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K., measurements of rcmoulde.d soils have been used as an indication of field percolation test rates
(Fireman, 1944). Thfs method is especially applicable in dealing with soils of arid region where soil
structure is of lesser importance and where water, chemical compositions and concentrations are used. In
making the laboratory measurement, provision should be made to support the sample and passage of -thc
test fluid through the sample and determining the loss of hydraulic head in a given flow length. According
to Strud!e?r et al., (2008) two of the most commonly measured soil physical properties affectin'g hydraulic
conductllwty and other hydraulic properties are the soil bulk density and effective porosity, as these two
properties are als_o fundamental to soil compaction and related agricultural management i,ssues. In-situ
saturated hydraulic conductivity is considered one of the most important parameters for water flow and
chemical transpo-rt phenomena in soils (Reynolds and Elrick, 2002). Allmaras et el., (1977) determined
that soil hydraulic conductivity was greater in chisel-plowed plots than untilled soil due to greater soil
aggregation resulting from the chiseling practice. However, Chan and Mead (1989) noticed that untilled
soil exhibited greater hydraulic conductivities than tilled soils and attributed the difference to decreased
soil bulk density and mproved iporosity where there was no tillage.

In general, the hydraulic conductivity of light to heavy soils may range from 102-10"cm/sec. (Ghildyal
and Tripathi 2005). Several factors affect movement of water through soils and cause difficulty in making
permeability determination. Abdullahi, (2002) reported that K, depends strongly on the arrangement of
pore, and it does not remain constant due to various physical, chemical and biological processes. For
example, on tilled soil K, varies from time to time in response to tillage and consequent setting of
particles. In general, K., decreases with decreasing concentration of electrolytic solutes, high bulk density
of the sub-soil due to swelling and dispersion phenomena affected by cations present.

Saturated hydraulic conductivity is affected by entrapped air bubbles which may block the pore passages.
When the soil is allowed to saturate with water, it is not possible to replace all the air by water and some
of the air is trapped in the pores. This trapping of air bubbles obstructs the flow of water. A number of
physical, chemical and biological processes occurring in the soil may also change the hydraulic
conductivity of soil, for example the nature and amount of exchangeable cations may greatly affect the
hydraulic conductivity of soil, as may happen in salt-affected soils. It is well known that sodic soils with
high exchangeable sodium have poor hydraulic conductivity, also when a normal soil is irrigated with
saline water, a change in the exchangeable ion status of the soil, accompanied by changes in hydraulic
conductivity, takes place.

According to Bowles (1979), any well-performed field test gives a more reliable value of K than a
laboratory test, except on remoulded or disturbed soil used for completed fills. Some of the limitations in

the laboratory are:

i, Soil in situ is generally stratificd, and it is hard to duplicate in situ conditions in the laboratory
test. The horizontal value K, is usually needed, but tube samples are likely to be tested for
vertical values, K.

ii. No method is available to evaluate K for other than saturated steady state soil conditions, yet
many flow problems will involve partially saturated soil-water flow.

iii. When K is very small (10% — 10”) cmsec” the time necessary to perform the test will cause
evaporation and equipment leak’s to become very significance factors.

iv. The small size of laboratory samples leads to effects of boundary conditions, such as the smooth
sides of the test chamber affecting flow and air bubbles cither in the water or trapped in the test

sample space affecting the test results.

In this paper, the saturated hydraulic conductivity for disturbed sandy loam soil of Maiduguri was
measured with varied bulk densities. Physical and chemical properties of soil influencing Ky, were also

determined.
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The real particle density of soil was obtained based on A
parameters like soil particle density, viscosity of fluid (w
standand mathematical tables (Hillel, 1971).

himedes \prim‘iplcs wsing pyknometer, Other
ater), fluid density ote; were obtained {from

3 RESULTS AND DISCUSSION
3.1 Saturated Hydraulic Conductivity

Table 1 shows the result of laboratory measured saturated hvdeaulic ¢
hydraulic conductivity is affected by variation in bulk de
decreases with increase i bulk density at different ¢
in agreement with a research conducted by Miyaz

onductivity, The results show that
density at difterent compaction levels, Ksat
ompaction level for all sample studied. The result is
; . Ak, (1996) and Felton, (1995), Felton (1995) studied the
variation of hydrmulic properties on municipal soil waste and tound the adverse effect of reduced Ksat
was due to high bulk density of the samples, Some of the change in the pattern of the Ky, values may be
attributed to the soil arrangement in the evlindrieal permeameter which may be affected by boundary
condition (smoath surface of the permeameter) causing flow of wir bubbles cither in the water or trapped
in the soil sample. This is clearly manifested in sample 1, 5 and 10 at bulk density of 1,32,

Table 1. Measured saturated hydraulic conductivity, Kyx 10 (em see™) of Soils in Maiduguri *

Compaction | Bulk Sample
levels density | 1 2 3 4 5 6 7 N 9 10
(Yd) i
aem”
0 1.01 1697 2270 5.695 4715 7,657 3232 3529 2935 3705 6.196
5 1.13 1.359 1305 4598 3771 6.230 2932 2218 2930 3629 5474
10 1.21 1218 1285 4336 2377 4946 2331 1981 2274 3247 4015
15 1.32 0.896 0983 3713 2410 4480 1911 1917 1983 2844 3434
20 1.40 0.778 0968 3361 1.554 3.030 1275 1545 1.652 2113 3136
25 1.49 0.663 0519 2286 1.045 2847 1413 1327 1349 1,625 3.040

*Mean of 3 measurements
3.2 Soil Physical and Chemical Properties
3.2.1 Texture

The detailed result of soil properties from the test site is :‘:hu\\*n in Table ?.._,l l'w“i’c.\x‘lll:lx:'u': ll‘l'\,c smll \:l\l:l:hll:‘s
determined was sandy loam. It was found in the following range: sand 62-81 11“‘[‘-\" II -T .(;“ (tlll:;q(t)) }lllC\'
19% respectively. This is consistent with the rg:suh. obtained Fr_v rI(')l‘m‘ i']lm)fll::l'(l‘\: 2:"10 v they
determine some physical and chemical properties ol major wheat growing sotl ¢ DAL,

3.2.2 Organic Matter

was obtained in the study area; the organic matter levels are
; i g Jemers and their advisers are
i « of vepetation and topography. Farmers

relat > » parent materials, nature of vegel _ Fartrores e AR
imerzgll{:irg}‘ly ‘O'I"‘(L)Edi“:m nlo its effect on soil tilth, nutrient and water retention h?l‘ php‘u p.m\\lth

ste S due § ¢ $ i y  Ganst it atle e b
(anzmeiru:al.’:lI 1985). They also observed that the lower level of ()l\l'l m"illu :‘::;; :‘1;11’(“(1:(; y

: . ; Cation in which organic carbon are eas seted.

attributed to bush burning and pesticides application in ¥ hich orpanic car

A proportion of 0.1-0.35% OM in Table 2
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Table 2. Physical and Chemical Properties of Soils in Maiduguri
Standard Diagnostic, Sample
Characteristics 1 2 3 4 5 6 7 8 9 10
Particle Density, pd 2671 2416 2.625 2571 2.697 2.360 2.611 2800 2248 293
em-3
g’\gelalivc): Density 2.692 2435 2.646 2591 2.718 2378 2631 2822 2500 2955
Organic Carbon % 014 016 004 006 0.08 0.15 0.13 0.07 020 0.17
Organic Matter, OM (%) 024 028 007 0.10 0.2 026 0.22 0.12 035 029
Sand content (%) 62.64 66.64 62.62 68.64 69.36 70.70 76.00 80.60 77.0 64.64
Silt content (%) 2128 17.28 21.28 1328 1456 10.90 50 1556 400 1828
Clay content (%) 1608 1608 16.08 18.08 16.08 1840 19.00 19.40 19.00 17.08
Textural Class SL SL SL SL SL SL SL SL SL SL
Bulk Density (gem-3) 147 152 159 159 157 150 145 1.57 140 155
ESP (%) 0302 0.194 3918 0.121 0.935 1.449 3465 1.127 0.752 085
SAR 0.012 0.007 0.144 0.005 0.047 0.050 0.114 0.035 0.018 0.023

*Mean of 2 measurements

3.23 SARand ESP

The values of SAR and ESP are in the range of 0.05-0.14 and 0.1-0.85% Table 2. Pearson and Bemstein
1958, Mustapha (1996) indicates that SAR and ESP have direct effect on plant growth due to their
influence on structure, permeability and infiltration. The USDA (1954) has shown that ESP>15 generally
affects the structural and hydraulic characteristics of soils. Based on the results in Table 2, there is low
sodium hazard on the soil. Zata et al (2007) studied the variability in properties of soils in Maiduguri.
They showed that, low level of exchangeable sodium indicates a low level of sodium on the exchange
complex which is good for crop production. Exchangeable sodium percentage (ESP) and sodium
adsorption ratio (SAR) may also exert a direct affect on plant growth. This is due to the negative effects
they have on the structure, permeability and infiltration of soils (Pearson and Bemstein, 1958). By
reducing infiltration, surface seal will increase run off, thereby affecting the K, of the soil. Texture and
organic matter content influence surface seal formation. It is also affected by tillage practices, cropping
history, method of cultivation and, rainfall intensity and duration. (Allison, 1956; Mannering, 1967:
Ahmad and Robin, 1971).

<

According to U. S. salinity Laboratory staff (1954) ESP > 15 generally affects the structural and hydraulic
characteristics of soils. Some investigators such as Shainberg etal.(1981) have suggested that this
threshold may need reconsideration because degradation of soil can take place even at lower ESP values
in dilute solutions. Sumner (1993) explain that establishment of critical ESP threshold may be ven
arbitrary because the properties of exhibited by the so-called classic sodic soils.

4. CONCLUSION

Saturated hydraulic conductivity of Maiduguri soil (sandy loam) has been determined. The results shov
that hydraulic conductivity is affected by variation in bulk density at different compaction levels. Ksat
decreases with increase in bulk density at different compaction levels for all sample studied. The chang®
in the pattern of the Ky, values may be also due to the soil arrangement in the cylindrical permeamete?
The texture of the soil is sandy loam and low levels of organic matter (0.1-0.35%) were obtained. Th¢
values of SAR and ESP are in the range of 0.05-0.14 and 0.1-0.85%. ESP>15 generally affects the
structural and hydraulic characteristics of soils, the level of exchangeable sodium from the study indicates
a low sodium proportion on the exchange complex.

B ¢
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