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ABSTRACT

Tea is Bangladesh's second-highest agricultural export earner, and the nation is rated 15th among
all tea-exporting nations. To develop and support the tea business in Bangladesh, it is crucial to
comprehend the current nutrient status of tea soils. The purpose of the study was to examine the
inherent physical and chemical characteristics of tea soils in relation to the effects of soil depth,
topography and cultivation periods. The results showed the significant effects of soil depths,
topography, and cultivation periods on the measured physical and chemical properties, including
texture, bulk density, organic matter (OM), organic carbon (OC), pH, and cation exchange capacity
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(CEC). The available and total contents of major nutrients such as nitrogen (N), phosphorus (P),
and potassium (K) were also significant (P<0.001). The contents of P and K were observed to be
lower than the critical values ideal for tea cultivation. However, the results indicated that the soils
kept for nutrient restoration for years showed a nutrient status close to the ideal value of tea

cultivation.

Keywords: Nutrient status; tea soils; soil depth; topography; cultivation period.

1. INTRODUCTION

As a traditional beverage, tea (Camellia sinensis
L.) is the second most widely consumed health
drink worldwide after water [1,2]. It primarily
originated in south-eastern China but is now
being cultivated in many countries across tropical
and subtropical regions. Among the 50 tea-
producing countries, some of the major countries
are China, India, Kenya, Sri Lanka, Vietham,
Turkey, Indonesia, and Iran [3]. In Bangladesh,
tea is cultivated in three ecological zones: Surma
Valley in greater Sylhet, Halda Valley in
Chattogram, and Karatoa Valley in Panchagarh
[4]. Tea is the second-highest agricultural export-
earning product in Bangladesh. Bangladesh
ranks 12th in the list of the highest tea producing
countries and 15th among the highest tea-
exporting countries [5]. However, a knowledge
gap in proper tea soil management still limits the
success of the tea industry in Bangladesh.

Long-term cultivation of tea crops leads to a
decline in soil quality [6]. Maintaining nutrient
status of soils through proper management plays
a vital role in tea cultivation. The harvestable
portion of tea is the succulent shoot, which
contains the largest percentage of nutrients in
the plant [7]. Therefore, tea plant requires a high
nutrient supply for commercial production. The
traditional approach of tea -cultivation using
chemical fertilizers and pesticides causes a
significant soil degradation [8] by the reduction of
soil organic matter (OM), nitrogen (N) and (P)
loss due to erosion, fixation of P in acidic pH, and
reduction of nutrients by soil microorganisms. A
combination of several physiochemical properties
of tea soils, management practices, and
amendments can affect tea-yield. Tea-yield per
hectare in Bangladesh is low compared to other
tea growing countries of the world. The causes of
low tea production are determined by low soil pH,
low nutrient status and anthropogenic
disturbances [9]. To ensure sustainable tea
production [10], nutrient management of tea soils
is important particularly for improving soil health.
In general, N, P and K contents and other
nutrient status of 90% tea cultivated areas are in
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medium-low [11]. Tea-farmers in Bangladesh use
NPK fertilizer without any proper knowledge
about existing nutrient status of the soils. Tea
production may decrease with unplanned and
imperfect fertilizing program. In Bangladesh, tea
industry expansion is therefore threatened by
knowledge gap and inadequate management
practices.

Currently in Bangladesh, ecological and/or
sustainable (integrated and natural resource-
based) approaches through the usage of various
organic additives (compost, vermicompost,
biochar, etc.) in combination with inorganic
fertilizers are increasingly important to replace
traditional (chemical fertilizer-based) approaches
in tea cultivation [12,13]. Still, nutrient loss due to
erosion and leaching in tea soils is significant.
The determination of the current nutrient status
for the adaptation of the effective fertilizing
program and other tea soil management practice
to increase tea production and expansion of the
tea industry in Bangladesh is essential.

Therefore, the objectives of the current study
were to determine the nutrient status and the
variation in properties of tea soils in Bangladesh
in relation to soil depth, topography, and
cultivation period. The findings will provide a
scientific groundwork for tea soil management
and proper fertilization approaches to improving
Bangladesh’s tea soils. The outcomes will
ultimately assist tea farmers and promote the
development of the tea industry in Bangladesh.

2. MATERIALS AND METHODS
2.1 Soil Sampling Sites

Three hills in a sub-station of Bangladesh Tea
Research Institute at Udulia of Fatikchari upazila
in Chattagram district of Bangladesh was
selected as the soil sampling sites. The hills were
selected based on different tea cultivation
periods. They were categorized as: i) Hill 1 (10
years cultivated hill): under cultivation from 1972
to 1982 and tea leaf collection has already been
stopped for nutrient restoration; ii) Hill 2 (2 years
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cultivated hill): under cultivation from 2008 to
2010 and tea leaf collection is ongoing; iii) Hill 3
(1 year cultivated hill): cultivation started at 2018
and tea leaf collection has not been started until
20109.

The average yield of made tea in this sub-station
is near about 1500 Kg/ha. In Fatikchari, the wet
season is hot, oppressive, and overcast and the
dry season is warm, humid, and mostly clear.

The most common form of precipitation
throughout the year is rain. Fatikchari
experiences extreme seasonal variation in

monthly rainfall and humidity. The topography
within 2 miles of Fatikchari is essentially flat with
a maximum elevation change of 49 feet and an
average elevation above sea level is 41 feet, and
within 10 miles is essentially flat (1,033 feet).

2.2 Collection of Soils

A total of 27 representative soil samples with 3
replications were collected from each of 3 hills at
3 different topographic positions (top, slope, and
base) at 3 depths including top-soil (0-15 cm),
sub-soil (16-30 cm) and the substratum-soil (31-
45 cm) in January 2019 [14]. The location of
sampling sites is presented in Fig. 1 and the
geographic coordinates of sampling points are
shown in Table 1. Both disturbed and
undisturbed soils were sampled by using auger
and core. Samples were taken to the laboratory
of the department of Soil and Environmental
Sciences in University of Barishal, Bangladesh.
2.3 Preparation and Analysis of Soil
Samples

Soil samples were air-dried, ground and sieved
through a 2 mm sieve. Soil samples were
analyzed for physical, physico-chemical and
chemical parameters. Soil pH was measured
using the glass electrode method (HACH
instruments, PHC10101). Wet oxidation method
of Walkley and Black [15] was followed to
determine organic carbon (OC %). Soils were
analyzed for both total and available form of N, P
and K. Digestion of soil samples were done by a
wet-oxidation method using concentrated
sulphuric acid. The total N was determined by
micro Kjeldahl’'s method [16]. For total P and total
K analysis, wet digestion of soils was done by
using nitric acid and perchloric acid [17]. The
available N was extracted by 1M KCI| and
determined by steam distillation method with the
Devada’s alloy [18]. The available P was
extracted by using the method described in Bray
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and Kurtz [19] and determined at 880 nm when
soil pH was less than 7. The available K was
extracted by wusing neutral 1M Ammonium
acetate (NH4OAc) solution [20] and determined
by a flame photometer (Jenway 500701 PFP7
Industrial Flame Photometer). The textural class
and CEC were measured by using the
hydrometer [21] and ammonium acetate
extraction method [22], respectively. Bulk density
of the soil sample was determined by Core
method [23].

2.4 Statistical Analysis

Values of different soil parameters are reported
as mean * standard deviation. Measured data
were tested for normality of distributions and
homogeneity of variances prior to further
statistical analysis. Effects of three soil depths (0-
15cm, 16-30 cm, and 31-45cm), the
topographical variation (three different slope
positions), and the three different cultivation
periods on soil parameters were compared
separately by using the one-way analysis of
variance (one-way ANOVA). Statistical analysis
was performed by using SPSS V. 23 at the level
of P<0.05.

3. RESULTS AND DISCUSSION

3.1 Physical and Physico-Chemical
Properties of Tea Soils

Textural classes of the studied soils were sandy
loam and sandy clay loam (Table 2), suitable for
tea cultivation [24,25]. The textural classes of the
soils might affect many other properties of soils
including moisture availability, soil temperature,
nutrient supply, and accessibility of soil organic
matter to microbial decomposition [26]. Bulk
densities of studied soils ranged from 1.25 to
1.71 gcm-3 (Table 2) with a mean of 1.45 gcm=2in
Hill 1, 1.49 gcm2 in Hill 2 and 1.40 gcm2 in Hill 3.
The results of the bulk densities showed an
increasing trend across the soil depths as well as
the topography from top to base position of the
hills except some exceptions (Table 2). The
results were congruent with the observation by
Lee et al. [27]. The increasing trend of bulk
density with soil depth might be attributed to the
lower clay and organic matter content [28] and
compaction of the lower layer soils. Soil quality
typically decreases with increasing bulk density
[29].

The pH of the studied soils ranged from 4.7 to
5.5, 3.4 —to 4.4 and 4.3 to 5.0 in Hill 1, Hill 2, and
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Fig. 1. Location of sampling sites

Hill 3, respectively, whereas the optimum pH
range for tea cultivation is 4.5-5.5 [30]. The
results showed that Hill 1 was in the best
condition regarding pH for tea cultivation among
the hills. Being cultivated for 10 years from 1972
to 1982, the Hill 1 is not currently under tea
collection and left for quality restoration for
several years. In contrast, Hill 2 soils were out of
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the favorable pH range for tea cultivation,
whereas some of the Hill 3 soils have the
favorable pH (Table 2). Hill 2 had been cultivated
for 2 years and was under production during soil
sampling, whereas Hill 3 had been cultivated for
only 1 year and tea collection was yet to be
started at the sampling time. It is quite clear that
the Hill 2 soil needs proper management for
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brining pH in favorable range for tea cultivation.
Lime and organic fertilizer amendments can
maintain the optimum soil pH for tea cultivation.
The conventional tea cultivation approach usually
uses chemical fertilizers including ammonium
nitrate, ammonium sulphate, urea, calcium-
ammonium nitrate, and ammonium chloride.
These fertilizers eventually increase soil acidity
[31] through the enhancement of microbial
decomposition of organic matter resulting in
organic acids production in soils [32]. This might
be the reason why the pH of the upper soil was
slightly lower than that of the lower depth soil.

The CEC ranged from 9.26 to 15.6 meq/100 g in
Hill 1, 8.29 to 14.0 meq/100 g in Hill 2 and 6.19
to 12.6 meqg/100 g in Hill 3 (Table 2). Average
values of CEC were found 12.14, 11.75, and
9.77 meq/100g, respectively in Hill 1, Hill 2, and
Hill 3. Hossain et al. [33] reported on a range of
CEC of 5.15 to 33.25 meq/100g soil at Satgoan,
Baraora and Kurmah tea estates, in Sylhet,
Bangladesh. Additionally, CEC ranged from

11.42 to 24.86 meqg/100 g soil of Moulvibazar
district, Bangladesh [34]. This variation of CEC
was accompanied with the amount of clay
content, pH, and percentage of organic matter in
the investigated soils [35].

3.2 Chemical Properties of Tea Soils

The relative variation of organic matter (OM) and
organic carbon (OC) of collected soils of three
hills are presented in Fig. 2. The observed values
of OC ranged from 0.565 to 1.093%, 0.565 to
1.068%, and 0.641 to 1.858% with average
values of 0.861%, 0.761%, and 0.995% in Hill 1,
Hill 2, and Hill 3, respectively. Additionally, the
OM ranged from 0.97 to 2.01%, 0.71 to 2.07%,
and 1.1 to 3.14% with average values of 1.48%,
1.31%, and 1.71% in Hill 1, Hill 2, and Hill 3,
respectively. In top positions of Hill 1 and Hill 3,
OC contents of upper soils (0 to 15 cm) were
around the critical value (1%) for tea cultivation
[25], whereas OC contents in other sampling
points were much lower.

Table 1. Geographic coordinates of the sampling points in three hills in BTRI sub-station at
Fatikchhari upazila, in Chattagram district, Bangladesh

Topography Sampling point

Coordinates

10 years cultivated hill

Top

22°36'59"N 91°45'31"E
22°36'58"N 91°45'32"E
22°36'S57"N 91°45'34"E

Slope

22°36'57"N 91°45'33"E
22°36'57"N 91°45'32"E
22°36'57"N 91°45'31"E

Base

22°36'56"N 91°45'32"E
22°36'56"N 91°45'31"E
22°36'56"N 91°45'33"E

years cultivated hill

Top

22°36'50"N 91°45'37"E
22°36'49"N 91°45'36"E
22°36'49"N 91°45'35"E

Slope

22°36'50"N 91°45'38"E
22°36'51"N 91°45'37"E
22°36'50"N 91°45'36"E

Base

22°36'50"N 91°45'34"E
22°36'50"N 91°45'35"E
22°36'50"N 91°45'36"E

year cultivated hill

Top

22°37'05"N 91°45'29"E
22°37'00"N 91°45'29"E
22°37'06"N 91°45'28"E

Slope

22°37'03"N 91°45'29"E
22°37'04"N 91°45'29"E
22°37'06"N 91°45'29"E

Base

WNRFRPWNRPOWONRERPRFRPIWONRPIWONREPWNERINOWNERPWNRERWDN P

22°37'05"N 91°45'30"E
22°37'06"N 91°45'30"E
22°37'04"N 91°45'30"E

34
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Fig. 2. Relative variation in organic carbon (OC) and organic matter (OM) in soils of three
different depths and topography in three hills under different cultivation periods in a sub-
station of Bangladesh Tea Research Institute at Udulia of Fatikchari upazila in Chattagram

district of Bangladesh

Additionally, OC contents were higher in upper
layer of top, slope and base soils in Hill 3 than
those in Hill 1. The amount of plant residues
returned to the soil are observed lower in very
young and very old tea fields than in the more
productive tea gardens [36]. The variation in OM
regarding quantity and quality in tea soils
depends on the age of plantation, plant residue
inputs, soil loss, conditions governing residue
decomposition, and related management
practices [37]. Both of OC and OM contents were
observed to be decreased subsequently with the
depth (Fig. 2) as concurrently found in
Haorongbam et al. [38]. The higher OM contents
in upper soils were presumably due to the
accumulation of fallen leaves and microbial
residues [39]. Soil conditions necessary for
attaining optimum tea vyields in the uplands of
Vietnam include OM content higher than 2% with
a range of pH from 4.0 to 5.5 [40]. Therefore,
organic fertilizers can be recommended to
maintain the balance of OC and OM in the
studied soils [36].

The relative variation in total and available N, P
and K contents of collected tea soils are
presented in Fig. 3. In Hill 1, the available N
varied between 520 and 830 mgKg?! with an
average of 660 mgKg?, whereas the total N
ranged between 963 and 2888 mgKg? with an
average of 1536 mgKg2. In Hill 2, the available N
ranged from 370 to 830 mgKg?! with an
average of 600 mgKg?, whereas the total N
ranged from 709 to 2835 mgKg* with an average
of 1523 mgKg?®. Additionally, in Hill 3, the
available N ranged from 370 to 1000 mgKg
with an average of 620 mgKg! and the
total N ranged from 709 to 4253 mgKg with an
average of 1864 mgKg?l. The available N
contents were much higher in all the hill soils
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than the minimum level (149 mgKg-?) for tea soils
[41]. All the studied soils also have sufficient total
N content for tea -cultivation. However, the
variation in total N was not significantly different
and showed no regular pattern in distribution
across the depth, topography and cultivation
period. According to Ranganathan and Natesan
[42], N is required in large quantities for tea
cultivation because it is accounted for
approximately 4 to 5% of the dry weight of the
harvested shoots.

The available P in Hill 1, Hill 2 and Hill 3 ranged
from 0.13 to 9.42 mgKg?, 1.01 to 12.1 mgKg?,
and 0.26 to 4.44 mgKg?l, respectively. The
average available P contents in Hill 1, Hill 2, and
Hill 3 were 3.11, 4.30 and 1.51 mgKg?,
respectively. Those values are comparable with
the results ranging from 1.00 to 4.33 mgKg™ in
Islam et al. [43]. On the other hand, Additionally,
the average available K contents were 25.4
mgKg? in Hill 1, 79.6 mgKg? in Hill 2, and 62
mgKg in Hill 3 ranging from 13.3 to 35.8 mgKg-
1,17.3 t0 202.5 mgKg?, and 37.6 to 118.1 mgKg-
1, respectively. The available K of only Hill 1 is
comparable to the result ranging from 31.2 to
58.5 mgKg-! for soils of 0-91 cm depth in Islam et
al. [43]. The minimum levels of available P and K
were determined as 32 and 110 mgKg?,
respectively in Zhang et al. [41]. Another study
showed the critical values of available P and K
for tea cultivation were 10 mgKg? and 80 mgKg-
1, respectively [44]. Therefore, the current study
sites are considered P and K deficit regarding
available P and K contents [39]. The low
contents of nutrients might be accounted for the
high rate of assimilation of available forms by
microorganisms and vegetations, and/or high
rate of fixation by Aluminium (with P) in the
prevailing acidic conditions.
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Table 2. Physical and physico-chemical properties of tea soils collected from three soil depths and three topographic positions of three hills under
different cultivation periods in a sub-station of Bangladesh Tea Research Institute at Udulia, Fatikchari upazila, Chattagram district, Bangladesh

Hill Topography Depth  Sand (%) Silt (%) Clay (%) Textural Bulk density pH CEC
(cm) classes (gcm™) (meq/100g soil)
Mean = Mean * Mean + stdv Mean  stdv Mean * Mean * stdv
stdv stdv stdv
10 years Top 0-15 71.2+314 143+3.89 145+0.81 Sandy Loam 1.30 £0.05 493+0.08 104£1.19
cultivated hill 16-30 67.3+6.80 15.0+5.77 17.8+2.00 Sandy Clay 1.34+£0.02 468+0.03 15.6+0.79
Loam
31-45 67.4+£6.13 936+264 23.3x3.70 Sandy Clay 1.43 £0.05 466+0.08 15.1%£1.38
Loam
Slope 0-15 739204 13.8+0.63 124+1.45 Sandy Loam 1.27 £0.01 500+£0.13 9.64+1.38
16-30 71.7+£2.00 135+148 14.8+1.98 Sandy Loam 1.46 £0.05 501+£0.13 121+0.35
3145 721+247 1071246 17.2+4.08 Sandy Clay 1.51+0.04 497 +0.12 12.4+0.00
Loam
Base 0-15 65.5+x241 229+£250 11.6+£1.95 Sandy Loam 1.31 £0.06 549014 9.26+x2.11
16-30 62.6+0.63 226+0.85 14.8+1.35 Sandy Loam 1.47 £0.02 499+0.03 11.0+1.19
31-45 61.9+£135 21.2+044 16.9+1.92 Sandy Loam 1.56 £ 0.09 467 +0.12 13.8+0.60
2 years Top 0-15 66.6 260 18.8+125 14.7+1.44 Sandy Loam 1.32 £0.08 3.76 £0.03 10.6+£0.68
cultivated hill 16-30 57.2+1.38 20.3+1.81 225+0.50 Sandy Loam 157+0.11 3.42+£0.02 11.2+0.48
3145 59.1+439 16.3+250 247+191 Sandy Clay 1.48 +0.04 3.38+£0.04 12.4+0.76
Loam
Slope 0-15 63.2+4.08 19.6+3.11 17.3+1.15 Sandy Loam 1.33+0.03 3.98+0.17 11.2+0.56
16-30 56.6+4.39 198+254 21.3+1.88 Sandy Clay 1.35+0.06 4.06 £0.24 13.3+0.40
Loam
31-45 58.6+3.15 19.7+291 218214 Sandy Clay 1.55+0.06 4.14+£0.16 14.0+£0.40
Loam
Base 0-15 68.1+564 158+4.39 16.1+1.44 Sandy Loam 1.51£0.04 437+042 12.8x0.44
16-30 66.8+1.91 150+1.25 18.2+0.81 Sandy Loam 1.64+0.04 425+0.03 8.29+0.37
31-45 69.0+£180 13.3+289 17.7+1.26 Sandy Loam 1.71 £0.02 428+0.06 12.0£0.40
1 year cultivated  Top 0-15 66.9+191 245%+125 858+0.72 Sandy Loam 1.33+0.03 496+0.19 9.86x1.04
hill 16-30 58.3+3.00 256+1.88 16.1+1.91 Sandy Loam 1.30+0.03 469+0.05 7.56+0.69
3145 575+214 223+135 20.2%1.13 Sandy Clay 1.46 +£0.10 450+0.10 109%1.19
Loam

36
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Hill Topography Depth  Sand (%) Silt (%) Clay (%) Textural Bulk density pH CEC
(cm) classes (gcm?) (meq/100g soil)
Mean + Mean + Mean + stdv Mean + stdv Mean + Mean + stdv
stdv stdv stdv
Slope 0-15 61.5+132 251+1.18 13.4+1.33 Sandy Loam 1.33+0.01 462+0.11 8.25+0.00
16-30 57.3+2.81 25.7+270 17.0+1.25 Sandy Loam 1.37+0.04 442 +0.11 6.19+0.69
31-45 543+250 223+232 234+1.01 Sandy Clay 1.51+0.03 427+0.04 126+1.01
Loam
Base 0-15 64.1+458 246+4.02 11.3+1.70 Sandy Loam 1.47 +0.06 458+0.16 13.8+1.38
16-30 66.7+2.60 18.8+1.25 14.6+3.15 Sandy Loam 1.59 + 0.06 440+0.01 7.13+0.43
31-45 63.4+361 183+2.89 18.3+3.31 Sandy Loam 1.69 £ 0.04 456+0.13 11.7+0.69

37
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Fig. 3. Relative variation in total NPK (solid colored bars) and available NPK (no-colored bars)
in soils of three different depths (0-15, 16-30, and 31-45 cm) and topography (top, slope, and
base) in three hills under different cultivation periods (10 years, 2 years and 1 year) in a sub-
station of Bangladesh Tea Research Institute at Udulia of Fatikchari upazila in Chattagram
district of Bangladesh

Furthermore, the total P in Hill 1 ranged from
52.63 to 210.85 mgKg?! with an average of
107.05 mgKg™. In Hill 2, that ranged from 78.95
to 289.45 mgKg?! with an average of 167.66
mgKg?. In Hill 3, that ranged from 52 to 157.9
mgKg?! with an average of 94. 64 mgKg.
Whereas, the total K in Hill 1, Hill 2, Hill 3 ranged
from 1801.07 to 3141.55 mgKg?, 2069.17 to
3945.84 mgKg?, and 1801 to 3677.75 mgKg?,
respectively. The average total K contents of
soils in Hill 1, Hill 2, and Hill 3 were 2416.7,
3161.41, and 2615.29, respectively. Thus, the
current study sites are considered much reach in
total nutrient contents, however having minimal

available nutrients. Moreover, both the total and
the available contents of both P and K
significantly varied (P<0.05) across the depth,
topography and cultivation periods.

3.3 Tea Soil Quality under the Impacts of
Soil Depths, Topography and
Cultivation Periods

The results of one-way ANOVA regarding the
three factors of soil depth, topography and
cultivation periods are presented in Table 3. The
results manifested that both the soil depth and
the cultivation period had the most significant



Muzib et al.; Asian Soil Res. J., vol. 7, no. 3, pp. 30-42, 2023; Article no.ASRJ.105494

(P<0.05) influences on all the soil parameters
except two exceptions (Table 3). However, the
topography showed significant effects only on the
soil bulk density and total and available contents
of K (Table 3). Though there were no significant
effects on total and available N contents of soil
by the cultivation period, the soil of Hill 1 kept
fallow for years had a higher N content.
Moreover, one of the most important soil

parameters the soil pH, which controls the
availability of other nutrients, did not varied
significantly with depth but varied significantly
with the cultivation period. Thus, the tea soil
quality in the current study is mostly induced by
the cultivation period, which is considered as a
substantial factor because the fallow period in
Hill 1 soil has helped to restore nutrients and
enhanced soil quality for tea cultivation.

Table 3. Results of ANOVA regarding the three factors (soil depth, topography and cultivation
period) influencing the soil parameters

Factors influencing soil parameters: Soil depth Topography Cultivation period
Soil Comparison df F Sig. F Sig. F Sig.
parameters
Sand (%) Between Groups 2 4.538 .014* .905 409 13.591 .000*
Within Groups 78
Total 80
Silt (%) Between Groups 2 2677 .075 119 .888 21.867 .000*
Within Groups 78
Total 80
Clay (%) Between Groups 2 33.719 .000* 2.833 .065 6.619 .002*
Within Groups 78
Total 80
Bulk Density  Between Groups 2 21.779 .000* 16.204 .000* 3.365 .040*
(gcm™) Within Groups 78
Total 80
pH Between Groups 2 1.939 151 2.386 .099 74.783 .000*
Within Groups 78
Total 80
CEC Between Groups 2 9716  .000* .268 .766 8.341 .001*
(meq/100g Within Groups 78
soil) Total 80
OC (%) Between Groups 2 43.528 .000* 1.543 .220 5.298 .007*
Within Groups 78
Total 80
OC (%) Between Groups 2 43.604 .000* 1541 221 5.307 .007*
Within Groups 78
Total 80
Available N Between Groups 2 3658 .030* 1.895 157 1.192 .309
(mgKg™) Within Groups 78
Total 80
Available P Between Groups 2 7.146 .001* 1.965 .147 8.039 .001*
(mgKg™?) Within Groups 78
Total 80
Available K Between Groups 2 44.072 .000* 5.009 .009* 18.494 .000*
(mgKg™) Within Groups 78
Total 80
Total N Between Groups 2 6.088 .003* 1.025 .364 1.236 .296
(mgKg™?) Within Groups 78
Total 80
Total P Between Groups 2 9.553 .000* 1.940 .151 13.806 .000*
(mgKg™?) Within Groups 78
Total 80
Total K Between Groups 2 25.763 .000* 16.779 .000* 15.762 .000*
(mgKg?) Within Groups 78
Total 80

The bold values of Sig. with asterisk (*) in the table represent the significant P values
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4. CONCLUSION

The soils of three different hills were investigated
for the effects of soil depth, topography, and
cultivation period on tea soil quality. The
investigation showed that the soil nutrient status
varied widely across the hills under the effects of
the concerned factors, mostly the cultivation
period. All the three hills were P and K deficit.
Comparatively higher available N content in Hill
1, which was kept fallow, indicated that the
restoration period of this hill helped to enhance
the soil quality. But the highest content of total N
in the surface soil of the base position of Hill 3,

where the cultivation process is ongoing,
demonstrates the potential use of nitrogen
fertilizers. The statistical analysis further

manifested the importance of the cultivation
period in controlling the soil quality. Differences
in soil properties between tea plantation age
classes would primarily reflect the impact of
cultivation history. Therefore, it is recommended
that the use of the hills for tea cultivation be more
beneficial after a fallow period. This reuse could
increase tea production without the use of
commercial fertilizer and will be sustainable for
the soil and water environment.
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