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Abstract 
 

The rationale for this study was to determine soil and forage mineral concentrations as 

affected by season and location of collection with regard to satisfying grazing sheep nutrient 

requirements. Forages and soil samples were collected fortnightly during winter and summer 

seasons from three grazing areas within the same farm. Forages and soils (for soils only extractable 

nutrients) were analyzed for calcium (Ca) magnesium (Mg), potassium (K), and sodium (Na). It 

was found that location of collection of forages had little effect on Ca, Na or K forage 

concentrations, but forage Mg was high in location II during the summer season. In general, all 

sites of collection were associated with soils with adequate Ca and Mg concentrations, while soil 

with Na and K were uniformly low. In relation to grazing sheep requirements, all regions were 

generally adequate with forage levels of Ca, Mg and K, however, Na was deficient in both soil and 

forage in all locations except Na in soil in location III during summer.   
 

Introduction 
 

Assessment of mineral status of grazing animals involves sampling of forage 
consumed by animals and soil upon which the forage grows. A sample of greatest value 
from soil and forage depends on minerals in question (McDowell, 1983). A number of 
very sensitive methods of analysis have been developed that enable to determine the 
mineral content in soil and forage samples prepared in various ways. In Pakistan, staple 
forages for ruminants are mostly native and improved grasses. Poor animal growth and 
reproductive problems are common even when forage supply is adequate, and can be 
directly related to mineral deficiencies caused by low mineral concentration in soils and 
associated forages (McDowell, 1997; Tiffany et al., 2000). 

As grazing livestock may not receive mineral supplementations except for common 
salt they must depend upon forages for their requirements, only rarely can forages 
completely satisfy all mineral requirements (McDowell et al., 1983, 1984; McDowell, 
2003). The health and degree of productivity of livestock are dependent on balanced and 
adequate quantities of all the necessary nutrients to meet their requirements for a given 
physiological stage (Youssef et al., 1999). For grazing ruminant livestock, which obtain 
all or most of the nutrients required from forages, knowledge of the nutrient composition 
of such forages is therefore essential. The objective of this study was to evaluate seasonal 
concentrations of macro-minerals in soils and forages under grazing conditions to 
establish mineral deficiencies and excesses over a two-seasonal grazing period in central 
Pakistan. 
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Materials and Methods 

 
Soil and forage samples were collected from three different locations within the 

grazing sheep pasture at Livestock Experimental Station, Govt. of Pakistan in the 
semiarid regions of southern Punjab, Pakistan during winter and summer seasons. 
Collections were made fortnightly during each season. Sampling periods spanned from 
January to March and June to July during winter and summer, respectively. Each of the 
composite soil and forage samples for each grazing site came from five sub-samples. 
Although the soil and forage samples collected during the two seasons did not come from 
exactly the same spot, they came from the same grazing area of the farm. Forage and soil 
samples were collected at the same time and site, and principal native and improved 
forage species in the pasture in which the experimental animals grazed were hand plucked 
after careful observation for the sheep grazing pattern. Pasture was grazed all the year-
round by Thalibreed of sheep. These animals were with variable degrees of cross 
breeding. 

Soil samples were collected using a stainless steel sampling auger at a depth of 15–20 
cm. Samples were collected in plastic bags, dried at 60

o
C for 48h, ground and passed 

through a 2-mm sieve. Forage samples were clipped with stainless steel scissors and 
consequently, these samples were packed into paper bags and dried at 60

o
C for 48h. 

Forage samples were then ground using a Wiley mill with a 1-mm steel sieve. Ground 
forage samples were stored in plastic bags until analyzed. Soil samples were analyzed for 
Ca, Mg, K and Na, and these minerals were extracted using the Mehlich I extracting 
solution method (0.05N HCl + 0.025N H2SO4 following Rhue & Kidder (1983), while 
forage samples were prepared and analyzed for mineral concentrations following the 
methods described by Fick et al., (1979). Elemental concentrations in the extractants were 
determined by the atomic absorption spectrophotometry (Perkin-Elmer Corp, 1980). 

Data obtained in the present study were statistically analyzed using a completely 

randomized design, and means were compared using Duncan’s Multiple Range test 

(Snedecor & Cochran, 1980). 

 

Results and Discussion 

 
Soil: There was little variation in soil Ca concentrations among the locations in each 
sampling season, and in all locations soil Ca concentrations changed little during both 
seasons. The location III soils had highest Ca concentrations of in winter and summer. 
Adams & Hartzog (1980) suggested that the critical level Mehlich I extractable Ca is 250 
mg/kg and all samples analyzed exceeded this level. Higher levels of soil Ca may increase 
forage Ca, but no crop yield response would be expected for soil Ca above 250 mg/kg 
(Adams & Hartzog, 1980). These values of soil Ca were higher than those already 
reported by Tiffany et al., (2000) in North Florida and lower than those reported by 
Tejada et al., (1987) in Guatemala and Ogebe et al., (1995) in North Florida.  

Similar to the other soil macro-minerals, there was very little variation in soil Mg 

concentrations due to time or region. None of the locations showed decrease from the 

critical level at either sampling seasons, but in location II it was higher than locations I 

and III during the winter sampling and lower during summer sampling. All zonal means 

were above the critical level of 30 mg/kg as suggested by Hanlon et al., (1990), which is 

considered adequate for Mg required by plants.  
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Table 1. Soil macro-minerals as related to season and location of collection. 

Element 

mg/kg 

Critical*   

value 
Seasons 

Locations 

I II III 

Ca
2+

 250 
Winter 419 380 484 

Summer 441 369 514 

Mg
2+

 30 
Winter 42 67 34 

Summer 46 31 46 

K
+
 60 

Winter 45 34 54 

Summer 48 38 70 

Na
+
 62 

Winter 60 41.5 44.4 

Summer 57.3 51.5 72 

*Critical concentration (mg/kg): Ca = 250 (Adams & Hartzog, 1980), Mg = 30 (Hanlon et al., 

1990), K = 60 (Hanlon et al., 1990), Na = 62 (Rhue & Kidder, 1983) 

  
Soil extractable K concentrations less than 60 mg kg

-1
 are below the critical level, 

and K fertilizer may result in a growth response (Hanlon et al., 1990). Using this as a 

criterion, all locations were uniformly low at both sampling times, with the exception of 

region III that had a concentration of 70 mg/kg that was higher than the critical level 

during summer sampling and considered adequate for normal plant growth. Although low, 

these results were generally higher than those reported by Cuesta et al., (1993) in North 

Florida. Plant age generally has a greater influence on forage K than soil K 

concentrations; young plants are high in K and decline with advancing (McDowell, 1992). 
 Soil Na values ranged from 44.4 mg/kg to 60 mg/kg during winter and 51.5 mg/kg to 
72 mg/kg during summer. Soils were deficient in Na in all locations during winter and in 
location I and II during summer season. A higher concentration of Na in soil taken from 
location III during summer was observed as compared to other locations. Sodium 
deficiencies existed in all locations during winter and location I and II during summer. 
Nearly all the soil samples in all locations except II during summer were below the 
critical level of 62 mg/kg (Rhue & Kidder, 1983; Sanchez, 1981). Similar level of soil Na 
has earlier been reported in Guatemala (Tejada et al., 1987) and in North Florida (Cuesta 
et al., 1993).  

 Total soil elemental composition is widely recognized as a poor predictor of 

bioavailability of soil minerals to plants. The rationale for using the Mehlich I soil test 

relates to plant response (growth or yield), not mineral bioavailability. Soil fertility tests, 

such as Mehlich I, are most often used as tools to identify soil deficiencies and to predict 

the fertility needs of plants. These tests are calibrated so the results can be related to a 

positive response by a crop to some applied nutrient, however, there is great variation 

among plant species and soils and “critical” values may not apply to any specific forage. 

Hanlon et al., (1990) suggested that the benefits of a soil testing and fertilizing system 

include adequate, but not excessive, fertilization that creates an environment for optimum 

growth without pollution and soil tests help identify nutrients needed to enhance plant 

nutrition.  

 

Forage: Mean forage Ca concentrations did not vary among locations for the summer 

sampling times. Forage Ca from location III was higher than those from locations I and II 

during winter and forage from all the locations had slightly greater Ca concentrations than 
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the critical level in this season. Forage Ca requirements of grazing ruminants is a subject 

of considerable debate as the requirement is influenced by animal type and level of 

production, age, and weight. In view of NRC (1996) Ca requirement for growing and 

finishing animals expected to grow at 0.89 kg d
-1

 is 0.35% DM. All locations means were 

above this critical level for both sampling seasons, but remained at marginally deficient 

level only during summer. Similar low forage Ca concentrations in grasses from Florida 

were reported (Espinosa et al., 1991; Cuesta et al., 1993; Ogebe et al., 1995). Higher than 

these values of forage Ca were reported by Tiffany et al., (1999) in Florida.  

 Magnesium concentrations were well above the critical level of 0.20% (McDowell et 

al., 1984) during both seasons. Magnesium concentrations for all locations in the present 

study were higher than those reported previously by Cuesta et al., (1993) in north Florida, 

Tejada et al., (1987) in Guatemala and similar to those values found by Tiffany et al., 

(2000) in Florida.  

 

Table 2. Forage macro-minerals as related to season and location of collection. 

Element % 

d. wt. basis 

Critical* 

value 
Seasons 

Locations 

I II III 

Ca
2+

 0.35 
Winter 0.36 0.43 0.49 

Summer 0.35 0.36 0.38 

Mg
2+

 0.20 
Winter 0.39 0.48 0.47 

Summer 0.64 0.83 0.52 

K
+
 0.60, 0.80 

Winter 1.00 1.19 1.25 

Summer 4.74 3.98 3.59 

Na
+
 0.06 

Winter 0.026 0.027 0.035 

Summer 0.037 0.022 0.025 

*Critical concentration (%): Ca, 0.35 (NRC, 1996), Mg 0.20 (McDowell et al., 1984), K, 0.60, 

0.80, and Na 0.06 (NRC, 1996) 

 

 Concentrations of K were high and adequate for all locations, exceeding the critical 

level of 0.60% as recommended by the NRC (Anon., 1996) and 0.80% (McDowell et al., 

1984) during both seasons. With the exception of location III in summer, there were no 

location effects evident throughout both the grazing seasons. Results from all the 

locations were higher in forage K than those found previously by Espinoza et al., (1991) 

in central Florida, and Cuesta et al., (1993) in north Florida.  

 Forage Na concentrations of all locations were well below the critical limit 0.06% 

(Anon., 1996). Although there were zonal effects at both sampling times, they were small 

and did not persist with time. Sodium deficiency in the forages is well documented, and 

the concentrations determined by this study are similar to earlier reports by Salih et al., 

(1988), Cuesta et al., (1993), Tiffany et al., (2000) in Florida and Ogebe et al., (1995) in 

Nigeria. 

In general, all sites of collection were associated with soils with adequate Ca and Mg 

concentrations, while soil with Na and K were uniformly low. In relation to grazing sheep 

requirements, all regions were generally adequate with forage levels of Ca, Mg and K, 

however, Na was deficient in both soil and forage in all locations except Na in soil in 

location III during summer. 
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