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1.0 Introduction 

Tillage is seen as mechanical manipulation of soil to modi-
fy soil conditions for crop production by providing a con-
ducive environment for seed germinations and root devel-
opment, suppressing weed, controlling soil erosion, in-
creasing infiltration, and reducing evaporation soil mois-
ture. Conventional tillage or intensive tillage system in-
cludes all tillage practices that leave < 15% of residues on 
the soil surface, while conservation tillage is a system that 
leaves > 30% of crop residue on the soil surface. Soil hy-
draulic properties include hydraulic conductivity as a func-
tion of soil water, pressure, soil water content, soil mois-
ture retention relationships (Hillel,1998), and infiltration 
characteristic of soils (Sauwaet al., 2013). Understanding 
the hydraulic properties of soils, such as hydraulic conduc-
tivity, moisture retention, and infiltration rate is essential 
for assessing soil quality, design of adequate soil, and land 
management practice (Lal, 1991). Likewise, water bal-
ance, irrigation, soil water transport processes, and soil 

erosion (Lucian et al., 1991). Topography or slope gradi-
ent, pore-size distribution, pore continuity, and land use 
are among the primary soil and management factors that 
affect surface soil's hydraulic properties. Thus, knowledge 
of surface soil hydraulic properties concerning these soil 
and management factors is essential for efficient land and 
water management, particularly in arid and semi-arid envi-
ronments where water remained a major limiting factor to 
agricultural crop production. Although several types of 
research had been conducted evaluating land uses system 
effects on soils' hydraulic properties (Azooz and Arshad, 
1996; Sauwaet al., 2013: Chiromaet al., 2013), results do 
not apply to all soils, climate, and land uses. Information 
on the land-use system's effect on soils' hydraulic proper-
ties could help design proper soil and water conservation 
practices and sustainable agriculture policies. 
The study's main objective is to evaluate the effect of dif-
ferent land uses on the soil's hydraulic properties. Howev-
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er, specific objectives include determining the effect of 
different land uses on: 

i) Saturated Hydraulic conductivity of the soil. 
ii) Water retention properties of the soil. 
iii) Infiltration characteristics of the soil. 

2.0. Materials and methods 

2.1Study Area 
The experiment was conducted at the Agricultural chemi-
cal laboratory of UsmanuDanfodiyo University Sokoto. 
Sokoto State is located on latitude 13º N and longitude 15º 

E, 315m above sea level. The vegetation of Sokoto is char-
acterized by scattered trees and grasses with the mono-
model type of rainfall. The rainfall is erratic and scanty 
throughout the year (RAO 1983; Singh 1995), and it is 
between 400-700mm annually (Kowal and Kasim 1998). 
2.2 Soil Sample Collection and Preparation  
The soil samples used for this experiment were collected 
from a low land area of Kwalkwalawa village, Usmanu-
Danfodiyo University, Sokoto, using an auger. The sam-
ples were collected at 3 different points in each treatment 
plot (at 0-20 cm) and then air-dried, crushed, sieved 
through a 2 mm sieve, and used determination of the soil's 
textural composition. Also, two undisturbed core samples 
taken at (0-20cm) (surface) and 20-40cm (sub-surface) soil 
depths were used for the determination of hydraulic prop-
erties of the soil.  
2.3 Treatments and Experiments Design 
The experiment was laid out in randomized complete 
block design (RCBD) with3 tillage practices as factors; 
conventional tillage(CT), reduced tillage(RT), and No-
tillage(NT), and replicated 4 times. The history of the 3 
selected sites in terms of land uses was obtained and used 
in results and discussion. Plot under convectional tillage 
has been under continuous hand hoe cultivation for the 
past five (5) years. The dominant weed species in this site 
include vetiver grass, harkiya (Digitarialongiflora), Tun-
bulkiya, harwatsi (Mitracarpusscaber). The commonly 
grown crops in this plot include Tomatoes, pepper, wheat, 
and sweet potatoes. Tillage practices in this treatment plot 
(land) involved 2-6 hand hoe cultivations per year, and 
cow dung manure is applied during land preparation, and 
urea fertilizer applied later as a top dressing (or supple-
ment). 
Reduce tillage is the land adjacent to the CT plot, not more 
than 3m away. This land has been under alternate cultiva-
tion and no cultivation practices. The land has never been 
cultivated continuously for more than 2 years. The fallow 
period between cultivation periods ranges from 6 months 
to 1 year. It is under no cultivation (fallow) at the sample 
time and represents the reduced tillage treatment (RT). 
The no-tillage treatment consisted of farmland opposite 
the CT farm (plot) under no-cultivation (fallow) for the 
past 5 years. The land is 2-3m away from the CT plot, and 
dominant weed species are the same as those in CT treat-
ment (plot). 

2.4 Determination of physical and hydraulic properties of 
the soil 

The hydraulic properties of the soil were determined using 
standard methods. 

2.5 Gravimetric Moisture Content (θM) 

The gravimetric moisture content (θm) would then be 
computed as: 

θm=   x 100 

Where: 

Mm= mass of moist soil. 

Md=mass of oven-dry soil. 

2.6 Water holding capacity 

The water holding capacity would then be computed as: 

 WHC (%) =  x 100 

Where: 

Mw = mass of saturated soil. 

Md = mass of oven-dry soil. 

2.7 Saturated hydraulic conductivity (Ksat) 

Saturated hydraulic conductivity computed as: 

 Ksat = -2.3  Log  

Where  

Ho = Initial hydraulic head 

H1 = final hydraulic head 

a = cross-sectional area of the standing PVC pipe  

L = length of the soil sample 

A = cross-sectional area of the water  

t = time (sec) 

2.8 Infiltration rate (IR): The Infiltration rate (IR) of the 
Individual treatments (soil core samples) was determined 
using the single-ring infiltrometer method of Wulet al. 
(1999). Infiltration rate was then computed as the amount 
of water that enters the soil surface within the infiltration 
ring per time taken (cm/t). Steady-state infiltration rate 
(SSIR) and cumulative infiltration (CI) were deduced from 
the infiltration rate measurements and computations. 

2.9 Particle Size Analysis (Texture) 

The soil samples' particle size distribution was determined 
using the Bouyoucus hydrometer method (Gee and 
Bouder, 1986). Values obtained were then read using the 
USDA textural triangle to know the textural class of the 
soil. 

2.9 Statistical Analysis  

Data obtained were subjected to analysis of variance 
(ANOVA) using statistix 9.0 analytical software. Means 
were separated using the least significant difference (LSD) 
at a 5% level of probability. 

 
3.0. Results and Discussion 

3.1Influence of different tillage practices on infiltration 
rate and steady-state infiltration rate. 

Figure 1 shows the influence of different tillage practices 
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of infiltration characteristic of the soil at 0-20cm- depth. 
The result revealed that tillage practices significantly 
(p≤0.05) affected the soil's infiltration rate (IR) at 2,6,10 
and 50 minutes. On average the measurement period, the 
conventional tillage (CT) gives the highest IR, followed by 
the no-tillage (NT), while the reduced tillage (RT) is rec-
orded the least. A similar trend was observed at the 20-
40cm soil depth (figure 2) as the CT treatment recorded 
the highest IR, and the RT treatment gave the least. Land 
use system effect on steady-state infiltration rate of the soil 
was not significant (P>0.05) as all treatments (CT, RT, 
and NT) gave the same steady-state infiltration rate (SSIR) 
0.1 cm/hr after one (1) hour (Figures 1 and 2). The in-
creased infiltration rate in the CT and NT treatments could 
be attributed to the lower bulk density (Bd) of these treat-
ments compared to the RT treatments, which have the 
highest Bd at both surfaces (0-20cm) and sub-surface (20-

40cm). Furthermore, Khalid (2016) attributed it to higher 
organic matter and organic carbon in the CT and NT treat-
ments than the RT treatments. Organic matter is known to 
improve aggregation and aggregate stability (Tan et al., 
2007; Collins et al., 1997), which invariably resulted in 
higher water transmission in CT and NT treatments than 
the RT treatment. The result revealed that the CT and NT 
treatments gave better water transmission compared to the 
RT treatment. 

3.2 Influence of different tillage practices on cumulative 
infiltration rate (CIR.) 

Figure 3 shows the influence of different tillage practices 
on the cumulative infiltration rate (CIR) of the soil at (0-
20cm) soil depth. The result revealed that tillage practices
(P≤ 0.05) significantly affected the soil's cumulative infil-
tration rate at 6, 10, 20, 50, and 70 minutes. On average, 

across the measurement period, CT treatment had the highest 
CIR, followed by NT and RT gave the least. A similar trend 
was observed at (20-40cm) soil depth (Figure 4) as the CT 
treatment recorded the highest CIR, and the RT treatment 
recorded the least. Generally, the cumulative infiltration 
rates were higher in sub-surface than in surface soil depth, 
increasing with time. However, the most significant increas-
es were recorded in 10 minutes for CT treatment with a 
mean value of 29.08 cm/hr at the surface and sub-surface 
soil depth. The increased cumulative infiltration rate (CIR) 
in the CT and NT treatment could be attributed to a de-
creased bulk density compared to the RT treatment with the 
highest Bd at both surface and sub-surface soil depth. Khalid 
(2016), who carried out his experiment in the same experi-
mental area, reported the higher organic matter and organic 
carbon in the CT and NT treatments compared to the RT 
Organic matter improves microbial activities, increase ag-

gregate stability and decrease bulk density in CT and NT 
treatments at the surface (0-15cm) (Agbede, 2007) which 
invariably resulted in higher water transmission in CT and 
NT treatments compared to the RT treatment 
3.3 Influence of different tillage practices on gravimetric 
moisture content (GMC), water holding capacity, and satu-
rated hydraulic conductivity (Ksat) 
The gravimetric moisture content of the soil was also pre-
sented in Table 1. The result revealed no significant differ-
ence in moisture content (P>0.05) in both surface and sub-
surface soil depth. The mean value at the surface soil (0-
20cm) was higher in CT (22.86%), followed by NT 
(22.81%) and RT had the least (17.78%). However, for sub-
surface (20-40cm), the mean value was higher in NT 
(22.66%) followed by the treatment (19.62). On average, 
soil gravimetric moisture content generally decreases with 
soil depth across the 3 different land practices. However, it 
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is not clear why the CT treatment record the highest mean 
gravimetric moisture content compared to the NT treatment, 
although the NT had the least bulk density (Bd) at the sub-
surface (20-40cm) soil depth. However, this could be related 
to possibly better soil organism activities in the CT treat-
ment at the surface soil layer, which have high resulted in 
the creation of bio pores. Biopores could have resulted in a 
preferential flow of water in CT treatment at the sub-surface 
layer and better water transmission despite moderate bulk 
density (Bd). 
The influences of different tillage practices on the soil's wa-
ter-holding capacity (WHC) were presented in table 1. The 
result shows that there were no significant differences 
(P>0.05) in both the treatments of surface and sub-surface 
depth, the highest mean WHC value at the surface (0-20cm) 
soil depth as recorded in CT (28.81%) followed by NT 
(25.54%) as the RT treatment had the least (25.01%). How-
ever, there were significant differences at the sub-surface 
(20-40cm); however, tillage treatment significantly (P≤ 
0.05) affected the WHC of the soil. The NT treatment had 
the highest WHC (30.71%), while the RT treatment revealed 
the least (27.02%) in Table 1. The CT treatment had an in-
termediary value of 29.21%. The increase in water retention 
in the CT, and NT treatments could be related to higher or-
ganic matter (OM) and organic carbon content (Khalid, 
2016). similar observation was made by Jabro et al. (2008), 
who reported no significant tillage system differences on 
water storage of sandy loam. 
The increase in WHC in CT and CT and NT in surface and 
sub-surface can be attributed to the similar mesoporosity 

value in convectional (CT) and conservation tillage (NT). 
(Zhou et al., 1998). The inconsistent result of soil WHC un-
der the different tillage practices may be related to the transi-
tory nature if soil structure is affected by tillage and site his-
tory (Azooz and Arshad, 1996). 
The results in Table 1 revealed that there were no significant 
differences (P ˃0.05) in Ksat of the soil among the 3 treat-
ments both at the surface (0-20cm) and sub-surface (20-
40cm). Soil Ksat was slightly influenced by tillage practices 
and varied from 2.17 cm/hr for RT and 2.38cm/hr for NT to 
2.90cm/hr for CT. The highest mean value was recorded in 
CT treatment at both surface and sub-surface with a mean of 
(2.90cm/hr and 2.79cm/hr), followed by NT with a mean of 
(2.38 cm/hr and 2.15cm/hr) and then RT treatment (2.17cm/
hr and 2.04cm/hr) respectively. 
The slight increase of Ksat in CT treatment could be due to 
the lower bulk density in CT than NT and RT at both surface 
and subsurface soil depths. These findings agreed with the 
result reported by Chiroma et al. (2006) and Jabro et al. 
(2009). Higher bulk density (Bd) values obtained under RT, 
and NT systems are the indicators of soil compaction (Abu-
Hameed, 2003) and might be the cause of low Ksat obtained 
in RT and NT treatments ( Celik et al.,2010) at the surface (0
-20cm) and subsurface layer. 
4.0 Conclusion and Recommendations 

The study revealed that land-use systems significantly 
(p≤0.05) affected hydraulic properties of the soil except for 
Ksat and Өm, at both surface and subsurface soil depths, 
with the best improvement observed in the CT treatment 
compared to the NT and R.T. From the results, it can be con-
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cluded that, the CT treatment is the best soil management option for clay loam soil in semi-arid Sokoto, for sustainable 

Treatments Depth (cm) ⊝m (%) WHC (%) Ksat(cm/hr) 

  0-20       
CT   22.86a 28.81a 2.90a 
RT.   17.78a 25.01a 2.17a 
NT   22.81a 25.54a 2.38a 
LSD 0.05   5.11 13.69 0.86 
SE (±)   2.08 5.59 0.35 
  20-40       
CT   19.62a 29.21a 2.79a 
RT.   18.78a 27.02a 2.04a 
NT   22.66a 30.71a 2.15a 
LSD. (0.05)   9.79 2.69 0.99 
SE (±)   4.00 1.10 0.40 

Table 1. Effect of different tillage practices on water retention properties of the soil at Sokoto, Nigeria. 

Means fallowed by the same letters in the same column are not significantly different at a 5% level of probability. m-gravimetric moisture con-
tent, WHC – water holding capacity, Ksat- saturated hydraulic land activity.  

soil and water conservation. 

5.0 Recommendations 

According to the findings of the research, the following 
recommendations were made: 

1. Adoption of conventional tillage practice around the ex-
perimental area should be encouraged. 

2. another conventional tillage method such as animal trac-

tion and tractor plough should be tried to compare results. 

3. Similar research should be extended to other soil types to 
compare results. 
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