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Abstract

The paper examines labour conditions of tea gardens prevailing in the areas of
Upper Brahmaputra Valley where agro-ecological conditions, particularly the
climate and soils are favourable for the growth of tea plants. The step-wise re-
gression analysis reveals that labour productivity was greatly influenced by the
land conditions rather than by the available labour force. However, unlimited
supply of labour from the garden's population destabilizes the level of labour
productivity. The diminishing rate of labour productivity varies in different agro-
ecological conditions in the study area. Weak social amenities related to educa-
tion and health and the high demographic pressure on the system of tea produc-
tion in the gardens form the basis of low level of land productivity. Obliterated
patterns evolving in the distribution of labour productivity in tea gardens show
that the effects of market forces, transport costs and wage rates are major eco-
nomic determinants of the spatial distribution of labour productivity in the Up-

per Brahmaputra valley.

Introduction

India has the unique distinction of being the
largest producer as well as consumer of tea.
The tea plantation developed in India over
150 years. It has colonial origins and it re-
lates more to the factory than to the farm.
During the 1990s, the production of tea in
India rose from 688 million kg in 1989 to
805 million kg in 1999 (that was nearly
17.00%). This percentage was almost equal
to the increase in world production
(16.98%), during the same period. However,
the increase in production was lower in
Assam (i.e., 9.03%) as compared to India
as a whole. As a result, the share of contri-
bution of Assam to the national production
has been shrinking steadily from 55.20% to
51.25% during the same period. It happened

due to a much slower increase in yield and
area under tea plantation than the country's
figures (Table-1). Tea production has been
gradually loosing its importance in the over
all economy of Assam. Its growth is
comparatively slower than the agricultural
production in the state and, consequently,
there is record decrease in the share of tea
production to total GDP of the state from
44.41% (1953-54) to 8.64% (1998-99)
(Daimari & Singh 2002).

There are many scientific studies and
the reports of various commissions/commit-
tees on balanced development and self sus-
tained growth of tea production. The scien-
tists of Tocklai Experimental Station of tea
cultivation, Jorhat have produced sufficient
literature to determine the suitability of tea



cultivation in relation to physiographic and
geonomic aspects of tea estates by discus-
sions highlighting onwards soil-fertility,
climatic conditions and drainage systems of
the gardens (Annual Scientific Report 1991-
92. Grice 1971, Biswas 1971a, 1971b) and
drawn even more intensive design of micro-
element of soil fertility by conducting
experiments on the effects of (i) available
sulfur in the soils (Barbara and Sarma 1994)
and (ii) the germination and duration of tea
plants (Bera, Singh and Barbara 1994,
Wood, et. al. 1964, Dey 1971, Bhattacharya
and Singh 1994) on the tea plant yield.

On the other hand, the various improve-
ments in the method of fields and factory
operations were suggested by different com-
missions and groups constituted by the gov-
ernment agencies and Tea Plantation En-
quiry Commission (1956). A working group
on plantation crops in 1964, and Tea Finance
Committee in 1964, were constituted to un-
derstand the problems of tea production and
its export. The few scientific studies on the
historical perspective of tea plantation and
its structural changes, the optimal growth
of tea production through the use of avail-
able technology and labour in the fields and
factories (Misra 1979, 1986) and the 'tech-
nique efficiency' of production function for
the tea gardens of Dooars (Dwibedi 1999,
pp.98-100) were conducted to understand
the optimal production (i.e., maximum ex-
pected yield) in the different combinations
of production factors. Dwibedi (1999), con-
cluded that (a) the larger size units are more
efficient with respect to yield, (b) the older
plants (more than 30 years old) produce
higher output per bush than that of younger
bush because of wider space area of older
one having more plucking points to yield
green leaves, and (c¢) the Gompertz growth
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follows the 'best fit’ trend for optimising the
time series data of tea production in the
Dooars (Jalpaiguri and Coochbihar areas)
of North-Bengal. On the whole, agro-eco-
logical criteria of land suitability (Stamp
1962. Prasad, et. al. 1987, Singh 1994) and
'techno-economic' base as cited above have
been studied for the enhancement of tea pro-
duction. In the specific set of agro-ecologi-
cal conditions, the efficiency of tea produc-
tivity is linked more with the socio-eco-
nomic problems of population and families
residing in the tea estates, which supply
labour for the production activities (Awasthi
1975, Baruah 1981, Daimari 2003). There
is a deficiency of literature on the labour
productivity in tea cultivation, specially in
Assam valley, where labour conditions are
worse because of increasing population
pressure, poor social amenities and the use
of traditional technology in the fields and
factories in the tea-estates.

Keeping these aspects of labour produc-
tivity in mind, a detailed analysis of the de-
terminants of labour productivity and the
conditions of labour supply in tea gardens
is examined in the present research. The
'best-fit' method of regression analysis is
used to isolate the effects of different labour
productivity determinants. The productivity
conditions have been interpreted with the
help of ‘classificatory’ approach with the
help of the concerned attributes, while dis-
tributional patterns of labour productivity
are shown by preparing the isopleth map of
the Upper Brahmaputra area with its ditfer-
ent agro-ecological zones.

The Study Area

The physiographic attributes of land are
equally important for the plant growth and
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Fig. 1 Location Map

production of tea. Production and produc-
tivity conditions are interpreted by consid-
ering three different agro-ecological zones,
so that the effect of physiographic as well
as socio-economic attributes may be stud-
ied in detail. The Upper Brahmaputra val-
ley, situated close to the Tropic of Cancer
(25°127 latitudes and 89°10" to 96° 0" E
longtitudes), covers an area of about 21.67
lakh sq. km which is nearly one-third the
area of the total Brahmaputra valley. It is

formed by the new alluvial soils deposited
and drained by the tributaries of
Brahmaputra in its upper part where it comes
down from the Arunachal Himalayas. It has
well-defined physiographic units and com-
prises distinct relief features along the east-
west axis where the tea gardens are located
(Daimari, 2003 pp. 61-63). The northern
boundary of the valley surrounded by the
Himalayan foot hills, roughly touches the
150m contour. Its western boundary follows
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225m contour while the northern and south-
ern boundaries slope towards the flood
plains of the river Brahmaputra. There are
high terraces of boulders and pebbles in the
Tarai and Bhabar areas of the older alluvial
soils which are suitable sites for tea cultiva-
tion (Taher 1986). Favourable climatic con-
ditions for which temperature, rainfall and
evaporation are more influential elements
and suitable soils for tea plant growth in
which the moderate size of particles in top-
soils with its highly acidic nature (3-5 pH)
are major physiographic attributes which
localize tea cultivation in this area (Daimari
2003, pp. 65-75). Three parallel agro-eco-
logical zones: the Foot-hill, the Central Plain
and the Flood Plain Zone are delineated to
analyse the variations in labour productiv-
ity in the study area.

Labour Productivity Conditions

Production of tea or other crops from a par-
ticular piece of land is the result of the com-
bined effects of various production factors
like land (i.e., physical conditions of pro-
duction), labour (demographic and social
conditions) and technology (modern pro-
cessing machines and capital). In order to
isolate the effects of each factor, a number
of statistical techniques and field survey
designs have been adopted. The production
function approach which is based on 'best-
fit statistics' and the co-linearity technique
which assigns weights to the factors/at-
tributes in the form of 'eigen vectors', trac-
ing the common traits, are the statistical in-
ferences of factors' effect. Sometimes, co-
linearity technique is not able to produce the
results of the analysis to isolate the real ef-
fect of production factors either showing in-
significant or weak degree of relationships
among factors or because of the high asso-
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ciation of unimportant attributes in the cor-
relation matrix. On the other hand, field-
observation techniques are based on sample
designs and assumptions considered for the
inference of real world situation'. For ex-
ample, comparing similar agro-ecological
conditions of tea gardens, the variations in
productivity may be assumed because of dif-
ferences in the supply of labour force, which
is influenced by the socio-economic condi-
tion of population from where it is being
supplied.

Considering three different agro-ecological
conditions of the study area and classifying
the total number of tea estates accordingly,
the labour productivity has been interpreted
as:

(a) The total registered area under tea es-
tates has been estimated at 1,89.152 ha,
which is even less than 1.0 % of the to-
tal geographical area of the Upper
Brahmaputa valley (1994-95), with the
total number of valley tea estates being
440, of different sizes, dispersed in dif-
ferent agro-ecological conditions. The
distribution of registered tea area and
fabour percentage share is almost simi-
lar in all the agro-ecological conditions
except for the production figures. The
per garden average size of registered
area as well as labour employed are also
similar with moderate areal variations
in the agro-ecological zones. About half
the number of tea estates are concen-
trated in the Central fertile agro-ecologi-
cal zone occupying 48.39 % of the total
registered area under tea cultivation with
a similar percentage share of labour
engaged in tea production and a signifi-
cantly much higher percentage share of
its production (i.e.. 51.17%) (Table2).



Table 1 Changes in Area, Yield and Production of Tea (1989-1999)

Items World India Assam Valley
(A)  Production (million kg)
1989 2503 688 380
1999 2928 805 414
Change 425 117 34
(16.98%) (17.00%) (9.03%)
(B) Area (ha)
1989 - 4,14,953 2,29.428
1999 - 437,857 2.31,940
Change - 22,904 2,512
(5.52 %) (1.09%)
(C) Yield (kg/ha)
1989 - 1658 1656
1999 - 1840 1786
Change - 182 130
(10.98 %) (7.85 %)

(b)

(©)

It means that, in the central plains, the
higher average yield (2210.13 kg/ha)
has been recorded because of either
more favourable agro-ecological condi-
tions of tea growth or engagement of
efficient workforce in the production of
tea. As a result, labour productivity is
also much higher (269 kg/person) in this
part of fertile soils than the labour pro-
ductivity of foot hills and flood plain
ecology.

Obiliterated patterns of labour produc-
tivity, distribution and the isolated
patches of high productivity are ob-
served close to the main cities and grow-
ing towns, situated along the National
Highway. It means that the market cen-
ters, which are absorption centres of
rural labour as suppliers of tea produc-
tion, influence the general pattern.

However, areal patterns of two main at-
tributes of tea cultivation: the tea crop
yield and the labour productivity within

(d)

the agro-ecological zones are diversified
throughout; the co-efficient of areal
variations of more than 100% for both
the attributes are observed in all three
zones. However, crop yield patterns are
less diversified than the labour produc-
tivity patterns in the central plains. In
fact, tea yield is more related to land
conditions in the Assam valley
(Daimari, 2003). It is an indication of
less diverse agro-ecological conditions
in which the more areal variations in
labour productivity are revealed due to
the diverse nature of labour intensity in
its pattern (Table-2).

The 'best-fit" analysis of labour produc-
tivity with three explanatory variables
namely, yield, labour intensity and gar-
den size shows that the power function,
a log-log distribution, is best suited to
show the suitable conditions of labour
productivity in tea cultivation for which
the coefficient of determinant (R?) is
found to be the highest (Table-3).
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(e) A step-wise multiple regression analy-
sis reveals that yield (i.e., indication of
physical conditions of land) and labour
intensity (i.e., related to labour condi-
tions) are major determinants and
complementary to each other because
both contribute about 70.30% these to
the labour productivity. In the present
case, yield is a major determinant which
contributes more than 50% to the pro-
ductivity because, by definition, yield
is the numerator of the fraction of labour
productivity as PI=[(O/A)/(L/A)] where
Pl=labour productivity, O=Total output,
A=Cultivated area, 1.=Total, L=Total

labour.

Another fact which has emerged from the
analysis is that the yield alone increases
labour productivity at .54 times while
the effects of yield together with labour
intensity are observed marginally higher
(as .58 times instead of .54) in the study area
(Table-4). However, engagement of more
labour in tea production activities dimin-
ishes the labour productivity. It may be be-
cause labour is not more efficient. The fol-
lowing are labour changes and available fa-
cilities in the gardens.

Labour productivity of tea gardens is in-
fluenced by the demographic as well as so-
cial amenities available in them. Gardens
being a complete socio-economic unit in
which the workers and their families are re-
siding, has been arranging its labour force.
According to the result of socio-economic
survey of tea gardens conducted by Daimari
(2003) for finding the facts of spatial varia-
tions in tea production and productivity, it
is obvious that, in the productivity distribu-
tion, there is a concentration of the higher
percentage share of tea garden (registered)
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Fig. 2 Distributional Pattern of Labour Productivity in Tea Garden

area in the central part of the Upper
Brahmaputra valley where a larger size of
gardens, the higher concentration of popu-
lation, and labour force are the reasons for
low productivity. It means low labour pro-
ductivity conditions prevail in the larger size
of gardens in all the agro-ecological condi-
tions. Density of population recorded is also
very high (more than 279 persons/sq.km) in
this category of very low productivity (be-
low 1000 kg/persons) gardens. Even the

density of population exceeds more than 358
person/sq.km in this category in the central
plains. However, the dependency ratio is re-
corded higher than 1.0 in all ecological con-
ditions. It means there is a burden of non-
workers, specially child population on the
work force (Table-5).

It may be possible that teenagers and
children are also working/helping in pluck-
ing the tea leaves in the gardens of such low
labour productivity and are considered in the
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Table 3 Regression Results of Labour Productivity (Y) with three Explanatory Variables (X)

for Different Mathematical Functions

Name of Labour Productivity Labour Productivity Labour Productivity
Functions vs Labour Intensity vs Yield vs Garden Size
Power Y =2010.8 X 0473 Y =0.9171 X 093 Y = 11619 X 0408

R?=10.2822

Exponential Y =2731.7 e 034X

R?=0.2083
Log Y =-2075.4Ln(X) +3226.9
R?=0.2113

Y =-886.11x +3839.4
R?=0.1378

Linear

R?=0.6284

Y = 642.93 e “0
R? = 04909

Y = 2139.9Ln(X) -14497
R?=0.4339

Y = 0.548X +248.51
R?=0.5051

*=0.2194

Y = 1701.7 e 000
R? = 0.1209

Y =-1046.6La(X) +7812.6
R® = 0.1885

Y =-2.0509X +2835
R? = 0.0921

Table 4 Step-wise Multiple Regression Showing Effects of Explanatory Variables on Labour

Productivity
Steps/Variables b Coefficient (t value) Degree of Effect
Determinant (%)
R* (%)
1 Step:
1. Yield 0.5479 (21.1440) 50.512 50.512
II Step:
1. Yield 0.5826 (28.8417) 70.304 19.792
2. Labour Intensity -1067.4482 (-17.0664)
{11 Step:
1. Yield 0.5725 (26.58953) 70.429 00.125
2. Labour Intensity -1062.2163 (-16.9666)
3. Garden Size -0.25447 (-1.35474)

labour category. More than 3.5 % workforce
is child labour engaged in tea production
activities in these very low productivity gar-
dens, specially in the Flood plains and the
Central plain areas (Daimari 2003). He in-
terprets the situation and says that the higher
population pressure supplies more labour to
tea cultivation, sometimes, compel child
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labour in the gardens of low productivity
where social amenities for the garden's
population are weak. The larger part of the
population (more than 1000 persons) is
served by a doctor and a hospital staff in
these gardens. Number of students per
school as well as per teacher are higher than
the national norms. Such weak infrastru-
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ctural conditions produce the traditional
unskilled low-paid labour which stabilises
the production in the gardens and diminishes
labour productivity. As a result, labour pro-
ductivity diminishes as labour intensity is
increased in the production system in all
agro-ecological conditions in the Upper
Brahmaputra valley.

Concluding Remarks

Areal differentiations in agro-ecological
conditions differentiate the level of labour
productivity in tea cultivation. Yield and
labour intensity, which are major explana-
tory variables of labour productivity, deter-
mine its level. Yield of tea is more related to
agro-ecological conditions and has direct
impact on labour productivity while labour
intensity is inversely related to it and influ-
enced by the conditions of available labour
and its family conditions. The following few
important conclusions have been drawn
from the present analysis:

1) The obliterated pattern of isolated
patches of high labour productivity are
observed. These high productivity areas
are located very close to the main cities
and along National Highways because
of the effect of market forces. The study
of the spatial structure of tea garden
economy may help to understand the
impact of market factors on the
improvement of labour conditions and
productivity in tea cultivation.

2) Physical conditions of land are major
determinants of labour productivity
in the Upper Brahmaputra valley.
However, labour intensity is comple-
mentary to the enhancement of tea-yield
upto a certain extent. The more intensi-
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fied labour operations in tea cultivation
destabilises the level of labour produc-
tivity.

3) A double-log distribution of labour pro-
ductivity with the explanatory variables
predicts a fast increase in productivity,
which may be retained in future if land
management and proper facilities for the
labour residing in the gardens are pro-
vided. This distribution follows Cobb-
Douglas production function, which is
also suitable to predict the agricultural
production in Assam (Borbora &
Mahanta 2001).
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