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CoNTROL OF pr-ANT pAIISJTrc NEMATODES OF TEA SOII USrNGDTFFERTNT spECrES oF GREEN Cnops nt SANGIADESH
M.S.A. Mamun,., M. Ahmed, and S.K. paul,

Tea. J. Bangtadesh, 40, l-7, 2OlL ISSN:0253-5483

Abstract

An experiment was carried out to observe the effect of dilferent species ofgreefl crops on plant parasitic nematodes of tea sofl at Bargladesh TeaResearch Insrirure (BTT{I) lrain farm during Jutuary ZOOT to December2010. Four diflerenr species of green crops i.e. Guatemala, Citronelli.lifi|osa inyis;t aDd CalapoEionium were cotrsidered as ffeatments The
a,

experime ntal plor $.xs laicl our in randomized complere btock Jcsign(RCBD) with 4 repticarions. Lopping was done thrice at 4 months inrcryalper year for Guatentala and C itronella only to retutn the biomass to the sameplots. Otlrers i.e. -ViDos;t and, C,ila.pogonium no lopping and allowed to Sfowand stay ir sjtu. prcjjeatrftent observation for nematode population wasdone in exch plor before plilndng ofgreen crops. Soil samples were regularlycollected at ntonrhlr- inrcryal and samples were analyzedlor nema.tode countat EntooroloEl' laborat or), througlt Baermann funnel method. Resulrrevealed tltar the nenato de population in dte treatment T1(Guarem a) LndT2 (Cirro,trel1a) v",ere 2 98 and 4.56 respecdyely which we fe beloy/ thecritical leyet 0.00/10g soil). In treatments T3 (Mimosa) ?,frd T4(Calapogonjunr ). rh€ rrlucs were 8.46 a.nd 9j2 tespectiyely which werebe),ond the crirical Ie\ cl. Ir is eyident from dle findings that Guat emalla and,Citronella car be rule(l as soil rehabilitation crops to suppfess nematodepopularion in field condirion to get safe soil 'with less nemarodes (<7.00) fora successfuI tea nursefl'

Key words: planr p;lrasitic nematode s, Green crops, Te4 soil, Bangladesh

Intfoduction
Tea is an important cash crop as well as a long established plantation cropofenormous economic importance to Bangladesh meeting the en re domesticdemand of this cheapes t health beverage. Bangladesh tea being a century oldagro industrl' represents a tin). speck in the magnificent Tea Horizon. Now it isone of the largest agro.basecl industries in the country. Bangladesh tea is grov/nin the two divergent ecological zones_namely, i) Surma ualley in greater Sylherand ii) Halda vallel, tn Chitragong zone Recently tei are is opened in Korotoaualley in Panchagarh disrricr (Norrh-S7est of Bangladesh). There are 163 teaestates having aboLrt i 4 000 hectare of standing tea plantation producing about60 miltion kg;f finishcd tea per annum (BTB, 20 10)

,4Scienl illc Otficer. (Err lo nrology)
Srimangal, Moulvibxzilr

, 
,Directof in-Chafge, Bangladesh Tea Research Insdmte

*Correspondi,g 
aurhor,s email address: shameembtri@ya[oo.com
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Materials and Methods

An experiment was cofldllcted at Bangladesh Tea Research Institute (BTRI) main
farm to observe the effect of different species of green crops on nematode
population during.lanlrary 2007 to December 2010. The experiment was set up
in a Randomized Completely Block Design (RCBD) with 4 replications. Four
different species of green crops were planted in a plot size of 4.7 x 3.5 m'each.
Five treatments were considered such as T1: Guatemala, T2- Citronella, T3:
Mil osa inyisa, T4=Calapogonium and T5:Control (no green crops). Cuttings or
suckers of Guatemala and Citronella, seeds of Mimosa indica and Calapogonium
were planted or sown with a spacing of 1m x 0.75m, 0.90m x 0.60m, 1.2m (R-R)

anct l.2m (R-R) respectively (Fig. 1). Other agronomic practices i.e. manuring and
fertilizer application, weeding and cleaning etc. were also done as when
reclrired. 500g Cowrlung. 30g TSP and 159 MOP per pit for Guatemala, Citronella
ancl 1kg Cowdung, 100g TSP and 1009 MOP fertilizer for Mimosa, Calapogonium
were applied as per BTRI approved dose (Kibria et al., 1994). The pre-treatment
observations were taken before planting of green crops. Lopping was done
thrice at 4 months interval per annum for Guatemala and Citronella only to
retnrn the biomass to the same plots. Others i.e. Mifiosa and Calapogonium no
loppiflg and allowed to grow ancl stay in situ. The first lopping was done at a

height of arorurct 45 cm and subsequent topping around 60 cm above ground.
Pre-trertment observation for nematode population was done in each plot before
planting of green crops.

Plate l, Guatemala Plate 2. Citronella

Plate 3. Mimosa Plate 4. Calopogonium

Fig. 1 Different species of green crops used in the experiment at BTRI main fxrm

Soil samples are regularly collected randomly by inserting soil sampling auger in
to the soil up to 0-9" (23cm) from the respective plot at monthly int€rval. Each
sample was composite of 20 soil cores from each plot. Soil sample was ana'lyzed
in the Entomology Laboratory by Baermann Funnel Method v/ith slight
modification (Mian, 1998). Ten grams of soil sample were taken into 50 ml
beaker and covered with muslifl cloth and kept ifl the glass funnel (20 cm
diameter) in, rev€rse for over night and nematodes were decanting and sieving
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iflto a slide A rubber tube of 1i cm long \ /as fitted s/ith each stem of each

f,nnel. The rubber tube was .tt.O *i i, 
" 

p'inch- clamp Tao water was poured in

to the ftlnnel until the level is; trn Utf''* tt" ft-neirim The active nematodes

;,#;iffi;;il"*.Isli" .rotr.t i6u"i"i ir'" soil'--Thev.were concentrated at the

ir",i"i "i,j*1i,bb;iiirr". 
N"*;iod& were collected in a glass slide by feleasing

fi;';il;irA;; uto,rg *ith-i;ati quantitv of water' Then nematodes were

counted through Stereoscopic microscope'

.Ihe experimerrtrl dirta were stxtistically aotlyzed by Randomized complele

ii;.t;f i;; (tZioiii'i^g r"rstaili"iiiir'"r software'in-a microcompu-ter' rhe

;i;; ;"i;;';r" ,Ji*r.drv o"tun;J n'rurtlptt Ranse rest oMRr) (Duncan'

Plant parasitic nematodes ot eelworrns are associated with rhizosphere soils of

rea Dlantation. Th" ur..ug. ,ruill"io?".tnutoa" population due to four different

;::# #ffiil;i;;i;,ri;,;ii;;;' io" v'nii i''' rrom 2007 to 20r0 is presented

in Table 1. Resulrs ..r.u,.i'it u'i ;;;*d" popularion in the treatment Tl
(Guaremala) and T2 (citron"ii;i- *;;; z'gs ind 4'56 resoectivelv which are

iL'"*^iri!'ii,,,.ir r.r"iiz.ooj"*r.,i,r.ur n.-rnnioo. popularion in the treatment T3

( Mimosa indicx) 
^odr< 

<curlpoglii"l *iit e '40 i"d 9 72 respectively which

,r" tevonO the critical level (Fig' 2)'

Table 1. Month wise nematode populadon using different species of gr€en crops

1951).

Results and Discussion

during 2007 to 2010

o no. ematodes
T3

Mimosa Calapogor um Control
Guate mala Citronella

January

February

March

April

lvlay

June

Julv

August

September

October

November

December

3.48

3.22

3.26

3.46

3.84

2.21

3.52

3.4r

2.12

234

2.32

o.)o

5.24

4.7A

4.to

4.48

4.36

4.O4

4.t2

1.26

1.2A

4.Oa

3.93

10.38

9.42

9.O2

a.26

8.86

a.12

a.42

/,JO

6.a2

6.2a

12.39

11.27

rt.6

70.26

9.88

9.67

9.42

9.72

a.42

8.56

8.04

7.97

26.a2

22.34

26.94

2a32

18.96

19.24

20.66

20.58

22.62

20.63

18.84

28.38

9.72 22.a6
2.94 4.)OOverall meafl
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22.46

9.72
8.46

Critical level7.00

Guatemala Citronella Mimosa Calopogonium Control

Green Crops

Fig. 2. Nearatode population using different species ofgreen crops

Performance of the green crops in suppressing nematodc population

. Thc performance of various treatmeflts o11 the nemalode population of tea soil is
presented ifl Tablc 2. Performance of the green crops in suppressing nematode
population was calculated by using Schneider Orelli formula.

( l-talca x tblcb) x 100
where, ta : data alter tfeatment

ca = clata after treatment (Control)
tb = data beforc treatment
cb : data belore tfeatm€nt (Control)

All the treatments significantly reduced the nematodc poirulation. The results
revealed that sigflificantly (P<0.05) the highest performance in reducing
nematode population (88.52%) was obtained in lf 1 (Guatemala) followed by T2
(Citronella) (83.69%) (Table 2).

Tablc 2. Performance of different green crops in suppressing nematode
population from January 2007 to December 2010

Treatments
Nematode population per 10g soil oYerall

pedormance (%)Pre-treatment(tb) Post-treatment(ta)

24

22

or 18

<16

Z2
0

2.98

T1 (Guate mla)
T2 (Citlonella)
T3 (Nlinosa)
T4 (Calapogoniun)
T5 (Cofltrol)

11.68

10.84

1o.72

tl.54
13.26

8.64

22.86

88.52 a

83.69 b
70.08 c
63.00 d

llean of 4 replicttions. Figurcs i11 a colufitl haviilg t|1e differcnt lette$ are not statistically
idenrical (p>0.05).
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It is recommended from the findings that Guatemala and citronefla can be used
as soil rehabilitation crops to suppress nematode popuration berow critical level
in field conclition to get safe soil with less nemrtocles (.7.00) for a successful tea
nufsery.
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PERFORMANCE OF SH/D/II/3T3, N8/8, NI7/7 AI'{D N22/39 AS

TEST CLONES ON YIELD AND QUAIITY OF TEA IN BANGLADESH

M.I. Hossain'', M.A'. Aziz', S. Boneriee' M' Ahmed" and M'S'A' Mamun'

Abstract

A tong terflr experitrlent was carried out to inYestigate-the yield and quality
p-..foi-noa.. 6f four vegetatively propl€,ared- test, cloxes of tea namely
SiVo/rtljr:. Ns/g, A/in ml'Nzz/19 during 19962010 The results
reveated that test clones '\/22/39 Md Nl7/7 gaJ,e the highest. signifltant
r iel<l of '18(18 ks- Jnd J-91 kP,' made tea respectively compared with J2 tj
G-;.i. A i5r rbe courrotavt.3646 kg'ior sh/D/tt/313 and 36lJ k8^'

to1 VSZs at mature stage (2002-2010). At immature stage (1" year to 5" year

aiter' plrntation) the 
-)'ield diflerences amongst 

- 
the test clones was

i"iigrihirnr. Ttre overail cttp qraliry of the test clones was assessed bJ
ioi",in,ioort oiganoteptic ra-ste^. Tni cup qualitF of Slt/T't/ll/313, N8/8'
iin rjnd.t''z),'39 *:"t found to be above aYerage (AA) while the cup
quilitl' of rvr (control) was exc€llent. Fourteen year-s data showed drat the
i"r, .ion.r of Sh.D/l1l313, N22/39, Nl7/7 Md A/8/8 were promising in
;;-.p;;;i.t i.ld 

"rd 
cluality.'Considering the perforarances, particularly yield

inti quariq' potentiits, tire test clones Sb/D/ll/313 
^td 

N22/39 were
ieilrstct ,sgtrO and tiTl8 respectively for commercial pllnting in the tea

iii"iii, *rr . the test clones Nl7/1 
-and 

N8/8 Lppeared superior to be

reletsed as sl lndJrd cloDe.

Key words: Yield performance, cup quality, test clones, BTRI
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prolIntroduction

Tea is one of rhe mosr important cash crops ifl Banglaclesh and south Asia. It is
also an important food commodity of international trade . T'he plincipal I-Ypes of
tea procluied and cousnmecl in the world are black and green tea with small

amo;nts of other rl-pes. A summary of wofld tea proctuction is 4,162 million kg in
2010 (ITC, ZOt t). iiis a major cash crop as well as an export item of Bangladesh

u..o.rntirrg for about 0.81% of the GDP (BTB, 2002) Our present yield per

hectare is quite low compared with other tea growing cot''ntries of the world'

Because a targe portion of oltr tea area is covered with seedling plants which are

over 100 l.eris ota and are of unimproYed jats of low productivity Moreover a

iigniticani area of rhis old plantation has low plant popularion density resulting

in"low yielcl ancl poor q.aliiy of tea. The increasing cost of pfoduction as well as

adverse cliixatic conclitions has lecl to marginal economic return to the tea

\\ri rl
pot(
proi
I O<

co rn

the
'1'he

perf
Shu;

industry. In these circumstances,
tea areas with improved Planting

the industry needs to replant and extend new
materials of higher yield and good quality.

,Priflcipal Scienti-fic Oificer (iffharge), ''scientific Offic€r (Botany), 'Director
sscientific Officer (Erbmology), Bansladesh Tea Research Institute,

MoulYibaz ar.
*Cor(esponding author's email address: ismailbtri@yahoo'com
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Due to the heterogenous nature of tea seedlings, the seed available exceptbiclonal stocks, could no_t guarantee the proAtlciion of improved plantingmaterial (Njugr.rna, 1990). Emphasis should bi given on selection urrO pf*tirg o?vegerarivery propagatecr marerial i.e. high yiel<ling quarity clon€s for better yierdand qualiry of rea (Dutta and Alam, ZOOi).

Tea is propagated either by seeds or yegetative par., i.e. nodal reaf cutting. Theprogenies procluced by vegetative propagatio; using nodal leaf cuttings areknown as vegetarive clones (Sana, tgSg). 
-Ctonat 

,.i.!rion is the mosr popularpfactice in rea for evolving better varieties. Desirable potential plants are isolatedfrom the seedling population that have derive. frorir superior iats or breedinglines. Procedrtre of clonal selection is more or f.r" aurna in all the tea growingcountries (Tubbs, 1946; Vissar & Kehl, 1958; Vight, 1961; nu.ur, f C;a;.;;;plant is an allogamous species, a large variatio, of [m.u.t".s occurs from bush tobnsh in exisring seedling tea population ancl cross poltnu,.A progenies. Suchvariation is exploited rhrough selection pfograms to'J.r..top new tea curtivarswith enhancccl rfairs (Ilanatung L, et at-,2OO9t

Cup qualitv is an inhercnt character and one of the most importantconsiderations in selecting potential commercial cultivars. According to previousstudies' othef than trre genetic inhefitance, various other factors strch as crimate/seasonal changes (Agarwal. 1989; Owuor o",f O,fri.ro, 1997; Bothej\ et al.,2000), agricutrural practices (Drtra, 1960; natman ,i ,i., ,rlZf|lancl processingproperties (Takeo, 19g4; If ajrt,2OOl) are also importanr factors. 
, 

. 
-

With an obicctiye oI cvolving ptanting marerials wilh high yield and qualirypotenriar B]-Ri has put i1s priofities on cronar selection and hybridization
fl:S^ramme since its inceptiofl. The clo,al selection programmc was initiatecl in1959 and 

_h.r'briclizariofl programme in 1965 (ttashlA anjAtam, 1990). As an ourcome of these works, the institute so far released eighteen vegetatiye clones inthe BT-scries lo the indusrrv. Few more test clones uia ir, ,uaiou, stages of trial.The present experiment was carried out to study tlle forg,.rfn yield and qualityperformanccs of four vegeratively propagated ;.r; "i;;;, of rea selecred fromShumshernugger anct Amo tea estates.

Materials and Method
The experiment was carried out with four test clones of tea in the experimentalfield of BTRI main farm, during the period from Orrlr-iSrU ro December 2010.Cuttings were collected from the selected Uustre, of Snumshernugger and Amotea estates during 1994, which werc raised at nfru nursery. At the time of

9
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s-
preliminaq' selection of the bushes chloroform test was t::"1 l5:::^t
.hlo.oform test (Sancterson, 1963) in estimating fermentatioo rates-ol tea ctona

";x;H:1'.JlJJHr",::.H::,,',:ld:'3i:1,':;THIqiltillill;i
in tea Ur.e.fing programs in Kenia (Seurei etl' 1998) an(t in Pakis.tan (,*il:5

;l'l;:ry:;* j:;",'Jlxl'l'T:'l j.'fi :'jlllT#:T,l'I"Hi:'j';li?:q
cl- oroform test Llttring selectiofl perioct (Data rurpublished) Aftc^r roolrnt',:t"'5

il;rHT:..,,1..i:f il:,': :::L'":iii;,liTil1,,,#1i{i,i{; #ii-,'3iiiirfl
]l; r!:*tt#:l,Tl,:J',ft 3'*:::[3:::-;.:TLl l+l'-fil::l',:q

;.:lllf :.lXl','*fi;'J',ll."if,.?l:::',,.,ilXTi:"*tr1jlT:1lI1!t:;:il
Kibril ancl llashict. 1994). Yonng ancl matlrre tca pruning werc lollowed as perl

BTRI recommcrldations ..;;;; tea:-Dccentre-Prune-Skiff-Prune-:u'1 iLttj,:l1
-1,.,.. ,., (I{ashict. 1986) LiSht prune-Deep skiff-Meclium skiff-Light skifl thel

green leaf v'as harvestccl at weekly iflterval cluring the pluckingseil:ll:tTi'::l
irom mict Nlirch to micl December through out the experimental penod Ylelol

data were recorclecl anct alllrl]'sed statisticalty in MSTAT progrrmme- rn li
microcomputer. The mean t olt"' *"tt adiusted by DMIIT The f ielct was

.*p..rr.A u, mean f ield of green leaf g per plant ancl is presented separately for

i-iru,.,r" (1" - 5* )'car) ancl mature (6" 14* year) stage The made tca kg"'was also

calculated on llte basis ol 25o/o recoYety from grecn leaf ancl 1587', plants* at 10i

cm x 60 cm spacing. The quatit-Y performances of atl the test clones as well as

control were assessecl after manttfacturecl by cTC (Crush, Tear ancl curliflg)

method in the BTRI mini tea factory and wefe assessect weekly by conventional

organoleptic taste ancl scorecl ntrmerically' Get]eral characteristics of folrr test

clones and TV1 are given in Table 1'

I



Table 1. General Characreristic of selected test clones ancl Tv1

Clone Bush characrers Leaf type Pruning
recovery

Nursery
rooting

cup
qualiry

Manu.
Pref.

T1- Light leaYed Assam. Lerge,lighr
green R'ith
prominent
poinred
aPex, seDli
erect
lledium to
large, quite
dark green,
erect,
pointed
apex.

Good Good AboYe CTC
a\efl,ge

Above CTC
average

Above CTC
averige

Above CTC
aYerage

SLI/D / 1 | /313 vigorous, sent-
ordtotropic, good
girdr, faifl]-
coll]pact

T2-'f

T3-
Nt1 fi

T4- N22/39

T5-
TV1
(Conrol)

Assam hybrid,
mediu1l1
bush,vigorous,
orthotropic gron'er
with good spread,
quite compact
plucking table.
Assan htb d. big
bush, l.reaq- gifth.
good g.o$'er $'ith
senri{rthotropic.
and profuse
branching

Assam hybrid,
medium bush,
!'igorous
orthotropic gron-er
vith a Yery good
spread forming
dense plucking
table.
Assam h,'brid,
ortiotropic gto$,er
$,ith a Yery good
spread fom ng
dense plucking
table.

lledium,
slightly
b1oad,light
green, seni
erect,
pron nent
leaf apex.
Iledium to
large,light
green, glossy,

selt {fect,
serrated
margin, not
so proniflent
lexf apex.
l\ledium to
lxrge, light
91een, glossy,

efect,
serrated
margin,
proninent
leaf apex.

Good Good

Good Good

Good Good

_t/8/8

Good Good .Excellent CTC

Note: Pruning recol'en & Nu rse11, tooting: Exccllent, very good, good, fxir/moderate
C[p quality: ExceUent, Abole ,tl'ertge, A\.ertge, Below average.
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The Categories of tea clones as yield' standard and quality clones is shown

Trble 2.

Trble 2. Category of tea clones

Category of
clones

Yield clone Standard clone Quality clone

>4000 kg" 30004000 kg' 2500-3000 kg"
Yield

AA or A*Cup QuatirY

* Quality score: E = Excellent (34 ty^t^ll *:l ?.0].."..
AA- above average (521o <34 out ol )u''
A = average (30-32 out of 50)

BA = Below AYerage (<30 out of 50)

The mean field of green leaf G Per Plant) over the experimental years for

immature stage (1-5" year) and mature stage (6"-74" yebr) 
^re 

presented in Table

3 and in Table 4 respecdvely' Green leaf yie ld was conve rted as made tea (kg Per

hectare) over the experimental period' The converted mean for imrnature stage

and mature stage are presented in Table 5 and Tabte 6 l'espectively. From Table 3

result revealed that at initial stage of growth all the test clones showed similar

yleld uend as control (TVl). When the dau were analysed individual Year wise,

their Yield differences v/ere insigflificant except the Yield cliffeqences of the 2"

year. At immature stage (1" - 5^ year ) the highest average yield (1341 kg') was

obtained from the standard clone TVl, (Fig' f ) which was statistically identical

wirt. A/77 /7 , N22/39' Sh/D/tt/3r3 & A/8/8' At standard productivity level i'e'

after maturity, in the Year of 6^'7^,8", lo-, 11", 13" & 14" yield variations were

significant except in the year of 9" and 12^ On the aveiage of 9 Year Production,

all the test clones gave sigflificantly (LSD at 0.05) higher yield over control TV1

(Table 4). Tlre test clone sh/D/11/313' A/8/8' Nl7 /7 attd L/22/39 shovred

slrperiority statistically over the conttoI TVl (Tab le 4). The test clone L/22/39

gave s1gnificantly CLSD at 0.05) higher Yield (3868 kg') folllowectbv L/17 /7 (3792

kg-), Sh/D/tL/311 G646.35 kg") and A/8/8 (3613 kg*) over control TV1 (3213

kg-) (Fig.-2). Thoroughout the experimental Period test clotte A/22/59, L/17/7'

sh/D/11/3r 3 and N8/8 maintained higher tr€nd of yield over control (Table 6)'

12
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Table 3. Mean yield of green leaf (g/plant) at immarure stage (1"-r" year)
Year

1" Year
skiff
1997

2- Year
Prune 1998

3' Yea,r
skifr 1999

4"Yeu
Prune
2000

5" Year
skitr2001 AYerage

Clone

sb/D/tL/313
N8/8
Nt7 /ry
N22/39
TV1

216.14a
189.63ab
192.72a.b
208.06a
174.18b

316.83
283.88
289.40
274.02
319.86

395.33
432.73
430.o9
442.65
+o).\)+

763.O9
746.90
795.12
7A1.26
815.13

353.1a
344.2a

355.97a
355.06a
367.34a

,t+.),1
67.83
72.i6
69.31
61.62

LSD at 0.O5 NS 26.26 NS NS NS

Year 6"
Year
LP

2002

7'Year 8* Year 9^ Y.r. -10'"DSK MsK LSK 13'2003 2Oo4 2005 zto'

11"
Year
DSK
2007

tz"vex -13'' 14^

*'# i8fr 'ffifl^***Clon
sh/D/1r/ 731.O5
3r3 b
N8/8 693.30

b
N17fi 702.31

b
N22/39 846.66

x,

TVl 658..is
C

1158.i9 1133.4
at2

116+.90 tt62.2c
a

1.135.92r170.43
a

1113.11t264.93
?,

928.29b 1055.11

1353.141192.21 951.00a 998.78
abbb

1256.9A1215.21 958.00a 989.80
abbb

1279.73 1306.14 1070.0 1038.75
aoaab

l,213.7 6 13fi .a3 9A7.00a 1059.5o
aa

rr7o.7o ro9?.3b 874.00 880.18
bc

925.13
b

95a.40
b

971.57
b

1068.2
6a.

i92.43
c

596.A2
b

) /t. /()
b

759.56
a

752.71
a

575.76
c

949.74
ab

926.37
ab

1009.3
7a

977.a7
a

774.62
b

LSD at
0.05

105.22 123.97 169.24 NS MO.Az 706.47 NS 133.29 129.5.0 50.78

vithin coluorD rahres followed by different lerr€r (s) are significanrly differenr by DMRT
(p< 0.05 )

Table 5. Estimerecl made tea (kg*) at immature stage (1" - 5* year)

Year

Clo

1- Year
skiff
7997

3'Year
skiff
1999

4^ Yezt
Prune
2000

AYerage
2- Yea.r
Pfutre
199a

$1/D/71/313
N8/8
Nt1fr
N22/39
TV1

1156.7
1036
1057
1000
1 168

t443.0
1580
1570
t676
t701

2:0.1

253

749
692
704
760
536

2785.6
2727
2903
2852
2976

1249

1300
1296
1347

rMithin column yalues followed by differenr lerrcr (s) are significantly different by DMRT
(p< 0.05)

l3

Within column yalue s follo$/ed by same lerter (s) are nor significantly differenr by DMRT
(p< 0.0t)

Table 4. Mean )'ield of green leal @/plant) x mature stage (6^ -14. year)

5" Year
skiff
2001



a

6
.c
E'I
Y
(,
o
o
(!

=

1360

1340

1320

1300

1280

1260

1240

1220
'1200

253r

2561

3091

2401

1289 1300

1341

At22l39

15a9

ZL4>5

1429

427 4

N8/8

Nfi,ry

N22/39

TV1

3499

3547

3900

2493

+l+/

40a2

3389

1257

4243

+!/1

46t8

3852

sh/D/11/313 Al8/B

Fig. 1. Estimated yield at immature stage (1" to 5" Year)

Table 6. Estimated Made tea (kS) at matlrre stage (6" - 14" year)

Clo

sh/D/11/11-3 2668.9 3377.5 12305 4137.9 2t789 3167.3 4910 2 1]299 a 347t'9 3645 35

4423 3497.5 3613.56

4859.5 3906.4 3792.26

1870.5 3603.3 3568.02

39a7.a 3t9O.A 32t3.16

rlflithin column values followecl by tliffefent letter (s) afe si€inificantly different by DMI(T
(p< 0.05)

t+

2to2

27 48

2702

3382

36a5

3570

2828

66
Year
LP

2002

7r
Year
DSK
2003

86
Year
MSK
2004

9i
Year
LSK
2005

10"
Year
LP

2005

11"
Yeaf
DSK
2007

12"
Year
MSK
2008

13^
Year
LSK
2009

t4^
Year
LP

2010

Ave
Yeat

N17n
Clone



3646 36144000

3500

3000

2500

2000

1500

1000

500

o
sh D f 313 A/A/A AhTn A/22/39 TV1

Clone

Ilig. 2. Esrimated ,vield at mature stage (6" to 14^ year)

Qualiry performance

The overall quilir\ performances of the test clones and TVI control assessed by
conventional ors'.trloleptic test are shown in Table 6. It was obseryed that ihe
cup characters of all r'he test clones were categofizect as'Atrove average" (having
32 to less rh!1n J.i qurlit)'score out of 50 is considered as above average quality)
while T\'1 sho$-ecl excellent cup quality. The four test clones consistently
produced rei of ;rboye ayerage quality. They have bright infllsion, coloury liquour
with useful srrensrh and briskness (Table 7).

Irithin column values followed by different letter (s) are significanrly different by DMRT
1p< 0.05)

Considering the yield performances and quality standard throughout th€ study
period comp4red with the control TVl, rhe test clones ShtD/11/313 aind N22/39
were released as standard clones in BT series for commercial use of the tea
industry (Dutra and /,Jiam,2OO3; Hossain and Dutta, 2010), while rhe test clones
A/17/7 and lj8/8 appeared superior to be released as standard clone. Larer the
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G
-c
ot
:a
to
Q.,

oE(,
=

Test Clone
Infusion

(10)

Liquour
colour
(10)

Brisknesr
(10)

Strengdr
(10)

Creaming
down (10) Total OYer all

Qualiry

sbjD/rri31,3 , })J,D 7.64b 7.4A 7.59b 3.16rb 33.55b
A88 -. J 3r.b 7.53bc 7.3tb 7.36b 3,16b 32.81c
N17 /7 7.202b 7.16b 1ti)t; 3.29b 32.43c
N22/39 -.l-rb /.4/C 7.32b 7.2ab 3.17b 32.64c
TV1 ,.oJ3 7.8a, 7.69a 7.97a 3.75a 34.82a E
LSD at o.o5 o.2526 0.1319 o.297 4 0.295 o.1r17 0.6802 I

TableT. Cup qualin'of different test clones (Average score of l0 years, from 2001
to 20 10)

i.53bc



test clones Sh/D/ll/313 and L/22/39 were renamed as 8T16 and
respectively. The other test clone A./8/8 was also found prospective in
characters and yield and can be used as a standard clone or valuable b
stock.
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st viul conpolen t of rca husbandry In view of
Pest mirnageme nt is the mo ach of Pest
tea ecosyste n1 alld diversity of Pest complex, a multiple apPro

alrAgellen t is esserltill for tea. For easy understanding of the problem,

status of maior pests, theif specificity, bio logY & enYironment their

onuol measur
opulations build uP

es and ttreir efficacy
'.rnd controI measures, cultural as vr'ell as chemical

irncl use of insecticides are highl ighted.p
C esticides xnd recent t(end in its consumptio n and

In this context, tea P

also,
in our tea are P

all the (equire
roiected brieflY
d measures as Per intelnati

Tea being an expolt-
onal rulespesticide residue survey

deradon to keeP the residues wellodented com.tr1odity
be ttken iflto consi

below the Maximum Residue Lev€l (MRL) i,t the finished product. MRI andand regulations must

tea fields are also discussed.

its testing for soflre aPplied pesdcides in

Utilization of the nodern pesticitle analYrical laborarcry facilities available at

BTRI ancl the concelted lo e of our tea producers and traders are

enphnsized. I!.tegrarcd pest lLanagefl1ent (IPM) is also underscored for

effecdve Pest controI and harness economic adYantages in the short (un

More studies on I?M and the institution al arrangement for IPM e*ensio n are

recesstry. f inally iu the long {un, aYoidance ofProblems Posed bY resisBnce

build uP bY Pcsts , health hazard oesticide
tigated fo

use and IPM relationship
s due to

of bereficial ilsec ts to pests afe to be mi r working out a successful

pest coltrol srategy lof our tea indusffY.

Key words: Sultegres, Tea Pest Man ellt, Banglades h

Introduction
AteaP lantation is a grown monocultute over lerge contigttous areas of 1

common tea plant, an evergreen sh dtb Ctmellia sillensis G). O. Kun

integrated v/ith established shade Plantation iil oqr environrn ent. Amongst

cultivated Pract
husbandrY Mary

ices, Pest management
technological gaPs and PhYS

is the most vital co
ical'constral

mponent of t
nta exist in

cultivatioll , which hitherto hinder to modulate or compound the known

pfotection methodologi es and disciplinary iflteracti ons. The fofefnost one is t

tea ecosys tem, s/hich is compfised of tea, shade trees, green manuring crop

forests, etc. Moreovef, he intensive mono{ulture of a Perennial crop like

over an extensive and contlguous area in an apparently isolatecl ecological zont

ifl Sylhei and Chittagong during the last 160 Y€ars had virtually formed a stab

ecosyste m for qridely divergent exo tic. endemic or introduced Pests (Sana, 198

Ahmed, 2005)
te, Srhrangal, Moulvibazar

,Director in{hirrge, Bangladesh Tea Research Institu
, Dhaka

Bangladesh &'Assoc Prof., DePtt. of Zoology, Jahangirnagar Iiniversiry, SaYar
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Besides, the architecture of tea plantation, Yari,ability of plaflt types and

svstematic inreracrions or ou.jous ui.o+achniqu€s like sequential pruning cycle,

iiir:t1ffiffi;t, -"r.ni"g, p"iman"ence of shide trees' etc' impose a sisnificant

impact on the subsequent corili-iio"' t'utilizatiofl and distribution of myriads

of pests. diseases xnd weeds'

Status of Pests

Each tea growing area has its own distinctive pests' though many species have

been recorded from more tn"" "* 
gtcli*phiial area Every part of tea plant is

subjectecl to tire attack clr p"tit "o 
it iJesiimateo thatmore than 50 species of

organisms including 
'n'"t"1'"rn'iti' 

-*J 
tt"rnu'ottt" fecd on tea and fungal

diseases attsck tel ,,, 
"o"'piuni' 

necentty rodents a-re also reported to have

invacled tea. Insects, mites, nelm-atodes which attack tea are' therefore' provided

;i;; ;;;;nt supplv of food in the form of voung atd mature leaves' stems'

barks, roots etc. whicl't .r.o"rui. ifr.it fapid multiplication' Adopdon of longer

pruning cvclc. deforestation' changing agronomic -conrtition ' climatic changes'

flatlrral imhrlance due 10 
^iil;;;?t;;t usc of pesticides' herbicidcs and

fertilizers. use of sub-lethaf O"* cli irrtitticides withpoor spray-efficacy' use of

r#;ili;i. ;i";rir,g mutttiJJund di'ttttbu"t of normal equilibrium in the pest

ecos'!'stem have clircctly cl;iJ;Jtty increased the pest population^and the

il;fiJ'.ffi;i..".i.6r * ^ 
gttui t't"nt (Muraleedharan and chen' 1997)'

some new insects are oflen a<lded to the list of tea pests' Because once they

i;;;.;'; i. o,i ,.0 ano rino-it- acceptable they continue to thriYe on the

nbunciaflt sttpply of tooo avaiiabG to tt'it On the contrary' the insects' wtich

cause negligible damage trlJ"y, t^V become destructive tomorrow lt is'

therefore, esscntial ,t'ru, ."ttylJ", *hetrrer it is a minor or a major one' shottld

not be igflored An outstandilg example- a shade tree-pest Brcdesfu 
'ofihsa

;;r;;;;";;;;; ,oiurtn orp'ti.irt'i i'e' ^nno Modhupur r'E recentrv and reed on

the leaf and defoliated comptetety- lnctudinC soll b-arks of the shade trees

(Derris).From'the ..o,'ofnlt'p'oini lf "i"*' 
tl" p:$:-1r-:i"nsidei€d 10 be maior

and causing serious <lamage'to tea plantation in,respett of both quantity of

Drodlrction and clualiry or *o'4" it'o-<S int' 1983' 1989 an<l Ahmed' 1995)'

i:;;;;t.t;;,llu,,'riz" t'op t'ut been lost everv verr due to this maladv

(Ahmed,2001).

It is interesting that some pest like Helopeltis is only severe in greater Sylhet

Zone while almost absent in i"f"ti"it"s 1t9e' It is iflteresting to note that in the

recently opelled tea arer in"pani"nagirh (extremelorlh-west of Bangladesh)

rllere occ\ns t Helopc-lris inresiaiiJn iirl*"i, zooi> 
-This 

might have the.result of

close proximity of Indian t;;;;;fu;^ on the other side of the border' Even

Norrh syther va[ey sufterei i;;,hm the orhef valleys of greater sylhet' It has

assumed considerable "snir';ii(ji'o 
H'bpr-'1r15 in the- last few years due to its

widespread occurrence i"^^il-il"-six vaileys in sylhet Zone' The pest has
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reappeared in an alarming waY even in clear and plain tea fields Both adults

nymphs of the insect, which are most active during hours daily in the m

and late afternoon, cause the damage Moreover, the rapid sPread

pfeponderanc€ of Heloqeltis throughout the tea estates of SYlhet are

posing a serious threat to the tea industry.

Spe cificity, biology, environment and Control measures of maior

Red Spider Mite (RSM)

Soil pH related to RSM
Tea prefers a soil PH around 5.0. It is better to avoid planting of tea in soils

pH higher than ,.8. Pest outbreak is related to soil pH. An example is such

th€ bushes grown in suboptimal pH, soils are generallY weak, and are

more liable to Red sPide

opdmum range of PH.

r mite attack than ahose grown in soils within

EIficient Red sPider mite control
Prophylactic measure (Pre<mP tive) is a must (before mite Pest a

with iwo rounds of SulPhur aPplications where mite attack

eYefy year in the sarne areas

Interval period must be 56 days in between two apPlications

Apply chemical on both surfaces of the leaf

Avoid planting highly susceptible clon Ll matetia,l

Irrigation Practices suppress mite Population
of mite populationCopper fungicides can influence the fecundity

tish / ilnam / goal P^t^ 
^r 

e^
. 1% Urea could be us€d with miticides
: ail;-lt"tpasses and pluckers' unnecess4ry movement should

restricted

Special attention for Red spider mite
. For control of mite oni should first pay special attention to unpruned

which harbour tfrese-in- 
"arying 

riumners from the beginning of

Knapsack sPraYer is more useful than motorized knapsack sprayer

Target site must be in both surfaces of the leaf and es

season
Badly drained and temporarily water'logged areas suffer more from

spider mite attack than welldrained areas'

The areas which ar€ periodicallY cleaned of weeds and

particularly during the early part of the season, suffer less from red s

m1te attack than uncleaned areas.

Use of synthetic Pyrethroids induces reproductive Potefltiality
leads to sudden pest outbreak

phosphate (OP) compounds cau
Use of subLethal doses of Organo
development of resistance in mites'
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Ilelopeltis- T et Mosquito bug

Occufrence
Tea mosquito bug (Helopeltis theiyora Waterhouse) is the most serious pest of
tea in Bangladesh and India. It is also widely distributed in Sri Lanka, Vietnam,
Indonesia, Malaysia and Africa. It is also a ph1'tophagous pest of coffee, cocoa,
cashew, etc. Helopeltis theivoftW2,ter1.1ouse, populady known as Tea mosquito
bug (not common house mosquito), belongs to the Order- H€miplera and family
Miridae. From the economic point of viev/, the pest is considered to be the maior
one causing damage to te't both in respect of quantity and quality. Every species
has a natural tendencv to spread as widely as possible but its dispersion is

checked by certain limiting factors which make it impossible for the insect to live
successfu lly eYery-where,

Crop loss by Helopeltis
Crop loss assessment b.y Helopeltis is very difficult because lhe attack varies
seasonall-y depending upon the climate, shade condition, aspect, altitude and
cultural practices. -{t the same time the damage relationship compared Io weight
oi an uninfested shoot is weak. But later shoot growth or ne'w shoot emergence
shows dela'r' as a resnlt final yield is depressed. In Bangladesh context overall
crop loss v'as estimated to be 10-15%.

Seasonal BiologY
Maximum fecundit.y (June - October): 400 - 660 nos.egg
Minimlrm fecundit)' CNovember - May): 40 - 280 nos.egg

Inclrbation periocl is one of the important biological phenomena for the
population increase/ overlapping generations. Incubation period varies
according to \\'eather condition (Table 1). Shorter incubation period in.the main
cropping season means the rulnerable condition for the crop.

Table 1. Incubation period of Helope,/rb in diff€r€nt months

Ilonths Days

NoreDlber - -Ianuary l1 - 23 days

Februaq-

trIarch - April

lvlay

June - Julf
August - September

October

19 days

10-12 days

8 da),s

G7 days

5-6days
7 d,Lys
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Nuptial behavi ou of HeloPeltis- : CaDable of mating iust afte r moulting'
. Copulation lasts tor 60 - 210 rninutes'
. d finds out a 9 for mating'
. Repeated mating ensures'a sure chance of fertilization and co

grCater build uP of PoPulation'

Survival Potential
The ability to survive under inimical environment is called survival poten

survival Potential of a pest helps to ovefcome the adversities of life

thfough some contfivances such as, Pfotectlve devices, mimicry, food

shelter, migration, laggard stages (Table 2)

Factors Response

Temperature

HufliditY
Light

Cloud

Hosts sPecificity

Pfotectiofl

Dispersion

Positively dlermotroplc

PosidvetY hydrotroPic

Negatively PhototroPic
Positive

Potyphagous (feeds on various plants)

Embedded eggs in Plant tissues

Slow flier

Factors influencing the population build up

Alternate weed species as host'

Extended Pruning cycle.

Microcliflate.
Lack of Proper understanding
monitoring of dre Pest'

Lack of timely control measures'

He ight bound bushes- sPraying
often inefficient in such areas'

Spraying interval

Resistant or susceptible clone
seed iat.

Avoid higher dose of MOP (KCl)
a foliar aPPlicatio n, which
rcsisi|a;n ae to HeloPeltis.

Longer Pruning cycle'

Hieher or lower dose (reduction of
doie will ulticrately create resistanl

sffains),

Same chemicals used in the same

fields for longer Period'

Density of shade.
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Susceptibility of rea plants
Different tea clones show vaq.ing degrees of susceptibility to Helopeltis.
However, at present there are no clones with a high degree of resistarice to
Helopeltis.It is clear that rhe clark leaved varleties arc more prone to clamage byte Helopeltisrhan the lighr leaved ones.

Cultural control options
. Allow sufficienr srinlighr and better aeration.
. Over shaded plantation should be thinned.
. Avoid damping condition.
. Drainage shor-rld be improved.
. Remove alrernate hosts.
. Remove jungles as much as possible.
. Keep sections free from weeds.
. Barrier spraling ma,v be used.
. Plucking rouncl shonld be maintained (6-7 days).
. Late pftrning is better for severely infested areas.
. Intenal bern'een 2 rounds of spraying is very important.

Selective use of insecticides
Retrospecti'e recor.rs or memories of the nse of pesticides against these pests
over a period of thrce decades show that Enctosulfan (Thioctan 35EC) wai the
most clomintnt pesricidc used agaiflst this malady. Enclosulfan is a broad_
spectrum non,selcctive contact and stomach poison. Continltous ,,Blanke1
spra)'ing" \\'ith rhis insecticide has helped develop strains of the bug v/ith
increased tolerance//resistance. so, it would be wise to switch over the other
group of insecticides like Synthetic \rethroid, or Organophosphate, at least
temporarilr' for immediate and efficient control.

Application procedure
. Do nor use same chemical in the same fields for long time.. Do nor sprel whcn rain l"all is apprehended.. Spraling is prelerable on the following day of plucking.. To enhincc rhe shoots foliar applicatioli of Urea (l-2"/o) mry be given

along v'ith insecticides.
. 1% i{OP could also be applied as a foliar application to enhance the

healrh\' \.egetati\.e gros,th (avoid higher closage bf potassium KCI).. Pmne rhe bacth'affected sections during Decembei-January.

Schedule of effective control
For schedLlling effectirr control of Helopeltis, timely application of chemicals,
melhod of spra).ing ancl interval between.two immeciiatE]ounds of spraying arc
very important. Fungicidc Cupravit/Macuprax could be mixed with- the
insecticide. For effective control of I{elopeltis following spraying schedule
should be considered as in Table-3_
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March - April

May - June

July - August

September - Ocbber

la
1re order Isoptefa afe usually

Duiing initial sYmPtom noticed,

2 rounds at 10 days interval

2 rounds at 67 days interval

2 rouflds at 67 daYS interval

2 rounds at 69 daYS interval

known as termites or white ants'

Termites

Termite Ph
lnsects of t

v

word 'termites'comes from the Latin word tuflnes, wlJlicli. is given to a sm

worm that makes holes in wood' Their differences from HYmenoPtera, such

ants, bees, and wasps, have resulted in them being Placed in a seParate order,

Isoptera. The great maiority of termites live in tropical and subtropical regio

24

Table 3. Spraying schedule of Helopehis

Note:Fotseverecases'blackpluckingfollowedbysprayioSofskiffine'lI
Wealher fectors relerive humiditv. rai*l
iir.-i"n".,r* .f weather factors such as ternperature' rela

sunshirre ltottrs and crouo cov"erale iocta) is very jmportanr r {hmed 
'nO 

uaf
200t). But these f:rctors u" Ltv-ono our control ln tt't t',ri"tt' llean'rai{
rdversel) affects rhe nt"" ,lr'"'i"l"i l""pclp.,t'ilc,^ gt.,*rn n's a'nesarf

retrtionship operxtive *t'h il{':' ;;i;;i.',t ['Lio]iv 6i^"a covereee rcritf
value i.e.8.0) is ut.o lrnpo'tunt iot titit inttntity or iniestoit'n 

- - 
I

Whv chemical efficacy performs poor? !
Follbwing fecrors rre ,.fr,".iii',n. i*mical efficacy of x Pestici(le: , , I''ri:"J::l#:'xxs"'J:iJHl:'t;t:ii,'.']:i!1Jjil:1ftfi 

"Ei".t.ri..f lolerance/resistaflce capacity of the Mosquito bug 
J

. Temperalure higher than 35'C in the cropping season reduces 
I

efficacy of EC Crmursifiaire 6o"ttnttut"l formi't^teo p-tt:'t|:tl 
-^l

o Some typical dense canopy strtlcture of the tea bush itsell may rel
thorottgh spr'.t) in8. t

. Cloud coverage inflLlences the intensity of altack' . . I

. Unpredictabli rainfall interferes v/ith the pesticide applicrtion ttmtnCl

. ;'.#:ilttffitl;lso interreres with its ipravi,g scheclute l
o Imorotrer dose or tl n(ler{alculrted quarltit\ of chemical compxrco to arJ

."i.trs. rloes nol kill the lerget pest propcrly'

. Rapicl growth potential ofthe pest'

. Unsti[eA sprly team cloes not fulfil the goal'



fher are polymorphic social insects, which live in nests (termitaria) of their own
:onstructiotl. Soil particles are frequently used for flest construction. They are
irighli' organized, relying on chemical and sensory messages for communication
rnd defence, enabling them to exist in total darkness. Mafly termite species are
responsible for considerable damage to tea bushes and shade rrees. Among the
iermite castes, worker caste is vefy dangerous to tea.

fermite species of Bangladesh tea
fermites that nre responsible for damage to tea bushes may be classified into rv/o
Sroups-

Live wood termites
fhese attack living tissues of tea bushes and are considered to be primary pests
)f tea. They excavate galleries within the live wood healthy tea plants. Tea
)lrntation of Bangladesh is primarily invaded by four species of live woocl
:ermite, namely Coptoteflnes heimi Wtsmann of Rhinotermiticlae family;
llicrocetoteflnes chanpioni Snyder, Microtermes obcsi Holmgren and
llacroleflnes aleeni Holmgren of Termitidae family.

icavenging termitcs
llrcse generally attack dead and dying tissues and are rega.rd.ed as secondary
rests of tea. Thefe are three species of scavenger tefmites, namely Odontotermes
ri:ee Wasmann 

^nd 
Odot'rtoterynes horniwasma;ftn ,!fid Odontotefines paruidens

Iolmgrell ancl Holmgren.

Iermite species of Bangladesh tea
lermites that are responsible for damage to tca bushes may be classified into two
;roups-

A. Reproductive or fertile castes, B. Sterile castes

fhy termite is a problem today?
. More attenrion is generally paid to defoliator pests, \,rhich are often

responsible for immediate damage to crop but termite go unnoticed for
years before.

. Awareness ofthe planters and scientists were less thafl today.. No systemic chemical was in tea against termite s.. Cultural and mechanical controls v/ere not highlighted.. Persistent chlorinated hydrocarbon group .was only effective against
scaverlging termite.

. Concealed/ subterranean habit.

. Highly reproductive.

. Available alternate host plant.

. Damage process is comparatively slow.

. Inteflsive croppiflg, especially mono-cropping reduces the soil fertility
and structure of soil more conducive to attack.

25



Host plant resistance to termite
Use oi resistant tea Yarieties is one of the outstaoding compoflents of integrated

pest mtnagement (IPM) system. Even low leYel of resl<urrcr cafl contribule to

ihe minimization of other control methods' Emph'i-sls should be giYen on the

resistant varieties to pests. Different aSxoq'pes or clon6 of teJ Eith Yarying

growh habits differ in their susceptibilit)', resisunce or tolerrnce to pests'

Itt"aptr have been made at the institute to scfeef, :ome Fell+nown tea

agrotypes/clofles agaiflst termites. Ahmed et 2I {l991and 1999) $udied twenty

tiree'agrotypes lnctuding Indian and Bangadeshi cl'ones aod enal1zed which

garre soire inieresting information. Based on the findin5 \Iunipuri{hina hybrid

and a few broacl leaf Assam hybrid clones were found to h'erE besr resistance

while some hybricls or Camboid type of small to inte'medifle l'r:f size maY be in

the second preference. In the improvement progrxErne lilie breeding and

selection, Munipuri hybrids (faidy broad and dark lea'f hltril) to gpoeral hybrids

(smalltointefmediateleafsize)ShouldbethechoiceforGrmiteresistanceintea
and Assamica (big and broad leaf) or China r,vpes (sm'II teef) ere not to be

preferred for such PurPose.

Threshold decision process of termite
,t aa.itlo.t profile fo-r termite management \\-J5 t''rtrl - :i: - : ':crt of "Eco-

-urogaln"r1^t" concept of pest control strategies \ ' :::': ' "':: I decision

profiG is construed by comparing the contrasting bir " c' .^' :-lt|rs which

modulate the clynamics of termite population in pllnt'n: : ' . .

0

ryEfteHfls

Fig. 1. Thresholcl decision process of termite managen]ent

26

I

30
L
!r.i

tr
ot

li

o)

30



There are various contrar
examined in oiJ";;;i;',?ii1ffi iffi:T:,'J.,i;:;n:::remenr"which are criticauy

. Oprimizarion of climatic factois. Modulation of agro-techniques. Selecdon ofjudicious chemical control method. Encouragement of culturaf 
"o",.of ,"it oa*^^-.. conscious applicarion of m".t oni.oi.o.riiol method: ;Jlill"::;|:'il'li:v *1'*" 

""'"'.,*'",vpes/cronespest monitoring/ suryeillance sysrem
Destruclion of term ire colony
I here is no den ) ing txcl rha-r trri.de-vastat ing atlack or lermite on rea prant causeslitr fl:il;:l]:ol:l;j:i '*o i, a,,ti.JE'i' ii?]iii,, ,n,, ,he eradicarion or

ger the rargeled .roo. E"r.-TJ 
be conlrolled to a minimum level so thar one can

;:n:;:l,i:.]*j'[*X.,,,1,.J,^*:'f l,#1",1il::-,T':X,f,:,igJ;,..".j,;ti1:[
rhe rermire coron, r,rri,,s.l|.li3:t#rfiilt"' anct g4cm r.rg,r-, al'..i,y l#,,1

l::f,LT:'[t S,il'.li; Y,i; ,{J:"d.traps 
to moniror rermire popurarion

shade rrecs. cover croDs. bl-l1dt'll 
tlpes of woorl; matcrials ir.r, u, i.I pr.n,r.

orcler ro ,",ri;;; ,.;;i";. Duamboo. 
gr:rsses and ,rt.h.. userl in rea cutrure. In

variJhle Ioo. marcrials 
..ll,ll,lxtion.and determine the d_amilge ,;;;.;;,;":.

subsequenrrr:ro;;;;- ,,i: .plarr,tation areas or in rehabifrarro;; ;;;t";;i;.ood,reps*,i;;;;;;,il:lidiF,.J[H:,,f,ir:i:,iJ:,.,h*liTJHl;
i1I^,,1.]:,; z) r.iss.e prper. J) o.i.o ,.rJ"..ffiri1,i'.1srtsccptihre .otr rimbir. 

^,i,t 
u, aisri'"ii)or";l'J,fi"I}t. ll.hrrc sricks. i)

200 l). "vos,,t.tr\ tuit uranc[ werc selcctcd (Ahmed,

Jassid

Occurrence

l:iJffi:1,:lf,',i,? !l':,:;T..y:y). a.re commonrv hnown as,,Green n1 rr is a
than sliaclecl on.r.".., 

*,ru luung tea. [t is more pronounc.a in ,nrfrrJlj ,r.ul

Seasonal prevalence

::j:::':':[:]l}HffiHfy::eriesis round armosr round the year. Amild to
periocts sucti es';;;;:,"#i'v tcen localized in tca estrte'
medi um pru ning. p..u","n."'Ptf , 

*r"' p-ro' i''"t1il:';#ruf, i'!l#il,?.||
iy::,1.*t,"#";;;,,d;:li::,,;,i:i.F,f tri:fl ,1,U;H*;rui#Xl*lars ol rea are gerrcra,y more suscepr ible , r,,i, I rr" lil,"rr]ivorio.
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Cultural control
. Establishment of optimum shade in plantation and providing overhead

shade in nurseries.
. Cleafling the section and keeping the section v/eed free.
. Improvement of drainage condition.
. Health and vigour of the bushes be maintained tx'ith due cnltural and

nutritional practice.

Flush worm

Etiology
Flushworm is thc lxrvae of the moth laspeytesia leucostont;t \l.1er. This larva
attacks few top leaYes tying them together and forms a telescopic 'rpperrance. It
is commonll'known as flushworm.

Seasonal prevalence
In Bangladesh condition, there are several generations in :1 \eJ.r. The pest is
found sporadically localized in tea estates, especiallr in the pruned or skiffed tea
plantation during March- May. The incidence of the pest. hos-eYer. declines after
August.

Management
It is very difficult to control the pest with insecticide alone.

. Best way to control through collection and (testruction oi lltoots.

. Affected areas are plucked hard to the ianam (Scale letf) Ibr one rouncl so
as to reduce the population suddenly and effecti\th'.

Nematode in tea nursery
In tea nurseries, the health of saplings is greatl,v impaired duc to ravltges of
variolrs nursery pests. Amoflg them, soil nematode (Eelg'orm) is reglrcled as the
most seriolrs one. It destroys root system of the saplings ceusing deterioration,
poor gro!!'th and death of saplings.

Meloidogyne jauanica (Treub.) allacks tea plants in nursery' (-{hmed. 2005).
Severe infestation of nematode in tea nursery in Lnskerpore l-alleI circle was
observect. Many of the tea estates of Luskerpore valleY frequentlY sent their soil
samples to BTIU for nematode analysis. So nematocle problems in tea is an
important issue now a days. Il1 addition, many tea estates use cherra (stream) or
pond water for spra).er media. Such water carries soils contaminated with

Mechanical control
. Shortening of plucking rounds during acute infestation.
. Hard plucking may be practiced during severc cases.

. Target point is especially the top shoot and under surface of Young leaf.



eelwofrhs and eggs and when warer th.,s contaminated with eelworm in used rorrrrgaring the nufsery planrs ir wilt ,il;;;;;ililri..rii#1r"".
Favourable conditions

o Rainfall posirively influences the parasitic nematodes.. Highesr popularion is observeO inrainy season <_ij.ra Our.rr,y.. Populiltion varies with soil properlies.. 
SiliffilffIularion 

was founcl in higher pH, organic matter content and

Re commended pracdces

:I;.f;1?#l,1 
recommenctarions shoutd be foilowed to minimize fl1e infesrarion

Replanting
. Resistant or toleranr variety should be adopted.. Useful step to be taken to incorporate nlmaticicles during the time ofnew planting of tea.
o Granular (G) formul:

prant can be usecl. 
ations- Furadan 5G @ 3g/planr' cttratar 3G @ 59/

Rehabilitation

f::i:'.TiiltJl',onl!."'="tt tt ttsetul to brins dos'n nemarode popularion (for a

Nrrsaay
a

a

a

a

Deromposed cowdung is a threat for tea nurser1..
Infested nursery plants are one of the main sources of spreading.R.outinely treat/ fumigate nurser), soils as a prophylactic mcasure.
Ill-l,,"...r. roits ro a heishr- of 45cm.,;r"r' ;J;;;;' Basamid,/2.8m,mtxed wi[h rhe soil. Iighrly warer end cover wirh rharch. 

o

Heavy clayey soits shoulcl be ayoided.

f:5: "" 
ro be sraked on nursery becls and l5cm trenches cur around each

Pesticides

Trend of pesticide consumption in BangladeshPesticides use in Bangtad.sri.,r,rq b";;-;i;;;'i.om mid r950s and rapidly
iffi:'l;:ii:Jlf..',?.t::.Y'l rtre inr'oou"iio,iir'ii..,"i."or,,ioo. s,r ut'i;oi
fruits. s mainly confined to rice, sugarcane, vegetables and
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Total consumption of pesticid€s in Bangladesh for the last 9 yeats (7999-2007)
was 1.4,34O.51 to 37,772 tons. The overall trend in 20O7 was almost 2'5 times

higher than that of the year 1999 @iC. 2).
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1999 2oOO 2oO1 2oO2 2003 2004 2005 2006 2007

Year

Fig. 2. Increasing trend of use of pesticide ifl Bangladesh

Use of pesticide by category
Although the pesticicle use in the country started wilh insecticictes, which
dominites till toda,Y, the other classes of pesticides such as ftlngicide, herbicide,

rodenticicle a,1cl miticides have recently occupiecl a good position in the mafket

CRahman, 2000). Al analysis of pesticide use by category over a period of last 9
years has been shown in Fig. 3 which indicates that during the $'hole period

under consicleration amoflg 1e pesticides, insecticide upholds highesr position

in the trend curYe, followed by fungicicte, herbicide and the lo\l'est being the

rodenticide. The coflsumption of pesticide by category ifl 200: as shos'n in Fig 4
which inclicates rhe largest sh,fe (62.54o/") occupied by insecticicle followed by

fungicides (27.12%) a,nd then followecl by herbicide (10.142..)

I lnsecticide
E Herbicide

tr Miticide

tr Rodenticide

I Fungjcidie

Fig. 3. Trend of market sharing of different

categories of pesticides during 1999 to 2007 in
Baneladesh

Fig. 4. Market share of difl'erenl categories of
peslicides of formulated Product in 2007 in

Baneladesh
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Trend of pesticide marketing in Bangladesh tea plantation
The use of pesticides in tea was introduced in late 19r0s of Bangladesh. The firstintroduced pesricide in rea was DDT ag inst Helopetiis and.fermires.

In tea plantation, the use of pesticide. isincreasin g day by clay.Different group ofpesticides are frequently used ilr rea industry. It ii showeo that the use o1 Btnio,(miticide), Ripcord (insecticide) and Furadan (nematicid€) v/as 3.50 MT,0 Mi
19^l:10 tvtJ-oy1i1q the year.of 

,199899 and consumption reached to 13.;0 MT,1.40MT and ,.50 MT respecrivety in the year of 2OO7^-2OOa Gig. ,). The irenA oipesricides use up to 2oo7-2ooa is 3.8r, 1.40 and 3.g2 times higher rhan thar of7998-99.

The trend in the use of three chemicals namely Thiodan (insecricide), Cupravit(fungicide) and 2,4-D Amine_(herbicide) in rea plantarions over tast , years isshovm in Fig. 6. The 
'se 

of Thiodan, Cupravit uia z,q_O Amine was ie,ilO tii,
9,64O Kg. and a,760 Kg respectively auring ZOO3 urO i"u.t.O to 3l,r4}Lir, r,A75Kg and 4,960 Kg in 2007. The use of Thiodan has ir...rr"d d.un,rticatty wirerias
Cupravit fell down drastically.

Fig. 5. Trend of Ethion 46.5EC, Ripcord loEC
and Furadan 5c during 1998-99 to 2007_09

Fig.6. Trend of Thiodan J5EC. Cupravir 50Wp
and 2.4-D Amine during 2003 to 200i

omite (Propargite) is one of the important miticides used in tea plantation. Thelast 5-years consumpdon data of Omite used in tea is presented in Fig. 7. It showstha-tthe consumption of omite was 16,6i0 Lit in 2003 and reached io 2 a,66o iitin 2006. The trend of Omite use up to 2006 is almost 1.5 ti;es higher than rhar of2003 while ir was fell down drastically in 2007.
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Impact of Pesticide use

The most seriolls concern regarding the pesticide use js.its hazardous effect on

different componerts of tr"t!"ii'Sottiit inttttttit'tg fish' birds' useful ins€cts'

v/ldrife and rruman being' Al;;;;ffi;;';!l;: ;:i1",:'nsradesrr irs reported

in previotts sectiotts is verf n'egtigible' thclr.ttse. is highly tlnevcn and

indiscrim in'lte. videspreao 'i-la'i"?lgiirnt 
use of [ndosttlfan' Propargite' rnd

Ethior in tea has induced Jo*;i;;tiofment in Hetopettis^nd Red spider

mite. Therefore p,uo"'t tt'" oiii*ttitiot in tto rnutl be taken seriously'

l::,tr::11'.::,'i.1]i,ili'f*,, *nat is rert over or remains or pesticide in the

macle tea after ttre appticatiori ofu p"ttltiat to tta bushes in the field prior to

p'f.,.tlng r"O subsccluent manufacturing'

Analvfical facilities available at BTRI - 
1

Now Bansla<Iesl, rtu nt"ii-tri';;il* at srim:rugrl has established a v/ell-

equippecl moclern pesticittt itsiOi'e analltical laboratory at its own premises and

is run by well trained pt**;;i' Af;Jts of precision analyses of intcrnational

srxrrctard of difterenr p."ij.io* tite oig"no.nlorine. orS,rnophosphare.

clrbamlte, pyrcthroid 
"ntf 

--" 
unclassified groups-xre done strccessfrtlly' It

strictly adheres to ttre stanaiii'"r?""J agtrct'rturil Practices (GAP) and Good

Laboratory Practices tCfpl #fiJ aie acctfitea internationallv' The facilities are

trow operr ro tea i,d.srryl";';;;;;;;:e. Tea industrv tras already started

deriving benefit out of it ThJy can t;ke'full advantage of it ro consoliclate their

tea prodlrct ttp to thc '"ti'''otiitn "r 
iniirnational pesticide t4RL regtrlations'

Fig. 7. Trend of consumption of omite 57EC in tea during 20o3-2oo7
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Ho$-the industn'and country p'ill be benefircd
The modern pesticide residue anal_vsis laboraror\- esrablished ar BTRI \r.ill benefir
the tea industrl' by rendering adequate, efficient and economic sen-ice at its
doorstep. The Institute estimates to analyze about 200 tea samples per annum at
different levels eg. field application, made tea at factory, experimental samples,
auction point, export point and random samples in the market poinr. Thus rhe
Institute plans to ensnre MRL safe tea to anydestination for the consumefs home
and abroad. As well as the overall improvement of rea industry will be made and
production of quality efisured tea will be possible.

Role of Bangladesh tea producers and traders
As tea is a consumable commodity, tea drinkers in advanced countries are quite
conscious of health hazards out of pesticides in their food and drinks and tea is
no exception. Domestic consumers are elevating their choice for such toxicity
free food. Choice for organic food has been gettillg momentum. BTB should keep
abreast of thcse conscious markets and advice the industry accordingly. The
producers and traclers also ha\re the responsibility to scrutinize their teas on
regular basis at field, factor,v and tfade points without delay. They should contact
BTB.I and harness the full advantage of the available facilities.

Pesticide residue survcy in Bangladesh tea
Tea Estates frequently send the made tea samples for pesticide fesidue analysis at
BTRI. Fortunatel], so far none of these samples exceeded the MRL fixed by the
EPA, Codex Commission and ECIEU (Table 4).

Table 4. Residue level of different group of pesticides received from different tea
estate

Name of Tea Estate
Pesdcide
contain
(ppm)

Remal*s

'Iechnical
/conmercial nane of
pesticide

Lungla T.E.
Siloah T.E.
Karimpur T.E,

Chatlapore T.E,
Chaklapunji T.E.
Etah T.E.
Rajkie T.E,
Allynugger T.E.
Kazi & Kazi T.E.

Ooite 57EC
Ethion 46,5EC
Ortte 57EC
Thiodan 35EC
Thiodan 35EC
Thiodan 35EC

trrtalathion 57EC
Ethion 46.5EC
Fenvalerate 2oEC
Clpeflnethrifl 1oEC
Propergite 57EC

Omite 57EC
Edrion 46.5EC
Omite 57EC

Below MRL level

Not detected from
peaks

1.598
1.98
0.0

0.0

2.41
0.18
0.09
0.0

0.0
0.0
0.0
0.0
0.0

Below MRL level

Not derccted from
peaks

\
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Testing IvIRL of some applied pesticides in tea fields

Endosurfan (rhiodan 35EC) resi:l1l#31ilf,ff1il51" 3rEc). It reveared that

fJm*'llX':iitlJt'#;';;;; tia decreased exponentiauv with the

ilil;-"f pi;tking intervals after spraying'

ml**'*tm****-lsplxffm'**il,f,tlt,dfl
(Ahmed and Shahiduzzamar

:
i

day.

Table 5. Residues of Thiodan 35EC in made tea

-PHI=P re-IIarvest Inrcrval

Table 6. Residues of CYPerm

PHI (DaYS)

0 daY (.ihr)

R€sidues in made tea (mgikg)

t21 69
46.98
78.62
,.71
7.40
0.88
0.87

ethrin 10EC in made tea

Residues in made tea (m&&g)

PHI (DAYS)

0 day (4hr)
1

3
5
7
10
t4

1

3
5
7
10
L4

23.52
18.31

7.26
7.33
0.85
0.61
0.05
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Cypermethritr lo EC residue in made tea (black)

H,,Uil'ff ffi 'JJ'"**":1JT:ii'"'ff 'T'*l!:ff II'#'d'S,f l*t+tifli
;;;;;;1,;.andrain:,lT\'3'lHTfi :,*h'::+ffi ,tq:lH:,',:I;l,i:l;tevei' Biochemical reactron 

i" iitt titt"t n*3' . th-tlT1..idul 
lever of black tea

'*';ffiff"fJtl"ill *!'ll'" ;ea"son in aecrilins 'll-:;er*.,t rin was initia,v

[ffi ;;;;"*.",.*,.'lll"['*T{;ffi ,'lilX}iSL',1,5;;.;r.
@ d;9 %'52 mg'/kg and camc uuwrr rv



. Identification of resistant clonal varieties/agrotypes

. Preying mantids are ideritified ls pred?jlor of Helopehis theiYotaw '

. Beetles, Verania uincta arld Verania discolor arc identified as a predators

of Red spider mites in Bangladesh tea.

. Predation of tea aphid using bio{ontrol agent, Ladybird beetle'

Hippod am i a convergens G.

. Ants, lophomytmex quadrispinosa Jerdon and Crcmatogaster subnuda

Mayr as effective predators of termites'
r Use of biGpesticides, exracts of Neem, Mehogoni, Lant na' etc against

ma,br foliar Pests of tea.

.Contfolofplantpafasiticnematodesusingfourdifferentspeciesof
green crops nam ely-Mimisa indic4 Calapogonium sp' Guatemala grass

and Citronella.

Itrstitutional arrangement for IPM extension
In addition to the means and methods in vogue in tea pest management' some

highly sophisticated techniques could be of use in future pest control strategies'

.Useofpheromones,bacteriatpathogens,repellentsandchaemosterilants.
o Shall have to check tea soil for endemic species or straifls of

entomopathogenic nematodes.
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Erhion 46.iEC residue in made tea (black)

The URb of Ethion i6.jEC s'as imposed br the EPl. Codex Commission' and

EEC IL x-ere 10. 5 and 2 ppm respectivel)'. In an experiment at UPASI' India
(.{non. 199i). residue ler-el oiEthion 46.5EC declined to 0 78 ppm on the 7"da}'

after application and residue tevel of Quinalphos was found to decline to 0 09

ppm ofl- the 10" day. In view of these imposed values, an experiment was

conducted in the cropping season; none of the samples exceeded the MRL which

were fixed by the fpe, Codex Commission and EEC/EU' But it is the safest fime

to pluck leaves at least 6* days after applicadon'

Studies on IPM

Some IPM studies carried out for tea pests are outlined below:
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BIODIVERSITY OF ARBUSCULAR MYCORRHIZAT (AM) FUNGI
IN TEA CLONES

Mohammad Ali,' ard M.A.U. Mridha,

Abstract

Biodiversity of arbuscular mycorrhizal (AM) fungal colonization and spore
population in the rhizosphere soi.ls of tea clones was studied. The percent
colonization yaried from clone to clone of tea. The range ofAM colonization
and spore population wirs recorded 2o-55ok afld 60-120 respectively. The
maxinrum root colonization <55"A) and spore popularion (120) v/as found
with 8T6 and minimum colonization (20",6) an<l spore population (60) was
recorded with BT9. Positiye corfeladon was observed berween root
colonization and spore populations of rca clofles (f : 0.80). Our of six genera
of AM fungi, four genera ya. Glofi1us, Acaulospor.a, G&xspora, ?,nd
Scutellosporx were identifled in rhe soil of tea planrarions. The highest
Simpson's diversity index (Ds) of AM spores was recorded wirh clone BT9
(0.798) and BT11 (0.798). The highest Shannon's diyersiry index (Hs) was
recorded with BTl l (0.687). Biodiversiry of AM colonization and spore
population i]l the tea clones indicated that rea plxnts nre m],cotrophic in
nature and m.vcorrhizal tecltnologies can be adopted in rea nanagement.

Key yr'ords: BiodiversiN, \.IJ'corrhiza. Colonization, Fungi, Tea Clones

,Prifcipal Scientific Officer (Plaft Parhology), Bangadesh Tea Research Institute,
Srimangal, Moulvibazar & ,Prof., Deptl of Botany, Uniyersity of Chittagong
Corresponding author's email address: ali6Jbd@yahoo.com
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Introduction
'Iea pla;nt (Camellia sinensis G) O.kuntze) population raised from a single source
plant or mother plant by vegerative part like srem is called a clone (Sana, 1989).
Due to the out breeding nature of Iea, the seedling populations exhibit
considerable variation in their groreth, yield and quatiti porenrials. These
heterogeneous seedling populations provide the basic genetic materials for
selecting clon€s by vegetative propagation. For quality potpntials and better
yield, Bangladesh Tea Research Institure (BTRI) developed different tea clones.
Under normal cultural practice on average the yield is between 3000 .to 5000
kg/ha although national yield of Bangladesh tea is abour 7247 kg per he,ctare
(Islam and L^tifi,2004), which is quite lo$/. The reasons for low productiviry of
tea are mainly low pH and low fertility of soils, shortage of soilorganic matters,
erratic rainfall and drought in summer (Sana, 1989). The mycoffhizal fungi are
recognized to assist plant development by eflhancing nutrients uptake (Gnekow
and Marschner, 198D, mediating inter-plant nutrients transfer (McNeil and
Wood, 1990), falling the harshness of roor diseases Qalali and }alali, l99l),
defensive soil erosion (Bethlenfalvay and Schuepp, 1994) alnd rising drought
confrontation (Levy and Kirkun, 1980).



In tea roots first the incidence of mycorrhiza was recorded by Tunstall (1930)in
North-East India. Thereafter, many authors (Mejistrik, 1974; Sieverding and Toro,
1987; Balasuriya et al.,lggl;Kumaran and Santhanakrishnan, 1995) report€d AM
colonization and the application ofAM fungi in the development oftea plants' In
Bangladesh, few works were done on the AM colonization and the biodiversity of
mycorrhiza in tea plants and soils (Begum, 1995; Barshed, 1997:' Mrid}lia et al,
1995). However, no detail research work regarding the influenc€ of different
clones on the biodiversity of AM colonization in tea plants were accomplished.
The present program has been scheduled to observe biodiversity of AM
colonization in tea roots and spore population in the tea soils regarding different
clones.

Sample collection
Roots and rhizosphere soils of tea clones were collected for the assessment of
biodiversity of AM colonization and spore population. Fifteen tea clon€s namely
BTI, BT2, BT3, BT4, BT', 8T6, BT7, BT8, BT9, BT1O, BT11,B'I12,BT73,BTI4ANd
BT15 were selected for the present study. Replicated samples were collected at a

soil depth of Gl tcm in all the cases. After collection, roots and soil samples were
separated immediately. The sepafated foots were preserved in 5% formalin and

soils were studied as soon as possible for spore population to avoid the loss of
the spores.
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Assessment of AM spore population
The collected soil samples were mixed thoroughly and sieved through 2mm
mesh to remol/e the gravels and other particles. From each sample, 1009 of soils
were taken in a bucket of lo{iter capacity and the bucket was filled three
quarters with tap water. The soils were mixed well with lrater and a soil-water
suspension was made. The suspension was left for fe\P minutes for settling down
of insoluble and heavy particles. Then the suspension was. passed through the
ASTM60 (250pm), ASTM'100 (l50pm), ASTM'240 (65pm) and ASTM4O0 (37Fm)

sieves gradually to extract the spores following the wet sieving and decanting
method (Gerdemann and Nicolson, 1963). The residues of the sieves were taken
separately in watch glass and observed under st€reo-binocular microscope at

10'2.5 magnification. From the residues ofthe sieves of ASTM 60 and ASTM 100,

larger spoies and sporocarps were separated by soft forceps. The residues of
ASTM 240 and ASTM 400 sieves were taken in watch glass and spread on the
filter paper. Using stereo-binocular microscope small spores were taken into
\ratch glass by soft forceps. Isolated spores with 'water spread on the filter paper,

on which squares of intersected gridlines were drawn earlier for easy counting
of spores. Spore population was counted on the basis of 1o0g dry soils.

Uorphotogicitty similar spores were picked up with the help of soft forceps and

mounted in Melzer's reagent and PVLG sepafately. The spores were identified up

Materials and Methods



to differenr genera (Schenck and perez,-1990). percenrage of spore population ofindividuat genus was catcutared ty the iottowlng i;;;;;;'

% Genus
Number of individual AM genus

Total numbers of AM spores x 100

Where "n1 is the total number of individuals of a genus and ,,N,,is the totalnumber of individuals of al genus (Ltoyd et tt.:., rSaq i;;ro", 19a9).

Assessmenr of AM fungal colonization
Preserved roots were washed thoJoughly v/ith tap water to remove the formalinand th.en cur inro approximatery t.ocii, tong sig;'.n,, uii r,ui.r.o i'aniline blueaccording ro Phiilips and Hayman f rS70).ihJ;o;i ,,;, were boited in 2.52oKOH solurion for 30 minures at 90"C temperatui". ifril,t.,oot segments werev/ashed s/elr in warer and acidified witn i.oz HCir"rriil; fof 24 hours. Heavilypigmented roots were bleached in roZ H.O, forio io7o".irur"r. The segmenrswere boiled in 0.05% aniline. blue ut u ,..p..ui*'# yO"C for 30 minures.subsequently rhe room v/ere desrained i, ;;ili;;l'y.;; A torar of ,0 segmentswere examined from each 

^sagnle. 
Root segients *.." ,,uoi.o with thecompound microscope at tgllg 

laqniricatioiii ihe pi.r.r.. of mycelium,arbuscules and vesicles were recorded and analyzei for determining thestructural colonization. Mycelial cotonization was considered as totalcolonrzarjon The percenrageof aM cotonizailo, *u"Ji.utut.d by the folrowing

Simpson's diversiry index (Ds) and Shannon_Wiener diversity index (Hs) of AMfungi spore s were calculated by th. foilo*irg ior.ril*'^ "'

Simpson's Index (Ds) - 1 - qrr* _ N) / N (N-1)

Shannon's Index Grs> : $ CN fog," N - fnllog. nr)

%Rootcolonization =m x loo

Th€ intensity of structural colonization was measured as poor (Iess then lo% areacolonized), mod erute (tooa to 20% are a coto*iJi analf,undant (more then 20%area colonized) with each of the individurl ,ti""t"r"-r."ording to Dhar andMridha (2003). sraristicar analysis was done usin! spid i"o* us r""el software.
Results and Discussion

The results of total AM root colonizations in fift€en different tea clones arepresented in the Table. l. Structural cotonization oi airi^n ngi in the ;;;;s-;;
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different tea clones collected from BTRI farm varied widely. The range of
mycelial root colonization was obseryed as 20 - 5ry" in different tea clones.
Among the 15 clones, the maximum root colonization was recorded with 8T6
(55%) wlrich was followed by BT2 (4rok) and BT5 (45'/.). The minimum
colonization was recorded with BT9 <2O%). "fhe moderate percentage root
colonization from 30 to 35% was recorded with BT1, BT3, 8"14, BT7, BT8, 8T10,
BT11, 8T12, 8T13, BT14 and 8T15. From the data of the arbuscular colonization
in different tea clones, it was observed that the maximum arbuscular
colonization was recorded with BT2 (2O%) 

^nd 
B'f6 (2O%) and the minimum

(10%) was recorded by BT1, BT3, BT4, BT5, BT7, BT9, BT10, 8T11, BT13, BTf4
and BT15. The arbuscular colonization was absent in BT8 and BT12. Vesicular
colonization was not observed iII all tea clones. In case of intensily of
colonization in different tea cloqes, it was cl€ar that the mycelial intensity was
recorded as poor (20-)Oo/o) and as moderate (5%). Abundant intensity of mycelial
colonization was not observed. From the data of the arbuscular intensity in
different clones, it was recorded as poor <1O-2O%\ Neither moderate nor
abundant intensity of arbuscular colonization was observed (Table 1).

Table 1 Structural colonization (mycelium, arbuscule and vesicle) of AM fungi in
the rools of dilferent tea clones collected from BTRI farm

Total root colonization (%) Iflteflsity of strucmral colonization (7o)
Tea

Clone elium Arbuscules Vesicles
Mycelium Arbuscules Vesicles P M A P M A P M A

BT1

W2
BT3
B"t4

BT'
BT6
BT7
BT8

BT9
BTlO
BT11

BT12
BT13
B'tt4
BT15

10+i
+)1lU
35+5

30 110
4)t)
55r5

30 110
30r10
20 110
35r5
35,t5
35r10

35r5
35t5

10

20

10

10

10

20

10

0

10

10

10

0
10

10

10

30
40

35

30
40

50

30
30
20

30
30

35

35

30
35

5

10

10

10

10

20
10

10

10

1o

5

5

5

5

5

10

10

10

Note: Mean t SD of 3 samples. P = Poor, M= Moderarc, A: Abundant

Table 2 showed the results of the biodiversity and the distribution of AM fungi in
rhizosphere soils of different tea clones. The range of spore population was
recorded from 60 to 120 in the rhizosph€r€ soils of different tea clones. The
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Tea
clones

Gig.
(v")

Glo.

<y")

Aca.
(Y")

Uni.
(%)

Total spore
population

'l
BT1

BT2

BT3

BT.1

BT5

BT6
BT7
BT8
BT9
BTlO
BT11
BT12
BT13
BT11
BT15

70r 5

110r 5

801 5
701 10

351 i
1201 5
75! i

601 10

60r i
95r 5

1051 5
6rl ,
901 10

80r 10

7ir 10

40
45

35
40

35
.i0

30
2i
30

35
25

30
30

35

35

20

20

30
20

2i
t5
20

30
20
)a
25

25

20

25

15

10

15

15

15

20
?(

20
15

20
20

75

20

t5
10

10

75

r5
10

15

10

t5
t5
10

75

15

t5
10

10

t5
10

10

10

15

10

i0
15

10

15

10

r5
10

10

Nore: Mear t SD of 3 san)ples. Gig.= Gigxspora, Scld,= ScurcAospotq Glo.: Glo ud
Acx,-= Aca Iospo.n, Uni.=Unidentified.

The soils of each of the clones of BT5, 8T10, 8T11, 8T12, BT14 and BT11
produced the same populatioll at the rate of 250,4. The minimum rate of 15% was
recorded in the soils of BT6. Glonus was recorded N 7O-25o/". Maximum spore
population of Glonus was recorded in BT7 and BT8 at the rme of 25o/o. Other
clones viz. 8T6, BT9, BT1i, BT12, BT13 and BT15 resulted the rate of 2O%. The
minimLrm was recorded itr the rhizosphere soils of 812 (l}ok). The range of
population of Acaulospora was recorded rc lO-159L The maximum Acaulospora
i.e.15% was recorded in each of the clones of BT1, BT4, BT5, BT7, BT9, BT10,

4t

rhizosphere soils of 8T6 clone showed maximum spore population of 120,

v/hich was followed by BT2 (110), BTll (101), BT10 (9r) afld BT13 (90). The
minimum v/as recorded in the soils of BT8 (60) and BT9 (60). The moderate
numbers of spore population from 65 to 85 was recorded in the rhizosphere
soils of BT1, BT3, BT4, BT5, BT7, 8T1.2, BTl4 and 8T15. Out of six AM fungal
gener.- Glofius, Acaulospora, Gigaspota and Scutellospora were observed in the
rhizosplrere soils of tea clones. The rate of the population of Gigaspora w$
recordecl as 25o/o to 45o/o. The maximum Gigaspora wa;S recorded in the soils of
BT2 (45%) which was followecl by BT1 (40%), BT4 <4O'/.) and 8T6 (4Oo/"). BTa
and BT1 1 showed the minimum as recorded 25o/". Spore population of
Scutellospora ranged between 15% to 3O"/o rvhile BT3 and BT8 produced the
maximlrm Scutellospora of 3oo,4.

Table 2. Bioctiversity ofAM ftingal genera in different tea clones collected from
BTRI farm

Scu.
(%)

I



8T1,2, B'll3 
^nd 

BTl4. Results came out as minimum r^te of 1O% population in

.*t irisri, BT3, 8T6, BT8, BT11 and 8T15. Afew spores remained unidentified.

Outoflsclones,therangeof"Ds"and"Hs"werecalculatedOJ19-O'79amd
o.iti_ o.eg respectively."The highest "Ds,, (0.7g8) was calculated wirh BT9 and

iiit, *t i.tr *ui folto*L,l by BT13 with0.794, BT12 with 0'785 and BT7 with

o.isi. fhi lrigt .st .ns', (0.68?) was calculared wirh BTl l and it was followed by

sita, srtz incl BT7 with 0.684, 0.668 and (0.667 respectively. BT2 gave the

t-ii, "ot" ancl "Hs" ts 0.719 md 0.617 (Fig' 1)' There was a positiYe correlation

G= o.lS6) between total colonization and spore population of different tea

clones (Fig. 2).

.o

0.s
0.8
o.7
0.6
0.5

4.4

a.2
0.1

0

tr BT]

aB.r2
trBT3
EBT4
I BT5

EBT6
I BT7

EBTs
I BT9

IBTlO
trBT1r
EBTl2
IBT13
!BT14
tr8T15Diversity lndices

Fig.l.Diversityir-rdicesindifferentteacloflescollectedfromBTlllfarm

Biodiversity of root colonization ancl spore populatiofl of AM ftrngi in tea plants

indicated tlat tea plants o.e mycotrophic in niture. Under natirral condition of

AM fungi colonize the tea roots (Barua, 1998; Kumaran and Santhanakrishnan'

1995). ilthough, the raflge of root colonization of AM fungi was recorded from

zo'- isx but tlie intensiry of colonization was poo6 as was found by Balasuriya e/

i <i6SD.l,*"s clear that the percentage colonization of ArM fungi was variable

witirin tea clones. These results are in consistent with the feports of Balasuriya ef

ii. <tS9Di,, Barshecl (1997), Begum (1995) and Mridhn et al' (1995) The range of

rooi colonization of A.rY fungiwas recorded from 30 - 650/o witlt Bangladesh tea

isr.rt.o, 1997, Begum, 199t, Mriclha et al , -l'99J) and from 6 to 45"/o in Indian

[o inrr*.riiyu et;l., lg91). The variation of root colonizatiofl might be the

resuits of thb interaction of clifferent edaphic factors like moistufe, organic

matter ancl nutrient status (Abbott ancl Robson, 1991). Prcsence of wicle range of

eurrlngatgeneraintl,leteasoilsmightalsocontfibutethisYariationinthe
pli.errt".orJ"iradon. The number spores increased significantly with age of the
'ptu,-r,, *t i.t corroborates s/ith report of Tiwari el aL' (7995) 'I'he status of AM

i.irgi*^V " .V greatly in different plant species grown in different types of soils

A;6b;; o,r.i l(i.lt"n, 1983) as wai observed bv Meiistrik (1974) and Mtidha et

it. <tgC, with tea plants. vesicular colonization was not observcd in all tea
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plants screened. But in the results of the biodiversity of AM fungi in the tea soils,
Glomus sp was present. As the soils samples were collected from the tea
plantations where tea plants are growing aloflg with the different biome crops
like weeds and different leguminous ancillary crops, the biome crops may
contribute part of the population in the rhizosphere soils of tea plants.

Only foLrr genera named Glomus, Acaulospora, Gigaspora and Scu tellosporawere
identified in the soil of tea plantations Out of six genera of AM fungi. Among
them Gigaspora was highest in abundance afid Glomus and Acaulospora were
lowest. BLrt according to Kumaran and Santhanakrishnan (1995) Glomus sp.
dominates in tea soils, which contradict with the present study. However, species
of Glomu$ Acaulospora, Gigaspora and Sclerocystis have been recorded in tea
soil by Barua, (1998) and Mridha et aL, 1995).
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Fig. 2. Relarionship bers'een roor colonizarion (%) and spore popularion
(no.,/1009 soil) in differenr rex clones

The variation of Simpson's diversity index (Ds) and Shannon,s diversity index
(FIs) of spore populatiofl in the rhizosphere soils of difJerent tea clones was
similar as it was found by Chaurasia et al. (2O05) in case of Himalayan
Rlrododendron for lpontoea batatus stlrdied by Harikumai and"pofly (1999).
lccording to Abbort and Robson, (1991) and Allen er al. (1995) rhe diversity
indices of AM fungi depends on the size of area sampled and yeady changes in
the precipitation ancl temperature. Giovannetti ancl Nicolson, (19g3) also
reported that it might have a certain degree of ecological specificity. Wide range
of environmental requirements and the capacity of genetic ctifferentiation at tire
intra-specific level werc found Abbotr afld Robson, (1991) in some of the species
of Glonus, Acaulosport, Entrophospora Lfid Scutellospon.

It mal, be concludect rhat tea clones are associated v/ith AM ftingi and the
bioclir-ersity of AM ftrngi in tea soils is as broad as tropical forest soils. Therefore,
it is suggested that in ftlture mycorrhizal technologies can be adopted in tea
alo,1g with various safeguarding techniques and soil management practices for
snstainable tea proclnction in Bangladesh.
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