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ABSTRACT 

Organic fertilizer application is one of the soil management practices for sustainable crop cultivation. Sole 
cropping system is increasingly dominating in Katsina State. Pearl millet is one of the major crops cultivated 
and used as staple food in Musawa area. Interview was conducted and composite soil sampling method for the 
collection of soil samples between the depths of 0 to 15cm was adapted. The soil samples were collected from 
sampled plots under sole (major cropping) and a control plot of mixed cropping and tested for some soil 
properties. Non parametric method was used to calculate the impact sole cropping system on soil properties. The 
result shows that farmers in the area are cultivating pearl millet for many years ranging from 40-70 years and 
few farmers used organic fertilizer. Soil properties including average clay (8.71), pH (6.12) and CEC 
(1.583me/100g) were found under pearl millet sole cropping to be low compared with the values of clay (9.41), 
pH (6.06) and CEC (2.159me/100g) for other plots. Status of nitrogen, potassium and exchangeable bases were 
found to be declined and low. Also the impact of pearl millet cultivation on soil fertility has shown the degraded 
soil nutrient of OC, N, K, Ca and CEC respectively in sole cropping plots compared with other cropping 
system. Analysis of variation (ANOVA) revealed that there is no variation among the soil samples. The 
findings of this study indicate that, sole cropping system has effect on soil chemical properties. Therefore, 
organic fertilizer application, mixed cropping systems, integration of organic and inorganic fertilizers should be 
maintained to increase pearl millet production to meet the people’s demand for sustainable development.   
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__________________________________________________________________________________________ 

 

INTRODUCTION 

Manure is any substance that is applied on the 

land/soil to supply plant nutrients or amends 

soil fertility, and it can be organic or inorganic 

material (Yusuf and Tukur, 2012). Organic 

manure has been in used for centuries by 

smallholder farmer in northern Nigeria and it 

use for crop production was proved to be 

sustainable in the Kano close-settled zone 

(Harris, 1995; Yusuf, 2001). Organic 

amendment contains both plant nutrient and 

large amount of organic matter. Organic 

amendments are used to both fertilize and 

amend the soil which include nitrates, 

sulphatesetc (Edward, 1992; Yusuf, 2015). The 

organic matter acts as the main soil store 

house of many nutrients, including nitrite, 

sulphates and others. Organic amendments 

contains large amount of organic matter to 

improve the physical condition of the soil and 

increase its cation exchange capacity. 

 

Steven (2010) pointed out that organic 

amendments supports the growth of living 

organism in the soil. The organic matter feeds 

earthworms, mycorrhizae, nitrogen-fixing 

bacteria and other useful soil organisms. 

According to Ernest (2004) animal manure has 

for long been a source of soil nutrient, with 

good amounts of nitrogen, potassium, 

phosphorus and calcium. Therefore, this also 

influences water holding capacity of the soil, 

organic matter and amendment further 

determined its fertility. Considering the above 
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review, animal manure is the best to be used 

to review soil organic matter which influenced 

water holding capacity of the soil as well as its 

fertility. There is farming methods that reduce 

the loss of valuable topsoil to erosion, and 

these methods are practiced widely. For 

example, farmers now plow and plant their 

crops in rows that follow contours so that 

rainwater is retained rather than allowed to 

run off (Pooja, 2010). 

 

The term cropping refers to the pattern and 

mixture of crops grown in a particular piece of 

land. By mix-cropping, it means the habit of 

growing two or more crops intermingled on 

the same field. In this pattern, certain crop 

combinations are beneficial, while others are 

not beneficial(Ahmed, 2014). There are 

economic advantage of increasing return per 

hectare and some positive effects on soil 

quality and fertility (Jones and Wild, 1995). It 

also maintained bulk density and porosity of 

soil.According toAnasoet al (1998); Ahmed 

(2014), in the sudan savanna zone, where 

millet is cultivated, the following crop 

combinations occur; millet/cowpea/sorghum, 

millet/groundnut, millet/sorghum, 

millet/groundnut/sorghum and 

millet/cowpea/sorghum. The most prominent 

cropping pattern under rain fed is mixed 

cropping, where two to four crops are grown 

on the same field. Each of the crops mentioned 

above can be grown as sole crop (NAERLS 

and NFRA, 2008).  

 

MATERIAL AND METHOD  

According to Ahmed (2014) the study area is 

characterized by homogeneity interms of 

topography, climate and microclimate, parent 

materials, organism, geology as well as farm 

management. Therefore, sampling points in 

the area have uniform features taken into 

consideration.  

 

Reconnaissance Survey  

Reconnaissance survey was carried out in the 

area, in order to be familiarized more with the 

study area to source some firsthands 

information from farmers and make 

observations. Another reconnaissance survey 

in May, 2013 was made to Katsina 

Agricultural and Rural Development 

Authority (KTARDA), University and library, 

where maps, their academic journals, 

researches and text books were acquired.   

 

Field Work 

 

Jaiswal (2003) stated that a portion of the 

entire soil mass taken from its natural 

occurrences for analysis in order to describe 

the properties of the soil is referred as soil 

sample. There are various methods of 

sampling farm plots irrespective of the method 

used, the sample collected must be 

representative of the area or plot. Five farms 

that were under pearl millet cultivation for 

many years were selected and for each an 

adjacent farm which was not under pearl 

millet cultivation in recent years was also 

sampled to serve as a control. This makes the 

total of 10 farm plots. Interview was 

conducted to 35 respondents for data 

collection on farm management. 

 

For each farm plot a composite sample was 

collected, where 7 samples of top (0-15cm 

depth) were collected on 19th May, 2013. This 

makes 35 samples with average 5 collected 

from plots each under sole cropping and 

control sites. For each plot, samples were 

mixed vigorously and obtained one sub 

sample for analysis. Soil samples collected 

must represent the populations of every 

sample and should have the same volume and 

weigh at least 500g. In each farm plot 

observation was made in terms of 

homogeneity of the farm before taking the 

composite sample. The top 0-15cm depth was 

considered because the major roots of pearl 

millet are within and most agricultural 

activities do not go beyond this limit. The 

areas chosen were marked (1-under pearl 

millet sole cropping and 2-for control sites) as 

A1, A2- Makoda, B1, B2- Aljawa, C1, C2- 

TsamiyarNafasa, D1, D2- Gidanmaihure and 

E1, E2- Kuru.That makes ten sampled farms. 
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Laboratory and Statistical Analysis   

Table 1: Methods of Determining Physicochemical Properties of Soil Samples  

Soil Chemical Parameters MethodsAdopted  

Soil pH pH meter  (1:25 water ratio) 

Total nitrogen Micro kjeldahl 

Phosphorus Spectrophotometry (centrifuge) 

Organic Matter Walkley black (dichromate solution) 

Exchangeable bases Bray 1 (NH4OAC,  Na+& K+ by flame photometer and 

Ca++& Mg++ by atomic absorption) 

CEC Calculated by the sum of exchangeable bases 

Source:Adapted from Enoet al (2009) 

STUDY AREA 

Musawa is located at the center of Katsina 

State alongCharanchi to Kurkujan road, 

between latitude 11°58′ N to 12o16′ N and 

longitude 7o28′ E to 7o56′ E (Panning Unit, 

2013). Climate refers to generalization of 

weather condition of a given area for a period 

of 30years (Ayoade, 2004). The rainy season of 

Musawa area is between the month of May to 

September and it has its peak in the month of 

August. The rainfall ranges of 5 – 6months 

(750mm – 850mm annual), based on average 

of 10years from 2000 to 2009. It is 

characterized by conventional rain fall (dry 

and wet climate) followed by long dry season 

of 6 – 7 months(Meteorological Unit, 2012).The 

mean maximum temperature of Musawa area 

is 39oC in the month of April and May. At the 

high of rainy season, average maximum 

temperature is 38oC and in December, average 

temperature is 20oC (Meteorological Unit, 

2012).  

 

Wind is moving air in motion. It results from 

differences in atmospheric pressure. The wind 

speed of Musawa is 1.5km/h in the month of 

July to September and higher as 3.2km/h 

around December to January. The direction of 

wind is north-east to south-west and dry in 

December to January, and it is south-west to 

north-east direction and wet from April to 

October. Relative humidity denotes the 

amount of water vapour in the atmosphere 

(air) compared to what the air can hold when 

fully saturated. The minimum relative 

humidity of Musawa is 18% in December to 

January and maximum as 95% around July to 

September, (Meteorological Unit, 2012). 

 

Soils are the mixture of rock particles loosened 

by weathering, mineral salts and dead 

vegetation matter. In the southern part of 

Katsina State, the covering material is largely 

clayey soil, about five meters in depth, and 

very fine in texture. The soils of Musawa are 

light clay in nature, but due to drift deposits 

resulting into sandy soils (Chudeet al, 2012). 

Below are figures 1 and 2 showing the study 

area. 

RESULTS AND DISCUSSION  

The result of interview, soil physical and 

chemical properties are presented in Tables 2, 

3 and 4. Table 2 has shown the view of farmers 

on farmland with management practices and 

pearl millet cultivation in Musawa area.This 

involved cropping system practices (sole and 

mixed). The research revealed that mixed 

cropping system is of more important in 

supporting cultivation of crops especially 

maize.It also shows the organic manuring 

system practiced at TamiyarNafasa area. The 

soils of this area is more fertile compared with 

other areas.  
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Table 2:Farmland with Management Practices and Pearl Millet Cultivation 

Station  Sample Years of 
Cultivation  

Manuring Croppin
g System 

Date/Last 
Cropping 

Farming 
system 

Makoda A1 40 years Inorganic  Sole-
Millet 

Millet  
(12 yrs) 

Subsistence  

A2 70 years  Organic & Inorganic  Mixed  Maize 
 (4 yrs) 

Subsistence  

Aljawa B1 35 years  Organic & Inorganic  Sole-
Millet 

Millet  
(12 yrs) 

Subsistence  

B2 40 years Organic Mixed Sorghum  
(6 yrs) 

Subsistence  

Tsamiyar
Nafasa 

C1 60 years Organic Sole-
Millet 

Millet  
(13 yrs) 

Subsistence  

C2 60 years Organic Mixed Maize  
(2 yrs) 

Subsistence  

Gidan 
Mai Hure 

D1 60 years Inorganic Sole-
Millet 

Millet  
(14 yrs) 

Subsistence  

D2 60 years Inorganic Sole-
Sorghum 

Sorghum 
(11yrs) 

Subsistence  

Kuru E1 70 years Organic & Inorganic  Sole-
Millet 

Millet  
(15 yrs) 

Subsistence  

E2 70 years Organic & Inorganic  Mixed Sorghum  
(7 yrs)  

Subsistence 

Sources: Field Work, (2017) 

Key: A1 = Main millet farmland, B1 = Main millet farmland, C1 = Main millet farmland, A2 = 
Control farm, B2 = Control farm, C2 = Control farm, D1 = Main millet farmland, E1= Main millet 
farmland, D2 = Control farm, E2= Control farm 
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Soil sampling sites and management history were recorded in Table 2. Farmers in the area are 

cultivating pearl millet for many years ranging from 40-70years and majority used inorganic fertilizer. 

Continuous pearl millet sole cropping recorded 10-14years, which lead to decrease in soil nutrients 

compared with control site plots. However, the farming system in the area is subsistence for domestic 

use which led to use local implements such as hoe, ox-plough for tillage. Therefore, removal of soil 

nutrient is higher compared with three millet varieties cultivation in Maiduguri (Hassan et al., 

2010).Table 3: Soil Chemical Properties in the Study Area, (a)   Under Sole Cropping.  

Sample  pH OC% N% P ppm K  

me/100g 

Came/100g Mg 

me/100g 

CEC 

me/100g 

A1 6.2 0.12 0.08 12.88 0.140 0.313 0.149 1.025 

B1 6.4 0.28 0.6 1.15 0.057 0.223 0.075 1.155 

C1 6.2 1.54 0.51 21.76 0.199 1.562 0.075 2.436 

D1 6.0 0.24 0.62 18.32 0.296 0.580 0.075 1.951 

E1 5.8 0.76 0.69 17.75 0.148 0.448 0.150 1.346 

Average  6.12 0.59 0.5 14.37 0.168 0.625 0.104 1.583 

SD 0.04 0.55 0.22 7.19 0.0001 0.08 0.04 0.53 

CV% 0.7 93.22 44 50.03 0.05 12.80 38.46 33.48 

(b) Under Control Sites (Mixed Cropping) 

A2 5.6 0.28 0.56 13.86 0.262 1.965 0.075 3.702 

B2 6.4 3.07 0.65 13.86 0.182 0.760 0.075 1.617 

C2 6.2 1.80 0.60 21.76 0.199 1.160 0.150 2.309 

D2 6.2 0.32 0.66 17.75 0.267 0.893 0.150 1.910 

E2 5.9 1.80 0.73 20.04 0.131 0.580 0.150 1.261 

Average  6.06 1.45 0.64 17.45 0.208 1.071 0.120 2.159 

SD 0.26 1.10 0.05 3.07 0.05 0.49 0.10 0.84 

CV% 4.29 75.86 7.81 17.59 24.03 45.75 83.33 38.91 

Source: Field Work and Laboratory Analysis (2013)  

Key: A1 – 2 = Makoda,   B1 – 2 = Aljawa,  C1 – 2 =

 TsamiyarNafasa 

  D1 – 2 = Gidanmaihure  E1 – 2 = Kuru  SD = Standard Deviation  

 CV = Co-efficient of Variation 

Average pH of 6.12 sole cropping is slightly 

higher than that of control plots 6.06 as 

indicated in table 4.4. Though, the values are 

at good level for agricultural soils when 

compared with pH 6.09 in Cairo (Shahinet al., 

2013). Organic carbon is seriously below 

average under sole cropping (0.59%) 

compared to (1.45%) for control sites. 

According Agbede (2009) soils with large 

amount of clay have the high content of 

organic carbon. In addition, values of soil 

chemical properties at TsamiyarNafasa are 

higher and some are same. This could be as a 

result of impact of organic manuring and 

cropping system practices. 

The values of soil properties under organic 

management practice at TsamiyarNafasa area 

are very high compared to other areas. Soils 

under sole cropping recorded average 

nitrogen (0.5%) and is lower compared with 

control site plots (0.64%). Nitrogen is essential 

in plant growth ranging from 0.8 to 1.6% 

requirement for pearl millet (Ikwelleet al., 

1998). It is higher compared with average 0.5% 

in the area. This led to the reduction in soil 

nutrients as well as fertility. Agbede (2009) 

said that phosphorus 0.1 to 1.0 % is in plant 

tissue and 30 to 60ppm is required for pearl 

millet growth and development.  
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The table also shows the average of potassium 

0.168me/100g under sole cropping and 

0.208me/100g for control sites. Average 

calcium 0.625me/100g under pearl millet is 

higher than 1.071me/100g under control sites. 

The average values of CEC in the area 

recorded 1.583me/100g and 2.159me/100g 

under sole cropping and control sites 

respectively. It also revealed that there is 

variation considering the coefficient of 

variation values of 75.86 and 83.33 in terms of 

organic carbon and magnesium respectively. 

Therefore, it can be concluded that nutrients 

are degrading under pearl millet cultivation in 

the area. However, depletion in soil nutrients 

was shown under continuous pearl millet sole 

cropping compared to control site plots. 

Table 4: Impact of Sole Cropping System onSoil Chemical Properties under Pearl Millet 

Sample  pH OC% N% P ppm K  

me/100g 

Came/100g Mg 

me/100g 

CEC 

me/100g 

A1 6.2 0.12 0.08 12.88 0.140 0.313 0.149 1.025 

B1 6.4 0.28 0.6 1.15 0.057 0.223 .075 1.155 

C1 6.2 1.54 0.51 21.76 0.199 1.562 0.075 2.436 

D1 6.0 0.24 0.62 18.32 0.296 0.580 0.075 1.951 

E1 5.8 0.76 0.69 17.75 0.148 0.448 0.150 1.346 

Average  6.12 0.59 0.5 14.37 0.168 0.625 0.104 1.583 

SD 0.04 0.55 0.22 7.19 0.0001 0.08 0.04 0.53 

CV% 0.7 93.22 44 50.03 0.05 12.80 38.46 33.48 

P.M. R 6-7 0.8-1.6 0.8-

1.5 

30-60 2.5-5.5 6-12 2.5-10 5-25 

ACS 6.06 1.45 0.64 17.45 0.208 1.071 0.120 2.159 

Impact of PM 

(%) 

-0.99 59.31 12.19 17.65 19.23 41.64 13.33 26.68 

Source: Field Work and Laboratory Analysis (2013) 

Key: A1 =Makoda,    B1 = Aljawa,  C1 = TsamiyarNafasa 

  D1 = Gidanmaihure  E1 = Kuru  SD = Standard Deviation  

  CV = Co-efficient of Variation PMR = Pearl Millet Requirements PM = Pearl Millet 

  ACS = Average under control site  

The result indicated that there is no variation 

among the soil samples with coefficient 

variation 44%. Impact of pearl millet 

cultivation on soil recorded 12.19%. In 

conclusion, the study revealed the impact of 

pearl millet on soil properties in the area that 

led to decline in nitrogen content. 

Potassium is one of the primary nutrients 

considered for pearl millet. The average value 

0.168me/100g in the area is low compared 

with 0.19 in Maiduguri as pointed by Hassan 

et al (2010). Ajayiet al (1998) stated that pearl 

millet extensively extract nutrients such as 

nitrogen, phosphorus and potassium from the 

soil. In the study area, K was degraded under 

pearl millet. This could be as a result of poor 

organic matter content. Potassium regulates 

the availability of phosphorus which led to 

soil fertility. Coefficient of variation 0.05% 

shows that there is no variation among the soil 

samples. However, potassium degradation in 

the area recorded 19.23%. Thus, it led to soil 

infertility and decreased in crop yields. This 

indicated the impact of pearl millet cultivation 

on soil properties. 

 

The average of calcium 0.625me/100g 

indicated in table 4.5 is very low compared 

with 1.70me/100g in Maiduguri (Hassan et al., 

2010). It also showed 1.15me/100g in Niamy 

as stated by Bationoet al (2011), which is higher 

compared with study area. It also shows 

serious degradation in calcium in the study 

area with 41.61% impact of pearl millet on soil 

properties. Thus, conclusively, continuous 

pearl millet sole cropping has negative impact 
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on soil physical and chemical properties. 

Therefore, integration organic and inorganic 

fertilizers and mixed cropping system 

measures should be taken. 

CONCLUSION AND 

RECOMMENDATIONS  

The research revealed the selected farmlands 

under sole cropping cultivation, the status of 

soil chemical properties, the impact of organic 

manuring and copping system practiced on 

soil properties. Fertility indices under sole 

cropping, fertility assessments in Musawa area 

were known. For the results recoded, the 

following generalizations could be made. 

 

Five farmlands under pearl millet sole 

cropping cultivation for many years ranging 

from 10-15years were identified. With 

exception of TsamiyarNafasa area, it also 

showed that pearl millet sole cropping 

influenced decrease in clay content and 

AWHC compared with control sites. This is as 

a result of organic manure used at 

TsamiyarNafasa. Some Soil nutrients such as 

potassium, nitrogen, phosphorus, calcium and 

magnesium were degraded under pearl millet 

sole cropping. 

 

The values of soil properties are very high 

under organic management at 

TsamiyarNafasa. The impact of continuous 

pearl millet sole cropping cultivation on soil 

chemical properties shows that soil properties 

were declined in status in the area. Soil 

nutrients including organic carbon, nitrogen, 

potassium, calcium and CEC were degraded 

by 59.31%, 12.19%, 19.23%, 41.64% and 26.68% 

respectively. Because the values recorded 

under pearl millet sole cropping, are lower 

compared to control site plots and pearl millet 

requirements. Therefore, based on the findings 

and conclusion of this study, the following 

recommendations are made;  

1. The farmers should be encouraged to 

practice mixed cropping systems 

under pearl millet cultivation. This 

measure will help in balancing of 

efficient use of soil N, K and P under 

pearl millet sole cropping   for stability 

in food production generally.  

2. The impact of pearl millet cultivation 

on soil physical and chemical 

properties under pearl millet sole 

cropping should be properly 

managed. This could be done by 

integration of organic and inorganic 

fertilizersand improvement of organic 

matter through the remains of plants. 

Because chemical fertilizers do not 

arrest deterioration of fertility, but 

they slow it down. However, the 

efficiency of chemical fertilizer can 

only be enhanced if they are used in 

conjunction with organic residues 

coupled with soil fertility measures. 

3. Farmers should be encouraged to 

maintain soil fertility through 

improvement in traditional farm 

management such as minimum tillage, 

strip cropping and organic manure 

application. However, this could lead 

to ascertain the soil fertility, to take 

necessary measures or seek other 

alternative to improve food 

production. 
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