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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 
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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. 


