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Abstract 
A study was carried out to determine the influence of variety, manure type and season on the micro 
mineral content of two P. maximum varieties. The trial included: two Panicum varieties (Local and 
Ntchisi), three manure types (cattle dung, swine dung and poultry droppings) plus control (No 
manure) and two seasons (rainy and dry). Samples were harvested from each plot to estimate dry 
matter yield (DMY), crude protein, neutral detergent fibre, acid detergent fibre and microelements 
(Cu, Zn, Fe and Mn). The DMY of Ntchisi variety was higher (P<0.01) than that of the Local variety. 
Grasses fertilized with swine manure had the best (P<0.001) DMY while yield was better in the rainy 
season compared with dry season. There was season difference in the mineral contents except 
(P>0.05) for Fe.  Manure differences were only noticed in the Zn and Mn contents of the grasses. 
Despite these differences, the grasses contained adequate amount of microelements required by 
ruminants, with the exception of Cu content in the dry season. In production systems where the two 
Panicum varieties constitute the major diets of grazing animals, it would be necessary to offer 
supplementary Cu in the dry season.  
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Introduction
Grass forages are important sources of 
minerals in the diet of ruminants. In the case 
of grazing ruminants, they may be the only 
source of both macro and micro elements 
available to meet the animal's requirements. 
However, variability in the mineral 
contents of forages has been shown to be 
very high (Adams, 1975; Gralak et al., 
1996; Thompson and Warren, 1995). A 
wide range of variation has been noticed in 
the mineral content of forages (Kabaija and 
Smith, 1988; Olanite, 2003; Onyeonagu et 
al., 2013) across the agroecological zones 
of Nigeria. This variation has made it 
difficult to predict the mineral intake of 
ruminant animals on forage as predicted by 
NRC (1989) or in formulating supplement 

for ruminants on range.
All plants depend upon the soil for their 
supply of mineral nutrients, and grazing 
ruminant animals obtain the majority of 
their mineral nutrients from plants grown 
on these soils. Concentrations of mineral 
elements in forage are dependent upon the 
interaction of a number of factors, including 
soil, plant species, stage of maturity, yield, 
pasture management and cl imate 
(McDowell et al., 1983). Most naturally 
occurring mineral deficiencies in 
herbivores are associated with specific 
regions and are directly related to soil 
characteristics (Underwood, 1981: 
McDowell et al., 1983). When mineral 
nutrients in herbage are marginal in respect 
of animal requirements, changes in 
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concentrations brought about by climatic, 
managerial or, seasonal influences as well 
as plant maturity can be significant factors 
in incidence or severity of deficiency states 
by livestock wholly or largely dependent on 
these plants (Underwood, 1981).
Findings have shown that the application of 
fertilizer is needed to improve the fertility 
of the soil and consequently, the 
productivity and quality of the pasture 
(Olanite et al., 2004; Dele, 2008; 
Onyeonagu and Ukwueze, 2012). 
With the exception of health and 
environmental hazards associated with the 
prolonged and heavy use of inorganic 
fer t i l izers ,  their  avai labi l i ty and 
affordability by livestock producers have 
also been major constraints to their uses, 
especially for pasture production in 
developing countries where the market 
prices of the animal products may not 
justify such huge investment. Thus, an 
alternative method is to make use of organic 
fertilizer, such as farmyard manure. It is 
available locally and the pollution of water 
resources from leaching and runoff as 
obtained in inorganic fertilizer is 
significantly reduced. The constraints 
posed by dry season on continual 
availability of pasture to livestock in the 
tropics, has been a matter of concern in 
animal production too. Dry season is a key 
factor that predisposes ruminants fed with 
standing hay and low protein roughages to 
consistent weight loss (Babayemi and 
Bamikole, 2006). Blakely and Blade (1994) 
asserts that the climate of an area affects the 
nutrient composition of the forage species 
growing in that area. 
Since animal performance is directly 
related to forage quality, information is 
therefore needed on the effects of manure 
type and season on forage quality. Hence 
the objective of this study was to investigate 
the effects of season and manure type on the 

mineral content of two P. maximum 
varieties.

Materials and methods
Experimental sites
The field experiment was carried at the 
Organic Research Farm, Federal University 
of Agriculture, Abeokuta (FUNAAB), 
Ogun State, Nigeria, while the analyses of 
the samples were carried out at the 
laboratory of the Institute of Subtropical 
Agriculture (ISA), Chinese Academy of 
Science (CAS), Changsha, Hunan 
Province, China. The experimental site lies 
within the savanna agro-ecological zone of 
South Western Nigeria (latitude: 7°N, 
longitude 3.5°E). The average annual 
rainfall of the experimental site is 1037 mm. 
The Institute of Subtropical Agriculture, 

oChangsha lies on latitude 28 12'N longitude 
o113  05' E with an elevation of 135ft 

(Google earth, 2011). 
Land preparation
The experimental land was cleared, 
followed by ploughing and the land was 
allowed to rest for a period of two weeks 
before harrowing. After land preparation 
and before planting, soil samples were 
randomly collected from the plots at the 
depth of 0-15 cm (top soil) with the aid of a 
soil auger in May 2010. The samples were 
bulked per replicate, mixed thoroughly and 
sub-samples taken for analysis to determine 
the pre-planting nutrient status of the soil 
(Table 1). 
Manure collect ion,  analyses and 
application
Manure from cattle, swine and poultry were 
used for the study, while plots without 
manure served as control. These manures 
were sourced from the Teaching and 
Research Farm, Federal University of 
Agriculture, Abeokuta. The manures were 
collected 14 days before the application and 
sub-samples were taken from each manure 
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Table 2: Nutrient composition of three animal manures 
Parameters Cattle dung Swine dung Poultry droppings 
Nitrogen (g kg-1) 15.6 16.9 30.2 
Phosphorus (g kg-1) 6.9 6.3 10.6 
Potassium (g kg-1) 7.3 7.6 10.3 
Calcium (g kg-1) 21.2 31.6 37.2 
Magnesium (g kg-1) 11.7 19.2 17.3 
Sodium (g kg-1) 1.1 1.6 2.1 
Iron (mg kg-1) 614.6 650.7 630.9 
Zinc (mg kg-1) 54.8 81.2 75.4 
Copper (mg kg-1) 29.1 27.3 32.7 
Manganese (mg kg-1) 321.9 260.3 217.9 
    
 

type and analyzed prior to application to 
determine their nutrient composition. The 

-1rate of application was 300 kgN ha  and 
quantities of the manures were determined 
based on the nitrogen content of the manure 
and nutrient compositions of the manures as 
presented in Table 2. 

Source of planting materials and planting 
method
Guinea grass varieties used for the trial 
include vegetative materials or crown splits 
of Panicum maximum (Local) and P. 
maximum (Ntchisi). The vegetative 
materials were sourced from established 
plots within the University campus. The 
plant materials were planted at a spacing of 
0.5 m x 0.5 m to produce 48 plant stands per 
plot with dimension 3m x 4m. The plots 
were well labelled with the treatments 
indicated.
Experimental design and plot management
The study was a 2 x 4 x 2 factorial 
experiment in a randomized complete block 
design (RCBD) with two grass varieties (P. 
maximum Local) and P. maximum Ntchisi), 
four manure treatments (cattle, swine, 
poultry manures and no manure (control)), 
and two seasons (dry and rainy) with four 
field replicates. Both inter-plots and intra-
plots were kept weed-free throughout the 
experimental period by hand weeding.
Forage harvesting and sampling
The grasses were harvested (at the stubble 
height of 15 cm above ground level) at 8 
weeks after planting and 8 weeks after 
cutback for the rainy and dry seasons, 
respectively. At harvest, total yield from 
each plot were measured and sample 
obtained for the estimation of dry matter 

Table 1: Physico- chemical characteristics of  
the composite soil samples taken at 0-15 cm  
depth from the experimental site before 
planting. 
Chemical properties Values 
pH  7.03  
Total nitrogen (%)  0.11  
Organic carbon (%) 1.29 
C:N ratio 28.38  
Available P (mg/kg) 53.87  
Acidity (cmol/kg) 0.13  
CEC 1.79  
Exchangeable  
cations (cmol/kg) 

 

Sodium (Na) 0.80  
Potassium (K) 0.20  
Calcium (Ca) 2.77  
Magnesium (Mg) 2.72  
Particle size  
Sand (%) 77.93  
Silt (%) 17.33  
Clay (%) 4.73 
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using a forced air drying oven until constant 
weights were achieved. The dried samples 
were ground through a 1 mm screen and 
milled samples packed in plastic bags for 
subsequent chemical analyses.
Chemical analyses  
The dried samples were milled through a 1 
mm screen mill and analyzed for crude 
protein (CP) content  according to AOAC 
(1995) method. The neutral detergent fibre 
(NDF) and acid detergent fibre (ADF) 
contents were analyzed according to the 
methods described by Van Soest et al. 
(1991).
Plant wet digestion method for mineral 
content
Samples of 1.0 g were prepared for mineral 
analysis by the wet digestion method. The 
samples were placed in digestion vessels, 
kjeldhal flasks, using concentrated Nitric 
acid and 70% Perchloric acid heated slowly 
at low temperature. After digestion, the 
samples were diluted to the appropriate 
volume with deionized water. Working 
standards prepared using the extracting 
solution. Iron (Fe), Manganese (Mn), Zinc 
(Zn), and Copper (Cu) were determined 
using air/acetylene flame and D-corrector 
of the Atomic Absorption Spectroscopy. 
Statistical analyses
Data collected were subjected to analysis of 
variance using the Statistical package 
(SAS, 1999) and significant means were 
separated using Duncan Multiple Range 
Test.

Results
The effect of season and manure type on dry 
matter yield (DMY), CP, NDF and ADF of 
the two P. maximum varieties are shown in 
Table 3. The effect of season on the yield 
was significantly (P<0.05) higher for 
grasses harvested in the rainy season. The 
CP (10.42% DM) content of the grasses was 
higher (P<0.05) as well during the rainy 

season. Season had no effect (P>0.05) on 
the NDF content of the grasses.
The influence of manure on DMY was 

-1highest (P<0.05; 16 t ha ) for grasses 
fertilized with swine manure while the least 

-1
DMY (9.29 t ha ) was recorded for 
unfertilized grasses. The CP content of the 
grasses was significantly (P<0.05) affected 
by the manure type with grasses fertilized 
with cattle dung been the highest. However, 
there was no effect of manure on the NDF 
content (P>0.05) of the grasses.
The yield of P. maximum Ntchisi was 
significantly (P<0.05) higher than the yield 
of P. maximum Local whereas the varietal 
effect was not significant on the CP and 
ADF. The NDF content was affected by the 
variety as P. maximum Local had a higher 
NDF (61.03% DM) content.
The micro element content of the grasses in 
this study is presented in Table 4. The Cu 
and Zn contents of the grasses as affected by 
the season were significantly (P<0.05) 
higher for the grasses harvested in the rainy 
season while the Mn content for the grasses 
harvested in the dry season was higher than 
those harvested in the rainy season. The 
effect of manure on the Zn and Mn contents 
of grasses were significantly (P<0.05) 
higher in unfertilized grasses with the 
lowest Zn and Mn content in grasses 
fertilized with swine and poultry waste, 
respectively. P. maximum Ntchisi variety 
had higher Cu and Fe contents than P. 
maximum Local. The Zn and Mn contents 
were not (P>0.05) affected by varietal 
effect. 
The relationship between the DMY, CP, 
NDF, ADF and micro element content of 
the two P. maximum varieties are presented 
in Table 5. The CP content was negatively 
correlated with NDF, DMY and Mn 
(P<0.05), it was also positively correlated 
with the ADF (P<0.05) content. The NDF 
content was positively correlated with the 
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ADF (P<0.01) content and negatively 
correlated with Fe (P<0.05) content. The 
ADF content was negatively related 
(P<0.001) with the Mn content, while the 
DMY was also negatively related with the 
Zn content of the grasses. The Cu content 
was positively related with the Zn (P<0.05) 
content and negatively related with the Mn 
(P<0.01) content. The Zn content was 
negatively related with the Mn (P<0.05) 
content, whereas the Zn content was 
positively related with the Mn (P<0.01) 
content.
Discussion
The variation in the DMY as reported in this 
study with the yield in the rainy season been 
higher than the yield in the dry season is in 
line with the findings of Omaliko (1983), 

Onyeonagu (2005) and Onyeonagu and 
Ugwuanyi, (2012). This could be attributed 
to reduced moisture and nutrient 
availability at the dry periods of the year 
(Campbell and Grime, 1993). The highest 
DMY recorded for swine manure fertilized 
grasses might be as a result of the high rate 
of N mineralization that the manure is noted 
for in the year of application of the manure 
(Waskom, 1994). Nitrogen is known to 
promote plant productivity in terms of 
DMY (Sun et al., 2008). The DMY of P. 
maximum (Ntchisi) was higher than that of 
P. maximum (Local). This is in line with the 
findings of Onayinka and Akinyemi, 1976, 
Olanite et al. (2006) and Dele (2008).
Seasonal difference in the CP of the grasses 
as recorded in the present study is 
consistent with the findings of Tergas and 

Table 3: Effect of season and manure type on yield, crude protein, neutral detergent fibre and 
acid detergent fibre of two P. Maximum varieties 
 Dry matter yield  

(t ha-1) 
CP (%) NDF (%) ADF (%) 

 
Season      
Dry  12.20b 8.61b 60.56 32.57a 
Rainy 14.55a 10.42a 59.87 30.35b 
SEM 0.65 0.22 0.41 0.23 
     
Manure      
Cattle 14.01ab 10.54a 60.66 31.81a 
Swine 16.65a 10.09a 60.73 32.30a 
Poultry 13.21b 9.00b 59.40 31.52a 
Control 9.29c 8.43b 60.07 30.21b 
SEM 0.78 0.33 0.58 0.38 
     
Variety     
P. maximum Local 12.32b 9.41 61.03a 31.66 
P. maximum Ntchisi 14.26a 9.62 59.39b 31.25 
SEM 0.66 0.26 0.40 0.03 
     
Manure  <0.0001 <0.0001 0.1684 <0.0001 
Season 0.0016 <0.0001 0.1523 <0.0001 
Variety 0.0143 0.4527 0.0009 0.1390 
Season x Manure 0.9109 0.6403 0.0823 0.0006 
Manure x Variety 0.8757 0.3427 0.1133 0.0086 
Season x Variety 0.7136 0.7566 0.0001 0.7201 
Season x Manure x Variety 0.9998 0.7311 0.0005 0.0009 
CP=crude protein, NDF=neutral detergent fibre, ADF=acid detergent fibre 
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Table 4: Effect of season and manure type on micro element content (mg kg-1) of two P. 
Maximum varieties 
 Cu Zn Fe Mn 
Season      
Dry  6.91b 43.45b 305.04 192.48a 
Rainy 8.55a 73.34a 281.24 132.20b 
SEM 0.46 4.05 17.70 6.99 
     
Manure      
Cattle 8.90 54.93ab 265.64 168.87ab 
Swine 7.18 49.68b 297.41 148.83bc 
Poultry 8.36 60.34ab 311.65 134.81c 
Control 7.08 68.61a 297.88 196.84a 
SEM 0.67 6.04 24.70 10.56 
     
Variety     
P. maximum Local 7.03b 56.76 262.71b 164.10 
P. maximum Ntchisi 8.73a 60.03 323.58a 160.57 
SEM 0.46 4.50 16.98 8.23 
     
Manure  0.0596 0.0631 0.5788 <0.0001 
Season 0.0008 <0.0001 0.3240 <0.0001 
Variety 0.0033 0.5220 0.0131 0.6748 
Season x Manure 0.0003 0.0021 0.4078 0.0276 
Manure x Variety 0.2358 0.0802 0.1263 0.2907 
Season x Variety 0.8872 0.0853 0.3390 0.1346 
Season x Manure x Variety 0.0615 0.0397 0.1929 0.2392 
 

Table 5: Correlation coefficients between the micro element content, yield, CP, NDF and ADF 
in two P. maximum varieties 
 CP NDF ADF YIELD Cu Zn Fe Mn 
CP - -0.75 0.24* -0.19 0.06 0.18 0.09 -0.20* 
NDF  - 0.36** 0.17 0.08 0.11 -0.23* -0.14 
ADF   - 0.10 0.02 0.14 -0.21* -0.53*** 
YIELD    - 0.15 -0.25** 0.02 -0.13 
Cu     - 0.20* -0.12 -0.34** 
Zn      - 0.05 -0.21* 
Fe       - 0.34** 
Mn        - 
*P=0.05; **P=0.01; ***P=0.001 
CP=crude protein, NDF=neutral detergent fibre, ADF=acid detergent fibre 
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Urrea (1985). Decrease in the CP of the 
grasses in the dry season might be as a result 
of increased temperature in the season, a 
factor that is known to promote more rapid 
metabolic activity, which decreases the 
pool size of metabolites in the cellular 
content. This has the effect of decreasing 
nitrate, protein and soluble carbohydrates 
(Taute, 2000). The crude protein (CP) 
content of the grasses in the present study as 
affected by the different manures applied 
fell within the range of 8.2– 11.28% 
reported by Bilal et al. (2001) for P. 
purpureum when farmyard manure was 
applied. The CP content of the grasses 
affected by the manures is above the critical 
limit below which intake of forages by 
ruminants and rumen microbial activity 
would be adversely affected (Van Soest, 
1994) and these values are above the 
minimum range of 65–80 g/kg prescribed 
for optimum performance of tropical 
ruminant animals (Minson, 1981). The 
grasses are therefore adequate for meeting 
the protein requirement of growing calves 
to generate a high level of ammonia in the 
rumen from degradable protein to ensure an 
efficient digestion process (Ørskov, 1995). 
Higher CP content recorded for grasses 
fertilized with cattle and swine manure 
might be attributed to high carbon content 
in the manure (Muyekho et al., 2000) as 
t h e y  a r e  k n o w n  t o  h a v e  h i g h  
carbon:nitrogen ratio suggesting that 
manure mineralization takes place at 
different rates between different animal 
species. 
The values of the NDF and ADF of the 
grasses as influenced by the animal 
manures are lower than that reported by 
Olanite et al. (2006) for the two varieties of 
Panicum which was fertilized with 
inorganic nitrogen fertilizer. The varietal 
effect of the grasses as recorded in this 
study on NDF and ADF is lower to those 

reported by Man and Wiktorsson (2003). 
The NDF recorded is within the range of 
600-650 g/kg suggested as the critical limit 
above which efficiency of utilization of 
tropical forages by ruminants would be 
impaired (Van Soest, 1982; Muia, 2000) 
and the consistent increase in the 
concentration of NDF with advancement in 
plant age is in line with the study carried out 
by Arthington and Brown (2005). Moderate 
fibre levels of the grasses in this study will 
be of help in facilitating the colonization of 
ingesta by rumen microorganisms which in 
turn might induce higher fermentation 
rates, hence improving digestibility, intake 
and animal performance. 
Higher Cu content of the grasses in the rainy 
season in the present study is in line with the 
findings of Sousa (1978). This might be as a 
result of extractable soil copper that are 
readily available in the rainy season. Sousa 
(1978) also reported that the higher Cu 
content during the rainy season in forages 
might be as a result of new tissues 
development that is rapid in plants during 
this season. The Cu content of the grasses in 
the rainy season in this study was slightly 
higher than the critical level (< 8 mg/kg 
DM) as reported by McDowell and Conrad 
(1977) and NRC (1981) and fell within the 
recommended range in ruminant diets (7-11 
mg/kg DM) for the normal physiological 
functions of the animals (NRC, 2001). The 
manure effect was not pronounced on the 
Cu content of the grasses but all fell within 
the range reported by NRC (2001) as 
normal for the physiological functions of 
ruminant animals. The Cu content of the 
two Panicum varieties were higher than 
those reported by Tona (2011) and 
Sodeinde et al. (2006) for P. maximum T58. 
The difference in the Cu content of the two 
varieties of Panicum reflects the 
submission of McFarlane et al. (1990) that 
noted species and strain variation as a factor 
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in Cu content of forages. The Cu content of 
P. maximum Ntchisi in this study was found 
to be higher than the average Cu content 
(7.8 mg/kg DM) reported for tropical 
grasses by Minson (1990)
The Zn content of the grasses in both season 
were higher than (< 40 mg/kgDM) 
considered to be the critical level 
(McDowell and Conrad, 1977) and higher 
Zn content of grasses in the rainy season in 
this study is consistent with the report of 
Shamat et al. (2009). This might be as a 
result of moisture that is readily available 
for mobility of nutrient from the soil to the 
plant tissues. The effect of manure on the Zn 
content showed that Zn can form chelates 
with manure as the grasses not fertilized 
had the highest Zn content thereby aligning 
with the report of Minson (1990) that soil 
Zn status has a major influence on the 
forage Zn content. The slight difference 
between the two varieties is in line with the 
findings of Minson (1984) that reported 
variation in the Zn content of five species of 
Digitaria.
The Fe content of the grasses was higher 
than the critical level (<50 mg/kg DM) 
reported by McDowell and Conrad (1977) 
and in line with the desirable threshold 
concentration (>30 mg/kg DM) as well as 
100 mg/kg DM reported as the desirable 
threshold concentration in the diets of 
claves (MacPherson, 2000). Higher Fe 
content for grasses in the dry season is in 
line with the report of Shamat et al. (2009). 
Forage Fe levels during the study season 
were sufficient for the requirements of 
ruminants for optimal performance. 
Variations in the contents of Fe observed 
between the two Panicum varieties could 
partly be explained by the forage varietal 
differences and the observed levels are 
higher than the critical levels of Fe in 
animal tissues (30-50 mg/kg DM). Fe levels 
in this study, it shows that Fe deficiencies 

are rare in sub-Saharan soils which are due 
to the large pools of Fe in weathered soils. 
The seasonal differences were highly 
significant in the Mn content of the two 
Panicum varieties being higher in the dry 
season; higher Mn content in the dry season 
in this study might be attributed to the low 
rates of Mn translocation and accumulation 
of Mn in older tissues (Sousa, 1978). This is 
also consistent with the findings of Kabaija 
and Smith (1988). The Mn content of the 
grasses as affected by the varietal 
differences was not significant but P. 
maximum Local had higher Mn content. 
Similarly, Minson (1990) noted no 
difference in Mn content of different 
species, cultivar or varieties. The two 
varieties had higher levels of Mn than the 
normal dietary requirements of 20 – 40 
mg/kg DM (ARC, 1980, Meschy, 2000, 
NRC, 2001), although, its supply could be 
lowered by its low absorbability efficiency. 
However Mn concentrations may interfere 
with the metabolism of other minerals and 
has been observed to result in low 
reproductive rates of cattle (McDowell et 
al., 1984) especially when the Mn content is 
above the tolerable level. 
In this study there were fairly negative 
correlation between DMY and Zn and Mn. 
Previous studies affirmed this relationship 
(Gralak et al., 1996; Gralak et al., 2006). 
The relationship between the DMY and 
fibre fractions is a positive one as it proves 
that the higher the DMY the higher the NDF 
and ADF contents. Positive correlations 
between the CP content of the grasses and 
the Zn and Cu contents are consistent with 
previous studies (Fleming and Murphy, 
1968; Fisher and Bates, 1986; Gralak et al., 
2006) 
    
Conclusion

It could be concluded from the results of 

this study that the two Panicum varieties 
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were good sources of microelements 

supplement in both dry and rainy seasons, 

except for the Cu content which may be 

supplemented during the dry season. One 

method of improving the Cu status of the 

Panicum varieties during dry season is to 

introduce foliar dusting of Cu, provided 

excess amount of Cu are not deposited on 

the vegetation so as to avoid Cu toxicity. In 

both varieties of Panicum, the Fe and Mn 

concentrations are above ruminant 

livestock requirements. It is recommended 

that further research be carried out to 

elucidate any detrimental effects to 

livestock that might be associated with high 

Fe and Mn concentrations. Further studies 

are needed in analyzing forages for quality 

factors and analyses of other microelements 

so that appropriate supplements may be 

formulated if need be.
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