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A short term pre-monsoon field study has been conducted to determine the soil fertility status in 
Silcoorie Tea Estate of Cachar district, Assam, North East India. Soil samples were collected from six 
different sections of the tea estate. Physico-chemical properties of the soil, i.e., texture, moisture 
content, bulk density, water holding capacity, total nitrogen (N), total phosphorus (P), total potassium 
(K), soil organic carbon (SOC), soil organic matter (SOM), pH, electrical conductivity, C:N ratios 
from four different depths were analyzed. The soil of the tea garden is sandy clay and silt loam in 
texture with acidic pH (~4.2). The average SOC, SOM content, total N, K and P contents of the soil 
were found to be quite lower than the critical value considered ideal for tea cultivation. Lime 
treatment and/or organic base fertilizer for maintaining the active acidity level, proper nutrient 
management practices like retention of pruning litters, shade tree droppings and weed mass, use of 
bio-fertilizers are recommended to achieve sustainable productivity. 
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INTRODUCTION 
 

Tea (Camellia sinensis L.) is a perennial evergreen shrub 
growing in a wide range of soil types derived from diverse 
parent material in tropical, subtropical and temperate climate 
(Eden, 1976). Apart from the temperature and precipitation, 
soil is the most limiting factor, which influences growth and 
ultimate yield of the tea plants. At present around 579.35 
thousand hectares and is under tea cultivation in India with 
1095.46 million kilogram of tea production during the year 
2011 (Anonymous, 2012). India contributes about 27% of the 
world’s tea demand in terms of domestic and international 
requirements. One of the most popular perennial crops, tea is 
extensively cultivated in North East India since the beginning 
of the 19th century. The Cachar district in southern Assam 
shares about 10% of both total areas under tea production as 
well as productivity in Assam (Anonymous, 2012). Soil 
nutrient plays a vital role in tea cultivation. Long-term 
cultivation of the tea crop are known to lead to a decline in soil 
quality (Dang, 2000). The desired yield has sharply fallen in 
recent years. Nutrient management of plantation crops has 
greater importance particularly to sustain and improve soil 
health. In a given locality, however, soil characteristics as well 
as nutrient parameters play a significant role for sustainable tea 
production (Hamid et al., 2004; Sarwar et al., 2011).  
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Nutrient requirements for commercial tea production are 
particularly high because the harvestable portions of tea are 
succulent shoots, which contain the largest percentage of 
nutrients in the plant (Do et al., 1980). Thus, nutrient recycling 
and mineral balance are important factors affecting nutrient 
budgets in tea garden soil. Fertilization is known to balance 
nutrient cycling and improve plant growth and crop yield. 
Nitrogen, phosphorous and potassium are the three major 
nutrients of the soil which plants use in large amounts for their 
growth and survival. Intensive application of nitrogen 
fertilizers causes the pH of the soil of the tea cultivation area to 
be acidic (Amir et al., 2010). Evaluation of soil fertility status 
in tea garden is necessary for proper management including 
fertilizer applications. Accordingly, we report here in 
assessment of the soil fertility status in a tea estate of Cachar 
district, Assam, North East India. 
 

MATERIALS AND METHODS 
 
Study area: The present study was conducted in Silcoorie Tea 
Estate that covers about 900 hectares tea plantation area in 
Cachar district of Assam, North East India. The district lies 
between 92° 24' E and 93° 15' E longitude and 24°22' N and 
25° 8' N latitude and  situated at 36.5 (MSL). The geographical 
area covered by Cachar district is 3,786 Sq. Km. The map 
showing study sites is given in Figure 1. The area of 
experiences subtropical, warm and humid during summer 
where humidity ranges from 53.67 to 94.59 % in winter and  
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64.04 to 94.60 % in summer and received about 3200-3500 
mm rainfall during the year.  
 
Soil sampling and analysis: Fifty four representative soil 
samples were collected from six different  sections up to a 
depth of 80cm with an interval of 20cm i.e., 0-20, 20-40, 40-60 
and 60-80cmfromSilcoorieTea Estate, Cachar district, Assam 
in the month of March, 2012. Soil texture was analysed by 
Hydrometer method (Black, 1965). The moisture content of 
the soil samples was determined by using standard method 
given by Anderson and Ingram (1993). Electrical conductivity 
of soil was determined in the soil: water suspension (1:2.5) 
(Jackson, 1967). Soil pH was determined from 1:2.5 soil-water 
suspensions using a digital pH meter (GeNei pH meter).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Soil organic carbon, total nitrogen, total phosphorus and total 
potassium were determined following standard protocol 
(Okalebo et al., 1993). The factor of 1.724 was used to convert 
the organic carbon percentage into soil organic matter (%). 
Statistical analysis was carried out for each set of data using 
the software SPSS (Version 20.0) at the level of p <0.05, to 
evaluate the significance of differences. 
 

RESULTS 
 

Physical properties of tea soil 
 
The summary of the observed soil physical properties in 
relation to different sections of the study site and soil depths of 

 
 

Figure 1. Map showing study sites at Cachar district, Assam North East India 
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the tea garden are presented in Table 1. The soil texture of the 
study area was found silty loam, and sandy clay in nature. The 
soil bulk density was  found to be higher with increasing depth 
at all the sections (ranged from 1.30±0.87gm/cm3 to 
1.32±0.21gm/cm3). The moisture content and water holding 
capacity were ranged from (26.43±0.02 to 27.15±0.14) and 
(54.30±2.14 to 56.98±2.94) percentage. The maximum value 
was found in the upper horizons and it decreases with an 
increase in depth of all the sections.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chemical properties of the soil 
  
The observed chemical properties (pH, conductivity, soil 
organic carbon, soil organic matter, total nitrogen, total 
phosphorous and total potassium) of soil in relation to different 
sections and soil depths of the study site of the tea garden were 
shown in Table 2. The soil pH of the study area was observed 
in the ranges from 4.03±0.22 to 4.47±0.08. The electrical 
conductivity of the soil in the study site was found in the 
ranged from 0.90±0.06 mS to 1.60±0.05mS. Both the pH and 
conductivity values showed a decreasing trend with the 
increase in depth of soil in all the sections. The soil organic 
carbon and soil organic matter of the study sites were found 
higher in the upper horizons and decreased subsequently with 
an increase in depth. The soil organic carbon and soil organic 
matter ranged from 1.13±0.07 to 1.61±0.06 % and 1.94±0.01 
to 2.77±0.02 %, respectively. The organic carbon and organic 
matter content was found to be highest in top surface that 
progressively decreased with greater depth. The total nitrogen 
contents of the soil was found in the ranged from 0.50± 0.02% 
to 0.78±0.01 %.  The C: N of the soil was found in the range of 
1.79 to 2.26. The total phosphorus content of soil were found 
in the range of 0.37 ±0.12 to 1.22 ±0.11 gkg-1, respectively. 
The total phosphorus contents of the soil decrease with 
increasing depth. The total potassium content of the soil was 
obtained in the range of 11.00 ±1.04 to 15.30 ±1.02 gkg-1 with 

highest potassium content being recorded in the lower layers. 
Table 3. Shows the correlation of chemical properties (pH, 
conductivity, soil organic carbon, soil organic matter, total 
nitrogen, and total phosphorous and total potassium) of soil in 
relation to different sections and soil depths of the study site of 
the tea garden. The soil pH had a strong and positive 
correlation with soil organic carbon (r= *0.954). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 

Soil texture may effect productivity in a variety of way i.e. by 
affecting moisture availability, soil temperature, nutrient 
supply and the accessibility of soil organic matter to microbial 
decomposition (Schimel et al., 1996). In the present findings, 
the soil texture of the study area was found to be silty loam, 
and sandy clay in nature, which might have favoured tea 
plantation. The texture of soil cannot be changed easily in such 
a way that there is a preferential migration of finer soil 
particles to the lower layers due to the changes brought by 
organic matter and root activities of plants under the plantation 
(Gupta, 1987; Gupta and Sharma, 2008). The water holding 
capacity increased with the increase in the clay content at all 
the sites and was low on the sites, where percent sand was 
higher. Sandy soils generally have less favorable moisture 
holding capacity and nutrient retention characteristics than 
non-sandy soils (Perry, 1994).  The bulk density was found 
more with increasing depth at all the sites. This finding agree 
with that of (Haan, 1977) who reported that the bulk density 
increased with the increasing soil depths because the lower 
layers were more compact under the weight of upper portion of 
soil and also due to the lower amount of organic matter in 
deeper layers. The higher soil pH value was found at the top 
layers of soil in all the sections of tea garden. This indicates 
that disturbance may promote the alkalinity of the soil.  

Table 1. Physical properties of soil in relation to different study sites and soil depth (Assam. India) 
 

Location  Depth(cm) Sand (%) Silt (%) Clay (%) Moisture content (%) Bulk density(gm /cm3) Water holding capacity (%) 

 
Silcoorie Tea  
Estate 

0-20 30±2.04 27±2.71 43±2.72 27.15 ±0.14 1.30±0.87 56.98±2.94 
20-40 27±1.84 25±2.26 49±2.33 25.65±0.12 1.32±0.06 54.22±2.54 
40-60 25±2.19 24±2.90 44±2.21 23.45±0.19 1.36±0.12 52.18±2.65 
60-80 23±3.84 21±2.82 41±2.89 22.55±0.22 1.38±0.98 50.27±2.76 

 

Table 2. Chemical properties of soil in relation to different study sites and soil depth (Assam. India) 
 

Location Depth(cm) pH 
Conductivity 

(mS) 
Soil organic 
Carbon % 

Soil  Organic 
matter % 

Total N % 
Total  P 
(g kg-1) 

Total  K 
(g kg-1) 

C:N 

 0-20 4.47±0.08 1.60±0.05 1.61±0.06 2.77±0.02 0.78±0.01 1.22±0.11 11.00±1.04 2.06 
Silcoorie Tea 20-40 4.39±0.20 1.00±0.12 1.41±0.02 2.43±0.07 0.67±0.02 1.17±0.32 13.60±1.09 2.10 

Estate 40-60 4.06±0.22 0.90±0.08 1.20±0.08 2.06±0.09 0.67±0.01 0.66±0.42 14.00±1.07 1.79 
 60-80 4.03±0.12 0.90±0.06 1.13±0.07 1.94±0.01 0.50±0.02 0.37±0.12 15.30±1.02 2.26 

 

Table 3. Correlations matrix among various soil parameter in Silcoorie Tea Estate 
 

Variable pH Conductivity mS Organic carbon % Total N% Total P(g/Kg-1) Total K(g/Kg-1) C:N 

pH 1.00       
Conductivity mS 0.783 1.00      
Organic carbon % *0.954 0.903 1.00     
Total N% 0.714 0.762 0.866 1.00    
Total P(g/Kg-1) 0.936 0.692 0.934 0.861 1.00   
Total K(g/Kg-1) -0.737 -0.923 -0.778 -0.469 -0.520 1.00  
C:N 0.202 0.051 -0.012 -0.509 -0.132 -0.423 1.00 

 * Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed). 
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Ma et al. (1990) have reported that nitrogenous fertilizers used 
in conventional tea cultivation such as ammonium nitrate, 
ammonium sulphate, urea, calcium ammonium nitrate and 
ammonium chloride increase the acidity of the soil. In 
addition, continuous use of ammonium sulphate without the 
addition of lime (calcium carbonate) will reduce the soil pH to 
a level that is unsuitable for economic production of crops 
(Tisdale and Nelson, 1975). Therefore, these soils could be 
amended with lime and organic fertilizer to adjust the pH. The 
soil organic carbon, soil organic matter and were found higher 
in the upper horizons and decreased subsequently with an 
increase in depth. The highest content of organic matter in top 
soil may be due to the continuous agronomic practices and 
decomposition of pruning materials and leaf litter. So, 
management practices, including fertilizer application, pruning 
of tea trees, and soil tillage, might also have a substantial 
impact on TOC content (Zhu, 1983). The higher total nitrogen 
content in the top soil was consistent with the findings of Li             
et al. (2009), this might be due to the contribution of organic 
matter derived from tea plant litter (Li, 1997).  
 
The low total nitrogen content in the lower depth of the soil 
might be due to intensive leaching of the soil nutrients. 
However as a whole total nitrogen observed in the study site 
was low, this might be due to vigorous growth of tea trees, 
which consume a large amount of soil nitrogen. Total 
phosphorous and potassium content of the study area were 
found less with increasing horizontal depth, which was similar 
with the findings of Liao (1996). This can be attributed to 
reduced top-dressing with inorganic fertilizers and substantial 
absorption by tea trees (Liao, 1996; Li et al., 2009), in addition 
to intensive soil erosion. However, the soil pH had a strong 
and positive correlation with soil organic carbon indicating 
that the soil organic carbon as influenced by the soil pH. The 
overall soil quality have been observed to have declined. Thus, 
a proper soil nutrient management is  warranted for improving 
soil health and crop productivity. This study is expected to 
furnish valuable clues to enhance productivity through a 
balanced use of mineral fertilizers combined with organic and 
biological sources of plant nutrients and improve the stock of 
the plant nutrient in soil to sustain profitable production of tea.  
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