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Soil, plant and animal relationship in northern 

districts of Tamil Nadu 

 
Dr. C Inbaraj and Dr. V Arul 

 
Abstract 
Four blocks were randomly selected from each district. Samples of soil forage and blood serum of sheep 

in North Eastern Agro Climatic Zone of Tamil Nadu (Kanchipuram, Thiruvallur, Thiruvannamalai, 

Vellore and Villupuram). The samples were collected and analysed for different macro (Ca, P, and Mg) 

and micro (Zn, Cu and Fe) mineral contents to establish the mineral correlation among soil, forage and 

animals. The macro and micro mineral contents in soils of different (study area) districts were higher 

than their respective critical levels. Similarly, in forage all the mineral values were above critical level 

except magnesium lower than the critical value in all the districts and the copper lower than the critical 

level in Villupuram districts. The study also revealed the serum mineral values above the critical levels in 

all the districts and significant variation of minerals were observed except Zn and Fe. No significant 

correlation was observed between soil – plant relationship with respect to macro and micro minerals. Soil 

– animal relationship revealed highly significant negative (P≤0.01) correlation for calcium, zinc and 

copper and significant negative correlation (P≤0.05) correlation for iron and phosphorus. Plant – animal 

relationship revealed a highly significant negative correlation for Ca and Cu. Zinc had highly significant 

(P≤0.01) positive correlation. No significant correlation between soil-plant, soil-animal and plant – 

animal was observed for magnesium level. However, further, studies should need to get the clear idea 

about soil-plant-animal relationship. 
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Introduction 
Mineral status of soils and forage influence mineral status of grazing livestock, but many other 

animal factors and mineral interactions also play an important role. Grazing livestock have to 

depend largely upon forages to fulfil their mineral requirements. Forage can rarely satisfy 

completely the needs for each mineral (Espinoza et al., 1991) [1]. The sheep in the region of 

North Eastern Agro Climatic Zone of Tamil Nadu has lower productivity and reproductive 

efficiency. These animals do not receive mineral mixture supplementation in their basal diet. 

Thus livestock production is badly influenced by mineral deficiency and/or imbalances. In 

India where dietary concentrations of fodder fed to the animals are unknown or highly variable 

due to availability, season, location, forage, species and animal potentials (Sharma et al., 2003) 

[3] it is important to determine mineral concentrations in animals region-wise, to estimate needs 

of livestock so as to obtain optimum productivity and to assess the effect of mineral 

deficiencies on serum vitamins, hormones and enzyme profile. Limited information is 

available on the feeding practices and mineral status of feeds, fodder, soil and animals blood in 

North Eastern Agro Climatic Zone of Tamil Nadu (Thiruvenkadan et al., 2007) [10] and In West 

Bengal study was conducted by giving mineral supplement (Kujur et al., 2016) [4]. Keeping 

this in view the present study was conducted in Northern Districts of TN to establish 

relationship for different minerals among soil, forage and animals in order to suggest dietary 

supplementation of area specific mineral mixture. 

 

Materials and methods 

The study was conducted in five villages of each districts of Northern Tamil Nadu. Minimum 

6-8 farmers from each village were identified for the baseline survey. The Soil, forage and 

blood samples were collected, labeled and stored till further processing. Digestion of soil, 

forage and serum samples according of to the methods as described by Association of 

Analytical Chemists. The processed samples were use for estimation of minerals except serum 

macro minerals (Ca, P, Mg, Cu, Fe and Zn) in the Department of Animal Nutrition Madras
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Veterinary College, Chennai, using Atomic Absorption 

Spectrophotometer (Perkin Elmer Model 3110, 1994). 

Phosphorus content of the samples was estimated by 

colorimetric method. The serum Macro minerals were 

estimated by serum auto analyzer (A15 Biosystem). The data 

on mineral contents were subjected to statistical analysis for 

mean, standard error, correlation coefficient and test of 

significance. 

 

Results 

The results of mineral profile of soils of the study areas 

showed a significant variation between the districts. However 

the levels of macro and micro minerals were above the critical 

levels. A highly significant (P≤ 0.01) difference in the 

calcium content of soil of Thiruvannamalai and Vellore 

districts than Kanchipuram, Villupuram and Thiruvallur 

districts. However, the calcium level was more than the 

critical level (0.0072 %) in all the districts. The phosphorus 

and magnesium levels of soil varied significantly (P≤ 0.01) 

between districts but remained more than the critical level (P - 

0.0017% and Mg – 0.0015%) in all the districts. The 

significantly highest level of Zinc was recorded in Vellore 

followed by Thiruvallur, Kanchipuram districts and 

significantly lowest level in Thiruvannamalai and Villupuram 

districts. The level of copper and zinc also varied significantly 

(P≤ 0.01) between districts. Villupuram and Thiruvannamalai 

districts had significantly (P≤ 0.01) lower Zn, Cu and Fe 

levels in soils than other districts. The Zinc, Copper and Iron 

levels of soil in all the districts were above the critical levels 

0.50, 0.30 and 2.50ppm respectively (Table 1). 

 
Table 1: Macro and Micro minerals profile (%) of soil in Kanchipuram, Thiruvallur, Thiruvannamalai, Vellore and Villupuram districts of 

Tamil Nadu (Mean ± S.E) 
 

Macro 

minerals 
CL 

Mean ± S.E 
 

F value 

 

Sig. Kanchipuram (n=40) Thiruvallur (n=20) Thiruvannamalai (n=20) 
Vellore 

(n=20) 
Villupuram (n=20) 

Calcium (%) 0.0072 0.09b±0.003 0.079a±0.002 0.128 c ±0.005 0.119 c ± 0.003 0.093 b ± 0.001 29.46** 0.00 

Phosphorus (%) 0.0017 0.026 a ± 0.001 0.022 a±0.06 0.031 b± 0.001 0.033 b ± 0.001 0.031 b ± 0.002 7.19** 0.00 

Magnesium (%) 0.0015 0.019 a± 0.007 0.017a±0.003 0.029 b ± 0.001 0.018 a ± 0.006 0.028 b ±0.007 49.47** 0.00 

Micro minerals CL 

Mean ± S.E 

F value 

 

Sig. 

 
Kanchipuram (n=40) Thiruvallur (n=20) Thiruvannamalai (n=20) 

Vellore 

(n=20) 
Villupuram (n=20) 

Zinc (ppm) 0.50 3.531 b ±0.94 3.808 b ± 0.089 2.115 a ±0.139 5.94 c ±0.19 1.816 a ± 0.102 116.29** 0.00 

Copper (ppm) 0.30 0.987 c ± 0.038 2.609 d ±0.085 0.6517 a ± 0.033 0.785b ± 0.26 0.827 b ±0.015 214.08** 0.00 

Iron (ppm) 2.50 25.424 d ±1.20 28.800 e ±1.64 13.153 a ±0.193 22.07 c ±0.50 17.025 b ±0.45 33.355** 0.00 
a b c the mean values bearings different superscripts vary significantly P*(P≤ 0.05) and P**(P≤ 0.01) 

CL-Critical Level 

 

A significant (P≤ 0.01) variation in the plant calcium level 

was observed between the districts. The highest level was 

recorded in Thiruvannamalai district followed by Vellore, 

Villupuram and Kanchipuram districts and the lowest level 

was observed in Thiruvallur district. The plant phosphorus 

level also varied between districts however it was well above 

the critical level (0.25%). The magnesium levels in plants of 

all the districts were lower than the critical level (0.20%) as 

mentioned in Table 2. 

 

Table 2: Macro and Micro minerals profile (ppm) of plant in Kanchipuram, Thiruvallur, Thiruvannamalai, Vellore and Villupuram districts of 

Tamil Nadu (Mean ± S.E) 
 

Macro Minerals CL 

Mean ± S.E 

F value Sig. 
Kanchipuram (n=40) Thiruvallur (n=20) Thiruvannamalai (n=20) 

Vellore 

(n=20) 
Villupuram (n=20) 

Calcium (%) 0.30 0.423b ± 0.139 0.337 a ±0.14 0.446 b ±0.126 0.434 b ±0.072 0.425 b ±0.009 8.76** 0.00 

Phosphorus (%) 0.25 0.402 b ±0.14 0.395 b ±0.094 0.382 b ±0.009 0.481 c ±0.009 0.318 a ±0.009 16.52** 0.00 

Magnesium (%) 0.20 0.104 c ±0.013 0.0896 a ±0.004 0.0945ab ±0.001 0.109 c ±0.004 0.101c ±0.001 7.72** 0.00 

Micro Minerals CL 

Mean ± S.E 

F value Sig. 
Kanchipuram (n=40) Thiruvallur (n=20) Thiruvannamalai (n=20) 

Vellore 

(n=20) 
Villupuram (n=20) 

Zinc (ppm) 30 31.095 c ±1.11 25.633 b ±0.537 17.992 a ±0.137 17.634 a ±0.136 17.82 a ±0.186 71.245** 0.00 

Copper (ppm) 8 13.712 b ±0.082 9.639 a ±0.234 9.444 a ±0.103 10.665ab ±3.19 7.487 a ±0.194 780.13** 0.00 

Iron (ppm) 50 1396.60 e ±8.55 569.28 b ±10.74 1281.1450d ±26.51 894.22 c ±11.73 406.72 a±14.33 3.704** 0.00 
a b c the mean values bearings different superscripts vary significantly P*(P≤ 0.05) and P**(P≤ 0.01) 

CL-Critical Level 
 

Micro mineral content of plant collected from study areas 

were significantly (P≤ 0.01) varied between the districts. The 

significantly (P<0.01) highest Zn, Cu and Fe levels were 

recorded in Kanchipuram districts than other districts. The 

plant micro minerals viz., Zinc, Copper and Iron levels in all 

the districts were more than the critical levels of 30, 8 and 

50ppm respectively.  

The sheep in Kanchipuram district were found to have 

significantly higher (P≤ 0.01) levels of blood calcium, 

Phosphorus and magnesium than other districts. The sheep in 

Vellore district had significantly (P<0.01) lower serum macro 

minerals than other districts. The similar trends were observed 

for phosphorus and magnesium also. 

There was a highly significant (P≤ 0.01) difference in serum 

copper level was observed between districts. Whereas the 

Zinc and Iron levels did not vary significantly (P≥0.05) 

between the districts studied. However the Zn, Cu and Fe 

levels in sheep in all the districts were above the critical level 

(Zinc – 0.80, Copper – 0.65 and Iron – 1.00ppm) as noted in 

Table 3. 
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Table 3: Major and Trace mineral profile of blood serum (mg/dL) of sheep in Kanchipuram, Thiruvallur, Thiruvannamalai, Vellore and 

Villupuram districts of Tamil Nadu (Mean ± S.E) 
 

Major minerals CL 
Mean ± S.E 

F value Sig. 
Kanchipuram (n=90) Thiruvallur (n=40) Thiruvannamalai (n=40) Vellore (n=40) Villupuram (n=40) 

Calcium (mg/dL) 8 11.77 c ±0.309 11.0 c ±0.40 9.56 b ±0.18 8.24 a ±0.19 9.54 b ±0.19 22.8** 0.00 

Phosphorus (mg/dL) 4.50 5.82 c±0.119 5.00 b ±0.12 5.34 b ±0.17 4.60 a ±0.12 5.21 b ±0.15 11.3** 0.00 

Magnesium (mg/dL) 2.00 3.04 c ±0.145 2.85bc ±0.18 2.44ab ±0.14 2.02 a ±0.1 2.23 a ±0.09 7.73** 0.00 

Trace minerals CL 
Mean ± S.E 

F value Sig. 
Kanchipuram (n=90) Thiruvallur (n=40) Thiruvannamalai (n=40) Vellore (n=40) Villupuram (n=40) 

Zinc (ppm) 0.80 0.88 ±0.11 0.85 ±0.03 1.02 ±0.21 0.80 ±0.02 0.93 ±0.14 0.63 0.64 

Copper (ppm) 0.65 0.95 c ±0.023 0.83 b ±0.04 0.84 b ±0.04 0.84 b ±0.04 0.72 a ±0.03 6.81** 0.00 

Iron (ppm) 1.00 1.51 ±0.06 1.45 ±0.11 1.23 ±0.12 1.29 ±0.14 1.23 ±0.07 1.94NS 0.10 
 a b c the mean values bearings different superscripts vary significantly P* (P≤ 0.05)and P**(P≤ 0.01) 

 CL-Critical Level 
 

No significant correlation was observed between soil – plant 

relationship with respect to macro and micro minerals. Soil – 

animal relationship revealed highly significant negative 

(P≤0.01) correlation for calcium and copper significant 

negative correlation (P≤0.05) correlation for iron and 

phosphorus and highly significant positive correlation for 

zinc. Plant – animal relationship revealed a highly significant 

negative correlation for Ca and Cu. Zinc had highly 

significant (P≤0.01) positive correlation. No significant 

correlation between soil-plant, soil-animal and plant – animal 

was observed for magnesium level (Table 4). 

 

Table 4: Correlation between Soil – Plant – Animal 
 

 Soil – plant Soil – animal Plant – animal 

Calcium (mg/dL) 0.273 -0.166** -0.088** 

Phosphorus (mg/dL) 0.038 -0.004* -0.172* 

Magnesium (mg/dL) -0.106 -0.086 -0.022 

Zinc (ppm) 0.043 0.012** 0.207** 

Copper (ppm) -0.030 -0.094** -0.060** 

Iron (ppm) 0.021 -0.307* -0.010 

** Correlation is significant at the 0.01 level (2-tailed) 

* Correlation is significant at the 0.05 level (2-tailed) 
 

Discussion 
In this study the macro and micro mineral content of the soil 

samples collected from different districts were much higher 

than the critical levels. Generally North Eastern Agro 

Climatic Zone of Tamil Nadu is having Red Sandy Loam, 

Clay Loam, and Saline coastal alluvium predominantly 

(National Institute of Disaster Management, 2012) and red 

non calcareous soil and black calcareous soil present in north 

eastern agro climatic zone but it vary with district.  

The Ca, P, Mg, Zn, Cu and Fe levels were recorded from the 

plant sample collected from grazing land of the study areas. 

However, the levels of all the respective minerals were more 

than the critical levels while the magnesium level was lesser 

than the critical level in all types of grazing land. Ghafoor et 

al. (2012) [3] reported that calcium concentration not only 

varied from plant to plant but also in different parts of the 

forage plants. Soil to plant transfer of trace elements has been 

reported to be a very complex process governed by several 

factors (Pendias, 2004) [7]. In general, geochemical, climatic, 

biological, biotic and abiotic factors control the behaviour of 

soil and the mobility and phytoavailability of minerals. The 

minerals in well aerated soil found easily mobile and 

available to the plants whereas poorly aerated soil or alkaline 

soil decrease the availability of minerals to the plants. Mirzaei 

(2012) [5] observed that the forage Cu and Zn content declines 

with maturity and higher in leaf and stem fraction. High 

concentration of Zn, Fe and Molybdenum might increase 

copper requirements. 

The sheep in different district were found to have 

significantly (P≤ 0.01) different levels of blood calcium, 

Phosphorus, magnesium, Zinc, Copper and Iron. The sheep in 

Vellore district had significantly (P<0.01) lower serum macro 

minerals (Ca, P and Mg) than other districts. However the 

values of all the minerals were above the critical 

concentration in blood. The variations in the serum mineral 

profile between various districts could be explained with the 

reports published in the different parts of India and other 

places of the world. The serum of minerals in the animal 

depend upon age, species of the animal, intake of mineral and 

its needs, the chemical form of mineral and also proportion of 

other dietary component which interact metabolically and also 

environmental factor such as intensity of sunlight (Garg et al., 

2007) [2]. 

 

Conclusion 

The serum mineral profiles of Sheep population in the study 

area were within the physiological range. The sheep 

population in the study area did not show clinical evidence of 

mineral deficiencies. However, the sheep population in 

Vellore and Villupuram districts which had serum minerals 

concentration closer to the critical levels associated with 

decreased body weight gain and reproductive performance 

indicated subclinical deficiencies. The Correlation between 

Soil, Plant and Sheep mineral profiles revealed complex 

interactions. Serum levels of Magnesium and zinc were 

within the physiological levels even though the plant levels 

were less than the critical levels. Therefore in depth analysis 

is need to be carried out to solve this complex soil-plant-

animal interactions. Serum mineral profile of sheep revealed 

that macro minerals were closer to the critical limits in 

Vellore and Villupuram Districts and micro minerals levels 

were closer to the critical limits in all the districts studied. 

Therefore, this study suggests the following interventions to 

optimize the production and reproduction performance in 

sheep. Macro and micro mineral supplementation in Vellore 
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and Villupuram districts. Micro mineral supplementation in 

Kanchipuram, Thiruvallur and Thiruvannamalai districts. 
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