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Abstract 
NPK fertilizer is applied to the soil to modify its properties to give greater crop yield. These soil properties 
include: unit weight, void ratio, water content, and plasticity, tensile strength, compressibility, permeability and 
compact ability. Thus it becomes imperative to examine the engineering properties of NPK 20-10-5 fertilizer 
modified soils. Analysis of test results showed that the liquid limit, shrinkage limit, coefficient of permeability, 
and void ratio are decreased by the addition of fertilizer. It reduces the shear strength parameters of a soil. 
Therefore, NPK 20-10-5 fertilizer decreases the bearing capacity of soil and thereby increasing its erodibility 
__________________________________________________________________________________________ 
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INTRODUCTION  
Solutions to geotechnical related problems in soils 
modified with synthetic fertilizer require that its 
effects on the engineering properties of soils be 
investigated. Anderson and Brown (1974), Browning 
and Millan (1941), Cairo (1982), Cocke, et al (1987) 
and Eze (1989) have worked on the effect of organic 
matter on the properties of soil. The following were 
observed: (a) organic fluid drastically increased the 
permeability; (b) single application of decomposable 
organic matter produced stable aggregate out of 
unstable aggregated soil, (c) improved the structure 
of clay treated with organic matter; (d) soils treated 
with sewage sludge have their physical properties 
ameliorated 
 
Yang, et al (1981) solved erosion and run off 
problems using animal refuse. It was discovered that 
animal refuse amendment decreased splash erosion 
and run off. Infiltration rate relatively increased. 
Mark (1958) discovered that soils treated with 
farmyard manure showed less compaction, decreased 
volume weights, and increased infiltrability and 
moisture content levels.  
 
Obi and Nnabude (1988) proved that continuous 
centrosema panicum cover influenced soil physical 
properties. The soils so treated showed decrease in 
bulk density and soil temperature, increase in pore 
diameter and hydraulic conductivity. Rosen and 
Horgan (2009) noted that high application rates of 
inorganic fertilizers in order to maximize crop yields, 
combined with the high solubility of these fertilizers 
lead to increased runoff into surface water as well as 
leaching into ground water. Eze (1989) worked on 
the effect of poultry manure on soil physical 
properties and okra production. Investigation showed 
that organic matter affects soil physical properties 
such as soil structure, infiltration rate, hydraulic 

conductivity, and water retention capacity. The 
poultry manure increased soil water absorptive 
capacity. It reduced the pore size.  
 
Causarano (1993) investigated the relationship 
between tensile strength and organic matter in the 
case of clay soils with 1.3%–10.4% organic matter 
and concluded that organic matter increases the 
tensile strength of moist soil aggregates and 
decreases the tensile strength of dry soil aggregates. 
Rahimi et al. (2000), however, reported that the soils 
with a higher content of organic matter show 
increased tensile strength.  
 
Coughlan et al.,( 1973) noted that different fractions 
of organic matter play different roles in the 
stabilization of different aggregate sizes but Oades 
(1984) observed that not all organic compounds in 
soils are responsible for aggregation. Tisdall and 
Oades (1982) proposed a hierarchical model in which 
soil organic matter acts as various binding agents 
depending on the size of the aggregates. When the 
aggregate size decreased, aggregate porosity also 
decreased (Peng et al., 2003). The decrease in soil 
porosity could lead to lower air pressure building up 
in the soil pores, and a much smaller pore in an 
aggregate will help reduce the rate of entry of water 
during wetting (Li and Zhang, 2007). The changes in 
the physical and mechanical properties of soil in 
paddy fields may be attributed to the increases in soil 
organic carbon (Li and Zhang, 2007).  
 
In addition, cohesion increases in smaller aggregates 
(Utomo and Dexter, 1981).  Most of these studies are 
concentrated on the basic properties, permeability 
and tensile strength of the soil that are relevant to 
agricultural practices. The engineering properties of 
soils modified with synthetic fertilizer are lacking 
especially on the shear strength, compaction, and 
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consolidation characteristics. Chemically solidified 
soils, exhibited widely varying behaviour when 
subjected to wet and dry cycles. The general trend of 
the individual sample’s strength increasing during the 
dry cycle and lowering when submerged. Clough, G. 
W., et al (1979) observed that stabilized soil 
demonstrates frictional component of behaviour in 
addition to the cohesion component induced by grout. 
The peak friction angle is found to be about equal to 
or somewhat less than that of the ungrouted sand. In 
proffering geotechnical solutions in synthetic 
fertilizer modified soils, the engineer must have 
adequate information on the engineering properties of 
such soils. Teng (1962) grouped the engineering 
properties of soils into the following categories: basic 
properties (unit weight, void ratio, and water 
content), strength (shear strength – cohesion and 
angle of internal friction), compressibility 
(consolidation), seepage (permeability) and 
compaction characteristics (moisture-density 
relationship). 
 
NPK 20-10.5 fertilizer applied to the soil to increase 
crop yield modifies the soil properties. This modified 
soil behaves differently from the parent soil. Thus, it 
becomes imperative to study the modified soil in 
order to understand how NPK fertilizer affects the 
engineering properties of soil such as Atterberg 
limits, compaction characteristics, permeability and 
shear strength. In consequence of the effects of 
organic manure and synthetic fertilizer on the 
physical properties of soil, this paper appraises the 
engineering properties of soil modified with NPK 20-
10-5 fertilizer.   
 
Sample Preparation and Testing 
The samples were prepared and tested in accordance 
with BS1379 (1991). The study was limited to NPK 
20-10-5 fertilizer (4 parts of nitrogen, 2 parts of 
phosphorus, and 1 part of potassium) obtained from 
the Department of Agriculture, Nsukka Local 
Government Area, Enugu State, Nigeria. 
 
The soil was a disturbed soil sample collected at 1.0m 
depth below ground level near Eni-Njoku Hostel, 
University of Nigeria, Nsukka. Water content related 
problems were examined based on the optimum 
water content. Five groups of specimens were 
prepared based on the following fertilizer contents: 
0%, 5%, 10%, 15% and 20%. The following tests 
were conducted on the samples based on BS1379 
(1991): (a) Atterberg’s limits (b) compaction tests (c) 
permeability tests (d) triaxial tests. Three replicate 
samples were produced and tested for each group of 
experiment. 
 
ANALYSIS OF RESULTS AND DISCUSION 
INDEX PROPERTIES 
Graphical method of analysis is employed. This is 
shown in figures 1 to 9. In the liquid limit test, the 

result showed that increase in fertilizer content in the 
soil causes the reduction in liquid limit. Rosen and 
Horgan (2009) stated that phosphorus is relatively 
immobile in soils and are bounded by soil particles 
and does not leach (wash) through the soil into lakes 
and ground water. Figure 1 shows that this reduction 
is not uniform. The implication is that less water 
content is required to weaken fertilizer modified soil. 
It requires little water to weaken soils modified with 
NPK fertilizer as the fertilizer elements are bound by 
soil particles. This increases the erodibility of the 
soils.   

 
 

 
The plastic limit test on the soil showed that it is a 
plastic soil. But the introduction of NPK fertilizer in 
the soil reduces the plastic limit as a result of 
bounding of fertilizer elements by soil particles as 
shown in figure 2. It shows that the plastic quality of 
the soil decreases as the percentage of fertilizer 
increases. The implication of this is that the soil that 
contains NPK fertilizer can crumble easily.  
 
Nitrogen is present in soils as nitrate ions, ammonium 
ions, and as a component of soil organic matter. In all 
but very wet or dry soils, the ammonium form is 
readily converted to nitrate form. This nitrates form is 
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completely soluble and not tightly held by soil 
particles. Therefore, nitrate can readily leach 
downward with percolating water and contaminate 
ground water supplies (Rosen and Horgan; 2009).  
 
In figure 3, the plastic soil, became less plastic by the 
introduction of NPK fertilizer. The modified soil 
became non-plastic at certain levels as indicated by 
the plasticity index values for 15% and 20% 
fertilizer. This is because soils with plasticity index 
between   0 – 3 are regarded as non-plastic soil. The 
plasticity index for 5% and 10% fertilizer falls within 
the range of slightly plastic soils of 3 – 15 (Sowers 
1962). Warner (1972) observed that chemically 
solidified soil exhibited widely varying behaviour 
when subjected to wet and dry cycles. For fertilizer 
modified soil, the liquid limit decreases as the 
fertilizer content increases but the trend is not 
uniform which may be as result of non-uniform 
distribution of fertilizer particles within the mixture. 
The plasticity index showed the same trend 
 

 
 

 
 
Shrinkage limit which represents the maximum 
moisture content at which further loss of moisture 
does not cause a decrease in the volume of the soil is 

reduced in fertilizer modified soil as shown in figure 
4. It shows that there is a general decrease in the 
shrinkage limit value of fertilizer modified soil. The 
implication is that fertilizer modified soil require 
small amount of water to be saturated.  This may be 
attributed to the bound of the element of NPK 
fertilizer and the soil particles which may affect the 
porosity of the modified soil.                 
 
Compaction  
Figure 5 shows the variation of maximum dry density 
against fertilizer content. It shows that as fertilizer 
content increases, the dry density of the soil increased 
to a certain limit and then decreased. The implication 
of this is increase in dry density is the reduction in 
the void ratio and porosity of fertilizer modified soil, 
but as the quantity of fertilizer increases, the quantity 
of solid soil particles decreases with resultant 
decrease in dry density. The variation in optimum 
moisture content with fertilizer as shown in figure 6 
can be described as a season variation with all below 
the normal optimum content of the soil. 

 

 
The result indicates that NPK 20-10-5 fertilizer does 
not increase the affinity of fertilizer modified soils for 
water. This is in agreement with the observed 
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decrease in the liquid limit of NPK 20-10-5 fertilizer 
modified soils (Ikutegbere, 1996 and Amobi, 1998). 
 
Permeability   
Variable head permeability test was done on NPK 20-
10-5 fertilizer modified soil to determine the 
coefficient of permeability. Figure 7 shows the 
variation of coefficient of permeability with NPK 20-
10-5 fertilizer. There is reduction in the coefficient of 
permeability which is an important factor in soil 
permeability characteristics and this in agreement 
with the observed effect of NPK fertilizer on soil 
(Amobi, 1998). The implication in the reduction of 
coefficient of permeability is increased surface run-
off. This will intensify erosion if the topography and 
soil characteristics are favourable. Twenty percent 
NPK 20-10-5 fertilizer added to the soil can reduce 
its permeability by about 40 percent. 

 

 
 
Shear Strength 
Figure 8 shows the variation of cohesion with NPK 
20-10-5 fertilizer. Except for the 10 percent fertilizer, 
the results show that NPK 20-10-5 fertilizer reduces 
cohesion between soil particles. Lough et. al (1979) 

observed that stabilized soil possesses both angle of 
friction and apparent cohesion. The peak friction 
angle is found to be about equal to or somewhat less 
than that of the ungrouted sand. Ikutegbere, (1996) 
and Amobi, (1998) have shown that NPK fertilizers 
reduce both the cohesion and angle of internal 
friction of the soil. Figure 9 shows the variation of 
angle of internal friction with NPK 20-10-5 fertilizer. 
It indicates that the introduction of NPK 20-10-5 
fertilizer in soils reduces the angle of friction of NPK 
20-10-5 fertilizer modified soil. Therefore, the 
decrease in the shear strength parameters (cohesion 
and angle of friction) will lead to decrease in shear 
strength of NPK fertilizer modified soil.    

 
 
CONCLUSION 
The following conclusions can be drawn from this 
study: 

a) Addition of fertilizer to soil affects the 
Atterberg limits properties of the soil. It reduces 
the liquid limit, the plastic limit and the 
shrinkage limit, i.e. soil requires small quantity 
of water to be saturated. 

b) The affinity of soil for water was not increased 
as shown by the optimum moisture content 
results. There is reduction in void ratio and 
porosity as shown by the increase in the dry 
density of soils modified with below 10% 
fertilizer but a decrease in the dry density of soil 
modified with 15% fertilizer and above due to 
decrease in solid soil particles.     

c) Synthetic fertilizer reduces the coefficient of 
permeability of soil. This leads to the 
accumulation of surface run-off which may 
increase the chances of erosion. 

d) Synthetic fertilizer reduces soil shear strength.   
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