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Summary: World tea production has been showing an annual increment of 3 % whilein Bangladesh the
production hasincreased by 1.84 % and contributes 1.37 in export in the word teatrade and earns near
about 1775 million Taka (Taka 63 = USD 1.00) every year. The activities of teaindustry fall into two
categories: production of teaand manufacturing & marketing of tea. Low productivity, poor quality and
higher cost of production compared to the dividend in price for teaisthe crux of the problem. We have
to make quality tea, which must satisfy the prescribed criterion of the of the European countries
especially Maximum Residue Level (MRL) value of pesticidesto restore its name and fame. This paper
attempts at focusing on the present condition and support required of tea industry in the country.

I ntroduction

Teais one of the most important non-alcoholic
beverage drinksworldwide and hasbeen gaining
further popularity asanimportant ‘ heath drink’ in
view of itspurported medicinal vaue. Itisserved as
morning drink for nearly 2/3rd of the world
population daily. The Bangladeshteaindustry isone
of the major sources of income for the national
exchequer. Presently, this industry is facing a
multitude of problems. Lack of capital and modern
machinery, lower market value of made tea in
comparison to increasing production cost, lower
yield per hectare in comparison to increasing
domestic need and lack of modern techniquesfor
measuring quality of tea constitute some of the
nagging problems. Thereisa solack of perennial
water source for irrigation during dry season or
during prolonged drought. Inaddition, someowners
of theteagardensare not using Government. loans
properly. Malnutrition among the children of the
labour line, security problems of the executives,
deterioration of law and order situation of thetea
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estates (log stealing, political or outsider influence
ontheirinternal arrangements, illegal occupation of
land by the outsiders), lack of medical facilitiesfor
labour andlack of infrastructure (road, quarter, water
supply network etc) aresomeof theother congtraints.
For successful teaculture, theabove problemsfacing
both the manufacturing and the marketing sector
need to be addressed immediately. |n Bangladesh,
there is thus dire need to focus attention on
improvementsin the manufacturing sector covering
quality of tea, itsproductivity, cost of production as
well asthemarketing system. Thefollowing account
reviews the present status of the tea industry in
Bangladesh and itssupport requirementsin order to
compete with other tea producing countriesinthe
international markets, particularly the European
Union.

Tea: an overview
Tea(CamdliasnenssL.) belongstothefamily

Theaceae. It isthe oldest non alcoholic caffeine-
containing beverageintheworld. TheChinesewere
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thefirst touseteaasmedicind drink, later asbeverage
and have been doing so for the past 3000 years[1].
The cultivated taxacomprise of threemain natural
hybrids. They are(1) C. sinensis(L.) O. Kuntzeor
Chinatype, (2) C. assamica (Masters) or Assam
type, and (3) C. assamica sub spp lasiocalyx
(Planchon ex Watt.) or Cambod or Southerntype.
Teaisan evergreen, perennid, cross-pollinated plant
and growsnaturaly astall as15m. However, under
cultivated condition, the bush height of 60-100cm
ismaintained for harvesting thetender leavesfor even
morethan 100 years. Theflowersarewhitein colour
andgrow singly or inpairsat theaxils. Thefruitsare
greenin colour with 2-3 seeds. Theleaf isthemain
criterion by whichthethreetypesof teaareclassfied
asfollows.

— Assamtype: biggest leaves,
—  Chinatype smdlest leaves, and
—  Cambod: intermediateleaves

Theoriginal homeor ‘the primary center of
origin’ - of teawas South-East Asiai.e. at the point
of intersection betweenthe 29% N (latitude) and
98% E (longitude) near the source of the I rrawaddy
river at the confluence of North-East India, North
Burma, South-West Chinaand Tibet provinces|[2].
Teathriveswd| withinthelatitudina rangesbetween
45%N to 34% S, cutting across about 52 countries

[3].
Global scenario

In theworld, thirty countries are producing
more than 2.50 billion kilogram of tea annually
(including 0.56 billion kg of green tea varieties
manufactured by eight countries) from 2.56 million
hectaresof plantation. After meeting their domestic
consumption, 28 countriesexport about 1.32 billion
kg of teaannually [4]. Production of teaby area,
production and export is shown in Fig. 1. Tea
production by 12 mgjor teaproducing countries of
the world is shown in Table 1. Bangladesh is
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producing morethan 54 million kg of teaannually
from about 49000 hectares of land. It can earn
foreign exchange equivalent to about 1775 million
Taka (Teka 63 = US $ 1) annually by exporting
about 18 million kg of tea [5]. The world tea
production has been showing an annual increment
of 3%/4], whilein Bangladesh the production has
increased by 1.84 % and contributes 1.37% in
exportinthewordteatrade (Table 2).

Teacultivation in Bangladesh isspread over
the hilly zones on the eastern part mainly in four
districts (Sylhet, Moulvibazar, Habibgonj and
Chittagong). About 96% annual production (of
which 63%isof Moulvibazar district) iscontributed
by greater Sylhet obtained from 93% (of which 62%
isof Moulvibazar digtrict) of plantation area. Itisto
be noted that Sterling companies produce about
50% of annual crop from about 42% of plantation
area[6].

Table 1.
Country wise Productivity of Tea(kg/ha)-
2000AD.

SL No Country Productivity
1 Kenya 1934
2 India 1743
3 Japan 1745
4 Turkey 1494
5 Sri Lanka 1450
6 Bangladesh 1102
7 Argentina 1538
8 China 627
9 Indonesia 1006
10 Vienam 756
11 Uganda 1381
12 Georgia 382

Source: ITC [4]
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Table2.

Teaproductionin Bangladesh at different periods.

G.M.R. Islam et al

Year Area(ha) Production (‘000" Kg) Yidd (Kg/ha)**

Total Increased/  Total I ncreased/

decr eased* decr eased*

1947 303533 — 18884 — 62 —
1957 31287 + 934 25549 + 6665 817 + 195
1970 42688 + 11401 31381 + 5832 735 -82
1980 43732 + 1044 40038 + 8657 916 + 181
1992 47781 + 4049 48930 + 8892 1040 + 124
2000 48735 +954 55834 + 6894 1145 + 105

Source: BTRI [5]; * Differencefrom previoustotal denoted by (+) or (-) sign. ** calculated onthe basis of

production/total teaarea/ha

Economicimportanceand health benefits

The economic importance of the genus
Camelliais primarily dueto use astea. Teawas
initially used as a medicine and subsequently as
beverage and now has proven well to be afuture
potential as an important raw material for the
pharmaceutical industry. Teaismainly consumedin
theformof ‘fermentedted or *black teal . However,
‘non-fermented’ or ‘ greentea’ and semi-fermented
or ‘oolong tea’ are also popular in somecountries
e.g. Japan and China. Apart from being used as
beverage, green leavesare aso used asvegetable
such as'leppet tea’ in Burmaand ‘meing tea’ in
Thailand. Though the oil of tea seedsis used as
lubricant, yet extraction from seedsisnot economical
[7]. Additiondly, cakesof teaseed contain sgponins,
have poor valueasfertilizer and areunfit for animal
feed duetolow nitrogen, phosphorusand potassium
content. However, these can be used successfully in
themanufacture of nematocide[7]. Tealeaveshave
morethan 700 chemica congtituents, among which
flavanoides, aminoacids, vitamins(C, E, K), caffeine
and polysaccharidesareimportant to human hedlth.
Importantly, the vitamin C content in leaves is
comparableto that of lemon. Teadrinkingisnow
being associated with cell-mediated immune
responses of the human body and reported to

improvethe growth of beneficial microflorainthe
intestine [8]. Tea aso imparts immunity against
intesting disorders, protectsthecell membranesfrom
oxidative damages, preventsdental cariesdueto
presence of fluorine, normalizes blood pressure,
prevents coronary heart diseases due to lipid
depressing activity, reduces the blood-glucose
activity and normalizes diabetes [8]. Tea aso
possessesgermicidd and germiddicactivitiesagang
various gram-positive and gramnegative human
pathogenic bacteria such as Vibrio cholera,
Salmondllasp., Clostridiumsp.[9]. Both greenand
black teainfusionscontain anumber of antioxidants
like catechins and have anti-carcinogenic, anti-
mutagenic and anti-tumorousproperties. Among the
different catechins, epigallo catechin-gallateisthe
most active component. Several epidemiological
studieshave dso proved that teaconsumption plays
aprotectiveroleagainst human cancer.

Production of tea
Varieties and improvement
Genome diversity

The genus Camellia had 82 speciesin 1958
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World tea by area 2000 AD
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Fig. 1. Top: Country wise percent areaunder teacultivation; middle: Country wise production of teg;
bottom: Country wise export of tea.
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[10] and accountsfor morethan 325 speciesin 2002
[11] that indicatesgenetical instability and high out-
breeding nature of the genus. Presently, over 600
cultivated varieties world-wide are available, of
which many haveuniquetraits(Table 3). Owingto
extensiveinterna hybridization between different
Camdlliataxa, several intergrades, introgressants
and putative hybrids have been formed. Thesecan
bearranged in agradient based on morphological
charactersthat extend from Chinatypesthrough
intermediates to those of Assam types. Indeed,
because of the extreme homogenization, existence
of the pure archetypes of teaisdoubtful [12]. Till
date, numerous hybridscurrently available are till
referred to as China, Assam or Cambod tea
depending on morphologica proximity tothemain
taxon[13]. Teabreedswell withwild relativesand
thus taxonomists have aways been interested in
identifying such hybridsdueto suspectedinvolvement
inteagenetic pool. Two particularly interesting taxa

G.M.R. Islam et al

are C. irrawadiensis and C. taliensis whose
morphologica distribution overlapswiththat of tea
[13]. It hasa so been postul ated that some desirable
traits such asanthocyanin pigmentation or special

qudity charactersof Darjeding teamight have been
introduced fromwild species[14]. Other Camdllia
species, which are suspected to have contributed to
theteagenetic pool by hybridization, includeC. flava
(Pifard) Sedly, C. petelotii (Merrill) Sealy [15] and
possibly C. lutescens Dyer [16]. The role of C.

taliensisis, however, not clear becausethe species
itself isconsgderedto beahybrid between C. anensis
and C. irrawadiensis [12,14]. Therefore, it is
generally agreed that at least three taxai.e. C.

assamica, C. sinensis, C. assamica sub sp.

lasiocalyx and to an extent C. irrawadiensis have
mainly contributed to the genetic pool of tea. The
term’tea’ should therefore, cover progeniesof these
taxaand the hybridsthereof or between them.

Table3.
Description of teacultivarswith special characters[5,18].

Serial Special characters

Clone Originator

Windtolerance
Drought resi stance
Frost resistance/tolerance
Smdlest lesf
Biggest |eef
Bligter blight tolerance
High pubescence content
Highanthocyanin pigmentation
Hightoleranceto pH
0 Poor fermenter
11 Mitetolerance
12 Scaleinsect tolerant
13 High polyphenol content (53.7%)
14 High amino acid content (6.5%)
15 Low caffeine content (0.14%),
16 High caffeine content (6.96%)
17 Water |logged tolerant

2 OO0 ~NO O, WNE

18 Very good pruning recovery and largeleaf sze BT-13,BT-16

UPASI-2, UPASI-10 UPASI-TRF, India

9UPASI UPASI -TRF, India
B-26 HPKV-TES, India
CH-1 IHBT, India
Betjan Betjan T.E, India
TRI-2043,DT-1 TRI, Sri Lanka
TRI-2043 TRI, Sri Lanka
TRI-2025 TRI, Sri Lanka
TN-14-3 TRF, Kenya

12/2 TRF, Kenya

7/9 TRF, Kenya

TN 14-3 TRF, Kenya

Luxi whitetea TRI, China

Anji whitetea TRI, China
Guangdong tea TRI, China
Wildteaat Yunnan TRI, China

TV-9 TES, India

BTRI, Bangladesh
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(onventional propagation and breeding

Tea is propagated either through seeds or
cuttings. Usually seedsare collected from orchard,
gratified in sand and then sownin polythenedeeves
inthenursery whereit takes 12—-18 monthsbefore
transferring to thefield. Neverthel ess, seed-grown
plantsshow ahigh degreeof variability. Therefore,
the alternative choice is through vegetative
propagation of theelitevariety wherein singleleaf
internode cuttings, with an axillary bud are planted
in polythene deevesunder shadefor 12—18 months
followed by the transfer of these rooted plantsto
thefield. Recently, asan alternative propagation
technique, grafting has gained considerable
popularity. Inthistechnique, freshSnglelesf internode
cuttings of both root-stock and scion aregenerally
taken. Scion, commonly aqudity cultivar, isgrafted
on root-stock, whichiseither drought tolerant or
highyielding cultivar. Upon grafting, thescionand
stock influence each other for the charactersand
thuscomposite plantscombinebothyield and qudity
charactersresultingin 100% increase of yield with
better quality than either of the non-grafted cultivar.
Further, amodified improved ‘ second generation’
grafting has been devel oped where tender shoots
aregrafted ontheyoung seedlingsof teawhich have
an additiona advantage over conventiona grafting
dueto presenceof taproot system [17]. Teabreeding
consists of hybridization as well as selection.
Hybridization can be either natural or hand
pollination. In natural hybridization, based on better
performanceof yield, quality or diseasesresistance
capability, two parentsareplanted Sdeby sdeinan
isolated place and allowed to bear fruits.
Subsequently seeds (F1) are harvested, raised and
planted. If average performance of these plantsis
found to be better than either parent, then seeds(F1)
are released as hybrid seed or biclonal seed.
However, someof theoutstanding performersamong
the progenies are marked and verified for
multilocationd trid andreleased asclone, if till found
suitable. Theseclonesaregeographically specificand
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most of thetearesearchingtitutesintheworld have
generated clonesfor their own region. Sometimes
morethan two parents are used and are known as
polyclonal seeds. The ideais to introduce more
variability amongtheF1 seeds. Sinceitisdifficultto
know about the pedigree of the cultivars (aspollen
may come from any male), the chance of
reproducibility islow and least preferred presently.
Alternatively, pollination or control cross, despite
being animportant approach, hasmade alimited
success in tea breeding. However, recently, few
clones have been released in Kenyaand Malawi
using thistechnique. Selectionisthemost popular,
age-old practicein teabreeding. Since commercia
teagardensearlier were established with seeds, lot
of variability exitsamong them. In many instances,
thediteplant hasbeenidentifiedintheexigingbushes
and released as clones. Mgjority of theteaclones
have been devel oped through sel ection. However,
pedigreesof the clonesremain unknown.

Though breeding work is limited up to F1
progenies presently, F2 popul ation holds greater
promise for varietals improvement of tea. The
advantage of thisapproach isbetter segregation of
charactersand with the hel p of molecular biology
thiscan be exploited for marker-assi sted selections
for aparticular trait and construction of linkage map
which is till not available for tea. Although,
conventiond teabreedingiswell established and has
contributed much for teaimprovement over the past
severa decades, the processis slow dueto some
bottlenecks. Specifically these bottlenecksare:

—  perennid nature,

— long gestation periods,

—  highinbreeding depression,

—  df-incompatibility,

—  unavailability of digtinct mutant of different biotic
and abiotic stress,

— lack of distinct selection criteria,

—  low successrate of hand pollination,

—  short flowering time (2-3 months),
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— long duration for seed maturation (12-18
months), and

- clona difference of flowering timeand fruit
bearing capability of someclones.

Similarly, vegetative propagation is an effective
method of teapropagation. Yetitislimited by severa
factorssuchas:

—  dower ratesof propagation,

—  unavailability of suitableplanting materia due
to winter dormancy, drought in some tea
growing areaetc.,

—  poor survival rateat nursery dueto poor root
formation of someclones, and

— seasona dependent rooting ability of the

cuttings.

Therefore, micropropagation technique appearsto
beideal choicefor circumvention of the problems
related to conventional propagation. Additionaly,
transgeni c technology hasthe potential for varieta
improvement of tea through means other than
conventional breeding. However, central to any
successful transgenic technology isan efficientin
vitro regeneration protocol. While an efficient
regeneration protocol isessential for introduction of
theforeign geneinto plant tissues, micropropagation
is important for the transfer of large number of
geneticadly modified plantsto thefidd withinashort
gpan of time[18].

In Bangladesh, considerable successhasbeen
achieved in the field of clonal selection and tea
breeding during thelast forty years. Sixteenimproved
vegetable clonesand four biclonal seed stocksand
onepolyclona seed stock have been devel oped and
released to the industry [19]. Moreover, some
unexplored research areas need to be addressed to
increasetherelatively low harvest index of teaand
thegenetic diversity of teaby inducing, recognizing
and regenerating chromosomal change through
mutation, polyploidy, tissue culture and genetic

G.M.R. Islam et al

enginesring.
Pruningand Tipping

Pruningisessentia inteato maintainthebush
a an operableheight asd so vegetablevigor. Generd
guiddinesontypesof pruning (i.e. reuvenation, hard,
mediumand light pruning, cut-crossand skiffing) gpan
of time between two pruning and thetimeof pruning
inrelationto carbohydratereserveshavebeen clearly
laid out [20] and are adopted with benefit.

Tipping of bush recovering from pruningisan
operationaimed at forming aleve plucking surface
and filling it by aquick production of secondary
branches; in other words it is the first round of
harvesting young shootsat an operationd height and
stage[21]. Theideal height of tipping should not
only ensure adequate leaf area for maximum
photosynthetic efficiency but also fast growth of a
mature bush, and in Bangladeshit should be studied
for the recommended clones.

Plucking

Removal of young and growing shoots
comprising the apical bud and the two internodes
immediately below it, which constitutethecropin
tea, is called plucking. The tender shoots with
growingtips(sinks) and youngfoliage, whichwould
innormal course have contributed to food reserves
(source), are perpetudly harvested at short, regular
intervals, timulating arapid success on of new crop
of shoots. Thereis, thusan intricate relationship
between the sink and the source in relation to
harvestinginteawhich could beatered at will [21].
Plucking system could be designed to determinethe
severity of the operation as aso the amount of
maintenancefoliage (Source) retained on the bush
[23]. Theimportant objective of an efficient system
of plucking should be to harvest the maximum
possiblecrop, leaving aminimum period of rest to
thebuds, whiles multaneoudy ensuring the health of
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the bush by retaining adequate mai ntenancefoliage
on the bush to meet the carbohydrate requirements
of buds in active phase [3]. Too much of
mai ntenancefoliage on the bush should be avoided,
sinceitislikely toimposeaconstraint in obtaining
higher yieldsas pointed out earlier. It has, indeed,
been demonstrated that removal of lower layersof
mature|eaves|eadstoincreased number of shoots
per unit areaand enhanced size of the harvestable
shoot, resulting inincreased productivity. Thisisan
indicator of existence of an optimal ratio between
themaintenance of foliageandyield, dthough more
critical studies of basic nature are required to
determinethe preciseleaf areathat isnecessary for
higher productivity.

Theamount of maintenancefoliageretained on
the bush could beregulated by optimizing the height
of thetipping the bushesrecovering from pruning
[21] and proper scheduling of plucking system
through the pruning cycle [3]. The maintenance
leavesretained at thetype of tipping should befully
exploited by allowing maximum light penetration
duringtheearly part of pruning cycle, whenthey are
photosynthetically most efficient. Further health of
thebush should beensured by retention of new foliage
on the bush whenever senility due to aging is
suspected to set in among the older leaves. Another
away of enhancing thesink activity istoincreasethe
plucking surface area by alternating the canopy
architecture into dome or wedge from the
conventional flat surface. Such canopieswill a'so
facilitate better light penetration and expose more
leaf areatotheincident light. Yield of 11and 19 %
have been reported due to wedge and dome
plucking, respectively [24]. Basicinformation onthe
movement photosynthatesin shoot and bushisnow
required for therecommended clonein Bangladesh
for abetter gppreciation of sink-sourcerel ationship,
so that these operationsarefurther refined to near
precision.

M echanization

Trueto thesituation intheremote, tribal and
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hilly areas, the plantation industry (particularly teg)
relies completely on manual labour. Even a
wheelbarrow has not made its appearance in tea
estates; the crop and agricultural inputs are still
carried onhead-loadsinthefield. A survey of cultura
operation reveals the possibility of partial
mechanization of at least certain operations like
manuring, pruning and plucking 25]. Mechanization,
where possible, isnecessary not just to reducethe
costsinthe context of increasing wage-bill, but also
to lighten burden of the worker and to make the
work moreinterestingto him. Motorised mechanical
aidsto prune and skiff, developed in Japan, have
beenfound to beuseful [26], but arenot availablein
Bangladesh. Use of hand-operated share shearsfor
harvesting tea has been found to increase the
productivity of workersandyieldintea[21], [24].
However they could be used only in high cropping
seasonsto copewith thelabour-shortage. In other
seasons, itisnot favoured because of thefear of its
non-selectiveharvesting and possibledropinqudity.
This problem could, perhaps, be overcome by
collaborating with the agro-engineering industry.

Tea processing and marketing
Processing

The Engineeringindustry ismoreactiveinthe
area of tea manufacture than in the field. The
machinery required for both orthodox and CTC
(Cut, Tear and Curl) manufacture has been
developed and standardized 25]. Usually, thetea
maker isleft with thediscretion of deciding whether
or not aparticular process hasbeen compl eted, thus
leaving scope for an error of human judgment.
Sampletests should beformul ated to determine, at
different stages of manufacture, the biochemical
parameters of quality as understood in terms of
appearance, color, brightness, briskness, aromaand
creaming down, so that uniform standard of the
produce isensured. Measures should be devised
to increasethe cuppage (number of cupsof liquor
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Table4.
MRL Value (ppm) of Various Pesticidesin Made Tea[25)].

S. Technica nameof EPA Codex European German Remarks

No. thepesticide commisson  Union law

1 Dicofol 45 8 0.1 2 very very restricted
2 Ethion 10 5 2(proposed 0.1) - -do-

3 Sethion 10 5 2 - -do-

4 Bromopropylate - 5 - - -do-

5 Dimethoate - - 0.2 - -do-

6 Endosulfan 24 30 30 30 Restricted

7 Fenvelerate - - 0.1 - very very restricted
8 Cypermethrin - - 0.1 - -do-

9 Deltamethrin - - 5 - -do-

10  Chlorpyriphos - - 0.1 - -do-

11 Propargite - - 0.1 - -do-

12 Madathion - - 0.1 - -do-

MRL: Maximum ResidueL evel, EPA: Environmental Protection Agency

per unitweight of madetes) by enhancingthesolubility
of madeteaand manufacturing methods devel oped
for reducingwaste.

Marketing

Consumer acceptanceof teaasadrink for al
times cannot be taken for granted because of the
changing tastesand theavailability of widerange of
aromaof beveragesinthe market. Incisive market
researchinto consumer preferencesand testeswould
facilitatetheintroduction of teain convenient packs,
instant tea powder, value added teas, carbonated
tea beverages and other consumable packs[27].
Suchagenericpromationin conjunctionwith goecific
promotion of Bangladesh teain brands can sustain
tea consumption at increasing levels. Still in
Bangladesh there is no instrument to measure
Maximum Residue Level (MRL) of various
pesticides. It will create aserious problem on export
volumeor salespromotion, Since European countries
(especially thewest European countries) arevery

consciousabout their health and hygiene.
Conclusion

Tea industries in Bangladesh are facing
numerous problems. Some of these problems
concern security problems of the executives,
unexpected naturd caamity, deterioration of law and
order stuation of theteaedtates, |log steding, politica
or outsider influenceontheir interna arrangements,
illegal occupation of land by the outsiders, lack of
medicd facilities, unhedthy atmaosphereinthelabour
lines, over consumption of wineby thelabourer, lack
of infrastructure (road, quarter, water supply network
etc), lack of capital and modern machineries, lower
market va ueof madeteain comparisontoincreasing
production cost, lower yield per hectare in
comparison to increasing domestic need, lack of
instrument for measuring MRL value, improper use
of Govt.loansby someownersof theteagardens,
lack of perennial water sourcefor irrigation during
dry season and a so in prolonged drought, lack of
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educational institutions, malnutrition among the
children of thelabour line. For successful teaculture
the above problems must be solved. To reduce
production cost wehaveto producequality teawith
eye catching bright orange-red colour liquor with
flavour or havetoincreaseyield. We haveto make
cloneteawith highyielding variety having good
quality. We must removethe screen of distrust and
suspicion of the European countriesby establishing
acleanimage such asachieved by the Sri Lankan
TeaResearch Indtitute.
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