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Abstract 

An investigation was carried out to determine the status of two micro-minerals (iron and 

manganese) concentrations in soil and forage in the semi-arid region of Punjab, Pakistan. Soil 

and forage samples were taken six times in a year and in every month during summer and 

winter from two different sites of Sargodha, referred to as feeding sites where animals fed 

round the year to fulfillment of their mineral requirements. Four forage and soil types were 

collected from each of the two sites during each sampling. Results showed that soil Fe ranged 

from 0.22 to 8.12 mg/kg on feeding site I and II, being lower at site I and higher at site II. Fe 

concentration in forage ranged from 0.61 to 99.6 mg/kg in summer and 0.65 to 68.8 mg/kg in 

winter, across all sampling periods of collection of samples. Overall, higher values of forage Fe 

were found in summer than that of winter, anticipating the Fe need in the form of 

supplementation for grazing ruminants. Soil Mn ranged from 0.12 to 3.86 mg/kg in feeding 

place II and I, respectively and forage Mn level ranged from 3.96 to 28.7 mg/kg during all plant 

harvesting periods, being higher in summer than that in winter, respectively, indicating the 

warranted need of supplementation particularly in winter to prevent the complications caused 

as a result of deficiency of this element for grazing animals. 
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Introduction 

Reduced growth of animals and reproductive 

problems are widespread even when forage 

distribution is sufficient. These problems may be 

directly associated with the low concentrations of 

minerals in soil and the related forages 

(McDowell, 1997). Forage alone can hardly meet 

all the needs of grazing livestock (McDowell, 

1992). Analysis of soil and forage mineral 

constitution is important to evaluate the level of 

minerals supplied to livestock. Several 

investigations had been carried out in various 

areas of the world on harvest of dry matter, 

importance of nutrients and determination of 

different forages for grazing of livestock but little 

information was present on the availability of 

certain management practices on the 

characteristics of minerals, particularly, on trace 

mineral elements (Faria-Marmol et al., 1997). 

Different forage species have varied amount of 

minerals. The soil composition and other factors 

are responsible for the growth and development 

of forage. Soil nature and its other physio-

chemical properties affect the grazing livestock as 

it causes mineral deficiency in them and the 

forages are the basic source of minerals and 

nutrition (Minson, 1990). Less yield and 

reproductive problems in grazing livestock are 

due to inadequate mineral elements (McDowell, 

1985). Several diseases rigorously reduce the 

yield of livestock due to inadequate supply of 

mineral elements and the shortage of minerals-

supply recommended as, at least, a part of the 

etiology of these conditions (McDowell, 1987). 

The purpose of the investigation was to check the 

effect of different seasons on the Fe and Mn 

concentrations in soil and forages samples which 

were collected from two different sites of grazing 

land in the semi-arid territory of Punjab, Pakistan. 

Materials and Methods 
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The experimental site in District Sargodha, 

Punjab, Pakistan, was selected to conduct the 

present study. Its minimum and maximum 

temperatures range between 3º to 25ºC in winter 

and 25º to 50ºC in summer, respectively. The 

annual rain fall in this district is 180 to 200mm, 

which is mostly confined to the months of July 

and August. The coordinates of Sargodha are 

32°08′00″N and 73°7′00″E. The samples of soil 

and forages were taken from two grazing areas 

from both sites, known as feeding sites in summer 

and winter seasons of the year 2010-2011. The 

most frequently grazed forage species were 

collected viz., Dactyloctenium aegyptium, 

Calotropis procera, Parthenium hysterophorus 

and Eragrostis pilosa. Four replications of each 

soil and forage samples were taken 

indiscriminately. The soil samples were air dried, 

stored in labelled, sealed paper bags and placed in 

an oven for seven days at a temperature of 60ºC. 

The forage samples were cleaned with distilled 

water to rinse dust particles and other impurities. 

The soil and forage samples were subjected to 

wet digestion in HNO3 and H2O2 (1:2). After 

digestion, the samples were analyzed for iron (Fe) 

and manganese (Mn) using Atomic Absorption 

Spectrophotometer according to standard methods 

explained in Anonymous (1980) and by Rhue & 

Kidder (1983). Data were statistically analysed by 

using SPSS software (Steel & Torrie, 1980). 

Results and Discussion 

Soil Fe: There was highly significant (p<0.001) 

effect of sampling periods on of Fe concentration 

in soil (Table 1). Fe concentration ranged from 

0.22 to 8.12 mg/kg during all sampling intervals 

(Figure 1), being higher at feeding site II than at 

feeding site I during this investigation. The 

concentration of iron demonstrated gradual

 

Table 1. Analysis of variance for Fe concentrations in soil and forages at different sampling intervals  

Source of variation 

(SOV) 

Degree of 

freedom 

(df) 

Mean Squares 

Soil Forages 

Site 1 Site 2 Species 1 Species 2 Species 3 Species 4 

Sampling 

periods 

Summer 2 0.026
ns

 6.175*** 5549.5*** 0.819*** 1733.37
ns

 0.096
ns

 

Winter 2 0.001
ns

 0.018*** 572.75*** 0.005
ns

 0.002
ns

 0.209
ns

 

Error 
Summer 11 0.037 0.076 28.707 0.077 188.94 0.192 

Winter 11 0.001 0.001 9.42 0.013 0.005 0.319 

Data is expressed as mean squares significant at (p<0.05-p<0.001), vs. control where *=0.05, **=0.01, ***=0.001, 

ns=non-significant, Species 1=Dactyloctenium aegyptium, Species 2=Calotropis procera, Species3=Parthenium 

hysterophorus, Species 4=Eragrostis pilosa 

 

 

Figure 1.   Iron level fluctuations in soil at different sampling intervals 
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decrease during all sampling times from January 

to March in the present investigation. Higher 

values were found in summer samplings and the 

lowest ones in winter. Mean Fe value was more 

than the critical value (2.5 mg/kg). Soil samples 

were mostly deficient in Fe concentration in 

summer but its values were found lower than the 

findings of Rhue & Kidder (1983) and by Viets & 

Lindsay (1973). It has been earlier reported that 

Fe deficiency was rare in grazing livestock due to 

collective pollution of forages by soil (McDowell 

et al., 1984). In another study, the soil contained 

20 to 100 times the Fe content found in pastures 

grown on a particular soil (Khan et al., 2006). 

Similar values were reported by Mooso (1982) 

while higher soil Fe concentration was 

determined by Merkel et al. (1990), as compared 

to the findings of present study. 

Soil Mn: Analysis of variance showed non-

significant (p<0.001) effect of sampling periods 

on soil Mn concentrations (Table 2). Mn values 

inconsistently increased or decreased during all 

sampling periods and ranged from 0.17 to 3.6 

mg/kg at site I and 0.12 to 3.86 mg/kg at site II, 

being higher at feeding site I than that at feeding 

site II and decreased consistently from January to 

March in this study (Figure 3). However, the Mn 

concentrations found during this investigation 

were lower than the critical level 5 mg/kg 

reported by Viets & Lindsay (1973) and Rhue & 

Kidder (1983). The findings of Prabowo et al. 

(1991) were similar of soil Mn values in 

Indonesia and these values were the lowest from 

those reported by Espinoza et al. (1991). It has 

been suggested that pH of soil with organic 

matter may cause rise in Mn solubility and was 

available for plants (Espinoza et al., 1991; 

Pastrana et al., 1991). There is a need of 

supplementation of fertiliser containing Mn to 

increase the Mn level of soil for forage crops in 

these pastures.  

 
Table 2. Analysis of variance for Mn concentrations in soil and forages at different sampling intervals 

Source of variation 

(SOV) 

Degree of 

freedom (df) 

Mean Squares 

Soil Forages 

Site 1 Site 2 Species 1 Species 2 Species  3 Species 4 

Sampling 

periods 

Summer 2 2.617*** 1.656*** 3.047
ns

 0.074
ns

 0.935
ns

 32.36
ns

 

Winter 2 11.671*** 0.068*** 0.383
ns

 0.023
ns

 0.001
ns

 19.47** 

Error 

Summer 11 0.010 0.048 1.415 0.028 0.596 121.797 

Winter 11 0.007 0.001 1.516 0.034 0.011 2.75 

Data is expressed as mean squares significant at (p<0.05-p<0.001), vs. control where *=0.05, **=0.01, ***=0.001. 

ns=non-significant, Species 1=Dactyloctenium aegyptium, Species 2=Calotropis procera, Species 3=Parthenium 

hysterophorus, Species 4=Eragrostis pilosa 

 

Forage Fe: There was a significant effect 

(p<0.001) of Fe concentration on sampling 

periods shown by the analysis of variance    

(Table 1). Forage Fe concentration was abruptly 

increased and decreased in all the sampling 

periods. Fe content of forages ranged from 0.61 to 

99.6 mg/kg in summer and 0.65 to 68.8 mg/kg in 

winter in different plant species (Figure 2). The 

forage concentration was higher than the values 

already established (50 mg/kg) by Jones (1972) 

but were lower in some forage species 

(McDowell et al., 1982; Anonymous, 2006). 

There was an abrupt increase and decrease from 

period 1 to 4, respectively, by inconsistence 

pattern. Fe is least toxic of all the essential trace 

minerals. Its maximum tolerable level is 1,000 

mg/kg (McDowell & Arthington, 2005). Hence, 

Fe concentration is severely deficient. The lower 

forage Fe concentration was reported by 

McDowell et al. (1984) than the values presented 

in our investigation and higher values were found 

by Prabowo et al. (1990) in Indonesia and by 

Orden et al., (1999), in Philippines. Higher Fe 

concentration in forage can cause toxicity in 

grazing animals because the highest value of Fe 

(131mg/kg) can lead to severe abnormality 

(Grace, 1983). The higher level of Fe in forages 

might be toxic and such a high level decreased 
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the level of Cu in forages (McDowell et al., 1983; 

Phillippo et al., 1987). Based on the results, it can 

be concluded that animals feeding on these plants 

should be supplemented with mineral mixtures 

containing higher amount of Fe to complement 

the forage Fe in these pastures.  

 

 
Figure 2.  Iron level fluctuations in different forage species at different sampling intervals 

 

 

 
Figure 3.   Manganese level fluctuations in soil at different sampling intervals. 
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Forage Mn: From the analysis of variance, non-

significant (p>0.05) effects of forage Mn 

concentration by sampling periods were shown in 

Table 2. Forage Mn concentration was higher in 

summer than winter. The Mn concentration in 

forage ranged from 3.96 to 28.7 mg/kg (Fig. 4). 

Mean Mn values were high in some forage plants 

in summer while all others had lower values than 

from the critical level of 20 mg/kg reported by 

McDowell (1985), 40 mg/kg and 50 mg/kg 

recommended by Anonymous (1984), Prabowo et 

al. (1991), Espinoza et al. (1991) and Khan et al. 

(2006) in different regions of the world. 

However, these values drop in the range to those 

suggested by Pastrana et al. (1991) in Columbia. 

The results were closely similar to with the 

previous findings of Ahmad et al. (2010). 

Variation in the results of present study indicated 

some attribution in the characteristics of soil and 

the minerals uptake by forages. Concentration of 

minerals in soil and forage species depend upon 

many environmental factors, such as, 

temperature, moisture level, pH, supply of 

minerals etc. The study showed deficiency of Mn 

in the grazing area and indicated the warranted 

need of supplementation for livestock grazing in 

these pastures.  

 

 
Figure 4.    Manganese level fluctuations in different forage species at different sampling intervals 

 
 

CONCLUSION 

Based on the findings of this study, soil Fe 

and Mn was lower at some sampling periods and 

above the critical levels needed for forage crops. 

This directs to the amendment of both pasture 

land with appropriate fertilisers containing these 

minerals to enhance the soil fertility for forage 

crops. While some forage species similarly had 

fluctuated concentrations of these minerals at 

different instances, being higher in summer and 

lower in winter. These fluctuations point to the 

mineral supplementation of livestock, particularly 

in winter, to enhance the Fe and Mn levels for 

various metabolic processes and maximising the 

animal productive and reproductive potential at 

this specific location where the present 

investigation was carried out.  
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