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ABSTRACT 
 

Tea [Camellia sinensis (L.) O. Kuntze] leaves contain more than 700 chemicals, among 
which the compounds closely related to human health are flavanoides, amino acids, vitamins 
(C, E and K), caffeine and polysaccharides. Tea grows in a variety of climates and it is very 
difficult to specify the ideal climate tea requires for good growth. Many attempts have been 
made, using many species, to undertake the different climatic and environmental 
investigations both in annual and perennial tea types for finding the ideal conditions for tea 
growing. The article reviews the changes in important climatic and environmental 
parameters in the recent past and its relations with tea growing, trends and changes in these 
factors over time and space (temporal and spatial variations) and discusses how different tea 
physiological processes are influenced by changes in environmental factors, season as well 
as genotypic factors/ stresses. Different climatic and environmental factors like rainfall, 
drought, evaporation and evapotranspiration, season, temperature, sunshine hours, day 
length, saturation deficit, green house gases, etc. and their relationships with tea are 
discussed. 
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INTRODUCTION 
Tea [Camellia sinensis (L.) O. Kuntze] 
leaves contain more than 700 chemicals, 
among which the compounds closely related 
to human health are flavanoides, amino 

acids, vitamins (C, E and K), caffeine and 
polysaccharides. Moreover, tea drinking has 
recently proven to be associated with cell-
mediated immune function of the human 
body. Tea plays an important role in 
improving beneficial intestinal micro-flora,  * Author for correspondence 
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as well as providing immunity against 
intestinal disorders and in protecting cell 
membranes from oxidative damage. Tea had 
been known for millennia in India as a 
medicinal plant, but was not drunk for 
pleasure until the British began to establish 
plantations in the 19th century. The Chinese 
variety of tea is mostly used for Darjeeling 
tea in India, and the Assamese variety, native 
to  the  Indian  state   of  Assam,  everywhere  

else. In 2003, world tea production was 3.15 
million tonnes annually. The largest producer 
was India, followed by China (the order has 
since reversed), followed by Kenya and Sri 
Lanka. China is the only country today to 
produce in industrial quantities all different 
kinds of tea (white tea, yellow tea, green tea, 
blue-green tea, red tea and black tea). The 
FAO (FAOSTAT) world tea production for 
the year 2007 is given in Table 1. 

Table 1 : World Tea Production (Figures for 2007) 
Rank Area Production (Int $1000) Production 

(MT) 
Flag 

1 China 1281153 1183502  
2 India 1027540 949220  
3 Kenya 400095 369600  
4 Sri Lanka 330403 305220  
5 Turkey 223170 206160  
6 Viet Nam 177531 164000  
7 Indonesia 162619 150224  
8 Japan 101864 94100  
9 Argentina 77940 72000 F  
10 Iran, Islamic Republic of 64950 60000 F  
11 Bangladesh 63326 58500  
12 Malawi 49795 46000 F  
13 Uganda 37887 35000 F  
14 United Republic of 

Tanzania, 
33882 31300  

15 Myanmar 29227 27000 F  
16 Zimbabwe 24139 22300 F  
17 Rwanda 20567 19000 *  
18 Mozambique 17597 16256  
19 Nepal 16419 15168  
20 Papua New Guinea 9742 9000 F  

* : Unofficial figure  F : FAO estimate   

Source : FAOSTAT (FAO) FAO database, (http://www.faostat.fao.org/site/339/default.aspx, accessed July 21, 2009
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Climate has always been a big factor in 
crop production. The tea plant grows in a 
variety of climates and has very wide 
ecological amplitude. It is therefore very 
difficult to specify the ideal climate tea 
requires for good growth especially with 
regards to most of the meteorological 
parameters. Many attempts have been 
made, using many species and studies 
have been carried out in different tea 
types with the hope of finding the ideal 
conditions for tea growing. For example, 
it is thought that the various species of tea 
do not have unique transpiration 
coefficients, and therefore the amount of 
transpiration that takes place is a 
relevance of weather conditions and soil 
types. The combined effects of warming, 
precipitation change, and CO2 fertilization 
on crop yields are expected to vary with 
crop, location, the magnitude of warming, 
the direction and magnitude of 
precipitation change and the nature of the 
CO2 fertilization effect. Holding other 
factors constant, increase in temperature, 
decreases crop yields while increases in 
precipitation lessen or offset this result.1 
Inclusion of estimated effects of 
increasing concentration of CO2 on crop 
yields (i.e. a fertilization effect) 
significantly raises the yields of many 
crops.4-10  
The monsoonal climate of North-Eastern 
India is typified by an alternate wet and dry 
season. Tea thrives best in continued 
hot-humid climate during the growing 
season.52 It is necessary, to clarify that the 
commonly accepted geographical divisions 
of North Eastern India do not coincide with  

the natural soil and climatic divisions of 
this region; the problems met with in 
Darjeeling are, no doubt, totally different 
from those of the plains’ tea gardens, but 
there can be a wide variation in the soil and 
climatic conditions observed even in a 
small district and in the soil conditions 
even in a section of tea.  The important 
considerations for tea are undoubtedly an 
adequate and well distributed rainfall and 
the attainment of certain optimum soil and 
air temperature.13,14  

Tea itself has a very wide adaptability even 
within North - Eastern India. The tea areas 
of North Eastern India lie between 24O and 
27O N latitudes and 88O - 95O E longitude. 
In the district of Darjeeling, tea is planted 
on hill slopes upto a height of 2000m 
above sea level, while in flat valleys of 
Assam at elevations ranging from few to 
about 200m above mean sea level. The tea 
growing teelas of Cachar (Assam) are low 
hillocks which rarely raise above150m, 
whereas, elevation of a few tea estates at 
the foot of the Himalayas goes up to 
500m.15 Leaves of different plant species 
have evolved to exploit and cope with a 
remarkably wide range of environments. 
They are able to do this by adaptation of 
their anatomy, biochemistry and 
physiology. Light, water and nutrition are 
the major environmental factors affecting 
photosynthesis of tea.45 The distribution of 
tea yield during the season is dependent on 
many factors among which Climate of the 
locality is of great importance.48 Variation  
in  yield between  regions shows  the  
profound  influence  of  soil  and climate  
on yield. Variation in yield between estates  
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in Upper Assam and North Bank is mainly 
due to climate.16 

Rainfall, drought and water relations 
Tea plant is affected by both excess and 
shortage of water. The growth, development 
and yield of tea depend on the soil moisture 
status. The annual rainfall conveys little and the 
distribution of rainfall is more important. In 
North Eastern India monsoon rainfall is 
normally high. The cold weather rainfall is, 
however, either insufficient or absent in a 
number of places such as near Golaghat, 
Nowgong, parts of North Bank, Cachar, 
Dooars, the Terai and so on. In North Eastern 
India, tea areas can be divided in several 
distinct regions viz. Brahmaputra and Barak 
Valleys of Assam plains, Dooars and Terai of 
North Bengal and Darjeeling Hills in west 
Bengal. In Brahmaputra valley, south-west 
monsoon causes heavy precipitation during the 
summer months leading to problems of 
disposal of surplus water, but during winter and 
early spring the rainfall is less and bushes 
suffer from water deficit. Rainfall varies from 
2100 to 2900 mm. In Barak valley and Dooars 
and Terai annual rainfall varies from 3000 to 
5000 mm but the distribution is uneven. In 
Darjeeling, the rainfall varies between 2500-
5000 mm. It is commonly believed that rainfall 
pattern of North-Eastern India has undergone 
marked changes in the recent past. However, 
an analysis of the last sixty years rainfall data 
showed that there has not been any significant 
deviation in steady quantum of precipitation, 
though large scale negative deviations have 
caused drought at periodic intervals. These 
climatic deviations are not related to large scale 
deforestations in the hills, as is commonly 
believed. Sen et. al  found that of all the 

climatic factors at Tocklai, rainfall up to 18 cm 
and the rise in mean temperature during the 
cold weather, proved most beneficial to the 
early tea crop.18-24 

Due to the scanty rainfall during dry periods, 
the tea crop also suffers from moisture stress 
and a judicious use of available water for 
irrigation can be beneficial to the crop using 
minimal irrigation techniques. The effects of 
drip irrigation on the yield and crop water 
productivity responses of four tea clones were 
studied for four consecutive years (2003-2007) 
in a large (9 ha) field experiment comprising of 
six drip irrigation treatments (labeled: I1–I6) and 
four tea cultivars (TRFCA PC81, AHP S15/10, 
BBK35 and BBT207) planted at a spacing of 
1.20 m × 0.60 m at Kibena Tea Limited (KTL) 
and Njombe in the Southern Tanzania in a 
situation of limited water availability.27-33  
Observations made by Tea Research 
Association (India) in the North Eastern Indian 
region indicated that improved drainage could 
increase tea yields to the extent of 30 to 55 per 
cent over a period of time. As a conservative 
estimate, a minimum of 15 per cent increase in 
yield per annum could be expected in the areas 
suffering from water logging. This would result 
in an increase of some 48 million kg of made 
tea. Using statistical techniques, the most 
critical periods and quantity of rain which were 
of consequence for annual yield of tea, the 
relationship between yield and water 
requirement and expected gain in yield has 
been predicted for different circles/sub-districts.29  

In order to monitor the tea plantations from 
uprooting till planting and also monitoring 
pests and diseases, the use of remote sensing 
has become a pressing need.25  



Journal of Environmental Research And Development                       Vol. 4 No. 4, April-June 2010 
 

 1021 

Dew also makes substantial contributions to 
total water balance during the dry winter 
months when a deficit of moisture in the soil is 
common. Dew from foliage takes a long time to 
evaporate than that from inert surfaces. More 
dew accumulates on young leaves than on 
mature foliage, and dew is deposited on foliage 
of the bushes than on barc soil. Dew formation 
varies in the tea districts.35-44 
Evaporation and evapotranspiration 
relations 
Data recorded at four stations (South Bank of 
the Assam Valley, Cachar, Dooars and 
Darjeeling) of Tocklai Experimental Station, 
Assam, India representing the major tea growing 
areas of North Eastern India, is used with 
Penman formulae to give estimates of 
evaporation. These first estimates can be little 
more than of speculative interest but if the 
correction factor turns out to be about 85 per 
cent, then somewhere in the region, 15 inches of 
soil water are used in transpiration during the 
dry season at Tocklai, Silcoorie and Nagrakata 
against average rainfall total over the same 
period of 5.53, 7.06 and 4.09 inches, 
respectively.  A close relationship exists 
between the rate of water use (consumptive use) 
and the rate of evaporation from a properly 
located evaporation pan. 46  
Temperature relations  
 Soil temperature affects growth of root system 
components, initiation and branching, 
orientation and direction of growth, and root 
turnover. A simple temperature-based model to 
predict rooting depth with time indicated that 
rooting depth may follow the downward 
progression of a particular isotherm, which has 
sometimes been observed in the field. 46-50 

Tanton reported that temperature was the major 
environmental variable affecting the yield of tea, 
but within the framework of a temperature 
model shoot extension was severely depressed 
when daily maximum vapour pressure deficits 
rose above 2.3 kPa. It was observed that 
daylength did not affect shoot extension when 
the nights were cool (10O C) but growth rate was 
depressed by short days (11 h) when nights were 
warm (20O C). Soil temperatures between 18 
and 25O C did not affect shoot extension. 
Further, the soil temperature in the cold regions 
or during extreme winters can be modified by 
using mulching material 

Air temperature is also one of the important 
environmental factors for the growth of tea. 
Favorable temperature conditions alone can not 
ensure its satisfactory growth unless other 
environmental factors remain congenial. 
Temperatures above 30O C and below 13O C are 
harmful for the growth of tea bush.15  
Sunshine hours relations 
Sunshine is also one of the most important 
factors of climate for plants because it raises the 
average temperature for the day, although the 
maximum and minimum temperature may be 
about the same weather the sunny period is long 
or normal. In Darjeeling also, the southern 
slopes suffer in the lower altitudes but above 
4,000 feet they are usually better than the 
northern ones. Many areas in Darjeeling have 
little sunshine purely because of the position of 
the surrounding hills 
Day length relations 
Length of daylight at different times of the 
year is a major point of difference between 
high and low latitudes. At the equator the 
length of day remains constant throughout 
the year, whereas day length increases during 
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summer and decreases during winter as one 
progressively moves north or south from 
the equator.49 The length of the longest and 

the shortest days of the year in some tea 
growing areas of the world is shown in 
Table 2. 

Table 2 : Daylight hours in different months of the year in different tea growing areas 
Tea Growing Areas Longest Day Shortest Day 

h min h min 

North Assam - Tocklai 26O 47'N 13 50 10 27 

South Assam - Silcoorie 24O 42' N 13 40 10 36 

North Bengal - Siliguri 26O 42' N 13 49 10 27 

South India - Coonoor 11O 20' N 12 48 11 27 

Ceylon - Colombo 6O 56' N 12 32 11 43 

Kenya - Kericho 0O 30' S 12 09 12 05 

Malawi - Mimosa 16O 05' S 12 57 11 06 

 
The tea areas of North East India, comprising 
the Assam Valley and the Cachar district of 
Assam, the Dooars, Terai and Darjeeling 
districts of West Bengal fall within the 
latitudes 24O 40' N to 27O N. The difference 
between the longest and the shortest days of 
the year is more than 3 hours, while the next 
biggest difference of 1 hour 50 minutes is at 
Mimosa, Malawi. Both in N. E. India and 
Malawi, tea bushes pass through a dormant 
phase in the winter when the days are of 
shorter duration. Dutta and Sharma49 also 
reported that in N. E. India growth of all tea 
bushes, pruned, skiffed or unpruned and even 
of seed bearers, slows down appreciably 
from the end of October and almost 
completely closes up from the end of 
December until the 3rd week of February.  
Rahman reported better growth of tea shoots 
in longer days and stem length showed 
greater response to day length than number 
of leaves. Day length is one of the natural 

items which vary systematically as one move 
away from the equator. The further away one 
moves, the more the variation in hours of day 
length between the shortest and longest of 
the day of the year and more the fluctuation 
in monthly crop harvested.  

Growing season relationships 

The North East Indian Plain’s tea has four 
distinct flushes popularly known as the first, 
second, rains and autumn teas. The quality of 
second flush is the best followed by rains tea. 
The reverse order is noted when quantity is 
concerned31. Bezbaruah and Saharia23 found 
a significant seasonal difference in number 
of flower buds production. According to 
Manivel, during the cold weather, the 
maintenance leaves are photosynthetically 
active. As long as the terminal buds remain 
banjhi during the cold winter, the 
photosynthates move downwards to the roots 
and are stored there as reserve.  
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A sample of tea changes on storage and teas 
produced in a region vary with season.11,12 

The composition of tea shoots varies a 
greatly depending on the season, climatic 
conditions and the nature of bushes.26  
As the tea bushes vary in their flushing time, 
it may also result in variation of the 
flowering time of the seed trees22. Barua17 
reported that under North-East Indian 
conditions, the number of shoots in the seed 
trees which failed to produce leafy flushes 
increased as the season advanced.  
Ahmed and Bezbaruah2 observed a 
significant difference in density of hair 
between clones which varied according to 
season. Density of hair reduced during active 
growth stage induced by ideal climatic 
condition. Leaf-hairs attain more or less full 
length in the bud-stage. Moreover, a slight 
increase in length of the hair was also 
observed during actively growing season. 
The flavour in tea made from the jat Chinary 
and China-hybrid also varies from season to 
season. The traditional pattern is high flavour 
in the early flushes, which diminishes 
sharply in rains flushes, and then there is 
slight increase in the flavour in the back-end 
crop. Therefore, the tea made from the 
second flush shoots is the most valuable. The 
existing tea bushes in Darjeeling produce 
flavour which show well-marked seasonal 
fluctuations. Flavour in newly released 
clonal tea also shows much deviation, 
ranging from "consistency" to "contradict -
tion" between years and seasons. Mahanta 
and Hazarika pointed out that in Darjeeling 
there was a well defined season             
during May/June when tea flavour is         
outstanding and the tea is said to be flavoury. 

Seasonal variations in leaf enzyme content 
were evident being high during May, August 
and October and low during June-July and 
September. In roots, the enzyme activity 
increased during the period from May to 
October.51 In Assam, the catechins of green 
leaf remain fairly constant over most of the 
manufacturing season, but higher values are 
found from the middle of May to early July 
which is partly the reason why early teas are 
better than those made later in the season. An 
unusually heavy shade or a long spell of dull 
weather lowers the catechin content of green 
leaf.34 Hilton and Palmer-Jones demonstrated 
genetic, seasonal and agronomic factors 
responsible for variations in the phenolic 
composition in the shoot and theaflavin 
contents of made teas. The direction of 
movement of photosynthates from the 
maintenance canopy changes with the 
season, depending on the delicate balance in 
the sink capacities of shoots and roots. There 
is a clear seasonal change in the direction of 
movement of photosynthates from the 
maintenance canopy, which has a bearing on 
the timing of operations like pruning and 
plucking. The growth or dormancy of the 
apices (shoot or root tips) determines the 
direction of movement of photosynthates 
either to the roots during the autumn and 
winter or to the pluckable shoots during 
spring and summer. Basu20, found Darjeeling 
tea to have light golden liquors with first 
flush, bright coppery infusions with second 
flush, Clean, black teas liquors being 
coloury, bright-brisk and bright infusions 
during rainy season and light liquors in 
autumn. Deb46 observed an overall seasonal 
change in the rate of withering in tea. The 



Journal of Environmental Research And Development                       Vol. 4 No. 4, April-June 2010 
 

 1024 

rate rose steadily from May to the end of 
August and then fell away again, the rate at 
the end of August being 40% greater than 
that in May. 
Saharia and Bezbaruah found that spring 
(April) was the best time for application of 
fertilizers for higher seed production in tea 
seed baris in North-East India. Seed 
production from summer (July) application 
was also significantly higher than autumn 
application of fertilizers. The results also 
indicate that manuring of tea seed baris 
should not be delayed beyond summer. 
Saturation deficit relations 
Saturation deficit or vapour pressure deficit 
is a measure of the dryness of air. Rahman 
and Nath, found that the saturation deficit in 
the afternoon exceeded 20 mbar (2 k Pa) on 
certain days in March and April at Addabari 
tea estate in NE India, whereas, in the North 
Bank of the Bramhaputra; saturation deficit 
was recorded to be generally higher in 
March. If such conditions persist for long, 
crop loss was likely to be high. The 
saturation deficits were lower in cooler 
months of January and February than in the 
warmer months and generally higher in 
March than in April-June. As a result of 
lower rainfall receipt, the SD values in 
March 1991 were much higher than the 
corresponding values of 1992 in January-
March. Growth is affected adversely if 
vapour pressure deficit exceeds 23 m bar in 
the afternoon. Even adequate soil moisture 
with irrigation will not give the desired 
response if atmospheric humidity is low. 
Comparison of potential moisture deficit 
during 1978-79 dry season showed that the 
intensity of drought in different tea growing 

regions followed the traditional pattern and 
was unlikely to be related to deforestation in 
the hills. It was seen that with the exception 
of Upper Assam, most of the North-East 
Indian tea areas suffered from serious 
moisture deficits from beginning March, 
1979. Goswami identified soil water deficit 
areas of North Eastern India and found that 
on average years, the tea areas situated at the 
Eastern end of the Brahmaputra valley in the 
districts of Dibrugarh, Lakhimpur and 
Sibsagar district of Assam do not suffer from 
deficit of water in the soil during the dry 
season. High wind velocity coupled with 
open type of soil were responsible for 
causing larger deficit of soil water in tea 
areas of the Dooars and Terai. In field 
measurements with a pressure chamber in 
Malawi, Squire found that the water potential 
of tea shoots was more closely related to the 
atmospheric saturation deficit than to the 
amount of water in the soil. The correlation 
of shoot growth and weather revealed that, 
the weekly rate of shoot extension was 
inversely related to mean saturation deficit. 
During periods when saturation deficit did 
not rise above 20 mbar, the rate of shoot 
extension varied linearly with mean 
temperature above a base temperature of 
12.5-13OC. These correlations reveal that 
dependence of shoot growth on season in tea 
is governed largely by the independent 
effects of temperature and humidity.  

Green house gases relations 

The Earth’s atmosphere acts like the glass 
walls and roof of a greenhouse. Gases such 
as carbon dioxide, methane, nitrogen oxides 
and water vapour are transparent to light and 
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freely allow sunlight to pass through and 
reach Earth’s surface. But when the surface 
gets heated by sun, these gases do not allow the 
radiated infrared rays to escape into the space. 
As such gases in the atmosphere act like a 
greenhouse these are known as ‘greenhouse 
gases’. 
Since our entire climate system is 
fundamentally driven by energy from the sun, it 
stands to reason that if the sun’s energy output 
were to change, then so would the climate. Over 
several centuries, it may be possible to observe 
the effect of orbital parameters on the climate 
change, these changes will be far less important 
than the warming caused by greenhouse 
gases.19 Carbon dioxide plays an important role 
in keeping the Earth habitable. The carbon 
cycle is an important component of the 
biosphere that influences the Earth’s climate.  
Tokuda and Hayatsu studied the effect of 
source fertilizer on the emission of Nitrous 
oxide (N2O) and found it as one of the main 
greenhouse gases. Acidic tea field soil display a 
higher N2O production activity than neutral 
arable soil and that tea fields could be a major 
source of N2O. There were significant 
differences among the N2O fluxes from the 
plots. Annual emission rate and emission factor 
of N2O in the plot were found to be 25.22 kg 
N2O-N ha-1 and 2.10%, respectively. The 
response of Net photosynthetic rate (Pn) to 
variation of the atmospheric CO2 concentration 
(Ca) is important not only to determine spatial 
and temporal variations of leaf Pn. Smith et al. 
observed a positive, linear correlation between 
instantaneous Pn and CO2 concentration of their 
measurement chamber. Anandacoomaraswamy 
et al.3 reported that Maximum light saturated 
photosynthetic rate (Pmax) of tea can be raised 

temporarily by artificial CO2 enrichment. Kiro 
analyzed the effect of climate change and 
reported that taste of Assam tea may not be like 
its original flavour this year as a result of poor 
rainfall in month of June, 2009. 
The carbon sink capacity of the world's 
agricultural and degraded soils is 50 to 66% of 
the historic carbon loss of 42 to 78 gigatons of 
carbon. The rate of soil organic carbon 
sequestration with adoption of recommended 
technologies depends on soil texture and 
structure, rainfall, temperature, farming system, 
and soil management Hazra and Kumar studied 
the sum total effect of different climatic 
variables on the photosynthesis of tea. The 
photosynthetic rates (Pn) of China-type tea 
clone were monitored and recorded a maximum 
value of Pn (11.9 µ mol m−2 s−1) in October 
when humidity was very high, temperature, 
sunshine hours and soil moisture were moderate 
and photosynthetic photon flux density (PPFD) 
was highest. Low temperature accompanied by 
low soil moisture reduced Pn during the winter.  
According to Intergovernmental Panel on 
Climate Change (IPCC) forecasts, the earth is 
likely to warm by 3O C during this century. 
India may loose almost a fourth of its flora and 
fauna by 203019. It is observed that there will be 
an increase in the frequency of heavy rainfall 
events in South and Southeast Asia due to 
doubling in CO2 concentrations in the 
atmosphere. Lal et. Al. presented a climate 
change scenario for the Indian subcontinent, 
taking projected emissions of greenhouse gases 
and sulphate aerosols into account. It predicted 
an increase in annual mean maximum and 
minimum surface air temperatures of 0.7OC and 
1.0OC over land in 2040s with respect to 1980s. 
The magnitude of projected changes in 
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temperature, rainfall and carbon dioxide in 
future of different parts of the world, including 
India has been compiled by IPCC. According to 
this report, by 2010, CO2 level will increase to 
397-416 ppm from the existing level of 368 
ppm in the year 2000. This will further increase 
to 605-755 ppm by 2070.  

CONCLUSION 
It can be concluded that tea plant grows in a 
variety of climates and has very wide 
ecological amplitude. Continued hot-humid 
conditions during the growing season are 
required for successful cultivation of tea. The 
important considerations for tea are an 
adequate and well distributed rainfall and the 
attainment of certain optimum soil and air 
temperature. Besides, wind velocity, vapour 
pressure of the atmosphere, sunshine hours 
also influences the performance of the tea 
crop. Apart from this, change of seasons and 
day length affects many vital processes of the 
tea plant, such as initiation of flowering, 
abscission of leaves and fruits, induction of 
vegetative growth or dormancy and 
germination of seeds. A shift in any of these 
suitable climatic conditions as a result of 
climate change or otherwise may lead to 
adverse crop performance of this important 
crop of tea growing regions. 
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