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ABSTRACT 

 
 A study was conducted to determine the effect of harrow operation on soil physical properties in relation to 

crop production at the Agricultural Engineering Departmental Farm, Bayero University Kano, situated in 
Sudan Savannah zone of Northern Nigeria. The harrow operations evaluated were harrow using tractor (Ht), 

harrow using animal (Ha) and no-harrow (Hn). The results showed that there is a significant difference in soil 
physical parameters (p < 0.05) among the harrow operations. The harrow operations using tractor resulted in 

the most favorable soil environment for crop growth followed by harrow using animal and no-harrow 

operations respectively. The significant favourable soil conditions ensure lower bulk density, higher water 
holding capacity, infiltration rate, hydraulic conductivity and porosity which are expected to increase crop root 

proliferation and optimize utilization of soil nutrients. Hence, harrow operation using tractor (Ht) and animals 

(Ha) have the capability to increase crop production while no-harrow (Hn) is better under long term 
production for sustainable land use (minimizes erosion). 

 
Significance: Determination of optimum operation 

in creating conducive soil environment for crop 

production is an important step for increasing 

agricultural production.  

Keywords: Harrow Operation; Soil; Physical 

Properties; Crop and Yield. 

 

 

1.0 INTRODUCTION 

 
Land is the major source of income for the rural 

dwellers; it serves as a means for achieving food 

security, poverty alleviation, rural stabilization and 

improving the quality of life of the people. 

Conservation tillage is being adopted by local 

farmers in order to protect the soils from adverse 

effects of climate (Bola et al., 2013). According to 

Jeff (2001) soil physical properties control 

production potential and with a little understanding 

of the soil's physical properties and its relationship 

to soil moisture and crop productivity, better soil-

management decisions can be made. Soil porosity 

refers to that part of a soil volume that is not 

occupied by soil particles or organic matter. It is 

usually filled with air or water. Large pores 

(macropores) allow the movement of air and the 

drainage of water; it also accommodates plant 

roots and wide range of tiny animals that inhabit 

the soil (Brady and Weil, 1999). According to 

Munshower (1994), small pores (micropores) 

exhibit attractive forces strong enough to hold 

water in the pores. They are the water retention 

system of the soil which provides water storage for 

plant roots. Permeability is an important soil 

physical index because it affects the supply of root-zone 

air, moisture, and nutrients available for plant uptake 

(Richards, 1931). The rate of water flow is a function of 

the potential energy gradient and the ease with which 

water is transmitted through the soil is known as  

saturated hydraulic conductivity, which is governed by 

pore size distribution and tortuosity of flow paths 

(Childs and Collis-George, 1950; Vogel 2000). 

According to Boyler (1989) soil water holding capacity 

refers to the amount of water held or “stored” in the soil 

and available for plant use. Generally, the goal is to 

have the largest possible water holding capacity for a 

given soil, as long as aeration is adequate. Compacted 

soils may hold too much water and suffer from aeration 

problems after rain events. But as long as aeration 

requirements are met, a larger amount of water is 

expected to be held in the soil whether in rain-fed or 

under irrigation conditions. 

 

This study was carried out to examine the influence of 

harrow operations on physical properties of soils in 

relation to crop production and to determine the 

effective and appropriate tillage practice(s) for 

sustainable crop production. 

 

http://ecorestoration.montana.edu/mineland/guide/analytical/physical/porosity.htm
http://ecorestoration.montana.edu/mineland/guide/analytical/physical/porosity.htm
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2.0 MATERIALS AND METHODS 

 
2.1 Study Area         

The study was conducted at the Agricultural 

Engineering Departmental Farm, Bayero 

University Kano, located along Gwarzo road, 

Kano State, Nigeria. The area is situated at 

Latitude 11
°
30

'
N and Longitude 8

°
30

'
E. The 

topography is flat with slightly undulating slope in 

the NW-SSE direction (Zainab, 2008).  

2.2 Field Work  
A 9 m x 27 m plot was divided in to three subplots 

(9 m x 9 m) each. Three harrow operations (using 

tractor, animal and no-harrow) were imposed on 

each subplot. The experiments were laid out in a 

randomized complete block design (RCBD) with 

three replicates making a total of nine subplots. 

Soil samples were taken at three points (10–30 cm) 

in each subplots making a total of 27 soil samples. 

The samples were then air-dried, crushed and 

sieved through 2 mm sieves before been taken to 

the laboratory for physical properties analysis. 

2.3 Laboratory Analyses  
Soil analysis was carried out to observe the 

variations in soil physical properties due to applied 

different harrow operations.  

2.3.1 Soil texture: The soil particle size 

analysis was done mechanically using the 

hydrometer method as described by Bouyoucos 

(1951) with sodium hexametaphosphate as the 

dispersing agent.  

2.3.2 Bulk density: The bulk density was 

calculated using the equation expressed by Craig, 

(1997): 

 

s
b
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M

V
  …….…………………… (1) 

 

Where:   = Bulk density (g/cm³); Ms = Mass of 

oven dried soil (g); Vc = Volume of the core 

sampler, (cm³). 

 
The volume of the core sampler may be obtained 

from: 

  

2
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Where: h = height of the core sampler, (cm);              

r = radius of the core sampler, (cm). 

 

2.3.3 Porosity: The porosity of the various soil 

samples was estimated using the equation expressed by 

Craig (1997). 
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Where: ή = porosity; Msat = mass of saturated soil (g); 

Ms = mass of oven dried soil (g); Vc = volume of the 

core sampler (cm³). 

 

2.3.4 Hydraulic conductivity: The falling head 

permeability test was used to determine the hydraulic 

conductivity and calculated using the following relation: 

 

u
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 - - - - - -  (4) 

 

Where: L = height of the soil sample column; A = 

sample cross section; a = cross section of the standpipe; 

Δt = recorded time for the water column to flow through 

the sample; hU and hL = upper and lower water level in 

the stand pipe measured using the same water head 

reference. 

 

2.3.5 Water holding capacity: The water holding 

capacity was obtained using the equation by Yaji 

(2003): 

 

( ) z bWHC FC WP xR x   - - - - - - -  (5) 

 

Where: WHC =Water holding capacity; FC = Field 

capacity; WP = Wilting point;    Rz = Crop root zone; 

Ρb = Bulk density. 

 

2.3.6 Infiltration rate: The infiltration rate was 

determined by using double ring infiltrometer (Wild, 

1996). 

2.3.7 Organic Matter Content: Organic matter 

content was determined using the procedure of loss on 

ignition as proposed by Yaji (2003). 

 

% *100
Mo

OMC
Ma

  - - - - - - - (6) 

 

Where: oM  = Mass of organic matter; aM  = Mass of 

air dried soil. 
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2.4 Statistical Analysis 

All the parameters collected were subjected to 

analysis of variance (ANOVA) and the means 

were compared using Least Significant Difference 

(LSD) where the analysis of variance was significant at 

5% level of probability.

 

 

3.0 RESULTS AND DISCUSSIONS 

 
3.1 Results 

Table 1 shows the result of physical properties of 

the soil sample obtained for harrowing using 

tractor. The bulk density, porosity, hydraulic 

conductivity, water holding capacity, infiltration, 

and organic matter content were found to be in the 

ranges 1.10-1.29 g/cm
3
, 14.0-18.9%, 2.55-3.77 

cm/hr, 33.1-39.6%, 49.4-54.1 mm/hr and 0.56-

0.94% respectively. 

 

Table 2 shows the physical properties of the soil sample 

obtained for harrowing using tractor. The bulk density, 

porosity, hydraulic conductivity, water holding 

capacity, infiltration, and organic matter content were in 

the range 1.11-1.45 g/cm
3
, 12.4-17.2%, 146-261 cm/hr, 

20.1-34.3%, 39.2-42.8 mm/hr and 0.54-0.86% 

respectively. 

 

 
Table 1: Physical properties of the soil samples for harrowing using tractor (Ht) 

 
 

Replication 

Sample 

No. 

Bd 

(g/cm
3
) 

P 

(%) 

K 

(m/hr) 

WHC 

(%) 

I 

(mm/hr) 

 

OMC 

(%) 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Texture 

Rep I Ht11 1.13 14.0 2.76 34.8 49.4 0.85 44.3 27.0 28.7 SCL 

 Ht12 1.21 15.3 3.30 39.6  0.94 43.5 28.5 28.0 SCL 

 Ht13 1.26 15.4 2.94 33.1  0.56 44.5 27.5 28.0 SCL 

Rep II Ht21 1.25 14.3 2.98 36.4 51.6 0.62 47.1 27.4 25.5 SCL 

 Ht22 1.16 16.6 2.68 33.1  0.84 50.2 28.3 21.5 SCL 

 Ht23 1.29 14.1 3.77 38.8  0.88 44.2 26.4 29.4 SCL 

Rep III Ht31 1.20 16.5 2.55 35.6 54.1 0.84 43.6 29.0 27.4 SCL 

 Ht32 1.11 14.8 2.88 37.0  0.82 52.6 27.7 19.7 SCL 

 Ht33 1.10 18.9 3.49 33.1  0.72 46.6 28.s9 24.5 SCL 

Mean  1.19 15.5 3.04 35.7 51.7 0.79 46.3 27.9 25.8 SCL 

 

OMC = Organic Matter Content, SCL = Sandy-Clay-Loam, WHC = Water Holding Capacity, Bd = Bulk density, P = 

porosity, K = hydraulic conductivity, I = infiltration 

 

 

Table 2: Physical properties of the soil samples for harrowing using animal (Ha) 

 
 

Replication 

Sample 

No. 

Bd 

(g/cm
3
) 

P 

(%) 

K 

(cm/hr) 

WHC 

(%) 

I 

(mm/hr) 

 

OMC 

(%) 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Texture 

Rep I Ha11 1.24 14.4 2.22 21.8 41.2 0.64 45.5 26.3 28.2 SCL 

 Ha12 1.31 15.7 1.82 34.3  0.80 45.1 28.4 26.5 SCL 

 Ha13 1.43 14.5 1.92 29.8  0.62 44.5 28.5 27.0 SCL 

Rep II Ha21 1.22 17.2 2.13 20.4 42.8 0.60 46.8 27.0 26.2 SCL 

 Ha22 1.32 13.0 1.46 25.3  0.76 47.6 26.9 25.5 SCL 

 Ha23 1.45 15.2 2.60 25.0  0.54 46.0 27.2 26.8 SCL 

Rep III Ha31 1.11 12.4 2.42 32.7 39.2 0.56 44.9 28.8 26.3 SCL 

 Ha32 1.16 13.9 2.52 30.0  0.86 49.8 25.7 24.5 SCL 

 Ha33 1.16 14.1 2.61 20.1  0.68 49.1 27.6 23.3 SCL 

Mean  1.27 14.5 2.19 26.6 41.1 0.63 46.6 27.4 26.0 SCL 
 

OMC = Organic Matter Content, SCL = Sandy-Clay-Loam, WHC = Water Holding Capacity, Bd = Bulk density, P = 

porosity, K = hydraulic conductivity, I = infiltration. 
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Table 3 shows the result of physical properties of 

the soil sample obtained for No-harrowing plots. 

The results of bulk density, porosity, hydraulic 

conductivity, water holding capacity, infiltration, 

and organic matter content ranged 1.37-1.49 g/cm
3
, 7.0-

13.9%, 1.62-2.43 cm/hr, 19.8-26.4%, 36.24-38.6 mm/hr 

and 0.56-0.96% respectively. 

 
 

 

Table 3: Physical properties of the soil samples for No-harrowing (Hn) 

 
 

Replication 

Sample 

No. 

Bd 

(g/cm
3
) 

P 

(%) 

K 

(cm/hr) 

WHC 

(%) 

I 

(mm/hr) 

 

OMC 

(%) 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Texture 

Rep I Hn11 1.40 13.9 1.62 21.1 38.6 0.76 45.0 27.7 27.3 SCL 

 Hn12 1.41 07.0 1.94 22.2  0.82 45.5 28.4 26.1 SCL 

 Hn13 1.38 10.8 1.66 23.2  0.56 48.5 28.5 23.0 SCL 

Rep II Hn21 1.42 13.0 2.23 23.3 36.2 0.96 48.1 27.7 24.2 SCL 

 Hn22 1.43 10.9 2.15 26.4  0.80 44.6 26.0 29.4 SCL 

 Hn23 1.37 12.7 2.05 19.8  0.72 47.1 27.2 25.7 SCL 

Rep III Hn31 1.37 07.9 2.43 20.9 37.2 0.74 46.3 28.6 25.1 SCL 

 Hn32 1.49 11.0 1.95 20.8  0.96 50.2 25.3 24.5 SCL 

 Hn33 1.41 09.0 1.85 20.6  0.64 49.6 27.6 22.8 SCL 

Mean  1.41 10.7 1.98 22.0 37.3 0.77 47.2 27.4 25.4 SCL 

 

OMC = Organic Matter Content, SCL = Sandy-Clay-Loam, WHC = Water Holding Capacity, Bd = Bulk density, P = 

porosity, K = hydraulic conductivity, I = infiltration 

 
3.2 Discussion of results 

Table 4 shows the average physical properties of 

the soil sample obtained for harrowing using 

tractor, harrowing using animal and no-harrow 

plots. The average results of bulk density for 

harrowing using tractor, animal and no-harrow 

plots were 1.19 g/cm
3
, 1.27 g/cm

3
 and 1.41g/cm

3
. 

Porosity were 15.5%, 14.5% and 10.7%, hydraulic 

conductivity were 3.04 cm/hr, 2.19 cm/hr and 1.98 

cm/hr. Water holding capacity were 35.7%, 26.6% 

and 22.0%, infiltration were 51.7 mm/hr, 41.1 

mm/hr and 37.3 mm/hr and organic matter content 

were 0.79%, 0.63% and 0.77% respectively. The 

overall average results of all physical properties under 

consideration were statistically found to be significant 

(p<0.05) which indicated that, plots harrowed using 

tractor (Ht) is more favourable for crop growth which 

gave higher water holding capacity, porosity, hydraulic 

conductivity and infiltration rate than harrowing using 

animal (Ha) and no-harrow (Hn) plots. This was 

because the bulk density of the Ht plots was lower than 

that of the Ha and Hn pots and the lower the bulk 

density, the higher the water holding capacity and all 

other physical properties. Hence, harrowing soil created 

a better soil physical environment for root growth and 

development.

 

Table 4: Average physical properties of the soil samples for harrowing using tractor (Ht), animal (Ha) 

and No-harrowing (Hn) 

 

Harrow 

Operation 

Bd 

(g/cm
3
) 

P 

(%) 

K 

(cm/hr) 

WHC 

(%) 

I 

(mm/hr) 

 

OMC 

(%) 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Texture 

Ht 1.19 15.5 3.04 35.7 51.7 0.79 46.3 27.9 25.8 SCL 

Ha 1.27 14.5 2.19 26.6 41.1 0.63 46.6 27.4 26.0 SCL 

Hn 1.41 10.7 1.98 22.0 37.3 0.77 47.2 27.4 25.4 SCL 

 
OMC = Organic Matter Content, SCL = Sandy-Clay-Loam, WHC = Water Holding Capacity, Bd = Bulk density, P = 

porosity, K = hydraulic conductivity, I = infiltration 

 

 

Figures 1 and 2 indicate that all the physical 

properties under consideration were found to be 

higher at plots harrowed using tractor (Ht) than using 

animal and no-harrow, except that of bulk density 

which is lower at harrowing using tractor (Figure 2). 
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This was because the lower the bulk density, the 

higher the water holding capacity. Hence, tilling 

soil created a better soil physical environment for 

root growth and development. The result of soil textural 

classification of all plots was found to be Sandy-Clay-

Loam (SCL). 

 

 

 
 

Figure 1: Effect of harrow operation on porosity, water holding capacity and infiltration of the 

soil samples 

 

 
 

Figure 2: Effect of harrow operation on bulk density, hydraulic conductivity and organic matter 

content of the soil samples 

 

4.0 CONCLUSION 

 
The study determined the effect of harrow 

operations on soil physical properties in relation to 

crop production at Agricultural Engineering 

Departmental Farm of Bayero University, Kano 

situated in Sudan savannah zone of Northern 

Nigeria. The Harrow operations evaluated were 

tractor, animal and no-harrow. The average bulk 

density for harrowing using tractor, animal and no-

harrow plots were 1.19 g/cm
3
, 1.27 g/cm

3
 and 1.41 

g/cm
3
. The average porosities under the same 

treatments were 15.5%, 14.5% and 10.7%, while 

average hydraulic conductivities were 3.04 cm/hr, 2.19 

cm/hr and 1.98 cm/hr. Water holding capacity of the 

soil under the same conditions was found to be 35.7%, 

26.6% and 22.0%, when the average infiltration was 

51.7 mm/hr, 41.1 mm/hr and 37.3 mm/hr. The organic 

matter content, was also, found to be 0.79%, 0.63% and 

0.77% respectively. The overall average results showed 

that, statistically, there is a significant difference in soil 

physical parameters (p < 0.05) among the harrow 
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operations. Harrow using tractor resulted in the 

most favorable soil environment for crop growth 

followed by harrow using animal and no-harrow 

operations respectively. The significant difference 

in favourable soil conditions was due to lower bulk 

density which resulted in higher water holding 

capacity, porosity infiltration rate and hydraulic 

conductivity and porosity which is expected to increase 

crop root proliferation and optimal utilization of soil 

nutrients. Hence, harrow operations have the capability 

to increase crop production while no-harrow is better 

under long term production for sustainable land use 

(minimizes erosion). 
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