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SUMMARY

The main objectives of the work reported here 

were to study the effect of various types of mulches
t

on soil temperature, moisture,•chemical properties, 

weed growth, vegetative growth and coffee yields.

The

of Nairobi 
randomised 

treatments 
transparen 

mulches,

experiment was carried out at the University 
Field Station Kabete. It was laid out in a 

block design with four replicates and five 

which included* bare soil, grass mulch, 
t polyethylene mulch, white and black polyethylene

Soil temperatures were measured twice a day at 

7 cm, 15 cm, lm and 2m depths. At 7 cm depth mercury 

thermometers were used while at the other depths glass 

bead thermistors of the type (151-114) were used. Soil 
moisture was determined gravimetrica11y at three depths 

0-15 cm, 60 cm and 120 cm at the interval of 10 days. 
Soil chemical properties at 0-15 cm depth was analysed 
six months after application of mulches, while samples 

taken one year after application of mulches were 

analysed for ihemical properties for both top-soil 

(0-15 cm) and sub-soil (15-45 cm). Coffee growth was 

measured in terms of lateral branch extension and 

number of nodes grown after every two weeks. Weed 
growth assessment was done at the time when weeding was 

being done on the coffee estate.

The studies conducted during a one year period 

with various types of*mulches on coffee showed that 

soil temperatures at 7 cm and 15 cm depth were highest 

under transparent polyethylene mulch, followed by black 

polyethylene mulch and then white polyethylahe mulch.

These mulches had higher soil temperatures than bare 

soil, while the grass mulch gave lower soil temperatures 

than bare soil. Soil temperatures decreased with 

increasing depth up to 2 metres and with increasing depth



the differences between the treatments tended to.be 
narrowed. At 7 cm and 15 cm depth the soil temperatures 

seemed to rise and fall approximately in phase with the 

air temperatures, while at two metres depth soil 

temperatures under the various types of mulches and 

bare soil seemed to be almost equal and at equilibrium.

Grass mulch was shown to be superior to artificial 
polyethylene mulches with respect to soil moisture 

conservation. In general mulching increased the soil 

moisture content and since moisture is often a limiting 
factor in,plant growth it is suggested that the practice 

of grass mulching on coffee should be continued.

Regulation of soil moisture is considered desirable not 

only for the attainment of high yields but also for the 

conservation of organic matter.

In areas with wet and dry seasons, mulches might 
help in evenning the release of mineral soil nitrogen 
consequently minimising the "nitrogen flush". In addition 
to higher soil moisture content the grass mulch increased 

soil organic matter, cation exchange capacity, magnesium 

and potassium.

it

•t

Mulches were shown to bo effective as weed 

control measure, this being particularly so with the 

artificial polyethylene mulches. No significant >

differences were obtained between the treatments in 

terms of coffee growth, root distribution and yields. 

The artificial polyethylene mulches wore found to 

deteriorate very fast, the transparent polyethylene 

mulch was estimated, not to last more than six months.

The grass mulch was established to be superior 

to the polyethylene mulches in the conservation of soil 

moisture in addition to adding organic matter and 

nutrients to the soil. It is suggested that grass 

mulching on coffee should be continued. ,



CHAPTER ONE

1. INTRODUCTION AND LITERATURE REVIEW

1.1. INTRODUCTION

1.1.1. Coffee Mulching in Kenya

Mulching is an important cultural practice in 

coffee culture, this has been established through 

many field experiments. In Kenya the most commonly 
cultivated mulch crop is napier grass (pennisetum 

Pinrpurcmm )> which is planted in many coffee estates 
especially for the purpose. Other materials used are 

sisal waste, coffee pulp, saw dust, wood shavings, 

banana trash, maize stover, rushes and papyrus cut from 

Wet valleys (Gilbert, 1945* Robinson and Wallis. 

i960* Blore, 19 6 4» Mehlich, 1966» Wapakala, 1966).

On chosing a suitable grass material for mulching 

coffee a number of factors have to be taken into 
consideration. The persistence of the mulch material 

in the field, which is the length of time during which 

an effective cover of the ground is ob inined is of 

great importance. A material such as sisal waste is 

much better in terms of persistence than the wiririy 

used napier grass (Robinson and Wallis, 1960). WapakalaT 

(1966) evaluated several grasses which included 
Hyperrhenis sp. such as Hyperrhenia Cymbarlaf Hyperrhenia 

rufa, Hyperrhenla ruprechtii, together with P a nicum 
maximum, Panicum coloraturn, C y m bnpugon validus and 

^ y mhopogon afronardus for their persistence as mulches 

in the field. Hyperrhenia cymbaria was found to be a 

good mulch, which could be recommended as a replacement 

for napier grass which has several disadvantages. . 

Saccharum spontaneum is good in persistence but due 

to its high carbom nitrogen ratio there is a danger 

of nitrogen fixation by soil micro-organisms.

M i
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The mineral content of mulching material is 

another factor to be considered. When one or several 
nutrients are considerably out of balance the 

excessive and continuous use of such material may lead 

to reduced Quality of coffee (Blore, 1964i Northmore, 

1965). It has been noted that mulching with materials 

high in potassium content causes a strong tendency of 

inducing magnesium deficiency (Robinson and Chenery, 
1958). Mulching materials of high carboni nitrogen 
ratio may lead to fixation of nitrogen by soil micro
organisms (Wapakala, 1966). The mineral content of

different mulching materials may vary greatly but most
,

of the available materials supply nitrogen, phosphorus 

and sulphur in norminal and unharmful quantities. They 

generally supply low quantities of magnesium, calcium 

and potassium, except sisal waste and elephant grass 

which supply excessive quantities of calcium and 
potassium respectively (Mehlich, 1966).

Yield in terms of dry matter production, percentage 

seed germination and the ease of mechanical handling 

are other factors to be considered for a good grass 

mulching material (Wallis, 1960i Wapakala, 1966i

Mehlich, 1966).*

1.1. 1.1. I\ pp lie a t i o n of g rass mule h e s in young coffee

It is strongly recommended that new coffee 

plantings should be mulched immediately the seedlings 

are transplanted in the field. If mulching material 

is limited a circular application around each tree to 

a distance 45cm to 60cm from the stem is suitable. 

Alternatively and particularly if the land is steep
t

and soil erosion is.a danger a lino of mulch 90cm to 

120cm wide may be applied in the line of the seedlings 

along the.contour (Jones, 1954» Robinson and Wallis, 
i960).

l
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Assuming sufficient mulch material is available, 

mature coffee planted on the flat or only gently 
undulating soil of high fertility should be mulched in 

the alternate inter-rows and there after this mulch 

should be rotated from one side of the tree row to thel
other annually. Alternate row mulching is recommended 

in that it is as effective as complete mulch in addition 

to that it saves the mulching material and it reduces 

the danger, of damaging feeder roots when the mulch 

disintegrates and there is no replacement (Mcmastor, 

and Solly, 1952* Robinson and Wallis, 1960). Mature 

coffee planted on Bteep slopes, particularly where the 
average rainfall is 900-1025 mm or less per year, should 

bo mulched in every inter-row space annually 

(Robinson and Wallis, 1960).

Mitchell ( 1976 fcj recommends that with close-spaced 

coffee grass mulch should be applied in strips along 
the tree rows when coffee is planted and the mulch cover 

should be maintained for two years. After two years 

the soil in the tree rows is covered by the coffee 

canopy and there is no need to apply mulch in high 

density coffee.

X. 1.1.2. Application of grass mulches in mature cofliu

1.1.1.3v Timo of apiilication

The time of application in mature coffee is 

dependent upon rainfall distribution and its quantity.

In coffee districts Fcrst of the Rift Valley, where there 

is a distirtct bimodal rainfall distribution, mulch
t ▼ 11

should be applied befor© either of the rains preferably 

before the long rains each year, to make best'use of 

the rain water.

Coffee districts West of the Rift Valley where 

there iB a single-peak rainfall distribution and the 

average total rainfall is 1000mm or less ths application



*

Should be made before the rains. If the average 
total rainfall is much in excess of 10D0 mm to 1100 mm 

the mulch application should not be made until the 

end of the rainy season and should only be sufficient 

to provide a good soil cover from the end of one 

rains to the expected beginning of the following wet 

season. There is experimental evidence to suggest 

that a heavy mulch cover present throughout the year 

will depress the yields of coffee obtained if the annual 
rainfall i,s 1100 mm or more. This is presumed to be 

a result of temporary soil waterlogging over prolonged 

periods with consequent inadequate aeration of the soil 

(Pereira and Jones, 1954» Robinson and Wallis, 1960).

1.1.1.4. Mu Inching problems in coffee

One of the major difficulties in mulching of 

roffee is the supply of mulching material which is 

required in very large quantities. It has been 
estimated that one acre of land is required to supply 

two acres of planted coffee with enough napier grass 

for mulching (Gillet, 1944). Sanders, (1953) estimated 

that the use of stem end leaf of banana, enough mulch 

in obtained from one acre of banana plantation to mulch 
one acre of coffee.

The control of weeds among partially decomposed 

mulch residues is also a field problem associated with 

mulching (Pereira and Jones, 1954), but the use of 

herbicides almost eliminates this problem, herbicides 

have been reported by Mitchell (1967) to increase the 

persistence of grass mulch.
/

Labour for the hand application of grass mulches 

could be expensive and time consuming. The time period 
in which grass rrtUlches offer protection is short and 

this adds to the expenses due to ths need for frequent 

Additions of new, mulch material. In the dry season grass

- 4 -



mulches stand the risk of fire if care is not taken. 

Grass materials for mulches are becoming limited as 
land is becoming scarce. Napier grass which is the 
most common mulch grass in Kenya, inspite of its 
many advantages, is unsatisfactory in certain respects 

such as«-

(i) It has a tendency to rodt in the field.
' i

(ii) It is difficult to harvest mechanically.

(ill) Due to its high potassium content it has 

been shown to adversely affect the uptake 

of magnesium

(Wallis, I960) Blore, 1965# Wapakala,

19GR).

1,1,2. OhJectives of the experiment

Artifici.nl mulches have not been tried on coffee 

in Kenya and this experiment was aimed at investigating 

the effects of these mulches and to compare them with 

grass mulches. Polyethylene mulches were tried and

the effects thst were investigated were!
\

(a) Effect of mulches on soil temperature.
*

(b) Effect of mulches on soil moisture.

(c) Influence of the mulches on soil chemical

properties.

(d) Mulch effects on vegetative growth and
\

yield of .coffee•
I

(e) Mulch effect on weBd control.

(f) The persistence of the mulches.

* , t
K . .

- 5 -
4
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1.2. LITERATURE REVIEW

1.2.1. Dgfination of mulching

Mulching can be ’defined as "the application 
of a covering layer of material to the soil surface" 

(Rowe-Dutton, 1957). Unger, (1975) defines a mulch 

as "any material at the soil surface that is grown 

and maintained in place* any material grown but 

modified before placement* and any material processed 

or manufactured and transported before placement".

Some examples of materials used for mulching are crop

residues, leaves, clippings, bark, paper, plastic films,
1

petroleum products, polyethylene sheets and gravel.

Rosenberg, (1974) defends mulching as the 

application or creation of any soil cover that 
consitutoa a barrier to the transfer of heat or vapour. 
Ex nnplea of mulches that have been used in agriculture 

«rei- i

(a) The dust mulch, created by finely 

pulverising the upper layer of soil.

(b) ,’lant residues, created by allowing plant 

materials to s tay in a layer over the

* noil surface.

(c) Stubble muldh, created by permitting 

residues of small grain crops to remain 

nhanding ip the field.

|Jd) Straw mulclfl, created by combines blowing 

out small grain-straw over fields at 

harvest time (Rosenberg, 1974).

* 11.2.2. Soil temperatures

The soil derives its heat almost entirely 

directly from the sun and 1o s a 5 much of it by 

radiation into the sky. The temperature of the surface 

layer of a bare soil is controlled by the rate it is

- 6 -
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absorbing solar energy. The surface soil temperature 

is seen to vary in phase with the incoming radiation 

during the day, but during the night it continues to * 

fall, though much more slowly than it rises during 

.the day (Russell, 1973).

The thermal diffusivity of soil is less than 

that of air at rest, soil temperature changes will be 

observed as waves during the course of a day. The 

amplitude of ' the temperature wave at the ground surface 

will be great, but will diminish with depth (Rosenberg, 

1974). This is illustrated on figure 1 where the 

damping of the daily temperature .wave with depth in a 

bare Rothamstead soil is shown.

• *
1.2.2.1. D aily and seasonal patterns of soil temperature

The pattern of decreasing amplitude of soil 

temperature wave has been shown by Baker (1965). The 

amplitude of soil temperature in summer and winter 

decreases with increasing depth in both bare and sod- 

covered soil at St. Paul Minnesota. At 40cm, depth the 

wave is virtually damped out, especially in winter, and
i

at 81 cm depth no diurnal wave occurs. In summer soil 
temperatures decrease with depth during the day time, 

temperature gradients direct heat into the soil. At 
night however, the tomperoture is highest between 20 

and 40 cm at this level hBat is directed both upwards 

and downward (Rosenberg, 1974).

In winter at St;. Paul Minnesota, the 81 cm depth 

was shown to be warmest and the diurnal wave was still 

only barely evident at 40 cm. This is Bhown on figure

2. The soil temperature below .the soil surface follows 

the changes in durface temperature though it lctfa behind 

the surface and the diurnal variation is reduced 

(Russell, 1973).

t

!
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Figure 1.

1 The damping of the daily temperature 
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Near the surface of the soil the daily 

temperatures fluctuations can be very great. In 

England daily temperature fluctuations occur down 
to approximately 60 cm, between 60 cm and 14 metres 

there are only seasonal fluctuations and below 14 

metres there are no fluctuations (Cooper, 1973). 

Rosenberg (1974), gives as a "rule of thumb" that 

it may be assumed that the annual wave is extinguished 

at a depth that is approximately 19 times the depth 

of the diurnal wave.

1.2.2*2. Texture of the soil and its influence on 

soil temperature.

A coarse^tSxtured soil such as sand and silt 

loam (fine-textured), when saturated their thermal 
conductivity may be about equal. Since sand holds 

less water and usually drains better it will dry more 
rapidly than will the silt, this will cause the 
thermal conductivity of the sand to decrease sharply 

as the remaining pore space will be filled with air 

which is a pear conductor. Its heat capacity will 

decrease since water has the highest thermal capacity 
of any other substance in soil, furthermore the 

evaporative cooling of thR surface will cease when the 

water becomes unavailable. For these reasons a sandy 

soil warms more rapidly in spring and will cool more 

rapidly after a rain than will silty or clay soils 

under the same weather conditions, because of the lower 

moisture content'and thermal capacity (Rosenberg, 1974)

1.2.2.3. Temperature and water relations in soils

Moist soil is usually cooler than dry soil, 

one reason for this is the high specific heat of water, 

Dry soil has a specific heat that is approximately one 

fifth that of water, hence a given amount of heat will



- 10 -

Figure 2.

Avcraqe hourly soil temperature under barg soil 
at St. Paul, Minnesota soil depth is shown in (cm)
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raiBB the temperature of moist soil less than that 

of a dry soil. Evaporation of moisture from the 

surface of the soil also cools the soil (Cooper,

1973). When the soil surface is moist, most of the 
net radiation absorbed is used to evaporate water, 
but as the soil becomes drier an increasing quantity 

is dissipated either as sensible heat to the air or 
as heat flux into the soil (Russel, 1973). The 

moisture in soil moves in response to water potential 

gradients and also as a result of temperature gradients 

in the soil, therefore the temperature profile may 

influence the patterns of moisture distribution in soil 
(Rosenberg, 1974). The variation of thermal 

conductivity, and thermal diffusivity of a sandy loam 
■oil with moisture content is given on figure 3.

1*2.3. Effect of mulches on soil tempera ture

Mulches applied to the surface of a soil affects 

the amount of heat received and the way it is dissipated. 

Mulches of dead vegetation, to some extent immobilise 

the air within the mulch and because still air has a 

very low thermal conductivity, heat is only slowly

conducted from the surface of the mulch to the soil
*
surface (Russel, 1973). The physical characteristics 
of a mulch such as c o lo u r ,  roughness and manner of 

application ore important in determining the way soil 

temperatures will be affected (Quashu and Evans, 1967).

1.2.3,1. Organic m u lches

The general e ffe c t o f organic mulohes is  to increase s o il* t
temperatures in cold oensons nnd to decrease i t  in hot 

soasona (G ilbert, 1945? Jaoks e t -a lf 1955? Van w ijk o t-a l,

1959? ooopor, 1973? Russel, 1973? Rosenberg, 1974)*

Mulohes hare been roported to influnnoe s o il temperatures 

in the follow ing ways t-
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Figure 3.

r - ^anation of thermal conductivity, and thermal
diHusivity of a sandy loam soil with m o i s t u re 
con ten tr ~ ----------- -—  >

, I
< • > ■/

K-Therm conductivity in J/*C/crn/soc 
D-Diffusivity cm'Vsec.

The saturated soil held 0*38 cm*water/cn/soil 

(After Moench and Evans, 1970 (in NuHseii 1973).

• »
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(a) The mulch acts aa an insulating layfer

on the soil surface, reducing the amount 

of heat that enters the soil,
t

(b) A lesser fraction- of incident radiant 
energy is converted into heat at the 
surface if the reflection coefficient, of 

the mulch exceeds that of the unmulched 
soil.

(c) Evaporation is reduced, which means a 

smaller fraction of the total heat 

generated at the surface is used as latent 

heat of vaporization, such that sensible 

heat constitute the larger fraction as 
compared with the unmulched soil
r( van Wijk et-al, 1959).

In U.S.A. maize mulched with oat straw, showed that 

for the early part of the season mulch decreased the 

weekly average maximum soil temperature at 10cm depth.

The differences between mulched and unmulched treatments 

were not as marked in the minimum soil temperatures os 
for the maximum (van Wijk, et-al, 1959).

Barrentine and Waddle (197?) showed that cotton •*»
pods as a mulch reduced the mean soil temperature at 

7.5 cm depth by 1 to 2°C below that of other mulches 

euch as black asphalt mulch. In a coffee nursery trial 

in Kenya grass mulch restricted the rise of soil 

temperature during the day by 5nC, but the soil temperature 
under petroleum mulcll was comparable to that under hare 

Boil (Biore, 1964). Lower soil temperatures under 

straw mulch was shown to be a major factor in reducing 

'saize growth in United States of America (Burrows 

sad Larson, 1962). In a straw mulch trial bn the growth 

Alfalfa the maximum soil temperatures at 2.5 cm depth 

Wer,e shown-to be 9.0°C below the maximum for bare Boil 

treatment (Evenson and Rumbangh, 1972). The usual

I
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effect of a straw mulch is to lower soil temperatures, 

during the summer and increase it during the winter.'

The thermal conductivity of a mulch is usually much 

lower than that of the soil, the heat gain or lose is 

therefore less upder mulch (Hanks et-al, 197l)«
The annual mean range between maximum and 

minimum soil temperature was reported to be reduced 

by one half under sugar cane trash mulch *as compared 

to paper mulch, the bare soil temperature range being 

lower thap that under paper mulch (Magistud et-al,

1935) .
(

Straw mulch at the rate of eight tons per acre 

reduced soil temperatures at 2.5 cm depth by as much as 
17.7°C during the day (McCalla and Duley, 1946).

Parker and Larson (1962) reported 1° to 2°C lower 9oil 
tomperatures under straw mulch than under bare soil, 
nifferences between straw mulched soil and bare soil 

minimum soil temperatures were reported to he small, 

the mulched soil was slightly warmer while the soil 

was cooling and slightly cooler than bare soil when 

the soij. was Warming (Moody et-al, 1963)*

1.2'.3.2, Artificial mulches

The colour of plastic mulches greatly affect 

soil temperatures. White or refCectiva plastics 

decrease or have no effect on soil temperature, clear 

plastics have been shown to consistently.result in higher 

soil temperatures than bare soil. Results with black 

Plastics are variable some reports indicate higher and 

oth ers lower soil temperatures, while others report 

little effect (Unger, 1975). '

Law and Cooper (1974) working on maize in Kenya 

n,iowed that clear polyethylene mulch was effective in 

creating higher soil temperatures than bare soil. Hopen 

(1965) recorded higher soil temperatures under clear

i
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polyethylene mulch while the black mulch was 

intermediate and bare soil had the lowest soil 
temperatures. Clear plastic was shown to increase 

soil temperature as compared to bare soil at 2.5 cm 

depth (Grebi , 1966). In an experiment carried out 
to determine the influence of gravel, straw, black 

painted gravel, aluminium painted gravel and plastic 

mulches on soil temperatures, soil temperatures were 

highest under clear plastic, followed by bare soil, 

black painted gravel, aluminium painted gravel and straw 

covered treatments respectively (Hanks et-al, 1961).

Petroleum sprays and resin mulches consistently 

resulted in higher soil temperatures (Unger, 1975). 

Blore (1964) ip a petroleum mulch trial on young Kenya 
coffee, showed that during the day soil temperatures 
under petroleum mulch were comparable to those under 
bare soil, while soil temperatures under grass mulch 

were 5°C lower. Soil temperatures at 1 cm depth were 

reported to be 5nC higher under petroleum mulch than 

under bare soil (Kowsar et-al, 1969).

Higher soil temperatures under asphalt mulch 

was(reported to bo due to decreased evaporation and 

increased absorption of radiant energy (Myhr, 1966). 
Block granular mulch (Coke) showed higher soil 
temperatures at 15 cm depth than bare soil during the 

day. The pre-sunrise readings did not show detectable 

temparaturn differences between mulch and bare soil 

(Qashu and Evans, 1967), Higher soil temperatures 

under black granular mulch (Coke) than under bare soil 

Waa also reported b y ‘ Hasan. et-ftl (19<>7)•

®lack asphalt mulch was reported not to affect soil 

i-emparatures (Barrentine and Waddle, 1972).
I I

Polyethylene coated paper mulchees have been 

Sported to increase soil temperatures (Liptay and 
^ c*sen, 1970). Paper mulch was Bhown to increase

- 15 -
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soil temperatures (Magistad et-al, 1935). A 

atone mulch increased soil temperatures compared to 

bare soil, which was suggested to be a factor in 
production of high quality grapes on stony elopes 
(Lamb and Chapman , 43j-

.1.2.4. Effec t a of mulches on soil moisture

Mulohes affeot so il moisture through increased in filtra tion ,

run-off control, reduced evaporation and weed control (Ohger,

1975)* Mulches have boon roportod to consorve so il moiBhire

and thus resulting In improved water-plant relations (Jacks 

e t-a l, 1955) moody et-a l 1963) Rorthmore, 1963| Oreb e t-a l,

1967) Kowsar et-al 1969) Liptay and Tionnen, 1970f Reynolds,

1970) Koshi and Pryrear, 1973)*

1.2.4.1. Infiltration rate

Vegetable mulches have been shown to improve 

the infiltration of rain water into the soil, which 

is a major factor in the conservation of soil moisture 

by these mulches (Reutnor and Adersen, 1943* Pereira
and Jones, 1954, Mehlich, 19HR, Evanson and Rumb*bWgh, 

1972* Eavls, 1976). Mannering and Meyer (1963) 

showed that the application of wheat straw mulch at 
the rate 1, 7 and 4 ton/acre maintained very high 

infiltration rates resulting in essentially no erosion^, 

The i and 1 ton/acre of mulch lpst 3 tons and 1 ton of 

soil per' acre rasps r/t ively, where there was no mulch
I

12 tons of soil per acre was lost. Clean weeding

caused on average 15 percent reduction in infiltration
/

rate during very heavy rain storms compared with 

minimum weeding or when a grass mulch was incorporated 

into the soil during cultivation (Pereira, 1964).

High infiltration rates can be maintained by Keeping a

* 16 -
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continuous stubble cover on the ground, mulches not 

only increase infiltration rates of rain water and 

minimise its direct impact on the soil but also 

decrease the run-off velocity (

1.2.4.2. Run-off

Mulches are generally accepted as erosion 

control measure, this is mainly duo to their effect 

on run-off control. When run-off is checked the 

rain-water is accepted into the soil and therefore
4-

higher soil moisture contents will result (Gilbert, 

1945r Duley, 1953* Ekern, 19671 ogmk-i, WC'-tJ. John

Adams (1966) reported that surface covers of straw and 

gravel mulch increased water intake by reduced run-off. 

The protective action of a surface cover is the 
interception end absorption of rain drop impact which 
prevents, surface sealing and preserves the structure 
of the immediate soil surface, run-off is thus reduced 
by mulching and this aids to conserve soil moisture 

(Bealo et-al, 1955? Mannorin* and mayor, 196}$ FVotWlon and 

Rumbaivrh? 1972), Water loos by run-off wfts shown to bo 

roduood greatly by straw muloh at the rate o f 8 tons perr
•*»

hectors (Lattmzi et-ol, 1974).

The effect on ruri-off losses of mulching maize 

grown on various slopes, ns investigated in Nigeria 

showed that mulching was as good as forest fallow in 

controlling soil erosion and run,-off os shown on 

table 1 .

1 1, ) 1

- 17 -
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Table 1* Effect of mulching on run-off losses

under maize as compared with forest fallow 
(Total rainfall 295 mm)

Run-off losses (mm)

Slope unmulched

maize

mulched

maize-

Forest

fallow

1 19 6 5 *

5 119 23 4

10 125 17 5

15 52 5 6

i
1 (After Rattan Lai* 1973).

j'
;{ " ■-*•

i
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In an experiment done at Kericho (KenyO 

on land with 1 0% slope mulching wan shown to he 

effective in controlling run-off as shown on table 

2.

Table 2. Rainfall and Run-off

•

Rainfall

Manual

tillage

Herbicide 

non-tillage

Oats
f

M u 1 c h

1st year 

2082.6

r

180.9 159.5 65.1 • 53.7

2 nd year 
2045.2 126.7 162.3 79.8 26.7

3rd year 
1985.4 32.4 90.2 38.9 21.5

(After Othieno, 1975)

1.2.4.3. Evaporation » " »
Mulches could theoretically reduce soil water 

losses by reducing soil temperature, impeding vapour 
diffusion, acting as periodic focal points for 

temporary vapour condensation and absorption into the 

toulch material, and by reducing wind velocity at the 

soil interface* The reduction of soil temperatures 

by mulches of plant materials has been shown to be

the major factor involved in the evaporation reduction/
Process (Greb, 1966).

t
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Reduced evaporation due to mulohos haa been reported 

to be one o f the factors that enable mulohos to conserve s o il 

moisture ('Foster, 1962| oarl end Oerter, 19631 mehlioh* 1966| 

Bvenson and Rumbaugh, 1972 f Fapendlok ot--al, 1973)*

The low soil temperatures under cotton pod 

mulch can explain the reduced evaporation under this 
mulch (Barrentine and Waddle, 1972). A stone-mulch 

was shown to reduce evaporation from the soil surface 

(Lamb and Chapman, 1943). Straw and gravel mulches 

were Bhown to reduce evaporation thus allowing the 

storage of more soil moisture (John Adams, 1966). 

Pereira and Jones (1954) reported that although 

evaporation reduction is a factor in improved soil 

moisture conditions under grass mulches, the increased
i:

infiltration rates secured by the mulch is quantitively 

greater than the subsequent reduction of evaporation. 

Quashu and Evans (1967) reported that a mulch acts as 

a barrier to evaporative losses of water to the * 
atmosphere. A laboratory study investigating the 
comparative effectiveness of a dust, ground maize cob 

and gravel mulch in Inhibiting evaporation of soil 

water indicated that gravel mulch was more effective 

than either dust or ground maize cob mulch, the dust 

mulch proving to be the least effective (Benefit and 

Kirkham, 1963). Laboratory and field experiment with 

granular mulch (Coke) showed that under this mulch 
evaporation suppression from wet sand was proportional 
to the relative area covered by the mulch (Hasan

1.2.4.4, W eed control

I t  is  generally accepted that mulches control weeds.

Ifhon weeds are controlled the water that could be los t 

through transpiration by the weeds is  oonservod in the s o il 

fo r  crop use (G ilbert, 1945* Rowe-dutton, 19!>7l Northroore, 

1963| Hcem, 19671 Reynolds, 1970)«

*
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J,2 .5. Soil nutrients and fertility

Mulohoa of plant materials have the effaofc of n/Mirr; 

ornanio irnttar toR.thar vtth othnr plant rntrlantn to th»

„oll (Olltort, 19451 et-nl, 19151 Worthmnr., 19531
Porsiraf 1963)» The amount of nutrient element artrted to 
the soil will depend on the type of mulohin/r mat.nr«a » thie 

ie heon.uee different material may very greatly in their 

mineral oontente (Mehlioh, 1966)*

. Robinson and HoseGood (1965) working with grass 

mulch on coffee in Konya reported •nnroasod organic 

carboh, kjeldahl nitrogen and reduced acidity due to 

mulching* The 1b v b 1b of exchangeable potassium and 
phosphorus were greatly increased. Despite the 

rnriucod acidity the exchangeable calcium and manganese 

wct-n reduced. The exchangeable magnesium level was 
incrnased in the top soil but duo to leaching in the 

greater sampling depth the magnesium levels wan 

lowered.

Sanders (1953) showed that banana trash mulch 

increased the organic matter- of the soil considerably 
"od increased coffee yields in Tanzania. fin tea soils 

in Kenya, mulching with grans resulted in increased 
percentage carbon and nitrogen in the noil. Soil 

Phosphorus Was also incrnased mai n l y  in the first ? cm 
Soil, b o were calcium and potassium lovole 

1969).
•

In Kenya grass mulches have boon shown to have 

strong tendency to induce magnesium deficiency by 

""Pplying an excess of antagonizing potassium. Iron 

c Porosis in cofjfee is frequently associated with 

C e s i u m  deficiency for the same reason. In coffee 

^RPssium deficiency occurs chiefly on the older leaves 

those exile where flowere or oherries are developing*

- 21 -
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The critical level of magnesium in the leaves of 

Arabics and Robusta coffee below which thB magnesium- 

deficiency sydrome is likely to occur is 0 .2 t, while 

the critical ratio of potassium to magnesium in the 

leaves is about 1 0 11 (Robinson and Chenery, 1958).

Coconut husks have been shown to supply plenty 

of potassium in the soil due to their high nutrient 

content of 20-251 I^O in the ash (Brunim, 1966).

Polyethylene - coated paper mulch was shown to 

result in higher nitrate nitrogen levels in the soil 

than bare soil.' The higher soil temperatures and 

moisture levels together with better aeration 

contributed to rtitrogen-mineralization. In addition 

to increased minleralization the higher nitrogerl levels 

were alBO due in part to reduction in leaching of 

nolublo nitrogen (Liptay and Ticssen, ,1970). In an 
experiment done on pineapples using straw arid paper 

mulches, it was shown that because straw had a high 
carbon* nitrogen ratio the material caused a reduction

I
in available nitrogen in the soil* nitrates do not 
accumulate in the soil until the carbon* nitrogen 

ratio has been lowered (Magistad 1935).
1935). Sawdust either used as a mulch or mixed with 

soil was shown to decrease the nitrate content of the 

soil (White 9+/—a!. 19591)*
4 ' ■ ■ • • • ;  ‘ • -

Mulches conserve the humus already in the soil

by, preventing overheating of the top layer anti hence 
preventing oxidation (McMaster and Polly, 1957).

1.2.5.1. Relationships between applications of cattle 

* * manure, mulcb and nitrogen fertiliser on coffee

in Kenya,

A  trial carried out on an eroded slope,

BPbstantial yield responses were obtained over a 8

r. 1
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year period to either cattle manure or mulch applied 

to coffee. Where both were applied together the 

yields obtained were no. greater than when mulch was 

applied alone, this is shown on table 3 below.

Table 3• Coffee yields; interaction of cattle m anure 

and all rows mulching

cwt clean coffee per acre

Rainfall (inches) 
•

Control Manure All row 
mulching

Mulch
4

manure

1950 24, 0.61 0.91 , 1.49 1.54

1951 54' 6,67 6.95 1 12.30 1 1 . 8 6

(After Pereira and Jones, 1954)

A negative interaction of sulphate of ammonia with 

grass mulch was first detected in Kenya in 1951 

(Anon, 1955). The application of mulch and/or cattle 

manure modifies in a differential manner both the 

type of nitrogen fertilizer and quantities of nitrogen 
applied. Modifications may be summarized in the 
following manneri-

(e) If neither cattle manure nor mulch is
applied, sodium nitrate fertilizer should

be used. •

(b) When cattle m#nuro or mulch is applied 

any nitrdte form of fertilizer should not

be used, an ammonium form should be selected.

(c) Where cattle manure is ^jsed the rate of
• ' t \

fertilizer application should be half the
i ' ii

application that would have been* if no 

manure was applied.



«
(d) If only grass mulch is applied ammonium 

form of fertilizer should be applied at 

the normal rate.

(s) Experimental evidence has shown that when 
an application of grass mulch and a 

dressing of cattle manure are made together 

in the same season, the mulch eliminates 

or at least substantially reduces the 

response to cattle manure (Pereira and 

Jones , 1954) .
•

It would therefore be more economical to apply one 

or the other as alternatives in any one season.

The exceptions to this are those areas where the 

average rainfall total is low with an uncertain 

distribution, also on slopes mulch should be used 

rather than cattle manure in order to prevent soil 
erosion. In the case of new plantings the 

simultaneious use of cattle manure and mulch can be 
advised. (Robinson f £ o 6 in.SCrv. <\nU IaJ&UiJf

\

1,2.6. Soil structure

Mulches in general improve or maintain soil 

structure, this is brought about by the effect of 

mulches on breaking the force of rain droplets so 

preventing soil compntion, protection against explosure 

to alternate rain and sun also checks crusting of the 

so'il. Organic imulchos add organic matter to the soil 

which brings about aggregation of the swiil particles

(Beutner e t-a l, 19431 Beale e t-a l, 1955} Howe-Dutton,

1 9 3 7 1  manner ing end meyer, 1963} peroira, 1964} Lattansi 
et-al, 1974} Unger, 1^76). Total pore space* free draining 

pore space and ra in fa ll acoerteinne were reported to he 

increased on a lntosolio Coffee noil in Konya duo to mulobing. 

This is shown on table 4 below.



Table 4. Physical analysis of a Kikuyu red loam soil
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Analysis' No
mulch

With
mulch

\ increase over 
no 

mulch

Total pore space 63.5 69.3 * 0

Free-draining 
pore space 14.0 26.7 ♦ 91

Rainfall
acceptance 0.50 0.70 ♦ 53

(After Hobinson and Hosegood, 1965)

Stauffer (1946) showed that wheat straw mulch favoured 

the formation of larger soil aggregates than soya bean 

straw or maize stalks.

Incorporation of mulch into the soil during 
tillage improved soil structure as indicated by the 
higher infiltration rates on table 5 below.

Table 5.. Effects on soil structure of tillage
implements when incorporating mulch grass

Rainfall acceptance in/hr after a storm 

6 in/hr

Implement Mulch No mulch Mean

Forked hand hoe 5.0 5.3
•*

5.1

Modified rotavator 5 %6 • 4.3 5.1

mean 5,3 4.0

(After pere$rq et-al, 1964)*

Koshi and Fryrear (1973) reported that straw mulch at 

the rate of 1 1 . 2  tons/ha reduced the bulk density, 

increased the hydraulic conductivity, alp porosity, total 
poru&ity and organic matter content of the soil.

»
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1.2.7. Soil biological regime

Mulches modify the composition of the soil 

fauna and micro-organierps. Grass mulch was reported 

to modify the species composition of small arthropods 

in the soil, by increasing the participation of 

plant decomposing collembola and oribaticles at the 

expense of other species^(Holler-land, 1950), Covering 

the soil with polyethylene mulches hindered aeration 

of the profile and activity of aerobic micro-organism.

The populations of anaerobes increased especially in«
the lower layers (Hrbacek et-al, 196 6).

Plant residues used as a mulch increased the 

total number of micro-organisms, the number of
f

azotobacter and the intensity of nitrification in a 

clay soil. Peat, saw dust and tar-paper had a negative 

effect which may have been due to the presence of toxic 

substances (Kuzniar, 1957). In another experiment 
sow-dust mulch was shown to increase earthworm and 
nematode populations in the soil more than wood chips 

or peat mulches (Vannierop and White, 1950).
r
?

1.2.8. Erosion control
}

• Erosion control is one of the important beneficial

effects of mulches . Barnett, et-al, (1967) Bhowed that 
tswo tons of grain straw pnr acre provided addquate 
protection to nRwly prepared and Bonded 7.1 backslopes, 

when subjected to one-year frequency storms 1.3 inches 
of rain in 30 minutes. In another experiment mulches 

reduced erosion by 11.7 ton/acre on 10-12 per cent 

slopes (Borst and Medirski, 1957). Reduction of 40 

per cent erosion has been achieved by protecting the 

soil with mulches (Lattanzi, et-al, 1974).

The amount of surface run-off and soil erosion 

on a field of young tea with a ten percent slope were 

Measured under four soil management treatments (manual
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weeding, herbicide weeding, oats planted between 

rows of tea and grass mulch), for a period of three 

years. The study was made in Kenya on a typical 

tea soil derived from a massive sheet flow of phonolite 

lava. The run-off and soil erosion were greatest 

in the absence of erosion control measures (manual 

weeding and herbicide weeding). Mulching gave the 

lowest run-off and least erosion. In general, the 

amounts of run-off and soil erosion were both greatest 

in the first year when the ground cover provided by 

the tea canopy was between 1 and 30 percent, but they
i :i

were reduced to very small amounts in the third year 

when the ground cover was more than 60 percent. This
I V

is shown on table 6 below.

Table 6 . Rainfall and soil erosion

Eroded soil ♦/ha

Rainfall manual
tillage

Herbicide
non-tillage

Oats Mulch

1st year 2062.6 161.28 168.08 34.90 0.46

2nd year 2045.2 48.28 80.71 , 4.31 0. 14

3rd year 1985.4 ; 1.23 6.09 0.42 0.08

, (After Othieno, 1975)

The effect on run-off losses of mulching maize 

Jrown on various slopes as investigated in Nigeria, showed 

^at mulching was as good as a forest fallow in controlling 

8°il erosion (Rattan Lai, 1973) Surface covers of Straw and 

&ravsl mulch increased water intake and essentially 

9^minated erosion (John Adams, 1966). A stone mulch 

ŵ 8 Bhown to greatly decrease soil erosion (Lamb and
Ch*

winci
aP^an, 1943). Gravel was shown to adequately control

arosion on smooth, bare sandy loam Boil. Resin
0rrilJUion and asphalt emulsion controlled wind erosion on a

Bandy loam soil in Kansas U.S.A. (Chepil, et-al, 1963).

tillage considerably controlled erosion (Beale,
•t'., ____: i

*l» 1955),
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1,2.9. Crop response tp mulches •

1.2.9.1. Plant growth

Crop responses to mulches come as a result of 

the effects of mulches on soil water, temperature, 

erosion and weed control together with soil nutrients, 

soil structure and other effects of mulches that affect 

the plant growing environment.

Mulches can aid germination, emergence and 

seedling growth which is one of the most critical 
periods ir\ the life cycle of a plant. This is achieved 
by moderating or improving the soil and aerial 

environment to which the seeds and seedlings are 

subjected (Unger, 1975).

Higher soil water contents coupled with improved 

temperature conditions seem to be the factors involved 

in the beneficial effects of mulches on germination 
end seedling growth. Mulches generally increase Boil 

moisture content in the zone where seedlings are normally 
placed ' (Kowsar ot-al, 19R9).

In field and greenhouse experiments 

involving the application of Btraw or polyethylene 

materials as mulch showed that the rate of emergence,
growth and earl icons of maturity of maize was increased

. t
(Wallis, 1957). In Washington 11.5. A. a region where

inadequate water in the seedbed at planting time is
i

a limiting factor to.early establishment of winter 

wheat mulch conserved enough moisture to allow early 

establishment (Papendick et-al, 1973).

Under conditions where crusting was a factor, 

fitahi lized vermiculite and coke placed over the seeds 

Resulted in better emergence of sugarbeet them occured 

w ith seeds placed under bare soil , (Ririe and Hills 
1970)*

i . -4
l «
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Cotton pod muloh waa shown to slow ootton seedling growth 

(Parrentine and waddla, 1972)* Low s o il temperatures hove "been 

reported to be a primary causative faotor in the reduced growth 

of maize in some parts o f United States (Van Wi,jk e t-a l, 1959? 
Burrows and L^gon^ 1962j Moody e t -a lf 1963)*

Germination and growth rate o f maize has been increased due to 

d ea r  polyethylene mulch in Konya (Law and Coopert 1974)* Clear 

polyethylene muloh induoed ea rlie r  start o f vegetative oyole and 

reduced the to ta l growth oyole o f maize by about one month (B a l l i f  

and Butil, 1971).

Hoot development and response o f siv?nr cane to fe r t i l iz e r s  has 

been improved by mulohing on saline -  Akati subsoils in Barbados 

(Eavis, 1976). Straw muloh was shown to increase a lfa lfa  gnrirth 

by as much as 13 cm the greatest growth d ifference appearing la te  

in the season (Everson and Humbaugh, 1 9 7 2 In on experiment on 

establishment o f perennial grasses nnd legumes both straw muloh and 

wood bark mulch imnrovod the establishment (Powell, 1976)*

In a shaded coffee nursery bed in Kenya neither 

grass nor petroleum mulch affected seedling growth, 

although small differences in soil temperatures wnrs 

noted ( B 1 o re , 1964). In Tanzania mulching was shown

to increase stem weight, yields and t.op/root ratio of 

coffee seedlings (Bull. 1962). Mulching improved the 

growth of coffee treed in a year of seasonal drought 

(Robinson and Hosegood, 19.65). Mulching coffee with 
grass, there is a tendency for the fnedfcr roots to grow 

into the top layers of the soil (McMaster,'I 9>2).
Grass mulches affect the mineral distribution of certain 

elements in the coffee plant (Robinson and Hosegood, 

1965). * <

1 •

T 1

*
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Tabla 7 * Comparative chemical analysis of first

fully open coffee leaf on bearing primaries

Results expressed as percentage of 

element in leaf dry matter

Analysis no mulch mulch

Nitrogen 1.97 2 . 0 1

Phosphorus 0.109 0.157

Potassium 2.56 2.72

Calcium 1.29 1.09

Magnesium 0.44 . 6.38

Sodium 1 0.044 0.032

(After Robinson and Hosegood, 1965).
t

1 . 2 . 9 . 2 i Crop y i e l d s

Many reportn*"hnvs indicated higher cron yie lds when mulches 

arc applied than when they are rot .  Higher inaise yie lds have been 

reported duo to mulching (WMto e t-a l, 1959? Jones e t-a l, I960) 

Moody e t-a l, 1963) maomillan end m ille tte , 1971 )• Cotton yields 

have been increased by mulching not only due to increase in so il 

moisture but also the e f f ect  o f depressing torlo  concentrations 

of aluminium and mavy; prune in the s o il (M ills , 1954) Lsndelout 

and Bodg, 1955).
i ' - —  r

Peach and apple trees grew better and carried 

heavier fruit crops when straw mulch was used as 

compared to bare soil (Baxter 1970). Yield increases 

of up to 64*4 in melons have been reported due to 

mulching with bituminous emulsion combined with a 

weed Killer (Sasso and Bianco, 1967). Blundell, (1954) 

reported yield increases of sugar cane ratoons after 

mulching with sugar cans trash. Yield increases on

I
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red currontB, strawberry, eggplant, oabbnge, apricott, grain sorghum 

and potatoes have been reported due to mulching (Bajwa and chadner,

I9609 geraicis, 1 9 6 9? Thorsrud, 19 6 9a 1969b,* John'Moms, 1970?

Reynolds, 1970). Mulching on pasture crops during establishment 

has been shown to increase the pasture production (Beutnor and 

Aderson, 1943? Mvenson and Rumbaugh, 1972? Powell, 1976). Saw-dust 

mulch increased y ie lds o f maiae, tomatoes and lin a  beans (W hite,et-a l, 

1959)* Sugar onne trash mulch wan shown to increase the y ie ld  o f 

pineapples (magistnd et-a.l, 1 9 3 9 )*

In Ghana cocoa was shown to give higher yields 

when the ground was covered with grass mulch during 1 

establishment, than when the soil was left bare, or 

the weeds allowed to regenerate and cutlassed at 

regular intervals. Mulch was superior to the other 

treatments and the superiority persisted for three 

years after the application of mulch ceased (Acquaye 

and Smith, 1965),

In Malawi coffer? yields have been shown to 

respond favourably to napier grass mulch in the 
absence of shade (Foster, 1964), Sanders (1953)

working in Tanzania reported yield increases of up - 

to 50^ in Unshaded single-stem coffee on mulching with 

banana trash.

The Kenya coffee yields have been shown to respond favourably 

to grass mulches (Anon, 1945? nereita and Jones* 1954? Arton, 1957? 
Anon, 1950? Anon, 1959)* Robin Mon and M itchell ( 1 9 6 4 ) reported, 

co ffee  y io ld  increases o f 33$ ovnr unmulohsd treatment. Considering 

the various reoommended oultural rrnotioos* mulching with grans has 

been shown to g ive the greatest response in Konya, Mulching incr^nses
1

the overa ll y io ld  and also the proportion o f "gado "A" sized berms. 

Between 19 59  -  74 mulching 'increased y ie ld s  by end the proportion 

1 Of grade "A" beans by 4$
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(Anon, 1964* Wapakala, 1965,1966» Mitchell, 1960,

1969, 1976ft; Chawdhry. 1973).

1.2.10, Crop growtfi apcj Its influence on mulch effects .

Law and Cooper (1974) working on maize in Kenya 

showed that a clear polyethylene mulch was effective 

in creating higher soil temperatures than under bare 

soil, but as the season progressed there was little 

difference between mulch and bare soil. This was 

closely correlated to increased leaf area index and 
therefore shading of the soil. Similar results have 
been reported by McCalla and Duley (1946)where by due 

to shading, a growing crop decreased the temperature 

difference between mulched and unmulched soil. Othieno 

(1975) showed that in establishing tea in Kenya run-off 

and soil erosion were greatest in the first year when 

the ground cover provided by the tea canopy was between
I

1-30%. Run-off and erosion were reduced to very small 

amounts in the third year when the ground cover provided 
by the tea canopy was more than 60%.

i
•I

1.2.11. Other effects of mulches

Other effects of mulches include, weed control, 

winter protection, soil salinity control and reduction 
of pest and disease incidences.

0 Weed control by mulches is evident due to

shading and mechanical suppression of the weeds. However 
some materials such ad* fresh manure, cereal straw or 

hay cut when soeding'may even increase the weed problem 

fay introducing weed seeds. Couch grass(Oigitaria 
gcalarum) tends to be shallow rooted under mulches and 

can be relatively easily pulled. Napier gras's. 

(Pennisetum purpureum) dud to its tendency to root 

the field could increase weed problem when applied 

a mulch before it is properl-y dry 
H P ’.- "i

» l
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(G ilb ert, 19451 peroeira end .Tones, 1954} Rower-Dutton, 1957f 

Horthinore, 19^31 Mehlioh, 1966} Flcem, 1 9 6 7 )*

Winter protection is an important role played 
by mulches in temperate regions. Over a five year 

period, the regular use of mulches for winter protection 

of strawberries was shown to increase yields substantially 
(Collins, 1966).

Damage due to salts in the soil is most severe 
at germination and plant seedling stages, mulches 

maintain a high water content and reduce evaporation 

from the seed zone, this reduces the salinity hazard and 
aid plant establishment (Unger, 1975| Eavis, 1976).

Conservation of moisture by mulches could aid 

in reducing the incidence of certain physiological 

dis-order8 such!as blosson end rot in tomatoeB 

(Rowe-Dutton, 1957) Blank and white polyethylene mulches 

kept lettuce heads out of contact with the soil this 

reduced Blime rot from 52.7% to 16.3% with white mulch 

and 10.2% with black (WUborn, et-al, 1957). Mulching 

with wood shavings or coconut fronds was shown to reduce 

the incidence of Southern blight in,dwarf beans and 

resulted in considerable increase in yields (Reynolds, 
1970).

4

*

\ r
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CHAPTER TWO i

MATERIALS AND METHODS

2.1. Location of experiment site

The experiment was carried out at Kabete Field 

Station of the Faculty of Agriculture, University of 

Nairobi, The Field Station is situated in the Upper 

Kabete at an altitude of 1800 metres. It lies about 
8.5 kilometres North West of the University Main Campus 

and 2 kilometres North of Nairobi-Nakuru road on 
Lorefeho Ridge. The station lies within latitudes 1° 14' 

2 0 " S to 1° 15' 15" S and longitudes 36° 4 4 ’E to 36° 45’ 

20"E (Wamburi, 1973).

The rainfall is 925mm per year spread over the 

long rains from late March to end of June and short 

rains from October to December. The soil is a deep red, 

latosel Containing moi'e than 60% olay after complete 

dispersion, bu,t because of its stable micro-structure 

it has many of the properties of a loam (Browning and Fisher 
1975). The rocks from which the soil has been' derived 

i8 the Kabete trachyte which resulted from volcanic 

lava flow. The soils of this area are commonly known 
as the Kikuyu red loamB.

The Field Station is part oF the former Kirima 
Kimwe poffee Estate, the plantation datin’g back to the 

1930’s (Wamburi, 1973). It was on this coffee 

plantation where the experiment was done. In general 

the coffee plantation is managed on a capped multiple 

stem system, but the experiment was carried out on 
bushes that were not capped, since these bushes had 

been atumped in 1974 during* the normal change of 
cycle prunning. The coffee bushes|were spaced at 

2.75m x 2.75m.. which is ths conventional spacing of 

coffee in Kenya.
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2.2. Experimental design and lay out

The experiment was laid out in a randomised

block design comprising of four replicates and five
• -

treatments. The treatments’ includedi-

(i) Bare soil (no mulch)

(ii) Grass mulch

(iii) Transparent polyethylene mulch

(iv) Black polyethylene mulch

(v) White polyethylene mulch

Each treatment comprised of six coffee bushes 

separated from the next plot by a guard row of coffee 
bushes. The stem bases of the guard row bushes were 

white-washed to mark the plots clearly. In every plot 
there were three inter-rows and this is where the 

mulches were leid down as a complete rnulch. The 
width of the mulches was 2.4 metres, this left about 

20 cm on either side of the base of the coffee bushes 

Unmulched. ►

Figure fi4) illustrates the layout of the 

experiment in the field.

* The artificial mulches used were polyethylene

Bheetings of tho gangs 1000 x 240 cm. Black and 
transparent polyethylene sheets wore available in the 

market but the white type was not. To get the white 

polyethylene material a transparent sheet was painted 

white by applying as ^uniform cover as possible of 

white plastic paint.

When the polyethylene mulches were laid down 

in the field, doil was placed at the edges- to prevent 

the wind blowing underneath and displacing them. On 

these mulches email holes were marie where the ground 

seemed hollow to prevent any accumulation of rain water 
at the surface.; These holes were made at random at

- 35 -
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Figure 4*

V

. payout of the experiment in the field.
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the sites where it seemed possible for rain water to 

accumulate. During the cause of the experiment 

whenever puddles formed during the rains holes were 
made on the polyethylene mulches to allow water to 

soak into the ground.

Napier grass {pennlsetum purpureumjwas used 

for the grass treatment, enough grass was applied 

such that when it settled after about two weeks gave 

a thickness of about 15 cm. The bare soil treatment 

was kept plear of any vegetable materials on the soil 

surface or any other type of material.

The black and transparent polyethylene mulches 

together with the grass mulch werfi laid down on 9th 

April 1976, but the white polyethylene mulch Was not 
laid down until 20th April 1976 due to the need for 

painting.

> . i
2.3. Soil moisture content determination

Soil moisture determination was made for each k 

plot, by oven-drying samples taken from three depths,
0-15 cm, 5d-60cm and 110-120cm. One of the Bix coffee 

bushes which were the experimental bushes in a plot 

was picked at random and the samples were then taken 

on any nf the three inter-rows also picked at random 

at about 90 cm from the base of the coffee bush. This 

has been shown to be the best location to take moisture

samples in coffee (Wallis, 1965).
* •

The depths at which the soil moisture samples

were taken are in relation to the .root distribution

in coffee. It,has been found that coffee roots explore
/

extensively the first three metres of the soil, but

the bulk of the roots are found wi,thin 120 cm of the
!'

surface, with most of the feeder r^oots being found 

within the first 60 cm of the soil surface (Wallis, 196-5)*

- 37 -
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A soil auger was used for taking the soil 
samples which were collected in aluminium cups with 

fitting lids. In the field each sample was placed in 

a cup and the cup number noted, care was taken to 

close the cups tightly to avoid any loss of moisture 

before the weights of the wet samples was taken.

The moisture content of the soil samples was 

obtained by taking weights of the wet samples and the 

dry weights after oven drying the samples at 105°C for 

24 hours. The weight of each particular cup and lid 

was also taken.

Samples' for moisture determination were taken
•

at the interval of 10 dayB. In 1976 this was done 
between 13/5/76 and 12/10/76, while in 1977 the samples 

were taken between 12/1/77 and 5/5/77, After taking 

the soil samples, the mulches were carefully placed 
back in position, leaving the holes that have been 
made not filled with soil to avoid sampling from the 

same place another time.

2.4. Soil temperature measurement

Mercury thermometers that could take soil 
temperatures at 7 cm depth were used between 17/5/76 and 

13/B/7R. Only ton theimometers were available and 

these were userl on two of the. replicates. .Tempe-rature 
readings were taken twice a day at 8.30 a.m. and 

at 7,30 p ,m. . •

Glass bead thermistors oF the type 151-114 

obtained from Radio spares, were used for measuring 

soil temperatures between 6/12/76 and 29/4/77. Figure(5 )
f i

gives a diagrafn of the thermistor used.

The thermistors wore first soldered into 
electrical wires. This was done by Joining the two 

thermistor terminals to the wires by the use of solder.

To make sure that the two terminals do not touch one

- 30 -
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another when installed in the soil, a piece of rubber 
tube was inserted at the soldered Joint of one of 
the terminals and an adhensive material (Araldit) was 
used to hold the two terminals together as shown on 
figure 5.

The thermistors were calibrated by taking six 

thermistors at a time and placing them close together 

with a mercury thermometer and placing them in a pot 

containing wet sand. The pot was cooled overnight 
in a refrigerator and the next day on placing it at 

room temperature, as the temperature rose, for every 

(°C) rise a meter reading was taken for each of the 

thermistors. The calibration for temperatures above 

room temperature was done by pouring hot water into 

the pot containing the thermistors and a thermometer.
On pouring hot water the temperature of the sand rose,

• I
and as it started to fall for every (°C) drop a meter 
reading' was taken for each of the thermistors. The 
temperature range for which the thermistors were 
calibrated was 13°C to 32°C.

The meter readings and the temperatures were

drawn on a table, from which a motor reading could be
_ •«

interpreted as a temperature reading in ( C). Table 0 

given the calibration table for ton of the thermistors.

Thermistors wore installed at three deaths 
15 cm, lm and at 2 m, a soil auger was used for digging 
holes of the required depth. After placing the 

thermistors, the hol§s were filled up with soil, 

leaving only the wires attached to the thermistor 

at the surface of the mulches. Temperature readings 

were taken twice a day at 9.00 a.m. and at 3.00 p.m.

i.

- 39 -
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Figure 5.

' 7

J  D iagram  ot b tad  therm istor ty pe .1 S 1 JU
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Table 0. Calibration table for the soil thermistors

Temperature
i

Thermistor number end meter reading

°C 1 2 3 4 5 6 7 0 9 10

13 205 175 175 210 220 200 105 210 230 210

14 210 100 105 215 225 205 190 220 235 215

15
•
220 190 190 220 235 215 200 230 245 225

i
16 230 200 200 230 245 225 210 240 255 235

17 235 205 205 235 250 230 215 24 5 260 240

JB 2*0 210 210 245 255 240 220 250 270 245

t g 250 215 215 250 260 245 225 225 275 250

?o 255 220 220 255 265 250 230 260 200 255

21 260 225 225 260 270 255 235 270 205 260

22 265 230 230 270 200 260 240 275 290 270

23 270 240 240 200 290 270 250 200 300 200
24 260 250 250 290 300 200 255 290 310 205-
25' 290 260 260 300 310 205 265 300 320 290

26 295 265 265 305 315 295 275 310 325 300

27 300 270 270 310 320 300 200 320 330 310

?n 310 260 200 320 335 3.10 290 325 345 320
29 320 290 335 345 • 320 300 335 355 330
30 340 300

n r  —
300 350 360 330 310 350 370 340

31 350 310 .310 360 370 340 320 360 300 350
32 360 320 320 370 300 360 330 370 395 360ft
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Figure 6 Circuit of meter for thermistor type 151-1U
4. «*;•

B, - 9 volt? battery type ?16

S. **On-Off switch 
S*-Calibrate —read switch

2,-. Zener diode (voltage stabilizer)

’v* ■’ I
n\« 500 micro amp meter full scale deflection. C '

ft

Ri -Dropper resistor |00Q ohms

R*/R|** Form a potential divider to further reduce the voltage 
, applied to applied to the resistor R, RA« 1000

i* the calibration resistor 3300 ohms.

t
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Rj and Zj form a voltage stabilising circuit 

such that the voltage at point A is 2.7 volts, so 

long as the battery is capable of giving at least 

5 volts. R^ and R^ serve to halve this stabilised 

voltage to give about 1.3 volts at point B.' This 
voltage is applied through the meter either to the 

calibration resistor R^ or to the thermistor connected 
to the terminals according to the position of S^.

2.4.1. Operation of the meter

With a new battery, the switch is switched 

to "CALIBRATE" and the to "ON"* this reading on the 

meter is notecj and in operation this reading was 

checked each cjay and the battery replaced if it began 
to fall.

To record the temperature feedings the switch 

is switched to "READ" and the S| to "ON” , at this time 
the thermistors leads should be connected to the 

terminals. The instantaneous reading before the meter 

begins to "climb" is taken. Tor a particular thermistor * 

this reading can be interpreted as a temperature 

reading from the calibration table.

. I <
2.5. Flush growth measurement

Flueh growth of the coffee bushes was determined 

both in terms of lateral branch extension and number 

of nodes grown. This was done on two coffee bushes per 

treatment., in which /our lateral branches per bush wore 

tagged three nodes from the tip on 10/9/76. After 

every two weeks the length in (mm) of each branch

from the tag to the tip was measured by the use of a
i

tape measure. The nodes infront of the tag were also 

counted after every two weeks. Growth was determined 
by taking the difference between the two weeks intervalr
measurements. Growth measurements were done between 
10/9/76 and 1/3/77.

I M
i
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2.6. Assessment of weed growth •

Before the mulches were laid down all the 

plots were clean weeded. Assessment of weed growth 
was made once per season at a time when the general 

weeding of the coffee estate was about to be carried 
out. A 10 x 10cm quandrat was used for taking the 

weed samples. In every plot four quandrat samples 

were taken and the harvest bulked together to give 

a single sample for that plot. Only the top parts of 

the weeds were taken, the roots were not included.

The fresh, weight of the weeds were taken and this was 

used to determine how much weed can be expected in a 
hectare of a particular treatment. Indentificaticn nf 

the common weeds in the experiment was also done.

The most common type of weeds in the experimental 

area were Oxalis latifolia, cyperus ro_tundus and 
Oigitaria scalarum. Other kinds of weeds included:-

Bide_ns pi losa

' lAE r te_s m inuta

Dactyloctenium aegyptium

Setaria verticil lata

* Oxygojnum sinnatum

Comrne 1 ina bengha 1 ensis

* Cony?a s t r i c t a

Erucast:rum arabi cum

Asystasia schArnperi

Lipidium banariense

Amaranthus hybridus

2.7. Soil chemical properties

Soil samples taken six months after the 

application of the mulches at a depth (0-15 cm) were
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analysed for organic carbon, total nitrogen, cation 

exchange capacity (CEC), potassium, sodium, 

magnesium and calcium.

2.7.1. Determination of organic carbon

The walkley-Black method was used for the 

determination of organic carbon in the soil. In the 

walkley-black method, the carbon is oxidised with 
potassium dichromate (K2Cq 207) in the presence of 

concentrated (36N) sulphuric acid. Potassium 

dichromatp is added to a carefully weighed sample of 

soil ground to pass a 0.5mm sieve,,and then the 

concentrated sulphuric acid is rapidly added. The 

heat of dilution obtained by diluting 2 0ml of acid 
with 1 0ml of dichromats is a convenient way o.f supplying 
a standard amount of heat to assist the oxidation.

(Ahn, 19?AC^

| \ #
2.7.2. Determination of total nitrogen^ in the soil

t

The kjoldahl method was used for the 

determination of total nitrogen in the soil. This 

method essentially involves two stops. First the 

digestion of the sample to convert the nitrogen to the 
eimioniUm form and the second step involves the 

determination of the ammonium in the digest. (Ahn, 1 9 7 3 M

i
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2.7.3 Dote rm i n fit ion of c ation e x c h an go capacity

The cation exchange capacity was determined by

the following method*!

(a) Saturation of the soil sample with

(b)

ammonium.

Removal of ammonium
i

1
acetate from the

l

soil sample.
[.

(c) Distillation of the NH4 held by the

i

colloids. 

(Ahn, 19 730-J
i
l
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2,7 « 4 . Determination of exchangeable calcium and

magnesium by versenote. titration
*

A titration for ‘calcium iB performed alone and 

then a second titration ia done for calcium and 
magnesium together, the exchangeable magnesium being 

obtained by the difference between the two titrations. 

The calcium and magnesium is extracted from the soil 

sample by shaking with neutral normal ammonium acetate 

(Ahn, 1973<y.

7,7.5* Determination of exchangeable potassium and 

jodiuni in the noi 1

1 -
The exchangeable potassium and sodium extracted 

f ro m the soil: sample by shaking with neutral normal 

rm'ftoniumecetttf.d too9 determined by flame photometer method* 
Stondaf-d solutions with known cnndent rat inns of Sodium 
and potassium worn used to obtain standard curves,of 

concentrations either nf Na» or «♦ against galvanometer 

deflections. From thn standard curves the concentration 

nf either potassium or srodium was obtained after getting 

a galvanometer ̂ Ofioctior\Af the solution From the soil 

n ample (Ahn, 1H 7 litJ,

2-7 .r,. Soi l  analysis dona at Huijt*u Coffee Hnsearpti
FoUndnt 1 on

Hoil samples ink mi one year nf ter the application of  the mulohen

Vere analysed nt Kuiru Coffee nneen,rch Foundation Kenya. Four auger

8qmpl.es worn marie per riot, of which o -lr> cm represented tba top-noil
/

bod If} - 60om represented the sub-notl* Camples from riots of the enmn 

ireflilr-tont were bulked bo give single samples per treatment for top-soil 

AM sub-soil* The mhos analysis method for soil fertility ©valuation of 

Atiotinl Agricultural Laboratories (Kenya) was used*
r »
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2.8. Root distribution

Root distribution was determined up to 60 cm by 

digging trenches about one metre from a coffee bush. 

Roots at the depths 0-20 cm, 20-40 cm and 40-60 cm were 
collected by carefully taking soil slices of the width 
5 cm and 3 cm depth on the aide of the trench. All 

the roots in a slice of soil were collected, washed and 
the dry weight taken.

2.9. Coffee yields

Coffee harvesting was done on six coffee bushes 

which comprised each experimentalpiot and the weight 

of cherry taken. Harvesting was done as the coffee 
berries became, ready for picking. The 1976/77 crop 

was picked seven times starting op 30/11/76 and ending 

on 15/3/77. The 1977 crop was picked six times 
starting on 15/3/77 and ending on 15/7/77,

2.10 Assessment of deterioration of mulches

Six months after the application of the mulches, 

a visual scaring assessment of the mulches was done.

It was difficult to assess the grass mulch together with 
the polyethylene mulches, but the cover provided by the

grass was also noted by estimating the thickness of
*

the graBs mulch.

Artificial mulches were assessed by randomly 
taking three areas per plot and estimating the 

percentage cover provided by the polyethylene. The 

area taken was that between four coffee bushes within 

the experimental plots. ^
i

i *
2.11 Analysis of leaves

Leaf samples taken one year after application 

of mulches were analysed for various nutrients at 

Ruiru Coffee Research Foundation, Kenya. Leaves 

were sampled from the six experimental coffee bushes



- 40 -

per plot, and these were bulked to give a single sample 

per treatment. The fourth leaf pair, counting from thr* 

first fully-open leaf at the tip of a primary branch 

was taken for the leaf samples. The primary branches 
from which the leaves were taken were those from the 
mid-canopy of the cropping region of the tree.

Statistical Analysis

The experiment was set up as a randomised block 

design comprising of four replicates and five treatments. 

The analysis of variance for soil moisture per depth, 

soil chemical properties, flush growth of coffee, root 

distribution, coffee yields and assessment of weed 

growth, was don? as a randomised block with the number
of degrees of freedom shown on the .table 9.

) '
1 > 
Tab 1e 9,

.1

1

Source ’ degrees of freedom

Blocks f
3  j

T reatment 4
C

Error 12
Total 19

The analysis of variance for sol] temperatures 

was done as o split plbt design, considering the 

treatment effects, time of day and the interaction 

between time of day and treatment. The degrees of 

"freedom were variable because the number of thermistors 

were not the Bame in all the period^ due to losses in 

the field. Tablb 10 gives the degress of freedom 

available for soil temperatures at 7 om depth.

i
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Table 10*

1

Source degrees of freedom

T reatment 4

Main error 5

Main total 9

Timp of day 1

Time x treatment 4

Sub error 5

Total 19

The analysis of variance Tor the variation of 
noil moisture with depth was also done as a split 
plot design, the main interest being, the depth effects 
and the interaction between depth and treatment. To 

test these effects a pooled error' mean square (EMS) 

obtained fr'm the analynis of variance for soil 

moisture per depth was used. The analysis of variance 

for the variation of soil temperature with depth was 

not done because the pooled (EMS) could not be used 

to test the effects, because tire (EMS) for the various 
depths were not comparable.

t
Table 11. Analynis of variance variation of soil 

moisture vJith depth

Source degrees of freedom
1

Block r 3
Mulches (M) 4

Total r 19
Depth (Q) .2

M x D h 8

Pooled (EMS) •%X d-

Analysis of Variance b o II temperature at 
7 cm depth
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The treatment means were compared using orthogonal 

comparisons* the planned comparisons werei-
. ■ I

Table 12.
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i

c G T B W

♦ 4 - 1 - 1 - 1 ” 1 HI

; ♦ 3 - 1 - 1 - 1 ? 2

♦ 2 - 1 - 1 ?3
• «

-•<

♦1
,1

- 1 Z4

C - bare
| ‘

soil (no mulch)
•

•

G - Grass mulch •

T - Tr^nnonrnnt polyethylene mulch' 

8 Black polyethylene, mulch 

W - White polyethylene mulch

2 1 ” bare soil compared to mulched soil

H2 ” grass mulch compared to polyethylene mulches

23 ” Transparent compared to black and white 

* polyethylene mulches.

?-4~ Black compared to white polyethylene mulch
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CHAPTER THREE J

RESULTS

3.1. SOIL TEMPERATURES •

3.1.1. Soil temperatures at 7cm depth taken by the

use of Thermometers

Soil temperatures under different type9 of 

mulches between 17/5/76 and 13/0/76 gave highly 

significant differences and during the 1st. 2 nd, 6 th 

and 10th weeks showed significant differences. In 

the 1 1th week there were no statistical differences 
between the treatments. The analysis of variance is 

given in the appendix I.

The average weekly soil temperatures qnd weekly 

average air temperatures are presented in figure (7). 

Transparent and black polyethylene mulches showed 
higher soil tempeatures than bare soil during the 

thirteen weeks. The white polyethylene mulch showed 
higher soil temperatures than bare soil most of the times

«

but in a few cases had lower soil temperatures. The 

grass mulch gave lower soil temperatures than bare soil.

The air temperature W*** lower than bare soil temperature 

and also lower than the soil temperature under the grass 

mulch.

The general pattern of temperature changes 

during thn thirteen weeks shows that from the first 
week soil temperatures we.re rising reaching a peak in 
the fourth week. During the sixth week the lowest soil < 

temperatures were recorded in all the treatment. In 

the eighth week another peak was reached but it was not 

as high as that of the fourth week. There'was a small 

drop in the twelfth week and by the thirteenth week the
«

soil temperatures were rising again. A similar pattern 

is indicated by the weekly average air temperatures 

except that the fluctuations of the temperatures with 

time are not as pronounced as that of the soil temperatures

- 51 -
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particularly under the transparent and black
polyethylene mulches. The soil temperatures under 

the grass mulch do not fluctuate much with time.

The weekly average morning soil temperatures 

at 7cm depth and the weekly minimum air temperatures 
for the period 17/5/76 to 13/0/76 are presented in 
figure (0). In the morning the mulches gave higher 

soil temperatures than bare soil. The transparent 

polyethylene mulch gave the highest soil tempei atuces 
among the polyethylene mulches. The black and white 

polyethylene mulches gave almost similar soil temperatures. 

The grass mulch gave lower soil temperatures than the 
polyethylene mplches, but in a few, cases it showed higher 

soil temperatures than either the black or white
p

polyethylene mulches.
\ »

The minimum air temperatures were lower than 

the morrtiivj soi, 1 temperatures in all the treatments.
The difference being very large os compared to that 
indicated in figure (7). As shown on figure (71, the 
noil temperatures follow closely the pattern of air 

temperature changes, the name pattern i« indicated in 

figure (0 ).

Considering the morning soil temperatures the 

different treatment seem to give more uniform temperatures 

than the average of morning and afternoon soil temperatures 

in the same treatment.

figure (9), gives the afternoon weekly average 

Roil temperatures under different types of mulches and 
the maximum air temperatures for the same period as 

that of figures (7) and (0). Figure (9) shows a 

similar patterh to that of figures (7) and (0) considering 

the general pattern of temperature changes Within a 

particular treatment. The different treatments indicate 

that the transparent and black polyethylene mulches 

had the highest soil temperature with the former showing 

higher soil temperatures than the latter. The white 

polyethylene mulch gave higher soil temperatures than

4
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Figure 0.

Morning soil temperature under different types 
of mulches at 7cm depth.



Figure 9.

Aft<zrnoon soil temperatures under different types
mulches at 7cm depth. •

i i
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bare soil in some cases while in others it showed 

lower soil temperatures. The grass mulch had lower 

soil temperatures than .bare soil throughout the 

thirteen weeks. The maximum air temperature was 

higher than the soil temperature under the grass mulch. 

The bare soil and whits polyethylene mulch seemed to
I

give soil temperatures almost similar to the maximum air 

temperatures.

f

3• 1 • 1•1• Comparison between bare soil and mulched soil

i *
As shown on table (13) the bare soil temperatures

b
ns compared to the mulched soil temperatures showed 

significant differences in the 3rd,' 7th, 0t.h, 9th and 

)2 th weeks. Ouring these weeks the bare soil had lower
i y

soil temperatures than the polyethylene mulches. The 

grass mulch was shown to have lower soil temperatures 

than the bare soil.

3.1.1.2. Comparison^betweeni grass and polyethylene 

mu 1ches

I •
As shown on table (13), during the thirteen 

wneks the grass mulch as compared to the plyethylene 

Mulches gave highly significant differences and in 

1 8 1 2 nd 6 th and 1 1th weeks the differences wore 

atatistically significant. The grass mulch showed lower 

temperatures than the polyethylene mulches during 

thirteen weeks,

i) I ' 1
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Comparison of five dav vee.t everare soil temparatures 
uder differ^r*: trpes of mulches at ? c e  depth

*
rv
in
i

1

I

1

Temperature (°C)
Time f iv e  day 

weeks
Bare
s o i l

Grass
mulch

Transparent
polyethylene

Black
polyethylene

White
polyethylene ! SE Z1 Z2 Z3 Z4

17/5/76 1 21.1 19.8 26.3 22.8 20. £ 1.91 NS • m m NS

2 21.4 20.1 27.2 23.3 21.7 2.80 NS • m NS

3 21.0 19.8 2 8 . 2 23.9 21.5 1.4Q| • 1 ** m m NS

* 21.8 19.8 28.4 24.4 51 e( l.ssj NS * * * * ’IS

5' 19.5 1 8 . 6 ' 24.2 21.1 IS. 8 0.90) MS * * * * NS

6 1 8 . 8 1 8 . 6 22.9 19.8 19.4 1.06 NS • • • NS

7 19.4 18.5 2 5 . 2 22.2 20.0. - • + • • NS

- 8 19.4 1 8 . 6 26.3 22.2 20.1 - * • * • • •

9 19.1 18.5 23.9 21.2 20.0 • - . ♦ • * •+ m NS

10 19.1 17.9 24.5 22.2 20.8 - NS • + m NS

11 19.4 17.6 . 2 3 . 8 21.6 20.0 - NS • NS NS

12 18.6 17.3 22.8 20.5 1 8 . 8 - * * •» • *I

13/8/76 13 20.6 18.5 24.9 22.4 | 20.it I - NS * * •

Z1 Bare s o i l  VS mulched s o i l
Z2 GrasB mulch V£ polyethylene muldhee - -
Z3 Traneptrect polyethylene suleh VS aon

t r a n s p a r e n t
2.**

not s ign if ican t 
s ign if ican t at 
s i g n i f i c a n t  a t

Eltck vs
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I

3•1•1•3• Comparison between transparent polyethylene
*

mulch and black and whits polysthylene m u lchps

Transparent polyethylene mulch gave higher soil 

temperatures than either the black or white polyethylenes 

except in the 9th week when it showed higher soil 

temperatures but statistically insignificant. The 

compairison is shown on table (13).

3.1 .,1 • 4 . Comparison between black and white polyethylene 

mulches
f.

As 'shown on table (13) there were no significant difference*

between the black and white polyethylene mulches
.

except in the 0th, 12th and 13th weeks when the black

polyethylene mulch gave higher soil temperatures than
*

the white polyethylene mulch,

3.1.1,5. Time,of day

The time of day morning or afternoon during 
which the temperature readings were taken gave highly 
significant differences between the treatments. The t

analysis of this data is given in appendix I. In all

the treatments lower soil temperatures were recorded
'

in the morning than in the afternoon.

Grass mulch gave higher Soil temperatures than 

bare soil in the morning while in the afternoon it 

gave lower soil temperatures. Tim polyethylene mulches 

gave higher soil temperatures than bare soil in the 

morning. The transparent and black polyethylene mulches 

gave higher soil temperatures than bare soil al30 in 

the afternoon. In the afternoon tba white polyethylene 

roulch showed lower soil temperature than bare soil »

between the first and fifth weeks and again in the 

twelfth and thirteenth weeks, in the other weeks it gave 

higher soil temperatures than bare soil*

i
I



3.1.1.6. Fluctuation in daily soil temperature

As shown on table (14) the difference between 

morning and afternoon Soil temperatures showed that 

the grass mulch gave a more uniform soil temperature 

as compared with bare soil. The grass mulch had 

the effect of increasing soil temperature in the 
morning and decreased it in the afternoon and thus 

reduced the daily fluctuation in soil temperature.

The daily soil temperature fluctuation was 

high under the transparent and black polyethylene 

mulches as compared to bare soil. The transparent 

polyethylene mulch gave a higher fluctuation than the 

black polyethylene mulch.

Soil temperatures seemed to Fluctuate less 

under the white polyethylene mulch than under bare soi 

As shown on table (14) the daily soil temperature 

fluctuation was lower under white polyethylene mulch 

than under bare soi) for most of the thirteen weeks 

except in the 6 th, 9th and 10th weeks when the 
temperature fluctuation was a little higher under 

white polyethylene than under bare soil.



Table 14. Daily soil tsipperature fluctuation at 7cm depth
*  P  *-

These are the differences batween afternoon and morning soil temperatures

(°C)

Tima in 
weeks

Air tamparature 
diffarancs 
max. and Min.

3ars
3oil

Grass
mulch

Polyethy Itjne mulches

Transparent Black White

17/5/75 1 7.7 4.3 1 . 0 1 0 . 6 7.5 3.7

_ 2 9.9 - , 5.1 X «,5L /  ̂11.3 7.7 4.3

3 11.3 5.3 0.9 12.9 __ 8 . 6 4.0

4 10.7 5.3 0.9 13.3 8.9 4.0

5 11.4 4.4 1 . 0 9.3 6 . 2  . 3.1

6 9.2 3.0 1 . 8 7.0 5.0 3.4

7 10.3 5.2 1 . 8 1 1 . 2 7.8 4.6

a ' 13.3 5.8 2.3 12.3 9.1 5.4

3 1 0 . 0 3.7 1 . 0 7.6 5.2 4.3

> . -10 1 2 . 2 5.1 ! 1.7 * - " 11.4 1 0 . 0 5.6

11 12.5 5.8 1.5 1 1 . 1 9.0 5.5

12 10.5 4.3 1.5 9.7 7.1 4.0

13/8/75 13 12.7
\

7.3 3.4 1 1 . 8 9.9 6.3
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3.1.1.7. Interaction between treatment and time of day

The analysis of this data is given in Appendix 

I. Statistically significant differences were obtained 

except in the 9th week when the differences were not 

statistically significant.

It was shown that grass mulch gave high soil 

temperatures in the morning as compared to bare soil 

while in the afternoon it gave lower soil temperatures.

The polyethylene mulches gave higher soil 
temperatures than bare soil in the morning. In the 

afternoon the transparent and black polyethylene 

mulches also showed higher soil temperatures than bare 

soil* but the differences were greater in the afternoon 

than in the morning. The white polyethylene mulch 

gave lower soil' temperatures than bare soil during some 

of the wneks while in others it showed higher soil 
temperatures tl^on bare soil in the , afternoon.

f; 1
3.1.2. So il tempo rat u re s at 15 cm depth __t a Ion by the

usB_°f~ til0rmis torn
1

Soil temperatures at 15crn depth token between 

6/12/76 and 29/4/76 and analysed as five day week 

averages showed, significant differences hetween 

treatments in all the wneks for which the analysis of 

variance was done. Soil temperatures at this depth 

were taken for twenty one weeks hut due to Tosses of
I ' *

thermistors in the field the analysis of variance could 

only be done for sixteen weeks# this is given in the
m

Appendix II.

Figure (10) illustrates the differences between 

the various treatments. The polyethylene mulches gave 

higher soil temperatures than bare soil except in the 

1st and 2 nd weeks when the white polyethylene mulch 

rscorded lower soil temperatures than bare soil. The 

transparent polyethylene mulch gave the highest soil 

temperatures ampng the polyethylene mulches. During the
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first sloven weeks the black polyethylene mulch gave 
higher soil temperatures than the white polyethylene, 
after the eleventh week the black and white polyethylene 

mulches gave almost similar soil temperatures.

The grass mulch gave lower soil temperatures 

than bare soil during the whole period. The average air 

temperatures are shown on figure (ID) to be lower than 

the soil temperatures under the polyethylene mulches 

and bare soil, but seemed to have no difference with 

the soil temperature under the grass rnulch. The soil 

temperatures under the polyethylene mulches and under 

bare soil follows the pattern of the air temperatures, 

thus a3 air temperature rises, the soil temperatures r 

also increased.

••r.
3.1.2.X* Comparison between h a m  snil and mulched soil... ? ' """

As shoWh on tablet 15) bare soil compared to , 

mulches indicated significant differences in the 5th, 
6 th, 7th and 13th wnRks. During those periods bare 
soil gave lowep soil temperatures than the polyethylene 

mulches but higher than the grass mulch. The weekly 

average soil temperatures in the 5th week was 10.5,

17.3, 24.4, 22.9 and 20.0 °C respectively for bare soil., 

grass mulch, transparent., black and white polyethylene 

mulches.

3. 1 ,2 .7. Comparison between grass and p o lyethylene 

mulches

The grass mulch compared to,the polyethylene 

mulches gave lower soil temperatures under grass than 

under the polyethylenes. Soil temperatures in the 4th 

week w e s e 10.0, 25.5, 22.0 and 21.3°C respectively for 

grass mulch, transparent, black and white polyethylene 

mulches. A similar trend was shown during the whole 

of the sixteen weeks.
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3•1•2•3• Comparison between transparent polyethylena
mulch and black and white polyathylana mulches

Transparent polyethylene mulch had higher soil 

temperatures than the o'ther two types of polyethylenes 

except in the 3rd, 4th and 12th weeks when there were rvo 

differences. Soil temperatures in the 1st week was 

25.0 °C for transparent, 22.3°C for black and 20.3°C 

for the white polyethylene mulch.

3.1;2.4. Comparison between black and w hite polyethylene 

.mulches

As shown on table (15),there was no difference 

in soil temperature between the black and white 

polyethylene mulches except in the, 2 nd week when the 
black polyethylene mulch showed a .higher soil temperature 

than the white polyethylene mulch.,

- i n
3,1.2.5. Time,of day

Soil temperatures differed according to the time 

of day in which readings were taken either in the 
morning or in the afternoon. During the sixteen weeks 

only in the 2nd and 13th weeks when there was no 
difference between the time of d*y In which the 

readings were taken.

Soil temperatures under hare soil were lower iri 

the morning than in the afternoon, this was also true 

for the transparent and black polyethylene mulches. Under 

the grass mulch the differences between morning and 

afternoon soil .temperatures were small although the 

afternoon soil .temperatures were slightly higher than 

the morning soil temperatures. During the 2,nd, 5th 

and 0 th weeks soil temperatures uncjer grass mulch were 

higher in the morning than in the afternoon while 

there was no difference in the 7th week. The white

polyethylene mulch gave higher soil temperature in the
n '

afternoon than in the morning except in the 2 nd week
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vbEpar^-Bar o f  f  ive-a^-^eak: average s o il  t&rs-eratnrpc 

tinder d if fe ren t tv jes  o f  rulcbee st 15 cr ae-tfc

i*
in
ID

»•

Tesoerature C°C)

Time f iv e  day 
- ■ weeks

Bare
s o i l

Grass
tculcb

Transparent
polyethylene

Black 1 
polyethylene

White
polyethylene SS Z1 Z 2 Z3 Z4

6A2/76 1 2 1 .  4 18.9 2 5 . 8  . 22 .3 ' 20.3 I -  -j NS 9 * * NS

2 1 8 . 8 17.6 23.3 2 1 . 2 17.5 | - NS • 9 9 •

3 19.1 1 8 . 1 24.3 2 2 . 2 2 0 . 6  1 2.46 1 NS • NS NS

4 1 9 . 8 1 8 . 0 25,5 23.1 . 21.9 { 2 .8 6 1 NS • • NS NS

5 18.5 17.3 2k A 2 2 . 8 2 1 . 3  j 2 . 0 6 «
j -

•
|-| ! NS

"-------  6 2.04 •
___________ ____________

NS19.5 18.3 25 A 22.9 £0 * 8

7 2 0 . 1 18.7 2 5 . 8 23.9 2 2 . 1 1 7 . 6 • • • ; NS

■ * 8 21.5 1 9 . 2 2 5 . 6 24.0 2 3 . 1  ! l.lbi T5S • • 9 NS

9 24.2 2 0 . 2 25.3 2 6 . 1 25.1 1.32
. . •

NS •  9 9 9 NS

1 0 2k.S 19.5 27.7 2 6 . 1 2 5 . 0  j 0 . 2 6 NS 9  9 9  9 NS

1 1 25.1 2 0 . 9 _  28.3 26.4 J _ 2 5 - 8  1 1 . 1 2 NS m 9 9 NS

1 2 23.9 19.6 27.5,- 2 5 . 0 25.6 j 1 .72 NS m 9 NS NS

13 2 1 . 0 1 9 . 6 2 5 . 6 2 3 . 2 23.2 i 0-65 • 9 9 9  9 NS

14 22.9 19.0 27.2 2 3 . 7 2 3 . 9  j 1.22 NS 9 9 9  9 NS

I 15
23.1 19.2 2 6 . 6 2 3 . 9

1
23.6 i0.92 NS 9 9

•

9 9

A

NS

25/3/77 16 20.6 19.6 24.6 21.8 22.5" 1 . 1 s . NS i - I 9 l r's______ L

Bare Boil

—
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when there was no difference.

3 ,1 ,3 , Soil temperatures at one metre depth taken 

by the use of thermistors

Soil temperatures taken between 6/12/76 and 

29/4/76 and analysed as five day week averages showed 

significant differences among the treatments during 
some of the weeks and in other weeks no significant differenow 

were obtained,.- Significant differences between the 

treatments were obtained in the 7th, 0th, 9th, 12th,

13th, 14th and 15th weeks and in the rest of the weeks no 
gimifioant .differences occured between the treatments. The 

analysis of variance is given in appendix III,

Figure (11) illustrates the pattern of soil 

temperatures at one metre depth. During the 7th and 0th 
weeks the transparent and black polyethylene mulches 

gave higher soil temperatures than bare soil. The 
white polyethylene mulch and grass mulch gave lower soil 

temperatures than bare soil. In t)iq 12th, 13th and 14th
Iches had high er so 11 temperat

ransparen t p o 1 y e t h y lene giving

than the o t h e r two types of

e average soil temp erature

, 19.0, 25.6, 23.7 and 22.1°C

1 , grass mulch , tra nsparent,

polyethylene mulches,

black and white polyethylene mulches. In the 15th 
week only the transparent and white polyethylene 

mulches Bhowed higher soil temperatures than bare soil.

Table (16) give the comparison between the 
various treatments. Bare soil showed no significant difference's 

as compared to mulched Boil. This was also true when 

black and white polyethylene mulches were compared, 

except in the 1st week when the black polyethylene 

mulch gave higher soil temperature than the white 

polyethylene.
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Averaoe soil soil temperatures under different types 
of mutches at IQCcm depth.



T a t j l  a  1 6  m C o m p a r i s o n  o - f -Five
different

d a y  week average soil temperatures under 
types of mulches at one metre depth

Temperature C°C)
Time five day 

week
Bare
soil

Grass
mulch

Transparent
polyethylene

Black
polyethylene

White
polyethylene SE Z1 Z2 Z3 Z4

6/12/76 1 24.1 19.6 22.0 22.2 18.8 2.01 NS NS NS •
2 20.3 17.8 20.4 19.0 19.0 1.79 NS NS NS NS
3 19.8 17.7 21.0 19.6 18.0 1.06 NS • • NS
4 19.5 17.3 20.8 19.7 18.5 1.50 NS • NS NS
5 18.8 17.1 20.6 19.7 18.1 1.14 NS • NS NS
6 19.1 17.3 20.9 19.7 18.5 1.44 NS • NS NS
7 19.6 17.6 20.9 19.9 19.0 0.77 NS • NS NS
6 20.6 18.2 22.3 22.4 20.3 1.01 NS • NS NS
9 21.3 18.3 23.7 22.2 21.3 1.52 NS • • NS NS
10 21.1 . 19.3 24.4 23.1 22.1 - NS • NS NS
11 22.5 19.9 24.9 24.1 21.9 - NS NS NS NS
12 21.4 19.8 25.6 23.7 22.1 - NS • • NS
13 21.9 19.2 25.1 22.9 22.6 -- NS • • • • NS

14 21.3 18.0 25.3 22.2 22.5 - NS • • * NS
. 8/3/77 15 22.4 18.5 25.1 22.2 22.7 - NS m m • NS

Z1 Bare soil vs mulched soil NS not significant
Z2 Grass mulch vs polyethylene mulches • significant at 5t
Z3 Transparent polyethylene mulch vs •• significant at 1%

non transparent • -

Z4 Black vs white polyethylene mulches
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The grass mulch when compared to the 

polyethylene mulches showed that lower soil 

temperatures occured under grasB than under the polyethy- 
lens8 except during the 1st and 2 nd weeks when there 

f U/ere no statistically significant differences.
I '

The transparent polyethylene mulch gave higher

soil temperatures than the other two types of
polyethylene mulches in the 3rd, 12th, 13th, 14th and

15th weeks, but during the other weeks there was no

difference.
1

3.1.3.1. Time of day i

Differences occured during the time of day 

in which the temperature readings wore taken either 

in the morning or in the afternoon. In the 1st week 
higher soil temperatures wore recorded in the afternoon 

than in the morning in all the treatments. During the 

6 th week lower,, soil temperatures were recorded in the 
afternoon than in the morning except under grass mulch 

where there was no difference.

During the 6 th week higher soil temperatures 

were recorded in the afternoon than in the morning undej' 

bare soil, black and white polyethylene mulches while 
under the transparent polyethylene mulch the reverse 
wan truft, no difference occured under grass mulch.

In the 15th week lower soil temperatures were obtained 
in the morning than in the afternoon in all the 

treatments.
11

The inter-action between time of day and 

treatment gave no e.ignificant differences at one metre 

depth.

3.1.4. Soil temperatures at two metres depth 
taken by use of thermistors

Soil temperature reading at tv*o metres depth
t



taken for twenty one weeks between 6/12/76 and 29/4/77, 

Tor the first ten weeks a statistical analysis was 

done but for the rest of the period this was not 
possible due to losses of thermistors in the field.

The analysis of variance is given in the appendix IV.

Differences occured among the treatments only 

in four of the ten weeks, this was during the 3rd,

7th, 9th and 10th weeks. During the 3rd week the 
grass mulch and the black polyethylene mulches showed 

lower soil temperatures than bare B o i l  while the 

transparent and white polyethylene mulches gave higher 

soil temperatures. During the 7th week the polyethylene 

mulches and the bare soil gave slight differences, 

with the grass mulch showing lower soil temperatures 

than the rest of the treatments. The same trend was 
shown in the 9th and 10th weeks. Table (17) gives the

f
overage soil temperatures under the different treatments 

at two metres and the average air temperatures. The 
mean temperatures for the twenty one weeks shows that 

the soil temperatures under the various treatments 

were approximately equal to the moan air temperature • 

for the twenty one weeks.

As shown on table (18), when the bare soil is 

compared to the mulched soil no differences were *~
obtained at this depth. Grass mulch when compared to 
the polyethylene mulches showed lower soil temperatures 

under grass except in the first two weeks when there 

was no difference. Among the polyethylene mulches there 

was no difference, wl\en the transparent polyethylene 

was compared to the black and white polyethy1enes or 

when the black iwas compared to the white polyethylene

mulch. However in the 9th week the black polyethylene
/

mulch gave higher soil temperature than the white
r 1

polyethylene mulch.
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Tab l a  17 . Average s o i l  tem perature under d i f f e r e n t  typ es  o f  mulches 

at 2 m etres depth

(°C)

Time in 
weeks

Bare
soil

Grass
mulch

Polyethylene mulches Average air 
temperature

T ransparent Black White

6/12/77 1 21.4 2 1 . 2 2 1 . 0 21.9 2 1 . 6 21.5
2 2 0 . 1 19.5 20.3 2 0 . 2 2 0 . 1 18.8
3 19.9 18.7 20.5 19.6 ,20.3 19.1
4 19.7 18.9 19.7 2 0 . 1 2 0 . 0 19.9
5 19.7 18.4 19.6 19.5 19.8 18.5
6 19.4 18.8 19.8 19.6 19.5 19.5
7 2 0 . 0 19.0 2 0 . 1 2 0 . 1 2 0 . 1 2 0 . 1
8 20.9 19.6 20.9 2 0 . 6 20.7 2 1 . 6
9 . 2 1 . 0 19.5 20.9 2 1 . 8 20.3 24.2

10 2 2 . 2 2 0 . 2 2 2 . 0 2 2 . 2 22.3 24.7
11 22.5 2 1 . 2 2 2 . 8 23.0 21.9 25.1
12 2 1 . 2 2 0 . 2 2 1 . 0 2 2 . 2 21.5 24.0
13 21.4 20.4 2 2 . 1 22.4 2 0 . 8 2 1 . 1
14 2 1 . 1 19.5 2 1 . 2 21.5 2 1 . 1 23.0
15 21.5 19.7 2 1 . 8 21.5 20.9 23.1
16 21.3 20.4 21.7 21.9 21.4 2 0 . 6
17 2 1 . 2 19.7 20.9 2 2 . 2 2 1 . 0 2 2 . 2
18 21.3 19.2 2 1 . 0 2 1 . 8 2 0 . 8 21.3
19 22.9 2 1 . 0 2 2 . 8 2 2 . 6 2 1 . 0 2 1 . 0
20 2 1 . 6 20.9 2 1 . 8 22.4 20.7 2 0 . 0

29/4/77 21 2 2 . 2 20.3 21.7 2 1 . 0 2 0 . 8 2Q.7
MEAN 2 1 . 1 19.8

*
2 1 . 1 21.3 2 0 . 8 21.4

f



Comparison of five day week average o f s o i l  temperatures 

nnder d if fe r e n t  types o f  mulches at two metres depth.

Temperature (°C)

Time fime day 
weeks

Bare
s o i l

Grass
mulch

Transparent
polyethylene

Black
polyethylene

White
polyethylene SB Z1 Z2 23 Zk

6/12/76 1 21. k 21.2 21.0 21.9 21.6 2.07 NS NS NS NS

2 20.1 19.5 20.3 20.2 20.1 0.21 NS NS NS NS

3 19.9 18.7 20.5 19.6 20.3 0.2<+ NS * m NS NS

k !" 19.7 18.9 19.7 20.1 20.0 0.21 NS m NS NS

5 19.7 18.4 19.6 19.5 19.8 0.36 NS m NS NS

6 19.^ 1 8 . 8 19.8 19.6 19.5 0.10 NS • NS NS

7 20.0 19.0 20.1 20.1 20.1 0.09 NS • * NS NS

8 20.9 19.6 20 A 20.6 20.7 0.36 NS * NS NS

9 21.0 19.5 20.9 21.8 20.3 0.09 NS • # NS • •

11/2/77 10 22.2 20.2 22.0 22.2 22.3 0.26 NS • • NS NS <

Z1 Bare s o i l  V5 mulched s o i l

12  Grass mulch VS polyethylene mulches '

23 Transparent po lyethylene mulch VS non transparent 

Zk Black white po lyethylene mulches f

NS not significant 

* significant at

*• significant at 1%
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3.1.4.1. Time of day

During the 4th week bare soil showed higher 

soil temperatures in the afternoon than in the morning* 

while the grass and white polyethylene mulches showed 
lower soil temperatures in the afternoon. The transparent 

polyethylene mulch gave no difference.

During the 7th week lower soil temperatures

v were recorded in the afternoon under bare soil,

transparent, black and white polyethylene mulches, no

difference occured under the grass mulch. In the 1 0th *
week higher soil temperatures occured in the afternoon 

than in the morning except under,the white polyethylene 

mulch where the reverse was true.

3.1.5. Variation of soil temperature w ith depth

The qoil temperatures under- different treatments 

starting on 6/12/76 to 1/4/77 is presented on figure 
(12). The soil temperatures at each particular depth 
has been presented in the previous • sections. Within the 

treatments soil temperatures vary most at 15cm depth, 

while at one metre and two metres depth there was little 

variation in soil temperatures between the treatments.

In general the soil temperatures tend to decrease 

with depth from 15ctn such that at two metres depth they

tend to stabilize at one level for all the treatments.
* ••

The transparent, black and white polyethylene mulches

as shown on figure (1 2 ), except in the second week gave
high soil temperatures at 15cm depth which decreased 

B  i
with depth and at two metres depth they had almust similar 

soil temperatures. During the second wedk the white 

• polyethylene mulch gave low soil temperatures at 15cm 

depth, this kept on increasing with depth and at two 

metres depth the soil temperature was similar to that of 

the other polyethylene mulcheB.

I
I
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Bare soil temperatures seemed to be stable
♦

with little variation with increasing depth in the 1st,

3rd, Ath and 6 th weeks, bare soil showed high soil 
temperatures at 15 cm depth which decreased with 

increasing depth such that St two metres the soil 

temperature was similar to that under the polyethlene 

mulches.

In the 13th and 16th weeks as shown on figure 

(12) bare soil showed low soil temperatures at 15cm 

depth which increased with depth and at two metres the 

soil temperature was the same as that of the polyethylene 

mulches.

Grass miilch during the 1st to 5th weeks and
I

again in the 12th, 13th, 15th and 17th weeks showed low 

vsoil temperatures at 15cm depth, the soil temperature 

increased with depth and at two metres tended to equal 
that under bare soil and polyethylene mulches though 

slightly lower.] In the 6 t.h to 11th weeks grass mulch 
showed high soil temperatures at 15 cm depth and this 

decreased with depth until at two metres depth the soil
t

temperatures were similar to that under the other 

treatments.

•#»

3 i 2. SOIL MOISTURE

3.2.1. Soil moisture content at 0-15cm depth

Soil moisture samples taken between 13/5/76 and 

• 12/10/76 showed significant differences between the
treatments at 0-15cm depth in all. the sampling dates 

except on 13/7/76. The analysis of variance is given 

in appendix V Figure (13) shows the soil moisture pattern 

under the various treatments at 0-15cm depth for the 

period between 3/6/76 and 12/0/76. The grass mulch is 

shown to conserve more soil moisture than any of the 

other treatments. The black and white polyethylene 

mulches gave higher soil moisture contents than bare soil 
most of the times. The transparent polyethylene mulch gave

t: '
lower soil moisture content than bare soil most of the times.

■  >
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Variation soil temperature with depth.
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3• 2. 1. 1# Comparison between bare and mulched s o il

As shown on table (19) bare s o il was shown to d i f fe r  from the 

mulched s o il on the follow ing dates 13/5/76, 23/7/76, 12/8/76 and 12/10/76. 

During these periods bare s o il was shown to have less moisture oontent 

than the mulohed treatmentse

Table (20) gives the s o il moisture at 0 -  15 ora depth during part 

o f 1977, Bare s o il as oompared to the mulohed s o il was shown to have less 

moisture oontent on two o f  the sampling dates, while during the rest o f 

the dates there was no s ign ifican t d ifference. On 11/2/77 the s o il 

moisture oontent at 0 -  5°ni depth was 2 5 .4  $» 3 2 . 90$, 2 5 .90$, 2 7 . 90$ and 

2 6 . 60$ respective ly fo r the treatments bare s o il ,  grass muloh, transparent, 

blank and white polyethylene mulohes.

3. 2. 1 . 2. Comparison between grass and polyethylene mulches

During 1976 as shown on table (19) the s o il under the grass mulch 

was shown to have more s o il moisture content at 0 -  1 5om depth than the 

s o il under the polyethylene mulohes, exoept on. « l e  oooasion when there 

was no s ign ifican t d ifference between the grass and polyethylene mulched 

s o i l .

As shown on table (20 ), grass mulohed so il as oompared to the 

polyethylene mulohed s o il during part o f 1 9 7 7 , the s o il under grans 

muloh was shown to conserve more moisture at 0 -  1 5 cm depth than the 

polyethylene mulohed s o i l»0n 5/4 / 7 7  and 5/5 / 7 7  there were no 's ign ifican t 

d ifferences between grass mulohed s o il and polyethylene mulched s o i l .

1
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Table 19. -^rcartaqg -"ciaturg.in over-cried soil at 0-I5cm depth (1975)

Data Bare
s o i l

Grass i 
mulch

T rans-  
parent  
P o l y e t h y 
lene

Black
P o ly e th y -  | 
iena

------------------ *
White
P o l y e t h y 
lene

SE Z1
i

12 Z3 Z4

13/5/75 27.05 37.20 25.23 29.56 32.21 1.82 * * • * * NS

3/6/76 33.61 30.71 27.90 34.07 36.67 2.23 NS * *- * * NS

14/6/75 29.19 35.63 27.95 31.25 33.79 2.50 NS • * * * NS

24/6/76 36.52 40.02 27.26 31.00 33.44 4.00 NS • * * NS

2/7/76 29.51 36.20 24.50 20.56 31.96 3.26 NS • * * NS

13/7/75 29.22 34.34 27.52 1 29.23 31.32 5.71 NS • NS NS

23/7/75 24.94 32.24 27.05 129.33 30.26 3.33 * • NS NS

2/Q/76 23 .6/ 33.55 26.70 31.37 30.94 2.01 NS • * • * NS

12/0/76 26.56 i 31.25 25.90 29.52 ! 32.37 1.37 * * NS « •- * m

■ 21/9/75 !26.51 ) 33.43 24.94 20.37 27.50 1.77 NS # * « NS

1/10/76 (24.40 ! 3C.54 23.93 26.37 25.07 3.24 NS • « NS NS

12/10/76 120.50 j 24.09 24.55 ; 24.30 25.24 . 3 . 5 1  ; •• I •• NS NS

Z1 - Bare s a i l  VS mulched s o i l

Z2 -  Grass mulch VS p o l y e th y l e n e  mulches

Z3 - Transparen t  p o ly e th y l e n e  mulch vs non 

t ran sp a ren t

NS - Not significant 

• - Significant at 5£ 

•• - Significant at 1%

Z4 Black  VS w h i te  p o ly e th y l e n e  mulches

0
0
'



Percentage a o i a t u r e  i n  o7er-drled a o i l  a t  0 - 1 5  c a  d e p t h  ( 1 9 7 7 )

Date
3are
s o i l

Grass 1 
aulch

Transparent ' i 
polyethylene

Black White
polyethylene ss Z1 32 23 Z4

12/1/77 3 1 - 7 9 37.45 3 2 . 2 1 2 8 . 6 0 30.17 3 . 3 3 NS • * NS NS

2/2/77 2 8 .7 7 33.72 27.42 32.14 29.43 7 . 7 0 NS * NS NS

11/2/77 2 5 .4 4 t 32.92 25.94 27.94 26.57 2 . 3 9 • • * NS NS

22/2/77 ' 2 8 .5 3 31.23 25-76 3 0 . 2 2 27.70 1.68 • * • NS

4/3/77 3 3 . 5 7 33.27 29.06 i 3*.30} 32.85 7.70 NS • • NS

14/3/77 2 9 .9 0  1 3 6 .4 3 2 8 . 3 6 31.48 27.48 4.61 NS • # NS NS

24/3/77 3 6 .2 3 | 39-22 30-51 30.98 36.71 4.21 NS • • NS *

5/4/77 j 3 * .S l 39.04 '35.01 | 33.60 36.05 5.25 NS NS NS NS

15/V77 ] 42.96 j 44.98 J 38.39 40.65 40.62 3.46 | NS • * NS NS

5/5/77 j 40.30 | 4 1 . 9 *  j 39-60 | 35-90 40.12 14.44 NS NS NS NS

31 Bare s o i l  VS aulched s o i l 53 not a i fn i f ic a n t

32 Grass aulch VS polyethyleneau lches * s ig n if ic a n t  at 3%

Z3 Transparent polyethyleneau lch  VS 
nontrananarent ?r.

• # S ig n ific a n t at 136Wi f
Zk  31ack VS white po lyethylene aulchaa
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In 1977 as shown on table (20) no s ign ifican t d ifferences oooured 

on comparing transparent to blaok and white polyethylene mulched so ils  

exoept on two occasions when the s o il under transparent muloh gave lower 

s o il moisture than the s o il under the other two types o f polyethylene mulohes.

3 . 2. 1. 4* Comparison between black and white

Polyethylene mulches.

At 0 — l^cm depth in 1976 as shown on table (19)» s o il under black 

polyethylene muloh was shown not to d i f fe r  s ign ifican tly  from the white 

polyethylene mulched s o il in terms o f s o il moistttre content. However 

on 1 2/8 /7 6  the s o il under blaok polyethylene mulch showed a higher so il 

moisture content than the s o il under the white polyethylene muloh. On 

this date the s o il moisture content was 2 9 *62$ fo r  s o il under blaok 

polyethylene and 3 2 . 3 7$ fo r  8° i l  under white polyethylene muloh.

In 1977 as shown on table (20) re significant differences oocured 

between black anditfhite polyethylene mulched so ils , exoept on 24/3/77 
when so il under the black polyethylene muloh showed a lower so il moisture 

oontent than the so il under the white polyethylene muloh.

3 . 2 . 2 . Soil mo is ture content at 6Ocm depth.

Soil moisture content samples taken at 60cm depth during part o f 

19 76  from 1 3 /5 /7 6  and 1 2/1 0 /7 6  showed sign ifican t differences between the 

treatments in some o f the times but in others"there were no s ign ifican t 

differences between the treatments. The analysis o f Tariance is  given 

in appendix V .

3. 2. 2. 1© Bare soi l  compared to mulched s o il

As shown on table (2 l )  during 1976 there were no significant differences 
between bare so il and mulohed so il, except on 12/8 /7 6  when bare so il was 

shown to have less moisture oontent than the mulched so il. On this date 

the moisture content at 60cm depth was 31.65$* 35*81$, 32.95$* and 32.95$ 
respectively for bare, grass, transparent polyethylene, blaok polyethylene 

and white polyethylene mulohed so ils .
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In 1977 ns shown on table (22) no signifionnt, d ifferences oecured 

between bare s o il end mulohed s o il except on 24/3/77 when bA.ro s o il wen 

shown to have less s o il moisture. During this period bare s o il gave 

3 0 .40$f grass mulohed s o il 3 1 *7 1$» while the polyethylene mulohed so il 

gave 3 0 . 00$, 3 1 . 3 1$ and 3 7 *14$ respectively fo r transparent, blaok and 

polyethylenes*

3 . 2. 2. 2. Orass muloh compared to polyethylene mulches

As shown on table (21) in 1976 the grans muloh concerved more s o il

moisture than the polyethylene mulches. Out o f the twelve sampling dates

in eight o f them the grass mulohed soil gave higher so il moisture than

the polyethylene mulched s o i l ,  while in the oth’er fettr therp was no s ign ifican t 
d ifference.

In 1977 as shown on table (22 ), out o f ten sampling dates the grans 

muloh cdnserved more s o il moisture at 60om depth than the polyethylene 

mulches, except on throe o f the sampling dates. Moisture content on 

1 2/1 / 7 7  at 6 0cm depth wan 3 8 . 29$ fo r  grass mulched s o il and 3 0 . 80$,

3 0 . 30$ and 31.17$ respectively for transparent, blaok and white polyethylene 

mulohed so il.

3» 2. 2. 3. Comparison between transparent polyethylene mulch and 
black and white polyethyjl enja_ jmilohos._

As shown on table (21) during 1976 the transparent polyethylene • 
mulohed so il showed lower so il moisture oontent than so il mulohed with 

the other two types o f polyothylenes at 60om depth on fotrr o f the twelve 

sampling dates, while during the oi.her dat^a there was no significant -  

difference.

In 1977 as shown‘on tab ]« (22) the transparent polyethylene mulched 
• »

so il was shown not to d if fe r  sign ificantly from the so il mulched with 

white or hlack polyethylene,.except on 24/3 /7 7  when i t  gave a lower s o il

moisture content*



Percentage noi^ture in o^r-drteri soil ?t 6C. cc certh (1976)

Date
Bare
6 0 1 I

Grass
mulch

Transparent 
polythylene

Black
polyethylene

White
polyethylene

SE El Z2 E3 Z4

13/5/76 35.38 37.V6 31.13 31.51 36.12 1.25 NS • • * • •

3/6/76 38.17 39.2V 3V.75 35.91 37.90 1.86 NS • NS NS

l**/6/76 35.17 37.16 33.97 3V.33 35.71 1.7*+ NS • NS NS

2**/6/76 3^.70 37.28 32.71 35.02 3 6 .6 6 2.66 NS NS • NS

2/7/76 33.9^ 36.52 31.39 33.33 3V.1** 2.85 NS • NS NS

13/7/76 32.78 36.25 32.62 33.63 35*01 2.77 NS KS NS NS

.23/7/76 31.98 3V.62 3 1 . 6 6 31.82 3 2 . IV 0.73 NS • # NS NS

2/8/76 32.31 35. VO 31.07 31.80 33.85 1.17 NS • NS NS

12/8/76 31.65 35.26 30.81 | 3 2 . 9 5 32.95 0.53 • • » • NS

21/9/76 29.66 32.85 29.35 31.29 30.73 0 . 7 0 NS • • • NS

1/10/76 3 0 . 2 2 32.A6 3 0 . 1 0 31.79 31.50 0.80 NS NS NS NS

12/10/76 29.02 30.29 29.13 29.58 3 0 . 1 8 C.23 NS NS NS NS

Z1 Bare s o il VS mulched s o i l NS not s ig n if ic a n t

22 Grass mulch VS polyethylene mulches • s ig n if ic a n t  at 5%

Z3 "transparent po lyethylene mulch VS 
( non transparent )

• • s ig n ific a n t at l£

Zk Black VS white polyethylene mulches 0 0



Fercentare moisture m  OTe--dned scil st 60 cc derth (1 9 77)

Date
Bare
s o i l

~urass
mulch

. -transparent 
polyethylene

Blacr.
polyethylene

white
polyethylene' SB ! Z l 7 |Z3 Z4

12/1/77 3*4.28 i 38.29 30.86 3 0 . 7C 3 1 . 1 "  ! 1 . 7 3  1 NO • • INS

2/2/77 3 1 . 9 0 3 5 . 2 2 3 1 . 4 8 3 0 . 1 5 3 1 . 1 1  * . 3 5  NO *• INS | NS

11/2/77 30.97 3 3 . 2 0 29.17 30.79 2 9 . 4 1  • I 1 .1 6  J NS
**

NS NS

22/2/77 29.32 32.05 29.50 30.98 2 9 . 6c 1 C .7 2  I n s » »• » NS

. V3/77 33.^9 37.04 31.32 3 0 . 3 0
1 |

3 5 . 6 *  1 6.1** NS • NS •

14/3/7? 3 2 .2 6 35.97 3 0 . 0 8 3 3 . 9 1
t |

3 C . O 5 j 1 . 2 2  NS » • N3 • •

24/3/77 30.40 31.71 3 0 . 0 0 T** 71 { 7 ~ ** a. ( n • •■ m a. 1 dm D-. • :s • • • •

5/4/77 3 1 . 6 6 38.0? 34.5^ 3 7 . 9 8 3 6 .2 3  j 6.**9 i NS NS NS NS

15/4/77 42.45 43.06 4 1 . 3 8 41.91 4 1 . 3 -  * 0 . 5 0  | NS • NS NS

5/5/77 41.24 41.49 *+0 . 0 7 38.8** 41 .Hi i C .£ : ! NS 
______________L j

ns Ins 
_____ !____

•

Z i Bare s o i l  VS mulched s o i l  
Z2 Grrre raulchVS oclyethy lene mulches 
ZJ Transparent po lyethylene mulch VS 

( non transparent)
Z4 Slack VS white po lyethelene mulches

NS not s ig n if ic a n t  
s ig n ific a n t at 5% 
S ign ifica n t at i£- » »  •
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3« 2. 2. 4 . Comparinon between blnok snd whita

polyethylene mulohos

In 1976, the blnok polyethylene mulohed s o il ^ave lower noil r-oisiure . 

content then the white polyethylene mulohed s o il at fiOom depth on 1 V r'/ ^  

an nhown on table (21)• On the other dates there was no sign ifican t 

d ifferenoe between the two.

An nhown on table (22 ), on 14/3/77 the blnok polyethylene mulched noil 

fjeve a higher noil moisture content at 60om depth then the white polyethylene 

mulohed nolle On 4/3/77» 24/3/77 and on 5/5/77 the blank polyethylene 

mulohed noil flave a lower s o il moisture than the white polyethylene mulohed 

s o i l .  On the other sampling datee there was no s ign ifican t d ifferenoe 

bntwoen the black and white polyethylene mulched s o i l .

3. 2. 3. Soil molnture content at 120 om dopth.

Soil moisture namples at 12 0om depth taken between 13/5/7^ and 1 2 / lo/ l6 

showed si/sniif ionnt d ifferences between the treatments on foirr out o f fcho 

twelvo sampling dates. The analysis o f variance is  g'iven in appendix V.
Tn 1977 samples taken between 12/l/77 and 5/5/77 showed s ign ifican t 

d ifferences between the treatmente in aoven out o f ten sampling dntaa.

3 . 2 .  3 .  1 .  B o r e  s o i l  com pared  t o  m ulched n o i l
\

As shown on table (23 ), no s ign ifican t d ifferences ooom’ed betwqen 

the treatments at 12 0om depth eroopt on 2 3/7 /7  ̂ when less s o il mniature 

was recorded tmdnr hnre s o i l .

In 1977 so shown on table ( 2 4 ) ,  on three dates hare s o il was shown 

to record, lower s o il moisture oontrent than the mulched treatments.



Percentare Moisture in Oree^-drled Go.1 at 120 cs rth M  q ?A)

Date

Bare

s o i l

Grass

mulch

Transparent

polyethylene

Black

poiythylene

a’hi te

polyethylene SE SI Z2 Z3 Z4

13/5/76 35.56 37.29 34.51 3 2 . 8 6 34.31 l-5> NS • • NS NS

3/6/76 38.96 41.55 39.57 39.21 39.83 2.40 NS NS NS NS

14/6/76 37.20 39.41 37.94 37.20 38.23 1.3^ NS No NS NS

24/6/76 37.34 38.60 35.68 37.18 32.60 1 . 0 5 NS NS + NS

2/7/76 36.24 37.96 35.48 36.37 36.62 2 . 0 0 NS NS NS NS

13/17/76 36.20 38.31 36.22 37,05 36.65 0.97 No NS No NS

23/7/76 33»94 35.93 35.98 35.40 34.98 0 . 8} * • NS NS NS

2/8/76 36.26 38.55 35.80 36.14 36.26 1.27 NS • NS NS

12/8/76 3 6 . 1 2 37.63 34.37 36.05 35.38 0.7j NS NS • NS

21/9/76 32.64 35.73 31.95 34.45 34.27 C .9 f NS • m NS

1/10/76 33.18 34.92 34.00 35.35 35.36 0.9S NS NS NS NS

12A0/76 32.49 33.24 33.20 32.28 34.29 0.91 NS NS NS NS

Z1 Bare soil y^ mulched soil NS not significant

Z2 Grass mulch VS polythene mulches * • significant at 5%
Z3 Transparent polythene mulch VS nontransparent •• significant at 1%
Z4 Black VS white polythene mulches



Percentage noistn-e ir over-dried soil at 120 ctr de~?th (1 9 7 7)

Date

Bare

S o il

Grass

nulch

transparent 1 Black 

polyethylene polyethylene

• h ite

polyethylene SL Z1 Z2 S3

12/1/7? 3 1 . 8? !40.26 31.42 j 33.52 3 2 . 0 2  i 1 .84; • . . NS NS

2/2/77 31.3C |3S.55 32.H 1 34.54 32.23 1.24| • |* | KG US

11/2/77 31.18 i 34.23 31.75 | 31.89 3 0 . 8? ! 0 . 8 3 NS j •• J NS NS

22/2/77 29.90 34.80 3 1 . 1 0  3 1 . 9 7 29.95 j0.6G
■ r

NS

V 3/7 7 33.86 36.^3 3 0 . 8 8  | 32.53 34.34 j 2.53 »• • 1 . .
* NS

■1V3/77 33.37 3 6 . 1 2 3 1 . 3 3  j 3 6 . OH 31.8* ♦. j c#&7 | j«s j •• * • • •

24/3/77 j 3 C. 8 3 35.37 3 0 . 7 2  j 3 3 .1 ’ 3 3 . 0c- - •' ; 1 . 71*1 ;»s j* ItS NS

5/4/77 ) 31.91 36. *>0 3 3 . 3 0  3 4 . 0 5 3 6 . 2 : ! 4.97-1 NS !;.S NS j NS

15/4/77 43.73 J 44.69 42.18 ! *3.00 4 2 . 6 r i c . 1 8  | :is j ** NS NS

5/5/77 j 41.86 J 4 2 . 5 7  |42.79 j 42.53

I I !  ' !  1

44J54 i i . 8 7 j NS |NS } NS

! I l l

“ S

Z1 Bare soil VS aalched soil 

Z£ Grass mulch VS polythyJene mulches

Z J Transparent polyethylene aulch VS ( fc oh transparent. ) 

Z4 Black VS white polyethylene rulchee

KS rot s i£ s if icen t  

• - ig n i f ic e n t  at 5%

•• S ign ific a n t .at 1%
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3 . 2 . 3 • 2 . Grass mulch compared, to the polyethylene mulches.

As shown on table (23 ), on three sampling dates during 1976 the so il 

under grass muloh gave higher s o il moisture content than the polyethylene 

mulched s o i l0 On the other dates there was no s ign ifican t d ifference 

between grass mulched s o il and polyethylene mulched s o i l .

Grass mulched s o il constantly gave higher s o il moisture than the 

polyethylene mulched s o il during 1 9 7 7  a® shown on table (24 ), except on 

5/4 / 7 7  and 5/5 / 7 7  when there was no s ign ifican t d ifference between the 

grass mulched s o il and the polyethylene mulched s o i l .

3. 2. 3* 3» Comparison between transparent poly ethy lene muloh

and black and white polyethylene mulches

As shown on table ( 2 3 ) ,  the transparent polyethylene mulched so il 

indioated lower s o il moisture content at 12 0cm depth than either the 

black or white polyethylene mulched s o il on 24/6/7 6 , 1 2/8 /7 6  and 2 1/9/7 6 , 

while during the other sampling dates there wns no s ign ifican t d ifference.

In 1 9 7 7  as shown on table ( 2 4 ) ,  the transparent p o l y c t h y l s n o  mulohed 

s o il gave lower moisture oontent than either black or white polyethylene 

mulched s o il on two out o f the ten sampling dateso During the other dates 

there was no s ign ifican t d ifference.

3. 2. 3* 4. Comparison between blaok end white polyethylene mulches

, In 1976 as shown on table (23 ), no s ign ifican t differences occurpd 

in s o il moisture content at 12 0om depth between black and whit* polyethylone 

mulched s o i l .  Table ( 2 4 ) shows that during 1977 on two oocasions the blaok 

polyethylene mulched noil gave a higher s o il moisture oontent than the 

white polyethylene mulohed s o i l .

During most o f the sampling dates there was no s ign ifican t d ifference 

between the two treatments»
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3. 2. 4. So i l  moisture at 0 -  120om dopth

FiRure (14)» Rives the average s o il mosit.re fo r  tho whole p ro file  

considered o -  120oro depth fo r part o f 1976 between 3/6/76 and 12/n/y6* 

While figure (16) Rives the pattern fo r  the period between 2/2/77 and 

16/4/77.

Figttre (14) shows the grass rmilchod and whito polyethylene mulched 

s o il to have recorded more s o il moisture than bare s o il most o f the 

time* The blaok polyethylene mulched s o il Rave lower moisture contents 

or same ns bare s o il in tho f i r s t  ha lf o f the period considered^ whi'e 

during the other ha lf i t  Rave hiRher s o il moisture content than h a r e  

soil#  The transparent polyethylene rmilohed s o il r s v s lower s o il moistur# 

content then bare s o il at 0 -  120oift depth exrept on one o f tho sampling 

dates.

Figure ( lb )  shows ths Rrass mulched s o il to have recorded h iR h e r  

s o i l  moisture content than the other treatments mogt the times* The 

black ar\d white polyethylene mulched s o il gave h i g h e r  so il moisture 

contents than hare s o il most o f th e  times, wHilo in a few prises showed 

lower noil moisture contents* The transparent polyethylene mulched s o l i  

'showed lower noil moisture content than bare noil in most o f the occasnionn.

Figure (16) gives the average monthly rain fall, fo r tho year 1976 and 

tbs monthly average a ir  temperatures fo r  that year. Figure (17) gives 

thfl monthly average rainfall nnd monthly average a ir  temperatures fo r part

o f  1977.

}



Figure T.4.*

C Average moisture content in oven-dried soil 
~ under different types of mulches at Q-f20cm 

depth in 1976

3/6/76 > 12/6776
Time in days
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Figurs 15

4 A verage moisture content in oven-dried 
soil under different types of mulches at
0 -  120cm depth in 1977.
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3# 2. 5* Variation o f Boil mointure with depth

There were eiflnigionnt differences in noil moisture effeotn  between 

depths in samples taken botween 13/5/76 and l 2/ ]0/7 6 f the nnalysin o f 

varianoe ia tfiven in appendix 3X.

In a ll  the treatments n8 shown on figu re ( l f l ) »  s o il moisture
i

increased with depth lower noil moiattire being obtained at 0 -  1 5 om 

depth the highest noil moisture oontent being obtained at 120om depth. 

However on 2 4/6 /7 6  the green mnlohed and bare noil nhowed high noil 

moiature oontent at 0 — 15om depth whioh decreased with depth up to 

120om depth. On 1 2/1 0 /7 6  the grass mulched ao il again showed a high 

noil moisture at 0 -  15om/leorensed with increanirifr depth up to 60om /whioh 

depth. The high noil mointure at 0 -  15om depth under hare noil, and 

grans mulohed noil wan due to a ra in fa ll o f about 22mm that f e l l  between 

20/6 /7 6  and 22/6/7 6 . While on 1 2/1 0 /7 6  the high noil moiattire content 

at 0 -  15cm depth might have been due to a ra in fa ll o f about 10mm that 

f e l l  between lo t  and 4th October.

The interaction botweon depth and treatment for the period 13/*i/77 

#nd 1 2/1 0 /7 6  showed no s ign ifican t differences except on ld/6/^6, 24/7Z/6, 

12/1 0 /7 6  and 13/r>/?6. The analysis o f variance is (fiver, in appendix VI.

On 13/5/76 the trannr&rent polyethylene mulched so il shewed, the 

lowest a o il moisture o f a l l  the treatments up to 60om depth, but at 

1 2 9nm depth showed n higher noil mointure than the black polycthyl ene- 

mulohed n o il. The b'leok polyethylene mulched so il had a higher soil 

molgture at 0 -  16cm thah ei*hpr hare noil or transparent polyethylene 

mulched s o i l ,  hut at 120cm depth Ihe black polyethylene mulched soil, 

showed the lowest noil mpiaiurp o f a l l  the treatments. The grass mulohed 

so il nhowed the highnnt noil mointure oontent o f a l l  the treatments up 

to 120nm depth.
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On 14/6/76 the grass mulched s o il gave the highest s o il moisture 

than the other treatments from 0 -  15ora to 120om depth. The white 

polyethylene mulohed s o il showed the second highest s o il moisture 

down to 120cm depth. The "black polyethylene mulched so il showed a 

high s o il moisture than bare s o il at 0 -  15om depth while the 

transparent polyethylene mulched s o il had a lower s o il moisture than 

hare so il at this depth. At 60cm dopth bare s o il showed a high s o il 

moisture thnn either black or transparent polyethylene mulohed s o i l .

At 120cm depth bare s o il and black polyethylene mulched s o il had sim ilar 

aoil moisture contents, while the moisture oontent under the transparent 

polyethylene mulched so il was s lig h t ly  higher than that TStider either 

hare s o il or blaok polyethylene mulohed s o il .

On 24/6/76 bare s o il and grass mulched s o il showed high s o il 

moisture at 0 -15cm depth which decreased with death to 120om depth 

while the polyethylene mulohed s o il had low so il moiture oontents at 

0 -- lhom denth wbioh increased with depth, though l i t t l e  differences 

oecured a fter 60cm depth between the treatments on 1 2 /1 0 /7 5 . On this 

date the grogs mulohed so il had a high s o il moisture content at 0 -  1 5 cm 

depth which decreased with depth up to 60om and started increasing again 

up to 120cm depth.

Soil moisture samples taken botweon 12/ 1 /7 7  and 5/5 / 7 7  gave highly 

significant d iffere i.ee in the variation o f s o il moisture with depth, on 

,24/3/77 and 15/4/77 the differences were s ta t is t ic a lly  s ign ifican t, while -  

I 2/1 / 7 7  and 4/3/77 no s ta t is t ic a lly  s ign ifican t differences were 

Stained* The analysis o f variance is  given in appendix V ll.
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As Bhown on figure (10), low Boil moisture 

contents was obtained at 0-15cm depth in moat of 

the cases. On 2/2/77 the black polyethlone mulch 

was shown to have a high soil moisture content at 

0-15cm depth which increased with depth up to 60cm 
and then started increasing towards 120 cm depth.

Bare soil had a high soil moisture content 

at 0-15cm depth which decreased with depth up to 120cm 

depth on 24/3/77. On the some date the white 

polyethylene mulch showed low soil moisture content 

at 0-15cm d e p t h  which increased with depth Up to 60cm 

depth and started decreasing towards 120cm depth. This 

was also noticed with the black polyethlone mulch on 
5/4/77.

i
3.3. S0TIl CM EM ICA1. PR 0P_E R T IES ,

3.3.1. Soil chemical properties n,lx months after 
application of mulches

the analysis nf soil chemical properties at

0-15cm depth six months after application of mulches# '
is given on tohle (25). DifferencnSoccured between ^ 
the treatments as regards per cent carbon, cation 

exchange capacity and potassium in the aoll, while 
no differences wgre obtained on total nitrogen, 
calcium, magnesium and sodium in the soil,

3.3.1.1. Carbon

g a m  soil compared to mulched soil &avQ no ptatistJcally 

flign lfi ntuvfc differences. this vaj nine true when so il under 
polynthlcme rmilohes wne compared* Soil under grass'mulch showed 

ft high percents/*© oprhon re oompnrod to so il under tha polyethylene 

mulches.

i
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Figure 16 (Cohtd*....)
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Figure 16 contd.<***
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a t  0 - 1 5 cm rsz z>
, j :  :  :  j  - :  1  e  S  3  *- i^ter 3D3lication o-f mulches

Analysis care
3 C il

Grass *
71 Li 1 Ch

Polyethylene mulches

SE Z1 Z2 Z3 Z4T ransoa ~ = nt Black White

\ C a rb o n ■2 an 4.40 3.60 3.70 3.60 0.07 NS . • * NS NS

* N itro g e n 1.45 | 0.41 0.34 0.38 0.32 • 0.01 NS NS NS NS

Potass i  urn 
m . e . 0.24 0.45 0.25 O'. 2 8 0.28 0.01 NS • * NS NS

Sodium 
m . e . h 0.09 0.09 0.11 0.09 0.09 0.01 NS NS NS NS

Magnesium 
m. e . %

•
3.83 4.73 3.52 3.75 2.96 0.43 NS • • NS NS

Calcium 
M . E . * 22.25 L 75 23.09 20.69 20.04 2.19 NS NS NS NS

cation
exchange
c a p a c ity  i Z4.40 ila.TQ 
(C .E .C .)

24.30
i_____ __________

25.00 24.10 0.47 NS • • NS NS

Z1 - Sara soil vs mulched sail

Z2 - Grass mulch vs polyethylene mulches

Z3 - Transparent vs non trarsparanc polyethylene mulches 
Z4 - 3iack vs white polyethylene mulches

NS - not significant 

• - significant at

significant at 1^• •
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3. 3« 1* 2». To ta l n itrogon

Aa shown on tab le ( 2 5 ) no s ta t is t ic a lly  s ign ifican t differences 

ooourod between the treatments as regard the to ta l nitrogen in the so il*

3. 3* 1• 3. Cation Brohnngo Capacity (C . R. C .)

Bore s o il as compared to mulched s o il and the comparison between 

the polyethylene mulohed so ils  gave no s ta t is t ic a lly  s ign ifican t 

d ifferences. However the s o il under grans muloh indicated a higher
»

oation exchange oapacity than the s o il under polyethylene mulches.

3. 3« 1* 4 potagarum

As shown on table (25)» comparisons betwom bare s o il snd mulched 

so il£  showed no s ta t is t ic a lly  s ign ifican t d ifferences. Soils tmder 

polyethylene mulches also showed no s ta t is t ic a lly  s ign ifican t d ifferences. 

Higher potassium leve ls  wore obtained in the s o il under the grass mulch 

then in the so ils  under the polyethylene mulches.

3» 3. 1. 5 Sodium

Sodium lovol in the so ils  wan not a ffeo t"d  by the treatments and ' 

no s ta t is t ic a lly  s ign ifiennt differences wore obtained.

1. 3. 1. 6 Magnesium

Comparison o f s o il under grass mulch a/td. s o il  under polyethylene

mulches indicated a higher Magnesium lovol in the soil under the grass

mulch. There were no statistically significant difforesees'when the
other treatments were compared.
*
3. 3* 1« 7• Cnlnium

No s ta t is t ic a lly  s ign ifican t d ifferences were obtained between 

the treatments on the calcium leve ls  in the s o i l .



3. 3* 2. Soil chomioal properties one year

a ft  or anplioa tion  o f nr «lohnfl

Soil ohemionl properties one year a fte r application o f mulohes fo r 

top and Bub-soil is  given on tablee (26) nnd(27). S ta tis tica l analysis 

oould not be done on this data sinoe the s o il samples from one 

partioular treatment were bulked end analysed fo r  ohemioal properties 

ao a single sample.

3. 3* 2. 1 Carbon

An shown on table (26) the percentage osrbon In the s o il did not 

vary much between the treatments, although noil under grass muloh 

indicated a higher carbon leve l than s o il under the oth»r treatments.

The sub-soil percentage oarbon leve ls  es shown on table ( 2 7 ) were 

lower than the top-soil carbon leve ls  shown on figure (26 ). Soil 

under gross, white and transparent mulches seemed to g ive s lig h t ly  

higher oarbon leve ls  in the sub-soil than the bare s o il and so il 

under black polyethylene muloh.

3. 3. 2. 2. Fotasnium

In the top s o il an shown on table (26 ), soil, under grass muloh

gave higher potassium levels than noil under the other treatments*
\

While in the sub-soil the bare s o il and s o il under grans muloh showed
•*»

. h i g h e r  l e v e l s  than  n o i l  u n d e r  p o l y e t h y l e n e  m u lc h e s .  H i g h e r  p o t a s s iu m  

l e v e l s  w o r e  o b t a i n e d  i n  the  t o p  n o i l  th an  i n  t h e  s u b - s o i l  except, u n d e r  

t h e  b l a n k  p o l y e t h y l e n e  m ulch  grid 1n th e  h a v e  s o i l .

3« 3. 2. 3. Phosphorus

In the top -so il as shown on table (26 ), hare soil and s o il under

black polyethylene muloh gave higher phosphorous leve ls  than the other
«

treatments, this was also true in the sub-soil on indicated in table ( 2 7 )

3. 3» 2. 4 Sodium

Bare noil seemed to indicate lower sodium leve ls  in both the top 

noil and sxib-soil than the b o II under the mulches es shown on tables 

(26) and(27).
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3» 3» 2. 5 Caloium

In tho top noil no shown on table (26 ), bars s o il and tho noil 

under polyethylene mulohes neem to nhow higher onloium leve ls  in 

the s o il than the s o il under grann muloh. In the nub-noil ns shown 

on table ( 2 7 ) ,  the s o il under polyethylene mulohes gave higher oaloium 

leve ls  than either bare s o il or s o il under grggn mulch.

3* 3« 2. 6. M0trrnoflj ura

An nhown on table (26 ), the Mngnnium leve ls  in the top noil 

noemed to bo lowest under grass muloh, the other treatments giv ing 

almost sim ilar lmroln o f magnesium in the s o i l .  In the sub-noil nn 

nhown on table ( 2 7 ) tho bare s o il magnesium leve ls  were lowest followed 

by s o il under grans muloh.

3. 3. 2. 7. Pit of the_noil.

The PH o f the noil did not sanm to vary with the treatments, 

but tho nub-noil had a s l ight ly  higher PH than the trjp soi l  nn 

shown on tabler (26 and ( 2 7 ) .

i



Table 26 Soil chemical properties one year after application of mulches

at 0-15cm depth

Analysis Bare
soil

Grass
mulch

Polyethlene mulche s

T ransparent Black White

\ carbon 2.65 3.00 2.78 2.78 2.78

Potassium 

m . e . \ ' 1.20 2.44 1.52 0.94 1.24

Phosphorus

ppm 21 17 16 24 18

Sodium

fH a 6 • "a 0.24 0.34 0.37 0.29 0.34

Calcium 

m. e . % 6.60 5.10 5.50 7.00 5.90

Magnesium 

m . e . \ 2.55 2.25 2.55 2.75 2.45

pH 4.8Q 4.90 4.80 4.80 4.90

Ca ♦ Mg 
K 7.6 3.0 ' 5.3 6.7 6.7
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Table 27. Soil chemical properties on year after application

of mulches at 15-45 cm depth

Analysis Bare
soil

Grass
mulch

Polyethylene mulches

..... T ransparent Black White

t carbon 1.56 1.80 1.80 ’ 1.65 1.78

Potassium
s

-

m • s • % 1.46 1.39 0.99 0.94 0.92

Ph’osphorus •

ppm. 22 18 17 24 17

Sodium -

m • 6 • \ 0.23 0.31 0.42 0.29 0.45

Calcium 4.90 4.30 . , 6.60 6.40 5.70

m. e . \ ...... ‘ • * ’

Magnesium 

m . e . % 2.25 2.45 3.20 2.65 2.90

pH 5^40 5.20 5.20 5.20 5.30

Ca ♦ Mg 
~~7~ 7.40 4.90 9.90 9.60 9.30
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3.4. FLUSH GROWTH OF COFFEE :

3.4.1. Lateral branch extension

Flush growth of coffee wa9 shown to be affected 

by the treatments during some of the periods while in 

others no differences occured. Coffee growth in terms 
of lateral branch extension is shown on table (20).

Between 0/10/76 and 22/10/76 bare soil was 
shown to allow less growth of the lateral branches 
than the mulched treatments. During the same period 

grass mulch encouraged more growth than the polyethylene 

mulches. Similar effects were shown in the period 

between 5/11/76 and 26/11/76. Bare soil encouraged 

more lateral branch growth than the mulched treatments 

in the period between 26/11/76 and 10/12/76, thiB was 

also observed in the period 0/1/77 to 9/1/77.

Between’9/1/77 and 2/2/77 bare soil allowed 
less growth than the mulches, while more growth was 

allowed by the polyethylene mulches as compared to the • 

grass mulch. During thin period the transparent 
polyethylene mulch allowed more growth than either 

black or white polyethylene mulches, while more growth 

occured in the black than white polyethylene mulch 

treatments.

In the period 22/10/76 to 5/11/76 grass mulch 
allowed moru growth ther.j the polyethylene mulches. In 

the periods 2/2/77 to 19/2/77 and 19/2/77 to 1/3/77, 

bare soil allowed less growth of the lateral branches 

than the mulch trnatrrfpnts. Grans mulch was better 

than the polyethylene mulches. The transparent 

polyethylene mulch was better than the other two 

polyethylenes and the black polyethylene mulch allowed 

more growth than the white polyethylene mulch.

I
I

S\ . 4#f?.
• ' ■ . ■■ I,

i  ■■ I



Tabl8 28. Coffee Growth in terms of lateral branch extension in (mm)

□ ate Bare Grass Polyethylene mulches S.E. Z1 12 Z3 Z4
soil mulch Transparent Black White

10/9 - 24/9/76 11.18 17.03 11.23 16.43 12.65 5.06 NS NS NS NS
0/10/76 12.90 22.48 11.93 20.88 15.50 17.60 NS NS NS NS
22/10/76 14.03 28.68 15.03 25.40 18.00 18.89 • * NS NS
5/11/76 9.75 23.45 9.70 19.30 14.03 16.50 NS * NS NS
26/11/76 20.15 37.85 20.79 30.70 25.03 17.37 * * NS NS
10/12/76 31.15 24.55 24.45 21.95 25.75 8.74 * NS NS NS
21/12/75 21.50 15.85 19.95 15.85 17.53 8.82 NS NS NS NS
0/1/77 27.49 20.45 24.15 20.65 22.23 14.02 NS . NS NS NS
19/1/77 13.50 9.95 10.95 11.38 9.40 2.50 • NS NS NS
2/2/77 9.38 11.35 23.45 11.45 6.98 3.79 • NS * • *

19/ 2/77 4.95 11.93 9.08 8.8Q 4.85 2.07 • • * * • •

1/3/77 6.35 10.75 8.53 8.88 , 5.13 1.61 NS * m NS •

Z1 - Bare vs mulched soil

Z2 - Grass vs polyethylene mulches

Z3 - Transparent vs non-transparent 
polyethylene mulches

Z4 - Black vs white polyethylene mulches

NS - No significant 

• - Significant at 5%

** - Significant at 1^

100
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3.4.2. Number of nodes grown

Growth of coffee in terms of number of 

nodes grown is shown on table (29). During some of 
the periods differences occured between treatments 

while, in others no differences wore obtained.

During the period 0/10/76 to 22/10/76 the 

transparent polyethylene mulch allowed fewer number 

of nodes to grow as compared to the black and white 

polyethylene mulches. Bare soil allowed fewer nodes 

to grow as compared to the mulch treatments in the 

period between 22/10/76 and 5/11/76. During this 

period grass mulch allowed the growth of more nodes 

than the polyethylene mulches, while the transparent 

polyethylene mulch allowed fewer nodes to grow than 

either black or white polyethylene mulches.

From 26/11/76 to 10/12/76 hare soil recorded 

more number of nodes grown than the mulch treatments, 
while polyethylene mulches showed more nodes grown 
than the grass mulch. Transparent polyethylene mulch 

gave more nodes than either black or white polyethylene 

mulches during this period.

* The period between 19/2/77 and 1/3/77 showed

fewer nodes grown in the bare soil treatment than in 

the mulched treatments, Black polyethylene mulch 

allowed fnore nodes to £jrow than the white polyethylene 

mulch during the period between 2/2/77 to 19/2/77. *

*
i

r



G r o w t h  o f  c o f f e a  in te rm s of nodesTable 29.

- -  - Date Bare
soil

-  -

Grass Polyet hylene mulches
mu icn

Transparent Black White S.E. Z1 Z2 Z3 Z4

10/9-24/9/76 0.50 0.72 0.47 0.53 0.56 0.03 NS NS NS NS

8/10/76 0.50 0.41 0.41 0.50 0.40 0.02 NS NS NS NS

22/10/76 0.56 0.94 0.38 0.60 0.64 0.04 NS * NS NS

5/11/76 0.01 0.35 0.01 0.22 0.21 0.01 * • * NS

26/11/75 0.97 1.07 0.94 1.00 0.97 0.02 NS NS NS NS
“

10/12/76 0.79 0.41 0.78 0.47 0.64 0.02 * * * NS

21/12/76 0.38 0.44 0.44 0.51 0.32 0.02 NS NS NS NS
- 8/1/77 0.59 0.57 0.67 0.56 0.78 0.03 NS NS NS NS
; 19/1/77 0.38 0.39 0.40 0.25 0.22 0.03 NS NS’ NS NS

2/2/77 0.45 0.53 0.39 0.60 0.53 0.03 NS NS NS NS
. 19/2/77 0.35 0.44 0.60 0.47 0.25 Q.02 NS NS NS *

1/3/77 0.06 0.29 0.25 0.31 .0.24 0.01 • NS NS NS

Z1 - Bare vs mulched soil

Z2 - Grass vs polyethylene mulches

Z3 - Transparent vs non-transparent 
polyethylene mulches

Z4- Black vs white polyethylens mulches

NS - Not significant r 

• - Significant at S\

** - Significant at 1%
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3.5. ROOT DISTRIBUTION

Root distribution under the various treatments 

is given on table (30) no statistically significant 

differences were obtained between the treatments. 

However more roots seemed to occur at 20-40cm depth 
than either at 0-20crti depth or 40-60cm depth in all 

the treatments except under the transparent 
polyethylene mulch where slightly more roots occured 

in the 0-20 cm depth. In the 40-60cm depth fewer 

roots were found than in the other two upper horizons 

in all the treatments. The grass mulch gave more 

total roots than any of the other treatments though 

the differences were not statistically significant. 

Bare soil seemed to give slightly more total roots 

than the polyethylene mulches.

Table 30. Root distribution under different types of

mulches

Dry weight (g)

depth 

(cm),

Bara
soil

Grass
mulch

Polyethylene mulches
c c

T ransparent Black White •*>

0 - 2 0 0. IB
_ 4

0 . 2  7 0.23 0.17 0.23 0 . 0 1

20-40 0.41
■

0.55 0 . 2 1 0.44 0.31 0 . 0 2

1 40-50 0.61 0.09 0 . 1 0 0 . 1 0 0.13 0 . 0 1

t o t a l 0.74 0.91 0.70 0.71 0 . 6 6 0.07 1
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3.6. LEAF ANALYSIS

Loaf samples taken one year after application

of mulches were a n a l y s t  for various nutrient
\

elements. The results ‘are given on table (31).

Nitrogen content of the leaves does not Beem 
to vary with the treatments, except the transparent 
polyethylene mulch which seems to show a lower nitrogen 
content than the other treatments.

The phosphorus content of the loaves did not 

seem to vary with the treatments.

Fot.annium content in the lenvrs did not vary between the bare 

s o il and grass mulch treatments, while the trees mulched with 

polythylene allowed lower amounts o f potnnnium in tholerwes than 

the trees on bare s o il o fth o s e  mulohod with gross. ’

Grass mulch and black polyethylene mulch gave 

higher calcium content in the leaves than tha other 

treatments.

The magnesium content, of the loaves did not
I

seem to differ with the treatments, hut grass and \\
transparent polyethylene mulches showed slightly lower~ 
contents. I

.Manganese content, of the leaves 9 eemed to be 

low in the grass anrl transparent polyethylene mulches.

While the other treatments gave almost si/nU&r levels.

Transparent polyethylene mulch indicated a 

high'zinc content in the leaves. The other treatments 
Hid not seem to differ in the *ino content of the 
loaves, ’•

Bare soil gave high copper content in the leaves
*1

while grass mulch gave the lowest copper content in 
the leaves.

«

Iron content of the leaves did not seem to• I
differ between bare soil and the polyethylene mulches,

while the grass mulch showed lower iron content in the _____

' t
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leaves than the other treatments. Boron content in 

the leaves were higher in the polyethylene mulches as 
compared with bare and grass mulch.

Table 31. Leaf nutrient oontant one jonr after 
«pj> i' oatlon of aulohes

Element Bare Grass Polyethylene mulches
soil mu 1 ch T rans 

paren
Black White

\ nitrogen 2.76 2.72 2.50 2 . 8 8 2.76

% Phosphorus Q.ll 0.13 0 . 1 1 0 . 1 1 0 . 1 2

Potassium f .04 2.04 1.96 1 . 6 8 1.04

\ Calcium 1.16 1.56 1 . 16 1.50 ' 1.24

\ Magnesium 0.36 0.33 0.34 0.38 0.37

Manganese 
ppm •.

1

140 i o n 128 136 140

Zinc

PPm 16 16 28 18 16

Copper

P'Prn ______

(

30 1 4 16 20 16

Iron

_.£Pm _ 76 62 76- 72 74

Boron

J ’P m ____ ______ 36 __ 46

i

50 50 46

Coffee, Yields

As shown on table (32) lower coffee yi'elds were 

obtained in 197B than in 1977 in all the treatments 

because the coffee bushes had not come into full 

production after a change of cycle prunning done in 

1974. During 1977 the coffee bushes had grown bigger 

And thus a heavier crop was harvested.

L !



During the two years there were no differences 

in yields of coffee between the treatments. The average 

yields for the two seasons indicated higher yields under 
the polyethylene mulches than the bare and grass mulch.

\ •' /
Table 32. . Coffee yields in kg/ha of cherry

Bare 
sol 1

Grass
mulch

Polyethylene mulches S.E.

Trans
parent

Black White

1976 717
i

639 924 1241 937 k 70715

1977 7155 7647 0430 7000, 0560 2405360

Ave-
-ra&g. 3936 4010 4601

f

4525 4749 602999

3.0. ASSESSMENT OF WEED GROWTH

During the months of January and April the bare 

soil allowed more weeds to grow then the mulched 

treatments. In March 1976 there was no difference in 
weed growth between the bare soil and mulched soil. As 

shown on table (33) the grass mulch gave no differences
•*<

in we'ed growth as compared to the polyethylene mulches

during January and March 1976, but in April 1977 the
grogs mulch yielded more weeds than the polyethylene rmilohed sed 1

The transparent polyethylene mulch as compared 
to the blank and white polyethylene*, showed more weed 
growth under the transparent mulch than under the other 
two during the three months considered!

Black and white polyethylene mulches did not differ 

in the amount of weed allowed to grow.
I

When the total harvest for the three months was
• <

considered, the bare soil gave more weeds than the mulched 

soil while the grass mulch yielded more weeds than the



T a ix l e  3 3 . - Waacl3 Lincfar di-F-Farsnt tvpss c-F — ulchss

(fresh weight ton/ha)

Time Bars vrass
mulch

....

Polyethylene mulches S.E. 21 22 23 24

. . .  .  -
Trans
parent

Slack White * ■ - • ..... ....

Jan.

1976 12.10 2.30 5.70

■

0.01 1.20 0.65 * • NS * * NS

March

1975

•

3.10 -3.2 a.3

...r

0.10 3.40 7.46 NS NS • % NS

April

1977 25.30 15.30 13.50 0.20 3.SO 5.12 • * * * • * NS

Ave

rage

-

15.70

.

3.30 9.20 0.10 2.30 1.0C • • m * • * •

21 - Bare soil vs mulched soil NS - not signi ficant
22 - Grass mulch vs polyskhylane mulches • - significant at S%

23 ~ Transparent vs non transparent polyethylene mulches ** - significant at 1%

24 - Slack vs white polyethylene mulches

f
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polyethylene mulches. Among the polyethylene mulches 

the transparent one allowed more weeds to grow as 

compared to the black and white polyethylenes. The 

black polyethylene mulch allowed fewer weeds to grow 

under it than the white polyethylene mulch;

3.9. Persistence of mulches

A visual assessment of deterioration of the 

mulches was done six months after the application of 

the mulches. With the polyethylene mulches it was 
shown that the,black polyethylene mulch could last 

longer than the other two polyethylenes, followed by 

the white polyethylene mulch, while the transparent 

polyethylene mulch deteriorated faster than the other 

two. In teiinn iof ground cover provided by the mulches 

assuming the original application to be 100%, six 

months after the application of the mulches, the black 
polyethylene mulch provided about 90% cover, while the 
white polyethylene mulch gave about 00% and the 

transparent polyethylene mulch gave about 35% ground 

cover. I
The nature of deterioration was such that the 

transparent polyethylene became brittle on isolated 

patches and the material broke into pieces leaving big 

patches of uncovered ground. The paint used to make 

the white polyethylene mulch was observed to peel off 

and thnn the mulch started wearing out in a manner 

similar to the transparent polyethylene mulch. However 

the deterioration of this mulch was not as fast as 

that of the transparent polyethylene mulch. The black 
polyethylene mulch was shown to last longer and 

deterioration of this mulch was mainly due’ to

tearing rather than breaking into email pieces like
i

the transparent polyethylene mulch.
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* CHAPTER FOUR

DISCUSSION AND CONCLUSION

4.1. DISCUSSION

4.1.1. Soil Temperatures
i

At 7cm and 15cm depth anil tnmpora_turns varied 

greatly among the treatments as shown on tables (7) 

and (10). Whenever there worn significant differences 
between hare soil and the mulches, temperatures under 

polyethylene mulches wore higher than those under bare 

soil, while the grass mulch showed lower soil 

temperatures than bore soil. The usual effect of the 
grass mulch was to lower soil temperatures in the 
afternoon and increase it in the morning os compared 

to bare soil. ,
Several workers have reported reduction in so il tempers»ureg due to 

vegetable mulches as compared to hare noil during the day (G ilbert,

Me nails, and Duio.v, 19/16y Jocks e t -a i , 1953* Burrowg end 

loraon, VX’?i batson, 19^« Moody efc-al V>6 3 ) .  Vun. Wijjc gk-al fT939  ̂

reported ntra^ mulch to deceage weekly average maximum goi 1 temperatures 

at 10cm depth, the differences between mulched and unmulclved. -treatments 

Worp not ns marked m the minimum goi 1 temperatures Q5 for the masiimim.

In a coffee nurgary tr ia l grass muloh reduced ©oil. temperatures hy 

5  °e during the day (Blovte. The general e ffect or oiyranio
inylohos is to increase soil, temperatures in cold seasons and to 

decrease i t  in hot seasons (Jack et-a l, l?y5i Van VHjk ck-Ql, 1959i 

Cooper, 1973f Russel, 19Ml Rosenberg, l'l'M-'l* The therpwl. conductivity 
o f graaS mylch ig lower than that o f bars soil, and therefore the hast 

gnin or loco is less under grans mulch ( Honks et-al , 10(51 ).

• - 117 -
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Thin mi/rht explain the e ffeo t o f Rrnnn mill oh on noil temperaturesf 

during the day grass muloh gains less heat end therefore the lower so il 

temperatures as oomparod to bare eoil| the higher so il temperatures 

under grass muloh as oomparod to bare s o il in the morning onn be 

explained in terms o f the thermal oonduotivity d if fo r g o e s  an w e ll.

At night grans loses less heat than bare s o il and thin is re flooted  

in the higher s o il temperatures in the morning under the grass muloh#

Moist s o il is  usually cooler than dry s o il (Cooper, 1^73)*

Soil under grans muloh I'eoordod higher moisture then bare s o il 

most o f the time. The high s o il moisture content under grass muloh 

may also have contributed to the lower so il temperatures under this 

muloh ns oomparod to bare so il •

Tow so il temperatures due to organic mulches mpy at times reduo© 

the growth o f oropg. Cotton pod muloh resulted in low so il temperatures 

which was shown to slow cotton seedling growth, low s o il temperatures 

due to straw mulches have also been shown to be a primary causative 

factor in the reduced growth o f maize in some parts o f the United Htateg 

o f America (Van Wi,1k e t-a l, 19591 Burrows and Larson, l?62t Woody e t -a l, 

39^3f Barrentine and Waddle, 197?)• In a greenhouse experiment root 

temperatures o f about 26po b.v dny end 20°o by night gave the bast resu lt” 

in oof foe growth (Course/, 1 9 9 8 ) .  Considering the aPternoph soi 1 

temperature range under grass mulch ah 7 an depth as shown on figure ( o ) f 

18.1 °o to 20,8 °o this indicates s ° i l  temperaturon bc'oW the optimum 

. o f 26 °o reported by Coaraoy (1988). Taking" the rnomihg so il temperatures, 

to approximate the night temperatures, under grass muloh at 7 cm depth 

an shown on figure (8 ) the temperature range Was 16.9 °o , this is  also 

shown to pe below thp tjtffhfc optimum so il temperature o f 20 °o reported 

by Coaraoy (1998).
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It  oan be oonoluded that so il temperatures at 7 om depth under • 

/crass muloh do not seem to be optimal for ooffee growth end therefore 

coffee growth miftht be retarded due to those low so il temperatures. 

However this wan not evident in this studv as regards the extension 

of latera l branches or in terms of number of nodes /crown. Other 

effeots of /?raes muloh such ns consecrvation of Boil moisture and 

addition of plant nutrients to the so il minht mask the influence of 

Boil temperatures on coffee growth.

The polyethylene mulohes showed higher s o il temperatures than 

bare s o il whenever s ign ifican t differences wore obtained at 7 on snd 

15 cm depths. However the white polyethylene muloh showed lower s o il 

temperatures than bare noil during a few oocassions. Amon/r the 

polyethylene mulches the transparent muloh /rave the highest noil 

temperatures followed by the s o il under black: and the white polyethylene 

mulches. Transparent polyethylono mulch has been reported by other 

workers to increase noil temperatures an compared to bare noil 

(Hopctt, 1965? Orebt 19661 Law and Cooper 1974). Un/rer (1975) in 

review roportn that the e ffe c t  o f olonr p lastics on soil, temperatures 

resu lts consistently in higher noil temperatures an compered to hare 

s o i l .
Ihn transparent po 1 ynthy 1 pne mulch allows nobir 

radiation through and thun heats the soil surface. Ihn 

hark radiation In retained due la water droplets that 
form oo Its under surface. This results io high soil 

temperaturns under I his muloh as compared to barn noil. 

(Rimnoll, 19 71). A p, Ivon amount nf heat will raise 

thn temporal:urn of moist soil lose than that of a dry 

soil. (Cooper. 19/1), Tn tills study I he soil moisture

content under thn transparent, polyethylene mulch was on/
many occnnsions shown to be lower than that under bare 
soil. Hue to the low soil moisture content underI
transparent polyothylnnn mulch, a given amount of heat 

would raise the soil temperature more under this mulch 

than under bare soil, thia might also have contributed

i
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to the high soil temperatures recorded under 
polyethylene mulch.

The high e o il temperatures under transparent polyethylene muloh 

can increase the rate o f emergence, growth and oarlinesa o f maturity 

o f some crops as has been shown with maize (W allis , 19571 b a l l i f  and 

D util, 1971 ? Law arid Cooper, 1974)» The wnoltly nverage afternoon 

s o il temperature rnngo under transparent polyethylene mulch was 

26.4°o to 35° o as shown on figure ( 9 ) and a range o f 1 7 »9°o to 

2 l,8 °o  fo r the morning at 7 om dept.ho Tlie afternoon so il temperatures 

at 7 om depth under the transparent polyethylene muloh seem to be 

above the optimal during the day o f 26°o reported by (Coaraoy, 195^)» 

While the morning s o il temperatures whioh are taken to approximate 

the night s o il temperatures are within the optimal s o il teprrrnture 

at night o f 20°o reported by Coaraoy (lo^H),, Lateral branch extension 

and number o f nodes grown did not indicate any inoreesed growth or 

retardation, on i t  is  dieounsod in the la te r  part o f thin section#

The black polyethylene mulch wan shown to 

have higher noil temperatures then here soil at 7 cm 

end 15cm depth. Unger ( 1 9 7 )  reports that hleck 
plastics increase soil tempnratures, while in othof 
reports decreased or no effect on soil temperatures 

are indicated. Hnpon (19B5) reported higher soil 

temperatures under black polyethylene mulch as compared 

to bare noil. The hi act polyethylene mulch being a 
black surface receives moat of the solar radiation 

without reflecting mulch. lhe mulch being in contact 

with the soil surface the heat connived is used to heat 

the soil. (flusenl 1 . 19731. Like in ihn case nf 

transparent polyethylene mulch high soli temperatures 

under black polyethylene mulch might aid lb the 

emergence, growth and oarlinens of crops. As shown on
r

figure (0) and (9) soil temperatures during the morning
I

t

1 *»
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which are taken to approximate the hjght Scil 
temperatures, at 7cm depth they seam to he hninw 

the optimum soil temperature 2UnC reported by 

(Coaracy, 1950). However during the day the soil 

temperatures were within 2B°C which Coaracy (1950) 
reported to give best coffee growth. However in 
this study no growth differences occurred which could 

be attributed to this particular mulch.

The white polyethylene mulch showed higher soil 

temperatures than bare eoil during some perinds and 

in others-it showed lower soil temperatures than bare 

soil. Reflective plastics usually decrease or have 

no effect on soi.1 temperatures. (Unger, 1975). The 

white polyethylene mulch reflects m -t of the solar 
radiation, thus only a little amount gets to heat the 

soil. In thin ntudy the white polyethylene mulch 

gave higher soil temperatures than bate soil, in mos* 

occassions. The paint applied to the transparent 
polyethylene shoot to obtain a white one, might, have 

been not all that reflective in some patches, and also 

with time the paint kept coming off leaving some 

patches transparent. This might have caused the white 
polyethylene mulch to have higher soil temperatures 

than bare soil during some of the occassions. As with 
other mulches no growth differences nn coffee could ho 
attributed to the temperature effirpt of the mulches.

An expected the variation of soil temperature 
£

with depth indicated that at one and two metres depth 

there worn little dirforencoe between treatments. 

Similar results have been reported by Russell, f 1 n 7 3)• 

Cooper, (1973)» and Rosenberg, (1974).
4

. Seasonal changes in soil temperatures would bo 

expected to vary with ambient temperatures (Russell, 

1973). At 7cm and 15cm depth seasonal changes in soil 

temperatures under the various types of mulches and 

bare eoil seemed to rise and fall Approximately in
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phase with the air temperatures. (Fig. (7) and
(10) ). However at one metre depth changes In soil

temperatures under the various types of mulches and

bare Boil lagged behind changes in air and surface

soil temperatures. (Fig. 11) Russell, (1973) reported
that soil temperatures at the surface follow the

pattern of air temperatures! At greater depths though

such changes follow those in air and surface

temperatures, there is a time lag. At two metros

depth (table 17), the soil temperatures under the 
«

various types of mulches and bare soil did not vary 

much and seemed to be approximately in equilibrium 
with the air temperature.

■1.1.2. Soil jnninture

Mulches affect soil moisture through increased 

Infiltration, run-off control, reduced, evaporation and 

weed control, (unger, 1979). In thin study whenever 

significant differences were obtained in the comparison 

of boro soil and mulched soil, the mulches were shown ^

to conserve more soil moisture than hare snili Except 

after a rainfall when thn noil moisture content could 

bn higher under barn soil than under the polyethylene 
m n 1 diesi which could be due to the effect of these 

mulches in impeding thn direct penetration of rain 
wnl 8 r into the sol 1.

The grass mulch Wag constantly shown to give higher soil fnpigiure 

Content than hare eoil Similar resul ts of organic mulches increasing 

Soli moisture shove hare soil have been reported by other worhffrn 

who explain it in termg of increased infiltration rates, control of 

'"un Off, reduced evaporation nn<1 control of vneds (Beutner end Darwin,

1’'M| Hilbort, 1.94 r> f Duloy, 3 993 9 Dornitcv snd Jones» l054l flow e-Dutton, 

Hof̂ o nnd Onnki, 1967) Reynolds, .1970? Ptoanoon sod Rumhniv?h, 19721 

piDsndiok et-al, 1973» Rattan Lai, 1973| Othieno, 1975),
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As compared to bare soil, higher soil 

moisture contents were .obtained under black and white 
polyethylene mulches on most occassions. Mulches are 

generally accepted to increase soil moisture. The 

polyethylene mulches would increase soil moisture above 

bare Boil through evaporation control, weed control, 

and to some extent checking the run-off of rain water* 

The lower soil moisture content recorded during most 

of the occassions-under the transparent polyethylene 

mulch as compared to hare soil may have been due to 

the high noil temperatures under this mulch and possibly 

due to its fast deterioretion and more weed growth as 

compared to the block and white polyethylene mulches.
It

black end white polyethylene mulches showed no 

differences in their moisture conservation during most
I

of the ocooselnne,
, i

('trass mulch compared t.n polyethylene mu l cites 
constantly indicated higher soil mnisture. F’o lyothy lone 

mulches could imped the direct penetration of rain 

water into the soil. It was observed that the 
polyethylene mulches allowed some of the rain water- to 

co 1 lobt on their surface, Rown-Dutton (1997) reports 
that certain artificial mulches may imped penetration 

nf rain water, these typo of mulches mav he more 

effective in increasing soil moisture when used on soils 

w n ll supplied with ground water rather than on those 

dependent on rain or.irrigation wat^r. The action of 

polyethylene mulches on impeding the direct penetration 

of rain water may have caused the lower soil moisture 

content os compared to the grass mulch.

Conservation of soil moisture results in improved availability 

of water to plants ̂ Tnoks et-al 19551 Maori.y ob~ntf 19<j3| Ornb ot-al 

19671 Kowssr st-nl, 19691 Liptsy and Tiesnon, 1970;Reynolds, 1970| 

Koohi and Pryresx, 1973 )• _____________________
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The conservation o f s o il moisture due to Kress mulches has 

boon shown to improve co ffee  y ie lds in Kenya (Pere ira  end Jones, 

1 95 4 ) .  However during this study no y ie ld  responses due to mulches 

wns noticed, possibly due to the short period during which the 

t r ia l  was conducted. High Bo i l  moisture contents duo to mulches 

are reported to he a faotor in the bonofioin l e ffec ts  o f mulohoa 

on germination and seedling growth (Kowsar e t-a l, 1969)*

4.1,3, Soil chemical properties

As shown on table (25) it was only the grass 

mulch which significantly affected some of the soil 
chemical properties considsrsd. Grass mulch increased 

pnrcsnt corhon, potassium level, magnnsium lsvsl and

cation exchonpn capacity of the noil as cnmparnd to 
polyethylene mulches, this was also true when grass 

mulch Was compared to ha re noil although the comparison 
between bare and mulched soils indicated no statistically 

oignificar.t. differences. Polyethylnne ~ coated p/ip er 

mulch was shown to result in higher nitrnte-nitrogen ^ 

levels in the hoil than bare soil, this was associated 

with the higher soil temperatures and moisture levels 

which'encouraged nitrogen mlnnraliyalion. (Liptay, 
et-nl 1H 7 0),

Ornns mulch being o f plant, Origin adds organic matter to Mm 

noil on decomposition (G ilbert,.. 394*31 Hardem, 19 511 J*ot's at,-n.l 

l?55f TTorMimot’C, 1 31 Pereira, 19^41 Robinson and Hosegood, 19̂ >5j

Kisca, I 9 6 9 ). The cation exchange capacity o f the so il is  associated 

with the organic co llo ids (humun) in thn noil (Abn, 197\i. since 

grass mulch increases the carbon le v e l o f the s o i l ,  this .contributes 

to the increase o f the organic collo ida in the s o il and hence the 

higher cation axohnnge oapaoity o f the s o i l .



rotsmaium leve l in the noil hen been reported to bn increased 

due to ernes mulches (Robinson nnd Hosapood, 19^51 Kisaa, 1969)* 

Tnoreeno in potimium leve ls  o f the noil boa a tendency of induoinr 

mrv'neeium dofioienoy in co ffee  (Robinson and Cflonory, 1990)« 

tHcnosium leve l in the so il has been reported ho be inorensnd 

dne to mulching with grnns (Robinnon nnd Hosn-ood, ]9*>9)e Mulches 

o f plant materials improve noil f e r t i l i t y  by nddirvr organic matter 

togother with other plant nutrienta to the s o il (H ilbert, 19451 

Jacks e t-a lf 19551 Northmens, 19^31 Pereira l c»64)«

4.1.4, Growjth of coffo e

As shown on table (?0) caffnn bushes showed 

flush growth in the period between 22/10/76 end 10/12/76.
The month of October marked the end of the dry season 
ns shown on figure (16) about 10mm of rainfall bed 

fallen during the early part of October. This shows 
that coffee hnshne started fleshing at the beginning of 

tho rain. Tn Kenya nnw Inavnn on coffee emerge most 

rapidly during synchronous growth flushes which occur 

after rainfall. It has been shown that flushing in 
coffee might bo duo to a stimulus associated with 

rainfall but independent of the soil moisture, 
f&rnwning, 1975). flushing of coffee in terms of

I
number of nodon grown occurred between 27/10/76 and 
10/12/76 which wnni rainy months ns shown on table 
(79), Flush growth 4iff nrences between treatments 

were not. consistent as during any of the periods one 

treatment could bn shown to bn bettor than the other, 

while in other periods it. could show lower growth. Browning and 

( inher (1975) suggests that: water stress appears to 

stimulate coffee trees into compensatory physiological 

activity when tire stress is eventually relieved.

There were no statistically significant 

differences in,coffee yields between the treatments, 

this was unexpected because in Kenya grans mulches



have been reported to inoreosa oof foe y ie lds (Anon, 1949} 1997}

1958| 1959? ForeirG . and Jones 1994} M itchell, 1.976a)0 The ooffaa 

bushes on whioh th is study woo done were stumped In 19 74  during 

the normal ohsnr'0 o f oyole prunnirvT. DirrinG 1976 a small crop 

woo obtained nnd even in 1977 the bushes bed not corns into fu l l  

production. The short period in whioh the study was oarried 

may mean that the treatment e ffeo ts  mi^ht not have nffeotnd 

the oof fee  bushes Ion/? enough fo r these e ffeo ts  to  be r e f  looted 

in the y ie ld s .

Root d istribution showed no s ta t is t ic a lly  sifuiifcant d ifferences 

between the treatments, but the Gross mulch seemed to r iv e  more 

roots in the 0 -  40 om depth and also more roots up to 60 om depth 

than the other treatments as shown on tab le (30 ). Mbmastor (1992) 

showed that Grass muloh had the e ffe c t  o f inducin'? feeder roots to 

rrow into the top layers o f the n o il.

As nhown on table (.33) a ll  the mulches were e ffe c t iv e  in 

con trolling weeds. Many reports have indicated the usefulness o f 

mulohon in the control o f woods (H ilb ert, 19491 Rowe-button, 1997f 

Northmens, 1963} 1'Ikcrn, 1967} Reynolds, I.9 7 0 ) ,  'fhn tt ’spn parent 

polyothylsns muloh allowed more wood growth than black nnd whitgi 

.polyethylene mulahoso Thin was expected ns this polyethylene 

muloh allows li/?ht through whioh is  eserntial for nlnnt Growth.

The blaok and white polyethylene mulches shocked weed Growth almost 

completely.



4.2. CONCLUSION

Grass mulch was shown to lower soil temperatures
t

as compared to bare soil, while the polyethylene mulches 

increased soil temperatures above that of bare soil. Due 
to the short duration in which this study was carried 

no conclusive effects of the mulches on coffee growth 

and yields were established. It would therefore be
t 1 «

suggested that further work could be done with these
■•Hi

mulches to evaluate more fully their effect on coffee 

growth and yields. The high soil temperature under 

polyethylene mulches might lead to a higher nitrogen 

flush on the onset of the rains, this is also on aspect
P

which is open to further work.»
In this study the grass mulch was established 

to bn supnrion to the polyethylene mulches in terms of 

moisture conservation it would therefore bo •recommended 
that despite the problems ass on i a tori with the aval labi

lity of mulching materials dun to scarcity of land, 

the practice of grass mulching in coffee is worthwhile 

and should ho continued. Polyethylene mulches had ft.

, .lower soil moisture conservation effect than the grass 

mulch, thin was mainly due to their1 effect on impeding 
diredt penetration of rain water.

However
it is felt that polyethylene mulches might be useful 
in conservation of soil moisture in coffee if tried 

in connection with trickle irrigation.

Ornnn mulch tree nnr'.in shown to ho superior to the rol.yst.hvl mis - 
mulches in terms of addin* organic matter, pot senium, mrymosiurn cud 

increasing the cation exchange oapaoity of the soil. Further work 

could hn done with the polyethylene mulohno to evaluate mors fully 
thoir effect on soil



"V

1 1
ite -

chemical properties particularly the run-down of 
carbon in the soil and the mineralisation of nitrogen.

With the exception of the black polyethylene 

mulch the other two polyethylene mulches, transparent1 
and white, were shown to deteriorate very fast such 

that after six months they were no longer effective 

as mulches. It is therefore suggested that these 

mulches do not compare favourably with the grass mulch 

where the usual practice is to add new material after 

every year.

f
I
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Appendix Is Analysis of variance soil temperatures at 7cm depth

Time in < - 17/5/7S . . Rean Square Mean Square 13/8/76
5 day weeks df 1 2 3 4 5 6 df 7 8 9 10 11 12 13

Treatment 4 25.3 30.20 45.20 43.38 13.03 11.30 4 27.42 38.03 18.80 27,63 22.17 17.64 23.74

Main error 5 2.S3 3.35 2.11 2.66 12.7 1.50 4 0.51 - 1.02 0.84 2.66 3.69 0,40 1.02

Rain total ' 3 13.18 15.S2 21.25 20.38 3.19 5.12 . 8 _ _13.96 19.53 9.82 15.14 12.93 9.02 12.38

Time of 
day 1 154.01 130.3 202.83 203.31 114.24 83.23 1 189.73 242.91 94.18 227.14 213.86 147.93 299.54

Time x
•

treatment 4 13.36 13.75 20.92 22.73 3.38 3.36 4 12.21 14.51 5.71 15.38 13.37 9.59 10,33

Sub error 5 1.78 2.23 0.46 0.5S 0.09 0.26 4 0.50 0.18 0.85 0.42 1.82 1.12 3.2~

Total 13 17\39 20.37 25.23 10.11 12.44 3.13 17 20*72 ”5.93 11.71 24.20 22.24 15.23 75 - C7
--------  ------ , ------------ - -- - ... - - ■ ■ —_ ■ - ----- ------- ... .......
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Append! x II : 15cm Analysi 3 of variance

S/12/76 
Time in  weeks

- *
Mean Square i

—
' V

df i 2 df 3 4 5 df 6 7 8 df 9

Treatment 4 26.95 24.98 4 24.16 34.07 42.42 4 47.76 48.99 36.60 4 53.

Wain error 4 2.41 1.68 5 . .. 3.47 4.03 2.91 9' 3.53 3.05 2.00 10 2.1

flain total S 14.59 13.33 '9 12.67 17.38 20.47 13 17.14 17.19 12-.64 14 16.85

Time of day 1 10.09 3.12 1 4.23 . 10.51 8.59 1 1.68 4.96 28.81 1 27.1?

Time x
- ■> treatment 4 C .24 ' 1.13 4 0.28 +  0.74 0.98 4 0.25 0.55 2.44 4 n n4L • -

pub error 4 0.15 0.45 5 0.35 . 0.36 0.29 9 0.35 0.26 1.00 10 1.5c

-------/Total 17 7.5S 6.33 19 3.37 9.04 10.43 27 8.47 ' 8.63 7.85 29 1~ .03
-------1------------------------------ ■'■■■■ ■«------ ------------- - . -  ■ ■ ■ ;_______

. df 10 11 13 14 15
25th March. 1977 

16
Treatment 4 35.23 30.52 3 5. n 21.30 33.58 28.29 15.08

Main error 5 0.36 1.58 2.43 0.31 1.72 1.30 1.67
- Main total 9 15.33 - 14.44 15.95 '9.97 15.83 13.29 7.53

|Fime (5f day 7X 3.37 12.80 0.16 3.20 3.45 19.21 25.22

-VTimB x
treatment 4 0.14 1.04 0.54 0.50 0.44 2 8.22

Sub error 5 0.2a 2.21 0.37 0.37 0.15 ' a./i 1.25

Total 19 7.93 7.79 3.33 5.27 7.34 7.56 5 . 7



Appsndix III Analysis of .'ariancs sail t 2 2 r*a ture one met re depth
*

*

Time week3 df 5/12/7S 
1 2 3

Mean Square 1 
4 5 6 7 * • 8 9

Treatment 4 9.30 6.16 7.31 6.93 7.13 7.29 6.03 11.91 15.62

Main error 5 2.33 2.52 - 1.49 2.12 1.61 2.03 1.08 - 1.42 2.15

Main total 3 5.70 4.14 4.03 4.26 4.06 4.37 3.28 3.64 8.14

Time of day 1 S. 73 2.53 0.53 . 0.02 0.19 0.37 0.03 2.25 0.97 ■

Time x
treatment 4 0.50 0.52 0.09 0.15 0.23 0.06 0.17 1.15 0.42

Sub error 5 0.63 0.55 0.11 0.24 0.18 0.01 0.41 0.20 0.44

Total ■ 19 2.35 2.25 2.01 2.11 2.03 2.10 1.70 3.29 4.11

df 10 df 11 12 df 13 df 14 15
8/3/77

T reatment 4 15.33 4 15.18 19.21 4 17.99 4 27.01 21.87

Main error 3 1.38 2 5.5 0.94 3 0.85 4 3.11 0.81

Main total 7 9.57 6 11.35 13.12 7 10.64 8 15.06 11.34

Time of day 0.60 1X 1.02 0.29 1 2.67 1 0.11 2.31

T ime x
treatment 4 0.21 4 0.55 1.40 4 0.46 4 0.15 3.12

Sub error 3 0.32 2 0.40 0.25 3 0.46 4 0.14 0.31

Total 15 4.70 14
—

5.41 6.1 15 5.36 16 7.61 5.92

14R
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Appendix IV: Ana
two

l y s i s  p
metres

f variance soil tempe 
depth

rature at
~

Time weeks df.

6/12/76 

1 -2 -
Mean Squares 

3 4 5 E

3

7

1/2/77

e ow 10

T reatment 4 0.46 0.45 2.00 0.B4 1.30 0.57 0.96 1.13 2.79 3.31

Plain error 5 2.92 0.29 0.34 0.30 0.51 0.14 0.12 0.51 0.12 0.37

Plain ’total 9 1.84 0.36 1.0B 0.54 0.5E 0.33 0.50 0.7B 1.31 1.65

Time of day 1 3.04 0.02 0.22 0.29 n m  
U » 0.24 0.72 0.03 1.74 0.09

Time x treatment 4 0.25 0.12 0.29 0.07 0.15 0.06 0.12 0.29 0.33 1.46

Sub error 5 2.65 0.15 . 0.14 0.03 0.07 0.05 C . 07 0.53 0.90 0.14

Total 19* 1.7B 0.24 0.62 0.29 0.46 0.20 0.32 0.57 1.02 1.14
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A p p e n d i x  V t  Analysis of variance soil jrrwist.tne 19 76

Date Mean Square
df 0- 15cm 60cm 120cm

<A/Block
Treatment 

y' Error

3 10.94 2.43 0.56
4 03.14 32.10 10.37
12 3.64 2.50 3.05

y/N<°/f^lock 
v\ ^ /  Treatment

3 2.17 2.40 1.69
4 ' 65.06 13.97 4.63

Error 12 4.46 3 * 1 4.00
O/^l Block 3 2.49 3 -4ta 3.39

Treatment 4 45.40 ic s8 3.79
/  Error 12 5.20 3.49 2.67

. ' lock 
M r  Treatment 

-fjy Error

3 6.76 4.59 4.50
4 91.97 13.61 6.97
12 0.00 5.31 2.10

,^ffl o c k 
\\y Treatment

V  .Error

3 10.29 4.70 3.41
4 74.00 14.61 3.63
12 6.53 5.69 4.00

A i/Block 3 5.86 0.54 4.09
oA/ Treatment 4 25.66 9.24 2.94
'x Error 12 11,42 5.54 1,93

lock
A y  Treatment 

M y  Error

3 14.44 0.70 3.33
4 27.10 6.10 2.B5
12 6.67 1.45 1.66

.^y/Block 
M r T reatme't 

ry  Error

3 2.32 4.97 3.52
4 25.93 11.70 4.95
12 4.02 2.34 2.53

S /\Block
Treatment

3 6.41 3.75 3.90
4 32.20 11.22 4.69

ry  Error 12 2.74 1.06 1.42

A / &  lock 3 ■ 0.0 7 1.00 7.90
^ y  Treatment 4 41.39 7.07 9.13

%/ Error 12 3.53 1.40 1.09
lock

S y  Treatment 
-S/ Error

3 . 1.46 3.30 6.42
14 29.07 3,45 3.26
12 6.40 1.60 1.97

/^^lock 
S y  Treatment

2 1.00 0.65 1.76
4 74.00 1.02 2.20

r\ /  E rro r 0 6.00 0.40 1.60

r.

4



Appendix '-I: V3riati~ ~ of soil moisture . :h decth analysis of variance 1976

Source df |Date 13/5 ■3/5 14/5 2 4 /8 2/7 13/7 23/7 2/8 12/8 21/9 1/10 df 12/10/76

Block a 5.94 5.17 9.98 11.34 8.32 17.26 10.75 6.28 8,S9 5.02 3.90. 2 1.98

nulches(m) 4 99.23 55.43 48.81 35.ca 67.69 30.81 22.34 34.3 37.14 48.41 23.45 4 36.33

Total 19 22.75 13.54 18.47 26.11 22.44 17.11 9.71 11.47 10.31 13.68 8.37 14 12.71

Depth COj 4 . 114.33 :15.13 211.33 77.74 207.99 208.57 204.54 202.89 243.64 160.16 323.84 2 209.S8

n x D 6 * 12.51 13,36 34.7S 55.85 10.48 2.61 4.78 3.86 1.55 4.17 4.79 8 20.01

.Pooled

(EPS) 12 3.33 4.32 3.79 5.14 5.41 5.29 3.26 2.96 1.74 2.27 3.35 3



Appendix VII: Variation o r 3oil moisture wit'1 ctn analysis variance 1977 --------------- -------------------------- 1---------------

fean Square

Source df Oaca 12/1 11/2 4/3 14/3 24/3 15/4 df 2/2 22/2 5/5

Block 3 20.57 0.36 55.32 0.45 5.86 2.56 2 1.45 7.99 3.67

Mulches(m3 4 122.52 42.18 99.29 39.13 37.09 22.91 4 52.92 30.29 12.50

Total 19 • 32.31 12.20 43.42 22.58 24.10 7.94 14 20.76 11.5S 6.38

Depth(Q) 2 13.43 37.53 0.19 59.37 32.21 14.48 2 46.48 41.82 39.91

M X D 8 7.74 2.96 8.52 2.08 9.34 0.54 3 0.55 2.04 Q. 28

Pooled 1
■

EMS 1 12 4.SC 2.34 10.91 4.4S 5.68 2.75 3 6.75 1.73 3.99

Ui
at
 <


