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ABSTRACT
Pol yvinyl chloride pipes of 10cm |1.D were usedto study
moi sture and salt distribution in soil profiles overlying ground

wat er at various depths (42, 60 and 90cm) and also, at various
ground water electrolyte concentration (1500, 3000 and 4500 nygKcl
per litre of water) .

While daily evaporation was constant at 0.6cm and relative
hum dity at 50+ 35C noisture |loss and salt, accunul ation increased
with decrease in soil profile depth. The role of solute -
i nduced flow was significant when the effect of ground water
el ectrolyte concentration was used to determ ne noisture |oss and
chloride ion accumulation.

Depth of ground wat er tabic? had little effect on daily

moi sture distribution pattern along the soil profile.
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1.0 INTRODUCTION

1.1 TRRIGATIDON DEVELOFPMENT IN NIGERIA

Irrigation has been defined as an agricultural practice that
supplements a deficiency of the climate; the imbalance betveen
water eupply by precipitation and evaporation demand of the
atmosphere. The need to produce sufficient food for the
increasing population in Nigeria led o the reactivation of
irrigated agriculture, wmost especially in the sudanc-sahelian
region. The dependence of this region on  irrigated agriculture
can be attributed to two important climatic features. One, is
the seasonal distribution of rainfall, the harmattan months from
October to May are cold and dry and rain falle almost
exclusively during four monthe from June to September.
Consequently, intensive agriculture during the harmattan monthe
is  Ampossible without irrigation. Secondly the high rate of
evapotranspiration (almost all year round) in this region coupled
vwith low relative humidity makes loss of water from the land
surface to be considerably high.

Madern irrigation projects were initiated in Nigeria fTrom
1970 to increase the production of food crope. In 1973, the
responsibility of supervising and day to day administration of
these projecte were shouldered by the River Basin Development
Authorities, whose primary mandate was to "develop irrigation
scheme and to lease the irrigation land to farmers for a fee".

Three a large ecale irrigation scheme with a present
potential of S1900 hectares of land are presently under intensive

agriculture in the sudanc-sahelian region of Nigeria. These
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irrigation schemes include Hano River, Rekolori and South Chad

Irrigation Projects (Mauwrya and Kuzniar, 1988).

1.2 PROBLEMS

Reports all over the world have linked irvigated agriculiure
with Salt related problems. Under pootr soil and water management
practices, irrigation has heen reported to significantly
contribute to the sccumalation of salts in zmeil profiles and to
the pollution of oground water (Ghalbevel  and Reiniger, 19864;
Hreslet, 1967 and Bresler and Hanks (1269},

With the exception of the Rakolori Irvigation Project, the
ather two irvigation schemes have beon reported to zhow cases of
saluble zalt accusulation due to either poor drainage facillities
or  vising levels of ground water  taeble {(Kusnisr, 19823 Bird,
19845 Adewumi et al., 198%; Maurvea and Sachan, 1985; Mauwrya and
Yurntae, 17688).

The ¥Kano River Project which is  tre area  under study has
been the subject of investigation due to  the gradual buildup of
galts in certzxin spots, particularly within the Kadawa, Waire ang
Agalawa sectors  {(Nwa, 1982; HMauwrya, 1%82). In the Kadaws ares,
reportes have indicated the presence of fluctuating water table
cavsed by hardpans  at about 80 to  1S%0cs depth. It has been
reported that the water table in thls area is rising at about
1.5%cm & yearmJ}Nwa, 19835). Balt encrustations have also been

reported duwring the dry seasons in the area (Maurya and Sachan,
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198%59) . The continuous rise in ground water under the high
evaporation condition has resulted in the gradual salinization of

the =oils in this area.

1.3 JUSTIFICATION AND OBJECTIVES

As earlier mentioned, research reports and salinity surveys
have established the occurrence of salinity due to high water
table conditions in some spots of the Kadawa scheme. Al though
the rate of water table rise has been modelled., little or no work
has been initiated on the rate of salt accumulation. It is
evident that a =search for solution will be impossible without a
knowledge of important facts such as the rate of accumulation of
soluble salt,

The evaluation and determination of the rate of accumulation
of these salts will serve as guide in planning an appropriate
cropping scheme, and optimal soil or water management practices
which will consequently control the rate of salt build-up in
these soils.

The reasons given above have led to this study which is
designed to provide information on salt and water dynamics in
eoils of this region.

Specifically, the objectives include:

(i) To determine calt and moisture distribution in soil columns
during evaporation.

{ii) To predict the rate of salt buildup as & function of water



table depth.
(iii) To evaluate the extent of the contribution of ground
water eplectrolyte concentration top salt buildup in these

solils.
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2.0 LITERATURE REVIEW
2.1 PRINCIPLES OF EVAPORATION
Evaporation of water directly from the soil accounts for the
loss of a large portion of the precipitation received in most
parte of the world (Hanks et. alj; 1967). Evaporation refers to
the loss of liquid water from soil (or any other surface) by
vaporization and vapour removal. Three requirements were
suggested by Wild (1993) for evaporation to proceed continuously:
{i45) A supply of energy which is negded to meet the latent heat
af vaporization. The most common source of energy i this
case ie solar radiation.

fii) A gradient of vapour pressure is also required such that
the vapour pressure at the site of evaporation is greater
than that of the overlying air.

(iii1) A means of conveying vapour from the relatively dry
overlying air.

From these conditions stated, it is evident that evaporation
from a wet swface will depend on the energy inputs from solar
radiation, the vapour pressure of the air, the saturated vapour
pressure of the air above the surface (which depends on
temperature) and the wind speed.

Under field conditions, evaporation of soil water will occur
as & series of drying cycles interrupted by precipitation events,
Evaporation in a wetted field so0il can be characterized into

three stages. The initial stage is that stage where the soil
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surface is wet and flow is primarily in the ligquid state called
the constant rate stage. This process involves a rapid rate ot
water loss which is & function of externsl conditions. next, is
the stage where evaporation rate decreases raplidly and the soil
begins o assume regulatory rFole. The final stage is
characterized by a very slow but relatively constant evaporation
where water aovement through the dry surface seil s primarily by
wvapowr  diffusion. These two latter stages are colliectively
called, the falling rate stage. This stage is aperative for a
muach longer time in sodils while the constant rate stage has short
duration (Bond and Willis, 19469).

These characterietic etages erumerated  above can best
describe evaporation in a field ronditicon where the water-table
is deep, thus having little or no significant contribution to the
upper layver wethess,

In areas where shallow water table exists and the soil
proafile is wel (&.9 Fadawa), the lose of water due to evaporation
mizxy not follow thie line of description since groundwater makes
significant contribution ta the acisture loss at the upper laver.

The controversy tver the effect of heat fTlow on evaporation
has  continued to remain unzolved. While many investigators
(Philip 19975 Gardner 1999; Gardner end Hillel, 13462} have
clabmed that heat flow has little influwence on evaporation, other
authores {(Weigand and Taylor, 1962; Cary 1964} 1966) however, have

continued to sy that "thermal-induced flow is significant during
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evaporation and should not be ignored”.

2.2 THEORY OF WATER MOVEMENT IN SOIL

The basic theory of water movement in the soil shows that it

ie in response to various forces acting on 4it. These farces

include pressure gradient, Osmotic and absorptive forces.

Darcy’'es law has been used to explain water msmovement in

soils. It states that the discharge rate of water flowing

through a column is directly proportional to the cross-sectional

area and to the hydraulic head drop and inversely proportional to

the length of the column.

This can be described by the equation.

Q a A /N H
——————————— (1)
L
where

Q = Discharge rate in cm®.s™2

(2 = Cross sectional area in ce=

/H = Hydrauwlic head drop in cm

L =

Length of the column in cm.

The discharge rate can be defined as the volume of water
flowing through a column per unit time.

Hence,
Q@ = v/ a A IAH

L



where

v = wolume of water in ca™
t = Time in seconds.

Dividing the discharge rate by the area yields the soil

moisture flun.

] 2 5
-
where

g = Soil moisture flux in cm.s™*
Therefore

q = -K /A\H

——————— (4)
15

Where

K. = proportionality constant known as hydraulic

conductivity in cm sec™*.

This equation is popularly referred to as Darcy’'s equation.

Hydraulic conductivity ise a function of either matric suction or

volume wetness in unsaturated soils, while in saturated soiles, it

is said to be constant.

The kriowmledge of water movement in  this study becomes

important since water movement influences the degree of

salinization of socile and also explains salt behaviour in soil

profile. Bresler (1981) argued that "the imbalance between

transported incoming and outgoing salt causes salinization of

sails and subsoils which results in increasing salinity of

agricultural lands.”
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2.3 CAPILLARITY

Capillarity is the ability of the capillary interstices of
the s=soil to raise water from the water-table to the ground
surface. It is a well known fact that the depth of water table
can affect the ability of a particular soil to raise water to the
ground surface wnder a given condition.

Femson and Far (1955) noted that the actual capillary water
loss from a ground water body in & given situation will depend
upon the ability of the scil. The ability of the atmosphere in
thie case can be attributed to ite evaporation potential and the
relative humidity. A high evaporation and low relative humidity
will encourage capillary water loss from ground water until the
drying soil eventually reaches a condition in which the capillary
conductivity is reduced to & low value in the surface layer that
little water will reach the surface. This is because a drying
enil will eventually reach =uch a condition where capillary
conductivity is reduced i.e when the moisture content of a soal
ie reduced to the permanent wilting point, both the actual and
the potential capillary losses from the water table will be
negligible (Moore, 1939).

Darcy’'= law has been uwsed to adequately describe flow
processes at steady state in which flux density is constant and
equal over the conducting system.

In transient flow processes in which the magnitude and

possibly even the direction of flux and potential gradient vary
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with time, the law of conservation of wmatter eupressed in
equation of continuity i1s introduced.
This statese that if the rate of inflow into a volume element
is grater than the rate of ocutflow, then the volume element must

be storing the excess and increasing its water content.

2.4 COLUMN EXPERIMENTS

Many laboratory experiments have been uwndertaken to measure
water movement in soil columns.

Hadas and Hillel (196B) studied experimentally evaporation
from soil columns in the presence of a water table using columns
of Sem diameter, and 70 and 120cm length. The soil columns were
wetted to saturation with distilled water, containing Sppa
mercurochrome disinfectant.

The columns were later allowed to eguilibrate with the water
table. External evaporativity was measured with the aid of a
vwater filled tube of the same diameter and elevation with the
soil  column while electric blowers were used to obtain
evaporativity rates exceeding Smm day=*.

Bond and WMillis (1989) worked on the effect of surface
residue rate and placement effects on the soil water evaporation.
They conducted their experiments in columns mounted on turntables
operated at a speed of 1 r.p.m. Radient energy for evaporation
was obtained through the use of thirty-twec (32) infrared

industrial reflector lamps (1Z2%watt) which were operated
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continuously for 16 hourse each day. & column was kept Tilled
with distilled water to a constant depth with a marioctte
measuring apparatus. Relative bumidity was aleo partially
controlled by a dehumidifier.

Abramova (1969) observed the movement of moisture as a
liquid and vapour in soils of semi desert. He carried out this
experiment using metal columne 1 meter long and Bom diameter
which after filling with =01l were wetted with a dilute solution
of calcium chloride up to 9.5% moisture content. He attained a
uniform distribution of moisture (i.e equilibration) when the
columnse were closed for csome days. The columnse were later
exposed under a lamp and the columns were heated for 20 days, 8
houre daily to stuwdy the wmigration of moisture at a lower
moisture content.

Sutor (19469) determine =01l moisture distributionm function
in non-isothermic condition. He used columnse with & diameter of
30omm and a length of 110mm which he placed between two discharge
tanks i which various temperatures were maintained by means of
uwltra-thermostat.

In all these instances, it is evident that for a similar
erperiment to be undertaken, coluasns must be employed with a
source of evaporative energy {(greater than Smm day™*) and the use
of a dehumidifier becomes necessary for continuous water vapour
movement into the atmosphere. Te obtain an unbroken capillary

stream, the column must be ailr—-free, hence, the need to initially
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wet the soil colusn to saterastion and equilibration with the

water table.

2.% PREVIOUS WIREK IN THE PRDJIECT AREA

Mozt work I this ares were undertaken tc determine the
characterigtice of the fluctusting ground water table. Pluia
{1981} First reported & water table rising at  aboult 1.%cm per
yesr. Most of bhiz work wes restricted Lo installing observation
wells and consequently monitoring the water table depth. This
Yine of  investigation waes continued by Maazu  et. a1, (1991) who
desecribed their findings in the forsm of & ground water table
corrtouwr map. tMheasu and teadabkee (1921) in &8 technical paper on
hydraulic properties of soils of Kano viver project  raeported
saturated hydraulic conductivity decreasing with depth  from the
s0il surface which they attributed to the changes  in tedbuare,
gtructure and the effect of tillage. Their work revealed that
insitu fredraulic condactivity for these solils  ranges from O.44m
day—* +to B.14m day—*,

Sdeoyve andg Mauwrya (1992) modelled the upward movement of
watiesr  from the water table to the sgil surface to study the
extent of grouwnd water contribution to water used by wheat., They
showed that vield of 316760 ha™?r whest can  be obtained even when
water table depth is orly &Com below  the surface and irrigstion
irterval is 1% daye. Yield of S5,000K0 ha* wheat was dbhtained

whiet water table depth was FCom to the soail surface and
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irrigation interval was 7 days. Maximum water fluxes from water
table were 7.9mm day™* and 3I.8mm day™* respectively. Their
results showed increased crop yield as water table rose up to a
certain limit (&0cm) after which yields decrease drastically.
They concluded both from theoretical calculations and lysimeter
studies that water movement into the root zone from a water table
depth of 50-&80cm would provide sufficient water to raise good

crop of wheat on these scils without irrigation.
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3.0 MATERIALS AND METHODS
3.1 SOIL SAMPLING AND HANDL ING
Soil samples used in this study were collected from
Irrigation Research Station, ¥Yadawa which 1is in the sudano-

sahelian region of Migeria.

e lek S0IL SAMPLING

A =soil profile was dug up to a depth of &0cm. Further
digging became difficult due to rise in ground water. Disturbed
and wundisturbed samples were collected at 10cm depth interval

using spades and core sampler respectively.

3.1.2 S0IL PREFARATION
The core samples were weighed and immediately oven-dried at

10%2C for 24 hours. After the oven dried soil has been weighed,

the soil bulk density was determined. The duplicated core
samples were saturated and used for the determination of
saturated hydraulic conductivity. The disturbed soil samples

were air-dried for about seven days, ground with a porcelain
pestle and wmortar to pass  through & 2 sieve. The sieved
samples were later stored in air tight polythene bags for various

laboratory determinations.
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100mis of distilled water was  added after 30 smiraies  and the
while solution was aliowesd to cocl. The solutions were titrated
with G.EN Ferrous auminisn Luin sulphate solution after ths
suspensions were filtered and S3ols of phosphoric acid plus five
gropez  of Dfphenanthrulina Terrous  capplex were added to the
eoxlution. Colour cohanges from klue to dark green and finally
red. A blank was also run to chserved the behsviour of the

reragents alone (Nelson and Sosmers, 1982).

F.2.4 CATIOM EXCHANGE CAPACITY {AMMONIUM SATURATIOMN METHOD)
A40mis of IM Aacconiuvm acétate was added bto 1dg soil irn S00mls
Erienmeyer Tlask. The mixtures were shaken and allowed  to shand
overnight before filtering with  tight suctiorn using & B5mo
Buchrer funnel. Leaching af the So0il with neuwtral asmonium
acetate continued until test for calcive becane negative, further
lgaching  was gdonge with N ammoniuwm chloride for st leasst four
times and ofdace with O.20N ammopium chloride, the electrolyte waes
washed out with 200mle of 9294 ethyl alcohcl uwuntil  test for
chiarine  in the leachste became negligible. Nfier allowing the
sril to drain thoroughly, the whole thing (escept the leachate)
was trameferrred inte a 30Dmlse Mieldahl flask. About 200mls of
distillied water, fTive drops of liguid paraffin, pumice bead {(for
bumping and fTuming prevention}) were added. 1Omlis of IN sodiuwm
Feyprosxide  angd 10 drops of bromoocrescl ogreen--methy} red  mined

indicator were all added and titrated with standard 0. 02N

N :
S .
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3.3 ROUTINE SOIL PHYSICAL ANALYSIS
3.3.4% SATURATED HYDRAULIC CONDUCTIVITY (CONSTANT HEAD METHOD)

The undisturbed core samples representing each layered
profile were covered at one end with a piece of muslin cloth held
in place with the aid of rubber bands and allowed to stand
overnight in water to ensure complete saturation. These
saturated samples were then arranged into a permeameter, velocity
of flow and change in hydraulic heads were determined. Saturated
hydraulic conductivity was calculated by substitution using

Darcy's equation i.e:-

(¥] = - /\H

L

Since, the minus sign indicates direction only, it can be deleted
hence,

(&1 = ¥K/NH
18
qt. = K/\H
¥ = gL
LAH
Since q = Q/~A = V/tA
’: = v.L L I I I I ‘5)
At/\H
Where
¥ = Saturated hydraulic conductivity in cm.e™?*

q = Goil water flux in cm.s—*
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8] = Discharge rate in cn®sec—*
Y = MNolume in cw™

t = Time in sec.

A = frea in cm®

L = Length of =soil sample in cm

/%H = change in hydraulic head in cm.

3.3.2 SOIL BULK DENSITY
A double cylinder, hammer driven core sampler was used to
sample the profile at an interval of 10cm. The samples were then
oven dried at 10%°C for 24 houres after which they were weighed.
The diameter of the core samplers were determined and the
volume of the core sampler was assumed equal to the volume of the
soil in it.
Volume of sampler = ﬁrah
radiue (r} = Diameter/2

Bulk density was then calculated as:

Mase of oven dried soil
Yolume of the core sampler

I.35.3 MOISTURE CONTENT DETERMINATION

Soil samples were weighed immediately they were removed from
the pressure membrane or fTrom any other source as the case may
be, and placed in an electric oven to dry at 105%2C for 24 hours.

After which the samples were removed, allowed to crol and weighed

again.
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Thae tare  weight of the sasple santainers were alse
deterained. Sopil moisture content 8, was caleoulated using  this

Tormalar .. P . . . o S s

%

@ = (Weloht of  wet soil + tere) - (weight of oven dry il
tare}).

{Weight of oven diry scil + tare) - (tare)

L.e Weight of water
Weight of oven dry escil

“@ = Yeight of waﬁér o 100 1‘f ;! t

Weight f oven dry sodl -3

o

3.4 SALT AND WATER DISTRIBUTION
3.4.1 COLUMN STURIES

Polyvinyl chlioride {(PYC) pipes, 10cm diameter wereg nsed in
thaese experiments in which treateents were vardied pipe length
(42, &0 and 2P0cm) ardd ground  water electrolyte concentration
(1300, A000 and 4300mg Kol per litre of water). For every set of
trgatment investigated, five PUC plpes with drilled boles and One
sectioned pipe (to represent each layersd profile) were soployed.
Ore end of sach pipe was  covered with suslin cloth  and held in
place by rubbetr bands. These pipes were later filled with seil,
o simalate field balk density of esch layver, using the sethod
gescribed in section 3.3.2 for bulk density determination.

The mass of soll used to 111 ea;h_ column  laver was

determined using this formulae:

-
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Volume of each sectioped column = ﬁr’h
Diameter = 10cm; radius = 10/2 = Scm
Depth of a sectioned layer (for &0cm pipes) = 10cm
Volume of sectioned column = 3,143 » 25 »n 10
= 78%.73%cm™®
From section 3.3.2,
Seil bulk density = Mass/volume

Therefore,

Mass = Yolume » bulk density.
vith the volume and bulk density determined, the mass of soil for
every layer is calculated by re-arvanging the formular for the
bulk density. Every column was pgacked with their cortesponding
scil mase to cccupy the exact volume of the column  and they were
wetted from the top to the bottom (1.8 to saturation).

Thesze columns were then lowered into & trough containing one
of the above specified salt concentration and the columns were
covered at the top to ensure equilibration. #After three days, a
hot pressure plate was introduced into the set up (after the
cover has been removed and the sectioned columne weighed) to act
as source of evaporative energy. This was aided by a ceiling fan
regulated to  the barest minimum to continuously dehumidify the
surroundings of the sopil columns and encourage continuous
evaporation. This set up was run continuously for six to seven
hours daily for five days until daily evaporation rate, & column

samilar to the soail columns but with one sealed end was filled
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viitth water (i.e water coluan) to exactly the s=same level as the
scil in other columns. The water column was kept at a constant
level with the aid of & graduated mariotte bottle to ensure equal
height at all times during the experiment.

The sectioned column which was bound together, was weighed
daily to determine the wmoisture content profile using the method
in section 3.3.4. The other =o0il columns were sampled for
chloride analysis through the holes drilled along the length of
the columns. This was the same procedure employed for all  the
treatments.

To measure the behaviour of salt and water due to varied
depth of water table, the pipe lengths were varied while the
concentration of ground water was constant. #Also, in the case of
ground water electrolyte conceantration, only the ground water
electrolyte concentration was changing but the depth of water-
table was constant.

The change in the graduated mariotte bottle was calculated
and assumed to be the amount of evaporation for the day. While,
wet and dry bulb thermometer readings gave an idea of the
relative humidity condition of the survrounding of the

experimental area.
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4.0 RESULTS AND DISCUSSION

4.1 REBULTS

Table 1| showe the resulte of routine chemical and physical
analysis undertaken at the onset of the experiment. Tables 2, 3
and 4 show the daily =soil water content and chloride - ion
distribution for a period of five days as & result of varied
water table depth (i.e 42, to 60 and P0cm respectively).

Tables 5, &6 and 7 also show datly soi1l water content and
chloride ion distribution for a GS-day evaporation cycle, when
water table depth was constant at S0ce and only ground water
electrolyte concentration was varied (i.e 1500mgl~—2*, 2000mgl-—2

and 4500mgl ~* potassium chloride).



Table 1t Cheaical and physical analysis of the soil samples

b 1 !
25

Soil Layer Mechanical Analysis Textural Bult  Electrical Brganic Cation Exchangeable Bases
Depth Clay Silt Sand Class  Density Conductivity pH Carbon Euch. __ Meq/100 Soil
{cal 4 (Ustn} (gca~¥} £:2.5 Water Catia _%_ Cap. Ca Hg K ¥a

sahosca™ »ey/ 100g

0-10 6 18.72 75.28 IS 1.68  2.8x10°2 7.5 b7 024 740 3.2% 0,71 0,06 0.63

10-20 12 22717 85,8 & (.68 2.1x1072 7.4 6.8 047 8,30 3,87 0,78 0.07 .39

20-30 12 .77 83218 S 1.69 1321072 7.4 b8 0.0 320 4,45 0,77 0.08 0.20

30-40 12 2.72 51,28 & 1.6 1. xi0°2 7.4 6.8 0.08 11.0  4.53 0.75 0,08 0.22

40-50 16 22,77 #1.28 S 1.6 1.2x40°2 7.3 6.7 0,06 13,10 AL64 0,75 0,08 0.22

50-60 18 18,72 83,28 S 1.65  1.2:1070 T4 6.7 004 13,10 4,73 0,75 0.08 0.22




3.4 1.8 35.4 1.8 3.5 1o 2.2 0.8

14-29 43.8 1.0 0.9 g3 39.8 0.8 38.5 1.4 38.5 1.4 37.6 Lo

21-28 5.1 0.8 5.6 0.9 2.9 1.9 1.y 1.6 1.9 2.2 i.4 1.9

28-35 50,2 1.6 7.9 1. 41.7 1.6 7.2 1.2 7.2 6.6 46.4 9.8

35-42 32.8 2.0 0.2 3. 0.4 3.8 0.0 8.2 9.6 7.9 £9.1 1.0

Tota}
Cl-Cone, 6.8 8.4 10.8 16.4 2.1 28,6
ﬂveragb

Protile

Velume 46.57 42.28 39.70 37.98 36.78

35.36
Wetnese

lvlﬂgt
Moistyre foss = Initia} Ave. vol, welness - Final fve, vol. wetnesg

%571 - 8.3 - 11.213

fsount of thlorige = total ¢j- tonc, {1inal) - Tota} ¢]- cone {inltial]
lon aCCumulation

25,6071 - g gogt-1 18.8 agt -
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Table 3: Salt and waler distribution in soil profile at b0ce above water table and ground water concentratios
of 3000mgi-t KCI

Seil After equilibration Day One fay Two Day Three Day four Day Five
Layer Yoluse Chleride Voluse Chloride Yoluse Chloride Volume Chloride Voluse Chloride Volume Chloride
Depth Melness fon Conc. Wetness lon Conc. Welness fon Con. Wetness lon Con. Metness fon Con. Wetness lom Con,

fem) % Mgl % _Mglmr T Mgit*_ % Molmr_ X Mgltt % Ml

0-10 454 6.6 %2 1.2 .6 1.4 28.6 1.0 23.9 1.4 19.2 1.6
10-20  40.8 1.0 6.7 L0 351 10 32.9 0.8 31.2 1.0 9.6 1.2
20-30 4.3 1.0 3.5 0.6 42.4 9.8 9.9 1.0 38.7 1.3 3.6 2.0

30-40 44t 2.2 3.3 1.2 0.8 2.0 39.3 2.4 g 4.4 36.2 2.6
-5 534 3.8 8.5 40 19.9 1.0 43.1 4.6 7.4 5.8 7.0 7.4
50-60 48.0 3.2 7.7 64 46.7 6.9 45.2 6.4 45.5 7.0 45.2 7.6

Total
Ci-Conc. 13.8 14.4 15.1 16.2 21,0 22.4

hverage
Profile
Voluse 46,33 53.6% 41.%3 39.17 37.4 35.8
Wetness

Rverage
Moisture loss = 46,331 - 3581 = 10,501

feount of cl- accumulation = 22.4sL°% - 15.8agl"* = 8.6 mgl™?
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Table 4: Salt and water distribution in soil profile at 90ca zbove water takle and grownd water coscentration
of 300agi~t KO

Sail After equilibration Bay One Bay Tup Day Three flay Four Bay five
Layer Yoluse Chlpride Yolume Chioride Yplume Chipride Yelume Chloride Voluse Chlpride VYolume Chloride
Gepih Wetness fon Conc. ¥etmess Son Conc. Wetmess fon Con, Wetness lon Con. Wetness o Con. Metness Jon Con,

(esd % Mot % Mel-t_ 1 _ Mgl Y Mpbr_ % Mgimr_ X Ml
0-1% A3 1.0 .7 e 33.9 1.2 8.9 1.2 N0 1.4 ey i.6
15-3¢  33.3 §.2 e L2 31.2 | 21.9 1.8 M5 2.8 1.7 1.2

0% M L.e We L8 B4 24 LA e .7 1 M.t 4.4
43-50 334 L 3.2 L2 3.6 I.¢ 2.3 8.4 it ¢.4 313 6.8
&8-1% 440 f.8 37 L.k 13.3 £A A1.8 1.8 £3.2 8.8 42,7 4.4
759 419 i.8 463 2.1 4.1 2.4 $1.0 2.9 40.9 5.2 354 3.4

Total :
Ci-Conc, 8.4 8.9 £ AT 0.6 i1.8 12.9

Average
Prefile o .

Yoluae 38.43 .0 1587 PR Y 3.9 32,88
Netness . S '

fverage
Koisture joss = 38431 - 188 = LA

s

feownt of cl- accusulation = 12.8aL7% - S.8mglt =AM st 0O
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Table 5: Salt and water distribution in seil profile at 1500agl™* potassius chloride and 60ce water table depth

Soil After equilibration Day One Bay Two Day Three Day Four Day Five
Layer Yolume Chloride Voluse Chloride Yoluse Chloride VYolume Chloride WYoluse Chloride Yoluse Chloride
Depth Metness lom Conc. MWetness lon Conc. MWetnest lom Con. Wetness fon Con. Metness lon Con, Metness lon Com,

fesd 3 Mgt 3 il i 3t~k gt} __ T

-0 375 9.6 3.3 s 1.5 9.6 7.6 0.6 23.3 0.8 18.7 1.2

10-20 3549 0.6 B3 06 .6 9.6 0.4 14 ne 1.2 0.1 1.2

20-30  43.2 0.8 41,0 £.0 9.3 1.0 Ja.5 1.0 37.6 1.2 36.9 5.2
J0-50 444 0.4 13,4 1.0 i1.8 1.0 40.4 1.2 40,3 1.2 39.7 1.4
40-50 52.3 0.4 .4 0.6 43.7 0.8 1.5 1.0 i8.8 1.2 7.9 .2
50-60 45,0 0.8 3.4 2.9 1H.a 2.0 4i.1 2.0 40.3 2.6 9.7 3.0
Total

Ci-Conc. 3.8 5.8 6.0 6.8 4.7 9.2
Average

Prodite

Yoluse 43,08 10.9 38,88 31.92 35,58 15.27
Wetness

Average

Hoisture loss = 43,081 - 35271 = 7.841

fmount of cl- accumalation = 9.2a07% - 3.8agl~t = 5.4 agl~t
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Yable &1 Salt and waler distribution ip soil profile at J000mgL~t potassios chloride and 60cs waler table depth

Soil After equilibration Day One Bav Twg Bay Three Dy Four Bay Five
Laver Yoluse Chloride VYoluse Chloride Velume Chioride Yoluae Chioride Yolvme Chioride Yelume Chioride
Bepih Wetness Iom Conc. Wetness Ion Conc. ¥etnecs lon Con. Welness Ion Con. Wetness Ioh Con. Wetnesc Ion Con.

(e} _%___ _Pgt— % Mgler % Wpt-t % Wgb-r % 0 #gt-t % Hpgitd
g-1¢ 454 9.5 3.2 1.2 34.8 f.4 1.5 1.0 13.% 5.4 15.2 £.6
10-20 3.8 1.0 .7 L 35.1 1.4 2.3 8.8 3.2 1.0 ri 1.2

- %3 1.0 3.5 b4 2.1 4.8 3.9 i.8 3.7 1.4 31.4 1.8
6-40 .8 2.2 3.3 2 0.8 1.0 393 1.5 1.7 5.4 36.2 7.6
30-% 534 3.8 ME AN 3.9 .0 £8.t j.b 7.4 5.9 7.9 i.4
0-50 480 5.2 7.7 b4 16.7 8.9 4.2 .4 3%.3 i 43,2 7.4

Tetal
C;'tuﬁc- 13.3 !*oq lSai lﬁfz 21:0 22!‘

Average
Profile
Yolume 46.33 43.4% 41.53 .17 s .97
$etness

fverage
Moisture loss = 45,33 - LT = 10.53

fmount of rl- accomelation = 2247t - 13.8mgl-t = 8.6 wgl™t
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Tsble 73 Salt and water distribution in soii profile at 45000sgl-* polessium chloride snd bdcw water lable
depth

Soil  After eauilibration Tay Gne fay Tua fay Three Day Fout Biy Five
Lover Yolume  Chloride Yoluae Ohlaride Yoluse Chioride Yoluae Chloride WVnluae Chlgride Yoluse Chisride
Gepth Metnees lop Conc. Welmess Tow Come. Metiess lon fon. Melaess Jon Con, ¥etness lon Con. Setnese {on Con,

fcmy % Mt % fabcr % Wev X Merer  _% 0 Wgtet_ % Wit

&Y 489 0.5 ji.t Lo .6 1.4 2.9 t.4 1.9 1.0 3.7 Lb
19-2¢ 428 1.2 .3 b2 Ry 1.4 27.2 1.4 H.5 1.8 26.4 .2
2030 439 1.4 0.1 1.6 M4 1.3 3.5 1.8 4.7 1.4 32.1 1.2
W40 457 {0 L LR I 44.3 2.1 43.7 93 43.2 .8 44 t.4

- 538 f.4 2.4 1.8 .8 5.4 0.3 8.8 3.9 4,2 W.b 2.4
R0 3001 1.8 9.8 w9 0 832 7.8 8.5 109 8.1 13.2 5.

Total .
£1-Cont, .3 _ 116 1%.5 Tho4 2.8 29.4

Aeerage
Prolile
Yoluse 47.47 44,03 4.47 . .43 .9
¥elness

fiver age
¥oisture ipss = LT - M9EE = 15R

Buaunt of i~ accusulation = 29,48t - T.lagl-t = Mfagl—t



4.2 DISCUSSION

4.2.1 ROUTINE ANALYSES
Foutine chemical and physical analyses showed a very
slightly acidic to neutral soil reaction. The electrical

conductivity which is a measure of total dissolved salte in soild
decreases down the profile inferring an accumalation of soluble
salts at the top layer. Alzo, bulk density decreases down the
prafile to the third layer which shows an  abrupt increase and
this could be as & result of heavy implemente used in cultivation
vhich tend to compact this area. Textural characterization of
the soil showed the top layer to be loamy sand, while the rest

layers were sandy loam.

Cation exchange

exchangeable potassium was very low but they all increased with
increase in depth. Exchangeable sodium was high at the top most
layer (0.63 meq/100g spil) causing an increase in the

Exchangeable sodium percentage (ESP) to 8.5, which is about twice

~ the ESP for other layers. ESP exceeding 1%, is an indication of

alkalinity condition in the soil.

E Organic Carbon which is the measure of the Organic matter

nt of the soil, is very low and it declines with increasing



;dapth.

4;2.2 WATER TABLE DEPTHS AND S5DIL WATER MOVEMENT

Soll prefile with walter tzable depth &t 42ea, &0cem and 990cm
&Fﬁ. herestter, referred to a5 soil profiles HA-L, A2 and /-3
respectively. These profiles were considered to evaluate the
effect of constant evaporation (O.é4cm day™*), relative humidity
of HO+3X, constant ground water electrolyvte concentration  at
J000mol.—*  potassivm chleride and the influesnce of water table -
depthe o©on  the epil profile moisture and  chloride-ion
distribution,

Figure 1 shows  the zodl profile modsture distribution on
daily basis thwoughout the S—day evaporation cycle, Soil profile
A“lmevidently lost mare walter than any of the three soil profiles
under investigation, which was followed by profiles 62 and A3
in that order. Thizn shows that shallow solil profilee overlvying a
water tabkle will tend to lose more water due to evaporation than
degper Ones.

During the sgxperiment, it was observed that as profile depth
trcreases  beyond 40cm, changes in modisture contents became
vegligitle, The highe=t loss of walter was  retorded on tha‘firat
day of evaporation in soil profiles &-1 and A-2 while in wsoil
profile A3, this was recorded on  the second day. This can be

due to the irnability of the svaporative esnergy to rFeach deeper



*/s volume wetness

W W %

cm

Depth

R p 32
R i P =

N\

a0

Depth {cm)

(¢ ) Water table depth at 90cm (A3)

10 0 0 0 50
0 . . : 1 4 KEY
104 . DO after equilibration
D1 . day 1
m‘ Dz R L} 2
204 p3 ,, , 3
D4& ,, ., 4
‘O- _-\ Ds " " 5
e S
4 S
" 4
g0 [b) Water table depth at 60¢m (A2) &

Fig.1. Daily Moisture distribution as o result of evaporation in soil profiles at three varied
water fable cepths and a constant ground water electrolyte concentration of 3000mgl™
Kcl, ; ¢
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layers to induce water loss on the first day.

Figure 1 alsc shows a similar patternse of wmoisture
distribution for all the profiles for each evaporative day. in
profile A-3, only very slight changes occurred in moisture
distribution beyvond 6&0Ocm depth. Thie implies that there is
limiting depth (>&60cm) below which significant changes in volume

wetness are no longer observed as the soil dries out.

4.2.3 GROUNDWATER ELECTROLYTE CONCENTRATION AND SOIL MOISTURE
MOVEMENT

Here, water table depth was constant at &60Ocm daily
evaporative rate and relative humidity at O.&6ca day™* and 50+3%
respectively. The only variable was  the electrolyte
concentration of the ground water at 1500mglL—*, 3000mgL—* and
4500mgl.—* potassium chloride which will be designated as C-1, C-2
and €C-3 respectively.

Figure 2 s=shows =soil profile C-3 favours @more water loss to
evaporation than any of the others, this was followed by C-2 and
C-1 =oil profiles. This implies that the more concentrated a
ground water electrolyte is, the mare the water laoss to
evaporation. This can be explained to be due tc a solute
concentration gradient which induce water flow by affecting the
driving forces for flow, since the presence of & solute

concentration gradient result also, in the presence of a gradient
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w7
aof the chesical potential mf the water i the sail Balution;

This suggests that the significence of a snlutaﬂiﬁducad"flaw
should oot be over looked when similay o related studies are
being considered for dnvestigstion. Also, in figure 2 & similar
trentd in the daily soil profile soisture distribution are noticed
in a1l the profiles under investigation suggesting that ground

water electrolyte concentration has no effect or does ot control

the pattern of scil water distribution slong the profile.

$.2.4 WATER TABLE AND CHLDRIDE—IDN.ACCUHULATIBN

Chloride-ion is saluble in water anhd moves with the solution
;E "tha spil, hence, one expects that where there iz an
appreciable movesent of water in a soil profile, an appreciable
mixvement of the dissolved chloride s alsp eupected. -

Figure 3 shows the distribution of chloride-ion in tﬁa soil
profile otk before and at  the end of the S-day evaporation
cyele, In soil profile A1 (32ca), appreciable accwelation was
phserved which was followed by soil profiles A2 (60cm) and &~3

(?0cmy in that order. If A~ can lose more wster due o iLts
sfallow nature, it goes withoot saving, that it will alse
erperience  high chloride-ian accumalation  than  any other one
unthizy study, |

Al other things being egual, it can be saxid that a shallow
.snil ovaerlying a water table will lose smoire water and acowmilate

motre chloride salt than deeper scils of the same
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ground water. As  the ground water electrolyte Concentration

increases as in C-2 and C-3, lese amount of Cl-ion accumulated in

the middle layers. This indicate that the concentration of

ground water electrolyte affect the salt distribution pattern

along the profile.
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5.0 CONCLUSION

Evaporation-induced water loss and salt accumulation
increases with increasing shallowness of soil profile depth. In
this experiment, =soil profile depth of 42cm had an average
profile lost of about 11.2% in five days. FfProfile depth of &0cm
experienced profile moisture lose of about 10.5% and an average
profile moisture loss of 5.6% was recorded for profile depth of
FOcm.

Due to the role of sclute induced flow, higher concentration
of ground water electrolyte concentration of 4500mgl—* KCI1
recorded an average profile moisture loss of 12.52%, while 10.&67%
average profile moisture loss was recorded when ground water
electrolyte concentration was reduced to 3000mgL—* KC1. At
1500mgl.—*KCl, average profile moisture loss fell to about 7.82%.
This is an indication that efforts should be made to reduce the
rate of solute that gets down to the ground wateer.

A1l things being equal, maximum chloride ion accumulation of
about 2744 .8g, 1255.6kg and 642.4kg per hectare per year were
recorded when soil profile length was varied at 42, 60 and 90cm
respectively. This implies that salt accumilation is favoured by
shallow depths. Also, soil profiles overlying ground water with

high electrolyte concentration will tend to accumulate much
salts. In the experiments reported here, 2934.6kg, 1255.6kg and
788.4kg per hectare per vyear chloride salts, were recorded at
ground water electrolyte concentration of A500mgL—* KC1, 3I000mgl.~—
L KC1 and 1500mgl.—* KC1 respectively.
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APPEMDIYN L1: Guality of Irrigstion Water, Detersmined by the TYTest-
S it Method

HMater Location flectrical Conductiwvity Socd Lt

{ECY Microbhms Cm—3 Absorption

ratio (SAR)

Yobe river at Yau | 150 Lo
Lake Chad at M/Fatord RTQ : L.ow
Mobuli river neay Warge B0 Low
Bima river - Goranys 3O Lo
Rima river — Warnpo 250 o Low
Fuarre lako GO Lt
Sokoto river near Sokoto B30 i ow
Schoto river - Argungu it e Lera
Sokoto river -~ Bunrza Roaha A0 (M
fanfars river 1460 o
Dankwal lake 140 Lo
Torrase river — Bahbar Ruga 120

Fano river waters mgre classified in the lowest (SDA salinity and
siiium Cclass

Souwrcer Maeza and Abdulsumin, 1991,
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Appendix 2: Freguency distribotion of mean depth to aater tabkle
at Kadawa sector of Kano River Project during an
irrigation seasaon

ek ly mean depth to water table Freguency
G--4Fcm (4
SO-TPcm ' 7
&O—59Tm : 27
TO-790m : 27
8O-8%9cmH ' 24
FO-FICim 3
100-10%0cm 2
110-119cm L4

Source: Muazu and Abdulmasin, 19790
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fAppendix 3 Chemical Analvsis of Grountd water at Kadawa

¥Mater pH Electrical HE G SO= C1l- MH 4+ MO

Samples water Conductivity pPm
mmbtrsen

4] Lol LAY 1.7 54.2% a.g - -

H 7.1 .45 é .0 24, % - .0 7.0
(™ f.7 0,32 - 7.5 O.F 1.4 1.4
¥~ Ground water underlying soil profile under continuous

cultivation &ll year round.

B ~=  Grownd water wnderlying seil profile ander rainfed
cultivation only.

< = Ground water underlying soil profile under palm
cultivation.



