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 This work was carried out to evaluate the effects of mineral fertilizer in 
combination with different sources of organic manures on the humic fractions 
(humin, humic acid and fulvic acid) of organic matter in the soil.  Field trials 
were carried out in 2008 and 2009 cropping seasons at the Teaching and 
Research Farm of the Department of Soil Science, University of Maiduguri, 
Maiduguri (11o 53’ N; 13o 16’ E). The treatments consisted of four levels of 
nitrogen fertilizers (0, 45, 60 and 90 kg N/ha) combined with three types of 
organic manures (cow dung, municipal wastes and poultry droppings) applied at 
three rates of each organic manure (0.0, 2.5, and 5.0 tons/ha). The experiment 
therefore contained twenty-eight (28) treatments laid out in factorial design and 
replicated three times in a randomized fashion. Soil texture (particle size 
analysis), soil pH, electrical conductivity (EC), effective cation exchange 
capacity (ECEC), percentage base saturation (PBS), soil organic carbon (SOC), 
total N, C:N ratio, available P (Bray-1),  exchangeable K and organic matter 
fractions (HN, HA, and FA) were determined before the experiment. Few 
chemical properties of the different organic manures used were also analyzed 
before and after the experiment.  After the two year experiment, soil samples 
were collected from all the 84 plots and Soil organic matter was fractionated for 
their different fractions following the dilute acid (HCl) method. The result 
showed that soil of the study area was sand-loam in texture, slightly acidic (pH 
= 6.20), low in ECEC, organic carbon, and total N, wide C:N ratio and free 
from salinity (EC = 0.01 dS/m). Nitrogen levels in combination with organic 
manures and their rates had significant effect only on fulvic acid. Similar to cow 
dung, poultry dropping significantly increased the contents of HA and FA in the 
soil. Humin content significantly decreased with increase in the supply of 
poultry droppings. Soils treated with 60 kg N/ha in combination with 5.0 
tons/ha of cow dung had the highest content of HA (5.44 g/kg).  Highest content 
of FA was recorded in soil treated with 90 kg N/ha in combination with 5.0 
tons/ha of poultry droppings. Nitrogen fertilizer in combination with municipal 
wastes had no regular trend on organic matter fractions in the soil. Generally, 
irrespective of treatment factor or rate of application, fulvic acid was higher in 
all the soils than humic acid fraction. To increase and improve the quantity and 
quality of fulvic and humic fractions of organic matter in the sub Sahelian 
savanna, application of poultry manure and cow dung in combination with 
mineral fertilizer is highly encouraged and recommended. However, to reduce 
organic matter decomposition which is very high in the study area due to high 
temperature, application of city refuse should also be encouraged because of its 
high content of humin fraction. 
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INTRODUCTION 

 
Soil organic matter plays key roles in nutrient 

retention and availability and buffering effect. The 

contribution of soil organic matter to sustainable crop 
production is well recognized and established but little is 
known about its chemistry and different fractions in this 
sub-region (Lombin, 1981; Brady and Weil, 2002 and 
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Olaitan and Lombin, (1988). Hayes and Swift ( 1978), 
earlier recognized different materials that made up organic 
matter in the soil as carbohydrates (starch, sugar, and 
cellulose), lignin, protein, minerals, fats (oils and waxes), 
resins, tannins and some pigments of which lignin and 
protein make up the greatest portion. According to 
Leenheer et al. (2006) soil organic matter is a basic 
component of the agro ecological system and acts as an 
essential link among the various chemical, biological and 
physical properties of soil and is a driving variable in 
environmental and soil changes since it acts both as 
source and a reservoir for carbon. Spaccini et al. (2000) 
reported that soil organic matter comprises several 
compartments of different biochemical composition; 
biological stability and carbon turn over. Both labile and 
stable pools of soil organic matter play important roles in 
the stabilization and dynamics of organic carbon in the 
soil. According to Insam (1996), carbohydrates represent 
up to 25% of soil organic matter and constitute most of 
the rapidly changing pool of carbon. Humic fraction is the 
most pronounced components of the passive highly stable 
soil organic matter pools and it is the key factor in 
stabilization, accumulation and dynamics of organic 
carbon in the soil (Andreux, 1996). Andreux (1996) 
further stipulated that the strong association of humic 
fraction with the inorganic soil components is regarded as 
a means by which carbon is protected against microbial 
degradation. Christl et al. (2000) also confirmed that 
humic fraction constitutes a large portion of the total 
organic carbon in the soil and aquatic environment and 
plays an important role in global carbon recycling and in 
the regulation of the mobility and fate of plant nutrients 
and environmental contamination. 

Leenheer et al. (2006) identified about fourteen 
different fractions of soil organic matter on the basis of 
size (particulate, colloidal and dissolved), volatility, 
polarity (hydrophobic, transphilic, hydrophilic), acid, 
base, neutral characteristics and precipitate or flocculates 
formation upon acidification. They also stated that humus 
or humic fraction is the most important portion of the soil 
organic matter because of its role on soil chemical 
properties. Classical scheme dividing soil humic 
substances into humin, fulvic acid and humic acid 
fractions is based on their solubility in sodium hydroxide 
[(NaOH), (humin)] and their subsequent solubility (fulvic 
acid) and their insolubility (humic acid) in acid solution 
(Jenkinson, 1988; Brady and Weil, 2002, Spaccini et al., 
(2000). Christl et al. (2000) found that humic substances 
constitute a larger portion of organic matter and organic 
carbon in the soil. Although the chemical structures are 
not well studied, however, chemical differences in size is 
well established and that the smaller size fractions of soil 
humic acid contain more charges of aromatic carbon than 
the larger size ones and their fulvic acid counterparts as 
well. Jenkinson (1988) reported that the humic substances 
of humus have a very large influence on the cation 
exchange capacity of the soil, often contributing half or 
more and it becomes increasingly important as the seat of 
cation exchange, as the pH rises. The most important 
functional groups in humus are the carboxylic acid group 
(R-COOH) because of their contribution to the CEC. 
Other functional groups such as phenolic hydroxyl groups 
(-OH), alcoholic group (–OH), quinoid and ketonic groups 

(C=O) and methoxyl group (-O-CH3) are also present 
depending on the climatic zone. 

Soil organic matter is not uniform but has 
components that turn over or decompose at different rates 
(Nandwa, 2003; Mafongaya et al., 2003). While it is 
generally recognized that organic matter is an important 
soil component, its chemistry remains a neglected field 
especially in this area of study. The intractability of soil 
organic matter is usually cited as the cause of this neglect. 
Although recent researchers have opened up new 
possibilities on the chemical structure and reactions of soil 
organic matter components especially the humic and 
fulvic acids, more knowledge of the chemistry of soil 
organic matter is needed for better understanding and 
more efficient utilization of soil (Brady and Weil, 2002). 
Although, the effects of organic and inorganic fertilizer on 
some cereal crop production and yield has been well 
established, studies on the chemistry and properties of 
different functional pools of soil organic matter is scanty.  
The objective of this study therefore was to evaluate the 
effects of nitrogen fertilizer application in combinations 
with different organic manure sources on the different 
fractions of soil organic matter 

 
MATERIALS AND METHODS 

 
Description of the study area 

Field trials wereconducted during the rainy seasons of 
2008 and 2009 at the Teaching and Research Farm of the 
Department of Soil Science, University of Maiduguri 
(11o53’N; 13o16’E), on the northern fringes of the Sudan 
savanna belt of Nigeria.  This belt forms part of the semi-
arid zone.  It is characterized by a short rainy season of 
100-150 days with a long dry season of at least 7 months, 
and a mean annual rainfall of about 500 mm (Yunusa and 
Ikwelle, 1990).  

The major soil type found in the study area is Typic 
ustipsament as described by Rayar (1987) derived 
primarily from the recent Aeolian sand deposits of the 
Sahel savanna. Thus, the soils are characterized by sandy 
texture with low organic matter content, low CEC and 
inherent low fertility status.     

Millet is the dominant crop cultivated in the area. 
Sorghum and maize are also cultivated to lesser extent 
around Ngom area. According to other agricultural 
activities and land use are also practiced. These include 
irrigation, livestock, poultry, forestry and fishery among 
others. 
 
Land preparation 

Field experiments were conducted in two successive 
cropping seasons, 2008 and 2009. The field was ploughed 
and harrowed to a fine soil tilt and marked out into plots 
of 4x4 m (16 m2) during the first year. In the second year 
the plots were prepared by hand hoes so as not to disturb 
the plots.  
 
Experimental design and treatments combinations  

The treatments were NoPoKo, N45 P30 K30, N60 P30 K30 
and N90 P30 K30 which were combined with three sources 
of organic manures (cow dung, municipal wastes and 
poultry droppings) at three (3) rates each (0, 2.5 and 5.0 
tons/ha). The experiment was a factorial design of 3x4x3 
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factorial, consisting of twenty-eight (28) treatments laid 
out in a randomized Completely Block Design replicated 
three times giving a total of 84 plots. 
 
Application of fertilizer and organic manures 

The nitrogen fertilizer used was NPK 15-15-15 
(standard) supplemented by urea (46% N). The three types 
of organic manures used were cow dung (CD), municipal 
wastes (MW) and poultry droppings (PD), respectively. 
Cow dung was collected from the animal farm of the 
Borno College of Agriculture, Maiduguri in June, 2008 
and 2009. Municipal wastes were also collected from the 
refuse dump within the Staff Quarters of the College in 
the same years of experiment. Poultry droppings were 
collected from the poultry production unit (PPU), a 
division of the Borno State Ministry of Agriculture, 
Maiduguri in the same years of experiment. 

Complete doses of organic manures (2.5 t/ha or 4.0 
kg/ net plot and 5.0 t/ha or 8.0 kg/net plot) were applied at 
land preparation. Half of nitrogen (45 kg/ha or 72 g/net 
plot, 60 kg/ha or 96 g/net plot and 90 kg/ha or 144 g/net 
plot) was applied at planting, while the last half was 
applied two weeks after planting. 
 
Soil sampling  

Soil samples were collected from surface (0-20 cm) 
using soil auger. Fifteen (15) samples were randomly 
collected across the farm, thoroughly mixed and a 
representative composite sample was taken before the 
experiment. After each harvest three (3) soil samples were 
collected from each plot, thoroughly mixed and neatly 
packed and carried in new polythene bags.  The soil 
samples were air-dried, crushed separately using wooden 
mortar and pestle and passed through 2 mm for pH, CEC 
and available P and 0.5 mm sieves for organic carbon, 
total N and organic matter fractions. Each sample was 
analyzed for some selected properties of the soil.  

The composite soil samples were collected before 
planting and after harvest and were analyzed to establish 
changes in soil chemical properties due to application of 
different fertilizers by comparing the results of samples 
after application (post-harvest) with those analyzed before 
application of fertilizers. Chemical properties analyzed 
were; 
 
Laboratory analysis 

Soil samples were analyzed for major chemical 
properties of the soil including organic matter fractions 
following discreet procedures 
 
Organic matter fractionation 

Soil organic matter was fractionated for their 
different fractions following the dilute acid (HCl) method 
described by Schnitzer (1987). 

 
RESULTS AND DISCUSSION 

 
Physico-chemical properties of the soil of the study 
area and the organic manures used 

The physico-chemical characteristics of the soil of the 
experimental site are presented in Table 1. The soil was 
sandy loam in texture with sand, silt and clay contents of 
762.0,  116.0  and  122.0 g/kg  respectively.  The  soil was  

Table 1: Physico-chemical characteristics of the soil of the 
experimental site  

Soil characteristics Value
pH (1:2.5 H2O) 6.20 
EC (dS/m) 0.01 
CEC (Cmol/kg) 
Exch. Acidity (H+ + Al3+Cmol/kg)   

4.46 
0.20 

ECEC (Cmol/kg) 4.66 
Percentage Base Saturation (PBS %) 95.71 
Organic carbon (g/kg) 19.0 
Total Nitrogen (g/kg) 1.0 
C : N Ratio 19.0 
Available Phosphorus (Bray-1 P mg/kg) 2.80 
Exchangeable Potassium (Cmol/kg) 0.24 
Humin (g/kg) 983.14 
Humic Acid (g/kg) 7.58 
Fulvic Acid (g/kg) 56.94 
Percentage Sand (g/kg) 762.0 
Percentage Silt (g/kg) 116.0 
Percentage Clay (g/kg) 122.0
Textural class Sandy loam 

 
slightly acidic (pH = 6.20) and low in EC (0.0173 dS/m). 
Both CEC (4.46 Cmol kg-1) and ECEC (4.66 Cmol kg-1) 
were very low in the soil. However, percentage base 
saturation (95.71%) was high in the soil. Organic carbon 
(19.0 g/kg) and total nitrogen (1.0 g/kg) were very low, C: 
N ratio (19.0) was wide. Available phosphorus (Bray 1-P) 
(2.80 mg/kg) and exchangeable potassium (K = 0.24 
mg/kg) were also low (Table 1). Among the three 
fractions of organic matter, humin was highest in the soil 
(983.4 g/kg) with fulvic acid (56.84 g/kg) following and 
humic acid the least (7.58 g/kg). 

Some chemical properties of the different types of 
organic manures used are presented in Table 2. Cow dung 
(CD), municipal wastes (MW) and poultry droppings 
(PD) were neutral in pH (7.3, 7.3 and 6.85) and high EC, 
10.42, 18.98 and 8.06 dSm/m soil. Nevertheless, the pH 
was highest in municipal wastes (7.34) and lowest in 
poultry droppings (6.85). Organic carbon content was 
highest in cow dung (14.63%) followed by poultry 
droppings (11.31%) and lowest in municipal wastes 
(6.83%). Nitrogen content was highest is poultry 
droppings (0.45%) and lowest in municipal waste 
(0.34%). However, P and K contents were highest in cow 
dung (2.9 g/kg and 19.7 g/kg) and lowest in poultry 
droppings (0.45 g/kg and 5.7 /kg), Table 2. 
Carbon/nitrogen ratio was highest in cow dung (37.52) 
and lowest in municipal wastes (20.08). 

The vital part of organic matter (fulvic acid) was 
highest in poultry droppings (93.05 g/kg), followed by 
cow dung (83.03 g/kg) and lowest in municipal waste 
(7.13 g/kg). Opposite was the trend in case of humin and 
humic acid (Table 2). 
 
Effects on organic matter fractions; humin (HN), 
humic acid (HA) and fulvic acid (FA g/kg) 

The effects of nitrogen fertilizer and organic manures 
on organic matter fractions (HN, HA and FA) in 2009 are 
presented in Table 3. Nitrogen levels had significant effect 
on humic acid and fulvic acid fractions but not on humin 
fraction. There was a significant increase in HA and FA 
contents as the levels of nitrogen fertilizer were increased. 
The FA content was highest in soils supplied with 90 
kg/ha N (65.27 g/kg). 
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Table 2: Some chemical characteristics of the different organic manures use 
Sample pH 

(1:2.5 H2O) 
Org. C 

(%)
N 

(%)
C : N 
Ratio

P 
(g/ kg)

K 
(g/kg)

HN 
(g/kg) 

HA 
(g/kg) 

FA 
(g/kg)

Cow dung (CD) 7.31 14.63 0.39 37.52 2.9 19.7 883.19 15.77 83.03 
Municipal wastes (WM) 7.34 6.83 0.34 20.08 0.5 6.0 907.19 23.54 7.13 
Poultry droppings (PD) 6.85 11.31 0.45 26.13 0.5 5.7 773.47 11.17 93.05

 
Table 3: Effects of nitrogen fertilizer and organic manures on 
soil organic matter fractions (HN, HA and FA g/kg) in 2009 
cropping seasons 

Treatment HN HA FA 
A: N-levels     

0 kg/ha 915.1 2.40c 54.27ab 
45 kg/ha 942.2 2.47c 41.72ab 
60 kg/ha 976.5 3.15b 32.30b 
90 kg/ha 898.2 3.92a 65.27a 
SE± 296.80ns 0.288** 13.822* 

B: Org. source    
Control 985.5a 2.60c 38.99ab 
CD at  2.5 t/ha 953.8ab 3.43ab 39.72ab 
CD at 5.0 t/ha 900.7b 3.65a 52.05ab 
MW at 2.5 t/ha 946.7ab 1.99c 25.21b

MW at 5.0 t/ha 956.1ab 2.50c 64.92a 
PD at 2.5 t/ha 899.2b 2.74bc 52.97ab 
PD at 5.0 t/ha 885.9b 3.99a 65.68a 
SE± 392.63* 0.381** 18.285* 

Interaction    
A x B NS ** NS 

Means in a column followed by similar letters are not 
significantly different at 5% level of probability by DMRT test; 
* = significant at 5% level of the F-test; ** = significant at 1% 
level of the F-test; NS = Not significant 
 
Table 4: Interaction effects of nitrogen fertilizer and organic 
manures on soil organic matter fraction (HA g/kg) in 2009 
cropping seasons 

 N-level (kg/ha) 
Organic source 0 45 60 90 
  Humic Acid (HA)  
Control 1.47jk1 4.88bc 1.79h-k 2.25f-k 
CD at 2.5 t/ha 4.18b-e 2.08g-k 4.17b-e 3.29e-h 
CD at 5.0 t/ha 2.88e-j 1.43jk 5.44b 4.85b-d

MW at 2.5 t/ha  1.06k 2.56f-k 2.82e-j 1.51i-k 
MW at 5.0 t/ha 1.97g-k 2.85e-j 1.85g-k 3.34d-g 
PD at 2.5 t/ha 2.23f-k 1.57i-k 2.30f-k 4.86b-d 
PD at 5.0 t/ha 3.01e-i 1.92g-k 3.67c-f 7.33a 
SE±  0.761   

Means in a column followed by similar letters are not 
significantly different at 5% level of probability by DMRT test; 
* = significant at 5% level of the F-test; ** = significant at 1% 
level of the F-test 
 

All the three organic matter fractions (HN, HA and 
FA) were significantly affected by the organic manure 
types and their rates (Table 3). Poultry droppings 
increased HA and FA contents but had a decreasing effect 
on HN content. Humic acid (3.65 g/kg) and FA (52.05 
g/kg) contents were highest in soils treated with 5.0 
tons/ha of cow dung, while it had the lowest content of 
HN (885.9 g/kg).  

Table 4 shows effects between nitrogen fertilizer and 
organic manure combination on organic matter fractions 
in 2009. There were significant combining effects 
between nitrogen levels and organic manure types on 
humin and fulvic acid. Nitrogen levels and organic 
manure rates had significant interaction effect only on 
fulvic acid. Similar to cow dung, poultry dropping 

significantly increased the contents of HA and FA in the 
soil. The contents continued to increase as the application 
rate of poultry increased. Humin content significantly 
increased with increase in the supply of poultry droppings.  

Nitrogen levels had significant effect on humin and 
fulvic acid but not on humic acid in 2009. The content of 
fulvic acid significantly increased with increase in 
nitrogen level. On the other, hand humin significantly 
decreased with increase in the nitrogen fertilizer level, 
probably due to the fact that nitrogen fertilizer increases 
the rate of decomposition of soil organic matter.  

There was significant interaction effect between 
nitrogen levels and organic manure types in 2009, also 
between organic manure types and their rates. This 
showed that organic manure at different rate increases the 
content of organic matter fractions. However the best 
result will be achieved if organic manure was applied in 
combination with optimal rate of nitrogen fertilizer.  

Generally, irrespective of treatment factor or rate of 
application, fulvic acid was higher in all the soils than 
humic acid fraction. This was in line with the report of 
Krieger (1975), which indicated greater quantities of 
fulvic acid than humic acid fraction and attributed 
possibly to the greater percentage of nitrogen (protein) in 
fulvic acid than in humic acid, while carbon was higher in 
humic acid than in fulvic acid. Bohn et al. (2001) reported 
that the low molecular weight fulvic acid have higher 
oxygen content and low carbon content than the higher 
molecular weight humic acid. This is responsible for the 
higher solubility of the former. 
 
Conclusion and recommendation 

Organic matter fractions were significantly affected 
by application of nitrogen fertilizer in combination with 
different sources of organic manure. It was found from 
the study that poultry droppings in combination with 
nitrogen fertilizer at all rates significantly increased the 
quantity of fulvic acid fraction of organic matter more 
than the other fractions and the quantity increased with 
increasing the rates of application. On the other hand, 
humin fraction (insoluble in both dilute acid and NaOH) 
was significantly higher in soils treated with nitrogen 
fertilizer in combination with municipal wastes, while 
the quantity decreased with the application of poultry 
droppings either singly or when combined with nitrogen 
fertilizer. To increase and improve the quantity and 
quality of fulvic and humic fractions of organic matter in 
the sub Sahelian savanna, application of poultry manure 
or cow dung in combination with nitrogen fertilizer is 
highly encouraged and recommended. However, to 
reduce organic matter decomposition which is very high 
in the study area due to high temperature, application of 
municipal wastes in combination with nitrogen fertilizer 
should also be encouraged because of its high content of 
humin fraction. 

 



Inter J Agri Biosci, 2014, 3(3): 127-131. 
 

131

REFERENCES 
 
Andreux F, 1996. Humus in world soil. In: Humic 

substance in terrestrial Ecosystem. Elsevier. 
Amsterdam, pp: 45-100. 

Brady NC and RR Weil, 2002. Nature and properties of 
soil.13th ed Mc Millan Publishers Co, NY, USA. 

Bohn HL, BL McNeal and GA O’Connor, 2001. Soil 
chemistry. 3rd ed John Wiley and Sons, pp: 135-151. 

Christl I, H Knicker, I Kogal Knabner and R 
Kretzechmar, 2000. Chemical Heterogeneity of 
filtration. Eur J Soil Sci, 51: 617-625. 

Duncan OB, 1955. Multiple range and multiple F-tests. 
Biomet, 11: 1-42. 

Hayes MHB and RS Swift, 1978. The Chemistry of Soil 
Organic Colloids. In: Greenland, DJ and MHB, 
Hayes. The Chemistry of Soil Constituents. John 
Wiley and Sons, Chichester-NewYork, pp: 179-189. 

Insam H, 1996. Micro-organisms and Humus in Soils. In: 
Humic substances in terrestrial ecosystem, pp: 265-
282. Erlservier Amsterdam 

Jenkinson DS, 1988. Soil organic matter and its dynamics. 
In: Russell’s Soil Conditions and Plant growth. 11th 
Ed, pp: 565-589. 

Krieger RE, 1975. Physical Chemistry and Mineralogy of 
Soils. Vol 1: Soil materials. Publishing Co. 
Huntington, New York, pp: 158-189.  

Leenheer JA, TT Nayes, CE Rostad and ML Dahrian, 
2006. Characterization and Origin of polar dissolved 
organic matter from Great Salt Lake. Bio-Geochem, 
69: 125-141. 

Lombin LG, 1981. Continuous cultivation and soil 
productivity in the semi-arid savannah. The influence 
of crop rotation. Agron J, 73: 357-363. 

Mafongaya PL, DN Mugeneh, B Jane and BS Waswa, 
2003. Soil fertility management in Africa. In: 

Gichuru MP, A Bationo, MA Bekunda, HC Goma, 
PK Mafungoya, DN Mugendi and HJ Swift (Eds). 
Soil Fertility Management in Africa A Regional 
Perspective. Danida, pp: 73-76. 

Nandwa SM, 2003. Perspectives on soil fertility in Africa. 
In: Gichuru MP, A Bationo, MA Bekunda, HC 
Goma, PK Mafungoya, DN Mugendi and HJ Swift 
(Eds). Soil fertility Management in Africa. A 
Regional perspective. Danida, pp: 150-159. 

Nwaka GIC and LA Denissof, 1981. Humus formation in 
some tropical ferruginous and dark compact soils of 
Nigeria. Kuban Institute of Agriculture, Scientific 
Transactions, USSR, 201: 29-40. 

Olaitan SO and G Lombin, 1988. Introduction to tropical 
soil science. Mehille intermediate Agriculture series 
pp: 76-89. 

Rayar AJ, 1987. Studies on some physic-chemical 
parameters of the soils of Borno Sate. Annals of 
Borno Volvi, 283-291. 

Schnitzer M, 1987. Organic matter characterization. In: 
methods of soil Analysis Part 2. 2nd Ed. Madision, 
Wiscosion USA, pp: 581-593. 

Shuaib B, A Adamu and JS Bakishi 1997. (Eds) Nigerian 
National Agricultural Research Strategic Plans; 1996-
2010. Department of Agric, Science. Fed Min. of 
Agriculture and National Resources, Abuja Nigeria. 
pp: 46-48. 

Spaccini R, A Piccolo, G Haber-haver and MH Gerzabek, 
2000. Transformation of organic matter from maize 
residues into labile and humic fraction of three 
European solid as revealed by 13C distribution and 
CPMAS-NMR spectra. Eur J Soil Sci, 51: 583-594. 

Yunusa IAM and MC Ikwelle, 1990. Yield response of 
soybean (Glycine max (L.) Merr.) to planting density 
and row spacing in a semi-arid tropical environment. 
J Agron Crop Sci, 164: 74-81. 

 


