The
results also showed after storage periods of 12 weeks, all the grass species start to germination after
day 3 of incubation, unlike in the freshly harvested -2 weeks storage period where germination starts
after 7 days of incubation except for S .sudanense. Germination index (GI) increased with storage
periods for all the grass species with S. sudanense having the highest GI of over 20 after 12 weeks
of storage. Storage period of 12 weeks increases seed viability of the six grasses and S. sudanense
has higher seed viability even when freshly harvested compared to the other species.

Keywords Germination Index; Germination Percentage; Field Capacity; Grass reseeding; Range grasses, grass seed
quality; Grass seed storage; Kenya

1. Introduction

Livestock production plays a central role in Kenyan drylands, with 70% of livestock, 30% of human
population, and over 80% of wildlife being supported by these ecosystems (GOK, 2005). These
areas have been under serious degradation, with increased loss of native grass species that supported
livestock population under pastoralism. Rangeland rehabilitation has been identified as one option of
restoring these degraded areas (Rietkerk et al., 2000), which can be combined with soil and water
conservation activities (Nyangito et al., 2008). Restoration of range lands through reseeding has
been widely used in Kenya to assist degraded areas to recover much faster and increase productivity
(Visser et al., 2007). This has been achieved through use of native species (Musimba et al., 2004;
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Mnene, 2005; Mganga et al., 2010b). However, the major challenge has been availability of quality
grass seeds of the indigenous species which are adapted to the local conditions of the vast
rangelands to be rehabilitated (Mnene, 2005). The use of perennial native grasses has always been
emphasized due to their ability to improve soil moisture retention, increase infiltration rates and
protect the top soil from erosion (Seobi et al., 2005; Mganga 2009; Nyangito et al., 2009).

Research efforts are needed on grass seed multiplication for rehabilitation of denuded areas and
pasture establishment for improved pastoral livestock production (Boonman, 1993; Mwadalu &
Mawangi, 2013; Pizarro et al., 2013). Vegetation and mainly grasses forms an important ecosystem
link in terms of energy flow within rangeland ecosystems (Bestelmeyer et al., 2003; Kreuter et al.,
2012). The pastoralist main source of livelihood is livestock keeping and heavily relies on range
grasses for products and income from their herds (Mlote et al., 2013; Yosef et al., 2013). The
scenario of reduced pastures, increased degradation and loss of native species has worsened their
adaptive mechanism threatening their sole livelihood option (Samuel, 2013). For the attainment of
millennium development goals (MDGS) and Kenya’s vision 2030, of ensuring all citizens have
access to adequate and quality food for better lives, a collective action in research and dissemination
of information regarding grass seeds and reseeding in the ASALSs is urgently required. Previous
rangeland reseeding study by Mganga et al. (2010b) reported that the efforts were seriously
constrained by lack of high quality seeds. Lack of correct technical information on pre- and post-
harvest handling of grass seeds is a main contributor to this situation (Mganga et al., 2013; Mwadalu
& Mwangi, 2013).

The few previous studies on seed production from indigenous species in this region have focused
on the impacts of selected agronomic practices on fodder yields, with little emphasis on their effects
on seed quantity and quality (Griffiths, 1993; Fynn, 2012; Awad et al., 2013). This study evaluated
the quality of range grass seeds produced under three soil moisture content profiles and the effect of

period of shortage on the quality of the seeds.

2. Materials and Methods

Experimental design and layout of this study is provided in chapter two.

2.1 Data Collection
Data collection was carried out between sowing and 16 weeks of age.
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2.1.1 Seed harvesting

This involved hand-harvesting of mature and ripened seeds within a 1m x 1m systematically placed
quadrats replicated three times for each of six species. The seeds were stored in labeled brown paper
bags after sun drying before being stored for the stipulated periods.

2.1.2 Seed quality determination
Seed quality was estimated by means germination rate (% germination--GP) and germination index
(GI). The seeds harvested from the six grass species subjected to the four soil moisture content
levels (including rain-fed) were tested for quality. The seeds were stored in brown papers at room
temperature (28°C). Procedures followed in determining GP and Gl are described below.
Germination rates of seeds of each species after 2, 12, 24 and 36 weeks was determined
following the petri-dish method described by the International Seed Testing Association (ISTA,
1987; Tarawali et al., 1995; Mganga et al., 2010a). A 100 seeds of each grass species were selected
in four replicates. The seeds were then placed on Whitman filter paper in a petridish under room
temperature (28°C). The seeds were incubated for 14 days and monitored for germination. The grass
seeds that germinated everyday were counted and removed from the petri-dishes. Seeds were
deemed to have germinated when the radical could be clearly identified (Opiyo, 2007). Germination
rate (%) was then calculated using the equation 1 below:

. . Total number of seeds germinated X 100 .
% Germination =————————————— ... ......... Equation (1
Seeds per petri—dish x Replicates q ( )

This procedure was performed for seeds of all the six species at the end of each selected storage
period--2, 12, 24 and 36 weeks.

2.1.4 Germination Index (GI)

Gl was computed by use of the following formula (Equation 2).

GI =n/d.. i Equation (2)

Where, n =number of seedlings emerging on day‘d’ and d = day after planting.

For Gl as an indicator of seed quality, the high the GI, the higher the quality (viability) of the seeds
(ISTA, 1987).
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3. Results

3. 1 Germination rate (GP)

Tables 1, 2, 3 and 4 presents the daily mean germination rates for the six grasses, across the four soil
moisture levels (80, 50, 30% FC; and rainfed), and the four storage periods (2, 12, 24 and 36
weeks). The ANOVA tables are presented in Appendix 4. There were significant differences
(p<0.05) in seed germination rate among the species and storage periods. However, the effect of soil
moisture on germination rates was not significant. Generally, germination rates increased with
increase in storage period with 2 weeks storage period giving the lowest germination rate (<15% all
species, except SB) and 36 weeks storage the highest (>50% for all species). CR, ES and CC seeds
stored for 2 weeks did not germinate even after 14 days incubation. SB seeds were the most prolific
across the storage periods, attaining >60% germination rate on the 14™ day after sowing and >75%
germination rate on the 13" day after sowing for seeds stored for 24 weeks. For the six grasses, 12
weeks was the minimum storage period for germination to start, but 36 weeks had the best
germination rates. Between 24 and 36 weeks storage period, all the six species started germinating
after 3 days.
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Table 1. Average daily (1—14 days) germination rates (%) of the six grass species seeds grown under 80% FC soil
moisture content and stored for 2, 12, 24 and 36 weeks after harvest

Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Week 2
CR 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ES 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EM 0 0 0 0 0 0 0 0 0 0 6.1 6.4% 8.5° 8.8
cc 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CG 0 0 0 0 0 0 0 8.2% 10.4° 10.5° 10.2° 11.4° 118 145
SB 0 0 5.2% 6.3 11.4° 120* 125 1618 17.4° 31.5° 39.8"°  455°  60.5°  60.3°
Week 12
CR 0 0 0 8.3 8.0% 10.2°  115° 11.28 124 12.6° 12.5° 14.2¢ 16.2 21.2°
ES 0 0 3.1° 6.5% 7.1° 7.0% 8.5% 1028 13.1° 13.0° 15.2° 14.9° 16.7°  19.8°
EM 0 0 11.2° 154 155°  15.9%  16.7° 18.6°  22.1° 22.0° 25.0° 248 265"  26.6°
cc 0 0 45° 5.5 5.3 7.8 7.0% 7.28 9.7% 9.3 8.7 8.5% 1028 13.1°
CG 0 11* 13.0* 157° 16.1°  19.3*  20.4°  37.0° 38%° 445 49.7° 51.9°  545°  58.7°
SB 0 0 18.2° 26.3° 274> 320° 325° 46.1° 57.4° 61.5° 69.8° 65.5° 70.5¢ 70.3¢
Week 24
CR 0 0 10.5° 19.5° 29.1°  294°  295° 335"  374° 38.6° 37.5° 51.2° 56.1 54.7°
ES 0 0 26.0° 285  47.1°  47.0°  485°  51.2°  53.4° 53.0° 55.2°  54.9°  56.7°  50.8°
EM 0 0 314>  355° 358" 359"  36.8° 382" 45.1° 52.0° 55.0° 59.4° 61.3° 66.7°
cc 0 0 30.2° 355° 352°  37.9°  37.9° 422" 49.1° 49.7° 49.9° 51.5° 55.8° 57.9°
CG 0 0 18.0° 25.7° 26.7°  39.3°  38.9° 37.0° 424° 47.3° 46.8° 52.4° 51.9° 57.4°
SB 0 0 55.8°  59.5°  575°  59.0° 655°  659°  69.1° 69.5° 69.6° 715° 755  73.3¢
Week 36
CR 0 0 20.7° 304° 321"  324°  368° 37.9°  39.8° 42.5° 46.2° 47.8° 52.8° 57.2°
ES 0 0 271> 275° 571° 57.8°  582°  585°  50.4° 61.0° 62.3°  64.9°  651°  65.3°
EM 0 0 335"  350° 36.2°  36.9° 43.8° 458"  55.3° 62.0° 65.8° 69.6° 66.3° 69.8°
cc 0 0 40.0°  41.8° 425"  452° 45.2° 451"  458° 48.8° 50.0° 53.6° 57.5° 61.4°
CG 0 0 21.1° 23.8° 36.7° 39.8°  421° 43.0°  45.3° 48.6° 51.3° 58.6° 61.4° 67.9°
SB 0 0 53.8°  585° 59.0° 59.2° 66.4°  689°  69.1° 69.4° 69.7°  715° 746  75.2¢

Means within the same columns with different superscripts are significantly different at p<0.05.

Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana, SB=
Sorghum sudanense
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Table 2. Average daily (1—14 days) germination rates (%) of the six grass species seeds grown under 50% FC soil
moisture content and stored for 2, 12, 24 and 36 weeks after harvest

Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Week 2
CR 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ES 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EM 0 0 0 0 0 0 0 0 2.3 45 5.2% 6.1% 6.4% 9.2%
cc 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CG 0 0 0 0 0 0 0 7.0% 8.0% 9.1% 9.6% 10.2°  10.8 12.1°
SB 0 0 2.5 4.1° 8.6° 12.3° 11.5° 15.1° 16.9° 28.5° 208" 355"  445° 59.1°
Week 12
CR 0 0 0 7.8 8.1% 9.3 10.5° 10.8° 113  12.0° 13.4°  14.0*° 158° 19.5°%
ES 0 0 4.0° 5.2% 6.3 6.6° 9.0% 9.2% 104° 123 14.1° 159%  17.4°  22.1°
EM 0 0 10.2° 13.4° 14.3° 16.0° 16.6° 19.2° 231°  245° 25.7° 287"  295° 29.9%
cc 0 0 3.0° 4.5 6.0% 7.3 7.6% 8.0% 9.5% 10.1° 11.0°  125* 12.9° 13.6°
CG 0 0 8.0% 8.7 15.1° 17.5° 21.4° 27.0° 286"  34.9° 447° 486"  53.0° 54.0°
SB 0 0 215° 278" 295"  330° 356° 441> 473>  515° 59.6° 63.0° 65.2° 68.0°
Week 24
CR 0 0 8.6% 153"  252°  200°  300° 36.2°  38.0° 424° 47.0°  50.1° 50.5° 52.0°
ES 0 0 21.0° 228" 275"  37.0° 425 50.0° 52.3° 53.5° 54.0° 57.0° 59.9° 61.9°
EM 0 0 28.0° 30.7° 36.0° 39.0° 415 423" 430"  50.2° 53.1° 55.5° 59.8° 68.0°
cc 0 0 28.0° 33.0° 361" 382° 404° 44.0° 453"  48.7° 483"  53.7° 55.0° 55.3°
CG 0 0 9.0% 243"  286° 37.0° 41.0° 431"  450°  455° 48.2°  50.0° 55.1° 59.2°
SB 0 0 52.1° 55.1° 58.0° 61.0° 63.1° 65.2°  67.0° 70.5° 71.0° 72.0¢ 72.9¢ 76.5¢
Week 36
CR 0 0 25.0° 29.0° 301" 321° 352° 35.6°  40.2°  451° 48.0°  50.5° 53.5° 58.0°
ES 0 0 20.0° 252" 453"  551° 57.8° 59.0°  60.2° 63.1° 64.1° 65.0° 67.2° 68.0°
EM 0 0 27.0° 302° 350° 388"  402° 44.0° 492  58.6° 63.0° 65.2° 69.1° 70.1¢
cc 0 0 25.0° 312° 405" 435"  46.0° 46.9°  50.3° 52.2° 54.0°  61.0° 62.1° 65.1°
CG 0 0 28.1° 332" 353" 408"  43.0° 452° 471"  505° 55.2°  59.0°  64.6°  69.0°
SB 0 0 55.0° 58.2° 60.1° 62.0° 64.2° 66.6° 67.9¢ 72.1¢ 74.1° 73.0¢ 74.2¢ 75.0¢

Means within the same columns with different superscripts are significantly different at p<0.05.

Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana, SB=
Sorghum sudanense
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Table 3. Average daily (1—14 days) germination rates (%) of the six grass species seeds grown under 30% FC soil
moisture content and stored for 2, 12, 24 and 36 weeks after harvest

Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Week 2
CR 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ES 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EM 0 0 0 0 0 0 0 0 2.0° 35° 4.9° 5.8° 6.0% 8.5%
cc 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CG 0 0 0 0 0 0 0 4.1° 7.0° 8.0° 9.5% 11.1° 118> 12.4°
SB 0 0 3.0° 5.1% 6.5° 11.3* 126° 14.3° 15.3°  30.1° 338" 342® 405"  58.0°
Week 12
CR 0 0 3.0° 5.1% 7.0° 8.0% 10.0° 1174 11.9*  12.4*  137%°  142* 148  18.3°
ES 0 0 5.0° 5.7% 6.0° 7.0% 9.5% 10.2° 11.6*°  120*  132*  141* 150° 195
EM 0 0 12.0° 14.1° 15.5°% 17.2¢ 18.6° 19.4°  225%  250° 27.1° 315" 355" 428°
cc 0 0 40° 6.1% 8.0° 10.2° 11.3° 12.2¢ 13.4° 14.9°  156° 18.0° 222° 295°
CG 0 0 6.0° 10.3° 16.0° 18.8° 221>  265° 293 324" 418"  47.3° 51.2°  53.4°
SB 0 0 245" 293" 200" 321° 348" 42.0° 455" 498" 543°  580° 62.7°  65.4°
Week 24
CR 0 0 3.0° 9.5% 15.2° 135° 256 331° 350" 415"  450°  47.2° 51.6°  54.0°
ES 0 0 16.3°  21.9°  26.0° 350" 40.1° 455"  472®  51.0° 53.2°  54.0° 55.4°  59.6°
EM 0 0 245" 338" 392"  42.0° 457  48.0° 472 521°  54.0°  57.1° 59.3°  64.2°
cc 0 0 21.0°  262° 320" 351° 394 425" 441 469  480° 51.3° 53.0°  52.8°
CG 0 0 5.2° 224> 331° 382"  43.0° 456"  47.0° 495°  522°  54.0° 56.1°  58.8°
SB 0 0 49.8° 538  550° 589°  60.0° 63.1° 64.0° 67.1° 69.4°  73.0° 74.8° 755
Week 36
CR 0 0 18.3°  25.0° 288° 305" 338" 375" 411"  446° 470> 51.2° 54.4°  56.1°
ES 0 0 252° 270° 358" 457° 551° 54.0° 57.8° 61.2°  62.0°  63.9° 65.1°  65.2°
EM 0 0 30.0° 332° 361" 0 392° 429"  449° 476° 51.4° 555°  58.8° 62.4°  68.8°
cc 0 0 23.8° 279° 307" 37.7° 412 444> 473" 51.6° 53.9° 556° 58.8°  62.0°
CG 0 0 7.0% 221> 318" 364"  41.0° 442 450° 486° 52.7°  55.0° 61.1°  63.2°
SB 0 0 52.9°  61.0° 63.1° 641° 66.1° 682° 68.9° 710 724%  745° 75.1¢  76.1¢

Means within the same columns with different superscripts are significantly different at p<0.05.

Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana, SB=
Sorghum sudanense
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Table 4. Average daily (1—14 days) germination rates (%) of the six grass species seeds grown under rain-fed (control)
soil moisture content and stored for 2, 12, 24 and 36 weeks after harvest

Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Week 2
CR 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ES 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EM 0 0 0 0 0 0 0 0 3.0° 3.0° 4.2° 5.2% 6.3 7.5
cc 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CG 0 0 0 0 0 0 0 3.0° 6.5% 7.7 8.5% 11.1°  12.0°  12.0°
SB 0 0 2.1° 3.1° 5.5 9.8% 14.2° 146° 182° 252° 288" 320" 361"  482°
Week 12
CR 0 0 2.2 3.0° 6.0% 8.2% 11.0° 12.3* 125°  13.4%  142*  140° 160°  17.2°
ES 0 0 4.0° 8.3 9.0% 9.1% 9.8% 11.4° 127 13.0* 131* 13.0* 160 185°
EM 0 0 7.0% 11.1°  14.2¢ 17.3*  182° 204> 21.0° 240° 258" 295" 340" 395°
cc 0 0 3.0° 6.5% 7.5 11.1° 11.8°  13.0° 13.0° 14.0* 145* 19.0° 281"  30.0°
CG 0 0 5.1% 6.0% 13.0° 16.4°  20.1°  242° 244> 284> 331° 370" 415 47.0°
SB 0 0 145°  27.0° 281" 324> 330° 370" 423" 450° 453"  48.0° 50.3°  55.1°
Week 24
CR 0 0 2.8 6.3 9.2% 12.3°  24.0° 301"  34.0° 38.0° 420° 442 467" 49.3°
ES 0 0 10.2° 19.3*  22.0° 28.0° 372° 420" 451 49.1° 51.2 52.0°  504°  525°
EM 0 0 14.3°  21.2° 281> 37.0° 43.1° 450" 452  47.0° 49.3 52.0° 54.1°  54.2°
cc 0 0 18.0°  21.7° 27.0° 342° 352° 405" 436"  47.3° 47.0 473°  475°  495°
CG 0 0 5.9% 14.6° 245" 206° 33.0° 386° 411"  455° 46.2 47.0°  46.1°  52.0°
SB 0 0 331"  38.0° 42.0° 48.7° 520° 54.0° 54.0° 572° 57.0° 59.1%° 620° 65.3¢
Week 36
CR 0 0 14.8° 187 238"  20.0° 31.0° 342° 381"  42.0° 440" 472°  484°  510°
ES 0 0 19.8° 204> 270> 352° 353" 410" 459° 497° 51.0° 53.6° 55.0° 55.7°
EM 0 0 246° 252° 342° 380" 40.0° 439" 47.0° 501° 526° 55.0° 554° 58.8°
cc 0 0 234> 23.0° 207° 384 441 450" 482° 537° 53.9° 540° 558°  57.0°
CG 0 0 6.5% 19.3°  29.0°  38.0° 44.0° 446°  49.0° 496° 480° 51.3° 556°  61.2¢
SB 0 0 458"  50.3° 50.8° 522° 53.7° 56.0° 57.0° 57.9° 624° 645° 65.1°  69.5°

Means within the same columns with different superscripts are significantly different at p<0.05.

Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana, SB=
Sorghum sudanense

3.2 Germination Index (GI)

Table 5 below presents the Gl of the six grass species. Generally, the average Gl was significantly
different among the species, but increased with increase in storage period, attaining maximum
between 24 and 36 weeks. Supplemental watering enhanced the Gl in all the species, with SB seeds
stored for more than 24 weeks exhibiting the highest (>20) overall GI, across the three soil moisture
treatment levels. Under rainfed conditions, SB which was the most prolific, only attained >20 Gl
after 36 weeks storage period. After 12 weeks of storage, SB had the highest Gl, followed by EM
and CC.

44



Table 5. Germination indices of seeds of the six grasses produced under different soil moisture
regimes (80, 50, 30% FC and rain-fed) and stored for different periods (2, 12, 24 and 36 weeks)

80% FC 50% FC 30% FC Rain-fed (control)
Week 2
CR 0.0 0.0 0.0 0.0
ES 0.2% 0.0 1.1° 1.0%
EM 3.1° 2.7 2.0° 1.5
cc 0.0 0.1% 0.0 0.0
CcG 2.4 1.8 2.1° 1.7
SB 25.3 28.4° 24.3° 13.4°
Week 12
CR 6.4% 8.1% 8.8% 3.4
ES 12.4° 16.3° 11.5° 8.8%
EM 21.6° 27.5° 23.2° 12.5°
cc 14.2¢ 15.1° 18.3° 6.8%
CcG 12.5° 15.7% 16.8° 10.2°
SB 21.7° 31.6° 26.5° 18.8°
Week 24
CR 8.5% 8.6° 9.42 5.5%
ES 13.1° 15.5° 14.2¢ 10.3°
EM 20.9° 24.3 22.8° 12.5°
cc 18.6° 21.2° 24.4° 15.2°
CcG 15.2° 13.8° 16.1° 13.4°
SB 25.2° 26.3° 24.8° 18.3°
Week 36
CR 8.8% 7.3 9.2% 7.5
ES 14.1° 13.9° 12.6° 11.3°
EM 22.3° 25.1° 23.7° 17.1°
cc 19.1° 18.6° 24.7° 15.2°
CcG 14.8° 15.9° 15.8° 12.9°
SB 25.2° 23.6° 27.2° 21.1°

Means within the same columns with different superscripts are significantly different at p<0.05.

Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana, SB=
Sorghum sudanense

4. Discussions

Soil moisture and nutrient status during the entire growing period of any plant, is a key determinant
of the quality and quantity of seeds that will ultimately be produced. On the other hand, the storage
conditions of the seeds after harvesting, as well the duration the seeds are stored before planting has
a major effect on the viability (germination rate) of the seeds. The fact that soil moisture content did
not show significant effect on germination rate of the seeds does not diminish its role as it had a high
impact on seed yields, which is equally critical in biomass production. This simply means that the
moisture content was not high enough to trigger germination. The results show that seeds should be
stored for long enough period, during which period they dry further and resulting in improved
viability. Seeds from the current season should not be earmarked for planting in the up-coming

season. Of the six grasses evaluated in this study, 6-12 months storage period of seeds before
45



planting seemed to be ideal. And in addition, CC and SB seemed to be the best choices, especially
under conditions of limited water availability for irrigation. They exhibited relatively higher
tolerance to moisture stress.

The high GP exhibited by SB under all the experimental conditions can be mainly attributed to
the relatively large seed size compared to the other five species (Guo et al., 2000). Dourado (1989)
demonstrated that seed size had direct effect on seed quality and a positive correlation between seed
size and germination percent. The higher germination rate observed in EM than CC and ES, on the
other hand, can be attributed to differences in seed dormancy which is related to existence of an
integument. EM has both a tough integument and protracted dormancy early in the storage period
Mganga et al., 2010a).

Grasses whose seeds germinate faster than those of their contemporaries have the advantage of
reduced competition from weeds and the benefit of escaping the vagaries of moisture deficits during
the dry seasons (Mnene 2005; Verdu &Traveset, 2005; Mganga et al., 2009; 2010a). In this study,
SB and EM species exhibited higher germination rates which were largely attributed to seed size and
dormancy mechanism, which seemed to working relatively better than in the other four species. In
dryland grasses, fast seed germination is desirable as it allows plants to establish themselves very
rapidly after enough moisture has been received, thus increasing the chances of survival of that plant
species if a dry spell ensues (Mganga 2010b). This perspective accounts for the rapid establishment,
survival rate and biomass yields shown by SB and CG--964.8 and 832.7 Kg/ha, under irrigation and
rain fed conditions, respectively. Germination rate is a high indicator of seed quality (ISTA, 1976).
However, seed vigor is also an important pointer of seed quality which can evaluated through Gl
tests (Chin & Wong, 1993; Lusembo et al., 1993).

The observed higher Gl in CC than CG in this study can be attributed to the difference in number
of hairy fascicles which reduce moisture loss from around the caryopsis and, thus enhancing the
germination rates. Similar observations were reported by Dewir et al. (2011); Mganga (2009) and
Zadeh & Murdoch, (2001) where CC had higher germination rate than ES. This observation
suggests that individual grass species have different germination rates, which could be attributed to
the plants’ adaptive capacity to persevere austere climates through either morphological or
physiological traits (Qi, 1993; Opiyo 2007).

The observed lower germination rate of CC under rain fed conditions than under watered
condition suggests an enhanced dormancy by water stress during seed maturation. This finding
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concurs with those of Sharif-Zadeh and Murdoch (2000) who worked with CC and observed that
seed dormancy increased substantially when water stress was imposed during maturation, especially
when the mother plants were exposed to water stress after the caryopses had fully ripened. This
could be the case in this study since the heading of the grasses occurred after the rains had ceased
and the grasses seeded under dry season.

5. Conclusion and Recommendation

The results of this study have provided evidence-based information upon which recommendations
for production and storage of seeds of the six local grasses can be drawn. The results have shown
that storage of seeds of any of the species for less than 12 weeks before planting should not be
recommended; rather, more than 24 weeks should be recommended for acceptable germination
rates. On the other hand, farmers should not use freshly harvested seeds. Of the six species
evaluated, SB is the species of choice under all the conditions covered in this study, including rain
fed. For instance, if one had no alternative than to plant seeds from the just ended season, SB
should be recommended; and where early germination is desired due to possibility of early rainfall
cessation, it should still be best choice.

Acknowledgements

This work was supported by National Irrigation Board (NIB) Kenya, National Council of Science,
Technology and Innovation (NCSTI), German Academic Exchange Service (DAAD)-Kenya and the
University of Nairobi, Kenya

REFERENCE

Awad, A., Hafiz, S., Hammada, M.S, El-Nouby, A., & El-Hendawy, S. (2013) Grain yield
production of Sorghum sudanense (Sudan grass) as influenced by cutting numbers, potassium
rates, and intrarow spacing in a semiarid environment. Turkish Journal of Agriculture and
Forestry, 37(6), 657-664.

Bestelmeyer, B.T., Miller, J.R. & Wiens, J.A. (2003) Applying species diversity theory to land
management. Ecological Applications, 13(6), 1750-1761.

Boonman, G, (1993) (ed) East Africa's grasses and fodders: Their ecology and husbandry (Vol. 29).

47



Springer.

Chin, H.F. & Wong, C.C. (1993). The importance of tropical pasture seed quality and factors
affecting it in smallholder farming systems. In Proc. XVII Int. Grassland Congress.

Dewir, Y.H., EI-Mahrouk, M.E., & Naidoo, Y. (2011) Effect of some mechanical and chemical
treatments on seed germination of Sabal palmetto and Thrinax morrisii palms. Australian
Journal of Crop Science, 5(3), 248-253

Dourado, A.M. (1989) The effect of seed size, method of harvest and accelerated ageing on
germination.  Proceedings of the International Seed Test Association, 17,
http://agris.fao.org/agris-search/search/display.do?f=1989/CH/CH89002.xml;CH8923236

Fynn, R.W. (2012) Functional resource heterogeneity increases livestock and rangeland
productivity. Rangeland Ecology & Management, 65(4), 319-329.

GOK, (2005) Tana River District Strategic Plan 2005-2010 for Implementation of the National
Population Policy for Sustainable Development.
http://ncpdnke.org/strategicplans/TanaRiver.pdf. (Accessed on 25 June 2012).

Griffiths, R., (1993) Sustainable supplies of quality herbage seed for sub-Saharan Africa
smallholder’s pp. 662-665. In: MJ Baker (ed). Grasslands for our world. Sir Publishing,
Wellington, New Zealand

Guo, Q., Brown, J.H., Valone, T.J. & Kachman, S.D. (2000) Constraints of seed size on plant
distribution and abundance. Ecology, 81(8), 2149-2155.

ISTA. (1987) Handbook of Vigour Test Methods." International Seed Testing Association”

ISTA. (1976) International rules for seed testing. Seed Science and Technology 4:23-28

Kreuter, U.P., Fox, W.E., Tanaka, J.A., Maczko, K.A., McCollum, D.W., Mitchell, J.E., &
Hidinger, L. (2012) Framework for comparing ecosystem impacts of developing unconventional
energy resources on western US rangelands. Rangeland Ecology and Management, 65(5), 433-
443.

Lusembo, P., Sabiiti, E.N., Mugerwa, J.S., Ndikumana, J. & Leeuw, P.D. (1993). The effect of
staking on seed yield and quality characteristics of Macroptilium atropurpureum at Namulonge,
Uganda. In Workshop for the African Feed Resources Network (AFRNET), Harare (Zimbabwe)
6-10 December 1993.

Mganga, K. Z., Musimba, N.K., Nyangito, M.M., Nyariki, D.M., Mwangombe, A.W., Ekaya, W.N.
& Verhagen, J. (2010a). The role of moisture in the successful rehabilitation of denuded patches

48



of a semi-arid environment in Kenya. Journal of Environmental Science and Technology, 3,
195-207.

Mganga, K.Z., Musimba, N.K., Nyariki, D.M., Nyangito, M.M., Mwang’ombe, A.W., Ekaya, W.N.
& Muiru, W.M. (2010b). Dry matter yields and hydrological properties of three perennial
grasses of a semi-arid environment in east Africa. African journal of Plant Science, 4(5), 138-
144

Mganga, K.Z., Musimba, N.R., Nyariki, D.M., Nyangito, M.M. & Mwang'ombe, A.W. (2013). The
choice of grass species to combat desertification in semi-arid Kenyan rangelands is greatly
influenced by their forage value for livestock. Grass and Forage Science.

Mganga, K.Z. (2009). Impact of grass reseeding technology on rehabilitation of the degraded
rangelands: a case study of Kibwezi District, Kenya. MSc Thesis, University of Nairobi,
Nairobi, Kenya

Milote, S.N., Mdoe, N.S., Isinika, A.C. & Mtenga, L.A. (2013). Factors Affecting Agro-Pastoralist
and Pastoralists’ Willingness to Adopt Beef Cattle Fattening in the Lake Zone in Tanzania.
Journal of Agricultural Science (1916-9752), 5(10).

Mnene, W.N. (2005). Strategies to increase success rates in natural pasture development through
reseeding degraded rangelands of Kenya. PhD Thesis, University of Nairobi, Nairobi, Nairobi,
Kenya.

Musimba, N.K.R., Nyariki, D.M., lkutwa, C.N. & Teka, T. (2004) Dryland Husbandry for
sustainable development in the southern rangelands of Kenya. OSSREA, Addis Ababa, 2004.

Mwadalu, R. & Mwangi, M. (2013) The potential role of sorghum in enhancing food security in
semi-arid eastern Kenya: A review. Journal of Applied Biosciences, 71(1), 5786-5799.

Nyangito, M.M., Musimba, N.K.R. & Nyariki, D.M. (2008). Range use and dynamics in the
agropastoral system of southeastern Kenya. African Journal of Environmental Science and
Technology 2(8): 220-230

Nyangito, M.M., Musimba, N.K.R. & Nyariki, D.M. (2009) Hydrological properties of grazed
perennial swards in semiarid southeastern Kenya. African Journal of Environmental Science
and Technology 3(2): 026-033.

Opiyo, F.O. (2007) Land treatment effects on morphometric characteristics of three grass species
and economic returns from reseeding in Kitui district, Kenya. MSc Thesis, University of
Nairobi, Nairobi, Kenya.

49



Pizarro, E.A., Hare, M.D., Mutimura, M. & Changjun, B. (2013) Brachiaria hybrids: potential,
forage use and seed yield. Tropical Grasslands-Forrajes Tropicales, 1(1), 31-35.

Qi, M.Q. & Redmann, R.E. (1993) Seed germination and seedling survival of C3 and C4 grasses
under water stress. Journal of Arid Environments, 24(3), 277-285.

Rietkerk, M., Ketner, P., Burger, J., Hoorens, B. & OIff, H. (2000) Multiscale soil and vegetation
patchiness along a gradient of herbivore impact in a semi-arid grazing system in West Africa.
Plant Ecology, 148:207-224.

Samuel, T. (2013). From cattle herding to sedentary agriculture: the role of hamer women in the
transition. African study monographs. Supplementary issue., 46, 121-133.

Seobi, T., Anderson, S.H., Udawatta, R.P. & Gantzer, C.J. (2005) Influence of grass and
agroforestry buffer strips on soil hydraulic properties for an Albaqualf. Soil Science Society of
America Journal 69:893-901.

Sharif-Zadeh, F & Murdoch, A. J. (2000) The effects of different maturation conditions on seed
dormancy and germination of Cenchrus ciliaris. Seed Science Research, 10(04), 447-457.

Verdu, M. & Traveset, A., (2005) Early emergence enhances plant fitness: a phylogenetically
controlled meta-analysis. Ecology, 86(6), 1385-1394.

Visser, N., Morris, C., Hardy, M.B. & Botha, J.C, (2007) Restoring bare patches in the Nama-Karoo
of South Africa. African Journal of Range and Forage Science 24(2):87-96.

Yosef, T., Mengistu, U., Solomon, A., Mohammed, Y.K. & Kefelegn, K. (2013) Camel and cattle
population dynamics and livelihood diversification as a response to climate change in pastoral
areas of Ethiopia. Livestock Research for Rural Development, 25(9).

Zadeh, F., & Murdoch, A.J. (2001) The effects of temperature and moisture on after-ripening of
Cenchrus ciliaris seeds. Journal of arid environments, 49(4), 823-831.

50



CHAPTER SIX

Effect of stage of maturity, curing and storage methods on the quality of hay
from six indigenous grass species of southeastern Kenya

To be submitted to Animal Feed Science and Technology-Elsevier

Abstract

The study was carried out to evaluate the effect of stage of maturity at harvesting, curing and storage
methods on the quality of hay from six dry-land grasses in southeastern Kenya. The grasses were
harvested at three different phonological stages (8, 10 and 12 weeks), cured for 1, 2 or 3 days, and
stored either outdoor or indoor. Crude protein (CP) content was also determined using the AOAC
(2005) method. The results demonstrated a significant decline (p<0.05) in crude protein content in
all the species as the plants aged. S. Sudanense hand the lowest mean CP content of the six species.
Curing period did not affect the CP content. Crude Protein was significantly (p<0.05) higher in
indoor than outdoor storage for all the species. CF, NDF and ADF increased with increase in
maturity in all the species, irrespective of storage method. Outdoor stored hay had significantly
lower (p<0.05) DM than that stored indoors. Storage method had no effect on the in sacco dry
matter digestibility (ISDMD). As expected, the hay quality is a function of the age of the grass at
harvesting and storage methods with indoor storage being more beneficial than outdoor method.
Harvesting grass between 8 and 10 weeks old, curing the hay for 1-3 days and storing it indoors
resulted in higher quality hay than the other methods.

Keywords: Grass quality; Range grasses, Semi-arid rangelands, Grass storage; Grass curing; Kenya
1. Introduction

Production and conservation of forages, including crop residues, for feeding during periods of feed
scarcity, is an ages-old practice in virtually all livestock producing systems of the world. Hay and
silage-making are probably some of the oldest and most popular methods of conserving forages. The
main goal in production and conservation of any plant material for feeding to livestock later is to
minimize loss of quantity and quality during harvesting, storage and feeding (Buskirk et al., 2003;
Mackie, 2004). Under good husbandry practices, forage materials when growing can be of very high

quality, but lose most of it between harvesting and feeding, especially during storage (Roberts et al.,
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2009; Bernués et al., 2011). Prevailing weather conditions during the time of cutting, curing and
baling can have huge adverse effect on the forage material. For example, alfalfa hay DM dropped by
up to 22% when exposed to about 10mm of rainfall during curing (Rankin & Undersander, 2004).
According to Rankin & Undersander (2004) prevailing weather conditions affect forage quality
through: (i) plant respiration that reduces soluble carbohydrates and energy content during storage;
(i) leaching of soluble carbohydrates, protein and minerals under unprotected storage (iii) leaf
shattering and loss of highly digestible proteins, (iv) microbial activity which metabolizes soluble
carbohydrates, reducing forage energy content and possibly producing harmful metabolites, and
finally (v) colour change through bleaching and excessive drying reducing palatability of the hay
(Roberts, 1995). Mouldy hay can be a health hazard to livestock due to potential toxicity (Tangni et
al., 2013). In a few cases, hay baled at high moisture content can spontaneously heat to combustion
(Rotz, 1994). During hay storage, microbial activity consumes soluble carbohydrates leading to
reduction in nutritional quality through respiration, consequently reducing the DM content. The
losses can be more than 10% if moisture levels are 20—30 per cent at storage (Wilcke et al., 1999).
Grass production for storage therefore, requires a lot of care from harvesting to feeding. This study,
evaluated the effect of stage of maturity at harvesting, duration of curing and storage method on the
quality of hay from Chloris roxburghiana- (CR), Eragrostis superb- (ES), Enteropogon
macrostachyus- (EM),, Cenchrus ciliaris- (CC), Chloris gayana - (CG), and Sorghum sudanense-
(SB), the common indigenous grass species in south-eastern dry lands of Kenya.

2. Materials and Methods

Experimental design and layout are described in chapter two.

2.1 Sample preparation, chemical analyses and Data Collection

Samples of forage materials harvested from plots of a study carried out to determine the effect of
varying soil moisture content on aboveground biomass yields and morphometric characteristics of
six indigenous grasses, were chemically analysed to determine the effect of maturity stage; and
curing and storage methods on feed quality. Treatments comprised three maturity stage (8, 10 or12
weeks), three curing period (1, 2 or 3 days), three storing periods (12, 24 and 36 weeks) and two
storing methods (indoor and outdoor). For the maturity stage treatment, one plot (replicate) per
species was cut at the end of each growth stage. The material was divided into three equal portions,
one portion hand-baled after one day, the other after two days and the other after three days. Half of
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the material (bales) collected each day was stored outdoor and the other half stored indoor. To avoid
mix-ups in the store, the experimental materials were carefully marked before being stored.

To determine the effect of storage period experimental material batches from each of the
other treatment levels were sampled at end of the set storage period. The samples were stored
separately in paper bags pending analyses. Samples for laboratory analysis were dried at 65°C for
48h, while those for DM determination were dried at 105°C for 24h. Sample designated for
laboratory analysis were then ground through a 1-mm sieve of a hammer mill and packed in labeled
bottles and stored in a cool dry place. Dry matter (DM), ash (A), organic matter (OM) and total
nitrogen (N) were determined according to AOAC (1990), while Acid detergent fiber, (ADF),
neutral detergent fiber (NDF) and Acid detergent lignin (ADL) were analyzed following the
procedures of Van Soest et al (1991). Dry mater digestibility was determined using the Nylon bag
(Osuiji et al., 1993). Nylon bags were stuffed with 2gms of the ground material and incubated in the
rumen of a fistulated bull for 72hrs. Weight losses were calculated according to the method
described by Osuji et al., (1993). All chemical analyses were conducted in the Department of
Animal Production; University of Nairobi. The data were analyzed using the General Linear models
(GLM) procedure of SAS Version 9 (SAS Institute, 2011).

3. Results

3.1 Crude protein content at different curing and storage methods

The results presented here are only for the 80% FC soil moisture treatment since the other water
treatment levels did not have significant effects on forage quality (see Appendix 5). Table 1 presents
the percentage crude protein of six range grass species harvested at 12" week, cured for 1, 2 and 3
days before baling and stored for 2, 12, 24 and 36 weeks. There was no significant difference
(p>0.05) in percentage CP content for all the grasses at the three curing periods at a given storage
period (ANOVA - Appendix 5). However, there was a significant (p<0.05) decline in percentage CP
with storage from 24 weeks onwards for all the grass species at the three curing periods. The two
weeks storage period yielded 7-8% CP for all the grass species, 12 and 24 weeks had 5-7% CP while
36 weeks storage had less than 5%. SB had the highest decline (<4%) in CP by 36 weeks storage

period.
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Table 1 Crude proteins (% CP) of selected grasses at 12" phenological stage, Cured for one, two and three days, before
indoor storage for 2, 12, 24 and 36 weeks.

% CP
Curing period 1 day 2 days 3 days
WEEK 2

CR 75%42.1 7.8+1.4 75°+3.1
ES 7.0%1.7 7.8243.2 7.7°42.2
EM 7.0°+3.1 728421 7.1°42.0
cc 7.32413 718413 7.1°+1.9
CcG 754431 78414 7.4°+15
SB 7.2%43.1 782427 7.3°42.1
WEEK 12

CR 7.0%+1.1 718421 6.9°+2.1
ES 6.3%+1.7 6.5%+1.0 6.8°+3.0
EM 6.4%+2.1 6.8%+1.2 6.7°+1.3
cc 6.1%+1.0 6.6%+2.1 6.9°+2.1
CcG 6.0°+2.1 6.5%+3.1 6.1°+1.5
SB 6.4°+1.3 6.3%+1.3 6.1°+2.0
WEEK 24

CR 6.4%+2.1 557 +1.1 6.1°+1.6
ES 5.8°+1.6 5.9°+1.2 5.3°+1.2
EM 5.8°+2.1 5.2°+1.0 5.2°+1.1
cc 5.3%+1.1 55°+1.3 53°+14
CG 5.6°+1.4 5.1°+1.2 5.0°+1.8
SB 53°+1.4 5.0°+2.0 5.0°+1.0
WEEK 36

CR 43°+0.4 4.2°40.7 41°+1.0
ES 4.2%1.1 4.4°40.3 4.0°+1.1
EM 4.0°+05 4.1%+0.0 48°+0.7
cc 45°+16 3.9°40.2 41°+1.3
CcG 4.2°40.9 4.0°40.7 41°+1.2
SB 349+1.1 3.8%1.1 3.39+.09

Means within the same columns with different superscripts are significantly different at p<0.05.
Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris,
CG= Chloris gayana, SB= Sorghum sudanense

3.2 Effects of storage method on hay quality

Table 2 presents the DM, EE, CP, CF, NDF, ADF and ADL of the grasses species grown singly and
in mixtures at 12" week’s phenological stage under outdoor storage for 12, 24 and 36 weeks from
date of harvest. There was no significant difference in DM and CP at a given storage period for all
the grass species and their mixtures. No significant difference (p>0.05) was observed in specific
species DM at storage duration of 12, 24 and 36 weeks; however a declining trend was observed.
Ash and EE did not significantly differ with storage durations among the six grasses and their
mixtures. There was significant decline (p<0.05) in CP with storage duration for all the grasses and
their mixtures. The CF, NDF ADF and ADL increased with storage although were not significantly
different at the three storage periods.
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Table 2 Nutrient composition of selected grass species at 12" week, grown in pure and in mixtures under outdoor
storage period of 12, 24 and 36 weeks from date of harvest

Species %DM %ASH %E.E %C.P %C.F %NDF %ADF %ADL
WEEK 12
CR 88.28+12.2  10.1°#5.2 1.1740.1 6.4°£1.3 23.1°48.2 54.0 £7.1 30.1°+8.2 8.9° +2.6
ES 81.5%+11.2  9.8°+35 1.0°+1.1 5.8°47.1 27.1%47.9 54.9°+9.1 32.1%47.0 9.8°+2.1
EM 80.3° 8.1 11.1%+4.1 1.2%40.6 5.2°41.2 28.0°+2.1 53.1°+22.6 30.1°49.1 10.1%+4.1
cc 88.1°+135  10.2°+0.9 1.2%+1.1 6.1°+3.2 30.1°+8.0 59.0° 8.1 31.0°47.3 9.8°42.3
CG 83.0°+17.3  8.6°12.1 1.1°40.3 6.0°12.8 22.1%47.1 56.8% 7.9 33.1°46.2 9.5%+3.1
SB 81.0°+129  7.3°+4.6 1.0°+04 5.9°+3.1 21.1%+4.7 57.1°+9.2 34.2845.1 10.17+2.1
CRIES 80.8°+21.2 11.1°#4.1 0.9°+0.1 6.2°£15 23.2847.1 58.6° 7.9 30.1°+3.7 11.2%+3.3
CR/ES/IEM 79.5°£9.7 9.3%42.2 1.1°+0.6 5.8°+3.1 27.1%+4.1 59.8° 9.1 32.7°45.1 12.17+0.8
CR/ES/IEMI/CC 83.1°+8.9 12.17+3.2 1.3°40.1 528421 23.1%47.0 57.8°48.1 30.0°49.1 10.1%+2.9
CR/ES/EMICCICG 81.4°+11.0 11.0°#25 1.2°+0.5 5.4°+15 22.8°45.2 59.0° 9.0 30.1°45.2 8.9°+2.1
WEEK 24
CR 76.28+13.0 9.8°+29 1.1740.1 45" 2.1 29.1°+6.0 57.1°+8.7 37.1°49.1 10.3% 5.1
ES 75.1°+9.7 10.27+1.7 1.1%40.2 42°+0.8 30.1°45.2 59.0°+11.0 38.0°47.3 11.2°+4.8
EM 78.2° 9.4 9.7°£1.0 0.7°£0.0 41°+2.1 21.1%47.0 60.1°+9.8 37.0°18.4 10.3°+2.4
cc 80.0°+12.2  10.1°+2.8 1.1740.1 40°+1.3 24.2% 6.2 54.8%+10.3 38.0°+3.9 9.8°+3.9
CG 76.1°+11.8  9.5°+3.3 1.240.3 42432 22.0°+4.5 58.1°+11.1 36.4° 8.0 10.5%+4.4
SB 77.0°4£9.4 1117421 0.8°10.1 51°+2.1 20.1%47.1 55.9°45.1 35.6°16.1 9.8°+1.2
CRIES 78.1°+12.3  10.1°+3.0 0.7°£0.0 4221 24.1% +4.7 59.3*+4.6 36.1°45.1 10.1%+3.8
CR/ES/IEM 76.9°+180 8.6°12.1 0.8°+0.0 43°+15 21.1%43.7 59.0°+7.1 36.5% 6.2 9.8°+3.1
CR/ES/IEMI/CC 74.3* 9.6 8.1°+1.1 0.9°10.1 4.1°+0.0 21.0°47.0 60.0° £9.0 37.0°+8.0 11.1%+1.6
CR/ES/EMICCI/CG 74.1°+20.1  7.9°40.6 1.2°+04 41°%15 25.9°48.1 60.0° +4.1 37.1%47.1 9.8°+2.1
WEEK 36
CR 75184121 11.2°423 1.1740.1 41°+1.3 31.1°45.0 60.1° 3.6 38.9°47.1 115%+2.4
ES 76.1° 9.7 10.07+2.1 1.0°40.2 3.7°+2.1 33.1°+29 59.9° 6.1 41.1°+4.1 10.1%+3.0
EM 79.2849.1 9.8°+3.1 1.3°40.2 41°+2.1 22.1%46.1 60.1°+7.4 40.0°£9.2 11.27+2.1
cc 79.1°49.2 7.0°42.4 1.1°4+0.0 3.2°#1.1 29.9°+3.3 60.2°£9.9 38.5°48.1 9.3°+3.2
CG 79.7°£11.1  11.1°443 1.0°40.3 29°42.1 21.1%47.1 60.1%+9.2 39.6% 6.7 10.1%+0.9
SB 71284100 10.0°#4.1 1.3°+1.0 3.1°40.9 24.1°45.1 59.6% 5.1 41.1°45.1 9.8°12.6
CRIES 78.1°49.1 9.7°£1.6 1.4°+0.9 3.1°40.3 26.1°+9.2 60.0° £6.2 39.0°+2.4 10.17+3.1
CR/ES/IEM 76.0° £6.7 8.1°+0.7 1.240.1 4311 24.9°+3.1 61.28 6.1 38.0°+3.3 10.07 3.0
CR/ES/IEMI/CC 77.78£17.2 9.3°1#3.1 0.8°10.3 42°+0.9 23.0°+2.1 56.9° £8.2 37.9°+2.4 9.8°+1.1
CR/ES/EM/CC/CG 77.3°+115 8.1°#2.1 0.8°+0.1 2.9°+1.1 26.9° 6.1 60.0°+11.1 38.7°48.1 8.7°+2.1

Means within the same columns with different superscripts are significantly different at p<0.05.
Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris,
CG= Chloris gayana, SB= Sorghum sudanense

Table 3 presents the DM, EE, CP, CF, NDF, ADF and ADL of the six grasses grown singly and in
mixtures, harvested at week12 under indoor storage of 12, 24 and 36 weeks. There was no
significant change in DM and Ash content across the species at the three storage periods, however a
declining trend was observed in DM. There was a decline in CP content for all the six grass species
and their mixtures with increase in storage duration ranging from 5.0 to 6.3% but were not
significantly different. Slight increase in CF, NDF and ADF content was observed for the grasses
and their mixtures with storage periods but was also not significantly different. No significant
difference was noted when DM, Ash, CF, NDF, ADF for indoor and outdoor was compared at each
storage period. However, DM decline was slightly higher under outdoor storage. The CP for indoor
storage was slightly higher at all storage periods although was not significantly different from
outdoor.
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Table 3 Nutrient composition of selected grass species at12™ week phenological stage grown in pure and in mixtures
under indoor storage period of 12, 24 and 36 weeks from date of harvest

Species and storage period %DM %ASH %E.E %C.P %C.F %NDF %ADF %ADL
WEEK 12
CR 91.3*48.1 10.7%+2.1 1.2%40.6 6.3°12.1 24.8° 455 58.7°+11.1 30.0°+7.3 11.17+3.1
ES 93.1°+11.2 11.17+3.2 1.040.2 6.1°+1.7 29.1°+6.9 51.3*+9.7 26.5°+3.9 10.4* +2.0
EM 90.5% £9.2 10.2°+3.4 1.2740.2 6.2°+3.2 24.9°+7.1 59.8°+7.1 30.1°45.0 11.0%+4.1
cc 89.0%+10.1 8.1°+4.5 1.1°+0.4 5.4°+3.2 26.1°45.5 59.0° £8.2 33.1%47.1 10.47+2.3
CG 90.0° +8.5 10.5% +4.5 1.0°+0.3 48°+2.1 30.3*+3.7 58.7°+10.0 29.0° 6.2 10.3%+4.1
SB 93.0° £8.2 12.4*+3.5 1.0°+0.5 5.0°41.2 28.5° 5.2 56.7° +8.3 28.0°+3.1 10.4*+3.3
CR/ES 91.7°+11.1 12.1746.1 1.240.0 5.4°+1.1 32.2846.1 58.0° +6.1 30.1°45.2 10.4°+2.4
CR/ES/EM 90.1°+9.0 1117471 1.2°40.3 5.3°11.6 35.0°46.1 59.9°+9.2 29.1°48.1 10.2°46.
CR/ES/EM/CC 92.4%+14.1 10.1% 5.1 1.1°+0.4 5.0042.1 33.9°+4.2 57.2848.1 27.7°+3.8 11.3*3.4
CR/ES/EMICCICG 90.2°+17.2 11.2°+3.2 1.0°40.1 5.9°+1.8 30.0° +4.7 58.8° 7.2 26.4° 6.1 11.4°+4.1
WEEK 24
CR 90.3*+16.1 10.07 3.7 1.0°40.2 5.8°+1.4 21.1°48.1 68.7° 7.1 374472 11.2° +4.0
ES 88.1°+9.1 10.1% 5.1 1.1°40.0 6.5°11.6 24.0°45.1 59.6°+11.1 30.4% 6.1 10.3*+3.7
EM 86.1° 8.2 10.0%+7.2 0.8°10.1 5.8°+2.4 26.9°15.4 60.3% +8.3 30.4%£9.0 11.3%46.1
cc 87.0°19.4 10.3%+3.0 1.0°40.2 6.0°12.8 25.9°48.1 62.0°+9.5 30.1°+4.8 10.2° +4.1
CG 85.3*+9.1 12.3°+2.1 0.9°10.1 5.6°+0.9 28.9°+4.9 60.4%+10.0 34.1°+6.9 10.2°46.1
SB 83.28+11.1 11.4%+4.1 1.240.0 5.0°11.6 32.1°46.2 62.9%+10.0 35.8°48.1 10.17+2.2
CR/ES 87.1°+9.6 9.7°43.0 178411 5.1°42.2 30.1°48.1 64.6° £9.7 36.7°45.9 12.17+3.1
CR/ES/EM 81.7°+11.0 1427 +3.1 1.5%+1.0 490421 27.9°47.2 63.7°+11.1 35.57+9.2 12.1%+4.1
CR/ES/EM/CC 88.3° 9.6 11.3°+34 1.4°+0.4 5.1°40.0 22.2848.0 66.8%£9.5 37.2849.9 11.9%+2.2
CR/ES/EMICCICG 89.3°40.1 10.2° +5.1 14°+1.1 5.7°41.1 20.3°+8.1 68.0°+12.1 38.1°4+89.0 12.0°+4.2
WEEK 36
CR 80.1°+10.1 10.2° 3.0 1.3°40.3 5.3%+1.1 26.0°45.1 71.3*49.1 37.2848.2 11.2°+4.1
ES 85.28 9.3 9.8°+3.1 0.9°10.1 5.1°40.7 26.7°£3.0 70.1°+11.1 38.9°+8.0 12.3+3.0
EM 81.9°+10.1 10.07 +4.1 0.9°+0.3 5.0°41.2 29.1°45.4 69.9° 9.0 36.7°+£11.1  11.2°43.7
cc 79.1°+10.1 10.17+2.2 1.0°40.3 5.0°42.0 30.0°+3.1 68.28 7.3 37.1°48.2 11.3%+4.1
CG 79.1%47.1 10.2°+3.1 1.0°+1.0 4.9°42.0 26.7°+3.3 68.7° 7.1 38.0°+8.0 11.3°+2.4
SB 83.4°+9.5 9.9°+1.3 1.0°40.3 5.4°+13 29.0°46.1 68.1°+6.4 39.7°47.9 10.07+2.1
CR/ES 79.0° 9.3 10.1%+2.8 1.6%+1.2 5.5%+1.2 30.0°+3.2 67.1°47.3 39.0° 6.8 11.1%+4.8
CR/ES/EM 87.0°+11.1 11.0%+3.1 1.5%40.1 5.3%+1.1 29.1°45.1 67.9°+13.2 39.1%47.2 1117432
CR/ES/EM/CC 83.9°+9.6 10.47+3.2 1.3°40.2 55°+1.4 24.8°45.1 69.3* 9.2 37.6°18.1 12.0%+3.7
CR/ES/EM/CCICG 85.7%+10.1 9.9°+2.1 1.0%+0.3 5.1°+2.1 34.0°+4.9 60.4° £9.6 38.1°+4.1 11.3°+2.4

Means within the same columns with different superscripts are significantly different at p<0.05.
Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris,
CG= Chloris gayana, SB= Sorghum sudanense

3.3 Dry matter degradability, growth stages and storage methods

Table 4 presents the percentage in sacco dry matter digestibility (ISDMD) of the six grasses and
their mixtures at 8" 10" and 12" weeks’ phenological stages (Column 2). The ISDMD for the
grasses and their mixtures harvested at 12" week phenological stage under outdoor and indoor
storage periods of 12, 24 and 36 weeks post-harvest are presented in Column 3 and 4, respectively.
There was a decline in percentage ISDMD for all the grass species and their mixtures with maturity
ranging between 20-35% although was no significantly different (p>0.05). Pure stand or mixed
species did also not show any significant difference in ISDMD percentage content. There was a
decrease in ISDMD percentage for outdoor and indoor storage, with the latter having insignificantly
higher digestibility than the former.
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Table 4 In Sacco dry matter digestibility of selected grass species grown individually and in mixtures at 8", 10" and 12"
phenological stage (Column 1), and outdoor and indoor post-harvest storage duration of 12, 24 and 36 weeks harvested
at 12 week phenological stage (Column 2 and 3)

% ISDMD
Outdoor storage Indoor storage

WEEK 8 WEEK 12 WEEK 12
CR 27.9°+3.5 23.8°+4.0 25.77+4.1
ES 28.3%45.2 25.3*+4.1 26.5°+3.0
EM 33.1°+4.6 23.1%42.7 25.3*+4.0
ccC 26.3*45.1 24.4*+35 26.6°+2.8
CG 38.0°+4.2 28.1°+4.4 30.2°+4.5
SB 35.6°+3.3 25.58+4.2 29.3°+4.2
CR/ES 32.1°45.6 23.1%+3.1 26.6°+4.4
CR/ES/IEM 34.6°16.1 25.6°+3.5 27.5°+25
CR/ES/IEM/CC 33.9°+4.1 23.9°+3.8 28.7°+4.1
CR/ES/IEM/CCICG 36.2° 5.3 27.28+4.1 29.1°+3.7

WEEK 10 WEEK 24 WEEK 24
CR 26.9°45.1 21.9°+45 24.8°+2.4
ES 27.0°+4.3 22.0°+3.7 25.0°+3.1
EM 33.8°16.1 23.28+3.0 26.2842.3
ccC 32.5%45.2 224441 24.4% 4.2
CG 37.0°+4.1 26.28+3.3 27.28 425
SB 25.1%+3.0 25.1°+3.5 26.1°45.1
CR/ES 32.0°+4.0 231429 27.1°+4.6
CR/ES/IEM 28.1°+3.2 26.1°+4.1 29.1°+4.7
CR/ES/IEM/CC 20.8°+4.1 21.7%+3.2 28.7°+4.1
CR/ES/IEM/CCICG 28.2°45.1 24.1° 425 27.2°+3.4

WEEK 12 WEEK 36 WEEK 36
CR 2458 +4.1 21.3*+4.1 26.6°+3.4
ES 23.9°+3.5 20.7°+3.4 25.5°+2.8
EM 20.9°+2.7 21.2843.1 28.7° 3.7
cC 31.0°+3.8 20.1%42.2 25.8°+3.0
CG 25.9°45.1 20.5°+3.1 24.4°+4.1
SB 26.0°+4.1 26.1°+4.1 27.3%+4.1
CR/ES 23.1%429 23.1%42.7 30.5°+3.6
CR/ES/IEM 24.9°+3.1 24.6°+3.1 20.8°+2.4
CR/ES/IEM/CC 27.3%+4.1 22.3*+4.1 26.4%+3.1
CR/ES/EM/CCI/CG 23.7°+3.4 23.8°+3.1 25.5°+3.1

Means within the same columns with different superscripts are significantly different at p<0.05.
Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris,
CG= Chloris gayana, SB= Sorghum sudanense.

4.0 Discussion

The observed lack of significant difference in CP content across the three curing periods could be
attributed to the lower forage moisture content which did not enhance deterioration. The grasses
depicted one day curing moisture content ranging between 14.5-18.5% at the time of storage; two
day curing had 8.0-14.3% moisture and three day curing having 5.2-11.2% moisture level. The two
and three days curing period had moisture levels below 15% which do not reduce hay quality (Rotz,
& Muck, 1994; Coblentz et al., 2000). During bailing, the temperatures were between 26-35°C and
this might have reduced hay moisture content for the species and hence the observed no significant
difference in quality for the one day curing. The forage colour in the three days curing was brownish

at bailing unlike the one and two day curing which remained greenish. This was attributed to
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excessive moisture loss through evaporation which was also observed to change forage colour by
(Dunn & Billinglsley, 2007).

Collins et al. (1995; 1997) and Arinze et al. (1996) also observed baling at moisture level of
greater than 15% to cause some change in hay colour towards brown shades along with microbial
growth and heating. Change in colour despite not affecting quality, has a negative effect on
palatability (Dunn & Billinglsley, 2007). The observed decline in CP with storage may be attributed
to weathering, microbial and fungal activities that resulted to fermentation of soluble carbohydrates
and hence decline in CP levels in the process. Elawad et al. (2003) observed similar findings where
CP declined with storage periods for grasses.

The decline in DM for all the six species under this study could be attributed to the microbial
activity that reduced the fermentable carbohydrates. This observation concurs with the findings of
Wiselogel et al. (1996), who reported a decline in DM with storage periods. Sanderson et al. (1997)
also reported losses of DM in P. virgatum by about 13% in dry weight during six months of outdoor
storage. DM for sweet sorghum (Sorghum bicolor (L) stored as large round hay also reduced by
18-1% and 10-1% for outdoor and indoor storage, respectively (Coble & Egg, 1987). Outdoor
storage condition could have exposed the forage materials to extreme weather conditions that
enhanced microbial population resulting to accelerated decline in quality. Scarbrough et al. (2004)
reported microbial activity to be the cause of DM loss in Bermuda grass and orchard grass. Collins
et al. (2001) reported a 40% decline in DM under outdoor storage for a year, compared to only 10%
for indoor storage. The heat generated during respiration for stored forages has also been reported to
contribute in DM losses and forage quality degradation (Han et al., 2004; Mayland et al., 2005).

The losses in CP under outdoor and indoor storage in this study can be attributed to
weathering, continued respiration of stored grasses, and microbial activity during storage (Rotz,
2003). Others studies attributed changes in CP content of mixed grass hay stored outside for five
months to weathering (Verma & Nelson, 1983; Collins et al., 1997). Enoh et al. (2005) attributed a
decline in CP for Hyparrhenia species and cultivated Brachiaria ruziziensis under shade storage
conditions to the same factors. The observed significant higher decline in CP under outdoor storage
compared to indoor in this study suggests that outdoor storage conditions exposes forage to much
degradation. This could be a result of direct exposure to weather elements, key one being humidity
and direct wind. Collins et al. (2001) also demonstrated a decline in digestibility from 59% to 43%
and CP from 16.4% to 13.5% working with rye grass under outdoor storage. Coblentz, et al. (2000)
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studied Bermuda grass (Cynodon dactylon (L.) Pers) hay and noted that heating of forage during
outdoor storage exposed it to reduction in CP which increased with storage duration.

The insignificant difference in ADL for both outdoor and indoor storage for all the grass
species can be attributed to the structural nature of the components that does not easily weather or
ferment due to microbial activity (Muck et al., 2003). Collins et al. (2001) also reported low decline
in ADL with storage duration. The observed lower rates of increase in CF, NDF and ADF for indoor
storage in this study compared to outdoor could be attributed to the better storage conditions under
indoor where forage was not exposed to extreme climatic conditions. Rotz & Muck (1994) also
reported that environmental conditions influence the process of weathering and microbial
fermentation, where humidity plays a major role. Increase in NDF for both outdoor and indoor
stored may be a result of soluble carbohydrates fermentation (Borreani & Tabacco, 2006; Coblentz
& Hoffman, 2009). Several studies have also reported microbial activity to consume soluble
carbohydrates which increases weathering, resulting to increase in CF, NDF and ADF with the
consequence of reduced digestibility (Turner et al., 2002; Hancock & Collins, 2006).

Guerrero & Shenvood (1997) investigated the different hay storage in Sonoran desert under
four storage treatments; hays stored in an air conditioned room, hays stored outdoors under a roof,
hays stored outside protected by a plastic tarp and hays stored outside in full sunlight. Their findings
indicated that hay stored outdoors with a tarp, prevents it from quality decline by virtue of protection
from rainfall damage hence reduced bleaching and excessive moisture loss and concluded that
protected storage reduces hay degradation. These finding explain the observed lower decline in
quality of forage under indoor storage in this study.

Grass forage production in pastoral areas is unpredictable with increasing climatic variability
resulting in periods of surpluses and deficits. This is a common phenomenon in semi-arid rangelands
that greatly affect animals’ nutritional status. Most of the pastoral communities’ practises pasture
harvesting and outdoor storage on top of trees or outside their huts especially in agro-pastoral
communities of Kenya (Ndathi et al., 2011). This has a consequence on forage quality as influenced
by storage conditions (Coblentz et al., 1996). Outdoor storage of animal feed exposes it to
environmental factors like light, wind, moisture and highly variable temperature condition that
enhance faster deterioration (Buxton & Fales, 1994). Change in forage quality takes place from the
time of harvest to the period of ingestion by animals (Wiselogel et al., 1996; Collins et al., 2001).
With the increasing climatic variability, there is great need for pasture preservation and storage as an

59



adaptive measure to climate change and variability by pastoralists (Thornton et al., 2007; Ben Salem
& Smith, 2008).

The decline in ISDMD in this study with increase in phenological stages could be due to
increase in cell wall contents with grass species maturity. The decline in CP with grass storage could
also explain the observed decline in digestibility where grasses with low CP content have low
percentage DMD (McDonald, 1996; Jackson et al., 2007). Forage digestibility/degradability is
determined by CP content and influences the rate of ingest passage in ruminants, which impacts on
the dietary nourishment (Nousiainen et al., 2003; De Klein et al., 2006). The observed increase in
CF, NDF, and ADF also explain the declining digestibility with storage duration. The increase in
these components increases forage structural carbohydrates that are not easily degradable (Bell,
2006; De Klein et al., 2006; Jackson et al., 2007).

The higher rates of decline in ISDMD under outdoor stored forage could be attributed to the
exposure to extreme climatic conditions, which perhaps enhanced microbial activity compared to
indoor storage (Rotz & Muck. 1994; Guerrero et al., 2005). Pasture storage exposes it to microbial
and fungal respiration that reduces DM, soluble carbohydrates and CP content which in turn reduces
digestibility (Bell et al., 2008). Collins et al. (1997) also reported that deterioration of hay stored
under outdoor conditions is high due to weathering from the exposure to rainfall, sunlight, wind and
moisture changes which affect forage quality and reduce degradability. A similar observation was
reported by Collins et al. (1995) while working on hay preservation duration effects on quality, that
respiration, weathering and leaching were responsible for forage quality losses. Shah et al. (2011)
also observed a decline in dry matter and an increase in cellulose by 4 % under outdoor storage of
corn stover bales, while indoor storage had lower decline in DM and slight increase in cellulose
compared to outdoor storage. These components reduce forage degradability.

5. Conclusion

This study demonstrated that outdoor storage reduces CP and consequently the digestibility of hay
more than indoor storage for all the six grass species and their mixtures. Curing had no effects on
forage CP; however, it had effects on forage colour when done on day three after harvest, where
forage turned to brown which may affect palatability. Therefore, this study has shown that indoor
storage preserves forage quality better than outdoor and deterioration increases with storage
duration, where 12 weeks indoor storage maintains CP above 6% which is the recommended
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minimum content for livestock maintenance. Finally, hay curing for one or two days preserves the
green colour which is associated with higher palatability.

Acknowledgement

This work was supported by the National Irrigation Board (NIB) Kenya, Government of Kenya
through the National Council of Science, Technology and Innovation (NACOSTI), German
Academic Exchange Service (DAAD) and the Centre for Sustainable Dryland Ecosystems and
Societies, (CSDES)-University of Nairobi, Kenya

References

AOAC, (2005). Official Methods of Analysis of the Association of Analytical Chemists. 18th Edn.
AOAC, Gathersburg, MD. USA.

AOAC. 1990. Official methods of analysis. 15th ed. Association of Official Analytical Chemists,
Arlington, VA.

Arinze, E. A., Sokhansanj, S., Schoenau, G. J., & Trauttmansdorff, F. G. (1996). Experimental
evaluation, simulation and optimization of a commercial heated-air batch hay drier: Part 1,
drier functional performance, product quality, and economic analysis of drying. Journal of
Agricultural Engineering Research, 63(4), 301-314.

Bell A. (2006) Pasture assessment and livestock production. Primefact 323. (NSW Department of
Primary Industries: Orange)

Bell, L. W., Robertson, M. J., Revell, D. K., Lilley, J. M., & Moore, A. D. (2008). Approaches for
assessing some attributes of feed-base systems in mixed farming enterprises. Animal
Production Science, 48(7), 789-798.

Ben Salem, H., & Smith, T. (2008). Feeding strategies to increase small ruminant production in dry
environments. Small Ruminant Research, 77(2), 174-194.

Bernués, A., Ruiz, R., Olaizola, A., Villalba, D., & Casasus, |. (2011). Sustainability of pasture-
based livestock farming systems in the European Mediterranean context: Synergies and
trade-offs. Livestock Science, 139(1), 44-57.

Borreani, G., & Tabacco, E. (2006). The effect of a baler chopping system on fermentation and
losses of wrapped big bales of alfalfa. Agronomy Journal, 98(1), 1-7.

Buskirk D. D., Zanella A. J., Harrigan T. M., Van Lente J. L., Gnagey L. M. & Kaerche M. J.
(2003). Large round bale feeder design affects hay utilization and beef cow behaviour.
Journal of Animal Science 2003, 81:109-115. http://jas.fass.org/content/81/1/109. Accesses
17" March, 2014.

Buxton, D. R. & Fales S. L., (1994). Plant environment and quality. In: G. C. Fahey, Jr.

61



Coble, C. G., & Egg, R. (1987). Dry matter losses during hay production and storage of sweet
sorghum used for methane production. Biomass, 14(3), 209-217.

Coblentz, W. K., & Hoffman, P. C. (2009). Effects of bale moisture and bale diameter on
spontaneous heating, dry matter recovery, in vitro true digestibility, and in situ disappearance
kinetics of alfalfa-orchardgrass hays. Journal of dairy science, 92(6), 2853-2874.

Coblentz, W. K., Fritz, J. O., Bolsen, K. K., & Cochran, R. C. (1996). Quality changes in alfalfa hay
during storage in bales. Journal of dairy science, 79(5), 873-885.

Coblentz, W. K., Turner, J. E., Scarbrough, D. A., Lesmeister, K. E., Johnson, Z. B., Kellogg, D.
W., & Weyers, J. S. (2000). Storage characteristics and nutritive value changes in
bermudagrass hay as affected by moisture content and density of rectangular bales. Crop
science, 40(5), 1375-1383.

Collins, M., Ditsch, D., Henning, J. C., Turner, L. W., Isaacs, S., & Lacefield, G. D. (1997). Round
bale hay storage in Kentucky. Univ. of Kentucky, Coop. Ext. Publ., Leaflet AGR-171.

Collins, M., Lacefield, G. D., Martin, N. P., Mertens, D. A., Olson, K. E., Putnam, D. H., & Wolf,
M. W. (2001). Understanding forage quality. Park Ridge, IL: American Farm Bureau
Federation. http://forages.oregonstate.edu/resources/publications/foragequality.pdf. Accesses
27" March, 2014.

Collins, M., Swetnam, L. D., Turner, G. M., Hancock, J. N., & Shearer, S. A. (1995). Storage
method effects on dry matter and quality losses of tall fescue round bales. Journal of
production agriculture, 8(4), 507-514.

De Klein, C. A. M., Smith, L. C., & Monaghan, R. M. (2006). Restricted autumn grazing to reduce
nitrous oxide emissions from dairy pastures in Southland, New Zealand. Agriculture,
ecosystems & environment, 112(2), 192-199.

Dunn, M. T., & Billingsley, J. (2007, December). The use of machine vision for assessment of
fodder quality. In Mechatronics and Machine Vision in Practice, 2007. M2VIP 2007. 14th
International Conference on (pp. 179-184). IEEE

Elawad, S., Kumagai, H., & Mitani, K. (2003). Measurement and estimation of changes in nutrient
composition and nutrient losses during hay and silage making in field curing. Grassland
Science, 49(2), 117-124.

Enoh, M. B., Kijora, C., Peters, K. J., Tanya, V. N., Fonkem, D., & Mbanya, J. (2005). Investigation
on change of forage quality at harvesting, during hay making and storage of hay harvested at
different growth stages in the Adamawa plateau of Cameroon. Livestock Research for Rural
Development, 17(5), 1-6.

Guerrero, J. N., & Shenvood, W. S. (1997). Summertime storage of alfalfa hay in the irrigated
Sonoran Desert affects hay quality. Journal of production agriculture, 10(3), 495-501.
Guerrero, J. N., M. I. Lopez, and M. Cervantes. 2005. Covering hay in the irrigated Sonoran

Desertdecreases heat damage. California Agriculture journal. 59(4):252-255.

Han, K. J., Collins, M., Vanzant, E. S., & Dougherty, C. T. (2004). Bale density and moisture
effects on alfalfa round bale silage. Crop science, 44(3), 914-919.

Hancock, D. W., & Collins, M. (2006). Forage preservation method influences alfalfa nutritive
value and feeding characteristics. Crop science, 46(2), 688-694.

62




Jackson, R. D., Bell, M. M., & Gratton, C. (2007). Assessing ecosystem variance at different scales
to generalize about pasture management in southern Wisconsin. Agriculture, ecosystems &
environment, 122(4), 471-478.

Mackie, P. G. (2004). U.S. Patent No. 6,711,996. Washington, DC: U.S. Patent and Trademark
Office. http://tinyurl.com/n7mef3e. Accessed on 10" Jan 2014

Mayland, H., Mertens, D., Taylor, T., Burns, J., Fisher, D., Gregorini, P., & Griggs, T. (2005).
Diurnal changes in forage quality and their effects on animal preference, intake, and
performance. In California Alfalfa and Forage Symp., 35th, Visalia, CA (pp. 12-14).

McDonald, W. (1996). Matching pasture production to livestock enterprises in the Northern
Tablelands and North West Slopes and Upper Hunter. Agnote DP1/139. NSW Agriculture,
Orange.

Muck, R. E., Moser, L. E., & Pitt, R. E. (2003). Postharvest factors affecting ensiling. Silage science
and technology, (silagesciencean), 251-304.

Ndathi, A. J., Nyangito, M. M., Musimba, N. K., & Mitaru, B. N. (2011). Climate variability and
dry season ruminant livestock feeding strategies in Southeastern Kenya.

Nousiainen, J., Rinne, M., Hellaméki, M., & Huhtanen, P. (2003). Prediction of the digestibility of
the primary growth of grass silages harvested at different stages of maturity from chemical
composition and pepsin-cellulase solubility. Animal Feed Science and Technology, 103(1),
97-111.

Osuji P., Nsahlai, I. V., & Khalili H. (1993). Feed evaluation. ILCA Manual 5. ILCA (International
Livestock Centre for Africa), Addis Ababa, Ethiopia. 40 pp.

Rankin, M., & Undersander, D. (2004). Rain damage to forage during hay and silage making.
http://www. cce. cornell. edu/scnyag/dairy/newsletter. Accessed on 12" June 2013,

Roberts, C. A. (1995). Microbiology of stored forages. Page 21 In Post-Harvest Physiology and
Preservation of Forages. CSSA Special Publication No. 22. K. J. Moore and M. A. Peterson,
ed. Am. Soc. Agron., Crop Sci. Soc. Am., and Soil Sci. Soc. Am., Madison WI

Roberts, C. A., Kallenbach, R. L., Hill, N. S., Rottinghaus, G. E., & Evans, T. J. (2009). Ergot
alkaloid concentrations in tall fescue hay during production and storage. Crop Science,
49(4), 1496-1502.

Rotz, C. A. (2003). How to maintain forage quality during harvest and storage. Advances in Dairy
Tecnology, 15, 227-239.

Rotz, C. A,, & R. E. Muck. (1994). Changes in forage quality during harvest and storage. Pages
828-868 in Forage Quality, Evaluation, and Utilization. 13-15 April 1994, Nat. Conf. on
Forage Quality, Evaluation, and Utilization, G. C. Fahey, M. Collins, D. R. Mertens, and L.
E. Moser, eds. Univ. Nebraska, Lincoln. ASA-CSSASSSA, Madison, WI.

Sanderson, M. A., Egg, R. P., & Wiselogel, A. E. (1997). Biomass losses during harvest and storage
of switchgrass. Biomass and Bioenergy, 12(2), 107-114.

Scarbrough, D. A., Coblentz, W. K., Humphry, J. B., Coffey, K. P., Sauer, T. J., Jennings, J. A., &
Kellogg, D. W. (2004). Estimating losses of dry matter from simulated rainfall on
bermudagrass and orchardgrass forages using cell wall components as markers. Agronomy
journal, 96(6), 1680-1687.

63



Shah, A., Darr, M. J., Webster, K., & Hoffman, C. (2011). Outdoor storage characteristics of single-
pass large square corn stover bales in lowa. Energies, 4(10), 1687-1695.

Tangni, E. K., Pussemier, L., & Van Hove, F. (2013). Mycotoxin contaminating maize and grass
silages for dairy cattle feeding: Current state and challenges. Journal of Animal Science. Adyv,
3(10), 492-511.

Thornton, P. K., Herrero, M., Freeman, H. A., Mwai, A. O., Rege, E., Jones, P. G., & McDermott, J.
(2007). Vulnerability, climate change and livestock—opportunities and challenges for the
poor.

Turner, J. E., Coblentz, W. K., Scarbrough, D. A., Coffey, K. P., Kellogg, D. W., McBeth, L. J., &
Rhein, R. T. (2002). Changes in nutritive value of bermudagrass hay during storage.
Agronomy Journal, 94(1), 109-117.

Van Soest, P.J., Robertson, J.B., & Lewis, B.A. (1991) Methods for dietary fiber, neutral detergent
fiber, and non starch polysaccharides in relation to animal nutrition. Journal of Dairy
Science 74, 3583 — 3597.

Verma, L. R., & Nelson, B. D. (1983). Changes in round bales during storage [Ryegrass, alfalfa,
losses; Louisiana]. Transactions of the ASAE. American Society of Agricultural Engineers],
26.

Wilcke, B., Cuomo G., & Fox C. (1999). Preserving the Value of Dry Stored Hay. Univ. of
Minnesota Coop. Ext. Serv. Pub. FO-07404-GO. WI. pp. 828-868.

Wiselogel, A. E., Agblevor, F. A, Johnson, D. K., Deutch, S., Fennell, J. A., & Sanderson, M. A.
(1996). Compositional changes during storage of large round switchgrass bales. Bioresource
technology, 56(1), 103-109.

64



CHAPTER SEVEN

Water Use Efficiency of Six Rangeland Grasses under Varied Soil Moisture
Content Levels in the Arid Tana River County, Kenya

Submitted to Journal of Arid Lands (JAL)

Abstract: This study evaluated water use efficiency of six range grasses grown at 80, 50, 30% FC
and rain-fed soil moisture treatment levels. The changes in soil moisture content were measured by
Gypsum Block which aided in determining the irrigation schedules. WUE was calculated on the
basis of amount of biomass yields in relation to evapotranspired moisture during growth periods.
The grasses demonstrated varied levels of WUE. The three soil moisture content treatments had
higher WUE than rainfed conditions. There was a declining trend in WUE with maturity in all the
species, where S. sudanense exhibited the higher WUE on 8, 10 and 12th weeks (> 15) across all the
treatments, followed by C. gayana and E. macrostachyus than E. superba, C. ciliaris and C.
roxbhurghiana which had a less than 10 index . The 30% FC soil moisture content had higher WUE
(>20) in all the phenological stages for S. sudanense, C. gayana and E. macrostachyus than 80, 50%
FC and rainfed. These three species are the best choices in pasture production under irrigation in

semi-arid lands where water supply is limited and irregular.
Keywords: Water Use Efficiency (WUE); Water Stress Tolerance; Range Grasses; Pasture Irrigation; Water Deficit; Kenya

1. Introduction

Water-use efficiency (WUE) is an important consideration of plant productivity under water-
deficient environments (Blum, 2009). Under rainfed condition, WUE refers to rain water that is
directly used by the plant during growth with higher value resulting in “more yield per drop” of rain
water. Conversely, WUE under irrigation systems refer to plant productivity per amount of irrigation
water supplied (Pereira et al., 2002). WUE is computed in two ways. One is the consideration of the
amount of plant yields per unit volume of water used over given land area. The second one considers
the amount of plant yields per unit of water that goes through evapotranspiration during growth
(Caviglia et al., 2001). The latter has a better representation of WUE in terms of accounting for the
exact water used by the plant during photosynthesis and transpiration and was therefore, used in this

study.
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The increasing scarcity of water resource in the semi-arid rangelands is further constrained by
increasing human and livestock population which calls for plants with higher WUE (Rosegrant &
Cline, 2002; Falkenmark, 2007). Practicing irrigation in drylands requires sustainable use of the
little available water if productivity is to be increased or maintained (Pereira et al., 2002; Yang et al.,
2006). This creates the need for research on how to maximize on WUE of the various plants species
grown. Water constraint in semi-arid rangelands is exacerbated by climate variability and change,
threatening the livelihoods of communities living in these areas. Despite these constraints,
adaptation of production systems to efficiently utilize the little available water for irrigation is
important and must be encouraged (Falkenmark, 2007).

Livestock production is the major land use activity in the semi-arid rangelands while the
industry faces many challenges in supplying adequate forage due to the prevailing water deficit that
reduces reliable feed supply for the livestock. There exist three options for efficient utilization of
available water to increase productivity in these areas. (i) Increasing water productivity by reducing
losses, (ii) improving the use of rainfall and expanding rainfed agriculture, and (iii) pursuing other
water sources for pasture and crop production (Allan, 1997; WWC, 2004; Hoekstra & Hung, 2005;
Falkenmark, 2007). These options may contribute to improved WUE, reduced water losses and
increase productivity of pastures and crops in the semi-arid rangelands. Innovative technologies
such as cultivation of drought tolerant grass species with higher WUE and soil moisture retention to
increase crop productivity are other promising interventions in the semi-arid rangelands (Allan,
1997).

The challenge facing many farm managers is determining how much water to apply during
irrigation for optimum productivity of pastures, more so, when its supply is limited (Orloff et al.,
2003). The other challenge is applying water that does not raise the water table which causes
secondary salinization of soil surface (Kitamura, et al., 2006). Proper irrigation is a critical decision
if productivity is to be improved and maintained, and at the same time conserves water and soil
nutrients (Celano et al., 2011). Lack of adequate moisture for pasture growth affects both the yields
and quality forage. However, determining when to irrigate and how much water to apply to attain
highest WUE is not a simple task, but if properly done there is high potential to drastically improve
on productivity (Kang’au et al., 2011).

The decision of when to irrigate is usually based on previous experiences, use of weather

based information such as evapotranspiration or soil moisture measurements (Centeno et al., 2010;
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Naik et al., 2012). The use of past experiences for moisture management is not applicable in
rangelands due to unpredictable weather changes over the recent past. This becomes even more
difficult under established pastures where multiple harvests in a year or season is realized and hence
this makes irrigation planning difficult compared to one season cropping systems. Timing of
irrigation in pastures is critical and it cannot be done close to harvest period or during curing (Playan
& Mateos, 2006). The use of weather based information in irrigated pastures has further challenges
of accuracy and reliable evapotranspiration data for the extensive fields with wide spatial-temporal
variability (Playan & Mateos, 2006). Because of these difficulties and shortcomings, the commonly
used and preferred irrigation scheduling techniques are soil based (Beetz & Rinehart, 2006) that
involves use of tension meters and gypsum blocks to monitor field soil moisture changes (Wood &
Finger, 2006). Such techniques help in determining appropriate time for irrigation and amount of
water to apply to attain higher WUE (Wood & Finger, 2006). The simplicity of electrical resistance
blocks provides a cost-effective technique for improving irrigation management for growers
(Gomez-del-Campo, 2013). This was therefore selected for ease of measuring soil moisture changes
for effective recharge at desired levels of 80, 50 and 30% FC soil moisture content.

The need for proper pasture management and choice of species to give higher WUE and
ensure reliable supply of good quantity and quality forage in the face of climate change and
variability is critical. This study evaluated the WUE of Chloris roxburghiana — (CR), Eragrostis
superb —(ES), Enteropogon macrostachyus —(EM), Cenchrus ciliaris —=(CC), Chloris gayana —(CG)
and Sorghum sudanense —(SB) at different growth stages under varied soil moisture contents to
determine which species performs better at lower moisture levels for potential selection in pasture
production water deficit environments. This six species were chosen being the dominant species in
the arid and semi arid environments of Kenya and were also found to be the available in the natural
grazing fields in the study area, indicating their adaptability to the drier conditions. The same
species are also being recommended and promoted for pasture establishment in the Kenyan arid

environments.

2. Materials and Methods

The experimental design and layout are described in chapter two.

2.1 Data Collection

Data collection was done during the growing season between sowing and 16 weeks maturity.
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2.1.1 Determination of water use efficiency

Water use efficiency was estimated by water productivity (WP) approach which is an efficiency
term, expressing the amount of marketable product (e.g. kilograms of grain/ grass biomass etc) in
relation to the amount of input needed to produce that output (cubic meters of water). Soil Water
balance of the root zone was used to estimate the evapotranspiration (ET). This was based on the
changes in soil moisture content (AS) of the crop root zone, which is equal to the difference between
the amount of water added to the root zone (Qi) and that withdrawn from it (Qo) in a given time
interval (Hillel, 1998; Kendy et al., 2003) as expressed in Equation (1).

AS = Qi- Qo 1)
Equation (1) was used to determine (ET) of grass species as follows;
ET=P+ 1+ U-R-D-AS 2)

where, AS = change in root zone soil moisture storage, P = Rainfall, I = Irrigation, U = capillary rise
into the root zone, R = Runoff, D = Deep percolation beyond the root zone, ET = Evapotranspiration
(Evaporation + Transpiration). All quantities were expressed as volume of water per unit land area
(length units).

In order to use Eqn. (2) to determine ET in this study, the parameters measured were amount
of water added to the field by rain and irrigation. In the study area, the gradient was flatish (<5%)
and runoff was negligible, The water table is deep (Maingi, & Marsh, 2002) hence capillary rise ‘U’
was deemed negligible. There was no deep percolation in this study since irrigation was below the
field capacity. Therefore, Eqn. (2) was rewritten for the purpose of this study to give Eqn 3;

ET=P+1— AS ©)
The change in soil water storage (AS) was measured using calibrated GBs readings to give

volumetric water change. The estimated WUE was computed as the dry matter yield per unit of

water evapotranspired by the grass following Eqn. (4).

WUE (kg DM ha™ mm)= Yie";kg Dmn:])al)

grass (

(4)
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Where, WUE is water use efficiency in (kg DM ha-1 mm-1), ETgrass is amount of
evapotranspiration by each grasses (mm) species. The values for rainfall, irrigation, soil moisture

changes and evapotranspiration used in the calculations are presented in Appendix 8.

2.1.1 Rainfall data

Monthly rainfall data for Tana River County was sourced from the Kenya National Drought
Management Authority (KNDMA) for the year 2004 to 2013 to help in understanding the county’s
rainfall distribution pattern, and rainfall distribution over the 2012-2013 experimental periods. Daily
rainfall data was also collected within the National Irrigation Board research site located 200m from
the experimental site which was later used to calculate water supplied by rainfall to the grasses
presented as (P) in Egn (2) and (3). The amount of water supplied to the grasses during the
experimental period is presented in Appendix 8. While the rainfall distribution patterns during the

season is presented in Appendix 7.

2.2 Data analysis

Data collected was subjected to 2 ways Analysis of Variance (ANOVA) using SAS Version 9 to
determine the significance of the treatment effects of varied soil moisture content on productivity
and WUE of the different grass species. Where significant difference was detected, the means were
separated by Least Significant Difference (LSD) at 5% probability level.

3 Results

3. 1. Water use efficiency (WUE)

Table 1 presents the biomass yields used to calculate the Water Use Efficiency (WUE) of the
selected grasses at different phenological stages under varying soil moisture content. Rainfed
treatment had significantly lower WUE compared to the three soil moisture content. There was a
declining trend in WUE with grass species at maturity where SB had higher WUE at 8, 10 and 12th
weeks (> 15) in all the treatments followed by CG and EM and were significantly (p<0.05) different
from ES, CC and CR that had WUE less than10 index among the six grass species. The 30% FC soil
moisture content had higher WUE at all the phenological stages for SB, CG, CC and EM compared
to 80, 50% FC and rainfed with all having WUE index greater than 20.
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Table 1. Biomass yields (kg/ha™) and Water Use Efficiency (WUE) in (KgDMha™ mm™) of six range grass species
grown at 80, 50 and 30% FC soil moisture content and rainfed

80% FC 50% FC 30% FC Rainfed
Week 8 Biomass WUE Biomass WUE Biomass WUE Biomass WUE
CR 2000.4 7.3 3264.2 14.7° 1264.3 7.6° 164.5 7.8
ES 1668.6 6.1% 1164.3 5.2% 1132.4 6.8° 132.3 6.2°
EM 3664.2 13.4° 5400.5 24.3° 4332.9 25.9° 3327 15.72
cc 22005 8.0° 5064.1 22.8° 42645 25.5° 264.3 12.5°
CG 8400.6 30.6° 3932.1 17.7° 6400.2 38.3¢ 240.5 11.3°
SB 7800.6 28.4° 5200.3 23.4° 5800.6 34.7° 410.7 19.4°
Week 10
CR 3120.4 6.3 1544.4 3.8 2264.1 9.6° 264.4 1.8°
ES 1532.1 3.1° 932.2 2.3 17325 7.3 3326 2.3°
EM 3532.3 7.1° 5464.1 13.6° 47321 20.0° 4325 3.0°
cc 25325 5.1% 37322 9.3 5664.1 24.0° 464.8 3.2
CcG 4532.2 9.1% 77325 19.2° 6600.5 27.9¢ 305.1 2.1°
SB 10064.5 20.2° 7732.6 19.2° 7400.6 31.3¢ 540.4 3.7
Week 12
CR 3600.4 6.6° 2532.3 5.7% 27323 9.5° 7325 3.2
ES 3468.3 6.4° 1800.5 41° 3264.1 11.3° 364.1 3.1°
EM 6600.6 12.1° 7400.7 16.7° 5400.1 18.7° 500.3 4.2°
cc 4064.6 7.4° 6532.9 14.7° 5932.4 20.5° 5325 45°
CcG 7932.2 14.5° 9400.6 21.2° 9000.7 31.1¢ 7075 5.9°
SB 9464.4 17.3° 9200.5 20.8° 7264.8 25.1¢ 764.6 6.4°
Week 14
CR 2400.2 34 1800.5 2.8 32645 14.3° 764.2 4.4
ES 43325 6.1% 1200.6 1.8 3600.7 15.8° 381 2.2
EM 5132.9 7.28 9000.8 13.8° 6400.9 28.1¢ 604.3 4.4
cc 2532.4 3.6° 8400.2 12.9° 5332.1 23.4° 558.2 3.2
CG 9000.3 12.7° 9532.1 14.6° 9400.5 31.3¢ 767 4.4
SB 12664.7 17.9° 6864.2 10.5° 7124.3 31.3¢ 824.9 4.7
Week 16
CR 3320.6 3.6° 2532.3 2.9° 21326 4.4 759.8 3.1°
ES 5600.3 6.1% 1532.2 1.8 3132.7 6.4° 3723 2.0°
EM 6464.5 7.0° 10464.4 12.1° 6664.8 13.6° 664.8 3.6°
cc 2464.8 2.7 9132.6 10.6° 6864.8 14.0° 664.5 3.6°
CcG 10864.1 11.8° 10200.1 11.8° 10132.1 20.7° 832.7 45°
SB 13664.2 14.8° 11600 13.5° 7664.5 15.7° 964.8 5.2%

Means within the same columns with different superscripts are significantly different at (p<0.05).
Key: CR=Chloris roxburghiana, ES= Eragrostis superba, EM= Enteropogon macrostachyus, CC= Cenchrus ciliaris, CG= Chloris gayana, SB=
Sorghum sudanense

4 Discussion

These results demonstrated that grasses have varied WUE which is influenced by water availability,
stage of maturity and the unique genetic make-up of the species. The superior WUE exhibited by
SB, CG and EM, is a positive indication that these species are potentially more productive even
under limited soil moisture levels and more suitable for pasture production in drylands. The
extremely low WUE in all the species under rainfed treatment, compare to the watered treatments
amplifies the role of water in productivity of grass plants. It accounts for nearly 100% of the forage
shortage in these areas. The water stress affects plant growth and development as a result of reduced
transpiration (Munns, 2002). Guenni et al. (2002) evaluated responses of five species of Bracharia
to droughts and observed that water stress affects root: shoot ratio in many tropical grasses resulting
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in high reduction in overall WUE. Photosynthesis and other plant physiological processes are very
sensitive to limited water supply, in addition to other factors. Knowledge of the absolute WUE of
grasses is important for making efficient irrigation schedules necessary for the use of scarce water
resource (Blum, 2005; Khan et al., 2008). The information is also necessary in making choices of
the most appropriate grasses. In this study SB and CG out-performed the other species in terms of
WUE. Eneji et al. (2008) noted that SB was least affected by water deficit which they attributed to
large average root masses and which gave it a competitive advantage over the other species. A study
by Snyman (1994) assessed the WUE of Anthephora pubescens, Cenchrus ciliaris, Chloris gayana,
Digitaria eriantha, Eragrostis curvula and Panicum maximum species in the semi-arid rangelands of
South Africa over a period of three years. He reported that CG was more productive in terms of
above ground biomass than the other five species in both wet and drier conditions. His findings
revealed higher WUE (7.2 kg DM ha™ mm™) in CC than the five grass species. In another study
(Snyman,1994) CG still had higher yields and WUE than CC at all treatments.

The observed superior WUE in SB and EM under limited soil moisture content can be
accounted for in part by fast germination rates coupled with deeper and extensive rooting systems
which, in turn, boost their ability to effectively use the available water (Craine et al., 2012). Craine
et al. (2012) also reported that out of the 11000 grass species in the world, 426 of them are well
distributed both climatically and phylogenetically with high diversity to drought tolerance. Thus the
grassland ecosystems throughout the world have the potential of being more resilient to drought in

the face of climate change. .

5 Conclusion

This study provides insights into the WUE of the six grasses under varying soil moisture content
profiles. The results show that grass species have different capacities to utilize water (WUE). The
findings demonstrate that range grasses have potential for high productivity under low moisture
supply. SB, CG and EM with the highest WUE at the lower soil moisture profiles would be the most
suitable species for pasture production and rangeland rehabilitation. Other factors which are known
to affect WUE such as species ecotypes require evaluation. This study was only carried out for one
year and in one site and therefore its inference is limited in time and space. There is also need for

long term monitoring of WUE for the same species.
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CHAPTER EIGHT

General Conclusions and Recommendations

Evaluation of the six grass species under different soil moisture conditions generated very varied
results, but useful information around which recommendations regarding their cultivation for hay

production can be made.

1. Biomass yields and morphometric characteristics

In terms of biomass production, SB, CG and EM had the highest potential (>10t ha™) under limited
soil moisture content (30% FC), an equivalent of 700 bales of hay of 14kgs. This study showed that
CC performs better under medium soil moisture content (50% FC), while CC and SB gve higher
biomass under both high and low soil moisture content. CG was the second best species although its
productivity was not highly responsive to changes in soil moisture levels. CG and SB were the best

choices for pasture production in moisture deficit environments.

2. Seed Yields

The findings revealed that watering of grasses increased the seed yields with different responses at
the different soil moisture contents. SB had the highest seed yields (1.25t ha™) at 80% FC followed
by CG and EM. Under rainfed conditions, SB still performed better than the other species. CG
demonstrated greater potential of seed production under low water availability (1t ha™).

3. Storage and Qualityof Seeds

The results of this study showed that a storage period of at least 12 weeks was necessary for
reasonable germination rates for all the six species. SB was the most prolific with >50% germination
percentage even when stored for only two weeks. EM and CG had the poorest (<15%) germination
rate when stored for the same period, while ES, CC and CR could not germinate at all. It was
therefore recommended that farmers should not use recently harvested seeds for pasture production;
be stored for at least 12 weeks before planting.
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4. Stage of maturity, curing and storage methods

Outdoor storage reduced CP content and digestibility of the hay than indoor storage for all the six
grass species. The decline in quality (CP) also increased with storage duration in both indoor and
outdoor storage. Therefore, indoor storage preserves grass quality better than outdoor and
deterioration increases with storage duration. About where 12 weeks indoor storage maintained CP
above 6% which is the recommended level for which is associated with higher palatability. It was
therefore recommend that bailing be done after 2 days under normal dry conditions of Tana River

and the hay stored indoors.

5. Water Use Efficiency (WUE)

The results were highly varied in term of WUE by the various species WUE growing under varying
soil moisture contents. SB CG and EM demonstrated higher WUE at 30% FC soil moisture content
than 80 and 50% FC positioning them higher under limited moisture conditions. However, there are
other factors that may be affecting WUE such as species ecotypes which require further studies for
evaluation of the three species. There is also need for long term monitoring of WUE for the same
species, to capture at least three growing seasons which was not considered in this study.
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APPENDICES

Appendix 1: Soils chemical properties before and after the experiment

Experimental plots % % P CEC K ECe
watering levels o N ppm me/100g me/100g ds-m!
Before Control/rainfed 0.82°% +0.11 0.10° +0.00 83.25% +7.03  10.97° +6.01 2.10% +1.30 0.40°+021  7.82°
Experiment  30% FC 1.03% +0.02 0.10 £0.01  81.75%+9.01  11.86° +7.91 1.85% +1.21 0.41°+0.08  7.26°
50% FC 1.13% +0.12 0.11% #0.07  87.10* +6.09  12.51° +4.03 2.05% +1.17 0.40°+0.14  7.31°
80% FC 0.92° +0.01 0.12° #0.06  87.51°+10.1 11.24% #3.21 2.15% +1.41 0.38°+0.11  7.09°
After Control/rainfed 1.61° +1.01 0.11%#0.09  20.00° +11.1  13.21° +351 1.45° +1.01 0.42°+0.16  7.68°
Experiment  30% FC 1.67° +0.10 0.13% #0.01  26.51° +9.61  13.97" +5.42 1.90% +1.21 0.40° #0.12  7.25°
50% FC 1.83% +1.11 0.10% #0.01  22.12° #857  14.12® +4.81  1.95® +0.11 053% 4022 7.21°
80% FC 1.61° +1.00 0.09° +0.00  24.63° +421  16.33® +6.11  1.90® +0.04 0.61°+031  7.70°

Column means with different superscripts are significantly different at p< 0.05

Appendix 2: Two way ANOVA of the yields of the six grass species and their mixtures at varied

soil moisture levels

Source DF Sum of Squares Mean Square F Value Pr>F
Grass species (GS) 9 14056.5333 1561.8370 4.9499 0.0001
Soil moisture level 3 93244.4444 31081.4815 98.5059 0.0159
(SM)

GS*SM 27 27450.0000 1016.6666 3.2221 0.0003
Error 39 12305.63 315.5289

Corrected Total 44 147056.60773

DF=Degree of freedom; Pr=Probability of significance at 95% Confidence level

Appendix 3: Two way ANOVA of the grass seed yields of the six grass species at varied soil

moisture levels

Source DF Sum of Squares Mean Square F Value Pr>F
Grass species (GS) 5 158414.4444 31682.8889 1.3954 0.0003
Soil moisture level 3 68800.0000 22933.3333 1.0101 0.0001
(SM)

GS*SM 15 227214.4444 15147.6296 0.0682 0.0005
Error 23 52216.6667 22705.0725

Corrected Total 46 506645.5555

DF=Degree of freedom; Pr=Probability of significance at 95% Confidence level
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Appendix 4: Two way ANOVA of the seed quality (GP) of the six grass species and their mixtures
at varied soil moisture levels

Source DF Sum of Squares Mean Square F Value Pr>F
Grass species (GS) 5 14056.5333 2811.3066 5.2545 0.0001
Soil moisture level 3 93244.4444 31081.4815 58.0932 0.0559
(SM)

Storage periods 3 78933.4200 26311.1400 49.1772 0.0001
GS*SM 15 27450.0000 1830.0000 3.4204 0.1881
Error 23 12305.6300 535.0274

Corrected Total 46 147056.60773

DF=Degree of freedom; Pr=Probability of significance at 95% Confidence level

Appendix 5: Two way ANOVA of the forage quality at different curing and storage periods from
the six grass species and their mixtures at varied soil moisture levels

Source DF Sum of Squares Mean Square F Value Pr>F
Grass species (GS) 5 14056.5333 2811.307 5.93988062 0.0001
Soil moisture level 3 93244.4444 0.0559
(sM) 31081.48 65.67063353

Storage 3 78933.4200 26311.14 55.59159832 0.0001
Curing 2 17683.1800 8841.59 18.68098911 0.0612
Curing*storage 6 25350.3333 4225.056 8.926925667 0.0021
GS*SM 15 27450.0000 1830 3.866522884 0.1881
Error 26 12305.6300 473.2935

Corrected Total 60 269023.541

DF=Degree of freedom; Pr=Probability of significance at 95% Confidence level

Appendix 6 Tana River County monthly rainfall trends for 2012 and 2013 compared to long term average
rainfall for 2005-2013

1400 -
Longterm
1200 - average
rainfall
1000 - (2005-2013)
E 800 -
= e Rainfall
o (mm) Jan-
= 600 - Dec 2012
o and Jan-Dec
2013
400 -
200 -
C O = 5 >Xc S 90A s s 9 Cc Qs 5 >c 35S 9 a9s s 9
fT23283°238888223253°23888
Months (Jan 2012-Dec 2013

Appendix 7 Eight months rainfall trends and amounts (mm) during experimental growing period and drought tolerance (Sep 2012 to
Apr 2013)
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Appendix 8 Amount of water from Rainfall, irrigation water received by the grasses, soil moisture
changes and evapotranspiration at the four moisture treatments during the 16 weeks experimental

period
80% FC

WEEK 8 WEEK 10 WEEK 12 WEEK14 WEEK 16
RAINFALL (P) (mm) 54.2 2242 204 2425 281.1
IRRIGATION (1) (mm) 367 484 556 664 770
CHANGE IN SOIL AS 147 210 214 198 144
ET grass (MM) 2742 498.2 546 7085 907.1
50% FC
RAINFALL (P) (mm) 54.2 2242 204 2425 297.9
IRRIGATION (1) (mm) 289 366 442 524 669
CHANGE IN SOIL AS 121 187 203 113 105
ET grass (MM) 2222 403.2 443 653.5 861.9
309% FC
RAINFALL (P) (mm) 54.2 2242 204 2425 297.9
IRRIGATION (1) (mm) 211 280 310 215 456
CHANGE IN SOIL AS 98 268 225 230 265
ET grass (MM) 167.2 236.2 289 2275 488.9
RAINFED
RAINFALL (P) (mm) 54.2 2242 204 2425 297.9
IRRIGATION (1) (mm) 0 0 0 0 0
CHANGE IN SOIL AS 33 79 85 67 113
ET grass (MM) 21.2 1452 119 1755 184.9
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