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ABSTRACT: Understanding of soil properties to maintain the soil health and crop productivity in agricultural ecosystem is 
vital. As a consequence, soil type and its related chemical and biological characters are being evaluated to determine the quality 
of soil. In this study, soil properties in tea monocropping areas were evaluated for 21 tea gardens under waterlogged condition 
from North Bank (NB), South Bank (SB) of the Assam and Dooars region of West Bengal (WB). A total of 260 samples from 
21 tea gardens were collected for three season including pre-rainy (January-May), rainy (June-September) and post-rainy 
(October-December) and evaluated for different chemical and biological activities. It was found that the NB soil type was sandy 
to silty loam with an average age of 43 to 80 years while the SB soil type was loam to silty loam with an average age of 50 to 
70 years. The soil underlying tea gardens in WB was sandy loam to heavy soil with sandy patches and the age of cultivation 
was above 70 years. The soils of all the tea gardens were riiildly acidic (pH values from 3.6 to 5.9). The moisture content, soil 
respiration and temperature of the soils in each of the gardens showed significant variation. A mixed clustering was obtained for 
the tea gardens with much variation during pre-and post rainy based on studied soil parameters. It was also found that there was 
a significant correlation during the post-rainy seasons for enzyme activities including urease, phosphatase and dehydrogenase 
(F<0.05), respectively. During pre-rainy, six principal factors influence the soil characteristics with a variance level of 49.26%. 
During rainy, principal factors urease and phosphatase showed negative effects over the other soil factors whereas in post-rainy 
pH was the significant principal factor followed by urease, moisture and temperature at the variance level of 25.97%. From 
the observation it could be concluded that the variations in soil physical, chemical and biological properties were observed 
among soils from tea gardens of Assam and WB. These variations in soil characteristics under waterlogged conditions were 
due to variation in the soil texture, management practice. The present finding will help in improvement of tea production by 
establishing correlation with soil characters. 
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Introduction and anhydrides of phosphoric acids." The release and 

Soil physicochemical properties and soil enzyme activi- availability of phosphates depends on the soil pH. 
ties are very sensitive to natural and anthropogenic activ- Once released phosphatase catalyses the hydrolysis of 
ities.'.^ These factors play key biological roles in soil '̂̂ ^̂ ^̂ '̂  phosphate to inorganic phosphate; therefore, it 
systems.̂ '̂  For example, they catalyze several important '' ^^ ^P^^^^^ ^^ ^^^^^^ biologi^cally available and 
reactions necessary for the life cycles of micro-organ- unavailable phosphorus."'^ Dehydrogenase enzyme 
isms in soil and facilitate the stabilization of soil struc- ^̂ ^̂ '̂ ^̂ y is commonly used as an mdicator of biological 
ture, the decomposition of organic wastes, the formation ^""^^'^ ^̂  '^'^'•' Dehydrogenases are known to oxidize 
of organic matter and nutrient cycling.^ Soil enzymes are ^̂ ^̂  ̂ ''̂ ^^ '̂̂  ^^tt^"" ̂ y transferring protons and electrons 
constantly being synthesized, accumulated, inactivated ^""^ ^"^^^^^es to acceptors in the respiration pathways 
and decomposed in the soil; therefore, soil biochemical ^^ '^'^ micro-organisms. In addition, deydrogenases are 
activities have been found to be very responsive to soil closely related to soil, air and water conditions.'^'« Simi-
conservation and patterns of use by humans such as non ^^'^y^ ^^^^^ '^ responsible for the hydrolysis of urea fer-
tillage, organic amendment, crop rotation and cultiva- tilizer applied to soil into NH3 and C0,.'^.'« Accordingly, 
tion ''^"' urease activity in soils has received a great deal of atten-

Among the soil enzymes, phosphatases are a broad îon since it was first reported by Rotini.'^ Furthermore, 
group of enzymes that catalyze the hydrolysis of esters ^^^^ ^^^'^^ conducted to evaluate the activity of all 

of the aforementioned enzymes have demonstrated that 
they are responsive to human activities.''''^'''''^ Converse-
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Tea cultivation has been conducted in the Assam and 
Dooars regions of West Bengal (WB) for centuries. Tea 
{Cammelia sinensis L. (O) Kuntze) is a perennial crop 
that survives for more than 100 years, but is very much 
susceptible to drought and water logging. The production 
of tea depends on the nature of soil and other ecological 
factors such as microbial activity. Localized accumula
tion of water or an increase in the water table to the root 
zone (less than 90 cm depth) for extended periods can 
cause stunted growth, defoliation or the death of plants. 
Due to various factors, water logging in plantation areas 
has been increasing at an alarming rate in North-East 
(NE) India. Understanding the possible roles of the 
aforementioned soil enzymes is vital to maintaining the 
soil health and fertility management in agricultural eco
systems. Indeed, enzymes may have significant effects 
on soil biology, environmental management, growth and 
nutrient uptake by plants growing in such areas. In addi
tion, the physical, chemical, biological and biochemical 
properties of soil are very important for its behavior.̂ '̂̂ '' 
Moreover, the factors that are most closely related to 
nutrient cycles, such as soil respiration, microbial bio-
mass, nitrogen mineralization capacity and the activi
ties of soil enzymes, can be used to determine if the soil 
quality has deteriorated.^^ Although there is a wealth of 

Table 1: Brief description of the Tea Gardens 

information regarding the nutrient status of soil under
lying tea monocropping areas in NE India and Dooars 
region of WB, little work has been done regarding the 
soil physical, chemical and biological activity of the tea 
gardens in this area. Therefore, we analysed biochemi
cal and chemical characters of tea soils including the 
phosphatase, urease, and dehydrogenase activity, and the 
percentage of C, P and N in soil samples collected from 
water logged areas of different Tea gardens in Assam and 
West Bengal. 

Materials and Methods 

Study Site 

Soil samples were collected from a plantation with an 
area of 9248.35 ha that contained 21 individual Tea Gar
dens located in different regions along the south bank 
(SB) and north bank (NB) of River Brahmaputra of 
Assam and Dooars region of WB (see Table 1). A total 
of 260 sampling locations were selected from 21 gardens 
and then sampled during pre-rainy, rainy and post-rainy 
season, respectively. The year that crops at each garden 
were first planted was collected fi-om records maintained 
by the garden. 

Region 

South Bank 
(Assam) 

North bank 
(Assam) 

Dooars 
(West Bengal) 

Name of 
garden 

Jalannagar 
Nandanban 
Dinjan 
Thanai 
Greenwood 
Majjan 

Monabag 
Monmohinipur 
GIngia 
Nyagogra 
Dufflagarh 

Telepara 
Totapara 
Kalahari 
Huldibarl 
Ethelbari 
Cooch Behar 
Danguajhar 
Joypur 
Noweranuddy 
Baintgoorie 

Age of garden 
(Yrs) 

50 
46 
69 
51 
73 
50 

80 
50 
53 
43 
47 

89 
95 
94 
89 
89 
70 
97 
89 
97 
89 

Area 
(ha) 

216.02 
097.43 
487.00 
476.76 
581.51 
479.41 

240.60 
387.00 
432.92 
685.00 
683.53 

548.00 
378.13 
287.00 
883.00 
272.52 
224.26 
659.58 
328.00 
251.44 
650.00 

Type of cultivation 
(Race) 

Old seed jat (Assam) 
Betjan (Assam) 
Chumaijan, Betjat (Assam) 
Old seed jat (Assam) 
Old seed jat (Assam) 
Rongagora jat (Assam) 

Old seed jat (Assam) 
Old seed jat (Assam) 
Tingamara (Assam) 
Kharijan (Assam) 
Betjan (Assam) 

Kharijan, Betjan (Assam) 
Tingmara, Kharijan (Assam) 
Dangri Manipuri (Assam) 
Indigenous (Assam) 
Dangri Manipuri (Assam) 
Kharijan, Betjan (Assam) 
Endong (Assam) 
Old seed jat (Assam) 
N18, Old seed jat (China) 
Dangri Manipuri (Assam) 

Soil type 

Silt loam 
Loam 
Silty loam 
Loam 
Loam 
Loam 

Sandy loam 
Sandy loam 
Sandy loam 
Silty loam 
Loamy sandy 

Sandy Loam 
Sandy Loam 
Heavy Soil 
Sandy Soil . 
Heavy Soil 
Sandy Soil 
Sandy Loam 
Sandy Loam 
Heavy Soil 
Sandy Loam 

Longitude/ 
Latitude 

94°55'E-27°28'N 
95''27'E-27°27'N 
95°48'E-27°33'N 
95°20'E-27»32'N 
95''10'E-27°31'N 
95WE-27' '30 'N 

92°30'E-26°47'N 
92°29'E-26''49'N 
93''14'E-26''49'N 
93''36'E-26°52'N 
93°31'E-26''54'N 

88»00' E - 26»43' N 
89WE-26' '49 'N 
88°53'E-26°46'N 
88''59'E-26°46'N 
89»12'E-26°37'N 
89°14'E-26''31'N 
88°41'E-26°34'N 
88»38'E-26''36'N. 
88''44'E-26''44'N 
88°40'E-26°45'N 

Data were taken from the inventory of each tea garden. 
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CHANGES IN SOIL PROPERTIES WITH CAMELLIA SINENSIS L. PLANTATIONS 

Soil Sampling 

Top soil samples were collected between August and 
February between two rows of the tea plants using intact 
soil core systems. Average often soil samples were col
lected from each garden from the bulk sampling repre
senting ten sites in each location. The samples collected 
were immediately stored at 4°C and brought to the labo
ratory for soil analysis. All the soil analysis was done 
within 4 weeks of collection. 

Physicochemical Properties of Soil 

The soil pH was determined in 1:2.5 soil:water suspen
sions using an automatic glass electrode pH meter (Sys-
tronic model-361). The percentage of organic C was 
determined by WaUcley and Black^* while phosphorus 
was evaluated by the phospho molybdic acid methods.^' 
The soil moisture content was determined after drying 
the soil samples at lOS^C until a constant weight was 
obtained. The soil temperature and respiration were 
quantified using infi'a red gas analyzer, equipped with 
soil temperature and respiration assemblage CCIAS-1 
(IRGA-CCIRAS-I) at the site. 

Soil Enzyme Assay 

The enzyme activity of phosphatase was determined 
using the method described by Tabatabai and Brem-
ner.̂ ^ All values were expressed as ^g of/)-nitrophenol 
released fromj^-nitrophenyl-phosphate that was cleaved 
by phosphatase in 0.1 g of soil. The optical density was 
recorded at 430 nm using an Analyticzena (SPECORD 
210) spectrophotometer and total phosphatase activ
ity was calculated from standard curve prepared using 
/>-nitrophenol-phosphate. 

The 2,3,5-triphenyl tetrazolium chloride (TTC) 
reduction technique^' was used to measure the soil dehy
drogenase activity. Briefly, fresh soil (5 g) was added 
to a test tube that contained 5 ml of 0.1% TTC solution 
and then shaken until the sample was well mixed. The 
samples were then incubated at 30°C for 24 hr in the 
dark. The Tri phenyl formazen (INTF) released was then 
extracted in methanol and measured by reading the opti
cal density at 485 nm. The dehydrogenase activity of 
soil was compared from standard curve prepared using 
sodium hydrosulphide and expressed as mg INTF g"' dry 
soil hr ' . 

The urease activity was measured using the meth
od described by McGarity and Myers.'" The amount of 
NH^-N released by the urease enzyme was calculated 
using a reference-calibrated curve and expressed as 

NH^-N mg g"' of dry soil hr ' . 

Statistical Analyses 

Analysis of variance (ANOVA) was done to compare the 
soil physicochemical properties and enzyme activities 
among the individual region. Mean significance differ
ences were compared by the Duncan's Multiple Range 
Test (DMRT) at P < 0.05. In addition, cluster and Pear
son's correlation analysis was done to establish the simi
larity and relationship among the tea gardens of three 
regions. Finally, the data were subjected to factor analy
sis for establishment of the most influencing factors. All 
statistical analyses were conducted using SPSS Pc^ 11.5 
(USA). 

Results 

Tea Gardens 

The SB and NB tea gardens of Assam were between 
>43 and >80 years old while the WB tea gardens were 
between 70 and 91 years old cultivations (see Table 1). 
The soil type of the SB tea gardens was loam to silty 
loam, while sandy loam to silty loam was found in the 
NB tea gardens. The soil in the tea gardens of WB was 
found to be a mixture of sandy loam, heavy soil and 
sandy soil with sandy patches. The Nandanban tea gar
den had the smallest area (97.43 ha) while the Huldibari 
tea garden had the largest area (883 ha). 

Soil Physicochemical Properties 

The soil pH and moisture content recorded for the pre-
rainy, rainy and post-rainy seasons are shown in Table 2. 
The pH for the individual tea gardens were varied from 
3.4 to 5.8, with values of 3.4-4.5, 4.4-5.6 and 5.0-5.8 
being observed during the pre-rainy, rainy and post-
rainy seasons, respectively. In addition, the moisture 
content of soil collected from the tea gardens of Assam 
and West Bengal differed significantly. During the pre-
rainy season, the lowest moisture contents observed 
were 14%, 11% and 13% for the SB, NB and Dooars 
regions, respectively, while the highest contents were 
approximately 18.2%, 20% and 30.5%, respectively. In 
addition, the percentage of moisture content during rainy 
season ranged 12.6-27.2, 22.3-24.1 and 18.2-34.5 for 
the SB, NB and Dooars regions, respectively, while the 
percentage of moisture content during the post rainy for 
the SB, NB and Dooars regions were ranged 10.9-17.0, 
10.8-19.8 and 10.7-24.0, respectively. 

Total organic carbon and soil fi-om tea gardens of 
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Table 2: 

Region 

South-

Bank 

(Assam) 

North-

bank 

(Assam) 

Dooars 

(West 

Bengal) 

£T AL. _ ^ _ , ^ _ ^ _ _ ^ _ - ^ _ - ^ _ ^ _ _ ^ - ^ ^ . ^ ^ _ ^ — — ^ . ^ — - ^ — — 

pH and moisture content of soils from tea gardens in Assam and West Bengal 

Name of 

garden 

Maijan 

Greenwood 

Thanai 

Dinjan 

Nandanban 

Jalannagar 

Monabag 

IWonmohinipur 

Gingia 

Nyagogra 

Dufflagarh 

Telepara 

Totapara 

Kalahari 

Huldihari 

Ethelbari 

Cooch Behar 

Danguajhar 

Joypur 

Noweranuddy 

Baintgoorie 

Pre-monsoon 

4.3 (3.6-4.4)a 

4.5 (3.9-4.8)a 

3.9 (3.8-4.5)3 

4.3(4.1-4.7)a 

4.1 (3.9-4.5)a 

3.4 (3.9-4.4)b 

4.5 (4.4-4.6)a 

4.2 (3.8-4.8)b 

4.2 (3.94.5)b-

4.5 (3.5-5.0)a 

4.0 (3.9-4.3)0 

3.9 (3.6-4.4)a 

4.4 (3.9-4.8)3 

4.1 (3.8-4.5)3 

4.2(4.1-4.7)3 

4.2 (3.9-4.5)3 

4.1 (3.9-4.4)a 

4.2 (3.9-4.8)3 

3.9 (3.8-4.0)3 

4.2 (4.1-4.7)3 

4.3 (3.9-4.5)3 

pH 

Monsoon 

5.0 (4.8-5.5)3 

4,4 (4.4-4.8)0 

5.0 (4.5-5.3)3 

5.0 (4.8-5.3)3 

4.9 (4.8-5.0)b 

4.9 (4.5-5.0)b 

5.1 (5.1-5.4)0 

5.4 (5.2-6.7)b 

5.2 (5.3-5.8)bc 

5.4 (5.6-5.9)b 

5.6 (5.6-5.8)a 

5.0 (4.8-6.0)8 

4.8 (4.2-5.0)3 

4.9 (4.8-5.4)a 

4.7 (4.4-4.7)3 

5.0 (4.6-5.3)3 

4.9(4.8-5.1)3 

4.9(4.8-5.1)3 

4.9 (4.9-5.4)a 

4.6 (4.4-4.9)3 

4.7 (4.5-5.0)a 

Post-monsoon 

5.7 (5.6-5.7)3 

5.5 (5.1-5.8)b 

5.8 (5.7-6.0)3 

5.7(5.2-5.9)3 

5.5 (5.2-5.8)b 

5.2(5.1-5.8)0 

5.0 (4.2-5.3)0 

5.3 (4.6-5.5)3 

5.0 (4.3-5.5)0 

5.1 (4.7-5.1)b 

5.3 (4.6-5.5)3 

5.3 (5.2-5.9)b 

5.5 (5.2-5.8)3 

5.5 (5.1-5.8)3 

5.6 (5.0-5.8)3 

5.7 (5.7-6.0)3 

5.6 (5.2-5.9)3 

5.7 (5.6-5.7)3 

5.2(5.1-5.8)b 

5.4 (5.2-5.9)3b 

5.6(5.1-5.8)3 

Pre-monsoon 

18.2(14.3-26.2)3 

14.4 (12.5-24.6)d 

15.5(13.8-19.4)0 

17.0(14.5-17.5)b 

15.0(13.3-17.4)0 

18.0(14.9-20.9)3 

11.0(10.4-11.7)d 

19.4(15.9-20.7)b 

15.7(13.4-20.9)0 

20.0(17.0-20.2)3 

19.1 (17.2-21.5)ab 

17.4(16.1-20.7)6 

18.1 (18.2-19.1)e 

23.8 (22.3-27.4)b 

16.7(14.7-17.4)d 

14.0(10.4-15.6)f 

13.1 (09.4-16.2)f 

14.8(19.7-38.7)1 

17.6(04.9-27.0)d 

30.5 (29.5-34.9)3 

21.0(19.8-24.5)0 

Moisture content (%) 

Monsoon 

20.7(10.8-23.5)b 

21.3(14.8-22.9)b 

20.9(17.9-22.3)b 

24.0(21.4-11.8)b 

27.2 (24.6-29.6)3 

12.6(10.2-18.6)0 

22.3(19.8-28.6)b 

23.4 (18.3-25.5)ab 

23.9(23.1-26.3)3b 

23.7 (18.8-28.4)3b 

24.1 (20.1-28.9)3 

33.0 (25.0-40.6)ab 

34.5 (27.4-43.9)3 

30.1 (12.040.8)0 

28.2(16.3-42.4)d 

19.5(14.9-22.1)fg 

19.8(16.8-28.4)fg 

23.2(19.5-36.0)0 

20.7(17.8-31.7)f 

18.2(10.1-38.7)g 

32.5 (28.7-40.3)b 

Post-monsoon 

17.0(16.1-18.4)3 

13.7 (13.3-17.9)0 

12.5(10.5-18.6)d 

15.9(10.4-17.6)b 

10.9(05.6-16.8)6 

15.7(14.9-18.6)b 

17.9(16.0-18.4)d 

10.8 (08.7-13.0)6 

19.9(17.5-21.4)3 

19.0(16.0-20.3)b 

19.8(16.3-21.5)3b 

17.6(16.1-18.4)0 

15.6(13.3-17.9)cd 

16.1 (10.5-18.6)0 

24.0(10.4-70.6)3 

14.4 (12.3-20.4)d 

16.1 (14.7-17.4)cd 

12.3(10.4-15.6)6 

10.7(09.4-16.2)6 

11.6(08.7-13.0)6 

20.6(17.5-21.4)b 

D3t3 are the means of ten observations 3t each garden; data in parenthesis are the minimum and maximum observed values; mean values within the column followed by similar 
letters 3re not significantly different from each other according to DMRT at p<0.05. 

Assam and WB are shown in Table 3. Total organic C in 
NB tea gardens was found the highest in post-rainy sea
son (1.66-1.80%) for all tea gardens followed by rainy 
and pre-rainy seasons except Nayagogra tea garden. In 
Nayagogra, the highest organic C was found in post-
monsoon followed by pre-monsoon (0.41%) and mon
soon (0.31%), respectively. On the other hand, reverse 
organic C-content was found for SB. In SB, the high
est organic C content (0.99%) was found for pre-rainy 
followed by rainy (0.58-0.89%) and post-rainy seasons 
(0.35-0.62%), respectively. 

A characteristically different organic C content 
(0.23-1.67%) was found in Dooars regions tea gardens 
of WB. In pre-rainy, Ethelbari tea garden showed the 
lowest organic C (0.23%)) and the highest by Baintgoorie 
tea gardens (1.67%), respectively. Similarly, in rainy the 
lowest organic C was showed by Kalabari tea garden 
(0.52%), the highest by Baintgoorie (1.44%) and in post-
rainy Coochbehar (0.56%) was the lowest and Kalabari 
(1.67%) found to be the highest. Amongst all the tea gar
dens of Assam and WB, tea garden Dufflagarh tea garden 
of NB showed the lowest organic C (0.19%) in pre-rainy 
and found the highest for Manabag (1.80%), respectively. 

The temperature of soils in gardens in the Dooars 
region varied significantly (see Table 4) among the tea 
gardens as well as to seasons. Specifically, the mean soil 

temperature in the NB region ranged 2 r c to 26''C over 
the three seasons while it ranged from ITC to 22°C for 
the SB region and fi-om 24°C to 36°C for the Dooars 
region. Similarly, the mean respiration in the NB tea gar
dens over the three periods ranged fi-om 0.87 to 5 î mol 
m-^s '̂; for SB 1.02-3.98 |xmoI m-^s"'; while Dooars 
region were 0.42-13.1 fimol m"^s', respectively. 

Enzyme Activity 

Dehydrogenase activity 

The dehydrogenase activity of tea gardens of NB, SB 
and Dooars regions is depicted in Figure 1. A significant
ly highest dehydrogenase activity was found at Maijan 
tea garden over the three seasons in the SB, The lowest 
and highest values observed in SB during the pre-rainy 
season were 0.28 ng g"' hr '̂ and 0.052 fig g"' hr ' , while 
those observed during the rainy and post-rainy were 
0.1-0.2 (ig g- 'hr ' and 0.4-1.5 mg g"' hr ' , respectively. 
On the other hand, compared to rainy and post-rainy, a 
very low dehydrogenase activity was found in NB tea 
gardens. It was significantly highest for Dufflagarh for 
all seasons (0.06, 0.2 and 0.7 jxg g"' hr ' ) while the low
est was found at Gingia (0.03 |xg g ' hr '); Nayagogra 
(0.13 ng g"' hr ' ) and Manmohinipur (0.25 (xg g '̂ hr ' ) 
in pre-rainy, rainy and post-rainy, respectively. For tea 
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Figure 1. Dehydrogenase activity of different tea gardens in Assam and West Bengal in three different seasons. 

Data are mean of 10 individual observations; en-or bars represent standard error means of observed values; error bars followed by similar letter within the group are not 
significantly different from one another according to DMRT at P<0.05; a. Dooars region of West Bengal (WB); b. North bank (NB) of Assam c. South bank (SB) of Assam. 

gardens of Dooars region of WB, a significantly highest 
dehydrogenase activity was found for Telepara (1.6 mg 
g ' hr ' ) and the lowest for Ethelbari (0.1 mg g ' hr ' ) dur
ing pre-rainy. During rainy, the highest dehydrogenase 
activity was found for Nowemidhi (0.7 mg g"' hr ' ) and 
was found insignificant compared to Kalabari and Haldi-
bari. On the other hand, during post-rainy, a significantly 
highest dehydrogenase activity was found for Totapara 
(1.5 mg g"' hr"') while the lowest was found for Cooch
behar (0.6 mg g"' hr ' ) . Except Telepara and Totapara tea 
gardens, the highest dehydrogenase activity was found 
for post-rainy followed by rainy and pre-rainy seasons, 
respectively. 

Phosphatase activity 

Posphatase activity of soil collected from different tea 
gardens of Dooars, NB and SB regions is described in 
Figure 2. In NB tea gardens, during pre-rainy season, 
a beyond detectable limit of phosphatase activity was 

found for Manmohinipur while a significantly highest 
phosphatase activity was found for Gingia tea garden 
during pre-rainy (03 ^g g"' hr"') and post-rainy (0.7 [ig 
g ' hr ' ) seasons. However, it was the highest for Man
mohinipur (0.75 pg g"' hr ' ) during rainy seasons. In case 
of SB tea gardens, a significantly highest phophatase 
activity compared to Maijan and Greenwood tea gardens 
was found for Jalanagar (29 mg g"' hr ' ) during pre-rainy. 
During rainy and post-rainy seasons, it was the highest 
for Maijan (150 |ag g"' hr ' ) and Thanai (2 ng g"' hr ' ) tea 
gardens. Overall highest phosphatase activity was found 
during rainy followed by pre-rainy and post-rainy sea
sons for SB tea gardens. On the other hand, during pre-
rainy, a significantly highest phosphatase activity was 
recorded for Noweranuddi (0.25 |ig g"' hr ' ) compared 
to Telepara, kalabari, Ethelbari, Coochbehar, Jaypur and 
Beintguri. Except Ethelbari and Beintgoorie, a signifi
cantly highest phosphatase activity was found for Huldi-
bari (0.19 ng g"' hr"') during rainy seasons and signifi-
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cantly highest for Ethelbari (0.11 |ag g ' hr ') compared 
to Telepara, Huldibari and Denguajhar during post-rainy 
seasons. Like NB tea gardens, overall highest phospha
tase activity was recorded during rainy seasons followed 
by pre-rainy and post-rainy seasons. 

Urease Activity 

The urease activity during pre-rainy, rainy and post-rainy 
season for Dooars, SB and NB is described in Figure 3. 
During pre-rainy, no urease activity was detected for Nay-
agogra and Dufiflagarh, and among the other two gardens 
a significantly highest urease activity was found for Gin-
gia. Overall, the highest urease activity was found dur
ing pre-rainy followed by post-rainy and rainy seasons. 
On the other hand, in SB, a significantly highest urease 
activity was found in Maijan (15 jug g '̂ hr ') , Jalanagar 
(150 |ig g ' hr ' ) and Green wood (0.23 [xg g~' hr^') dur
ing pre-rainy, rainy and post-rainy seasons, respectively. 
Like Manmohinipur and Dufiflagarh of NB, no detect
able urease activity was found for Maijan and Thanai tea 
gardens during post-rainy seasons. For SB tea gardens, 
the highest urease activity was recorded during rainy fol
lowed by pre-rainy and post-rainy seasons. For Dooars 
regions, a significantly highest urease activity was found 
for Nowemuddi (110 jig g ' hr ' ) and Huldibari (0.28 pg 
g ' hr ' ) and was the lowest for Coochbehar (25 ^g g ' 

hr ' ) during pre-monsoon. During rainy and post-rainy 
seasons, urease activity was found significantly highest 
for Huldibari (0.39 fxg g"' hr"'), and Telepara (0.11 ng 
g"' hr ') , respectively. Overall, the highest urease activity 
was found during pre-rainy while almost equal during 
rainy and post-rainy seasons. 

Relationships among the Tea Gardens 

Clusture Analysis 

Cluster analysis on soil characters for the dififerent tea 
gardens of including three seasons of Assam and West 
Bengal is described in Figure.4. During pre-monsoon, 
two distinct clusters were found for Assam and West 
Bengal tea gardens based on soil characteristics. Based 
on soil characters. Tea Garden No. 8 showed the highest 
dissimilarities amongst the Assam tea gardens while Tea 
Garden No. 1, 2, 9, 11 and 12 and the Tea Garden No. 4, 
5, 6, 7 and 10 belong to other two groups. Similarly, Tea 
Garden No. 13 of Dooars region of West Bengal showed 
the highest dissimilarities while the second group com
prises of the Tea Garden No. 17 and 21 and the third 
group 14, 15, 16, 18, 19 and 20. During monsoon sea
sons, the tea gardens were falling in two distinct clus
ters based on soil characteristics. The fist cluster com
prised of all the tea gardens belongs to NB and the two 

Table 3: Organic carbon content of soils from tea gardens in Assam and West Bengal 

Region 

South Bank 

(Assam) 

North bank 

(Assam) 

Dooars 

(West Bengal) 

Name of garden 

Maijan 

Greenwood 

Thanai 

Dinjan 

Nandanban 

Jalannagar 

Monabag 

Monmohinipur 

Gingia 

Nyagogra 

Dufflagarh 

Telepara 
Totapara 

Kalabari 

Huldibari 

Ethelbari 

Cooch Behar 

Danguajhar 

Joypur 

Noweranuddy 

Baintgoorie 

Data are the means of ten observations at each garden; data in 
letters are not significantly different from one another according 

in 

Pre-monsoon 

0.88 (0.54-1.26)ab 

0.99(0.48-1.50)3 

0.98 (0.57-1.35)a 

0.73 (0.54-1.05)b 

0.80 (0.36-1.15)ab 

0.98(0.45-1.17)3 

0.23 (0.13-0.45)b 

0.35(0.15-0.45)ab 

0.45 (0.26-0.95)3 

0.41 (0.15-0.80)3 

0.19(0.09-0.90)b 

0.65 (0.30-1.55)c 

1.45(1.20-1.95)3 

0.89 (0.60-1.50)b 

0.98 (0.90-1.86)b 

0.23 (0.06-1.17)d 

0.82 (0.60-1.56)b 

1.12 (0.90-1.98)b 

0.94 (0.60-1.86)b 

1.41 (0.78-2.10)ab 

1.67(1.20-1.92)3 

parenthesis are the minimum and 
toDMRTatP<0.05. 

Organic carbon (%) 

Monsoon 

0.89(0.75-1.05)3 

0.66 (0.15-0.96)b 

0.77 (0.21-1.20)b 

0.58(0.14-1.20)c 

0.71 (0.30-0.93)b 

0.76 (0.63-1.08)b 

0.35(0.12-0.60)0 

0.43 (0.17-0.85)bc 

0.56 (0.51-0.68)3 

0.31 (0.17-0.85)c 

0.36 (0.17-0.72)bc 

0.56 (0.51-0.68)d 

0.95(0.60-1.71)b 

0.52(0.31-0.86)d 

0.89 (0.77-1.67)bc 

0.67 (0.26-0.94)0 

0.98 (0.39-1.84)b 

0.81 (0.77-1.71 )bc 

0.91 (0.43-1.50)bc 

0.99 (0.43-1.46)b 

1.44(1.28-1.58)3 

maximum observed values; mean 

Post-monsoon 

0.60 (0.34-0.99)3 

0.62(0.09-1.29)3 

0.57(0.09-1.72)3 

0.35 (0.20-0.60)0 

0.41 (0.09-0.60)b 

0.42(0.13-0.43)b 

1.80(1.62-2.03)3 

1.79(1.38-1.94)3 

1.69 (1.56-1.94)b 

1.66(0.17-2.07)b 

1.76(1.17-2.07)ab 

0.89 (0.62-1.03)d 
1.43(1.30-1.94)b 

1.67(1.56-1.94)3 

0.87 (0.17-2.07)d 

1.45 (1.17-2.07)b 

0.56 (0.51-0.69)e 

0.82 (0.60-1.01 )de 

0.75 (0.41-0.98)de 

0.99(0.56-1.97)0 

1.24 (1.17-2.07)bc 

values within the column followed by similar 
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Figure 2. Phosphatase activity of different tea gardens in Assam and West Bengal in three different seasons. 

Data are mean of 10 individual observations; en'or bars represent standard eaor means of observed values; en-or bars followed by similar letter within the group are not 
significantly different from one another according to DMRT at P<0.05; a. Dooars region of West Bengal (WB); b. North bank (NB) of Assam c. South bank (SB) of Assam. 

tea gardens belong to SB of Assam. The second cluster 
comprised of the tea gardens belongs to south bank of 
Assam and the Dooars region of West Bengal. In contrast 
to pre monsoon, a mixture of three distinct clusters rep
resenting both Assam and Dooars region of West Bengal 
tea gardens was observed for the post-monsoon seasons 
based on soil characteristics. The first cluster compris
ing of Tea Garden No. 5, 7, 9, 10, 13 belongs to South 
bank of Assam and Tea Garden No. 19 and 20 belong to 
Dooars regions of West Bengal. On the other hand, the 
second group comprised of Tea Garden No. 1,3 belongs 
to NB and 6, 8, 11 and 12 of SB of Assam and rest 16, 18 
and 21 of Dooars region of west Bengal. While the two 
tea gardens numbered 2 and 4 representing only the NB 
of Assam comprised of the third group. 

Correlation Analysis 
The correlation analysis among the soil characters of 
different tea gardens is described in Table 5. During 
pre-rainy season, a significant correlation was observed 
for pH with other seven parameters atP < 0.05 and P < 
0.01 level except phosphatase activities. In case of ure-

IJTS October 2012 

ase activities, a significant correlation at P < 0.05 and 
P < 0.01 level was found for all the other five factors 
except phosphatase and respiration. The other factors 
such as dehydrogenase showed significant correlation 
with urease and pH, moisture with pH, carbon with tem
perature and pH, while respiration with temperature and 
pH, respectively, at P < 0.05 and P < 0.01 levels. Like 
pre-monsoon, there was no significant correlation found 
for pH except dehydrogenase during monsoon among 
the tea gardens. In contrast, phosphatase has significant 
correlation with other soil parameters except pH and res
piration at P < 0.05 and P < 0.01 level. On the other 
hand, like pre-monsoon during monsoon also the urease 
activity showed significant correlation to other four fac
tors except pH and respiration. The other two soil charac
ters carbon and temperature have significant correlation 
with phosphatase and urease, respectively. Like pre-
monsoon and monsoon, there was no significant correla
tion observed among most of the soil parameters. During 
post monsoon except pH with urease carbon, and urease 
with moisture and temperature with respiration, no other 
soil characters showed significant correlation at P < 0.05 
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Table 4: Respiration and temperature of soils from tea gardens in Assam and West Bengal 

Region Name of Garden Respiration (n mol m V ) 
Pre-Monsoon Monsoon Post-Monsoon Pre-Monsoon 

Temperature (C°J 
Monsoon Post-Monsoon 

Nortti bank 

(Assam) 

South Bank 

(Assam) 

Dooars 

(West 

Bengal) 

Monabag 

Gingia 

Noyagogra 

Dufflagarti 

Manmotiinpor 

Maijan 

Greenwood 

Ttianai 

Dinjan 

Nandanban 

Jalannagar 

Telepara 

Totapara 
Kalabari 

Huldibari 

Ettielbari 

Coochbehar 

Danguajhar 

Jaipur 

Noweranuddy 

Baintgoorie 

4.7(4.1-5.9)a 

0,9 (0.7-6,2)c 

2,5(2.1-3.5)b 

1.5(1.5-7.7)0 

1.5(1.5-6.8)0 

2.5 (2.2-2.7)b 

3.6 (3.4-3.9)a 

3.5 (2.3-2.7)a 

2.4 (2.1-2.7)b 

2.8 (2.4-3.1)b 

1.9(1.4-2.1)0 

6.4 (4.7-6.8)b 

6.7 (6.0-8.0)b 

13.1 (8.0-17.0)a 

4.0 (3.24.7)e 

7.1 (6.2-8.1)b 

3.3 (2.5-4.8)ef 

5.1 (3.1-8.1)de 

0.4 (0.4-0.4)f 

5.4 (4.9-5.9)d 

5.2 (2.9-7.8)d 

5.2 (4.5-6.0)a 

3.6 (2.5-6.2)b 

3.0 (2.7-3.5)b 

2.4(1.5-9.7)0 

2.4(1.5-9.7)0 

2.6 (2.3-2.9)bc 

4.0 (3.2-4.0)a 

3.6 (3.2-4.2)ab 

2.3 (2.1-2.7)0 

3.0(2.6-3.1)b 

1.9(1.6-2.2)d 

8.7(5.4-12.2)a 

8.3 (7.2-9.2)a ' 

7.2 (6.2-8.0)b 

5.1 (2.8-6.8)0 

4.8(3.1-6.8)0 

1.6(1.3-1.8)9 

3.5(1.3-6.8)d 

3.6 (2.7-5.2)d 

1.9(1.0-2.3)6 

1.2(0.4-1.8)6 

4.0 (2.2-5.9)a 

1.5{0.6-2.7)bc 

1.7(0.6-2.5)b 

1.4(0.7-3.1)0 

1.9(1.0 3.2)b 

2.0(1.9-2.3)0 

4.0(3.1-4.1)a 

4.0(3.4-4.1)a 

2.3 (2.1-2.6)bc 

2.7 (2.4-2.8)b 

1.0 (0.9-1.2)d 

5.6 (2.5-12.5)a 

5.6(4.3-7.1)3 

3.1 (2.5-3.4)b 

2.7(1.4-3.6)0 

5.4 (2.7-8.8)a 

1.9(1.1-2.5)d 

1.6(1.2-2.5)d 

2.2(1.3-2.0)d 

2.3(1.5-3.9)cd 

2.3(1.8-2.6)od 

24.7 (20.3-26.9)3 

22.1 (19.9-25.5)b 

21.8(20.8-24.8)b 

21.9(21.1-22.5)b 

22.1 (21.1-22.5)b 

19.6(18.2-20.2)bo 

17.1 (16.6-19.4)d 

20.5(19.0-23.6)3b 

19.0(17.0-18.6)od 

21.8(20.7-22.8)3 

17.1 (17.0-18.6)d 

24.8 (23.9-26.2)bo 

24.7 (23.7-26.2)bc 

28.3 (27.7-28.9)ab 

27.5 (25.4-30.5)bc 

26.5 (24.4-29.2)bc 

31.3(26.9-33.3)3 

24.9(24.1-26.6)b 

24.9(24.0-26.1)bc 

24.8 (23.8-26.9)0 

24.9 (24.6-25.3)0 

26.1 (25.5-26.7)3 

25.5 (25.4-25.6)3b 

25.6 (25.2-26.0)ab 

24.9 (24.6-25.5)b 

25.6 (24.6-25.5)ab 

19.5(18.4-20.4)b 

18.0(16.9-19.6)0 

20.3(18.3-20.8)3 

19.1(18.5-21.3)b 

22.2(21.4-23.9)3 

18.1 (17.6-19.1)0 

28.90 (26.3-31.9)od 

26.81 (23.7-29.5)0 

31.41 (30.8-32.4)b 

36.72 (35.8-38.1)3 

21.24 (20.4-24.2)f 

26.40 (21.7-24.2)d 

23.11 (21.0-28.2)ef 

24.43(21.0-28.2)6 

24.11 (20.1-23.1)6 

23.60 (23.9-25.2)6f 

20.8 (20.3-21.7)bo 

21.4(19.7-23.1)3b 

22.4(19.5-23.6)3 

20.1 (21.1-22.0)0 

22.4(21.2-23.0)3 

18.6(17.0-19.6)b 

17.8(16.7-19.0)0 

19.9(17.7-21.0)3 

18.3 (16.5-21.6)b 

21.0(19.4-21.5)3 

17.2(16.2-19.2)0 

22.7(21.8-23.3)3 

21.2 (20.8-21.7)bo 

22.5(21.9-23.0)3 

22.6(22.1-23.4)3 

20.7(20.1-21.3)0 

19.7(18.6-20.3)d 

23.4 (22.5-24.6)3b 

20.8(20.1-22.5)0 

21.9(21.2-22.2)bc 

24.0 (23.9-24.2)3 

Data are the means of 10 observations at each garden; data in parenthesis are the minimum and maximum observed values; mean values within the column followed by similar 
letters are not significantly different from one another according to DMRT at P<0.05. 

level. Interestingly, all the correlations during post-rainy 
were positively correlated. 

Discussion 

Soil Physicochemical Properties 

The soil pH was found to be moderately acidic in Assam 
and West Bengal. During the pre-rainy season, the pH 
of the soils in these regions ranged 3.5-4.5 while they 
were approximately 5.0 and 7.0 during the rainy and 
post-rainy seasons, respectively. The variation in the soil 
pH in the Assam and WB tea gardens likely occuired due 
to variations in precipitation and the use of synthetic and 
agrochemicals. Effects of soil pH on soil enzyme activity 
and mineralization have been reported earlier by Tabata-
bai and Bremner^* and Acosta-Marlinez and Tabatabai.^' 
In addition, many studies have found that plant diversity 
and soil pH are related.^^" In the present study, we found 
that the soil pH varied among tea gardens. This may be 
due to different cultivation practices and the variety of 
plants used. The variation of soil pH was also due to the 
soil type of individual tea gardens which also determines 
thepHof the soil. 

Soil respiration, which is a measure of the biologi
cal activity of a soil, and soil temperature play critical 
roles in supporting plant growth. Similarly, the moisture 
content of the soil is also important to plant's survival 

and the maintenance of soil health. The importance of 
soil respiration, temperature and moisture content in soil 
has been demonstrated in several studies.^"" It has been 
reported that the respiratory quotient'^-" (RQ) values in 
aerobic soils range from 0.6 to 1.0 while these values 
are generally >1.0 in anaerobic soils.̂ ^ These temporal 
variations are generally associated with abiotic factors 
such as the soil moisture-temperature relationship."'^^ 
The resuhs of the present study revealed that the respi
ration and temperature varied within an optimal range. 
This variation, in turn, supports the normal physiochemi-
cal characteristics of the soils in tea gardens of Assam 
andWB. 

Soil organic C is referred to the amount of C stored 
in the soil and is a major factor in its overall health. Soil 
C maintains the physical properties of soil such as cat
ion exchange capacity, water holding capacity as well as 
structural stability.^'''"' In Australian soil, an amount of 
1.3-10.5% soil organic matter was reported by Leeper 
and Uren.^' In the present investigation; NB tea gardens 
represent 0.19-1.80%, soil organic C, while SB was 
0.35-1.0% and WB tea gardens were recorded 0.23-
1.67%, respectively. 

Soil Enzyme Activity 

All soil physicochemical and biological properties are 
known to change in response to plants."' The negative 
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correlation due to variations in plant diversity has i also 
been described by Rodriguez-Loinaz et al.'*^ In this study, 
a significant positive correlation (P < 0.05) was found 
between enzyme activity and the post-rainy season iii the 
WB and Assam tea gardens, while a negative correlation 
was observed between enzyme activity and the other sea
sons (data not shown). These findings may have been due 
to the strong relationship between nitrogen application 
and enzyme activity. Therefore, a negative correlation 
between urease activity and pre-rainy and post-rainy sea
son was observed. These results are similar to the results 
of other studies that have shown that the urease activity 
was greater in flooded soils than non-flooded soils.''̂  

Urea is the primary source of N in many crops, 
including flooded or irrigated rice and maize in mkny 
parts of Afi-ica and Asia.'''*^* Soil physiocochemical and 
soil enzyme activities are very sensitive to natural and 
anthropogenic activities and vary greatly in response 
to induced changes.''^ These physicochemical and soil 
enzyme activities play key biochemical roles in sc îls. 
Rainy seasons have been found to enhance the enzyme 
activity of dehydrogenase in soils in southeastern Spain.'^ 

In addition, increased microbial activity in foresf" and 
grassland soils are often attributed to a higher soil char
acters.''^ In pre-rainy seasons, an increase in dehydroge
nase activity has been found to occur in response to the 
amendment of soils with different synthetic and organic 
fertilizers, which may also contribute to observed season
al increases in dehydrogenase activity. The amendment 
of synthetic and organic manure has also been found to 
increase the overall soil oxidase activity.*^ Differences in 
the soil enzyme activity and soil physiological properties 
can also occur due to differences in soil texture and the 
age and nature of cultivation.^"'̂ ' 

Relationships among the Tea Gardens 
Cluster analysis showed no uniformity of clustering 
among the tea gardens. During rainy, two distinct clusters 
were found. The first group represents the tea gardens of 
north bank and Dooars region of Assam and WB while 
second group comprises SB alone. On the other hand, 
there was a mixed representation of tea gardens for the 
pre- and post-rainy seasons. The uniformity among the 
tea gardens during monsoon due to similarities in man-
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Figure 3. Urease activity of different tea gardens in Assam and West Bengal in three different seasons. 

Data are mean of 10 individual observations; en"or bars represent standard error means of observed values; error bars followed by similar letter within the group are not 
significantly different from one another according to DMRT at P<0.05; a. Dooars region of West Bengal (WB); b. North bank (NB) of Assam c. South bank (SB) of Assam. 

UTS October 2012-



Corrected Page 

DUARAH ET AL. 

Table 5: Correlation analysis among soil ptiysical and biochemical parameters for the different tea gardens of Assam 
and West Bengal 

Seasons Parameters pH Phosphatase Dehydrogenase Urease Moisture Carbon Temperature Respiration 

Pre 
monsoon 

IVIonsoon 

Post 
monsoon 

pH 
Phosphatase 
Dehydrogenase 
Urease 
IVIoisture 
Carbon 
Temperature 
Respiration 

pH 
Phosphatase 
Dehydrogenase 
Urease 
iVIoisture 
Carbon 
Temperature 
Respiration 

pH 
Phosphatase 
Dehydrogenase 
Urease 
IVIoisture 
Carbon 
Temperature 
Respiration 

1 
-.005 
-.464* 
-.729" 
-.464* 
-.734** 
-.646** 
-.707** 

1 
-.201 
-.469* 
-.309 
.011 
.126 
.250 
.086 

1 
-.213 
.173 
.470* 
.362 
.454* 
.099 
-.131 

1 
-.229 
-.113 
-.041 
-.056 
-.465 
-.047 

1 
-.435* 
.787** 
-.484* 
-.502* 
-.541* 
-.177 

1 
-.403 
-.034 
-.088 
-.279 
-.115 
-.033 

1 
.654** 
.314 
.356 
.409 
.004 

1 
-.428 
.430 
.076 
.247 
.106 

1 
-.294 
-.200 
-.089 
.325 
.373 

1 
.532* 
.742** 
.613** 
.323 

1 
-.522* 
-.500* 
-.550** 
-.313 

1 
.449* 
.044 
.146 
-.013 

1 
.370 
.167 
.172 

1 
.197 
.514* 
.251 

1 
-.067 
.250 
.046 

1 
.491* 
.350 

1 
.322 
-.136 

1 
-.063 
-.055 

1 
.446* 

1 
.378 

1 
,.457* 

*, correlation is significant at the 0.05 level (two-tailed); **, Correlation is significant at the 0.01 level (two-tailed) 

agement practices was prevalent among the tea gardens 
and also the soil type. On the other hand, the maximum 
variation during pre-rainy and post-rainy may be due to 
early initiation of manure amendment while in post-rainy 
the variation may be due to the late plucking in some 
tea gardens and also the influence of climate. The rela
tionships of tree size and soil respiration, and microbial 
nitrogen in relation to forest type were earlier studied by 
Brechet et al.J'^ and Zechmeistem-Boltenstem et al." 
Correlation analysis found that pH showed a signifi
cant correlation among the other parameters during pre-
monsoon followed by urease > dehydrogenase > organic 
carbon > temperature. It was observed that phosphatase 
showed no significant correlations among the other fac
tors. However, in rainy phosphatase showed a significant 
correlation, except pH and respiration, followed by ure
ase > moisture > temperature > carbon, respectively. The 
phosphorous and nitrogen fertilization during rainy sea
sons may be the reason for significant correlation. On the 
other hand, significant correlation during post-rainy was 
shown by pH followed by urease > carbon and tempera
ture. The diverse correlation among post-rainy for differ
ent tea gardens was due to the cessation of green leaf pro
duction. The influence of soil biochemical characters due 
to fertilization intensity, tillage and pasture management. 

tree size were reported by several workers.̂ '*"̂ '̂  A positive 
correlation between organic carbon content and other 
soil parameters were reported by Bonanomic et al?'^ The 
variation in microbial enzyme activity in intensive culti
vation, and corresponding less disturbed soil was earlier 
reported by several workers and is supporting the present 
findings.5'-5«-» 

Conclusion 
Variation in soil physiological and biological properties 
was observed among soils from tea gardens in Assam and 
WB. The SB tea gardens contained loamy soils with an 
average age of cultivation between 50 years and 70 years 
while the NB gardens contained sandy loam soils with an 
average age of cultivation between 43 years and 80 years. 
In addition, the tea gardens in WB contained sandy loam 
to heavy soil with an average age of cultivation more than 
70 years. The pH of all soils evaluated in this study was 
moderately acidic and the moisture holding temperature 
capacities were 20%, 25% and 35% for the SB, NB and 
Dooars regions, respectively. Additionally, the temper
ature was 36T for Dooars, 26°C for NB and 2 2 ^ for 
SB. Similarly, the respiration ranged irom 0.87 to 4.00 
Itimol m-2 s-'; 1.02 to 4.00 iiimol m'̂  s"' and 0.42 to 5.6 
^mol m-2 s ' for NB, SB and WB, respectively. A nega-
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Figure 4. Cluster analysis among soil physical and biochemical parameters for the different tea gardens of Assam 
and West Bengal. 

1. Maijan; 2. Greenwood; 3. Thanai; 4. Dinjan; 5. Nandanban; 6. Jalannagar; 7. Monabag; 8. Monmohinipur; 9. Gingia; 10. 
Nyagogra; 11. Dufflagarh; 12. Telepara; 13.Totapara; 14. Kalabari; 15. Huldibari; 16. Ethelbari; 17. Cooch Behar; 18. Danguajhar; 
19. Joypur; 20. Noweranuddy and 21. Baintgoorie. 
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tive correlation with respect to seasons was observed for 
the enzyme activity of phosphatase, dehydrogenase and 
urease enzymes for all of the tea gardens. 
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