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ABSTRACT

The soil samples were collected from six different sections and three
topographic positions having different depths from Karnaphuli Tea Estate
of Chittagong district, Bangladesh. Active acidity, reserve acidity, buffer
capacity, cation exchange capacity (CEC), organic carbon (OC), organic
matter (OM), total nitrogen (TN), available phosphorous (AP) and
potassium (K) were determined. The parameters have been found to vary
with sampling sites, depths and topography. Soils of this studied area
were acidic (pH= 4.88) in nature and reserve acidity was4.19. Most of the
soil samples showed high buffer capacity with afew exceptions. The clay
content and the cation exchange capacity (CEC) values of the studied
soilswerefound 21.78% and 19.39 meq/100g respectively. Organic carbon
and organic matter contents of the soils were found 0.59% and 0.94%
respectively. Averagevalueof TN, K and AP of the soilsare 0.09%, 0.11meq/
100g and 0.02ppm sequentially. Maximum val ues are quite lower than that
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of thecritical valuefor teacultivation.

INTRODUCTION

Soil isanatura body comprised of solids (miner-
alsand organic matter), liquid, and gasesthat occurs
ontheland surface, occupies space and is character-
ized by oneor both of thefollowing: horizons, or lay-
ers, that aredistinguishablefrom theinitia material as
aresult of additions, losses, transfers, and transfor-
mations of energy and matter or the ability to support
rooted plantsin anatural environment!¥. The cultiva
tionof plantsliketea, coffee, jute etc. mostly depends
on soil management, physico-chemicd propertiesand
nutrient status of soil anditsavailability to plants?.
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Productivity aswell assurvival of microorganismg®”
depend largdly on active acidity, reserveacidity, buffer
capacity and cation exchange capacity (CEC) of the
soil. Teahasbeen grown in the soils of varioustypes
(loam, sandy-loam, clay-loam, sandy clay-loam) but
sandy-loam and sandy clay-loamisconsidered to be
excdlent!®. Soil organic carbon (SOC) isasignificant
soil characteristic, affecting many processes such as
soil degradation, surface crusting, runoff, and erosion
insoil®, It increasesthe cohesion of aggregates, sta-
bilizes, holds soil particlestogether against disruption
uponrainfall, and reduces erosion hazard®. Accurate
and detailed mapping of SOC can also be used in
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precision farming to optimizethe crop productionin-
puts such asfertilizers and chemical §'%. Moreover,
theaverageyield variability wasvery significantly and
negatively correlated with the cropland soil organic
matter (SOM) level™, Nitrogen, Phosporous and po-
tassium arethree major nutrientsusually arelacking
from the soil first because plants use large amounts
for their growth and survival. There are not always
enough of these nutrientsin thesoil for aplant to grow
healthy. Thisiswhy many farmersand gardenersuse
fertilizersto add the nutrientsto the soil. Tea estate
authority cultivatesteaby trivia system aslikeasany
other teaestate of Bangladesh. They uselimeto con-
trol acidity of the soil without measuring pH of the soil
and buffer action capacity lack of proper knowledge.
Againthey useNPK fertilizer though have no data of
nutrient status of the soil. Teaproduction decrease
with excessand missingfertilizing program!*2. K egp-
ingthisview inmindwetaking geptoinvestigate phys-
cochemical propertiesand nutrient status of tea soil
of Chittagong region as there is no available data
found.

SAMPLE COLLECTIONAND PROCESSING

To study the general physico-chemical aswell as
nutritional propertiesof soil atotal 54 soil samplesfor
thisstudy were collected in May 2007 from through-
out the Kharnaphuli teaestate, Chittagong for three
depthsi.e. 0-23, 23-46 and 46-91 cm and six differ-
ent hillsby auger™. Thesampleswereair dried ground
at room temperature and sieved through 2 mm diam-

eter and 325 mesh seve. Thefinesoilsof each sample
were stored in sampl e bottle with proper |abel.

MATERIALSAND METHODS

Theactiveacidity (pH inwater) and reserveacidity
(pH in 0.1M CaCl,) of the soil samples was deter-
mined with the pH meter (model HI 8424, HANNA
Instruments, Romania¥. Sail texture (percentage of
sand, silt and clay content) and CEC were measured
by the hydrometer (Model ERTCO 544416, ASTM,
USA )™ and ammonium acetate method™® respectively.
The organic carbon wasandysed by Wakey and Black
method*”) and organic matter by wet dichromate acid
oxidation method*”). Soil total nitrogen was by the
macro-Kjeldhal method®. Avail able Phosphoruswas
determined by UV- spectroscopic method according
to the stannous chl oride reduced mol ybdophosphoric
blue color method and the K was determined on an
atomic absorption spectrophotometert*9.

RESULT AND DISCUSSION

The experimenta data of all the parameters are
shownin TABLE 1 and TABLE 2 according to three
different depth (0-23, 23-46 and 46-91 cm) and three
different topographicpostion (hill top, hill dopeand hill
base). Each value of both the TABLES s average of
sx different hills. The observed datafor OC, OM, CEC,
TN, K, TN, APhavebeen analyzed statistically to see
the effect of topography aswell as soil depth on the
measured parameter giveninTABLE 3and TABLE 4

TABLE 1:Activeacidity (pH in water), reserveacidity (pH in CaCl,), percentage of sand, silt, clay content and textural class

of the soil
Depthcm  Topography pHinH,0 pHinCaCl, Sand% Silt% Clay content Texture Class
Hill Top 491 4,12 5320 23.63 23.58 Sandy clay loam
0-23 Hill Slope 4.73 4.17 5225  24.88 22.88 Sandy clay loam
Hill Base 4.84 4.25 58.08 2254 19.38 Sandy loam
Hill Top 4.93 4,22 5279  23.60 23.58 Sandy clay loam
23-46  Hill Slope 4,99 4.29 5227  24.88 22.88 Sandy clay loam
Hill Base 4.95 4.20 50.33 2254 19.33 Sandy loam
Hill Top 4.93 4.23 5221  20.46 28.33 Sandy clay loam
46-91  Hill Slope 4.87 414 48.00 22.29 29.71 Sandy clay loam
Hill Base 4.73 4,12 6345 16.17 20.86 Sandy clay loam
Overall mean value 4.88 4.19 54.62 2233 23.39 Sandy clay loam
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TABLE 2: Organiccarbon (OC), organicmatter (OM), total nitrogen (TN), available phosphor us(AP), potassium (K), cation
exchangecapacity (CEC) and carbon/nitrogen ratio (C/N) status

Depthcm  Topography OC% OM% TN % C/IN  APppm K meg/100g CEC meq/100g
Hill Top 0.61 1.04 0.09 13.06 317 0.15 14.92
0-23 Hill Slope 117 131 012 1399 233 0.11 15.74
Hill Base 0.71 1.22 009 1284 4.33 0.15 12.92
Hill Top 0.54 0.94 0.08 7.60 1.50 0.11 19.9
23-46  Hill Slope 0.49 0.84 011 1281 1.00 0.11 18.36
Hill Base 0.45 0.78 0.11 4.40 1.67 0.11 12.79
Hill Top 0.44 0.76 0.05 1253 117 0.08 26.25
46-91  Hill Slope 0.43 0.74 0.11 4.19 1.83 0.10 23.58
Hill Base 0.46 0.79 0.07 6.75 117 0.09 30.02
Overall mean value 0.59 0.94 0.09 9.80 2.02 0.11 19.39

TABLE 3: Effect of topography on total nitrogen (TN), available phosphor ous(AP), organic carbon (OC), or ganic matter
(OM), carbon/nitrogen (C/N), potassium (K), cation exchange capacity (CEC) of soilsof Kar naphuli tea estate.

Par ameter Topography F-statiscs@
Hill-Top Hill-Slope Hill-Base df=2 L SD0.05 Probability
OC% 0.53 0.56 0.54 0.13584 -- 0.87331
OM% 0.91 0.96 0.93 0.13697 -- 0.87233
TN% 0.07 0.11 0.09 3.60003 0.03087 0.03477
CIN 11.06 9.58 7.99 0.36391 -- 0.69682
AP 194 1.72 2.39 1.95372 -- 0.15263
K 0.11 0.10 0.12 1.39063 -- 0.25857
CEC 20.36 19.23 18.58 7.41610 _3.64453 0.00154

TABLE 4 : Effect of depth on total nitrogen (TN), available phosphor ous(AP), or ganic car bon (OC), or ganic matter (OM),
car bon/nitrogen (C/N), potassium (K), cation exchange capacity (CEC) of soilsof Karnaphuli tea estate.

Depth(cm) F-statiscs@
Par ameter —
0-23 23-46 46-91 df=2 L SD0.05 Probability

OC% 0.69 0.49 0.44 10.67758 0.11438 0.00014
OM% 1.19 0.85 0.76 10.66201 0.19727 0.00014
TN% 0.10 0.10 0.08 1.25713 - 0.29348
CIN 12.33 8.27 7.92 0.89480 - 0.14526
AP 3.28 1.39 1.39 20.16519 0.69033 0.00000
K 0.14 0.11 0.09 7.12530 0.02367 0.00192
CEC 14.53 17.02 26.25 0.16099 - 0.85175

sequentialy. Thevauesof F gatistics, probability and
least Sgnificant differenceat 95% confidenceleve (LSD
0.05) aredsolistedinsame TABLES.
Theactiveacidity isdetermined by the number of
hydrogen ions, which dissociate from the adsorptive
complex and exist inthe solution®!, Activeacidity is
found to vary from 4.30 to 5.80 with the mean value
4.88, whichindicatesthat the studied soil samplesare
dl acidicinnature. Thisvaueissamilar (pH=3.22-5.37)

of theteasoil of eastern black seareason of Turkey!?4,
Activeacidity of maximum soil samplesarewithin opti-
mum range 4.5-5.8 for tea cultivation’?3. ThepH in
CaCl, (0.01M) or inKCI (0.01M) solutionistermed
asreserve acidity. The determined reserve acidity is
4.19 and varieswith sampling steaswel | aswith topo-
graphic positionsand profileswithin the same section
(TABLE 1). These observed variations of the active
acidity and reserveacidity might bedueto thevariation
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of limetreatmentsand differencein the nature of clay
surface of the studied soils. Buffer capacity of asoil
hel psto maintain aconstant pH of soil and ensurescon-
sistent ionic condition of the soil, whichisessentid for
both the plants and microorganisms??. Buffer capac-
ity measurement data of a section arerepresented
graphicaly inFigure 1. The measurementsindicatethat
maximum soil sampleshave good buffer capacity.

pH---

10 8 6 4 2 0 2 4 6 8 10
TR T T E— >Vol. of NaOH(in mi)

Figure1: Buffer action capacity of section number 4 of 0-23
cmdepth with reagent blank

Most of the soilsarefound to be sandy loam and
clay loam in nature but sandy-loam and sandy clay-
loam are considered to bethe best for teacultivation®.
The Clay content of the studied soilsareranged from
9.75t0 40% with mean value 23.39%. However, per-
centage sand and clay of the soil shownin TABLE 1.
The cation exchange capacity (CEC)24 werefound to
rangefrom 10.1 to 34.53 meg/100g. Average value of
CEC wasfound 19.39 whichishigher than Rangapani
teaestate®! of samedistrict. Thevariation of cation
exchange capacity dueto the differencein natureand
amount of clay content and percentage of organic mat-
ter content and pH in the soil™®, Infact both clay con-
tent and acidic condition of Karngphuli teaestateisbetter
than Rangapani teaestatd®!.

The observed value of organic carbon and organic
matter content of the studied soilsisranged from 0.191
t0 1.268% and 0.329 to 2.185% with the mean value
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of 0.59% and 0.94% respectively. Thevauesfor maxi-
mum soil samples(TABLE 2) areevenlower thanthe
critical value (1%)?2 for the cultivation of tea.
Rungicherrd®!, Kditi?" teaestates of Bangladeshdso
contain lower organic carbonthan critical value. This
low statusof organic carbon and organic matter content
isthought to be dueto itsrapid decomposition caused
by highrainfal and temperature. Shading, irrigation and
drainage system havetoimprove and organicfertilizer
(compost) can useto keep up optimum leve of organic
carbon and organic matter of theteasoil.
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Figure2: Bulk propertiesof the soil samples

Tota nitrogen (TN) content of thestudied soilsare
0.09, 0.12 and 0.09% for hill top, hill slopeand hill
base of 0-23 cm depth; 0.08, 0.11 and 0.11 % for hill
top, hill opeand hill base of 23-46 cm depth ; 0.05,
0.11 and 0.07%for hill top, hill slope and hill base of
46-91 cm depth (TABLE 2). The minimum require-
ment(® of total nitrogen for teacultivationis0.8t00.9%
inthe non-sandy part of the soil. Recently Ahmed et
al 1% reported 0.095 to 0.13 % TN for the soils of
Rungicherrateaestate.

CIN ratio playsavitd rolein the synthesis of new
microbid cdls. TheC/N ratio of thestudied soilsranges
from 4.19to 13.99 with the mean va ue of 9.80. Most
of the studied soil sampleshaveclosest C/N ratioto
thecritical value (10) for teacultivations, with some
exceptions. Thislow C/N ratio indicatesthat the or-
ganic matter of the soilsisextremely oxidized and the
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associated microbesare active. Thevariation of C/N
ratio amongst thetopographic positionsand depthsis
irregular. Ahmed et. al. recently reported 8.25t09.38
CIN ratiofor Rungicherrateaestate®!.

Theobserved datafor Phosporous (P) and Potas-
sium (K) of the studied soilsindicatethat the values
varied withthe sampling Stesaswell aswith topogra-
phy and soil depths. Theval uesof avail able phospho-
rus content for studied soil samplesare 2.33t04.33
ppm for 0-23 cm depth, 1.00 to 1.50 ppm for 23-46
cm depth and 1.17 to 1.83 ppm for 46-91 cm depth.
Potassium content of the studied soil samplesisfound
torangefrom0.11t0 0.15 meg/100g for 0-23 cm depth,
0.11 to 0.11 meq/100g for 23-46 depth and 0.08 to
0.10 meg/100g for 46-91cm depth. Maximum values
of Phosporousand Potassium are quitelower than that
of thecritical value (10ppm and 80ppm or 0.20 meg/
100g) for teacultivation and s milar asreported Ahmed
et al?, Theselow contents of AP may be caused by
theconversion of avallable phosphorusinto unavailable
form by microorganismsand or phosphorusfixation by
Aluminiumintheprevailing acidic conditions. Further-
more, AP content of soils may be varied due to the
differenceinformation of organic phosphorus com-
pounds by decomposition and other vegetations.

Thevaueof Ffor different soil depthsissignificant
a 0.00levds, i.e, s0il depthshaveadgnificant effect on
OC and CEC. On the other hand, the values of Ffor
topographic variaionwith ahigh probability va ueindi-
catethat the topography has amost no effect on OC,
CEC, i.e., null hypothesisisvalid for both the param-
eter. F value for TN due to topographic positionsis
3.60003 (TABLE 3) withaprobahility v ueof 0.03477,
indicatesthat thetopographic variationsissgnificant a
3% level. For different soil depthsF valuefor TN is
1.25713 (TABLE 4). Thusthisvaue of Fwithahigh
probability value (0.29348) indicatesfrom the datitical
point of view that the different soil depth hasalmost no
effecton TN, i.e,, null hypothessisvaidin caseof soil
depth for thisparameter. ThisF va uewithahigher prob-
ability value (0.25857) indicatesthat the topographic
variationshaveamost no effect on potassium (K). On
the other hand, F valuefor K in case of different soil
depthsis7.12530 (TABLE4). Thisvdueof Fissgnifi-
cantat 0.00leves,i.e, thisparameter variessignificantly
with soil depth. Thisvalue of FonAPissignificant at

—= Fyll Paper
0.00leves, i.e, soil depth hasasgnificant effect onAP.

CONCLUSION

Active acidity of maximum soil samples of
Karngphuli teaestateisfound withinthe optimum range
(4.5t05.8) for teacultivation. Thebuffer capacity sta-
tusof maximum soil samplesof thestudied areasisgood.
Organic carbon and organic matter content of thesoils
issufficiently low but the cation exchange capacity and
clay contentsare satisfactory. Toincreasetheorganic
carbon content inthe soil, theteaestate authority should
givemoreemphasison using moreorganicfertilizers
(ascow-dung) and plant res duesinstead of using arti-
ficid fertilizers. Totd nitrogen (TN), available phospho-
rus (AP) and potassium (K) content of the studied soils
areaso very poor. Theyield of teawidey dependson
TN,APandK insoil. Toimprovetheyield and qudity
of teg, itisimportant to keep up the above parameters
within the optimum rangein additionto proper drain-
age and shade condition.
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