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INTRODUCTION




Chapter |
I NTRODUCTI ON
Tea, the cheapest beverage, next only to water, S
manufactured from the tender shoots of the plant Camelia
snensis (L.) 0. Kuntze. Qobally, its cultivation has spread in
about 32 countries located from45°N in (Georgia to 38°S in
Brazil. It grows in acidic soils, in regions upto 2460 m above

nmean sea level with annual rainfall ranging from 125 to 750 cm

Tea plays an inportant role in the national econony. Being
| abour intensive, tea industry enploys ten tines nore nandays
than general agriculture and, thus, provides jobs to mllions of
people both directly and indirectly. It is a major source of
foreign exchange to the countries |like Sri  Lanka, India and
Chi na.

Wth an area of 415 thousand hectares, Indian tea industry
| eads the world in both production and productivity. In 1990, the
world tea production was 2513.6 mkg of which India produced
714.7 mkg (28.4% followed by China 534.0 mkg (21.2% and Sri
Lanka 233.2 m kg (9.319%, but out of the total national
production, India and China exported 199.7 mkg (27.9% and 192.5
m kg (36.0%, respectively, against 215.6 mkg (92.5% of Sri
Lanka (Dudeja, 1991). The |low percentage of export in India and
China is due to higher internal consunption. In India, of the
total production in 1991, north India produced 75% and rest 25%
was by south India. 1In north India, Assam and Wst Bengal
produced 52.3 and 21.8% (including 1.8% fromDarjeeling) of the
total national production, respectively, while the production in

other northern states including Tripura, H machal Pradesh and



UWtar Pradesh was quite low (Calcutta Tea Marketing Report,
1991). In south India, Tanil Nadu and Keral a produced 12.9 and
8.1% of the total national production while Karnataka produced

only 0.6% (Tea Statistics, 1986).

The tea industry in Kangra Valley of H nachal Pradesh had a
glorious history. The tea cultivation connenced in 1849 with the
feasibility studies conducted by Dr.Janeson, Superintendent of
Bot ani cal Gardens, north-west province. It becane world fanous
for its quality as evidenced by the Gold and Silver nedals which
It won between 1886 and 1895 at London and Ansterdan tea exhibi-
tions, but this old and fine industry received a serious setback
in April 1905 when a great earthquake devastated the plantations
and ruined tea factories. Now Kangra tea industry isS no nore
strong. The area under tea has cone down to 2063 hectares fron
4183 hectares (Jain, 1986), possibly on account of uneconomc

returns due to inadequate nanagenent.

In 1991, H nachal Pradesh produced 1.20 n kg tea (Tech.
G ficer Tea, Pal anpur, 1992) which was only 0.16% of the nationa
production. |Its average yield of 582 kilogran nade tea per
hectare (KMIH) during the year was nuch |ower than the nationa
average of 1780 KMIH. The tea industry in Darjeeling, where the
clinate and gernplasn are al nost anal ogous to that of H nacha
Predesh, produces higher yield with far better average price.
Anongst various reasons of lowyield and quality of tea in
H nachal Pradesh, inproper bush nanagenent, poor standard of
plucking and nanufacturing and low input use due to lack of

technical knowhow are inportant factors, besides others Ilike



over-century old plants and uneconom cal size of hol dings.

The tea plant 1is growm for its young shoots fron which
different types of teas viz 'green tea', *sem femented tea'
and 'black tea - CTC or orthodox' are manufactured. Hence,
technol ogi es have been developed to encourage young shoot
production. These include pruning, tipping, plucking and shade
managenent , besi des opti mum pl ant popul ati on, fertilizer

application, water nanagenent, and pest and di seases control.

"Plucking" in tea involves harvesting of shoots wusually,
consisting of the growng terninal buds and two tender |eaves
below it, generally referred to as "two and a bud' or'2+Bud' - the
'standard shoot"', grow ng above the 'plucking table’ i.e. the
flat top surface of tea bush at a pre-deternined height above
ground level. It is a very costly operation undertaken in tea
pl ant ati on. Plucking 1is inportant not only for the harvest of
crop but also for the devel opnent of the next generation of
shoots, because it acts as a stinulus for the regeneration of
further orders of l|ateral shoots. The operation is carried out

t hroughout the season at pre-deternined intervals.

During a cropping season, the growh of shoots is influenced
by factors such as plant types and style of pruning and seasonal
agroclimatic variations. Therefore, a generalised recomendation
on plucking interval cannot be valid for all seasons, plant types
and sections of plantation wunder different pruning cycles.
Variation in growh of shoots call for regulation of plucking

interval based on the growh rate of shoot to obtain a desired



conposi tion of crop.

Shoots plucked at longer intervals (rounds) are obviously
| arger and heavier leading to higher yield per round, but tota
rounds of plucking in a season will be less. On the other hand,
shorter interval, while giving lower yield per round due to
smal | er size and lighter pluckable shoots, I ncrease the
frequencies of pluckings in a season. Such variation in the
conposition of crop certainly affects the quality profile of the
crop. The total nandays required for plucking in a season nostly
depends on the interval of plucking. Though |onger plucking
interval reduces the nunber of pluckings, the shoots plucked,
usually, are coarser. On the other hand, the shoots plucked in
shorter interval are tender and easy to pluck. Thus, standard of
shoot may affect the plucking efficiency. Hence, study on effect
of plucking interval on yield and quality of crop and overal

econom cs would be very inportant and practical.

Pl ucked shoots are inportant for the yield, brt the shoots
left behind on the plucking table in every plucking round are
equally inportant for sustained productivity, as these are the
maj or sinks. In "Standard Pl ucking Systenmt small 1+Bud shoots and
unopened buds are not plucked while in "Black Plucking System
only wunopened buds are left behind. Wether these systens
influence the vyield and quality of plucked crop and sustained
productivity  of the plucked tea bush is a mtter of

| nvesti gation.

Plucking operation in tea is highly labour intensive, and

therefore, efficient harvesting during the entire croppi ng season

4



calls for nore labour requirenent, particularly in this era of
hi gh use of inputs. Paucity of |abour especially during the peak
flush period , is a serious problem in H nachal Pradesh as
pl ucking season coincides with the sow ng/harvesting of other
field crops. Besides, in Hnachal Pradesh, the feeling of a
social stigma of tea plantation |abourer keeps away the avail abl e
| abour necessitating nechanisation of tea harvesting. Use of
nmechani cal devices for plucking tea shoots is expected to reduce
the |labour requireuent. However, the effect of wueehanica
plucking of the China hybrid tea, under H nachal Pradesh
conditions, on the yield and quality, and overall econonics of
tea production is not known and necessitates investigation on

this aspect al so.

Information available on the above nentioned aspects is
either United to assgjoica type of tea or to other types of agro-
climatic conditions. In H nachal Pradesh, where there is a great
need to naxinise yield wthout sacrificing the unique quality of
the China-hybrid Kangra tea, no such information is available on

whi ch ideal plucking programmes can be fornul ated.

Considering the inportance of the above facts, the present
studies were planned to neet the foll owi ng objectives:

1. to standardise interval and nethod of plucking for maxim s-
ing tea productivity,

2. to standardise interval and nethod of plucking for quality
of plucked shoots,

3. to study sone of the phytotic factors governing the interva
and net hod of plucking, and

4. to assess the economcs of different plucking intervals and
met hods.
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Chapter 2
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2.1. Tea pJLanJL

Botanically, the tea plant now known as Canedlia snenss
(L.) QKuntze was fornerly naned Thea shnenss (L.). It
belongs to the Famly Theaceae. It is an evergreen plant and in
nature grows to a big shrub or a snall tree. It is known only in
cultivation and no wild tea has been reported (K ngdom \Ward,
1950). Today, teais cultivated in all five continents (Bonheure,

1990) .

Three basic types of tea, widely differing in their growh



habit and norphol ogical features are generally recogni sed. These
varieties are snenss (the China tea plant), assamica (the
Assan tea plant) and canbodiensis (the 'canbod race' or * southern
forn or Indo-China tea plant) (Roberts e al., 1957, Wght,
1972; Bezbaruah, 1976; Sharna and Venktaranani, 1974).

The China tea plant (Plate 2.1) is a nultistenned shrub,
growng 1-3 ntall, wth snail 3-6 en long dark green, hard, natt
and seni-erect to erect |eaves, while the Assan tea plant
(Plate 2.2) is a snail tree groning upto 9-10 n tall wth rela-
tively large 15-20 en long, |light green, supple, glossy,
hori zontal to droopy |eaves. The canbod tea plant is sinilar to
the Assan plant in height and size of |leaves but differs fron it
In seasonal devel opnent of blood red pignents on the leaves iIn
winter (Barua, 1986). Wght (1962) proposed the nane Camelia
snensis (L.) for the China plant, Camellia assamica (Masters)
for the Assan plant and Camellia assamica sub-sp. lasiocalyx
(Planch MS) for the Canbod plant. The connercial tea popul ations
are hybrids anong of these forns of tea with possible intro-
gressions fron other related non tea species. The presence of non
tea genone |ike Camellia irrawadiensis in cultivated tea was
clearly denonstrated by Wght and Barua (1957) and Wod and Barua
(1958). A tea population as a whole is assigned to either the
China or the Assan type on subjective judgnent based on aggregate
of vegetative features, while the presence of red pignentation on
the petiole and nargins of |eaves nark the identity of Canbod

pl ant .

The China tea plants growwell in the cold clinate of higher
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altitudes and in the warn tropics. The Assan tea plant do not
thrive in cold clinate where freezing tenperature occurs. The
plants of Canbod race appear to be sonewhat |ess susceptible to
cold than the Assamplants (Barua, 1986). Today, the Chinatea is
cultivated mainly in China and Japan while the Assam and its
hybrids in India, Sri Lanka, Indonesia, Africa, South Anmerica,

Australia and even in Russia and m ddl e east (Bonheure, 1990).

2. 2. Managenent of. tea. pl ant.

A free growng tea plant has a nmuch larger leaf area
(Hadfield, 1974) and accumul ates greater dry matter (Mganbo and
Cannel, 1981) than a well managed and pruned tea bush of same age
but no commercial yields are possible in free growing tea plant.
To keep it economcally productive, the vertical growh of the
plant is Kkept under check by pruning and plucking at regular

intervals to maintain it in bush formwith a flat top surface.

In the very early years of tea cultivation in China, there
was no concept of pruning. The tender shoots which grow in flush-
es on the freely gronwng tea plants were harvested wth
considerable care, and as such this harvesting posed Ilot of
difficulties (Wkers, 1935). The concept of pruning in tea proba-
bly cane fromhorticultural practices followed in certain fruit
crops for giving shape to the tree to regenerate new branches
(Mtra, 1976). No record exists as to when the practice of annual

prune started in |ndia.

Pruning in tea is essentially the artificial renoval of |eaf



bearing branches of the plant, practised to (a) establish pluck-
ing table (b) stinulate vigorous shoot growh (c) rationalise
wood/ shoot ratio and (d) renew nai ntenance foliage (Jain and
Tanang, 1988). In order to achieve the above objectives three
types of pruning systens are practised fron tine to tine in the
life of a tea bush. These are: 1) fornative prune (the first
prune, where free growi ng young tea plant is trained and brought
upto forn table topped bush) 2) naintenance prune (carried out to
naintain the bush vigour by renoving * crows feet' (.e. nulti-
prolonged structure fomed on first order laterals due to
repeat ed branchi ng consi quent to plucking of shoots) and | owering
down the table height which occur due to continuous plucking of
bush) and 3) corrective prune (resorted to rejuvenate the old

bush) .

Until recently the bushes were pruned annually. The
practice was found to be suitable for production of quality tea
but detrinental to the sustained productivity. Presently a series
of light forns of cuts, i.e skiffings, have been introduced
extend the gap between two successive pruning operations (pruning
cycles) for higher crop productivity. Depending on severity, the
skiffing operations have been categorised as "level off skiff,
"light skiff, "nediun skiff or "deep skiff (Fig. 2.1). Nornally
the severity of skiffing increases with the passage of tine fron
the last pruning operation (Kulasegaran et al.,, 1975; Jain and

Tanang, 1988; Barua, 1989).

In the early years, all the shoots growing on the pruned

bush were plucked soon after their growh w thout |eaving behind

9
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any leaf, hence devoiding the bush of new growh. In 1953,
Wl liamson showed that plucking the harvestable shoots after
leaving a few |l eaves on the stens below it before plucking away
hel ped in sustaining productivity of the bush in the later sea-
son, and thereby, did not lower the total yield (Sarkar, 1988).
Thus, the concept of retaining maintenance foliage (Plate 2.3)
cane into existence. The Miintenance foliage synthesise
carbohydrates and supplies these to frane, roots as well as to
the grow ng shoots. During active flush period the direction of
novenent of carbohydrates is towards flush (actively grow ng
shoots) while during dormancy period, the assimlates are stored

in the formof starch in the roots (Mnivel and Hussain, 1982).

The cultivated bush has a permanent frame bearing a nunber
of branches called "pruning sticks". Wen the bushes are pruned,
the cut ends of the pruning sticks lie in a horizontal plane.
The new shoots that energe fromdormant buds on the sticks are
called "primary shoots" or "primaries". These prinmaries are
decapitated ("tipped') when they reach the pre-determned tipping
| evel sufficient nmaintenance foliage on the bush (Plate 2.4;
Fig. 2.2). After a primary shoot has been tipped, new shoots
arise fromaxillary buds (Plate 3.9) and the phenonenon is called
‘regeneration’'. Thus, tipping stinmulates the regeneration of
dormant axillary buds on the primary shoots into actively grow ng
| ateral shoots which are then plucked as crop when these grow
above tipping level. Repeated plucking of successive orders of
| ateral shoots as crop result in the fornmation of a conpl ex shoot

system on each single primary shoot (Fig 2.3). The depth of
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mai ntenance foliage is also regulated by the tipping. The role
and inportance of naintenance foliage has been highlighted by

Mani vel (1978 & 1980).

As |late as 1926, the systens of pruning and plucking as they
exist today were alnost unknown even in China where the tea
culture actual ly devel oped. Torgasheff (1926) described the then
cultivation nethod as "primtive" and plucking nethod as
“barbarous”. As nentioned earlier, the all tender young tea
shoots growing in flushes in naturally growing tea shrubs or
trees were plucked as crop. Such plucking involved great care and
difficulty particularly in high hills. Frominaccessible heights,
nonkeys were reported to be trained to pluck tea in China (Derek
Maitland, 1982) but how far this is true, is a matter of

specul ati on.

Wth the passage of tine, the concepts of pruning, tipping
and maintenance foliage cane into being as a result of gain in
know edge and experience, and better understanding of physiol ogy

of tea bush

2.3.Biicliing. operationintea

Gowh, vyield and quality of tea as well as the health of
tea bush are influenced by the severity of plucking. Wttansinghe
e¢ a. (1981), Sharma (1983), Grvasaliya (1986), Kul asegaram
1988) and Sukasman (1989) observed that higher yield was obtained
wi th harder plucking systembut at the cost of health of tea bush
health. Hence, Wile the leaf plucked is inportant for the har-

vest, the leaf left behind is the foundati on of bush health and
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sustai ned productivity (Jain and Tanang, 1988).

G ow ng buds and 1+Bud shoots are known to be the strongest
sink (Tocklai Exptl. Station Ann. Sci.Report 1982-84). Manivel and
Hussain (1986) recomrended their retention on the plucking table
to reap the sink-induced accelerated photosynthesis  of
mai ntenance foliage. So, the formulation of plucking programre
should be based on source - sink relationship so as to reap

hi gher production without any ill effect on bush health.

2.3. 1. Interval of plucking

For harvesting maxi mum nunber of 2+Bud growing shoots in
north east India, Wght (1932) suggested a plucking round equa
to leaf period, i.e. the rate of leaf wunfolding, since all
growing shoots with one unfolded leaf (1+Bud) are wusually left
behi nd on the plucking table. But consi dering t he
inpracticability of shorter round for plucking, he further
suggested a generalised round of 7 days, which was, later, found
suitable (Dutta, 1961). But Rahman (1977) denonstrated that the
suitable round varies from7 days to 14 days as rate of |eaf
unfol ding varies during the crop season. Besides the |eaf period
the weight increanment by individual shoots are inportant.
According to Tanton (1979), teais sink limted, wth sufficient
than adequate foliage |eaves producing nore photosynthates than
the growing shoots could consune. He suggested to enlarge the
sink capacity of tea shoots and, hence, productivity by plucking
3+Bud shoots instead of 2+Bud as the photosynthates are inported
by shoot wupto third leaf stage. But such plucking reduced the

12



quality of <crop (Ulah and Jain, 1980). Therefore, all these

aspects require attention while formulating plucking interval.

Sharma and Murty (1989) under south Indian conditions nade
an attenpt to develop a systemto predict the optinmum interva
between plucking rounds in different seasons to enable advanced
pl anning and effective deploynent of |abour. They conpared two
systens, one based on the nunber of days required for axillary
buds to reach the 3+Bud stage, accunmulated day degrees and the
grow h hierarchy (nunber of shoot generation) existing on pluck-
ing surface, the other based on day degrees required for unfold-
ing and expansion of the third |leaf on shoot conprising 2+Bud.
They found that by the use of first systen, there was abrupt and
narked variation in the interval requiring rapid and frequent

changes in |abour deploynent, though second systemwas prom s-

I ng.

2.3.2. Systens and net hods of plucking

‘' Jan as plucking', "fish leaf plucking' , *nother |eaf
pl ucking' and 'single leaf plucking* are the different pluckings
systens followed in different places (Fig. 2.4). Janata pl ucking
(plucking shoot to scale leaf at plucking table) is suitable in
situations where rate of growh is fast while fish leaf plucking
(plucking shoot to fish leaf at plucking table) is suitable where
rate of growh is slow (Sarkar, 1988). The forner standard is
common in north east India and also in Kangra Valley of H naeha
Pradesh. In 'nother | eaf or 'single |leaf plucking' one leaf 1is
left on the plucking table on alternate plucking to nourish the

com ng generation of shoot.
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Hand plucking aid nmechanical plucking are the different
net hods of plucki ng which can be opted depending on the need and

conveni ence.

2.3.2.1. Hand pl ucki ng
Hand pl ucking entails manual renoval of tender shoots on
the bush. It is a selective nethod of plucking where desired

standard of shoot can be plucked or left behind on the bush.

Two systens of plucking are generally followed in janan
pl ucki ng. The nore popular one is "Standard", a sonewhat | enient
system where buds and snall 1+Bud shoots are |eft unplucked. The
other systemis "Bl ack" where only unopened buds are left behind
and all other shoots are plucked (Fig. 2.4). (oservations on
assamica of bushes show that when Black plucking is carried out
t hroughout the plucking season, the yield is reduced conpared to
t hat under st andard pl ucki ng ( Tockl ai Exptl . Station,
Ann. Sci . Report  1982-83). However, Black plucking system 1is
recoomended as a short termneasure during periods of severe
pests (jassids and thrips) infestations, attack of Blister blight
di sease, and tendency for higher dormancy state of the plucked
bush towards the end of early and end flushes in wunpruned tea

(Tamang, 1987a, 1987b and 1988).

2.3.2.2. Mechani cal pl ucking
To overcone the shortage of |abour or to cut down the high
cost of plucking, mechanical plucking aids have been tried in

many countries. In nost cases, trials have been confined to the

14



use of hand operated or notorised shears. In north east |ndia,
nechani cal pl ucki ng have been tried in the forties (Indian Tea

Associ ati on, Annual Report 1949).

Summarising the history of hand operated shear, Dharanraj
(1980) nentioned that in south India, the first shear introduced
in 1962 was a pair of cutting scissors fitted with a receptacle
to collect leaf. A though higher plucker output was obtained wth
this shear, the crop quality and bush yield suffered as operation
resenbled hedge clipping resulting in harvesting of coarse
mai ntenance leaf, red wood and immature shoots. Basically the
operation was against the principles of bush physiology, so the
excercise was discontinued in 1969. The practice was reintro-
duced in 1979 with some nodifications in the size and shape o
shear. The nodified shear also prevents the cutting of immatun

shoot s.

Self propelled, selective plucking nmachines have bee
developed in GCeorgia where only 10% of crop was plucked |
nachine in early seventies (Dey, 1972) and rest being pluckf

manual | y.

In Japan, where tea is plucked only three to four tines in
year, notorised shears are generally used for harvesting the Ic
shoots which are then sorted into different grades £
manufactured separately for naking green tea of differ.
qualities (Barua, 1889). Various types of notorised shears ri
from snail knapsack to tractor nounted have been devel oped

Japan. These types of plucking nachines are also in use
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Georgi a.

2.4.growth QL tea. shoots

Tea shoots exhibit the characteristic 'phasic growth';the
shoot extends in alternating phases of growh and dormancy.
Hence, norphologieally, the shoots are <categorised as either
"active" when the terninal bud is found to alnost as long as the
subtending leaf, "dornant (banhi)" when the terninal bud becones

dimnutive in size (Fig. 2.5).

A tea shoot connences its growh phase by swelling and
el ongation of the dornant terninal bud and then unfolding of
usually two cataphylls or scale leaves (also called "Jangas'),
and a snail, conparatively thicker and unserrated or seniserrated
transition leaf ('fish |leaf or 'golpat) in quick succession,
and subsequent foliage |leaves (Fig. 2.6). Pluckable shoots on the
plucking table arise fron the axillary buds renaining on the
stens of previously plucked shoots or fron the regrowh of
dornant shoots |lying below the plucking table (Sarkar, 1988). The
growh of young shoots has been expressed in terns of tine
required for its devel opnent, nunber of |eaves unfolded, gain in
weight and its density in the bush, proportion of dornant to
active shoots, dry natter content, etc. The factors which are
known to affect tea growmth are the genotype (Stuart, 1930; Tubbs,
1932; Hadfield, 1966; Maganbo and Onol o, 1982; Hyirenda and
Ri dpath, 1984), the environnent (Barua, 1969; Laycock, 1969; Herd
and Squire, 1976; Carr, 1977; Fordhan and Pal ner-Jones, 1977;
Squire, 1978; Barua and Das, 1979; Tanton, 1981 & 1982a&b), the

nanagenent (Barua, 1961; Tenpler, 1978; Squire, 1979; O hieno,
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1980; Maakha and Anyuka, 1982), dormancy, and growh regulators
(Kul asegaram 1969 & 1971; Kul asegaramand Kat hiravetpillai, 1972
& 1974).

2.4.1. Shoot density

Nunber of shoots per unit area of bush surface area is one
of the very inportant yield-attributing characters of tea bush.
Pl ucki ng practices encouraging the density would result in higher

yi el ds.

2.4.1. 1. Effect of plucking interval

Shorter rounds result in nore nunber of plucking points per
unit area than extended ones (Ranganathan e al., 1983; Nathani el
e al., 1986). doves (1989a) and G hianbo (1989) observed that
while shoot density per harvest showed increasing trend but
cunul ati ve shoots harvested showed reducing trend with increase

i n plucking interval.

2.4.1. 2. Effect of nethod of plucking
Ho published evidence was found indicating the effect of

net hod of plucking on shoot density.

2.4.2.Shoot wei ght

Measurenment of the growh of several thousand shoots by
Tanton (1981) indicated that an individual shoot grow exponen-
tially to harvestable size but if they are left unplucked, they
grow to the typical signoidal node. Pruning practice also
affects the shoot weight. During pruned year, pluckable shoot is

usually twice as heavy as simlar standard shoot in the unpruned
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year (Mwakha, 1988).

2.4.2. 1. Effect of plucking interval

Followng plucking fron 6 to 22 days interval, Qdlhianbo
(1989) found increase in fresh weight from0.65 to 0.89 g/shoot.
Mwakha (1991) observed that all shoot grades - 1+Bud, 2+Bud and
3+Bud were significantly affected by plucking interval, whereby
Bean shoot weight increased with increase in coarseness of

pl ucki ng.

2.4.2. 2. Effect of nethod of plucking
Machi ne harvesting resulted in production of smaller shoots
as shown by the lower weight of both 2+Bud and 3+Bud shoots in

conparison to hand plucking (Watson e al., 1982).

2.4.3.Shoot density vs. weight

In pruned year, shoots per unit area are mninum and have
maxi mumunit wei ght but in unpruned year they tend to increase in
nunber and decrease in unit weight (Rahman, 1988). The decrease
in weight has been explained by Tubbs (1936) to be due to
internal conpetition anong increased nunber of shoots while
Portsmouth  (1957) <considered it to be due to increased
conplexity of Dbranching at plucking surface resulting in
interference wth novenent of water and nutrients to the grow ng
api ces, but Bight (1955) attributed this to the |oss of vigour of

api cal neristens due to ageing.

Due to nature of growmh curve, there was 55% increase in
dry matter in a 3+Bud shoot than in a 2+Bud shoot which occurred

over a period of 3-5 days (O oves, 1989b). Under Rangra condi-
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tions the dry weight of a 2+Bud shoot nore than doubled after 4
days of its formation (Annual Report, CSIR Conplex Palanpur,
1988-89) .

A hard plucking system encourages shoot nunber and has a
negative effect on unit weight of shoots while on the other hand,
a lenient system has an opposite effect because many shoots

become dormant bel ow the plucking surface (Rahman, 1988).

2.4.4. Regeneration rate

"Regeneration rate" denotes the tinme (days) taken by an
axillary bud on a plucked shoot to grow into a to grow into a
pl uckabl e standard shoot follow ng plucking. It has been report-
ed to be influenced by the type of bush and climatic conditions.

It was also influenced by altitude (Mwvakha, 1985a).

The tine required for a dormant bud to grow into a pluckabl e
size was 76-95 days in Kenya (Mwmakha, 1985b), 81 days in Sri
Lanka, 42-49 days in Malawi and 36-42 days in Assam India
(Rahman, 1988). However, the influence of plucking practices on
regeneration rate is not known though it is an inportant phenome-

non for fornulating plucking programme (Cl oves, 1989b).

2.4.5. Leaf period

The time interval between the unfolding of two successive
appendages in a grow ng shoot is called "leaf period" or "phyllo-
chron". Wght as early as 1932, suggested the consideration of
| eaf period for formulating plucking progranme. Leaf period 1is

not constant as it changes with climatic conditions, and is also
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affected by the types of plant in a given climate (Das, 1984).
Reports fromvarious places reveal that |leaf period is 9 days in
Sri Lanka (Portsnouth and Rajiah, 1957), 9-10 days in Java
(Harler, 1964), 3-7 days in north east India (Rahman, 1977; Das,
1984, Tamang, 1985), 6-7 days in east Africa (Maganbo, 1975) and
3-6 days in Kangra H nmachal Pradesh (Annual Report, CSIR Conpl ex
Pal anpur, 1986-87).

Leaf period has shown an inverse relationship with the yield
of crop throughout the cropping season (Annual Report, CSR
Conpl ex Pal anpur 1987-88). However, no information is avail able

on the influence of plucking practices on |leaf period.

2. 4. 6. Dormancy i ndex

The ratio of nunber of banjhi shoots (the termnal bud 1is
less than half the length of the subtending leaf) to active
shoots is known as "dormancy index" (Wght and Barua, 1955). In a
tea bush, at a given time during growing season not all the
termnal buds are either active or dormant, there being certain
nunber of each type (Pethiyagoda, 1964). Regular fluctuations in
crop production are thought to be caused by regular changes in
dormancy index (Tanton, 1981). During crop season, active flush
and cessation of flush can be judged by relative narrowng or
broadening of dormancy index value in pluckable bush. Factors
like nutritional constraint, noisture stress, hornonal inbal ance,
environnental conditions have been inplicated for changes in the
ratio. Restricted supply of nitrogen or inadequate availability
of water and other nutrients wll contribute for the buds going

banJhi. as reported by de Haan (1941) and Bond (1945). This was
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further corroborated by anatonical studies where it was observed
that the vascular tissues, especially the xylemof sten, inmredi-
ately below the apices of banhi shoots are ill devel oped (Bond,
1945; Wght and Barua, 1955; Barua and Das, 1979). Fron economc
and practical point of view, comrercial tea cultivation is ained
at producing nore active shoots or decreasing the banhi propor-
tion because higher level of dormant shoots are reported to
adversely affect both productivity as well as quality of tea

(Ranganathan e al.,, 1983).

2.4.6.1. Effect of plucking interval

The percentage of active shoots was significantly reduced in
a 7 days plucking round than shorter rounds (Nathaniel e al.,
1986). Therefore w dening of plucking interval is expected to

I ncrease the dornmancy index.

2.4.6.2. Effect of nethod of plucking

The style of plucking eg. too light or too hard are
reported to affect the banjhi level in the yield (de Haan, 1949).
Watson e al. 1982 did not find any difference in the proportion
of active shoots in machine and hand plucked bushes. Though the
proportion of soft-banjhi shoots (shoots wi th dormant bud and one
or two soft |eaves below it) was not nuch affected by nechani cal
pl ucki ng or hand plucking the proportion of hard banjhi shoot was
much higher in the former and was not existing at all 1in the

latter (Maakha, 1990).

2.4.7.Dy matter content

Dry matter content, which is the ratio of dry shoot weight
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to the fresh weight, expresses the recovery percentage of nade
tea fromthe raw material. CGenerally, dry matter is considered to
be one-fourth of the fresh weight of crop. In south India average
conversion of 23 per cent fromfresh leaf to nade tea vyield is
accepted (Haridas, 1978), but Satyanarayana (1984) observed w de
variations (16 to 27% in dry natter content due to seasona

changes and clonal factor. Significant difference in dry mnatter
content between <clones has been reported by Bezbaruah and

Hussain (1975), and Tamang (1985).

2.4.7.1. Effect of plucking interval
Ranganat han e al. (1983) observed slightly higher noisture
percentage in tea shoots plucked at shorter rounds than at

ext ended ones.

2.4.7.2.Effect of method of plucking

Mechanically plucked |leaf contains sone proportion  of
overgrown shoots and cut mature | eaves. However, there is no
published report available on the dry matter content of shoots

under this circunstances.

25£12HEDL QL tsa. hush

The managenent factors which affect the crop productivity do
so through their effects on frane devel opnent and canopy depth of
mai ntenance foliage both of which are essential prerequisites for
sustaind high production (Kulasegaram e al.,, 1975). Bush
surface area and annual rise in plucking table have been reported
to be affected by plucking practices (Barua, 1969; Wtson, ¢
al., 1982).
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2.5.1. Bash spread
Total bush surface area has been reported to be one of the

yield attributing characters (Barua, 1969).

2.5.1.1. Effect of plucking interval
Though no published infornation could be Ilocated during
survey of literature but, it is expected that shorter round wl]l

restrict the spread due to frequent plucking

2.5.1.2. Effect of aethod of plucking

In Sri Lanka Watson et al.,, (1982) observed the spread of
nachi ne plucked tea bushes at two locations to be 117.3 and 89.5
en against 137.0 and 101.7 en in hand plucked ones, respectively.
The average of these figures indicates that spread of nachine

pl ucked tea bush is United to 0.87 tine the hand plucked one.

2.5.2. Anhnual creep

A bush under continuous plucking nanifests 'creep' of pluck-
ing table (Jain and Tanang, 1988). In other words, there is
conti nuous rise in plucking level of bush wth pl ucki ng
operation. Sarkar (1988) suggested that the creep should not
exceed beyond 5.6 en in pruned year and 4.0 en in unpruned year

otherwse it results in loss of crop

2.5.2.1. Effect of plucking interval

Ranganathan e al. (1983) and Mmakha (1987) observed |ow
creep due to shorter intervals as conpared to |onger ones.
Sinilarly, ~consistent rise in plucking table wth wdening

pl ucki ng interval have been reported by Odhi anbo (1989).
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2.5.2. 2. Effect of nethod of plucking

Expressing the results in terns of total height instead of
creep, Watson e al. (1982) reported that the increase in height
was nuch lower in nachine plucked bushes resulting in an average
hei ght of 85.2 en after two years conpared with 100.2 en for hand

pl ucked bushes in Sri Lanka.

2.6.lield.

The vyield of tea bush depends on nunber of factors nanely:
the nunber of plucking points per wunit area of bush, the
proportion of active to dornant shoots at a tine, the frequency
and duration of flushing (Herd and Squire, 1976) and surface area
of tea bush (Barua, 1969). According to Rahnan (1977), the vyield
of tea is the product of weight of shoots and their nunber per
unit area and these are generally conplenentary to each other.
Length of plucking interval and nethod of plucking have been
reported to influence the conponent of crops and, hence, the

total vyield.

2.6.1. Effect of plucking interval

It has been reported fron Sri Lanka that though the average
wei ght of shoot plucked on fortnightly round was distinctly
higher than that of weekly round, the latter gave higher vyield
(Tubbs, 1938 & 1949; Pethiyagoda, 1967). Another report of
Nat haniel e al. (1986) revealed that tho shorter round of 4 days
gave 16%nore crop over the standard round of 6 days. Snilarly,
Pal ner-Jones (1977) in Central Africa, Dunur and Naidu (1985) in
Mauritius and Mwakha (1987) in western Kenya observed the
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superiority of shorter rounds in respect of crop productivity.

The increase in yield in the shorter round is mainly due to
formation of nore nunber of plucking points per unit area
because the plucking act as a stimulus for further shoot
producti on by tenporarily destroying the apical dom nance
(Portsnouth and Rajiah, 1957). Besides, the higher nean wei ght of
i ndi vidual shoot plucked in longer rounds 1is not sufficient
enough to conpensate for reduction in total nunmber of shoots,
resulting in net loss of crop (Portsnouth, 1957) . However, the
findings of experinments carried out in India contradict the above
results. In north east India plucking was carried out in four
types of <clones at an interval of 3 to 14 days. The results
indicated the differential behaviour of clones in respect of
gross weight of harvest, however, it increased with increase in
the length of plucking interval with sone fluctuations 1in al
clones (Tocklai Exptl. Station Ann. Sci.Report, 1970-71). Sarkar
(1988) reported a linear relationship between plucking interva
from 5 to 13 days and yield of tea both in pruned as well as in
unpruned tea sections. Recent report on long-term trial on
plucking round from 1978-85 at Tocklai Experinental Station
(Assam) showed that the longer round of 13 days brought the
hi ghest yield while shorter round of 5 days, the |owest, however
the general trend in field production was in the order of 13> 9>
11> 7> 5 days interval (Barbora and Sai kia, 1989). The report
further showed that the pruning/skiffing operation interact
significantly wth the length of plucking interval. Under south

| ndi an condi tions, Verghese (1977) observed |onger interval of 15

25



and 25 days producing higher biomass of shoots. Snilarly,
Ranganathan e al. (1983), too reported highest total yield for

three cycles with longer plucking interval.

Qutside India, Gice (1984) in Central Africa has also found
higher yield with longer intervals. Early work of Tenpler (1971)
revealed that plucking twice a week as conpared to once a week
gave significantly Mre yield but later in 1977 he reported that
| onger plucking intervals were nore productive due to greater
shoot weight owng to extra tine available for growwng in |onger
plucking interval. Interestingly, recent report fron Centra
Africa (Malaw) showed that increasing interval fron 7 days to
10/11 days Dbrought higher yield which regained constant when
interval was increased to 14 days but declined significantly when
the plucking interval was further broadened to 21 days and there
was no significant difference either between 7 and 21 days round

or 10/11 and 14 days plucking intervals (d oves, 1989a).

2.6.2. Effect of nethod of plucking

Mre frequent and hard plucking has been reported to
I ncrease tea yield (Tubbs, 1932; Portsnouth, 1953; Tenpler, 1978;
Aoughley e al., 1983; Mwmakha, 1985a&b), but such increase
dimnishes after first year due to deterioration of bush health

as a result of ageing of Mintenance |eaves (Visser, 1960).

Mechani cal plucking has been reported to give higher vyield
than hand pl ucki ng. Reports from Taiwan (Shin & a. 1974),
Central Africa (Hdanugoba, 1977), South Africa (Rooster, 1975)
and CGeorgi a (Tkeshel ashvili and Khukhunai shvili, 1975) showed an
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increase in yield in the range of 12-13%due to nachi ne pl ucki ng.
According to a report fromlndia, nachine plucking done at a
fixed height of 95 cmdid not increase yield (Tocklai [Iixpti.
Station 1911-1991, 1992). Shear plucking al so showed an increase
in green leaf yield to the tune of 5-12% over hand plucking in
Taiwan (Shin e al., 1974) and south India (Mathias, 1983 and
Reddy, 1983).

Watson e a. (1982) in Sri Lanka found that the |[eaf
harvested by machine included nmature | eaves and pieces of stalk
and overgrown shoots all of which contribute to 35% of the weight
of leaf harvested. Their data reveal that the output of
acceptable leaf was 51% and 74%for the two types of nachines

used.

2.7.Physical standard of. crop

In tea plantations a shoot of *two-|eaves-and-a-bud (2+Bud)
Is considered as Standard shoot with respect to yield and
quality. Wen the harvested crop contains shoots of 2+Bud or
smaller sizes i.e 1+Bud and |I+banjhi (one soft-Ieaf-and-a
dormant termnal bud), it is graded as 100%fine and the quality
of such crop is considered very good. As the proportion of shoots
| arger than 2+Bud and 1+banjhi i ncreases in the plucked crop, the

fineness of the crop decreases proportionately.

2.7.1. Effect of plucking interval
Longer plucking round (or, delay in plucking) reduces
fineness of crop because of inclusion of coarse and overgrown

shoots bigger than two | eaves, and because of higher anount of
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dormant  shoots (Sarkar, 1988; Barbora and Saikia, 1989).
According to Basu (1989), in coarse plucking the percentage of
bud, first leaf and second |eaf cones down to 43 from 83 (in case
of fine plucking), which brings down the chemcal conposition
and, hence, quality of nade tea. Another report from Ml aw
indicated that the proportion of 3+Bud size shoots increased

whi | e 2+Bud decreased as round |length increased (d oves, 1990b).

2.7.2. Effect of aethod of plucking

Mechani cal plucking inproves the yield at the cost of
quality of crop. The proportions of soft pieces, hard pieces and
rubbi sh are higher with nechanical plucking (Ndanmugoba, 1977;
Wat son et al. 1982. Mwakha. 1990), which is unsuitable for manu-
facturing tea. Mreover, the plucked shoots in it are fibrous
(Mrakha, 1986) which again is not good for quality tea. However,
the standard of nechanically plucked tea can be inproved if |eaf
quality control is achieved through mani pulation of harvesting
round length and judicious adjustnments of the height of plucking
table in consecutive harvesting round (Mmakha, 1990; Tocklai Exptl.
Station 1911-1991, 1992).

2.8. Cheai cal OBPsition of tea. shoot

The presence of large quantities of polyphenols (17-30%,
caffeine (2-4% and sone other constituents |ike amno acids
particularly theanine (N ethylglutamne) nakes tea bush different
from other plant species (MIlin and Rustige, 1967). The
concentration of polyphenol and caffeine in tea shoots give an

I dea of potential quality horizon in the nade tea.
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2. 8. 1. Pol yphenol (Cateehi ns)

Pol yphenol s or cateehins are the major constituents of tea
shoots which are responsible for liquor characteristics. These
are mainly astringent. Athough tea leaf contains thirty
di fferent phenolic substances (Roberts, 1958 & 1962), only three
of these (-)-epigallocatechin (EGC), (-)-epigallocatechin gallate
(EGCG and (-)-epieatechin gallate (ECG, can be ranked as najor
constituents and generally referred to as prinmary cateehins.
According to Yamnishi (1990), the catechin content differs
consi derably between assaxiica and sinensis groups, nay be as high

as 30%in the forner and only around 10%in the latter.

2.8.1. 1. Effect of plucking interval

Bhatia and Ulah (1968) found a progressive decline in
phenolic content fromtender parts to the older parts of a shoot
system In a 3+Bud shoot, concentration of pol yphenol decreased
from bud to third leaf, stemof the shoot containing the |owest
concentration of pol yphenol (Bhatia, 1961; Ann. Sci. Report, TRA
1977-78; Ulah and Jain, 1980). Therefore, longer interval of
pl ucking which increases the proportion of coarser shoots in
plucked <crop is appears to lower down the polyphenols

concentration conpared to shorter intervals.

2.8.1. 2. Effect of nethod of pl ucking

Though no published information could be traced out
regarding the effect of different nmethods of plucking on
pol yphenol content, it has been seen that any nethod which

I ncreases the fine shoot proportion in the harvested crop would
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| nprove the overall polyphenol content in the harvested crop.

2.8.2. Caffei ne

It plays an inportant part in the taste and "briskness' of
the tea beverage. H gh levels of caffeine enhance the creamng
property of black tea. The ability of black tea infusion to cream
and the colour of the creamforned are inportant yardsticks
enpl oyed for evaluating the quality of tea (Dev Chaudhary, 1980).
In tea beverage, caffeine concentration range from2-4% (Bl auch
and Tarka, 1983). doughley (1982) reported that the caffeine
content of nmade tea is affected by seasonal, genetic, agronomc
and cultural factors. The highest |evels are produced during peak
harvesting period when shoot growh is nost rapid. Tea produced
In off-season contains about 50% | ess caffeine. Cenerally, tea
shoots from assaiaica types were richer in caffeine than snenss
type (Yamnishi, 1990). During manufacturing process of black
tea, the content of caffeine increases partly due to rel ease from
conpl ex nol ecul es which contain caffeine nolecule as a part of

its make up (Yam nishi, 1990).

2.8.2. 1. Effect of plucking interval

Wrk done at Tocklai Experinental Station (Tea Research
Associ ation), Assam reveal ed that bud contai ns hi ghest anmount of
caffeine which gradual |y goes on declining in lower |eaves while
stem of the shoot contains |owest content of it (Bhatia, 1961,
Ann. Sci. Report, TRA, 1977-78; Ul ah and Jain, 1980). The tender
younger shoot which is the consequence of shorter plucking
intervals, was found to contain higher content of caffeine (Owor

and Chavanji, 1986).
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2.8.2.2. Effect of nethod of plucking

Owor e al. (1991) reported that nechanically plucked tea
produced inferior quality tea which is neasured by volatile
flavour conpounds (theaflavin and caffeine). They further found
that raising the nechanical plucking by 2 cm from previous height

resulted in less quality deterioration.

2.9.Qual Il tv alL made. fe a
The term 'quality’ in tea has not been very well defined. In
general sense, it is the collection of desirable attributes of

nmade tea and used particularly when characters of tea liquors are

t

expressed organoleptically. Apart from appearance of tea and
colour of leaf after infusion, it is the taster's palate which

assesses the quality of brewed tea (Dev Chaudhary, 1980).

Good quality raw material (i.e. plucked tea shoots) is a
basic need for a high quality nade tea. But evidences show that
the standard of plucked leaf, handling of the |eaf and
variation in any step of manufacturing (viz., wthering, rolling,
fermentation and drying) brings large differences in the chemca
conponents of nade tea (Dev Choudhary, 1980; Omor and Q hieno,
1988) .

Anong the various conponents of nmade tea, theaflavin,
thearubigin, and caffeine are of great significance and are
responsible for various attributes of tea infusion. Role of
caffeine and its concentration in crop plucked at different

intervals and by different nethods has already been described in
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section 2.8. 2.

2.9.1. Made tea paraneters

A joint study by Tocklai Experinmental Station and Butler
Wharf Laboratory showed that pol yphenols of tea shoot which were
colourless were first oxidized to O-quinone with the help of
pol yhenol oxi dase/ peroxi dase and subsequently condensed to a
class of golden yellow conpounds - theaflavins (TF) and a class
of reddish brown conpounds - thearubigins (TR). TF were found
responsible for colour, briskness and quality and TR for
strength, colour and body of I|iquor (Tocklai Exptl. Station 1911-
1991, 1992). Roberts (1958) reported that the high values of tea
could be related with large levels of TF and adequate |evels of
TR. By and large, theaflavins were considered to be inportant
paraneters for determning quality of made tea (Roberts and

Smth, 1961; Nakagawa, 1970; W ckermasi nghe and Perera, 1973).

The formation of TF, TR and other conponents of nmade tea are
dependent on tenperature, humdity, degree of cell damage, degree
of wi thering, besides polyphenol and enzyne levels of tea |eaves

(Tocklai Exptl. Station 1911-1991, 1992).

2.9.1. 1. Effect of plucking interval

Tender shoots contained nore theaflavin (Lelyveld, 1986),
hence shorter rounds ensure higher ment of TF in mde tea.
Wth w dening plucking interval, quantities of TF in 2+Bud shoots

i ncreased (Baruah et al, 1980).

2.9.1. 2. Effect of nethod of plucking

Lel yveld (1986) observed higher anmpbunt of theaflavin in hand
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plucked tea than nechanically harvested one. This was
particularly due to shorter plucking interval and higher
proportion of tender shoots in the fornmer than latter. Lelyveld
et. d. (1989) observed clonal variation in respect to TF
content. In sone clones TF content was not affected, while in
other it was inproved. Due to nechanical plucking Iow quantity of
TF in nmade tea, has also been reported recently by Owor e al.
(1991), which was inproved by raising plucking hei ght of bush by

2 cm

2.9.2. Taster's eval uation

The nade tea is assessed and evaluated by the tea tasters
who are often guided by economc considerations, liking of con-
suners and their ow liking and disliking. The assessnent based
on organoleptic tasting is severely restricted by human |imta-
tions, the sane tea tasted by different tasters does not neces-
sarily receive the sane valuation and marks for |iquor character-

istics (Sharma, 1987).

2.9.2. 1. Effect of plucking interval

Information available on the effects of plucking interval on
quality of nade tea reveal that the relative values given to
sanples by tea tasters decreased in a linear fashion as the
plucking interval increased (Barbora and Saikia, 1989; Mtini-
Nkhonma, 1989) .

2.9.2. 2. Effect of nethod of plucking
Tea manufactured from nmachi ne plucked crop received |ower

val uation both in seed grown as well as in clonal tea (De Silva,
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1968). Mwakha (1990) reported better tasters' evaluation in
machine plucked crop conpared to hand plucked crop Wwhen
plucking was followed with 2 en rise of plucking height of bush

on consecutive harvesting rounds.

2.10.Yield is_quality

Increase in yield associated with the declining plucking
standard, as influenced by plucking interval, was subjected to
narked loss of quality (Basu, 1988; Baruah e al., 1986; Sarkar,
1988; Barbora and Saikia, 1989), which neans the yield nay

increase at the cost of quality or vice versa

Pal ner-Jones (1974), who deternined the coefficient of
regression together wth the best estinmate of expected future
regression on theaflavin content at London Auction Price,
indicated that the effect of plucking standard on quality is much
less than its effect on yield. But later in 1977 he considered
unwi se to transfer such research findings to commercial practice
due to the reason that the commercial producers who enpl oy coarse
plucking may also have other practices which exacerbate the
effect of coarse standard on quality. doves (1989) too reported
considerable loss in yield following quality shoot plucking of
2+Bud size and advocated the selection of clones based on the
quality of 3+Bud size shoot rather than 2+Bud particularly wth

regard to fiber content.

2.11. EcQhoB es
Low cost, higher return, and maxi numprofits are the basic

objectives of all entrepreneurships, whether it is agricultura
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or industrial. In tea, plucking operation is a najor input which
absorbs around 60-85% of |abour cost and accounts for 25% of cost
of cultivation (Anasthi and Sarkar, 1983; Mtini Nhoma, 1989;
Rawl | ey and Beig, 1990).

2.11. 1. Effect of plucking interval

The plucker's productivity expressed as anount of |eaf
pl ucked per man per day increased significantly with prol ongation
of plucking rounds fromshorter (7 days) to longer (14 days)
(Mrvakha, 1991). Shorter plucking round calls for overall higher
| abour force due to higher frequencies. Jones (1985) estinated
the plucking cost in 14 days round to be 64%of that of 7 days

round, but gross revenue was higher in latter.

Tea of high quality was obtained fromsnaller shoots (Oauer
e al. 1987) but they expressed doubt regarding economcs of such
tea. Sharma and Murty (1989) under south |Indian conditions found
higher net profitability with 3+Bud particularly wth flexible
intervals depending on growh of shoots instead of followng 7
days flat round. According to them the increase in profitability

was |argely due to reduced | abour requirenents.

2.11. 2. Effect of nethod of plucking

Varying degrees of efficiency of nechanical plucking have
been reported by different workers at different places. It ranged
from 6 times in Si Lanka (Watson e al.,, 1982) to 13 tines in
South Africa and even to nore than 50 tines in Kenya (Mwakha,
1986 & 1990). This wide difference in efficiency could be due to

the different types of machines wth varying capacities of
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pl ucki ng.

In I ndia, average increase in plucker's productivity ranged
bet ween 38-50% wi th shear plucking at 9-11 days interval and 438%
with machine at 14 days interval (Barbora et a. 1992).

Though efficiency of plucking is inproved by machi ne
harvesting, cost of manufacture increased due to extra |[|abour
requirenent for sorting out undesirable |leaf, hard pieces and
rubbish (Watson e al., 1982). So there 1is need to conpare
increased |abour cost of hard plucking with the loss in quality

and |ower paynent for machine plucked tea.
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Chapter 3
MATERI AL S AND METHODS

The field investigations were carried out at Banuri Tea
Experinmental Farm of Council of Scientific and Industria
Research (CSIR) Conplex Pal anpur during 1990 and 1991. The de-
tails of materials used and net hods enpl oyed during the course of

i nvestigations are presented in this chapter.

3.1.1.genera

3.1.1-Location
The research farmis located at an el evati on of 1290.8 m
above nean sea level at 32°6' N latitude and 76°3" E 1ongitude.

The area falls in the md hills of Shivalik ranges of Hi mal ayas.

3.1.2.Cimte

Agro-climtically, the region has been classified as Hd
Hlls Tenperate Wet (Zone Il) with severe winter and mld sunmer.
The annual rainfall is nore than 2500 mm out of which about 75
per cent is received during June to Septenber, whereas My,

Cct ober and Novenber are nostly the nonths of |east rainfall.

Mean weekly neteorol ogical data for the years 1990 and 1991
recorded at the Agroneteorol ogical Observatory of the Departnent
of Agronony, Himachal Pradesh Krishi Vishvavidyal aya, Pal anper
have been depicted in Figs. 3.1(a), 3.1(b), 3.2(a) & 3.2(b) and
appended in Appendix |. Besides, the nean nonthly neteorol ogica
data for the crop duration during the years 1990 and 1991 have

al so been presented in Table 3. 1.
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MEAN WEEKLY METEOROLOGIC

MAX. & MIN. YEAR 1990
TEMTERATURE
3% ' - 400
- 350
- 300
- 250
- 200

‘_\\v*ﬂ\_ 150
- 100

18 n | i_.:z g - 50
L el ﬁ@w&wmﬁim_o

I : 5 -;;‘ '_\\}'
O _jﬁ_ﬁ&ﬁﬂﬁ_
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

-MAR-*C-APR—*—¢ MAY—JUN *<—JUL——%"~ AUG-"f—SEP—-3O

MAX. TEMP.(Deg.Cent) MIN. TEMP.(Deg.C
TOTAL RAINFALL (mm) TOTAL EVAPORN.

Fig.3.1.(a) Mean weekly meteorological data dur
(Temperature, Rainfall &  Evapora



MEAN WEEKLY METEOROLOGIC
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MEAN WEEKLY METEOROLOGI
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MEAN WEEKLY METEOROLOG
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Table 3.1 Mean nonthly Meteorol ogical data for the period of
crop season during the years 1990 and 1991

Month Fax.Teip.m fiin.Tap.f'C} RH.(2) Sun shine (hrs) Rainfall (is) EvaporatjLct iffis)

1993 1991 1993 1991 1990 1991 1993 1991 1999 1991 1990 1991
narch %i3" 286 75 1Bl 5 48 1993 2S7.7 2836 983 836 1114
April 249 241 137 126 B 4 2454 2457 392 988 1712 1463
Hay 292 299 182 179 45 A 2526 2587 1788  27.7 1829 2139
June 314 332 23.7 234 51 = 2187 2533 2880 833 1602 1954
July 257 283 198 225 0 M 1131 1743 857.9 556.8 787 107.8
August 26B  26.1 195 195 2 0 1174 1192 7977 8422 695 71.1
Septssber  JJ% 258 17,8 176 n 1569 186J 3295 265B 69.8 84.1
Getober 238 250 132 132 2 0 3811 3523 275 80 1063 1157

218 198 1S3 87 T 4 0i7 a 9346 34 38 866 720

RNV

A perusal of the Table 3.1 reveals that June was the hottest
month during both the years with peak of nean nmaxi num tenperature
above 30°C. Mean m ninmumtenperature, recorded in the nonths of
March and Noveneber - the border nonths of the cropping season
was the lowest falling below 10.3°C during both the years. July
and August were the wettest nonths, receiving 857.9 and 797.7 mm
rainfall in 1990 and 556.8 and 842.2 mmin 1991, respectively.
There was no rainfall in October, 1991. Il. was quite low (3.8 mm
or below) in Novenber during both the years. The |oss of noisture
t hrough evaporation was highest in May. The values were 182.9 and
213.9 mMmm in 1990 and 1991, respectively. Mean relative humdity
ranged between 38 to 82% and 34 to 80% during first and second
year, respectively. The highest total sun shine hours, above 300,

was recorded in the nonth of Cctober during both the years.
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3. 1. 3. Soi

Conposite sanples of soil from 0-15 cm depth were collected
fromthe experinental area before initiation of the experinents.
Physi co-chem cal properties of the soil of experinental field

have been given in Table 3.2.

A perusal of the Table 3.2 reveals that soil of experinental
field was sandy clay loam in texture and acidic in reaction wth
medi um availability of nitrogen and phosphorus and high of
pot assi um
Tabl e 3.2 Physi eo-chenical properties of the soil of experinenta

area
Soil characteristics Cont ent Met hod enpl oyed

1. Physical (Mechanical)

Sand (% 54.8 | nternational pipette
Silt (% 16. 8 nmet hod (Pi pper, 1966)
Cay (% 26.9

2. Chem cal
d ass el ectrode pH

pH 5.57 nmet er (Jackson, 1967)

(1:2.5 soil water suspension)

Organic carbon (% 2.01 Walkley and Black's

rapid titration nethod
(Pi per, 1966)

Avai |l able nutrients (kg/ha)
Ni t rogen (N) 333 wal kl ey and Bl ack' s

rapid titration nethod
(Pi per, 1966)

Phosphorus (P) 32 O sen's nethod (Jack-
son 1967)

Pot ash (K 343 Ammoni um acetate
nmet hod usi ng flame
phot onet er (Jackson,
1967)
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3.1.4.Cropping history

The present studies were conducted on over 130 years old
China hybrid tea plantation devoid of shade trees (Plate
3.1(a&b). The old tea bushes of the experinental area were
rejuvenated by pruning at ground level in 1984. The bushes were
cut-back (the first light prune follow ng rejuvenation pruning)
at 40 cm above ground in cold weather of 1987. Pre-treat nment
yield of plots of Experinment | (Plucking Interval Trial ) was
recorded in 1987. The present study was initiated in the second
unpruned vyear (1990). The experinental area has been receiving
recommended | evels of managenent including of fertilizer, insect-

pests, disease and weed control

3.2. Experinmental details

Two separate field experinents (as per section 3.2.1 &
3.2.2) were initiated in 1990, in a unpruned tea section (second
unpruned vyear). After the schedul ed operations and observation
t hroughout cropping season, bushes of the experinental area were
pruned (Plate 3.2) during winter (Decenber, 1990) for the next

year's (1991) observations.

Details of treatnents inposed, met hods enpl oyed and

observations recorded were as foll ows

3.2.1. Experinment |: Studies ga plucking interval

Plucking interval was varied from3 to 17 days, as detailed

bel ow
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Plate 3.1. General view of tea plantation




Desi gn
Repli cations
Net plot size

Spaci ng

7|

T2
"3
T4
5
"6

'8

Planting materi al

3. 2. 2. Experi ment

Pl ucking interva
3 days
5 days
7 days
9 days
11 days
13 days
15 days
17 days

Random sed Conplete Block (R B.D.)
Thr ee

6 x 4 bushes

1.00 mx 1.20 n

Exi sting old China hybrid tea bushes

Studi es QQ nethod oX pl ucking

Four nethods were studied as descri bed bel ow :

Tr eat ment

M

M3

Met hod oL pl ucking

Hand pl ucki ng -Standard system
Hand pl ucking -Black system
Shear pl ucki ng

Machi ne pl ucki ng
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Desi gn : Latin square (L.S.D.)

Repl i cati ons : Four

Net plot area . 6 x4 bushes

Spaci ng 100 mx 1.20 m

Planting materi al : Existing old China-hybrid tea bushes

3.3.field, culture
3.3. 1. Layout of experinents

In Experinment |, blocking of plots was done on the basis of
pre-treatnment yield of the plots with the objective of mnimsing
the wvariability anmongst the plots in a block. The low vyielding
plots forned one block, nmediumyielding plots the second bl ock
and high yielding plots the third block. Experinment [I1l, where
the pre-treatnent yield was not recorded was laid out in Latin
Square Design. The plans of l|ayout of the experinents are shown

in Figs. 3.3 & 3.4.

3.3.2.CGeneral skiffing/pruning operations

In both the experinmental tea bushes were light skiffed in
January 1990. The plucking comenced in |ast week of March in
both the experinments. Al border bushes (bushes around the
plots) were regularly trimmed in order to maintain the plot
demarcations. |In Decenber 1990, the bushes were pruned at 45 cm
above ground level. The pruning litter was evenly spread around
bushes in the respective plots. In May 1991, tipping was done at

55 cm above ground surface.
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3. 3. 3. Plucki ng

3.3.3.1. Experinment I: Plucking Interval Trial

"Pluck to janam (janam pl ucki ng) system was followed where
shoots protrudi ng above plucking table were plucked to the |evel
of scale leaves at plucking table (Plate 3.3). The interval
| ength between two successive pluckings was as per treatnent

schedul e.

3.3.3.2. Experinment 11: Method of Plucking trial
The plucking carried out 1in different nethods was as

descri bed bel ow

M - Standard Pl ucking
All  shoots, excepting active buds with small single |eaf
(1+Bud) and only growi ng buds, grow ng above plucking table were

pl ucked as crop foll ow ng janam pl ucki ng system (Fig. 3.5)

M - BacJL Pl ucking
Al  shoots, including one leaf and bud (1+Bud), wth the
exception of only grow ng buds w thout subtending open |eaves,

above pl ucking table, were plucked as crop (Fig. 3.6).

My - Shear Pl ucking
Hand operated shear (Plate 3.4) was used to pluck the crop.
Al'l  shoots above the plucking table were plucked (trinmed) wth

the shear (Plate 3.5).

Shear is a nodified pair of scissors resenbling hedge
clipper consisting of 22.5 cm long cutting blades and a handl e of

30 cm A receptacle of dinmensions 22.5 cmx 20.5 cmx 7.0 cm
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made of light weight material like fiber glass, is fitted on the
right or left blade. The novenent of blades cuts the shoot:; and
throwms them in the receptacle. The cut shoots are frequently

transferred into the collection basket.

M, - Machine Pl ucking

Manual | y operated Japanese plucking nmachine (Plate 3.6) was
used to harvest the crop. Al shoots grow ng above the plucking

table were usually cut (Plate 3.7).

Kawasaki s' Moddel PJ-35E with engine nodel SE-16 (knapsack
type engine) was wused. The machine was essentially a notor
operated shear consisting of two major parts -(1) notor and (2)
bl ade assenbly (Plate 3.6). WMdtor supplies nechanical novenent to
the blades through a cable (driving flexible shaft). The noving
speed of blade can be regulated through a throttle. A fan s
fitted wth the blade assenbly which blows the cut shoots into

the collection bag attached behind the bl ade assenbly.

The machi ne plucking needs two persons. The notor is | oaded
on the back of operator who al so handles the blade assenbly and
harvests the crop at desirable |evel. Another person handles the
ot her end of collection bag and noves with the operator. The
collection bag, when full, is enptied by transferring the cut

shoots into a plucking basket.

3.3.4. Manuri ng

Recommended dose of N, P2°5 a"A Kpo @905 905 and 90  kgjhg

was applied in a single dose during March, 1990 and April, 1991
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in both the experinents.

3.3.5.Plant protection

For control of weeds, a mxture of 2,4-D and paraquat
@ 2.5 g and 2.5 m, respectively per liter of water was applied
in end March with hand operated backpack "herbi" sprayer. The
appi cation was followed by a round of glyphosate application @ 5
m/liter wwth the sane sprayer in rainy season. |n unpruned year
(1990), an application of paraquat was also given in Septenber.
In the pruned year (1991), followng pruning the plots wer e
cheeled in January-February and treated wth pr e- emer gence
application of atrazine @2 kg/ha. During rainy season, a round

of gl yphosate @5 m/liter was al so applied.

A general spray of 1:400 dilution of endosulfan was under-
taken for the control of thrips every year. There was no severe

attack of any disease during the experinental period.

3. 4. Shoot growt h studies

For shoot growh studies, 10 bushes were selected in each
pl ot along the central two rows. In each bush, 2 shoots with just
unfolded first leaf were tagged imediately after the plucking.
As such, a total of 20 shoots were tagged in each plot. These
shoots were plucked on the day of corresponding next plucking
round for observations. The results have been expressed nonth-
wi se. The observations recorded in intervals overlapping in two
months were pooled in the nonth to which major part of the

i nterval bel onged.
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3.4.1. Hunber of unfolded |eaves

All the twenty tagged shoots were plucked on the day of
pl ucking of a particular interval or nethod. The nunber of |eaves
unfolded including the tagged ones on these plucked shoots were

counted and average nunber was cal cul at ed.

3.4.2. Dormancy | ndex

The plucked twenty shoots were classified into two catego-
ries on the basis of size of apical bud. Wen the size of the
termnal bud was equal to or greater than half the length of the
subtending leaf, it was regarded as "active shoot", otherw se the

shoot was considered " banjhi" or "dormant shoot" (Plate 3.8).

The dormancy index was expressed as the ratio of nunber of
banjhi shoots to active shoots (Wght and Barua, 1955) and was

wor ked out by the follow ng equation:

No. of  banjhi shoots

Dor mancy | ndex =
No. of active shoots

3.4. 3. Fresh wei ght
After renoving the surface noisture of the shoots wth
blotting paper, the fresh weight of the shoots was noted and

average fresh wei ght was worked out and expressed as ng/shoot.

3.4.4.Dry wei ght
The shoots were dried in hot air oven at 80°C for 48 hours,
and dry weight was recorded and average dry weight in terns of

nmg/ shoot was conput ed.
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Plate 3.9. Regeneration of shoot
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3.4.5. Shoot wei ght increnments

The average fresh and dry wei ghts per shoot recorded at the
titae of tagging and after the plucking at a particular interva
were wused to workout the increnment in terms of fresh or dry
weight gain per day wusing the followng relationship and

expressed as ny/ day.

Final weight of the Initial weight of
shoot at a particular shoot at the tine
pl ucking interval (ng) of t aggi ng (rg)
| ncrement =
(ng/ day)

Pl ucki ng interval (days)

3.4.6.Dry matter content
The dry matter of the shoots in plucking interval trial
(Experiment 1) was calculated as per follow ng equation
Dry weight (9)
% Dry matter x 100
Fresh weight (g)
In the nmethod of plucking trial (Experinment 11) 50 g
conposite sanple was drawn from the harvested crop. After
recording its fresh weight, it was dried in hot air oven for 48

hours at 80°C and dry matter content was conputed by the above

equati on.

3.4.7.Regeneration rate

On first day of each nonth, 20 shoots in 10 bushes (2 shoots
per bush) were plucked and the stubs of these plucked shoots on
the plucking table were tagged. Tine (days) taken by the top
axillary bud on the tagged stub to develop into a pluckable 2+Bud

(two- | eaves-and-a-bud) shoot was recorded (Plate 3.9), watching
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the growing buds on alternate days. The tinme interval (days)
required for the devel opnent of 2+Bud shoot from the top axillary

bud represented the regeneration rate.

In plucking interval trial (Experinment 1), the plucking was

done at intervals as per the treatnments. In nmethod of plucking

trial (Experinment 11), the plucking was carried out when plots
under treatnents were visually ready for plucking. " J an am
pl ucking", which 1is the standard practice in this region, was

foll owed. The harvested crop was classified into three flushes as

under :
Early Fl ush . Crop obtained upto June, 15
Mai n Fl ush : Crop obtained between June, 16 to Septenber, 15

Back-end Flush : Crop obtained after Septenber, 16

The sumtotal of the yield of these three flushes represent-

ed the total season's yield.

3.5.1.Geen leaf yield

The green leaf yield (g/bush) obtained per plot was conputed
to that for kilogramper hectare (kg/ha), by multiplying it wth
a factor 8.333 whi ch was worked out on the basis of bush

spaci ng.

3.5.2. Made tea yield
The made tea output was determned by nultiplying green |eaf
yield wth the corresponding average dry matter content and

expressed as KMIH (kil ogram nmade tea per hectare):
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Green leaf yield (kg/ha) 1

Made tea yield = X
( KMTH) Dry matter content (% 100
3.6.Quality

3.6.1. Fineness of crop

At each plucking, a well mxed sanple of 50 g/plot was
drawn. The shoots in the unit sanples were separated into three
categories - (a) fine shoots i.e one-leaf-and-a-bud (1+Bud),
t wo- | eaves- and- a- bud (2+Bud), and one- | eaf - and- a- dor nant - bud
(1+banjhi}; (b) coarse shoots i.e shoots greater than 2+bud size
in case of active and l1+banjhi in case of dormant shoots; and (c)
| oose and/or cut |eaves. The fine part of shoots of category (b)
ie. 2+Bud in case of active shoots and 1+banhi in case of
dormant shoots was separated and pooled in <category (a). The
category (b) and (c), representing non fine part were al so pooled
together. The fresh weights of category (a) and (b+c) were
recorded and the per cent fineness of the crop was calculated by
the follow ng rel ationship:

Fine shoot weight (g)

% Fi neness = X 100
Total weight of sanple (Q)

3.6.2. Total pol yphenol content in tea shoots

The conposite green tea |eaf sanples from each experinental
pl ot was obtained at nonthly interval during second to third week
of each nonth. These sanples were steaned for two mnutes to
inactivate the enzynmes responsible for further changes in

chem cal conposition of the harvested shoots. The sanples then
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were dried in hot air oven at 80°C for 48 hours. The dried sam
ples worn tfround to Tino powdor and paokod in nir tight polyfchono
bags for the further analysis. The pol yphenol content in those
sanpl es was determ ned in Novenber and Decenber each year by the

met hod described by Swain and HIlis( 1959).

3.6.3. Made tea paraneters

3.6.3.1. Processing of orthodox bl ack tea

For manufacturing Othodox black tea, green |leaf sanples
were drawn from each plot during second to third week of each
month during cropping season in both the years. These sanples
were processed in a pizey roller consisting of 5 mniature hoods
mounted on a single table (Plate 3.10) as per instructions in
T.D.Sr. No. (102/2;1980). The steps followed for the processing

of black tea were as under (Plate 3.12):

3.6.3.1. AWthering
Freshly plucked shoots weighing 200 g were kept for wther-
ing on Hessian cloth nounted on wooden frame. A wither around 60

per cent was mai ntai ned.

3.6.3.1.B.Ralling

Wt hered sanples weighing 120 g were | oaded into each roller
cup. The novable pressure cap was considered equivalent to no
pressure; the cap + 225 g equivalent to light pressure, and the
cap + 450 g equivalent to heavy pressure. The rolling was done

for 60 mnutes with foll ow ng sequence (Tea Encycl opedia, 1969):
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Plate 3.11) Drier |




Ti ne Pressure

(m n)
5 No pressure
10 Heavy pressure
5 No pressure +
bal | breaking
5 x 3 cycles Li ght pressure
5 Heavy pressure

3.6.3.1.C.Oxidation (Fernentation)

After rolling, the sanples were spread separately in small
alumnum trays to a depth of 2 cm for fernentation. Tot al
fermentation tine, inclusive of rolling tine (one hour) was
varied between 2 hr 15 mn to 3 hr 15 mn depending upon
tenperature (Ravindaranath and Dev Chaudhary, 1981) as per the

follow ng table:

Tenper ature Ferment ation Period
(inclusive of rolling tinme)

(°F) hr mn
70-72 3 10
73-74 3 05
75-76 3 00
77-78 2 35

79 2 45
80 2 35
81 7. 25
82- 85 2 15
86- 88 2 10
89 2 05
90-92 2 00

3.6.3.1.D.Drying (Firing)
The fermented sanples were fired at a tenperature of 90-95°C

for the first 15-20 m nutes and then at 75-80°C for next 25-30
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Plate 3,1, Different steps f fea mufcring
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m nut es. During this period regular shifting of trays (Plate

3.11) and material was carried out.

3.6.3.1.E. Packing
The drier nouth sanples were packed in transparent polythene

bags wi thout crushing the bags and were sealed air tight.
3.6.3.2.Estimation of chem cal constituents in made tea

3.6.3.2. A Preparation of tea infusion

As described by Ulah (1972 & 1986), the infusion was nade
in a thernos-flask taking 3 g nade tea with 125 m boiling
distilled water and filtering after 10 mnutes. The filtered
infusion was cooled and used for the estimation of different
paraneters of made tea viz, caffeine, theaflavin, t hear ubi gin

total colour and brightness.

3.6.3.2.B.Determ nation of caffeine
The caffeine content in nade tea sanples was estinmated as
per the procedure described by Ulah e al. (1987).
3.6.3.2.C.Determnation of theaflavin (TF), thearubigin (TR),
total col our and brightness
The determ nation was nmade follow ng the procedure of U I ah,

(1986) .

3.6.4-Taster's eval uation

At the end of crop season, 20 g made tea from each sanple
was packed separately in polythene bags and sent to the Chairnman,
Tea Brokers Private Limted, Calcutta for organoleptic evalua-

tion.
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The taster evaluated the sanples for brightness, col our
flavour and valuation. The first three attributes were expressed
sem quantitatively such as - poor, fair, good, very good and
excel | ent. For statistical analysis, these attributes were
assigned the nunber value of 1,2,3,4 and 5, respectively. The
val uati on was done quantitatively giving score ranging from25 to

50.

3.7. Econom cs

3.7.1.Plucking efficiency
Time involved for plucking in a particular treatnent was
recorded throughout the season. The efficiency was expressed in

terms of quantity of |eaf plucked (kg) per hour.

3.7.2.Value of plucked crop
The value of fresh leaf (crop) based on its average fine-
ness, was assessed on the basis of rates paid by The Pal anpur

Cooperative Tea Factory Ltd. (Appendix I11).

3.7.3.Goss |Ineone per hectare
Gross incone was worked out by nmultiplying the green |[eaf

yield with the value of crop.

Gross incone = [Total green leaf yield] x £Value of crop]
(Rs/ ha) (kg/ ha) (Rs/ kq)

3.7.4.Goss |Incone per rupee invested on plucking

It was obtained by dividing gross incone per hectare by the
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Return per rupee = [Qoss incone]/”Cost of plucking}
I nvested on pl ucki ng (Rs/ ha) (Rs/ ha)

3.3. Statistical analysis

The data relating to the observations recorded in Experinent
| and Experinment Il were anal ysed statistically as the procedure
descri bed by Gonez and Conez (1983). Wen the effects exhibited
significance at 5 per cent probability level, least significant
difference (L.S.D.) was calculated. The data was subjected to

appropriate transformation wherever necessary before carrying out

t he anal ysi s.

54



Chapter 4

EXPERIMENTAL
RESULTS



Chapter 4
EXPERI MENTAL RESULTS

The results obtained fromthe field Experinent | (Studies on
pl ucking intervals) and Experinent Il (Studies on nethods of
pl ucki ng), conducted at Banuri Tea experinental farmof GCounci
of Scientific and Industrial Research Conpl ex Pal anpur, H nacha
Pradesh, during the years 1990 and 1991, have been presented in
this chapter with the help of data tables.

4,1 Experinment |_L Anokjnff Interval Trial

4.1.1.Gow h studies
4.1.1. 1- Hunber of unfol ded | eaves

The effect of plucking intervals on nunber of unfolded
| eaves per shoot in different nonths during unpruned and pruned
years have been shown in Table 4.1 and correspondi ng anal yses of
variance in Appendix IV. Results reveal that there was signifi-
cant difference in the nunber of unfolded |eaves as affected by
intervals of plucking, nonths of plucking as well as their inter-

action during unpruned (1990) as well as pruned (1991) vyears.

It is evident fromthe table that the nunber of unfol ded

| eaves per shoot was higher in pruned year than in unpruned year.

(a) Effect of plucking intervals

In both the years, the nunber of unfolded |eaves signifi-
cantly increased with increase in the interval of plucking from
3 to 17 days except in unpruned year when 15 and 17 days interva

showed simlar nunber.
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Table 4.1 Effect of plucking intervals on nunber of unfolded
Koirth.3 of plucking in unpraned and pruned years

Pl ucki ng Mont hs of pl ucking

i nterval s Apri | May June July August  Septe

Unpruned year (1990)
3 Days 1. 33 1.08 1.08 1.20 1.14 1.0
5 Days 1. 87 1.77 1.72 1.89 1.97 1.7
7 Days 2. 21 2.03 2.03 2.22 2.15 2.0
9 Days 2. 59 2.32 2.35 2. 45 2.53 2.4
11 Days 3. 14 2.61 2.45 2.97 2.85 2.9
13 Days 3. 63 2.91 2.84 3.25 3.78 3.1
15 Days 3.92 3.04 3.21 3.73 3.49 3.5
17 Days 4. 00 3.28 3.41 3.49 3. 57 3.5
Mean 2.84 2.38 2.39 2.65 2.68 2.5

Pruned year (1991)

3 Days 1. 16 1.20 1. 47 1. 47 1.3
5 Days 1. 88 1.95 2.15 2.06 1.9
7 Days 2 34 2.39 2.52 2.60 2.3
9 Days 2 39 2.44 2.94 3. 06 3.0
11 Days 3. 44 3. 46 3. 29 3.74 3.1
13 Days 3.63 3.59 3. 60 4.06 3.8
15 Days 4.14 3.95 4. 27 4.56 4.3
17 Days 4. 33 4. 30 4 12 5. 37 4.4
Mean 2.91 2.91 3.55 3.36 3.0
Unpruned year (1990) Pruned

SEm+tz' LTSTDT OV % SEMm#+7-

] nterval 0.04 0. 13 0.05

Mont h 0.04 0.12 0. 04

I X M 0.12 0.33 8.11 0.12



(b) Effect of aonths of plucking

During wunpruned year, nunber of unfol ded |eaves was signif-

icantly highest in April. The nunber declined in May and renai ned
constant till June. It significantly increased in July and again
remained simlar till Septenber. Thereafter, it again declined

significantly in GCctober. During pruned year, the nunber of
| eaves was highest in August followed by July and Septenber. The
nunber was sane and significantly lowest in May and June fol | owed
by that in Qctober. The nunber of unfol ded | eaves was al so sane

in July and Septenber.

(c) Interaction effect
The interaction between interval and nonth of plucking
regarding the nunber of unfolded |eaves per shoot during both

unpruned and pruned years was significant (Table 4.1).

During unpruned vyear the effect of plucking interval on
nunber of unfolded |eaves during different nonths remained nore
or less simlar excepting in July and August nonths. In July, the
hi ghest nunber was under 15 days interval whereas in August the
hi ghest nunber was under 13 days interval. Like other nonths, 15
days interval in July was statistically at par with 17 days
interval in this respect. Simlarly, 13 days interval in August
did not differ significantly from15 and 17 days. Besides, the 13
days interval was also found to be at par with 15 days interva
in My, July, Septenber and Cctober. It also did not differ
significantly fromthe lower interval of 11 days in My, July,
Septenber and Cctober. Simlarly, 9 and 11 days intervals in My,

June, and August; 7 and 11 days intervals in May, June, July and
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Cctober; and 5 and 7 days intervals in May and Septenber exhibit-

ed statistically simlar nunber of unfolded |eaves per shoot.

During pruned year, in all the nonths of observation, the
effect of plucking interval on nunber of unfolded |eaves followed
simlar trend. A close perusal of the data reveals that 17 days
interval did not differ significantly from 15 days interval in
May, July and Septenber. Simlarly, plucking intervals of 15 and
13 days in Qctober; 13 and 11 days in May to July and in Cctober;
11 and 9 days as well as 7 and 5 days in Septenber and Cctober;
and 9 and 7 days in May and June showed statistically same nunber
of unfol ded | eaves per shoot.

4.1.1. 2. Dormancy i ndex

Significant influence was observed on dormancy index due to

interval and nonth of plucking and their interaction (Appendi X

V). Table 4.2 enbodies the data in this respect.

It is evident fromthe table that the dormancy index was

hi gher in unpruned year than that of pruned year.

(a) Effect of plucking intervals

The data reported in Table 4.2 reveal that in unpruned
year dormancy index increased with increase in plucking interva
but the differences between each consecutive intervals were not
significant. Simlarly, in pruned year differences between pl uck-
ing intervals from5 to 11 or 13 to 17 days with regard to dor-

mancy index were not significant.
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Table 4.2 Hfect, of plucking intervals on dornancy index of
of plucking in unpruned and pruned years

Pl ucki ng tlonths of pl ucking
interval s Apri | May June July August Sept enb

Unpruned year (1990)

3 Days 0. 000 0. 000 0. 017 0. 006 0. 000 0. 00
5 Days 0. 052 0. 057 0. 154 0. 048 0. 098 0.21
7 Days 0. 060 0.071 0. 194 0. 115 0. 105 0.17
9 Days 0.073 0. 100 0. 217 0. 153 0. 212 0. 47
11 Days 0. 099 0. 204 0. 349 0.218 0. 275 0. 86
13 Days 0.128 0.173 0.711 0. 210 0. 250 1.04
15 Days 0. 169 0. 200 0.978 0.234 0. 287 0.93
17 Days 0. 317 0. 264 1.021 0. 273 0. 300 1.11
Mean 0.112 0.134 0. 455 0. 157 0.191 0. 60
Pruned year (1991)
3 Days 0. 000 0. 000 0. 000 0. 000 0. 00
5 Days 0. 000 0. 000 0.021 0. 031 0.02
7 Days 0. 000 0. 000 0. 044 0. 029 0.03
9 Days 0. 000 0. 000 0. 063 0.012 0. 07
11 Days 0. 000 0. 000 0. 037 0. 047 0.10
13 Days 0. 000 0. 000 0.102 0.118 0. 15
15 Days - 0. 000 0. 000 0. 100 0.074 0.13
17 Days — 0. 035 0. 067 0. 166 0. 150 0.10
Mean 0. 004 0. 008 0. 067 0. 058 0. 08
Unpruned year (1990) Pruned
SEmt/ - L.S. D £V % SEMtZz
| nt er val 0 038 0. 107 0.008
Mont h 0. 036 0. 100 0.007

I X M 0 173 0. 282 53. 47 0.018




(b) Effect of nmonths of plucking

In general, dormancy index increased with increase in the
age of shoot fromApril to Cctober. During unpruned year, the
hi ghest dormancy index was recorded in Cctober which, however,
was conparable with that of Septenber. In June, dornmancy index
was significantly |lower than Septenber but nore than April, My,
July and August. The latter nonths were at par in this respect.
In pruned vyear also, Cctober nonth denonstrated highest index
followed by Septenber, July and August. The differences in
dormancy index recorded in the nonth of July, August and
Septenber were not significant. In pruned year the index was

|l owest in My and June.

(c) Interaction effect
Interaction effect of plucking intervals and nonths of
pl ucki ng was significant in respect of dormancy index during both

unpruned and pruned years (Table 4. 2).

In general, the trend of dormancy index was simlar in all
the nonths during both the years i.e. increase in dormancy i ndex
wth plucking interval, with few exceptions. In unpruned vyear,
dormancy index due to plucking intervals from3 to 15 days was
zero in My and June nonths. Besides, 15 days interval in
Septenber, Cctober in unpruned year, and July, August and
Septenber in pruned year resulted in lower indices than 13 days
interval, however, the differences between these two intervals
were statistically not significant. In addition, 15 days interva

brought hi gher dormancy index than 17 days interval in Septenber
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Table 4.3 Kffect of plucking intervals on fresh wei ght of pl
mont hs of plucking in unpruned and pruned years

Pl ucki ng Mont hs of plucking

interval s Apri | Hay June July August Septenb
Unpruned year (1990)

3 Days 95 76 65 65 57 5
5 Days 153 135 115 104 108 8
7 Days 201 201 161 171 147 12
9 Days 328 311 240 223 227 20
11 bays 394 426 298 381 305 28
13 Days 508 538 363 425 429 27
15 Pays 79f 594 420 573 458 43
17 Days 903 739 591 664 593 57
Mean 422 378 282 326 290 25

Pruned year (1991)
3 Days 211 159 177 145 11
5 Days 373 291 332 243 17
7 Days 519 377 443 374 25
9 Days 781 547 595 628 44
11 Days 954 854 743 845 54
13 Days 1176 989 931 1054 82
15 Days 1562 1303 1146 1193 104
17 Days 1743 1369 1409 1685 136
Mean 915 736 722 771 59
Unpruned year (1990) Pruned
SK m/::  L.45 D. cy % SKm+Z: L

) nt ervai 23

Mean 20

I X M 16. 58




(c) Interaction effect

During unpruned vyear, the interaction between plucking
intervals and nonths of plucking with respect to fresh weight of
shoot was significant (Table 4.3). The table reveals that though
shoot weight increased with increase in plucking interval, but
the intervals of 3 and 5 days as well as 5 and 7 days were on par
with each other during all the nonths of observation,. Pl ucking
intervals of 7 and 9 days, and 11 and 13 days resulted in simlar
weight of shoot in the nonths of July, Septenber and Cctober.
D fferences in shoot weight in April, July, August and Cctober in
plucking intervals of 9 and 11 days were also not significant.
Plucking intervals of 13 and 15 days in My, June and August,

and 15 and 17 days in Cctober were also at par in this respect.

The interaction between plucking intervals and nonths of
pl ucking with respect to fresh weight of shoot was also signifi-
cant in pruned year (Table 4.3). Increase in plucking interva
increased the shoot weight consistently during all nonths of
observation. However, significant increase was not observed in
intervals between 3 to 5 days in June to August; 5 to 7 days in
My to August; 7 to 9 days in July; 9 to 11 days in July and
Septenber; 11 to 13 days in June; 13 to 15 days in Septenber; and
15 to 17 days in June. Shoot weight from3 to 7 days interval was
simlar in Septenber. In Cctober, plucking intervals from3 to 9
days, 7 to 11 days, 9 to 15 days and 11 to 17 days also resulted

in simlar shoot weight.

4.1.1.4. Dy wei ght of shoot

The dry weight of shoot was significantly influenced by
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Table 4.4 Effect of plucking intervals on dry weight O p]
nmont hs of plucking in unpruned and pruned years

Pl ucki ng Mont hs of pl ucking
intervals April May June July August Sept
Unpruned year (1990)
3 Days 25 20 17 16 14
5 Days 38 34 29 25 25
7 Days 57 5J 39 40 33
9 Days 80 74 58 52 51
11 Days 85 102 71 86 64
13 Days 127 124 87 103 96
15 Days 187 140 102 135 104
17 Days 188 174 144 139 147
Mean 98 90 68 74 67
Pruned year (1991)
3 Days - 49 36 45 33
5 Days - 84 69 82 60
7 Days - 113 82 103 80
9 Days - 170 116 142 123
It Days - 205 182 205 172
13 Days - 257 190 197 220
15 Days - 329 282 292 287
17 Days — 396 310 309 376
Mean - 200 158 172 169 1
>runed year (1990) Pru
Fr*+ h S D cv % SEmt/
| nt erval 3 7 4
Mont h 3 7 3

1 X M 7 20 16. 92 10




plucking intervals, nonths of plucking and their interaction
during both unpruned (1990) as well as pruned (1991) year (Appen-

dix I'V). The results have been presented in Table 4.4

(a) Effect of plucking intervals

The Table 4.4 shows that like fresh weight, dry weight of
shoot also increased consistently and significantly wth each
successive increase in plucking interval during both the years of

st udy.

(b) Effect of nonths of plucking

In unpruned vyear, dry weight of shoot was significantly
highest in April. It reduced significantly till June. Fron June
to August it remained constant and then declined rapidly til
Cctober. In pruned year, maxinun dry weight of shoot was recorded
in My. The weight reduced distinctly in June, Ilater inproved
sonewhat in July, but started declining rapidly after July till
Qctober.  The shoot wei ght was conparable in July and August as

well as in June and August.

(c) Interaction effect

The dry weight of plucked shoot was significantly influenced
due to interaction between plucking intervals and nonths of
plucking during both the years of study (Appendix 1V). The
general trend of increase in shoot weight as a result of increase
in plucking interval was sinilar in all the nonths during both
the years of study but the significance between plucking

intervals varied (Table 4.4) as described bel ow
During unpruned year, in general, the shoot dry weight in-
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creased consistently and significantly with increase in duration
of plucking interval with few exceptions. The lowest dry weight
was recorded in the shoot plucked at 3 days interval, which did
not differ significantly with the shoot of 5 days interval in
nonths fron April to July; with shoots of 5 and 7 days in August
and Septenber and; with the shoots of 5 and 9 days in Cctober.
The difference in the dry weight of shoots plucked at 5 and 7
days in all the nonths was also non-significant. On the other
side the dry weight of shoot plucked at 17 days interval was
significantly highest in all the nonths except in April and July,

where it was at par with the shoot of 15 days interval.

During pruned year also there was significant increase in
the dry weight of plucked shoot with each successive increase in
plucking interval fron 3 t0O 17 days in all the nonths though the
di fferences were nore pronounced in May. The dry wei ght of shoot
plucked at 5 and 7 days and 11 and 13 days in June; 5 and 7 days,
11 and 13 days and 15 and 17 days in July; 3 and 5 days, and 5
and 7 days and 9 and 11 days in Septenber did not differ signifi-
cantly. In Cctober, where shoot weight reduced considerably in
all plucking intervals in conparison to other nonths, did not
result into significant difference in the shoot dry weight due to
different plucking intervals. In this nonth, the highest weight
recorded in the shoot of 17 days interval renained statistically
sinilar to shoot of 15 and 13 days intervals while the shoot of
| onest wei ght plucked at 3 days interval did not differ signifi-

cantly with shoot of 5 to 9 days intervals.
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4.1.1.5.Dry natter content of shoot

There was significant difference in the dry natter content
of shoot as influenced by intervals and nonths of plucking as
well as their interaction (Appendix IV), both during unpruned
(1990) as well as pruned (1991) years. The results have been
presented in Table 4.5.

It is evident fron the table that the dry natter content was

little nore in unpruned year as conpared to pruned year.

(a) Effect of plucking intervals

The data presented in Table 4.5 reveal that during both the
years of study, dry natter content decreased with increase in
plucking interval fron 3 days to 11 days, thereafter it increased
with plucking interval. However, the increase was not significant
in plucking intervals fron 11 to 17 days in unpruned year. In
pruned vyear, dry natter content was significantly higher due to
13 to 17 days intervals, conpared with 11 days. In both the years
of study, plucking interval of 7 and 9 days exhibited sinilar dry
natter content, which was conparable to that of 13 days interva
in the pruned year. Dry natter content in plucking intervals of

15. and 17 days were al so statistically alike.

(b) Effect of nonths of plucking
In unpruned year, the highest dry natter content was
observed in Cctober followed by May. April, July and Septenber
had sinilar dry natter content, which was significantly nore than
that in August but less than May. August nonth recorded the
lowest dry natter content. In pruned year also, highest dry

natter content was observed in Cctober which was followed by
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Table 4.5 Effect of plucking intervals on per cent dry ma
di fferent nonths of plucking in unpruned and pr

Pl ucki ng Mont hs of pl ucking

interval s Apri l May June July August  Sep

Unpruned year (1990)
3 Days 25.4 26. 4 25.4 24.8 24. 4
5 Days 25.4 25. 8 25. 4 23.9 23.6
7 Days 24. 8 25.3 24.1 23.3 22.9
9 Days 23.6 24.5 24. 3 23.6 22. 6
11 Days 23.9 24.7 24.0 21.9 21.1
13 Days 22.3 23.9 23.4 24.3 22. 4
15 Days 22.0 24.7 24. 8 23. 2 22. 7
17 Days 22.1 25.0 24. 3 22.9 23.1
Mean 23.7 25.0 24.5 23.5 22.9

Pruned year (1991)
3 Days - 23.3 24.2 25. 8 22.9
5 Days - 22. 4 23.7 24. 6 22.2
7 Days - 22.7 22. 4 23.8 21.5
9 Days - 21.8 21. 4 23.9 19.6
11 Days - 21. 4 22.0 21.8 20. 4
13 Days - 21.8 22.6 23.1 20. 8
15 Days - 22.1 23.1 25.5 21.1
17 Days 22. 7 24.1 23. 2 21.3
Mean 22.3 22.9 24.0 21.2

Unpruned year (1990) Pr

15 Em{'/ - L' . O» D C\/ % SEm",

| nt erval 0.1 0.4 0.1

Mont h 0.1 0.4 01

1 X M 0.4 1.1 2. 77 0 4



July, June, May and Septenber in order. The dry natter content
was statistically simlar in May and Septenber. August nonth

recorded | owest content in this year also.

(c) Interaction effect
I nteracti on between plucking intervals and nonths of pluck-
ing significantly influenced the dry natter content of shoot

during both years of the study (Table 4.5).

During unpruned year, the dry natter content, 1in general,
was highest in the shoots of shortest interval of three days and
It decreased continuously with increase in plucking interval upto
15 days in April, 13 days in May and June and 11 days in July to
Cctober nonths but further increase in plucking interval upto 17
days resulted in slight but inconsistent increase in the content.
The range of variation in dry natter content due to variation in
plucking interval was between 22.0 to 25.4 per cent in April,
23.9 to 26.4 per cent in My, 23.4 to 25.4 per cent in June,
21.8. to 24.8 per cent inJuly, 21.1 to 24.4 per cent in August,
21.9 to 24.7 per cent in Septenber and 25.3 to 26.8 per cent in
Cctober. The highest content during the season (26.8 per cent)
recorded in Cctober was in the shoots of 3 days plucking interva
whi ch, however, did not differ significantly with that of 5, 7
and 15 days intervals in the sane nonth as well as 5 and 7 days
intervals in May. Sinilarly, the lowest content of dry natter
during the season (21.1 per cent) observed in August nonth was in
the shoots of 11 days interval and statistically it was at par

wth the dry natter content of shoots of 15 and 17 days intervals
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in April and 11 days in July and Septenber.

During pruned year, the shoot dry natter content, I n
general, was highest in the shortest interval of 3 days and it
decreased continuously wth increase in plucking interval upto 9
days in June & August, 11 days in May, July and Cctober or 13
days in Septenber but further increase in the interval upto 17
days resulted in inconsistent increase in the content. Duri ng
this year the range of variation in dry natter content of shoot
as a result of variation in plucking interval was between 21.4 to
23.3 per cent in May, 21.4 to 24.2 per cent in June, 21.8 to 258
per cent in July, 19.6 to 22.9 per cent in August, 20.2 to 23.5
per cent in Septenber and 24.8 to 27.4 per cent in Cctober. In
this year also the shoots of 3 days intervals in October had
significantly highest dry natter content (27.4 per cent) over the
season. The next highest content was in the shoots of 15 days
interval (26.3 per cent) in the sane nonth which, however, did
not differ significantly with the dry natter of 3 to 17 days
excepting 11 days interval in the nonth (October) as well as with
3 and 15 days plucking intervals in July. The |owest content
during the season (19.6 per cent) recorded in August was in the
shoots of 9 days interval which was statistically at par wth

that of 11 days interval of the nonth as well as of Septenber.

4.1.1.6. Shoot wei ght increnent

Rate of increnent of fresh and dry weights of shoots were
significantly affected by plucking intervals, nonths of plucking
and their interaction during both unpruned (1990) and pruned

(1991) vyears (Appendix IV). The data in this respect have been
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Table 4.6 Effect of plucking intervals on rate of fresh we
(nmg/day) in different nonths of plucking in unpru

Pl ucki ng Mont hs of pl ucking
interval s Apri l May June July August Sept
Unpruned year (1990)
3 Days 12.5 10.0 8.5 8.6 7.5
5 Days 19.1 17.8 15.1 12.9 14.7 1
7 Days 20.5 22.1 17.5 18.7 16.0 1
9 Days 30.0 29.4 22.4 20. 4 21.4 1
11 Days ?0.6 34.5 23.5 31. 1 24.5 1
13 Days 34.7 37.9 24.9 29.6 30.3 2
15 Days 42. 7 38.0 25.4 35.6 28.3 2
17 Days 49.7 40.7 32.5 36.7 32.8 3
Mean ~2878~ 21.2 24. 2 21.9 1
Pruned year (1991)
3 Days 27.7 20.9 23.2 19.1 1
5 Days 49.0 38.9 45.0 31.0 2
7 Days 55.9 40. 0 48.0 40.8 2
9 Days 72.5 50.0 54.2 60.0 4
11 Days 75.1 68. 8 57.8 68.8 4
13 Days 80. 7 68. 7 63.4 74.3 5
15 Days 95.6 80.4 69.3 73.6 6
17 Days 95.0 90.9 76.6 84.6 5
Mean 68.9 57.3 54.7 56.5 41
Unpruned year (1990) Prune
SEmtZ  L.SSD. OV % SEm+Z3
I nt erval 0.8 2.2 1.9
Mont h 0.7 2.1 1.6
I X M 2.1 5.8 16. 03 4.5



presented in Table 4.6 and Table 4.7. Both the tables revea
that rate of shoot weight increnment (fresh as well as dry ) was

alnost double in pruned year as conpared to unpruned Vyear.
4.1.1.6. A Rate of fresh weight increnent

(a) Effect of plucking intervals
It is evident fromthe Table 4.6 that rate of fresh weight
increnent in wunpruned year (1990) increased consistently and
Gignificantly with each increase in plucking interval. The trend
was simlar in pruned year (1991) also excepting that the rate of
I ncrement was statistically sane in 5 and 7 days, 11 and 13 days

as well as in 15 and 17 days intervals.

(b) Effect of nonths of plucking

During unpruned year, rate of fresh weight increnent was
higher in April and May followed by July. The rate of fresh
wei ght increnment in June and August was significantly lower than

July but higher than Septenber. It was |lowest in Cctober.

During pruned year, May recorded the highest rate of fresh
weight increnent, followed by June, July and August. The rate

reduced significantly upto Cctober.

(c) Interaction effect

During wunpruned year, increase in plucking interval in all
the nonths of observation from3 to 17 days resulted in increased
rate of fresh weight increment, except in July where 9 days
interval showed the rate conparable with that in all the higher

intervals. The rate of fresh weight increment in 17 days interva
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was also at par ith that in plucking intervals upto 15 days in
July and Septenber, upto 13 days in May and August and upto 11
days in Cctober. In July, Septenber and Cctober, plucking inter-
vals of 3 and 5 days did not differ significantly between then in
this respect. Plucking intervals of 5 and 7 days in all nonths
had sinilar rate of increnent. Fron June to Cctober, rate of
fresh weight increment in plucking intervals of 7 and 8 days was
sinilar. The plucking interval of 9 days was also statistically
sinilar with 11 days in May and August; 11 and 13 days in April,
Septenber and Cctober; and 11 to 15 days in May and August.

During pruned year differences between plucking intervals of
15 and 17 days in all nonths of observation were not significant.
Plucking intervals of 3 and 5 days in August; and 3 to 7 days in
Septenber resulted in sinilar rate of shoot weight increnent.
Further, plucking intervals fron 5 to 7 days in May and August,
and 5 to 9 days in June and July also showed sinilar rate of
shoot weight increnent. The interval of 7 days or shorter
differed significantly with that of 9 days or longer in all
nonths except in July where plucking interval fron 7 to 11 days
did not differ significantly. In May and July, plucking intervals
of 9 to 13 days recorded sinilar rates of shoot weight increnent
but in August and Septenber 13 days interval recorded higher rate
than 9 or 11 days interval. In Cctober ' increase in plucking
interval did not bring significant change in rate of shoot weight

I ncrenent .

4.1.1.6.B. Rate of dry weight increnent

The effects of plucking interval, nonth of plucking and
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Table 4.7 Effect of plucking intervals on rate of dry
(nmg/day) in different nmonths of plucking in unp

Pl ucki ng Mont hs of pl ucking
intervals Apri | Vay June July August  Se
Dnpruned year (1990)
3 Days 3.2 2. 6 2.2 2.1 1.8
5 Days 4.6 4. 3 3.8 3.0 3.4
7 Days 6.0 55 4.1 4.3 3.5
9 Days 7.2 6. 9 5. 4.7 4.7
11 Days 6.4 8 2 5. 7.0 5.0
13 Days 8.7 8 6 5. 7.2 6.7
15 Days 11.5 8.5 6. 8.4 6.4
17 Days 10. 2 9.5 7.9 7.6 8.2
Mean 7.2 6.8 51 5.5 5.0
Pruned year (1991)
3 Days 6.4 4.7 5.9 4.4
5 Days 10. 8 9.4 10.9 7.9
7 Days 13.9 8.5 10.9 8.5
9 Days 15.6 10. 4 12. 8 11.4
11 Days 15.9 14. 6 16. 2 13.8
13 Days 17.5 12.9 13.1 15.4
15 Days 20.0 17.3 17.7 17.8
17 Days 21.5 16.9 16. 6 20.9
Mean 15. 2 TO 13. 0 12.5
Unpruned year (1990) Prun
SEm+/- L.S.D. CV % SEmt/ -
I nt erval 0.2 0.6 0.3
Mont h 0.2 0.5 0.3
| X M 0.5 1.5 17. 03 0.8



their interaction on rate of dry weight increnent have been shown

in Table 4. 7.

(a) Effect of plucking intervals

It is wevident fromTable 4.7 that the rate of dry weight
increnent increased significantly wth increase in plucking
interval from 3 to 17 days during both the years of study.
However, the increases due to plucking intervals of 13 and 17
days as conpared to 11 and 15 days, respectively, were not
significant. Simlarly, the difference between 7 and 5 days

intervals was non-significant in this respect during pruned year.

(b) Effect of nonths of plucking

During unpruned year, rate of shoot dry weight increnment was
highest in April, which remained statistically at par to that in
May, after which it declined significantly till Cctober.

During pruned year, the highest rate of dry shoot weight
I ncrement was recorded in May followed by July, August and June.
The rate further decreased from Septenber wuntil COctober. The
differences between July and August as well as between August and

June were not significant in this respect.

(c) Interaction effect

Table 4.7 enbodies the data pertaining to the interaction
effect of nonths and intervals of plucking on rate of shoot dry
weight increment. It is clear fromthe table that the trend of
effect of different plucking intervals in all the nonths was
simlar to their main effects Ith few exceptions in the signifi-

cance anong themin different nths as described bel ow
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In all the nonths during unpruned year, 17 days plucking
interval resulted in highest rate of shoot dry weight increnent
but was at par with 15 days interval in April, Septenber and
Qctober. It was also at par with intervals upto 11 days in My
and July, and with 13 days in August. On the other hand, 3 days
interval showed |owest rate of dry weight increnent, but its
differences with intervals upto 5 days in July, upto 7 days in

Septenber and upto 9 days in Cctober were not significant.

During pruned year, 17 days interval recorded highest rate
of shoot dry weight increnment, however, it did not differ signif-
icantly wth 15 days interval in all nonths of observation ex-
cepting August. In Qctober, the 17 days interval was at par wth
plucking intervals upto 5 days, though 15 days interval showed
nunerically higher rate of shoot dry weight increnent. The | owest
rate of increment of dry shoot weight was recorded in case of 3
days interval and this had non-significant differences in this
respect with plucking intervals upto 7 days in Septenber and upto

11 days in Cctober.

4.1.1.7.Rate of regeneration of shoots

The data pertaining to rate of regeneration of shoots
expressed as days taken by top axillary bud to grow to 2+Bud size
following plucking as influenced by intervals and nonths of
plucking as well as their interaction have been given in Table

4.8 and correspondi ng anal yses of variance in Appendix |V

The data enbodied in Table 4.8 reveal that the main effects
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Table 4.8 Effect of plucking intervals on rate of shoot re
mont hs of plucking in unpruned and pruned years

Pl ucki ng Hont hs of pl ucki ng
intervals Apri l May June July August  Sep
Unpruned year (1990)
3 Days 22.5 41. 4 41. 2 30.2 34.3 3
5 Days 22.5 41. 6 41. 2 30.5 34.3 3
7 Days 23.7 42. 3 38.2 32.0 35.5 3
9 Days 24.0 40. 6 41. 4 32.5 34.7 3
11 Days 23.6 41. 2 42.1 32.0 36.0 3
13 Days 25.8 40. 1 40. 6 31.9 35.7 3
15 Days 25. 8 43.9 41.8 30.5 36. 6 3
17 Days 26.0 43.0 39.0 30.9 35.8 3
Mean 24.2 41. 8 40.7 31.3 35.4 3
Pruned year (1991)
3 Days - 29.3 30.9 31.2 29.5
5 Days - 28.1 29.7 30.2 27. 4
7 Days .- 29.3 30.1 29.4 28.0
9 Days - 27.1 28.9 31.5 27.5
11 Days - 28.1 28.6 29.0 27.1
13 Days - 28.5 28.9 30.9 26.5
15 Days - 28.1 28.9 29.6 28.1
17 Days — 28.7 30.6 30.3 29. 4 2
Mean - 28.4 29.6 30.3 27.9
Unpruned year (1990) Pruned
SEmt/- L.S.D cv % SEm#/ ~
| nt erval 0.4 - NS- 0.3
Mont h 0 4 1.2 0.3

1 X M 12 - NS- 5.90 0.8



of plucking interval as well as its interaction wth different
months of plucking during both years in respect of regeneration
rate of shoot were non-significant. However, the effect of nonths

of plucking was significant during both the years.

During unpruned year, rate of regeneration was significantly
highest in April followed by July, August and Septenber. Al
these Mnths differed significantly fromeach other in this

respect. The regeneratic ate s slowest in May and June.

During pruned yea , the regeneration rate was faster in
Septenber followed by Ac." st, My, June and July. But the differ-
ences between forner two as well as latter two nonths were not

significant.

During both the years, shoots plucked in Cctober could not
regenerate to 'two leaves and a bud' (2 + Bud) stage. On an
average, pruned year showed faster rate of regeneration than

unpruned year.

4.1.1. 8. Kunber of plucking points

The influence of plucking interval on nunber of plucking
points per 100 crf and per primary shoot was found significant
during both the years of study (Appendix |IV). The data are given
in Table 4. 8.

The pl ucking point density per 100 cnf and per primary shoot
decreased wth increase in plucking interval during both the
years of investigation. Plucking points were, in general, nore in

unpruned year than in pruned year.
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4.1.1.8. A Plucking points per unit area

The shortest plucking interval of 3 days resulted in the
hi ghest plucking points per unit area during both the years. In
unpruned year, 5 and 7 days intervals, renmaining at par resulted
in significantly higher plucking points than 9 days or |onger
intervals. Plucking interval of 9 days also showed significantly
hi gher pl ucking points than longer intervals. Smlarly, 11 days
I nterval exhibited higher plucking points than the intervals nore
than 15 days. The differences between 11 and 13 days, 13 and 15
days, and 15 and 17 days plucking intervals were not significant

In this respect.

During pruned vyear, 5 days plucking interval resulted in
hi gher plucking points than the longer intervals. Pl ucking
intervals of 7 and 9 days, and 9 and 11 days did not differ wth
each other in this respect but 7 days I nterval showed
significantly higher plucking points than 11 days or wi der
intervals. Smlarly, 9 days interval produced significantly

hi gher pl ucking points than that of 13 days or wi der intervals.

4.1.1.8.B. Plucking points per primnary

Nunber of plucking points per primary shoot declined in
pruned year (19.1) conpared to that in wunpruned vyear (51.9).
During wunpruned vyear, plucking intervals of 3,5 and 7 days
resulted in significantly higher plucking points than 59 and 15
days intervals, respectively. The differences between 3 to 5
days, 5 to 9 days, 7 to 15 days, and 11 to 17 days plucking

intervals were not significant- The trend during pruned year was



Table 4.9 Effect of plucking intervals on nunmber of
area and per primary of tea bush in unprun

Mo. of plucking points/100 cm No.o

Pl ucki ng Unpruned year Pruned year U
interval s (1990) (1991)
3 Days 112. 7 86.0
5 Days 86. 3 66. 3
7 Days 75. 3 49. 3
9 Days 60. 0 46. 3
11 Days 48. 0 36.7
13 Days 39.0 34.3
15 Days 30.3 29.0
17 Days 26.7 27.3
Mean 59. 8 46. 9
SEmt+/ ~ 3.7 3.8
L.S.D 11.0 11.5
vV % 10.70 14. 02



also simlar to that of unpruned your. In pruned year, plucking
intervals of 3,5 and 7 days resulted in significantly higher
pl ucki ng points than higher intervals. Plucking intervals of 3 to
7 days, 5 to 11 days, 5 to 15 days, and 9 to 17 days did not

differ significantly wth each other in this respect.

4.1.1.9.Bush surface area

Tabl e 4.10 enbodi es the data on effect of different plucking
intervals on per cent increase in bush surface area in unpruned
(1990) and pruned (1991) years. Though during both the years
there was gradual increase in bush surface area with w dening of
plucking interval from3 to 17 days but their effect was signifi-
cant during unpruned year only (Appendix |IV). During unpruned
year al so, the increase in bush surface area was significant only
due to the longest interval of 17 days conpared with the shortest

interval of 3 days (Table 4.10).

4.1.1.10. Annual creep

The effect of plucking interval on annual creep in unpruned
and pruned tea bushes (Table 4.11) reveals that the creep
increased with increase in plucking interval. The average creep
was nore in unpruned year than that in pruned year particularly
in longer intervals. The effect of plucking interval on annua
creep was significant only in unpruned year (Appendix |IV), where
plucking intervals of 9 to 17 days showed statistically simlar
creep but significantly nore than that due to 5 days and shorter
intervals. Plucking interval of 7 days also resulted in higher
creep than intervals below 5 days but |ower than that due to over

15 days intervals and was at par with intervals from '9 to 13



Table 4.10 Effect of plucking intervals on increase
in bush surface area of tea in unpruned
and pruned years

Pl ucki ng % Increase in bush surface area *
intervals Unpruned year (1990) Pruned year (1991)
3 Days 2.41 ( 5.8) 2.75 ( 7.6)
5 Days 2.50 ( 6.4) 3.13 ( 9.9
7 Days 2.51 ( 6.3) 3.10 ( 9-7)
9 Days 2.88 ( 8.4) 3.40 (12.1)
11 Days 3.19 (10. 4) 2.78 ( 7.7
13 Days 3.16 ( 9- 9) 3.11 (10.9)
15 Days 3.46 (12.0) 3.95 (16.7)
17 Days 3.59 (12.9) 4. 05 (18.8)
Mean 2.96 ( 9.0 3.28 (11.7)
SEmt/ - 0. 38 — 0. 47
L.S.D 1.13 - -N. S. -
vV % 22.02 24. 88

* Data subjected to square root transformation
Original values are given parentheses

Table 4.11 Effect of plucking intervals on annual
creep of plucking table of tea bush in
unpruned and pruned years

Pl ucki ng Annual creep (cm
interval s Unpruned year Pruned year
(1990) (1991)
3 Days 2.80 2.80
5 Days 3.63 3.77
7 Days 4.73 4. 07
9 Days 5.57 4.10
11 Days 5. 87 4. 67
13 Days 5.87 4. 68
15 Days 6. 63 4. 87
17 Days 6. 70 4.83
Mean 5.23 4.23
SEmt/ - 0.42 0. 41
L.S. D 1.27 - NS-
vV % 13. 88 16. 75
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days. Plucking interval of Ddays s wed significantly |ower

creep than 5 days interval.

4.1.2.Yield

4.1.2.1.Geen leaf yield

The effect of plucking interval on green leaf yield in
different flushes as well as total of the season during both the
years - unpruned (1990) and pruned (1991) has been presented in
Table 4.12. The correspondi ng anal yses of variance have been

appended in Appendi x V.

A perusal of the table indicates that increase in plucking
interval was associated with increases in yield. The details of
the effect of plucking interval on green leaf yield are given

her e under:

4.1.2. 1. AEarly flush

Early flush contributed 39.6 per cent of the total yield of
t he season in unpruned year, where as in pruned year its contri-
bution was only 7.6 per cent. In pruned year, the yield in early

flush was only 13.2 per cent of that in unpruned year.

The plucking intervals did not Manifest significant effect
yield of early flush in unpruned year. However, in pruned year,
crop plucked at 13 days interval recorded significantly higher
yield than that of shorter intervals but it did not differ sig-
nificantly with the yield of higher intervals of 15 and 17 days.
The yield due to latter intervals was also statistically simlar

tothat of 5 and 7 days. Oop harvested at 5 to 11 days intervals
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Table 4. 12 HE feet of plucking intervals on green le
different flushes a:vi over the season in

Pl ucki ng

interval s Early flush Main flush Backend
s Unpruned year (1990)
3 Days 3911 4526 1255
5 Days 4471 5524 1231
7 Days 4748 5839 1584
9 Days 4731 6431 1212
11 Days 5180 6610 1547
13 Days 5723 6295 1298
15 Days 5662 7185 1045
17 Days 5498 8104 1088
Mean 4991 6314 1283
Pruned year (1991)
3 Days 424 4082 1765
5 Days 571 4922 1439
7 Days 623 5388 1971
9 Days 500 6041 1763
11 Days 504 6691 1306
13 Days 983 7519 1496
15 Days 838 6985 2483
17 Days 821 7571 2945
Mean 658 6150 1896

Unpruned year (1990)

SEm+/ - L. S.D. CV % SEm
Early flush 524 -N. S. - 18.17 10
Main flush 250 759 7.00 46
Backend fl ush 75 226 9.80 15

Total season 707 2145 9.73 55



did not bring significant change in yield. The lowest yield was
recorded at days interv- whi ch, -owever, did not differ

significantly vrith 5 days in rval.

4.1.2.1.B.Hain flush

Mean green leaf yield of nain flush was alnost simlar in
both the years (6314 kg/ha in pruned and 6150 in unpruned). The
main flush yield during unpruned year contributed 50.2 per cent
to the total seasonal yield whereas it was 70.6 per cent during

pruned year.

During wunpruned year, the longest plucking interval of 17
days brought significantly highest green leaf yield of main flush
followed by 15 days interval which did not differ significantly
with 9 and 17 days intervals. Significantly lowest yield was
obtained with shortest plucking interval of 3 days followed by 5
days. The yields recorded in 5 and 7 days intervals were statis-

tically simlar.

During pruned year also, the green leaf yield was highest in
case of 17 days plucking interval, though did not differ signifi-
cantly wth 15 days plucking interval. The green leaf yield was
significantly lowest wth plucking interval of 3 days which

remained at par with 5 and 7 days intervals.

4.1.2.1.C. Backend flush

The contribution of backend flush to the total season's
yield was 10.2 per cent in unpruned year and 21.8 per <cent in
pruned vyear. Conpared with unpruned year this flush in pruned

year had 47.8 per cent nore yield.

85



During unpruned year, the green leaf yield of the crop
plucked at 7 and 11 days intervals was statistically simlar and
significantly higher than other plucking intervals. The vyield
differences in case of remaining intervals were not significant

anong t hem

During pruned year, plucking intervals of 17 days resulted
in significantly highest green leaf yield followed by 15 days
plucking interval. The yield differences due to 3,5,9,11 & 13

days intervals were not significant amount themduring this year.

4.1.2.1.D Total season
The data in Table 4.12 showthat, in general, the tota
green leaf vyield obtained fromall flushes in pruned year was

69.1 per cent of that in unpruned year.

During both the years, plucking intervals of nore than 5
days recorded significantly higher yield over 3 days interval. In
unpruned year, green leaf yields in plucking intervals of 15 and
17 days were significantly higher over plucking intervals of |ess
than 7 days. The interval of 17 days resulted in significantly

hi gher yield than that obtained with 9 days.

In pruned year, plucking interval of 13 days or |onger
resulted in significantly higher total yield over 9 days or
shorter intervals. |In this year, 15 and 17 days intervals had
significantly higher yield over 11 days or shorter intervals. The
plucking interv *s from5 to 13 days in unpruned and from5 to 11

days in pruned year showed statistically simlar total leaf yield
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over the season.

4.1.2.2. Vade tea yield

Table 4.13 enbodies the effect of different plucking inter-
vals on nade tea yield of different flushes as well as of tota
season. The correspondi ng anal yses of variance have been given in

Appendi x V.

4.1.2.2. AEarly flush

Early flush yield of nade tea contributed 39.7 per cent in
unpruned and only 7.6 per cent in pruned year towards tota
season's nade tea yield. The nade tea yield in pruned year was

only 12.7 per cent of that obtained in unpruned year.

The effect of plucking intervals on nade tea yield of early

flush during unpruned year was not significant (Appendix V).

During pruned year, 13 days interval recorded significantly
hi gher yield than shorter intervals and was non-significant wth
that due to 15 and 17 days intervals. Plucking intervals of
15,17,5 and 7 days in the order were statistically at par in
terns of nade tea yield. Sinilarly, there were no significant
differences in the yields obtained fron pluckings at intervals of

| ess than 13 days.

4.1.2.2.B.Main flush

The contribution of nain flush towards total season's vyield
i n unpruned and pruned years was 50.1 and 70.5 per cent, respec-
tively. Made tea yield in pruned year was 83.4 per cent of that

I N unpruned year.
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Table 4.13. Effect of plucking intervals on nade t
fl ushes and over the season in unprun

Pl ucki ng

interval s Early flush Mai n flush Backen
Unpruned year (1990)
3 Days 994 1150 3
5 Days 1105 1365 3
7 Days 1152 1417 3
9 Days 1134 1540 2
11 Days 1200 1531 3
13 Days 1343 1478 3
15 Days 1368 1732 2
17 Days 1290 1900 2
Mean 1198 1514 3
Pruned year (1991)
3 Days 103 997 4
5 Days 135 1160 3
7 Days 140 1215 4
9 Days 112 1364 3
11 Days 110 1455 2
13 Days 222 1697 3
15 Days 200 1653 5
17 Days 192 1769 6
Mean 152 1414 4
Onpruned year (1990) Prune
SEro+V- L.S.D cVv % SEmt/ -

Early flush 128 NS- 18. 54 25

Mai n flush 62 187 7 18 113

Backend fl ush 19 57 9 60 38

Total season 176 535 10 12 138




Made tea yield fromnmain flush increased with increase in
pl ucking interval during both the years. In unpruned year, pluck-
ing intervals from5 to 13 days expressed statistically sinilar
yield, but significantly higher than that of 3 days but [|ower
than 15 and 17 days. Made tea yield obtained due to 15 and 17
days intervals was sinilar and significantly highest, while the
yield due to 3 days interval was significantly lowest during this

year.

During pruned year, plucking interval of 9 days or bel ow
resulted in significantly lower yield than that of 17 days. In
this year, intervals from9 to 15 days, 5to 11, and 3 to 7 days

produced statistically simlar yields of nade tea.

4.1.2.2.C Backend flush

This flush contributed 10.2 and 21.9 per cent nade tea yield
of the total season in unpruned and pruned years, respectively.
The nean yield of the flush in pruned year was 42.1 per cent nore

than that of unpruned year.

I n unpruned year, nade tea yield obtained from?7 days inter-
val was significantly higher than other intervals excepting 11
days which was on par. Plucking interval of 11 days produced the
yield statistically simlar to that of 3,5 and 13 days intervals,
but significantly higher than 9,17 and 15 days intervals. The
yield in latter intervals was simlar and lowest during the
flush. The yield obtained with 3 days interval was significantly

hi gher than that of 15 and 17 days intervals.



In pruned year, contrary to unpruned year, the nade tea
yield due to 15 and 17 days intervals was simlar and signifi-
cantly highest and this was statistically simlar to 13 days
interval. Plucking interval of 11 days had the |lowest yield and
remai ned non-significant wwth 9 and 13 days intervals. The inter-
vals from3 to 9 days as well as 13 days also recorded statisti-

cally simlar yields of nade tea.

4.1.2.2.D Total season
Hade tea yield of total season obtained in pruned year was

66.4 per cent of that in unpruned year.

In general during both the years, there was increase in
yield with increase in plucking interval. |In wunpruned year,
plucking interval of 11 days or nore produced significantly
higher vyield than that of 3 or 5 days interval. D fferences in
nmade tea yield from3 to 9 days and from7 to 17 days were not
significant. In pruned year, 15 and 17 days intervals exhibited
significantly higher yield over that of 11 days or shorter. The
plucking interval of 13 days also registered significantly higher
yield than below the 9 days. The nade tea yields in plucking
intervals from3 to 11 days, 9 to 13 days as well as from13 to

17 days were statistically simlar.

4.1.3. Quality

Ef f ect of different plucking intervals on quality of tea
was evaluated in respect of physical standard of «crop (i.e.
fineness of crop); pol yphenol content (total) in the tea

shoot, (which is an indication to the potenti al tea quality);
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Table 4.14 Effect of i lucking intex-vals on fineness of c
pl ucking in unpruned and pruned years

Pl ucki ng _ Mont hs of pl ucki ng
interval s April May June July August Se
Unpruned year (1990)

3 Days 86. 2 79.1 74.9 74.8 76. 2

5 Days 77.6 72.6 68. 2 70. 3 67.6

7 Days 73.3 65. 6 65. 2 64.5 63.3

9 Days 69. 6 66. 7 63. 6 61.9 57.9
11 Days 67.0 64.1 60. 8 47. 6 48. 3
13 Days 63.1 67.2 53.8 57.2 45. 2
15 Days 59.9 56. 2 47. 3 45. 3 46. 2
17 Days 58. 6 62.1 43. 6 40.7 52.8
Mean 69. 4 66. 7 59.7 57.8 57.2

Pruned year (1991)

3 Days 88.5 93.6 87.2 85.0

5 Days 71.7 71.7 69.5 69. 3

7 Days 72.0 60.5 57.3 59.2

9 Days 60. 9 49. 2 46. 8 42.5
11 Days 50. 0 45. 6 44.9 34.5
13 Days 43. 4 36.9 34.2 30.2
15 Days 45. 8 34.3 33.3 25.1
17 Days 47.8 29.6 43. 4 21.3
Mean 60.0 52.7 52.1 45.9

Unpruned year (1990) Pruned
SEmt/ - L.SSD. CV % SEmt+Z-

| nt erval 0.8 2.1 0.8
Mont h 0-7 2.0 0.7
I X M 2.1 5.7 5.79 2.0




nmade tea paraneters viz, caffeine, theaflavin (TF), thearubigin
(TR contents as well as brightness and total colour of tea and
taster's report on brightness <colour, total quality and val ua-

tion of tea.

4.1.3.1. Per cent fineness of cr
The fineness of crop was significantly affected by plucking
intervals, Mnths of plucking as well as their interaction

(Appendi x VI). The results have been given in Table 4. 14.

In general, the average fineness of the crop in unpruned

year (1990) was uore than in pruned year (1991).

(a) Effect of plucking intervals

During both the years, the fineness decreased significantly
wth increase in plucking interval. However, the decrease was
not statistically significant in respect of plucking intervals of
15 and 17 days in both years; 11 and 13 days in unpruned year;
and 13 and 15 days in pruned year.

(b) Effect of nonths of plucking

During unpruned vyear, the fineness of crop in April was
hi ghest which decreased in later nonths till Septenber and there-
after showed an increase in Cctober. June and July as well as

July, August and Septenber recorded statistically simlar
fineness and also did not differ significantly wth Gctober in
this respect. In pruned year, the highest fineness of the crop
was recorded in May and it showed decreasing trend till August.

Thereafter, it increased till Cctober. June, July and Septenber
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harvested crops showed simlar fineness which, however, was

significantly lower th™n that of Cctober.

(c) Interaction effect
The fineness of crop was sign “icantly influenced due to the
interaction between inte als and onths of plucking during bot

unpruned and pruned years (Table 4.14).

During unpruned year, the fineness of crop was significantly
highest when it was harvested at 3 days interval in all the
months fron April to Cctober except that in July, the fineness of
the crop plucked at 5 days interval was statistically at par with
that of 3 days interval. The fineness decreased in each nonth
significantly with increase in the plucking interval wth few
exceptions in each nonth when sone intervals were at par wth
others. In April, June, July and Cctober, the |ongest interval of
17 days resulted in lowest value for fineness and this interva
did not differ significantly with 15 and 13 days intervals in
April and wth 15 days interval in JuWie and July. In My and
Septenber, plucking interval of 15 days recorded |owest fineness
but its difference with 11 and 13 days plucking intervals in

Sept enber was not significant.

During pruned year also the shortest plucking interval of 3
days produced crop with significantly highest fineness in all the
nmonths. The fineness decreased significantly with increase in
plucking intervals in all the nmonths though the differences
between sone intervals in different nonths were not significant.

In May, the lowest fineness was recorded due to 13 days pl ucking
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interval, but it did not differ significantly fron longer inter-
vals of 15 and 17 days. In July, the fineness of crop due to 13
and 15 days placking intervals was sinilar and significantly
lowest. In regaining nonths (i.e. June, August, Septenber and
October), «crop plucked at 17 days interval had |owest fineness,
which, however, did not differ significantly wth 15 days
interval in June and August, and 13 and 17 days intervals in

Sept enber .

4.1. 3. 2. Pol yphenol content

The effect of plucking interval, nonth of plucking and their
I nteraction on pol yphenol content of tea shoot in wunpruned and
pruned years have been presented in Table 4.15 and correspondi ng

anal yses of variance given in Appendix VI.

(a) Effect of plucking intervals

The data in Table 4.15 reveal that there was significant
decrease in polyphenol content of the shoots wth increasing
plucking interval fron 3 to 17 days during both the years. In
unpruned vyear, plucking intervals of 9 and 11 days, 13 and 15
days as well as 15 and 17 days did not differ significantly wth
each other. Sinilarly in pruned year, the difference between 3
and 5 days, 7 and 9 days and 15 and 17 days plucking intervals

al so renai ned non-significant.

(b) Effect of nonths of plucking
I n unpruned year, the content of pol yphenol was nore in My
.than in April and June, the latter two renaining at par. The

pol yphenol content decreased significantly fron June to Cctober.
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Table 4.15 Effect of plucking intervals on pol yphenol cont
different nonths of plucking in unpruned and pr
Pl ucki ng Mont hs of pl ucking
interval s April Vay June July August Septe
Unpruned year (1990)
3 Days 22.10 23. 40 21.03 20. 47 19. 47 16
5 Days 21.17 21. 37 21. 33 18. 83 18. 50 17
7 Days 19. 63 19. 23 18. 17 18. 33 17. 83 16
9 Days 17. 43 19. 20 17.53 16. 63 16. 37 16
11 Days 18. 23 19. 47 17. 47 15. 83 15. 13 14
13 Days 12. 07 16. 23 15. 93 13.70 13. 77 13
15 Days 13. 43 18. 37 13. 50 12. 83 12. 43 12
17 Days 14. 63 16. 30 12. 43 12. 40 11. 60 11
Mean 17. 34 19. 20 17.18 16. 13 15. 64 15
Pruned year (1991)
3 Days 18. 45 18. 50 19.10 18. 95 20
5 Days 18. 55 18. 00 19. 35 19. 00 19
7 Days 15. 80 17.85 17. 85 17.95 17
9 Days 17. 15 18. 00 18. 90 16. 95 18
11 Days 13.55 16. 55 17. 60 16. 20 17
13 Days 12. 85 13. 95 15. 05 17. 25 16
15 Days 11. 20 14. 85 14. 60 15. 05 15
17 Days 11.70 14. 20 13. 85 13. 65 14
Mean 14.91 16. 49 17.04 16. 88 17
Unpruned year (1990) Prune
SEmt/ - L.S. D CV % SEmt+/ ~
| nt erval 0.78 0.21
Mont h 0.73 0.18
I X M 7.79 0.51




The contents in July and August, August and Septenber as well as
Septenber and Cctober were statistically sane. The trend of
vari ation of polyphenol content in tea shoots in different nonths
in pruned year was different to that of unpruned year. In pruned
year, the content was lowest in May, which increased signifi-
cantly till July and again declined in August but not to signifi-
cant level. The content again showed significant increase till
Cct ober. The content observed in the nonth of August was sinilar

to that of June in pruned year.

(c) Interaction effect
The interaction between intervals and nonths of plucking
significantly influenced the pol yphenol content of tea shoots

during both the years of investigation (Table 4.15).

During unpruned year, the highest content of polyphenol was
recorded at 3 days plucking interval in April to August, and
Cctober but it did not differ significantly with 5 days interval
in April to July, 5 and 7 days intervals in August and 5 to 11
days intervals in Qctober. In Septenber, the crop of 5 days
interval had significantly higher content than others, but did
not differ significantly with 3, 7 and 9 days intervals. The
difference of 3 and 9 days plucking intervals with the 11 days
i nterval regardi ng pol yphenol content in this nonth was also not
significant. The |owest polyphenol content in April was recorded
at 13 days interval which was statistically sinilar to that of 15
days. The content due to 17 days plucking interval in this nonth

was significantly higher than that due to 13 and 15 days inter-
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vals. As in April, an May also the crop of 13 days plucking
interval resulted in lciest polyphenol content but this interva

was at par with 17 days. In this nonth the difference betwen 15
and 17 days plucking intervals was al so non-significant in this
respect. In renaining nonths, the |owest pol yphenol content in
tea was noted in case of the produce obtained fron 17 days pl uck-
ing interval. In June and August the differences due to 15 and 17
days intervals were not significant. In July, Septenber and
Cct ober, the lowest content was noticed in case of 17 days inter-
val which was statistically sinilar to that of 13 and 15 days
intervals. Overall conparison shows that tea harvested at 3 and 5
days intervals in April and May and at 5 days interval in June
recorded highest polyphenol content. On the other side, tea
plucked at an interval of 13 days in April; 17 days in June; 15
and 17 days in July and August; and 13 to 17 days in Septenber
and Cctober not differing significantly anongst thenselves con-

tai ned | owest pol yphenol.

The interaction between plucking intervals and nonths of
pl ucking in pruned year also showed the simlar trend as that in
unpruned year wth few exceptions. In Septenber and Cctober,
significantly highest polyphenol content was obtained in 3 & 5,
and 5 days plucking intervals, respectively. The |lowest content
was noted in the pluckings of May nonth at intervals of 15 and 17
days. The shortest plucking interval of 3 days resulted in
hi ghest pol yphenol content in the shoots throughout the year but
this interval did not differ significantly with 5 and 7 days in

My and July; 5 to 9 days in June; 5 and 7 days in August and 5



days in Septenber. In October, the content due to 3 days interva
was significantly highest. In all the nonths of plucking, the
longer intervals of 15 and 17 days, remaining at par, had
significantly |ower polyphenol content than other intervals
"-ri--% that !'.? d-ys interval did not differ significantly with 13
days in May; 15 days interval did not differ significantly wth
11 days in August and 13 days in Septenber; and both 15 and 17
days intervals did not differ significantly with 13 days interva

in June, July and October in this respect.

4.1.3.3. Mnde tea characters

The nade tea sanples were analyzed for the five | mpor t ant
characters of black tea, wviz, caffeine content, t heaf | avin
content, thearubigin content, total colour and brightness. The
results have been presented in Tables 4.16 to 4.20. The corre-

spondi ng anal yses of variance have been conpiled in Appendix VII.

4.1.3.3. 1. Caf feine content

The effects of plucking intervals, nmonths of plucking and
their interaction on caffeine content of nade tea in unpruned
(1990) and pruned (1991) years were significant (Appendix VII) and

have been presented in Table 4. 16.

(a) Effect of plucking intervals

There was significant decrease in caffeine content wth
increase in plucking intervals during both unpruned (1990) and
pruned (1991) years. However, the decrease was not significant
between the intervals of 11 and 13 days as well as between 15 and

17 days during both the years, besides 3 and 5 days in wunpruned
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Table 4.16 Effect of plucking intervals on caf xeine ¢
differ.ent Bonths of plucking in unpruned a

Pl ucki ng Mont hs of pl ucki ng
interval s May June July August Sept enbe
Unpruned year (1990)
3 Days 3. 498 2. 883 2.742 2. 677 2.329
5 Days 3. 302 2.902 2.841 2.392 2.049
7 Days 2.715 2.461 2.394 2.296 2. 045
9 Days 2.841 2. 244 2. 141 2.163 1. 950
11 Days 2.870 2.204 2. 003 1. 937 1.923
13 Days 2.725 2.141 2.211 1. 843 1. 887
15 Days 2. 301 1.920 1.870 1.921 1. 662
17 Days 2.010 1.972 1.821 1.892 1.787
Mean 2.783 2.341 2. 253 2.140 1.954
Pruned year (1991)
3 Days 2. 663 2.914 3. 239 2. 852 3.033
5 Days 2. 477 2.924 3.023 2. 647 2.612
7 Days 2.289 2.733 2. 737 2.723 2.480
9 Days 2. 157 2.461 2. 647 2. 449 2.261
11 Days 2. 096 2. 267 2.463 2.149 2.088
13 Days 2. 156 2.351 2. 269 1.967 2.279
15 Days 2. 067 2.180 2. 285 2. 000 1.713
17 Days 1.908 1.938 2. 360 1.920 1.816
Mean 2.227 2.471 2.628 2.338 2.285
Unpruned year (1990) P
SEmt/ - L. £».D CV o SEm
| nt erval 0. 037 0. 103 0.
Mont h 0. 035 0. 097 0.
I X M 0. 098 0. 273 7 21 0.




year.

(b) Effect of nonths of plucking

In unpruned year, the caffeine content of nade tea
decreased from April to Septenber and inproved a little later in
Cctober but not significantly. The caffeine content in June and
Qulyee..  £3 r VIl t-z In Ssptsnbsr and Qotcr ¢ r.onths were statisti-
cally simlar. The trend of variation in caffeine content in
pruned year was different. During this year, the content was
significantly higher in July and Cctober nonths than others. The
content increased significantly from My to July and then
declined wuntil Septenber; My and Septenber or August and
Septenber as well as July and Cctober had conparable caffeine

contents in nmade tea.

(c) Interaction effect
The interaction between plucking intervals and nonths of
plucking in respect of caffeine content of nade tea was signifi-

cant during both the years of study (Table 4.16).

During unpruned year, the caffeine content in tea plucked in
May, June and July was significantly higher in case of plucking
intervals of 3 and 5 days but in August and Septenber, tea of 3
days interval had significantly higher caffeine content than that
of 5 days interval. In Cctober, 3 and 5 days intervals did not
differ significantly with 7 days interval in this respect.
Significantly |owest caffeine content was recorded due to 17 days
plucking interval in May. In July and Cctober al so, tea obtained
from plucking interval of 17 days contained |owest caffeine

content but simlar to that of 15 and 11 days intervals. In June
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and Sept enber, tea plucked at 15 days interval had the | owest
caffeine content and did not differ significantly with plucking
intervals of 17 and 13 days. In Septenber al so, plucking interva
of 15 days resulted in tea with |owest caffeine content which,
however, was at par with 13 and 17 days intervals. The caffeine
content of tea plucked at 13 and 17 days intervals, did not
differ significantly fromthat of 5 to 11 days intervals in this
nmont h. In overall assessnent, the highest caffeine content was
observed in tea of May nonth plucked at the intervals of 3 and 5
days whereas the |owest content was recorded in tea of Septenber
mont h plucked at 15 days interval, which, however, did not differ
significantly with the content of 9 to 13 as well as 17 days
intervals in the sanme nonth; 15 days interval in June; 15 and 17
days intervals in July; 13 to 17 days intervals in August; and 11

to 17 days intervals in Cctober.

During pruned year also plucking intervals of 3 days in all
the nonths resulted in tea with significantly higher caffeine
content. This interval did not differ significantly with 5 days
in My and July; 5 and 7 days in June and August, and 5, 7 and 9
days in October. In June and COctober, tea obtained from the
plucking interval of 17 days had significantly |owest caffeine
content. In May and August also the |owest caffeine content was
observed in the tea harvested at 17 days interval and this
content did not differ significantly with that of 15 and, 11 days
intervals in May and 15, 13 and 11 days intervals in August. In
July, the lowest content was recorded in tea of 13 days interva

which was at par with that of 15, 17 and 11 days intervals. The
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tea obtained at 15 days interval contained |owest caffeine
percentage in Septenber, though it did not differ significantly
wth that of 17 days interval. Tea nade fromthe harvest of 3
and 5 days intervals in July and 3 days interval in Septenber had
the highest caffeine content in the season. On the other hand,
tea of 15 and 17 days intervals harvested in May, June and August

contained significantly |owest caffeine.

4.1.3.3.2.Theaf | avin cont ent

The theaflavin (TF) content in nade tea was significantly
i nfluenced due to plucking intervals, nonths of plucking and
their interaction during both unpruned (1990) and pruned (1991)
years (Appendix VI1). The results have been presented in Table

4. 17.

(a) Effect of plucking intervals

The different plucking intervals had significant influence
on TF content of nade tea. Increase in plucking interval from 3
to 17 days resulted in significant decrease in TF content of nade
tea during both the years of study. In unpruned year, however, 11
days interval did not differ significantly with 9 and 13 days
intervals in this regard. Simlarly the TF content of tea from 15

and 17 days intervals remained simlar during pruned year.

(b) Effect of nonths of plucking

The data presented in Table 4.17 reveal that in unpruned
year, the TF content decreased significantly fromNMy to August
and thereafter increased till Cctober. The TF content was

simlar in the tea obtained during nonths fromMy and Cctober
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Table 4.17 Effect of pluckixig intervals on theafl avi
teain different nmonths of plucking in un

Pl ucki ng Mont hs of pl ucking
intervals May June July August  Septenb
Unpruned year (1990
3 Days 0. 530 0. 365 0. 310 0. 295 0. 369

5 Days 0. 501 0. 380 0. 299 0.272 0. 309

7 Days 0. 460 0. 315 0. 283 0. 291 0.312

9 Days 0. 366 0. 263 0.242 0. 267 0.271
11 Days 0. 351 0. 265 0. 260 0. 222 0. 268
13 Days 0. 320 0.211 0. 216 0. 241 0. 301
15 Days 0. 246 0. 208 0. 202 0. 227 0. 290
17 Days 0. 262 0.175 0. 255 0.194 0. 220
Mean 0. 380 0.273 0. 258 0. 251 0. 293
Pruned year (1991)
3 Days 0. 297 0. 467 0. 505 0. 338 0. 393
5 Days 0. 282 0. 425 0.478 0. 288 0. 295
7 Days 0. 277 0. 396 0. 441 0. 245 0. 297

9 Days 0. 266 0. 393 0. 408 0.183 0. 315
11 Days 0. 250 0. 318 0. 355 0. 152 0. 310
13 Days 0. 232 0. 325 0. 261 0. 200 0.218
15 Days 0. 230 0. 244 0. 270 0.123 0. 187
17 Days 0. 235 0. 246 0. 285 0. 136 0.183
Mean 0. 259 0. 352 0. 375 0. 208 0. 275
Unpruned year (1990)

SEmt+/ ~ L, S. D CV % SEm
| nt erval 0. 005 0-8%? 8:8
Mont h 0.004 0- 34 0.0

I X M 0.011 0 031 6.




as well as July and August. In pruned vyear, the content
increased significantly fron May to July and then declined to
the lowest level in August. It inproved later in Septenber and
Cctober. June and Cctober recorded simlar TF contents, which,

however, were significantly higher than that of Septenber nonth.

(c) Interaction effect
The theaflavin content of nade tea was significantly influ-
enced by the interaction between plucking intervals and nont hs of

pl ucki ng during unpruned and pruned years (Table 4.17)

During unpruned year, wder variations in TF content due to
plucking intervals were recorded in May and Cctober when TF
content was higher than other nonths (Table 4.17). The TF content
in the tea nade fron the crop of.3 and 5 days plucking intervals
in My was not only highest in this nonth but also during other
nont hs. However, in Septenber and Cctober, plucking interval of 3
days had significantly higher TF content in nade tea. The tea of
this interval in each respective nonth also resulted in highest
TF content but its difference with 5 days interval in June; 5 and
7 days in July; and 5 to 9 days in August were not significant in
this respect. On the other side, the |owest TF content was noted
in tea nade fromthe crop of 15 and 17 days intervals in May; 17
days interval in June, Septenber and Cctober; 15 days interval in
July; and 17 and 11 days intervals in August. Overall, the tea
made from the crop of 17 days plucking interval in June while
remaining at par with that of 15 days interval in July and 17
days interval in August, had the lowest content of TF in the

season.
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During pruned year, the wider variations in TF content of
nade tea due to different plucking intervals were noted in July
(Table 4.17). Like unpruned year, tea Manufactured fromthe crop
of 3 days plucking interval resulted in the highest TF content in
all the nonths, however, its differences with that of 5 and 7
days in May; 5 days in July; and 5 to 9 days in Cctober were not
significant. Tea of July nonth nade fron 3 days plucking interva
while remaining at par with 5 days I nt er val recor ded
significantly higher TF content than the renaining intervals. The
next highest content of TF was in the tea of 3 days interva
harvested in June which also remained statistically simlar to
the content of tea of July nonth plucked at 5 days interval. On
the other hand, tea of 15 days plucking, not differing
significantly wth that of 13 and 17 days plucking intervals in
May; 17 days plucking interval in June and Cctober; and 11 and 17
days plucking intervals in August had |owest TF content. In July,
though the lowest content was recorded in the tea obtained from
13 days plucking interval, its difference wwth the content of the
crop of 15 and 17 days intervals was not significant. In
Septenber also, tea of 15 and 17 days crop wthout differing
significantly contained |owest TF content. Overall, the lowest TF
content was recorded in the tea of 11, 15 and 17 days pl ucking

intervals in August in the pruned crop.

4.1.3.3.3. Thearubi gi n content
Thearubigin (TR) content of nade tea was significantly

I nfl uenced due to plucking interval, nonth of plucking as well as

105



Table 4.18 Effect of plucking intervals on thearubi
tea in different nonths of plucking in un

Pl ucki ng Mont hs of pl ucki ng
intervals May June July August  Septenb

Unpruned year (199

3 Days 11. 342 10. 971 9.871 9. 408 7.74
5 Days 11. 542 10. 906 8.974 9. 288 7.45
7 Days 9.971 10. 841 8.799 8. 963 6. 61
9 Days 10. 132 9. 637 8. 315 7.961 6. 81
11 Days 9. 938 9. 984 7.371 7.378 6. 95
13 Days 10. 042 7.834 8. 015 7.233 6. 75
15 Days 8. 591 7.141 7.910 7.230 6. 22
17 Days 7.928 8. 142 6. 977 7.251 6. 62
Mean 9. 936 9.432 8.279 8. 089 6. 89
Pruned year (1991
3 Days 6. 872 7.671 8.401 7.832 8. 38
5 Days 6. 901 6. 775 7.152 7.614 8. 29
7 Days 6. 531 5. 603 7.420 7.874 6. 52
9 Days 5.932 6. 010 7. 206 6. 979 7.82
11 Days 5.740 5. 962 5. 320 5. 186 5.99
13 Days 6. 361 5.990 4.614 6. 149 6. 16
15 Days 6. 501 5.117 5. 001 4.694 5.01
17 Days 6. 199 5. 400 5. 099 5.121 5.15
Mean 6. 380 6. 066 6. 277 6. 431 6. 66
Unpruned year (1990)

SEmt/ - L.E5D QV 9 S

| nt erval 0. 223 0. 624

Mont h 0. 193 0. 540

1 X M 0. 545 1. 527 11. 34




their interaction during both wunpruned (1990) as well as pruned
(1991) vyears (Appendix VI1). Tho rooultn havo boon presented in
Tabl e 4. 18.

(a) Effect of plucking intervals

Li ke caffeine, polyphenol and TF, there was decrease in TR
content due to increase in plucking interval fron 3 to 17 days.
In unpruned year, significant decrease in TR content was
observed when plucking interval was increased fron 3 to 7 days or
| onger, 5 to 9 days or longer, 7 to 11 days or longer, 9 to 15
days or longer and 11 to 17 days. |In pruned vyear, plucking
intervals longer than 7 days resulted in significantly lower TR
content in nade tea than the shortest interval of 3 days.
Pl ucking intervals of 15 and 17 days, renaining at par, resulted
in significantly lower content of TR than 13 days interval in
this year which was non-significant with TR content at 11 days

I nt erval

(b) Effect of nonths of plucking

The trend in TR content during different nonths of plucking
in unpruned and pruned years was different (Table 4.18). In
unpruned year, TR content of nade tea decreased continuously
fron May to Septenber but increased in Cctober. The TR contents
in May and June, July and August, and Septenber and Cctober were
statistically alike. In pruned year, Ilowest TR content was
recorded in June nonth which increased till Cctober; however,
the contents were statistically sinilar during the nonths fron

May to August. Besides, the TR contents of nade tea in the nonths
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of May, July and August were also simlar to that 1in Septenber

nmont h.

(c) Interaction effect

Interaction between different intervals and nonths of
pl ucking significantly influenced the TR content during both the
years of study. The effect of different plucking intervals
reveals that, in general, TR content decreased with increase in
pl ucking interval in each nonth but in August during unpruned
year and in May during pruned year the effect was not significant

(Table 4.18).

During wunpruned year, the TR contents of tea prepared from
the crop of 3,5,9 and 13 days plucking intervals in May;, 3 to 13
days in June; 3 to 7 days in July and August; and 3 to 7 and 9
days in COctober were statistically simlar and significantly
higher than remaining intervals in respective nonths. Plucking
intervals of 15 and 17 days in May; 13 to 17 days in June; 11 to
17 days in July and August; and 11,15 and 17 days in Cctober
while not differing anong them respective nonths had |owest TR
content. The TR content in tea of 15 days plucking interval in
June was statistically as high as that in 9 days interval.
Simlarly, the TR contents in tea of 13 and 15 days intervals

were at par with that in tea of 5 to 9 days intervals.

During pruned year, TR contents observed in tea of crops
plucked at 3 and 5 days in June and Septenber; 3 to 9 days in
July and August; and 3 to 13 days in October were statistically

simlar and significantly higher than remaining intervals. Pluck-

108



1>

ing intervals fron 7 to 17 days in June; 11 to 17 days in July,
Septenber and Cctober and 11, 15 and 17 days in August recorded
statistically sinilar content, which was significantly |ower than

other intervals.

4.1.3.3.4. Total col our

Table 4.19 contains the data on the effect of plucking
intervals, nonths of plucking and their interaction on tota
colour of nade tea both in unpruned (1990) as well as in pruned
(1991) vyears. The correspondi ng anal yses of variance have been

appended in Appendix VII.

(a) Effect of plucking intervals

The tea nanufactured fron the harvest of 3 to 17 days pl uck-
ing intervals had significant decrease in colour of nade tea
with increase in length of plucking interval during both years.
However, the reductions in total colour by extending plucking
intervals fron 3 to 5 days, 5to 7 days and 7 to 15 days in
unpruned year were not significant. In the sinilar way, in pruned
year plucking intervals of 7 and 9 days, 9 and 11 days and 15

and 17 days recorded statistically sane total colour of nade tea.

(b) Effect of nonths of plucking

During wunpruned year, total colour of tea, nade fron the
harvests obtained in the of nonths of May, June, July and Septen-
ber was statistically alike and significantly superior to that
of August. The colour of tea in August nonth was still better
than that of Cctober that resulted in tea with poorest colour. In

pruned year, the poorest colour of nade tea was noted in the tea
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plucked in May. The tea of Septenber aid July had simlar and
significantly better total colour than that of August, Cctober
and June. The differences anong August, October and June were not"

significant in respect of total colour of made tea in this year

(c) Interaction effect

Total colour of nade tea was significantly affected by the
interaction between different plucking intervals and nonths of
plucking during both the years. Though the general trend of
total colour was decreasing wth increase in plucking interva
in all the nonths of observation but the decrease was not

consi stent particularly during unpruned year (Table 4.19).

During unpruned year, the plucking intervals of 3, 5 and 9
days in My; 3 to 11 except 9 days in June; 3 to 15 except 11
days in July; 3 to 9 days in August; 3, 7, 11 & 17 days in
Septenber; and 5 & 11 to 15 days in COctober resulted in statisti-

cally simlar and higher total colour than remaining intervals.

During pruned year, the total colour of nmade tea obtained
from the <crop of May remain unaffected due to variation in
pl ucki ng interval. In remai ning nonths, the tea made from the
pluckings of 3 and 9 days in June; 3 to 9 days in July; 3 & 5
days in August; and 3 to 13 days in Cctober had statistically

simlar total colour which was higher than remaining intervals.

4.1.3.3.5.Brightness
The brightness of nmade tea expressed in percentage as influ-

enced by interval and nonth of plucking as well as their inter-



Table 4.20 Effect of plucking intervals on brightne
nmonths of plucliing in unpruned and prune

Pl ucki ng Mont hs of pluckin
interval s May June July August Septenb

Unpruned year (19

3 Days 19. 877 18. 917 13. 791 8. 057 10. 63
5 Days 19. 151 20. 019 12.178 11. 946 9.85
7 Days 18. 071 14. 412 13. 317 10. 153 9.97
9 Days 13. 311 11. 774 8.715 7 .824 9. 67
11 Days 14. 121 11. 856 10. 515 8. 697 8. 65
13 Days 13. 353 11. 079 9. 933 8. 331 10. 05
15 Days 11. 471 13. 216 9.404 7.824 8. 90
17 Days 12. 341 10. 743 7.221 8. 053 7.28
Mean 15. 212 14. 002 10. 634 8. 861 9. 380

Pruned year (199

3 Days 10. 570 17. 452 17. 647 11. 136 10. 70
5 Days 11. 960 15. 315 17. 889 12. 519 9.55
7 Days 10. 574 13. 953 16. 504 11. 163 10. 15
9 Days 11. 409 11. 655 16. 057 6.128 9.06
11 Days 10. 778 11. 382 16. 088 7.530 11.81
13 Days 10. 375 12. 979 17. 204 7.924 8.41
15 Days 9.722 10. 126 14. 479 7.166 7.25
17 Days 9. 375 11. 202 14. 470 4. 885 7.70

Mean 10. 595 13. 008 16. 292 8. 556 9.331

Unpruned year (1990)

SEmt+/ - L. S. D &V o
| nt erval 0. 367 1. 026
Mont h 0. 317 0. 889

I X M 0. 898 2. 514 12. 88



action in unpruned (1990) and pruned (1991) years has been given
in Table 4.20. The correspondi ng anal yses of variance have been

appended in Appendi x VII.

(a) Effect of plucking intervals

The tea obtained fromthe harvest of 3 to 17 days resulted
in significant decrease in the brightness as a result of increase
in the plucking interval during both years of the investigation
However, the bDbrightness of tea nade fromthe crops of 3 and 5
days as well 15 or 17 days plucking intervals was simlar during
both the years. In unpruned vyear, plucking interval of 7 days
resulted in the brightness simlar to that of 5 days interval.
The tea obtained fron intervals of 9 to 15 days in unpruned
year and 9 to 13 days in pruned year had statistically simlar

bri ght ness.

(b) Effect of nonths of plucking

In unpruned year, higher brightness was observed in tea
manuf actured from May plucking. The brightness decreased after-
wards till August and it showed increasing trend thereafter til
end of the season. The brightness of nmade tea from plucking of
May and Cctober, June and Cctober as well as August and Septem
ber was statistically simlar. In pruned year, the brightness
increased from My to July and thereafter decreased nmarkedly in
August and inproved later till October. Statistically, tea
manufactured from the crop of July had the highest brightness
followed by Cctober while August plucked tea contained the

| onest brightness in nmade tea.
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(e) Interaction effect
The brightness of tea was significantly influenced due to
Interaction between different intervals and nonths of plucking

(Table 4.20) during both the years of investigation.

During wunpruned year, tea wth higher brightness was
obt ai ned when it was prepared fromthe harvest of 3, 5 and 7 days
intervals in My, difference anong these intervals being non-
significant. The tea with lowest brightness in this nonth was
obtained when nade fromthe crop of 15 days plucking interva
whi ch, however, did not differ significantly fromthe tea of 17,
13 and 9 days plucking intervals. In June, tea of 5 days interva
remaining at par with that of 3 days interval recorded higher
brightness than other intervals; while plucking interval of 17
days not differing significantly wwth other intervals ranging
from 9 to 15 days, resulted in tea of |owest brightness. Like
May, ©plucking intervals of 3 to 7 days in July also resulted in
tea wth significantly higher brightness, but in this nonth, the
differences in tea of 5 days interval wth that of 11 and 13 days
intervals were not significant. The tea of significantly | owest
brightness in this nonth was recei ved when nmade from the pl ucking
of longer intervals of 15 and 17 days. |n August and Septenber,
all plucking intervals excepting 5 days in August and 17 days in
Septenber resulted in tea with statistically simlar Dbrightness.
Tea of 5 days interval in August while not differing significant-
ly with that of 7 days interval, had highest brightness while tea
of 17 days interval nmade in Septenber cont ai ned | onest

brightness. |In Cctober, tea nmade fromthe pluckings of 3 days
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interval had significantly heighest brightness. It was also
hei ghest during the season. Tea nade fron the crop of 13 to 17
days interval in Cctober nonth resulted in | owest brightness. The

tea nade fron the crop which was plucked at 3,5 and 7 days

intervals in My, and 5 and 7 days intervals in June were
statistically as brighter as the tea of 3 days interval in
Cctober . On the other hand, the poorest tea in respect of

bri ght ness was obtained when it was prepared fron the harvest of
15 and 17 days intervals in July, 9 to 17 days intervals in

August and 9 to 17 days excepting 13 days intervals in Septenber.

During pruned year, the brightness of tea of all intervals
excepting 5 days in May was statistically alike. The tea of 5
days interval in this nonth, though, had highest brightness but
differed significantly only with the tea of 15 and 17 days inter-
vals. In June, tea obtained fron the pluckings of 3 days interva
recorded significantly highest brightness followed by that of 5
and 7 days intervals. The |owest brightness was observed in the
tea nade fron the crop of 11 to 17 days interval. In July, tea
prepared fron the crops of 3 to 7 days of plucking intervals
while not differing wth each other and with that of 9, 11 and 13
days, recorded significantly higher brightness than tea of 15 and
17 days intervals. Plucking intervals of 3 to 7 days renaining at
par, resulted in tea wth highest brightness in August while 17
days interval not differing significantly with 9 days produced
tea of lowest brightness. In Septenber, the tea of 11 days
interval not differing significantly with that of 3 and 7 days

intervals had higher brightness then other intervals. In Cctober,
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tea with significantly highest brightness was obtained when
manufactured fron the harvest of 5 days plucking interval,
however, it did not differ significantly with the tea of 3 days
plucking interval. Overall conparison of tea made during the
season reveals that tea of July plucked at 3 to 13 days intervals
and of COctober plucked at 5 days interval had significantly
hi gher brightness while tea obtained in August from the harvest
of 9 days and |onger, and in Septenber obtained from 13 days or

| onger intervals contained |ower brightness.

4.1.3.4. Taster's eval uation

Taster's evaluation of nmade tea in respect of brightness,
colour, flavour, total quality, and conparative valuation in
different nonths of plucking during unpruned and pruned years
(excepting April in 1990 where tea was not manufactured) has been
presented in Table 4.21 to 4.24. The anal yses of variance of

above observations have been appended in Appendix VIII.

4.1.3.4.1.Brightness

The effect of plucking intervals, nonths of plucking and
their interaction on brightness of made tea in unpruned (1990)
and pruned (1991) years as evaluated by tea taster has been given
in Table 4.21. The correspondi ng anal yses of variance have been

appended in Appendix VIII.

(a) Effect of plucking intervals
I ncrease in plucking interval from3 to 17 days resulted in

significant decrease in brightness of nade tea during both the
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Table 4.21 Taster's report on brightness' of raade tea
intervals in different nmonths in unpruned

Pl ucki ng Mont hs of pl ucki ng
interval s May June July August Sept enbe
Unpruned year (1990
3 Days 4. 33 4. 00 3.00 2.00 2.50
5 Days 4. 00 3.33 2.00 1.00 2.50
7 Days 3.00 1. 33 2.00 1.00 1.50
9 Days 2.00 3. 50 2.00 2.00 1.00
11 Days 1. 67 2. 33 1.33 2.00 2.50
13 Days 2.50 2. 67 1.00 1.00 1.33
15 Days 1. 00 1. 33 1.00 1.00 2.00
17 Days 1. 67 1. 00 1. 00 1. 33 1.50
Mean 2.52 2.44 1. 67 1.42 1.85
Pruned year (1991)
3 Days 2. 50 3.00 3.33 2.67 3.00
5 Days 2. 50 2.00 2.00 2.00 2. 00
7 Days 3. 00 3.00 2.00 2.00 2. 00
9 Days 100 1 00 1.00 2.00 1 50
11 Days 1. 50 1. 00 2.00 2.00 1. 50
13 Days 2. 33 2. 00 1.50 2.00 2. 00
15 Days 1. 67 2 33 3.00 1. 00 1. 33
17 Days 1. 33 2 00 1.00 1. 00 2.00
Mean 1.98 2.04 1.98 1.83 1.92
Unpruned year (1990)
SEm+/- E..S.D. c¢cv SE
| nt erval 0.08 0.23 0
Mont h 0.07 0.20 0
I X M 0.20 0.56 15 0

* Ratings : 3=Poor; 2=Fairj 3=Good; 4=Very good; 5=Exc



years. |In unpruned year, tea made from shoots plucked at plucking
interval of 9 days showed sanme brightness as that of 7 and 11
days intervals. The made tea of shoots plucked at 13 to 17 days

intervals also had simlar brightness.

In pruned vyear, the brightness of tea made from plucking
intervals of 5 and 7 days was alike. The tea made from harvest of
13 days interval showed brightness as good as that of 5 days
interval, but lower than that of 7 days interval. The brightness
of made tea of 15 days interval was statistically simlar to that
of 11 and 13 days intervals. The |owest brightness was noted in
tea from9 days plucking interval, which, however, did not differ

fromthat of 17 days interval

(b) Effect of nonths of plucking

In unpruned vyear, tea manufactured from October plucked
shoots expressed highest brightness followed by that of My,
June, Septenber, July and August in the order. The brightness of
made tea of May, June, July and Septenber crop was statistically
simlar. |In pruned year also, tea prepared from October secured
hi ghest marks for brightness and was followed by the tea made
from June, My, July, Septenber and August pluckings in the
order. In this year, brightness of tea in case of June, May, July
and Septenber as well as May, July, Septenber and August pl ucked

shoots was statistically simlar.

(c) Interaction effect
In taster's opinion, tea manufactured fromthe crop plucked

at different intervals in different nonths varied significantly

118



in respect of its brightness during both the years of

I nvestigation (Table 4.21).

During unpruned year, tea nade fron the harvest of 3 days
interval had highest brightness in all nonths except Cctober. In
May, the brightness of tea obtained fron 3 days interval did not
differ significantly fron 5 days plucking interval. Snilarly in
Septenber tea nade fron pluckings of 5 and 15 days intervals had
sane score for brightness as that of 3 days interval. In Cctober,
tea of 5 days interval was rated higher for brightness than 3
days interval. The differences anong 3,7 and 15 days intervals in
respect of brightness were non-significant. The tea of 15 days
plucking interval in My had significantly lowest rating for
brightness followed by the tea of 11,17 and 9 days intervals. The
plucking intervals of 13 to 17 days in July; 57 and 13 to 17
days in August; 9 and 17 days in Septenber; and 13 days in

Cct ober secured sinilar and |owest ratings for brightness.

4.1.3.4.2.Col our

In taster's view, the tea nade fron plucking intervals fron
3 to 17 days in different nonths of plucking fron May to Cctober
during both unpruned (1990) as well as pruned (1991) years had
sane colour. A nunerical value 2 in 5 point scale was given to

all tea sanpl es.

4.1.3.4. 3. H avour
The effects of plucking intervals, nonths of plucking as
well as their interaction on flavour of nade tea in unpruned

(1990) and pruned (1991) years as judged organoleptically by
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Table 4.22 Taster's report on flavour® of made tea
intervals in different months in unpruned

Pl ucki ng Mont hs of pl ucki ng
interval s May June July August  Sept enbe
Unpruned year (1990
3 Days 3.00 3.00 2. 67 2.00 00
5 Days 2.67 1.00 1.50 .00 2.00
7 Days 2.00 2.00 1.00 1.00 1.00
9 Days 2.33 2.00 1.33 1.00 1.00
11 Days 1.33 1.00 1.00 1.50 1.50
13 Days 1.50 1.33 1.00 1.00 1.00
15 Days 1.00 1.00 1.00 1.00 1.00
17 Days 1.00 1.00 1.00 1.00 1.00
Mean 1.85 1.54 1.31 1.31 1.31
Pruned year (1991)
3 Days 2.00 2.00 2.00 2.00 2.00
5 Days 2.00 2.00 2.00 2.00 2.00
7 Days 1.00 1.00 1.00 1.00 1.00
9 Days 1.00 1.00 1.00 1.00 1.00
11 Days 1.00 1.00 1.50 1.00 1.00
13 Days 1.33 1.00 1.00 1.00 1.00
15 Days 1.00 1.00 1.00 1.00 1.00
17 Days 1.00 1.00 1.00 1.00 1.00
Mean 1.29 1.25 1.31 1.25 1.25
Unpruned year (1990) Prun
SEmt/ - L.S. D CV % SEmt+
| nt erval 0. 06 0. 16 0.0
Mont h 0.05 0.14 0.0
1 X M 0 14 0 40 15 29 0.0

* Ratings | =Poor; 2=Fair; 3=CGood; 4=Very good; 5=Exc



Tasters have been shown in Table 4.22. The correspondi ng anal yses
of wvariance have been put in Appendix VIII. In general, the
flavour of made tea was better in unpruned year conpared to that

of pruned year.

(a) Effect of plucking intervals

Variation in plucking interval from3 to 17 days recorded
significant effect on flavour of nmade tea during both the years.
The effect was nore pronounced in unpruned year than pruned one.
In general, increase in plucking interval resulted in decrease in
flavour of made tea. In unpruned year, the flavour of nade tea
due to 15 days plucking interval was significantly higher than 13
days and was at par with 9 days. In pruned year, the effect was
not very distinct. Tea made from shoots plucked at 3 and 5 days
intervals recorded simlar flavour that was better than other
intervals. The differences in plucking intervals from7 to 17

days were non-significant in this respect.

(b) Effect of nonths of plucking

The effect of nmonth of plucking on flavour of nmade tea was
significant during wunpruned year (Appendix VIII). During this
year, the highest flavour was recorded in tea nade fromthe «crop
of October nonth followed by May and June. The flavour in July,
August and Septenber plucked tea was simlar but |ower than other

nmont hs.

(c) Interaction effect
The interaction between plucking intervals and nonths of

pl ucking significantly influenced the flavour of made tea during
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unpruned year as eval uated by Tasters (Table 4.22). Tea Manufac-
tured from the crop of 3 days plucking interval in all nonths
excepting ctober received the highest score for flavour. The
flavour of tea nade fron the harvest of 5 days interval in My,
August and Septenber was al so good and statistically at par wth
that of 3 days interval in these nonths. In Cctober, tea prepared
fron the pluckings of 15 days interval while renaining at par
with that of 5 and 7 days intervals exhibited highest flavour on
Taster's scale. The |owest score for flavour was secured by the
tea nade fron the crop of 17, 15 and 11 days intervals in Muy; 11
to 17 days intervals in June; 7 to 17 days intervals in July; 7
to 17 days intervals excepting 11 days in August and Septenber;
and 9 to 17 days intervals excepting 15 days in Cctober.

4.1.3.4.4. Total quality

Ef fect of plucking intervals, nonths of plucking and their
interaction on total quality of nade tea on 15 point scale in
unpruned (1990) and pruned (1991) years as evaluated by tea
Tasters has been presented in Table 4.23. The corresponding

anal yses of variance have been shown in Appendix VIII.

(a) Effect of plucking intervals

The total quality of nade tea declined significantly during
both years as a result of increasing plucking interval fron 3 to
11 days. The quality due to 15 days interval was better than that
of 13 days interval in unpruned year and 9 days interval in
pruned year. A close perusal of the data reveal that the differ-

ences in quality between 7 and 9 days, and 9 and 11 days in
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Table 4.23 Taster's report on overall quality

plucking intervals in different nonths i

Pl ucki ng Mont hs of plucking
interval s May June July August  Septem
Unpruned year (199
3 Days 9.33 9.00 7.67 6. 00 6.5
5 Days 8. 67 6. 33 5.50 5.00 6.5
7 Days 7.00 5.33 5.00 4. 00 4.5
9 Days 6. 33 7.50 5.33 5.00 4.0
11 Days 5. 00 5.33 4. 33 5.50 6.0
13 Days 6. 00 6. 00 4.00 4.00 4.3
15 Days 4. 00 4. 33 4.00 4.00 5.0
17 Days 4. 67 4.00 4. 00 4. 33 4.5
Mean 6. 38 5. 98 4.98 4.73 5.17
Pruned year (199
3 Days 6. 50 7.00 7.33 6. 67 7.
5 Days 6. 50 6. 00 6. 00 6. 00 6.0
7 Days 6. 00 6. 00 5.00 5.00 5.0
9 Days 4. 00 4.00 4.00 5.00 4.5
11 Days 4.50 4. 00 5.50 5.00 4.5
13 Days 5. 67 5.00 4.50 5.00 5.0
15 Days 4. 67 5.33 6. 00 4.00 4.3
17 Days 4. 33 5.00 4.00 4.00 5.0
Mean 5.27 5.29 5.29 5.08 5.17
Dnpruned year (1990)
SEmt/ - L.S. D. CV %
I nt erval 0. 10 0.28
Mont h 0. 09 0. 25
I X M 0. 25 0.70 7.34

* Score in 15 point-scale

(Sum t ot al

of scores assigned to brightness, colou



unpruned year; 11 and 13 days, and 13 and 15 days plucking

intervals in pruned year were not significant.

(b) Effect of Konths of plucking

The tea made from the pluckings of October nonth had better
score for quality followed by May, June, Septenber, July and
August during unpruned year. The differences of quality of tea
made from Septenber and July, as well as July and August pluck-
i ngs were not significant. In pruned year also, tea nade from
October plucking was better than that of other nonths and was
foll owed by June, July, May, Septenber and August pluckings. Tea
made fromthe crop of June, May, July and Septenber had simlar
quality. The last three nonths were also at par w th August which

had the |owest score for quality.

(c) Interaction effect

The total quality of tea (based on Taster's score) obtained
from the pluckings of 3 to 17 days interval got significantly
different ratings in different nonths of plucking during both the

years of investigation (Table 4.23).

Data on total quality of nmade tea (Table 4.23) reveal that
the tea manufactured fromthe harvest of 3 days plucking interva
in all the nonths except October, got highest rating but its
differences wth 5 days interval in May and Septenber were not
significant. In October, tea of 5 days plucking interval received
hi ghest score for quality followed by 15 days and these two
intervals remained at par. The quality of tea nmade from pl uckings

of 7 days interval in this nonth also did not differ signifi-
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cantly wth that of 15 and 3 days intervals, but tea of 3 days
interval got significantly lower rating than that 7 and 5 days
intervals. The data further reveal that the tea nmanufactured from
the pluckings of 15 and 17 days interval in May and June; 11 to
17 days in July; 7, 13, 15 and 17 days in August; 9, 13 and 17
days in Septenber, and 13 days intervals in Qctober scored | owest

rating for total quality.

During pruned year, the tea prepared fromthe crops plucked
from3 and 5 days intervals in May; 3 days in June, July, August
and Septenber; and 5 days in Qctober scored significantly highest
rating for quality. The quality of the crop made from 3 days
plucking interval in Qctober remaining significantly |lower than
that of 5 days interval was better than the tea of all other
Interval s, excepting 11 days. On the other hand, tea nmanufactured
from the harvest of 9 and 17 days intervals in May and July; 9
and 11 days intervals in June; 9,11 and 15 days intervals in
Septenber and 15 and 17 days intervals in August and Cctober
received lowest rating. In overall conparison, the tea of 15 and
17 days interval in Cctober was of poorest quality but recorded
significantly better score than the poorest quality teas of other
nonths; while the tea of 3 days interval nmade in the nonths from
June to Septenber and of 5 days interval in Cctober were rated

the best teas fromtotal quality point of view

4.1.3.4.5. Val uation
The effects of plucking intervals, nonths of plucking and

their interaction on valuation of nmade tea as evaluated by
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Table 4.24 Taster's report on nom nal
the crop of different

and pruned yearsi

i nterval s

vaIuation_F
in di

Rs/

fer

Pl ucki ng Mont h3 of pl ucking
intervals May June July August  Sept enb
Unpruned year (199
3 Days 35. 00 35. 00 33.33 30. 00 30. 00
5 Days 33.33 25. 00 27.50 30. 00 30. 00
7 Days 30. 00 30. 00 25. 00 25. 00 25. 00
9 Days 31. 67 30. 00 26. 67 25. 00 25. 00
11 Days 28. 33 25. 00 25. 00 27.50 25.00
13 Days 26. 67 26. 67 25. 00 25. 00 25. 00
15 Days 25. 00 25. 00 25. 00 25. 00 25.00
17 Days 25. 00 25. 00 25. 00 25. 00 25. 00
Mean 29. 38 27.71 26. 56 26. 56 26. 25
Pruned year (1991
3 Days 30. 00 30. 00 30. 00 30. 00 30. 00
5 Days 30. 00 30. 00 30. 00 30. 00 25. 00
7 Days 25. 00 25. 00 25. 00 25. 00 25. 00
9 Days 25. 00 25. 00 25. 00 25. 00 25.00
11 Days 25. 00 25. 00 27.50 25. 00 25.00
13 Days 30. 00 25. 00 25. 00 25. 00 25.00
15 Days 25. 00 25. 00 25. 00 25. 00 25.00
17 Days 25. 00 25. 00 25. 00 25. 00 25.00
Mean 26. 88 26. 25 26. 56 26. 25 25. 63
Dnpruned year (1990)
SEm+/ - L.S. D. CV o S
I nt erval 0. 29 0. 82
Mont h 0. 25 0.71
I X M 0. 72 2.01 4..39




Tasters during unpruned (1990) and pruned (1991) years have been
presented in Table 4.24. The correspondi ng anal yses of variance
uuMo oeen appended In Appendix VIIlI. In general, the value of
uade tea was nore in unpruned year conpared to produce of pruned
year

(a) Effect of plucking intervals

In general, the value of tea showed decreasing trend wth
increase in plucking interval during both years wth few
exceptions. |In unpruned year, nade tea obtained from 15 days
plucking interval was valuated as high as that of 7 days
interval. Besides, the difference in valuation of nade tea due to
plucking intervals of 11 and 13 days was not significant. In
pruned vyear, 13 days interval resulted in better value of tea
than 11 days but remained at par wwth 7 days interval. During
this year the valuation of nade tea obtained from9 days pl ucking

interval was as low as that of 15 and 17 days intervals.

(b) Effect of nonths of plucking

During unpruned vyear, the valuation of nade tea was
significantly higher in Cctober plucked shoots followed by My
and June. Made tea fromJuly and August nonths of plucking got
the lowest wvaluation. In pruned year, the tea of May and July
nmonths renaining at par fetched significantly higher value
followed by August and Cctober. The tea nade from the pl ucki ngs
of June, July and August fetched statistically simlar valuation.

The |owest value was assigned to the tea of Septenber pl ucking.

(c) Interaction effect

The interaction between plucking intervals and nonths of
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plucking in respect of valuation of Bade tea was significant
during both the years. In general, increase in plucking interva
in all nmonths of plucking resulted in reduction in valuation of
tea (Table 4. 24).

During unpruned year, tea nmade fromthe pluckings of 3 days
interval in My, June and July got significantly highest
val uati on. In August and Septenber also this interval not
differing significantly with 5 days, resulted in significantly
hi gher valuation than remaining intervals. Deviating from the
general trend, the tea of 15 days interval in Cctober got
significantly highest valuation followed by 5 7 and 3 days
I nterval s. Plucking intervals of 17 days, not differing
statistically with shorter intervals upto 13 days in May; 5 days
except 7 and 9 days in June; 7 days in July, August and Septenber
except 11 days in August; and 9 days except 15 days in Cctober

received the lowest valuation during the season.

During pruned year the tea Manufactured fromthe crop of 3,
5 and 13 days in May; 3 and 5 days in June, July and August; and
3 and 7 days in Cctober got sanme and significantly higher valua-
tion than remaining intervals. Plucking intervals from7 to 17
days in May, June, July and August except 13 days in May; and 11
days in July; and 5 to 17 days in Septenber and Cct ober except 7

days in Qctober fetched simlar and | owest val uation.
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4.1. 4. Econom CS

4.1.4.1.Plucking efficiency

The wvariation in plucking interval significantly affected
the plucking efficiency of plucker, expressed in terns of
quantity of |eaf plucked per hour during both unpruned (1990) and
pruned (1991) years. The results have been given in Table 4.25.
The corresponding analyses of variance have been presented in

Appendi x | X.

The data in Table 4.25 clearly show the consistent and
significant increase in plucking efficiency with increase in
plucking interval from3 to 17 days during both the vyears of
study. However, the intervals of 11 and 13 days as well as 13,15
and 17 days in unpruned year, and 13 and 17 days in pruned vyear
did not differ significantly wwth each other in respect of
pl ucki ng efficiency.

Table 4.25. Plucking efficiency (leaf plucked kg/hr) as

I nfl uenced by plucking intervals in unpruned
and pruned years

Pl ucki ng Unpruned year Pruned year
I nterval (1990) (1991)
3 Days 0. 582 0. 852
5 Days 0. 963 3. 245
7 Days 1. 285 1. 702
9 Days 1. 601 2. 066
11 Days 1. 910 2.370
13 Days 2.140 2.984
15 Days 2. 364 3.021
17 Days 2.372 3. 382
Mean 1. 652 2.203
SEm+- 0. 099 0. 097
L.S D 0. 300 0. 294
&V % 10. 37 7.63
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4.1.4.2.Cost of plucking

The data in Table 4.26 show the nunber of plucking rounds,
average nunber of Handays involved per plucking, total (cumula-
tive) mandays throughout the plucking season and cost of pl ucking
as influenced by different plucking intervals. The pertinent

anal yses of variance have been shown in Appendi x | X

4.1.4.2.1. Nuuber of plucking rounds

The nuuber of plucking rounds decreased with increase in
plucking interval during both years. The plucking frequencies
varied from 13 to 73 with corresponding intervals of 17 and 3
days, respectively, in unpruned year. The correspondi ng frequen-

cies in pruned year were 11 and 60, respectively.

4.1.4.2.2. Nunber of mandays per pl ucking

The average nuuber of Bandays required for plucking per
round for one hectare showed an increasing trend with increase in
plucking interval during both years of the study. The nuuber of
mandays varied from28.5 to 59.6 with pluckings at 3 to 17 days
intervals during unpruned year, and from 15.3 to 38.2 in pruned
year, respectively. On an average, mnandays enpl oyed for pl ucking

I n unpruned year were 1.58 tines the nandays in pruned year.

4.1.4.2.3. Total nunber of nandays per hectare

Mandays required for one hectare plucking throughout the
season were worked out by summng up the nmandays requirenent of
each plucking interval during the season. Data in Table 4.26 show
that contrary to average nmandays required per plucking, the

cumul ative mandays wused for plucking throughout the season
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Tabl e 4.26

Cost of tea plucking as
unpruned and pruned years

i nfluenced by diff

Pl ucki ng No. of pl ucki ng Av. mandays/ ha Tot al
interval s int«srval s per interval per he
1990 1991 1990 1991 1990
3 Days 73 60 28.5 15.3 2081. 4
5 Days 44 36 33.2 19.3 1461.0
7 Days 32 25 37.1 23.3 1188.1
9 Days 25 20 38.8 25.1 970.9
11 Days 20 17 43. 6 26. 4 871.7
13 Days 17 14 45. 7 29.8 777.1
15 Days 15 12 49. 0 35.4 734.3
17 Days 13 11 59.6 38.2 774.2
Mean 29.9 24. 4 41.9 26. 6 1107. 3
SEmt/ - 2.1 1.2 41.5
L.S.D 6.3 3.7 125.9
Vv % 8.53 7.86 6. 49
* @Rs 22/ - per manday



decreased with increase in plucking interval. The range of
variation in nunber of nandays requirenent was 774.2 to 2081l.4
during wunpruned year and fron 420.0 to 920.8 during pruned year
with corresponding decrease in plucking interval fron 17 to 3
days. The data also reveal that during unpruned year, plucking
interval of 9 and 11 days, 11 and 13 days and 13 to 17 days
required sinilar nunber of nandays. Sinilarly, in pruned year,
plucking intervals of 9 and 11 days and fron 11 to 17 days needed

sane nunber of nandays for plucking throughout the season.

4.1.4.2.4.Cost of plucking
In general, cost of plucking in pruned year was one-half to

that of unpruned year.

Increase in plucking interval resulted in significant
decrease in cost of plucking during both the years of study.
However, the increase was statistically non-significant after 13
days interval in unpruned year, and after 11 days in pruned year.
The differences in cost of plucking between 11 and 13 days
intervals in unpruned year and 9 to 11 days intervals in pruned

year were al so not significant.

4.1.4.3.Goss return

Table 4.27 enbodies the effect of plucking intervals on
average price of |eaf plucked, gross incone per hectare and gross
I ncone per rupee invested on plucking during unpruned (1990) and
pruned (1991) years. The correspondi ng anal yses of variance have

been appended in Appendix | X
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Table 4.27 Effect pl ucking intervals on average pri
i ncone and gross incone obtained per rupee i
Plucking Av.price of leaf plucked* G oss incone G
intervals (R3./kg) (Rs./ ha) ru
1990 1991 1990 1991
3 Days 10. 02 11.61 97154 72836
5 Days 8. 88 8.90 99707 61598
7 Days 8.18 7.53 99593 60099
9 Days 7.83 5. 98 96915 49469
11 Days 6. 67 5.10 89099 43441
13 Days 6. 62 3.87 87825 38740
15 Days 5.74 3.73 79414 38591
17 Days 5.54 3.56 81423 40406
Mean 7.44 6. 28 91391 50648
SEmt/ - 0.12 0.13 4097 3225
L.S. D 0. 36 0. 40 12427 9784
VvV % 2.77 3. 67 7.76 11.03

* Price as paid by The Pal anpur

Cooperati ve Tea Factory



4.1.4.3.1. Average price of |eaf
Average price of leaf during pruned year (Rs 6.28/kg) was,

in general, less than that during unpruned year (Rs 7.44/kg).

Differences in average price of l|leaf plucked on different
intervals were significant during both the years of investiga-
tion. The average price of leaf decreased significantly wth
increase in length of plucking interval during both the years.
However, the difference was not significant with increase in the
interval from7 to 9 days, 11 to 13 days, and 15 to 17 days in

unpr uned year; and from 13 to 17 days in pruned year.

4.1.4.3.2. Goss inconme per hectare

The gross inconme per hectare obtained in unpruned year was
Rs 91,391 and in pruned year it was Rs 50,648. Thus, the gross
income obtained in pruned year was just 55.4 per <cent of the
unpruned year. The variation in the gross incone with variation
in plucking interval from3 to 17 days ranged between Rs 74,414
to Rs 99,707 in unpruned and Rs 38,591 to Rs 72,836 in pruned

year.

During wunpruned year, gross incone, in general, increased
with increase in plucking interval from3 to 5 days but further
increase in plucking interval from5 to 17 days continuously
lowered the incone upto 15 days while inproved slightly at 17
days interval. Plucking interval of 5 days resulted in highest
gross incone but did not differ significantly with intervals of
3,7,11 and 13 days in this respect. The |owest gross inconme was

obtained wth plucking interval of 15 days which, however, was
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statistically at par wth 11,13 and 17 days intervals. Overall,
plucking intervals of 3 to 9 days brought significantly higher

I ncone than that of 15 and 17 days intervals.

During pruned year, there was continuous and significant
decrease in gross incone with increase in plucking interval fron
3 to 15 days but further increase in plucking interval to 17 days
brought slight but non-significant inprovenent in the gross
I ncone. The gross incone was significantly highest when plucking
interval was 3 days. The intervals of 5 and 7 days resulted in
simlar gross incone which was significantly higher than that of
9 days or longer intervals. The gross incone obtained by
follow ng plucking intervals of 9 and 11 days were statistically
sinilar, nore than that of 13 and 15 days intervals, but did not
differ with the gross incone of 17 days interval. The difference
In gross incone obtained with plucking interval of 15 days was
| owest but statistically at par with that of 13 and 17 days

I nt erval s.

4.1.4.3.3. Return per rupee invested on plucking

Return obtai ned per rupee invested on plucking was higher in
pruned year (Rs 4.23) than in unpruned year (Rs 4.14). The vari a-
tion in plucking intervals fron 3 to 17 days resulted in wder
variation in the return per rupee during unpruned year ranging
between Rs 2.12 to Rs 5.14 than that of pruned year where the
range was between Rs 3.59 to Rs 4. 66.
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During wunpruned vyear, there was, in general, 1increase in
return wth increase in plucking interval fron 3 to 13 days but
It decreased thereafter upto 17 days. Though the highest return
per rupee (Rs 4.14) was obtained by follow ng plucking interval
of 13 days but statistically all intervals between 9 to 17 days
had sinilar return. Significantly lowest return per rupee invest-
ed on plucking was recorded due to 3 days interval and was
followed by 5 and 7 days intervals. The difference in the return
per rupee obtained with 5 and 7 days intervals was also signifi-

cant.

During pruned year, in general, the return per rupee invest-
ed on plucking increased with increase in plucking interval fron
3 to 7 days and also fron 15 to 17 days but it showed decreasing
trend when plucking interval was increased fron 7 to 15 days. The
hi ghest return per rupee (Rs 4.66) was obtained wth plucking
interval of 7 days but statistically it was not different to
those obtained with all longer intervals. The lowest return per
rupee recorded at 3 days interval was also at par with that of 5
days interval. The returns obtained with 5 and 15 days intervals

were also statistically sinilar.
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4. 2. Experinment. |Xj_ Methods oX plucking trial

4.2.1.Gowth studies
4.2.1.1. Nunber of unfolded |eaves per shoot

The nunber of unfolded |eaves differed significantly in
plots under different nethods of plucking in both the years Vviz
unpruned (1990) and pruned (1991) (Appendix X). The results have

been sunmarised i n Tabl e 4. 28.

During all nonths of observation, the nunber of unfolded
| eaves were higher in plots where nechanical plucking (shear and
nachine) was exercised conpared with that in hand plucked
(standard and bl ack) ones in both the years. Plots where pl ucking
was done by nachi ne, nunber of unfolded |eaves was significantly
hi gher than those under shear plucking in Hay nonth in unpruned
year, and in My, Septenber and Cctober nonths in pruned year.
Whereas, in June in unpruned year, and in August in pruned year,
the plots wth shear plucking resulted in higher nunber of
unfol ded |eaves than those wth nachine plucking. In the
renaining nonths of both years, the nunber of unfolded |eaves
were statistically sinilar in plots plucked wth these nechani cal
nethods. In hand plucking nethod, plots of black plucking
recorded significantly higher nunber of |eaves than standard
plucking in the nonths fron June to August in unpruned year, and
in July, August and Cctober in pruned year. In other nonths, the
differences were non significant. In black and shear plucked
plots, the nunber of unfolded |eaves were statistically at par

fron May to July in unpruned year and in Septenber and Cctober in
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Table 4.28 Average nunber of unfol ded | eaves
different methods of plucking

unpruned and pruned years

Met hods of Mont
pl ucki ng April May June July

Unpruned yea

St andar d 2.24 2.01 2.00 1.94
Bl ack 2.21 2.09 2.16 2.13
Shear 2.30 2.33 2.34 2.10
Machi ne 2.39 2.63 2.15 2.18
Mean 2.28 2.26 2.16 2.09
SEmt/ - 0.05 0. 09 0. 05 0. 05
L.S. D N. S. 0.32 0.18 0.16
CV. % 4,71 8.25 4.79 4. 44

Pruned year
St andard — 1.69 1.70 1.89
Bl ack - 1.71 1.78 2.32
Shear 2.12 2.40 2.94
Machi ne - 2.24 2.52 2.91
Mean — 1.94 2.10 2.51
SEmt/ - — 0. 03 0.04 0.04
L. S. D - 0. 00 0. 14 0. 15
CV. % 3.20 3.72 3.38



pruned year. The nunber unfol ded | eaves were also conparable in

plots of machine and bl ack plucking in June in unpruned year.

4.2.1.2. Dornancy i ndex

The dormancy index i.e. ratio of dormant (banj'hi) shoots to
active shoots was unaffected by the different nethods of plucking
during April, June and July in unpruned year (1990) and in all
the nonths of observation in pruned year (1991) (Appendix X).
Tabl e 4.29 enbodies the effect of nethod of plucking on dornancy

I ndex.

In general, the dormancy index was higher in nechanically
pl ucked bushes during both the years. In unpruned year, nachine
harvesting resulted in significantly higher dormancy index than
standard, black and shear plucking. The differences anong the
|atter nethods were not significant in this regard. |In August and
Septenber nonths of the unpruned year, the leaf harvested by
machi ne and shear resulted in significantly higher dormancy index
than standard and bl ack plucked crop. The dormancy index in both
the nethods of nechanical harvesting or hand plucking did not
differ significantly between themin this respect during these

nont hs.

4.2.1. 3. Fresh wei ght of shoot

The fresh weight per shoot differed significantly in plots
under different nmethods of plucking, in all nonths during both
the years of study excepting April and June in unpruned vyear
(Table 4.30, Appendix X). In general, nechanically plucked crop
showed hi gher fresh weight. The weight was significantly highest
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Table 4.29 Dornmancy index as influenced by d
in different nonths during unprun

Met hods of Mont h
pl ucki ng Apri l May June July
Dnpruned yea
St andard 0. 027 0.081 0.175 0. 087
Bl ack 0. 036 0. 100 0. 304 0.114
Shear 0. 068 0. 103 0. 238 0. 144
Machi ne 0. 040 0. 339 0.137 0.119
Mean 0. 043 0. 156 0. 213 0.116
SEmt+/ - 0. 016 0. 042 0. 085 0. 036
L.S. D N. S. 0.121 N. S. N. S.
CV. % 104. 00 44. 81 45. 09 58. 80
Pruned year
St andard - 0. 003 0. 004 0. 023
Bl ack 0. 002 0. 024 0. 026
Shear 0. 006 0. 020 0. 021
Machi ne 0. 006 0. 024 0. 046
Mean — 0. 004 0. 018 0. 029
SEmt/ - — 0. 000 0. 013 0.013
L.S. D 0. 000 0. 044 0. 045
CV. % 0. 000 140. 86 89. 97
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in machi ne plucked plots in Septenber in unpruned year; but in
remai ning nonths, the fresh weight was statistically simlar in
machi ne and shear plucki ng nethods. The fresh weight of crop in
plots of these nechanical nethods was al so non-significant wth
that in black plucking plots in July, August and Cctober in
unpruned vyear. In hand plucking plots, fresh weight of shoot
under black plucking, in general, was higher than that in
standard plucking in both the vyears, but the significant
difference was found only in August and Qctober in unpruned year

and in all nonths excepting May in pruned year.

4.2.1.4. Dy weight of shoot

Mont hwi se dry wei ght of shoot in plots under different neth-
ods of plucking has been presented in Table 4.31. The dry weight
differed significantly due to nethods of plucking in all the
nmonths during both the years, excepting in April and June in

unpruned year (Appendi x X) .

In general, the dry weight was higher in nechanically
pl ucked plots conpared with hand plucked, in both the years. A
conparison of dry weight 1in plots under shear and nachine
harvesting reveals that the weight was statistically simlar in
both the nmethods in all plucking nonths of unpruned year, and in
May, July and August in pruned year. However, plots under nachine
pl ucking recorded higher weight than that in shear plucking in
June, Septenber and Cctober in pruned year. The plots under bl ack
pl ucki ng produced the shoot weight statistically simlar to that

of shear plucking in May and July in unpruned year, and in Sep-
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tenber in pruned year. Besides, during unpruned year the dry
weight of shoot in plots under black plucking was simlar to
those of shear and machine plots in August and Cctober. The dry
wei ght of shoot in plots under standard plucking was lowest in
all nmonths during both the years but their differences with plot
under bl ack plucking in all nonths excepting Qctober in unpruned

year and May in pruned year were not significant.

4.2.1.5-Dry nmatter content

Cop harvested by different nethods had signi ficant
variation in its dry matter content in April, July and August
during unpruned year (1990); and in May, Septenber and Cctober
during pruned year (1991) (Appendix X). The results have been

sumarised in Table 4. 32.

It is evident fromthe table that in wunpruned year, dry
matter content during April and August was significantly lower in
bl ack plucked crop as conpared to that of standard, shear and
machi ne plucked ones. The crop obtained by plucking wth latter
methods had statistically simlar dry matter content in these

nont hs.

During pruned year, crop obtained with hand plucking (stand
ard or black system) exhibited significantly higher dry matter
content than that of nechanical (shear and machine) nethods in
May. But the differences in dry natter content in the harvest
obtained fromstandard and bl ack systens as well as in shear and
machi ne net hods were not significant in this nonth. In July, crop

obt ai ned from standard and machine  plucking contained
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statistically sinilar dry natter content which was significantly
higher than that of shear plucking; while the shoot plucked by
bl ack system had content which did not differ significantly wth
any of the nethods. Simlar was the trend in Septenber nonth but
in this nmonth the shoot of shear plucking recorded significantly
hi ghest dry matter. In Cctober crop, plucked by standard, shear
and nmachi ne nethods had statistically simlar dry natter content

whi ch was significantly higher than that of black plucking.

4.2.1.6. Hunber of plucking points
The data enbodied in Table 4.33 show the effect of different
pl ucki ng methods on number of plucking points per 100”* cm as

well as per primary in unpruned (1990) and pruned (1991) years.

4.2.1.6.1. Nunber of plucking points per unit area

The density of plucking points per 100 er" was higher in
unpruned year as conpared to that of pruned year. In the latter
year, the differences anong the different plucking nethods were
non-si gni ficant (Appendi x X) . In unpruned year, shear and nmachi ne
pl ucking remai ning at par recorded significantly higher plucking
poi nt density than standard or black plucking systens. The bl ack
plucking exhibited significantly higher plucking points than

standard pl ucki ng.

4.2.1.6. 2. Hhnber of plucking points per prinary

The data in Table 4.33 show that the different nethods did
not differ significantly regardi ng nunber of plucking points per
primary in both years of study (Appendix X). However, it 1is

interesting to note that during unpruned vyear the mechanica
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Tabl e 4.33

Met hods of
pl ucki ng

St andar d
Bl ack
Shear
Machi ne
Mean

SKmt+/ -
L.S. D
CV. %

Effect of nethods of p

unit area and per

years

prim

Pl ucki ng points/1

Unpruned year
(1990)

Prun
(1

[e2Ne)NerNerNep]

R



Met hods (shear and Machine) resulted in higher density than that
of hand pluckings (standard and bl ack) but the trend reversed
during pruned year. The average density of plucking points per
primary in pruned year was only one-third to that of unpruned

year .

4.2.1.7.Bush surface area

The different nethods of plucking did not have significant
effect on per cent increase in bush surface area during any of
the years (Appendix X). However, Table 4.34 shows that the
i ncrease in bush surface area was nore due to black and nachine
pl ucki ng than standard and shear pluckings during both the years

of study.

4.2.1.8. Annual creep
The nethods of plucking significantly influenced the annual

creep of tea bushes during both years of the study (Appendix X) .

Annual creep was nore in unpruned year (1990) than that in
pruned year (1991) (Table 4.35). In both the years, the creep was
significantly higher in nmechanically (shear or machi ne) plucked
bushes conpared with hand plucked (standard or black) ones. In
unpruned year, the creep in shear and nmachi ne pl ucked bushes were
statistically alike but in pruned year, shear plucking exhibited
hi gher creep than nachine plucking. Regarding hand pl uckings,
standard aracking systemresulted in significantly higher creep
In unpruned year than black plucking, but in pruned year, both
these nethods showed simlar creep which was also on par wth

that of shear harvesting.
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Table 4.34

I ncrease in bush surface area (% as

by different

nmet hods of

and pruned years

Met hods of
pl ucki ng

St andar d
Bl ack
Shear
Machi ne
Mean

$FHa + -
L.S. D
CV. %

% I ncrease in bush surface area *
Lhpri.med year

Pruned year

UL990) (1991)
2.52 ( 6.53) 3.54 (12.80)
3.14 (10.05) 4.35 (19.44)
2.21 5. 13) 2.04 ( 4.78)
3.12 (10. 14) 4.49 (22.04)
2.75 ( 7.96) 3.61 (14.64)
0.35 0. 63
N. S. N. S.

25. 35 34. 69

* Data subjected to square root

transformati on

Original values are given parentheses

Table 4.35 Effect of nethods of plucking on annual creep of
pl ucki ng table during unpruned and pruned years

Met hods of Annual creep (cm

pl ucki ng Unpruned year Pruned year

(1990) (1991)

St andar d 5. 05 2.89

Bl ack 3.93 2.67

Shear 3.23 2. 88

Machi ne 3.05 0. 83

Mean 3.81 2.32

SEmt/ - 0.11 0.11

L.S. D 0. 39 0. 38

CV. % 5.87 9.40
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4.2.2.Yield

4.2.2.1.Geen leaf yield

The green leaf yield as influenced by different nethods of
pl ucki ng during unpruned (1990) and pruned (1991) years has been
shown in Table 4.36 and correspondi ng anal yses of variance in

Appendi x XI .

In unpruned year, the contribution of early, main and
backend flushes towards total season's yield was 39.9, 47.4 and
12.7 per cent, respectively. The corresponding figures in pruned
year were 13.5, 64.0 and 22.5 per cent. In pruned year, the green
| eaf yield was 27.4 per cent less than that in unpruned year. The
| oss occurred in early flush (30.1 per cent). There was narginal
recovery of 3.6 per cent by backend flush. The loss in yield in

nain flush was negligible (0.9 per cent).

The different nethods of plucking affected the green |eaf
yield significantly in early and backend flushes during both the
years, while the total season's yield was influenced only in

unpruned year (Appendix Xl ).

.2.2.A Early flush

During both the years, the differences in yield obtained in
standard and bl ack plucking systens was not significant in un-
pruned vyear, the vyield of green leaf plucked with shear was
significantly highest while the leaf plucked with machine did not
differ significantly with that of shear and bl ack plucking. The
differences in yield ol achine and shear harvesting during

pruned year were not si” .Aficant but these nechanical nethods
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Table 4.36 Effect of methods of plucking on gr
tea in different flushes and over th
and pruned years

Met hods of
pl ucki ng Early Flush Mai n Fl ush
Unpruned yea
St andar d 3527 4597
Bl ack 3764 4652
Shear 4771 4939
Machi ne 3797 4650
Mean 3965 4710
SEmt+/ ~ 178 149
L.S. D 616 N. S.
CV. % 8. 98 6. 35
Pruned year
St andar d 819 4458
Bl ack 787 4602
Shear 1155 4848
Machi ne 1122 4574
Mean 971 4620
SEmt/ - 76 106
L. S. D 262 N. S.

CV. % 15. 62 4.58




resulted in significantly higher yield than that obtained in both

hand pl ucki ngs (standard and bl ack).

4.2.2.B. Main flush

As nentioned, the leaf yield was not influenced significant-
ly due to different nethods during both the years of study.
However, the crop harvested with shear showed a trend of higher

yield than other nethods during both the years.

4.2.2.C Backend flush

During unpruned vyear, the difference between both hand
pl ucking systens (i.e. standard and bl ack plucking) as well as
bet ween bot h nethods of nechanical harvesting (i. e. shear and
nachi ne plucking) regarding green leaf yield were not signifi-
cant, but yield obtained in nechanical nethods was significantly
higher than that of hand pl ucking nethods. During pruned vyear
also the yield obtained in both systens of hand plucking was
statistically sinilar but in this year leaf yield harvested wth
nachi ne was significantly higher than that of shear plucking. The
differences of both hand plucki ng systens with shear or nachine
harvesting regarding green leaf yield were not significant during

this year.

4.2.2.D. Total season

The total season's yield in unpruned year was significantly
higher due to shear plucking than hand (standard or bl ack)
pl ucking and machine harvesting. The latter nethods resulted in
statistically sinilar green leaf yield in this year. Though non

significant, green l|leaf yield due to nachine plucking was 9.0 %
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hi gher than hand pl ucki ng.

4.2.2.2. Hade tea yield

The effect of different nmethods of plucking on nade tea
yield in unpruned (1990) and pruned (1991) years have been given
in Table 4.37 and corresponding analyses of variance in

Appendi x XI .

The distribution of yield in early, main and backend fl ushes
during unpruned and pruned year was 40.6, 46.4 and 13.0 per cent,
and 12.9, 63.7 and 23.4 per cent, respectively. It can be
conputed fromthe table that pruning resulted in 29.7 per cent
loss in terns of nmade tea yield. The loss mnainly occurred in
early flush (31.5 per cent) but was increased by 1.6 per cent by
the end of main flush. However, the gain in nmade tea yield by 3.4
per cent by the end of backend flush reduced the overall loss to

29.7 per cent.

4.2.3.A Early flush

The trend and significance of nade tea yield obtained in
different nethods of plucking was exactly simlar to that
recorded in case of green leaf yield, i.e. during unpruned year,
the shear plucking resulted in significantly highest vyield and
the yield in other nethods was statistically simlar; and during
pruned year, both nechanical nethods while not differing statis-
tically, resulted in significantly higher nade tea vyield than

that of both the hand plucki ng nethods which were also at par.
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Table 4.37 Effect of methods of plucking on m
and in different flushes and over t
pruned years

Met hods of
pl ucki ng Early Flush Mai n Fl ush B
Unpruned year

St andar d 878 1114

Bl ack 917 1087

Shear 1192 1185

Machi ne 949 1115

Mean 984 1125

SEmt/ - 44 35

L.S. D. 152 N. S.

CV. % 8.95 6. 16

Pruned year

St andar d 189 1064

Bl ack 180 1066

Shear 256 1128

Machi ne 253 1080

Mean 220 1084

S B - 22 27

L. S. D. 59 N. S.

CV. % 15. 60 5.02



4.2.3.B. Main flash

Like green leaf vyield, the nade tea yield also did not
differ significantly due to different nethods of plucking during
both the years (Appendix Xl). Follow ng the pattern of green |eaf
yield, the nade tea yield fromshear plucking resulted in a

mar gi nal i ncrease over other nethods during both the years.

4.2.3.C. Backend flush

During unpruned year, the pattern of yield due to different
net hods and their significance in this flush was also simlar to
that of green leaf yield, i.e. significantly higher yield due to
mechani cal nethods over hand pluckings. But during pruned vyear,
there was sone change in the significance. In this year shear
pl ucking recorded significantly lowest yield, while the yield in

ot her nethods was statistically simlar.

4.2.3-D. Total season

The significance of nade tea yield recorded with different
nmet hods of plucking during both years of study was exactly
simlar to that of green leaf yield. To repeat, the vyield
obtained during unpruned year due to shear plucking was
significantly highest while other nethods resulted in simlar
yield. During unpruned year, higher yields were recorded due to
mechani cal met hods than hand pl ucking, but statistically

non-si gni ficant.
4.2.3. Quality

4.2.3. 1. Fineness of crop

The fineness of the crop (Table 4.38) was significantly
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Table 4.38 Per cent fineness of plucked crop
met hods of plucking in different m
pruned years

Met hods of Mont h
pl ucki ng April May June July

Unpruned year

St andar d 77.9 66.0 69.9 65.3
Bl ack 75.5 60.0 68.5 60.9
Shear 38.7 42 .4 39.2 45.1
Machi ne 36.6 35.5 38.1 37.2
Mean 57.2 51.0 53.9 52.1
SEm#+/ - 0.0 0.0 0.0 0.0
L.S. D 0.0 0.0 0.0 0.0
CV. % 7.45 7.94 7.45 5.73

Pruned year
St andar d 79.4 74.2 75.0
Bl ack 76.6 68.5 60.9
Shear 47.5 48.0 44.5
Machi ne - 38.2 42.0 39.9
Mean — 60.4 58.2 55.1
SEmt/ - - 1.7 1.7 1.1
L.S. D - 5.8 5.7 4.0
CV. % 6.00 5.69 4.15



affected due to different nethods of plucking in different nonths
during both unpruned (1990) and pruned (1991) vyears (Appendi x
X1).

Tabl e 4.38 reveals that during both the years, the hand
pl ucki ngs (standard and bl ack plucking) resulted in significantly
hi gher fineness of crop than nechani cal nethods (shear and na-
chine plucking). Al though standard pl ucki ng produced the tea with
hi gher fineness than black plucking in all the nonths during both
the years, however, it was significant only in July during pruned
year. The conparison of shear and nmachi ne plucking showed that
fineness of crop was higher in the forner in all the nonths
during both the years, but was non-significant excepting in July

I n unpruned, and May and June in pruned year.

4. 2. 3. 2. Pol yphenol content

The different nmethods of plucking had significant effect on
the per cent pol yphenol content in plucked crop in all the nonths
of observation excepting Septenber in unpruned year (1990) and
August in pruned year (1991) (Appendix XlI1). The results are
presented in Table 4. 39.

In general, polyphenol content was higher in hand plucked
(standard or bl ack) crop than nechanically plucked. However, the
pol yphenol content in nmechanically plucked crop was conparable
with that of standard plucked in April, My and June in unpruned
year, and wth black plucked in Cctober in pruned year. A
conpari son between standard and bl ack plucking shows that the

crop obtained with both the systens of hand plucking represented
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sinilar contents of polyphenol during all the nonths |[eaving
August in unpruned year and May in pruned year, whereas black
plucking resulted in significantly higher polyphenol content. I n
October nonth of pruned year, the content was higher in case of
standard plucking than black plucking. Regar di ng nechani cal
pl ucki ng, crop harvested in pruned year either by nachine or
shear, had sinilar polyphenol contents. In unpruned year, the
pol yphenol content was nore in nachine plucked crop in June and

August .

4.2.3.3. Made tea paraneters

4.2.3.3.1. Caffeine content

The caffeine content was significantly altered by different
met hods of plucking in all nonths of plucking season in pruned
year. In unpruned year, the significant effect was observed only
in My, July and October (Appendix XI11). The results have been

sunnari sed in Table 4. 40.

During unpruned year, the caffeine content was significantly
hi gher due to hand pl ucki ngs than nechanical pluckings in May and
July. The trend was also sane in October but in this nonth the
di fference bet ween black and nachine pl ucki ng was not
significant. Standard plucking brought significantly hi gher

caffeine content than black plucking in October.

During pruned year, the caffeine content in crop obtained
fron standard or black plucking in May, August and Septenber was
simlar. In June and October, standard plucking resulted in

hi gher caffeine content than black plucking while the trend was
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Table 4.40 Per cent caffeine content in m
by different methods of pluck
during unpruned and pruned yea

Met hods of Mont h
pl ucki ng May June July Augu

Unpruned year

St andar d 2. 884 2.681 2. 805 2
Bl ack 2.871 2.788 2.763 2
Shear 2. 569 2.618 2.318 2
Machi ne 2.668 2.513 2.410 2
Mean 2.748 2. 650 2.574 2
SEm#+/ - 0. 055 0. 076 0. 050 0
L. S. D 0.192 N. S. 0.173
CV. % 4. 03 5.74 3.88 5
Pruned year (
St andar d 2. 257 2.997 3.161 3
Bl ack 2.389 2.628 3.542 3
Shear 2.272 2.721 2. 661 2
Machi ne 2.087 2. 599 2.183 2
Mean 2.251 2.736 2. 887 2
SEm / - 0. 048 0. 039 0. 042 0
L. S. D. 0. 165 0. 136 0. 144 0
CV. % 3.74 2.88 2.89 2




reverse in July. Regarding nechani cal plucking, crop harvested
wth shear resulted in higher caffeine content than nachine
harvested crop in all the nonths excepting June and Cctober. In
June, the caffeine content due to both the nethods were
non-. pnl 61si gni fi cant, while in Cctober, nachi ne  pl ucki ng
resulted in significantly higher caffeine content than shear
pl ucking. Cverall conparison reveals that the caffeine content in
crop due to shear plucking was statistically simlar wth that
due to standard or black pluckings in May. In June, the caffeine
content in the produce from black plucking was simlar to that
due to shear or nmachine plucking. Shear plucking in Septenber

resulted in significantly highest caffeine content.

4.2.3.3.2. Theaf | avin content
The TF content was significantly affected by different
met hods of plucking during both the years of study (Appendix Xl I1)

The data have been presented in Table 4.41.

The TF content in nade tea was significantly higher due to
hand plucking than nmechanical harvesting in all the nonths of
observation, excepting June in unpruned year (1990) and My in

pruned year (1991).

During wunpruned year, the tea made from standard or bl ack
pl ucked crop had simlar TF contents in My, June and July where
as the tea from bl ack plucked crop exhibited significantly higher
TF content in August, Septenber and Cctober than standard pl ucked
crop. Simlarly, tea from nachine and shear pluckings had

statistically simlar TF contents in My, June, July and
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Septenber. In August and Cctober, the contents were higher due to

shear pl ucking than nachi ne pl ucki ng.

In pruned year, tea nade from bl ack plucked crop contained
significantly higher TF content than that from standard pl ucked
crop in all the nonths excepting June and July. In June, the
trend was reverse, while in July, both the nethods renained at
par. Shear plucking resulted in significantly higher TF content
in made tea than machine plucking in all nonths excepting June

and August when differences were not significant.

4.2.3.3.3. Thearubi gi n cont ent
The effect of different nethods of plucking on TR content of
made tea in unpruned and pruned years has been shown in Table

4.42 and the correspondi ng anal yses of variance in Appendix X II.

In general, TR content was nore in tea nmade from hand
plucked (standard or black) crop than nechanically (shear or

machi ne) plucked crop during both the years.

During unpruned year, the effect of different nethods of
plucking on TR content in June and July nonths was non-
significant. The TR content in May nonth was significantly higher
due to Dblack plucking than standard plucking. From August to
Cctober, the differences in TR content of nade tea fromthese two
systens of hand plucking (standard and bl ack) were  not
significant. The tea nmanufactured fromthe crop harvested either
by shear or nachine contained simlar TR content in all the

nont hs excepti ng August .
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Table 4.42 Per cent thearubigin (TR) conte
enced by different nmethods of
mont hs duiring unpruned and pru

Met hods of Mont h
pl ucki ng May June July Au

Unpruned year

St andar d 10. 378 9. 793 9. 608 9
Bl ack 11.121 9. 313 9.121 10
Shear 8. 973 8. 874 8. 861 8
Machi ne 8. 318 10. 121 9.381 7
Mean 9. 698 9. 525 9. 243 9
SEmt/ - 0. 194 0. 392 0. 242 0
L. S. D 0.671 N. S. N. S. 0
CV. % 4. 000 8. 230 5. 230 6
Pruned year

St andar d 6. 100 7.413 7.004

Bl ack 6. 786 6. 393 6. 389

Shear 5.323 6. 998 6. 559

Machi ne 5.113 5. 643 5.680 6
Mean 5.831 6. 612 6. 408 6
SEm+/ - 0. 099 0. 141 0. 168 0
L. S. D. 0. 344 0. 490 0. 580 0

CV. % 3. 41 4.28 5.23



In pruned year, differences in TR content of Bade tea fron
the crop plucked by standard and black plucking nethods were
significant fron May to July. In May, black plucking resulted in
significantly higher TR content than standard plucking but the
trend was reverse in June and July. Shear harvesting resulted in
significantly higher TR content in June, July and Septenber and,
the reverse trend was in October where as in May and August the
di fferences between shear and machine pluckings were not

significant.

4.2.3.3.4. Total col our

The effect of different nethods of plucking on total colour
of made tea was significant in all nonths of observation during
both the vyears of study (Appendix Xlll). The results have bee

summari sed in Table 4. 43.

A perusal of the data in Table 4.43 reveals that in unpruned
year, the tea made from crop plucked by standard nethod was
significantly rich in colour as conpared to the tea obtained by
other nethods of plucking which did not differ significantly
anong them in May. In June, July, Septenber and October, the
total colour of tea made from standard and bl ack plucked crops
were statistically simlar and significantly higher than shear or
machi ne plucked crops. In August, black plucking resulted in
better total colour of tea than standard plucking. In June and
Sept enber, crop plucked by shear and machine had statistically
simlar total colour of nmade tea. However, in July and August,

the total colour of nmade tea was significantly richer in case of
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Table 4.43 Total colour of nade tea as infl
met hods of plucking in diffe
unpruned and pruned years

Met hods of Mont h
pl ucki ng May June July Augus

Unpruned year (1

St andar d 2.978 2.810 2. 315 2.15
Bl ack 2.679 2.875 2.473 2.50
Shear 2.478 2. 215 1.718 2.00
Machi ne 2.510 2. 378 1.915 1.57
Mean 2.661 2.570 2.105 2.05
SEmt/ - 0. 057 0. 086 0. 051 0. 06
L. S. D 0.198 0. 299 0.175 0.21
CV. % 4.31 6.73 4,81 59
Pruned year (19
St andard 1.331 2.013 1. 656 1.64
Bl ack 1.513 1. 606 1.438 1.60
Shear 1.213 1. 388 1. 494 1.45
Machi ne 0. 944 1. 275 1.294 1.47
Mean
1. 250 1.570 1.470 1. 54
SEmt+/ - 0. 023 0. 032 0. 036 0.04
L.S. D. 0. 079 0. 109 0.125 0. 13

CV. % 3. 63 4. 02 4. 92 5. 2




shear pl ucking where as reverse was the trend in Qctober.

During pruned vyear, black plucking produced the tea wth
best total colour in made tea than other nethods, in My,
Septenber and Cctober where as in June and July, standard
plucking resulted in best total colour of nade tea. A conparison
of tea made fromthe crop obtained by shear and nmachi ne pl ucking
reveals that in May, June, July, and Septenber, the total colour
of tea were significantly higher in case of shear plucking but in
Cct ober, machi ne plucking had significantly better total col our.
In August, the difference between standard and bl ack pl ucking or
between shear and nachine plucking was not significant wth

regard to total colour of made tea.

4.2.3.3.5.Brightness

The effect of nethods of plucking on per cent brightness of
made tea during both the years of observation has been given in
Tabie 4.44 and correspondi ng anal yses of variance in Appendix

Xl

During unpruned year, the brightness of tea nade from
standard or black plucked crop was simlar but significantly
better than that of shear or nachi ne plucked crops in May, June
and July. The effect of plucking nmethods on brightness of nade
tea was not significant in August. In Septenber and Cctober, tea
made from bl ack plucked crop exhibited better brightness than the
tea obtained from standard plucked crop. The standard pl ucking
was at par with shear and nmachi ne pluckings in Septenber in this
regard. Cop obtained by shear and nmachine pluckings in My,

June, and Septenber resulted in statistically simlar brightness
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Tabl e 4.44 Brightness (% of made tea as
erent nmethods of plucking; in di

and pruned years

Met hods of Mont h
pl ucki ng May June July Augu

tJnpruned year

St andard 19. 071 17. 015 12.978 8.5
Bl ack 18. 371 17. 151 12.778 7.2
Shear 15. 215 13. 817 5. 439 4.6
Machi ne 14. 384 13. 121 8.312 8.3
Mean 16. 760 15. 276 9. 877 7.1
SEmt/ - 0.613 0. 552 0. 340 1.1
L.S. D. 2.120 1.909 1.177 N. S
CV. % 7.31 7.22 6. 88 7

Pruned year (

St andar d 8. 881 6. 542 6. 422 54
Bl ack 9. 120 6. 693 6. 895 6.4
Shear 8. 739 6. 921 4. 244 5.8
Machi ne 7. 435 5. 887 4. 288 4.2
Mean 8. 544 6. 511 5.462 54
SEm+/ ~ 0. 436 0. 398 0. 256 0.1
L. S. D. N. S. N. S. 0. 885 0.5
CV. % 10. 21 12. 21 9. 37 514



of made tea but in July, the brightness was statistically better
in case of machi ne plucking than shear while the trend reversed

i n Qct ober.

In pruned year, the effect of nethods of plucking was non-
significant in May and June. In July and Cctober, brightness of
made tea due to standard or black plucking as well as due to
shear and nachi ne harvesting was statistically simlar but it was
significantly better in tea of hand plucked crop than
mechanically plucked. In Septenber, significantly  highest
brightness was recorded in tea nmade from crop harvested by
standard nethod followed by black, shear, and nachine in
descending order and the differences anong all the nethods were
significant. In May, the brightness of tea obtained from shear
and machine plucking was simlar, but in Septenber, shear
harvested crop had significantly nore brightness than nachine
whereas in Cctober, nmachine plucked crop had significantly better

t han shear plucked crop.

4.2.3.4. Taster's eval uation

Taster's views on brightness, colour, flavour (based on
ratings on 5-point scale), total quality (based on ratings on 15-
point scale as sumtotal of ratings on above three paraneters)
and valuation of orthodox black tea manufactured from the crop
harvested nmanual ly (standard or bl ack) and nechanically (shear or
machi ne) have been presented in Tables 4.45 to 4.49. The

pertinent anal yses of variance have been given in Appendix X V.
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Table 4.45 Taster's report on brightness
enced by different nmethods of
nmont hs in unpruned and pruned

Met hods of Mont h
pl ucki ng May June July Au

Unpruned year

St andar d 4.00 3.00 2.50 1
Bl ack 3.00 3.00 2.00 1
Shear 2.00 1.50 2.00 1
Machi ne 2.00 1.63 1.75 1
Mean 2.75 2.28 2.06 1
SEi uVv- 0. 20 0.12 0. 16 0
L.S. D 0.71 0.41 N. S. N
CV. % 14. 85 10. 49 15. 65 28

Pruned year (
St andar d 2.00 1.00 2.00 1
Bl ack 2.00 1.00 2.50 1
Shear 1.50 1.00 1.75 1
Machi ne 1.25 1.00 1.50 1
Mean 1.75 1.00 1.94 1
SEmt/ - 0. 25 0. 00 0. 16 0
L. S. D N. S. N. S. 0.56 N
CV. % 28.57 0.00 16. 66 32

* fetings ¢ InPoor; 2=Pair; 3=Joodi 4=Very



4.2.3.4.1.Brightness
The data on brightness (Table 4.46) reveal that during

unpruned vyear, the brightness of tea in May was highest due Lo

standard plucking followed by black, shear and nachi ne
pluckings. In June, tea nade from hand plucked crop was
significantly brighter than that of mechanically plucked tea. In

July, August, Septenber and Cctober nonths, all nethods resulted

in statistically simlar brightness of nmade ,tea

I n pruned year, excepting July, the variation in brightness
of made tea due to different nethods of plucking was not signifi-
cant. In July, tea nmade fromthe crop of black pl ucki ng while not
differing statistically with the tea of standard plucked crop,
recorded significantly higher rating for brightness than that of
shear and machi ne plucked crops. The ratings assigned to the tea
of crop plucked by standard, shear and machi ne net hods were also

simlar.

4.2.3.4.2. Col our

According to taster's opinion (Table 4.46), the colour of
made tea was not influenced by any of the nethods of plucking in
any of the nonths in unpruned year, while in pruned year, the
col our of nmade tea nmanufactured fromthe harvest of hand pl ucki ng
(standard or black) was better than that of nechani cal harvesting

(shear or machine), during all the nonths of the crop season.

4.2.3.4. 3. Flavour
Taster's report on flavour of nade tea (Table 4.47) shows

that during unpruned vyear, nade tea from crop obtained by
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Table 4.46 Taster's report on colour of
by different methods of plucking
in unpruned and pruned years

ma

Met hods of Mont h
pl ucki ng May June July Augus
Unpruned year (1
St andard 2.00 2.00 2.00 2.0
Bl ack 2,00 2.00 2.00 2.0
Shear 1.75 1.50 1.50 2.0
Machi ne 1.75 1.50 1.50 2.0
Mean 1.88 1.75 1.75 2.0
SEmt+/ - 0. 20 0. 20 0. 20 0.0
L.S. D. N. S. N. S. N. S. N. S
CV. % 21.77 23. 33 23. 33 0.0
Pruned year (19
St andard 2.00 2.00 2.00 2.0
Bl ack 2.00 2.00 2.00 2.0
Shear 1.00 1.00 1.00 1.0
Machi ne 1.00 1.00 1.00 1.0
Mean 1.50 1.50 1.50 1.5
SEmt/ - 0. 00 0. 00 0. 00 0.0
L.S. D. 0. 00 0. 00 0. 00 0.0
CV. % 0. 00 0. 00 0. 00 0.0
* Ratings : |=Poor; 2=Fair; 3=Good; 4:-Very g



Table 4.47 Taster'3 report on fl avour” of m
enced by different nethods of pl
nont hs in unpruned and pruned ye

Met hods of Mont h
pl ucki ng May June July Augus

Unpruned year (1

St andar d 3.00 2.00 2.00 2.0
Bl ack 2.00 2.00 1. 00 1.2
Shear 1.25 1. 00 1. 00 1.0
Machi ne 1.25 1. 00 1.25 1.2
Mean 1.88 1.50 1.31 1.3
SEmt+/ - 0.14 0. 00 0.13 0.1
L.S. D 0. 50 0. 00 0. 43 0.5
CV. % 15. 40 0. 00 19. 05 20.9
Pruned year (19
St andard 1.00 1.50 1.50 1.5
Bl ack 1.00 1.25 1.50 1.2
Shear 1.00 1.00 1. 00 1.0
Machi ne 1. 00 1. 00 1. 00 1.5
Mean 1. 00 1.19 1.25 1.3
SEmt+/ - 0. 00 0. 24 0.14 0.2
L.S. D N. S. N. S. N. S. N. S
CV. % 0. 00 40. 31 23.09 42.5
* Ratings : |=Poor; 2=Fair; 3=Good; 4=Very ¢



standard plucking had significantly higher flavour than other
nethods in May, July and Cctober. In June, flavour of nade tea
due to standard or black plucking was simlar but significantly
hi gher than shear or machi ne plucking. In Septenber, the effect
of methods of plucking was not significant in this respect. In
Cctober, flavour in tea made fromthe crop of standard pl ucking
and nmachine harvesting was at par and significantly higher than
bl ack and shear plucking which too were non-significant between
them Table 4.47 shows that in all nonths, plucking by shear and

machine did not affect the flavour of tea significantly.

Taster's report on flavour of tea manufactured from the
harvest of different nethods of plucking from My to Cctober
during pruned year, did not show significant variation

(Appendi x XI V) .

4.2.3.4.4. Total quality

The score given by Tasters for total quality on 15-point
scale was significantly influenced due to the different nmethods
of plucking during both the years of study (Appendix XIV). The

results have been presented in Table 4.48.

In unpruned year, the crop from standard plucking scored
significantly higher in respect of total quality in all the
nmonths followed by black plucking, the difference between these
two nethods remained non-significant in June, August and
Septenber. In Cctober, the quality of nade tea due to nechanica
pl ucki ng was as high as that due to standard pl ucki ng, where as,

bl ack pl ucking got |east score for total quality. The quality of
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Tabl e 4. 48

Met hods of
pl ucki ng

St andar d
Bl ack
Shear
Machi ne
Mean

SEm+/ -
[. S. D

St andar d
Bl ack
Shear
Machi ne
Mean

SEmt/ -
L.S. D
CV. %

Taster's report on total qual
i nfluenced by different nethods
erent nmonths in unpruned and pr
Mont h
May June July Augu
Unpruned vyear
9. 00 7.00 6. 50 5
7.00 7.00 5.00 4
5.00 4. 00 4.50 4
5.00 4.13 4.50 4
6. 50 5. 53 5.13 4
0.31 0.16 0.31 0
1.06 0.54 1. 06 0
Pruned year (1
5.00 4.50 5.50 5
5.00 4.25 6. 00 4
3.50 3.00 3.75 3
3.50 3.00 3.50 3
4.25 3. 69 4. 69 4
0. 25 0.24 0. 26 0
0. 87 0. 83 0. 90 1
11.76 12.98 11.10 18

* Score in 15 point-scale
scores assigned to brightne

(Sum t ot al

of



made tea due to both the nmechani cal nethods (shear and nachi ne)
was statistically simlar in all the nonths of unpruned vyear.
These nethods were also at par with black plucking in this regard

in July and August.

In pruned year, the two methods of hand pl ucki ng remai ned at
par in respect of total quality in all the nonths but resulted in
significantly higher score for total quality than both nethods of
mechani cal plucking which, too, were at par. |In August, the
difference in score due to black and nmachi ne plucking was not

significant.

2.3.4.5. Val uation

The valuation of tea sanples manufactured fromthe harvest
of different nethods of plucking in unpruned (1990) and pruned
(1991) vyears have been shown in Table 4.49 and correspondi ng

anal yses of variance in Appendix Xl V.

The presented in Table 4.49 reveal that during unpruned
year, tea of standard plucked crop got highest valuation in My,
July, August and Cctober. The value of tea from black plucked
crop was statistically simlar with that of standard plucked tea
In June and Septenber. In Cctober, tea manufactured from nachi ne
plucked crop resulted in getting the value as high as that of
standard plucking. There was no significant difference in
val uati on between shear and machine plucked tea in any of the
months of observation. The two mechanical nmethods resulted in
valuation of nade tea simlar to that of black plucking fromJuly

to Cctober but in May only shear plucking was at par with bl ack
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pl ucki ng.
The differences in valuation due to different nethods of

pl ucki ng during pruned year in all nonths of the season were not

significant (Appendi x XIV).
4. 2. 4. Econom cs

4.2.4.1. Pl ucking efficiency

Data pertaining to plucking efficiency have been presented
in Table 4.50 and correspondi ng anal yses of variance given 1in

Appendi x XV.

The data reveal that the efficiency of plucking (expressed
in terns of quantity of |eaf harvested per hour) was significant-
ly highest due to nmachine plucking followed by shear plucking
which, too, was significantly better than two nethods of hand
plucking during both the years of study. The efficiency of

standard and bl ack plucking was statistically simlar during both

the years.

Table 4.50 Plucking efficiency (leaf plucked kg/hr) as
I nfl uenced by different nmethods of plucking
in different in unpruned and pruned years

Met hods of Unpruned year Pruned year
Pl ucki ng (1990) (1991)
St andar d 1. 257 1.378
Bl ack 1. 058 1. 468
Shear 2. 661 3.084
Machi ne 10. 487 8. 339
Mean 3. 866 3. 567
SEmt+/ - 0.133 0.121
L.S. D 0. 461 0. 420
CV. % 6. 891 6. 805
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Conpared with nean of both the hand plucking mnethods
(standard and bl ack), shear plucking was 2.30 tines nore
efficient while machine harvesting was 9.06 tinmes nore efficient
in unpruned vyear. In pruned year, the efficiency of shear and
machine plucking was 2.17 and 5.86 tines of that of the hand
pl ucki ng. Averaged over two years of study, the efficiency of
shear and nachi ne pl ucking worked out to be 2.23 and 7.46 tines

of that of the hand plucking, respectively.

4.2.4.2. Cost of plucking

Table 4.51 enbodi es the nunber of plucking rounds, average
nunber of mandays required for plucking per round, total nandays
enployed for plucking per hectare and cost of plucking as
I nfl uenced by different nethods of plucking. The correspondi ng

anal yses of variance have been presented in Appendi x XV.

4.2.4.2.1. Nunber of plucking rounds
The plucking frequencies were 21 and 34 in case of nmachine
and standard plucking, respectively in wunpruned vyear. The

respective frequencies during pruned year were 17 and 36.

4.2.4.2.2. N\unber of nmandays per round

The nunber of nandays required for plucking by different
net hods varied to great extent. During both the years of study,
significantly |owest mandays were required by machine plucking
whi | e bl ack plucking needed significantly highest mandays
followed by standard and shear pluckings and both differed

significantly in this respect. On an average, in unpruned year

179



ble 4.51 Cost of tea plucking as influenc
unpruned and pruned years

et hods No. of pl ucki ng Av. raandays/interva

of interval s per hectare

ucki ng 1990 1991 1990 1991
andard 34 36 26. 95 17. 42
ack 28 27 40. 20 21. 40
ear 23 20 22.17 15. 22
chi ne 21 17 5. 40 6. 54
an 26.5 25.0 23. 68 15. 15
mt/ - - - 0.72 0. 49
S. D - - 2.50 1.69
V. % - - 6. 10 6. 44

@Rs. 22/ - per nmanday



1.56 tinmes nore mandays per plucking were required than in pruned

year.

4.2.4.2.3. Total nmandays per hectare

The total requirenent of mandays throughout the plucking
season was significantly lowest w th nmachine plucking in both the
years followed by shear plucking which too required significantly
| oner nunber of mandays than hand plucking. In pruned year, the
standard and black pluckings required statistically simlar
nunber of mandays; while in pruned year, the black plucking
involved significantly nore mandays than that of standard

pl ucki ng.

4.2.4.2.4.Cost of plucking

During unpruned year, black plucking required significantly
hi ghest cost followed by standard pl ucking. The |owest cost was
requi red when pl ucking was done wi th nmachine and was followed by
shear. The differences in the cost of plucking due to all these
met hods were significant anong them |In pruned year also, the
cost of plucking in case of nechani cal nethods was significantly
lower than that of hand pluckings. However,in this year,
difference between standard and black pluckings as well as
bet ween shear and machi ne pl ucki ng was non significant in respect

of cost of plucking.

4.2.4.3.3o0ss return
The data pertaining to the effect of nethods of plucking on
average price of harvested crop, gross inconme and gross incone

obtai ned per rupee invested on plucking during unpruned (1990)
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Table 4.52 Effect of nethods of plucking on pr
hectare and gross incone per rupee
Met hods of Av.price of plucked |eaf* Gr oss
pl ucki ng (Rs/ kg) (Rs
1990 1991 1990
St andard 8.25 9. 46 75433
Bl ack 7.71 8.54 72974
Shear 4.14 4. 80 46312
Machi ne 3.49 4.08 34724
Mean 5.90 6.72 57361
SEmt/ - 0. 05 0. 07 2351
L.S. D 0.18 0.23 8137
CV. % 1.78 1.99 8. 20

* Price as paid by The Pal anpur

Cooperative Tea




and pruned (1991) years have been presented in Table 4.52. The

correspondi ng anal yses of variance have been given in Appendi x XV.

4.2.4.3.1. Average price of |eaf

Average price of crop harvested with different nethods
varied significantly. During both the years, it was significantly
| ower in case of nechanical plucking as conpared to hand pl uck-
ing. The crop of standard plucking received better price than
bl ack plucking in both the years. Simlarly, crop harvested with
shear got higher price than that of nachine during both the
years. In general, average price of crops harvested nanual |y was

doubl e than that of nechanically plucked crop.

4.2.4.3.2. G oss incone per hectare
G oss incone obtained with hand pl ucking was significantly

hi gher than nechani cal plucking during both the years of study.
In unpruned year, the gross incone due to standard and bl ack
pluckings was statistically sinilar but in pruned year, the
incone was significantly higher in case of standard pl ucking.
During both the years, shear plucking brought significantly
hi gher gross return than nachi ne plucking. As such, gross incone
obtai ned by hand plucking was 1.86 tines of that of the nechani -

cal pl ucking.

4.2.4.3.3. Return per rupee invested on pl ucking
G oss incone obtained by spending one rupee on plucking
varied significantly due to different nethods of plucking (Table

4.52).
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During unpruned year, nachine plucking brought significantly
higher incone followd by shear, standard and black plucking.
The difference between nachine and shear, or between shear and
standard pluckings was non-significant in this respect. Bl ack
plucking resulted in lowest return per rupee invested on plucking

in this year.

During pruned year, the highest return per rupee invested
was obtained with shear plucking followed by standard, black and
machi ne pl ucki ngs. The incone obtained per rupee invested in
case of shear and standard plucking or standard and black
pl ucki ng or black and nachi ne plucking were non-significant wth

each ot her.
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DISCUSSION



Chapter 5
DI SCUSSI ON

The results obtained from the present i nvestigations
entitled “"Studies on interval and nethod of plucking on
productivity and quality of China hybrid tea (Camelia snenss
(L) O Kuntze)", conducted during 1990 and 1991 in wunpruned and
pruned tea, respectively have been described in detail in
preceding chapter. In this chapter, inportant findings have been
highlighted and an attenpt has been nade to assign scientific
reasoni ng on the basis of available evidences to establish cause

and effect relationship.
5. 1. General

5.1.1. Layout of experinments

Tea being a heterozygous crop exhibits consi der abl e
variations with respect to growh, yield and quality when plants
are seed borne. Thus, the plots of equal nunber of bushes
occupying equal ground area nmay express variations in growh,
flushing pattern, yield and quality. In order to conduct field
I nvestigations wth such planting material, Tea Experinenta
Station, Tocklai has recomrended fornmulation of blocks based on
the pre-treatnent yield of plots for pooling all simlar yieldng
plots in a block (Ann. Sci. Report, TRA 1971). The procedure
reduces the coefficient of variation to mninmum possible and,
hence, increases the precision of experinment. 1In the present
study Experinent |, was laid out in Random sed Conplete Bl ock
Design (R B.D.), on the basis of the sanme principle. The plots of
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|l ow, nmediumand high pre-treatnment yields were grouped in three
blocks for replicating the treatnents. For the |ayout of
Experinment |1, where pre-treatnent yield had not been recorded,
Latin Square Design (L.S.D.) was considered better because this
design nakes blocks of the plots in two directions - comonly
called "row blocks" and "colum bl ocks". Thus, it ensures the
occurrence of each treatnent only ones in each row and each
colum block. The procedure nakes it possible to estinate
variation anong row blocks as well as anong columm bl ocks and
renove them fromexperinmental error. The design is generally
recommended when soil fertility gradient is bidirectional (Gonez
and Gonez, 1983) and is also used when the fertility gradient 1is
unknown. In Experinment Il of the present study also, the vyield
pattern of different plots was not known. Besides, nethods
(treatnment) wunder conparison in the experinment were only four,
hence Latin Square Design was considered better than other

designs commonly followed in agronomc experinents.

5.1.2. Performance of unpruned vs. pruned bushes

The observations recorded on growh of shoot and bush, green
leal' and nade tea yields, and quality of plucked crop, expressed
hi gher wvariations during pruned year in conparison to unpruned

year .

The bushes, pruned in Decenber 1991, resuned growh w th bud
break on the pruned sticks in beginning of March, 1992. The
shoots were allowed to grow freely and were tipped in first week

of May, 1992 at 60 cm above ground level for retaining a |ayer of
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20 cmthick nmaintenance foliage for sustaining higher vyield as
suggested by Rahman and Barua (1980). Thus, the observations on
growh, vyield, and quality were not be recorded in April, 1992
during pruned year. The observation for quality of nade tea could
not be recorded in April during unpruned year also as the
manufacturing facilities for orthodox black tea were not
avai l able. Irrespective of the treatnent inposed, the performance
of unpruned and pruned bushes varied to great extent in sone
respects. The variations observed are being highlighted in the

foll owi ng paras."

The growth of shoot involves the extension of shoot and
concurrent |eaf growth associated with accunmulation of dry matter
due to continuous photosynthesis. In the present study, the
grow h of shoot has been expressed in terns of total nunber of
unfol ded | eaves on the shoot, fresh and dry weights of shoot and
rate at which fresh and dry weight increnments (accumul ations)
occurred in it. The proportion of active to dormant shoots
(dormancy i ndex), an inportant index to indicate growh behavi our
of shoot (Wght and Barua, 1955), was al so determ ned. The nunber
of shoots per unit area of tea bush, their growth rate, dormnmancy
index at a tinme, the frequency and duration of flushing, the size
and weight of individual shoot (Herd and Squire, 1976) and
surface area of tea bush (Barua, 1969) are the inportant
attributes on which the yield of tea bush depends. Increase in
bush surface area and annual creep give an indication of health
and potential of tea bush to yield in the subsequent years. Shoot

density and weight also indicate the variation in the weekly
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yield. According to Tanton (1981), of the total variation in
weekly yield, 89%is attributed to the shoot nunber while 11% to

shoot si ze.

The size of grow ng shoot, expressed in terns of nunber of
unfolded leaf and its fresh and dry weights was nore in pruned
year. The fresh and dry weights as well as their rate of
increment per shoot were nore than double in pruned vyear as
conpared to unpruned year. On the other hand, in pruned year the
dormancy index was quite low, only 0.064 against 0.32 in unpruned
year. Mwakha (1988) also observed the double weight of the
simlar standard shoot in pruned year over unpruned. The rate of
shoot regeneration was also faster in pruned year. The growth of
tea shoot is probably influenced by the stinulated effect of
pruning as pruning rejuvenates the bush structure. Besides, the
hi gher shoot weight in pruned year nmay be attributable to |esser
nunber of growing shoots per unit area than in unpruned year

(Table 4.9).

The nunber of plucking points per unit area and per prinary
recorded at the end of the season were nore in unpruned year
obvi ously because of the crows feet formed in the previous years
w th continuous plucking. Wth every round of plucking, there is
sonme creep in the plucking table (Jain and Tamang, 1988). In the
present study, the creep was nore in unpruned year because of
hi gher nunber of plucking rounds (29.9) during the year than in
pruned year (24.4) (Table 4.26).

I n pruned year, green |eaf and nade tea yields were reduced
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due to pruning operation, to the tune of 30.9 and 35.6%
respectively, conpared to the unpruned year. Sonme variation in
yield could also be due to seasonal fluctuations in the weather
paraneters but pruning is known to reduce the yield (Fernando «
al., 1969, GQGice & al., 1981; Sharnma, 1987; and Barbora and
Sai kia, 1989). Though nade tea is recovered fromthe green |eaf,
the present study reveals that there were slight differences in
the figures of green |leaf and nade tea yield when expressed in
percentage. It was due to the difference in dry natter contents
in the shoots in both the years. The average dry natter content
was nore during unpruned year than pruned (Table 4.5). Mre dry
matter content |eads to higher nade tea recovery. The |ower green
| eaf and nade tea yield during pruned year was due to the | oss of
nost of the early flush (Barbora and Sai kia, 1989) which was used

to establish a layer of naintenance foliage.

Seasonal distribution of crop is very inportant in tea as
it determnes the profitability. The crop of early flush (crop
obtained upto md June) is considered to be nore valuable than
the crop of rest of the season. |In the present study the
distribution of crop (green leaf) was found to be highly varying
in unpruned and pruned years. It was 39.6, 50.2 and 10.2% in
unpruned and 7.6, 70.6 and 21.8% in pruned year during early,
mai n and backend flushes, respectively. So, it is apparent that
in conparison to unpruned year, the yield of early flush crop
during pruned year was reduced to the extent of 34.4% In spite
of such heavy yield reduction, pruning is essential because in

conti nuous unpruned bushes, the top hanper becones very
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congested; shoot size becones very snall; nmany shoots fail to
regenerate and grow, the growing shoots go ban j hi before
attai ni ng pluckabl e size; the branch-system becones unproducti ve;
and bush starts producing nore flowers and seeds than vegetative
growh and, thus, results in lower crop yield in the long run.
Therefore, in order to renove top congestion and dead, diseased
and unproductive branch systemand to encourage the vegetative
growh, the pruning operation has to be applied periodically

(Sarkar, 1988; Barua, 1989).

The tea is cultivated to nmake commercial beverage. It 1is,
therefore, inportant that the final product should have, at
| east, acceptable quality. D fferent paraneters are being used to
express the quality of tea. The cooperative tea factories in
H machal Pradesh judge the quality of plucked crop based on its
fineness 1.e. the percentage of fine shoot weight conprising of
1+Bud, 2+Bud, and 1+banjhi in the plucked shoots. Mre fineness
Is considered to be better quality. Biochemsts neasure the
quality in terns of polyphenol content in tea shoots and
concentration of caffeine, TF and TR as well as total colour and
brightness in nade tea. Wiile, the tea brokers and tasters give
much wei ghtage to the physical appearance of tea and consider the
"feel" of tea infusion on their tongue. During the present study
efforts have been nade to express the quality of tea with respect

to all the above paraneters.

The fineness of crop depends on three factors - (1) the size
of harvested shoots, as shoots of size greater than 2+Bud reduce

the fineness, (2) the proportion of dormant shoots in the whole
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crop as the shoots older than l1+banjhi are regarded as non - fine
shoots, and (3) the 1loose and broken leaf which, even |if
succulent , are also graded as non fine conponent of the crop.
Despite higher domancy index (Table 4.2), the fineness was sore
during unpruned year than pruned year nmainly due to shorter shoot

size coupled with |ower nunber of unfolded |eaves (Table 4.1).

The caffeine, TR and total colour were also better in
unpruned year than pruned vyear due to better raw materia
especially during early flush (Table 4.16, 4.18 and 4.19). The
taster also rated the tea of unpruned year better than that of
pruned year, based on its brightness and flavour and thus

assigning higher valuation to the tea of unpruned year.

The yield of green leaf during unpruned year was higher but
the nean weight of individual shoot (Table 4.3) was |ess (about
5099 than that of pruned year. It neans that the density of
shoots plucked in each round was higher in unpruned year than
that in pruned year and it could be the reason for higher nmandays
requi rement per round as well as throughout the season during
unpruned year (Table 4.26). The higher nandays requirenent

I ncreased the cost of plucking in the year.

The results presented in Table 4.25 and described in Section
4.1.4.1 reveal that the plucking efficiency, expressed as
quantity of fresh crop (tea shoots) plucked per hour, was nore
in pruned year than unpruned vyear. The plucking efficiency
depends on the nunber of shoots plucked in a given tinme and

weight of individual shoot. During pruned year, the higher



wei ght of individual shoot (about tw ce that of unpruned) (Table
4.3), and lower density of shoots (recorded at the closure of
season, Table 4.9) than that of unpruned year, resulted in higher
efficiency. In pruned year, due to higher efficiency and |ower
yield (Table 4.12), the nunber of mandays and cost involved in
plucking, in a single round and over the season, were less than

that in unpruned year (Table 4.26).

Despite the higher dormancy index (Table 4.2) the average
price of plucked crop was nore in unpruned year than that of
pruned year (Table 4.27). The price of crop is based on its
fineness (Appendix Il11) and the latter is dependent on nunber of
unfol ded |eaves on a shoot. The nunber of |eaves nore than two
on a shoot reduces the fineness and thus price. In the present
study, the average nunber of unfolded |eaves in plucked shoots
was less (2.53) in unpruned year than in pruned year (2.93) and

hence, the average price was nore in case of forner.

Goss incone is the product of average price of leaf and
yield of the crop. Because of higher average price and nore yield
(Table 4.12), the gross inconme in unpruned year was nore than
that of pruned year. The cost of plucking showed pronounced
effect of income per rupee invested. During pruned year, the cost
of plucking was |ower than unpruned year, hence, the incone per
rupee invested was nore in pruned year. The relatively |ower
mandays requirenent and plucking costs helped in increasing the

return per rupee investnent on plucking.
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5.2.Effect OL Plucking intervals

5.2.1.Gowth studies

Shoot growh, neasured in terns of nunber of unfolded
| eaves, fresh and dry weights and rate of fresh and dry weight
increnent per day in a shoot, was significantly affected by
plucking intervals (Fig. 5.1, and Tables 4.1, 4.3, 4.4, 4.6 &
4.7). Besides, the dornancy index and dry natter content of
shoots (Table 4.2 & 4.5) were also significantly influenced by

the treatnents of plucking interval

The nunber of unfolded | eaves, fresh weight (Fig. 5.J; Table
4.1 & 4.3) and dry weight (Table 4.4) per shoot increased
consistently and significantly with increasing plucking interva
during unpruned and pruned years. The nunber of unfolded |[eaves
Increased to 3-4 during unpruned and 4-5 during pruned year fron
young unfol ded leaf with increasing plucking interval to 17 days.
Fresh and dry weights were increased fron 8 to 10 tines wth
increase in plucking interval fron 3 to 17 days in both years.
Increase in nunber of [|eaves and weights per shoot can be
attributed to nore days available for growth wth wdening of

pl ucki ng i nterval.

The results on rate of shoot growth increnent (Fig.5.1;
Table 4.6 and 4.7) indicate that the rate of both fresh and dry
wei ghts increnent increased consistently and significantly wth
increase in plucking interval. The photosynthetic capacity of
mature leaf is nuch nore than younger on (Sivapalan, 1977). The

capacity for photosynthesis devel ops gradually in young expandi ng
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AS INFLUENCED BY DIFFERENT PLUCKING
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leaf and it attains full photosynthetic efficiency only after
expanding to nore than half of its maxi numsize (Barua, 1953 and
1960). Even third leaf on a grow ng shoot is photosynthetically
| ess efficient than a mature leaf of sanme size (Tea
Encycl opedia, 1969), this anply explains the reason of increase

I n shoot weight increment with increase in plucking interval.

Though the nunber of unfolded |eaves per shoot increased,
the proportion of dormant shoot (i.e. dormancy index, Table 4.2)
also increased significantly with increase in plucking interva
particularly during unpruned year. The higher proportion of
dormant shoots reduced the fineness of crop. Besides higher
proportion of dormant shoots also lowers the value of fina
product (Barua, 1961). It is clear fromTable 4.1 & 4.2 and
Fig. 51 that if plucking is delayed beyond 7 to 9 days in
unpruned year and 5 to 7 days in pruned year, the nost of
growi ng shoots exceeded two-leaf stage and a proportion of
shoots went banjhi. In simlar type of studies, Qdhianbo (1989)
observed that with wdening of plucking interval from6 to 22
days, the proportion of snmall shoots (particularly 1+Bud) reduced
while that of 3+Bud and 4+Bud increased. Nathaniel e al. (1986)
recorded significant increase in the proportion of dornant

shoots with extension of plucking interval.

The recovery of nmade tea depends on the dry nmatter content
of the crop. In the present study the dry matter content of
shoots was significantly affected due to interval of pl ucki ng
(Table 4.5). The content was highest in the shortest plucking
interval i.e 3 days during both years (Fig.5.1). It decreased
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with increase in plucking interval upto 11 days probably due to
Increase in the proportion of sten which contains higher water
content (CSIR Gonpl ex Pal anpur, unpublished data) but further
increase in plucking interval resulted in higher dry natter
content due to the devel opnent of fibrous tissues. The effect of
interval was nore pronounced during pruned vyear, though, the
average content was lower than unpruned year. The range of
variation in dry natter content was between 23.3 to 25.4%during
unpruned vyear and 21.7 to 24.5%during pruned year due to
variation in plucking interval. Thus the variation in dry natter

content in the tea shoots affected the nade tea recovery.

The density of plucking points expressed per 100 en' area
and per prinary of tea bush was significantly increased wth
increase in plucking interval during both unpruned and pruned
years (Table 4.9). The density increased fastly when shorter
plucking intervals of 3 and 5 days were followed. The plucking
points reflect the total nunber of shoots of all generations
pl ucked throughout the croppi ng season. Due to frequent pl ucking,
the population of subsequent shoot generation also increased
whi ch increased total plucking point density. But this variation
in plucking point due to variation in plucking interval did not

I nfl uence the regeneration rate of shoot (Table 4. 8).

Pl ucking acts as a stinulus for the production of subsequent
shoots. Wen a shoot is plucked, it releases the innediately
below placed axillary buds on scale leaves fron the apica

doni nance and allows it to grow. The process is repeated in each
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pl ucki ng.

Barua (1969) has described the bush spread as an inportant
attribute governing yield of tea plant. The present study
indicates that the plucking intervals influences the spread of
tea bush (Table 4.10). It has been calculated fromthe data that
there was significantly higher increase in bush spread wth
wi deni ng plucking interval from3 to 7 days. The increase in the
spread woul d be helpful in maintaining the health of tea bush due
to increase in the volune of naintenance foliage. The higher
coefficient of variation (22.02Z in unpruned and 24.88% in pruned
year) of the observation was due to the fact that increase in

bush spread was not consistent in each plucking interval.

5.2.2.Yield
In tea the yield is cunmulative mass of shoots harvested

t hroughout the season froma unit piece of |and.

As nmentioned earlier, the increase in plucking interval from
3 to 17 days resulted in consistent and significant increase in
shoot (Section 5.2.1). It was observed that by extending the
plucking interval from3 to 17 days, the total nunber of plucking
frequencies reduced to one-sixth, but the shoots plucked were
about 9 tines heavier; thus the product of shoot weight and the
total plucking frequencies showed a trend of increase wth
increase in plucking interval. In the present study, the green
leaf and nade tea yields also showed the increasing trend wth
increase in plucking interval from3 to 17 days during both years

(Fig. 5.2; Table 4.12 and 4. 13). These findings are supported by
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the earlier work of north-east India (Ann. Sci. Report, TRA
1970-71; and Barbora and Sai kia, 1989) and south India (Verghese,
1977; and Ranganathan e al.,, 1983). Besides, Gice (1984) in
Central Africa had al so observed simlar trend. The higher vyield
wth longer intervals has been ascribed to be due to greater

shoot weight owng to extra tinme for growing (Tenpler, 1977).

Contradicting these findings, the work done outside India
i ndicates that shorter plucking intervals are nore productive
(Tubbs, 1938 and 1949; Pethiyagoda, 1967; Pal ner-Jones, 1977,
Dumur and Nai du, 1985; Nathaniel e al. 1986; and Maakha, 1987).
H gher yield in shorter intervals has been reported to be due to
the formation of nore nunber of plucking points since plucking
acts as a stimulus for further shoot production by tenporarily
destroying the apical domnance (Portsnmouth and Rajiah, 1957).
In the present study also the total nunber of plucking points
(recorded at the closure of season) were nore due the shorter
intervals (Table 4.9) but the proportionate increase in the shoot
weight at longer intervals due to extra tine for growng was
nore, resulting in higher yield. Recently, O oves (1989) reported
that increase in plucking interval increased yield upto certain
interval but beyond that the yield reduced. The present st udy
reveal s that though the green leaf yield increased with increase
in plucking interval, the plucking from5 to 13 days and 11 to 17
days during unpruned year, and from5 to 11 days and 13 to 17

days during pruned year had statistically simlar vyield.

The tea of commerce is nmanufactured fromthe green |eaf. The

recovery percentage of nade tea fromthe green leaf depends on
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the dry matter content in the leaf (shoots). In spite of decrease
in dry natter content with increase in plucking interval from 3
to 11 days, the made tea yield showed a trend of continuous
increase upto 17 days interval (Table 4.13), indicating that the
decrease in dry matter content was nmuch |ower than the increase
in green leaf yield with each successive increase in plucking
interval from3 to 17 days. Therefore, the overall trend of nade
tea yield in all flushes and over the season was simlar to that
of green leaf yield. It can be conputed fromthe data (Table 4.12
& 4.13) that by extending plucking interval from 3 days to 17
days, the yield (both green leaf and nade tea) could be increase

upto 50% during unpruned year and 80% duri ng pruned year.

Besides total yield, the seasonal distribution of yield is
al so inportant in tea crop. "Early flush' is generally considered
quality flush and fetches higher price in the market than other
flushes of the season. On the other hand, "main flush' in the
maj or yield flush during the season where 50 to 70 per cent of
the <crop is harvested. The yield in early and main flushes also
showed increasing trend wth increase in plucking interva
(Fig. 5.2; Table 4.12 & 4.13). Thus, the higher vyield can be
obt ai ned by followng longer intervals in these flushes. The
trend of vyield in "baekend flush' was not very di stinct
particularly during unpruned year (Fig. 52} The |onger plucking
intervals of 15 and 17 days in this flush resulted in lower yield
than 7 and 11 days probably due to exhaustion of the bushes. But
this flush is not considered to be very inportant as it is of

very small duration and contributes only 10-20 per cent of the
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total production. Besides yield, the quality aspect has also to
be taken into consideration because Verghese (1977) found that
crop plucked at longer intervals included a |arger proportion of

shoots which could not be nmanufactured into acceptabl e tea.

5.2.3. Quality

The quality paraneters studied were fineness of the plucked
crop, polyphenol content in tea shoots, caffeine and other nade
tea paraneters viz theaflavin (TF), thearubigin (TR), tota
colour and brightness. Arong these the fineness of the crop is
directly related wth the price of plucked leaf and also the

appearance (texture) of nade tea where as the pol yphenol content
f

Is responsible for the developnent of TF and TR the nade tea

paraneters, and caffeine for briskness of nade tea.

5.2.3.1. Fineness of crop

The fineness of the crop refers to the proportion of the
shoots (by weight) consisting of 1+Bud, 2+bud and 1+banjhi to the
total harvested crop. Averaged across the nonths, the fineness of
pl ucked crop decreased continuously and significantly wth in-
crease in plucking interval from3 to 17 days during both the
years of study (Fig. 5.2; Table 4.14). The average range of
variation in the fineness of crop due to different plucking
intervals was between 77.0 to 48.9% during unpruned year and
fairly wider between 86.9 to 34. 7%during pruned year in 3 and 17
days plucking intervals, respectively. The decrease in fineness
wth increase in plucking interval mght be due to two reasons.

Firstly, with increase in plucking interval, the size of plucked
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shoot (in terns of nunber of unfolded |eaves, Table 4.1) in-
creased above 2+Bud and the part of shoot below 2+Bud is consid-
ered coarse as have al so been reported by Sarkar (1988). Second-
ly, wth increase in plucking interval the proportion of banjhi
shoots increased (Table 4.2) significantly. In a banjhi shoot the
| eaves below first leaf are regarded coarse and hence |ower the
fineness nore sharply. At Tocklai, Barbora and Saikia (1988), in
their 7 years study, also observed decrease in fineness of crop
wth increase in plucking interval in all nonths from March to
Novenber. |In the present study, the w der range of decrease in
fineness during pruned year mght be the result of faster growh
as evident fromrate of increment in dry natter accunulation
(Table 4.7) and nunber of unfolded |eaves per shoot recorded at

different intervals (Table 4.1).

5. 2. 3. 2. Pol yphenol cont ent

Pol yphenol content is the major chemcal constituent in tea
shoots fromwhere the nade tea quality paraneters viz TF, TR
total colour and brightness eta develop. Thus, it can be
regarded as a potential quality paraneter. The present study
reveals that the content of polyphenol differed significantly due

to different treatnents under study.

Li ke fineness of the crop, there was significant decrease in
pol yphenol contents in the tea shoots with increase in plucking
interval from3 to 17 days during both unpruned and pruned vyears
(FFg. 5.3; Table 4.15). Wthin a shoot, bud contains highest
content of polyphenol and it decreases in first, second and

subsequent |eaves while stem contains least content (Bhati a,
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1961; Ann. Sci. Report, Tocklai Exptl. Station, 1977-78, and U ah
and Jain 1980). Shoots plucked at longer intervals not only
unfol ded higher leaves (Fig. 5.1; Table 4.1) but also contained

| onger stens thus resulted in decrease in polyphenol content.

5.2.3.3. Caffei ne content

Caffeine content in tea is responsible for briskness of tea
beverage. High levels of caffeine enhance the cream ng property
of Dblack tea which is considered to be inportant vyardstick to
evaluate tea quality (Dev Choudhary, 1980). The present study
revealed that the caffeine content is significantly influenced
by pl ucking intervals during both unpruned and pruned years
(Table 4.15). Fig. 5.3 depicts the trend of caffeine content as a

result of variation in plucking interval.

The min effects of plucking intervals showed that |I|ike
pol yphenol content, caffeine was also highest in the tea crop
obtained from 3 days plucking interval and it decreased signifi-
cantly with increase in plucking interval upto 17 days (Table
4.15). The findings fromTea Exptl. Station Tocklai reveal ed that
i ke polyphenol content, the caffeine content wwthin a shoot 1is
hi ghest in the bud followed by first, second and third |leaf while
stem of the shoot contained |owest concentration. In the present
study, increase in plucking interval resulted in increased nunber
of unfolded |eaves on a shoot (Table 4.1), thus |onger stens,
resulting 1in decrease of caffeine content. Omor and Chavanji
(1986) al so observed higher caffeine content in the young tender

shoot s.
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5.2.3.4. Made tea paraneters

Maj or changes which take place in tea leaf during nanufac-
turing process are formation of coloured substances - TF and TR
fromcol ourl ess pol yphenol (Section 2.9.1). Both of these start
formng wth the initiation of fernentation during rolling of tea
leaf. The TF concentration goes increasing with progress of
fermentation till a stage is reached when there is no further
fermentation of TF. On prolonging the fernentation period, TF
content ultimately shows a significant decline while TR goes on
I ncreasing (Roberts, 1958 and 1962; Deb and Ul ah, 1968). H gh
levels of TF and adequate levels of TR could be related to high
value of tea (Roberts, 1958). The proportion of TF and TR

ultinmately determne the col our and bri ghtness of nade tea.

In the present study the average values of all the nmade tea
paraneters viz TF, TR, total colour and brightness across the
nonths during both years were highest in the tea nmade from the
pl ucki ngs of 3 days interval, and there was significant decrease
in the paranmeters with increase in plucking interval upto 17 days
(FFg. 5.4, Tables 4.17 to 4.20). This was mainly due to
consistent and significant decrease in polyphenol content from
where these paraneters ultimately devel op during nmanufacturing

process.

5.2.3.5. Taster's eval uation
Al though different biochem cal neasures have been devel oped
and used for indicating tea quality, correct valuation of tea in

national and international trade is still based on organol eptic
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eval uation by experienced tea tasters. In the present studies,
the tea made form the harvests of different plucking treatnents
during both vyears of study exhibited significant differences
(Table 4.21 to 4.24; Fig. 5.5). The tea of all intervals in al

nmonths during both year got simlar ratings. In biochem ca
analysis also, very slight differences were recorded in respect

of total col our.

In tester's evaluation, brightness, colour, flavour and
total quality showed a trend of decrease wth increase in
pl ucking interval during both years (Fig. 5.5), supporting the
results obtained in biochemcal analysis (Fig. 5.4). The decrease
in quality 1in taster's evaluation with increase in plucking
intervals has al so been reported by Mtni-Nkhoma (1989) and nany

ot her s.

5.2.4. Econom cs

Acceptance of any technol ogy depends on its profitability.
In tea cultivation, only single operation, the plucking, accounts
for 60 to 85% of total cost and (Awasthi and Sarkar, 1983;
M tini-Nkhoma, 1989; Rawlley Beig, 1990) thus, plays an inportant

role in affecting the overall econom cs of tea cultivation.

The plucking efficiency interns of quantity of leaf plucked
in wunit time was |lower at shorter intervals and increased wth
the extension of plucking interval, during both the vyears of
study (Fig. 5.7 ; Table 4.25). The plucking efficiency mainly
depends on tenderness or succulency of shoot and weight of

i ndi vidual shoot plucked. In shorter intervals the shoots were
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tender and lighter in weight leading to lower efficiency. Wth
increase in age of shoot from3 to 17 days, its tenderness
reduced and weight increased and consequently the plucking
efficiency was enhanced. Overall, the nunber of shoots plucked

at each interval have also influenced the efficiency.

Increase of plucking interval from 3 to 17 days was
acconpani ed by marked decrease 1in plucking frequencies from 73
to 13 in unpruned and 60 to 11 in pruned years, respectively
(Fig. 5.G; Table 4.26). Increase in plucking frequencies, at
shorter intervals, called for nore mnmandays requirenent. The
requi rement was further escalated due to decrease in plucking
efficiency at shorter intervals due to the reasons nentioned
above. Oning to higher nmandays requirenent, the cost of plucking
al so showed consistent and significant increase with decrease in
plucking interval. GContrary to this, the average nandays
requi renent per interval was lower at shorter intervals. This can
be attributed to the higher succul ency (tenderness) of the shoots
at these intervals. In unpruned year, the total nmandays required
for plucking increased with increase in interval froml1l5 to 17
days which was contrary to the general trend and m ght have been
due to increased coarseness of the shoots as a result of nore

fiber content particularly in the nonths of dornmancy.

Average price of harvested crop decreased with increase in
plucking interval during both the years (Fig. 5.7 ; Table 4.27).
The price of harvested tea is by and |large dependent on the
fineness of the crop. The fineness decreased with increase in

plucking interval from3 to 17 days during both the years. During
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unpruned year, in spite of simlar shoot size below 2+Bud
(Table 4.1), average price of crop plucked at 3 days interval
was |ower than that of the pruned year, this night be because in
unpruned year, the shoot size was snmaller (as evidenced by its
fresh and dry weights, Table 4.3 and 4.4) and night had snaller
Internodes (data not recorded) than that of pruned year; when
shoot was plucked, the second |eaf got separated fromthe shoots
and this |loose |eaf was considered "coarse' as per the procedure
of determnation of fineness, and hence lowered the fineness
and, thus, price. Besides, the range of variation in average
price was nore in pruned year (Rs 3.56 to Rs 11.61) than that in
unpruned year (Rs 5.54 to Rs 10.02). The variation in price range
appeared to be associated with the shoot size which varied
considerably in pruned year (unfolded |eaves ranged between 1.29

to 4.46) as conpared to unpruned year.
5 3. Bfect pX wmths. of pl ucking

5.3.1.Gowth studies

Variations in the growh and devel opnent of tea shoots in
different nonths during the season is well docunented and
I nvestigations have established significant correlation between
weat her paraneters and rate of shoot growh (Carr, 1972; and
Qdhi anbo, 1986). Besides, other factors being constant, seasona
variations influence the bionetric characteristics of the flush
shoot (Eden, 1976). The rate of leaf unfolding and growth of
shoot have been reported to be influenced by environnental fac-

tors (Nakayama and Harada, 1962; Mtsui and Harad, 1962; GQGeen
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1,070; flquira, 1074; mul Una, 1004).

In the present investigation the nunbor of unfolded | oaves,
fresh weight (Fig.5.8;, Table 4.1 & 4.3) and dry weight (Table
4.4) per shoot significantly varied in different nonths of
pl ucking during both wunpruned and pruned years. The hi ghest
nunmber of unfolded |eaves were in April followed by July, August
and Septenber during wunpruned year while |owest nunber was
recorded in Cctober followed by May and June. Excepting April,
the trend of |eaf unfolding during pruned year was also simlar;
(in April the crop was not ready for harvesting). The |ower
nunmber of unfolded |leaves in May and June, during unpruned year
indicates the conpletion of first flush of the <crop. The
proportion of dormant shoots to active (Fig. 5.8; Table 4.2) in
June also confirms the sanme. During pruned vyear despite |ow
dormancy i ndex, the nunmber of unfol ded |eaves was low in May and
June than July, August and Septenber. This m ght be due to the
fact that in pruned bushes the regenerated shoot s wer e
conparatively bigger in size (having weight nore than twice the
shoot of unpruned year of sanme standard, owing to I|ess shoot
density, Fig. 5.8, Table 4.3) with |longer internodes. Hence, the
extension rate of shoots reduced during pruned year due to bigger
shoot size. During both the years, the gromh conditions were
congenial for the rate of leaf unfolding in July, August and
Septenber, being rainy nmonths (Figs. 3.1 & 3.2). Decline in
nunmber of unfolded |eaves after Septenber indicates t he
conmpletion of main flush. The dormancy index increased after

August during both the years of study, show ng i nverse
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relationship wth the nunber of unfolded |eaves. Das (1984), at
Tocklai, has tried to establish relationship between rate of |eaf
unfolding and the climatic condition. He concluded that decrease
in tenperature and daylength nmarkedly delayed the rate of |eaf
unfolding. Simlar interpretations can also be mde from the

present studies.

Cbservations and experiences in H machal Pradesh reveals
that the first or early flush conpletes during second fortnight
of Kay to June end; the second or min flush during second
fortnight of Septenber; and the last or backend flush during
first week of Novenmber. Hi gher proportion of dormant shoots and
reduced size of active bud mark the conpletion of different
flushes in a season. Simlar observations regarding conpletion of
different flushes were recorded during unpruned year also. But in
pruned vyear, the distinction between first and second flush was
not very clear because pruning operation had stinmulated the fast
gromh of the shoots and as a result the shoots remained active
during June. A slight rise in dormancy index (though very low in
conparison to unpruned year) noticed in July revealed that the

pattern of flushes is slightly nodified by pruning operation.

The fresh and dry wei ght of shoot were highest in April and
May during unpruned and pruned year, respectively (Table 4.3 &
4.4) and wth the advancenent in season the weights decreased
conti nuously till October. This trend can be explained on the
basis that wth continuous plucking, the density of plucking
poi nts increased and nore and nore shoots got opportunity to grow

fromthe dormant axillary buds, the shoot nunmber and weight are
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generally inversely related with each other and one increases at
tho cost of othor (Rahmmn, 1977 & 1900). According to Tubbn
(1936), the decrease in shoot weight occurs due to interna
conpetition anong i ncreased nunmber of shoots. Simlarly,
Portsmouth (1957) considers that the decrease in shoot weight s
due . to increased conplexity of branching at plucking surface
resulting in the interference wth movenent of water and
nutrients to the growi ng apices. Wght (1955) attributed this to
the loss of apical neristens due to ageing. The study further
reveal ed that there was sudden depression in the shoot weight in
June during unpruned year. This is attributable to t he higher
dorsiancy index in this nonth (Table 4.2). The wei ght of shoot and
the rate at which the fresh and dry weight increnment occurred
(Table 4.6 and 4.7) were higher in April, July and August during
unpruned vyear and in May, July , August and June during pruned
year. Wiile in October, Septenber and June during unpruned year
and in COctober and Septenber during pruned year the shoot had
lowest fresh and dry weights as well as rate of fresh and dry
shoot wei ght increments. The findings show that shoot weight and
rate of shoot weight increnent have negative relationship wth

dor mancy i ndex.

According to Manivel and Hussain (1982) the direction of
j aovemant of photosynthates during active flush period is towards
t he gr om ng shoot s while during dornmancy, a part of
phot osynt hates get diverted towards roots; while during wnter
mont hs when there is no apparent growth, all photosynthates are

stored in the roots in the formof starch. This explains why
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shoot wei ghts were |ower during Cctober, Septenber and June
during both the years. During pruned year, the fresh weight of
shoot was higher in August than July but dry weight was simlar
indicating that due to anple supply of noisture as a result of
rainfall, the water content in shoots was also higher resulting
in higher fresh weight. Simlarly, sonme fluctuations occurred in
the rate of shoot weight increnment could also be due to variation

i n weat her paraneters.

Plucking operation stinulates the regeneration of apical
shoots immedi ately below the plucking point by tenporarily
destroying the apical dom nance (Portsnouth and Ra.jiah, 1957).
, The present study revealed that the nonth of plucking and pruning
operation also affected the rate of shoot regeneration (Table
4.8). The shoots plucked in April, in unpruned year, took 24 days
to regenerate, while in May and June the rate of regeneration was
quite slow taking 42 and 41 days, respectively; further the
shoot s did not regenerate to 2+Bud Ievel during Oct ober
indicating the relation of rate of regeneration wth dormancy
i ndex. The nonths of higher dormancy have |longer rate of shoot
regeneration. Though the dormancy index in May was | ow, the shoot
plucked in May regenerated to 2+Bud size in June when dormancy
had initiated. Besi des, the high tenperature and |ow rainfal
duri ng sutmmer  nmonths could be the other factor del ayi ng
regeneration during June in unpruned year. But during pruned
year, the rate of regeneration of shoot was slightly but
significantly slower in My, June and July than August and

Septenber. This m ght have been due to bigger size of regenerated
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shoot in My to July nonths as conpared to that in August and
Sept enber. Bigger size of shoot having relatively | onger
internodes is expected to take nore time for unfolding | eaf

probably owng to its slower rate of shoot extension.
5.3.2. Quality

5.3.2. 1. Fineness of crop

The fineness of the crop was highest in the beginning (April
in unpruned year and May in pruned year) of the season and
decreased continuously upto Septenber but inproved slightly in
Cctober (Fig. 5.9; Table 4.14). In the beginning of the season
the density of shoots per unit area was conparatively less and as
a result their fresh weight was nore (Figh 5.8; Table 4.3).
Because of the bigger size of the shoots (or |onger internodes)
the incidence (inclusion) of the |oose leaf (which is considered
to be non-fine material) was less in the early season. Increase
in dormancy index in subsequent nmonths is the other reason for
| ower fineness as the part of shoot excluding the first leaf with
dormant apical bud above it is graded as coarse nmaterial.
Besi des, in the beginning of the season the plucking table was
uniform but during peak flush period (especially during early
flush, when the rate of leaf unfolding was very fast and nmain
attention was given to pluck all the shoots grow ng at plucking
table) the table becane sonmewhat uneven due to heavy rush of the
crop. Therefore, the occurrence of a small proportion of |oose
and mature leaves in the plucked crop could not be avoided in the

subsequent harvestings. Slight inprovenent in the fineness during
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Qctober nonth was due to restricted growth rate of shoot due to
| ow tenperature and thus conparatively |ess nunber of unfolded

| eaves.

5. 3. 2. 2. Pol yphenol content

Shoots plucked in different nonths during both unpruned and
pruned years exhibited significant difference in polyphenol
contents. The differences were nore pronounced during pruned year

(Fig. 5.9; Table 4.15).

During unpruned year the pol yphenol content was higher in
early flush particularly in May. The crop of nmain and backend
flushes (i.e. fromJune to Cctober) contained |ess polypheno
than that of early flush. Significantly |Iow content of polyphenol
in the crop of April was probably due to dilution effect as a

result of higher shoot grow h.

During pruned year, the content was |owest in My pluckings
but inproved significantly in the subsequent nonths until
Cctober, while remained at par in the rainy nonths (July and
August). The polyphenol content showed a trend of negative
relationship with the dry natter content of shoot (Table 4.4) as
also reported by Sharnma (1988) under agro-climatic conditions of

H nachal Pradesh.

5.3.2.3. Caf fei ne cont ent
The caffeine content varied significantly in different
nmonths of plucking during both wunpruned and pruned Vyears

(Tabl e 4. 16)
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During unpruned year the content decreased from My to Ccto-
ber (Fig. 5.9) indicating that tea in the beginning of season 1is
better in quality (regarding taste and briskness due to higher
caffeine content) than the renai ning season. Such results have

al so been reported by d oughley (1982).

During pruned year, the caffeine content was low in early
flush which inproved in early part of main flush (July) and in
backend flush (Cctober). The pattern of caffeine content in
different nonths was just like to that of pol yphenol content and

can be explained in terns of rate of shoot grow h.

5.3.2.4. Made tea paraneters

Al nade tea paraneters showed significant change with nonth
of plucking (Table 4.17 to 4.20) during both years of study.
During unpruned year, TF was highest in the pluckings of May and
Qctober, and during pruned year, tea of July, June and Cctober
(in the order) was having nore percentage of TF while | owest
content during both years was in the tea of August (Fig. 5S;
Table 4.17). The nost of variations in TF content were in
accordance w th pol yphenol content. The pattern of variation of
brightness of nade tea was exactly simlar to that of TF content
during both the years (Fig. 5.9; Table 4.20). A significant
positive correlation between TF and brightness under Pal anpur

conditions has already been reported by Sharma (1988).

The trend of TR was also simlar to that of TF wth few
exceptions (Fig. 510)] Table 4.18). Slight variations in tota

colour were also recorded during both years. Wile other
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paraneters inproved, the total colour reduced in tea of Cctober
pl ucking during unpruned year. As such, total colour did not
show much variation especially during unpruned year. S mlar
results have al so been reported by Sud and Bhattacharjee (1990)
under Palanmpur conditions. |In fact, wvariations in nade tea
paraneters depend not only on quality of raw nmaterial but also on
the condition of manufacturing and weather paraneters (Tockla

Exptl. Station 1911-1991, 1992).

5.3.2.5. Taster's eval uati on

During unpruned year, the rating for all reported paraneters
(except <colour) was higher in the tea. of QOctober pluckings
(backend flush) followed by My and June (early flush)
(Fig. 5.11). During unpruned year also the ratings were higher for
the tea of Qctober nonth followed by May, June and July. The
trend of ratings of quality paraneters was simlar to that

observati on bi ochem cal paraneters.

5.4. Interaction effect
5.4.1.Gowh

Though the trend of growth of shoot at different plucking
intervals in different nonths was simlar to the nain effects of
the intervals, the shoots plucked at longer intervals in Apri
during unpruned vyear and My during pruned year showed
proportionately higher growh as evidenced by the fresh and dry
weights of shoots as well as by the rate of their increnents
(Table 4.1, 4.3, 4.4, 4.6 &4.7). This may be attributed to the

favourabl e weather conditions as well as due to |ower dornancy
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index (Fig. 5.8; Table 4.2) in these nonths. On the other hand,
the growth shoot plucked at longer intervals in October during
both year had lower fresh and dry weights as well as their rate
of increnments, and may be attributed to higher dormancy index and

| ow tenperature (Appendix 1) during this nonth.

5.4.2. Qual ity

5.4.2.1. Fineness of crop

The trend of decrease in fineness with increase in plucking
interval in all the nonths during both the years was simlar but
the range and proportion of decrease wth each successive
increase in plucking interval varied during both years (Table
4.14). During unpruned year, the highest fineness was 86.2% at 3
days plucking interval in April and |owest was 33.7 at 17 days in
Cct ober. During pruned year, the range was quite wi der from 93. 6%
at 3 days plucking interval in June to 21.3% at 17 days in
August. The variation in fineness in different nonths during both
the years was related to the growth (in ternms of nunber of
unfolded |eaves). VWien growh was faster the proportion of
coarser shoot (3+Bud and above) was increased as al so observed by
Mvakha (1991). During the nonths of slow growh rate, the
fineness reduced at |onger interval due to higher proportion of
dormant shoots in the produce. It has been observed that there
was nore decrease in fineness wth increase in pl ucki ng

intervals in all the nonths during pruned vyear. The fineness

recorded at plucking interval of 17 days in all nonths during
unpruned year was at par, if not better, to that of 11 days
interval in pruned year. The fineness was even bel ow 30% during
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pruned year at 17 days interval in June and Septenber, 15 and 17
days interval in August. The results of the study indicated that
for obtaining a crop of around 50% fineness, the plucking
interval should be shorter than 9 days during pruned year and it

can be extended upto 13 to 15 days during unpruned year.

The variation in fineness of crop at shorter intervals (i.e
3 and 5 days intervals), in different nonths during both years,
was solely due to inclusion of |oose |eaves as the shoot plucked
sel dom exceeded 2+Bud (particularly in unpruned year). The shoots
plucked at these intervals were snail wth shorter internode

resulting into lower nost l|eaf usually separated into |oose |eaf.

5.4.2. 2. Pol yphenol content

The experinental results revealed that during unpruned vyear
the polyphenol content was significantly highest in the shoots
of early flush crop (April to June) at the shorter interval of 3
and 5 days (21-23% which night have been due to higher
proportion of snail tender shoots in the plucked crop. The nade
tea of early flush is well known for its quality and, thus, nay
be related to higher content of polyphenol in the shoots but it
is apparent from the data that such hi gh proportion of
pol yphenol deteriorates if plucking standard is nade coarse by
extending plucking interval to 15 and 17 days, especially in
April and June. The tea of plucking interval shorter than 13 or
15 days in months fromJune to October contained significantly
| oner polyphenol (below 13% in the season than remaining

intervals and was again due to inclusion of higher proportion of
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coarse | eaves and stens.

During pruned year, significantly highest content of poly-
phenol (about 20% was recorded in Septenber and October at
pl ucking intervals of 3 and 5 days. The content was conparatively
low even at shorter intervals in early season (May & June)
probably due to bigger shoots (having double fresh and dry
wei ghts than that in unpruned year, Table 4.3 & 4.4), resulting
in dilution of polyphenol concentration. The weight of shoots
pl ucked at 15 and 17 days intervals in May was quite higher than
remai ning nonths, and thus, resulted in the |owest polypheno

content (about 11% during the season.

5.4.2.3. Caffeine content

During unpruned year the tea of early flush (May) plucked at
3 and 5 days intervals had highest caffeine (>3% . Both increase
in plucking interval and advancing of season from May to Cctober
showed decrease in the caffeine content. The caffeine was bel ow
2% in tea of 13 to 17 days plucking intervals in June, July and

August and 13 to 17 days plucking intervals in remining nonths.

During pruned year, tea of highest caffeine content (>3%
was produced fromthe pluckings of 3 and 5 days in July and 3
days in Septenber. The tea containing less than 2% caffeine was
obtained fromthe harvest of 17 days interval in May and June,
13 and 17 days interval in August and 15 and 17 days intervals

in Septenber.

The caffeine content was al so higher (>2.8% in the tea of 3

and 5 days intervals in June during both years and of 3 days in
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Sept enber during pruned year.

5.4.2.4. Made tea paraneters

Though the general trend in each nonth showed decrease in
quality (in ternms of TF, TR, total colour and brightness) wth
increase in plucking interval, (Table 4.17 to 4.20) but there
have been sonme variations in the general trend in sone nonths in
bot h years of study and have been described in corresponding
sections in Chapter 4. Such variations can be expected because
besi des pol yphenol content of shoot, the quality of tea is
dependent on many other factors starting from plucking to drying
of final product and even upto storage. For exanple, during
plucking if the shoots are handled tight, they get squeezed and
cells get Dbruised (Trinich, 1962). This cause the polyphenol
oxi dase and polyphenol to mx resulting in early fernentation
which lowers the quality of made tea. Simlarly, if plucked green
|eaf is not properly aerated, gets heated up resulting in break-
dowmn of cell structure and ultimately early fernmentation (Tri-
ni ch, 1962) . In sanme way various other factors including the
steps of manufacturing have been reviewed by Owor and O hieno

(1988) which influence the quality of nade tea.

It is obvious fromthe present findings that tea of shorter
intervals of 3 and 5 days in all nonths during both years partic-
ularly in May and Cctober during unpruned year and July during
pruned year had very high quality especially in respect of TF

content.
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5.4.2.5. Taster's eval uati on

Kirthisinghe (1968 & 1971) studied the effect of length of
pl ucki ng rounds on Manufacturing quality of harvest and found no
difference in the valuation of final product. Simlarly, Barbora
and Saikia (1989) did not observe any difference in tea quality
In tasters' evaluation. They expressed the view that quality and
valuation of nade tea depends nore on manufacture than on the
standard of the shoot harvested. However, the effect of the
standard of plucking on quality of black tea is well docunented

(Owor e al., 1987; Mhanta e al. 1988).

In the present studies, the tea of shorter pl ucki ng
intervals of 3 and 5 days got higher ratings for Dbrightness,
fl avour, total quality and valuation in all the nonths
particularly in Qctober and Nay during unpruned year. The tea of
7 days plucking interval also got equal ratings for these
paraneters during unpruned year, again confirmng that the tea
made fromshorter interval during early and backend flushes are

better in quality than remaining main season.

The slight wvariations in the general trend of quality
paraneters and alnost simlar valuation of tea nmade from the
plucking intervals of 7 to 17 days reveal that beside raw
material, the manufacturing of tea also play role in tea quality.
Besi des, while other infusion characteristics of nade tea, the
physi cal appearance of the tea is equally inportant (Abdul

Gaffar, 1982) for the valuation of final product.
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5.5. E fect of. Methods of. pl ucking

5.5.1.Gowth studies
Ndanugoba (1977) found that |eaf plucked by mechanica

nmethod was coarser than the |eaf plucked by hand. He found that
machi ne pl ucki ng have to be done on longer round for better crop.
In the present study al so the bushes under shear and nmachine, as
well as black plucking took nore tine to beconme ready for
subsequent pluckings than standard plucking, as a result the
| onger plucking intervals were followed in the forner nethods.
The average length of plucking interval varied from8 to 12 days
(nrean 8.9 days) during unpruned year and from7 to 11 days (nean
8.8 days) during pruned year with shear plucking, and 8 to 15
days (nean 10.9 days) during unpruned and 8 to 12 days (nean 10.1
days) during pruned year with machi ne plucking. In hand pl ucking,
the average length of plucking interval in different nonths
varied from5 to 9 days (nean 6.6 days) during unpruned year and
from4 to 7 days (mean 5.2 days) during pruned year with standard
plucking, and 6 to 11 days (mean 7.9 days) during unpruned vyear
and 5 to 10 days (nean 6.5 days during pruned year wth black
pl ucking. In standard plucking, all snmall 1+Bud shoots were |eft
behind on the bushes during plucking (Plate 5.1), which becone
ready for subsequent plucking after unfol ding one |eaf and, thus,
t he bushes under this plucking system were plucked nor e
frequently. Smlarly, the longer plucking intervals in black,
shear and nachi ne plucking were due to the reason that by these
pl ucki ng nmet hods, all snall 1+Bud shoots which were to be pl ucked

as crop after their growth in the subsequent plucking, were
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renmoved during plucking (Plate 5.2, 5.3, & 5.4). Besides, 1in
mechani cal plucking, even the grow ng buds at plucking table were
damaged. The damage was nore severe wth machine plucking
resulted in further increase in the plucking intervals. Due to
longer interval, the growh of tagged shoots in ternms of the
nunmber of |eaves unfolded, fresh and dry weights were nore in
mechani cal and bl ack plucking then standard plucking (Fig. 5.12).
The higher dormancy index in the former nmethods than latter was
al so because of |onger plucking intervals during both pruned and
unpruned vyears. In spite of variation in plucking interval, the

dry matter content did not show nuch variation.

5.5.2.Yield

Shear plucking resulted in significantly highest green |eaf
and nmade tea yield than remaining nmethods and was foll owed by
machi ne, black and standard plucking during unpruned year; the
trend was sanme during pruned year but effects of different
met hods were non-significant (Fig. 5.13; Table 4.36 & 4.37). The
figures on green leaf yield show that conpared to standard
pl ucking, yield in shear plucking was 22% nore in unpruned year
while in pruned vyear it was only 8% nore. Besides, nmachine
pl ucking also recorded 9 and 7% higher yield during unpruned and
pruned vyear over standard plucking which, however, it was
statistically non-significant. The higher yield in case of shear
and machine plucking mght be due to two reasons: (i) these
met hods renoved a part of maintenance foliage existing at the
surface of plucking table (Plate 5.3 & 5.4) and included in the

crop, and (ii) these nmethods renoved all types of shoots (new and
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ol d) fromthe plucking table, thus, encouraged many axillary buds
to grow. An increase in yield with shear plucking rangi ng between
5 to 12% over hand plucking has already reported ZI1ron Taiwan
(Shin e a., 1974). Simlarly, higher yield (to the tune of 12
to 1399 w th machine plucking has also been reported from Taiwan
(Shin et al., 1974), Central Africa (Rooster, 1975) and GCeorgia

(Theshel ashvili and Khukhunaishvili, 1975).

Despite the simlar principle of leaf harvesting, machine
plucking resulted in significantly lower vyield than shear
pl ucking during unpruned year, probably due to the reason that
it harnmed the grow ng shoots and active buds as well as renoved
mai ntenance foliage to greater extent, adversely affecting the

production of young shoots as conmpared to other nethods of

pl ucki ng. Recent finding of Tockl ai indicates that nmachine
pl ucki ng, if carried out at a fixed height of plucking, did not
increase the yield (Tocklai Exptl. Station 1911-1991, 1992). 1In

the present study also the plucking was done at a constant

hei ght, and hence, did not show significant increase in yield.

During both years , the green leaf yield was not affected
significantly by black plucking when conpared wth standard

pl ucki ng and, thus, can be recomended as and when required.

The flush-wise distribution of green leaf yield show
that in early flush, shear plucking resulted in 35% higher vyield
over standard plucking; while during pruned year it brought 41
nor e yield than standard plucking. Machi ne pl ucki ng al so

increased the green leaf yield to the tune of 37% over standard
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pl ucki ng during pruned year in thiu I'luuh. in biiokond fiuuh nlno
shear and machine plucking resulted in higher leaf production
during unpruned year (to the tune of 44 and 49% respectively)
over standard plucking but the contribution of this flush towards
the total yield was only 12. 7% During pruned year, the yield of
shear pl ucki ng showed a decline of 9% in backend flush over
standard pl ucki ng which, however, was not significant and nay be

because of the exhaustion of the bushes.

The trend of nmade tea yield was simlar to that of green

leaf yields in all the flushes and over the season.

5.5.3.Quality
5.5.3. 1. Fineness of crop

Crop obtained with hand plucking (standard and bl ack) had
significantly better fineness than nechanical (shear and nmachi ne)
in all the nonths during both the years of study (Fig. 5. 14,
Table 4.38). The lower fineness in case of nechanical plucking
can be attributed to three reasons, (i) the nechanical plucking
resulted in extension of plucking interval where sone of the
shoots exceeded 2+Bud size, (ii) the nechanical operation renoved
soft fractions of fine shoot and (iii) the operation also
i ncluded cut pieces of maintenance foliage and other wundesirable
materials |ike cut stems. Besides, sone of the buds of shoots
were also danmaged or renoved rendering them as coarse nmaterial.
The lower fineness in nechanical plucked crop has also been
reported earlier by Ndanmugoba (1977), Wiatson e al. (1982) and
Mrvakha (1990) .
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The study further revealed that despite the wvariation in
pl ucking interval, the crop plucked by standard and bl ack systens
of hand plucking had statistically simlar fineness (Fig. 5. 14;
Table 4.38). It was probably due to greater simlarity of the
met hods of plucking. But in case of two nechanical methods, the
fineness was slightly better in shear plucking than nmachine
plucking in all nonths during both years. The difference in
fineness between these nmechani cal nethods was even significant in
July during unpruned year and May and June in pruned year (Table
4.38). This my be ascribed to the fact that wth the shear,
being manually (hand) operated, there had been option for
sel ective plucking. \Wereas, in machine plucking there was no
such option. Mwakha (1990) also opined that for inprovenent of
fi neness of machine plucked crop, judicious use of plucking table
by raising plucking height by 1 cm in each consecutive harvesting

round, is essential.

5. 5. 3. 2. Pol yphenol content

Leavi ng few exceptions, the polyphenol content was signifi-
cantly reduced due to mechanical plucking in all nmonths during
both years (Fig. 5.14; Table 4.39). As nentioned earlier
mechanically plucked <crop contained cut and broken pi eces
(Goodchi I d, 1958), overgrown shoots due to |onger pluckings
(Ndanugoba, 1977), coarse and nmi ntenance foliage (Watson et al.,
1982) also, which contain very |ow polyphenol (Bhatia, 1961 and
Ulah and Jain, 1980). Presence of these contents |owered the
concentration of polyphenol. In some nonths the content of

pol yphenol in nechanical plucking was conparable to that of
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standard and/or black plucking in unpruned and pruned vyears
i ndicating the chances of inprovenent of quality. Any technigue
avoi di ng or mnimsing the inclusion of coar se | eaves,
mai ntenance foliage and stubs etc. eg. raising height of
pl ucki ng table (Mwvakha, 1990; Tocklai Exptl. Station 1911-1991
1992) can inprove the polyphenol content in the plucked crop and

hence overall biochem cal quality.

5.5.3.3. Caffeine content

Owor e al. (1991) observed that nechanical pl ucki ng
reduced the quality of nade tea in ternms of volatile flavour
conpounds (TF and caffeine). The findings of the present study
also confirmthat the caffeine content, on an average, was | ower
in the tea of nmechanically plucked crop (shear and machine)
(Fig. 5.14; Table 4.40). This 1is probably due to the inclusion
of overgrown shoots and mai ntenance foliage which contain |ow
caffeine percentage. During unpruned year, the content was not
affected by different nmethods of plucking in July, August and
Septenber, while during pruned year, the shear plucked crop had
hi ghest caffeine in Septenber. The crop plucked with nechanica
methods in these nonths probably contained |ow proportion of
mai nt enance foliage. Recently, Owor et a. (1991) observed that
content of volatile flavour conpound (TF and Caffeine) in the
mechanically plucked crop was inproved by raising the pl ucki ng
level 2 cmfromthe previous height of plucking table, reducing

the inclusion of maintenance foliage in the crop.
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5.5.3.4. Hade tea paraneters

Al mde tea paraneters were significantly lower in tea of
mechani cally plucked |eaf as conpared to hand plucked (Fig. 5.15;
Tables 4.41 to 4.44). This can be explained on the basis of
pol yphenol contents which was significantly lower in mechanically
pl ucked crop (Table 4.39) due to the reasons forwarded in Section
5.2.3.2. Average value across the different nonths indicates that
the TF content, which is an inportant biochem cal paraneter, was
lower in the tea of shear and machi ne plucked crop to the extent
of 19.4 and 21.1%during unpruned and 33.0 and 37.9% during
pruned year, respectively over that of standard plucked crop
Reduction in other paraneters also occurred which were conpara-
tively less. Owor e a. (1991) had also found reduction in TF
content of made tea which , however, was inproved when hei ght of

pl ucki ng was raised by 2 cm from previ ous plucking height.

5.5.3.5. Taster's eval uation

Machi ne pl ucki ng reduces the quality of made tea (De Silva,
1938). In the present studies al so, colour, brightness, flavour
and total quality as well as valuation (Fig. 5.16; Tables 4.44 to
4.49) were found to significantly lowered in both nmechanically
pl ucked (shear and machine) tea in all nonth during unpruned
year. During pruned year, the tea of both nechanical pluckings
did not differed nuch from that of both hand pluckings (standard
and black) wth respect to colour, brightness, flavour and
val uati on, but still the overall quality was better in hand
pl ucked crops. As nentioned earlier the inclusion of cut pieces

of mai ntenance foliage and inproper rolling of soft cut pieces of
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| eaves etc mght be responsible for such reductions in the
quality both physical and chem cal. Mvakha (1990) recorded
inprovenent in the quality of mechanically plucked crop (as per
taster's evaluation) when plucking was done with 2 cm rise of
plucking table of bush on each consecutive harvesting rounds,
thus indicating the chances of inprovenent of the quality of

mechani cal harvested crop.

5.5. 4. Econom cs

Main objective of nmechanical plucking in tea is to reduce
the |abour requirenment as its availability has becone a serious
problem in tea plantation particularly in H machal Pradesh. To
meet this requirenent, the efficiency of mechanical plucking
shoul d be very high besides the produce being conparable quality-
wi se. The findings of this study revealed that use of nechani cal
met hods served the purpose to great extent (Fig.5.18). The
efficiency of machine plucking during unpruned and pruned vyear
was 8.34 and 6.05 tinmes nore that of standard plucking. The
reason for the conparatively |ower value during pruned year was
that the efficiency of standard plucking also increased in this
case due to higher shoot weight while it decreased in case of
machi ne plucking due to |ower nunber of plucking points and [|ow
bush area particularly in the beginning of the season. Wrk done
el sewhere show that the efficiency of machine plucking range
between 6 tinmes (in Sri Lanka, Wtson et al.,, 1982) to 50 tines
(in central Africa, Mwvakha, 1988 and 1990). The wi der differences
in the efficiency were ascribed to different types of nachines

used and different standards of plucking.
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The efficiency of shear was also significantly better than
that of both hand plucking aystons during both the years. The
efficiency of shear plucking was 2.11 and 2.23 tines nore during
unpr uned and pruned years, respectively, than that of standard
pl ucki ng, indicating that use of shear for plucking also reduced
the |abour requirenent. Hi gher efficiency of shear over hand
plucking has also been reported recently by Barbora e al.

(1992) .

The study revealed that the nmandays requirenent for one
pl ucki ng wi th machine was quite low during both unpruned and
pruned years (Fig. 5.17), being only 20.0 and 37.5%
respectively, of that of standard plucking. The correspondi ng
figures in case of shear plucking were 82.3 and 87. 4%
respectively. The plucking frequencies also varied from nethod
to method, during both the years, due to variation in shoot
gromh and thus readi ness of bush for subsequent plucking. The
pl ucking frequencies were |owest wth machine plucking followed
by shear and bl ack plucking during both the years. The variation
in plucking frequencies resulted in variation in the tota
mandays requirenent throughout the season. The overall mandays
requi rement wth nmachine plucking during unpruned and pruned
years was only 13.0 and 17.7% of standard plucking which is
considerably low The corresponding figures in case of shear

pluckings were 58.1 and 48.6% respectively.

A conparison between standard and bl ack plucking reveal ed

that the black plucking needed 49.2 and 22. 8% nore mandays per
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interval in unpruned and pruned year, respectively, than standard
pl ucking. This was due to the reason that black plucking entails
removal of all small immture 1+Bud shoots whose plucking
consuned nore time particularly in unpruned year due to their
hi gher density. But bl ack plucked bushes took longer tinme to
becone ready for subsequent plucking owing to renmoval of snal
1+Bud shoot thus reducing the plucking frequency. As a result,
the overall mandays requirenent for the season decreased to the
level of that of standard plucking in pruned year and 22.4%

hi gher than that of standard plucking during unpruned year.

Variation in mandays requirenent in different nethods varied
the cost of plucking during both the years (Fig 5.17). The cost
of plucking with the use of machine, during unpruned and pruned
years, was 39.26 and 54.42% of standard plucking, respectively.
The corresponding figures in case of shear plucking were 58.32
and 48.92% These reductions in plucking cost indicated that
mechani cal plucking is considerably cheaper than hand pl ucking

(standard).

As di scussed earlier wth nechanical pl ucki ng, t he
efficiency was very high and total mandays requi r ement was
very low, the quality of |eaf plucked (in terns of fineness) was
also very low (Fig. 5.14; Table 4.38). Al these in ultimte
analysis resulted in lower price of plucked crop (Fig. 5.18;
Table 4.52). Average price of leaf plucked with shear was only
50% of standard plucked crop during both the years, while it was
still below in case of machine plucking (42% in unpruned and 43%

in pruned year). Sone loss in average price was al so observed in
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the crop of Dblack plucking (7% in unpruned year and 10% in

pruned year) over that of standard pl ucking.

The |ow average price of crop in case of nechanical mnethods
affected the gross income per hectare (Fig. 5.18). In conparison
to standard plucking, the gross incone with shear plucking
during unpruned and pruned years was 61 and 55% while it was only
46% during both the years in case of machine plucking. Inspite of
low gross return in case of mechanical pluckings due to |ow cost
of plucking, the return per rupee invested on plucking was high
The return per rupee during unpruned year was highest (Rs 4.40)
in case of machine followed by shear (Rs 3.98), and standard (Rs
3.77) and black (Rs 2.97) while during pruned year, it was
hi ghest in case of shear (Rs 5.34) followed by standard (Rs
4.74), black (Rs 4.56) and machine (Rs 4.03). The | ower
i ncome/ rupee in case of machine plucking during pruned year was
due to increase in cost of plucking owng to slight decrease in

pl ucki ng efficiency.
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Chapter 6
SUMMARY AND CONCLUSI ONS

A field research study entitled "Studies on interval and
method of plucking on productivity and quality of China hybrid
tea (Candlia sinensis (L) 0. Kuntze)" was conducted during 1990
and 1991 at Banuri Tea Experinental Farm of Council of Scientific
and | ndustrial Research Conpl ex Pal aapur located at an elevation
of 1290.8 m above nean sea level at 32°6' N latitude and 76°3" E
| ongi t ude, falling in md-hills wet tenperate zone. The
objectives of the study were to standardize the interval and
method of plucking for maximzing yield and quality of tea
visa-vis to assess their economc feasibility. To neet these
objectives, two field experinents; one consisting of eight
plucking intervals (Experinment 1) and other consisting of four
nethods of plucking (Experinent 11); were conducted. The
Experiment | with eight plucking intervals ranging from3 to 17
days was laid out in Random sed Conplete Block Design (R B.D.)
with three replications. The Experinent [l included four nmethods
of plucking (Standard pl ucking, Black plucking, Shear plucking
and Machine plucking) and was laid out in Latin Square Design
(L.S.D.). These nethods were inposed wth flexible plucking
intervals depending on the growth of shoot with an idea to
har vest maxi num 2t-Bd sized shoots in each nethod. The
experiments were conducted on 130 years old existing bushes which
were rejuvenated in 1984. The year 1990 was unpruned year and
1991 as pruned year. The soil of the experinmental area was acidic

in reaction with nmediumavailability of N and P, and high K The
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weat her conditions were nornal during the period of
experinmentation. There was no serious attack of insect-pests and

di seases during the course of investigation.

(bservations were recorded on the growh of shoots (nunber
of wunfolded |eaves per shoot, fresh and dry weights, rate of
increnent of fresh and dry weights, dormancy index, dry natter
content and rate of regeneration of shoots follow ng plucking in
each nonth of crop season; density of plucking points per 100 cnf
and per prinmary at the end of season), bush creep and spread
(recorded at the end of crop season), yield (green leaf and nade
tea yields recorded flushw se), quality (fineness of crop, con-
tent of polyphenols in fresh tea shoots, nade tea paraneters viz
caffeia3, TF, TR, total colour and brightness, and taster's
evaluation, all of these were recorded nont hwi se) and econom cs
(mandays required for plucking, gross return and return per rupee
invested on plucking). The detailed description of various
treatnments of these characters have been described and discussed
in the preceding chapters. In this chapter, salient findings of

bot h the experinents have been sunmmari sed:

6.1. Ceneral

(1) QGowh paraneters viz nunber of unfolded [|eaves per
shoots, fresh and dry weight of shoots and rate of shoot
weight increment were nore during pruned year (1991) than
unpruned year (1990) while the density of plucking points
per 100 cnf and per primary, dormancy index and dry matter
content of plucked shoot were lower 1in pruned year as

conpared to unpruned year.
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(i) Tine taken by dormant axillary bud to grow to pl uckabl e
size shoot (2+Bud) follow ng plucking was nore by one week

In pruned year than in unpruned year.

(i) The spread of bushes at the end of season over that of
begi nning of the season was nore in pruned year while annua

creep was |less as conpared to unpruned year.

(iv) The tea yields expressed in terns of fresh |leaf and nade
tea were considerably lower in pruned year being only 69.1
per cent and 66.4 per cent, respectively, of the vyield

obtained in pruned year.

(v) The fineness of the crop (i.e. physical conposition of tea
shoots) was relatively better in unpruned year than pruned

year.

(vi) The average pol yphenol content in tea shoots over the
season was alnost simlar in both the years but the content
in shoots in different nonths during unpruned year was
entirely different to that of pruned year [ section

6.2(vii)}.

(vii) The nmade tea quality paraneters averaged over the season
did not show nuch variation during pruned and unpruned
years. However, the caffeine content was nmarginally higher

In pruned year and reverse was true for TR content.

(viii) In taster's opinion, tea of unpruned year was better than

that of pruned year in respect of brightness, flavour and
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(i x)

(x)

(xi)

thus total quality and was val ued hi gher.

The pruning operation exercised in pruned year resulted
in reduction in plucking frequencies and the cost of
plucking. The latter was reduced t o one-half to that of

unpruned year.

The plucking efficiency in pruned year was 33 per cent
hi gher whereas the average price of crop was 15.6 per cent

| oner than that of unpruned year.

In pruned year the average gross return per hectare was
55.4 per cent to that of unpruned year whereas the returns
per rupee invested on plucking was relatively nore in pruned

year.

8.2.Effect of plucking intervals

(i)

(i)

The nunber of unfol ded |eaves per shoot increased signifi-
cantly with increase in plucking interval from3 to 17 days
during both unpruned and pruned years in all the nonths of

observati on.

The dormancy index was lower in shorter intervals but it
i ncreased consistently with increase in plucking interva
from 3 to 17 days during both the years. During unpruned
year, the increase in dormancy index was highly significant
wth increase in plucking interval from3 to 17 days in
June, Septenber and Cctober while in remaining nonths, the
Increase was non significant or was significant only in

conparison to shortest interval of 3 days. During pruned
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(iii)

(iv)

(v)

year, there was no dornancy in shoots plucked at an interva
of 3 to 15 days while it was very low 17 days in My and
June. In other nonths, significantly higher dornancy index
was recorded when tea was plucked at an interval of 13 days

or longer particularly in August and October nonths.

There was consistent and significant increase in fresh
and dry wei ghts of shoot as well as the rate of increnent in
fresh and dry weights due to increase in plucking interva
from 3 to 17 days during both the years. The trend was
simlar in all the nonths of observation during both the

years.

The dry matter content in tea shoots varied from21.1 to
26.8% during unpruned year and from 19.6 to 27.4% during
pruned year. The shoots plucked at different intervals in
the nonths of October, My and June in unpruned year and
Cctober and July in pruned year showed higher dry matter
content while in August they had |ower content. I ncreasi ng
plucking interval from3 to 11 days resulted 1in decreased
shoot dry matter whereas further increase in plucking
interval increased the content during both the years. Shoots
pl ucked in June, August and Septenber in pruned year showed
increased content upto 9 days interval only, while in My
and June in unpruned year increase was upto 13 days

i nterval

Rate of regeneration of shoots after plucking varied from

22.5 to 43.1 days in unpruned year and 27.7 to 31.5 days in
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(vi)

(vii)

(Vi

(i x)

pruned vyear, at different plucking intervals in different
nmont hs upto Septenber. The effect of plucking interval and
its interaction wth nonths of plucking on rate of

regeneration was non-significant.

Density of plucking points (stubs of plucked shoots
recorded at the end of season) per unit area and per primry
of tea bush decreased significantly wth increase in

pl ucking interval from3 to 17 days.

The spread of bush increased significantly with increase
in plucking interval during both the years of investigation.
There was non significant effect of plucking interval on the
annual creep (bush height) during unpruned and pruned years,
though the trend indicated increase in the creep with the

i nterval of plucking.

i) In general, there was increase in green |leaf and nmade
tea yields of total season wth increase in plucking
interval from3 to 17 days during both unpruned and pruned
years, but significant increase was observed only at | onger
intervals of 13 to 17 days conpared with shorter intervals

of 3 and 5 days.

The yield increase with increase in plucking interval was
simlar in early, main and backend flushes during both years
except that in unpruned year the effect of plucking interval
on green leaf and nade tea yield was not significant in

early flush and plucking interval of 7 and 11 days resulted
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in significantly higher green leaf and nade tea yields than

| onger intervals in backend fl ush.

(x) The average value of quality paraneters across the nonths
of observation during both the years of study show that the
quality expressed in terns of fineness of crop, polyphenol
content in tea shoots, and made tea paraneters (content of
caffeine, TF and TR as well as total colour and brightness)
was highest at the shortest interval of plucking (3 days).
The successive increase in plucking interval upto 17 days
resulted in consistent deterioration in quality. The trend
was comon in all the nonths of observations in both years

but the magnitude varied in different nonths.

(xi) The decrease in TR content and total colour of nmade tea
in different nonths as a result of increase in pl ucki ng
interval was not as distinct as in case of other quality

paraneters during both the years.

(xii) In taster's evaluation, the average rating of tea across
the nonths of plucking for brightness, flavour and total
quality as well as valuation were higher at shorter plucking
intervals. These paraneters showed declining trend wth
increase in plucking interval during both the vyears of
study. The decrease was nore prom nent in unpruned year. The
rating for these paranmeters in individual nmonth during both
the vyears exhibited sonme variations in the trend. The fla-
vour of tea during pruned year did not get different rating

in different nonths. Besides, the tea of all plucking inter-
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val during both the years received sanme rating for colour in

taster's eval uati on.

(xiii) There was consistent and significant increase in plucking

(xiv)

(xv)

(xvi)

efficiency with increase in plucking interval from3 to 17
days. On contrary, the average price of plucked |eaf

decreased with increase in plucking interval.

Mandays requirenment for single round of pl ucki ng
increased wth increase in plucking intervals from3 to 17
days but total mandays required throughout the season for
plucking and the total cost of plucking decreased wth
Increase in plucking interval from3 to 13 days in unpruned
year, and from3 to 11 days in pruned year. However, further
increase in plucking interval upto 17 days during both the
years did not affect the total nmandays requirenent and cost

of plucking to significant |evel.

During unpruned year, plucking intervals of 3 to 9 days
resulted in statistically simlar gross incone per hectare
which was significantly higher than that of 15 and 17 days
intervals. |In pruned year, the gross incone was hi ghest at
the shortest interval of 3 days and it decreased signifi-
cantly with increase in plucking interval except at 17 days
interval which was statistically simlar to that of 7 and 9

days intervals.

The return per rupee invested on plucking was highest in
case of 13 days interval in unpruned year and 7 days

interval in pruned year. However, plucking interval of 9 to
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17 days in unpruned year and from7 to 17 days in pruned
year did not differ significantly anong themin this respect
but had significantly higher income per rupee invested than

shorter iIntervals.

6. 3. Effect of nonths of plucking

(1) | n unpruned year, the overall growh of shoot was nore in
April followed by May, July and August. Simlarly, in pruned
year, the growh was nore in May followed by July and
August. The nunber of unfol ded | eaves, fresh and dry weights
per shoot were higher in these nonths while dornmancy index
was lower. On the other side, nunber of wunfolded |eaves,
fresh and dry weights per shoot were lower while dormancy
I ndex was higher in Cctober during both the years. The nonth
was followed by Septenber and June in wunpruned year and

Septenber and July in pruned year in these respects.

(i) The rate of fresh and dry weight increnent in shoot was
highest in April in unpruned year and May in pruned year.
The rate decreased consistently in subsequent nonths during

bot h years.

(i) The average regeneration rate varied from24 to 42 days
in unpruned year and 26 to 30 days in pruned year. In
unpruned year, rate of regeneration was faster in April fo
| owed by July, August and Septenber, while in pruned vyear
the faster rate was observed in Septenber followed by

August, My, June and July. During both years the nonth of
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(iv>

(v)

(vi)

(vii)

hi gher dormancy index had slower rate of regeneration of
shoot. Shoots did not regenerate to 2+Bud stage in Cctober

during both the years of study.

Green leaf harvested in early flush (i.e. before md
June) , main flush {i.e. between md June to md Septenber)
and backend flush (i.e. after md Septenber) during pruned
year was 13.2% 97.4% and 147.5% of the yield harvested in
the corresponding flushes in unpruned year. Thus, conpare to
total vyield of unpruned year the green leaf yield in early
and main flushes was 34.4 and 1.3% less while the yield of
backend flush was 4.9% nmore. Simlar was the trend in case

of made tea yield.

In unpruned year early, min and backend flushes vyi el ded
39.7, 50.1 and 10.2% of the total green |leaf produce while
corresponding values in pruned year were 7.6, 70.6 and
21.8% respectively. Simlar were the figures in case of

made tea yields.

The fineness of the crop was highest in April during
unpruned year and in May during pruned year. It continued
decreasing continuously in the subsequent nonths till
Septenber and increased slightly in October during both the

years.

During unpruned year the polyphenol content in tea shoot
was highest in April and May (early flush) and decreased in

the crop of subsequent nonths. Contrary to this, the
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pol yphenol content in tea shoot was lowest in My (i.e.
early flush). It continued to rise with increase in nonth
fromMay to Cctober (i.e. early to buckend flush) in pruned
year. The crop plucked in July and August had simlar

pol yphenol contents during both the years.

(viii) The *black orthodox tea' manufactured fromthe crop of
May (early flush) contained higher caffeine content but tea
of subsequent nonths had low contents till Gctober during
unpruned year. Slight but non significant inprovenent in the
content was observed in Cctober crop in the year. In pruned
year, caffeine content was higher in the tea nade from the

crop of July and Cctober.

(1x) The tea of May and Cctober nonths during unpruned vyear
had higher TF and brightness than the tea of renaining
months. In pruned year, these were nore in the tea of July
follonwed by Cctober and June. During both vyears, tea of
August month had |owest value in respect of t hese

par anet ers.

(x) During unpruned year, tea obtained from My and June
pl uckings (representing early flush) contained higher TR
whi ch decreased during subsequent pluckings. In pruned year,
however, the trend was reversed, the highest content being

in the October plucked tea (i.e. backend flush).

(xi) The colour of nade tea during unpruned year was simlar
in all nonths, excepting October and August when it was

lower. During pruned year, colour was nore in tea of July
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and Septenber nonths foll owed by August, June and Cctober.
The tea of May plucked crop had poorest colour during pruned

year .

(xii) In taster's evaluation, the tea of May, June and Cctober
during wunpruned year got higher scores for brightness,
flavour and total quality and higher valuation. The tea of
July, August and Septenber plucked crop received |ower
scores for these paraneters. During pruned year also the tea
of Cctober plucking got higher score for brightness and
total quality followed by June, July, My and Septenber. Tea
of August plucking had least score for these quality
paraneters. There was no difference in flavour of the tea
when plucked in different nonths during pruned year. In this
year the wvaluation of tea from My plucking was highest
followed by June, July, August and Cctober, while tea of

Septenber nonth got | owest val ue.

6.4.Effect of nethods of plucking

(1) The grow h of tea shoots expressed in terns of nunber of
unfol ded |eaves, fresh weight and dry weight per shoot was
significantly higher in nmechanically (shear and nachine)
pl ucked bushes during both the years of study in all nonths
except April in unpruned year. |n sonme nonths black plucking
remaining at par wth shear and nmachine plucking, also
resulted in better growh paraneters than that of standard

pl ucki ng.
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(i)

(iii)

(iv)

(v)

(vi)

In nost of the nonths, shoots plucked wth different
met hods did not show nuch variation in respect of dry matter
content particularly in unpruned year. Black plucking re-
sulted in significantly |lower content than other nethods in
April and August during unpruned year and simlar was the
trend during pruned year. Besides, in pruned year, dry
matter content in standard and bl ack plucked shoot was
simlar and higher than that of both shear and nachine in
May and shear in July; but in Septenber, the content was

hi gher in shear plucked shoots than other nethods.

Though non-significant, 1in nost of the nonths during
unpruned year and in all nonths during pruned year the
dormancy index was higher in shear and nmachine plucked

shoot s.

Density of plucking points per unit area and per prinary
was significantly nmore in shear and machi ne plucked bushes
during unpruned year while in pruned year, the effect was

not significant.

Bush spread was not influenced significantly due any of

t he nmet hods of pl ucki ng.

Annual creep was significantly higher in hand plucked
(standard and bl ack) bushes than nechanically plucked (shear
and rmachine) ones in unpruned year whereas in pruned year

shear plucking was at par w th hand pl ucki ng.
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(vii)

(Viii

(i x)

(x)

(xi>

In general, total green leaf and nade tea yields were
hi gher wi th nmechanical (shear and machi ne) plucking during
both the years, but significantly higher yield was recorded
only with shear plucking over other three nethods which were
at par and that too in unpruned year only. The vyield of
early flush during wunpruned year had the sane trend in

respect of effect of nethods of plucking.

) Geen leaf and nade tea yields were not affected signifi-
cantly due to different nethods of plucking in min flush

during both the years.

In backend flush of unpruned year and early flush of
pruned year, shear and machi ne pluckings resulted in simlar
yield which was significantly higher than that of standard

and bl ack pl uckings.

Green leaf and nade tea yields were simlar in both the

systens of hand plucking i.e standard and black plucking.

All tea quality paraneters determined in the present study
namely fineness of crop, polyphenol content in tea shoots,
and made tea paraneters viz content of caffeine, TF and TR
as well as total colour and brightness were nore in tea nade
fromthe crop of standard and bl ack pluckings in nost of the
months during both the years as conpared to shear and
machi ne plucked tea. In sonme nonths during both the years
the differences in quality of tea plucked by shear and
machine wth regard to polyphenol, caffeine, TF and TR

contents as well as total colour and brightness were not
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(xii)

significant conpared to standard or bl ack plucked crops.

The fineness was better in shear plucked crop than that

of machi ne plucked during both years.

(xiii) In nost of the nonths of plucking during both the vyears,

(xiv)

(xv)

(xvi)

TF content was higher in black plucked crop than that of

standard pl ucked.

In taster's evaluation, the tea of standard and black
plucked crop got better ratings for Dbrightness, col our,
flavour and total quality as well as value than that of
shear and machine in all the nonths during both the years.
The difference between different nethods regarding colour in
unpruned year and flavour in pruned year of mads tea during
all nmonths was not significant. Simlarly, the differences
anong nethods of plucking regarding brightness of nmade tea
was significant only in May and June during unpruned year
and in July during pruned year. The flavour, total quality
and val uation of tea manufactured from the harvest of shear
and machine were statistically simlar to that of standard

pl ucking in October during unpruned year.

I n unpruned and pruned years, the efficiency of nmachine
and shear plucking was 9.06 and 5.86, and 2.30 and 2.17

times nore than hand pl ucking, respectively.

Duri ng both the years, machine plucking resulted in
| owest mandays required for plucking visavis total cost of

pl ucki ng followed by shear plucking. Bl ack pl ucki ng
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required highest mnandays for plucking and resulted in
highest cost of plucking followed by standard plucking
during both the years.

(xvii) The average price and gross return per hectare were
highest in case of standard system of hand plucking
follonwed by black system shear plucking and machi ne
plucking in descending order, during both the vyears of

st udy.

(xviii) Machine plucking resulted in highest return per rupee
invested on plucking followed by shear plucking during
unpruned year. In pruned year, shear plucking brought

hi gher return followed by standard pl ucki ng.

CONCLUSI ONS

The experinments conducted on unpruned and pruned tea bushes
during 1990 and 1991, respectively under agro-climatic conditions

of Palanmpur led to the follow ng concl usions:

(1) The nunber of unfolded |eaves per shoot increased wth
increase in plucking interval from3 to 17 days. The dor man-
cy index which is one of the negative factors for yield and
quality in tea also increasesd with increase in plucking

-interval. Al the growh paraneters of tea bush like fresh
and dry weights and their rate of accunul ation; bush surface
area, and annual creep increased with increase in plucking

interval during both unpruned and pruned years. Dry natter
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(i)

(iii)

(iv)

content decreased with increase in plucking interval upto 11

days and increase afterwards.

Productivity 1is increased by longer plucking interva
but the crop plucked at longer intervals contains nore
coarse leaf particularly during the period of active growh
l.e. in April-My, July and August. In addition, the dornmant
shoots increase during the period of slow growh ie in
June, Septenber and Cctober, thus, lowering the quality of
produce. The findings clearly establish that for obtaining a
crop of around 50% (the acceptable limt) fineness, the
plucking interval should not be longer than 9 days during

pruned year and 13 to 15 days during unpruned year.

The quality of tea declined with each increase in
plucking interval. For obtaining a good quality raw nateri al
for manufacturing high valued tea, the plucking interva
shoul d be as short as possible and should not be |onger than

7 days during unpruned year and 5 days during pruned year.

By followng longer intervals, the plucking efficiency
inproved and the cost of plucking decreased considerably.
For obtaining highest gross return per unit area based on
the price of Pal anpur Cooperative Tea Factory , the plucking
interval should not be longer than 9 days during unpruned
year and it should be even shorter than this during pruned
year. However, to obtain highest return per rupee invested

on plucking (a requirenent of snmall tea planters), an
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(v)

(vi)

(vii)

interval of 13 days during unpruned year and 7 days during

pruned year can be foll owed.

Mechani cal plucking (shear and machi ne) damaged nost of
actively growing immture 1+Bud shoots and buds, thus
del ayedt he plucking interval. The undamaged shoots and buds
overgrow by the tinme of successive plucking, though this
met hod of plucking proved as good as standard plucking in

respect of other growth paranmeters of tea.

Shear and machine plucking inprove the yield over hand
pl ucki ng but fineness of the crop was |owered down resulting
into lesser price and relatively poor quality of nmade tea.
This indicates that there is still scope for inprovenent in
mechani cal plucking to avoid inclusion of coarse materials

so that quality deterioration could be avoided.

The machi ne plucking increased the efficiency of plucking
6-8 folds and shear plucking by 2 fold over that of hand
pl ucki ng, thus reducing the plucking cost trenendously.
However, the price realisation was not upto the extent of
hand pl ucking owing to reduced fineness. Thereby, the gross
i ncome per hectare was lower in case of nechanical plucking
than hand pl ucking. Bl ack plucking proved as good as
standard plucking in terms of yield, quality and overal
econom cs. The nmechani cal plucking, therefore, offer promce
in the situations of |abour scarcity visavis the tea price

based on its quality.
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FUTURE LI NES OF WORK

On the basis of present investigation certain aspects of tea

managenment need further investigation as given under:

1. The wei ght of 3+Bud shoot was observed to be twice to that
of 2+Bud shoot (two and a bud, a standard shoot). Therefore
different standards of plucking i.e. plucking only 2+Bud shoots,
3+Bud shoots and so on may be investigated in relation to yield

and quality of tea follow ng standard plucking interval

2. I n mechani cal plucking of tea, one of the main reasons for
reduction in quality was observed the inclusion of cut |eaves
(both soft and hard, which do not get rolled properly during the
process of manufacturing).' Besides, the mechanical plucking also
damaged many potential buds and immture 1+Bud shoot3. This
indicates that the efforts nmay be made to reduce the proportion
of cut and |oose |eaves and prevent the harvesting of unopened
buds, snmall 1+Bud shoots, and mature |leaves. In achieving this,

the follow ng points may be consi dered:

(1) Rai sing the height of the plucking table by 1 to 2 cm at

every successive/consecutive plucking interval.

(ii) Selection of tea bush having horizontal |eaves

(iii) Modification of existing plucking machine or fabrication of
new machi nes for selective plucking which can exclude the

harvesting of undesirable shoot conponents.
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3- An effort to adopt integrated plucking programme i.e. the
conbi nati on of nechanical and hand plucking to strike a bal ance
between quality and cost of plucking, nay be another area of

future research

4. In future researches pertaining to Standards and Methods
of plucking, observations on follow ng growh paraneters may al so
be included for better understanding of the cause and effect

rel ati onshi p:

(1) Regeneration of the lateral shoots

(i1) Number of shoot generations produced

(iii) Potential buds on plucking points

(iv) D e back of plucking points

(v) Bush health including dianeter of pruning sticks and wei ght
of pruning litter.

5. Mechani cal plucking reduces the <cost of plucking

drastically, but at the cost of quality. Investigations regarding

standardi sation of manufacturing process to obtain quality tea

even from coarse | eaves, may inprove the economcs of tea

cultivation considerably.
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Appendi x 1

(&) Mean weekly neteorol ogi cal data during -the year 1990

Mean Mean Tot al Tot al Tot al

Dat e Week Tenp. (xC) R H  Sun shine Rainfall Evaporation
Max. M n. (% (hours) (mm (rmm
MAR: 01- 07 1 16.0 4.5 53.3 68.5 0.0 15.1
08-14 2 19.2 8.6 49. 3 51.4 1.3 20.9
15-21 3 19.0 10.5 65. 7 23.0 55. 8 21.0
22-28 4 16. 2 6.8 51.7 34.4 26.5 19.0
APR: 29- 04 5 18.3 7.4 45.6 62. 4 16.4 23.6
05-11 6 22.3 11.7 45. 6 43.3 25.9 33.6
12-18 7 24. 7 14.3 46. 1 37.5 11.3 32.9
19-25 8 29.1 16.5 26.7 81.0 0.0 56. 3
MAY: 26- 02 9 27.8 16.7 28.0 48. 3 0.5 44. 7
03-09 10 26.6 16.1 53.7 46.9 14.5 35.6
10- 16 11 29.1 18. 3 60. 9 48. 3 30.4 33.8
17-23 12 29.0 18.5 38.1 63.5 62.0 47.9
24- 30 13 32.0 20.1 31.7 69. 6 65.5 51.1
JUN: 31- 06 14 31.1 20. 2 36.3 70.7 0.0 49. 6
07-13 15 30.2 20.0 37.6 51.7 3.7 40. 3
14- 20 16 31.7 20.6 44.9 62.3 48. 1 41.5
21-27 17 28.9 21.5 72.4 26.1 69.0 23.5
JUL: 28- 04 18 26.0 20. 4 81.6 21.2 286. 1 25.3
05-11 19 25.3 19.6 80.9 17.3 346.7 18.9
12-18 20 26. 2 20.0 78.7 28.8 164.5 17.2
19- 25 21 25.9 19.6 76.3 39.3 79.6 19.5
26-01 22 25.9 20. 2 82.9 16.9 193. 6 20.4
AUG 02- 08 23 25.9 19.2 80.0 18.5 363. 8 11.3
09- 15 24 25.1 19.1 83.4 26.5 189.5 18.3
16- 22 25 26. 8 19.9 79.3 30. 5 61.5 19.4
23-29 26 25.9 19.5 82.9 35.2 137.5 16.5
SEP: 30- 05 27 25.5 19.2 79.3 32.0 128.0 17.2
06-12 28 24.5 18.5 82.1 28.6 69. 3 16.4
13-19 29 25.5 18.5 79.7 37.0 91.0 15.2
19- 26 30 24.6 17.2 78.3 38.1 33.9 15.1
26- 03 31 24. 8 15.6 65.9 61.0 0.0 18.7
OCT: 04- 10 32 26.0 15.6 54.0 70.9 0.0 24.8
11-17 33 23.9 13.3 51.4 66. 6 25.9 28.7
18- 24 34 23.0 11.8 45. 7 67.2 0.0 23.8
25-31 35 22.0 11.3 53.4 65. 8 1.6 19.9
NOV: 01- 07 36 22.8 11.8 44. 6 66. 3 0.0 28.9
08-14 37 23.1 11.6 39.9 67.8 0.0 22.5
15-21 38 22.4 10.6 34.4 58. 8 1.0 20.8
22-28 39 19.2 8.2 40.0 55.0 2.4 17.6




Appendi x KconlL.)

(b) Mean weekly neteorol ogical data during the year 19Ul

Mean Mean Tot al Tot al Tot a

Dat e Week Tenp. (xQ) R H  Sun shine Rainfall Evaporation
Max. M n. (% (hours) (mm (mm
MAR: 01- 07 1 16. 4 6.4 44.9 40.5 30.3 17.8
08- 14 2 19.6 10.3 48. 1 43.6 41.5 21.0
15-21 3 22.6 12.2 45.6 36.5 5.8 33.2
22-28 4 21.0 9.3 47.7 59.6 12.7 30.8
APR: 29- 04 5 26. 2 14.0 42.1 68. 4 16.2 40. 2
05-11 6 21.4 11.3 55.0 42.0 27.0 27.2
12-18 7 20.5 10.5 47.6 48.9 42.6 23.8
19-25 8 23.2 13.5 35.1 69. 7 13.0 40.7
MAY: 26- 02 9 28.6 16.3 34.1 71.7 7.4 47.2
03-09 10 29.2 18.1 34. 4 50.9 0.0 42.1
10- 16 11 30.1 16.7 29.4 72.2 0.0 53.2
17-23 12 29.0 18.1 41.0 54.1 9.5 59.3
24- 30 13 31.1 19.2 32.8 50. 8 10.8 49.5
JUN: 31- 06 14 31.0 20.4 49. 3 56.1 0.0 50.7
07-13 15 29.1 19.5 57.1 57.8 50. 2 41.8
14- 20 16 28. 2 18.9 64. 4 29.8 18.1 34.2
21-27 17 30.6 20.7 43.7 81.9 0.0 51.8
JUL: 28- 04 18 32.2 22.5 46.9 60. 4 9.9 43. 4
05-11 19 30.0 21.9 56. 4 53.0 56. 1 31.0
12-18 20 27. 4 19.7 70.0 32.0 243.2 19.4
19-25 21 26. 4 20.4 78.4 38.6 143.0 20. 3
26-01 22 27.3 20.7 82.3 26.1 157.9 16. 4
AUG: 02- 08 23 26.1 19.9 83.1 36.7 195.0 20.5
09- 15 24 26.5 18.5 75.4 36.9 144.7 14.6
16- 22 25 25.5 19.6 82.7 13.2 135.1 16. 2
23-29 26 26.0 19.4 78.9 24.2 307.2 13.5
SEP: 30- 05 27 25.7 19.2 80.7 27.7 77.2 19.2
06-12 28 24.5 18.8 78.9 28.9 100. 6 18.7
13-19 29 24.5 17.9 76.6 29.7 94.6 17.9
19- 26 30 26.3 16. 4 60. 4 47.0 0.0 19.9
26- 03 31 25.6 14.2 55.7 66. 9 0.0 24.5
OCT: 04- 10 32 26.7 15.0 52.0 71.6 0.0 29.4
11-17 33 25.3 13.4 49.7 63.1 0.0 27.2
18- 24 34 24. 4 12.5 49.0 68.9 0.0 24.5
25-31 35 23.5 12.0 47. 4 67.7 0.0 25.2
NOV: 01- 07 36 21.7 10.9 45.6 61.4 0.0 18.3
08-14 37 19.5 8.8 48.9 53.0 3.8 17.3
15-21 38 18.9 7.5 49.9 62.3 0.0 16. 4
22-28 39 19.0 8.4 44.3 42.1 0.0 15.0

(i)



Aupjpenciiix:

Co3t of plucking in Experiment | (Plucking interval trial)
Mandays required for plucking Cost of plucking (9 Rs. 22/day)
Pl ucki ng
interval s RI B2 R3 Ri R2 R3
Unpruned year (1990)
3 days 2044 2114 2086 44972.2 46504. 4 45892. 6
5 days 1464 1546 1373 32214.9 34005. 8 30205. 6
7 days 1225 1242 1098 26941.9 27321.6 24148. 3
9 days 827 1074 1012 18183.1 23625.0 22268.1
j1 days 831 867 917 18280.5 19064. 6 20185.0
13 days 734 765 833 16150. 1 16823.1 18315. 2
15 days 630 866 706 13871.0 19054. 0 15541.6
17 days 776 746 800 17070. 6 16423.0 17600. 6
Pruned year (1991)
3 days 878 936 949 19319. 3 20587. 8 20868. 6
5 days 700 652 735 15393. 4 14343.6 16173.9
7 days 588 636 526 12937.9 13981. 3 11562.0
9 days 419 533 553 9216.1 11730.7 12171.9
11 days 406 433 510 8923.3 9516. 4 11228.7
13 days 390 419 443 8584. 3 9220.9 9756. 6
15 days 391 445 438 8610. 8 9791. 3 9643.7
17 days 432 394 435 9498. 4 8657. 1 9564. 1
Cost of plucking in Experinent |1 (Method of plucking trial)
Replications (Rows)
Met hods I (N v I (N (Y]
Unpruned year (1990) Pruned year (1991)
Nunmber mandays required for plucking
St andar d 818.1 1025. 2 894.1 928.3 631.5 657.9 641.5 577.0
Bl ack 1242.1 1065. 9 1166. 3 1028. 6 647.9 644.9 530. 3 573.8
Shear 602. 4 501.0 579.6 445.6 292.5 311. 7 326.0 287.7
Machi ne 115.7 124.1 122. 4 113.2 100.9 119.8 116.3 107.9
Labour plucking (@Rs 22 per manday)
St andar d 17998 22554 19669 20422 13893 14473 14112 12694
Bl ack 27325 23450 25659 22629 14253 1418.9 11666 12623
Shear 13253 11021 12752 9803 6436 6857 7172 6329
Machi ne 2546 2731 2693 2491 2219 2635 2559 2375
ne) and fuel (in case of machi ne]
St andar d 0 0 0 0 0 0 0 0
Bl ack 0 0 0 0 0 0 0 0
Shear 50 50 50 50 50 50 50 50
Machi ne 5204 5472 5417 5123 4727 5333 5222 4954
Total cost of plucking (Rs/ha)
St andar d 17998 22554 19669 20422 13893 14473 14112 12694
Bl ack 27325 23450 25659 22629 14253 14189 11666 12623
Shear 13303 11071 12802 9853 6486 6907 7222 6379
Machi ne 7750 8203 8109 7614 6946 7968 7781 7329
*N. B. :
Price of shear = Rs 500 Depreci ati on cost 10% of actual price
Price of machine = Rs 15000 Consunption of (@50 m/hr) = Rs 32 per manday



Appendi x 111

Price of green |leal'*

Fi neness Price Fi neness Price
(% (Rs/ kg) (% (Rs/kg)
30 3.00 66 8.26
31 3.12 67 8.42
32 3.24 68 8.58
33 3.36 69 8.74
34 3.48 70 8.90
35 3.60 71 9. 06
36 3.72 72 9.22
37 3.84 73 9.38
38 3.96 74 9.54
39 4.08 75 9.70
40 4.20 76 9. 86
41 4.35 77 10. 02
42 4.50 78 10. 18
43 4.65 79 10. 34
44 4.80 80 10. 50
45 4.95 81 10. 66
46 5.10 82 10. 82
47 5.25 83 10. 98
48 5.40 84 11. 14
49 5.55 85 11. 30
50 5.70 86 11. 46
51 5.86 87 11. 62
52 6. 02 88 11.78
53 6.18 89 11. 94
54 6.34 90 12. 10
55 6. 50 91 12. 26
56 6. 66 92 12. 42
57 6. 82 93 12.58
58 6.98 94 12. 74
59 7.14 95 12.90
60 7.30 96 13. 06
61 7. 46 97 13. 22
62 7.62 98 13. 38
63 7.78 99 13. 54
64 7.94 100 13. 70

65 8.10

* As paid by The Pal ampur Co-operative Tea Factory

(iv)



Appendi x 1V

Anal ysis of Variance for g

Mean sum

No. Dor mancy Fresh D

Sour ce d.f. of i ndex wei ght w

unf ol ded of 0

| eaves (1 xI 0~*) shoot S

Unpr uned
Replication 2 0.09 273.9 2134
P.Interval s 7 14.88* 11984. 0* 830509+
Mont hs 6 1.19* 12632.7* 144884*
] xM 42 0.07* 1190. 1* 11610*
Krror 110 0. 04 303.8 2396

Pruned

Replication 2 0.01 8.4 39425

P. I nterval 7 20. 62* 351.3* 3164336* 1
Mont h 5 3. 02* 398. 4%  1407244*
I x M 35 0. 22* 38. 3* 100732*
Error 94 0.04 10. 2 9935




Appendi x 1V

Anai yai a of variance for growh atudioa (conl,. )

Sour ce

d.f.

Mean sum of squares (MS.) for

Rat e of shoot

M S.

Unpruned year

regeneration

df. MS.

Pruned year

(1990) (1991)

Replication 2 0. 158 2 1. 467
P. I nterval 7 9. 968 7 1. 393
Mont hs 5 1024. 799* 4 6179. 050*
1 xM 35 5. 336 28 2.104
Error 94 4.227 78 1. 765

Appendi x 1V (cont.)

Mean sum of squares

Pl ucki ng Pl ucking cent Annua
Sour ce d.f. poi nts/ poi nt s/ lncBeaﬁe creep

100, sg? iy I n bus

c¢m bush + tea’ surface

area bush area

Unpruned year (1990)
Replication 2 8. 34 25.5 0. 625 0. 565
P. I nterval 7 1980.01* 899. 4* 1.213* 2.034*
Error 14 41. 98 117.8 0. 425 0. 547
Pruned year (1991)

Replication 2 3..3 38. 2 0. 67 0. 67
P.1nterval 7 967 . 1* 283.. 2* 0.72 0.72
Error 14 44..0 33.3 0. 67 0. 50

(vi>



Anal yses of variance for

Appendi x V

green |leaf and made tea yields

Mean sum of squares

Geen leaf yield Made tea yield
Sour ce d.f.
Early Mai n Backend Tot al Early Mai n Backend Tot al
flush flush flush season flush flush flush season
Unpruned year (1990)
Repl i cation 2 2675562 1634094 16861 8994502 171381 114313 1279 599776
P. I nterval 7 1218334 3105702* 284710* 7577304* 49301 132331* 16479* 293816*
Error 14 822514 187937 16691 1499901 49352 11351 1056 93400
Pruned year (1991)
Repl i cation 2 23330 1438517 177872 2921834 2198 169549 22004 355184
P. I nterval 7 118693* 4827709* 943884* 8982288* 6413* 234091* 56270* 478248*
Error 14 34287 640374 68261 923978 1934 38429 4255 57186
Appendi x VI
Anal yses of variance for quality of tea
Mean sum of squares
Sour ce d.f. Fi neness Pol yphenol Fi neness Pol yphenol
of crop content in d.f. of crop content in
tea shoot t ea shoot
Unpruned year (1990) Pruned year (1991)
Replication 2 5..20 0..68 2 35.70 0.03
P. I nterval 7 1872.. 70* 145.. 50* 7 6256. 00* 55. 11*
Mont h 6 599.. 80* 58.. 60* 5 562. 80* 42. 80*
I x M 42 38.. 20* 3.. 06* 35 66. 70* 3. 52*
Error 110 12..30 1..64 94 12. 50 0.79

(vii)
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Anal yses of variance for made tea paraneters

Mean sum of squares

Sour ce d.f. Caffeine TF TR Tot al Bri ght ness
cont ent cont ent cont ent col our

Unpruned year (1990)

Replication 2 0.09 0. 00084+ 1.342 0.071 6. 87
P. I nterval 7 3.43* 0. 05634* 67.834* 3. 990* 239. 83*
Mont h 5 1. 24~ 0. 00983* 28. 338* 1.831* 165. 74*
1 xM 35 0. 15* 0. 00445* 2.731% 0.181* 12. 09*
Error 94 0.03 0. 00037 0. 893 0. 050 2.42
Pruned year (1991)
Replication 2 0. 06 0. 00101* 1.312 0. 059 4.94
P. I nterval 7 3. 81* 0. 04623* 59.. 345* 2.958* 108. 32*
Mont h 5 1.11* 0. 01785* 19.. 372* 0. 943* 95. 84*
I x M 35 0. 31* 0. 00314~ 2..431* 0.123* 13. 35*
Error 94 0.02 0. 00032 0.. 651 0. 038 1.49
Appendi x VI

Anal yses of variance for Tasters' evaluation of nade tea paraneters

Mean sum of squares

Sour ce d.f.
Brightnes Colour Flavour T.Quality Valuation
Unpruned year (1990)
Rep]ication 2 0. 47* 0.00 0. 74* 2. 34* 14. 63*
P. I nterval 7 5. 75* 0. 00 5. 86* 22. 32¢ 154. 84*
Mont h 5 14.77* 0. 00 5. 02* 36. 35* 198. 82*
I x M 35 1. 65* 0. 00 1. 46* 5.13* 63. 60*
Error 94 0.12 0. 00 0. 06 0.19 1.55
Pruned year (1991)
Replication 2 0.51* 0. 00 0. 05* 0. 86* 0.13
P. I nterval 7 2. 85* 0. 00 3.63* 10. 41* 62. 00*
Mont h 5 1.23* 0. 00 0. 02 1. 30* 4.14*
| x H 35 0.77* 0.00 0.03 0.87* 6. 28*
Error 94 0. 09 0. 00 0.02 0.09 0.93
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a) Analysis of variance for economcs of plucking : Cost of plucking
Mean sum of squares
Sour ce d.f. Av. Mandays Total Mandays
/interval per hectare Cost of plucking
/ hectare duri ng season
Unpruned year (1990)
Replication 2 29.2 14897. 8 7210532
P. I nterval 7 285. 3* 648712. 9* 2197839313*
Error 14 12.8 5170.0 35031970
Pruned year (1991)
Repli cation 2 13.3 4754. 4 2301129
P. I nterval 7 177. 8* 95267. 5* 322766237
Error 14 4.4 1678. 2 11371666

b) Anal ysis of variance for econom cs of plucking :

Ret urns from pl ucki ng

Mean sum of squares
Sour ce d.f. Pl ucking Av. price G oss incone | ncomne/ r upee
efficiency of |eaf per hectare
Unpruned year (1990)
Replication 2 0.1205 0.010 402924934 0. 631
P. I nterval 7 9.2618* 7.381* 197544801* 3.282*
Error 14  0.4112 0. 043 50344891 0.118
Pruned year (1991)
Replication 2 0.0324 0. 120 106042868 0.172
P. I nterval 7 17.1271* 24.870* 491538975* 0. 326*
Error 14 0. 3955 0. 053 31210410 0. 097

(i x)



Appendi x X

Anal ysis of variance for growth studies

(a) Number of unfol ded | eaves per shoot

Mean sum of squares
Source d.f.

April May June July August Sept enmber Cct ober
Onpruned year (1990)
Row 3 0. 00] 0.011 0.013 0. 006 0. 001 0. 005 0.014
Col um 3 0. 008 0.015 0.001 0. 002 0. 002 0.011 0. 033
Met hod 3 a. 023 0.312* 0.079* 0. 043* 0. 125* 0. 453* 0. 476*
Error 6 0.012 0.035 0.011 0. 009 0. 003 0.013 0.014
Pruned year (1991)
Row 3 - 0.005 0.003 0. 007 0. 007 0.011 0. 049
Col um 3 - 0.007 0.023 0. 002 0. 007 0. 019 0. 005
Met hod 3 - 0.983* 0.701* 1.012* 1.264* 0. 895* 0. 982~
Error 6 - 0.004 0.006 0. 007 0. 002 0. 045 0. 006
(b) Dormancy index
Mean sum of squares (1 x 10"*)
Source d.f.
Apri | May June July August Sept ember Cct ober
Unpruned year (1990)
Row 3 0. 602 10. 522 48. 580 56. 848 79. 750 1236. 280 2907. 060
Col um 3 12. 527 94.222 460.570 41. 238 74. 390 354. 030 5779. 440
Met hod 3 12. 368 598. 841* 215. 160 22.055 213.520* 4900. 240* 10056. 420
Error 6 19. 535 48. 581 92. 280 46. 318 22.670 523. 070 4232. 540
Pruned year (1991)

Row 3 — 0. 000 4,226 13. 010 6. 602 33. 153 254.01)0
Col um 3 - 0. 000 3.132 5.778 4. 059 59. 982 161. 477
Met hod 3 - 0. 000 16. 593 5. 282 22. 603 125. 905 1115. 079
Error 6 - 0. 000 6. 554 6. 676 6. 984 36. 412 269. 192

(x)



(c) Fresh weight of shoot

Appendi x X (cont.)

Mean sum of squares

Source d.f.
April May June July August Sept enber Cct ober
Unpruned year (1990)
Row 3 773 2766 322 10 10 121 288
Col um 3 758 1993 465 164 108 213 3706
Met hod 3 371 52489* 3630 1835* 3334* 9769* 14693*
Error 6 2037 6671 4036 503 740 328 2987
Pruned year (1991)
Row 3 - 11 8 244 186 550 1096
Col um 3 - 766 982 1767 505 1278 140
Met hod 3 - 65674 58753 86808 44756 48344 38520
Error 6 ~ 928 310 1131 359 852 473
(d) Dry weight of shoot
Mean sum of squares
Source d.f.
April May June July August Sept enber Cct ober
Onpruned year (1990)
Row 3 45.9 159.0 24.0 9.4 0.4 8.1 24.6
Col umm 3 58.6 79.8 25.0 ' 18.7 6.0 22.5 160. 5
Met hod 3 44. 3 3066.9* 198.5 211. 3* 174. 3* 208. 2* 940. 3*
Error 6 128.7 295.1 191.2 20.3 33.4 13.6 173. 4
Pruned year (1991)
Row 3 34.7 55.9 178.6 11.5 23.9 23.5
Col um 3 33.6 43. 8 23.2 23.3 60. 3 5.8
Met hod 3 4434.2* 3427.1* 4436. 0* 2327.5* 2301. 2* 2654. 3*
Error 6 38.4 88.4 64.3 16.8 43.5 23.3
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Appendi x X (cont.)

(e) Dry matter content of shoots
Mean sum of squares
Source d. f.
April May June July August Sept enmber Cct ober
Onpruned year (1990)
Row 3 0.92 0. 46 0.17 0.14 0.03 0.08 0. 08
Col um 3 0. 25 1.69 2.14 1.03 0.59 0. 49 0. 22
Met hod 3 2.18* 0.31 0. 67 0. 49 3.27* 0.93 0. 65
Error 6 0.29 0. 29 0.64 0.11 0.22 0.23 0.33
Pruned year (1991)
Row 3 - 0.24 0.52 0.61 0. 47 0.09 0. 06
Col um 3 - 0. 07 0. 39 0. 53 0.14 0.02 0.33
Met hod 3 - 2.17* 0.55 3. 60* 0.18 1. 25* 2. 96*
Error 6 - 0.18 0.42 0. 47 0.16 0.13 0. 42

(f) Per cent increase in bush surface area, annual creep and nunber of plucking points

Mean sum of squares

Source d.f. increase in bush Annual creep Nunmber of plucking points
surface area (% per 100 g@area per prinmary
1990 1991 1990 1991 1990 1991 1990 1991
Row 3 0. 067 0.352 0.09 0.16 117. 4 31.2 80. 75 19.74
Col umm 3 0. 045 0.145 0. 02 0.09 31.1 133.2 151. 81 10. 86
Met hod 2 1. 234 5.049 3.29* 3. 99* 881. 7* 16.2 431. 11 23.23
Error 6 0. 486 1.566 0.05 0.05 81.8 89.9 104. 00 8.01

1990 : Unpruned year, & 1991 : Pruned year

(xii)



Appendi x Xl

Anal yses of variance for green |leaf and nade tea yields

(a) Geen leaf yield

Mean sum of squares

Source d.f. arly Mai n Backend Tot a
flush flush flush season
Unpruned year (1990)
Row 3 6317 160131 23935 231158
Col umm 3 59866 267600 10522 269350
Met hod 3 1214000* 96523 288288* 3210650*
Error 6 126711 89372 8820 365862
Pruned year (1990)
Row 3 42141 174781 48534 697560
Col um 3 16568 147658 126084 441987
Met hod 3 151524* 107824 37709* 351229
Error 6 23003 44815 7788 141896
(a) Made tea yield
Mean sum of squares
Source d.f.  Early Mai n Backend Tot al
flush flush flush season
Unpruned year (1990)
Row 3 702 8039 14 40 13299
Col unin 3 8077 9344 . 423 1367 1
Met hod 3 80268* 6995 19262* 214678*
Error 6 7753 4810 613 23258
Pruned year (1990)
Row 3 2660 12002 2948 45018
Col um 3 997 8303 8274 25785
Met hod 3 6606* 3537 3072* 18722
Error 6 1899 2967 407 7181

(xiii)



Appendi x Xl |

Anal ysis of variance for quality of tea

(a) Fineness of crop

Mean sum of squares
Source d.f.

April May June July August Sept ember Cct ober

Unpruned year (1990)

Row 3 22.8 21.0 179 13.0 8.9 7.7 30.0
Col um 3 12.9 2.9 22.9 16. 8 12.0 11.9 65.9
Met hod 3 1043.9* 895. 3* 645. 8* 834. 0* 1235. 0* 1045. 8* 345. 6*
Error 6 18.1 16. 4 16.1 8.9 10.0 17.9 30.9
Pruned year (1991)
Row 3 54.8 36.6 3.4 4.5 9.2 54.9
Col um 3 2.1 29.9 6.6 6.6 6.0 59.1
Met hod 3 - 1099. 1* 969. 7* 1029. 5* 982. 1* 1344, 1* 455, 4*
Error 6 11.1 11.0 5.2 7.6 13.5 27.3
(b) Polyphenol content in tea shoots
Mean sum of squares

Source d.f.

Apri | May June July August Sept enber Cct ober

Unpruned year (1990)
Row 3 0. 089 0.121 0. 081 0. 007 0. 012 0.101 0.471
Col um 3 0. 020 0.109 0.112 0.121 0. 100 0. 054 0.171
Met hod 3 6.121* 5.991* 4. 449* 9. 421~ 3. 491~ 1.512 3.181*
Error 6 0. 816 0. 964 0. 473 0. 486 0. 184 0. 598 0. 598
Pruned year (1991)

Row 3 — 0. 022 0.121 0.021 0. 041 0.121 0.314
Col um 3 - 0. 020 0.012 0. 091 0.121 0. 074 0. 079
Met hod 3 - 2.889* 2.988* 1.949* 2.493 2.022* 3. 369*
Error 6 - 0. 264 0. 264 0. 287 0. 626 0. 290 0. 463

(xiv)



Appendi x Xl 11

Anal yses of variance for nmade tea paraneters

(a) Caffeine content

Mean sum of squares
Source d.f.

May June July August Sept enber Cct ober

Onpruned year (1990)

Row \ 3 0. 0161 0. 0290 0. 0146 0. 0083 0. 0141 0. 0121
Col um 3 0. 0192 0. 0112 0. 0073 0.0121 0.0138 0. 0073
Met hod 3 0. 1862* 0. 0823 0. 5649 0. 0522 0. 0241 0. 0472*
Error 6 0.0123 0. 0232 0. 0101 0. 0131 0. 0072 0. 0061
Pruned year (1991)
Row 3 0. 0121 0. 0091 0. 0321 0. 0129 0. 0114 0. 0021
Col umm 3 0. 0083 0. 0042 0. 0140 0. 0051 0.0121 0.0121
Met hod 3 0.1128* 0. 0504* 0. 0699* 0. 0284* 0.1021* 0. 0930*
Error 6 0. 0091 0. 0062 0. 0071 0. 0034 0. 0069 0. 0086
(b) Theafl avl n content
Mean sum of squares

Source d.f.

May June July August Sept enber Cct ober

Unpruned year (1990)
Row 3 0.00048 0.00069 0. 00061 0.00021 0.00012 0. 00020
Col um 3 0.00081  0.00021 0. 00045 0.00014  0.00031 0. 00019
Met hod 3 0. 00651* 0.00768* 0. 00691* 0.00171* 0.00093* 0. 00151*
Error 6 0.00031 0.00038 0. 00015 0. 00007 0.00008 0. 00005
Pruned year (1991)

Row 3 0.00112 0.00019 0. 00041 0. 00007  0.00051 0. 00018
Col um 3 0. 00063 0.00022 0. 00039 0. 00021 0. 00050 0. 00041
Met hod 3 0. 05624* 0.00101* 0. 00151* 0.00111* 0.00115* 0. 00132*
Error 6 0. 00094  0.00011 0. 00014 0.00010 0.00022 0. 00019

(XV)



(c) Thrubigin content

Appendi x XI | Kcont . )

Mean sum of squares

Source d.f.
May June July August Sept enber Cct ober

Unpruned year (1990)
Row 3 0.14321  0.84124 0. 13421 1. 03413 0. 29294 0. 69325
Col um 3 0. 07541 1. 02541 0. 34343 0. 98793 0. 13213 0.24342
Met hod 3 1.73241* 2.08341 0. 69912 2.99894* 1.19325* 1.53322*
Error 6 0. 15049  0.61453 0. 23369 0. 32055 0.11869 0. 23372

Pruned year (1991)
Row 3 0.08431  0.05231 0. 39211 0.01541 0.11121 0. 12751
Col umm 3 0.01212  0.04243 0. 12444 0. 13422 0. 05632 0. 29311
Met hod 3 0.25734* 0.91214* 0.89632* 2.25120* 4.01821* 1. 80290*
Error 6 0. 03956  0.08013 0.11232 0. 18817 0. 28702 0.27483
(d) Total colour of tea

Mean sum of squares
Source d.f.

May June July August Sept enber Cct ober

Unpruned year (1990)
Row 3 0. 0081 0. 0007 0. 0111 0. 0101 0. 0076 0. 0073
Col um 3 0. 0261 0. 0179 0. 0081 0. 0109 0. 0078 0. 0041
Met hod 3 0.1412* 0.2984* 0. 2841* 0. 1089* 0. 0411* 0. 0244*
Error 6 0. 0132 0. 0299 0. 0103 0.0151 0. 0036 0. 0022

Pruned year (1991)
Row 3 0. 0111 0. 0052 0. 0202 0. 0291 0. 0005 0. 0071
Col umm 3 0. 0181 0. 0039 0. 0080 0. 0211 0. 0061 0. 0047
Met hod 3 0. 0510* 0. 0899~ 0. 0351* 0. 0699* 0.0761* 0. 0498*
Error 6 0. 0021 0. 0040 0. 0052 0. 0065 0. 0099 0. 0048

(xvi)



Appendi x Xl Il (cont.)

(e) Brightness of tea

Mean sum of squares
Source d.f.

May June July August Sept ember COct ober
Unpruned year (1990)
Row 3 1.1213 0.9421 1.1214 0. 0842 0. 0845 2.1316
Col um 3 2.1470 0. 0511 0. 0911 1.0111 1.0311 2.0480
Met hod 3 10. 4230* 11.1110* 39. 4240* 1.0101 29. 4360* 39. 3140*
Error 6 1.5010 1.2171 0.4618 0. 3180 1.6990 0.2784
Pruned year (1991)
Row 3 0.9343  0.9859 0.7324 0. 0344 0. 2542 0. 0431
Col um 3 1.2312 0.8843 0. 6213 0.1235 0. 1652 0. 0354
Met hod 3 2.3743 2.1046 1.6024* 0. 8883* 1. 8334~ 0. 5473*
Error 6 0.7610 0.6320 0.2618 0. 0888 0. 2555 0. 0578
Append! : - XI'V
Anal ysis of variance for tasters' evaluation of made tea
(a) Brightness
Mean sum of squares
Source d.f.
May June July August Sept enmber Cct ober
Unpruned year (1990)
Row 3 0.17 0.02 0.19 0.08 0.04 0. 08
Col um 3 0.17 0.10 0.02 0.00 0.13 0.08
Met hod 3 3.67* 2.77* 0. 40 0.33 0.33 0.25
Error 6 0.17 0. 06 0.10 0.13 0.17 0.08
Pruned year (1991)
Row 3 0.17 0.00 0.19 0.00 0. 00 0. 06
Col um 3 0.50 0.00 0.19 0.33 0.33 0. 06
Met hod 3 0.32 0.00 0. 73* 0.33 0.33 0. 06
Error 6 0.25 0.00 0.10 0.17 0.17 0. 06
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Appendi x Xl V(cont.)

(b) Col our

Mean sum of squares
Source d.f.

May June July August Sept enber Cct ober

Unpruned year (1990)
Row 3 0.08 0.00 0. 00 0.00 0.00 0.00
Col umm 3 0. 08 0.33 0.33 0. 00 0. 00 0.00
Met hod 3 0.08 0.33 0.33 0.00 0. 00 0.00
Error 6 0.17 0.17 0.17 0.00 0.00 0. 00

Pruned year (1991)
Row 3 0. 00 0. 00 0.00 0.00 0.00 0.00
Col um 3 0. 00 0. 00 0.00 0. 00 0. 00 0.00
Met hod 3 1.33* 1.33* 1.33* 1.33* 1.33* 1.33
Error 6 0.00 0. 00 0.00 0.00 0.00 0.00
(c) Flavour

Mean sum of squares
Source d.f.

May June July August Sept enber Cct ober

Unpruned year (1990)
Row 3 0.13 0. 00 0. 06 0.25 0.02 0.04
Col um 3 0. 04 0. 00 0. 06 0.08 0.19 0.04
Met hod 3 2. 75* 1.33* 0. 90* 0. 75* 0.56 0. 75*
Error 6 0. 08 0. 00 0. 06 0.08 0.19 0.13

Pruned year (1991)

Row 3 0.00 0. 06 0.04 0. 06 0.23 0. 06
Col um 3 0.00 0. 06 0.13 0.23 0. 06 0. 06
Met . hod 3 0.00 0.23 0.33 0.23 0.23 1. 06*
Error 6 0.00 0.23 0.08 0.31 0.15 0. 06
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Appendi x Xl V(cont.)
(d) Total quality

Mean sum of squares

Source d.f.
May June July August Sept enber Qct ober

Unpruned year (1990)
Row 3 0. 96 0. 02 0.38 0.17 0.10 0.21
Col um 3 0.13 0.18 0.38 0. 08 0.02 0.21
Met hod 3 14.67* 11.52* 3.58* 1. 75*% 1.73* 1. 50*
Error 6 0.38 0.10 0.38 0.29 0.31 0.29

Pruned year (1991)
Row 3 0. 17 0. 06 0.19 0. 06 0.23 0.08
Col um 3 0.50 0. 06 0.35 0.73 0. 56 0.25
Met hod 3 7.83* 2. 56* 4.23* 3.73* 3.73* 5.42 *
Error 6 0.25 0.23 0. 27 0. 56 0.40 0. 08
(e) Valuation

Mean sum of squares
Source d.f.

May June July August Sept enber Cct ober

Unpruned year (1990)
Row 3 2.60 0.00 1.56 2.08 0.52 4.69
Col um 3 0.52 0. 00 1.56 6.25 4. 69 2.60
Met hod 3 59. 90* 33.33* 22. 40* 18. 75* 14. 06* 14. 06*
Error 6 3.65 0.00 1. 56 2.08 4.69 3.65

Pruned year (1991)

Row 3 0.00 1.56 1.04 1.56 1.56 1.56
Col um 3 0.00 1. 56 3.13 5.73 5.73 1.56
Met hod 3 0. 00 5.73 8.33 5.73 5.73 26. 56*
jirror 6 0.00 5.73 2.08 7.81 3.65 1.56
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Appendi x XV

Anal ysi s of variance for econom cs of nethods of plucking

(a) Cost of plucking

Mean sum of squares

Sour ce d.f. Av. Mandays Total Mandays
/interval per hectare Cost of plucking
/ hectare duri ng season

Dnpruned year (1990)

Row 3 6. 15 3672. 94 1913845
Col umm 3 17.17 13910. 60 6612698
Met hod 3 826.78* 788140. 00* 236490996*
Error 6 2.08 2218. 40 1098797
Pruned year (1991)
Row 3 1.94 1615. 18 875824
Col um 3 2.33 2140. 67 848644
Met hod 3 157. 72* 244362. 70* 54574366*
Error 6 0.95 571.71 411569

(b) Returns fromplucking

Mean sum of squares

Sour ce d.f. Plucking Av. price Gross incone Incone/ r upee
efficiency of |eaf per hectare

Dnpruned year (1990)

KOW 3 0. 224 0.072 40666724 0.479
Col um 3 0. 089 0.055 20597304 0.294
Met hod 3 79.976* 23.629* 1606529284+ 1.440*
Error 6 0.071 0.011 22116229 0.096
Pruned year (1991)
Row 3 0. 060 0 096 9445234 0.066
Col um 3 0. 060 0.079 35679947 0.136
Met hod 3  42.937* 28 625* 1202200219* 1.153*
Error 6 0. 059 0.018 9172993 0.156

(XX)



