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INTRODUCTION 

Each plant is the product of its genetics and the total environment in 

which it is grown (Kasperbauer, 1994). The yield potential of any crop is 

set by the climate and its day-to-day variation which is known as 

weather. Climate determines where a crop is grown and the potential 

yield; the actual yields obtained depend on the prevailing weather. When 

nutrients are not limiting the important weather variables are solar 

radiation (sunshine), temperature, saturation deficit of the air and soil 

water availability. An analysis of how the weather influences each of 

these processes can assist in (a) determining the potential yield in a 

given area (which is useful for planning purposes or when evaluating new 

sites available for ccmnercial production) and (b) identifying other 

constraints to production which may be limiting yield and which could-be 

correlated by appropriate management (Carr and Stephens, 1992). Dry 

matter is produced by the process of photoSynthesis and lost by the 

process of respiration which provides the energy necessary for growth and 

maintenance. 

Photosynthetic efficiency is the primary component of dry matter 

productivity. Banerjee (1993) reported that 95% of dry weight of plant is 

derived from photosynthesis and more efficient partitioning is the most 

logic step for increasing productivity. Gupta (1992) also reported that 

_photosynthesis is the key to dry matter production and .hence yield of 

economic organ. Thus increasing photosynthetic efficiency is the most 

important way of increasing productivity. It has, however, been found 

inconsistently related to economic yield because of several plant factors 

like - photorespiration, dark respiration, assimilate transport and 

partitioning efficiency, filling period duration and sink size - all 

interacting with aerial and soil environments. Proper understanding· of 

the interactions between environmental and physiological factors is 

essential for any scientific planning of tea cultivation. When climate 

plays an important role on physiology of plant, it is essential to study 

the behaviour of tea plant physiology under varying climatic conditions. 

\ 
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Sage and Reid (1994) reported that the rate of photosynthesis is 

dependent on over 50 individual reactions, each of which potentially has 

a unique response to an environmental variable. ~e ability of plants to 

compensate for environmental effects on photosynthesis is critical to 

their performance and survival. understanding mechanism controlling 

photosynthetic responses to environmental change is important for 

understanding controls on plant pi:oductivity, species distribution and 

the responses to climate change. 

Under natural field conditions, plants are exposed to a large 

number of environmental, physiochemical and biotic str_ess factors that 

show irregular and regular diurnal and seasonal variations (Levitt, 

1980). Hubert (1988) has reported that diseases and insect losses -

decreased U.S. yields below the genetic potential by only 4.1 and 2.6% 

respectively. The remainder must be attributed to unfavourable physio

chemical environments caused by weedy competitors, inappropriate soils, 

unfavourable climate and poor management practices. As far as climatic 

factors are concerned, according to the total indemnity made to u.s. 
farmers for crop losses - drought, excessive water and cold account_ for 

71% (Boyer, 1982). 'Tea' is grown in 28 countries, .ranging from 42° North 

in U.S.S.R. to 38° South in Brazil. Certain variations are caused in 

physiological behaviour of tea plants due to interaction with 

environment, requiring adjustment in its management (Jain and Tamang, 

1988). According to Stephens ~ al. (1992), ecophysiology of tea has 

several applications : it can be used to assist planners in assessing the 

yield potential of new (or existing) areas of tea, the likely benefits 

from irrigation (Stephens and Carr, 1988). It can also allow the benefits 

of shade in different. locations to be assessed (Hadfield, 1974) or the 

developnent of selection criteria for new clones, based on a knowledge of 

the base temperature for shoot growth (Stephens and Carr, 1990), Further, 

it can be used to help to specify objective harvesting policies. 

The 'muscatel' flavorlr of Darjeeling tea holds the place of 

pride in the world and as such the image bearer of the tea exports in 

India. But the yield of tea in Darjeeling is only 650 Kg.ha-l which is 



3 

-1 well below the all India average of 1730 Kg.ha • Besides, the old age of 

the bushes and high· rate of vacancy, the hill offers various types of 

stress conditions like low temperature, low soil moisture in winter, low 

atmospheric moisture during drought, less srmshine hours and most of the 

areas remain foggy during rainy season, high relative lrumidity in 

monsoon, winter dormancy etc. which are likely to affect growth and yield 

of tea significantly (Glosh Hajra, 1992). 

The role of inicro- · and macro-elements on the growth of the 

plants as well as physiological metabolism is well documented. The 

physiological frmction of elements on growth, developnent and metabolism 

of tea plants were also investigated periodically. The micro- and macro

elements help the plant overcome stress situation. 

The present physiological studies on selected clones of Tea plants 

was primarily aimed on the study of effects of various environmental 

factors and nutrients on the physiological processes of tea clones in 

vivo conditions. In addition how rmder stressed situation, how the stress 

metabolites like absorbic acid and proline content of the leaves are 

altered significantly will also be assessed. 
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REVIEW OF LITERATURE 

Crop growth and production depend on the interaction of a biological 

system which is the plant or more often a population of·plants and the 

physical environnent in which the plant grows. The total growth and 

production are in fact derived from the environment through the special 

mechanism and properties possessed by the biological system (Williams and 

Joseph, 1976). 

Huang Shoubo (1989) studied the meteorology of tea plant in China. 

He had observed that temperature influences the ·growth, development and 

yield of tea plant. In China, optimum temperature for most varieties is 

in the range 20°C-30°C. According to him, tea plants require lood-1400 mm 

of annual rainfall : lD0-150 nnn of rain per month except for the high 

temperature months. Relative humidity of 80-90% is favourable for tea 

plants, below which shoot growth is affected. 

Tanton (1982a) of Tea Research Foundation of central Africa, 

Malawi had studied the environmental factors affecting the yield of tea 

in respect of air temperature, soil temperature, day length, etc. He 

observed that shoot extension stopped below about 12.5°C air temperature. 

Soil temperatures between 18-25°C do not effect shoot extension. Othieno 

(1982) of Tea Research Foundation, Kericho, Kenya had worked on diurnal 

variations in soil temperature under tea plants• He observed that lower 

soil temperature affect growth and yield. 

Hadfield (1976) found maximum co2 uptake at 30°-35°C. There was 

rapid fall beyond 37°C and there was no net photosynthesis at 42°C. Uhder 

natural conditions, temperature of fully exposed leaves was zoe to 12°C 

higher than ambient temperature. Nakayama and Harada (1962) from Japan 

found that growth was most rapid at 30°C and growth ceased below 12-5°C. 

Barbera (1991) has reported that tea leaf retain its peak photosynthetic 

ability for about six months though it continUes functioning till about 

18 months before it is shed. According to him photosynthesis is impaired 
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at am)>ient temperature above 30•c and seasonal dormancy is related to 

short day length and low temperature. Carr and Stephens (1992) reported 

that the minimum air temperature required to support shoot growth appears 

to be 13-14°G with an optimum range 18-30•c. Day time maximum temperature 

in excess of 3o•c and night temperature below about 14°G probably lead to 

a reduction in the growth rate. The minimum leaf temperature necessary to 

initiate shoot ~tension is apparently 12•c and at leaf temperature about 

35°G, the rate of net photosynthesis falls off quickly. long sunshine 

hours· are probably essential for maximum yield. In most areas 150 mm of 
c 

rain each month i.e. 1800 mm of annual rainfall will ensure continuous 

crop production. 

Acclimation of plants to different light environments has profmmd 

influences on the structure and function of the photosynthetic apparatus 

(Anderson and Osmond, 1987; Anderson et al, 1988). Mter exposure to low 
. --

temperature and high irradiance, sun leaves showed a sharp decline in 

photosynthetic activity (Brugnoli ~ al., 1994). 

The main climatic variables influencing rates of shoot extension 

and yield of tea are temperature, the saturation deficit of the air and 

through their influence on plant and soil - water deficits, rainfall and 

evaporation (Carr, 1972; Squire and Callander, 1981; Stephens and Carr, 

1990). Manivel (1980) reported that the maintenance leaves below the 

plucking surface fix co2 photosynthetically and supply the photosynthetic 

to other parts of the plant. All the mature leaves in the plants were 

photosynthetically active even under the cold weather conditions 

prevailing in December. He fmmd that even the fifth leaf fran the top 

was contributing photosynthates towards the growth of pluckable shoots at 

the top. He observed highest rate of photosynthesis in the topmost leaf 

of the maintenance foliage. 

Mailivel and Hussain (1982) reported that topmost leaf in a canopy 

(maintenance canopy) contributed the highest proportion of photosynthates 

to the pluckable shoots. Manivel (1978) also referred that pluckable 'two 
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and a bud' also photosynthesizes, but to a much lesser extent than the 

mature leaves. Maintenance foliage in tea is the main source of 

carbohydrate. 

Rustagi and Barman (1993a) haa reported that optinrum leaf 

temperature for maximum productivity has been estimated to be 25°-30°C. 

They also pointed out that experimentally it has been proved that 

maintenance foliage carry out photosynthesis throughout the year. 

Therefore, it is not the stoppage of photosynthesis which makes the 

bushes go dormant. Interflush dormancy is caused by low availability of 

moisture and various other factors whereas winter dormancy is caused by 

the interaction of some environmental factors like short day length and 

low temperature. 

Moyer (1965) has reported that light intensity and co2 concentra

tion are the primary external parameters which control photosynthesis. 

Temperature is a secondary factor. The effect of temperature on 

photosynthesis varies with light intensity, and the carbon dioxide 

supply. Both these factors control the photochemical reactions, which are 

generally independent of temperature. With low light intensity and 

adequate co2 or with low co2 and adequate light, the light reactions will 

be limiting. Reed (1946), however, inferred that photosynthesis is 

influenced by all the environmental factors viz., temperature, moisture 

supply, RH of the air, age of the leaf. Baker et &· (1990) observed that 

co2 concentration affects many plant processes, mainly through its direct 

effect on photosynthesis and stomatal physiology. 

Sage and Reid (1994) reported that light has three major effects 

on photosynthesis. First, it provides the energy used ·in the production 

of ATP and NADPH. Second, light promotes the activation of key enzymes in 

the photosynthetic apparatus and stimulates stanatal opening. Third, 

light acts through photoreceptors such as phytochrome to modulate the 

developnent of leaves and the photosynthetic apparatus light pranotes 

enzyme activation largely through its effect on electron system. 

Important light activated enzymes in photosynthesis include rubisco, 
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stromal fructose-1,6 biphosphatase, NADP-triose phosphate dehydrogenase, 

ribulose-5-phosphate kinase and sedoheptulose biphosphate. 

The radiation reaching the surface of the earth from the sun has a 
2 maximum intensity of about 1.6 calorie per em per minute, corresponding 

to a visible irradiance of about 100,000 lux or metre-candles. The 

intensity, and to a lesser extent, the spectral composition, of solar 

radiation varies, of course, with time of day, weather, season and 

geographical position. Plants must make the best use they can of this 

mixed and variable radiation for the energy they need for photosynthesis. 

Variations in light intensity and du~ation of illumination affect 

photosynthesis directly (Fogg, 1972; S:}uire and Callandaer, 1981). The 

vast majority of this short wave radiation is interrupted~eaves in the 

top 0.3 m of the canopy, almost regardless of foliage geometry below 0.1 

m (Hadfield, 1974) with only about 5% reacting the ground. Only a very 

small proportion of the net available energy is used in the process of 

photosynthesis, the vast majority is dissipated as latent heat (through 

the process of evaporation) and as sensible heat (heating the surrounding 

air). 

Ihopte ~ al. (1992) reported that transpiration increases with 

increase in photosynthetically active radiation. Sunlight may fall on 

leaf either directly, after reflection by molecules in the air (sky

light) or after reflection from clouds (cloud light) or other surrounding 

object. The amount of solar radiation incident on the earth atmosphere, 
2 the so-called "solar constant" is about 8-4 J per em per mirmte and of 

this about 50% reaches the earth surface at sea level on a cloudless day 

when the sun is directly overhead light intensity reaches a maximum of 

about 10,000 lux under these conditions. The amount of radiation observed 

by a leaf depends on the wavelength and on its spectral characteristics. 

Ab.:>ut 44% of the solar energy incident on the earth surface is useful for 

photosynthesis. The maxinrum light energy that a tea leaf can use for 

photosynthesis varies from clone to clone even under optimal conditions 

(Barua, 1993). The study of growth and yield of a plant requires the 
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knowledge of the photosynthetically active radiation (PAR) (Karalis, 

19B9). PAR is defined · as the part of the solar spectrtnn between tha 

wavelengths 4Q0-700 n.m. (0.4-Q, 7 tnn) (Stamper and Allen, 1979; Rao, 

19B4; Langholz and Hackel, 19B5 and Monteith, 1993). 

Water stress can reduce photosynthesis by reduction leaf area, 

closure of stomata. It affects practically every physiology and 

biochemistry (Kramer, 19691 ). There is abundant evidence that 

photosynthesis is inhibited due to high light intensity (Balasimha ~ al., 

1991). Rosenberg (1974) observed high atmospheric stress is expected to 

reduce photosynthesis probably causing rapid evaporation from gusrd cells 

and causing stomata to close. Crafts (196B) inferred that decreasing water 

potential in leaves is known to reduce photosynthesis. Slavik (1965) 

points out, this is the result of three effects : (i) hydroactive closing 

of stomata, bringing about a reduced co2 supply, (ii) water stress in 

cytoplaSmic ultrastructure affecting enzyme activity and (iii) dehydration 

of cuticle, epidermal walls and cell membrances reducing their avidity for 

and permeability to co2• Kramer (1959) believed that reduction in water 

content usually reduce the rate of photosynthesis both because dehydrated 

protoplasm is less effective and because stomatal closure reduces the 

supply co2• Fogg (1972) referred that photosynthesis and water economy of 

terrestrial plant are so intimately interrelated that water supply is 

normally one of the most important factors determining the amount of 

photosynthesis carried out. The decrease in photosynthesis at high values 

of stress may be due ·to stomatal closure, which has been shown to limit fu 

in water stressed leave (Slatyer, 1973). Water stress reduced 

photosynthesis due to impaired stomatal conductivity (Bar bora, 1994). 

Higher stomatal resistance could also affect gaseous exchange and 

consequently, the rate of photosynthesis (Rajasekar et al., 1991). Voleti 

et al. 0991) reported that under low light, reduction in photosynthesis 

occurred. Reduction of the photosynthetic rate as a result of moisture 

stress is well documented (Harris, 1973; HSiao, 1973; Bielorai and 

Hopnans, . 1975; Ackerson ~ al., 1977; Sung and Krieg, 1979). The 

inhibition of photosynthesis by water stress may be attributed to both 
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stomatal and non-stomatal factors depending on the particular environmen

tal conditions (Hutmacher and Krieg, 1983). Jones (1973) and Boyer (1976) 

suggested that stomatal resistance is the principal limitation to 

photosynthetic co2• Since stomatal opening is more dependent on water 

balance than on light, photosynthesis may be limited severally during the 

period of water stress despite the fact that light and co2 supply are 

optimum (Gaastra, 1959). Fry and Walker (1964) found decrease in net 

photosynthesis with increased water stress. Steward (1960) observed that 

temperature limits photosynthesis by the heat denaturation of enzymes or 

structural proteins. According to him the external factors Which influence 

the rate and efficiency of photosynthesis are light, humidity and co2 • 

Chapnan ~ al. (1988) observed that exposure of plants to high light 

intensities can reduce photosynthetic rates and be a significant cause of 

reduced crop yield. M.u:ty (1988) pointed out that reduction in 

photosynthesis under low light could be attributed to high stomatal 

resistance to co2 exchange. M.mns and Pearson (1974) demonstrated that 

drought reduction in translocation was proportional to the decline in 

photosynthesis because the amount of water actually needed for the 

photosynthetic process would be very little in comparison with the amount 

needed to maintain the living plant. Therefore, since long a deficiency of 

the supply of water became inhibitory to photosynthesis in a direct 

manner, the indirect effect of a shortage of water could impair other 

vital processes of the biological mechanism retarding photosynthesis 

(Devlin, 1978). O:Iuist et al. (1982) observed that net photosynthesis 

were lower in developing than in mature and old leaves. Barua (1969) 

reported that low temperature and day length apparently interact including 

dormancy but their respective roles are not yet- clear. Barbora (1994) 

inferred that photosynthetic response to temperature 'Was mainly due to 

change in mesophyll activity rather than stomatal control. Gupta (1992) 

commented that high stomatal resistance in plants would be advantageous in 

water economy and resistance. Several scientists have attempted to select 

plant with high stomatal ,resistance (Miskin ~ al., 1972; Wilson, 1972). 

Rao et al. (1988) observed that stomatal resistance increased under water 

stress condition but the conductance reduced. Stomatal resistance 

increased under drought stress (Singh and Sahay, 1992). It is known that 
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moisture stress increases stomatal resistance (Handique and Manivel, 

1990). Turner et al. (1978) reported decrease of photosynthesis with 

decrease in stomatal conductance. With slowly imposed water stress, it may 

be the effect of water deficit in reducing net photosynthesis that reduces 

stomatal conductance (Osmond et al., 1980). Stomatal conductance decreased 

significantly due to stress in all genotypes (Bansal and Nagarajan, 1986). 

Sastry and Dutta (1985) apprehend that the increased temperature of the 

stressed plant is due to stomatal cloSU!e. Viscoe and Gallagher (1975)1 

concluded that leaf extension rate was a linear fnnction of temperature. 

Heath (1959) found that high temperature exerts two opposing effects upon 

the stomata - (i) at a given light intensity, the minimum intercellular 

co
2 

concentration, increases with temperature, (ii) if · excessive 

accumulation of co2 in the intercellular spaces does not occur, raising 

the temperature causes opening. Rao et al. (1988) inferred that leaf to 

air temperature difference was significantly higher under stressed 

condition. 

Water loss by transpiration is the primary cause of plant water 

deficits. Transpiration is the dominant factor in plant water relations 

because evaporation of water produces the energy gradient which causes 

movement of water into and through plants. Therefore, it controls the rate 

of absorption and the ascept of sap (Kramer, 1969 ). Fry and Walker (1964) 

found decrease in transpiration with increase in stress. An increase in 

temperature almost always increases the rate of transpiration because it 

increases the steepness of the water vapour presSU!e gradient fran plant 

tissue to air (Kramer, 1959). Visible light has important effect on 

transpiration through its control of stomatal opening (Kramer, 1959). Rao 

~ al. (1988) fmmd reduced rate of transpiration due to water stress. 

Soil moisture deficit reduced the transpiration rate (Barbora, 1994). In 

China type of clones the transpiration was lower at the higher soil 

moisture level, but its depression was minimum at low soiled moisture 

status (Barbora, 1994). Soil moisture stress decreases transpiration rate 

(Handique and Manivel, 1990). Wind usually causes increased transpiration 

because it removes water vapour fran the vicinity of transpiring SU!faces 

and produces a steeper vapour presSU!e gradient from plant tissue to air, 
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but it also tends to cool leaves, thereby decreasing the steepness of the 

vapout ptessute gradient (Kramer, 1959). Yang et al. (1990) reported that 

transpiration plays very important tole in the hydraulic cycle of crops. 

While transpiration is an active plant response to climatic factors, leaf 

temperature is a passive outcome of the heat and mass exchange (Thorn, 

1975; Batt, 1983). Leaf temperature directly affects plant metabolic 

activities. Feldhake and Edwards (1992) observed that temperature 

regulates leaf biochemical process rates. Leaf temperature deviates from 

ambient ait temperature in a manner dependent on solar radiation level and 

ambient vapout ptessute deficit. 

Stephens et al. (1992) observed that low soil temperature ate 

always a major limiting factor to shoot extension. Othieno (1982) reported 

that soil temperature affects growth. 

Handique and Manivel (1986) inferred that drought tolerant clones 

consistently exhibited higher water potential. Rao et al. (1988) observed 

that water potential decreases under water stress condition. Patarneshwata 

~ &· (1988) concluded that water stress lower the water potential 

values. Water potential of cold stressed plants was not altered at all. 

During the very winter months, value of water potential decreased than in 

the wet sunmex: months (Manivel and Handique, 1983). There was no 

significant difference in water potentiai between the ages (Manivel and 

Handique, 1983). Leaf water potential was lower when photosynthesis was 

reduced (Bunce, 1990). Rustagi and Batman (1993b) have remarked that 

clones of China origin exhibited higher water potential compated to Assam 

clones. 

Potassium has a very favourable effect on toot developnent. The 

deficiency reduces growth in thiclmess through accelerated growth in 

length and the internodes ate significantly long. The tea bushes acquire a 

loose appearance (Sharma, 1964). Plants with adequate potassium, lose less 

moisture because of the reduced transpiration tate. When exposed to 

desiccating winds, plants well supplied with potassium ate able to close 

the stomata much mote quickly than potassium deficient ones (Sekhon and 
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Ghosh, 1982). Leaf water potential increased significantly with incre~sed 

levels of potassium application. Potassium reduces transpiration through 

regulation of factors like leaf water potential, stomatal resistance etc. 

Khan (1991) reported that increase in str:ess increases leaf K 

content and potassium application further leaf K content. Manivei (1992) · 

reported that application of Muriate of potash is fmmd to impar:t drought 

tolerance in mature tea. Per:renond (1977) and Nelson (1978) pointed out 

the effect of potassium on increased tolerance to· drought. But there ar:e 

also reportsthat there was no beneficial effect due to foliar: application 

of potassium dur:ing dr:ought months (Anonymous, 1981). The fnndamental 

r:oles of potassium in plant metabolism ar:e lar:gely r:egulatory. They also 

play a role in the opening and closing of stomata. It acts as an activator: 

of many enzymes involved in car:bohydrate metabolism (Jain, 1994). One. of 

the enzymes activated by potassium is a respir:atory enzyme called pyruvate 

kinase. It plays an important part in the formation of star:Ch and in the 

production and translocation of sugar:s. Moyer (1965) r:epor:ted that laCk of 

potassium interferes seriously with assimilation and car:bohydrate 

metabolism. Potassium affects plant growth mainly by its effect on cell 

extension (Berringer and Nothdur:f, 1985; Hsiao and Lauchli, 1986). 

M:lyer (1965) r:epor:ted that phosphor:us and sulphur:, essential 

elements in the photosynthetic enzymes, ar:e dir:ectly involved in light 

r:eactions. Potassium, zinc, molybdenum etc. pr:omote the dar:k r:eactions 

that dispose off the initial pr:oducts of photosynthesis and maintain the 

supply of pr:imar:y substr:ates for: the light r:eactions. Fhosphor:us 

par:ticipatesdir:ectly or: indir:ectly in most of the r:eactions associated 

with photosynthesis. It supplies high energy bonds of ADP, DPN, PGA, RDA 

and many other: phosphatic componnds involved in the photosynthetic and 

Kreb cycles. 

Sulphur deficiency r:educes photosynthetic r:ates. Sulphur: 

par:ticipates in many of the enzymatic r:eactions in the leaf through the 
-1 

habits sulphydr:yl, SH group, also as a constituent of the essential 

amino acids - cysteine, cystine and methionine; the peptide glutathion; 
and the vitamins thiamine, biotin etc. Calvin (1956) suggested that the 

transfer of electrons from light excited chlor:ophyll (about 40K Cal 
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mole-1) to produce the reduced form of triphosphopyridine nucleotide 

(TPNH), 'Which in turn is instrmnental in operating the photosynthetic 

cycle, is accomplished by an intermediate reduction of the disulfide form 

of 6,8-thioctic acid to the dethiol form. Further, the acetylating co

enzyme A, 'Which mediates a pyruvic acid oxidase "reaction " between the 

photosynthetic cycle and Kreb cycle, contain sulfhydryl, disulfide and 

possibly thiazoline groups. Sulphur thus appears to be directly involved 

in the light reactions of photosynthesis. Potash is not only a major 

nutrient of tea but it also plays a major role in triggering the gJ:owth of 

young tissues and for maintenance of an optinrum turgor needed for cell 

elongation and cell division (Ranganathan and Natesan, 1985). 

Phosphorus occupies one of the most important positions in the 

carbohydrate metabolism of plants in general. In addition, phosphoric acid 

plays an important role on fat metabolism and is itself present in most of 

the enzymes known (Sharma, 1964). Ehhancement of leaf photosynthesis by 

phosphate application was consistently related to non-stomatal factors 

(biochemical and/or anatomical) ·as indicated by changes in the 

intercellular co2 concentration. The intercellular co2 concentration 

tended to decrease with increase in photosynthesis. Phosphorus plays a 

major role in the growth of tea plants (Mann and Gokhale, 1960). 

Phosphorus plays a key role in DNA synthesis and indispensable for growth 

(Verma, 1993). Physiological efficiency of phosphorus absorption is the 

relative ability to maximize phosphorus concentration with minimal fixed 

carbon investment in root growth and metabolism (Brewster and Tinker, 

1972). Phosphorus organic compounds are essential to metabolic processes 

and are especially active in energy transfers. In plants energy transfers 

are linked by ATP, 'Which is high energy compound. ~en it tmdergoes 

hydrolytic reactions it exhibits a large decrease in free energy (Shuman, 

1994). 

Sulphur is essential for the growth of tea and other plants (Barua, 

1989). It is an integral constituents of cystine, cysteine and methionine 

(amino acids) (!lev and Kumar, 1982). Sulphur is an essential element for 

growth and productivity of tea plants (Bhat and Ranganathan, 1981). 
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Crop response to micronutrient application is modified to a large 

extent by the envirorroent. It is a conmon observation that micronutrient 

deficiencies in crop are acute in cold weather and mild or absent in warm 

weather (Randhawa and Nayyar, 1982). 

Zinc is a constituent of several enzyme systems which regulate 

various metabolic reaction in the plant, for example, in oxidation

reduction reactions in the formation of chlorophyll. It also influences 

the synthesis of sane growth hormones in the plant (Rahman and 9-larma, 

1974). Reed (1946) referred that zinc is a constituent of carbonic acid 

anhydrase present in the chloroplast, which catalyses the decomposition of 

carbonic acid to C02 and water. Zinc is also found in adolase which 

mediates the reversible, transfe:r: of phosphoglyceraldehyde to f:r:uctose 

1,6-diphosphate. Zinc is present in several dehydrogenase, proteinase and 

peptidase enzymes; pranotes growth hormones and starch formation (Nyle, 

1984). Studies conducted at Tocklai showed that foliar applied zinc to be 

at least 10 times more efficient than zinc applied to soil (Barua, 1989). 

Molybdenum is involved in the reduction of nitrate to ammonia but 

its deficiency in tea has not so far been reported (Barua, 1989) . It is 

present in nitrogenase (nitrogen fixation) and nitrate reductase enzymes : 

essential for nitrogen fixation and nitrogen assimilation (Nyle, 1984). 

Soil moisture content influences the behaviour of molyhlenum. Soil wetness 

generally leads to increase in the availability of molybdenum . 

/"' fulybdenum is a constituent element of flavo-protein-nitrate 

enzyme (eductase. Ascorbic acid formation is reduced by molybdenum 

deficiency (Moyer, 1965). Although molybdenun is a metal, it occurs as :m 

Oxy-anion, t-b04 
2- and is absorbed by plants as the molybdate ion (Mengel 

and Kirby, 1982; Marschner, 1986). 
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Levitt (1980) observed that even in the highly drought resistant 

c reosote bush, t otal amino acid content more than doubled under moisture 

stress . Ka thju et al. (1 988) concluded tha t water s t r ess resulted in 

higher accumulation of fr ee ami no acids . Bi swas and Chaudhuri (1986) 

observed that proline accurrrulates dramatically i n water deficit stress 

plant due to higher proteolysis and/or higher synthesis of this amino. 

They are of the opinion that proline accumulation can be taken as a 

biochemical index for the characterization of water stress tolerance of 

the plant. Stewart (1977) inferred that wilting causes a decr ease in 

proline utilization by decreasing protein synthesis. This leads to proline 

accumulation. Jagtap et al. (1992) observed that water s t ress treat ments 

with short spells significantly increased proline content. The 

relat i onship between accumulation of total free amino acid and ascorbic 

acid (Draper, 1975; Levitt, 1980) and proline (Ghosh Ha jra , 1992) with 

drought and hardiness are well established . Devay (1965 ) concludes that 

s i nce ascorbic ac id is a co-factor f or the enzyme glutathion reductase , 

new enzymes ar e synthesized at the low temperature which lead to an 

increase in the tissue content of ascorbic acid. Under moisture stress 

conditions, proline oxidation was inhibited (StewaLt, 1977) and thi s was 

thought to maintain high level of proline in the stressed t issue. No 

relationship between accumulation of proline and drought was obser ved in 

wheat and soyabean (Sinha and Rajagopal, 1977; Guo~ al ., 1988). Stress 

induced proline accumulation was related to the ability of the cultivar to 

recover after irrigation (Blum and Ebercon , 1976) , 

protectant or a nitrogen reserve (Hanson et al., 1977). 

an osmoticum, a 

Lewandowska and Jarvis (1977) infer red that chlorophyll is an 

important component of photosynthetic system. Therefore, the 

photosynthetic efficiency of a crop may be indicated by the amount of 

chlorophyll. Buttery and Buzzell (1977) observed high correlation of 

photosynthetic r a t e with chlorophyll content. Barman et al . (1993) 

reported that chlorophyll c ontent has no direct cor rela tion with yield . 

Water s tress l eads t o a decline in t otal chlor ophyll in all the clones 

(Ra jasekar et ~. , 1991). Bi swas a nd Choudhuri (1986) and Jagtap et al. 

(1 992) a l so f ound the s ame r esult. Reduced abil ity to form protochloro-

1 "r.-.. .. . I ; \ l I ) 

' ' . - ..... - ...... 

1 ~ FE 8 1998 



16 

phyll was considered to be responsible for the inhibition of the 

development of the chlorophyll under moisture stress (Hsiao, 1973). 

Baker (1974) and Bengston et al. (1978) inferred that epicuticular 

wax plays an important role in the plants ability· to withstand water 

deficit and is known to increase due to stress. The increased wax deposition 

thereby reducing transpiration. Glaucousness caused by the deposition of 

epicuticular wax which may be altered to suit the chsnging environment 

(Akunda, 1990). Photosynthesis rates may be influenced by the degree of 

reflectance caused by g1aucousness of leaf (Cameroon, 1970). Water stress 

led to a significant accumulation of epicuticular wax (Rajasekar, 1991; 

Voleti and Rajagopal, 1991; Rustagi and. Barman, 1993b). Handique and 

Manivel (1990) reported high quantity of epicuticular wax in drought 

tolerant clones. They suggested that deposition of epicuticular wax may be 

correlated with reductrri'n in transpiration rate and increase in stomatal 

resistance. Ziyad Mohammed et al. (1986) found that the wax contents of 

the drought resistant clones were higher than that of drought susceptible 

clones. The impervious epicuticular component effectively reduced water 

loss due to transpiration (funna, 1970), contribute to the control of 

gaseous exchsnge (Jaffree et al., 1971) and influence the retention and 

redistribution of foliar applied chemicals (Holloway, 1970). This external 

layer influence the reception and subsequent redistribution of incident 

radiation either through r.eflection or convection away from the plant or 

by conduction into the internal tissues (Baker, 1972). 
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AIMS AND OBJECTIVES 

Although India produces the highest quantity of tea in the 

~ world, little work has been carried out on effect of meteorological 

factors on growth and productivity of tea plants. Darjeeling Tea is 

famous for its world famous muscatel flavour but Darjeeling is also 

known as the area with lowest tea yield. As stated earlier the yield 

of tea Darjeeling is only 650 kg.ha-l which is well below the all 

India's average of 1730 kg. The main reasons for low yield are adverse 

climatic conditions as well as variety of tea. The major area under 

tea is planted with China variety of tea, i.e. Camellia sinensis (L.) 

0. Kuntze, belonging to the family Ternstroemiaceae under the order 

Guttiferales. This variety is a low yielder with tiny leaves. 

When the climatic condition is a barrier against increase in 

yield potential, it was essential to study the role of weather 

parameters on Darjeeling tea plants. fut nothing of that sort had been 

taken up before this study. The yield potential also depends _very much 

on physiology of the plant. The correlation between climatic factors 

and their effects on physiological and biochemical processes like 

synthesis of proline, ascorbic acid, amino acid etc. are very much 

noteworthy for further study. Many authors have identified proline and 

ascorbic acid as an indicator of stress physiology. 

It is also well known that in hilly tracts of Darjeeling soil 

nutrient status with respect of some macronutrients and several 

micronutrients played a key role in growth and _productivity of tea 

plants. In the past, quite a few fertilizer trial experiments were 

done in the aforesaid perspective using zinc, phosphorus, molybdenum, 

potassium and sulphur. But in the present investigation, the basic 

approach was to understand the effect of various doses of nutrients on 

tea plant's growth responses. 

On the whole,.the overall objectives of this investigation are 

listed at the next psge : 



18 

(i) To study the effect of seasonal variation of envirornnental 

parameteJ:s (air & soil temperatures, photosynthetic photon 

flux density, sunshine hour, relative humidity, wind 

velocity, rainfall) on the physiological attributes (net 

photosynthesi~, stomatal conductance, stomatal resistance, 

leaf wateJ: potential, transpiration and leaf temperature) on 

three major China hybrids. These are called as Darjeeling 

clones viz; Bannockburn-157, Phoobshering-312 and Tukdah-78. 

The bushes of different stages we~:e considered for in vivo 

studies. 

(ii) To study the inte~:actions between various physiological 

parameteJ:s under dive~:se weatheJ: conditions. 

(iii) To understand the wateJ: relations of tea plants and behaviour 

of three major Darjeeling clones in wateJ: stressed situation. 

(iv) To study the effect of foliar spray of micro(zinc and 

molybdenum) and macro (potassium, phosphorus and sulphur) on 

net photosynthesis, stomatal conductance and transpiration. 

(v) To study the seasonal variations of total free amino acid, 

total proline, ascorbic ·acid, total chlorophyll· and 

epicuticular wax in the leaves of three varieties viz. 

Bannockburn-157, Phoobshering-312 and Tukdah-78 tea clones at 

diffe~:ent growth phases/ages. 
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MATERIALS AND METHODS 

Site of study : The field experiment was carried out in Springside 

area of Kurseong town in the tea plantation. Laboratory analysis_works 

were done in ~pts. of Botany and Tea Management, University of North 

Bengal and ~pi:. of Ecology, Kalyani University. 

Geographical description : The field is located at 26°55 'N and 

88°12 'E and a:t an altitude of around 1240 m above median sea level. The 

topography is of rolling and folded mountains. 

Edaphic character. : The soil is umbric Dystroclu:ept, has moderate 

·permeability and is moderately well drained. Infiltration rate is 6-10 

mm hr - 1 and run off is high. Soil texture is coars~ and loamy. The top 

-:soil is 45 em thick and subsoil is stony and bouldery. Physico-chemical 

properties of soil of the experimental area are presented in Tables 1 

and 2. 

The Crop : Study was carried out on tea plant (Camellia sinensis (L) 

0. Kuntze), Family Ternstroemiaceae under Oider Guttiferales. There are 

altogether 30 clones of tea cultivated in Darjeeling area. Of these, 

three major clones are mostly grown in the gardens. These clones are 

selected for present investigation. A brief description of these clones 

are given as follows : 

A. Bannockburn 157 (A clone developed in Bannockburn Tea Estate) 

A medium sized, dark green glossy leafed China hybrid clone 

having similarity to domesticated Camellia. It has medium sized f~ame 

"shaving brush" type with dense plucking points and many trailing lower 

branches. This clone is rated to be strongly resistant against drought. 

A very early flusher and keeps flushing till late ~cember. With 

adequate irrigation in dry weather, this clone starts flushing in mid

January. 

20 
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Fig. 2 
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Young (4-year old) plants of Bannockbuxn-157 (A), 
Phoobshering-312 (B) and Tukdah-78 (C) clone. 
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B. Phoobshering 312 (A clone developed in Phoobshering Tea Estate) 

A China hybrid clone with leaf of medium size, semi-erect, dark 

gr~en having pronmmced serrations and matty foliage and wavy margin. 

Widespread and compact frame. It thrives well on all aspects but 

distinctly prefers the northern slopes and high altitudes. 

C. 'fukdah 78 (A clone developed in 'fukdah Tea Estate) 

This is very vigorous China hybrid cultivar with erect leaf of 

dark green colour, margin flat. This clone has good resistance to 

drought. A fairly good spreader with lax frame. 

An overall characteristics of these three clones are given in 

Table 3 and Fig. 2. 

The experimental designs and details in respect of mature and 

young plants and experiment on nutrients spray are presented in Tables 4 

& 5. 

·. 
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Table 1 . Physical properties of soil of the experimental . 
site 

Parameters Name of horizon & depth (em) 

'\> Ac; Bl B2 c 
0-13 13-31 31-97 97-114 114-130 

1. Bulk density 1.39 1.36 1.36 1.33 1.37 
(g cm-3) 

2. Water holding 39.23 37.56 38.21 36.32 35.01 
capacity (%) 

3. Porosity (%) 40.02 38.26 39.59 37.29 36.31 

4. Water retention 
characteristic 

i) 0.1 bar 32.71 29.74 29.96 31.24 28.22 

ii) 0.3 bar 25.62 2i.32 20.01 22.23 20.62 
iii) 3.0 bar 15.21 14.22 12.16 14.23 13.19 
iv) 15.0 bar 4.65 5.01 3.21 3.11 3.04 

5. Particle size 
distribution (%) 
(<2.0 mm fractions 
only) 

i) Coarse sand 52.2 50.9 48.6 50.8 59.9 
(0.25-2 mm) 

ii) Fine sand 21.0 22.6 22.7 23.0 18.2 
(0.25-.05 mm) 

iii) Coarse silt 8.5 8.9 7.8 7.2 8.7 
( .05-.02 mm) 

iv) Fine silt 5.6 7.2 6.3 5.3 6.3 
( .02'-.002 mm) 

v) Clay 12.7 10.4 14.6 14.7 6.9 
( <0.002 mm) 

6. Ratio of : 

i) Fine sand 
Coarse sand 

0.402 0.444 0.467 0.430 0.303 

ii) File silt 0.658 0.808 0.807 0.693 0.724 
Coarse silt 

Sandy Saridy Sandy Sandy Sandy 7. Textural class loam loam loam loam loam 

Source : Saha et al. (1995) --
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Table 2 : Physico-chemical and chemical properties of soil 
of the experimental site 

Parameters Name of horizon & depth (em) 

~ 1\; B1 B2 c 
0-13 13-31 31-97 97-114 114-130 

1. pH (1:2 .• 5) 

i) With distilled 4.91 5.01 5.23 5.20 5.12 
water 

ii) With 1 N KCl 4.52 4.61 4.66 4.72 4.65 

2. Organic carbon (%) 1.21 1.13 1.03 1.01 0.91 

3. Organic-matter (%) 2.09 1.96 1.78 1.75 1.58 

4. Total nitrogen (%) 0.110 0.092 0.091 0.091 0.082 

5. Available phosphate 
(%) 

0.021 0.024 0.027 0.023 0.020 

6. C : N 11.00 12.28 11.32 11.09 11.09 

7. Cation Exchange 13.62 13.15 10.01 9.23 8.32 
Capacity (CEC) 
(Cmol kg-1) 

8. Exchangeable 
cations 
(mol kg-1) 

Ca++ 1.65 1.16 1.05 1.09 1.32 

Mg++ 0.30 0.41 0.48 0.21 0.11 
K++ 0.156 0.184 0.181 0.207 0.204 

9. Free Iron Oxide (%) 7.26 7.64 7.38 7.92 6.01 

10. Mobile Iron (%) 0.72 0.75 0.75 0.73 0.76 

11. Mobile Aluminium (%) 0.60 0.58 0.68 0.37 0.22 
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Table 3 : Characteristic of Tea clones and for experimental 
varieties of Tea crops 

Characteristic B157 P312 T78 

1. Mean area of an individual 22.5 20.0 18.9 
leaf (an2) 

2. Length of the Lamina (an) 7.2 7.7 7.2 

3. Jlreadth of the Lamina (an) 3.1 2.6 2.5 

4. Length/Breadth Ratio 2.3 3.0 2.9 

5. Mean internode length 2.2 2.8 2.0 
below plucking surface (an) 

6. Mean 'leaf angle from 28.9 40.0 35.3 
vertical (degrees) 

7. Fresh weight of individual 0.73 0.65 0.57 
leaf (g) 

B. -Oven dry weight of 0.28 0.25 0.23 
individual leaf (g) 
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Table 4 : Experimental designs and details of mature and 

young plants (Randomised Block Design) 

Year of planting 

Spacing 

Planting pattern 

Replication 

Number of plants 

PARAMETERS STIJDIED 

Physiological 
parameters 

Biochemical 
parameters 

Meteorological 
parameters 

Mature Plants Young Plants 

1985 1990 

90 em x 60 em x 60 em Same as mature plants 

Regular double hedge 

5 (five) - Each plant 
one replication 

Fifteen - 5 each of 
each variety (B157, 
P312, T78) 

Net photosynthesis, 
Stomatal conductance, 
Stomatal resistance, 
Transpiration, 
Leaf water potential, 
Leaf temperature, 
Growth rate analysis 

Total free amino acid, 
Free proline, 
Ascorbic acid, 
Total chlorophyll and 
Epicuticular wax 

Relative humidity 
Air temperature, 
Photosynthetic photon 
flux density,maximum/ 
minimum & Soil temperature, 
wind velocity, sunshine 
hour and rainfall. 

-do-

-do-

-do-

-do-

-do-

-do-
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Table 5 : Design and details of the nutritional experiment 

(Randomised Block Design) 

Year of planting 

Age of the plants at 
the time of planting 

Replication 

Treatment 

Varieties 

No; of pots 

Size_ of pot 

Parameters studied 

Period of recording 

1992 

1!:; years 

3 (three) 

Spray of molybdenum, potassium, phos
phorus, sulphur and zinc spray @ 2% 
in April/May and September/October 
at fortnightly interval (total 4 
sprays) with 1 litre cal>acity ASPEE 
hand sprayer. 

Bannockburn 157, Phoobshering 312 
and Tukdah 78 

Total 54 pots 

Circumference of upper rim - 2 m 

Diameter (inner) upper open face- 32 em 

Height from ground level - 30 em 

Weight of empty pot - 3 Kg 

Weight of soil per pot 

Net photosynthesis, 
Stomatal conductance, 
transpiration, girth & 
height. 

Pre-1110llsoon, monsoon, 
Post-monsoon and winter. 
Girth and height once a 
year. 

- 10 Kg 



Fig. 3 A portable photosynthesis system (LI6200, LICOR 
Inc., USA) used for recording net photosynthesis, 
stomatal conductance and resistance, transpiration, 
leaf temperature, etc. 
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Measurement of Physiological Parameters 

A portable photosynthesis system (LI 6200- LICOR Inc., U.S.A.) 

was used to measure the rate of net photosynthesis, stomatal 

conductance, stomatal resistance and leaf temperature (Fig. 3). 

When a plant photosynthesizes, it takes up co2• As it respires, 

it gives off co2• The net exchange of co2 between a leaf and the 

atmosphere is measured with the LI-6200 by enclosing a leaf in a closed 

chamber and monitoring the rate at which the co2 concentration in the 

air changes over a fairly short time interval (typically 10-20 seconds). 

The net photosynthesis is then calculated using this rate of change the 

amount of leavesarea enclosed, the volume of the enclosure, temperature 

and pressure. When a leaf is enclosed in the chamber, the humidity 

within the chamber from the change in humidity with time and rate of 

flow of dry air. Transpiration rate is then used with the leaf and air 

temperatures to calculate stomatal conductance. Ihotosynthetic photon 

flux density leaf temperature, air temperature, relative humidity are 

measured with the help of qu!ntum sensor, leaf temperature thermocouple, 

air temperature sensor and humidity sensor. 

At the time of recording the instrument was calibrated and 

programmed. In situ reading of the physiological parameters were taken 

in the field without destruction of leaves. First, second and third 

leaves (recently matured leaves) were taken for observation. Recording 

were done during morning hours of every alternate month. 

Photosynthetically active period was ascertained by taking repeated 

readings. The leaf chamber was connected to the console. A leaf still 

connected to the plant, inserted in the leaf chamber and closed the 

chamber. The relative humidity was made constant adjusting the flow 

meter. The leaf was taken out and again inserted after allowing enough 

air to enter the leaf chamber. The log button was then pressed to record 

the data. The data from the measurement were automatically logged into 

the scratch pad in the LI-6200's memory. After the observationwas 

complete, the instrument canputed mean and range for each data. The data 



Fig. 4 A dew point mictovoltmetet (HR. 33T, WESCOR Inc., 
USA) used for measurement of leaf water potential .. 
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were stored and printed in the Laboratory using a printer (LBOO EPSON, 

JAPAN). the first, second and third leaves from each plant were used 

separately for physiological study. 

Measurement of Leaf Water Potential 

A dew point microvolt meter (HR33T, WESCOR Inc.) (Fig. 4) was 

used for the measurement of leaf water potential. \titer moves from 

regions of high water potential to regions of low water potential. The 

greater the differences in the potential of two, the greater will be 

the energy exchange in the transfer of water. Thermocouple hygrometer 

provide a means of measurement of the total water potential. The 

measurement is based on the energy and is an actual measurement of the 

water potential. The technique of measuring water potential by 

determining the dew point depression temperature. A thermocouple is 

cooled below the dew point by means of the Petlier effect (Spanner, 

1951), thereby collecting microdroplets of condensed water upon the 

junction surface. The thermocouple temperatures converges to the dew 

point, where it remains with a static amount of water. The e.m.f. 

produced by the temperature difference between the junction at the dew 

point temperature and the ambient temperature is a linear function of 

the water potential. The proportionately constant is approximately 

- 0.75 Volts bar-1• 

At the time of recording the sample chamber is connected to the 

console and calibrated. Leaf disc punched from very young flush and at 

once inserted in the sample chamber. The leaf disc come into contact 

with the thermocouple. Sufficient time is allowed thereafter for 

thermal and vapour equilibration. The samples were kept for 20-30 

minutes. After that the sample was cooled for 15-30 seconds and put to 

dew point. The reading was taken in microvolt unit which was converted 

in bar unit dividing by -0.75. 
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Methods of Biochemical Estimations 

Each biochemical parameter was studied during pre-monsoon, 

monsoon and post-monsoon - three times in each season replicated five 

times, each genotype. Total 135 samples in a year were analysed for 

each biochemical parameter. 

Estimation of Total Free Amino Acid (Moore and Stein, 1948) 

Third leaves of the maintenance foliage were plucked and carried 

to the laboratory. lg of the plant sample was weighed with the help of 

a top loading electronic balance and grinded in a pestle and mortar 

with 10 ml of 80% ethanol. The extract was filtered with the help of 

Whatman No. 1 filter paper. The filtrate or supernatant was saved. The 

extraction was repeated twice with the residue and all the supernatant 

were pooled. The volume was made up to 25 ml adding 80% ethanol. 

1 ml of Ninhydrin solution was added to 1 ml of the extract in 

test tube. The mixture was boiled in a boiling waterbath for 20 

minutes. 5 ml of the dilute solvent was added and the contents were 

mixed and kept for 15 minutes. Then the intensity of the purple colour 

was read against a reagent blank in spectrophotometer at 570 nm. The 

reagent blank was prepared by taking 1 ml of 80% ethanol. 

50 mg of glycine was dissolved in 50 ml of distilled water in a 

volumetric flask.lO ml of this stock standard was taken and diluted to 

10 ml in another volumetric flask for working standard solution. A 

series of volume 0.1 to 1 ml of this standard solution (concentration 

range 10 mg to 100 mg) was prepared and proceeded as that of the sample 

and spectrophotometric readings were taken. 

A standard curve was drawn using absorbance versus concentra

tion. The concentration of the total free amino acids in the sample was 

determined with the help of the standard curve. 
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Estimation of Proline (Bates et al., 1973) 

Third leaves of the maintenance foliage were plucked and carried 

to the laboratory. lg of the plant sample was weighed with the help of a 

top loading electronic balance and grinded in ·a pestle and mortar with 

10 ml of 3% Aqueous sulphsalicyclic acid. The extract was filtered with 

the help of Whatman No. 2 filter paper. The filtrate or supernatant was 

saved. The extraction was repeatedly pooled. The volume was made up to 

25 m1 adding 3% sulphsalyclic acid. 

2 m1 of filtrate was taken in a test tube. 2 m1 of glacial acetic 

acid and 2 ml of acid ninhydrin was added. This set was boiled in 

boiling waterbath for 1 hour. The reaction was terminated by placing the 

tube in icebath. 4 ml of toluene was added and stained well for 2Q-30 

seconds. The toluene layer was separated with the help of Pasteur 

pipette and wm:med to rooin temperature. The red colour intensity was. 

measured at 520 nm in an U/V spectrophotometer against a reagent 

blank. 

50 mg of proline was dissolved in 50 ml of 3% sulphosalicyclic 

acid in a volumetric flask. 10 ml of this stoCk standard was taken and 

diluted to 10 ml in another volumetric flask for working standard 

solution. A series of volume 0.1 to 1 ml of this standard solution 

(concentration range 10 mg to 100 mg) was prepared and proceeded at that 

of the sample and spectrophotometric readings were taken. 

A standard curve was drawn using absorbance versus concentration. 

The concentration of free proline in the sample was determined with the 

help of the standard curve. 

Estimation of Ascorbic Acid (Harris and Ray, 1935) 

Third leaves of the maintenance foliage were plucked during 

morning hours, labelled and carried to the laboratory. 2g leaves were 

weighed with the help of a top loading electronic balance 

' amcL crushed in a clean mortar pestle 20 m1 of 5% metaphosphoric acid 
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solution. The extract was filtrated using Whatman Filter paper No. 1. 

The extract was repeated twice with the residue. The voltnne of the 

supernatant was made up to 100 ml adding 5% rnetaphosphoric acid 

solution. The ascorbic acid content was titrated using 10 ml of dye 

solution (dichlorophenol indophenol). 

Estimation of Chlorophyll (Arnon, 1949) 

leaves of the maintenance canopy were plucked during morning 

hours and carried to the laboratory 0.5g leaf samples were weighed with 

the help of a top loading electronic balance. 

The samples were ground to a fine pulp in a mortar pestle with 10 

ml of 80% Acetone solution. The extracts were filtered through Whatman 

No. 1 filter paper. The supernatant was saved. The residue was again 

ground and filtered. The procedure was repeated till the residue was 

colourless. The volume was made up to 10 ml with 80% acetone. The 

absorbance of the solution was read at 645 nm 

against the solvent (80% acetone) blank. 

and 663 nm 

(20.2 x Absorbance at 645 nm + 8.02 x Absor
bance at 645 nm) x Final voltnne of chloro

phyll extract in 80% acetone 
Mg chlorophyll/g tissue = --_..;:_--'---------------

1000 x Fresh weight of tissue extracted 

Estimation of Epicuticular Wax Content (Silva Fernandes 
et al., 1961) 

Second leaves of the maintenance canopy were plucked in the 

morning hours and carried to the laboratory. Ten leaf blades were 

innnersed, one at a time, each for 15 seconds in 100 ml redistilled 

chloroform. The extract was filtered and ·evaporated. The residue was 

weighed •. The amount of wax was calculated against leaf area and against 

the fresh weight. 

Ten leaves of each plant were measured with the ·help of a 



Fig . 5 A portable area meter (LI 3000A, LICOR Inc., USA) 
used for measurement of leaf area, length and width, 
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Measurement of Environmental Parameters 

Minimum, maximum, wet bulb and dry bulb thermometers 

(National Instruments, Calcutta) housed in a Stevenson 

screen: ·sunshine recorder (National Instruments, Calcutta), cup counter 

anemometer (Electromech Equipnents, Pune), soil thermometer (A. Paul 

Instrument Co. Ltd., Haryana), and rain gauge (Ramkala, Pune) were used. 

All th~· instruments were tested and approved by Indian Meteorological 

Department, Pune. Following weather parameters were recorded - maximum 

temperature, minimum temperature, relative humidity, rainfall, sunshine, 

hour, soil temperature, wind velocity etc. 

Soil moisture was estimated by oven dry method every alternate 

months. Soil was derived at a depth of D-15 (top) and 15-30 em (subsoil) 

dried in the oven at ll0°C for 48 hours. Maximum, minimum, dry bulb, wet 

bulb and soil temperatures, wind run were recorded every day at 6.39 and 

13.39 hours while rainfall was recorded at 8.30 and 17.00 hours 

everyday. Fresh sunshine cards inserted everyday after sunset replacing 

the used card. Using a portable photosynthesis system (LI 6200, inside 

leaf chamber of LI 6200, LICOR Inc., U.S.A.) the carbon dioxide 

concentration and photosynthetic photon flux density were measured when 

physiological readings were taken. 

Statistical Computations 

critical Difference (C.D.) or Least Significant Difference 

(L.S.D.), Co-efficient of Variance (C.V.) and Correlation Coefficient 

were calculated using the method referred by Panse and Sukhatme (1989) 
• 

while in case of regression, the method referred by Gupta and Kapoor 

(1986) was used. 
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RESULTS 

As the g:r:owth and developnent of a plant is ver.y much dependent on a 

number of climatic variables the present study attempted to unde:r:stand 

their interactions. Among the weathe:r: factors, temperature, rainfall, 

relative humidity, sunshine hours and edaphic factors like soil nutrient 

status are very important. In addition, the plants' genetic behaviour in 

relation to the climatic status also play a key role in the growth and 

developmental process. 

In the present study, an intensive search was made about the 

genetic behaviour of three different tea clones with respect to their 

climatic variables, particularly through long term seasonal 

investigation followed by fertilizer t:r:ials were attempted. In addition, 

the reflection of the growth and developmental processes on the 

physiological behaviour of the plants in different climate status 

(seasonwise) was thoroughly investigated to find the desired agro

climatic x:equirernent of each vax:iety. To elucidate the stx:ess factox:s, 

pax:ticularly, the biochemical basis that develop during different 

season, were also thoroughly examined. 

Climatic Variables 

The climate was subtropical with mild winter. Although situated 

in tropical climate zone, it has developed subtropical to temperate 

character owing to higher altitude. AB a result the ambient temperature 

never reaches lethally higher which could affect the general metabolic 

activities of plants. On the other hand, being situated on a medium 

height hill, the temperature never reaches freezing level. The snowfall 

is experienced on the higher altitudes of Kurseong 

Subdivision but at the site of study, no snowfall 

occurred till date. In most parts of the year this area 

remains foggy and humid (Fig. 6). Only during pre-111onsoon dry spell 
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Fig . 6 Fog infested t ea plantation on a ndsty day . 
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prevails .in this territory when the plants suffer water stress 

situation. Heavy precipitation occurs during rainy season which extends 

generally from June to September. lDw temperature prevails in this 

region during January and February, while higher tempe~atures prevail 

from April to September. Rainfall .is very less from November to April. 

Sunshine hour is very low from July to September, while it is high 

during November, December, March and April. Wind velocity is high from 

April to July, while it is low during September to November and January 

to February. Relative humidity is highest during July to September, 

while it is lowest in April. l-eather data and soil moisture status (mean 

of three years) presented in Thbles 6 and ·7 show following features : 

• Table 6 : Bimonthly records of weather parameters 

Month Feb Apr Jun Aug Oct Dec 
Weather parameters 

Mean Maximuni ·Temperature 14.8 22.8 23.5 23.3 20.7 16.6 
(•c) 

Mean Minimum Temperature 8.4 15.1 18.3 18.9 14.9 10.2 
(•c) 

Mean Soil Temperature 12.4 20.9 22.5 22.4 19.0 12.3 
(•c) (10 em depth) 

Sunshine Hours 3.9 5.7 1.7 1.5 4.1 5.1 
(hr. day-1) 

Wind Velocity 4.0 5.3 5.4 4.4 4.2 4.3 
(Km. hr.-1) 

Mean Relative Humidity (%) 74.4 67.9 92.0 94.6 85.6 76.8 
-1 Mean Rainfall (mm day ) 0.5 1.4 24.6 24.1 3.3 0.3 

Ambient C02 ( PIE) 356.4 360.7 360.5 346.7 351.0 352.6 
. -2 -1 

PPFD ( )L mol m S ) 706.7 1361.0 1287.0 561.8 1364.0 1193.0 

* Mean of three years (1992-94); 
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Table 7 : Soil moisture percentage of the field at the time of experi
mentation 

Month Top Soil Sub Soil Mean 
(Q-15 em) (15-30 em) 

February 22.1 23.5 22.8 

April 22.2 24.2 23.2 

June 31.4 32.4 31.9 

August 30.9 32.4 31.6 

October 28.7 30.0 29.3 

December 25.9 27.7 26.8 

Figures in the parenthesis indicate the soil depth. 

(a) Air temperature 

During April, June and August, higher air temperatures were 

observed in this area. Highest mean maxinrum temperature being around 

23°C. Tnwest temperature was recorded during February. The month of 

October showed moderate temperature. Annual range of temperature on an 

average was found to be 8.4°C - 23.5°C. Due to very high temperature 

·_during April, when relative humidity was found to be very low, a 

droughty situation prevailed. It may be noted that high rainfall was not 

able to bring down the temperature. It can be seen from the table that 

· the months of June and August which had the highest rainfall also showed 

highest air temperatures. The temperature in the month of December was 

in between the temperatures of October and February. The difference in 

Mean Maximum and Mean Minimum temperature was highest during April and 

lowest during June and August. The difference was same in February and 

December. This denotes that the month of April had hot days but colder 

nights. Highest temperature on a single day within these three years was 

"30°C (inside the Stevension screen) recorded on 16.4.92 and lowest 3.1 
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recorded on 2nd, 3rd and 4th February, 1993. Although mean temperature 

of June and August was little more than April but April contained 

extremely high temperature on many days. 

(b) Soil temperature 

Soil temperature recorded at 10 em depth showed that high soil 

temperature prevailed during April, June and August, while during 

February and December it was very low. The soil temperature mean show 

that during February and December it was at ~· This result does not 

coincide with the air temperature. Because the air temperature of 

December was much higher than that of February. The range of soil 

temperature was 12.3°C-22.5°C. The soil temperature mean was always 

found to be more than minimum temperature but less than maximum 

temperature. 

(c) Sunshine duration 

Very high sunshine hours recorded during April followed by 

December. It may be mentioned that thfsesunshine hours represent bright 

sunny atmosphere when a burning in the shunshine card was noticed. It is 

not similar with total day length. During June and August, sunshine 

hours were found to be very low. In October and February, it was 

moderate. The mean sunshine hours ranged between 1.5 to 5.7 hours per 

day. During rainy seasons, for days together this area remains deprived 

from any .sunshine. For example, in June 1994, for thirteen days there 

was no sunshine at all. In winter, although foggy weather prevails in 

m"'jority days of the months, it suppliments with sunshine too i.e., 

there is a combination of sunshine and fog. However, in most parts of 

the year visibility range can be termed as poor. During these three 

years highest sunshine hour on a single day was found to be 11 hours per 

day. 
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(d) Wind run 

Apirl and June showed high wind velocity while the wind t:un 

during ·Auga3t, Octobet:, Decembet: and Febru&y raiiged between 4.0 to 4.'4 

km per hour. Wind velocity of this area within these three years reached 

highest 15.7 km per hour. 

(e) Relative humidity 

In most pat:ts of the yeat: high percentage of relative humidity 

was noticed. The months of June and August recorded highest relative 

humidity (>90%). Dut:ing August 1992, 100% t:elative humidity was obset:ved 

on sixteen days in a month. Lowest t:elative humidity was observed dUJ:ing 

April 1994, which is the most dt:y month as fat: as atmosphet:ic moistUJ:e 

content is .concet:ned. At times, the relative humidity comes down to 12-

20%. However, the monthly mean of relative humidity ranged between 67.9-
94%. Since it:rigation is a difficult proposition in this hilly tet:rain, 

the low .t:elative humidity is indeed an ala!:ming feature fot: the 

physiological activities of the plants. Very high humidity during t:ainy 

seson and vet:y dt:y spell in pre-monsoon is the chat:actet: of the area. 

(f) Soil moisture 

Couesponding with atmospheric moistUJ:e, the soil moistUJ:e was 

found to be highest dUJ:ing the months of June and August. October and 

December also showed considet:able amount of soil moisture. In case of 

atmospheric moistUJ:e, April showed lowest range compat:ed to Febru&y, 

but in case of soil moistUJ:e the percentage was ~ par in Febru&y and 

Apt:il. The t:eason why the month of Febt:uat:y showed highet: atmospheric 

moistUJ:e was dew fall and foggy weathet:. In all the cases the moistUJ:e 

content was more in subsoil compat:ed to top soil. 
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(g) Rainfall 

Among the six months, when the data were recorded, highest amormt 

of rainfall was observed in June, closely followed by August. Kurseong 

is lalown as a heavy rainfall area. High rainfall leads· to top soil 

erosion. While October showed moderate rainfall, it was almost nil in 

April; December and February. Mean rainfall ranged between 0.3-24.6 mm 

per day. Within these· three years highest rainfall on a single day was 

recorded on 23.8.92 was 198.2 mm. August 1993 saw 23 rainy days in a 

month. 

(h) Photosynthetic photon flux density (PPFD) 

PPFD was recorded on the days when physiological readings were 

taken. It was recorded at the beginning, end and middle of a month and 

mean data derived from three readings. Very high photosynthetic photon 

flux density was' found in October and April. During these months the sky 

remains clear and visibility range increases. Lowest PPFD was observed 

in August. PPFD ranged between 561.8 - 1384 u mol m-2s -l. 

An overall summary of monthwise variability of weather parameters 

are described below : 

February 

April 

Jrme 

August 

IDwest temperature, low rainfall, low humidity, low soil 

moisture. 

Highest sunshine hours, high temperature, high PPFD, low 

rainfall, lowest relative humidity, high ambient co2 , 

high wind velocity, low soil moisture. 

High temperature, high ambient C02; high relative 

humidity, high wind velocity, low sunshine hour, highest 

soil temperature, soil moisture. 

High temperature, lowest sunshine hour, highest relative 

humidity, lowest PPFD, high rainfall, lowest ambient 

co2, high soil moisture. 
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December 
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Highest PPFD, moderate temperature, moderate rainfall, 

moderate ambient co2, moderate sunshine hours, and 

moderate wind velocity, moderate soil moisture. 

High sunshine hour, moderate wind velocity, low 

temperature, moderate PPFD and moderate soil moisture. 

Based on the weather parameters the month of April considered 

as pre""11lo~soon, June and August as monsoon, October and December as 

post""11\onsoon and February as winter. 
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PHYSIOLOGICAL CHARACTERISTICS OF THE PLANTS 

Net Photosynthesis (Pn) 

In April - the summer month when the atmosphere was very dry with 

lowest percentage of humidity, the rate of net photosynthesis was found 

to be lowest (Table 8 and Figs. 7 & 8 ), In June and August, the 

monsoon months, the rate of net photosynthesis was almost ~ ~· In 

February, the winter month, the rate was lower than all other months 

except April. Highest rate.pf net photosynthesis was noted during post

monsoon (October and December). 

Among the clones, Bannockburn-157 showed highest photosynthetic 

efficiency except during water stress period. Overall rate of net 

photosynthesis was lowest in Tukdah-78, while Phoobshering-312 occupying 

the middle berth. In mature plants, the annual range of net 

photosynthesis in case of Banni:>ckburn-157, Phoobshering-312 and Tukdah-
-2 -1 78 was found to be 2.8-11.6, 3.7-10.1 and 3.1-11.1 )L mol m S 

respectively, while in young.plants, the annual range was 3.1-11.3, 4.1-
-2 -1 10.4 and 3.5-10.2 }L mol m S respectively. 

Both in mature (1985 planted) and young (1990 planted) the rate 

of photosynthesis was almost ~ ~· Since, the difference in age of the 

plants was only five years, there was no marked difference in the 

photosynthetic potential. 

Net Photosynthesis Under Varied Weather Conditions 

In February (winter) air temperature was lowest, so was the soil 

moisture, relative humidity was low, rainfall too was low. Sunshine 

.hour, photosynthetic photonflux density and wind velocity were moderate. 

The rate of net photosynthesis was low but higher than that of April. 

During summer (April) the rate of net photosynthesis was lowest when the 

air and soil temperatures were high, light intensity was high, wind 



Table 8 

Month 
• 

February 

• 

April 

June 

August 

October 

December 
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Seasonal changes in net photosynthesis (Pn ) 
-2 -1 ()l' mol m S ) for mature and young plants of 

three genotypes of tea 

Age 

MP 

yp 

MP 

yp 

MP 

yp 

MP 

yp 

MP 

yp 

MP 

yp 

Clones 
Mean 

B157 P312 T78 

7.502 6.122 6.291 6.6 

7.518 6. 756. 7.163 7.1 

2.817 3.672 3.081 3.2 

3.138 4.145 3.491 3.6 

8.443 8.390 7.210 8.0 

8.268 8.414 7.583 8.1 

9.185 9.801 8.552 9.2 

8.954 8.901 8.019 8.6 

11.58 10.024 11.072 10.9 

11.304 9.731 0.189 10.4 

10.557 10.144 9.247 10.0 

10.774 10.401 9.194 10.1 

MP = Mature plant 
YP = Young plant 

LSD 
P=0.05 

0.95 

2.25 

0.68 

0.62 

0.59 

1.29 

1.59 

1.22 

1.32 

1.29 

0.53 

1.29 

cv 
% 

8.86 

8.25 

4.99 

3.78 

3.88 

2.78 

1.75 

8.99 

3.47 

2.04 

3.47 

2.04 
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velocity was high, sunshine hour was highest but relative humiditywas 

lowest. DJring monsoon, rainfall, soil and atmospheric moisture, air and 

soil temperatures were high but sunshine duration was low. Under these 

circumstances mediocre range of net photosynthesis was· observed.· During 

post-monsoon, when air temperature wind velocity, soil and atmospheric 

moisture contents were moderate, light intensity and sunshine duration 

were very high, highest rate of net photosynthesis was achieved. 

Stomatal Conductance 

In case of mature plants, high rate of stomatal conductance was 

observed in October, December and February and lowest in April (Table 9 

and Figs. 9 & 10 ) • But in young plants, the rate of stomatal 

conductance, in February was little lower than that of mature plants. In 

young plants too, post-monsoon months showed highest rate of stomatal 

conductance. Conductance was lowest in April followed by June. 

Table 9 : Status of stomatal conductance (em s-1 ) in 
experimental plants 

Season Plant Varieties Mean LSD cv 
age Bl57 P312 T78 P=0.05 % 

MP 0.21 0.26 0.23 0.23 0.04 4.57 
Pre-monsoon 

yp 0.26 0.33 0.26 0.28 0.06 1.00 

MP 0.96 0.87 0.80 0.88 0.39 19.43 
Monsoon 

yp 0.77 0.69 0.62 0.69 0.15 1 0.46 

MP 0.97 0.89 0.86 0.91 0.12 6.85 
Post-monsoon 

yp 1.25 1.16 1.14 1.18 0.11 6.58 

MP = Mature plants, YP = Young plants 
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There was no pronmmced genotypic variation of stomatal 

conductance. However, in water stress period, Bannockburn-157 showed 

lowest conductance which can be considered as a desirable character. In 

droughty condition, Phoobshering-312 showed highest rate of stomatal 

conductance compared to other genotypes. In case of mature plants, 

Bannockburn-157 showed highest conductance in February, June, August, 

October and December while Tukdah-78 showed lowest conductance in June, 

August, October and December compared to other varieties. In case of 

young plants, Bannockburn-157 showed higher conductance in February, 

August, October and December while Tukdah-78 showed lowest rate in June, 

August and December. In mature plants, the annual range of stomatal 

conductance in case of Bannockburn-157, Phoobshering-312 and Tukdah-78 
' -1 

was 0.21-1.16, 0.26-0.93 and 0.23-1.18 em s respectively. In young 

plants the annual range was 0.26-1.34, 0.33-1.16 and 0.26-1.41 

respectively. 

The age factor of the plant did not have any definite effect on 

the rate of conductance; in some cases mature plants showed higher 

conductance while in other young plants showed higher rates. 

Stomatal Resistance (rs) 

Both in mature and young plants, highest rate of stomatal 

resistance was observed in the month of April followed by June (Table 10 

and Figs. 11 & 12). Rut in other months there was not much variation in 

the rate of resistance. 

Compared to other varieties, Bannockburn-157 showed low 

resistance in February, June, August, October and December but in April 

it showed highest stomatal resistance. In mature plants the annual range 

of stomatal resistance in Bannockburn-157, Phoobshering-312 and Tukdah-
-1 78 was 0.9-6.3, l.D--4.5 and 1.1-5.1 s em respectively. In young 

-1 
plants, the range was l.D--5.2, 1.2-4.1 and 1.1-5.0 s em respectively. 
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There was no marked difference in the stomatal resistance of 

mature and young plants. 

-1 Table 10 : Status of stomatal resistance (s em ) in experi-
mental plants 

Season Plant Varieties Mean LSD cv 
age Bl57 P312 T78 P=0.05 % 

MP 6.33 4.46 5.15 5.31 1.29 8.49 
Pre-monsoon 

yp 5.21 4.08 5.03 4.77 1.08 22.12 

MP 1.12 1.05 1.28 1.15 0.26 15.03 
Monsoon 

yp 1.36 1.61 2.04 1.67 0.54 10.24 

MP 1.08 1.24 1.34 1.22 0.22 5.44 
Post-monsoon 

yp 1.01 1.22 1.70 1.31 0.41 10.98 

MP = Mature plants, YP = Young plants 

Transpiration (E) 

High rate of transpiration was observed in October and December 

followed by August. Lowest rate was found in April (Table 11 and Figs. 

13 &14.). 

There was no definite trend of transpiration observed as regards 

to varietal difference. In mature plants, the annual range of 

transpiration in Bannockburn-157, Phoobshering-312 and Tukdah-78 was 
-2 -1 

found to be 2.3-5.9, 2.7-5.5 and 2.6-5.8 m mol m s respectively, 

while in young plants the annual range was 2.8-4.8, 2.9-5.0 and 2.5-4.7 
-2 -1 m mol m s respectively. Any particular variety could not be singled 

out as possessing highest transpiration potential. 
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There was no marked difference of transpiration rate due to age 
o!f 

difference; same kind trend followed in mature and young plants. 

" 
Table 11 : Status of transpiration 

experimental plants 

Season Plant Varieties Mean 
age Bl57 P312 T78 

MP 2.3 2.7 2.6 2.5 
Pre""11100lsoon 

yp 2.8 2.9 2.5 2.7 

MP 4.1 4.4 3.7 4.1 
Monsoon 

yp 4.6 4.4 4.4 4.5 .. 

MP 5.9 5.0 4.4 5.1 
Post-monsoon 

yp 4.6 4.9 4.7 4.7 

(m mol 

LSD 

-2 -1 m s ) 

P=0.05 

0.49 

0.74 

0.72 

0.65 

0.29 

0.68 

MP = Mature plant; YP = Young plant 

Leaf Water Potential ( "!&.) 

in 

cv 
% 

8.77 

10.85 

4.43 

4.61 

2.15 

6.42 

Leaf water potential was observed lowest in April and high in 

June and August (Table 12 and Figs. 15 & 16 ) • Moderate :range of 

potential was found in October and December. February showed higher leaf 

water potential than ,!lpril, but lower than all other months. 

In all the cases, Bannockburn-157 showed highest leaf water 

potential, while 'fukdah-78 showed lowest potential. In mature plants, 

the annual range of leaf water potential in Bannockburn-157, 
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Phoobshering-312 and Tukdah-78 was -8.0 to -13.9, -8.7 to -15.7 and 

-9.3 to -17.0 bar respectively; While in young plants the range was -7.0 

to -14.5, -7.7 to -15.0 and -8.1 to -17.5 bar respectively. 

The difference in plant age (of 5 years) had no effect on the 

rate of leaf water potential. 

Table 12 : Status of leaf water potential (-bar) in experi
mental plants 

Month 

February 

April 

June 

August 

October 

December 

Plant Variety Mean LSD 
P=0.05 age B157 P312 T78 

MP 13.6 14.8 16.5 15.0 1.92 

yp 12.7 14.6 16.3 14.5 3.20 

MP 13.9 15.7 17.0 15.5 2.70 

yp 14.5 15.0 17.5 15.7 2.23 

MP 8.5 8.7 9.9 9.0 2.17 

yp 8.5 8.7 9.7 9.0 1.05 

MP 8.0 8.9 9.3 8.7 0.92 

yp 7.0 7.7 8.1 7.6 1.69 

MP 12.2 13.0 14.2 13.1 2.64 

yp 11.1 11.7 13.9 12.2 2.27 

MP 11.5 12.3 14.3 12.7 2.23 

yp 9.8 11.8 12.1 11.2 2.61 

MP = Mature plant, YP = Young plant 

cv 
% 

2.43 

5.97 

2.31 

8.60 

9.70 

7.87 

4.09 

5.80 

5.23 

6.56 

9.04 

4.46 
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Leaf Temperature (T
1

) 

Leaf temperature was fmmd highest in April, closely followed by 

June and lowest in February (Table 13 and Figs. 17 & 18). During October 

and December, moderate range of leaf temperature was noticed. 

Phoobshering-312 showed higher leaf temperature than other two 

genotypes. In mature plants, the annual range of leaf temperature of 

Bannockburn-157, Phoobshering-312 and Tukdah-78 was found to be 17.4-

28.70C, 16.8-29.0°C and 17.2-28.2°C respectively, while in young plants 

the range was 18.8-30.3°C, 18.2-31.2°C and 18.4-28.6°C respectively. 

There was hardly any difference in ·leaf temperature owing to 

difference in age. 

Table 13 : Status of leaf temperature (°C) in experimental 
plants 

Month Plant Varietr Mean LSD cv 
age B157 P312 T78 P=0.05 % 

February MP 17.4 16.8 17.2 17.1 1.16 4.32 
yp 18.8 18.2 18.4 18.5 1.70 1.69 

April MP 28.7 29.0 28.2 28.6 1.07 2.14 
yp 30.3 31.2 28.6 30.0 1.73 3.62 

June MP 27.8 28.6 28.1 28.2 2.05 1 .43 
yp 29.9 30.6 28.2 29.6 2.54 3.49 

August MP 27.3 28.2 27.7 27.7 1.18 4.18 
yp 26.3 26.6 26.5 26.5 3.80 6.62 

October MP 26.9 27.2 26.7 26.9 1.60 2.16 
yp 25.1 25.6 25.0 25.2 2.17 1•.02 

December MP 23.9 22.5 22.0 22.8 1.11 1.23 
yp 21.0 20.6 19.4 20.3 1.41 2.92 

MP = Mature plant, YP = Young plant 
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NET PHOTOSYNTHESIS AND INDIVIDUAL WEATHER PARAMETERS 

(a) Air temperature and Net photosynthesis 

Influence of ambient temperature in different months on the rate 

of net photosynthesis of mature and young plants is depicted in Figs. 19 

and 20 respectively. It can be seen that the influencewas similar in 

mature and young plants. High temperature existed during April, June and 

August but lowest rate of net photosynthesis was observed during April. 

This denotes that suppression of net photosynthesis in April is due to 

some other factors. Comparfively low rate of net photosynthesis was 

observed during February when the ambient temperature was lowest. In the 

months of October and December when the air temperature was moderate, 

highest rate of photosynthesis was observed. 

(b) Photosynthetic photon flux density and net photo
synthesis 

Influence of photosynthetic photon flux density in different 

months on the rate of net photosynthesis of mature and young plants are 

presented in Figs. 21 and 22 respectively. It can be seen that the 

influence was similar in mature and young plants. Very high photon flux 

density was noticed in April and October_ but just contrasting picture 

emerged as far as the rate of net photosynthesis is concerned. While in 

October, photosynthesis rate was highest, it was lowest in April. It 

denotes that photon flux density is not a limiting factor in a singular 

form, other factors are involved in diminishing the rate of net 

photosynthesis in April. The effect of photon flux density does not seem 

to be promising if the rate· of net photosynthesis in June and August is 

compared. In August, photosynthetic photon flux density was lowest and 

in June and rate was quite high, but net photosynthesis was almost at 

par. 

(c) Sunshine hour and net photosynthesis 

Influence of sunshine hour (bright sunshine) in different months 
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on the rate of net photosynthesis of mature and yotmg plants is 

presented in Figs. 23 and 24 respectively. It can be seen that the 

influence was similar in mature and young plants. Highest sunshine hour 

was observed in April, the month which saw lowest rate of net 

photosynthesis. Sunshine was moderate in October and December when the 

photosynthesis rates were very high. Low sunshine was observed in June 

and August when moderate rate of net photosynthesis acrued. 

(d) Relative humidity and net photosynthesis 

Influence of relative humidity in different months on the rate of 

net photosynthesis of mature and young plants is presented in Figs. 25 

and 26 respectively. It can be seen that the influence was similar in 
q 

mature and young plants. In the month of April relative humidity ws 
' lowest and so was the rate of net photosynthesis. During February, when 

a-
the relative humidity percentge ws little higher than April but lower 

~ 

thn all other months, the rate of net photosynthesis was low. During 

June and August very high humidity was observed, net photosynthesis was 

moderate. In October and December, when moderate relative humidity 

existed, very high rate of net photosynthesis was noticed. 

(e) Wind velocity and net photosynthesis 

Influence of wind velocity in different months on the rate of net 

photosynthesis of mature and young plants is presented in Figs. 27 and 

28 respectively. It can be seen that the influence was similar in mature 

and yOtmg plants. From the figures it can be ascertained that the effect 

of wind velocity on net photosynthesis is not consistent. During April 

and June, wind velocity was very high but in April, the rate of net 

photosynthesis was lowest while in June it was moderate. In the months 

of February, August, October and December - wind velocity was almost at 

~ but net photosynthesis varied widely during these months. 
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RELATIONSHIP OF THE PHYSIOLOGICAL PARAMETERS 

(a) Net photosynthesis and stomatal conductance 

From the regression presented in Figs. 29 and 30 it is revealed 

that a strong positive correlation exists between net photosynthesis and 

stomatal conductance, in both mature and young plants. At lower rate of 

stomatal conductance, the rate of net photosynthesis was also lower. 

(b) Net photosynthesis and stomatal resistance 

From the regression presented in Figs. 31 and 32, it is revealed 

that a strong negative correlation exists between net photosynthesis had 

stomatal resistance. In case of young plants the relation was more 

negative and linear. At higher stomatal resistance the rate of net 

photosynthesis was reduced. 

(c) Net photosynthesis and transpiration 

A very strong linear correlation exists between net 

photosynthesis and transpiration (Figs. 32 & 34). In both mature and 

young plants, similar kind of trend observed. Higher the rate of 

respiration, higher was the photosynthesis. 

(d) Net photosynthesis and leaf water potential 

Regression presented in Figs. 35 and 36 show that a positive but 

not very strong correlation exists between net photosynthesis and leaf 

water potential.The values are found scattered in the diagram. Similar 

kind of trend exists in mature and young plants. At lower leaf water 

potential, the rate of net photosynthesis was low. 

(e) Net photosynthesis and leaf temperature 

Weak negative correlation was observed between net 

photosynthesis and leaf tempeature (Figs. 37 & 38). In case of mature 
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plants, the correlation was almost neutral. At very high leaf 

temperature the rate of net photosynthesis went down considerably. 

EFFECT OF NUTRIENTS ON PHYSIOLOGICAL PARAMETERS 

The rate of net photosynthesis, stomatal conductance and 

transpiration :recorded during p:re""11lonsoon, monsoon, post""11lonsoon and 

winter showed (Table 14) the following results. 

(a) · Net Photosynthesis (P) 

In all the four seasons, the plants sprayed with phosphorus 

showed highest rate of net photosynthesis followed by sulphur treatment. 

There was no marked diffe:rence in the rate of net photosynthesis owing 

to the spray of molybdenum, potassium and zinc (Table 14). In pre- and 

post-monsoon, BannockbUin-157 exhibited highest rate of net 
photosynthesis among the three genotypes. In monsoon, Phoobshering-312 

showed higher rate of net photosynthesis. In winter, except in sulphur 

treatment, Pboobshering-312 showed higher rate of net photosynthesis 

than other genotypes. 

(b) Stomatal Conductance (gs) 

;· In monsoon, the rate of stomatal conductance was found to be 

" 

highest and lowest in pre-monsoon. In monsoon, post-monsoon and winter; 

sulphur treated tea plants showed highest stomatal conductance but in 

pre-monsoon, the rate was higher in molybdenum and phosphorus 
treatments. In post-monsoon and winter, Phoobshering-312 showed highest 
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F i&.J<j Gcovth of plants belonging to Bannockburn-157 (A), 
Phoobsher i ng-3 12 (B) and Tukdah-78 (C) effected by 
spray of molybd~ (!'b), potassiun (K), phosphotws 

(P) , sulphur (S), zinc (Zn) in canpMillon to un
treated control (CON). 
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stomatal conductance in most of the treatments but in pre-monsoon and 

monsoon, no definite trend could be established. 

{c) Transpiration (E) 

In pre-monsoon, phosphorus treatments showed highest rate of 

transpiration while in other seasons, sulphur treated tea plants showed 

high rate of transpiration compared to other treatments. In post-monsoon 

and winter, untreated control plants showed lowest rate of 

transpiration. In pre-monsoon and monsoon, the transpiration rate was 

lowest in zinc treated and untreated plants. furing pre-monsoon and 

post-monsoon, Fhoobshering-312 showed high rate of transpiration in 

majority of the cases, while in monsoon, there was no definite varietal 

trend. furing winter, 1\Jkdah-78 showed higher transpiration rate in 

general. 

(d) Girth and Height of the Plants 

1:8ta presented in Table 15 show that annual increment of girth 

was highest in phosphorus treated plants followed by sulphur treated 

Table 15 Effect of nutrients on annual increment of girth 

& height of three genotypes 

Name of nutrient Arurual increment (%) 
(element) 

G i r t h He i g h t 

Bl57 P312 T78 Bl57 P312 T78 

Molybdenum 48.7 28.0 48.8 50.7 41.7 53.5 

Potassium 36.1 23.6 24.6 56.9 50.7 65.7 

Phosphorus 87.8 56.4 70.7 106.9 106.9 84.8 

Sulphur 75.0 42.9 61.0 79.2 77.1 66.1 

Zinc 53.1 22.3 51.5 56.9 66.7 62.5 

Untreated 19.7 20.9 17.5 32.7 35.4 49.4 
Control 
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plants. A general view of the morphological developnent of the pot 

plants after 2 years of planting is presented in Fig. 39. Health of the 

plants of all the genotypes treated with phosphorus and sulphur looks 

better than other treatments. As regards to girth of the plants in case 

of Bannockburn-157 and· Tukdah-78, phosphorus treatment showed thickest··· 

stem followed by sulphur, ·zinc, molybdenum and potassium treatments in 

descending order. But in Phoobshering-312 after phosphorus and sulphur 

treatments, molybdenum spr§!y _yielded better result than potassium and 

zinc treatments. 

In case of increment of plant height too, phosphorus and sulphur 

treated plants showed better results (Table 1 5). Height improvement due 

to potassium and zinc treatments was very close. Molybdenum treatment 

was not found to be suitable in increasing the plant height. 
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BIOCHEMICAL CHARACTERISTICS 

(a) Total free amino acid 

Pre-111onsoon, monsoon and post-monsoon data of total free amino 

acid, presented in Table 16 show that during pre""111onsoon, when droughty 

condition prevailed, higher accumulation of total free amino acid was 

recorded in all the three varieties. In monsoon, the content was lowest 

while in post-monsoon it was mediocre. The ranges of total free amino 

acid during pre-111onsoon, monsoon and post""111onsoon were : 1015-1995 pg/g, 

252-755 pg/g and 749.5-1131 pglg of fresh leaves respectively. 

Table 16 : Seasonal variation of total free amino acid 

Seasons 

Pre-monsoon 

Monsoon 

Post""1JJonsoon 

( p.gl g fresh wt. of leaf) 

Plant 
age 

Mature 

Young 

Mature 

Young 

Mature 

Young 

B157 

1371.8 

2284.5 

448.8 

275.1 

871.8 

1079.0 

Variety 

P312 T78 

1302.5 1995.0 

1015.0 1480.0 

405.7 755.1 

252.1 596.9 

696.0 882.5 

749.5 1131.0 

CD 
P=Q.05 

360.20 

289.03 

180.32 

71.90 

97.39 

178.72 

CV 
% 

8.4 

7.0 

5.6 

10.7 

7.6 

10.2 

Among the three clones, Tukdah-78 showed very high rate of total 

free amino acid, while it was lowest in Phoobshering-312 in all the 

seasons. In case of mature plants, in pre-monsoon total free amino acid 
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was significantly higher in TUkdah-78 than Phoobshering-312 and 

Bannockburn-157, where there was no significant difference between the 

content of Bannockburn-157 and Phoobshering-312. furing monsoon, the 

total free amino acid content of TUkdah-78 was significantly higher than 

· Bannockburn-157 !!fld Phoobshering-312. In post-monsoon season, however·, 

there was no significant difference between the amino acid content of 

thevarieties. In young plants, in pre-monsoon and monsoon, same trend as 

mature plants followed, but in post-monsoon, there was no significant 

difference in the content of Tukdah-78 and Bannockburn-157 but content 

in Phoobshering-312 was significantly low. 

In pre-monsoon and post-m6nsoon period, mature plants showed 

higher content of total free amino acid canpared to young plants. In 

post-monsoon however, young plants showed higher accumulation. 

(b) Proline 

Pre-monsoon period showed very high accumulation· of proline both 

in mature and young plants (Table 17). IDwest content of proline was 

noticed in monsoon and post-monsoon being mediocre. In pre-monsoon, 

monsoon and post-monsoon, proline content ranged between 1015-1995 p.g/g, 

30.71-58.28Jlglg and 71.03-80.73 pg/g of fresh leaves respectively. 

Table .17 : Seasonal variation of proline ( )lg/g fresh wt. of 
leaf) 

Seasons Plant Variety CD cv 
age B157 P312 T78 P;Q.OS % 

Pre-monsoon Mature 159.0 138.2 144.8 52.69 5.9 

Young 223.5 139.0 170.5 84.00 4.1 

Monsoon Mature 35.6 30.7 58.2 17.59 6.2 

Young 52.1 50.5 58.3 20.55 9.2 

Post-monsoon Mature 71.0 76.8 81.7 5.37 2.1 
Young 80.1 80.5 80.7 3.92 2.9 
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Among the three varieties, Bannockburn-157 showed highest content 

of proline in pre-monsoon. In monsoon, Tukdah-78 showed higher content 

while post-monsoon all the three varieties showed proline content almost 

~ ~· Statistical analysis shows that in case of mature plants in pre

monsoon, there was no significant difference in- ·proline-_ content of 

different varieties, in monsoon, Bannockburn-157 and Phoobshering-312 

showed significantly lower proline than 'fukdah-78. In post-monsoon 

Bannockburn-157 showed significantly lower proline than Tukdah-78. In 

young plants, however, there was no significant difference in proline 

content among the varieties in any season. 

(c) Ascorbic Acid 

It can be seen from Table 18 that ascorbic acid content was 

little low in monsoon while in pre-monsoon and post-monsoon, there was 

not marked difference in ascorbic acid content. The content ranged 

between 39.4-51.7 mg/g. Among the three varieties~ in mature plants, in 

Table 18 : Seasonal variation of ascorbic acid (mg/g fresh 
wt. of leaf) 

Seasons Plant Variety CD GV 
age Bl57 P312 T78 p = 0.05 % 

Pre-monsoon Mature 51.7 49.9 51.0 1.04 0.61 

Young 51.2 49.7 50.7 0.97 0.61 

Monsoon Mature 44.3 41.1 46.7 4.17 2.21 

Ymmg 41.2 39.4 41.8 2.97 1.01 

Post-monsoon Mature 50.7 47.0 50.2 4.64 1.81 

Young 48.0 44.8 46.7 2.68 1.71 



96 

the pre-monsoon season, Bannockburn-157 showed highest ascorbic acid 

content which was significantly higher than Ihoobshering-312 but not 

than Tukdah-78. In mon!'!oon, Tukdah-78 showed highest content which was 

significantly higher than Phoobshering but not than Bannockburn-157. In· 

post-monsoon, there. was no significant difference among· the var-ieties, 

although Bannockburn-157.- showed highest content. In case of young 

plants, in pre-monsoon, the same trend as mature plants followed. In 

monsoon, the same trend .as mature plants, there was no significant 

difference among the varieties. In post-monsoon, the content was higher 

in Bannockburn-157 which was significantly higher than Phoobshering-312 

but not than Tukdah-78. 

(d) Total Chl-orophyll 

Data presented in Table 19 show that during monsoon, highest 

accumulation of total chlorophyll occurred in all the varieties while it 

Table 19 : Seasonal variation of total chlorophyll (mg/ g 

fresh wt. of leaf) 

Seasons Plant Variet:i: CD cv 
age B157 P312 T78 P=0.05 % 

Mature 0.82 1.00 1.10 0.09 4.60 
Pre""11Kl1lsoon 

Young 1.11 1.30 1.38 0.09 2.38 

Mature 1.55 1.63 1.77 0.12 3.06 
Monsoon 

Young 1.52 1.87 2.15 ').28 3.79 

Mature 1.25 1.44 1.65 0.23 2.44 
Post-monsoon 

Young 1.21 1.51 1.86 0.14 3.74 
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was lowest in pre-monsoon, post-monsoon, being mediocre. In all the 

cases TUkdah-78 showed highest content of total chlorophyll and 

Rannockburn-157 showed lowest. Among the three varieties, in mature 

plants in pre-monsoon and monsoon, total chlorophyll of Tukdah-78 was 

significantly higher than Rannockburn-157 and Phoobser.ing-312~ -In post

monsoon, the total chlorophyll content in Tukdah-78 was significantly 

higher than Rannockburn-157 but not than Phoobshering-312 but 

Rannockburn-157 ·showed significantly lower total chlorophyll than 

Tukdah-78. Rut in post-monsoon, the total chlorophyll content of 1\J.kdah-

78 was significantly higher than Rannockburn-157 and Phoobshering-312. 

(e) Epicuticular Wax (EW) 

In all the seasons, Phoobshering-312 showed highest content of 

epicuticular wax followed by Tukdah-78 and Rannockburn-157 (Table 20). 

Table 20 : Seasonal variation of epicuticular wax (mg/g 
fresh wt. of leaf) 

Seasons 

Pre"'1110Ilsoon 

Monsoon 

Post""1110nsoon 

Plant 
age 

Mature 

lmmg 

Mature 

Young 

Mature 

Ymmg 

Variety 

R157 P312 T78 

0.058 0.074 0.067 

0.060 0.075 0.063 

0.031 0.039 0.031 

0.033 0.039 0.033 

0.052 0.066 0.058 

0.049 0.061 0.056 

CD 
p = 0.05 

0.005 

0.009 

0.007 

0.006 

0.007 

0.007 

cv 
% 

4.26 

5.13 

12.35 

11.44 

4.55 

6.75 

Highest wax content was found in pre-monsoon and lowest in 
monsoon. Among the three varieties, in mature plants - in pre-monsoon, 
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the EW coni:eitt of 1\J.kdah 78 and Phoobshering 312 did not differ 

significantly but Bannockburn 157 showed significantly lower EW than 

Pboobshering 312. In monsoon and post-monsoon, Phoobshering 312 showed 

significantly higher accumulation of EW compared ·~:a· ilaimcickbur:n 157 and 

1\J.kdah 78. While in pre""1llonsoon, there was no significant difference in 

EW content of different varieties. In post""1!lonsoon, the EW content of 

Phoobshering 312 as significantly higher than Bannockbrun 157 but not 

than 1\J.kdah 78. 
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D I S C U S S I 0 N 

Climate sets limits for crop,production. The main climatic elements in 

agriculture are temperature, moisture, sunlight and wind. All crops have 

certain natural threshold limits of the climatic elements beyond which 

they do not grow normally. Plant growth is dependent upon all the 

factors that make up the environment. No particular level of one factor 

should be referred to as the optimum for growth of a species without 

specifying at least the approximate levels or conditions of the other 

important canponents of the environment (Griffiths, 1976). 

Characteristics of the plant or genotype, affect the way in which a crop 

will react to the environment. Many agricultural experiments are carried 

out that yield results of limited value because no consideration is 

given to important aspects of the environment, or no attempt is made to 

understand the interacting effect of culture method on yield (Williams 

and Joseph, 1976). The environment is of greatest importance in the life 

of the plant in as much as it is the cause of continuous response. Thus 

the plant places itself in spec~fic position in relation to gravity and 

incident light and it continuously adjusts itself to water supply and 

light intensity through stanatal movements, readjustment of its 

chloroplasts etc. The same plant may exhibit very different behaviour in 

different environment (Went and Sheps, 1969). The external factors 

which influence the r.ate· and efficiency of photosynthesis are light, 

temperature, humidity and carbon dioxide (Steward, 1960). Moyer (1965) 

referred that photosynthesisis influenced by all the environmental 

factors viz. temperature,·moisture supply, relative humidity of the air, 

age of the leaf etc. Acclimation of plants to different light 

environments have profound influences on the structure and function of 

photosynthetic apparatus (Anderson and Osmond, 1987; Anderson et al., 

1988). The main climatic variables influencing rates of shoot extension 

and yield of tea are temperature, rainfall, evaporation and the 

saturation deficit of the air and through their influence on plant and 

soil water deficits (Carr, 1972; Squire and Callandar, 1981; Stephens 

and Carr, 1990). Eden (1976) felt that it is difficult to specify the 
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ideal or the average climate that tea requires. 

Temperature is a major factor for growth (Williams and Joseph, 

1976). In temperate and ~btropical regions of the earth, temperature 

constitutes a major limiting factor in crop production; in particular 

the low temperature which occurs in winter and early spring. On the 

other hand, in the humid tropical zone, it is very unlikely that 

temperature alone is ever a serious limiting factor in crop production. 

There are, however, special situation within the tropics in which 

temperature becanes important namely the cultivation in high altitude 

areas (Williams and Joseph, 1976). Carr (1985) suggested that even small 

vatiations (approximately 1 °C) in air temperature can have pronounced 

effect on shoot extension rates. In general, mean min:lmum temperatures 

below l3°C are likely to being about damage to the foliage and 

retardation of growth : Mean max:lmum temperature about 30°C are likely 

to be accanpanied by humidities so low that a similar cessation of 

active development is inevitable (Eden, 1976). Because plants are not 

able to regulate their temperature effectively, their distribution, both 

on a worldwide and smaller ecological scale is strongly influenced by 

ambient temperature. Every plant has a optimal temperature for growth, 

and upper and lower limits, beyond which all growth stops. Because 

temperature effects metabolism, it also influences growth (Sutcliffe, 

1977). It is interesting that temperature of tea is not very location 

specific, but it may vary genetically between cultivars under comparable 

conditions of growing (Banerjee, 1993). Tea exhibits a wide range 

of temperature tolerance and is cultivated fran the humid equatoriaJ. 

regions to subtropical and temperature latitudes. High altitudes in the 

tropics and subtropics are also commonly cultivated with tea. Huang 

Shoubo (1989) reported that in China, optimum temperature of most tea 

varieties is in the range of 2Q-30°C. Hadfield (1976) found maximum co2 

uptake at 3G-35°C. Carr and Stephens (1992) noticed that rate of net 

photosynthesis falls off beyond 35°C. Temperature effects on leaf 

expansion often appear to be due to reduced cell expansion (Williams and 

Joseph, 1976). Effect of low temperature on plant growth is a reduction 
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in apical dominance and this seems to apply to temperate species as well 

as tropical species (Evans et al., 1964). Translocation of assimilates 

is also reported to be reduced by low temperature (Humphries, 1963), and 

this may be .expected to affect photosynthesis through the accumulation 

of photosynthates at the primary reaction centres. A further general 

effect of low temperature in both tropical and temperate plants appears 

to be a change in the distribution of photosynthate between shoots and 

roots, the roots receiving proportionately more assimilates (Dobbon, 

1962; Evans~ al., 1964). Barbera (1994) inferred that photosynthetic 

response to temperature was mainly due to change in mesophyll activity 

rather than stomatal conduct. Steward (1960) referred that temperature 

limits for photosynthesis in the intact cell are given on the one hand 

by the damage of essential structure due to disruptive crystal formation 

and on the other hand hy heat denaturation of enzymes and structural 

proteins. But, according to Rosenberg (1974), the photosynthetic 

reaction is not strongly affected by the ambient temperature, as long as 

lethally high or low temperatures are not encountered. 

In the present study, in April (summer) at higher air temperature 

(approx. 26°C), the rate of net photosynthesis was lowest. On the other 

hand, during June and August (monsoon), although the temperature was 
"" even higher than that of April, the rate of net photosynthesis ws 
" considerably higher than that of April (Figs. 18 & 19). During April, 

the light intensity was very high but during monsoon, the intensity was 

low. This result confirms the finding of Roberts and Whitehouse (1976) 

that at low light intensities, the photosynthetic rate is independent of 

temperature but at higher light intensities photosynthesis is affected 

by temperature. en the other hand, reduction in the rate of net 

photosynthesis in February (winter) is the result of low temperature 

encountered by the plants - when the soil moisture content was lowest 

and atmospheric humidity and light intensity were also low. 

Leaf temperature is the passive outcome of the heat and mass 

exchange (Thorn, 1975; Pott, 1983). Leaf temperature directly affects 

plant metabolic activities, Singh and Sahay (1992) observed that leaf 



102 

temperature above 35°C is too critical for photosynthesis. According to 

Carr and Stephens (1992) minimum leaf temperature necessary to initiate 

shoot extension is apparently l2°C and at leaf temperatures above 35°C, 

the rate of photosynthesis falls off quickly. McWilliam (1988) referred 

that the genotypes with the warmest leaves under water stress conditions 

are most resistant to drought than cool leaved genotypes. 

In the present study, leaf temperature was found to have profound 

effect on the rate of net photosynthesis, there was sharp decline in net 

photosynthesis at higher leaf temperature. As reported by Singh and 

Sahay (1992), in the present study also, highest leaf temperature was 

observed under drought stress. Among the clones Phoobshering-312 showed 

highest leaf temperature during water stress period. 

Light affects crop growth and production both through its use in 

photosynthesis anci through photoperiodic reactions. Two aspects of 

photosynthetic light are of interest in studying crop production; the 

total amount of incoming light which is suitable for photosynthesis and 

the amount of light which is available to or can be utilized by the crop 

(Williams and Joseph, 1976). lliyer (1965) has reported that light 

intensity is one of the primary external parameters which control 

photosynthesis. Went and Sheps (1969) considered light as one of the 

most important parameters for photosynthesis because of its vital role 

as energy producer. 

In the present study, high light intensit y was to be a limiting 

factor only at high temperature and low atmospheric humidity. But when 

moisture was adequate, there was limiting effect of high light 

intensity. But at low intensity of light, the rate of net photosynthesis 

was reduced, although the moisture content and air temperature was quite 

high. Murty (1988) pointed out that reduction in photosynthesis under 

low light could be attributed to high stomatal resistance to co2 

exchange. Voleti ~ al. (1991) r eported that under low light, reduction 

in photosynthesis occurred, on the other hand, there is abundant 
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evidence that photosynthesis is inhibited due to high light intensity 

(Balasimha et al., 1991). Similarly, Chapnan et al. (1988) observed that 

exposure of plants to high light intensities can reduce photosynthesis. 

Jfumidity is of importance in tea physiology primarily because of 

its influence in determining the loss of moisture by evapotranspiration 

(Banerjee, 1993). The success of tea in high altitude sites partly 

appears to be related to the crops requirement for high moisture levels 

(Williams and Joseph, 1976). Kramer (1959) enlightened that water is an 

essential constituent of active protoplasm and is a reagent or reactant 

in various physiological processes including photosynthesis. According 

to Rosenberg et al. (1983) only 1% of the available liquid water taken 

by plants is actually involved in metabolic activities. 

In the present study, low relative humidity was found to be the 

most important weather parameter in reducing the rate of net 

photosynthesis. In the month of April - air temperature, photosynthetic 

photon flux density, sunshine hour, wind velocity and soil temperature 

were very high but lowest was the rate of net photosynthesis, 

transpiration, stomatal conductance and leaf water potential. This is 

mainly because of lowest relative humidity and very low soil moisture. 

But present study has revealed that more than soil moisture, atmospheric 

humidity is important for physiological activity of the tea plants. 
' 

Because soil moisture was very low in February too but the rate of net 

photosynthesis, stomatal conductance, transpiration etc. were higher 

than that of April. On the other hand, very high humidity also was found 

to affect the rate of net photosynthesis during monsoon. During post

monsoon, when the percentage of relative humidity was moderate, very 

high rate of net photosynthesis, stomatal conductance and transpiration 

was observed. 

Many authors have referred that moisture is one of the most 

important parameters for physiological activity and growth of plants. It 
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had also been reported by various workers that low moisture is a 

limiting factor for physiological activity. Reduction of the 

photosynthetic rate as a result of moisture stress is well documented 

(Fry and Walker, 1964; Harris, 1973; Hsiao, 1973; Bielorai and Hopmans, 

1975; Ackerson~ al., 1977; Sung and Krieg, 1979; Ephrath et al., 

1990). Kramer (1959) believed that reduction in water content usually 

reduces the rate of photosynthesis both because dehydrated protoplasm is 

less effective and because stomatal closure reduces the supply of co2• 

Slatyer (1973) reported that decrease in photosynthesis at high values 

of stress may be due to stomatal closure. Hutmacher and Krieg; (1983) 

coornented that inhibition of photosynthesis by water stress may be 

attributed to both stomatal and non-stomatal factors depending on 

particular environmental conditions. Barbara (1994) inferred that water 

stress reduces photosynthesis due to stomatal closure. Munns and Pearson 

(1974) demonstrated that drought-induced reduction in translocation was 

proportional to the decline in photosynthesis because the amount of 

water actually needed for the photosynthetic process would be very 

little in comparison with the amount needed to maintain the living 

plant. Therefore, since long a deficiency of the supply of water 

actually needed for the photosynthesis in a direct manner, the indirect 

effects of a shortage of water could impair vital processes of the 

biological mechanism retarding photosynthesis (Devlin, 1978). Rosenberg 

(1974) reported that a shortage of soil water or atmospheric water 

stress on the plant will affect the efficiency of the photosynthetic 

reaction. 

The role of atmospheric moisture (relative humidity), exclusively 

has been found to influence the physiological processes to a greater 

extent. Reduction in atmospheric humidity generally inhibit 

photosynthesis particularly when the availability of soil water is low 

(Schulze and Hall, 1982; Schulze, 1986; Korner and Diemer, 1987). 

Rosenberg (1974) reported that high atmospheric stress are expected to 

reduce photosynthesis probably by causing rapid evaporation from guard 

cells and causing stomata to close. Murthy (1995) remarked that tea 
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bushes are benefitted by high atmospheric humidity. He added that low 

humidity affects the physiological activities adversely by influencing 

the cell sap concentration. Mavi (1994) reported that water stress in 

the plant directly reduces the rate of photosynthesis because the 

dehydrated protoplasm has a lower photosynthetic capacity. 

Many authors have reported that irrigation plays an important 

role in combating moisture stress (Ali-Zade, 1950; Petinov, 1961). 

Stocker ~ al. (1954) suggested that strategic sprinkler of crops by 

overhead irrigation may be superior in terms of water used than furrow 

or ground irrigation. Fordham (1969) reported that internal water stress 

is reduced by ground irrigation but it does not have any lasting effect 

on temperature and vapouz pressure of the atmosphere except for the 

short periods when water is actually being applied overhead. Lebedev 

(1962) reported that intermitten~ sprinkling of water was found to 

reduce temperature and increase humidity around tea bushes in Russia. An 

experiment conducted in Malawi showed that misting the tea in hot dry 

months removed adverse effects of dry air and allowed shoots to grow at 

the same rate as shoots growing at the same mean effective daily 

temperature in the rainy season (Tanton, 1982b). 

In February, although the soil moisture was very low, relative 

humidity was higher than that of April. Subsequently, the rate of net 

photosynthesis was higher in February compared to April. The reason may 

be attributed to dew fall and foggy conditions prevailed during 

February. Griffiths (1976) reported that dew can be the source of 

important, although small amount of moisture. Went (1955) reported that 

water may also become available to plants as fog. Water which may not be 

measurable in conventional rain gauges becomes apparent as fog in 

forests. 

Ranerjee (1993) reported that wind turbulence could be useful in 

reducing high temperatures which otherwise would adversely affect 

photosynthesis. However, direct effect of wind speed on physiology of 

growth and productivity of tea are not known. Mavi (1994) could not 

observe any positive correlation between the speed of wind and 
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photosynthesis. Kramer (1959) reported that wind usually causes 

increased transpiration because it removes water vapour from the 

vi· ·cinity of transpiring surfaces and produces a steeper vapour pressure 

gradient from plant tissue to air, but it also tends to cool leaves,· 

thereby decreasing the steepness of the vapour pressure gradient. 

Williams and Joseph (1976) reported that air movement is an essential 

feature for plant growth. Rather low velocities of air movement, 

however, would be sufficient to ensure adequate air renewal at the leaf 

surface. In relatively still air, a linear relationship between net 

photosynthesis and the wind velocity can be established (Rosenberg, 

1974). The present study reveals that high wind velocity does not always 

increase the rate of transpiration. In April (summer) when wind velocity 

was very high, the stomata was closed due to. moisture stress, wind 

velocity had virtually no effect in raising the transpiration. Williams 

and Joseph (1976) reported that wind increases transpiration so that 

water deficits are liable to occur sooner and stomatal closure may then 

reduce photosynthesis. Secondly, renewal of air at the leaf surface will 

maintain the co2 concentration around the leaf at normal levels under 

conditions of rapid co2 uptake. With limiting moisture, wind may be 

expected to reduce photosynthesis, on the other hand, with a favourable 

moisture balance for the plant, wind is likely to increase 

photosynthesis. 

In the present study, the rate of stomatal conductance increased 

and resistance decreased during droughty condition. No significant 

difference itt stomatal resistance among the clone could be observed. 

Very little effect could be seen on stomatal conductance and resistance 

due to difference in age. Vankeulen (1981) suggested that photosynthesis 

controls stomatal conductance. With slowly imposed water stress, it may 

be the effect of water deficit in reducing net photosynthesis, that 

reduces stomatal conductance (Osmond et al., 1980). Fuentes and King 

(1989) observed leaf photosynthesis increased with increasing leaf 

conductance. Similar results were observed in the present study. Bansal 

and Nagarajan (1986) and Rao et al. (1988) reported reduction in 
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stomatal conductance due to water st:ress. Rajaseka:r et al. (1991) 

:repo:rted that highe:r stomatal :resistance could affect gaseous exchange 

and consequently the :rate of photosynthesis. Jones (1973) and Boyer 

(1976) :refe:r:red that stomatal :resistance is the principal limitation to 

photosynthetic co2• Gupta (1992) commented that high stomatal :resistance 

in plants would be advantageous in water economy and d:rought :resistance. 

Seve:ral scientists have attempted to select plant with high stomatal 

:resistance (Miskin ~ al., 1972; Wilson, 1972). Rao ~ al. (1988) 

obse:rved that stomatal :resistance increased under water stress 

condition. Handique and Manivel (1990) also :reported similar finding. 

Eph:rath ~ al. (1990) fo\md that stomatai :resistance increased and 

photosynthetic :rate decreased as a :result of moistu:re st:ress. Coinciding 

with the finding of RaJ1rumar et al. (1993) no significant difference in 

stomatal :resistance among .the clone could be observed. Yang et al. 

(1990) found no significant :relations between stomatal :resistance and 

climatic variables. Finding of this study does not subscribe to the 

finding of Yang~ al. (1990). 

Reduced transpi:ration under water st:ress was also observed in 

this study. Studies showed that t:ranspiration :rate is directly 

p:ropo:rtional to plant p:ro~uction (Shih, 1985; Watts and Gotts, 1985). 

F:ry and Walke:r (1964) found dec:rease in t:ranspiration :rate with inc:rease 

in st:ress. Ba:r:ry and chodey (1968) :repo:rted that t:ranspiration is 

cont:rolled by the atmosphe:ric factors which determine evapo:ration as 

well as by plant factors such as stage of plant g:rowth, leaf area, leaf 

tempe:ratu:res and soil moistu:re. He also repo:rted that transpit:ation 

varies greatly with season. Blum and Sullivan (1986) t:epo:rted that 

t:ranspi:ration :ratio under st:ress at:e lower fo:r resistance than for 

sensitive genotype. 

Crafts (1968) :repo:rted that dec:reasing water potential in leaves 

is known to :reduce photosynthesis. Slavik (1965) pointed out that this 

is the :result of th:ree effects : (i) hyd:roactive closing of stomata 
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bringing about a reduced co2 supply, (ii) water stress in cytoplasmic 

ultrastructure affecting enzyme activity and (iii) dehydration of 

cuticle epidermal walls and cell membranes, reducing their activity for 

and permeability of co2• Rocha Neto et &· (1983) and Conceicao (1985) 

observed that photosynthesis decreased with low leaf water potential. 

Handique and Manivel (1986) inferred that drought tolerant clones 

consistently exhibited higher water potential. Parameshwara et al. 

(1988) found water stress lower the water potential values, but water 

potential of cold-st~essed plants was not altered at all. Bunce (1990) 

observed that leaf water potential was lower when photosynthesis was 

reduced. Manivel and Handique (1983) inferred that there was no 

significant difference in ~ter potential between the ages of plants. It 

has been established for a long time that low water potential causes 

metabolic imbalances within plants, cell elongation being one of the 

most sensitive portion (Slatyer, 1967; Hsiao and Acevado, 1975). Rao ~ 

al. (1988) reported that water potential· decreased under water stress 

condition. In the present study also it was found that water stress 

reduced leaf water potential. Net photosynthesis decreased with low leaf 

water potential. Bann9ckburn 157 showed higher leaf water. potential, 

hence, as per the inference of Handique and Manivel (1986),. this clone 

can be termed as a drought tolerant clone. Coinciding with the findings 

of Manivel and Hnadique (1983), no difference in leaf water potential 

could be seen due to difference in age. 

One of the major environmental factors to which plant responds, 

is mineral nutrition. Plant nutrition has been defined as the supply and 

absorption of chemical elements necessary for growth and metabolism. In 

the present study, among all the macro- and micro-nutrient sprayed on 

the young tea plants, phosphorus spray was found to be an excellent 

elevator of net photosynthesis. As a result of this, there was 

remarkable improvement of the girth and height of the plants (Fig. 41). 

Mann and Gokhale (1960) reported that phosphorus plays a major role in 

the growth of tea plants. Phosphorus plays a key role in DNA synthesis 

and indispensable for growth (Verma, 1993). Enhancement of leaf 
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photosynthesis by phosphate application was consistently related to non

stomatal factors as indicated by changes in the intercellular co2 
concentration (Didier and El-Sharkawy, 1993). Phosphorus stress can 

limit photosynthesis when co2 and irradiance are saturating; possibly 

due to disruption of the leaf sugar partitioning and transport system 

(Pettigrew~ al.; 1990). 

Sulphur spray was also found to be effective in improving the 

rate of net photosynthesis. Many authors have described the efficacy of 

sulphur in promoting physiological activities. Barna (1989) considered 

sulphur as an essential element for the growth of tea. Bhat and 

Ranganathan (1981) also reported that sulphur· is an essential element 

for growth and productivity of tea plailts. Sulphur is directly involved 

in the light reactions of photosynthesis and its deficiency reduces 

photosynthetic rates (Moyer, 1965). 

As far role of potassium is concerned, it is said to promote the 

synthesis of ribulose biphosphate catboxylase, which in turn affects 

the rate of co2 assimilation. Potassium is important in the transport of 

newly formed and stored photosynthates (Shuman, 1994). Potassium 

fertilizers have been observed to increase the tolerance of tea plants 

to water stress (Barna, 1989). Plants with adequate potassium, lose less 

moisture because of the reduced transpiration rate. Potassium reduces 

transpiration through regulation of factors like leaf water potential, 

stomatal resistance etc. (Saikia and Dey, 1978). But in the present 

study, the role of potassium as a reducer of transpiration could not be 

established. 

In the present study, zinc was not found to be useful in 

improving the growth of plants in the very early stage of life, although 

many authors reported very positive role of zinc. Sultana~ al. (1978) 

reported that zinc is considered tobe an essential for tea. Barbara et 
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al. (1993) ~epo~ted that stomatal conductance and net photosynthesis are 

adversely affected by inadequate zinc. 

Howeve~, the ~ole of molylxlenum in improving the physiological 

activities o£ yonng nurs&y tea plants could not be esfablisheii in the 

present study, although it was fotmd to be bett& than potassium and 

zinc spray. 

In the present study, huge accumulation of free amino acid 

dm:ing wate~ st~ess (p~e"'11lonsoon) is p~onmmced. Lowest content of flee 

amino acid was observed in monsoon which indicates that when moisture is 

in abtmdant the content of f~ee amino acid is ~educed. Dudng d~ought 

there was 3.5, 3.5 and 2.6 times increase in the mean content of f~ee 

amino acid in respect of Bannockburn-157, Phoobsh&ing-312 and Tukdah-78, 

respectively in comparison to monsoon. In post-monsoon when optimum 

weather condition prevails as ~egards to atmosph&ic and soil moisture, 

the content of f~ee amino acid attains a medioc~e position. Among the 

three varieties studied Tukdah-78 which showed the highest content of 

f~ee amino acid can be consid&ed as a clone which can withstand 

physiological stress to a greater extent. Kathju et al. (1988) reported 

that water st~ess ~esulted in high& accumulation of free amino acids. 

Drap& (1975) had also reported similar kind of finding. Levitt (1980) 

reported that even in the highly drought resistant creosote bush, total 

amino acid content more than doubled und& moisture stress. 

As far as proline content is conc&ned in the present study, 

proline raised considerably during droughty condition. This finding 

confirms the results obtained by various authors. Lowest content was 

found during monsoon. In drought, there was 4.4, 3.4 and 2.7 pe~ cent 

inccease in the mean content of pcoline in cespect of Bannockbut:n-157, 

Phoobshearing-312 and Tukdah-78 respectively in compacison to monsoon. 

Bannockburn-157 exhibited highest accumulation of pcoline during water 

stress period closely followed by Tukdah-78. Pboobsheadng-312 showed 

the lowest content. 
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Rajkumar ~ al. (1993) reported significantly high accumulation 

of proline content in tea leaves during moisture stress. Stewart (1973) 

reported that wilting causes ·a decrease in proline utilization by 

decreasing protein synthesis. Hanson~ al. (1977). referred that proline 

accumulation is a sign of drought injury. Kathju et al. (1988) reported 

water stress resulted in higher accumulation of free proline. Jagtap et 

al. (1992) observed that water stress treatments with short spells 

significantly increased proline accumulation. Handique and Manivel 

(1990) observed higher quantity of proline in the leaves of drought 

tolerant clones. Accumulation of free proline in leaves due to stress in 

all the genotypes was observed-by Bansal and Nagarajan (1986). Biswas 

and Chaudhuri (1986) observed that proline accumulates dramatically in 

water deficit stressed plants. Kathiresan (1987) also confirmed proline 

accumulation in plant, subjected to water stress. However, no 

relationship between accumulation of proline and drought was observed in 

wheat and soyabean (Sinha and Rajagopal, 1077; Guo~ al., 1988). 

In the present study, the content of ascorbic acid was low during 

monsoon but the accumulation of ascorbic acid during pre- and post

monsoon was almost at 12!!!.· As a whole there was no high intensity 

fluctuations in the content of ascorbic acid owing to seasonal 

variations. These denoted that environmental factors do not influence 

the content of ascorbic acid in tea clones in this area in a big way. 

Jain (1994) has reported that ascorbic acid may function as a catalyst 

in photosynthetic phosphorylation. Devay (1965) concluded that since 

ascorbic acid is a co-factor for the enzrme glutathion reductase, new 

enzymes are synthesized at the low temperature which lead to an increase 

in the tissue content of ascorbic acid. Levitt (1980) reported increase 

in ascorbic acid due to water stress. 

It was observed in this study that content of total chlorophyll 

went up considerably during monsoon and came down to lowest during water 

stress period. During monsoon, the chlorophyll content elevated 1.6·, 1.5 

and 1.6 times in respect of Bannockburn-157, Phoobshering-312, Tukdah-78 

I ,,. 
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respectively in comparison to the· content during drought stress. 

Chlorophyll content obtained mediocre position when moisture content was 

average. Lewandowska and Jarvis (1977) feel that photosynthetic 

efficiency of a crop may be indicated by the amount of chlorophyll. 

Rajasekar et al. (1991) reported that water stress. leads ·to ii decline in -- . 
total chlorophyll in. all the clones they studied. Biswas and Chaudhury 

(1986) and Jagtap et al. (1992) also reported similar finding. Reduced 

ability to form protochlorophyll was considered to be responsible for 

the inhibition of the development of chlorophyll under moisture stress 

(Hsiao, 1973). While Buttery and Buzzel (1977) and Antoszewski ~ ~· 

(1989) reported high correlation of photosynthetic rate with chlorophyll 

content, Barman et al. (1993) could not find 8ny direct correlation of 

that sort. Rajkumar ~ al. (1993) found no relationship between the 

amount of chlorophyll content and the photosynthesis of mature tea 

leaves. In the present study too, no perfect relation could be seen. 

An enormous increase in epicuticular wax content was found during 

moisture stress period. Lowest content was noticed when moisture supply 

was abundant. The content of wax almost doubled in pre-monsoon (water 

stress period) in comparison to monsoon. Phoobshering-312 which showed 

highest content of epicuticular wax in all the .. sesons, can be considered 

as a suitable clone which can help in combating drought by reflecting 

the maximum quantum of solar insolation. Baker (1974) and Bengston ~ 

al. (1978) reported that water deficit increases the content of 

epicuticular wax in the plant. Many other authm:s have also reported 

high accumulation of epicuticular wax owing to water stress (Rajasekar, 

1991; Volei:i and Rajasekar, 1991; Rustogi and Barman, 1993). 

Premachandra ~ al. (1991) also observed leaf surface wax content 

increased with degrees of stress. Handique and Manivel (1990) who 

reported high quantity of wax in drought tolerant clones, suggested that 

deposition of wax may be correlated with reduction in transpiration rate 

and increase in stomatal resistance. Ziyad Mohammed~ al. (1986) found 

higher content of wax in the drought resistant clones compared to 

drought susceptible clones. Excessive deposition of epicuticular wax in 
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Sorghum was found to increase leaf reflectance of visible and near 

infra-red radiation (Blum, 1975a), decrease net radiation in the field 

and decrease transpiration (Blum, 1975b). Ebercon et al. (1977) 

considered epicuticular wax as an effective component of drought 

resistance. 

During the period of moisture stress, the content of total free 

amino acid, proline, epicuticular wax increased considerably, lowest 

content was found in monsoon. Although slight increase in the content of 

ascorbic acid was noticed in pre-monsoon, the overall data does not 

indicate high range of fluctuations in the content of ascorbic acid due 

to seasonal variation. Chlorophyll content increased during monsoon and 

decreased during moisture stress. Tukdah-78 showed highest content of 

total chlorophyll and free amino acid, while Phoobshe:.ring -312 showed 

high amount of epicuticular wax throughout the year. During drought the 

proline content of Bannockburn-157 was higher. 
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S U M M A R Y 

The production of Darjeeling tea is almost constant i.e. 12-13 million 
-1 kg. ha for ~=the last . 20 years. Mmy works were: carried out in. 

Darjeeling to find ways to enhance crop yield, combat the crop loss due 

to pest problems or improper management of soil nutrients. But there was 

hardly any progress in the eco-physiological studies in the hilly tea 

gardens of Darjeeling. Recently, it has been emphasised by eminent 

scientists that a major portion of the crop loss acrues, owing to 

physiological problems. Hence, it was endeavoured to study the 

physiological status of three major tea genotypes of Darjeeling under 

varied weather conditions at different seasons of a year. Apart from 

crop-weather interactions, the relations between various physiological 

parameters were also studied. Seasonal variations of anatomical and 

biochemical characteristics in tea plants were another aspects of this 

study. In addition, the role of few macro- and micro-nutrients in 

influencing physiological activities of tea plants was also studied 

meticulously. A gist of major findings of these experiments is listed 

below : 

1. During drought stress most of the physiological characters viz. 

net photosynthesis, stomatal conductance, stomatal resistance, 

transpiration, leaf water potential are remarkably influenced by 

moisture deficit. Net photosynthesis, stomatal conductance, 

transpiration and leaf water potential were lowest during water 

stress while stomatal resistance was found to be highest. In 

droughty condition - the moisture stress, more specifically, 

atmospheric moisture stress was found to be the most promising 

limiting factor. l'ecause during that pedod - temperature, 

sunshine hour and wind run were favourable. High-light intensity 

might also have limited the physiological activities, to some 

extent, because there are reports that under moisture stress, 

high-light intensity may retard the physiological processes. 
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2. Atmospheric moisture stress was fotmd to play a more important 

role than soil moisture tmder droughty condition. ·Because in 

February (winter), soil moisture was fotmd to be lowest but the 

physiological parameters viz. net photosynthesis, stomatal 

conductance, transpiration, leaf water potential showed higher 

values compared to April. The reason is that during February, the 

percentage of atmospheric moisture was higher than that of April, 

owing to foggy condition and dew fall. There are reports that fog 

and dew quenches th~ water requirement of plant to a considerable 

extent. In April; excessive evaporation fran guard cells might 

have affected stomatal closure. 

3. High percentage of moisture, heavy rainfall, low light intensity, 

low Stmshine hour were fotmd to limit the physiological 

processes. r:uring June and August (Monsoon), . the rate of net 

photosynthesis was lower than that of October and December (Post

monsoon) because of the aforestated factors. Although in June and 

August - the air ~nd soil temperatures were high, it could not 

influence the rat~ of net photosynthesis in positive direction. 

4. low temperature was another limiting factor for net 

photosynthesis. r:uring winter, the rate of net photosynthesis was 

lower than monsoon and post""111onsoon because of low temperature 

and of course, low moisture content. 

5. The post""111onsoon season was fotmd to be· most conduc ·ive for 

physiological activity. It showed high rate of net 

photosynthesis, transpiration, stanatal conductance etc. I:uring 

post""111onsoon, the light intensity was high, temperature was 

moderate, soil and atmospheric moisture were moderate, wind 

velocity was also moderate. This denotes that neither too high 

nor too low range of temperature, moisture, wind, sunshine hour 

etc. is suitable for optimum growth. 
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6. High-light intensity was not found to be a limiting factor as 

long as moistux:e content was adequate. During October, the light 

intensity was highest,while the rate of net photosynthesis, 

stomatal conductance and transpiration was also highest. 

7. In terms with net photosynthesis - stomatal conductance and 

transpiration showed strong positive correlation. While weak 

positive correlation was found, with leaf water potential. On the 

other hand, net 

with stomatal 

temperatux:e. 

photosynthesis showed strong negative correlation 

resistance and weak correlation with leaf 

8. Among the three clones, Bannockbutn-157 was found to have higher 

rate of net photosynthesis in most part of the year, while 

Tukdah-78 showed lowest rate. Uhder moistux:e stress, Bannockbux:n-

157 exhibited lowest rate of net photosynthesis. 

9. Bannockbutn-157 showed high rate of leaf water potential through

out the year while the leaf water potential of Tukdah-78 was the 

lowest. 

10. Although stomatal conductance, transpiration and leaf temperatux:e 

showed seasonal variations, there was no marked difference among 

the three clonal varieties in respect of those parameters. 

11. Difference in age of 5 years between the matux:e and young plants 

did not have any significant effect on any physiological para

meters. 

12. Foliar spray of phosphorus and sulphux: on the potted young plants 

was found to increase the r~te of net photosynthesis, girth and ,.. 
height of plants significantly compared to molybdenum, zinc and 

potassium spray. But the effect of nutrient spray of stomatal 

conductance and transpiration was inconsistent. 
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13. Under moistuz:e stress - total free amino acid, free proline and 

epicuticulaz: wax content showed enormous increase while there was 

marginal increase in the content of ascorbic acid. On the other 

hand, total chlorophyll content went down shaz:ply duz:ing drought.· 

Du!ing the rainy season just the reverse things happened. 

14. Tukdah-78 showed highest content of total free amino acid and 

total chlorophyll content in all the thz:ee .seasons studied, while 

Phoobsheaz:ing-12 showed highest content of epicuticulaz: wax. 

15. Under moistuz:e stress, Bannockbuz:n-157 showed highest content of 

proline, while in monsoon Tukdah-78 showed highest accumulation. 

During post-monsoon, there was no significant difference in the 

proline content of the thz:ee vaz:ieties. 

16. The seasonal vaz:iation of ascorbic acid could not be ascertained, 

there was only marginal z:ise duz:ing drought. 
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