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ABSTRACT

Any accel erated increase in world food production
depends on the inprovenent of agriculture in the tropical
and sub-tropical regions of the world. To achieve these
obj ectives, there nust be an adequate rel ati onshi p between
forest belts and arable |ands.

The influence of forests on the amelioration of
adverse weat her conditions in adjacent farnm ands was exa-
mned at Danbatta in Kano State of N geria by neasuring the
surface wind speed, air and soil tenperatures, soil noisture
storage and crop yield in sheltered and unshel tered farmn ands.

The results showed that shelterbelts inproved the weat her
condition of farmands in the area through the reduction of
surface wind speed i medi ately behind the shelterbelt by an
average of 20.8% Wth increased distances frombelt,
per centage wi nd reduction decreased to about 5.2%at a
di stance of 300m away fromthe belt, The observed air
tenperature of 34.7C and 35.6'C in the protected areas 20m
away fromthe belt in sites 1 and Il respectively were higher
than the corresponding figures of 34.4.C and 34.Cin the
open farm and. The nmean soil tenperatures at the depth of

5cmwere 35.7.C and 36.6.C on sites 1 and Il respectively



i mredi ately behind the belts and 35.C and 35.8.C in
t he open si des.

The total soil noisture storage to a depth of 100cm
on the protected | and was hi gher than in the unprotected
area. It averaged 533.6mmfor site 1 and 554.7 for site
Il were 502mm and 491. 2nmm r especti vely.

The nmean yield of mllet on site 1 at 40mfromthe
belt was significantly higher (1%l evel) than the nean
yield at other distances. For sitell, yield was signi-
ficantly higher (5%l evel) than the mean yield at other

di stances fromthe belt.
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1. INTRODUCTION

Afforestation to create shelterbelt is very necessary
in arid and semi-arid regions of the world where exeessive
wind velocity, scanty annual rainfall, high radiation inten-
gity, high evaporation rate from the soil surface, low
atmospheric humidity and other adverse weather conditions
make ggricultural practices almost impossible.

By definition, afforestation is the establishment of
forests in areas where naturally forests do not grow.
Similarly, shelterbelts are long rows of tree plantings
across the direction of prevailing winds with a view to
protecting the adjacent farmlands and livestocks against the
damaging force and other associated dangers of the winds,
Aridity is denoted by the very low amount of annual rainfall
characteristic of a given ecological zone. When the maximum
annual rainfall of any region never exceeded 500mm, such a
zone is classified under a semi-arid zone. Tor arid zone,
it is a maximum of between 200 - 300mm. The recognized
ability of shelierbelts to improve harsh weather conditions
of a given ecological zone had stimlated the interest of
advanced nations, like the U.8.A., Canada, U.3.S5.R., Denmark,
China, Japan, Israel etc., to embark on shelterbelt affores-

tation programmes in their respective problem areas.

Gregter proportion of NWigeria's land-mass falls within
the arid and semi-arid zones where seasonal and annual
droughts are aggravated by high wind velocity resulting in

excessive loss of already scanty soil moisture.




These advefse environmental factors hamper every effort to
produce sufficient food crops to ¢cope with the evere=increae
sing population in this part of the country in particular
and Nigeria in general. The excessive loss of soil moisture
which is a mejor constraint in c¢rop production, needs to be
guarded against in these areas in order to achieve the -
Federal Government's objectives in the Green Rewvolution
Programme.
PRI -
f; '!' In order to do this, the micro-climate and soil elimate
of the area have te be modified through afferestation snd
research, The establishment of forests takes time to evolve
and when fully developed, the trees consume a lot of soil
water thereby adding to the shortages of soil moisture near
the edges of the belt. Although this is eounted as & dis- |
advantage, it is outweighed by other numerous advantages of
the shelterbelt., This is examplified in Adeyoju (1973)
that the present ghelterbelt establishment appears to be
accepted as beneficial by some villagers in Kano State,
Dambatta in Kano State, situated at about latitute
12% °*N, i8 one of such areas with arid-zone characteristics.
Very little or no work has been done in Dambatta er else=
where in Nigeria's arid environment regarding the effects
of shelterbelt on soil climate. L |
It is therefore the aim of this ﬁork to study the effect
of afforestation on wind speed, air and soil temperature |

and moisture regimes of soils at Dambatta. -



2. LITERATURE RuVIwW
Effect of shelterbelt on wind speed, air and soil temperatures,

s0il moisture and other elementa of weather is mostly studied on
fields between shelterbelts and, for the purposes of comparison, in
the open fields. Several workers in different climatic zones of
the world have shown what can be achieved by establishing
shelterbelts and wind-breaks in those regions of the world where
the climatic conditions are very unfavourable for agriculturel
production, livestock improvement and human comfort, In many of
their reports, emphasis was placed on the orientation of the belt
to the prevailing winds, width, density and height of the
shelterbelt as important factors determining the effectiveness of
the belts in relation to air flow.

2.1  THE INFEUENCE OF SHELTERBELT ON WIND SPERD

Panfilov (1937) on his studies on the effect of shelterbelt on

wind speed, used anemometers installed at various distances from

the shelterbelt on the leeward and windward sides. Results

obtained from a periodic anemometric observation generally showed
a greater reduction in wind speed in the lee gide of the belt in
comparigson with wind speed in the open field. VWithin the belt's
lee side, maximum reduction wvas reported nearest the belt followed
by gradual rise in speed with departure from the belt. Tracing
the trend of the changes in wind velocity from one distance to
another he found that the extent of shelter effect terminates at
3CH beyond which wind speed evens out with those in the open
field. (H = distance from the belt in multiples of tree height).

3
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In the same studies, Penfilov assessed the degree of wind
reduction at various intervals from the belt, and estimated the
sharpest reduction in wind velocity within a zone of between 10H
and 15 on the lee side, and approximately SH on the windward side.
According to him, the greatest wind reduction pggurred dehind
belts perpendicular to the prevailing winds, but this reduction
decresses gharply as the angle between the direction ¢f shelterbelt
and a 1libe perpendioular to the prevailing winds detreases. He
also found that any shelterbelt in an orientation of legs than 300
40 the prevailing winds has no protective effect,

Naegeli (1946) in similar studies, not only drew similar
conclusion to Panfilov'is but made a break through in wind speed
studies by establishing the percentage limit over which shelterbelt
hag no influence on wind speed. He observed a 30 percent
reduction in wind speed at 1H and 10% at 18, On the basig of hiB
results and practical experience, he egtablished that shelterbelt
coages to be effecctive from the point where the percentage wind
reduction falls below 10 percent./

Many research workers agreeﬁin principle that shelterbelt
probedt the adjacent areas against inherent adverse weather
factors, but the extent of proteetion varies according to climatice
zones and other associated factors from 1 to 1(H windwards and
7 to 6CH leewards. The conclusions of Matjakin (1952}, Yoodruff
Read and Chepil (1959) and Georsge (1960) seem to agree in -

principle with the early observations of Naegeli and Panfilov,

who drew attention to the fact that ghelterbelt is effective up to
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approximately 30 - 40, and that the extent of sheltered zone ends

where wind reduction is less than 20 percent or at least 10%.

Caborn (1957) in his studies on the effect of various widths
and densities of belt on wind reduction, found narrow belts more
effective in reducing wind gpeed than wider ones. Behind dense belts

of 10 rows, he recorded a maximum of 40 percent wind reduction

occuring at about 2.4H while with medium dense belt 25% reduction

was recorded at equivalent distance from the belt. Very dense
and very loose belts offered nc appreciable protection because of
~ddieg and turbulent mixing of air found behind very dense belt and
because of the high porous nature in the case of very loose belt
which makeg the belt not effective. After examining various widths
of belts, Caborn found 11 - 19H apart very effective hence he
concluded that the effectiveneass of a shelterbelt depends on its
width and density.

According to Molski (1966) wind reduction is greatest behind
a very denge shelterbelt, but ovor a very short distance which
indicates that a very denge belt offers only a narrow zone of
effective shelter. He observed that a shelterbelt of medium density
reduced wind speed more slowly and to greater distance from the belt,
He therefore concluded that the sheltered zone is broadest with a
medium dense shelterbelt.

Published results of rescarch into the effect of wind ppeed
and its direction on the development of agriculture, Dawry et al
1976) indicated that wind speed as well as the dryness of the air
magses are more important than wind direction per se. They noted

that the diurnal variation of surface wind in the open farmlanad



during the dry season often resulted in higher speeds near mid-day
when high insolation, temperature and wind all combined to increase
the evaporative demand of the atmosphere and the stress om plants,
Within the lee side of a medium dense belt despite the observed
higher temperature they reported o decrease in the evaporative

demand of the atmosphere and leas stress on plant due to reduced

wind speed,.

2.2 ” INFIOENCE OF CHEETERBOLT ON AIR TEMPUIRATURE

According to Anon (1962), a shelterbelt alters temperature and

radiation conditiong, an agsertion which he made after studying the

effect of shelterbelt on air temperature in the windward and leeward
gsides. He however peinted out that shelterbelt causes higher
temperature during the day and lower temperature at night, He
further noted that the influence of rforest belts on air temperature
ig due to reduced wind velocity, which perceptibly affects the -
temperature of a calm zZone near the lee edge thus reducing the |
exchange between lower and upper air layers. But any trend in
temperature different from what is said above is due to the
protection of the soil by tree canopy against direct insolation and
radjation, He then stressed that the insulation of tree canopy
retards daylight warming and night cooling of the air layer nearest
the ground within the forest belt, |
The study by Bodroff (1936) on the effect of shelterbelts on

air temperature at different distances from the belt indicated the
occurence of higher temperature in the protected area than in the

open field during the firgt half of the day when heat balance is
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poaitive, but in the second half of the day, when heat balance is
nagative, he observed a lower temperature in the protected area than
in the open field: a phenomenon which, he explained; 1s o résult of
reduction of vertifal diffusion and mixing of air. This differences

in temperature, he noted, may be favourable to some crops but harm-—
ful to others. Further results from simultaneous measurecments of air
temperature and wind speed behind dense and medium dense belts,
showed a zone of complete calmness with a corresponding higher air
temperature behind a dense belt than in the open field, Similar
situation algo ocours behind a medium denpe belt but with lower
values than behind dense belt. He therefore concluded thai the
influence of shelterbelt on air temperature depends mainly on
reduced wind speed which only éffects the temperature of the

completely calm zone near the lee cdze thus reducing the exchange

between lower and upper air layers. _

Burnacki and Golcberg (1951, 1952) working with denge and
med ium dense belts found increase in temperature within a distance
of 5 to TH of a dense belt, while with medium dense belt the areca
of temperature increase extended to 6 - 8d leeward. This
indicated that dense belts influence air temperature within a
narrower zone behind the belt than medium dense belts. The maximum
difference they observed Wetween the temperatures in the protected
and open fields hardly exceeded 3°C for both structures but was
rarely zero. The increase in temperature at the edze of a dense
belt by day and decrease at night rarely exceeded 2°C, while the
minimum temperature at night was about 2,5%C below the tenperature

A

in the open field. R
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When the goil was wet, greater differences in tomperature were
observed than when the goil is dry. This is due to the fact that
gvaporation from the goil surface and transpiration were increased
resulting in the lowering of the atmospheric tempcrature,

Matiakin's (1952) experimental works in which he studied
changcs in air temperature at two heights, 1m and 0,25m, in the
protected and ofen fields reported a much higher air temperature
nearest the ground and greater deviation of about 3°C at 0.25m
compared with the temperature at corresponding height in the opeh
field, He reported the maximum diurnal range of temperature
occuring in the lceward was in accordance vith the location of
minimum wind speed. | .:

Ven Bimern (1954) investignted the shelter cffect on tempera~
ture under different ghade conditions, At two different locations
without ghade he found higher air temperature immediately behind
the belt (ZH) than in the open field, but at a third location

wnder shade, the air temperature at 2H was lower than in the open

field. He then concluded that shelterbelt increases air temperature
near the lee edge of belts but any variation that might oecur could

be possible through differing shades and ground covering.

2.3  EFFAECT OF SHELT.RBiLT ON SOIL TWMPERATURE.

| The effect of shelterbelt on soil temperature was investigated
by Bimern (1954). In addition to soil temperature, he alse
meagured wind speed in the sheltered ond unsheltered aldes of the
belt. He observed higher soil temperature within the lee aide

than in the windward side.
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The higher temperature codncided with the areas of reduced wind
speed. The low soil temperature in the shaded portion behind the
belt despite the considerable reduction in wind speed made him
conclude that the changing of soil temperature by wind reduction
is limited and uneven depending on the degree of ground's
covering by the canopy.

Johngon (1957) examined the effect of shelterbelt on soil

temperature as a function of wind velocity; this observation

followed results of simultaneous measurements of soil temperature to
a depth 20em and wind speed to a height of 1m, in which he found
higher mean soil temperature in areas of low wind velocity and

vice versa.

Fuss (1956) believed that on sunny days the irregular shadows
cagt by the plants could eclipse the influence of wind protection
on soil temperature. He thercefore took measurements on cloudy
days. His results revealed higher soil temperature mogtly within
the lee side than in the open field. It was further noticed that
the time of the day had much influence on goil temperature. He
noted an inerease of 0.8°C at Sem. soil depth within a distance of
0.8H from the belt as compared to 0.3°C at Sem soil depth in the
open field. He found the effeet rreater at 3,00 p.m. than at
8.00 a.,m., He however found the effect difficult to isolate from
each other because of the effect of soil moisture and wind speed
on goil temperature, The literature on the effect of shelterbelt
on soil temperature is extensive, Studies by Steubing (1952),
Burnaski et al (1955), Aslying (1958), Kaiser (1960), Staple and
Lahane (1955) and Papamek (1981) all showed a clear dependence of

soil temeerature on wind reducgtion.




2.4 F5CT OF EL SLT SOIL MOISTULE
A VAL Oda

The effectiveness of shelterbelts in conserving soil moisture
through reduction in wind speed and evaporation has been studied
by many investigators.

Maran et al (1950) in their study of the effect of shelterbelt
on moisture storage in a loamy soil reported increase in soil
moisture up to the middle of the field between conseoutive belts,
compared with the open field, They however obscrved lower soil
moisture content closer to the belt which they attributed to the
tree roots which tend to extract soil watexy in that zone, IBemond
the middle of the field, moisture stornge was found to be equal to

those in the open field,

Gagarin (1949) working on the rate of soil water losses
through evaporation in the protected and open field reported higher
rate of moisture losses by transpiration and evaporation in unshel-
tered areas than in the sheltered zone, Within the lee, he found
50 and 30 percent decrease in evaporation at 2H and 1BH

respectively. At about the centre of the field the reduction was
10 per cent. From the percentage decercase in evaporation at various

points he deduced that the rate of moisture loss depends on the
proximity of those points to the shelterbelt.

Van Eimern (1954, 1964, 1958) however found no shelter effect
on s0il moisture in a loamy soil with oat, and he ascribed the
increase in yield to wind protection. However, data obtained duripg
periods of little but evenly spread rains showed a greater decrease

in soil moigture at greater distances from the belt.

10
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Walker (1951) used evaporation and wind reduction data as
vard-gticks for agsesgssing the shelter effeet on soil moisture,
From his experimental results he reported that the greatest

reduction in evaporation occurred within a distance of 10H and 15H

from the belt.

Golubeva (1941) in a similar study with belts 200m apart and
Tm high found 40 percent decrease in cvaporation at 2H, (14m) and
10% at 10H (70m). At about the centre of the field, he found 5%
decrcase while the corresponding reductions in wind speed were 607,
25% and 15% respectively, Thig obgervations agree with the con-
clusions of Jalker that shelterbelt influcences wind speed more them
evaporation.

Wilugz (1958) used air and soil temperature data to deduce
the possible position of soil moisture, With higher air and soil
temperature figures obtaninecd nonr the edge of the belt, he pre-
dicted a corresponding higher wate of moigture losses irrespective
of the amount of reduction in wind velocity in that zone,

The obscrvation by Gorsenin (1960) on soil moisture at various
distances from a wooded belt ipdicated a positive effect of
shelterbelt on soil moisture retcntion to a soil depth of 1m
exténding to 10H away from belt. ile however thought that the shelter
effect would more viwidly be expresscd at the upper soil layers
than at greatcr depths because of the water tabde level which might

influence the soil moisture conditione.
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245 THE EFFECT OF SHERLTIRBATT ON CROP YIRLID

The early reports on the effect of wind protection on the
yield of agricultural crops, particularly in Russia, U.3.4, and
Denmark is given by Smith (1929), Naegeli (1941) and Anderson (1952).
Generally yield increases vary from region to rcgion, they also
depend on the types of crops and soila,

Bender (1955) carried out yield measurement over 3 years on
light sandy soil planted with a veriety of orops. The mean yield
for the three years for ecach variety of crop in the sheltered zone
wag found to be higher them in the unsheltercd area for the three
guccessive years with yield increase of 180, 186 and 220 percent
regspectively. Hence he concluded that shelterbelt increase yield
of crops with age of the belt,

Many other yield experiments have always produced favourable
results owing to shelter cffcot. The reported increase in erop
yleld owing to shelterbelt in wheat, barley, onts and hay on heavy
80il of the Netherlands by Jonker (1954) and on clay soil in the
Rhineland by Kaiser (1957) followed a curve similar to that of
80il moisture content, This indiecates that crop yield is better
in arecag of higher goil moigture content,

Comprehensive survey, taking into account results found by
other authors has been made by Getérge (1960), He found that
although the crops and soil types on which individual investigators
worked vary, yield results are generally better in the sheltered

zone than in the unsgheltered arcas.
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Within the lee side, varying trends in the yield were observed in
which some results showed erop yield following similar curve to
wind reduction, greatest immediately behind the bext and becoming
less farther away, while other reports show low yicld close to the
belt, followed by highest yield and then decrecasing further away,
He further obscrved that in every sheltered field there are areas in
which crop yield is reduced by shading and by competition of roots.

From these reports, it becomes an acceptable fact that
shelterbelts probtect the adjacent arca againgt the extremes of
weather and improve yield of crops. However the extent of protection
and nature of the yield vary with climates. It is necessary to
determine the extent to which shelterbelt ean reduce the adverse
weather conditions and increase crop yield in the arid and semi
arid zones in Nigeria. The present study investigates the
extent of shelter effect on wind speed, air and soil temperatures,

goil moisture and yield of crops in Dambatta.




3. MATERIALS AND METHOD
3.1 Site and Iayout

This experiment started in July 1980 and ended in June 1981,
The two sites selected are about three and half kilometers apart
and are located in Dambatta about seventy kilometers north of Kano
State, The sites consisted of farmlandg between two parallel
shelterbelts and open farmlands on the windward side exposed to
adverse weather conditions. The shelterbelt lines run in an east
to west direction at an angle of 45°. to the prevailing winds,
The tree species for the shelterbelts are Bucalyptus camaldulgngis,
with average height of 10m. The sheltcrbelts are of medium density.
The degrec of density or permeability of the shelterbelt was
visually determined by the percentage rativ: of the perforated arca
of the belt to the total vertidal arca of the belt. On the basis
of this, a belt could be very densc, dense, medium dense or
porous depending on percentage ratio of the perforations to the
vertical area of the belt. The distance between two parallel belts
ig 300m, while the width of each block of belt is about 30m. In
each of the sites the land has very gentle slope of about 29,

The soil of each site is sandy, deep and well drained
(Table 1). The farmlands had been abandoned by the farmers prior
to the establishment of the shelterbelts because of constant poor
crop yield, soil moisture problem ond exposure of the soil to wind
erosion.

The gite layout is given in Fig. 1. There arec four columns of
blocks of farmland 12m apart running perpendicular to the belts with
5m gaps at the edge of each belt and gix rows of blocks of farmland

parallel to the belts.
14
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Two of the rows are joined together while the other four are in
singles 42,5m apart., The shaded portions in fig.1 are planted and
sampling plots 30m x 20m (600 sq.m), This brought the area of each
protected and unprotected for investigation to about 1.98 hectares.

Cultivation followed normal practice with ridges perpendioular
to the belt, In this process of ridging, organic matter residues
of beans and groundnuts from the previous years harvest were
incorporated into the soil. Superphosphate was also applied by
broadeagt prior to ridging at the rate of 100kg, per hectare.
Millet was sown first week in July when the rains had sufficiently
wet the goil profile. Sowing distances werc 45cm apart along rows
and 90cm between rows. Depth of sowing differ according to soil
types; it ranges from 2cm for heavy soils to 4cm for sandy soil
(Bgharavba 1981). For Dambatta sandy goil, the sowing depth was
4em, Because of the short coleoptile and the small food reserve in
the millet sced, it should not be gown very dcep (Egharevba 1981).
Yield was determined by weighing the grains from ¢ ach plot

separately and then converting into kilograms per hectare.

3.2 FIELD MOASUREMUNT.

The field measurcments ineluded #he following:
J.2.1 Wind Speed

Wind speed measurements using amemometers (0-1000m range and
capacity of 1-165m/sec) were taken ono meter above the ground
surface at distances of 20, 40, 100, 150, 200 and 300m from the
shelterbelt on the leeward side .nd 100 and 200m on the windward

side.
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Measurements were done three times weekly at 11.00 a.m. apd
2.00 p.m. The figures abtained were expressed in meters per
second and the percentage reduction of wind speed in the protected

side of the belt was calculated from the data.

3.2.2. Air Temperature

Alr temperature was measured with thermometers in a screen
located at the same height and at the same distances from the
belt ag the windspeed mearurement. Measurements were taken three
times weekly at 8.00 a.m. 12 noon and 3.00 p.m. throughout the
period of observation. The monthly mean air temperature was
calculated by adding the data ohtained for each time of the day
and dividing this sum by the number of times measurement were
recorded for that month. Annual mean was calculated by summing up

the monthly mean and dividing by the number of months.

e

3;2.5.w Scil Temperature | '-'E af'@;u

Soil thermometers (mecury-in-glass model with a right angled
bend in the stem with graduation range 0-50°C) were used for this
purpose, These instruments were installed at depths ¢f 5cm, "10cm,
and 30em at distances of 20, 40, 100, 150, 200 and 300m from the
belt in the protected side of the farmland and 100 and 200m in the
open field. Method of observation was similar to that deseribed
for air temperature. The monthly mean soill temperature was c¢al-
culated as described for the air tempersture, This measurement

was carried our throughout the growing sSeason and after harvest.

1




3e3e LABORATORY ANALYSIS
3.3.1. Determination of particle size distribution

The silt and clay percentages of the soil samples from
Dambatta were by pipette method based on Stoke's Law, Black
E1965). Although this method is time consuming it was the® only
method whose equipments were available to me at the time of the
experiment. The removal of the soil fraction whose diameters
were above 200 microns was by wet sieving. Organic matter
content was initially destroyed by adding an appropriate volume
of 20% H,0, and by leaving the mixture overnight. Colloidal
despersion was achieved by the addition of a 5% solution of
calgon (sodium hexameta - phosphate). A volume of 20ml per 20g.
of air dried soil was used. 7The varigus soil fractions were

expresged as percentages of weight of soil sample.

Z3e3e2s BSo0il moisture content

Boil moisture was determined to the depth of 100em by
gravimetric method. The samples were usually collected at
9.00a.m. by means of hand auger at interval deptha of 10, 20,
40, 60, 80, and 100cm in two replicates and then taken to the
laboratory in covered and numbered alluminium cans for determi-
nation of water content. This was carried out twice weekly
throughout the period of the experiment. The moist samples
were weighed at first and oven-dried at a temperature of 105°C
to constant weight. From the weights of moist and oven-dried
samples, water content was calculated as a perdentage of oven
dry weight. Moisture storage was calculated by multiplying the
percentage water content by the bulk density to

18
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obtain the volumetric moisture content which wag multiplied by the
soil depth to get the moisture storage of a given soil depth. By
spumning up the products the amount of water stored in the profile to

a given depth was obtained.

3-3 03 Bu De it
The bulk densgity was determined with an undisturbed goil

gample to depths of 10, 20, 40, 60, 80, and 100cm obtained by
pushing soil corer of known volume intoc the so0il body of o profile
pit and bringing it out again filled with soil., This was replicated
twice to get the average bulk density for each depth, In this
practice, care was taken not to compress the soil or alter the soil
particle arrangements. To avoid any imbalance in the volume of goil
and the internal volume of the corer, the two ends of the soil corer
were trimmed to the brim by means of a knife, The samples were

oven dried at a temperaturc of 105°C and then weighed., The bulk
density was exprcssed as the weight of oven-dried soil in

relation to its volume.

3.3.4 Porogity Calculation
The percentage pore space was calculatced from the bulk

density and particle density (2.65 g/cm3) figures, usging the

equation:

Bulk densit
"7’. (5] = -
% pore space =(1 = FETa dcnsity) x 100,




4. RESULTS AND DISCUSSION

4.1 Particle Size Distribution

Table 1 ghows the particle size distribution, bulk density
and total porosity as a function of soil depth,

The Particle size distribution data show that the soil
profile is mosgtly free from stones and gravel, The soil at gite 1
has a texture ranging from coarse aand at the upper layers to.
loamy fine sand down the lower horizon, In contrast, the texture
of the goil at site II is loamy fine sand throughout the profile.
4.2  Bulk Density.

It is observed from the data in Table I that there is a
gradual increase in the bulk density values with profile depth,
The average values in site I range from 1.51 g/cm3 at the top soil
to 1.54 g/cm3 at greater depths, for site II the corresponding
range is 1.51 to 1.56 g/cm3. On the whole, the bulk density values
of the above range showed that the soil was not ecompaet but pro-

vided good conditions for aeration and root development,

4.3 Total Porogity.
Values of total porosity of soil are of importance since they

determine how much soil gpace is ocoupied jointly by water and air.
The values also indicate the degrec of soil compaction,

The total porosity calculated from the bulk density and
particle density (2,65 g/cmB) values showed that the average values
decreased with soil depth, ranging from 43,0, to 41.1% in site Il
and 43.0 - 41,% in site 1. From the above data, it can be said
that both sites have virtually identical physical characteristics,

except the anomalous 83% coarsec sand in 0-10cm in site I.
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TABLE T, Some FPhysical Properties of Dambatta Shelterbelt Soils

Soil o Average Average
dopn Olay st oud SRt ClaeT gwlk o Forosity
£0.002 0,002 0,02~ 0,2 -~ (g/cm 2)

~0,02 0.2  2mm .

(< & :

W/W)

Site I A
0-10 5 3 9 83 C8 . 1.5 43.0
10-20 7 4 45 44 g 1,52 42.6
20-40 T 8 55 30 WFs 1,54 41,9
40~60 6 7 57 30 LFS 1452 42.6
60-80 8 7 56 30 IFS 1.54 - 41.9
80-100 8 7 56 29 LFS te54 4149
e T M - _ | I
.. =10 5 11 51 32 LFS LOtWB1 43,0

10-20 7 10 53 30 LFS . 1453 42.4
20~40 8 8 54 30 IFS 0 154 41,9
40-60 7 10 54 39 IFs - 1.54 - 41.9
60-80 6 1 55 28 IFS  1.54 41,9
80-100 6 11 56 27 IFS 1.56 41 .1

CS = Coarse sand
S = Sand
ILFS = Loany Fine Sand
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The reason for this could be attributed to the slope of the site
into which coarse sand have been washed by erosion or by force of
gravity.
4.4 Wind Speed

Wind speed data in the open and protected sides and mean
percentage wind speed reduction at the lee gide of the shelterbelt
at site II are given in Table 2, Similar data for site I are shown
in appendix 2, The data indicate that reduction in wind speed
extends to a distance of 300m from the belt throughout the period
of observation with mean percentage reduction of 5.3%. At 20m
and 40m wind speed reduction was 20.9% and 20% respectively and
showed that the percentage wind reduction decrcased with increased
distance from the belt (fig. 2).

Wind speed in the open field always exceeded those between
belts. For exanple in January (Table 2) wind with a velocity of
4.49m/sec from the open field has reduced to 3.50 and 3.56m/sec
at 20m and 40m respectively on lee side. However at 300m wind
gpeed has again incrcased to 4.30m/scc.

This situation occurred regularly in 2ll observations, thus
indicating that immecdiately behind the shelterbelt, wind speed was
reduced to a minimom and then started to regain speed with
increased distances leeward. The effectiveness of this belt in
reducing wind speed cxtended bevond 15H (150m), where the mean
percentage wind reduction was on the average 10.6%. This result
ig fairly in agreement with the findings of Naegeli (1946) who
established 10% as the limit below which shelterbelt was of no
effect in reducing wind speed,



b
w0
T.3LE 2. Effect of Shelterbelt on 7ind Speed (m/sec.) and (%) )
wind reduction in the open and protected farmland at —
Dambatta. Qo
A
Bite 11
Open Distances (m) in the Protected Area
> 20m % 40m % 100m % 150m % 200n % 300m %
Fariod 2008 pro¢, ied. Prot. Red. Prot. Rdd. Prot. Red. Prot. Red. Prot. Red.
Aug. 264 24,13 19,30 2,15 18,70 2426 14.40 231 12.50 2443 7.95 2.50 5.30
pepte 1.99 1.59 20,10 1.60 19.60 1.68 15,60 1.74 12.60 1.84 7.50 1.90 8,70
Oct. 3663 2.TT 23.T0 2.88 20,40 3.10 14.60 3.18 12.40 3,32 8.50 3,41 6.10
Nov. 2.61 2,10 19,50 2.11 18,40 2.25 13,80 2.39 8.40 - - - -~
Dec, - i ” = - " - = a - - - -
Jen, 4,49 3.50 22.10 3.56 20.70 3.80 15.4 3.94 12.30 4.18 "6.90 4.30 4,20
Peb. 2.14 1.73 18.20 1.75 18.70 1.82 14,9 1.94 9,30 2,00 6,50 2.04 4.70
varch 4.65 3.65 21.50 3.63 21.90 3.99 14.28 4.19 9.90 4.32 7T.10 4.42 5.00
April 3.25 2,55 21,50 2,64 21,20 2.89 11,10 2.60 9.40 2,65 6,20 3,09 4.90
May 2.87 2.26 21.30 2,27 20.90 2.55 11.20 2.60 9.40 2,65 T7.70 2.70 4.88
June 3.01 2,39 20,60 2.42 19.60 2.50 16.90 2,66 11,60 2.80 6,97 2.89 3,98
Jdean Percentage 20.9 20,0 14.2 10.6 T3 5¢3
Prot. = Protected
% Red., = Percentage Reduction
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He also recorded 30 and 10% wind recduction at the leeward side at
1H and 18H respectively, and less than 10% at distances beyond 18H,
Although the éffectiveness of this belt appears to end a little
beyond 150m, the tendency for the wind at any point after that to
reach speeds in excesa of or equal to those in the open field is
counteracted by the presence of the next shelterdbelt line, thus
the wind speed in the lee side was always less than those in the
open field.

The range (difference between the highest and lowest values)
in percentage reduction in wind specd at any time of the year at
each of the points in the leeward is calculated to be about 1.7T%
for 20m, 1.3% for 40m, 3.1% for 100m, 3.5 for 150m 0.8% for 200m
and 1.4% for 300m. These low rangc valucs arc indications of
constant effectiveness of the shelterbelt throughout the peried of
obgervation irrespective of the initial open ficld wind spced.

4.5 Air Temperaturec

The monthly and annual mean air temperature in tho open and
protected areas of the shelterbelt at site I are given in Table 3.
Higher monthly mean temperature was recorded at a distance of 20m
on the leeward side with values ranging from 30,.9°C in January to
40,9°C in April, Comparative figurcs for opon field are 30,0°C
and 39.8°C respectively. In the lge side of the belt temperature
decreased with increased distances from thc belt, but in most
cases the temperature at the extrene lee side evens out with those

in the open field.
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From 20m to about 100m, a steady annual mean temperature decrease
wag obgerved but beyond 100m changes in temperature were not much,
Thus 100m could be regarded as the limit to which the shelterbelt
can effectively influence the air temperature under the
experimental conditions.

The annual mean air tcemperaturc in the open farmland is scon
to be the least with a temperaturc of 34.4°C comparcd with thosec
in the lce side of the belt, which range from 34.6°C to 35.6°C,

In some individual months no diffcrences are observed between the
temperature in the protecoted and open fields beyond 40m, For
example, in August (Table 3) the mean temperaturc at site I in the
open Tield was 32,.1°C compared with 32°C from 150m to 300m in the
lee side. The trend is similar for most othor months. These data
indicate that the influence of the shelterbelt on air temperature,
although still detected at 300m but very faintly, is limited to a
short distance, about 100m behind the belt.

This observation is comparable to results of previous
cxperiments by Goleberg (1951), and Burnacki (1952) in which higher
air tcmperaturcs werc obgervid within the lec side of the belt
than in the open.

In site II (Table 4) a slightly diffcrent trend in air
temperature occurrcd with lower annual mcan temperature from
100~-300m, than in the open ficld while the highest temperaturce of
34,7°C was rccorded at 20m corrcsponding to the zone of greatest

wind rcduction,



j+ TABLE 3 Monthly Mcan Maximum Air Temperaturve (°C) on
iy the leeward and windward asides of the bolt as
+ ¢ 7.+ Dambatta ~ Kano Statc.

éife )

ga f1$i _ﬂ' “.."'j . Distanceos from the peit (m)
2 Y OPBN PROTECTED o
Period 20 40 100 150 200 300

e —_———

July  32.1 [ 33.5 33.3 32,9 32,2 32,4 32,0
| Aug. 32.1 | 33.9 33.4 32,8 32,0 32,1 22,0
i Sept. 33.2 | 34.1 33.8 33.0 33.2 3.1 35.3
Oct.  34.3 | 35.0 34.7 34.4 34.4 34,2 34,2
Nov.  34.3 | 35.2 34.9 34.5 34.6 34,3 34.4

Dec. 32,7 1 33.5 33.3 33.3 33.0 3%.0 33.1
Jan. 30.0 | 30.9 30.7 30.0 29.6 30,1 30,1 +

Feb. 31.0 31,8 31.6 3t,1 31,0 2.2 31.2.
March 37.1 | 38.0 37.5 37.5 37.2 37.2 37.2
Lpril  39.8 | 40.9 40.2 39.7 39.7 39.5 39.5
May 38.2 [ 39.0 38.9 38,4 3B.1 38,2 38.3
June 34,3 ] 35.1 34.8 34.3 34,3 34,1 34.2

Anmial
Mean . 34—-4 35-6 35-3 34-8 34-6 34-6 34-7




4.6 Soil Temperaturg
" Details of the monthly mean soil temperature at verious

distances from the belt in the sheltcred and open farmland in gites
and II are given in the appendix 3 and 4 respectively and a summary
of them including changes in soil temperaturc at different timos
of the day arg given in Tables 5 and 6 rcspectively.

It was observed from Table 5 (site I) that the soil temperas
ture in the shceltered arca was slightly higher than soil f
tomperature in the open farmland by lass than 1°¢ and this higher
temporature was mostly obgerved within distanccs ¢f 20m and 40m
behind tho belt. o

Within the leeo gide it was also noted that differencosyin
temperature occurred from che distance to the other with greatest
value occuring immediately behind the belt and then decreas:d with
subsequent distances away, The higher femporature immediately
behind the beld could be a result of low soil moisturce content
caused by the roots of the trees and bushes which are in active
competition for soil water in that zone, 1In addition, the reduced
wind speed could also be a contributory factor. The low soil
temperature in the open ficld was probably due to incrcascd wind
spced, | -'

Changes in soil tomperature at different times of the day
was also ¢xaminced at different distances from the belt., It was
fbvserved that thoe toemporature of the gsoil at 5em depth on a typical

day during the growing scason increascd with time of the day at

various distances from the belt; for example at 20m the valuo was

L §
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TABLE 4 Monthly mean Maximum Air Temperatures | -C)
in the lceward and windward sides of the belt
at Dambatta - Kano State.

Site I1
OP&N Distances from the belt (m) in proteceted area

Period 200n 20 40 100 150 _ 200 300
July 31.8 | 323 1.8 31.6 1.4 31.5 31.4
Aug., 31.8 § 32.3 31,8 1.6 31.2 3.4 2.3
Sept. 329 | 334 33.0 32.T 32.6 32,1 32.4
Oct. 3%.8 | 34.5 33.6 33.2 32.8 33.0 33.2
Nov. 33.8 1 34,5 34.0 33,6 33.6 33.0 33.4
Dee. 32.0 32.8 3241 31,8 3t.8 31,9 52.0
Jan, 30,91 3.6 31,2 3t.0 30,8 30,9 31,0
Feb, 34.3 | 34.9 34.5 34,0 33.T7 34.1 24.0
March 36.9) 37.8 37.0 36.8 36.6 36,6 36.4
April 38.2 ¢ 39.6 38.7 38.3 38,1 37.8 38.4
May 37.8}1 38.4 37.9 37.8 37.8 37.2 37.5
June 33.81 34.5 34.0 33.6 33.T 33.T 33.4
Annual !

Mean 34,0, 34.7 34.1 33.8 33.67 33.6 33.7
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PABLE 5  Annual Mean Soil ZPemperature (°C) in the Open

and Protceted areas at 5em., 10cem and 30cm ‘

Soil depths at Sites I and II L

- Site I
| OPEN Distances from the belt (m) in Proic
. gidosg

3011[ dfP"h 200 100 20 40 100 150 200 300
5 35.0 3501 3507 35-4‘ 35!2 3501 35!1 3502
10 33,2  33.3  33.9 33.5 33,2 33,3 33.2 33.3
30 28.7 28,9 29,3 29.1 28.9 28,8 28,9 28,9
10 34 .5 34,4 34,9 34.6 34.5 34.5% 34.4 34.5
30 29.6 30,0 31,0 31.8

29.4 29.4 29.5
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TABIE 6 Soil temperature (°C) with time of the day
at different soil depths and distances from
the belt on 16/7/80

Soil dgpth Distancg from Time of the day
(cn belt (m) 8 am. 12 pm., 3 p.m.

5 20 2844 3644 3847
10 20 26.8 3442 3546
30 20 25¢4 28.8 28.9
5 40 2T7.9 6.0 38.0
10 40 26 .5 3440 3540
30 40 25.0 26.5 26.7
> 100 27 .4 35.5 38.0
10 100 26,0 338 34.0
30 100 25,0 26.4 26.7
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28.4°C at 8,00 a.n, and increased to 36,0°C by 12 noon. At: about
3.00 p.m, the maximum temperature for the day (38,7°C) was
recorded, The temperaturcs at 40m and 100m, which arc glightly
lower thad the temperature at 20m follow a similar pattern. For
a depth of 10cm, the differcncc between the temperature at 20 and
40m was smaller than the temperaturc at 100m, The trend of tome
perature increasc with time of the day is common to different
distances from the belt and to different soil depths,

On a typical day during the dry scason (Fig.3) the changes
in goil temperaturc with time of the day at the depth of S5cm follow
the same trend as that obtained during the growing season, At
T10cm depth (Fig.4) soil temperature inercased with time of the day,
but the shelter effecet on soil temperature with distance from
the belt at this depth was negligible, The reason could depend
on the degree of the cloudiness of the atmosphere during the
day of the measuremcnts.

The decreasing soil temper-ture with soil depth (Table 6) was
obgerved at all distances from the belt but this is independent
of shelter effect.
4.7 0il M re Re .' ;

Comprechensive data on mean values of soil moisture content
to a depth of 100cn, for sites I and II are given in Appendix 5-8

and a sumnary of their soil moisturc storage is given in Table 7.
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Fig:3 Sheiter effect on Scm depth soil temperature
at different time of the day dnd o different

distances (m) from the belt on 28/ 11/80.
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From July to September, during the raine when the soil profile
is constantly recharged, there is almost uniformity in moisture
gstorage for both open and sheltered areas, and go the shelter effeot
on goil moisture during the period was negligible.

The shelter effect become visible at the start of the dry
gseagon when from October to December, the soil moisture storage
droped from 299,7mm in July to September to 100mm in October to
December in the open field. In the sheltered zone the reduction was
from 291.4 to 122,9, 300 to 143.4, 310.5 to 122.9 and 313.3 to
113.4mm at 20, 40, 100 and 150wrespectively (site II). The effect
of the belt continued to unfold as dry season advanced from January
to March with moisture storage amounting to 70.7 and 89.4mm at 20
and 40~respeotively compared with 49,7mm of water in the open field
and 58.3, 52,6, 50.9 and 49.8mm at 100, 150, 200 and 300m
respectively.

Within the protected side, soil moisture storage was not only
higher close to the belt but also the rate at which soil moisture
depleted was lower than farther away from the belt. This result
is in agreement with the results of Mastinskaya (1953) and Razumov
(1959) who in their soil moisture measurements found higher values |
nearer the belt, while further away, values approximated to those
in the open field,

Although the absolute values of moisture stored do not vary
very widely, the influence of the belt on moisture storage is still

noticeable at a distance of 40m from the belt, where the amount of
moisture stored to a depth of 100cm was 89.4mm compared to 49.7mm
for the open field.
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Fig- 4 Shelter effect on 10cm  soil depth temperaturd
at different time of the day and at differen
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TABLE 7 Quarterly soil moisture storage (mm) for the 0-100em
de t%lat various distances from the belt at Sites 1
an i

gite I

OBBN Distances from belt (m) in protected side

Period 200 20 40 100 150 200 300
July-Sept.  285,0 276.8 289.8 214.9 218.5 26843 270.9
Oct.~Dec, 110,7 128.,0 150.2 120.,2 114.4 109.7 110,8
Jan=-March 60.0 T2.0 83 .6 T0.0 6844 60.4 61.5
April~June 48.2 35.5 51,0 40,6 50.0 37.0 49.4

Total Storage 502.0 51243 5T4.6 512.4 511.3 475.4 492,6

ite IT

Oct-Dec, 100,0 122.9 143.4 122.9 111.8 113.4 115,3
Jan-March 49.7 70,7 89.4 58,3 52.6 50,9 49,8
April-June 42.6 55.1 55.2 49.9 46.0 43.1 45.9
Total

Storage (mm) 491.2 540.1 588,7 541,6 520.9 520.7 520.8
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The amount of water conserved at 40m i1s higher than at. 20m
despite the reduced wind speed to a minimum at 20g4., The reason for
thig descrepancy could be dug to competition for soil water by the
tree roots. ©Secondly, the soil and air temperatures are higher
near the lee edge of the belt and might result in evaporation of
goil water. Fig 5 shows the total soil moisture storage at 100cm
depth in open and protected farmlands in gites I and 1II., The

curve. in site II shows higher soil moisture content than in site I.

It is also seen that the pattern of moisture distribution in both
gsites is not quite identical, but the reason for this is not clear
and needs further investigation. It is however, important to note
that moisture storage in each of the sites is more in the protected
than in the unprotected side. On the basis of this, it can be said
that the ghelterbelts have protective effect on soil moisture

storage through reduction in wind speed.

4.8 Yield of Millet
Yield resulte in the protected and unprotected areas on sites

I and II are generally low and are given in Tables 8 and 9 respec—
tively. 1t can be seen from the tables that yields in the
sheltered zones are better than in the open fields, From Table 9,
it is observed that yields varied with distance from the belt on
the leeward side, The mean yield (67.3 kg/ha) at 40m was
gsignificantly higher (at 5% level) than the mean yields at other
peints., This was followed by the yield (64,0 kg/ha) at 20m which
was significantly higher than the yields at 150, 200 and 300m but
was at par with the yield (61.3 kg/ha) at 100m.

|
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Fig:5 Soil moisture sforage at 0-100cm scil depth in the open and protected
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TABLE 8 The Yield of Millet (kg/ha) in the
protected and open Farmlands.

Site I
Listences
ﬂwuﬂ Belt 4] £ d tected f a
- R1 R2 R3 R4 £R R R1 R2 R3 R4 £ o4
NO i - - e - - mmou mwim mmlm m1—¢tN BNlm QmoN
h.o . o e - o o _.NW‘W ) .ﬂmom mm.m mw-.u- Nmmnm .N‘— o..‘.
100 58T 578 60.8 661 243.4 60.8] T70.1 66.3 69.3 65.8 271.5 67.9
150 - - -~ - - - 6.3 64.2 65,7 68.1 261.3 65.3
200 58.8 65.9 58.0 58.4 241,1 60.3]63.0 60.9 64.4 63.8 252.1 63,0
310 54.6 57.1 53.9 58,7 224.3 56.,1}60.7 61.2 59.6 60.1 241.6 60.4
ISD 5% = 5.2 ISD 5: = 3.0
Ranking = 100 200 300 Ranking = 40 20 100 150 200 300

R1=4 = Replicates 1 - 4
22 = Summation of Yields in the replicates
R Mean Yield

Ranking = No significant differences in yield between
nunbers joined with continuous line.

1l
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TABLE 9 The Yield of Millet (Eg/ha) in the
protected and open farmland.

Site II
vigtrneces
wwaﬂummwﬁ Open farmland Frotected farmland
\n
R1 R2 . R3 R4 SR R R1 R2 R3 R4 SR R
20 o - - - - - 65.7 65.5 66.7 60.1 255.9 63.9
40 - - - - - - 169.5 70.7 65.8 63.2 269.2 67.3
100 5T«.5 48.3 52.1 55.2 213.1 53.28{64.3 60.0 59.6 61.8 245.7 61.3
Amo - beec e = L . mwom Wm-m mo-o mmo.ﬂ. &m.o mwom
200 52T 4848 4740 53.0 2025 5040 [57.9 5643 39.6 55.9 229.7 57.4
300 47.9 45.6 503 41.2 185.0 46.3 [56.9 55.6 55,7 56,6 224.,8 56.2
13D 5 = 6.9 LSD 5% = 3.25°
Ranking = 100 200 300 Ranking = 40 20 100 150 200 300
Ri-4 = Replicates 1 - 4
=R = Summation of Yield in the replicates
g = Mean Yield

Ranking = No significant difference in yield between
numbers joined with continuous line.
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The low yield generally in both sites could be attributed
either to poor quality of the local variety of seceds used for the
gsowing or disease and ingect attacks.

The differences between the yield at 40m and the yields at
20, 100, 150, 200 and 300m were 3,3, 3.9, 7.8, 9.8 and 11.1 kg/ha
regpectively, thus indicating that yield decreases as distance from

the belt increases. This yield trend appears to be similar to
that of percentage wind speed reduction., The low yield at 20

immediately behind the belt in this work, could be due to competitio
between the trees and the crop for soil water and the higher air

and soil temperature near the edge of the belt which may not have
favoured growth and development of the crop. There is no shading
effect on yield at 20m. The orientation of the belts (east to west
direction) and the direetion of sun's movement (east to west) do

not provide shade up to 20m.

Shelter effect on orop yield is a bit bigger at site II than
8ite I, The reasons for this could be due to more soil water
gtorage and greater wind reduction on gite II than site I. Wind
speed reduction can improve yield also by reducing evaporation from

the plant.
The mean yield at 4H (40m) on site I (table 8) was significantl;

different (1% level) from the mean yield at other distances leeward,
The Pield: in the open farmland was low ~nd the trend in yleld
wag. found to have decreased with increased distances from the

belt leeward.
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Although the yield is generally very poor, below 100 kg/ha
there is evidence of bigger yield in the protected areas than in
the open fields. It is therefore probable that the main effect
of shelterbelt on yield is mosgtly due to reduced wind speed and

nininized losscg of the stored soil moisture.



5. SUMMARY AND CONCIUSION

The work has investigated possible effects of shelterbelt on
wind speed, go0il moisture, soil temperature and yield of millet.

The major effect of shelterbelt is that of surface wind speed
reduction. Other changes such as changes in air and soil tempera-
ture, soil watcr content, plant growth and yield are mostly
consequenced of the reduced wind speed,

Under the experimental condition, the minimum wind speed
occurred at 20m immediately behind the belt and the distance between
the point of minirum wind gpeed and the point where wind started
to re-establish speed again was relatively small, less than 20m.

The percentage wind reduction at a particular point behind
the belt remains almost the same at any time of the measurement,

irrespective of the initial open field wind speed.
The extent to which shelterbelt influence¢wind speed was not

the same proportion as it influenced soil moisture, air and soil
temperature;, but the shelter effect on these variables is mostly
felt closer to the belt than further away. For wind speed shelter
effect extended to 15 (150m) and the percentage reduction at that
point wag about 10% on- average. For goil and air temperatures,
the shelter effect terminated at 10H (100m). The influence of
gshelterbelt on soil moisturc retention was mogtly shown during the
dry season when soil moisture storage in the open field was seen
to be lower than those in the sheltered zone especially at ZH (20m)
and 4H (40m).
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The decrease in soil temperature with increase in soil depth
and the increase in soil moisture with increasing soil depth are
independent of shelter effect, but the overall increase in soil
moisture and soil temperaturc in areas of reduced wind speed was
a congsequence of shelter effect.

The uniformity in soil nmoisture storage in the open and
sheltered sides of the farmland during the growing scason (July-
September) was expected to reflect on yield accordingly. But
suprigingly, differences in yield occurred despite the uniform
moisture content observed on all fields, The rcason for this is
not clear, but it could be guggecated that wind speed reduction
in the sheltered area might have reduced evaporation from the
plants thus decreasing moisture stress, It is therefore thought
that the yield increase in the sheltercd zone was due to greater
wind protection resulting in lower rate of losses of the stored
g0il moisture.

In conclusion, any future work on this problem should
include the measurements of atmospheric humidity, leaf water
potential and the amount of pruvcipitation within the problem area.
Congideration should be given to the choice of experimental gites
of different soil types in each of which inter-croping system
could be used in view of the fact that yield of crops varies not

only with climate but also with soil and plants themselves.
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AFPPENDIX 9

Some physical properties of Dambatta shelterbelt

R L -

80ils as function of distance from delt.

e;).lgh Clay Silt. z;;g g:ﬁ?e T‘z’g‘;:al Bulk Density (g.cm?) Total{;:grosi.ty
- 20.002 0.002- ¢.02- 0.2-

L 0.02 0.2 2mum 2B 4H 108 15H 208 308 2H. 4H 1B 5B 20 3(W

' CATTAD

[ TR—

' L oo _ ite

010 % 3. 9 83 cs 1.52 1.50 1.51 1,50 1,51 1.53 42.6 43.4 43.0 41.5 43.0 42.3
$0-20 17 4 - &5 44 g 1.52 1.54 1.50 1.50 1.54 1.53 4246 42.6 43.4 41.1 41.9 42,3
0-10 7 8 55 30 LFs 1.54 1.55 1.55 1.54 1.52 1.54 41.9 42.3 41,5 41.8 42,6 41.9
4¢-350 6 7 57 30 IPS 1.54 1455 1,52 1.52 1,52 1,50 41,9 42,3 42,6 42,6 42.6 42.6
8-30 8 7 56 30 IFS 1,53 1.54 1.54 3,54 1.53 1.54 42.6 42.6 41.9 41.9 42,0 41,9
5-10C 8 7 56 29 IFS 1054 1454 1,53 1.54 1.54 1.56 41.9 41.9 42.5 41.9 42.6 41.4

S o . Bite II o

810 5 11 51 32 LFS £.52 3451 1,52 1.50 1.50 1.51 42.6 43.2 42.6 43.4 43.4 43.0
$0-20 7 10 5% 30 LFg 1.53 1,52 1.54 1,52 1,55 1.52 403 4246 41.9 42,6 42.3 42.6
Ko 8 8 "84 30 LIPS 1653 1453 1.54 1,54 1.53 1.54 42.3 423 41.9 41.9 42.3 41.9
250 T 10 54 29 LFS 1.55 1,54 153 1,53 1.54 1.52 41,5 41.9 42.3 42.3 41.9 42,3
980 6 1 55 28 1Fs 1.56 1.52 1.53 1.54 1.54 1.53 41,10 42.6 42.3 41.9 41.9 42.3
atwo 6 11 56 27 175 1.56 1,54 1,54 1.56 1.54 1.54 41010 41,9 41,9 41.1 41.9 41.9

Agsumed Particle Density
IFs =

Yoany Fine Sand

= Coarse Jand
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2.65 g/ce



EPPENDIX 2

Effect of Shelterbelt on wind speed {m/sec) and
percentrge (%)
protected farmland at Dambatts.

wind reduction in the open and

ol

height,

_51

1 tree height = 10m

5.44 °

Site
Foriod OP ) " PROTECTED
! B 2H % 45 % 1H % 1SE % 20H % 3 %
Prot Red, Prot. Red. Prot. Red. Prot. Red. Prot, Red., Prot. Red.

aug. 2,761 2411 21,4 2.26 18.1  2.31 16 2.48 10,14 2.55 7.60 2.67 4.71
Sept. 2,561 2.00 21.87 2.13 16.79 2.23 12.8 2.48 10.9 2.34 8.5 2.41 5.8
Oct. 3.61| 2,92 19.11 2.98 17.5 3.02 16,3 3.18 11.9 3.3t 8,3 3.40 5.8
Nov. 3.00] 2.4C 20.C 247 7.7 2.53 15.7 2.65 11,7 1.72 8.3 2.81 6.3
dan. 4,341 3.44 20,74 3.55 18.70 3.61 16.82 3.89 10.36 3.94 9.2 4.16 4.14
Fes. 2.781 2.18 21.58 2,27 19.78 2.34 15.82 2.43 12,58 2.51 9.71 2.66 4,32
Maret 4.244 3.36 20,75 3.42 19.34 3.59 15.33 3.8 10,14 3.93 7.31 4.1 3,06
Lyril 2.96] 2.28 22,9 2.35 20.6 2.47 16,55 2.68 9.45 2,69 9,12 7.78 6.08
May 2,971 2,07 19.46 2.18 15.18 2.26 12.06 2.38 7.39 2,39 17.00 2,43
June 3,39} 2,76 1B.58 2,97 12.38 3.10 11,27 3.01 8,55 3,17 6.48 3,20 5.60
Mean Percent ‘ -
7ind Reduction 20,7 17.6 14.9 v 10.3 9.8 Bl

Prot. = Protected

% Red, = Percentage Reduction

i Digtance from belt in multiples of tree



APPENDIX 3 Mean Monthly soil Temperature {°C) in sheltered
and open farmland at Dambata, Kano State,
1980/81, . . _
gite I N
Time gg;%h Open Field | Sheltered Arean
) 4o 208 21 4H 1CH 154 20H 3CH
July 1980 Sem 33.3 33.1 33.9 33.7 33.4 33.3 33.3 33.5
10em  32.2 32,1 32.7 32.4 32,2 32.2 32.1 32.2
- 30¢em 217 27.5 28.5 28,2 28,0 23,0 28,1 28.1
Aug. 1980 Sem 33.0 32.9 343 33.9 33.5 33.0 33.4 33.6
10cm  32.1 32.0 33.4 32.8 32.4 32.3 32,3 32.4
30cm  29.3 29.1 29.9 29.8 29.6 29.4 29.6 29.6
Sept. 1980 Scm  34.3 34.2 34.9 34,7 F4.4 34.4 Fd.4 3446
10cm  33.4 33,3 33.8 33.6 33.4 33.5 33.4 33.2
30cm  29.2 29.1 29,7 29.5 29.4 29.2 29.2 29.0
Oct. 1980 Sem  34.9 34.7 35.6 35.2 34.8 34.8 34.6 34.7
10em  34.1 34.0 34.6 34,3 33.3 34.0 34,0 34.0
50cm 28,0 28.1 28,8 28.6 28,0 28,1 28,0 28,2

" H = Distance from belt in multiples of trec

height. {(: tree height = 10m)
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APPENDIX 4. Mean monthly soil temperature (°C) #n
protected and mpen farmlend at Dambatta, Kane
State., 1980/81.

S8ite II.

Soil
Period depth OPen-Firld Protected Area

(ecm) 404 _26R, 2§ a0 0H, 15H, 20H, 30H.

July 1980 10 22.4 384 32.6 32.3 32.4 32.4 32.3 32.4
30 28.8 28,7 29.4 29,2 29.3 29,2 29.9 29.MA
Aug. 1980 W0 22,0 31.9 32.7 32.5 32.5 32.4 32.2 A
30 2B.3 28.4 28.5 28.3 28.5 28.4 28.1 28.3
Sept 1980 10 32.5 32.3 33.8 33.6 33.2 33.2 32.6 32.7
30 29.4 29.2 29.5 29.5 29.2 29.2 29.1 29.2

Oct. 1980 10 33.9 33.6 4.6 3.2 .4 3.3 3.6 .5
20 28.8 28.9 30.1 30.0 29.6 29.4 29.5 29.6

Nov. 1980 10 a2 4.0 .8 4,3 3,1 .0 34.0 34.0
30 29.4 29.4 30,0 29.8 29.6 29.4 29.4 29,2

Dec. 1980 - - - - - = = — i

H = Distance from belt in multiples of *
tree height. (1 tree hight = 10m).
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Mean Monthly soil temperature (OG) on site II contd.

height.

54

(1 tree height = 10m)

| éeriod gg;%h Open fiecld Protected Area
' (em) 10H 20H 2H 4H 10H ¥5H 20H 3

Jan, 1981 10 32.1 32,00 32.90 32.70 32,56 32,40 32.40 32.45

30 29,4 29.50 29,50 29,31 29,24 29,20 29,0 29,5
Feb, 1981 10 34,7 34.00 34.90 34,67 34,51 34,60 34.50 34.60
30 29,6 29,70 30.10 29.61 29,80 29,52 29,49 29,50
March 1981 10 37.0 36.13 37.25 37,25 27.15 37,20 37.11 37.15
© 30 30.40 30.45 30,60 30.50 30,50 30,30 30,60 30,60

April 1981 10 38,60 37.90 38,25 38,0 38.0 37.89 37.90 38.0
| 30 30,40 30.50 30.60 30,60 39,65 29,55 29.60 29,48
Mey 19681 10 37 .40 37.70 37.70 37.68 37.50 37.28 37.30 37.20
30 30.40 30.40 30.40 30.40 30,25 30,20 30,25 30.25
June 1981 10 34400 39.50 33.80 33.71 33.45 33.45 33.58 33,70
30 29,60 30,20 29.80 29.80 29463 29.30 29440 29.60

H Distance from belt in multiples of tres



ARFENDIX 5 ™fect of shelterbelt on s0il moisture at protected Site X
Dambatta, Kano State. 1980/81

Site I
yis- Soil ' Total Whbal Total
teces Depth me % water water
£ rom {cm) July Aug. Sept.Oct. Wov, Dec., Jan. Feb, March April May Jume per sto- storag
belst soil rage (mm)
{m) ' layer per per
goil neter
layer soil
depth

20 0-10 6.88 5.0T 4.66 1.44 1.01 0.54 0.60 0.50 0.42 0.31 0.27 0.48 22.60 3.44
1020 8.27 5.67 4.32 1,60 1.29 0.85 0,84 0,68 .60 0.51 0.48 0.56 26.28 4,02
20-40  8.56 5.T9 5.69 2.47 2.27 1.88 0.97 0.88 .7t 0,64 0,59 0,62 30.96 9.47
40-60 773 6.00 5.74 2,77 2.66 1,90 1.80 1.67 1.38 1,10 0.99 1.24 35.04 10.86 512.3
60-80 8.40 5.73 4.98 2,536 2.06 2.05 1.83 1.54 1.82 1.21 1.08 1.18 33.84 10.60
80-100 9.39 6,42 6.09 3.90 2.89 2.48 2,02 1.84 1,62 1.52 1.45 1.46 4t.16 12.84

40 0-10 6.93 4.84 4.24 1.66 1.41 0,78 0.69 0.57 0,50 0,50 0.44 0,65 23,28 3.54
10-20 B.74 6,02 5.66 2.62 2.35 0,91 0.83 0.73 0.63 0,63 0,61 0,67 30.48 4,70
20-40 9.89 5.96 5.05 3.19 2,30 1.72 t.62 .89 0.81 0.80 0.78 0.84 33.84 10.42
40-60 .09 5.56 5.06 2,90 2.74 2.04 1.88 1.68 1.59 1.52 1.46 1.48 37,08 11.42 574.¢
60-80 9.94 5.69 6,28 3.7% 2.8% 2.23 2.08 1.93 1.92 1.86 1.81 1.89 42.24 12.93
80-100 9,99 7.97 6.46 3.88 3,08 3,87 3.71 2.09 2.02 2,00 1.86 1.94 46.92 14.45
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Bffect of shelterbelt

on s0il moisture on

site I contd.

Lis~ Soil Total Total I¢
tuaces depth me % water  we
from {cm) July Aug. Sept Oct. Nov. Dec. Jan. Feb. March April May June per sto~ st
belt me %meHme %ume fome hme Hpuedme funcd me¥% me% me% soil rage (z
() layer per ol
soil A
layer  s¢
de
200 0~-10 6.0% 4.16 4.32 1,03 1.00 0,59 0,52 0,42 0,40 0,32 0.30 0,49 19,56 293
10=20 811 4.69 4445 2.08 1.78 061 0.60 0.50 0,49 0,40 0,37 0.54 24.6 3.76
20-40 B.62 6,33 4.45 1,99 1.81 1.04 0.90 0.80 0,72 ©.66 0.61 0,96 28.92 3.85 &
40-60 9,00 6.19% 4,58 1,89 1.73 1.41 1.24 1,04 0.99 ©,90 0,84 1,22 3%0.96 9.52 4T
80-100 9.94 7.0%1 5,82 2.99 2.61 2.26 1.89 1.49 1,39 1.11 1.05 1,66 39.24 12.09
330 C~10 5.55 4,00 3.98 1,24 1.01 0.62 0,61 0,36 0,30 0,29 0€.24 0.45 18,72 2.83
10=20 7.66 4.87 4,50 2.04 1.44 0.66 0.65 0.58 0.56 O.51 0.48 0.b3 24.48 3.72
20-4C 8,74 6.17 5,13 2,89 1.81 1,40 0.97 C.89 0.73 0.66 0.1 0.83 730,84 9.50 4
40-60 9,34 5.88 4,92 2.85 2.23 1.83 1.41 1.33 1,03 €.89 0.82 1.23 33.72 10.25 49
60-80 9.62 5,11 4,67 2.82 2.20 1,93 1.61 1,59 1.42 1.04 1.00 1.48 34.44 10.54
80100 10.11 6.35% 6,60 3.01 2.36 2,07 1.98 1,89 1.69 1.36 1.34 1.61 40.32 12.42
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APTE}DIX 6 Mean monthly 50il moisture percent in the open area of DanBetta,
¥Kano State. 1980/81

site I
Tils- Soil Total Total Total
tances depth me ¥ water  water
from (em) July Aug. sept Oct. Nove. Dec. Jan. Feb. March April May June PET gto- gtorage
me % me , We ¥ ne % ne j ne % mc o BC ‘o me % WO % mne P 0NC % 80il roge (mm)
layer PeT per
soil meter

layer goil
(en) depth

100 0-10 7.10 516 3,94 1.00 0.73 0.51 0.12 0.20 0.18 0.17 0.15 0.29 19.56 2.97

10-20 Ba24 5,86 1«49 1.07 0.98 0.87 0.63 0.60 0.57 0.55 0.51 0.62 24.99 Be19

20-40 T.94 6o44 4e6T 1.65 1.34 1.06 0.91 0.75 0.70 0.62 0.61 0.70 27.39 8.43
40-60 8.65 5.13 5.51 2644 2,12 2.00 0.98 0.92 0.86 0.80 0.76 .85 %31.02 9.55 486 . 6r

60-80  9.55 6.T4 5.1 2.63 2443 2.41 1.49 1.43 1.33 1.23 1.0% 1.18 37.24 11,59

80-100 9.78 6.94 5.78 2,97 2.82 2,08 1.88 1,70 1.71 1.65 1.60 1.71 40.62 $2.51

200 0-10 6£.86 4.65 3,66 0.98 0.86 0.%49 0.33% 0.31 0,26 0.21 0.19 0.32 19.12 2.90
10-20 8.44 6.76 5.11 1.13 1.06 0.94 0.T% 0.57 0.53 0.49 0.47 0.61 26.85 4,08
00-40 8.59 6.34 532 1.42 1.2 1,10 0.87 0.81 0.78 0.70 0.68 0.75 28.51 8.19
40-60 9.48 5.93 1,91 2.14 1.98 1.13 1,01 0.98 0.90 0.83 0.80 0.83 %0.92 9,02 491.

60-80 9.50 6.75 6.13 2.54 2.42 1.16 1.22 1.15 1.00 1.00 0.98 1.1 34.96 10.69
80-100 9.66 T7.40 6.17 3.16 2,61 2,00 1.83 1.71 1,74 1.60 1.55 1.62 41 .41 12.66
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LPEMDIX T pffect of shelterbelt on goil noisture ab the protected sitke II
Dis~ Soil Total Total Total
<ances depth ne %  water water
fron (em) July Auge. sept Oct. Hov. wOC. Jan. feb. March April May June per sto- storage
tolt me % me e me jo me [ me ¢, MC 4 MC §o BC o T ¢ mc % mec @ me % goil  Trage (mm)
(m) layer per per
goil neter
layer so0il
(em) depth
20 0-10 T.34 6.00 2454 2.11 0.99 0.85 0.62 0.44 0.28 0.28 0.28 0.43 24.17 3.67
10-20 B.63 6.56 5.58 292 1.09 0.93 0.80 0.65 0.49 0.45 0.43 0.54 29,07 4.42
20-40  8.57 5.98 5.72 3.04 2.52 1.92 1.08 0.78 0.70 0.67 0.60 0.75 32435 9,96 540.5mm
40-60 T3 5.98 5.16 3,75 2.85 1.89 1.63 1.55 1.50 1,38 1.25 1.29 25,58 10.95
60-80 8.00 6.85 5.75 3.85 5.63 2.55 1.67 1.58 1.37 1.30 1.26 1.28 38.09 11.66
80—100 9.93 7043 6.98 4.10 2-88 2.67 2-09 1.88 1-‘:'4 1.1—0 1033 1.36 '-1-30‘1-9 13039
40 0-10 7.41 5.83 4.96 2.51 1.00 0.90 0.62 0.47 0.28 0.27 0.27 0.46 24.98 3,75
10-20 8.33 6.87 5.23 2.90 2,56 2,11 0.87 0.81 0.79 0.68 0,65 0.71 32.41 5.01
20-4 9,82 6.77 6.00 2.92 2,60 2,2 1.20 1,00 0,95 0.84 0.81 0.88 35.99 11.16 588.Tmo
40-60 8.80C 6.90 5.64 3,07 2.82 2.64 1.7T7 1.44 1.04 1.00 0.97 1.01 36,92 11.30
60-80 9.24 6.75 5.63 %.36 2.99 577 1.97 1.88 1.80 1.67 1.64 1.69 41 .38 12.75
80-100 9.74 7.89 6.99 4,98 3.82 3,02 2.36 2,09 2.00 1.98 1.78 1.79 48.44 14.90
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shelter effect on soil moisture on gite II contd.

Dis~ Soil Total Total Total
tances depth ne % water water
fron (cm) July aug. Sept Oct. Nov. Dec. Jan. Feb. March April May June per gto- storage
balt me % [e G He e M je ne j 0 0 <, me % me ¢ WC % me e TG G soll  rage (am)
(m) layer Dper per
goil neter
layer  soil
(enm) depth
100 0-10 7.01 5.8% 4.77 1.92 0.89 0,80 0.5% 0.34 0.22 0.20 0,17 0.38 23.2 3,50
10-20 8417 5.93 5.39 2.96 1.44 1,09 0.52 0.54 0,47 0.45 0.40 0.52 27.88 420
20~40 9.23% 5.87 5.24 2.74 2.20 1.11 0.84 0,64 0.67 0.65 0.61 0.67 30.41 9.45 540 9mn
40-60 9.16 6.29 5.14 2.87 2.1 1.89 1.10 1.35 1.30 1.22 1.02 1.06 34.83 10.60
60"’80 9693 6043 5033 3*43 3!:0 2!9’7 1163 1.57 1.71 1‘59 1143 1046 40:‘:"1'8 12:47
80-100 10,53 8,70 5.47 4.80 3.09 2,49 2,00 1.89 1.82 1.71 1,26 1.48 45.35 13.88
150 0-10 7.00 5,95 4,70 1,80 0.80 0.71 0.56 0.32 C.14 0.12 0.11 0.39 22,60 3.4C
10-20 8,40 5.98 5.04 1.84 1.01 0.9% 0.71 0.55 0,32 0,30 0.27 0.47 25.83 %.87
obz45  B.51 5.99 5.41 2.48 1.93 1.90 0.95 0,60 0.7 0.54 0,51 0.54 29.93 9.22
40~-60 B.99 6.61 5.80 2,82 2.09 1.80 1,48 144 1424 120 116 1.20 35.63 10.83 522 « nm
60-80 9,65 6.73 5.77 2,86 2.20 1.88 1.59 1.44 1.31 1,28 1.25 1.27 37.95 1169
80"100 10.12 7-23 6'31 4-09 2064 21-47 2.15 1.80 1.84 1171 1038 1039 ‘1—3-13 13.28
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Shelter effect on 20il moisture on aite II contd.

Dig- Soil Total Total Total
tances depth ' ne % water water
fron (em) July Aug. Sept Oct. Nov, Dec. Jan. Feb. March April May June per sto- storage
bolt mC¥me¢ meYme¥me s memedomemes me% me? med% soil rage (mm )
(u) layer ver per
goil meter
layer soil
(em) depth
200 0-10 7.37 5.82 .44 1.90 0.84 0.88 0.54 0.30 0312 0O.t1 0O.11 0,39 22.22 3.40
10<20 8.41 5.9% 5.57 1.88 0.99 0.98 0.70 0,49 0,37 0.36 0,35 0.46 26,52 4£.08
20-40 7.77 6.71 5.8C 2.08 1.86 1.08 0.86 0,54 0.51 0.50 0.42 0.47 28,71 8,73 520,7mm
L0060 9,14 6,84 6,57 2.09 2.08 1.69 1.49 1.31 1,13 1.13 1.09 t1.11 35,69 10.85
6080 9.31 6.90 5.99 2.67 2.09 1.68 1.54 1.46 1,26 1.24 1,21 1.27 36.65 11.20
80-100 9.24 7.87 6.59 4.59 2.89 2.€4 2.28 2.11 1.80 1.70 1.55 1,58 44.84 13.81
300 0-10 To37 5.81 4.88 1.81 .81 0.79 0.49 0.32 0,19 0,17 0.16 0.45 23.31 3657
20-40 8,39 6.21 5.00 2.64 1.61 1.09 0.82 0.58 0.55 0.51 0.49 0.55 28.43 8.75 520.,8um
AD-60  9.11 5.98 5.74 2.76 1,97 1.62 1,60 1,55 1.42 1.40 1.32 1.34 35.81 10.75
60-80 9.15 6.55 5.80 3,00 2,94 1.87 1.44 1.58 1.53 1.48 1.41 1.42 38.17 11.75
80-100 9.43 6.57 5.92 4.47 2.70 2.19 1.97 2,00 1,88 1.80 1,64 1.65 42.22 13,18
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AP';‘*EEID'I}L B Mean nonthl¥ soil noisture pcrcen‘b by weight jn the oper

ma-
gite 11

vis- g30il Total Totel Total

Lpmces depth ne 7 waker water

£ oo (em July Avg-. gept Oct- Nov. DECe Jon. Feb- March pprid May June PeT gto- atorage

peld ne 9 mC ¢ me % ne o BC “ me ’ - pe ¢ ne § 0° ¢. me ¢ ne % aoil rage (zn)

‘n) yayer PeT per
soil neteT
layer 80

depth

10-20 8.87 6.90 5. 44 0.99 0.91 0.82 0.717 0.72 0.67 0.60 0.58 0.69 21.96

20-40 10.24 5.15 5.6 1.45 4.4 0.97 0.77 0.74 0.70 0.67 0.64 0.70 29.61 8.06

40-60 9.50 6.81 5.69 2469 B b {0 0.9 0.86 0.81 0. T4 0.70 013 33 .04 10,24 4150208
60-80 10.22 6.81 5451 2.73 2.40 4.81 1.42 1.6 1.09 0,99 0.96 1.12 %6. 41 10,51

g0-100 10.22 6.95 5.1 271 2.6% 2.5% 2.22 2.21 2,00 4.89 1.80 1+ 91 42.85 11.36

o-1@ 7.76 5.46 4 .8) 1.28 0.86 0.58 0.39 0.1 0.26 0.22 0.19 0.28 22.50 3.40
11 4097 1.86 0.9% 0.76 0.11 0.6 0.58 0.56 0.50 0.63 28.50 4,06
52 135 ) 28 1.18 1.02 1 .00 1.26 30,04 9.19

1.2% 1.51 5% .87 10.11 502 . 0o




