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ABSTRACT

A study was conducted at Kabete campus field stdieiween September 2006 and June
2007 to determine the herbage growth and forageorminerals density of the Quartin
clover (Trifolium quartnianum which belongs to the African clover genus. It was
assessed for its mineral micronutrient concentnatiosing X-Ray florescence
spectroscopy. The study involved three experimeote in the green house (GH),
another one in wooden boxes (WB) measuring &¢iare and the third study in an open
field. Soil at the experimental site was randondgnpled and analyzed for micronutrient
concentration. The field experiment was laid in &®anized Complete Block Design
(RCBD) with four treatments replicated four timeShe treatments in the field
experiment were:-three terrain levels and Phospfetdizer at Okg/ha s 30kg/ha
P,0s, 50kg/ha B0s, 60kg/ha KOs, The first two experiments were done in the green
house in pots and in wooden boxes in April 2006S&ptember 2006 to assess the
herbage growth of Quartin clover, four growth stagere observed. Seed was scarified
before planting. Plant sampling and data collectreere done bi-weekly during the
growing seasons to determine herbage growth. Taet Bissues and Soil samples were
subjected to Energy Dispersive X-Ray Florescencect®pscopy (EDXRF) analysis to
determine mineral micronutrient concentration. Gltowomponents measured included,
plant height, ground cover, leave number, branghimglule formation, dry matter and
seed yield. The date of 50% flowering was 120 daftsr sowing which gave an
indication of how long the legumes take to flowsrthis is an important criterion for
identifying suitable time for harvesting the forage

Seed emergence was 82-93.0 % 10 days after plaitiveggood germination percentage
was enhanced by seed scarification to remove seadaticy. SPSS Package version
11.5 was used to analyze the data collected. Dasaswbjected to ANOVA. Means were
separated using the least squire significancerdifiee test at R3<05.

Terrain level and fertilizer treatments showed #igant difference (P@.05) in Percent
ground cover in field establishment. Phosphatelifest application showed significant
effects (P€9.05) on stubble weight, leaf number and nodulespfsnt at 50kg/ha s
but there were no differences in plant height aueettilizer treatments. Stubble weight,
dry matter yield and seed yield, were significar{fthr0.05) affected by terrain levels in
field experiment and box establishment. Iron was Highest mineral micronutrient
concentration in Quartin clover seeds followed bgnganese and Zinc respectively.
Application of triple supper phosphate at 50kg/h@sRyave the highest dry matter yield.
Herbage growth at the lower slant terrain did ettan middle and upper slants (terrain
levels) with a positive correlation of r= 0.45 been slants correlated to soils available,
Herbage growth was reduced in the upper and mididiets when precipitation was
insufficient. Quartin clover responded to fertilizzpplication since native fertilizer was
not adequate to the crop vyield permitted by the stonogé regime. It therefore
recommended that timely planting and/or frequengation is necessary to maximize
yield. Quartin clover is a legume fodder that fixissown Nitrogen and accumulates high
levels of protein and micro nutrients. Thereforarnfers interested in restoring soil
nutrients in their immediate needy fields couldnpla as a cheap method of soil
improvement and conservation as well as reducinguademand in fetching animal feed
for zero grazing farming systems. Feeding it taydanimals would improve the quality
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of animal products such as meet and milk hencefgaitg the hidden hunger directly to
the animals and indirectly to human beings. Phatsphapplication is of crucial
importance in establishment, growth and developroéruartin clover since it affects
both herbage growth and mineral micronutrient aadation in Quartin clover. This
study therefore recommends that phosphate fertibeeapplied as a basal fertilizer at a
rate of 30-50 kg/ha#®s during establishment of the Quartin clover.
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LIST OF TERMS AND ACRONYMS USED AND THEIR DEFINATIO N

ANOVA Analysis of Variance

BNF Biological Nitrogen Fixation

DAS Days after sowing

DMD Dry Matter Digestibility

EDXRFS Energy dispersive X-Ray florescence spectroscopy
GDP Gross domestic product

GH Green house

KARI Kenya Agricultural Research Institute
Kg/Ha Kilograms per hectare

LH1 Lower highland 1

LSD Least significant difference

LST Lower slant terrain

MN Manganese

MCA Multichannel Analyzer

MST Middle slant terrain

N Nitrogen

RCBD Randomized Complete Block Design
SOM Soil Organic Matter

SPSS Statistical package for social scientists
TSP Triple Super Phosphate

UST Upper Slant Terrain

WB Wooden boxes

EDXRF Energy Dispersive X-Ray Florescence Spectroscopy
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CHAPTER ONE

INTRODUCTION
1.1 Background information
A rich diversity of African clover is distributed iAfrican highlands across a wide range
of soil types present across the uplands and b@dtamcatena and their agronomic
potential has been demonstrated for intensifiedagercrop-livestock production
(Bogdan, 1968; Kahuranaget, al., 1984). There are 10-20 perennial species and
numerous annual species occurring in Ethiopia regtone and they are common
highlands components of natural grass and pasturéa® region (Akundabweni, 1986).
The Mediterranean region is the primary centerieémity of clovers. However there are
a number of secondary centers of diversity in Afriecluding central Ethiopia, Somalia,
Tanzania and Kenya (Zohary 1972). African clovemrs @ither annuals or perennials.
African annual clover (Quartin clover) here afteferred to as Quartin clover is endemic
to Ethiopia and was selected from the Ethiopiarlaigds (Akundabweni, 1986). Its
agronomic performance was studied both in Ethiapid in Kenya. It has been found to
have high protein content which has been studiedzéro grazing farming systems
(Akundabweni, 1984).

Research over the past few decades has revealeshars potential in forage legumes
for increasing both crop and livestock productibtague and Jutzi, 1985). In cropping
systems, forage legumes are a cheap source ofjentnohose presence in the soil boosts
crop yield. Quartin clover was advanced as an @eotyy Akundabweni (unpublished)
has shown excellent agronomic performance; rapitumtyg high biomass production,
high nitrogen content in leaves, pests and dise@desnce, rapid ground cover, weed
suppression, easy establishment from seeds andblgosdternative uses such as
biological nitrogen fixation, mulching effect, s@hd water conservation (Akundabweni,
1984; Muthoni and Akundabweni, 2005, Lupwasti al, 1997). Quartin clover was
shown to elicit high dry matter yield with good ntive quality (Akundabweni, 1984). It
is highly palatable and has no reported antiqualitystances (Akundabweni, 1998), but

there is no information on the micro nutrient densi



Trifolium species are forage legumes whose traatgelbeen evaluated by scientists and
plant breeders in conjunction with Internationaldstock Center for Africa (ILCA),
Addis Ababa, Ethiopia working closely with NationAQricultural Research System
(NARS) and International Livestock Research Ingit(ILRI) both located in Nairobi,
Kenya (Lupwayiet al, 1996).

Since shifting cultivation is not practical todayedto increased population, legume crops
such Quartin clover can be used as a practicalofagplenishing soil nutrition, crop and
animal productivity (Lupwayket al, 1996). Most farmers in the small hold farms are
resource poor and cannot afford to buy minerailiegts to apply in their farms (Titonell
et al, 2005).

There is limited information reported on qualitie$ Quartin clover since it's
identification by Bogdan in 1953. Until recentlytle was known about it's agronomy
until work of Akundabweni (Akundabweni, 1984). Hhosved it as promising on a
moderately drained to well drained soils with hidty matter production under well
distributed rainfall. It is thus a special and wagecotype with high biomass production.
Further work was done to select the seed by rengavie individual plants that were not
performing well and leaving seeds for plants tha&bveed superior agronomic
characteristics (Akundabweat al, (1991). However Quartin clover has to date resrb
adopted in arable agriculture since it is a fegtdearathan a food crop. But it appears to
have some promise if it can be incorporated interarop with wheat as was shown at
Holetta in Ethiopia (Kahuranangzt al, 1984). The constraint is that seed field is in
limited amount because it is a shy seed producaweder, dormant seeds are capable of
staying in the seed bank for several years befarg ¢merge again after the brack down
of the dormancy (Akundabweni Personal Communicatidithough Macro-nutrient e.g.
crude protein are known, mineral micronutrientsaamrations are little. Thus this study
gave attention to mineral micronutrients qualityuiartin clover starting with the seed
itself.

Forage mineral content depends much on the soivldoh the particular crop is grown

and the amount and the type of fertilizer applidtbblems with trace elements such as



Copper, Cobalt and Selenium could become more camingreater reliance is placed
on home-grown feeds and less on bought feed whieherglly contain mineral
supplements (Raymonet al, 1986). It would be advisable to decide on such
supplementary feeding in consultation with a natnitadviser, who can take account of
the mineral content of the forage grown on thatipalar farm and on the other feeds
likely to be fed. Therefore, some nutritional urselanding will be increasingly important
to the livestock farmer seeking to adopt the maosfiable way of feeding his animals
(Raymondet al, 1986).

No study has shown mineral micronutrients qualggezially demonstrating the quality
in seed and soil and how they vary according taeh&in on the soil and how they vary
in dry matter yield. This study determined the mahemicronutrients concentration in

young seedlings, up to eight (8) weeks of herbagevtly in order to assess the mineral
micronutrients status of the clover as influencgdhe terrain level soil characteristics at
Kabete field station experimental site. This wakiewed through testing the mineral
micronutrients density in the seeds, their accutiarian forage of young seedlings up to

eight weeks of growth and the soil.

1.2 Problem statement

Poor feed nutritive value in the crop residuals amthe grasses in drier seasons leads to
low productivity. Inadequate quantity and poor dyah fodder is a major limitation to
livestock production because crop residues arergkyanadequate animal feed and
needs supplementation (Mosi, 1983). It is, theeefonperative to introduce fodder
legumes of high nutritive value, which can be usesupplement feed for farm animals.

Quartin clover is a recently developed forage weattiwith promise. It is adapted to
Eastern African highlands ecology which is richdrude protein, carbohydrates and
digestible fibre. However, its mineral micronutrigrensity and effects on contribution

to satisfying hidden hunger in grazing animalsasknown.



1.3 Justification

Annual African clover (Quartin clover) is a newlgwkloped forage legume that has been
extensively studied for its agronomic performanoe adaptation stability as a forage
legume. It has shown promise for incorporation irttee intensively -cultivated
smallholder mixed farming systems that are intendedmeet an increasing food
requirement for an ever increasing population. Osspping, nutrient mining, soil
erosion and mineral leaching have led to declinsoih fertility and low productivity in
these small holder farms in the Kenya highlandsar@Qu clover has also been shown to
have high crude protein and high percent dry matligestibility (%DMD), but there is
little or no information about its mineral micronents density in both the seeds and the
forage. Therefore, there was need to conduct thiperament on its mineral
micronutrients density nutritive quality in Kabatiimic Nitosols where its agronomic
potential has been previously studied. This cldvas not been incorporated into the
cultivation systems because it is unknown farméfrsts adopted into zero grazing
systems, it would be an ideal clover as a sourclraige legume not only to provide
protein but high mineral micronutrients and be aplement that can reduce cost of
mineral supplements. If this promising clover coaés to be ignored it will disappear
from the gene pool and become extinct. Thus ipE@priate that clovers such as Quartin
cloverare assessed in terms of their mineral micronusiealue particularly as abases of
appeal for zero grazing into intensely cultivatggdtems for saving on purchased mineral

supplementation.



I.4 Conceptual framework
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Fig.1. Conceptual framework illustrating herbage gowth of Quartin clover as it interacts with above

and below ground environment

1(a): Germplasm acquisition level: Micro nutriead a result of uptake history and

inherent genetic potential (starting point)

1(b): Terrain environment as affected by (2c- emwimental conditions) and a factor on

the physio-chemical characteristics (2b-terrainttas) which in turn affects minerals

mineral micronutrients flow between the soil and ghant.

2(a): Leafy/vegetative mineral micronutrients ugdiom the soil during growing season

3: The experimental site specific seasonal effectd®d mineral micronutrients density

in event that genotype environment effects weomgtr

4: For zero grazing quantity and quality at thetoug stage

5: The beneficial dependent variable




1.5 Broad Objective
To assess the herbage growth and mineral micremigridensity in Quartin clover

seedlings as influenced by terrain position andsphate status on Kabete Nitosols.

1.6 Specific Objective
The specific objectives of this study are to:

1. Assess the herbage growth of Quartin clover plaatedg three terrain gradients
on Kabete soil.

2. Determine the mineral micronutrients density in @naclover seeds crop, and
seedlings in the 2-4- 6 and 8 week stage of gramthdevelopment in relation to
the site terrain mineral status.

3. Determine the effects of Phosphate on mineral migmeents density in Quartin
seedlings up to thé"8veek of growth.

4. Compare the herbage yield of Quartin clover actiosee established
environments (i.e. Greenhouse potting, open aieband field).

1.7 Research Hypothesis

1. There are no differences in the performance of @Quealover due to terrain
levels (slants)

2. Quartin clover remains with similar levels of miakemicronutrients in both
the seeds and the seedlings.

3. Phosphate fertilizer has no effect on mineral rmataents accumulation in
Quartin clover’s seedling stage.

4. There are no differences in the herbage yield dysant establishment under

soil environments.



CHAPTER TWO

LITERATURE REVIEW
2.1 Pasture legumes
Annual forage legumes are recognized for their gakin production of high protein
feed from fallow land. They can be used to for grgzharvested for hay or harvested for
grains and straw at maturity. Skermetral,, (1998) gave the following characteristics as
essential for successful tropical pasture leguégient nitrogen fixation, tolerance to
range of soil conditions, high production of sedd® can be harvested easily, resistance
to diseases and pests, high feeding value throughewrowth period and persistence.
Some of the essential qualities of pasture leguares persistence and aggressive in
addition to high yields, palatability, Nutritive ke and adaptability to withstand stress
(Prasad, 1995). Pamo and Mubeteneh, (1995) addad the legumes ability to
frequently root at nodes when in contact with tled snables maximum use of soil

nutrients hence making such legumes very aggreasiddetter competitors to weeds.

The tissue elemental concentration variation imfglas based on genetic differences
among species and the species extent of uptake tinensoil. Due to their genetic
differences and species extent of uptake, tissneesdration varies (Shacklette, 1980).
With respect to these variations, there possibigteyxa genetic diversity in phyto-mineral

micronutrients density.

The time of harvesting of Quartin clover has vergnounced effect on foraggality.

As the plant matures, both the ether extract ardcthde protein values fall, while the
crude fibre and the nitrogen free extractive valises. Leaves contain high levels of
crude protein and other extracts while the stem \sges for nitrogen-free extracts’
fraction (which contain hemi cellulose) and for ttreide fibre component (Shacklette,
1980). Although there is no time of rapid elongatifor legumes, these species do
undergo substantial stem thickening and markedeas® in stem weight takes place
before flowering. Percent of leaves by weight befand at the time of flowering is lower
for legumes. It takes a longer period for legumeder protein of these tissues to fall

below 6.5% the lower threshold for animal maintexea(t’Mannetjeet al, 1980). Njarui



and Wandera, (1997) observed that for the techyologoe accepted by farmers, the
legume should produce a reasonable amount of hereag be compatible with the

companion grass.

Biologically available nitrogen forms only a minui@action of the total present earth's
crust, furthermore much of this nitrogen is inasdae to plants and as it is present in the
forms of dead organic matter from where it is slovdleased by microbial action. Nature
reacts to this by recycling combined nitrogen iooaplex process known as ‘Nitrogen
cycle’ (Delwichie, 1977). Forage legumes have pidéto contribute to farming systems
through nitrogen fixation in the soil when they rforroot nodules. The amount of
Nitrogen fixed by the legume component in a legumeal intercrop system depends on
several factors, including the legume species, tplaorphology, density of the
component crops, type of management as well asctmpetitive ability of the
component crops (Fujitet al, 1992). African are legme forage found naturghlgwing

in pasture lands in combination with grasses.

2.2 African Clovers

African clovers are distributed in African highlamdcross a wide range of soil types
present across the uplands and bottomland catehtham agronomic potential has been
demonstrated for intensified forage-crop-livestpe&duction (Kahuranaga al., 1984),
with Ethiopian highlands having the greatest diigrsThere are both annual and
perennial African clover species. There are 10-@@mnial species and numerous annual
species occurring in Ethiopia region alone and thieycommon highlands components
of natural grass and pastures in the region (Akibweai, 1986). Perennial clovers have
variable habits and a strong tap root system ealbhe¢he ones that are indigenous to
Eastern African highlands and more commonly foundnhoist places (1800m to 3700m
elevations with a rainfall amount of 2000mm anded)d<amal, (1989). Cool areas with
long favorable moisture spell should be suitable ttee growth of some promising

African clovers (Akundabwerst al, 1991).



Trifolium species can be incorporated in conveoseti farming beside their value as
high quality animal feed. They have promise asderim highlands for feed production,
and for soil improvement and water conservatioa asver crop. The primary center of
diversity of clovers is the Mediterranean regiohefie are a number of secondary centers
of diversity in Africa including central Ethiopi&omalia, Tanzania and Kenya (Zohary
1972). African clovers are endemic to Ethiopia dfiah two thirds are annuals and the
remainder is perennials. There are no biennialstifiled in Ethiopia valley bottoms that
are not cultivated due to seasonal water loggingchwviare natural habitats for some
clover species, thus they can be managed to impfovage production without
competing with food crops for land especially tohaal clovers which can easily be
eradicated (Friedericlet al, 1991).

Since 1980s the International Livestock CenterAfiica formally (ILCA) has focused
its research on the Eastern African highlands ckowes it realized the potential of clover
in the farming systems of Sub-Saharan Afridaifolium quartinianum Trifolium
steudneri, Trifolium tembensand Trifolium decorumamong others showed high dry
matter yield with good nutritive potential (Akundaéni, (1984) and economic seed
production (Akundabweni and Njuguna 1996). Someveri® tested in the Ethiopian
highlands showed to have good forage yield (Kahamga and Tseley, 1984). Seed
production in Quartin clover was shown to requiighitemperatures of 28 and above.
Quartin clover performed well as expected betwe@riCl - 25°C temperature ranges
which confirmed it as a highlands legume Akundalw&e86).

African annual clovers have now extensively beeoudtented to possess excellent,
forage potential for livestock (Kahuranangtaal, 1986). These clovers are distributed in
the African highlands across a wide range of sgkes from uplands to bottom land
catena (Bogdan, 1968). Some of these species sschirimlium tembenseare
exceptionally adapted to waterlogged conditionshstanding partial submergence
especially under high soil fertility. The legumeities well on long duration retained soil
moisture, which is a characteristic of heavier @motand soils (Akundabwengt al,
1991).



Mannetje (1997) and Skerman (1977) reported thatr@uclover can produce dry matter
yield of 1800-7500kg/ ha. Quartin clover is the mmeductive of the native Ethiopian
clovers with vigorous growth that can produce 7&p8k' dry matter within 3 months
when the growing conditions are favourable (Kaharma, J. and Tsehay, 1991). The
clover has shown high nutritive value and can leal s feed supplement in dairy faming
since most tropical grass pastures tend to dedtineutritive value with increase in
maturity (Olayiwoleet al., 1986). It grows with vigor; and has capacityeégenerate, and
with high palatability. Quartin clover has abilitp compete for water and nutrients.
However the mineral micronutrients concentratios hat been studied. It is a known
fact that animal mineral micronutrient are moredilgabio available for human than
plant mineral micronutrient. In effect thereforécertain fodder species can efficiently
accumulates the categories shown in table 4 toalssgal on to grazing livestock, their
milk can be expected to be mineral micronutriemsity prospect for an even higher
mineral micronutrient enrichment of goat milk reda as medicinal in Kenya could

appeal for the inclusion of Quartin clover into $inhalder systems

2.3 Terrain characteristics

2.3.1 Soil moisture regime

Soil condition and climate are factors that infloemot only growth but also subsequent
dry matter yield accumulation and nutritive qualifyclover (Kahurananget al, 1984).
Akundabweni, (1984) however, observed that somis,sehich rapidly lose water tend
to succumb to drought more quickly than slow wébsing soils. In his experiment, he
found that the set of loose soil did poorly companeavier ones. Later studies showed
that seed yield obtained froffrifolium tembensavhen grown in Kabete well-drained
Nitosols was low. This result was attributed torsmainfall duration when compared to
Shola soils in Ethiopia (Akundabweni and Njugun898). The study revealed that the
essential effect of soil seems to relate to the bemof rainy days and soil moisture
retention influenced by terrain gradient.

Gacheneet al (1997) noted that mucuna pruriens had a shadiiegtandicating that
good ground cover (live and dead mulch) minimizssés of water and minerals through

leaching and evaporation. The addition of soil arganatter by legume through death of
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leaves and other plant parts has also the postifert on conservation of soil and
moisture through protection of the soil surfacen(@agaet al, 1992). They also
observed that the indirect effects of soil organatter on water dynamics operate mainly
through the increase in water holding capacity e soil. Access of plants to water
depends on soils capacity to hold water for a gipenod of time (McWilliam, 1978).
Field experiments have shown proneness of Afridamet to wilting under water stress
particularly in hot and dry weather conditions. S leixplains why frequent irrigation is
recommended if the crop is not growing under sigfit water condition to obtain
maximum vyield (Akundabweni, 1996; Wondafrash, 1998pil moisture condition
depends on annual rainfall and soil acts as a medivexchange of water. Kahurananga
and Tesley (1984) indicated that forage yield afual African clover was less sensitive
to rainfall at the site of origin. It was furthebgerved that the native clover from high
rainfall area subsequently show high yield (Kaharega and Tseley 1984;
Akundabwenil984).

Akundabweniet al, (1991) indicated that the number of moist dafyerglanting has
more significance in the management of the Quattiwer for optimum productivity than
calendar days after planting as the distributidghemathan intensity. Kahurananga, (1991)
observed that rainfall distribution made both whaadl clover grow well which was in
agreements with the findings of Akundabwetial, (1991). Water stress increase the
ratio of shoot/root (Wondafrash, 1999) and prenattpening is likely to occur and
growth period ended sooner or later if mid-yeanpiay rainfall is not supplemented for
by irrigation (Akundabwenet al, 1993). They also found out that annual Africkover
has a leaf area index of more than 5 compared aoshevhich have (LAl of 5) hence
clover has great exposure to increased transpirbags. Seasonal pattern of soil moisture
for plants evapo-transpiration is important becatigetermines the severity of principal
constraints in agriculture. When the amount of pigation is locally insufficient, crop
growth is reduced since the crop may not resporfdrtizer addition if native fertilizer

is adequate to produce the crop yield permittethbymoisture regime.
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2.3.2 Soil fertility

One major objective of chemical inventory of thélsson which crops are grown is to
determine its ability to supply essential elementthe right proportions and in adequate
amounts throughout the growing season (G#eal, 2005). Identifying and modelling
variations in soil fertility at farm level have edy been used for practical management to
increase nutrient use efficiency (Tabu, 2003). irerently infertile soils coupled with
critical nutrient mining in farmers fields impliéisat external fertilizer has to be applied if
optimal crop yield is to be achieved based on typé. The limitation is pronounced in
soils with low organic matter and dominates in mediand high potential areas of Kenya
(Sanchezt al, 1997). A survey of fertilizer use however shaWwat farmers use sub-
optimal levels of fertilizer probably because ofopaesource level and non specific
recommendations that aim at optimizing crop yiald tecessarily nutrient use efficiency
(Smaling and Broun,1996; Mo al,1996; Gilleret al, 2005). However, small scale
farmers use variations in soil fertility to maximaizrop yield (Murageet al, 2000;
Titonell et al,, 2005). Therefore the soil interplay of the plgbiemical factors is likely
to be of crucial importance in the natural selectad African clover, the adaptation

performance, the ultimate yield and forage quality

The Nitrogen fixing legumes offer low cost oppoityrfor maintaining soil fertility by
improving nitrogen supply to the solil, they provigi®tective ground cover, conserve soil
moisture, reduce soil erosion and low cost for wegdGachenet al, 1991). Nitrogen
can then be passed on to the soil through rootlasdlecay (Vallis and Gardiner, 1984)
and mineralization of organic matter from dead plexaterial and from animal feaces
and urine (Mannetje, 1997).

Legumes enhance food security, soil and wateresgaion by reducing soil loss by
surface run off and their ability to cover the sabucing evaporation and enhancing
infiltration (Gacheneet al, 1991). They rehabilitate degraded land (an iskae should
be given priority) and are very important in bialag nitrogen fixation. The capacity of
BNF varies with the legume species, the environnart the management practices
(Tothill, 1990).
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Until the advent of sophisticated analytical tecjugs, most plant diagnostic relied upon
visual deficiency symptoms, crop history, soil esyisoil pH and other variables as
guides in identifying mineral micronutrients diserd (Donahue et al, 1983). Site
Specific Nutrient management (SSNM) has to be ukesder or over application in
some areas of the farmers field is to be avoidedrhagen and Bouma, 1997). Farmers
local knowledge is cost effective and could beiperit to the implementation of site-

specific nutrient management (Flemieigal., 1999)

The appropriate content of minerals in plants geasal both for health of the plant and
the nutrient supply to man and animals that feedttmm. Soils supply plants with
organic mineral nutrients in the form of dissoheds. The plant takes these elements
out of the soil solution and incorporates them itite thousands of different organic
compounds that constitute plant tissue. A fundaalemtie of soil in supporting plant
growth is to provide a continued supply of thesaarals in amounts and proportions
appropriate for plant growth (Underwood, 1999).

The concentration of nutrients in plant tissuesrse¢o be a function of soil mineral
status. Pattern of this however differs amongplaat species and plant parts (Kabata
and Pendias, 1984).

Quartin clover was therefore established on thee@in levels to find out the relationship

between mineral micronutrients concentration ingbi¢ and in plant tissues

2.3. 3 Phosphorous in legumes

Phosphate fertilizer application increased dry eratield, leaf nitrogen and phosphorous
level of runner bean (Kahuro, 1990). Reneau e{H#83) working on sorghum reported
that phosphorus fertilizer increased nitrogen cotreéion sorghum. Application of
phosphorous has been shown to increase dry magtdr percent phosphorus of pasture
legumes and nitrogen in pasture legumes (Muth@@p® Phosphorus has been shown to
increase dry matter yield of annual clover (Hagneé bupwayi, 1998, 1999; Mugwira et
al.,, 1997; Haque and Mugwira , 1991; Kahuranangd,1¥ong et al., 1993;
Akundabweni, 1984a, 1984b). Application of phosplusr has been shown to increase
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Iron concentration in the tissues through enhamoetiand herbage tissues development;
dry matter (Haque and Lapwayi, 1998; Kong et @93). The current study, aimed at
finding out if application of phosphorous couldeaff uptake and accumulation mineral

micronutrients in Quartin clover.

2.3.4 The terrain levels at the experiment site iKabete field station

The source of nutrient capital reserves in the $®ilweatherable minerals from
dissolution of basal rocks (Sancheizal, 1996) and soil organic matter (SOM), which
contains a lot of nitrogen, phosphorous and sulgkafilis and gardner, 1984). The key
soil erosion control is to keep the land coveretthywlants throughout the year.

The field experiment was laid on a sloppy farm w5 and 15% gradient which was
divided into three slants namely: upper slant terPa5% gradient, middle slant terrain5-

15% and 0-5% gradient lower slant terrain as shiomiigure 2 below.

//\
Upper slant terrain Middle slantan
2-5% slope 5-15% slope

Lower slant terrain 2-5%

Fig. 2 The terrain gradient at the experiment siteshowing the percent slope.

The middle slant terrain at the experiment site pr@ase to soil erosion due to the high
gradient while most of the eroded soil is usualgpasited at the lower slant terrain
making it more fertile than other slants. Gacheneal, (1996) found that a two year
erosion period for a humic nitosol at Kabete Kemygs enough to cause a 64% loss in

maize grain yield in the most eroded plots.

2.3.5 Mineral micro nutrients in the soil
Micronutrient elements form part of the animal bodyless they are present in adequate

amounts, animal begin to suffer from hidden hungspecially human. In regions with
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soils deficient with certain minerals, supplemerfe¢ding or manure application in
pastures with the deficient element will both irage production and prevent disease
(Fraser and Stamp 1987). There are 16 essenti@rahialements for animals. Calcium,
Phosphorous, Potassium, Sodium Chlorine, Sulphdir\dagnesium are major elements
(Rook and Thomas 1983; Cole, and Haresigh 1985} &aon, lodine, Copper,
Manganese, Zinc Cobalt, Molybdenum, Selenium, ameb@ium as trace element (Rook
and Thomas 1983). There is a growing awarenesfieohéed for knowing the trace
elements content in soils and plants. Although aebuired in small amounts by plants
and humans, trace elements deficiencies can havagumuch effect as of macronutrient
elements deficiencies on human and plants. Somthefnecessary elements, when
included in the diet at too high levels may be ¢oxi Thus, some of the mineral
micronutrients are discussed in this below: Thearah micronutrients of interest are

underlined in Table 2.1

Table 2.1. Trace elements established essential aating to their nutrient value

®Major/Macro °Trace/Micro “Ultra-trace YBeneficial
Calcium Zinc Boron Barium
Phosphorus _Iron Molybdenum Bromine
Magnesium Silicon Selenium Cadmium
Sulphur Manganese Nickel Lead
Potassium Copper Vanadium Lithium
Chloride Fluoride Arsenic Tin
Sodium lodine Cobalt

Chromium

% Needed in amounts greater than 100 mg per dayrgmesent 1% or less of body
weight.

P Essential in much smaller amounts, less than 160/ miay and makes up less than
0.01% of body weight.

¢ Required in amounts of less than 50 ng/g in dienémals.

4 May contribute to biological processes but esaéitytinot yet established.

(Source: Encyclopaedia of Food Science and Teolggolol. 5 1993).
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Iron

Iron is a metallic chemical element that is therfloumost abundant element in the earth's
crust. It constitutes about 5% by weight and isdveld to be the major component of the
earth's core. Iron is found distributed in the ,saihd dissolved in ground and ocean
waters to a limited extent. It is rarely found umtmned in nature, but iron ores and
minerals are abundant and widely distributed. liobiologically significant (Cole and
Haresigh, 1985). Iron is an essential componertenfoglobin, a red oxygen-carrying
pigment of the red blood cells of vertebrates anglscte pigment myoglobin, iron
compounds are important in nutrition. Iron is auiegment in animals. Some body

enzymes also have a composition, which include iD@ficiency of iron causes anemia.

lodine

lodine, a nonmetallic chemical element, symbol d, a dark-gray to purple-black,
lustrous, solid element with a rhombic crystallsteucture. It is the least active of the
halogens. When heated it passes directly fromdhée ® the vapor state. The element is
obtained from salt deposits and from salt brinedinle is important in medical treatment
and in small amounts is essential to human nutriticn the thyroid gland it becomes a
part of the iodine-containing hormones, which ratgithe rate of energy metabolism in
the body (Welchet al, 1991, Hetzel, 1986, Hetzel and Marberly, 198@tvieen 70 and
80 percent of dietary iodine is absorbed as iodiden the rumen with considerable
resecretion occurring in the abomasum (Mik¢ral, 1988). lodide that is secreted into
the abomasum is largely reabsorbed from the smadlll@ge intestine. Absorbed iodide
is largely taken up by the thyroid gland for thyktdiormone synthesis or is excreted in
the urine. In lactating cows, approximately 8 pataa dietary iodine is secreted in milk
(Miller et al., 1988). lodine is an essential component of themone thyroxin. Its
deficiency leads to an enlargement of the thyrdahd particularly in lambs at birth,
referred to as goiter, a swelling of the thyroglpften a symptom of inadequate iodine in
the diet. This is followed by depression of all guotive functions and lambs are often
stillborn or weakly (Charles, 1983).
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Cobalt

Cobalt is an essential component of Vitamua \Bhich is manufactured by rumen micro
flora. A deficiency leads to depression of all protive functions; perhaps most notably
stunt growth, anemia and stillborn lambs. The r@ahitora does not have any store of
cobalt available and so daily intake is necess@hatles, A.B. 1983; Nickerson, 1978).

Manganese

Manganese is a pinkish-gray metallic chemical el@msymbol Mn, and is the first
element in-group VII of the periodic table. Mangs@es found in abundance in nature
and is Manganese is an essential trace nutrieait florms of life. Manganese is needed
as a nutrient in small amounts by many plants amehas and by humans. Manganese
has been shown experimentally to be necessaryofonal skeletal development in sheep
but deficiencies have not been found under grazorglitions (Charles, 1983). As little
as 0.5mg/kg of dietary dry matter is sufficienttaintain good growth rate and feed gain
ratio in pigs from birth to 90kg live-weight (Frasand Stamp 1987). The classes of
enzymes that have manganese cofactors are veryl lao@ include such classes as
oxidoreductases, transferases, hydrolases, lyasesjerases, ligases, lectins, and
integrins. and also in many bacteria (this factnikeeping with the bacterial-origin
theory of mitochondria) (Grardt al, 1997). Manganese compounds are less toxic than
those of other widespread metals such as ironeh@kd copper compounds. However
manganese is toxic in excess (Pohanish, 2006) darly all organisms living in the
presence of oxygen use it to deal with the toxiea$ of superoxide, formed from by the
1-electron reduction of dioxygen (Meeo al, 1994). Exceptions include a few kinds of
bacteria such akactobacillus plantarumand related lactobacilli, which use a different
non-enzymatic mechanism, involving manganese *(Mnions complexed with
polyphosphate directly for this task, indicatingwhthis function possibly evolved in
aerobic life (Mineral research and developmenitunst, 2003).
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Copper

Copper a metallic chemical element; is presentimuite amounts in the animal body and
is essential to normal metabolism. The principal @rcopper is chalcopyrite, a sulfide of
copper and iron, also called copper pyrite (Lick,2005)

Copper is an essential trace element in plantsaandals, but not some microorganisms
(Bonhamet al., 2002). Copper is essential in enzymes requirechéart function, bone
formation, energy metabolism, elastin synthesismab hair growth and red blood cell
formation. (Encyclopaedia of Food Science and Fbech., 1993).

Copper is needed for quite a wide variety of badhctions. Its deficiency is particularly
indicated by in-coordination in newborns lambs dydanemia (Charles, 1983; Fraser
and Stamp 1987) and poor growth in adults. Woalss affected characteristically by a
change in color (graying in pigmented wool or charigpm creamy to chalky in non
pigmented wool). Young animals loss crimp and gitlengiving a typical stringy
appearance. Copper is effectively stored in therjia reserve that does not usually get
depleted for4-6 months in case animals feed iread#ficient in copper (Charles, 1983).
However, particular care has to be taken in feedopper to animals because high liver
levels followed by a sudden stress causes reldasmpper into the bloodstream resulting
into an acute fatal hemolytic jaundice (Nickerstf76).. Conversely, Wilson's disease
causes an accumulation of copper in body tissueger8 deficiency can be found by
testing for low plasma or serum copper levels, t@luloplasmin, and low red blood cell
superoxide dismutase levels; these are not semsitivmarginal copper status. The
"Cytochrome ¢ Oxidase activity of leucocytes anatglbts” has been stated as another
factor in deficiency, but the results have not beenfirmed by replication (Bonharet

al., 2002). Copper salts (30 mg/kg) are toxic in angnalh minimum dietary value for
healthy growth in rabbits has been reported tothleast 3 ppm in the dieHowever,
higher concentrations of copper (100 ppm, 200 ppn500 ppm) in the diet of rabbits
may favorably influence feed conversion efficiengywwth rates, and carcass dressing
percentages (Ayyat al, 1995).
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Molybdenum

Molybdenum is an essential trace element for vilguall life forms. It functions as a
cofactor for a number of enzymes that catalyze mamd chemical transformations in the
global carbon, nitrogen, and sulfur cycles. Thus|yindenum-dependent enzymes are
not only required for human health, but also fa kealth of our ecosystem (Lide, D.R.,
ed. (2005). Molybdenum plays a complex role in alirgrowth and development.
Excess dietary molybdenum has been found to re@sutbpper deficiency in grazing
animals (ruminants). In ruminants, the formationcompounds containing sulfur and
molybdenum, known as thiomolybdates, appears tweptethe absorption of copper
(Jane Higdon, 2001). Small quantities are benéfiDiaficient diet encourages excessive
copper storage with the associated risks mentioalkdve. The balance between
molybdenum and copper is also affected by intaksutffite with high levels increasing

the danger of molybdenum toxicity (Nickerson, J.T1IB76).

Zinc

Zinc compounds are numerous and are widely uset i&i essential to the growth of
many kinds of organisms, both plant and animails & constituent of insulin, which is
used in the treatment of diabetes. Chief sourcesnafare the sulfide ore; Zinc ores are
widely and abundantly distributed throughout therldio Zinc is present in all animal
tissues and is a component of a number of enzyinisstequired for normal growth and
appetite and the functioning of the testes is ememe sensitive to deficiencies (Rook
&Thomas1983). Zinc deficiency is characterized bgwgh retardation, loss of appetite,
and impaired immune function. In more severe cases, deficiency causes hair loss,
diarrhea, delayed sexual maturation, impotenceptgpadism in males, and eye and
skin lesions (Maret and Sandstead, (200®jasad, 2004). Weight loss, delayed healing
of wounds, taste abnormalities, and mental lethaegyalso occur But these are unlikely
in grazing animals (Rook &Thomas1983). Zinc toxicdan occur in both acute and
chronic forms. Acute adverse effects of high zimeke include nausea, vomiting, loss of
appetite, abdominal cramps, diarrhea, and headaahdsreductions in a copper-

containing enzyme (Willigt al, 2005)
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Selenium

Selenium is a nonmetallic chemical element; syn®e] directly below sulfur in the
periodic table. Selenium sometimes occurs in carjan with sulfur deposits and often
occurs as the selenide (especially of copper, Isdder, and iron) in sulfide ores
(National Research Council 1983). Nonethelessnaeteis one of the elements needed
in trace amounts in the animal and human diet. fdale is important for animal
muscular development and when deficient leads gemeration of muscles, particularly
of the hindquarters and arthritis (Stagteal, 1997). It is in suckling lambs (when muscle
development is at the peak) that is the most stibbepo this condition. Selenium is a
requirement for cattle. Lack of selenium in certamttle feed has caused nutritional
diseases (Laubuza, 1974). Certain plants may adetenselenium and when grazing is
confined to these, toxic symptoms may occur pddrtyaffecting hoof development and
fertility and shedding of fleece (Charles, 1983)hil&/ the nutritional value of all plant
food depends on the soil in which it was grown, sleéenium content of plants seems
particularly sensitive to soil concentrations. Has reason, most of the early research on
selenium focused on diseases in sheep, cattleeysiriand pigs which involved low soll
concentrations of selenium and insufficient amouwftselenium in the forage plants
eaten by these animals. It is important to rementiiedr the selenium content of food is
highly variable because it depends so heavily ahcemditions. While soil conditions
affect plant foods most directly, they also affactmal foods, since most animals depend
upon plants for their diet. Deficiency symptoms $alenium are difficult to determine
and controversial in the research literature (Almamal, 1992) Intake of selenium that
is borderline or only mildly deficient has not beemnnected with specific symptoms.
With prolonged and severe deficiency, symptomsriglezenter around two of the body
areas where oxidative stress is known to takeiksthe heart and the joints (Badmagtv
al., 1996). When oxygen-containing molecules becdowe reactive, they can start
damaging the cell structures around them (Diplot892). Selenium helps prevent
oxidative stress by working together with a groupnatrients that prevent oxygen
molecules from becoming too reactive. This groupnafrients includes vitamin E,
vitamin C, glutathione, selenium, and vitamin B3ntany instances of heart disease, for

example, where oxidative stress has been showa thebsource of blood vessel damage,
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low intake of selenium has been identified as atrdmuting factor to the disease
(Diplock, 1992).

The Quartin clover was analyzed for Zinc, Iron, Manese, Copper, lodine,
Molybdenum, Selenium and Cobalt .Their importanes been demonstrated by the

research and needs not to be overemphasized

2.4 Methodology

Conventional method of fertility assessment thatlude soil sampling, laboratory
analyses and the state of art (geographical paosijoand geographical information
systems) methods are slow and/or expensive an@auatssible to small scale farmers
(Murageet al, 2000). Studies in search of low cost effectivethnds show that farmers
use agro-ecological knowledge to allocate crop syfme soil fertility niches based on
variation in nutrient status and requirements @gikkt al., 2005;Titonelet al, 2005;
Desbeizet al.,2004).

Essential trace elements particularly present iknawn materials can be assessed by
invitro and instrument based technologies. Howedwyndabweni (2010 a, b, ¢) has
successfully applied the XRF instrumentation tceassmineral micronutrients variation
in vegetable leafy system with focus on indigeneegetables. This has been undertaken
at the Institute of Nuclear Science and Technolaigye University of Nairobi which has
developed an Energy Dispersive X-Ray FluorescendeF] spectrometer based on
Cd109 radioisotope source for analysis of tracenetds. The spectrometer (Fig. 3) is
relatively easy to use and in comparison with otleehniques it is cheap, flexible and
has a superior analytical capacity (Gatari, 2008rkowicz et al., (1996) observed that

it is as an important analytical tool for analyzielgmental samples due to its ability of
providing an advantageous compromise between tnuljti element characteristics,

satisfactory speed, economy and ease of operation.

Trace elements in samples in this study were asdly®y EDXRF spectrometer at the
Institute of Nuclear Science, University of Nairdd@nya. The detector output is coupled

to a pre-amplifier and thereafter electronicallycected to a Canberra signal processing
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electronics and S100 Multi Channel Analyzer (MCASide a desktop personal computer
(PC). The involved X-ray principles are well backieg documented knowledge in a
period exceeding a century (Benka and Lubkini, J988vancement in technology has
also made X-ray spectrometer an indispensablariaobhny research fields.

HAS P

Computer

/\

Amplifier/ADC

X-rav source (Cd- |

Pad :I
Detector

—H J Pre-

Amplifier

Flouresced and

Srattered

Liquid N, Dewar

Fig.3 The University of Nairobi EDXRF spectrometersetup used in analyzing

Quartin clover and soil samples in this study
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This is well manifested in continued popularity XRF application in environmental
studies (Solomoret al, 2001).The shape of the peak is described by asgkmn
distribution used to describe the resolution patamef the spectrometer in the spectrum
model. Peaks distortion is due to Poisson statisitubere the observed photon counts (N)
differ from the incident (By). Poisson distribution of the photon count is dogandom
nature of the incident photons that are then calmteer a finite time period. The
electronic noise is due to fluctuation in photonctwarge carrier conversion and the
electronic noise is mainly due to thermal energgdpction of charge carriers in the
detector and the electronic circuits (Van Espan dadssens, 1993). The following
mineral micro-nutrients were determined from thd sample and plant tissues using

ERF spectroscopy described above in arrangementnsimoFig. 3.
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CHAPTER THREE

MATERIALS AND METHODS
3.1 Area of study
The Quartin clover was grown at the Faculty of Aglture Field Station, University of
Nairobi between February 2006 and July 2007. Thagost is (£ 15' S and 3344 E), 12
Km North - West of Nairobi city (Jaetzold and ScHitrl983). Average annual rainfall is
approximately 1000mm bimodal distribution. The tognfall is generally high in March
— May period (long rain) than the November — Decenieriod (short rain). The two
rainfall seasons are locally referred to as theof8h(mid- October to December) and
“long” rain (mid — March to May). However on aveea Kabete 57% of the annual
rainfall is received in long rains and 43% in ther rains (Mburu, 1996).Soil pH 5.5

" EASTERN, T
IPROVINEE /| |/
o NORTH
EASTERN | Somalia
~ PROVINGE

~._ University
“of Nairobi
Field Station
experimental site

T Intermjifent ﬁlvhr ¢ 3 i o l.-
| Watef Body i R
ofie of Lrrigation Development d l\ = i
lfrm;ﬁ‘swa.we Boundary -"" =, = e 15

R

F|g 4 The experlmental site as shown by the arrowas Iocated ét the University of
Nairobi in Nairobi County on Latitude 1° 15’ South and Longitude 34 41'E
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3.2 Soil characteristics

Soil at Kabete is described as Humic Nitosols Wablinitic clay minerals (Jaetzold and
Schimdit, 1983). Other characteristics were presemin Table 3.1 shown below. The
soil is well-drained, deep, dark reddish brown #rkdred friable clay derived from

Kabete trachyte. It responds to phosphate fertillag not to potassium (k) fertilizer

because of the K supply from feldspar mineraldegiarent material. Soil samples were
collected in a “W” design at the experiment sitdobe planting and taken to the

laboratory for chemical analysis through X — RayrEécence Spectroscopy. Soil
samples from each terrain level were collected regply using soil auger and mixed in a
large bucket. Two samples from each terrain levetewput in paper bag, dried in a
ventilated oven at 80 degrees centigrade for 72sholhey were then homogenized,
Compressed and analyzed for micro nutrient thrdadDXRF spectrometer (Fig 3) based
on Cd109 radioisotope source for analysis of tedements

Table 3.1 Textural and chemical characteristics oKabete experimental site

Depth (cm) pH Total P O.M | % clay| %silt | %sand
1:2.5 N% ppm %
0-15 5.8 0.26 3.1 2.3 64 3] 5
15-30 5.8 0.23 2.6 2.1 67 26 7
30-45 6.0 0.18 1.7 1.6 67 27 6
45-60 6.0 0.14 15 1.2 73 22 5
60-75 6.1 0.13 1.3 11 75 21 4
75-90 6.2 0.11 1.3 1.0 77 19 4

Source: Physical characteristics (Lenga,1979),cbanoharacteristics (Mburu, 1996)
Legend: pH- Potential hydrogen, %N- Total Nitrogena percentage, P -Phosphorous in
parts per million OM% -Percentage Organic mattereot
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3.3 Experimental design and the establishment treatents

3.3.1 The field establishment treatment

Three experiments were conducted at Kabete camplds dtation. Field experiment
carried out an uneven gradient between 2 and 16%esiThe field was disk ploughed
and harrowed three weeks before planting. Plotiraénsions 3m x 3m with a 1m path
all around the plots were demarcated using a meter and sticks. Three guard rows of
the Quartin clover were planted along the edgesthaf experimental site. The
establishment treatments experiment was arrange®aindomized Complete Block
Design (RCBD). The experiment site was in un- egeadient, thus it was divided into 3
slants namely: Upper, Middle, and lower slant arrghich were considered as a natural
treatment. Four phosphate fertilizer levels wergliad as treatments and replicated four
times. The treatments were: O k@iHa, 30 kg/Ha BOs, 50 kg/Ha R0s and 60 kg/Ha
P,0s. The design was chosen to test the effect of tlamee slant level locations and four
fertilizer levels on herbage growth and the accatioth of mineral micronutrients in

Quartin clover

Factors were: Local Terrain slants (upper, middié lwer slant), Sampling interval (2,
4, 6, and 8 week), and levels of Phosphate Fati(@0kg, 50kg, 30kg and Okgdg/ha )
Parameters were: Tissue mineral micronutrients eanation (Zinc, Iron, lodine,
Manganese, Copper, Cobalt, Selenium and Molybdenderpage growth (plant height,
ground cover leaf number, number of branches, taflewering, dry matter, seed yield
and Nodules formation. Potted plants were usedeterohine the root characteristic

(nodule formation).
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UP3S2 UP1S4 UP3S1 UP1S3
upP2S2 uUpP2S1 UP1S1 UP4S1

UP4S2 UP3S3 UP4S4 UP2S3
MP4S3 MP2S4 MP3S1 MP1S1
MP2S2 MP3S3 MP1S4 MP2S1

Fig. 5a plot layout in the field experiment
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Legend: PI-P4 (Phosphate level at 0, 30, 5068nkby/ha P,0s )
SI-S4 (Sampling Interval at wexld, 6, and 8)

U - Upper slant Terrain, M - Middle slant Terragin Lower slant Terrain

There were 16 plots of dimensions 9M each terrain level giving a total of 48 plots.
Previously scarified Quartin clover seeds werelattiinto shallow furrows 30cm apart
and lightly covered with soil and pressed down wfté sole of the foot to ensure seed-
soil contact. The field experiment was set at theeb of the long rainy season. Top
dressing with Calcium ammonium nitrate (CAN) was€a@fter first weeding at 21 days
after emergence at the rate of 30grams per row.usllaweeding with hand hoes was
carried out twice before flowering and once afteatunation. There were no pests and
diseases infestation since the field was kept cl&amning was carried out to maintain
the correct plant density (Fig. 6)

Fig. 6 Photograph of researcher thinning plants to

ensuram@et plant density

3.3.2 Open space Box establishment

The box establishment experiment was carried mutdoden boxes 11 Soil that was

put in boxes was collected from Kabete campus feddion farm (previously planted
with Trifolium quartinianumandVigna unguiliculata from three terrain levels namely;
upper slant terrain (UST), middle slant terrain (MSand lower slant terrain (LST).
Triple super phosphate (46%@) fertilizer was applied at 30 kg® /ha. The soil and
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the fertilizer were mixed thoroughly and put intoxkes. The boxes, twelve in number

were laid in completely Randomized design (Fig. 5¢)

UST MST |LST UST

LST UST MST LST

MST | LST UST MST

Fig 5b plot layout for box establishment experiment

The box establishment experimental plots were \edtenanually with a watering can at
least 5 day a week to ensure optimum soil moistorgent. Top dressing with Calcium
ammonium nitrate (CAN) was carried out after finsteding at 28 days after emergence

at the rate of 10grams per row.

3.3 3 Green house potting establishment

The green house potting establishment was cartiédnopots (polythene bags 6 inches
high and 6 inches diameter). Soil that was putats pvas collected from Kabete campus
field station farm (previously planted witArifolium quartinianum and Vigna
unguiliculatg from three terrain levels namely; upper slantaier (UST), middle slant
terrain (MST), and lower slant terrain (LST). Tepkuper phosphate (46%(R)
fertilizer was applied at 30 kg/ha.,BThe soil and the fertilizer were mixed thoroughly
and put into pots 48 pots were laid in Randomizedmlete block design (Fig. 5¢). The
pots were placed in a green house and arrangedRandomized Complete block design
with three treatments (upper slant terrain, midslent terrain and lower slant terrain

soils) as illustrated in (Fig.5b)
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US1 us4 us2 US3
S3 USl1 US3 US1
uS2 uS2 US1 US4
us4 US3 us4 us2
MS4 MS2 MS3 MS1
MS2 MS3 MS1 MS2
MS3 MS4 MS2 MS4
MS1 MS1 MS4 MS3

LS1 LS4 LS3 LS1
LS2 LS3 LS2 LS2
LS1 LS4 LS1 LS4
LS4 LS2 LS3 LS3

Fig. 5c¢ plot layout for green house experiment tossess herbage growth

The greenhouse potting establishment experimeidéd vere watered daily at least 5
day a week to ensure optimum soil moisture cont@op dressing with Calcium
ammonium nitrate (CAN) was carried out after finsteding at 28 days after emergence

at the rate of 2-3 grams per plant.

3.4 Soil and plant tissues sampling and analysis

3.4.1 Field establishment soil sampling and analysi

Soil samples were collected randomly in a W shapm fthe three terrains levels of the
farm at the experimental site previously plantethwie Quartin clover and cowpea. The
samples from each level were mixed together inrgelducket and two samples taken.
They were analyzed for mineral micronutrients namébdine, Iron, Cobalt, Copper,
Zinc, Manganese, Molybdenum and Selenium using dgnebDispersive X-Ray
Fluorescent (EDXRF) spectroscopy system at theitutest of Nuclear science and

Technology (INST), University of Nairobi
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3.4.2 Plant sampling and tissue analysis

Plant samples were cut at the base of the plamy déws weeks for a period of eight
weeks after emergence. The collected samples weredried at 7%C for three days and
then ground into fine dust. The pellets were theadiated by x-rays generated from
Cd109 radioisotope source and the fluorescent »aeng detected by a Si (Li) detector.
The subsequent electrical signal generated in ¢tectbr is processed through the rest of
the electronics of the EDXRF system at INST. Thenber of photons is related to the
guantity of the element in the pellet from whichnerial micronutrients density is then

calculated.

3.4.3 Field establishment root sampling and analysi

Plant samples for root characteristics determinatiere collected from the potted plants.
Individual potted plants in poly bags were submerge water. The water was stirred

gently to break soil clods to release the root #rednodules. The heavy soil particles
settled at the bottom while the roots and orgamibrid were suspended in water. The
process was repeated several times until all tbes nwere dislodged from the soil. The

clean roots were air dried on trays, examined,rantinodules counted and their number
recorded. Nodules were air dried and weighed. €Rercise was repeated after every

two weeks from emergence to 12 weeks of growth.

3.5 Sampling interval

3.5.1 Plant sampling for herbage growth determinatin

Plant sampling was carried out at two-week interwvalall the three establishment
experiments during the growing season. The hergegeth parameters were determined

and data recorded each time.

3.5.2 Field establishment plant sampling for minermicronutrient determination

Plant tissues were also sampled for determinatfomineral micronutrients at various
sampling intervals. The final plant sampling codted with the cutback of Quartin clover
at 50% flowering. Seeds were harvested manualyangdd and weighed for seed

production and mineral micronutrients analysis.
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3.6 Data Collection

3.6.1 Data collection for laboratory germination tet

Seeds were scarified and placed in a moist clathte laboratory. Germination count
was carried out 10 days after sowing to deternfieggermination percentage.

3.6.2 Data collection in box establishment
Emergence: Seeds were scarified and planted ineBtablishment experimental plots.
Emergence counts were conducted at day 10 aftengocand the numbers of emerged

seedlings were recorded.

Plant height: Plant height was measured in ten (lé@nts per plot every 14 days by
placing a ruler from the ground to the topmost @drthe plant and data was recorded

Comparison was made between the phonological stages

Plant cover: Plant cover was determined by momgprcanopy development non-
destructively using a visual rating scale basetherpercentage of ground cover (area per

stand) at 2 - 12"weeks after planting at specific growth stages.

Leaf number: Leaf number was determined by courtieghumber of leaves per plant. It
was used to compute the number of leaves per lecatal the rate of leaf formation. Data
was collected two weeks after emergence and aferyd 4 days until 50% flowering.
Branching: Primary branches were counted everyay$ drom emergence to  2veek

of growth and the rate of branching determined.

Flowering: The days to first flowering were detemed by counting the number of days
after emergence to the first appearing of floramprdial, and to 50% flowering, the
number of inflorescence per plant was determindus §ave an indication of how long
the legume takes to flower, as this is the moswontgmt criterion for identifying suitable

time for harvesting the forage.
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3.6.3 Data collection in green house experiment

Emergence: Seeds were scarified and planted imgastablishment experimental plots.
Emergence counts were conducted at day 10 aftengocand the numbers of emerged
seedlings were recorded.

Plant height: Plant height was measured in ten fil@nts per plot every 14 days by
placing a ruler from the ground to the topmost @drthe plant and data was recorded
Comparison was made between the phonological stages

Plant cover: Plant cover was determined by momtprcanopy development non-
destructively using a visual rating scale basethempercentage of ground cover (area per
stand) at 2' - 12"weeks after planting at specific growth stages.

Leaf number: Leaf number was determined by courttieghumber of leaves per plant. It
was used to compute the number of leaves per leegtal the rate of leaf formation. Data
was collected two weeks after emergence and afeeyd 4 days until 50% flowering.

Branching: Primary branches were counted everyay$ drom emergence to  2veek

of growth and the rate of branching determined.

Flowering: The days to first flowering were detemed by counting the number of days
after emergence to the first appearing of floramprdial, and to 50% flowering, the
number of inflorescence per plant was determindus §ave an indication of how long
the legume takes to flower, as this is the moswontgmt criterion for identifying suitable

time for harvesting the forage.
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3.6.4 Data collection for field establishment

Emergence Seeds were scarified and planted in éisidblishment experimental plots.
Emergence counts were conducted at day 10 aftengoand the numbers of emerged
seedlings were recorded.

Plant height: Plant height was measured in ten fil@nts per plot every 14 days by
placing a ruler from the ground to the topmost @drthe plant and data was recorded
(Fig. 7). Comparison was made between the phonologl stages

Fig. 7 Photograph of the researcher Fig. 8 Photo of dried roots for nodules
count

measuring and recording plant height
Plant cover: Plant cover was determined by momtprcanopy development non-
destructively using a visual rating scale basetherpercentage of ground cover (area per

stand) at 2 - 12"weeks after planting at specific growth stages.
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Table 3.2 Visual rating scale for percentage groundover

Scale % ground cover
1 <20
3 20-40
5 41-60
7 61-80
9 81-100

Leaf number: Leaf number was determined by courttieghumber of leaves per plant. It
was used to compute the number of leaves per leegtal the rate of leaf formation. Data

was collected two weeks after emergence and afeeyd 4 days until 50% flowering.

Branching: Primary branches were counted everyay$ drom emergence to  2veek

of growth and the rate of branching determined.

Flowering: Days to first flowering were determinieyg counting the number of days after
emergence to the first appearing of floral primakdand to 50% flowering, the number
of inflorescence per plant was determined. It gavendication of how long the legume
takes to flower, since it is the most importantesion for identifying suitable time for

harvesting forage.

Roots from potted plants were dipped in water sdvémes until all the soil was
dislodged from the roots. They were dried underdshérig 8). Root nodules were

counted and recorded

3.7 Dry matter yield and tissue analysis

Aerial dry matter was determined at 120 days afanting in all the three
establishments. Plant samples were cut at 5 cnblstuieight above the ground. Fresh
weight was measured immediately after cutting drehtthe samples were dried in a
ventilated oven at 76 for 72 hours to a constant dry weight vyield, fby matter

determination.
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Seeds were harvested manually and threshed atntheofethe season and then data
recorded for seed vyield determination. Clean seedee weighed and the weight
recorded. Seed for mineral micronutrients analygse crushed in to a fine powder,
pelletized and then analyzed for mineral micro ieats through EDXRF system.

3.8 Data Analysis
Data collected was subjected to descriptive amnalgsd analysis of variance (ANOVA)
and mean separated using the least significargrdiite of means using SPSS Vol.11.5

package.
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CHAPTER FOUR
EFFECTS OF WEATHER ON THE PERFORMANCE OF QUARTIN CL OVER
AT KABETE, KENYA

4.1 Introduction

The phenological stages in African annual clover lba divided into four growth stages
(Muthoni, 2000). These four stages of growth argleawt in Quartin clover. They are
hereby described as first growth stage (seedlimgest 2° growth stages rapid vegetative
growth stage), "8 growth stage (maturation stage), arfd growth stage or senescent
stage and death. Weather conditions were obsemddrecorded from University of

Nairobi Kabete campus field station. The effectshef weather conditions on the growth
and development of Quartin clover were assessedttandollowing information was

generated.

4.2 Methodology

Data for Weather conditions collected daily throogihthe growing Season from Kabete
Campus weather station located at Upper Kabete Ganfipld station. One decade

weather condition means were also recoded for casgres. Quartin clover growth and

development stages were observed and recorded bie #al. Excess rainfall was

disposed as surface runoff infiltration or evapamsipiration. The soil moisture content
determines the availability of moisture to planégeded for growth and development. The

soil moisture content was determined through tlaigretric method.

4.3 Results

4.3.1 Sampling Intervals

Field observations on growth and development weeglanevery fourteen days from

emergence to senescence and data was collectedarded. Sampling intervals (Sl) as
a factor of production were grouped in a block efipds and are coded SI 1 - SI 12 as
shown in Table 4.1.
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Table 4.1 Growth stages based on sampling interva{Sl)

Sampling | Interval duration Response
interval
Days Weeks Months Growth stage
SI 1 14 2 0.5 1-Seedling stage
Sl 2 28 4 1.0
SI 3 42 6 15
Sl 4 56 8 2.0 2-Active vegetative
SI' 5 70 10 2.5 growth stage
SI 6 84 12 3.0
SI7 98 14 3.5 3-Mature growth stage
Sl 8 112 16 4.0
SI 9 126 18 4.5 4-Senescent stage and
Sl 10 140 20 5.0
Sl 11 154 22 5.5 Death
Sl 12 168 24 6.0
Findings

During seedling stage, the growth was slow. Thisvsjrowth could be due to few and
small leaves causing photosynthesis to be slow. roloés at this stage are not well
established hence limiting the uptake of water aaottients. This stage went on from
emergence to 45 days after emergence (Sl 1 — SIh&).second stage was between 45
and 90 days, which were indicated by active veyetarowth. It was characterized by
rapid increase in plant cover, height and branchirigs could have been because roots
were more established, leaves were more and aatigphotosynthesis and the roots had
developed rapidly to take up nutrients and wateotRiodules had fully developed hence
fixing free nitrogen for the plant. The rapid gromgtage (SI 4 — Sl 6) ended around
flowering time. The maturity stage (SI 7 and Sm&s indicated by maximum growth;
plants attained maximum height and branching. Adtphad attained 100% plant cover.
The early maturation stage was characterized hyeilmg and seed formation (seed set).
Weather conditions especially rainfall, numberahy days and soil moisture stress has
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adverse effect on the plants growing in the opefdfiFourth stage or simply post
flowering stage (120 days and above) representeSaaspling Interval 9 — Sampling

Interval 12) was a slow development phase, seeds fwemed, inflorescent dried, cover
and leave number declined while the plants fellrdeform a mate. These growth stage

of Quartin clover conformed to the growth cycleaohual crops (Muthoni, 2000).

4.3.2 Weather conditions at the experimental site.

Rainfall data was collected from Kabete Campusdfistation, weather station and
recorded in Tables 4.2. Nothing that environmentaiditions (ecological) appear to be
significant determinants for the successful deteami of Quartin clover (Akundabweni
personal communication), the weather condition&atete field station was carefully
examined. Total rainfall during the study periodveen January, 2006 and March 2007
(Fig 9b) was generally higher than decade mearthfermonth of January, April and
October 2006 and January and February 2007 (figh@lsed on a decade mean total
rainfall for long rain peak was highest April urdikshort rains peaked in November 2006.
The decade mean was higher than total rainfallideithe two peaks. The year of study
was lower than normal (fig 9b). Plants in the figtghls received low rainfall during
seedling, reproductive and early maturation sthgée maturation and senescent stage
received high rainfall, which caused some plantsegenerate and continue flowering.
Quatrtin clover behaves this way as shown in pregiudies (Akundabweni, 1984)

The number of rainy days were highest in the maftApril (Fig 9b) compared to the
decade mean. There were also more rainy days imtrmeh of September October and
November 2006 compared to the decade mean. Theofefte months during the
growing period had relatively fewer rainy days gxdeebruary and June 2006 which had
equal number of rainy days compared to those aidieenean for the same months (Fig.
9b).

At low altitude, daytime mean temperatures tendo¢ohigh for all the year round.
Average air temperature for Kabete during the stoelyod was higher than the decade

mean (Fig. 11). However for the months of April éeptember of the field study year,
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air temperature was lower than that of 10 year m&amperature influences the rate of
plant growth and development processes (Desbeial, 2004). The high daytime
temperatures caused Quartin clover develop very ifadBox plots since they were
supplied with adequate water through can irrigatiolike field plots that depended on
rainfall.

The monthly daily maximum, minimum, and mean amperature for Kabete during the
growing period are presented in Table 4.3. The mohtFebruary 2007 was the hottest
with an average air temperature of 2C.6

Relative humidity (RH) is the ratio of actual vapda saturation vapour pressure at the
same temperature. The monthly mean percentage R$l reeorded at 00600 and
01200hrs. Results are as presented in Table 4&l p&hcentage RH was generally low
during the day but might have risen in the everind remained between 60 to 80% until
the next morning. Dew resting on leaves, stem dnodtsmight have been an important
source of moisture for plants. The RH was higheshe month of April 2006 during the
peak rains and lowest in February 2007 during tbeght period.

Findings

The total rainfall during the study year was 92m&4 for Season 1 and 489.01 for
Season 2. In Season 1, there were 12 days witfallagmeater than 25mm and a total of
25 days when rainfall was higher than 10mm (Fig. 9lhe highest amount received on
any one day was 129mm in January 2006. For fivethsdpetween February and August,
rainfall received was less than 5mm of rainfall gay. On average basis, only April had
an average more than 10mm per day. The highestramdall in Season 2 was 118.3mm

in November received in less than three weeks wtachesponded with rapid growth.
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Fig. 9a) Number of rainy days at the experimentalitge compared to 10 year mean
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Fig.9b Total monthly rainfall (mm) at the experimertal site for the long and short

rain season 2006/2007 compared to 10 year mean
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April and September had the highest rainfall peaid favoured growth and development
of Quartin clover. Total evaporation in Season 1sw®l1.2mm in July 2006. Total
evaporation was very high ranging from 113.4 - 1@m season 2 stressing the crop.
Season 2 had a short dry spell in September andlanged dry spell from December,
2006 to March. Long rains were well distributedotigh out the Season which lead to
low seeds production. Long rainfall duration appeéato have enhanced adequate

moisture in the air and promoted establishmentwtir@and maturity of the clover.

100 -

20 1 ’\o/‘/\\‘—m—’/‘\'\

80 -

70 - \\‘

60 - c

c0 | H-\./\I\-\-'/./—\-/,l

40 A

30 -1 ——600

20_ —8—1200

10 i Total eaporation

O T T T T 1
C T & T 2 0 2D 2 45 > 0 c a c
Stge=253380283¢0¢

= "~ =

Fig. 10 Relative humidity (00600 and 01200 hrs) antal evaporation at the
experimental site during the study period (2006/200D

Season 2 suffered two drought periods (Fig 9b) wihiifected the growth of the clover
as indicated by the results on DM and seed prooludti the field trial. Due to changing
climate conditions, September/October as a caletida appears to be irrelevant in
timing of planting. Poor timing can lead to totalop-seed failure; such as was
experienced in Quartin clovptanted in November, 1998 which was followed byuyea
down pour in the following year at flowering. Infescences as a result were destroyed
and no seed was harvested (Akundabweni Personahuaroation).

Average air temperature during the study period wgker than the decade mean for all
the months except April and September. Generathparatures are lower in May, July
and August periods compared to the other periodseofear at Kabete. There seemed to

be a rainfall temperature interaction in the growthQuartin clover since the crop
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planted in September and supplied with optimum swalsture through a watering can,
yielded higher than the one planted in Februarynahe mean monthly temperature at
maturation stage was between 183to 25.2°C and 20.6°C to 27.6°C respectively.
This could have agronomic implications with respézttime of planting for most
regumes (McWilliams, 1978). This could be evaluafadher as several scenarios
pointed above indicated that the best time of pignbf Quartin clover is yet to be
established. Kayinde, (2000) had suggested thatdHg year planting of Quartin clover
in the warmer Jan-June favored a high seed praduthian the cooler mid-year July -
December planting.

TemperatureC)

°G35 - —e&— Av. Day
temperature

—— 10 year mean

x K
3\\}* AR ~

Months

Fig. 11 Average air temperature {C) at the experimental site (Jan/2006-Mar/2007)

compared to 10 year mean

4.3.3 Water content of the soll.

The gravimetric method for the determination ofgeetage soil water content was used
to determine the amount of water in the sampletl amording to results presented in
Table 5.2 The highest soil moisture content (33.p8P4s attained in November in the
lower slant terrain and the lowest percentagersoikture content was (15.62 %) was the
upper slope terrain in the month of January, givangange of 17.96 units. Some plants

wilted occasionally while other plants died duripgriods of moisture stress (drought)
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especially in the upper and some patches in thallmidlope terrain. The trend in
percentage moisture content is shown in (Fig. b2Zlesponded with increase in herbage

growth.

Findings

Soil water content was measured gravimetricallynfr6 to 30cm depth in the field
experiment throughout the growing season (Tablg Arfy changes in percentage water
content during the rain free periods were assurodoetdue to evapo-transpiration, i.e.
evaporation from the soil surface and water uptakeoots and subsequent loss from the
leaves. The longest dry periods were Septemberereer and February example of
water depletion patterns are shown in Fig 5. Oatd@®®6 and January 2007 had the
lowest percent soil water content of about 15% bothpper and middle slant terrain.
That of the lower slant terrain did not fall bel@@%. The month of November 2006 and
April 2007 had the highest percent soil water confer all the three land partitions.
However the lower slant terrain had the higheststiog content in those two months
(33.58%). The highest range in percent soil wabetent throughout the growing Season
was 18.61 in the upper slant terrain (Table 4.8)s Tluctuation in soil moisture content
adversely affected plants in the upper and midi#etgerrain causing some of them to
wilt or die. This is because water is a major comsht of plant tissue, a solvent in which
solutes including mineral nutrients are transpqrtedactant in processes like
photosynthesis and hydrolysis, is important in rrexiance of turgidity and regulation of
leaf temperature (Debeét al, 2004). On a worldwide scale water is the mogtartant
factor-limiting crop yield. Crop productivity is gerally has been expressed on the basis
of dry matter produced per unit water evaporateinfra unit of land area. Thus the
productivity depends on the partitioning of wateputs between unproductive losses of
water (i.e. through direct evaporation, surfaceatindrainage and uptake by weeds) and
water used for dry matter production i.e. trangmrg in a cropping system when

supplies are adequate, nutrition is commonly thsetrmiting.

The differences in the dry matter production areibatted to soil fertility and water

availability among the land partitions. The ressiiigggest a water fertility interaction in
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the growth and development of annual African clovédre crop in the upper slant terrain
experienced severe water deficits in the dry peti@bme sections of the middle slant
terrain also experienced the drought but thos@enldwer slant did not experience such
water deficits in the upper and middle slant terespecially in the wet periods. Surplus
water drained as surface runoff carrying fertilé sothe lower parts in the lower part of
the farm where water drained into deep percolatiad/or surface runoff. For other
systems excess water will go into deep percolatidronchi, 1992) and thus feed river

and ground water.

When the amount of precipitation in a locality msufficient, crop growth is reduced
since soil may not respond to fertilizer additibmative fertility is adequate to produce
the crop yield permitted by the moisture regime Attabwenket al, 1991). The highest
moisture content in the soil was attained in theth@f November i.e. 33.58%, 31.03%
and 30.78% for the lower, middle and upper slamate respectively. These regimes
corresponded with the successful late seedlingesistgge 1) and early active vegetative
growth stage (stage 2). However the moisture cordespped drastically between the
month of November and January adversely affectireg drowth and development of
clover. Plant height was grossly affected in tleddfiand was only a third of the average

height of clover plant.

Many plants in the upper and middle slant terraerevwilting during daytime and
regained their turgidity in the evening and at highnumber of them wilted permanently
and died during the drought periods. Differencesan water content among the land
partitions (terrain levels) were more pronouncednsafter rainfall with the upper slant
having the highest level between December and 3@0®6/2007. During this period,
there were two lowest peaks of percent water césiteone in January (15.02%) and

February (17.6%) both in the upper slant terrain.

The Seasonal pattern of moisture availability ia #oil for plant evapo-transpiration is
also important particularly where rain fall ovewvery limited period in the year. The

pattern of moisture availability has great sigrafice because it determines the severity
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of the principle constraint on agriculture. Meamfall may be a poor guide to reliability
of moisture availability as many areas experien@@enyears with annual rainfall less

than the long term mean than with rainfall abov@/fiburu, 1996.)

Wilting of plants under field condition did not dapd only on soil moisture suction but
also on the potential evapo-transpiration, theitgbilf the plants root to ramify into the
soil (depending on growth stages) because wiltiag wbserved during seedling stage
and maturation stage. However, wilting does nouoet a fixed soil moisture sanction
for different growth stages and for different plagpes but over a range of percent

moisture content.

%MC
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Fig. 12. Changes in soil moisture content at 30cregth determined using

gravimetric method of soil moisture determinationbetween January, 2006 and
March 2007.
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Legend: LST: Lower slant terrain, MST: Middle slaatrain, UST: Upper slant terrain
%MC: Percent moisture content. Lew@ to 19% is aridity zone that can

hardly support a crop

4.3.4 Conclusions

1. The growth stage of Quartin clover conformed togreawth cycle of annual
crops from germination to senescence.

2. Temperature influenced the rate of plant growth @enklopment processes. This
was demonstrated by the difference in plant hdigihiveen the green house
experiment and the field experiment

3. Long rainfall duration enhanced adequate moistutée air and in the soil and
promoted establishment, growth and maturity ofdloger.

4. The productivity depended on the partitioning otevanputs between
unproductive losses of water (i.e. through direep®ration, surface run off,
drainage and uptake by weeds) and water usedyandtter production i.e.
transpiration) in a cropping system when supplresaalequate, nutrition is
commonly the most limiting.

5. Mean rainfall might be a poor guide to reliabildfymoisture availability as many
areas experience more years with annual rainfsdl tlean the long term mean

than with rainfall above it.
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CHAPTER FIVE

MORPHOLOGICAL GROWTH AND DEVELOPMENT OF QUARTIN CLO VER

UNDER DIFFERENT CULTURAL CONDITIONS AT KABETE
5.1 Introduction
Annual forage legumes are recognized by their pialeto produce extra and high
protein feed from fallow land. These species asmteld and harvested in a single year
and can be used to for grazing, harvested for mayaovested for grains and straw at
maturity. Trifolium species can be incorporatedcwnvectional farming beside their
value as high quality animal feed. Quartin clovan e planted in highlands areas for
feed production, and soil and water conservatiofrican annual clovers have now
extensively, been documented to possess excelleraging potential for livestock
(Kahuranangeaet al, 1986). They thrive well on long duration retalngoil moisture,
which is a characteristic of heavier bottomlandss@Akundabwengt al, 1991).
The soil interplay of the physiochemical factordikely to be of crucial importance in
the natural selection of African clover, the ad@iptaperformance, the ultimate yield and
forage quality. Soil condition and climate are &astthat influence not only growth but
also subsequent dry matter yield accumulation andritive quality of clover
(Kahuranangeaet al, 1984). Akundabweni, (1984) however, observed Hwme soils,
which rapidly lose water tend to succumb to drougbte quickly than slow water losing
soils. In his experiment he found that the set aidsé soil did poorly in biomass

accumulation compared heavier soils.

5.2 Methodology

Seeds were scarified using a sand paper and askarite. They were then drilled into

the solil in field plot, 1m x1m boxes and green leopsts. The box plots were watered at
least 5 days in a week to ensure optimum soil maastThe plots were observed for seed
emergence. The results were presented in TableP4a6ét height from the base of the
plant to the upper most tip of the plant was messafter every two weeks and result
recorded. Branches were counted and recorded.afeeat which plant cover developed
was observed and recorded against a scale of heOniimber of leaves from the sample

plants were counted and recorded. Potted plante w&ed to in nodule determination.
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The paper bags were torn and the sample dippedviater in a bucket several times until
all the clods were dislodged. The roots were duieder shade and the number of nodules
counted and recorded. When the plants were fubbyvgrand seeds developed, they were
cut at the base, dried at°@for 72 hours and weighed for dry matter determdma

5.3 Results

5.3.1 Field establishment

Seed Emergence

The results showed that seeds germinated and edhergtormly after 7-10 days of
sowing. Mean percent seed germination was detedramel the result recorded in the
table 4.6 below.

Table 4.6 Percent emergence count for seed viabylitrail for the year 2006/2007.

Treatment Field Trial | Boxes Trial Greenhouse (potted plants)
UST 82.1% 85.4% 87.8%
MST 84.9% 87.6% 88.4 %
LST 85.3% 87.9% 90.7 %

Laboratory (paper/germination) 91.6%

Plant Height

Plant height increased as growth stages increadagta form of sigmoid curve in all

the three slant treatments. The highest heighinatfaby the plants was 52.8cm. The
average plant height was 46.49 cm, 45.93 cm, ans64ém in the lower, middle and

upper slant terrain respectively. The internodesbiath the main stem and the lateral

branches were short and the leaves were compacb doeisture stress.
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Fig. 13 Photograph of a moisture stressed Quartiolover in the field experiment

middle slant.

Number of leaves

The number of leaves per plant increased rapidiinduhe vegetative growth stage, and
then more slowly or decreased. The average nunfdeawes per plant at the end of the
vegetative phase was 171, 167, and 232 in the gbgetrterrain, middle slant terrain and
lower slant terrain respectively. The lower slagtrdin had the plant with the highest
number of leaves though they were smaller in Sibe total number of leaves per plant

decreased at senescence stage.

Number of primary branches

The number of main stem nodes and branches per iptzneased as days after planting
increased. Branching occurred after the appearainte third trifoliate leaf on the main
stem node close to the cotyledon leaves and pregpdsilaterally. The average number
of main stem branches was 6.50, 6.17, and 5.5hdanidwer, middle and upper slant

terrain respectively.

Percent ground cover (as indicated by WHO graatimg)

Plant cover trends on the overall almost foddvwa sigmoid pattern. Number 1-9 are
used here only as index. Increased plant coverraemtun the early stage of growth
(between Stage 1- Stage 6). A plateau occurrethges3 and 4, a period at which plant

cover was maximum. There after a decline was eapeeid in the @ stage of growth.
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Nodules formation

There was no evidence of nodule formation in th& fivo weeks after emergence of the
seedlings. However response of nodules to diammorithhosphate application became
apparent in the fourth week and increased stesmigyght week (Appendix 10). Fertilizer
application had significantly (®x05) different effect compared to those plantshvit
level of R0s

Seed Production.
Average seed yields were 0.507, 0.466 and 0.4%thahin the lower middle and upper
slant terrain respectively. Seed yields were adfig@cadversely by soil moisture stress

during seasonal drought at maturation stage.

Dry matter production

The above ground dry matter yield at 50 % flowenvays determined and recorded for
dry matter analysis. Plant cover increased rapidlgiuring the rapid vegetative growth

period. The average dry weight of plants was 1118023, and 8.53 tons per hectare for

the lower, middle and upper slant terrain respebtiv

5.3.2 Open space box establishment

Seed Emergence

The results showed that seeds germinated and edhengfermly after 7-10 days of
sowing. Mean percent seed germination was detetha@nd the result recorded in the
table 4.6

Plant Height

Plant height increased as growth stages increadagta form of sigmoid curve in all

the three slant treatments. The highest heighinatfaby the plants was 57.3cm. The
average plant height was 49.69 cm, 49.13 cm, and@64dm in the lower, middle and

upper slant terrain respectively.
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Number of leaves

The number of leaves per plant increased rapidiinduhe vegetative growth stage, and
then more slowly or decreased. The average nunfdeawes per plant at the end of the
vegetative phase was 209, 205, and 212 in the yppedle, and lower slant terrain
treatments respectively. The lower slant terraid the plant with the highest number of
leaves though they were smaller in size. The taiatber of leaves per plant decreased at

senescence stage.

Number of primary branches

The number of main stem nodes and branches pet plareased gradually from
emergence to senescence. Branching occurred béiaappearance of the third trifoliate
leaf on the main stem node close to the cotyledamds and progressed bilaterally. The
average number of main stem branches was 13, 1% anthe lower, middle and upper

slant terrain respectively.

Percent ground cover

Quartin clover emerged from the soil 7 to 10 dafgsrasowing. Increased plant cover
occurred in the early stage of growth (between &tiagStage 6). Number 1-9 were used
only as an index for plant cover given by the Wdflabd Programme. Plant cover was
maximum at stage 3 and 4of growth and development

Seed yield.

Average seed yields were 0.610, 0.572 and 0.546héhin the lower middle and upper
slant terrain respectively. Seed yields were adfi@cadversely by soil moisture stress
during seasonal drought at maturation stage. Baabkshment experiment (Fig.14)

showed the best performance in mean seed yietthgfer hectare
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Fig. 14: Photograph of well set inflorescence anaed setting in the box plots

Dry matter production

The above ground dry matter yield at 50 % flower{i@0 day) was measured and
recorded for dry matter analysis. Early period rafreased plant cover occurred in the
first half of its overall growth between Sl 2 antl@as reflected by the ground cover.
The average dry weight of plants was 12.20, 11a88, 11.64 tons per hectare for the

lower, middle and upper slant terrain respectively.

5.3.3 Green house potting establishment

Seed Emergence

The results showed that seeds germinated and edhengfermly after 7-10 days of
sowing. Mean percent seed emergence was deteramkethe result recorded in the
table 4.6

Plant Height

Plant height increased as growth stages incread@ogta form of sigmoid curve in all
the three slant treatments. The highest heighinataby the plants was 47.97cm. The
average plant height was 48.52 cm, 47.94 cm, an884dm in the lower, middle and

upper slant terrain respectively.
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Number of leaves

The number of leaves per plant increased rapidiinduhe vegetative growth stage, and
then more slowly or decreased. The average nunfdeawes per plant at the end of the
vegetative phase was 194, 187, and 228 in the yppedle, and lower slant terrain
treatments respectively. The lower slant terraid the plant with the highest number of
leaves though they were smaller in size. The taaatber of leaves per plant decreased at

senescence stage.

Number of primary branches

The number of main stem nodes and branches pet plareased gradually from
emergence to senescence. Branching occurred béiaappearance of the third trifoliate
leaf on the main stem node close to the cotyledamds and progressed bilaterally. The
average number of main stem branches was 13.2, &2d812.4 in the lower, middle and

upper slant terrain respectively.

Percent ground cover

Quartin clover emerged from the soil 7 to 10 dafgsrasowing. Increased plant cover
occurred in the early stage of growth (between &tiagStage 6). Number 1-9 were used
only as an index for plant cover given by the Wdflabd Programme. Plant cover was

maximum at stage 3 and 4of growth and development

Seed yield.
Average seed yields were 0.522, 0.572 and 0.562héhin the lower middle and upper
slant terrain respectively. Seed yields were adfi@cadversely by soil moisture stress

during seasonal drought at maturation stage.

Dry matter production
The above ground dry matter yield at 50 % flower{di@0 day) was measured and
recorded for dry matter analysis. Early period rafreased plant cover occurred in the

first half of its overall growth between Sl 2 antd&as reflected by the ground cover.
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The average dry weight of plants was 11.94, 11ah?, 11.05 tons per hectare for the

lower, middle and upper slant terrain respectively.

5.4 Findings

For successful seed germination and plant estaidisah the soil must be sufficiently
moist. Moisture ensured adequate opportunity faewaptake by germinating seeds and
water loss from the germinating seed should nogxzessive. Researchers recommend
that there in need for soil seed contact to assasture movement from the soil to the
seed and that is why seedbeds should be fineiandIh this study the seedbed were
pressed down with the sole of the foot to ensuiedbntact because as seed/soil contact
become poorer, the rate of water absorption byséesl and the rate of seed germination
become slower.

Under Kabete conditions, seedlings emergence aduwithin 10days after sowing
scarified Quartin clovers seed. Hard seed coat sdaptive feature in legumes, which in
nature prevent the possible loss of all sown sdemge germination event is followed by
adverse conditions in areas of unreliable rainf@®bonman, 1977) germination could be
delayed by the impermeability of the seed coatniasrcy caused by hard seed coat must
be broken if germination and establishment are dordpid and uniform. Differences
observed between seed emergence in green housesshaidishments and plant field
establishment were mainly due to water stressarfigld estanlishment. For this reason,
it is not good to practice dry seeding at Kabetelaver, if maximum establishment is to

be expected.

The emergence percent was highest in the laboratongition compared to other
establishments. The choice of sowing rate is detehby such factors as number of
seeds per kilogram, seed quality, level of seed{megbaration, slope, climatic risks,
growth habit and the extent of weed problem. Higédsrate is not necessary for clovers
as they will thicken up quickly from their fillerand lateral branches ensuring quick

ground cover, hence reducing the risk of soil enosind weed competition.
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Fig.15 Comparisons of percent emergence among diféat slants soil status in

various environmental conditions compared to the laoratory test.

Legend: Lab-Laboratory, Exp.-Experiment, UST-Upglant terrain, MST-Middle slant

terrain, LST — Lower slant terrain

The mean plant height increased with time, showiagsignificant differences (RP<05)
during the growth period (Appendix 9.4). The intdian effect between fertilizer level
and sampling interval on the height of the plardsnbt significant.In the field
experiment, the plant height growth rate was ngniicant (P<0.05) between sampling
intervals (Sl). Between stage 1 and early staghePetwas no noticeable response to
fertilizer when height was generally below 20cm. 8ignificant (P<0.05) differences
were detected between the growth stages. Heiglangnsame growth stages were
statistically similar (P_8.05) as the ANOVA table appendix 9.4 did not iadkcany
significant difference. Plants in all the experitseehad attained maximum height by
120days after planting indicated by the apical stem developing into an inflorescent
after splitting into two sister branches. Planigheiin the field establishment experiment
did not attain normal Quartin clover’'s height (Fig). This could be attributed to soll

moisture stress and low fertility status.
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4.7 The pair wise comparison on the effect of Phobpte fertilizer on plant height.

No P(0) 30kg/ha 50kg/ha 60kg/ha
0 0.5* 0.4* 0.4*
0 kg/ha
30kg/ha -0.5* 0 -0.1 -0.2
50kg/ha -0.4* 0.1 0 0.1
60kg/ha -0.4* 0.2 0.1 0

The lower the phosphate level caused less vigoplamts for lateral development
therefore, forced plants to grow vertically (Paelkl, 1980). Plants in the field Middle
slant were apparently more horizontal with compeef short apical shoot (about
45cm) compared to the average height of 50 —60 cm.
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Fig. 16 Effects of terrain levels on plant heightdm) Quartin clover in the green
house experiment
Legend: UST- Upper slant terrain, MST — Middle sh@mrain, LST — Lower slant terrain
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On the premise that air temperature is the mosbrtapt determinant of leaf production
in these establishment experiments, the numbeea@fels per plant increased rapidly
initially and then more slowly or decreased. Theksats were compact with very short
internodes in both vertical and lateral branchdse Teaf petioles were also relatively
short. Phosphate fertilizer levels had significaffect (P<€0.05) on leaf number

(Appendix 9.8). The results are shown on the commpartable 4.8 shown below:

4.8 The pair wise comparison on the effect of phobpte on the leaf number.

No 30kg/Ha 50 kg/Ha | 60
P(Okg/Ha) kg/Ha
No 0 -0.7* -1.7* -1.3*
p(Okg/Ha)
30 kg/Ha | 0.7* 0 -0.6* -1.0*
1.7* 0.6* 0 -0.4*
50 kg/Ha
60 kg/Ha | 1.3* 1.0* 0.4* 0

There is a significant effect of phosphate appiocaton the leaf number, with the
60kg/Ha giving the highest (50 kg/Ha@® > 60 kg/Ha ROs > 30kg/Ha ROs).
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Fig. 17 Accumulation of leaves in Quartin clover ssdlings within 12 weeks after

emergence in green house experiment

The number of main stem nodes and branches perywéae observed and recorded after
every l4days. The rate of leaf appearance wasndieied by the number of nodes and
branches, from which the leaves develop. Main stemdes are the plants basic
morphological unit on which branches develop arel supported. Branching occurred
after the appearance of the third trifoliate leaf the main stem node close to the
cotyledon leaf and progressed bilaterally. Lanchtskdid not significantly affect the
number of main stem branches. Land slant treatheinhot have significant (P 6.05)
effect on number of main stem branches per plappéhdix 9.5). The reduced number
of primary branches in field plots could have beele to soil moisture stress that may
have contributed less plant growth vigor.
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Fig. 18 The rate of branching in Quartin clover sedlings development

Assessment of plant cover was based on rating s€talambers 1 -9 used here only as
index Increased plant cover occurred in the eddges of growth (between SI 1 - SlI 6)
as shown in table 3.1. In the field establishmdma mormal growth was affected by
periods of drought. A plateau occurred in stagen® 4 of the plant growth cycle, a
period at which plant cover was highest. Therer &tdecline was experienced in the late
fourth stage. Lower leaves were shed as the umases gradually dried up and the
plants fell to the ground forming a mat. Plant codering seedling and early active
growth stage is scanty and most of the photosyictiettive radiation (PAR) is not
intercepted by the canopy hence slow dry matteuraatation. As percent plant cover
increases (Fig.19), a lot of incident PAR is inggted which in turn causes the plant to

grow and increase in dry matter yield, especidlipaisture in the soil is not limiting.
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Fig. 19 Percent ground cover in Quartin clover sedihgs as per the rating scale 1-9

Nodules formation in field establishment

There was no evidence of nodule formation in th& fivo weeks after emergence of the
seedlings. However response of nodules to Phosplestiizer application became
apparent in the fourth week and increased steadilgight week. Fertilizer application
had highly significant (P& 05) different on nodules formation (Appendix 10)
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Fig. 20 Rate of nodule formation in Quartin cloverseedlings
Seed yield
The differences in seed yield (tons per hectare)ranthe three field treatments may be
explained by differences in the number of seed9fsart and seed weight. Larger plants
may have produced either more inflorescent piamd/or more seeds per inflorescent.
High temperature (24°€ and 27.8C) in January and February 2007 respectively
adversely affected seed filling in the field hemeelucing productivity. There was a
significant (P€9.05) difference between upper slant treatmentpéAdix 9.1 a, b and c).
The quantity of seeds harvested was 0.5078, 0.488B 0.4543 tons Hain field
establishment, 0.610, 0.572, and 0.546 torsihdox plots and 0.522, 0.434, 0.562 tons
ha' in green house establishment in the lower, middfel upper slant terrain
respectively. The seed yield was significantly@®$8) lower in the upper and the middle
slant terrain than in the lower slant terrain ie three establishments. This difference
could be attributed to soil moisture content aralv fertility levels. Total evaporation
was high towards maturation stage adversely affgdtie field establishment seed filling
as opposed to box plots which were irrigated daitgavy rains during the maturation
stage caused the plants to rejuvenate hence emtetigd growing season. This change of
weather caused Quartin clover to behave as a lilewith unsynchronized seed

production, which made harvesting a very diffiautid expensive task.
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Dry matter yield
Table 4.9 Pair wise comparison on the effect of Pephate on the dry matter yield of

Quartin clover

No 30kg/ha| 50 60kg/Ha

P(Okg/Ha) kg/Ha

0 -0.9* -1.1* -1..5%
No P
(Okg/Ha)

0.9* 0 -0.3 -0.6*
30kg/Ha

1.1* 0.3 0 -0.4
50kg/Ha

1.5* 0.6* 0.4 0
60kg/Ha

The dry matter yields, from the LSD output tableowabd shows that, Phosphate at 50
kg/Ha and 60 kg/Ha have nearly similar yields. Bleekg/Ha Phosphate level produced
less dry matter as compared with the other fregesn@his might be due to the fact that
dry matter yield at low fertilizer levels were moeffective and hence low dry matter

yield

The differences in above ground dry matter arebatied to soil fertility and moisture
differences. The dry matter (DM) was significantiB<0.05) in field establishments and
box plot establishment. Treatment effect on dry tematvere analyzed statistically
(ANOVA) see Appendix 9.2 for a typical output. Lagdhadient showed a significant (P <
0.05) difference in dry matter yield. The lowerrdl&aad significantly higher dry matter
yield than the middle and the upper slants. Thay rbe attributed to increased soil
moisture and fertility compared to the upper anddt@ slant. These results indicate that
soil moisture content and fertility are the limdinfactors to clover growth and
development as defined by Akundabweni, (1986)std&ed that crop development refers

to changes in the organ formation and is manifesiedhe onset or termination of
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different phases of a plants life cycle (i. e geration, flowering, seed growth,
senescence and maturity). Above ground dry mastebble) in those experiments was
analyzed at 50% flowering because it is the reconad®é time for harvesting clover for
fodder or hay. Fertilizer treatment in the fieldaddishment and slant treatment in the
box establishment showed significant differences (P05) in stubble weight(Appendix
9.7 and 9.3 output tables. Dry matter productsmrioportional to the total amount of
radiation (PAR) that is intercepted by the foliaged the efficiency with which it is
converted to dry matter by green leaves. The tatdihation incident on the canopy varies
between locations and seasons and within seas@ngiuen location.

12

11+
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Average dry matter yield(Tons/Ha)
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Figure 21 Effect of terrain level on Accumulation & herbage dry matter in Quartin

clover plant

5.5 Conclusions and recommendations

For successful seed germination and crop estabdéishnthe soil must be sufficiently
moist. This would ensure adequate opportunity fatew uptake by germinating seeds
and water loss from the germinating seed shoulde@xcessive.
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As percent plant cover increases, more incident BARtercepted which in turn causes
the plant to grow and increase in dry matter yielshecially if moisture in the soil and
soil fertility are not limiting. Dry matter prodtion is proportional to the total amount of
radiation (PAR). The total radiation incident o ttenopy varies between locations and
seasons and within seasons in a given locations fmoper seed rate should be

maintained in order to improve production

High Monthly air temperatures (24@ and 27.8C) during reproductive phase adversely
affected seed filling in the field establishmennte reducing productivity. This study
recommends that time of planting be observed chlyeto that the seeding stage

corresponds with the wet weather conditions
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CHAPTER SIX
MINERAL MICRONUTRIENTS DENSITY RESPONSE TO TERRAIN SOIL
DIFFERENCES AT KABETE FIELD STATION
6.1 Introduction
Mineral micronutrients are necessary elements wheluded in animal diet. They are
needed as trace elements because when they anddaddin the diet at too high levels
may be toxic (Rook and Thomas, 1983). The mineiatanutrients density in Quartin
clover increased with increase in time during tlelye growth stage. The mineral
micronutrients that were determined from the sbiha experimental site, the seed clover
and the plant tissue include the following; lodiMgnganese, Iron, Cobalt, Copper, Zinc,
Selenium and Molybdenum. The results obtained fKRF spectrometer indicated that
there is a relationship between the accumulatiahede elements in the plant tissues and
their levels in the soil terrain. The annual Afnicelover absorbed this mineral nutrient

from the soil and accumulated it in both the heebagd the seed tissues.

6.2 Methodology

Mineral micronutrients concentration for Quartirowr analysis undertaken at the
Institute of Nuclear Science and Technology of Waversity of Nairobi which has
developed an Energy Dispersive X-Ray Fluorescem2¥fF) spectrometer based on
Cd109 radioisotope source for analysis of traceanmefds. The plant tissues were
compressed using a 7-tons hydraulic hummer in $o that were subjected to EDXRF
spectrometer analysis as illustrated in Fig. 3c@ralements that were analyzed include
selenium, molybdenum, copper, zinc, Manganese @mmd Cobalt and lodine were also

analyzed in the same way.
6.3 Results

The soil samples, plant tissues and seed sampleg waalyzed for mineral
micronutrients. Results obtained electronically eveepresented in Table 5.2 below:
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Table 5.2 Concentration of mineral micronutrients n soil, plant tissues and seed clover in ppm at tee different terrain slants

levels
Mineral LST MST UST
Elements

Soil Plant| Ratio | Soil Plant | Ratio | Soil Plant | Ratio | seed

P:S P:S P:S

lodine (1) LODL | LDL |LDL |LDL |LDL |LDL |LDL LDL DL LDL
Manganese(Mn)| 7170 157 1:46 6910 181 1:38 5800 2//4:21 | 715
Iron (Fe) 91900 543| 1:169 9340324 | 1:288| 88400 642 1:137 563
Cobalt (Co) LDL | LDL | LDL | LDL | LDL |LDL |LDL LDL |LDL |LDL
Copper (Cu) 70.80 23.2 1:3 66.30 25)7 '3 74.80 420.1:4 19.5
Zink (Zn) 289 759 14 271 °54.7 15 258 93.8 1:3 210
Selenium (Se) 0.777 396 1:02 3.080 3.15 11 1.163.89 | 1:0.3 | 0.855
Molybdenum 6.34 137 | 15 7.030 0.9121:8 4.86 0.765| 1:6 11.7
(Mo)

Legend: LST= Lower slant terrain, MST= Meddle shantain, UST= Upper slant terrain, ppm= partsrpéiion
Ratio P : S = Ratio of plant to soil mineral micatments concentration

NB: LDL The elements concentration has low thediébn limit by the metre
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6.4 Findings

Iron: Iron was the most abundant mineral microeutis in the three terrain levels
compared to all the other elements. The annualcAfriclover absorbed this mineral
nutrient from the soil and accumulated it in bdtb herbage and the seed tissues, which
showed to be very rich in iron. Iron compounds iarportant in nutrition and iron is a
requirement in animals and is biologically sigrafit (Cole and Haresigh, 1985). This is
because it is an essential component of hemoglalied oxygen-carrying pigment of the
red blood cells of vertebrates and muscle pigmerdgiobin, Some body enzymes also
have a composition, which include iron (Tadessalet1991). Feeding animals with
Quartin clover would improve their health and avdificiency of iron which causes
anemia.

Manganese: Manganese is tHe rost abundant mineral micronutrients in Kabetéssoi
There is a negative correlation between the Marggweencentration in the soil and in
plant tissues. The terrain level with the highestaentration of Manganese in the soll
has comparatively low concentration in the plassue. However the herbage and seed
tissues contain considerably high levels of Mangan&his can be used to explain the
fact that Manganese has been shown experimentaltg thecessary for normal skeletal
development in sheep but deficiencies have not beend under grazing conditions
(Charles, 1983). As little as 0.5mg/kg of dietary thatter is sufficient to maintain good
growth rate and feed gain ratio in pigs from bidtO0kg live-weight (Fraser and Stamp
1987). Manganese compounds are less toxic thae thfosther widespread metals such
as iron, nickel and copper compounds. However magggis toxic in excess (Pohanish,
2006) for nearly all organisms living in the preserof oxygen use it to deal with the
toxic effects of superoxide, formed from by thelée&ron reduction of dioxygen (Meco
et al., 1994).

lodine: lodine had a low spectrometer’s detectiamtlat the experimental site which is
also reflected in Quartin clover herbage and seBEuks low level in the soil is reflected in
the tissues. lodine is consumed by animal wherevd®at 70 and 80 percent of dietary
iodine is absorbed as iodide from the rumen withsaterable re-secretion occurring in

the abomasums (Miller et al., 1988). lodide thaségreted into the blood is largely
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reabsorbed from the small and large intestine hemcg small dietary quantities are
adequate. Absorbed iodide is largely taken up lytliyroid gland for thyroid hormone
synthesis or is excreted in the urine. lodine iseagsential component of the hormone
thyroxin. In the thyroid gland it becomes a partled iodine-containing hormones, which
regulate the rate of energy metabolism in the b@elch et al, 1991, Hetzel, 1986,
Hetzel and Marberly, 1986). In lactating cows, appmately 8 percent of dietary iodine
is secreted in milk (Miller et al., 1988). Its daéncy leads to an enlargement of the
thyroid gland particularly in lambs at birth, refed to as goiter, a swelling of the thyroid,
is often a symptom of inadequate iodine in the.digis is followed by depression of all
productive functions and lambs are often stillbornveakly (Charles, 1983).

Zinc: Zinc concentration in Quartin clover tissussthe three terrain levels was more
than 50u/g which is a clear indication that itichrin Zinc. Since Zinc is present in all
animal tissues and is a component of a number pyrees, it is required for normal
growth and appetite and the functioning of the e®sis even more sensitive to
deficiencies (Rook &Thomas1983). Zinc deficiency tharacterized by growth
retardation, loss of appetite, and impaired immfumetion. In more severe cases, zinc
deficiency causes hair loss, diarrhea, delayed aexmaturation, impotence,
hypogonadism in males, and eye and skin lesionsgiM&andstead, 200Brasad, 2004).
Weight loss, delayed healing of wounds, taste ababties, and mental lethargy can also
occur but these are unlikely in grazing animalsalR& Thomas1983) where grazing land
has both grasses and forage legumes growing tagetbeo grazing animals which in
most cases are fed with Napier grass alone areisk af Zinc deficiencies. This problem
can be alleviated by introducing high quality fagdggumes such as Quartin clover into
small holder farming systems.

Copper: The concentration of Copper in Quartin etdg approximately 25 p/g which is
half that of Zinc but far much more than that aéJé®ium and Molybdenum. Cobalt was
at low detection limit. Copper is an essential ératement in plants and animals, but not
some microorganisms (Bonham, et al., 2002). Itesded for quite a wide variety of
body functions where its deficiency is particulailydicated by in-coordination in

newborns lambs and by anemia (Charles, 1983; Feask6tamp 1987) and poor growth
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in adults. A minimum dietary value for healthy gtbwn rabbits has been reported to be
at least 3 ppm in the dig¢dowever, higher concentrations of copper (100 ppdd, ppm,

or 500 ppm) in the diet of rabbits may favorablfluance feed conversion efficiency,
growth rates, and carcass dressing percentagesai(Agl al., 1995). Feeding animals
with Quartin clover which is rich in Copper can ban satisfy hidden hunger since
Copper is essential in enzymes required for heamttfon, bone formation, energy
metabolism, elastin synthesis, normal hair growtid aed blood cell formation.
(Encyclopaedia of Food Science and Food Tech.,)1993

Although soils at Kabete field station has consab&r amount of Cobalt, very small
amounts were absorbed and retained by the plam. rébults show that the highest
concentration of 5.83u/g was recorded in planhatrhiddle slant terrain which had the
highest concentration in the soil. Research hasvshbat luminal flora does not have
any store of cobalt available and so daily intak@ecessary (Charles, 1983; Nickerson,
1978). Cobalt is an essential component of VitaBigwhich is manufactured by rumen
micro flora. A deficiency leads to depression dfbductive functions; perhaps most
notably stunt growth, anemia and stillborn lambisTis why this research work
recommends that farmer integrate Quartin clovethigir mixed farming systems to
alleviate such deficiency symptoms.

Molybdenum: There was very low concentration ofeBalm and Molybdenum in both
the soil and the in the plant tissues and couldilifabe detected in some samples.
Selenium is one of the elements needed in tracauai®mon the animal and human diet.
Selenium is important for animal muscular developmand when deficient leads to
degeneration of muscles, particularly of the hiradtgrs and arthritis (Stonet, al.,
1997). It is in suckling lambs (when muscle devaiept is at the peak) that is the most
susceptible to this condition. Selenium is a rezuent for cattle while the nutritional
value of all plant food depends on the soil in iahicwas grown, the selenium content of
plants seems particularly sensitive to soil coneiains (Charles,1983). For this reason,
most of the early research on selenium focusedisaasges in sheep, cattle, turkeys, and
pigs which involved low soil concentrations of selen and insufficient amounts of

selenium in the forage plants eaten by these asirttak important to remember that the
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selenium content of food is highly variable becaitselepends so heavily on soil
conditions. While soil conditions affect plant f@oohost directly, they also affect animal
foods, since most animals depend upon plants ér thet.

Molybdenum is an essential trace element for vilyual life forms as it plays a complex
role in animal growth and development. It functicas a cofactor for a number of
enzymes that catalyze important chemical transfoomsiin the global carbon, nitrogen,
and sulfur cycles. Thus, molybdenum-dependent eagyare not only required for
human health, but also for the health of our edesyqLide, ed. (2005). It is good to
feed animals with feeds that contain small quassitof Molybdenum because Excess
dietary molybdenum has been found to result in eomeficiency in grazing animals
(ruminants). In ruminants, the formation of compdsincontaining sulfur and
molybdenum, known as thiomolybdates, appears tweptethe absorption of copper
(Jane Higdon, 2001). Small quantities are benéfiDiaficient diet encourages excessive
copper storage with the associated risks menti@iede. High levels of molybdenum
cause scouring and induce copper deficiency. Thanba between molybdenum and
copper is also affected by intake of sulfate witghhlevels increasing the danger of
molybdenum toxicity (Nickerson, 1976).

Concentration in micrograms/gram

100000

80000

60000 4

40000 4

Ist
8 mst
ust

20000

Micro nutrients in the experimental site

Fig.22. Concentration (u/g) of mineral microelemers at the experiment site
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6.5 Conclusions

1. Both plant tissues and seeds have high levels némi micronutrients which if feed
to animals can contribute greatly to satisfyingdeid hunger. The high level of iron
in the plant tissues is important in incalf, latctgtanimals and the young ones due to
their high demand for iron to aid milk productiampid growth and development
together with other health issues.

2. Weight loss, delayed healing of wounds, taste ababties, and mental lethargy can
also occur but these are unlikely in grazing ansm@®@ook &Thomas1983) where
grazing land has both grasses and forage legunueging together. Zero grazing
animals which in most cases are fed with Napiesg@one are at a risk of Zinc
deficiencies. This problem can be alleviated byoiticing high quality forage
legumes such as Quartin cloweto small holder farming systems.

3. Quartin clover absorbed Zinc from the soil and agressive levels of Zinc in both
the seed and the herbage. It is an essential canpohthe normal body functions in

both man and animals.
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CHAPTER SEVEN
EFFECT OF PHOSPHATE ON ACCUMULATION OF MINERAL
MICRONUTRIENTS IN QUARTIN CLOVER HERBAGE
7.1 Introduction
The tissue elemental concentration variation imislas based on genetic differences
among species and the species extent of uptakeirdrah nutrients from the soil
(Shacklette, 1980). Soil condition and climate f@actors that influence not only growth
but also subsequent dry matter yield accumulatiod autritive quality of clover
(Kahuranangat al, 1984). Application of phosphorous has been shtonincrease dry
matter yield, percent phosphorus of pasture leguamek nitrogen in pasture legumes
(Muthoni, 2000). Phosphorus has been shown to aserelry matter yield of annual
clover (Haque and Lupwayi, 1998, 1999; Mugwatal, 1997. This experiment was
carried out to determine the effect of phosphateaccumulation of micro nutrients in
Quartin clover using the methodology outlined imgter 4. It was found that application
of phosphorous affected uptake and accumulatiorerainmicronutrients as presented in
the following results.

7.2 Methodology

The field was disk ploughed and harrowed three web&fore planting. Plots of
dimensions 3m x 3m with a 1m path all around tlwsplvere demarcated using a meter
ruler and sticks. Three guard rows of the annuaicah clover were planted along the
edges of the experimental site. The experiment aveenged in Randomized Complete
Block Design (CRBD). The experiment site was in exen gradient, therefore it was
divided into 3 slants namely: Upper, Middle, andvdéo slant terrain which were
considered as a natural treatment. Four phospleatiéizEr levels were applied as
treatments and replicated four times. The treatsnamre: O kgis/Ha, 30kgR0s/Ha,
50kgR0s/Ha and 60kgi®s/Ha. The design was chosen to test the effect rafethand
slant level locations and four fertilizer levels lbarbage growth and the accumulation of
mineral micronutrients in Quartin clover. Data wadlected, recorded and analyzed

using EDXRF Spectrometer.
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7.3 Results

The results obtained from XRF-Spectrometer and ighdinnel analyzer were recorded in the Table 5@e

Table 5.3 Accumulation of mineral micronutrients (gm) in Quartin clover seedlings up to 8 weeks of gwth

0 Kg 30 Kg 50Kg 60kg

P.0s P05 P05 P05
Minerals Wk2 | Wk4 | WK6 Wwk8| Wk2| Wk4 Wk6 Wk§ Wk | Wk4 | Wké | Wk8 | Wk2| Wk4| Wk§ Wk8
Mn 162.3| 176.3 169.33 1673 179.3 139.3 174.7 202.308.33 158 190.7 1523 16 114 149 154
Fe 313| 3723 412 3077 356 321 291 367 131 338 3320449.7 259 278.7 285 486
I LDL | LDL LDL | LDL | LDL | LDL | LDL | LDL LbL | LDL |LDL |(LDL | DL| LDL | LDL | LDL
Co LDL | LDL LDL | LDL | LDL | LDL | LDL | LDL LDL | LDL | LDL |LDL LDL | LDL | LDL | LDL
Cu 12.37 17.7 20.67 21.83 137 179 21163 19.8  315.R21.77 21.8 26.37 11, 151 184 2133
Zn 134| 139.7 113 90.68 147\7 109.3 96.3 83.57 1689.21) 104| 94.77 11 1293 101  69.03
Se 2.46 2.71 1.72 1.38 2.76 1.p8 3/38 3.33 2.67 3.2.75 451 3.79 276 224 2.56
Mo 1.99 2 1.5 1.2 2.32 141 1.12 1.63 2142 434 610199 1.92 1.15 1.24 1.34
LDL(Low

detectionLimit)
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7.4 Findings

Rate of phosphate applied at planting time leaddeteelopment of the herbage, which
provides necessary photo-assimilates thus enhaneioglation and BNF (Jutzi and
Haque,1984). Legumes use available soil nitrogéareenodulation and fixing nitrogen
symbiotically ( Heichelet al,1984a). Fertilizer application increased dry erattield,
leaf nitrogen and phosphorous level of runner &amuro, 1990). Reneat al, (1983)
working on sorghum reported that phosphorus feetlincreased nitrogen concentration
sorghum. Application of phosphorous has been shtavincrease dry matter vyield,
percent phosphorus of pasture legumes and nitriogeasture legumes (Muthoni, 2001).
Phosphorus has been shown to increase dry madkr gf annual clover (Haque and
Lupwayi, 1998, 1999; Mugwiraet al., 1997; Haque and Mugwira , 1991;
Kahurananga,1991; Korgg al, 1993; Akundabweni, 1984a, 1984b) in the curstndly,

it was found that application of phosphorous a#dctiptake and accumulation mineral

micronutrients in annual African clover differendg shown in the figures below

175 - 250
170 - 200 53 42023
155 - 1673 150 - < :
150 - S 1:5’;
5 136.2 '
155 0
B0 k k k k
18 0Kg P20" Wk2 | Wkd | Wk Wk8
Wk2 Wk4 Wké ‘ Wk8 30Kg P205
Fig. 26a Accumulation of Manganese in Fig@6b Accumulation of
Manganese in Quartin clover seedlings in Quartin clover seedlings
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Fig. 26c. Accumulation of Manganese in ¢ri 26d Accumulation of Manganese
in Quaritn clover seedlings Quartin clover seedlings

Manganese concentration in Quartin clover seedl{frgs 26a,b,c and d) was influenced
by the level of throughout the growth period redsesd of the level of phosphate. The
herbage and seed tissues contain considerablylévgs of Manganese. There was a
general trend of decline in levels of tissues maega concentration from week 2 to
week 4 followed by a steady rise in week 6 whentsdwad fully developed to aid
absoption

Annual African clover accumulated high concentmatad iron in its tissues. The highest
concentration at week 8 of growth at both 50 ankigB&" Application of phosphorous
has been shown to increase Iron concentrationdrtisisues through enhanced root and
herbage tissues development dry matter (Haque apdidyi, 1998; Kong et al., 1993).
lon of phosphorus at 60kghanegatively affected the accumulation of Fe in tisver

since it affected the minerals availability to gkan
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Fig. 27a Effects of Phosphate on acc Fity. Effects of Phosphate on acc. of

copper in the seedling tissues at UST opper in the seedling tissues at MST
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Fig. 27c Effects of Phosphate on Accumulation of pper in the seedling tissues at
LST

Legend: 1 = O kg/Ha,Bs2 = 30 kg/Ha BOs, 3 = 50 kg/Ha s and 4 = 60 kg/Ha®s

The concentration of Copper in Quartin clover wasween 15ppm and 25ppm .It
increased gradually with increased in time and phate levels. The concentration of
lodine followed the Chronological trend in all theur levels of phosphate fertilizer

showing a steady gradual increase in concentratitimtime.
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Concentration of lodine could not be detected byXRB system . This is because
Quartin clover experience rapid growth with elomgatof internodes and cellulose
hardening in the stem and the internodes hencectieduof concentration of micro-
elements in weight per weight .

Accumulation of zinc (ppm) in the Accumulation of Zinc (ppm) in the
seedling tissues seediing tissues
100 160
4902 1 | PRty
v \‘\ AT 120 ‘//
Al ¥ 586 o 08
40 ZC‘ 1 ——1Zinc
20 40 4
; E
¢ P 4 Up 30p 50p olp
a) LST b) MST

Fig.28, b. Effects of phosphate on accumulation @inc, in Quartin clover within 8

week.
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Fig. 29a, b, c Effect of Phosphate on accumulatiasf selenium and Molybdenum in

Quartin clover seedling within 8 weeks of growth.
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Selenium and Molybdenum concentration was the loweQuartin clover herbage. But
since they are required by animals in very smalinities, feeding Quartin clover to
livestock will survise. Cobalt steadily increasednh the lowest concentration of 1.11u/g
to 5.25 p/g in week 4 and week 8 respectively &h wery little variations among other
fertilizer levels. There was limited absorptionsglenium from the soil at low and high
levels of phosphorous in the soil. Highest absorpaind storage of the element was at
50kg R0s. Molybdenum concentration was shown to decreasie tivhe during clovers
seedling stage. Annual African clover did not respao phosphorous as far as

molybdenum accumulation in plant tissues is corexrn

7.5 Conclusion and recommendations

Application of phosphorous affected uptake and mamdation of some mineral

micronutrients in annual African clover differentlyr indirectly through chemical

interactions in the soil. The highest concentratibiron was at week 8 of growth at both
50kgha" P,Os. Application of phosphorous has been shown to irs&réeon concentration

in the tissues through enhanced root and herbageies development. There was
interaction between level of phosphate fertilizaccumulation of different mineral

micronutrients and the growth stages
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CHAPTER EIGHT

GENERAL DISCUSSION
8.1 General information
8.1.1 Growth and development
Quartin clover Germplasm was selected from the dpiaih highlands by professor
Akundabweni through intensive studies on agronoadiaptability and performance. Its
phonological stages were divided into four growtidiges (Muthoni, 2000) which were
confirmed in Quartin clover growth assessment. They seedling stage"2growth
stages or rapid vegetative growth stag@ gBowth stage or maturation stage, afftl 4
growth stage or senescent stage and death. Dweetiiisg stage, there was slow growth.
This slow growth could be due to few and small &sacausing photosynthesis to be
slow. The roots at this stage were not well estdblil hence limiting the uptake of water
and mineral nutrients. Plants in the field expenimaere prone to wilting due to
moisture stress during days of no rainfall. Thenplabsorbed mineral micronutrients
from the soil showing interaction between the terdgvel and the plant. The early
maturation stage was characterized by flowering seed formation (seed set) and
accumulation of mineral micronutrients translocatioom other plant tissues to the seed
for storage. Weather conditions especially soil shwoe stress has adverse effect on the
plants growing in the open field. Fourth stage ionpdy post flowering stage (120 days
and above) represented as Sampling Interval 9 —pBaminterval 12) was a slow
development phase, seeds were formed, infloresdeet, cover and leave number
declined while the plants fell over to form a makbese growth stage of Quartin clover
conformed to the growth cycle of annual crops (lge and Pate, 1977). Climatic
factors affects forage quality by determining theation of plant growth stages. This is
especially important for the immature or juvenilage, when leaves predominate. Plant
age is an important factor as far as forage quaitoncerned. It is the plants’ age which

determines quality.

Terrain environment as affected by environmentadd@tons such as rainfall, relative
humidity, temperature, and a factor on the physiendcical characteristics (terrain

factors) such as mineral micronutrients contentsl, oisture content, erosion and
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leaching of minerals which in turn affects minenadmeral micronutrients flow between
the soil and the plant.

Vegetative mineral micronutrients uptake from thal sluring growing season was
demonstrated by accumulation of the mineral micno@uts it the plant tissues

The experimental site specific seasonal effectemul snineral micronutrients density in
event showed that the genotype environment effeete strong. At 50% flowering, the
plant had accumulated considerable amount of min@co nutrients as shown in the

results.

8.1.2 Weather conditions at the experimental site.
Climate data was collected in order to access ififerehce between the growing seasons
and meteorological variables likely to influencewth of Quartin clover. The variables
investigated include:
I.  Temperature minimum and maximum temperature,
. Atmospheric humidity: mean monthly daytime relatihumidity (0900 and
1500hours East Africa Standard time) and
iii. Rainfall: Total and mean daily and monthly raihfalumber of rainy days and

total evaporation.

The total rainfall during the study year was 9284 for season 1 and 489.01 for season
2. In season 1 there were 12days with rainfall tgreihhan 25mm and a total of 25 days
when rainfall was higher than 10mm (Fig 1a). Thghbst amount received on any one
day was 129mm in January 2006. Five months namelyuary, March, June, July and
August received less than 5mm of rainfall per dayawgerage basis while only April had
an average more than 10mm per day. The highestréadall in season 2 was 118.3mm
in November received in 20days. However the avedaig rainfall was less than 3mm

through out the season.

Total evaporation in season 1 was 101.2mm in JOB62 Total evaporation was very
high ranging from 113.4 - 174mm in season 2. Sedsdmd a short dry spell in
September and a prolonged dry spell from Decembdviarch with only 2 days in
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January and 1 in February with total rainfall mdéinan 10mm, long rains were well
distributed through out the season. Too vigorousnvgr of the vegetative part could
jeopardize seed production hence low seeds pranuctiong rainfall duration can
enhanced establishment, growth and maturity otkneer.

There were two drought periods during the studyopléiFig 9a). This weather condition
affected the growth of the clover as indicated lgy tesults of dry matter yield and seed
production in the field establishment. This couldam that natural conditions as pertains
to season of planting, rainfall sufficiency and ation under rain fed conditions might
need to be critically evaluated in relation togation intervention. Due to changing
climate conditions, September/October as a caletida appears to be irrelevant in
timing of planting. Poor timing can lead to totabp-seed failure; such a tragedy was
experienced in trial establishment of Quartin ctgeianted in November, 1998 followed
by heavy March rains in the following year at flowg. Inflorescences were destroyed

and no seed was harvested (Akundabweni personahaomation).

Average air temperature during the study period migker than 10year mean for all the
months except April and September. Generally teatpegs are lower in May, August
period compared to the other periods of the ye&fadete. There seems to be a rainfall
temperature interaction in the growth of Quartiovelr since the crop planted in
September and supplied with optimum soil moistunep(iblished data) yielded higher
than the one planted in February where the meanthiyotemperature at maturation
stage was between 188 to 25.2°C and 20.6°C to 27.6°C respectively. This could
have agronomic implications with respect to timepteEnting. This could be evaluated
further as several scenarios pointed above indictiat the best time of planting of
Quartin clover is yet to be established. Kayin@®00) had suggested that the early year
planting of Quartin clover in the warmer Jan-Juaeofed a high seed production than
the cooler mid-year July -December planting. Thenthe of April, October and
November 2007 had considerably more number of rdayyduring the study period than
10year mean. During the rest of the period the rarmab rainy days were either equal

slightly more or slightly less than 10year mean.
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8.1.3 Rainfall

Total rainfall and its seasonal distribution at Ksb varied considerably between the
cropping seasons. Drought condition prevailed thhoEebruary and May 2006, June to
October 2006 and December 2006 to February 200meSwant died in October 2006
(seedling stage) and February 2007 (flowering gthgeause of moisture stress. Terrain
slant which has a bearing in moisture retention $igdificant (P€.05) effect on seed
and dry matter yields (See Appendix 9.1 and 9.2. expected, more seeds were
harvested in the lower slant terrain which had @rgéoil moisture during the growing

season.

These qualitative observations are supported byntgaive measurements of soil
moisture content made throughout the growing seé&8ahle 4.5). It shows that the in-
situ variation in average soil water content aeptd of 30cm (Figure 12). These results
show that soil water regimes and crop yields amengty influenced by rainfall amount
and distribution and average air temperature. Aseeted, the driest profile and lowest
yield were observed in the upper slant terrain.ugtowater supply was the same, there
are differences among the slants in climatic wateailability; soil water storage and

water use.

As shown earlier, seasonal distribution of rainfalbf major importance particularly for
the growing of annual clover (Akundabweni 1984)gitat proportions of the rainfall
showers are light, they add little to the groundewatorage and are soon lost by surface
evaporation. Often the bulk of rainfall arrivesarfew heavy showers Fig.9a illustrates
this point. Most unprotected soil surfaces are ledb absorb very high intensity
showers (Akundabweni and Njuguna, 1996) and mudhisfwater may be lost through
surface runoff. With very heavy showers, surfaae off may be over 60 to 70% of the
rainfall received (Gibbon and Addam 1965).

8.1.4 Air temperature
The average air temperature at Kabete during tb&igg seasons was presented as

(Fig.11). The highest monthly maximum temperaturasv27.60C in the month of
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February 2007. It was much higher than 10 year measn extent that it triggered a

public outcry that such high temperatures have be@n recorded in Nairobi and its

environs for the last 20 years (Fig 9b). June vi@saoolest month unlike other years
when July, August and October are usually the cboléhe air temperature was generally
higher than the decade mean throughout the growmegsons except in April and

September 2006 (Fig 9b). The high temperaturesienshort rains growing season did
not favor the crop because of inadequate soil m@sind very high total evaporation.

8.1.5 Atmospheric humidity regime.

The relative humidity during the entire study tinmelicates that there were generally
more sunshine hours in the short rain season thdhei long rain season. * Indicates
where data is missing. The month of January andugey 2007 had the highest average
number of sunshine hours and the lowest perceativel humidity both at 0060h and
0012h. At the same time there was very high airpenature (Fig.11) and total
evaporation and very few rainy days. Relative hutyid/as generally low during the
night and in the morning and remained between 6808 till morning. The highest
daytime RH recorded was 64%. In April 2006 while tbwest RH recorded was 38% in
February 2007. Low daytime %RH coupled with higmperatures caused moisture
stress to the growing crop reducing growth ratas Weather condition corresponds with
the seed filling and the maturation stage Qiartin clover adversely affecting seed

production.

8.1.6 Percentage soil water content

Soil water content was measured gravimetricallynfro to 30cm depth in the field
experiment (Figure 12) throughout the growing seagmy changes in percentage water
content during the rain free periods were assurodoetdue to evapo-transpiration, i.e.
evaporation from the soil surface and water uptakeoots and subsequent loss from the
leaves. The longest dry periods were Septemberereer and February example of
water depletion patterns are shown in figure 5aokeEr 2006 and January 2007 had the
lowest percent soil water content of about 15% bothpper and middle slant terrain.
That of the lower slant terrain did not fall bel@@%. The month of November 2006 and
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April 2007 had the highest percent soil water confer all the three land partitions.
However the lower slant terrain had the higheststonog content in those two months
(33.58%). The highest range in percent soil watetent throughout the growing season
was 18.61 in the upper slant terrain (Figure 1R)js Tluctuation in soil moisture content
adversely affected plants in the upper and midi#etgerrain causing some of them to
wilt or die. This is because water is a major ciomsiht of plant tissue, a solvent in which
solutes including mineral nutrients are transportéds a reactant in processes like
photosynthesis and hydrolysis, is important in remance of turgidity and regulation of
leaf temperature (Kiomer, 1983). On a worldwidelesoaater is the most important
factor-limiting crop yield (Wondafrash, 1999; Akuaulveni et al,. 1991). Crop
productivity has been expressed on the basis ofnalmtter produced per unit water
evaporated from a unit of land area. Therefore phneductivity depends on the
partitioning of water inputs between unproductiessies of water (i.e. through direct
evaporation, surface run off, drainage and uptakevbeds) and water used for dry
matter production i.e. transpiration) in a croppsygtem when supplies are adequate,

nutrition is commonly the most limiting.

The differences in the dry matter production areibatted to soil fertility and water
availability among the land partitions. The ressliggest a water*fertility interaction in
the growth and development of Quartin clover. Thepcin the upper slant terrain
experienced severe water deficits in the dry peti@bme sections of the middle slant
terrain also experienced the drought but thos@enldwer slant did not experience such
water deficits in the upper and middle slant terespecially in the wet periods. Surplus
water drained as surface runoff carrying fertilé sothe lower parts in the lower part of
the farm where water drained into deep percolatiad/or surface runoff. For other
systems excess water will go into deep percolatoronchi, 1992) and thus feed river

and ground water.

When the amount of precipitation in a locality msufficient, crop growth is reduced
since soil may not respond to fertilizer additibmative fertility is adequate to produce

the crop yield permitted by the moisture regimeh@d&yan and Abdullar 1998). The
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highest moisture content in the soil was attaimethe month of November i.e. 33.58%,
31.03% and 30.78% for the lower, middle and uppentsterrain respectively. These
regimes corresponded with the late seedling statgg€ 1) and early active vegetative
growth stage (stage 2). However the moisture cordespped drastically between the
month of November and January adversely affectireg drowth and development of
clover. Plant height was grossly affected in tleddfiand was only a third of the average

height of clover plant.

Many plants in the upper and middle slant terraerevwilting during daytime and

regained their turgidity at night. A number of thewiited permanently and died during
the drought periods. Differences in soil water eohtamong the land partitions were
more pronounced soon after rainfall with the upgant having the highest level between
December and January 2006. During this periodetivare two lowest peaks of percent
water contents; one in January (15.02%) and Fepr{iat.6%) both in the upper slant

terrain.

The seasonal pattern of moisture availability ie ®oil for plant transpiration and
evaporation is also important particularly whena rfall over a very limited period in the
year. The pattern of moisture availability has gsegnificance because it determines the
severity of the principle constraint on agricultukéean rainfall may be a poor guide to
reliability of moisture availability as many areagperience more years with annual
rainfall less than the long term mean than witmfedi above it (Gibbon and Addam
1965)

When dry soil is wetted by rainfall or irrigatioredistribution of water in the soil during
and after watering occur along energy gradienttialhy the gradient of matrix and

gravitational potential cause in well drained soikpid downward movement of water
into the dry soil, with emptying of large pores ov&4 - 48 hours, the hydraulic
conductivity is markedly reduced as is the ratel@iinage probably by a factor of 100.
The water remaining in the small pores is retaibgaapillarity and surface forces and

drain (drain slowly) under gravity in fine texturedils, large pores and few, downward
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drainage rate is slow right from the beginning aechain for some days. Wilting of
plants under field condition did not depend onlysmil moisture suction but also on the
potential evapo-transpiration, the ability of th&amis root to ramify into the soll
(depending on growth stages) because wilting waemkd during seedling stage and
maturation stage. However, wilting does not ocdua &xed soil moisture sanction for
different growth stages and for different plantdggut over a range of percent moisture

content.

All crops require a favorable root environment gadorable water supply for good
production. Clover in particular, more than mangps is sensitive to water deficit
(Akundabweni et al., 1991). The main objective ofgation is to prevent lack of
moisture from becoming the factor limiting to plagtowth (wondafrash, 1999;
Kahurananga and Tseley, 1984). Timely irrigatioressential if a clover farmer is to
obtain maximum benefits for other cultural pradic€lover yield will be adversely
affected if water is scarce in the field (Akundabwet al., 1991). It is important to
irrigate the crop during seedling stage since tlodsrare not well established and during
flowering and seed filling particularly when thenthslant is not uniform (Bogdan, 1968
Good drainage encourages deeper and more exteosiveystem and the crop can draw
upon a target reservoir of soil moisture to catrpver periods of inadequate rainfall
during the growing season (McWilliam, 1978). Theepleroots are also useful in

supplying water to the crop during the maturatienqa after the rains cease.

Irrigation water must be supplied as often as meguio prevent undesired water deficit
from developing within the plants (Akundabwetial,. 1993). The aim is to keep roots in
contact with available soil moisture. Young cloveeve a very sparse root system, thus
it is quite possible for such plants to suffer dewaleficit sufficient to retard growth even
though the soil appears to be quite moist. Annudakan clover is particularly sensitive
to moisture deficit at the flowering stage (Bogdd®68. Therefore if rains are
inadequate, irrigation should be applied. Just ghowater should be given to replace
that which has been lost through evaporation frdra soil profile and through

transpiration from plant leaves. Excessive lossvafer by deep percolation below the
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root zone should be avoided as it contributes amiislly to water logging of soils and

carry plant nutrients below the root zone (McWittial978).

8.2 Herbage growth of Quartin clover along three tgain gradients

8.2.1 Seed germination and establishment

Soil must be sufficiently moist for successful sgedmination and plant establishment.
Irrigation in box experiment ensured adequate dppdy for water uptake by
germinating seeds and water loss from the gernmgateedlings was not excessive since
inadequate moisture hinders germination and estabknt. The need for soil seed
contact is to assist moisture movement from thé teothe seed. This has long been
recognized and is the basis for the usual recomatemdthat seedbeds should be fine
and firm. In this study the seedbed were pressamduth the sole of the foot to ensure
this contact because as seed/soil contact becoorerpthe rate of water absorption by

the seed and the rate of seed germination becaweis|

Under Kabete conditions, complete germination ogdgarabout 10 days after sowing
scarified Quartin seed. Hard seed coat is an adafgature in legumes, which in nature
prevent the possible loss of all sown seeds if geenination event is followed by
adverse conditions in areas of unreliable rainf@loonman, 1977) germination is
delayed by the impermeability of the seed coatnfixorcy caused by hard seed coat must
be broken if germination and establishment are dordpid and uniform. Differences
observed between seed germination in controlledition and plant field establishment
were mainly due to water stress in the field, whiett to poor seed germination and
seedling mortality in the field experiment. Forstlieason, it is not good to practice dry

seeding at Kabete in clover if maximum establishneto be expected.

The Emergence percent was highest under contratiedture condition compared to
field trial. The choice of sowing rate is determdri®y such factors as number of seeds per
kilogram, seed quality, level of seed-bed prepamatslope, climatic risks, growth habit
and the extent of weed problem (Kahurananga, aetey¥,s 1984). High seed rate is not

necessary for clovers as they will thicken up glyickom their fillers and lateral
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branches ensuring quick ground cover, hence redubim risk of soil erosion and weed

competition.

Plant height

The mean plant height increased with time, thetgiaight showing no significant
differences (P<0.05) at 50% flowering period.

In the field experiment, the plant height growtteravas not significant (P€.05) among
the establishment. Between stage 1 and early dgere was no noticeable response to
fertilizer when height was generally below 20cmar®$ in all the experiments had
attained maximum height by 120days after plantimgicated by the apical meristem
developing into an inflorescent after splittingarntvo sister branches. Plant height in the
field experiment did not attain normal Quartin @og height. This could be attributed to
soil moisture stress. Plants in the field were agpidy more horizontal (Fig.13) with
comparatively short apical shoot (about 20cm) caegbéo the average height of 50 —60

cm.

Total number of leaves

On the premise that air temperature is the mosbrtapt determinant of leaf production
in these experiments the number of leaves per phaneéased rapidly initially and then
more slowly or decreased. The average number ok$eper plant at the end of the
vegetative growth phase was 171, 167, and 232drid¢id establishment, 209, 205 and
212 in the box plot establishment and 194,187 &8li@ the green house in the upper,
middle and lower slant respectively. Terrain treats had no significant (P<05) effect
leaf number. The middle slant terrain had the tleasmber of leaves in all the
establishment treatments. These plants were comy#ctivery short internodes in both

vertical and lateral branches. The leaf petiolesevedso relatively short.

Number of primary branches
The number of main stem nodes and branches perywéae observed and recorded after
every l4days. The rate of leaf appearance is detedrby the number of nodes and

branches, from which the leaves develop. Main stemdes are the plants basic
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morphological unit on which branches develop arel aupported. Land slant did not
significantly affect the number of main stem braeshBranching occurred after the
appearance of the third trifoliate leaf on the mstem node close to the cotyledon leaf
and progressed bilaterally. Land slant treatmeshtndit have significant (P €.05) effect

on number of main stem branches per plant (Appe@dby. The reduced number of
primary branches in field plots could have been usoil moisture stress that may have

contributed to reduced production of branches.

Percent ground cover (as indicated by WHO growtinga

According to appendix 9.6, plant cover tend on akerall almost followed a sigmoid
pattern. Number 1 -9 was used here only as inagexeased plant cover occurred in the
early stages of growth (between Sl 1 - Sl 6) asvshim table 3. In the field trials the
normal growth was affected by periods of droughpléteau occurred in stage3 and 4 of
the plant growth cycle, a period at which planteowas 100%. There after a decline was
experienced in the late fourth stage. Lower leawese shed as the upper leaves
gradually dried up and the plants fell to the g fmrming a mat.

Plant cover during seedling and early active grostige is scanty and most of the
photosynthetic active radiation (PAR) is not ineggted by the canopy hence slow dry
matter accumulation. As percent plant cover in@samore incident PAR is intercepted
which in turn causes the plant to grow and incraasdry matter yield, especially if

moisture in the soil is not limiting.

8.2.2 Dry matter production (at 50% flowering)

Above ground dry matter produced at 50% floweringsvb3.10, 46.05, and 38.38 g
plant® in the lower middle and upper slant terrain reipely. The differences in above
ground dry matter are attributed to soil fertilagd moisture differences. The dry matter
(DM) was significantly (P€.05) among all treatments. Treatment effect onrdagter
were analyzed statistically (ANOVA, see Appendi)9for a typical output. Land

gradient showed a significant (P0<05) difference in DM production. The lower slant
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had significantly (P_€.05) higher DM than the middle and the uppertslabhis may be

attributed to increased soil moisture and fertitimpared to the upper and middle slant.

These results indicate that soil moisture contewt f@rtility are the limiting factors to
clover growth and development as defined by Masaghwhite, (1995). They stated that
crop development refers to changes in the organdtion and is manifested as the onset
or termination of different phases of a plants tfele (i. e germination, flowering, seed
growth, senescence and maturity). Above groundndagter in those experiments was
analyzed at 50% flowering because it is the reconu®é time for harvesting clover for
fodder or hay. Dry matter production is proportiota the total amount of radiation
(PAR) that is intercepted by the foliage and thecieihcy with which it is converted to
dry matter by green leaves. The total radiationdeat on the canopy varies between

locations and seasons and within seasons in a tpeation.

8.2.3 Seed yield

The differences in seed yield (tones per hectam)ng the three treatments may be
explained by differences in the number of seed9fzart and seed weight. Larger plants
may have produced either more inflorescent piamd/or more seeds per inflorescent.
Average monthly air temperature during reproducphase was very high (24@ and
27.6C) in January and February 2007 respectively. Toisdition adversely affected
seed filling in the field hence reducing produditviThere was a significant (p<05)
difference between terrain treatments.

The variation in environmental factors especiadliyfall distribution, air temperature and
relative humidity and land slant had adverse eftecseed yield. This seed yield in the
lower slant terrain was significantly (PO<05) higher than the middle and upper partition.
This difference could be attributed to soil moistwontent and poor establishment of
plant stand because some plants in the upper addlenslant terrain wilted and died
during the drought periods. Total evaporation wis® aery high towards maturation
stage. Heavy rains during the maturation stageechtise plants to rejuvenate hence

extending the growing season. This change of weathesed Quartin clover to behave as
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a biennial with unsynchronized seed production,civinade harvesting a very difficult

and expensive task.

8.3 Mineral micronutrients density in Quartin clover

8.3.1 Mineral micronutrients density in Quartin clover plant tissues in relation to
the soil status

Iron was the most abundant mineral micronutriemthe three terrain levels compared to
all the other elements. The annual African clouesaabed this mineral nutrient from the
soil and accumulated it in both the herbage and¢eel tissues, which showed to be very
rich in iron. Iron compounds are important in nidn and iron is a requirement in
animals and is biologically significant (Cole andresigh, 1985). This is because it is an
essential component of hemoglobin, a red oxygen#cay pigment of the red blood cells
of vertebrates and muscle pigment myoglobin, Somdybenzymes also have a
composition, which include iron (Tadesstal,. 1991). Feeding animals with Quartin
clover would improve their health and avoid defingg of iron which causes anemia.
Manganese is the"2most abundant mineral micronutrients in Kabetdssdihere is a
negative correlation between the Manganese coratamtrin the soil and in plant tissues.
The terrain level with the highest concentration Minganese in the soil has
comparatively low concentration in the plant tisst®wever the herbage and seed
tissues contain considerably high levels of Mangan&his can be used to explain the
fact that Manganese has been shown experimentaltg thecessary for normal skeletal
development in sheep but deficiencies have not beend under grazing conditions
(Charles, 1983). As little as 0.5mg/kg of dietary thatter is sufficient to maintain good
growth rate and feed gain ratio in pigs from bidtO0kg live-weight (Fraser and Stamp
1987). Manganese compounds are less toxic thae thfosther widespread metals such
as iron, nickel and copper compounds. However magggis toxic in excess (Pohanish,
2006) for nearly all organisms living in the preserof oxygen use it to deal with the
toxic effects of superoxide, formed from by theléet&ron reduction of dioxygen (Meco
et al, 1994).
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lodine concentration could not be detected by tid-)>6pectrometer because it was at
low detection limit (less than 0.05 ppm).

Zinc concentration in Quartin clover tissues at theee terrain levels was more than
50u/g which is a clear indication that it is rich4inc. Since Zinc is present in all animal
tissues and is a component of a number of enzyitniss;equired for normal growth and
appetite and the functioning of the testes is ememe sensitive to deficiencies (Rook
&Thomas1983). Zinc deficiency is characterized bgwgh retardation, loss of appetite,
and impaired immune function. In more severe cages, deficiency causes hair loss,
diarrhea, delayed sexual maturation, impotencepdgpadism in males, and eye and
skin lesions (Maret Sandstead, 2006asad, 2004). Weight loss, delayed healing of
wounds, taste abnormalities, and mental lethargyatso occur but these are unlikely in
grazing animals (Rook &Thomas1983) where grazimgl laas both grasses and forage
legumes growing together. Zero grazing animals Wwinicmost cases are fed with Napier
grass alone are at a risk of Zinc deficiencies.sTpioblem can be alleviated by
introducing high quality forage legumes such asr@Qualover into small holder farming

systems.

The concentration of Copper in Quartin clover ipragimately 25 p/g which is half that
of Zinc but far much more than that of Cobalt, &alen and Molebdenum. Copper is an
essential trace element in plants and animalsnbusome microorganisms (Bonham, et
al., 2002). It is needed for quite a wide varietypody functions where its deficiency is
particularly indicated by in-coordination in newherlambs and by anemia (Charles,
1983; Fraser and Stamp 1987) and poor growth iftsadd minimum dietary value for
healthy growth in rabbits has been reported tothleast 3 ppm in the diedowever,
higher concentrations of copper (100 ppm, 200 ppn500 ppm) in the diet of rabbits
may favorably influence feed conversion efficiengyowth rates, and carcass dressing
percentages (Ayyat et al., 1995). Feeding animath wifolium quartiniunum cv.
Quartin clover which is rich in Copper can be catis$y hidden hunger since Copper is
essential in enzymes required for heart functiomnebformation, energy metabolism,
elastin synthesis, normal hair growth and red bloelll formation. (Encyclopaedia of
Food Science and Food Tech., 1993).
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Although soils at Kabete field station has consat&r amount of Cobalt, very small
amounts were absorbed and retained by the plamd. rébults show that the highest
concentration of 5.83u/g Cobalt was recorded asdetection mineral by the machine.
Research has shown that luminal flora do not hawyestore of cobalt available and so
daily intake is necessary (Charles, 1983; Nickerd®78). This is because Cobalt is an
essential component of Vitamin;Bwhich is manufactured by rumen micro flora. A
deficiency leads to depression of all productivactions; perhaps most notably stunt
growth, anemia and stillborn lambs.

There was very low concentration of Selenium andylldenum in both the soil and the
in the plant tissues. Selenium is one of the elésnereded in trace amounts in the
animal and human diet. Selenium is important fomah muscular development and
when deficient leads to degeneration of musclegijcpéarly of the hindquarters and
arthritis (Stoneet al.,1997). It is in suckling lambs (when muscle deveiept is at the
peak) that is the most susceptible to this conit®elenium is a requirement for cattle
while the nutritional value of all plant food depisnon the soil in which it was grown, the
selenium content of plants seems particularly $&esto soil concentrations (Charles,
1983). For this reason, most of the early researctselenium focused on diseases in
sheep, cattle, turkeys, and pigs which involved o concentrations of selenium and
insufficient amounts of selenium in the forage pdaeaten by these animals. It is
important to remember that the selenium contenfiooll is highly variable because it
depends so heavily on soil conditions. While saihditions affect plant foods most
directly, they also affect animal foods, since masimals depend upon plants for their
diet.

Molybdenum is an essential trace element for vilyual life forms as it plays a complex
role in animal growth and development. It functicas a cofactor for a number of
enzymes that catalyze important chemical transfoomsiin the global carbon, nitrogen,
and sulfur cycles. Thus, molybdenum-dependent eagyare not only required for
human health, but also for the health of our edesyqLide, ed. (2005). It is good to
feed animals with feeds that contain small quasgitof Molybdenum because Excess
dietary molybdenum has been found to result in eomeficiency in grazing animals

(ruminants). In ruminants, the formation of compdsincontaining sulfur and
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molybdenum, known as thiomolybdates, appears tweptethe absorption of copper
(Jane Higdon, 2001). Small quantities are benéfiDiaficient diet encourages excessive
copper storage with the associated risks menti@bede. High levels of molybdenum
cause scouring and induce copper deficiency. Thanba between molybdenum and
copper is also affected by intake of sulfate witghhlevels increasing the danger of

molybdenum toxicity (Nickerson, 1976).

8.3.2 Feeding Quality

Feeding quality has been defined as the amountitofent material that an animal can
obtain from a feed in the shortest time possiblec{€lopedia of food Technology and
Nutrition 1993). Forage quality can be measurediwerse ways (e.g. chemical analysis
of the feed, consideration of the fibre contenttlué feed, the extent and the rate of
digestibility, animal intake which is closely asgded with live weight gain and its
energy content as an important animal requiremeletzel, and Maberly, 1986). In
general, plant tissue reflects soil deficienciesn8 of these deficiencies can be corrected
in the forage by fertilizer application. Animalsrely suffer from complete lack of the
minerals they require but particular deficienciesuiting from forage materials with low
mineral content are common (Kahuranagfaal,. 1984). Most legumes are rich in
calcium, copper, potassium and magnesium.

The plant and animals requirement for many mineddfer considerably. For example,
Phosphorous is limiting to plant growth at much déowevels that that required by
animals. Thus major animal disorders and even d@aty occur in pastures whose soill
has amounts of phosphorous satisfactory for veigetgtowth. Problems of this type can
be overcome by use of salts and mineral licks teetntae livestock requirement

especially when the deficient mineral is lodinep@&lt, or Calcium.

8.4 Effects of Phosphorus on Accumulation of minetanicronutrients in Quartin

clover

Herbage production from forage legumes is influenoguch more in terms of both
quality and quantity by environmental factors sashnutrient status of the soil, climate

and the management practices, than is the gram ¢ereal crops. Most important of all
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in the case of our forage crops, we have optiomaofesting at a range of different times
which is not possible in the case of grain cropdpation

Rate of phosphate applied at planting time leaddetcelopment of the herbage, which
provides necessary photo-assimilates thus enhanudglation and BNF (Jutzi and
Haque, 1984). Legumes use available soil nitrogefiorb nodule formation and fixing
nitrogen symbiotically ( Heichel et al.,1984a). tHmer application increased dry matter
yield, leaf nitrogen and phosphorous level of runimean (Kahuro, 1990). Reneau et al.,
(1983) working on sorghum reported that phosphdersilizer increased nitrogen
concentration sorghum. Application of phosphoroas leen shown to increase dry
matter yield, percent phosphorus of pasture leguamek nitrogen in pasture legumes
(Muthoni, 2000). Phosphorus has been shown to aserelry matter yield of annual
clover (Hague and Lupwayi, 1998, 1999; Mugwira let 2997; Haque and Mugwira ,
1991; Kahurananga,1991; Kong et al.,, 1993; Akumaatd, 1984a, 1984b). In the
current study, it was found that application of gplworous affected uptake and
accumulation mineral micronutrients in annual Adncclover differently as shown in the
following figures

Annual African clover accumulated high concentmatad iron in its tissues. The highest
concentration at week 8 of growth at both 50kgAgplication of phosphorous has been
shown to increase Iron concentration in the tisshesugh enhanced root and herbage
tissues development ;dry matter (Haque and Lapwi®88; Kong et al., 1993). lon of
phosphorus at 60kgHanegatively affected the accumulation of Fe in tever since it
affected the minerals availability to plants. Mangse concentration in Quartin clover
was almost constant throughout the growth perigdndiess of the level of phosphate.
The concentration of Copper in Quartin clover wasMeen 12.37 to 21.83 p/g and 15.73
to 23.37u/g at Okg Bs and 50kg EOs respectively. The concentration of copper
increased gradually with increased in phosphatelsev

Concentration of lodine was the high at 30, 50 &fdkgha P.0sduring the early
seedling stage but declined as the clover grewroltleis is because Quartin clover
experience rapid growth with elongation of interesdand cellulose hardening in the
stem and the internodes hence reduction of coraténtrof micro-elements in weight per

weight
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8.5 Conclusions and Recommendations
8.5.1 Conclusions
1. Shortage of water can cause major losses in yiethuse when the amount of

soil moisture in a locality is insufficient, cropagvth is reduced since the crop
may not respond to fertilizer addition if nativetfiezer is adequate to produce the
crop yield permitted by the moisture regime. Inirtgyto solve these problems,
timely planting and/or frequent irrigation is nesay to maximize yield, fast
growth rate hence ability to produce high volumkekerbage within a short time.
The terrain treatment had significant difference (R05) in stubble weight, seed
and dry matter yield as shown in appendix 9.1 a2do@itput tables. | therefore
reject the first null hypothesis and state thatehe difference in performance of

Quartin clover due to terrain levels.

2. The results on accumulation of mineral micro nuiriem Quartin clover showed
that there were differences in concentration ofa@rah micro nutrients between
Quatrtin clovers seed and seedlings e.g seed hageaage of 0.855ppm selenium
while seedling have an average of 3.6 ppm. The minenicronutrients
accumulation in Quartin clover varied between thenptissues and the seed. |
therefore reject the hypothesis second hypothkatsQuartin clover remains with
similar level of mineral micronutrient in seed asdedlings and state that it

accumulates them differently in seeds and seedlings

3. Phosphorous fertilizer is of crucial importancepwst establishment, growth and
development of Quartin clover, as well as the tug&iquality of the fodder. The
highest copper accumulation was during week 8 &fjfta B0s while the lowest
was during week 2 of 60kg/ha;® The concentration of molybdenum was
highest during week 2 of 50kg/ha0p while the lowest was during week 2 of
Okg/ha ROs and week 6 of 30kg/ha,® Selenium was highest at week 2 of
60kg/ha KOs and lowest at week 6 of Okg/ha0p All the other mineral
micronutrients concentration in the herbage vadedsiderably with phosphate

application. | therefore reject the third null hyipesis and conclude that mineral
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micronutrients accumulation in Quartin clovearied with different levels of

phosphate fertilizer

4. The field establishment and box plot establishmérad significant (P%005)
differences stubble weight and dry matter yield aghterrain level treatments. |
therefore reject the fourth Null hypothesis and datode that different

establishments of Quartin clover gave differembhge yield.

8.5.2 Recommendations
Uniformity in heading date is a primary requiremdntorder to combat synchrony
constraint, generic purity of the seed is to beeole=d if improved husbandry is not to
be wasted (i.e. irrigation, plant density and prapgrition).
High seed rate is not necessary for clover sinches will thicken up quickly from
their tillers and/or lateral branches ensuring Kucound cover hence reducing the
risk of water loss through evaporation and soik&no through surface run off.
Further study should be carried out to determine thost effective method of
scarification of clover seed for optimum germinatend establishment of the stand.
Intercropping Quartin clover with cereals such dseat, barley and short millet
varieties needs to be investigated as an integratgtent management (INM), which

may be an organic resource as a promising entryt pab small holder systems,
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APPENDICES

Appendix 9.1 Analysis of variance Table for seed gid in Tons per hectare

a) Fieldexperiment
Source of variation
F pr.

Block

Treatment (slants)
0.003

Residual

Total

b) Box experiment
Source of variation
F pr.

Block

Treatment ( slants)
0.020

Residual

Total

c) Green house experiment

Source of variation
F pr.

Block

Treatment (slants)
0.001

Residual

Total

d.f. S.S.

3 0.000319

2 0.04584

6 0.00816
11 0.054319

d.f. S.S.

3 0.0006184

2 0.006305

6 0.002344
11 0.009267

d.f. S.S.

3 0.0005321
2 6.564

6 5.7065
11 12.271

108

m.s.s. var

0.000106 0.08
0.02292 16.85

0.00136

m.s.s. var

0.000206153
0.003152 078.

0.0003907

m.s.s. var

0.000164234
2.1883 13.80

0.1585



Appendix 9.2 Analysis of variance Table for dry mater yield in tons per hectare

a) Field experiment

Source of variation
F pr.

Block

Treatment (slants)
0.001

Residual

Total

b) Box experiment
Source of variation
F pr.

Block

Treatment (slants)
0.001

Residual

Total

d.f.

d.f.

109

S.S.

15.718
433.762

48.668
498.149

S.S.

26.87
451.599

33.305
511.773

m.s.s. var

5.239 0.65
216.881 6.74

8.111

m.s.s. var

8.957 161
225.799 .680
5.551



Appendix 9.3 Analysis of variance Table for dry stbble weight in tons per hectare

Field experiment
Source of variation
F pr.

Block

Treatment (slant)
0.020

Residual

d.f.

2

11

Appendix 9.4 Analysis of variance Table for plant kight

a) Field experiment
Source of variation
F pr.

Block

Treatment (slants)

0.866

Residual

Total

b) Box Experiment
Source of variation
F pr.

Block

Treatment (slants)
0.883

Residual

Total

d.f.

54

59

d.f.

30
35

S.S. m.s.s. var
0.08541 0.02847 0.45
1.01386 0.50693 8.02
1.47841
S.S. m.s.s. var
82.9 27.6 0.11
69.6 34.8 0.14
13066.1 242.0
13218.5
S.S. m.s.sS. var
3036.8 1012.3 2.27
1050.7 175.1 0.39
58032.3 44.64
62119.8
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Appendix 9.5 Analysis of variance Table for main m branches per plant

a) Field Experiment
Source of variation
Block

Treatment (slants)
Residual

Total

a) Box Experiment
Source of variation
Block

Treatment (slants)
Residual

Total

c) Green house experiment
Source of variation

Block

Treatment (slants)
Residual

Total

Appendix 9.6 Analysis of variance Table for plant gound cover

a) Field experiment
Source of variation
F pr.

Block

Treatment (slants)
0.002

Residual

Total

d.f.

54
59

d.f.

54
59

S.S. m.s.
0.09 0.03
8.89 4.45
685.83 12.70
694.81
S.S. m.s.
0.36 0.12
9.75 4.88
179.65 34.81
1889.76
S.S. m.s.
0.36 0.12
9.84 457
876.60
1889.54

S.S.

2.133
75.60

298.267
376.000

111

r.v Fopr.
0.00
0.35 06.7

r.v Fopr.
0.00
0.14 70.8

r.v Fopr.

0.001.000

0.12 0.879

m.s.s. var

0.711 0.13
37.800 6.84

5.523



b) Box experiment

Source of variation d.f. S.S. m.s.s. var
F pr.

Block 3 0.314 0.105 0.02
Treatment 2 125.943 20.990 4.48
0.995

Residual 54 524.800 4.686

Total 59 656.543

c) Green house experiment

Source of variation d.f. S.S. m.s.s. var
F pr.

Block 3 4.533 1.511 0.26
Treatment 2 14.400 7.200 1.23
0.856

Residual 48 281.60 5.867

Total 53 301.660

Appendix 9.7 Analysis of variance Table stubble wght in the field establishment

Source of variation d.f. S.S. m.s.s. var

F pr.

Block 3 0.015548 0.0051830.60
Treatment (fertilizer) 3 0.287441 0.143720  16.55
0.004

Residual 6 0.052109 0.008685
Total 11 0.355097
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Appendix 9.8 Analysis of Variance for Leaf numberm the field establishment

Source of variation d.f. S.S. m.s.s. var
F pr.

Block 3 1246 415 0.26
Treatment (fertilizer) 3 30372 15186 0.73
0.485

Residual 54 1119169 20725
Total 06 1150787

Appendix 9.9 Analysis of variance table for grounctover in field establishment

Source of variation d.f. S.S. m.s.s. var
F pr.

Block 3 0.314 0.015 0.03
Treatment (fertilizer) 3 125.943 20.990 5.15
0.001

Residual 130 5330.286 4.079

Total 36l 656.543

Appendix 10.0 Analysis of variance Table for nodule formation

Source of variation d.f. S.S. m.s.s. var
F pr.

Block 3 486.5 1622 0.33
Treatment (fertilizer) 3 187561 31260 .29
0.001

Residual 130 646166 4971

Total 613 838592
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Appendix 11.0 Table 4.2 Rainfall (mm) at the expemental site for the entire study

period

RAINFALL (MM) 2006/2007

Month Total Average Rainy days | Total evaporation
January 185.8 5.99 5 *
February 31.9 1.14 4 *
March 83.9 2.71 4 *
April 429.8 14.33 23 *
May 170.1 5.49 6 47.9
June 10.44 0.35 6 68.4
July 10.20 0.33 3 101.2
August 0.2 Trace 2 97.7
September 16.1 0.54 7 129.1
October 82.0 2.65 13 120.6
November 118.31 3.94 20 113.4
December 58.1 1.87 9 136.1
January 77.8 251 4 173.3
February 45.7 1.6 2 174.2
March 91.0 2.9 5 *
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Appendix 10.1 Table 4.3 Average air temperatures ahe experimental site for

2006/2007

Average air temperature C) 2006/2007

Month Maximum Minimum Lowest grass
minimum
January 24.5 14.3 7.9
February 24.1 14.3 9.1
March 25.2 15.3 8.4
April 23.5 14.9 10.7
May 23.0 14.0 8.4
June 18.3 11.5 5.8
July 22.6 10.0 4.2
August 22.3 11.0 5
September 24.5 12.5 5.5
October 23.8 13.9 5.4
November 22.7 14.5 10.0
December 23.8 14.4 8.5
January 25.4 14.3 7.1
February 27.6 13.9 6.5
March 20.6 14.0 5.8
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Appendix 10.2 Table 4.4 Average monthly relative hmidity during the entire study

period

Average relative humidity (%RH) 2006/2007

Month Sunshine hours %RH at 00600 %RH at 01200
January * 81 56
February * 79 55
March * 81 50
April * 88 64
May 6.6 83 60
June 4.7 83 55
July 6.2 80 49
August 4.6 82 52
September 6.4 80 43
October 6.3 82 52
November 3.4 87 59
December 8.6 83 56
January 9.9 71 43
February 10.0 65 38

NB: % RH at noon was always lower than the earfierning
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Appendix 10.3 Table 5.1 Accumulation of Biomass iQuartin clover seedlings

Sampling Week 2 Week 4 Week 6 Week 8 Week|1Week 12
Intervals
Plant Height 7.2 10.3 14.3 15.5 17.5 22.8
(Cm)
Branching 1.6 24 3.81 8.79 14.25 16.8
(No)
Ground cover 3 5 7 9 9 9
(%)
Leave Number 6.8 10.1 16.7 84.7 145.2 176.9
(No)
Nodulation 0 122 178 216 223 230
(No)
Dry matter 1.85 5.16 8.53 10.23 11.80 15.04
Yield(Tons/Ha
Seed Yield 0 0 0 0 0 0.476
(Tons/Ha)
Appendix 10.4 Table 4.5 Percent soil moisture conté
Jan Feb Mar April| May Jun Jul Aug
UST 23.05 24.13 20.57 30.24 28.3F¢ 27.80 25.46 20,80
MST 22.90 20.36 20.24 26.08 31.24 27.50 24.84 21|78
LST 27.43 28.20 27.02 30.30 27.50 27.00 27.52 20/70
Sep Oct Nov Dec | Jan Feb Mar April
UST 20.05 18.60 | 29.82 20.61 23.0% 27.20 26.24 24726
MST 21.10 18.64 | 28.76 23.37 2584 28.06 27.15 20.p2
LST 20.81 20.99 | 28.67 24.27 26.2¢ 28.34  23.81 28.p2
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