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ABSTRACT

The problem of vegetation degradation in Kenya's semi-arid areas must be 

addressed, if these areas are to support the increasing human and livestock population. 

However, efforts to rcvcgctatc denuded rangelands will be beneficial only if the right 

species and cultural practices arc employed.

This study evaluated methods of establishing grasses in the semi-arid rangelands 

of Makucni District, Kenya. Three methods of land preparation and two seeding 

methods were compared for their effectiveness in the establishment of three range 

grasses. These were tractor ploughing, oxen ploughing and burning. Drilling and 

broadcasting as seeding methods were investigated. The grasses used were Eragrosris 

superba (Pycr), Cenchrus ciHaris L and Ententpogon macrostachyus (Hochst and A. 

Rich) Munro ex Benth. Height, tiller production and grass seedling mortality were the 

parameters measured as indicators of seedling establishment.

Land preparation treatments involving ploughing were significantly different 

from burning (P<0.1). The burned plots had the shortest plants with the least number 

of tillers and suffered from the highest seedling mortality. However, the burned plots 

had the highest density of volunteer annual grasses. There were no significant 

differences (P<0.1) between tractor and oxen ploughed plots. The method of seeding 

did not significantly affect tiller production and seedling mortality.
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Significant response to seeding method was observed in height only. On average the 

drilled plots showed better establishment.

Response of the three grasses to land preparation and seeding was significantly 

different (P < 0.1). Eragrostis superba had the better establishment than Cenchrus 

ciliaris and Erurropogon macrostachyus.

From this study, oxen ploughing was shown to have the same effectiveness as 

tractor ploughing in pasture establishment. Vegetation degradation can therefore be 

controlled if suitable species, and cultural practices which are easily adoptable are used. 

Oxen ploughing and broadcasting Eragrostis suprrba are recommended for the Kibwezi 

area according to the findings of this study.
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CHAPTER 1

1.0 INTRODUCTION

I.and based resources in Kenya arc currently under intense human pressure 

especially in the high potential areas of the country. This has been caused by a high 

population growth rate of 3.7% per annum (Government of Kenya - G.o.K. 1989) and 

a skewed human population distribution. Over 75% of the people in Kenya live on less 

than 20% of the Country’s land area while the rest live on approximately 80% of the 

land area. The latter supports more than half the livestock population (G.o.K. 1989). 

A high population growth combined with a high population density in the high potential 

areas has lead to non-sustainable exploitation of land resources in those areas and 

therefore inadequate supply of both food and cash crop needs at the household and 

national levels.

To meet these demands, people are migrating from the high potential areas to 

the rangelands. The excessive expectation of these people with respect to the production 

potential of the rangelands has resulted in the introduction of crop agriculture 

(Pressland and Graham 1989). Crop failures leave the land exposed to the forces of 

erosion (Mburu 1983). Climatic and ecological constraints limit the extent of land 

exploitation for agricultural purposes. The advance of the cultivation frontier into the 

high potential rangelands has therefore seen the pastoralist’s resource base shrinking as
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they arc increasingly confined in less productive rangelands. (Navch 1966. Kenya 

National Livestock Development Policy - KNLDP 1980. G.O.K. 1989. Farah 1990).

The increased pressure on range resources has resulted in economic and 

subsistence marginalization of pastoral households (Lamprey 1983, Cossins 1985. 

Hansen et al 1986). The ability of the rangelands to recover from mismanagement has 

been reduced as a result of sedentarization and individualization of holdings (Grandin 

1987). Common resource use strategies existing there before cannot help in the control 

of resources ( Horrowitz and Little 1987, Farah 1990, Farah and Haji 1990). 

Vegetation degradation resulting from the high pressure on land has to be checked if the 

rangelands arc to be used on a sustained basis.

Revegetating the bare and denuded lands is one avenue of rehabilitating such 

lands. Natural revegetation provides the best means of restoring ground cover. 

However, natural revegetation takes a long time depending on climate, species present, 

soil and the degree of denudation of the site (Jordan 1957, Navch 1966, Valentine 1977, 

Heady and Heady 1982). Resting the land for such a time to allow natural restoration 

of ground cover may not be feasible given that the resources are limited and every year 

the people have to depend on the same piece of land.

Where soils and climate allow, artificial re-vegetation provides an alternative 

means for restoring vegetation cover. Grasses are relatively easier to establish as grasses 

take a short lime to mature. In addition to providing ground cover, grasses provide the 

principle source of forage for livestock (Kategile t t  al 1989) especially in the semi-arid 

rangelands where supplementation is almost non existent.



The grasses also help in nutrient cycling, provision of organic matter and reducing soil 

erosion.

Cultural methods should be simple and within the means of most people in the 

rangelands. Reseeding, however, is not a panacea of range denudation problems and 

hence should not be divorced from sound management programmes based on sound 

ecological knowledge of these fragile ecosystems.

1.1 Objectives

The specific objectives of the study wcrc:-

i) To determine a simple and effective method of land preparation for grass 

establishment.

li) Establish an efficient seeding method that can easily

be adopted by agro-pastoralists and ranchers in the 

semi-arid rangelands of Kenya.

iii) Evaluate the responses of Cenchrus ciliaris (L)., Eragrostis

superba (Pyer) and Enteropogon macrostachyus (Hochst and A.

Rich) Munro ex Benth to various land preparations and seeding treatments.

3
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1.2 Hypothesis

To achieve the above objectives, the following hypothesis 

were postulated.

(i) Land preparation methods do not affect the establishment 

of grasses.

(ii) The method of seeding has no effect in grass establishment.

(iii) There is no difference in the response of the three grasses to land preparation 

and seeding methods.
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CHAPTER 2

2.0 LITERATURE REVIEW

In the rangelands, moisture conditions suitable for active plant growth are usually 

short-lived, unpredictable and in many instances unreliable (Perry and Moser 1975, 

Jordan 1983). Active plant growth therefore follows these fluctuating moisture regimes. 

Thus there is need to maximize the use of these spells of favourable plant growth. In 

plant establishment this may be achieved through use of land preparation and seeding 

methods which offer the best growth, survival and establishment within the moisture 

limit.

Plant establishment is a function of many factors, some of which are genotypic 

in origin while others are environmental in nature, (Hcrriot 1958, Sarukhan ct al 1984). 

The interaction between the two sets of factors play a decisive role in the success or 

failure of a species in a given environment. The manipulation of genetic factors take 

a longer time to produce a plant which has the best establishment within the confines 

of climate. Plant environment manipulations on the other hand are relatively easy and 

are the most widely employed in plant establishment.

Of the environmental variables, the soil is the most widely manipulated. The soil 

condition dictates the ease of availability of moisture and nutrients to the growing plant.
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Most rcvcgetation work has therefore laid emphasis on cultural practices which through 

soil manipulation will increase the chances of plant establishment.

The principle aim of any cultural method is to provide the seed or any other 

propagulc with the right suitable microclimatic conditions for each species 

requirements. This allows rapid growth and establishment. Rangeland reseeding in 

most cases require soil disturbances. This helps in replenishing deficient plant species 

or introducing new ones by allowing seed penetration to the ground through provision 

of conditions suitable for germination emergence and subsequent establishment of the 

species (Singh 1987). The success will therefore depend on the number of safe sites 

(Harper 1977) offered by a given land treatment and seeding method.

2.1 Effects of lj»nd Preparation Methods on Plant Establishment

Land preparation methods seek to provide the propagulc with an environment free 

from competing plants and which meet the germination, emergence and growth 

requirements of the species.

The exclusion of competing plants is important since the resulting plant 

population will be a result of individual plant performance and the interaction with its 

neighbours (Harper 1977, Houle and Philip 1989, Clark 1990). Other plant species will 

therefore have a major effect on the growth and establishment of a grass stand. Various 

land treatments have been evaluated over the years on their effectiveness in excluding 

competing plants and providing optimum grass growth conditions. The importance of
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land disturbance in the establishment of grasses was noted by Jordan (1957) working in 

Kitui district. Scratch ploughing on contours, in Kitui produced satisfactory grass 

establishment with respect to the seeds and the species sown. Douglas el al (1960) 

compared burning and ploughing as land preparation methods. Their work showed that 

burning was only cffoctive where the plants present were not fire resistant, otherwise 

ploughing offered the best results. The unburned and unploughcd plots produced the 

worst establishment.

Seedbeds which received a soil treatment were found to have a high grass 

population than those which received none (Pratt 1963a. 1963b). Similar results had 

been obtained by Humpreys (1959) working with Cenchrus ciliaris. He noted that the 

best establishment was obtained on the cultivated plots while in the uncultivated plots 

establishment was unsatisfactory. Burning did not improve establishment in absence of 

cultivation. He further observed that establishment, was roughly proportional to the 

degree of cultivation. This is in agreement with the findings of Owen and Bryzostowski 

(1967) and Marieta and Britton (1989). Contrary results concerning burning were 

obtained by Hull and Klomp (1967), who reported an equal grass production in 

ploughed plots and those in which the woody vegetation had been burned. When seeds 

were sown on untreated plots, more seedlings per unit area were obtained than in 

ploughed plot, however, only 0.8% of those seedlings lived up to one year compared 

to 37% on the ploughed plot.
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In central Tanzania, Owen and Bryzostowski (1967) reported that tilling had a 

significant effect on grass response compared to the non-tillage treatment. The effect 

being more in the year of sowing and becoming less in subsequent years. Plant 

mortality was low on tilled plots and up to 86% established was reported in these plots.

Intense competition adjusted plant numbers downwards and sparse grass populations 

were easily encroached by undesirable plants. Improper cultivation resulted in grass 

establishment failure and the intensity of tillage was directly proportional to 

establishment.

The intensity of tillage has also been shown to affect plant size. In alfalfa and 

clover, Taylor et al (1969) reported an increase in plant size with the intensity of 

tillage. This is probably due to better water penetration, aeration, mineralization and 

even exclusion of competing weeds with increase in cultivation, l^ivin et al (1979) 

showed that ploughing excluded most competing weeds with the highest emergence and 

survival being recorded on ploughed plots. Establishment, however depended more on 

species and to a less extent on the seedbed preparation method. On crusting soils, Karl 

et al (1982) observed that ploughing did not increase seedling emergence but tended to 

enhance seedling establishment. Work by Cook (1984) further revealed that seedbed 

preparation resulted in a large variation in the emergence of sown grasses. No 

interaction was reported between the grass species and seedbed preparation. High 

survival rates were observed on cultivated seedbeds. Survival was found to be a 

function of the degree of competition at the seedling stage. Competition was a function 

of the intensity of cultivation and subsequent weather conditions. Similar results were



obtained by Frischknecht (1983) who pointed that weed control was important in grass 

establishment. Disking and ploughing removed nearly all competition from herbaceous 

plants.

The existing vegetation therefore needs to be disturbed for successful grass 

establishment. Burning with no other disturbance failed to produces good establishment 

(Thomas et al 1983). This negates the findings of Mott (1982) that the seedbed left 

after burning favoured establishment of sown pastures. A satisfactory stand may 

however take several years to attain due to low rates of establishment, persistence and 

production of the sown grass pastures. Production and persistence was more on 

ploughed plots.

Cultivation has also been shown to stimulate volunteer grasses and herbaceous 

plants. Cox et al (1986) found the highest number of volunteer grasses on cultivated 

plots. King et al (1989) also found the highest density of annual grass on the tilled 

seedbed. On the unfilled seedbeds most of the grass seeds which germinated died before 

shoot emergence. Broadleafed plants had their highest incidence on the untilled 

seedbeds. Therefore a clean seedbed as produced by disking may stimulate a large 

number of competing weeds (Oldfather et al 1989). Such a seedbed may also increase 

soil erosion in soils prone to wind erosion. In situations where soil moisture is also 

limiting moisture losses could be high in a clean seedbed. A seedbed with stubble and 

mulch to ameriolate moisture conditions at the soil-seed interphase has been 

recommended (Evans and Young 1970, Marieta and Britton 1989). Such mulch has

9
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however been shown to have allclopathic properties (Baker 1981, Martin f t  al 1990) and 

may obstruct light from reaching the germinating seedling and also prevent better 

contact between the seed and the soil (Kochcr and Stubbcndicck 1986).

2.2 The Effect of Seeding Method on Plant Establishment.

All seeding methods seek to place the seed in a position which gives maximum 

contact between the seed and the soil. Such a contact should facilitate water and 

nutrient uptake, easier root growth and offer protection from desiccation. Seeding 

methods can be broadly classified into those in which the seed is covered and those 

which do not cover the seed.

Seed covering was shown to increase the establishment of Ccnchrus ciliaris 

seedlings (Humpreys 1959). Covering the seeds increased radicle entry by increasing 

the relative humidity between the soil-seed interphasc (Campbell and Swain 1973). 

Moisture loss during germination and early seedling growth is also minimised. Those 

seeding methods which covered the seeds were shown to give good establishment. 

Stubbendieck f t  al (1973) observed that the best establishment and germination was 

obtained where the seeds were drilled. Drilling the seed into untilled seedbeds and 

covering the seed with litter offered better results as the mulch covered the seeds thus 

providing a better germination and growth environment. Drilling was also considered 

a better seeding method as it provided a better and firmer seedbed (Haferkamp f t  al 

1987, Dovcl f t  al 1990). This was in agreement with the findings of Owen and
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Bryzostowski (1967) in central Tanzania where more grasses emerged on drilled plots 

and even lower seed rates were used than in the broadcast plots.

Hull and Klomp (1967) had also shown that planting methods that covered the 

seeds were better than those that did not. Drilling gave the best results but after years 

of protection both the broadcast and drilled plots had the same number of plants. 

Drilled stands however reached maturity faster and withstood competition from weeds 

better than broadcast plots. These findings agree with those of (Douglas et al 1960) that 

the rate of stand development and total annual production were more in the drilled plots 

than in the broadcast plots. Uncovered seeds encounter severe environmental conditions 

(McWilliam and Dowling 1970), seed losses and failure rates are therefore high. 

Campbell and Swain (1973) reported losses of up to 46% due to ants only, lighter seeds 

being more susceptible than heavier ones. When a dry spell followed seeding, seed 

losses were even higher.

Broadcasting seeds on native grassland gave poor survival and establishment 

(Cook 1984) hence the observation that broadcasting grasses was only suitable where 

competition could be checked. (Lavin et al 1979, Karl et al 1982, Haferkamp et al 

1987).

Other workers have reported no difference between the drilled and broadcast plots 

after several years (Grant and Clatworthy 1984). Frischknecht (1983) concluded that 

broadcasting seeds before or during leaf fall could produce a successful grass stand with 

no need of covering the seeds.

university o r  n m r s m
KARETU LUKAJtf
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Cox et al (1986) found that the mean density of grass seedlings was less on the 

drilled plots than on the broadcast plots during initial growth. Hand broadcast plots 

had 5 - 3.2 planis/m} more than the drilled plots. However, the mean forage yield was 

more on the drilled plots than on the broadcast plots.

The findings of various workers, indicate the need of drilling seeds, although the 

cost of drilling equipment and the land preparation which goes along with drilling makes 

it prohibitive Moreover physical conditions in the rangelands may not be amenable to 

drill seeding (Dovcl el al 1990). Since the principle aim of drilling is covering the seeds 

in a firm seedbed, methods which can be used to provide the seeds with such a seedbed 

while at the same time covering the seeds, can result in good establishment.

The findings of the various workers are in conflict as to which is the best land 

preparation and seeding method. The inconsistency of these findings indicate the 

importance of area specific studies when investigating suitable land preparation and 

seeding methods for revegetation. Climatic and soil variability limit the extrapolation 

of finding to other areas. Furthermore, the level of technology and resources available 

to the people require that findings from other areas be tested and adjusted to suit local 

conditions. In addition much of the existing information is derived from areas outside 

East Africa where the climate and the soils may be different. Revegetation work in 

Kibwezi has not been done before and the findings obtained will be useful in making 

recommendations for reseeding the area.
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2.3 Importance of species chosen for reseeding.

The species chosen for reseeding arc particularly important in determining the success 

of establishment. Tolerance to grazing and drought and the ability to establish fast 

during spells of favourable climatic conditions arc very important traits. In Kenya 

perennial grasses which naturally occur in semi-arid areas have been used for reseeding. 

The main ones being:

2:3.1 Cenchrus ciliaris (L), Buffel grass or African foxtail grass.

This is a tufted perennial grass with short stout rhizomes and is widespread in dry 

areas of Kenya. The species exhibits drought resistance and tolerance due to its strong 

and deep rooting system (Humpreys 1974, Whiteman 1980). It can also withstand 

grazing once established from seeds although it is a poor seed producer. The seeds 

form in clusters of spikelets which arc surrounded by hairy bristles. Each fascicle or 

cluster contains up to three seeds though majority of the spikelets may be empty. These 

seeds exhibit post-harvest dormancy which decreases with storage and reaches a 

minimum 12-18 months after harvesting (Owen and Bryzostowski 1967, Bogdan and 

Pratt 1967, Humpreys 1974). Cenchrus Ciliaris has been recommended for reseeding 

areas receiving 350-900 mm of rain per year. Whole seeds of this species have been 

shown to result in better grass stands than when hulled seeds are used (Chakravaty ei 

al 1966, Owen and Bryzostowski 1967).
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2:3.2 Eragrostis superba (Pyer) - Mnasal love grass.

This is also a tufted perennial with leafy herbage and is widespread in the semi- 

arid areas of Kenya where it is common in bush grassland and rocky ground (Bogdan 

1958).

The grass is persistent and palatable when young but with age it becomes very 

stemmy. At early flowering stage, a crude protein content of 12% has been reported 

on dry matter basis (Bogdan and Pratt 1967). The grass is a good seeder. The seed is 

in form of a large flat spikclct which has numerous florets. Most of these spikclct are 

however empty with only one to three having live caryopsis. The florets do not detach 

from the spikelet and hence the spikclct is used as the seed unit. The grass has been 

used for reseeding in moderately dry rangelands in Kenya and it readily establishes from 

seeds.

2:3.3 Enteropogon macrostachyus (Hochst and A. Rich) ex. Benth - Bash Rye.

This is a tufted perennial which depending on the environment may be leafy and 

stemmy. It occurs from 300-1600 m above sea level where it is found growing in bush 

and forests and to some extent in open grasslands (Bogdan 1958). The grass is a good 

seed producer and is reported to have good seed quality and rapid germination (Bogdan 

and Pratt 1967). It is well grazed by animals and although stemmy provides good 

grazing in the semi-arid areas.
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CHAPTER 3

3.0 MATERIALS AND METHODS

3.1 Description of Study Site

The field experiment was carried out in Kibwezi 2°,12’S and 38°, 2’E) at the 

University of Nairobis’ Kibwezi Dryland Field Station. The Station is located in 

Kibwezi division of Makueni district. (Figure 1). According to Pratt t t  al (1966) the 

area falls under ecological zone V though its more of a transition zone between zone IV 

and V.

The mean altitude is approximately 1000 metres above sea level. The area is 

characterized by a bimodal rainfall pattern which displays spatio-temporal variability 

both within and between seasons. A long term mean annual rainfall of 600mm has been 

recorded for the area (see appendix I, II and III). Short rains occur between October 

and December and show more reliability in both amount and distribution. 

Approximately 50-67%  of the annual rainfall is received during this time (fig 2). The 

long rains show less reliability accounting for 35 - 50% of the annual total (fig 3).
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Fig. 1. The Ecological rones of Kenya and the location of study area 
(after Pratt and Gwyne 1977).
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The rainfall is concentrated within a short period of the season. Gachimbi 

(1990) quoting Braun showed that 50% of the rainfall comes in the first 18 days of the 

season with more than 40mm being received within the first three days. The mean 

annual temperature is about 24°C while the mean potential evaporation is about 2000mm 

(Toubcr. 1983). The mean annual rainfall is only 30% of the evapotranspirational 

demand.

The soils of the study site have been described as Ferral-chromic hivisols which 

are well drained dark reddish and moderately deep. (Toubcr 1983). The soils have a 

well developed A-horizon and have a problem of water infiltration due to surface scaling 

(Toubcr 1983, Gachimbi 1990).

The vegetation consists of an Acacia-Commiphora bushland with scattered 

Adansonia di git at a. The main perennial grasses are Chloris roxburghiana, Crnchrus 

aborts and Eragrostis superba. These grasses may succumb to continuous over use 

over a long time giving way to annuals (Pratt et al 1966, Gachimbi 1990).

3.2 Grass Species Studied

Three grass species common in the semi-arid rangelands of Kenya were used in this 

study. These were Crnchrus ciliaris (I.), Eragrostis superba (Pyer) and Enteropogon 

macrostachyus (Hochst and A. Rich) Munro ex Bcnth. These species were selected due 

to their abundance and hence importance as pasture species in most semi-arid rangelands 

in Kenya.
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3.3 Laboratory Experiment.

The quality of any seed lot determines the potential of that seedlot to produce 

healthy plants which can establish competitively in a given environment. Seed quality 

is affected by factors such as the soil nutrient status of the mother plant environment, 

time of harvesting, post harvesting handling and subsequent processing and storage. 

Some species on the other hand have some inherent dormancy period after harvesting 

which has been shown to decrease with storage (Bogdan and Pratt 1967, Humpreys 

1974, Oreilly 1975). It is, thus, important to know the quality of the seedlot before 

planting.

3.3.1 Aim of The laboratory Experiment.

The laboratory experiment was, designed to examine one aspect of seed quality, 

that is, the germination capacity of the grass species. The seeds used were obtained 

from Marigat in Baringo District and all were over one year old. The seeds were 

obtained away from the experimental site since all the three species could not be 

obtained from Kibwczi. To minimize the ecotypic variations which may arise when 

some species were collected from different locations, all the seeds were collected 

from one location. The germination tests were carried out at the Department of Range 

Management, University of Nairobi Laboratory. Whole seeds were used for these tests. 

The test were carried out as described in United States Department of Agriculture



(USDA) manual for testing agricultural and vegetable seeds (1952). Random samples 

of seeds were obtained from which 100 seeds were again randomly picked. These 100 

seeds were put on a moist Whatman filter paper in a petri-dish. The petri dishes were 

moistened everyday. Eight replicates were used for each species.

The petri-dishes were then put in an incubator at 25°C for 14 days. Every day 

the seeds which germinated were counted and removed. At the end of 14 days all 

germinated seeds were expressed as a percentage of total seeds per petri-dish ic 100 

seeds. The average germination percentage of the eight petri-dishes was then obtained 

and used as the germination percentage for a given grass species. Germination was 

considered to have occurred if a clearly identifiable radicle emerged from the seed.

3.4. Experimental Held Design.

Within the study site an experimental plot measuring 0.9 ha located in an area with 

open grassland and very short shrubs was selected. Thirty six sub-plots measuring 10 

x 10m were laid out. These sub-plots were separated from each other by a five metre 

wide strip. The experimental layout used was a complete randomized block design with 

treatments combined factorialy as described by Steel and Torrie (1980). These 

treatments were replicated twice. The land preparation treatments were tractor 

ploughing, oxen ploughing and burning. In the ploughing treatments the operation 

involved a one-run over by the implement without the removal of the stubble.

21
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The seeding methods involved :

i) Broadcasting the seeds without covering them.

ii) Putting the seeds into rills made by a tractor harrow and covering them with soil 

using a garden rake. This method was a close simulation of drilling.

Treatments were assigned to the grass species at random.(Table 1).

Table 1 Outline of the field layout.

Replicate 1 Replicate 2

B.D.Es. B.D.Ent. T.Br.Es. B.Br.Ent O.Br.Ent T.D.Cc

O.Br.Cc. O.D.Es. T.Br.Ent T.Br.Ent B.D.Cc. B.D.Es.

O.Br.Es. O.Br.Ent T.D.Cc. O.Br.Ent B.D.Cc. O.Br.Cc.

O.D.Cc. T.D.Ent T.D.Es. B.Br.Cc O.D.Ent B.D.Es

O.D.Ent B.Br.Es. B.Br.Cc. T.D.Es. T.Br.Cc T.D.Ent

B.Br.Ent B.D.Cc. T.Br.Cc. O.D.Es. T.Br.Es. O.Br.Es.

B-Bumi.og T-Tractor ploughing O-Oxen ploughing 
D=»Drilling Br.=Burning ^  .
Cc= Cenchrus cilians
Ent =Enisropogon macrostachyus
Es=Eragrostis sups rim
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All the seeds were treated with Fcmasan D which is a mixture of 20% Lindane - 

Y - Hexachlorocyclohexane and 25% Thiram - Tetra methyl-ihioperoxydiocarbonic 

diamine (Buchel 1983). The former is an insecticide while the latter is fungicide. This 

treatment was done to prevent seed loss through insects and low germination due to 

fungal diseases. The land was prepared during the dry season just before onset of the 

Octobcr-Dcccmbcr rains of 1990. In the burned plots, a back fire was used to ensure 

that all the dry material left after the dry season were all burned. The seeds were sown 

in mid November when the rains started.

3.5. Data Collection.

After the various grass species could be identified, thirty plants per plot were 

randomly selected and tagged with white plastic tags for identification.

These plants were monitored weekly for twelve weeks. The height of these plants was 

measured on weekly basis. The height was measured on the primary tiller from the soil 

surface to the base of the top-most set of leaves to the nearest centimetre. The number 

of live tillers on each plant were also counted on each plant. Any tiller visible above 

the soil surface was counted. The number of the plants which died was also counted on 

weekly basis for twelve weeks. Height, tiller production on all live plants as well as 

mortality were used as indicators of establishment in the twelve weeks. The average 

total height and number of tillers on the tagged plants in each plot were used.The data 

from these tagged plants was used for analysis of variance.
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At the end of the twelve weeks, data on density of volunteer annuals was obtained using 

a 0.2501*. quadrat. The dominant annuals chosen were Arisrida spp., Ronboelliu 

exaltaia l.f and Tetrapogon tenellus (Roxb.), Chiov. The data on height, tiller 

production and mortality at the first, third, sixth, ninth and twelfth weeks was subjected 

to analysis of variance. The data was analysed using SYSTAT (Wilkinson 1988) 

statistical package. The means for above parameters were separated using least 

significant difference (Steel and Tome, 1980).
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4.0 RESULTS

4.1 Laboratory germination of Cenhrus ciliaris, Entcrvpogon macrostachyus and

Eragrostis superba.

Ccnchrus ciliaris showed the highest germination percent under laboratory 

conditions. A germination percent of 33% was recorded with germination commencing 

on fourth day of the laboratory test (Fig 4a). Ccnchrus ciliaris had the longest time 

between the start of germination and the attainment of maximum germination rate. It 

attained maximum rate of germination four days after germination was First observed 

in the species (Fig.4b).

This high germination percentage of Ccnchrus ciliaris was probably due to the 

use of whole fascicles instead of single caryopses. These fascilcs are known to contain 

more than one live caryopsis.

The germination percentage of Eragrostis superba was in between that of 

Ccnchrus ciliaris and Enteropogon macrostachyus. A germination percent of 17% was 

attained. Germination started on the third day and proceeded rapidly such that by the 

fourth day maximum germination rate had been reached (Fig. 4b).
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The lowest germination percent was recorded in Enteropogon rnacrostachyus. 

Only 13.3% of the seeds germinated. The rate of germination for this species was less 

than that of Cenchrus ciliaris. Germination commenced on the fifth day and maximum 

germination rate was attained on day six.

4.2.1 The effect of land preparation on height of Cenchrus ciliaris, Eragrostis 

superha and Enteropogon rnacrostachyus

The mean total height of the surviving plants was affected by the method of land 

preparation.(Table 2).

Tabic 2 Analysis of variance table showing F values for height and their significance 

during weeks 1.3,6,9 and 12.

T c m Um u i W c t l  1 W eek  J W eek 6 W eek 9 W ««k 12

U n i  p repara tion 5 .0 8 2 * 5 .3 * 6 * 7 .4 9 1 * 7 .384* 9 .1 8 7 *

H e d u y  m ethod 0 .6 0 5 3 .2 2 2 * $ .769* 4 .990* 9 ,042

•pet-lee 1 I .5 I9 * 1 .5 5 5 * 12.713* 11.013* 8 .5 1 4 *

land  p rep a ra tio n

by
aee4 in (  m ethod 0 .7 4 9 1 880 1.700 1 604 4  028 *

land p rep a ra tio n

by
•ecdu ig  m ethod 1.787 1.860 2.175 1.429 0 .9 9 3

•ced ing  m ethod

by
a p t.:« e 0  207 0 .2 9 1 0 .9 3 2 0  719 1.293

U nd p rep a ra tio n

b y
•ced ing  m ethod

b y
* tc i« a

2 .2 6 7 1.601 I .6 J 5 1 3 0 1 1.113

SigatfcMi at (PS  0.1)



The tractor ploughed plots and the oxen ploughed plots did not significantly differ in 

height throughout the twelve weeks. The burned plots had the shortest plants 

throughout the 12 week period. (Fig.Sa). The height of these plants was significantly 

different (P £  0.1) from that of the tractor and oxen ploughed plots.

Plots under land treatments in which the soil was disturbed showed a gradual 

increase in mean total height despite the mortality which was occurring. This shows that 

the surviving plants were growing fast to compensate for any height reduction occurring 

as a result of mortality. The burned plots showed fluctuations in mean total height 

throughout the 12 weeks. This is possibly due to the high mortality which was 

occurring in these plots; such that the rate of growth of the surviving plants could not 

compensate the height reduction due to mortality.

29
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Week*

S ta n d a rd  e r ro r B urn ing

Oxen p loughed T ra c to r  p loughed

Fig. 5a The effect of land preparation on the height of Cenchrus ciliaris, Eragrostis
suptrba  and Enieropogon macrosiachyus.
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4.2.2 Effect of seeding methods on height of Cenchrus ciliaris, Eragrostis superba 

and Enlcropogon macrostachyus.

The method of seeding did not show any significant effect on the height of the 

grasses (P 5  0,1) during the first three weeks. (Fig 5b). From the sixth week up to 

the twelfth week, the difference in height between the two seeding was statistically 

significant (P £  0.1).

4.2.3 Species effect on height of Cenchrus ciliaris, Eragrostis superba and 

Entcropogon macrostachyus.

The three species showed significant (P £  0.1) difference in height throughout 

the twelve weeks. Enteropogan macrostachyus significantly shorter plants than 

Eragrostis superba. Significant differences in the height of Cenchrus ciliaris and 

Eragrostis superba were only noted in the last week, while the difference between 

Cenchrus ciliaris and Erueropogon macrostachyus was no longer significant at the 

twelfth week.(fig.5c)
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Fig. 5c The effect of species on the height of Ctnehrus ciliaris, Eragrostis sunerba
and Lrueropogon macros/achy us.
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4.3.0 Effect of land preparation on tiller production in Cenchrus cUiaris, 
Erugrostis superba and Enteropogon macrostachyus.

The method of land preparation significantly affected tiller production.(Table 3)

Table 3. Analysis of variance table showing F values for tiller production and their 

significance during weeks 1, 3, 6, 9 and 12.

Treatment Week 1 Week 3 Week 6 Week 9 Week 12

land preparation 14.488* 12.819* 12.530* 10.771* 11.411*

seeding method 2.146 0.137 0.657 0.957 2.964

■pociea 3.759* 1.720 3.859* 2.738* 10.094*

land preparation, 
by

seeding method
0.810 0.914 0.370 0.758 2.113

land preparation, 
by

seeding method
0.635 0.236 0.213 0.107 0.781

seeding method, 
by
species

0.051 0.030 0.118 0.044 1.031

land preparation 
by

seeding method 
by

species

0.103 0.011 0.118 0.074 0.186

* Significant al (Pa; 0.1).

The tractor ploughed plots had the highest number of tillers, right from the first week 

up to the twelfth week. Plants on the burned plots had the least number of tillers. The 

differences in the number of tillers were statistically significant (P £  0.1).
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The production of tillers under the three land preparation regimes showed a 

general increase with time except at the t and 9 week (Fig 6a). This may be due to the 

prevailing weather conditions since in all plots the response was the same.

At the fourth week, the gradual increase in the number of tillers could be explained by 

the drying up of annual grasses especially Aristida spp thus reducing competition. Dry 

weather conditions after the fourth week may explain the resulting general decline in the 

number of tillers. Here tiller mortality as well as individual grass mortality explains the 

decline. After the 9th week, tiller production was up due to some rains which were 

received during this time.

at

;pJV
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S ta n d a rd  e r ro r  ~ B u r n i n g

Oxen p lo u g h ed  T ra c to r  p loughed

Fig. 6a The effect of land preparation on tiller production in Cenchrus ciliaris,
Eragrvstis superba and Enieropogon macrostachyus.



4.3.1. Effect of seeding method on tiller production in Cenchrus ciliaris, Eragrostis 

superb a and Enteropogon macro stachy us.

Seeding methods had no significant (I* < 0.1) effect on the number of tiller 

produced, though the drilled plots had more tillers than the broadcast plots (Fig 6b).

4.3.2. The cfTect of species on tiller production in Cenchrus ciliaris, Eragrostis 

superba and Enteropogon macrostachyus.

The three grass species showed statistically significant difference (P 51 0.1) in 

tiller production. On the first week, Enteropogon macrostachyus had plants with the 

highest number of tillers and Cenchrus ciliaris the least. There after, Eragrostis 

superba, had the most tillers and maintained the trend up to the twelfth week. (Fig 6c). 

The fluctuations in tiller production during the experiment can be explained by the 

weather conditions which prevailed and ramet and or genet mortality.
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Fig. 6b The effect of seeding method on tiller production in C enchnu ciliaris,
t-ragrostu superba and Ejueropogon macrosiachyus.
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I S ta n d a rd  E rro r

Drilling

B roadcasting

Fig. 6c The effect of seeding method on tiller production in Ctnchrus ciliaris,
Eragrostis superba and Enitropogon macrostachyus.
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4.4.0 The effect of land preparation on percent seedling mortality in Cenchrus 

cUiaris, Eragrostis superba and Enteropogon macrostachvus.

The method of land preparation in this study, was found to influence the seedling 

mortality of the three grasses.(Table 4).

Table 4. Analysis of variance table showing F values for percent seedling mortality and 

their significance during weeks 1, 3, 6, 9 and 12.

Treatment Week 3 Week 6 Week 9 Week 12

land preparation 1.341 3.392* 5.885* 5.781*

seeding method 0.297 0.019 1.137 3.793*

species 0.451 0.039 0.447 0.232

land preparation 
by

■ceding method
2.966* 2.818* 3.269* 09268

land preparation
by

species
0.454 0.432 1.165 0.733

seeding method
by

species
0.357 0.937 0.285 0.419

land preparation
by

seeding method
by

species

0.240 0.434 1.120 0.180

Significant at (PS 0.1)
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There were significant differences (P S 0.1) in mortality under the three land 

preparation methods. Least mortality occurred in the tractor ploughed plots and the 

highest in the burned plots (Fig. 7a). 'Hie difference in mortality between the oxen and 

tractor ploughed plots was not significant throughout the twelve weeks. Mortality in 

the burned plots was significantly different from that in the oxen and tractor ploughed 

plots.

The percentages used for mortality analysis were arcsine transformed prior to 

the analysis of variance to minimize the risks of violating the assuptions of analysis of 

variance (Sokal and Rohlf 1987). The data in table 4 show anova results of the 

transformed data.

4.4.1 The effect of seeding method on percent seedling mortality in Cenchrus 

ciliaris, Eragrostis superba and Entcropogon macrostachyus.

No statistically significant (P <. 0.1) difference was detected in seedling 

mortality between the drilled and the broadcast treatments. The plants on the drilled 

plots however, had lower mortalities than on broadcast plots (Fig. 7b)
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— Oxen p loughed  ^  T ra c to r  p loughed

Fig. 7a The effect of land preparation on seedling mortality in Crnchrus ciliaris,
Eragrostis suprrba and Erueropogon macrostachyus.
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I-ig. 7b The effect of seeding method on seedling mortality in Cenchrus cilioris, 
Eragrostis superba and Erueropogon macrostochyus.
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4.4.2 Species effects on percent seedling mortality in Cenchrus ciliaris, Eragrostis 

superba and Enteropogon macrostachyus.

No significant differences were detected on species with regard to mortality 

Eragrostis superba had the lowest mortality while Cenchrus ciliaris had the highest. 

(Fig 7c).
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Fig. 7c The effect of seeding method on seedling mortality in Cenchrus ciliaris,
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4.4.3 The effect of land preparation and seeding method on percent seedling 

mortality in Cenchrus cUiaris, Eragrostis superba aud EnUropogon 

maerostachyus.

There was a significant interaction between seeding method and land preparation 

(P :£ 0.1) on seedling mortality. There was significantly higher mortality in the 

broadcast plots irrespective of the land preparation method. Burning and broadcasting 

produced a significantly high seedling mortality.(fig.7d-a) In the drilled plots mortality 

was lower and did not vary significantly between the three methods of land 

preparation, (fig. 7d-b)
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4.5 Density of volunteer annual grasses

land preparation in this study had a significant effect on the density of annual 

grasses. The tractor ploughed plot had a mean density of annuals of 130.4 plants per 

m3. These included Aristida spp, Rottboelia cxaltata l.f and Tetrapogon tencllus 

(Roxb), Chiov. Rottboelia cxaliata had the highest density in the tractor ploughed plots. 

This species grew very fast and attained more than 1.5m in height.

The burned plots had a mean density of annuals of 215.4 plants/m1. The 

dominant species in these plots was Aristida spp with a density of 201 plants/m1 while 

Rottboelia exaltata had the least density. The density of annuals in the oxen ploughed 

plots was the lowest at 36.7 plants/m3.(Table 5)

48

Table 5: Density of volunteer annual grasses (plants/m3) under the three land

preparation methods.

Land preparation A risiida .app R. exa lt a la T .tc n fllu s mean density

Tractor ploughing 81.4 43.7 5.3 130.4

Oxen ploughing 92.7 15.7 1.6 110.0

Burning 201.0 2.7 11.7 215.4

USD., 33.3

LSD ■* Lease significant difference.
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CHAPTER 5

5.0 DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

5.1 Seed Germination

The period of suitable moisture and temperature conditions which favour plant 

growth is limited in the rangelands. Plants which produce quickly germinating seeds will 

thus have an advantage over those whose seeds take some time to germinate. Delayed 

germination and emergence may have far reaching consequences on the fate of the plant 

(Si I vert own 1984). The faster a seed moves from the seed and seedling stages the 

higher the chances for survival and subsequent establishment if there is no selective 

predation based on large size. These two stages have been shown to be the most 

vulnerable in the development history of a plant. (Agcvine and Chabot 1979, Cook 

1979). Where competition is strong and seedling density high, rapid germination gives 

the plant a competitive advantage since later germinating and emerging plants may 

encounter, a change in environmental conditions. In addition, the fast emerging 

seedlings may capture a larger share of resources and suppress new ones as they emerge 

(Silvctown 1984).

Differences in germination and emergence time, has been shown to result in size 

hcirachy. This plays on important role in the performance of the emergent plant. Such 

components of fitness like survivorship and fertility have been shown to be influenced
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more by size than by age. Baz/az ei al (1982) showed that size was determined by time 

of germination, vigour of the plant and the amount of competition it encountered. The 

smallest individuals in a population which arc usually late germinators have the highest 

risk of mortality. (Cook 1979, 1980; Solbrig et al 1980, Parker 1982, Silvertown 1984, 

Begon er al 1990).

The rate of germination in this study and the time taken for maximum 

germination to be attained could explain the performance of the three grasses under field 

conditions. Most of the studies on size dependant performance arc carried out in one 

species and not between species. Germination in Eragrosris superha started the earliest 

and took the shortest time to attain maximum germination rates. This implies that once 

conditions favouring the germination of Eragrosris superba occur, most seeds germinate 

within a very short time. This rapid germination favours the species with an advantage 

over the other two. Throughout the experiment, the Eragrosris superha had the tallest 

plants and with most tillers. It also suffered the least mortality at the end of the twelve 

weeks.

Enteropogon macrostachyus commenced germination last but took the same time 

as Eragrosris superha to attain the maximum rate of germination. Under field 

conditions it had the shortest plants and had an average more tillers than Cenchrus 

ciliaris. The short growth habit could be due to the open habitat where it was grown. 

Emeropogon macrostachyus normally grows under shade of trees and shrubs (Bogdan 

1958).
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Cenchrus ciliaris had the highest germination percentage and the highest 

germination rate, it had the longest time between commencement of germination and the 

attainment of maximum germination. In the field the species had plants with the least 

number of tillers and taller plant than Enteropogon mocrostachyus. The mortality rates 

of Eiurropogon mocrostachyus and Cenchrus ciliaris were almost the same at the end 

of the twelve weeks.

All three species had at least two germination peaks the most prominent one 

being that of Cenchrus ciliaris. This shows that the seedlots were not uniform thus 

resulting in the observed polymorphism in germination. Germination polymorphism has 

been shown to occur if seeds arc from different sites, plants or even position on the 

same plant. The physiological state during harvest and subsequent storage conditions 

could also give rise to germination polymorphism (Cavers and Harper 1966). Some 

species, have also been reported to have seed size dimorphism. Lahiri and Kharaba 

(cited in Winkworth 1971) found that Cenchrus ciliaris had two caryopsis sizes. Large 

and small caryopscs. The larger one was about three limes heavier and displayed higher 

germinability.

Germination polymorphism may be an important survival strategy. It protects 

the species against lime specific mortality causing factors (Cavers and Harper 1966). 

For example, when a short wet period is followed by a long dry spell. Not all seeds 

will germinate. A reservoir of seeds is thus ensured at any given time.
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5.2 Effects of Land Preparation

The findings of this study are in agreement with those of other workers (Jordan 

1957, Humpreys 1959, Douglas et al 1960, Pratt 1963a, 1963b; Bryzostowski and 

Owen 1966, Owen and Bryzostowski 1967, I.avin <7 al 1979, Maricta and Britton 1989) 

that some degree of land preparation is required for successful establishment of 

pastures.

The results clearly point the advantages of reducing competition through land 

preparation and providing the seed with the optimal growth requirements. This is 

particularly important in rangelands where suitable growth conditions are both erratic 

and transient. There is need to minimize competition from weeds if the seeded pastures 

are to benefit from these sporadic growing periods. Establishment will hence depend 

on how well a cultural practice is able to exclude competing plants.

The tractor ploughed plots showed the best plant performance in terms of tiller 

numbers and survival during the twelve week period of the study. During the course 

of the twelve weeks, oxen ploughed plots had taller plants than the tractor ploughed 

plots. The difference in height performance between these two methods of land 

preparation was not statistically significant (P <, 0.1). Non-significant differences 

between tractor and oxen prepared plots were also noted in the mortality of the plants. 

Burning as a land treatment produced the worst results in terms of plant performance. 

Here the shortest plants with few number of tillers and suffering the highest mortality

were found.
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In the evaluation of the three land treatments, there are no much differences 

between the tractor and oxen ploughing as land preparation methods. Size and mortality 

under the two regimes were not statistically different. Hence in comparison with 

burning the other two land preparation methods offered the seed and the seedling growth 

conditions which afforded faster growth. I^rge plants with numerous tillers have been 

shown to have lower mortality risks (Abdul-Fatih and Bazzaz 1980, Cook and Dolby 

1981, Cook 1984, Parker 1982, Sarukhan rt ul 1984). This results further attests the 

observation of Taylor f t  al (1969) that plant size increase with the intensity of 

cultivation.

From this study, it can be concluded that oxen ploughing when properly done 

can be quite as effective as tractor ploughing in land preparation. The use of animal 

draught power in Kenya is however not widespread. Mathewman (1987) observes that 

animal draught is used by only 13% of the small scale farmers for cultivation. 

Handtools and tractor account for 84 and 3% respectively. Despite their widespread use 

handtools limit the area that can be tilled by one person. A higher number of workdays 

is needed compared to animal draught. In addition the cost of labour may be 

prohibitive for most small scale farmers. As plot sizes continue to decrease, fallow 

periods will decrease, and the cost of mechanical farming per unit area will increase. 

The use of animal drought will be called for. This will be possible where diseases are 

not a problem. In Kibwezi the use of animal draught power, especially the oxen is not 

a new practice. The use of animal draught power has been shown to save-labour 

compared to manual cultivation, allowing the expansion of the land under cultivation



and increase the timeliness of operations (Anderson 1985). This is nevertheless possible 

where the crop being grown does not require subsequent operations which cannot use 

animal draught power. In situations where the crops require such activities like weeding 

which employs manual labour, the benefits of animal draught power in expanding the 

area under cultivation cannot be realised. The costs of such operations will offset the 

benefits of animal draught.

Animal draught power have an advantage over tractor power in terms of costs 

of acquisition and mainiainance. Few farmers in an area like Kibwc/.i have access to 

tractors. Even those who may have, the area under cultivation is small making the use 

of tractors economically unrealistic.

In semi-arid areas, the availability of animal feed is seasonal and closely follows 

the local climatic regime. In such areas the maintainancc of draught animals during 

periods of low feed availability is a major problem. After the dry season the animals 

are usually in poor body condition. This is the time when they arc needed for 

cultivation, and their full tractive, potential is therefore not realised. The costs of 

maintaining the animals during these periods when there is no cultivation is high. A 

solution to this problem can be the use of the animal for tractive as well as productive 

purposes (Mathewman 1987). In Kibwczi oxen are usually used for draught power. 

The use of cows for draught power will be advantageous in that when there are no 

cultivation operations, the cow will be used to produce milk. This will result in a lower
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number of animals.
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The poor performance in terms of plant height, tiller production and mortality 

agrees with previous findings that burning docs not provide a suitable seedbed 

(Humprcys 1959, Thomas et al 1983).

This contradicts Hull and Klomp (1967) and Mott (1982) who reported no 

difference between the cultivated and the burned treatments. The poor plant 

performance in the burned plots could be explained by the nature of the soil and the 

degree of competition. The soils of Kibwczi have a tendency to seal at the surface 

(Toubcr 1983, Gachimbi 1990). This surface layer reduces infiltration and increases 

surface nin-off and soil erosion. On such a surface a seed will not be able to push its 

radicle quickly into the soil before desiccating conditions set in. Fast radicle entry has 

been shown to be advantageous in plant establishment (Campbell and Swain 1973, Peart 

1984, Peart and Clifford 1987, Gachimbi 1990).

The loss of mulch on the burned plots could also have resulted to the observed 

poor performance. Mulch in the soil surface ameriolates soil moisture conditions 

(Evans and Young 1970, Stubbcndicck et al 1973, Ludwig and McGinnies 1978, Farah 

1982, Marieta and Britton 1989). The micro-environment around the seedling is thus 

modified. Due to the lack of mulch in the burned plots evaporative moisture losses 

were high in comparison with the other plots which had mulch on them. Gachimbi 

(1990) noted that land preparation methods which leave some residue on the surface 

reduce the impact of raindrops on the soil and as well as encourage the invasion of soil 

borne organisms. These organisms help in breaking the soil seal where formed.
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l-and preparation does not create suitable growth conditions for the desired 

species only. Volunteer species which compete with the seeded species also come up. 

The burned plots had the highest density of volunteer annual grasses. This may further 

explain the poor performance in the burned plots. The high density of annuals and their 

characteristic growth rate could have resulted in interference and competition. The 

tractor ploughed plots had a higher density of annual grasses than the oxen ploughed 

plots. Tractor ploughing seemed to have created optimal conditions for germination of 

Rottboflia exaltota which had its highest density in tractor ploughed plots. May be the 

depth of ploughing encouraged the germination of this species. The depth of ploughing 

was more under tractor ploughing than under oxen ploughing. Deep ploughing could 

have broken the dormancy of seeds buried deep in the soil, in addition deep ploughing 

may have facilitated rapid root penetration into the soil, promoting faster growth for the 

species.

5.3 Effects of Seeding Method

The method of seeding significantly affected height of the grasses only. Other 

indicators of establishment such as survival and number of tillers showed no statistically 

significant differences (F SO .I). Inspite of lack of significant difference in survival and 

tiller production under the two methods of seeding, drilled plots had higher survival and 

more tillers than the broadcast treatments. The lack of any significant difference apart 

from height, negates earlier observations that seeding treatments which covered the seed 

were superior than those that afforded no cover to the seed. (Humpreys 1958,
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Bryzostowski and Owen 1966, Owen and Bryzostowski 1967, Hull and Klomp 1967, 

Hafcrkamp et al 1987, Dovel et al 1990). From this study it can be concluded that 

covering the seed only affected the height of the plants. Any difference which could 

have been detected may have been masked by the exceptionally good rains received in 

the area at the start of the experiment. The short rains during 1990 were generally 

above average as shown by monthly rainfall totals from Dwa sisal estate which was 

approximately 20km from the study site. (Appendix IV).

5.4 Effects of Grass Species

The three grass species showed a difference in their response to land preparation 

and seeding methods. This shows that the performance of a plant is mainly an 

interaction of the genotype and the physical environment (Herriot 1958, Sarukhan et al 

1984). Overtime, each species has undergone selection which have favoured certain 

fitness enhancing traits. Eragrostis superba produced taller plants which had more 

tillers than the rest. This could be a fitness enhancing mechanism. The fast growth 

rate resulting in taller plants helps the plant’s growing points escape from grazing. 

Prolific tillering is an adaptation for spreading mortality risks. The probability of 

genetic extinction is highest in single tillered plants (Cook 1979). As tillering increases, 

the risk decreases since the ramets will have their own mortality fates. A plant with 

many tillers will thus have a higher chance of contributing its genes to the next 

generation (Kays and Harper 1974, Sarukhan et al 1984, Billington et al 1990). In 

addition the high tillering ability and large size of Eragrostis sujterba makes it a better
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herbage producer. Herbage yield is a product of size and tiller density. In comparison 

with the other species, Eragrostis superba is therefore a better biomass producer.

Cenchrus a  hum  showed better performance in terms of height than

Enteropogon macrostachyus which nevertheless produced more tillers than Cenchrus 

ciliaris. Generally it would be expected that Enteropogon macrostachyus would have 

taller plants than Cenchrus ciliaris. Cenchrus ciliaris grows up to lin while 

Enteropogon macrostachyus can attain 1.2m (Pratt and Gwyne 1977). Enteropogon 

macrostachyus generally grows under bushes (Bogdan 1958). Growing this grass in the 

open habitat may have affected its growth potential. Biotic and abiotic factors of the 

environment have a direct effect on the performance of the plant (White 1980, Boutin 

and Harper 1991). Several species can thus be used where a diversity of sites to be 

reseeded exist c.g. open and bushed sites.

5.5 CONCLUSIONS AND RECOMMENDATIONS

This study shows that the method of land preparation affects plants performance 

and subsequent establishment. Ploughing treatments were therefore better than 

burning. The differences between the two ploughing treatment were however not 

significant. In land preparation, oxen ploughing is recommended in Kibwczi as it was 

just as effective as tractor ploughing. In addition oxen ploughing is an old practice in 

the area.

The method of seeding was found to have no significant effects on the 

establishment of plants. It only affect plant height. In light of the high rainfall during



the experimental period it cannot be concluded that the method of seeding had no effect 

on establishment.

Drill seeding requires special equipment and land preparation which are not 

available in range areas. The soil and the terrain may also make drill seeding not 

feasible. In Kibwczi, if the seeds can be protected from insect damage, broadcasting 

should be used. Broadcasting requires no special equipment, land preparation or skill.

Response of the grasses to both land preparations and seeding treatments was 

different. That means, that the three grasses have different potentials in pasture 

establishment as dictated by their genetic constitution. Eragrouis superba is the most 

suitable grass species for revegetation and pasture production in the area.

The findings of this study only acts as a pointer on the expected performance and 

establishment of pasture grasses in the semi-arid rangelands of Kenya. The short 

duration of the study limits both extrapolability and predictability of the data. Such 

studies require long-term monitoring of the seeded plants for comprehensive conclusions 

and recommendations to be made. A study covering more than two seasons would yield 

more information on the establishment of pastures under the three land predations 

methods and the two seeding treatments.

Further work should also be done in the cost effectiveness of tractor and oxen 

ploughing as methods of land preparation.

More range-grasses should also be studied so as to widen knowledge of the plant 

resources which may be used to boast forage production and halting degradation in the 

rangelands.
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*mwix i U l i f A l l  (MM) f*O I DMA SISAL ESTATE

tO iT M  198 1  1 9 8 2  1 9 8 5  198 4  198 5  1984 1 9 8 7  198 8  1 9 8 9  1 9 9 0  1991 (CMC TEIW
AVEMGC

JA a 1 . 2 7 <1> 4 . 8 3 ( 3 ) 8 . 3 8 ( 4 ) 3 7 .5 (1 > 6 . 0 0 ( 7 ) 1 5 .5 ( 6 ) 1 4 .0 0 ( 8 ) 1 4 5 .6 0 ( 1 0 ) 4 9 .7 0 ( 7 ) 1 2 .5 0 ( 9 ) 1 2 .5 0 ( 5 ) 5 8 .5 0

E H 0 .5 1 ( 1 ) 0 ( 0 ) 6 8 .8 3 ( 6 ) 0 . 5 0 ( 2 ) 1 0 9 .9 0 ( 9 ) 0 . 6 0 ( 1 ) 0 ( 0 ) 0 . 2 0 <1> 0 ( 0 ) 5 8 .6 0 ( 9 ) 0 ( 0 ) 3 1 .2 0

NA* 1 6 7 .6 4 ( 1 5 ) 2 9 .4 0 ( 2 ) 8 1 . 7 9 ( 2 ) 2 0 .3 0 ( 2 ) 7 5 .3 0 ( 5 ) 1 0 .6 0 ( 5 ) 1 1 .6 0 ( 3 ) 1 4 8 .9 0 < 7 ) 2 1 .9 0 ( 4 ) 2 3 2 .1 0 ( 1 6 ) 6 5 .1 0 ( 5 ) 8 6 .3 0

A P t 2 1 8 .2 0 ( 1 0 ) 1 7 2 .2 0 ( 1 3 ) 2 4 .6 4 ( 5 ) 2 6 .2 0 < 7 ) 4 3 . 4 0 ( 1 5 ) 1 6 9 .5 0 ( 1 7 ) 5 5 .5 0 ( 1 0 ) 1 1 9 .4 0 ( 1 1 ) 2 4 3 .4 0 ( 1 5 ) 1 8 8 .5 0 ( 1 0 ) 7 9 .6 0 ( 5 ) 1 1 9 .3 0

MAT 3 0 .0 0 ( 7 ) 2 8 .4 5 ( 9 ) 1 4 .4 6 ( 7 ) 0 . 7 0 ( 2 ) 2 7 .1 0 ( 5 ) 6 4 .8 0 <11> 6 8 .0 0 ( 1 0 ) 1 0 .4 0 ( 1 ) 3 1 .9 0 ( 5 ) 9 . 2 0 ( 4 ) 8 0 .9 0 ( 6 ) 2 8 .9 0

JU * t 0 ( 0 ) 0 ( 0 ) 0 .2 5 ( 1 ) 0 ( 0 ) 0 ( 0 ) 0 ( 0 ) 8 1 .0 ( 2 ) 3 . 4 0 ( 1 ) 0 ( 0 ) 0 ( 0 ) 3 7 .4 0 ( 1 1 ) 4 . 0 0

JULT 2 3 0 ( 3 ) 5 . 0 8 ( 3 ) 6 . 7 6 <1> 1 .8 0 ( 1 ) 0 . 8 0 <2> 0 ( 0 ) 0 .7 0 <1> 0 ( 0 ) 0 ( 0 ) 0 ( 0 ) 3 .0 0

AUG 2 . 5 4 ( 3 ) 2 . 0 3 < D 0 ( 0 ) 0 ( 0 ) 0 ( 0 ) 5 . 2 0 ( 2 ) 5 . 1 0 ( 5 ) 2 . 7 0 ( 2 ) 0 ( 0 ) 0 ( 0 ) 1 .9 0

SfE T 9 . 1 0 < 2 ) 1 2 .4 5 ( 5 ) 0 . 7 6 < D 2 .3 0 ( 2 ) 1 .8 0 ( 1 ) 0 . 3 0 ( 1 ) 0 ( 0 ) 5 . 6 0 ( 3 ) 0 .8 0 ( 2 ) 0 ( 0 ) 4 . 0 0

OCT 3 4 .3 0 ( 4 ) 1 3 4 .1 1 <14> 0 ( 0 ) 8 8 .2 0 ( 9 ) 8 2 . 1 0 ( 7 ) 1 1 1 .5 0 ( 4 ) 0 .5 0 ( 1 ) 0 ( 0 ) 7 9 .5 0 ( 7 ) 1 2 .5 0 ( 1 ) 2 6 .5 0

■OV 1 6 0 .0 2 ( I D 3 7 4 .6 5 ( 1 6 ) 7 5 .2 0 ( 8 ) 3 6 7 .1 4  ( 2 0 ) 1 4 1 .2 0  ( 1 1 ) 1 9 8 .9 0 0 5 ) 1 4 2 .6 0  ( 1 2 ) 3 0 4 .9 0 ( 1 6 ) 2 0 7 .0 0  ( 1 8 ) 2 5 3 .5 0 ( 1 8 ) 1 1 7 .5 0

d e c 9 2 . 6 < H > 1 8 2 .8 8 ( 1 7 ) 1 4 8 .6 0  ( 1 1 ) 8 8 .0 0 ( 7 ) 1 3 1 .2 0  ( 1 5 ) 1 2 0 .8 0 ( 1 5 ) 5 6 .0 0 ( 4 ) 2 9 7 .7 0 ( 1 7 ) 1 5 9 .6 0  ( 1 4 ) 3 5 2 .0 0 ( 1 7 ) 1 3 6 .2 0

TOTAL 7 1 3 .3 4  ( 7 1 ) 9 4 6 .0 8  ( 8 3 ) 4 3 0 .6 9 ( 4 6 ) 6 3 2 .6 4  ( 4 6 ) 6 1 8 . 8 0  ( 7 7 ) 6 9 7 .7 0  (  7 7 ) 3 4 2 .1 0  ( 5 6 ) 1 0 3 8 .8 0  ( 6 9 ) 7 6 4 .8 0  ( 7 2 ) 1 0 9 8 .9 0  ( 8 4 )  2 7 5 .5 0  ( 3 2 ) 5 9 7 .3 0

( )  o f  d e y *  I n  t f i l d i  t h e  r o l n  » • «  r e c e i v e d  p e r  e e n t h .
L W G  t in  MOMTHiT AVEAACE :*  f r e m  1 9 1 5  e n d  c o l l e c t e d  f o r  6 8  y e e r e s f r e m  f e r ry *  " e t e r o l o g l c e l  d e p « r t « r r \ ?
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A p p e n d ix  I I  r a i n f a l l  ( a a )  f r o a  T .A .R .O .A . f a r *

MONTH 1984 1985 1986 1987 1988 1989 1990 1991

JAN 5 .7 0 <4> 7 .1 0 ( 5 ) 1 8 .3 0 ( 5 ) 1 1 8 .5 ( I D • 3 3 .3 0 ( 1 3 ) 4 5 .6 0 ( 4 )

f t * 1 1 1 .1 0 ( 9 ) 1 .0 0 ( 5 ) 0 ( 0 ) 0 ( 0 ) * 3 5 .2 0 ( 6 ) 0  ( 0 )

HA* 5 0 .0 0 ( 4 ) 6 2 .2 0 ( 4 ) 5 .4 0 ( 2 ) 1 4 4 .3 0 ( 6 ) • 1 9 5 .9 0 ( 1 7 ) 4 4 .9 0 ( 4 )

APR 7 2 .8 0 ( 9 ) 1 5 0 .2 0 ( 1 5 ) 4 3 .4 ( 4 ) 2 1 6 .9 0 ( 7 ) • 1 3 1 .5 0 ( 1 0 ) 4 6 .3 0 ( 6 )

HAT 1 7 .8 0 ( 4 ) 5 8 .5 0 ( 1 5 ) 9 3 .5 0 ( 5 ) 2 5 .2 0 ( 3 ) - 2 7 .8 0 ( 6 ) 4 6 .6 0 ( 6 )

JUN£ 0 ( 0 ) 0 .5 0 ( 1 ) 2 3 .5 0 ( 2 ) 2 . 8 0 ( 1 ) 0 ( 0 ) 0 ( 0 ) 0 ( 0 )

j u t r 0 (0 > 0 ( 0 ) 0 ( 0 ) 0 ( 0 ) 0 ( 0 ) 0 ( 0 ) -

AUC 1 .1 <1> 4 .6 0 ( 1 ) 7 .6 ( 3 ) • 0 ( 0 ) 0 ( 0 ) •

SEPT 0 ( 0 ) 0 ( 0 ) 0 ( 0 ) • 0 ( 0 ) 0 ( 0 ) -

OCT 8 1 .7 0 <7> 4 5 .5 0 ( 7 ) 1 0 7 .4 0 ( 5 ) 1 .1 3 ( 3 ) 0 ( 0 ) 3 6 .9 0  ( 4 ) 0 ( 0 ) -

NOV 4 6 0 .5 0 ( 1 6 ) 1 2 7 .8 0 ( 1 6 ) 1 6 2 .5 0 ( I D 9 1 . 7 ( 9 ) 2 9 2 .8 ( 1 6 ) 2 4 5 . 9 0  ( 1 6 ) 2 7 5 .0 ( 1 6 ) •

OCC 1 0 6 .5 0 ( 7 ) 1 6 5 .7 0 5 ) 2 0 1 .7 0 ( 1 4 ) 7 2 .5 0 ( 5 ) • 1 4 3 . '0 0  ( 1 2 ) 3 0 0 .3 0 ( 1 8 ) •

TOTAL 5 7 5 .5 0 ( 6 7 ) 7 5 5 .5 0 ( 6 6 ) 3 5 4 .8 3  ( 3 3 )  8 0 0 .5 0 ( 4 4 ) 4 7 3 .;3 0  ( 3 2 ) 9 9 5 .5 0 ( 8 6 )

T .A .R .O .A ."T A N A  AJC ATHI RIVTRS OrVTI OPHTNT AUTM08IIY 

-  No d a t a  a v a i l a b l e

( )  N e a t e r  o f  d a y s  t h e  r a i n  w as r e c e i v e d  p e r  a u n th

A p p e n d ix  I I I  R a i n f a l l  ( a n )  f r o a  K a k ln d u

NOTH 19 8 6 1 9 8 7 198 8 198 9 1990 1991 LONG TERM

AVERAGE

JAN 1 9 .7 0 ( 2 ) 1 6 .5 0 ( 4 ) 7 9 .5 0 ( 5 ) 1 3 1 .4 0  ( 4 ) 4 4 .9 0 ( 3 ) 2 8 .0 0  ( 4 ) 3 9 .5 0

FEi 0 .1 0 ( 0 ) 0 ( 0 ) 1 .0 0 1 .2 0  ( 1 ) 8 7 .7 0 ( 5 ) 0  ( 0 ) 2 9 .1 0
HA* 3 6 .3 0 ( 5 ) 1 6 .1 0 ( 2 ) 1 7 5 .0 0  ( 9 ) 7 6 .6 0  ( 5 ) 1 3 0 .3 0  ( 1 1 )  3 7 .9 0  ( 5 ) 7 3 .1 0
APR 1 6 9 .5 0  ( 1 2 )  6 2 .9 0 ( 6 ) 9 9 .4 0 ( 8 ) 2 6 0 .6 0  ( 1 5 ) 1 0 9 .5 0 ( 1 2 )  5 8 .2 0  ( 5 ) 1 1 5 .1 0

NAT 2 0 .4 0 ( 5 ) 5 5 .6 0 ( 4 ) 6 . 3 0 ( 1 ) 4 9 .8 0  ( 3 ) 8 .7 0 ( 2 ) 3 0 .0 0  ( 6 ) 2 8 .9 0

JUNE 6 .5 0 ( 1 ) 1 9 .5 0 ( 2 ) 7 .1 0 ( 1 ) 0 .2 0 0 ( 0 ) 2 . 0 0  ( 1 ) 2 .1 0

JULY 0 ( 0 ) 1 .0 0 1 .3 0 ( 1 ) 0  (0 > 0 ( 0 ) • 0 . 7 0

AUG 3 . 0 (1 > 2 . 0 0 1 .1 0 0 . 7 0 0 ( 0 ) - 0 . 9 0

MPT 0 ( 0 ) 0  ( 0 ) 2 .1 0 ( 1 ) 0 .6 0 0 ( 0 ) • 2 . 0 0
OCT 2 0 .4 0 ( 2 ) 0 .5 0 2 .4 0 ( 1 ) 1 2 5 .5 0  ( 6 ) 5 .5 0 ( 1 ) • 5 0 .1 0
•OV 1 8 1 .8 0  ( 1 3 ) 1 0 8 .9 0  ( 9 ) 1 7 6 .5 0  ( 1 2 ) 1 8 6 .1 0  ( 1 6 ) 1 8 0 .7 7  ( 1 3 ) - 1 7 2 .0 0

OCC 1 2 0 .1 0  ( 1 7 ) 1 0 .4 0 ( 1 ) 1 6 0 .2 0  ( 1 5 )  1 4 3 .4 0  ( 1 1 ) 1 9 9 .8 0  ( 1 4 ) • 1 1 5 .8 0

101 A l 5 7 7 .8 0  ( 5 8 ) 2 9 5 .4 0  ( 2 8 ) 7 1 1 .5  ( 5 4 ) 9 7 5 .9 0  ( 6 1 ) 1 7 2 .0 0  ( 6 2 ) 1 5 6 .1 0  ( 2 1 ) 6 0 9 .5 0

( )  -Ralndoys
lCMC TERM NONIMIT AVERAGE I  Taken f ro a  1904 and c o lle c te d  fo r  85 y e a r* . 
Source: Kenya M eteo ro log ica l d e p a rta m t



Appendix IV Cumulative long term mean monthly ruinfull at Dws sisal estates compared to rainfall at the study site 
during Use study.
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M o n t h s

~ O c t . 1 9 9 0 - J u n e  1991 H — Long t e r m  m e a n  
Long  te r m  m o n t h l y  m e a n s  are b a s e d  on  r e c o r d s  f r o m  1813 

to 1961,s o u r c e :  Kenya  m e t e o l o g i c a l  d e p a r t m e n t .

*



74

Apprndi* V Cumulative long term m«m monthly nunf.ll at Makindu meteorologies station compared to rainfall 
at the study site during ll*c study.

M o n t h s

• O c t . 1 9 9 0 - J u n e  1991 H — Long t e rm  m e a n

Long te r m  m o n t h l y  m e a n s  are based  on  r e c o r d s  f r o m  1004 
to  1987,  s o u r c e :  Kenya  m e t e o r o l o g i c a l  d e p a r t m e n t

*
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Appendix Via Anova results for height at week 1.3,6,9 and 12.

1

3

6

9

S o u r c e OF S t a s r P

r e p l i c a t i o n s 1 2 7 2 1 .5 6 1 2 7 2 1 .3 6 1 0 .7 7 3 0 . 3 9 2 n s

l a n d  p r e p . 2 3 S 8 0 0 0 .2 2 2 1 7 9 0 0 .1 1 1 5 .0 8 2 0 .0 1 9 *

s e e d i n g 2 2 1 5 1 .3 6 1 2 1 3 1 .3 6 1 0 .6 0 5 0 . 4 4 7NS
• p e c  l e e 2 8 1 1 5 2 .8 8 9 4 0 5 7 6 .4 4 4 1 1 .5 1 9 0 .0 0 1 *

l a n d * s e e d i n g 2 5 2 7 6 .2 2 2 2 6 3 8 .1 1 1 0 .7 4 9 0.4B 8M S

la n d *  s p e c i e s 4 2 5 1 8 2 .7 7 8 6 2 9 5 .6 9 4 1 .7 8 7 0 . 178NS

» c e d i n g * S f P . 2 1 4 5 6 .2 2 2 7 2 8 .1 1 1 0 .2 0 7 0 .8 1 5 N S

la n d * S .* S p p 4 3 1 9 4 1 .4 4 4 7 9 8 5 .5 6 1 2 .2 6 7 0 .1 0 5 N S

E r r o r 17 5 9 8 8 1 .1 3 9 5 5 2 2 .4 2 0

r e p l i c a t i o n s 1 8 5 0 .6 9 4 8 5 0 .6 9 4 0 .1 7 0 0 .6 8 5 N S

l a n d  p r e p . 2 5 3 7 8 6 .0 0 0 2 6 8 9 3 .0 0 0 5 .3 8 6 0 .0 1 5 *
s e e d i n g 1 1 6 0 8 6 .6 9 4 1 6 0 8 2 .6 9 4 3 .2 2 2 0 .0 9 0 *

s p e c i e s 2 8 5 4 4 0 .5 0 0 4 2 7 2 0 .2 5 0 8 .5 5 5 0 .0 0 3 *
l a n d * s e e d i n g 2 1 8 7 4 4 .8 8 9 9 3 8 7 .4 4 0 1 .8 8 0 0 .1 8 3 N S

l a n d * s p e c i e s 4 3 7 1 4 7 .0 0 0 9 2 8 6 .7 5 0 1 .8 6 0 0 . 164NS

s e e d in g * S p p . 2 2 9 7 2 .3 8 9 1 4 8 6 .1 9 4 0 .2 9 8 0 . 748NS

l a n d ’ s . * S p p . 4 3 1 9 7 8 .7 7 8 7 9 9 4 .6 9 4 1 .6 0 1 0 .2 2 0 N S

I r r o r 17 8 4 8 8 7 .8 0 6 4 9 9 3 .4 0 0

r e p l i c a t i o n s 1 1 0 6 7 .1 1 1 1 0 6 7 .1 1 1 0 .2 5 4 0 .6 2 1 N S

l a n d  p r e p . 2 6 2 9 3 3 .3 8 9 3 1 4 6 6 .6 9 4 7 .4 9 1 0 .0 0 5 *

s e e d i n g 1 2 4 2 3 2 .1 1 1 2 4 2 3 2 .1 1 1 5 .7 6 9 0 .0 2 8 *

s p e c i e s 2 1 0 6 8 0 4 .0 5 6 5 3 4 0 2 .0 2 8 1 2 .7 1 3 0 .0 0 0 *

la n d *  s e e d i n g 2 1 4 2 8 3 .3 8 9 7 1 4 1 .6 9 4 1 .7 C 0 0 .2 1 2 N S

l a n d * s p e c i e s 4 3 6 5 3 8 .4 4 4 9 1 3 4 .6 1 1 2 .1 7 5 0 . 1 16NS

s e e d i n g ’ S p p . 2 7 8 3 0 .0 5 6 3 9 1 5 .0 7 8 0 .9 3 2 0 . 413NS

l a n d ’ s . * S p p . 4 2 7 4 6 6 .4 4 4 6 8 6 6 .6 1 1 1 .6 3 5 0 .2 1 1 N S
E r r o r 17 7 1 4 0 9 .8 9 9 4 2 0 0 .5 8 2

r e p l i c a t i o n s 1 2 1 3 1 .3 6 1 2 1 3 1 .3 6 1 0 .3 9 6 0 .5 3 7 N S

l a n d  p r e p . 2 7 9 4 4 1 .0 5 6 3 9 7 2 0 .5 2 8 7 .3 8 4 0 .0 0 5 *
s e e d i n g 1 2 6 8 4 1 .3 6 1 7 6 8 4 1 .3 6 1 4 .9 9 0 0 .0 3 9 *

s p e c i e s 2 1 1 8 4 1 .5 5 6 5 9 2 4 0 .7 7 8 1 1 .0 1 3 0 .0 0 1 *

l a n d * s e e d i n g 2 1 7 2 5 3 .7 2 2 8 6 2 6 .8 6 1 1 .6 0 4 0 .2 3 0 N S

l e n d * s p e c i e s 4 3 0 7 5 6 .1 1 1 7 6 8 9 .0 2 8 1 .4 2 9 0 .2 6 7 N S

• e e d i n g * t p p . 2 8 4 8 6 .2 2 2 4 2 4 3 .1 1 1 0 .7 8 9 0 .4 7 0 N S

la n d * S .* S p p . 4 2 7 9 9 6 .4 4 4 6 9 9 9 .1 1 1 1 .3 0 1 0 .3 0 9 N S

E r r o r 17 9 1 4 4 3 .1 3 9 5 3 7 9 .0 0 8

t
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r e p l i c a t i o n * 1 1 2 1 3 .3 6 1 1 2 1 3 .3 6 1 0 .2 0 5 0 .6 S 6 N S

( a n d  p r e p . 2 1 0 8 5 9 2 .3 8 9 5 4 2 9 6 .1 9 4 9 .1 8 7 0 .0 0 0 *

s e e d i n g 1 5 3 4 3 6 .0 2 8 5 3 4 3 8 .0 2 8 9 .0 4 2 0 .0 0 8 *

s p e c i e * 2 1 0 0 6 3 6 .7 2 2 5 0 3 1 8 .3 6 1 8 .5 1 4 0 .0 0 3 *

l a n d * s e e d t n s 2 4 7 6 1 5 .0 5 6 2 3 8 0 7 .5 2 8 4 .0 2 8 0 .0 3 7 *

l a n d * s p e c i e s 4 2 3 4 8 5 .1 1 1 5 8 7 1 .2 7 8 0 .9 9 3 0 .4 3 8 N S

a e e d i n g 'S p p . 2 1 5 2 8 0 .7 2 2 7 6 4 0 .3 6 1 1 .2 9 3 0 .3 0 0 a *

l a n d 's . * S p p . 4 2 6 3 0 4 .4 4 4 6 5 7 6 .1 1 1 1 .1 1 3 0 .3 8 3 N S

E r r o r 17 1 0 0 4 6 7 .1 3 9 5 9 0 9 .8 3 2

Appendix Vlb Atvova results for tiller production at week 1,3,6,9 and 12.

S o u r c e OF SS NS F P

r e p l i c a t i o n s 6 0 4 .4 4 4 6 0 4 .4 4 4 4 .0 3 0 0 .6 0 1 *

l a n d  p r e p . 4 3 7 4 .5 0 0 2 1 8 7 .2 5 0 1 4 .8 8 8 0 .0 0 0 *

s e e d i n g 3 2 4 .0 0 0 3 2 4 .0 0 0 2 .1 4 6 0 .1 6 1 N S

s p o c i e s 1 1 3 5 .1 6 7 5 6 7 .5 8 3 3 .7 5 9 0 .0 4 4 *
l a n d * s e e d i n g 2 4 4 .5 0 0 1 2 2 .2 5 0 0 .8 1 0 0 .4 6 1 NS

l a n d * s p e c i e s 3 8 3 .3 3 3 9 5 .8 3 3 0 .6 3 5 0 .6 4 5 N S

s e e d ln g * S p p . 1 5 .0 0 0 7 .7 5 0 0 .0 5 1 0 .9 5 0 N S

la n d * $ .* * p p 6 2 .0 0 0 1 5 .5 0 0 0 .1 0 3 0 .9 8 0 N S

E r r o r 2 5 6 6 .5 5 6 1 5 0 .9 7 4

r e p l i c a t i o n s 7 8 .0 2 8 7 8 .0 2 8 0 .2 5 2 0 .6 2 2 N S

l a n d  p r e p . 7 9 2 2 .6 6 7 3 9 6 1 .3 3 3 1 2 .8 1 9 0 .0 0 0 *

s e e d i n g 4 2 .2 5 0 4 2 .2 5 0 0 .1 3 7 0 .7 1 6 N S

s p e c i e s 1 0 6 3 .1 6 7 5 3 1 .5 8 3 1 .7 2 0 0 .2 0 9 N S

1 a n d *  s e e d i n g 5 6 4 .6 6 7 2 8 2 .3 3 3 0 .9 1 4 0 .4 2 0 N S

l a n d * s p e c i e s 2 9 2 .1 6 7 7 3 .0 4 2 0 .2 3 6 0 .9 1 4 N S

s e e d in g * S p p . 1 8 .5 0 0 9 .2 5 0 0 .0 3 0 0 .9 7 1 N S

la n d * S .* S p p . 1 3 .8 3 3 3 .4 5 8 0 .0 1 1 1 .0 0 0 N S

E r r o r 5 2 5 3 .4 7 2 3 0 9 .0 2 8

r e p l ( c a t i o n s 6 4 1 .7 8 8 6 4 1 .7 8 8 1 .8 7 5 0 . 189NS

( a n d  p r e p . 8 5 7 8 .0 0 0 4 2 8 9 .2 5 0 1 2 .5 3 0 0 .0 0 0 *

s e e d i n g 2 2 5 .0 0 0 2 2 5 .0 0 0 0 .6 5 7 0 .4 2 9 N S

s p e c i e s 2 6 4 2 .0 0 0 1 3 2 1 .0 0 0 3 .8 5 9 0 .0 4 2 *

l a n d * s e e d i n g 2 5 3 .1 6 7 1 2 6 .5 8 3 0 .3 7 0 0 .6 9 6 N S

le n d *  s p e c i e s 2 9 1 .5 0 0 7 2 .8 7 5 0 .2 1 3 0 .9 2 8 N S

s s e d i n g * S p p . 8 0 .6 6 7 4 0 .3 3 3 0 .1 1 8 0 .8 9 0 N S

ls n d * S .* S p p . 2 5 7 .1 6 7 6 4 .2 9 2 0 .1 8 8 0 .9 4 2 N S

E r r o r 5 8 1 9 .2 2 2 3 4 2 .3 0 7

9
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» r e p l i c a t i o n * 1 0 4 .0 2 8 8 4 .0 2 8 0 .2 1 2 0 .6 5 1 n s

l a n d  p r e p . 2 8 5 5 6 .2 2 2 4 2 7 8 .1 1 1 1 0 .7 7 1 0 .0 0 1 *

■ r e d i n g 1 3 8 0 .2 5 0 3 8 0 .2 5 0 0 . 9 5 7 0 .S 42M S

s p e c i e * 2 2 1 7 4 .8 8 9 1 0 8 7 .4 4 4 2 .7 3 8 0 .0 9 3 *

la n d *  s e e d i n g 2 6 0 2 .0 0 0 3 0 1 .0 0 0 0 .7 5 8 0 .4 8 4 N S

la n d *  s p e c i e * 4 1 6 9 .7 7 8 4 2 .4 4 4 0 .1 0 7 0 .9 7 9 N S

s e e d t n g * S p p . 2 3 4 .6 6 7 1 7 .3 3 3 0 .0 4 4 0 .9 5 7 N S

le n d * S .* S p p . 4 1 1 7 .3 3 3 2 9 .3 3 3 0 .0 7 4 0 .9B 9N S

E r r o r 17 6 7 5 2 .4 7 2 3 9 7 .2 0 8

12 r e p l i c a t i o n * 1 1 2 .2 5 0 1 2 .2 5 0 0 .0 1 6 0 .9 0 1 N S

l a n d  p r e p . 2 1 7 3 7 2 .1 6 7 8 6 8 6 .0 8 3 1 1 .4 1 1 0 .0 0 1 *

s e e d i n g 1 2 2 5 6 .2 5 0 2 2 5 6 .2 5 0 2 .9 6 4 0 .1 0 3 M S

s p e c i e * 2 1 5 3 6 6 .5 0 0 7 6 8 3 .2 5 0 1 0 .0 9 4 0 .0 0 1 *

l a n d *  s e e d i n g 2 3 2 1 6 .5 0 0 1 6 0 8 .2 5 0 2 .1 1 3 0 .1 5 2 M 1

l a n d *  s p e c i e s 4 2 3 7 9 .3 3 3 5 9 4 .8 3 3 0 .7 8 1 0 .5 5 3 M S

s e c d i n g * S p p . 2 1 5 6 9 .5 0 0 7 8 4 .7 5 0 1 .0 3 1 0 .378M S

l e n d * S .* S p p . 4 5 6 6 .0 0 0 1 4 1 .5 0 0 0 .1 8 6 0 .9 4 3 N S

I r r o r 17 1 2 9 4 0 .2 5 0 7 6 1 .1 9 1

Appendix Vic A nova results for tiller production at week 1,3,6,9 and 12.

M eet S o u r c e OF SS MS r P

3 r e p l i c a t i o n s 1 0 .0 0 7 0 .0 0 7 0 .1 6 8 0 .6 8 7 N S

l a n d  p r e p . 2 0 .1 0 8 0 .0 5 4 1 .3 4 1 0 . 288NS

s e e d i n g . 2 0 .0 1 2 0 .0 1 2 0 .2 9 7 0 .5 9 3 M S

s p e c i e s 2 0 .0 3 6 0 .0 1 8 0 .4 5 1 0 .6 4 5 N S

la n d *  • c e d i n g 2 0 .2 4 0 0 .1 2 0 2 .9 6 6 0 .0 7 9 *

l a n d * s p e c l * » 4 0 .0 7 3 0 .0 1 8 0 .4 5 4 0 .7 6 8 m s

s e e d l n g * S p p . 2 0 .0 2 9 0 .0 1 4 0 .3 5 7 0 .7 0 5 N S

la n d * S .* S p p 4 0 .0 3 9 0 .0 1 0 0 .2 4 0 0 .9 1 2 N S

e r r o r 17 0 .6 8 7 0 .0 4 0

6 r e p l i c a t i o n s 1 0 .0 0 2 0 .0 0 2 0 .0 4 7 0 .8 3 1 N S

l a n d  p r e p . 2 0 .2 1 9 0 .1 1 0 3 .3 9 2 0 .0 5 8 *

s e e d i n g 1 0 .0 0 1 0 .0 0 1 0 .0 1 9 0 .8 9 1 N S

s p e c i e s 2 0 .0 0 3 0 .0 0 1 0 .0 3 9 0 . 961N S

l a n d * t e e d l n g 2 0 .1 8 2 0 .0 9 1 2 .8 1 8 0 .0 8 8 *

l a n d * s p e c i e s 4 0 .0 5 6 0 .0 1 4 0 .4 3 2 0 . 783NS

s e e d in g * S p p . 2 0 .0 6 0 0 .0 3 0 0 .9 3 7 0 .4 1 1 M S

la n d * S .* S p p . 4 0 .0 5 6 0 .0 1 4 0 .4 3 4 0 .7 8 2 N S

e r r o r 17 0 .5 4 9 0 .0 3 2

¥
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r e p l i c a t i o n s 1 0 .0 0 2 0 .0 0 2 0 .0 8 9

l a n d  p r e p . 2 0 .2 9 9 0 .1 5 0 5 .8 8 5

s e e d i n g 1 0 .0 2 9 0 .0 2 9 1 .1 3 7

s p e c i e s 2 0 .0 2 3 0 .0 1 1 0 .4 4 7

l a n d * s e e d i n g 2 0 .1 6 6 0 .0 8 3 3 .2 6 9

la n d *  s p e c i e s 4 0 .1 1 8 0 .0 3 0 1 .1 6 5

s e e d t n g 'S p p . 2 0 .0 1 4 0 .0 0 7 0 .2 8 5

l a n d 's . * S p p . 4 0 .1 1 4 0 .0 2 8 1 .1 2 0

E r r o r 17 0 .4 3 2 0 .0 0 2 5

r e p l i c a t i o n s 1 0 .0 1 2 0 .0 1 2 0 .4 5 5

l a n d  p r o p . 2 0 .3 0 0 0 .1 5 0 5 .7 8 1

s e e d i n g 1 0 .0 9 8 0 .0 9 8 3 .7 9 3

e p o c i e s 2 0 .0 1 2 0 .0 0 6 0 .2 3 2

la n d *  s e e d i n g 2 0 .0 4 8 0 .0 2 4 0 .9 2 6

l a n d * s p e c i e s 4 0 .0 8 0 0 .0 2 0 0 .7 7 3

s e e d i n g 'S p p . 2 0 .0 2 2 0 .0 1 1 0 .4 1 9

la n d * S .* S p p . 4 0 .0 1 9 0 .0 0 5 0 .1 8 0

E r r o r 17 0 .4 4 1 0 .0 2 6

r

0 .7 6 9 N S

0 .011*
0 .3 0 1 N S

0 . 6 4 7HS

0 .0 6 3 *

0 .3 6 1 N S

0 .0 7 3 6 S

0 .3 0 0 N S

0 .5 0 9 H S

0 .0 1 7 *

0 .0 6 8 *

0 .7 9 5 N S

0 .4 1 5 N S

0 .5 5 8 N S

0 .6 6 4 N S

0 .9 4 5 N S


