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The response of sorghum and soil to combined application of NPK with poultry manure and cow 
dungon a sandy loam soil was carried out at the Teaching and Research Farm of the University of 
Agriculture Makurdi. The treatments were as follows: control (no amendment), NPK (15: 15: 15) 300 
Kg/ha, Poultry manure (5 t/ha), cow dung (5 t/ha), NPK + poultry manure (5 t/ha) and NPK + cow dung (5 
t/ha). The treatments were laid out in a randomized complete block design (RCBD) and replicated four 
times. The results showed that plots treated with NPK + poultry manure (5 t/ha) lowered the soil bulk 
density and penetration resistance and increased the surface soil total porosity and gravimetric water 
content. Similarly, application of NPK + poultry manure (5 t/ha) gave higher plant height, leaf area index, 
girth growth and seed yield. The results reveal that complimentary use of inorganic and organic 
fertilizer improved the soil chemical and physical properties and enhanced sorghum growth and seed 
yield. 
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INTRODUCTION 
 
Many interrelated factors, both natural and managerial, 
causes soil fertility decline. This decline may occur 
through leaching, soil erosion and crop harvesting 
(Donova, 1998). The steady decline in food production 
observed over the years has been attributed to the 
decline in soil fertility. Unless the nutrients are reple-
nished through the use of organic or mineral fertilizers, or 
partially returned through crop residues or built more 
comprehensively through traditional fallow system that 
allows restoration of nutrients and reconstruction of soil 
organic matter, soil nutrient levels will continue to drop. 

In sustainable agricultural systems, recycling of 
nutrients is a major component of nutrient management 
(King, 1990). Several studies carried out indicated 
positive effect of organic and inorganic fertilizers on soil 
productivity and increase yield (Ageeb et al., 2000). 
Aniekwe (2000) had earlier reported high organic matter 
content on soil amended with organic matter. Soil organic 
matter influence the degree of aggregation and aggregate 
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stability and can reduce soil bulk density, increase soil 
total porosity, hydraulic conductivity and water retention 
and available water capacity. most research works 
showed that the use of several organic materials 
especially cow dung, poultry droppings and farm yard 
manure as soil amendments is suitable for increasing 
crop production particularly among subsistent farmers 
with inorganic fertilizers (Cesar, 2004).  

Production of crops free from heavy metal combination 
has been reported (Asadu et al., 2012). However, the 
benefit derivable from the use of organic materials have 
not been utilized fully in the southern guinea savanna 
mainly due to the large amount of organic materials 
required in order to satisfy the nutritional needs of crops, 
the transportation and handling cost (Kotschi et al., 
2000). Combined use of organic and inorganic fertilizer 
have been shown to result in synergistic effects and 
improved synchronization of nutrient release and uptake 
by crop leading to higher yields (Mugend, 1999). It has 
also been proven to be a sound fertility management 
strategy in the world (Rosemary, 2007, Baya et al., 2006). 
This according to Schelge (2000) reduces the farmer’s 
overdependence on the use of  inorganic  fertilizer  in  the  
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mentainance of soil fertility. In order to overcome some of 
the deficiencies inherent in the use of only one fertilizer to 
boost crop yield, adequate and effective use of mixture of 
organic and inorganic fertilizer have been suggested 
(Belay et al., 2001). 

In Makurdi, Agro-ecological zone of the Southern 
Guinea Savanna of Nigeria, large quantities of poultry 
dropping and cow dung are found accumulated from the 
numerous farms located in the area. Similarly, the 
farming system in this zone is the slash and burn method. 
Coupled with the intense use of land and the absence of 
any definite management system, the productivity of the 
soil has been adversely affected. The rapid decline in 
plant nutrient, low organic matter, and poor physical 
condition of the soil constitute strong limitations to crop 
production in the area. Sorghum is a genus of grasses 
with about 30 species, one of which is raised for grain 
and many of which are used as fodder plants, either 
cultivated or as part of pasture. The plants are native of 
tropics and subtropics and are cultivated in warm 
climates. Research works on sorghum are scanty 
especially as they are affected by soil amendments in the 
southern guinea savanna. 

This work was therefore, designed to assess the 
hypothesis that “a combination of chemical and organic 
fertilizers can influence soil properties and lead to better 
sorghum growth and yield”. 
 
 
MATERIALS AND METHODS 
 
Experimental Site 
 
The experiment was located within the Teaching and 
Research Farm of the University of Agriculture, Makurdi. 
The area is located between latitude 7

0
 41N and 

Longitude 8
0
 37E on the elevation of about 97m above 

sea level. The area is characterized by distinct wet and 
dry season. The rainfall amount varies from 1137 to 
1470mm (FAO 1984). 
 
 
Treatments and Experimental Design 
 
The treatments were: 
 
i. Control (neither chemical nor organic fertilizer) 
ii. NPK (15:15:15) at 300kg/ha 
iii. Poultry dropping at 5t/ha 
iv. Cow Dung at 5t/ha 
v. Poultry Dropping (5t/ha) + NPK (300kg/ha) (15:15:15) 
vi. Cow Dung (5t/ha) + NPK (300kg/ha) (15:15:15) 
 
The treatments were laid out in a Randomized complete 
Block Design (RCBD) and replicated four times. The 
wastes were ploughed into the plots and left for 14 days 
before sorghum (Local Variety) which  was  the  test  crop  

 
 
 
 
was planted while NPK was applied as base application. 
Three seeds per hoe (of the test crop) were planted at a 
spacing of 0.75m × 0.25m and were later thinned to two 
stands per hole two weeks after planting. The area was 
reploughed in 2010 and the treatments repeated. 
 
 
Determination of Soil Properties 
 
Soil Chemical Properties 
 
Soil samples were collected before the commencement 
of the experiment at a depth of 0 -15cm and were 
analyzed for: Cation Exchange Capacity (CEC), Organic 
Carbon, N, P, pH, Mg, Ca, K and Na. All soil samples 
were analyzed according to the procedure as outlined by 
Anderson and Henderson (1986). 
 
 
Soil Physical Properties 
 
Buck density (bd) was determined using the core method 
as described by Stolt (1997). Total porosity was obtained 
from bulk density value with assumed particle density 
(pd) of 2.65gcm

-3
 as follows: 

 
Total porosity (Tp) = 100 (1 – bd/pd) 
 
Penetration resistance was determined using pock 
penetrometer 
 
Crop Data 
 
The following crop data were taken at 42 Day After 
Planting (DAP) and 63 DAP, plant height leaf area, and 
stem growth. At maturity, ten sorghum plants were 
sampled for grain yield determination. 

Data collected were analyzed using analysis of 
variance (ANOVA). Means significant were separated 
using fisher’s least significant difference (F – LSD) at 5% 
level of probability according to Steel and Torrie (1980). 
Simple regression analysis was employed to determine 
the relationship between yield and some measured 
parameters. 
 
 
RESULTS AND DISCUSSION 
 
Soil Properties 
 
The particle size analysis showed that the soil is sandy 
loam. Some of the chemical components of the soil 
showed that N, P, K, Ca, Mg, Na and OC were of low 
values which revealed that the soil is low in fertility (Table 
1). Thus, the soil used was typical Alfisols (Sanchez and 
Logan, 1992). The soil pH is slightly acidic with a value of 
6.30. Almost all the  soil  chemical  properties  considered  
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Table 1. Initial Properties of the Soil. 
 

Properties 0 – 15cm 15 – 30cm 

Sand (%) 89.2 89.2 

Silt (%) 9.6 9.6 

Clay (%) 3.2 3.2 

Textural Classes L.S L.S 

pH (in water) 6.30 6.18 

0C (%) 0.27 0.25 

N (%) 0.85 0.81 

Na (Cm01/kg) 0.28 0.30 

K (Cm01/kg) 0.33 0.38 

Ca (Cm01/kg) 3.7 2.9 

Mg (Cm01/kg) 2.4 2.3 

CEC (Cm01/kg) 7.2 3.60 

Avail. P (ppm) 4.80 4.70 

  
 

Table 2. Chemical Composition of the Animal Manure Used. 

 

Parameter PD CD 

Nitrogen (g kg
-1

) 4.48 3.12 
Phosphorus 1.98 0.35 
Potassium  1.53 13.99 
Calcium 7.63-0.39 8.6-5.63 
Mg - - 

 

PD = Poultry manure 
CD = Cow dung 

 
 

Table 3. Mean Effect of Amendments on Some Soil Physical Properties. 
 

Treatment 
Bulk Density 

( g cm
-3)

 

Total Porosity 

(%) 

Penetration Resistance   
(g cm

-1
) 

GWC 

(%) 

Control (No application) 1.25 52 1.20 24 

NPK (300kg.ha) 1.22 54 1.10 25 

Pm (5t/ha) 1.19 54 1.10 26 

CD (5t/ha) 1.20 53 1.10 25 

NPK(300kg/ha+ pm(5t/ha) 1.18 55 0.95 29 

NPK (CD 5t/ha) 1.21 54 1.05 28 

LSD (0.05) 0.11 0.011 0.43 0.83 

 
 
decreased with increase in soil depth. This may be 
attributed to the leaching loses associated which 
characterized the tropical areas (Parnes, 1990). The N 
and available P (ppm) of Poultry manure were higher 
than that of cow dung (Table 2). Cow dung, however, 
contained higher Ca, K and Mg. If adequately applied, 
poultry manure contain reasonable amount of N that will 
raise the productivity of soil and increase sorghum yield. 
 
 
Mean effect of Amendments on some Soil Physical 
Properties 
 
The mean results of the  study  showed  improvement  in  

the physical properties of the soil following application of 
organic and inorganic amendments (Table 3). It 
demonstrates the relative abilities of the amendments to 
improve soil bulk density, total porosity, penetration 
resistance and gravimetric water content. 

A trend of lower bulk density, and penetration 
resistance were observed with the addition of the 
amendments. The lowest bulk density and penetration 
resistance of 1.1gcm

-3
 and 1.00 gcm

-1
 respectively were 

observed in plots treated with NPK 300kg/h + Poultry 
dropping (5t/ha). Similarly, higher total porosity and 
gravimetric water contents were obtained on plots treated 
with NPK (300 kg/ha) + poultry droppings (5t/ha).  

Control plots  however,  had  lower  total  porosity  and  
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Table 4. Mean Effect of Amendments on Growth parameters and Yield of Sorghum. 
 

Treatment 
Plant Height 

(cm) 

Leaf Area Index 

(cm) 

Stem Girth 

(cm) 

Grain Yield 

(t/ha) 

Control 44 0.20 5.30 2.12 

NPK (300kg/ha) 58 0.21 6.67 2.83 

PD (5t/ha) 62 0.25 6.70 2.80 

CD (5t/ha) 57 0.23 6.69 2.70 

NPK + pm 121 0.33 8.41 3.43 

NPK + CD 98 0.27 7.57 3.28 

LSD 8.450 0.016 0.220 0.385 

 
 
 

Table 5. Relationship between Sorghum Yield and some Soil Properties. 

 

Parameter Regression Model Y
2 

Yield Vs OC Y = 0.948 + 1.32x 0.831 

Yield Vs BD Y = 2.042 – 0.294x 0.786 

Yield Vs PR Y = 2.033 – 0.281 0.767 

Yield Vs CEC Y = 6.38 + 0.372x 0.699 

 
 
 
gravimetric water content. Higher soil bulk density and 
penetration resistance were also observed on control 
plots. 

The increase in total porosity and gravimetric water 
content could be attributed to increase in percentage of 
macro-pores. Macro-pores are transmission pores and if 
stable, ensure more water intake and less run-off and 
erosion from lands. It was observed that amended plots 
with higher bulk density had lower porosity and GWC 
values. This results is expected since poultry manure 
provide more organic matter, nitrogen and increase CEC 
and water holding capacity. The implication of this 
assertion is that the bulk density is eventually lowered. 
Decrease in bulk density leads to increase roots 
elongation and eventual increase in water and nutrients 
uptake. This finding agrees with Magwa (1992) who 
showed that a decrease in bulk density was directly 
related with increased organic matter. Organic matter is 
significant in soil compaction reduction. Soil organic 
matter also promotes soil fauna activity and also soil 
structural stabilization. Earlier studies by Haynes and 
Naidu (1998) showed improvements in soil properties as 
a result of organic and inorganic amendments. Soil bulk 
density and penetration resistance are critical to crop 
growth and development. Chareav and Nicou (1971) 
earlier reported beneficial effect of roof growth and 
sorghum yield following decrease in bulk density. 

The effect of organic and inorganic amendments on 
sorghum growth and yield is presented in Table 4. The 
control treatment gave the lowest plant height, leaf area, 
stem girth and grain yield. The higher grain yield obtained 
in the amended plots relative to the control could be 

attributed to improve soil physiochemical conditions in the 
amended plots. Table 5 confirms the relationship 
between increased grain yield and soil properties. Higher 
grain yield obtained from plots amended with NPK (300 
kg/ha) + poultry dropping (5t/ha) could be attributed to 
more nutrient made available by the treatment. 
 
 
Conclusion 
 
Results from the study have shown that organic and 
inorganic amendments improve the physiochemical 
properties of the studied soil. Higher values of chemical 
properties as observed in amended plots relative to the 
control could be attributed to higher levels of organic 
matter, which reduced bulk density and penetration 
resistance and increased total porosity and GWC. The 
improvement in these properties led to increased grain 
yield of sorghum in the amended plots. On average, plots 
amended with NPK (300 kg/ha) + poultry dropping (5t/ha) 
gave significant higher grain yield. Sorghum grain yield 
correlated positively with soil OC, CEC, bulk density and 
penetration resistance indicating that these parameters 
contributed to final grain yield. Results of the study 
showed that organic and inorganic amendments are 
effective in enhancing the productivity of soils. 
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