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I N T ROD U C T ION 



1. JNTRODUCTION 

Wheat is one of the major food crops of our country. Most 

of the wheat produced in I ndi a is grown in the northern parts. The 

agronomical. physiological, entomological, breeding and pathological 

aspects, critical stages for irrigation schedul ing in relation to 

water management have received considerable attention by several resea-

rchers. A few attempts had been made in the past to study the effect 

of weather elements on wheat yield using long data series from the 

view point of climatological study. 

indices 

During the rabi season in northern parts of our country, 

of climatic classification reveal temperature as a major 

factor determining yield of crops raised during the winter season. 

This is because only about 20 per cent of annual rainfall that too 

with low intensities is received in the wheat growing belt of the 

north during this season. Even if irrigation is assured it is mainly 

the temperature vari ati ons that i nfl uence the growth and development 

of wheat. 

Rates of most biological processes are affected markedly 

by temperature. Growth and development show a response which results 

from the integrated effect of temperature on the many individual 

physiological processes involved. However, detailed studies on the 

short term effects of temperature variations on biomass production, 

crop growth rates Rnd grain growth rates have been few. 

Informati on on crop phenology (phenological events) forms 
~" .. ,. 

an important aspect since the relation between griin yield and different 
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yield components are known to greatly depend on the prevailing environ­

mental conditions at various growth stages. Grain development stage 

in wheat received sufficient attention in relation to understanding 

the physiological processes leading to growth. However, not much 

attention appears to have been paid to study the effect of differing 

thermal environmental conditions on time of occurrance of phenological 

events. It;s felt that a detailed study of crop phenological events 

would provide a base for understanding of the different growth and 

developmental processes as·related to temperature. 

The heat unit concept which is based on the idea that plants 

have a definite thermal requirement before they complete certain pheno­

logical stages, affords an opportunity to build up quantitative rela­

tionship between the heat unit system, biomass production and crop 

growth rates. Except for the extensive studies on wheat by Nuttonson 

in the 1950's in the U.S.A., heat unit concept does not seem to have 

been studied in detail in relation to crop growth and development 

in wheat. Thermal environment as stated above being an important 

ingradient infleuncing crop performance during rabi season (such as 

in wheat ). it should be possible to apply this concept to study crop 

response in the differing phenological stages. 

Crop canopy temperature is another parameter that has been 

receiving much attention in recent years· after the development of 

infra red thermometry. It;s gaining importance in crop stress and 

yield function studies jn ~elation to spectral response •. Ground based 

information on response of canopy temperatures in. relation to short 
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period weather induced variability in the different growth phases 

of crop thus forms an important aspect of research in rel at i on to 

temperature. 

Photosynthesis is known to depend on light energy and 

chlorophyll contents of crops in addition to temperature. Spectral 

response also is known to vary with changes in chlorophyll, content 

of crops. In this context a study of chlorophyll content, photosyn­

thetically active radiation and their distribution within the crop 
c;I,.. 

canopy in relation to temperature variJ:-ions is considered important. 

It may be mentioned that such interactions have received little atten-

tion in our country and it is felt necessary to make a beginning in 

these aspects of research. 

Most of the studi es that have been reported in literature 

on the infl uence of temperature on crop growth and development were 

based on experiments carried out under controlled conditions in growth 

chambers. However, in view of the limited facilities for similar studies 

in our country and also keeping in view the fact that results from 

such experiments often render them difficult to interpret the response 

under field conditions, it is felt that a field trial with different 

planting dates within the normal crop growing season would provide 

a data base for studyi ng crop response to thermal env; ronment under 

natural conditions. One redeeming feature ;s that wheat growing belt 

in India is visited by one or two 'western disturbances' in each month 

dur i ng the wheat grow; n9 season. In association with these systems 

substantial temperature changes are known to occur,over short periods 
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which would provide contrasting situations of environmental warming 

and cooling lasting for a week or so providing possible field condi-

tions for case study. 

Keeping in view the above factors, field experiments on 

wheat crop were pl an ned to study crop response to the thermal regime 

with the following objectives: 

1 ) 

2) 

3) 

to study the short period effects of temperature on growth((' 

rate in wheat and the attendant plant parameters. i 

to establish a quantitative relationship between biomass 

production, phenology. yield and thermal environment in 

t~rms of accumulated heat unit system and 

to study the relationship between spectral reflectance, 

ch 1 orophyll content and phenology as i nfl uenced by tempe-

rature. 

***** 



REV lEW 0 F LIT ERA T U R E 



2. REVIEW OF LITERATUB£ 

The results reported by past researchers relating to diffe­

rent aspects of the physical environment of wheat (Triticum aestivum 

L.) pertinent to the present study were reviewed and are presented 

in this chapter. For convenience, the literature is given under the 

following heads: 

1. 

2. 

3. 

4. 

5. 

6. 

7 • 

Phenological development of crop in relation to temperature 

Temperature, plant growth and development character; st ics 

Accumul ated heat units duri ng crop growth and development 

Evaporation and biomass production 

Canopy temperature characteristics 

Effect of temperature on chlorophyll content 

Phenology, chlorophyll content and spectral reflectance 

in crops. 

2.1 PhenologJI - in relation to temperature 

Phenological development of crop is known to closely follow 

the changes in weather conditions occurring during the crop growth 

season and since·. the earliest times, study of phenology of crops 

formed an important aspect in ecological research. 

In general, under normal timely sown conditions in the 

Delhi region, cultivars Kalyansona and Sonalika were found to differ 

by 15-20 days to reach different phenological events. Boot leaf stage 

is reached in 65-70 days in variety Sonalika while variety Kalyanasona 
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; s known to take 80-85 days after sowi ng. Anthes is occurs around 

92 and 107 days in Sonalika and Kalyanasona varieties respectively. 

Soft dough stage reaches by about 112 and 117 days in these two varie­

ties respectively (I.A.R.I., 1976). 

There have been several studies regarding the effect of 

temperature on growth and deve 1 opment of wheat plant. But many of 

these have concentrated on study of a single development stage such 

as grain growth (Wardlaw, 1970; Sofield ~ ~., 1974). It was reported 

that unfavourable effects of temperature may come about by either 

t'oo warm or too cool temperatures in the se,ason in India leading 

respectively to (i) curtailment of the vegetative duration an'd (ii) 

lengthening of the vegetative phase (Venkataraman and Rahi, 1983). 

Warrington ~ al. (1977) in Australia under controlled 

conditions observed that mean duration of three phenological stages 

viz. , vegetative , ear development and grain filling of wheat ev. 

Gamenya occur in 32,62 and 96 days respectively at 15°C. The corres­

ponding durations at 20 and 25°C were found to be 29, 37, 56 and 28, 

29, 39 days respectively, showing a considerable decrease at higher 

temperatures. In a growth chamber experiment in USA by Frank and 

Bauer (1981), vegetative stage in wheat cv. Sinton took 24,22 and 

17 days at 10, 18 and 26°C respectively which also confirms the general 

observation regarding reduction in duration wi.th increasing temperature. 

Wheat cultivars are known to come to heading ~tage more 

rap.idly at higher temperatures. They may also result in hastened 



anthesis. In a growth chamber study, Pirasteh and Welsh (1980) repor­

ted that it took 103 days at cool temperatures in comparison to 81 

days under warm temperatures. Similar observations were also reported 

by Sayed and Gadallah (1983). Chakravarthy and Sastry (1983a) from 

their field experiments on wheat mentioned that the short duration 

changes in weather that prevail during the crop growth periods might 

result in considerable variation in phenological development depending 

on the planting date. Under Delhi conditions, during the warmer season, 

anthes is occurred 8-1 a days ear 1 i er than in the coo 1 er season. It 

was reported by Waldren and Flm.,.erday (.1979) from field experiments 

conducted in U.S.A. that temperature affected the length of time of 

each growth stage, with a relatively longer time at low mean air tempe­

ratures. Similar observations were made by O'Leary et~. (1985). 

Occurrenc~ of early, mid and late jointing dates differed 

significantly for two wheat cultivars in a field study ;n U.S.A. by 

Dunphy ~ {!_. (1984). Cultivar Coker 68-15 reached early jointing 

stage 14 to 59 days earlier. The greatest difference between cultivars 

occurred during the year when temperatures were quite cool and deve-

lopment was delayed. Bagga and Rawson (1977) observed from controlled 

chamber experiments on wheat in Australia that duration of sowing 

to anthesis stage in cv. Kalyansona was 105, 85 and 76 days at 15, 

20 and 25°C temperatures respectively.· Wardlaw et .!l.. (1980) from 

Australia in growth chamber studies reported a similar reduction in 

duration of kernal fil1in9:period from 60 to 36 days when temperatures 

were increased from 15 to 21 QC. 
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In an experiment under controlled conditions, Amores-Vergara 

and Cartwright (1984) transferred wheat cv. Sonara-64 to 27°C during 

6 developmental stages and compared it with control plots grown at 

1]oC. The time from sowing to maturity was found to be reduced more 

by later exposures (after anthesis to maturity) to high temperatures. 

Halse and Weir (1970) reported that higher temperatures reduced the 

time from germination to initiation and anthesis of cultivars. 

2.1.1 Date of sowing and phenology 

Sowings over a 5 month period from October to February 

in. Delhi by Saini ~~. (1986) showed a two fold variation in the 

duration from sowing to first spikelet initiation and anthesis. When 

sown early or late the initiation of spikelets was found to be hastened 

with a consequent earlier occurrence of anthesis. Porter ~~. (1987) 

in England under field conditions at different locations reported 

a difference of 90 days in duration from sowing to grain filling stage 

between first and third plantings in Avalon variety of winter wheat. 

They largely attributed this to the prevailing differences in mean 

air temperature. Russelle et a1. (1984) under field conditions obser-

ved that late plantings reached different growth stages earlier than 

early plantings due to higher seasonal temperatures. Davidson and 

Campbell (1983) reported from studies under controlled conditions 

that the number of days to the various developmental. stages was inver­

sely and linearly related to the mean daily temperatures over the 

lS-2S0C range. Balla (1983) studied Winter wheat in Hungary under 

controlled conditions and reported delayed heading with decreased 
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temperatures and a linear relationship between number of days to head­

ing and temperature decrease. Shpiler and Blum (1986) also showed 

that the duration of all growth stages was reduced by high seasonal 

temperatures. 

Phenological events are thus very much influenced by tempe­

rature, with the events occurring rel atively in less number of· days 

at warmer temperatures than at cool er temperatures. The change in 

duration between phenological events differs widely from place to 

place (location specific) and the effect of temperature needs to be 

worked out for a specific location with respect to seasonal conditions 

in different years. 

2.2 

2.2.1 

TEMPERATURE, PLANT GROWTH AND DEVELOPMENT CHARACTERISTICS 

Biomass accumulation 

Periodic observations on plant dry weights usually show 

a sigmoidal increase with time. Biomass accumulation in wheat was 

found to be most intensive during the period from tiller;ng to the 

heading stage when 70 to 90 per cent of the total biomass \oJould be 

accumulated (Petrov and Dimitrov, 197~). Howev~r, Waldren and Flowerday 

(1979) reported a rapid increase in biomass from jointing to soft· 

dough stages. 

Davidson and Birch (1978) working in Australi a observed 

that in the wheat cultivars Gabo (Australian Spring wheat) and Pitic 

62 (Mex i can semidwarf) maximum biomass .production was obtained by 

anthesis stage. Under late sown conditions in wheat plants, biomass 
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was found to decrease at anthes is and maturity (Doy1 e and Fischer, 

1979). Under irrigated conditions in silt loam soils of Pantnagar 

India, where the sowing was done in first week of November wheat cv. 

Kalyansona was found to produce 75 per cent more biomass than cv. 

Sona1ika (Reddy and Pyare Lal, 1976). Further, they inferred that 

in five wheat cultivars studied by them (Kalyansona, Sonalika, cv.306, 

K 68 and K 65) grain yield was highly correlated with biomass production 

95 days after sowing and no correlation could be obtained with the 

biomass produced before 95 days. O'Leary ~~. (1985) working in 

Australia on wheat cv. Olynysic observed that with a relatively cooler 

season, the cultivar achieved the same final biomass (13 t/ha), 

.whereas in 1980 when the temperatures differed, the biomass produced 

by the late sowings ( 9 t/ha ) was significantly lower than that for 

early sowing revealing the effect of higher temperature. Bi omass 

at anthes i s was al so found to be lower ; n the 1 ate sown crop in both 

cases. 

2.2.2 Rate of biomass accumulation 

Several reports show lower rates of dry matter accumulation 

. at hi gher temperatures when compared to 10wer temperatures (Wall and 

Cartwright, 1974; Ford and Thorne, 1975; ~~ardlaw et ~., 1980). It 

was observed by Friend et 2l. (1962) that with increase in temperatures 

(10, 15 and 30°C) the maximum dry weight of the same wheat plant grown 

under controlled conditions tends to decrease (66, 46.8, 25.7 and 

8..6 g). A reduction in the time of occurrence of maximum absolute 

growth rate with increase in temperature was also reported by them. 



11 

Wa10szczyk and Focke (1980) obtained a lower rate of dry matter increase 

in the late sown crop. While day/night temperatures at 28/20°C accele­

rated dry matter accumulation rate (but with a shorter duration), 

the lower temperature regime studied by Nicolas et~. (1984) resulted 

in low dry matter accumulation. 

Biomass production during the period from terminal spikelet 

to anthesis was used by Ritchie (1987) as an index to approximate 

the number of kernel s that woul d fi 1 1 an ear as temperature duri ng 

this stage of development was considered to stronglyinfluence the yield. 

Thus the rate of biomass production in all the phases is influenced 

by temperature. 

2.2.3 Leaf area index (LAI) 

Leaf area ; ndex is an important parameter of plant growth. 

It is very much useful in knowing the interception of radiation and 

the amount of photosynthate manufactured. Dunphy ~ ~. (1984) obser­

ved a higher LA! at the time of anthesis in wheat. In a field exp-

eriment with winter and spring wheats, Watson et ~. (1962) observed 

that LAI increased to a max imum at ear emergence and then decreased. 

After ear "emergence leaf dry weight and area decreased with age. Leaf 

area index reached maximum value between heading and anthesis but 

had a lower value in the late sown wheat than in the early sown crop 

(Wal:oszczyk and Focke, 1980). Gales (1983) also observed a maximum 

value of LAI during anthesis stage. 

At a LAI of 5, wheat crop was observed to intercept more 

than 80 per cent of the incident photosynthetically active radiation 
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(Gales~ 1983). Laubscher (1982) observed average LA! in 12 Medeterranean 

wheat cultivars grown at eight sites in South African winter rainfall 

region. At ·the completion of leaf production, spikelet initiation 

and differentiation, appearance of beard tips and anthesis, LAI was 

noted to have attained the values of 0.4, 2.3. 6.5, 7.3 and 4.62 res­

pectively. A study on Australian wheats by O'Leary et ~. (1985) 

revealed that a max.imum LAl of four was reached in all the SO\'''1n9s 

in 1979 ( dry winter with rains in August and September) while in 

1980 ( after rain in June and July with a dry September), only the 

early sown crop approached this value. They also inferred that at 

anthesis, LAI varied significantly between sowings and this effect 

was due to different environmental conditions. 

2.2.4 Crop growth rates in wheat 

Crop growth rates are dependent, apart from cultivar para­

meters, on ambient temperature conditions. During winter season with 

meagre rainfall and fluctuating temperatures, under rainfed conditions 

the effect of temperature predominates over others. 

2.2.5 Phenology and crop growth rates 

The crop growth rates (CGR) of Mexican dwarf wheat cv. 

Sidimisr; grown under field conditions ;n Egypt were determined by 

EL-Sharkawy (1975). It was observed that the maximum crop growth 

rate of 158 g/m2/week occurred after full ear emergence. In case 

of wheat cv. Timgalani, Doyle and Fischer (1979) reported crop growth 

rates ranging from 3 to 20 9/m2/day during the pre-anthesis to post-
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anthesis period. O'Leary ~ ~.(1985) in growth chamber experiments 

in Australia observed higher crop growth rates from sowing to anthesis 

than from anthesis to maturity stage. In a controlled experiment 

Davidson and Cambell (1984) found the crop growth rates to increase 

rapidly to a peak between the last leaf visible and heading stage 

which later declined to zero just prior to soft dough stage. Negative 

val ues for crop growth rates were obtai ned after soft dough stage 

due to a decrease in dry weight, during the maturity stage. 

2.2.6 Relative growth rates 

Studying the physiological variability in ten wheat cultivars, 

Mehrotra and Mishra (1976) observed maximum relative growth rates 

in the cv, Kalyansona, further they observed that the difference in 

the relative growth rate before and after anthesis in Kalyansona was 

much less than in the cv. Sonalika which showed higher relative growth 

rates before anthes is than after anthes is. These are attri buted to 

differential response of the genotypes to ambient temperature. 

2 .• 2.7 Temperature and growth rates 

Temperature affects growth of the whole plant mainly through 

Hs effect on respiration and morphology. Sayed and Gadallah (1983) 

observed that crop growth rates accelerate with an increase in the 

mean air temperature during the growing season. At a mean temperature 

of 15°C or less, crop growth rates were very 10\>1. Similarly highest 

~rowth rates were observed by Dav; dson and Campbell (1984) at 22°C 
iii, 

then compared to temperature regimes of 17°C under controlled conditions. 
,~~~ 
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Crop growth rates of three wheat cult; vars were found to 

be adversely affected because of excessive energy input in rabi season 

(Chakravarthy and Sastry, 1985) in a semi-arid environment. A reduction 

of about 10 to 14 g/m2/day ;n the crop growth rates was observed in 

the season during which the mean ambient air temperatures were higher 

by 5 to 6°C and the saturation deficit was higher by 3 to4 mm of 

Hg. Friend ~~. (1982) noted that the fall rate in relative growth 

rate with time increased with temperature from 10 to 30°C. 

2.2.8 Temperature and duration of grain filling period 

A s i gnifi cant vari at i on in the durat i on of gra; n fi 11 ;n9 

period was noted across years by Sayed and Gadallah (1983) owing to 

different response of each cult i var to temperature. Hi gher tempera­

tures imposed maturity earl ;er on the pl ants by shorteni ng the grai n 

filling period. But they further noticed that yield was related to 

grain filling rate but not to duration. v!ardla'lJ et 22.. (1980) reported 

that an increase of temperature from 21/16°C (day/night) to 30/25°C 

during the period of development from anthes;s to maturity, substan­

tially reduced grain dry weight ;n wheat. They also inferred that 

there was a faster rate of import of photosynthate by the grain at 

higher temperature but this was offset by greater respiratory losses. 

Peters et!l. (197l) obtained markedly reduced grain yields at higher 

temperatures which was associated with earlier senescence and maturity, 

resulting in a reduction in grain filling period. 

Saini and Dadhwal (1986a) in the Delhi region observed 

that between 13 and 27°C the grain-.growth duration from anthesis to 
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maturity declined by 2.6 days for every 1°C rise in temperature followed 

by a slow decline at higher temperatures upto 30°C. 

2.2.9 Temperature and grain growth rates 

Higher grain growth rates of wheat cv. SST 66 at higher 

temperature were obtained by Greenfield and Noble (1987). Growth 

rates were the highest with the latest sowing date implying the effect 

of temperature. Hot dry I'Jeather during grain filling causes early 

senescence and poor kernal development (Nicolas ~~.,1984). Studies 

in Israel on wheat by Shpiler and Blum (1986) showed that high tempera-

ture reduced grai n we; ght vi a reduced gro~."th duration but not the 

grain growth rate. 

High temperatures following anthesis adversely affected 

grain development in wheat (Sofie1d et ~., 1974; Spiertz, 1974; 

Chowdhury and vJardlaw, 1978; \.Jiegand et ~., 1981; Midmore et 2l., 

1984). However, the optimum temperature required for crop growth 

seems to be 22°C . 

Much literature was not available on crop growth rates 

between the different phenological stages from sowing to anthesis 

under field observations in relation to the influence of varying 

atmospheric conditions and as noticed above, most of the studies 

were confined to the grain filling period. 

2.2.10 Dates of sowing and grain yield 

During rabi season changes in dates of sowing implies a 

!~hange of environ~ental conditions for the same crop species and variety 
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and affords an opportunity for studying the infleunce of temperature 

on crop growth and development. 

While studying the grain yields obtained from cv. Kalyansona 

sown on different dates from November 1 st to November 30th, Chel a 

and Brar (1975) observed that the yields ranged from 25.1 to 44.6 

q/ha in the first season of their study and 14.1 to 38.8 q/ha during 

the second season (relatively warmer). The highest yields were obtained 

when the sowings were done on 10th November. 

Singh and Dixit (1985) in their experiment with five wheat 

cuHivars sown on 10th and 25th November and 10th and 25th December 

obtained average grain yields of 5.18, 5.64, 5.09 and 3.9 t/ha respec­

tively_ The number of grains per ear and 1000 grain weight decreased 

in late sowings. In an experiment conducted, Dhingra ~2.1. (1986) 

observed that grain and straw yields were significantly influenced 

by planting dates in the two years of their study (rab; 1982-83 and 

,.983-84). Later sowings reduced yield in their experiments which 

were attributable to higher temperatures in later planting~. 

Average grain yields of wheat with irrigation decreased 

with delay in 501'ling from 15th November to 6th and 26th December and 

especially 6th to 15th January because of 1000 grain weight (Joarder 

et~. (1981) and Thorne (1986). 

On the whole temperature seems to have a definite influence 

on yield to a greater extent, as late s~wings result in reduced grain 

yields even under irrigated conditions. 
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2.2.11 Harvest Index 

Harvest index is an indicator of the partitioning of photo-

synthates between grain and stra\,1 yields. As photosynthetic rates 

decrease with increasing temperature, the harvest index is also inf­

luenced. 

While studying the physiological variability in wheat culti­

vars, Mehrotra and Mishra (1976) and Reddy and Pyare La1 (1976) reported 

the harvest index of ev. Kalyansona (0.45) to be higher than for cv. 

Sonalika (0.37). In a study by Sayed and Gadallah (1983), reduced 

harvest index (0.21) was recorded in spring wheat when sown late. 

The above revi ew shO\~s that to understand the interacti on 

of crop growth and environmental factors, detailed knowledge about 

the rates of biomass production, crop grm'lth rates at the different 

phenological stages and the i nfl uence of temperature on all these 

characters is essential. 

2.3 

2.3.1 

ACCUMULATED HEAT UNITS AND CROP GRO~JTH 

The heat unit system or growing degree days 

The effect of temperature on pl ant growth and occurrence 

of phenological development can be inferred by way of accumulated 

heat units (AHU) Which is based on the idea that plants have a definite 

temperature requirement before they attain certain phenological stages. 

In the past, accumulated heat units have been widely used to predict 

crop growth and development. Though plant growth and development 
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are time related in a specific area, are also closely related to the 

occurrence of critical values in the rise or fall of seasonal tempera­

ture. Plants need a definite amount of accumulated heat to fulfil 

their requirement for phenological development. Unless this requirement 

is met, differentiation does not take place. 

Reaumer (1735) was the first scientist to suggest that 

the sum of the mean dai 1 y shade temperature of the ai r between one 

stage of development and another was constant for a particular plant 

species. Bossingault (1834) calculated the "total quantity of heat" 

required to ripen grain by this method. 

The degree day concept assumes that the relationship between 

gro\,/th and temperature is linear or a logarithmic one as predicted 

by the Van't Hoff law. The term degree days, growing degree days 

.and heat units were used synonymously by various scientists. Thus 

day-degree is a measure of the departure of the mean daily temperature 

from a given base temperature expressed ;n °C or OF. Units of expression 

be; ng same, day-degrees were al so referred to as accumul ated heat 

units (AHU) by several workers. 

2.3.2 Heat units and crop growth 

Extensive studies were made by Nuttonson (1956) to ascertain 

a satisfactory temperature base line which would permit the obtaining 

of reasonably consistant temperature summations for. the various growth 

development phases of wheat over many wheat-growing countries for 

14 crop years. Of the five base lines used by him (32,36, 40, 45 
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and 50°F), the lowest coefficient of variation was observed with 40°F 

(4.4°C) base 1; ne when the day-degree was taken from sow; ng to ri pe 

period. Moreover, since physiological processes of wheat were found .. 
to be inactive below 40°F, this temperature was preferred by him.V' 

Studies on peas by Katz (1952) in l'Jisconsin in U.S.A. -

revealed that the heat accumulation (base temperature 40°F) necessary 

to bring the crop to maturity was not a constant, but varied in such 

a manner that it was lower when the season was coo 1 and hi gher \'ihen 

the season was warmer. Between two var i et; es of peas. accord; n9 to 

him. the relationship between the heat requirements and maturity period 

appeared to be nearly constant and did not vary significantly from 

year-to-year. Venkataraman (1972) in India found a near constancy 

of heat units required by wheat variety NP 4 from sowing to ear emer-

gence though the length of growing season varied widely at different 

locations. 

Bierhuizen (1973) observed that although a high degree 

of accuracy in predicting harvest dates was obtained within a certain 

area, heat units mi ght vary cons i stently from one year to another 

and also during the season. In an experiment on maize~ Tollenaar 

$t 2l .(1979) used AHU from planting to silking, to predict flowering 

dates for breeding purposes. French and Schultz (1982) al so used the 

day-degrees of maximum air temperature to determine the intervals 

';Qf duration between stages. Steward and OV.Jyer (1987) expressed all 

IQrowth stages as a function of growing degree days (GOD) \'lith a base 
I: . 
tl ,"; 
~'tijemperature of 5°C. The number of degree days required for a crop 
if ',I 
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to progress from stage ~ to stage S2 is considered to be constant 

for a given crop variety and is defined by Davidson and Campbell (1983) 

as, 

where, 

Degree days = 

Tm ~ daily mean temperature 

bO = base temperature 

The relation of accumlated thermal units to crop develop­

ment has been variously tested, compared between crops (Neild, 1982), 

and compared with other energy summation indices (Sastry and Chakra­

varthy, 1982) \,/ith the conclusion that the precision of the system 

;s superior or equal to others. Sir:1il ar results were reported by 

Bauer and Frank (1981). According to Ritchie (1987) the thermal time 

concept has two important limitations: 1) the upper and lower threshold 

temperatures must be known and 2) the ; nf1 uence of genotype and 

photoperiod can alter the thermal time for phasic development in some 

stages of growth. 

The heat unit requirement was estimated to be 393 degree 

days above 7.SoC by Saini and Dadh\'Jal (1986) during the period of 

grain growth in three wheat cultivars ( HD 4502, Kalyansona and Sona-

lika) sown on different dates in two years. Similar results were 

reported by Angus et al. (1981) for entire grain growth duration. --

In a study on spring wheat growth in Australia Bauer et 

al. (1984) observed that, accumulated GOD from seeding to emergence 
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ranged from 94 to 138. They also inferred that the GOD accumulated 

per pl ant growth unit from emergence to anthes is was the same as 

from emergence through full expansion of flag leaf. In a field experi­

ment on irrigated II/heat conducted by Chakravarthy and Sastry (1983a) 

they reported that for different varieties, plantings and the seasons 

together, gro\,li n9 degree days from sowi ng to maturity ranged between 

1370 and 1691 uni ts. They inferred that, GOD decreased wi th 1 ater 

sO\\li ngs. Chakravarthy ~~. (1984) observed differences in aCCUr:1U­

lated degree days upto soft dough stage suggesting the differential 

varietal response. to the short period changes in allbient thermal envi-

ronment. 

2.3.3 Phenothermal index 

The differences in relation to accumulated degree days 

between different growth stages was expressed in the form of phenother­

mal index, computed as degree days/growth day (Chakravarthy and Sastry, 

1983). The index was found to be nearly constant irrespective of planting 
\ 

date and season, dUrg sowing to boot leaf stage with a mean value 

of 9.5. While the indices in the different stages from boot leaf 

to hard dough gradually increased from a mean value of 12.2 between 

boot leaf and anthes;s to 18.1 from milk to hard dough, for entire 

crop growth period taken as single unit, the coefficient of variability 

(C-V) yielded a value of 3.1 (Chakravarthy and Sastry, 1983a). In 

barley crop, phenotherma1 index ranged from 11.5 to 14.5 during boot 

. leaf to anthesis stage (Chakravarthy et 2.!.,1984); from anthesis to 

. soft dough, it ranged from 14.1 to 1~.1 and for the entire growth 
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season, the phenotherma 1 index nearly remai ned constant around a value 

of 11.5 with a CV of 1.1%. 

2.3.4 Heat use efficiency 

Heat use efficiency (HUE) of three wheat varieties for 

di fferent growth stages was evaluated us i ng above-ground bi amass and 

also the ·grain yield for different plantings (Sastry!!. A!_ •• 1985). 

HUE was found to be high dur i ng the boot 1 eaf to mi 1 k stages of crop 

growth in both warmer and cooler seasons studied. During milk to 

maturity stage in 1978-79 (cooler) season, relatively high HUE, 17-

22 x 10 2 q/ha/degree day was recorded in the second planting compared 

to 6 to 8 X 102 q/ha/d~gree day in 1979-80 (warmer) season. During 

this stage correspondingly higher crop growth rates were recorded during 

1978-79 season compared to 1979-80. Because of higher maximum tempera­

ture (30°C) at grain filling period during 1979-80 season there was 

considerable reduction in HUE values (Sastry et al., 1985). ,---- ,/ 

2.3.5 Heat units and biomass production 

The relationship between biomass production in soybea~ 

and sum of the air temperatures (AHU) was found to be linear by Hanway 

and Weber (1971). A highly significant positive correlation (r:=0.87 

to 0.88) between biomass of soybean crop and the AHU was also reported 

by Uchijima (1975). Chakravarthy rt~. (1984) also observed a linear 

rel at i onshi p between accumul ated temperature and bi omass product; on 

in barley crop. Accumulated temperature (GOD) over weekly periods 

were also found to be significantly correlated for the treatments, 
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irrespective of difference in environmental conditions (Chakravarthy 

and SastrYt 1983b). Biomass production in three varieties of wheat 

grown under irrigated field conditions at I.A.R.I. was found to be 

1 i nearly rel ated to accumul ated heat units above certai n threshol d 

value; the correlation value was 0.95 at 0.01 probability level of 

s i gnifi cance (Chakravarthy and Sastry, 1983b). Simil ar rel at ionshi ps 

between biomass production and accumulated heat units in wheat crop 

do not appear to have been studied extensively and information presently 

available on these aspects is very meagre. 

Thus, though considerable progress has been made ;n charac­

terizing the biometeorological time scale in terms of degree days, 

it is obvious that detailed study at each station for different crops 

;s necessary to predict the maturity date and other phenological events 

much in advance and help the plant breeders to characterize the varie­

ties based on AHU rather than on the duration of the phase in terms 

of number of days. This type of information especially on wheat crop 

is lacking in our country. 

2.4 EVAPOTRANSPIRATION (ET) AND BIOMASS PRODUCTION 

When the actual evapotranspiration falls short of ,.!,otential, 

evapotranspiration, the actual yield would also be less than the maximum. 

However, the relationship between evapotranspiration and yield in 

the field mayor may not be linear as it, is between transpiration 

and biomass production.' This is partly because the fraction of evapo­

rati on that does not contribute to pl ant growth varies throughout 

the crop life cycle (Chang, 1968). 
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It was observed by Viets (1962) that even when the biomass 

production increased 1 inearly with evapotranspiration, the regression 

line seldom passed through the zero point. Harking on the biomass 

accumulation and its relationship with the water use in wheat crop, 

Doyle and Fischer (1979) observed a linear relationship between cumu­

lative evapotranspiration and biomass production. 

Hanks et~. (1969) showed that biomass production of winter 

wheat was highly correlated with cumulative evapotranspiration and 

obtained a nearly linear relationship between evapotranspiration and 

biomass from the beginning until maturity. Jalota (1986) established 

a relationship between yield and evapotranspiration deficit at diffe­

rent growth periods of wheat variety WL 171, which explained 93 per 

cent variation in yield. Biomass production in three varieties of 

wheat grown under irrigated field conditions in the Delhi region 

was found to be linearly related to cumulative evaporation with a 

high correlation coefficient of 0.89 (Chakravarthy and Sastry, 1983b). 

2.5 CROP CANOPY TEMPERATURE 

The potential of infrared thermometer measurement of 

crop temperature for crop water deficit assessments was recognised 

by Tanner (1963). Ehrler et~. (1978) demonstrated that canopy tempe­

rature in wheat (Triticum aest;vum L.) increased as plant water poten­

tial decreased. Differences in canopy temperatures between stressed 

and non-stressed wheat plants were shown to be a reliable indicator 

of plant moisture stress. 
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Quantitative data relating crop temperature to the phenologi­

cal and physiological development of crops over a complete growing 

season are sparse. The only seasonal crop canopy temperature studies 

based on daily measurements reported thus far are those of Idso et 

al (1977) and Jackson et ~. (1977) with Ourum wheat. They showed 

that an accumulation of crop temperatures during the period between 

head emergence and cessation of head growth were I"elated to final 

grain yield. Gardner ~~. (198la) suggested that crop temperature 

data obtained with infrared thermometers can be used to predict pheno­

logical stages in corn crop if the land is completely covet'ed. They 

also inferred that decreases in grain yield should be reflected by 

increases ; n canopy temperatures s; nee canopy temperatures· increase 

as plant moisture stress develops. 

Cloudy periods have been obset'ved to lower leaf or crop 

temperatures (Stone ~ 31.,1975) for, diminished radiant heat load 

requires less total energy dissipation. Studies by Walker and Hat­

field (1983) revealed that net radiation and saturation deficit strongly 

influenced canopy air temperature differences (Tc ~ Ta) in well watered 

plots during the central portion of the growing season. Linear regres­

sions with a correlation coefficient value of 0.80 were reported.-

Kirkham et al. (1983) also observed in their study similar results 

with regression analysis for the dry year and wet year. Maximum 

(T - T ) val ues observed each year were not greatly different. In c a 
1980, the maximum value was about -7°C and in 1981 ( wet year) it 

was about -8.5°C. They also suggested that plants at high vapour 

pressure deficit (VPO) had cooler temperatures than plants at lower 
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VPD in the dry year. Similar results of negative correlation between 

VPD and (T - T ) were reported by Reicosky (1985). c a 

2.5.1 Canopy-air temperature differences (CATD) 

The canopy-air temperature differences (CATD) represent 

an integrated response of a crop to prevailing weather and soil water 

conditions and therefore, this difference was considered to be an impor-

tant variable for quantifying plant water use and grain yield (Jackson, 

1982). In studies on canopy temperatures of wheat~ Singh ~~.(1985) 

observed the following results: 

i) significant differences were found in the grain yield, 

Tc and (\ -T a) of cultivars~ under both the stress, and non-stress 

treatments of irrigation and 

ii) grain yield was negatively correlated significantly with 

average afternoon Tc (r= -0.92) and average afternoon CATD (r= 0.94). 

Their results indicated that cult;vars differ in their 

Tc and CATD. Plant temperatures were significantly correlated with 

grain yield especially in non-stressed environment. Ste; ner et a 1 . 

(1985) monitored foliage temperatures at noon time and utilized them 

as indicators of plant stress. In their study~ the mean differential 

between T and T from jointing to late grain filling showed a strong c a 
negative linear relationship to grain number per unit soil area (r2~O.88 

and to final yield (r2 = 0.86). 

Gates (1968) observed that most of the plants became cooler 

than the air temperature between air temperature range of 30 to 40°C 
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and below these temperatures, the leaves were observed to be warmer 

than air. The mid-day· temperature of sunlit leaves of non-stressed 

and moderately stressed plants was generally l-2°C below air tempera~ 

ture and corn crop does not develop water stress unless leaf temperature 

exceeds air temperature (Gardner et ~.,1981b). 

2.5.2 Canopy temperature and evaporation 

Canopy temperature indices have been shown to be rel ated 

to evapotranspiration and grain yield for many crops at various loca-

tions. Idso et ~. (1977) have developed the stress degree-day (SOD) 

concept to estimate evapotranspiration and yield relations for a variety 

of irrigated crops. 

2.5.3 Stress degree days 

The SOD concept is a promising method that involves the 

mid-day measurement of crop fol i age/air temperature differences on 

a daily basis throughout the season. 

Results reported by Idso ~ ~. (1977), Jackson et a 1. 

(1977) and,Walker and Hatfield (1979) showed that ET is both linearly 

and inverse 1 y related to cumu 1 at; ve SOD (~SOD) values for Durum 

wheat. They a1 so inferred that the rel ationshi p of ET with £.SOD 

;s influenced by date of planting. Simil ar results were reported 

by Di az et ~ i (1983). 

Grain yield was found to decrease with increasing %. SOD 

(Idso et 21..,1977; Walker and Hatfield, 1979; Oiaz rt ~.,1983). 



28 

A low goodness of fit (r 2 ~ 0.54) of yield with ~SDD for the combined 

data from the three planting dates was obtained by Diaz !!.~. (1983). 

The goodness of fit for individual planting datES was large (r2 ::: 0.80 

to 0.96). However, in their studies on red kidney beans Walker and 

Hatfield (1979) reported that field-stress degree day concept was 

stable over a wide range of planting dates. 

In an experiment conducted on canopy temperatures of sugar­

cane, Khera and Sandhu (1986) observed a diurnal variation on cloudless 

day. They reported that canopy temperatures (Tc) of both the unstressed 

and stressed sugarcane on thi s day generally followed air tempe­

rature (T a ), but remained cooler than air. The (T - T ) differences c a 

at 0950, 1455, 1550 and 1745 hrs were -6.1, -12.4, -11.8 and -7.5°e, 

respectively for unstressed crop and -5.4, -11.2, -8.1 and -6.8°e, 

respectively for the stressed sugarcane. The canopy and air temperature 

trends on the cloudy day were in general similar to those observed 

on non-cloudy day. However, differences were smaller on the former 

day than the latter which was relatively cooler. Environmental stress 

was lower on cloudy day than on clear day. 

Thus, whi 1 e the stress degree-day concept has been widely 

appl ied both for stressed· and non-stressed crops and found useful 

for correlating with grain yields, information on SOD for different 

growth stages in different crops based on daily measurements of canopy 

temperature is limited in our country. The behaviour of canopy, ambient 

temperatures and CATD with respect to cloudy and clear sky condition 

needs further investigation, as reported investigations on these aspects 

are sparse. 
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2.6. 1 

EFFECT OF TEMPERATURE ON CHLOROPHYLL CONTENT 

Leaf chlorophyll content 

29 

Marked di fferences in chlorophyll contents were recorded 

both between ecosystems and seasonally at each ecosystem. The con-

centration of chlorophyll in the various kinds of plant material differ 

greatly. Ovington and Lawrence (1967) showed that chlorophyll concen­

traction differences are related to environmental conditions and that 

the variations depend upon the month of sampling over the crop growth 

period. In studi es made by Anderson (1967) it was reported that 

high chlorophyll content of plant communities ;s a concomitant of 

large leaf area index, increasing radiant energy absorption and total 

dry matter production. They also inferred that as the LAI of a plant 

commun i ty i ncreas es so wi 11 the crop ch 1 orophyll content 

the average content per unit area of leaf decreases somewhat. 

even if 

Yield was more closely correlated with chlorophyll contents 

in wheat crop (Tarchevskii and Andrianova, 1980). In their study 

of 12 wheat cultivars varying in maturity, Cupina ~~. (1979) reported 

that chlorophyll content varied between year and between leaves in 

order of flag leaf / leaf below flag leaf'/"lower leaves. They also 

inferred that 1 ate cult i vars conta; ned more chlorophyll than earl y 

ones especially at heading; after heading the chlorophyll content 

decreased. In a study on soft red winter wheats Johnson and Ohki (1981) 

reported that total chlorophyll content varied from 4.5 to 5.3 mg/g 

fresh weight and differences between planting dates were found signifi-

cant . In their experiments, the first harvest was significantly 
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higher than the second harvest date for tota 1 chlorophyll. Fr i end 

(1960) observed maximum fresh weight coinciding with the time of 

maximal chlorophyll content. 

2.6.2 Chlorophyll and temperature 

The interaction between chlorophyll and temperature was 

studied under controlled conditions with wheat crop in cultivar Chris 

by Kuroyanagi and Paulsen (1985). They observed that increasing tempe­

ratures from 21/l5°C to 35/25°C (day/ni ght) after anthes is decreased 

chlorophyll content. Ray ~ {!_. (1978) reported that at low tempera­

ture, chlorophyll production was reduced and chlorophyll content 

increased during later growth whereas high temperatures reduced chloro­

phyll content. 

The effect of temperature on chl orophyl 1 accumul at ion was 

studied in etiolated wheat seedlings by Lubimenko and Hubbenet (1932) 

for peri ods of time upto 72 hours. 

and greatest ch 1 orophyll content was 

The hi ghest rate of format; on 

found at 26°C. Very little 

chlorophyll was found below 4°C or above 44°C. According to them, 

this effect of temperature probably acts through the temperature control 

of protochlorophyll formation. 

At the constant temperature of 25°C maintained in controlled 

experiments, Friend (1960) observed that chlorophyll content in the 

second 1 eaf ; ncreased wi th ; ncrease in 1 i ght i ntens i ty. The mean 

chlorophyll content in the first two leaves (mg per 10 9 fresh weight) 

was 7.8 at 30°C, 4.9 at 34°C, 4.5 at 35°C and only 1.8 at 36°C. The 
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rate of formation was also slow below 5°C. At temperatures below 20° 

C however, the greatest amount of chlorophyll was found at the interme-

diate light intensities (Friend, 1960). Bennett et al. (1982) inferred 

from their growth chamber studies in maize, that chlorophyll concen­

trations changed in response to both growth and acclimation tempera­

tures. Those grown at 16°C had the lowest concentrati on and those 

grown at 35°C the highest chlorophyll concentration, changed over 

a 24 hour accl imation period in both expanding and fully expanded 

leaves, increasing when plants were transferred to higher temperatures 

and decreasing when the transfer was to lower temperature. 

Total chlorophyll content at 25/20°C was observed to be 

higher at 11 hours photoperiod than at 14 hours photoperiod in several 

selections by Herath and Ormrod (1979) while the total chlorophyll 

content at 30/25°C varied with photoperiod and sele~tion. 

Friend et ~ (1962) demonstrated the extremel y crit i cal 

temperature dependence of chlorophyll accumul atl on; a ri se of about 

O.SoC at a temperature of 34°C could change the pattern of normal 

chlorophyll accumulation and subsequent growth to failure of chlorophyll 

accumulation and early death in Marquis· wheat. 

It is evident that detailed invest;gatioFls regarding the 

behaviour of chlorophyll content at di fferent crop growth stages and 

the possible short term effects of temperature under field conditions 

had not been widely reported. There;s insufficient literature parti­

cularl,Y with respect to phenology and crop growth rates in relation 
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to chlorophyll content as affected by the thermal regime in wheat 

crop grown under field conditions. 

2.7 SPECTRAL REFLECTANCE-PHENOLOGY AND LEAF CHLOROPHYLL CONTENT 

Studies of the optical properties of leaves have demonstrated 

that the refl ectance of 1 i ght in the chlorophyll absorption bands 

within the red region of the spectrum, is causally and negatively 

related to the concentration of chlorophyll within the leaf (Thomas 

and Gausman, 1977). 

In studies of canopy reflectance where LAI is used to repre­

sent the state of canopy as seen by the sensor the concentration of 

chlorophyll (total chlorophyll per unit area of ground) within the 

canopy usually has a positive correlation with the LAI of the canopy. 

As a result Tucker et .!!_. (1975) mentioned that the concentration 

of chlorophyll usually shows a negative correlation with the red and 

positive correlation with the near infrared canopy reflectance. Curran 

and Milton (1983) studied the relationship between the chlorophyll 

concentration, LAI and canopy reflectance. They reported that: 

;) canopy reflectance is primarily related to the area of 

1 eaves cover; ng the soi 1 (LAI) 

;;) there ; s a causal rel at i onshi p between LAI and canopy ref-

1 ectance, and 

iii) there is a non~causal co-variate relationship between 

chlorophyll concentrat; on and both LAI and canopy refl ectance. In 
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experiments conducted on winter wheat by Hinzman ~21. (1986), nitrogen 

application reduced visible, increased near IR and decreased middle 

IR refl ectance. and these changes were re 1 ated to h; gher ch 1 orophyll 

content and leaf area. Inada (1985) evaluated the ratios of spectral 

reflectance and chlorophyll content in wheat cv. Norin No.61- A 

chlorophyll-dependent visible band (500-600 nm) and a chlorophyll 

independent band (750 nm) were defi ned from hemi spheri cal refl ectance 

spectra. Highest correlations were observed between ratio (P800:P550) 

of reflectances and the chlorophyll content per unit leaf area. 

Wheat, oats and barley reflected 5-20 per cent of the inci­

dent solar radiation in visible wave length (Glick ~ 22. .• 1979). 

Visible light reflectance from wheat and barley was found to decrease 

from emergence to heading, and to increase from heading to maturity. 

These changes were inversely correlated with changes in chlorophyll 

concentrat ion. They also observed that the refl ectance from wheat 

was significantly greater in the chlorophyll absorption band :during 

tillering and heading. Ahlrichs and Bauer (1983) found a high correla­

ti on between refl ectance factor and percentage soil cover. LAI and 

biomass. In his report Tucker (1979) showed that red (620-720 nm) 

and photographic infrared (730-900 nm) spectral data and their various 

linear combinations had a strong correlation with photosynthetically 

active biomass. In a study of seasonal change, Wiegand et 2l. (1979) 

observed that refl ectance from the pl ant canopy increases wi th LA! 

but at an exponentially decreasing rate as LAI increases. They also 

inferred from their experiments that in photosynthetically active 
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radi ation wavelengths, represented by 500 to 600 and 600 to 700 nm 

wave bands (MSS 4 and MSS 5), LAI, plant population and green biomass 

are negatively correlated with reflectance. 

reported by Sh as hi k umar et.£l. (1984). 

Similar results were 

Ajai et ~. (1984) obtained different spectral reflectance 

curves showing the response of crop at various stages of growth. 

The decrease in reflectance at red region and increase in the near­

IR with crop growth was observed by them and was attributed to chloro­

phyll concentration and green 1 eaf bi amass changes with plant growth. 

They al so observed rel ati onshi p between LAI, chlorophyll content and 

spectral reflectance at infrared wavelength to be linear. 

It is evident that studies on spectral reflectance and 

chlorophyll relationship at different phenological stages in crops 

in our country have not been extensively reported and need further 

attention. 

The foregoing review on the response between pl ant growth 

and developent in relation to temperature has shown that higher tempe­

ratures have an adverse effect on crop growth and development. Most 

of the studies reported were carried out under controlled conditions 

at fixed day/night temperatures with a very few reports on field expe­

riments. 

Of all the growth stages, research was confined mainly 

to the grain filling period of crop growth. Since the effect of envi­

ronmental factors 1 ike temperature at earl i er stages of growth ts 
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also known to influence further development and grain yield. it appears 

necessary to study such responses under field conditions. 

The review also shows~ that application of heat unit system 

in the wheat crop was limited to prediction of maturity dates. It 

should be worthwhile to utilise this technique for comparison of plant 

response at different growth stages. As far as wheat crop is concerned 

extensive information is not available with reference to accumulated 

heat unit system. 

Similarly the review shows that effect of temperature on 

chlorophyll content and spectral response at different phenological 

stages of crop growth need to be further investigated. 

***** 
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3. MATERIALS AND METHODS 

The field experiments described in the present investigation 

have been carried out in the experimental farm area of the Indian 

Agricultural Research Institute (I.A.R.I.), New Delhi during the period 

November, 1985 to April, 1987. The details of the materials used 

and techniques adopted in this investigation are given in this chapter. 

3. 1 

3. 1 . 1 

CLIMATE AND SOILS 

Climate 

New Delhi is situated at Lat. 28° 35'N, 

and at an altitude of 228.16 m above mean sea level. 

long. 77°12' E 

It has a sub-

tropical semi-arid climate, characterized by hot, dry summers and 

cool winters. Summer maximum temperatures reach as high as 46.8°C 

whi le wi nter mi nimum temperatures touch as low as 1°C . Average 

annual precipitation is 710 mm, of which nearly 600 mm is received 

during the south-west monsoon period i.e., July to mid-September. 

Climatic normals for Delhi are presented in Table 1. 

3.1.2 Soil s 

The soils of LA.R.T. belong to the major soil group of 

Indo-Gangetic Alluvium. The soils of the experimental field in parti­

cular belong to Halambi series which comprise moderately well drained 

to well drained, very deep, loamy soils of dark brown to dark yellowish 

brown colour. Some of the. physical and physico-chemical properties 

are given in Table 2. 
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Table 1. Climatic normals for Delhi (I.A.R.I. observatory) based on 30 
years average ( 1941 - 1970) 

Month Max. Min. Evapo- Duration Wind Rain-Temp Temp ration of bright speed fall 
°C °C mm/day sunshine km/hr mm 

hours 

Jan. 20.3 6.0 2.3 7.5 4.0 20.4 

Feb. 23.6 7.7 3.9 8.3 4.8 16.7 

Mar. 29.5 12.9 5.4 8.0 5.4 17.1 

Apr. 36.0 18.9 9.5 8.9 6.5 5.5 

May 40.0 24.1 12.2 9.3 8.2 13.3 

June 40.0 27.6 12.8 7.3 10.5 45.8 

July 35.2 26.7 8.4 6.0 B.8 214.2 

Aug. 32.8 25.8 5.6 6.0 6.2 201.0 

Sept. 33.3 23.6 5.5 7.3 5.6 137. , 

Oct. 32.2 17.4 5.2 8.8 3.8 30.1 

Nov. 28.0 6.8 3.8 9.0 2.7 2.4 

Dec. 22.2 6.2 2.4 8.0 3.7 5.9 
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3.2 CROP 

Wheat crop was raised for the present investigation. Three 

cultivars of wheat (Triticum aestivum L.) viz.) ISO 397, ISO 513 and 

HO 2281 (referred to as varieties V1 , V2 and V 3 respectively) with 

different maturi ty periods and havi ng different habitats of growth 

were used in this study. ISO 397 is of medium maturity, ISO 513 is 

a late maturing variety while HO 2281 is an early maturing variety. 

The crops were raised during rabi seasons of 1985-86 and 1986-87. 

3.2.1 Treatments 

Three varieties Vl • V2 and V3 mentioned above were sown 

on three different dates (Pl' P2 and P3 ) in the two seasons as shown 

below: 

Rabi season 

1985-86 

1986-87 

3.2.2 

15-11-85 

18-11-86 

Experimental layout 

Date of sowing 

P2 

30-11-85 

01-12-86 

15-12-85 

15-12-86 

The layout (Fig. 1) consisted of 27 plots of size 6m x 

6m laid out in a randomized block design with three replications. 

Varieties 3 

Replications 3 

Treatments (planting dates) 3 

Total number of plots 27 
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3.2.3 Fertilizer application 

Urea @ 120 kg N/ha, single superphosphate @ 40 kg P2 05/ha 

and muri ate of potash @ 40 kg K20/ha as per recommended practi ce were 

added. Half the quantity of urea was mixed with other two fertilizers 

and applied to the soil before sowing while the other half was applied 

at the time of first irrigation. 

3.2.4 Cultural practices 

Cultural operations like thinning, weeding etc.were carried 

out at appropriate time after sowing. 

3.2.5 Irrigation 

Irrigations were given at three critical stages viz., crown 

root initiation, jointing and milk stages. To ensure maintenance of 

"not short of water" conditions and to retai n the soil moisture in 

the root zone fairly within the "available" range, additional irriga­

tions were also given whenever the gravimetric samples showed that 

the soil moisture got depleted to a value below 50 per cent 'available 

water' in the 15-60 cm depth. 

3.2.6 Phenological observations 

The plants were inspected frequently to closely follow 

the phenological events. From these observations boot leaf (BL), 

heading (H), anthesis (A), milk (M), soft dough (SD) and hard dough 

(HO) stages were identified and used in further analysis. The phenolo­

gical stages for the present investigation are defined as follows: 
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a) boot leaf stage is defined as the stage when the ultimate 

leaf to come out was observed by closely examining the 

leaf for the absence of another folded leaf in it 

b) heading stage ;s defined as the stage when the base of 

the rachis (or head) reached the same height as the ligule 

(or base of the shot blade) 

c) 

d) 

e) 

f) 

anthesis stage is defined as that stage when anthers could 

be observed in the central portion of the earhead. 

mi 1 k stage is defi ned as that stage when mi 1 k oozes out 

of the kernel on pressing it between the fingers 

soft dough stage was determined by observing a kernel 

from the central portion of the earhead. At this stage 

the kernel is easily deformed when pressed between the 

fingers but no 'milk' or liquid exudes under such pressure 

physiological maturity or hard dough stage was determined 

when the kernel becomes hard and it was no longer possible 

to deform it when pressed between the fingers. 

Following the above definitions, boot leaf, heading and 

anthesis stages were noted in the followirig manner. In a meter length 

of a row, the shoots were counted and the percentage of shoots attain­

ing the particular stage was noted. This was done at four places 

at random in each plot leaving the border rows. The day when 50 per 

cent of the samples in each treatment reached the stage as defined' 

above, that date was taken to represent the particular event. 
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3.2.7 Biomass 

Oven dried, above-ground plant material was used to determine 

biomass production at periodical intervals. For this purpose leaving 

two border rows in each plot, two rows were earmarked for sampling. 

At each sampling. plants from 50 cm length were cut at the ground 

level. Then samples were oven dried at 80 a C for 48 hours and weighed. 

Oven drying was continued till constant weights were obtained. 

3.2.8 Leaf area index 

Leaves were separated from the fresh biomass samples to 

measure leaf area. Leaf area meter (LICOR Bench model LI 3100), 

was used to measure the leaf area at frequent intervals. Fresh green 

leaves and senescing leaves were separated and their respective leaf 

areas were measured for determining per cent contribution of" senescing 

leaves to leaf area. 

3.2.9 Earhead weight 

Twenty earheads were collected at random from the plot 

from each replicate at 5 day intervals and their oven dry weights 

were noted at regular intervals. 

3.2.10 Chlorophyll content of leaves 

Chlorophyll content of the leaves was determined at different 

stages of crop growth regularly. To determine this, leaves were col-

lected from top, middle and bottom levels of the plant, depending 

upon the growth stage and he; ght of the plant. The sampl es were col­

lected from four places at random from each of the plots. Chlorophyll 
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content observations were started from 30 days after sowing and then 

continued periodically. 

The method followed in total chlorophyll determination 

was as described by Hiscox and Israelistam (1979). Fifty mg of leaf 

pieces cut from the middle portion of the sample leaves were weighed. 

Then these we; ghed 1 eaf parts were taken ina test tube and 20 ml 

of dimethyl sulphoxide (DMS04 ) was added. The test tubes were then 

kept in the oven at 65°C for 3 hours. Then transmission (TR) values 

at 652 nm for each leaf sample were noted using Spectronic 20. 

From TR values. optical density (00) values were determined. Then 

the total chlorophyll content was determined by using the formula: 

v 0°652 
Total chl orophyl 1 = -=...----,;,~-34.5 

x __ mg/g fresh wt. 
W 

where. V = volume of DMS04 

W = weight in mg of fresh leaf 

3.2.11 Harvest 

The crop was harvested manually with sickles. The sample 

size for yield estimation consisted of a randomly chosen area of 

2m x 2m in each plot. Grain weight as well as straw weight were noted. 

3.2.12 Harvest index 

Harvest index was determined by dividing the grain yield 

with total biological yield expressed as percentage and ;s given by 

total biological yie d (q/ha) 
Grain yield (~/ha) x lOa H.!. = 
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3.3 SOIL MOISTURE 

In this crop soil moisture was determined "by auger sampling 

method for the depths 0-15,15-30,30-45, 45-60,60-90 and 90-120 em 

in all the treatments. The saiPles were oven dried at 105 DC till 

constant weight was obtained. This sampling was done to maintain the 

crop at 'not-short of water' condition, through irrigation. 

3.4 ACCUMULATED HEAT UNITS 

Accumulated heat units were computed using the methods as 

follows: 

3.4.1 Growing degree days (GOD) 

The method employed to calculate the growing degree days 

following Nuttonson (1955) is 

GDO ;:: ~ ~_m_ax ____ : ___ T_m_in __ _ 

where Tmax = maximum temperature (OC) of the day 

Tmin = minimum temperature (OC) of the day 

B.T. base temperature (5°C) 

N = period during which heat units are accumulated 

3.4.2 Helio-thermal units 

Helio-thermal units were computed following Sastry 

and Chakravarthy ( 1985 ). 1 n thi s method th.e actual bri ght sun-

shine hours were used in place of the total day length to arrive at 

the heat summati ons. Thus the product of the day d·egrees ( from 

base temperature SOC) on any day and the corresponding actual bright 
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sunshine hours had been termed as helio-thermal units and accumulated 

for the period of crop growth. 

3.4.3 Phenothermal indices 

With a view to express the complex relationships of the 

duration between phenological stages to the prevailing ambient tempera-

tUre and their compensatory adjustment u.nder field conditions in a 

s i ngl e parameter, the heat units accumul ated per growth day between 

two phenological stages were computed to obtain 'phenothermal index' 

which ;s expressed as degree day/growth day; this procedure was used 

earlier by Chakravarthy and Sastry (1983). 

3.5 HEAT USE EFFICIENCY 

To compare the relative performance of the different 

varieties and treatments with respect to utilization of heat in terms 

of growing degree days during the crop growth period, heat use effi­

ciency was computed on the analogy of water use efficiency and is 

given by 

H.U.E. = cumulative biomass ( /ha) 
accumulated heat unlts C 

The following observations were taken da; ly and some of 

them for diurnal variations on particular days, representing different 

growth stages of crop. 

3.6 CROP GROWTH RATES 

Crop growth rates were cal cul ated fr.om the smoothed curves 

for week1y biomass observations ;n each treatment. 



C G R = accumulated biomass 
number of days 

3.7 GLOBAL RADIATION 
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g/m2/day 

Global radi at i on was measured with Eppl ey Pyranometer model 

8-48 (sensitivity 7.03 

350 ohms at 25°C ). 

mv/Cal/cm2/min and of internal resistance 

Diffuse radiation was measured by shading the 

sun to avoid direct radiation. 
~ 

3.8 NET RADIATION 

Net radiation was measured with a portable Net Radiometer 

model CN-2 supplied by Middleton and Co., Australia (sensitivity 0.372 

mv/mw/cm2 at 20°C, and with internal resistance of 86 ohms). Measure-

ments were taken 50 em above the crop canopy. Net radi at i on was 

also calculated using the formula developed by Penman (1948). 

Rn, the net radiation is estimated as follows: 
n 

Rn = Ra(l-r) (0.32+0.46 N -c-r! (O.55-0.092~) x 

where, 

( 0 . 10 + O. 90 -+) 
, 

Ra = Angots value of solar radiation 

r = albedo for crop surface (0.25) 

n = actual duration of bright sunshine hours 

N = maximum possible duration of sunshine hours 

Ta = mean air temperature (O~) 

e
d 

= saturated vapour pressure at dew point 
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3.9 PHOTOSYNTHETICALLY ACTIVE RADIATION (PAR) 

Line quantum sensor (Model LI 191 B, LI 18BB-integrating 

quantum/radiometer/photometer) was us-ed to measure the amount of photo­

synthetically active radiation (PAR) at 'different heights within the 

crop canopy. Observations were .5aken at the top of the canopy, at 

mid height and also keeping the sensor at 5 cm above ground level. 

To obtain reflected PAR from the canopy and the ground, 

the line quantum sensor was exposed in an inverted position at the 

respective heights. Observations were also taken by exposing the 

instrument along the and across the rows of crop. 

3.10 MESH COVERED PAN EVAPORATION 

Values of evaporation in mm from class A mesh covered pan 

evaporimeter as per specification of I.M.D. ( installed in the nearby 

meteoro log; cal Observatory) were taken for the durat i on correspond; ng 

to the crop growth period. 

3.10.1 Energy gain 

Energy gain was computed from the differences of net radia­

tion ( calculated by Penman's method) and evaporation at weekly inter­

vals. 

3.11 . SATURATION DEFICIT 

Saturation deficit was calculated for morning 0721 1ST 

and afternoon 1421 1ST, and for· the day from the differences of actual 

vapour pressure and saturated vapour pressure val ues from dry and 

wet bulb thermometers in the Stevenson's screen. 
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3.12 LEAF DIFFUSION RESISTANCE AND LEAF TEMPERATURE 

A microprocessor controlled LICOR (Model LI-1600) steady 

state porometer which directly measures the leaf diffusion resistance 

(s/cm) and leaf temperature (OC) was used. For these measurements 

topmost two 1 eaves were cons i dered and observations were taken after 

the di sappearance of dew from the 1 eaves. Fi ve or more ; ntact 1 eaves 

were used for each set of observations which were repeated at hourly 

or half hourly intervals. 

3.13 CANOPY TEMPERATURE 

Crop canopy temperatures were taken daily from February 

onwards in the respective cropping seasons. The canopy temperatures 

were measured using Telatemp Infrared Thermom~ter (model AG 42, with 

a 3° field of view, response time less than a second. accuracy ± O.SoC 

and of spectral response 8 to 14 microns). Ambient temperature was also 

noted with the same instrument. Observations were taken at 1400 hrs 

daily till physiological maturity from four oblique angles from the 

different sides of the plot and averaged. 

Canopy air temperature differences (CATD) values· were note,A ... 

along with canopy temperature readings from the same infrared thermo­

meter. 

3.13.1 Stress degree-days (SOD) 

The summation of daily CATD values (£ son ) was made for 

each wheat planting fr'om heading to physiological maturity. The proce­

dure described by Jackson et al. (1977) was followed: 



where, 

.3.14 

SOD::: Tc Ta 

TC = canopy temperature 

Ta ::: ambient temperature 

SPECTRAL REFLECTANCE 
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Spectral reflectance measurements were taken with a 12 

band (multiband) ground truth Radiometer with range selector (W/cm2). 

The measurements were taken with spectral Radiometer held at 2 m above 

the crop canopy. Spectral refl ectance measurements were made between 

1200 hrs and 1300 hrs 1.S.T. Standard readings with barium plate 

were taken before and after the set of observations on crop canopy. 

3.15 STATISTICAL ANALYSIS 

The following statistical analysis was carried out in inter-

preting some of the results presented in the present investigation: 

a) analysis of variance 

b) coefficient of variation 

c) correlation coefficients and regression equations 

For this analysis the methods suggested by Fisher (1970) 

were followed. 

***** 
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~. RESULTS AND DISCUSSION 

Results obtained in the field experiments conducted 

during rabi seasons 1985-86 and 1986-87 on wheat to study the effect 

of temperature are detailed and discussed below. 

4.1 ENVIRONMENTAL CONDITIONS DURING RABI 
1987 SEASONS 

1985-86 AND 1986-

Environmental conditions that prevailed during the rabi 

1985-86 and 1986-87 seasons as recorded at the I. A.R. I. observatory 

are presented in Fig.2. From the daily data collected, mean daily 

values 
.,r! ,.f'r~· 

duri ng /t,tle different standard meteorol ogi cal weeks (Appen-

dix-I), in both the seasons were computed. Weekly mean values for 

~fferent parameters are given in Appendix-II and III. 

~.l.l Maximum temperature 

During the rabi 1985-86 season, the weekly mean maximum 

temperatures ranged between 18.1 to 37.1°C. Temperatures were the 

lowest during the early vegetative to late vegetative stages (18.1 0 C). 

During the grain filling and maturity stages they increased gradually 

from 20.5 to 37.1°C. Maximum temperatures were 2 to 5°C below normal 

from 7th to 9th weeks. Daily temperature data showed that during 

10th and 11th weeks (grain filling to maturity stage) maximum tempera-

tures were also above normal by 3-4DC followed by below normal tempe­

ratures (by 6-rC) in subsequent weeks because of rainfall received 

during this period. During the rabi 1986-87 season maximum temperatures 

decreased gradually to 18.2°C in the 1ast week of December, rising 

thereafter until 2nd week of January and again recording lowest tempe-. 
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rature of 16.7°C in the 3rd week. Daily temperature data showed that 

during 3rd week of January the temperatures were below normal ( of 

the order of 6°C) in association with occurrence of rainfall. Then 

there was a continuous rise in temperatures reaching a value of 34.4°C 

at maturity period. In general, in the 1986-87 seasons, weekly mean 

maximum temperatures during the late vegetative stage (1st week) till 

grain filling stage were 2-5°C higher than in the 1985-86 season. 

4.1.2 Minimum temperature 

W'eek ly mean mi nimum temperatures duri ng 1985-86 crop 

growth season ranged between 3.1 to 19.6°C. Temperatures were the 

lowest during the vegetative stage compared to the other stages. 

An examination of daily temperature data showed that in this year 

on most of the days minimum tempteratures were below normal during 

1st and 3rd week of January, 1st and 4th week of February, and first 

week of March ( of the order of 3-4°c). Again from 15th to 30th March 

the temperatures were below normal deviating by 4-5°C. 

During 1986-87 season the weekly mean minimum temperatures 

ranged from 2.0 to 19.3°C. Daily minimum temperatures were below 

normal for prolonged peri ods by 3-4°C from 17th January to 15th Feb­

ruary and again from 25th February to 15th March. At other times the 

minimum temperature showed nearly normal conditions except for a 

spell of above-normal temperatures during the grain filling period 

intermittently which ~ould usually result in an increase in crop respi­

rati on. The dai ly mi nimum temperatures duri ng the reproductive stage 
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were 0.7 to 5.3°C higher than those in the 1985-86 season. On the 

whole, it can be said that 1985-86 season has cooler temperatures 

in respect of both maxima and minima than the 1986-87 season. 

4. 1 .3 Duration of bright sunshine hours 

The number of bright sunshine hours during 1985-86 season 

vari ed from 9.3 per day at the time of fi rst sow; ng to a mi nimum of 

5.9 per day during the second week of January and thereafter again 

increased to 9.5 hours per day at crop maturity peri od. Ouri ng the 

1986-87 season, they varied from 8.6 at the time of first sowing to 

a minimum of 3.9 hours per day during the 3rd week of January in 

association with rainfall due to a western disturbance and thereafter 

aga; n increased to 11.2 hours per day at the crop maturity peri ad. 

A salient feature ;s that while during rabi 1985-86 longer bright 

sunshine hours (7-8 hours per day compared to 4-6 hours per day in 

1986-87) were observed duri n9 the vegetati ve stage, duri ng 1986-87 

season bright sunshine was of longer duration {8-9 hours per day comp­

ared to 6-7 hours per day in 1985-86} during the late vegetative 

to reproductive stages. 

4.1.4 Wind speed 

Mean dail y wi nd speed ranged from 1.8 to 5.9 km/hr 

in the 1985-86 rab; season whereas duri ng rabi 1986-87, ; t ranged 

from 1.1 to 9.0 km/hr. In general, the mean daily wind speeds in 

1986-87 season were slightly higher than in 1985-86 season by 2 to 

3 km/hr. 
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4.1. 5 Rainfall 

During the rabi 1985-86 season the total rainfall received 

from December to March was 80.2 mm on 11 rainy days. Highest rainfall 

of 39.6 mm was received in February (6th and 7th week) corresponding 

to anthes; s and head; ng stages in vari ety ISO 397 (VI ) , vegetat i ve 

stage in ISO 513 (V2) and post vegetative stage in HD 2281 (V
3
). 

Rainfall during the rabi 1986-87 season was only 61.8 mm 

which occurred on 12 rainy days from December to March. Rainfall of 

21.7 mm was received on January 17th and again 16.4 mm in March with 

two more spells in between. In the 1985-86 rabi season all the first 

plantings were lodged due to a thunderstorm that occurred on 19th 

March, 1986. On the whole during the main vegetative stage of crop 

growth, 1986-87 rabi season did not receive any rainfall unlike that 

during the 1985-86 season. 

4.1 .6 Saturation deficit 

Saturation deficit followed the pattern of maximum tempera­

ture in both the seasons viz., starting at a high value, decreasing 

to a minimum and thereafter showing an increasing trend. Starting 

from 8.9 mm at the time of sowing the saturation deficit decreased 

to a minimum of 2~3nm at the beginning of reproductive stage ( week 

3 ) and thereafter increased to a max imum of 18.2 mm at harvest. 

Saturation deficits during 1985-86 ranged from 3.2 to 18.2 mm of Hg 

and remained lower than those in 1986-87 by about 2 mm during early 

to mid reproductive stage (Fig.2). 
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The above observations show that the maximum and minimum 

temperatures, duration of bright sunshine hours and saturation deficits 

were higher from the late vegetative to early grain filling stage . 
during rabi 1986-87 compared to the 1985-86 season. However, rainfall 

was higher in the first season (rabi 1985-86) than in the second (rabi 

1986-87). The lowest minimum temperatures in both the seasons remained 

above the freezing point and generally, environmental conditions re­

mained in the range favourable for crop growth, though relatively 

1986-87 season can be termed as warmer than 1985-86 rabi season. 

4.2 PHENOLOGY 

The occurrence of the six phenological events as enumerated 

earlier in the two rabi seasons 1985-86 and 1986-87, for the three 

varieties ISO 397 (V1 ), ISD 513 (V2 ) and HO 2281 (V3 ) planted at 15 

day intervals were carefully noted following the definitions and 

procedures' mentioned in section 3.2. and the number of days taken 

to reach the different stages are shown in Table 3. 

4.2.1 Rabi 1985-86 

ISD 397 (V
1 

): The variety ISD 397 (V 1 ) took 64, 66 and 

72 days to reach boot leaf stage in first (P,), second (P 2) and third 

(P
3

) plantings respectively. There was not more than two days diffe­

rence at head; n9 and anthes; s stages between the pl anti ngs. The 

duration between anthesis and maturity decreased with delay in planting. 

It took 128, 124 and 119 days to come to maturity in P l , P2 and P3 

respectively. 
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ISD 513 (V 2): This variety took relatively more number 

of days in all the three plantings to reach the respective phenological 

stages when compared with ISO 397. For the boot 1 eaf emergence it 

took 80, 78 and 77 days in Pl , P2 and P3 respectively. It took 

8 days from heading to anthesis in P 1 while it was 4 days in case 

of P2 and P 3 plant i ngs . With reference to planting dates, difference 

in duration to maturity was seventeen days between Pl and P3 and 

the variety took 140, 127 and 123 days in r, , P2 and P3 respectively 

for attaining hard dough stage. 

HD 2281 (V3 ): This variety took relatively lower number 

of days in all the three plantings to reach the boot leaf stage when 

compared with varieties ISO 397 and ISO 513. From anthesis to milk 

stage it took 13 days in all the three plantings Pl , P2 and P3 showing 

a constant value irrespective of temperature differences. The crop 

matured in 132, 126 and 118 days in the three plantings in this variety. 

Between P
l 

and P3 there is a difference of 14 days in the total duration 

of crop growth during this season. 

4.2.2 Rabi 1986-87 

ISO 397 (V 1 ) : The variety ISO 397 took 68, 71 and 70 days 

to reach boot 1 eaf stage in P 1 ' 1 and P3 plantings respectively. 

From boot leaf to headi ng it took 15 and 7 days in P1 and P3 • There 

was a difference of 13 days in attai ning mi 1 k stage' between P, and 

P
3 

respectively. This difference continued till the maturity stage. 

As the planting was delayed, the number of days taken for attaining 
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the phenological stages decreased. For reaching maturity this variety 

took 127, 120 and 111 days in P1' P2 and P3 respectively. 

ISO 513 (V 3 ): This variety took relatively more numDer 

of days to reach the different phenological stages in all the three 

plantings. like in the previous season, for all the phenological 

stages in P3 the duration required was lower when compared to the 

year 1985-86 indicating the effect of warmer temperatures in 1986-

87 season. For reaching maturity stage it took nearly the same time 

as the previous season's crop. 

HD 2281 (V3 ): The number of days taken from sowing to boot 

leaf stage did not practically show much differences when compared 

to the previous rabi season (1985-86). It took 64.68 and 68 days 

for reach; ng boot 1 eaf stage in P 1 , P 2 and P3 respectively. For 

maturity it nearly took the same time as in the previous season. 

The above results show that the number of days taken for 

different phenological stages to be reached were in the order of 

V2> V3 >and V 1. The observed differences in duration between pheno­

logical events in the different plantings for the three varieties 

agree with those reported by Sofield et ~.(1974), l.A .. R.I. (1976) 

and Porter et !l. ( 1987). The v ar i et; es V 1 and V3 took a 1 mas t the 

same number of days in the three planting dates whereas only V2 dif­

fered from these two varieties in which case the duration from sowing 

to maturity increased by 10 days than the time taken by the other 

2 varieties. With a view to obtain a comprehensive and comparative 
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picture of the differences in phenological events under the different 

treatments, it has been summari zed in the form of a chart and shown 

in Fig. 3. 

In respect of corresponding planting dates and varieties 

viz. V, 'V2 and V3 there was practically no difference in the total 

duration taken from sowing to maturity (hard dough) between rabi 

1985-86 and 1986-87 except in Vl P3 • Of all the varieties, V 1 showed 

effect of seasona' temperature from soft dough stage onwards. It 

exhibited 3-8 days difference between seasons at soft dough stage 

for P2 and P3 plantings, and at hard dough stage it exhibited maximum 

difference of 8 days in case of P3' This is probably attributable 

to the higher temperatures in '986-87 in the reproductive stage. Wardlaw 

~~ (1980), Chakravarthyand Sastry (1983a) and O'Leary ~~. (1985) 

also reported similar variations in phenological events with tempera-

ture . 

4.2.3 Effect of planting date on the duration of phenological 
stages 

The differences in number of days between the successive 

phenological events (between P, and P3 ) are shown in Table 3· With 

the progress of crop development there is increase in duration between 

the phenological events. For e.g.: while at heading stage in 1985-

1986 there is no difference between p,. and P 3 in the number of days 

taken to attain this stage, at milk stage the difference increased 

;n V 1 to 13 days. This effect ;s evident ;n all varieties in both 

the seasons. 
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Two salient features that are noticed are: (i) V2 and V3 

reached the different stages nearly in the same number of days, both 

in the first (cooler) and second (warmer) seasons. In case of Vl 

there was increase in number of days in the second season for attain­

ment of headi n9, anthes is, soft dough and hard dough stages. 

(ii) In V2 both in the first (cooler) and second ( warmer) seasons 

the difference in the duration of attainment of phenological stages 

between plantings P 1 and P3 was rel atively higher ranging from 17-21 

days and the difference between the seasons was of not more than three 

days. 

4.3 DURATION OF GRAIN FILLING PERIOD 

Grain filling duration varied with the season and also 

with plantings in the same season in V, and V 3' V, took 42, 39 and 

35 days in P1 ' P2 and p~ pl a nt i ngs. In V 1 the di fference between 

seasons was 3, 5 and 6 days with less number of days during 1986-87 

season. Similar trend was observed in V 3 also. P2 and P3 plantings 

were more influenced by high temperatures, thus showing a reduction 

in duration. Similarly in 1986-87 when the temperatures were high 

during the reproductive and maturity period the time taken from anthesis 

to maturity was less in the season clearly showing the effect of high 

temperatures as also observed earlier by Sayed and Gadallah (1983) 

and Saini and Dadhwal (1986) in their experiments. 

Significantly, in spite of prevalence of high temperatures 

in rabi 1986-87 after anthesis and a consequent decrease in the number 
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of days taken for the attainment of the different phenological events 

compared to 1985-86 season, in both the seasonS the crop ultimately 

took the same number of days to mature. This could partly be explained 

by the fact that the duration from sowing to anthesis stages was little 

10n.ger in 1986-87 season and as a result the total duration iJf crop 

growth period remained nearly the same. 

4.4 TEMPERATURE~PLANT GROWTH AND DEVELOPMENTAL CHARACTERISTICS 

4.4.1 Biomass production 

Data on the above-ground weekly biomass production for 

the different plantings of the three wheat cultivars for the two 

rabi seasons 1985-86 and 1986-87 are shown in Table 4. 

Rabi 1985-86 

ISD 397 : Weekly bi omass product i on upto the 12th week 

was the highest for the P2 and the lowest for P3 ' the values being 

1825, 1940 and 1620 91m2 for P" P2 and P3 respectively. This ;s perhaps 

because of presence of near normal temperatures for P 2 compared to 

P, and P3' 

ISD 513: In this variety the highest biomass production 

for the three plantings ranged between 2015 and 1380 g/m2, P
3 

giving 

the lowest, showing a reduction in biomass production at later plantings 

when compared to the earlier ones. 

HD 2281 : Highest biomass production was observed in this 

variety in Pl followed by P2 and P3' Maximum biomass produced in Pp 

P2 and P3 was 2055, 1755 and 1660 91m2 respectively. In all the plant-



Table 4. Weekly biomass production (g/m2) in wheat cu1tivars during 1985-86 
and 1986-87 rabi seasons 

ev. ISO 397 ev. ISO 513 Cv HO 2281 

Met. 1 st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 
week Pltg Pltg. P1tg. P1tg. Pltg. Pltg. Pltg. Pltg. Pltg. 

Rabi 1985-86 

180 85 35 245 60 5 215 50 5 

2 240 135 50 300 120 20 285 95 25 

3 330 185 75 360 180 40 355 145 60 

4 405 270 105 420 240 75 450 210 85 

5 510 360 150 525 320 120 540 300 125 

6 630 500 195 630 415 165 655 390 185 

7 855 640 300 810 580 270 855 510 255 

8 1120 930 450 1110 860 450 1185 705 340 

9 1490 1275 630 1500 1140 660 1550 1005 445 

10 1815 1590 900 1800 1350 885 1855 1315 600 

11 1875 1890 1250 1995 1515 1120 2025 1700 900 

12 1825 1940 1620 2015 1530 1335 2055 1755 1335 

13 1625 1615 1620 1740 1400 1380 1980 1710 1660 
, '14 1455 1500 1245 1280 1880 1640 1660 

Rabi 1986-87 

: 1 75 50 15 85 70 15 100 30 20 
.2 100 80 30 105 105 20 140 45 40 

1, 
3 150 140 50 150 150 30 210 100 65 

t~ 245 230 70 270 220 45 360 300 100 
475 300 90 420 300 60 500 430 130 

f 16 555 360 120 480 350 90 575 500 150 r : 
7 ., 610 405 210 540 380 120 645 560 210 
,I .. 

.• ~ 660 485 435 630 420 180 700 630 310 
i 795 605 630 730 600 360 810 790 435 ',;~~' 

:'!'O 1080 840 800 840 1150 675 1080 1215 600 
X~ 
"~'1 1265 1110 1005 1140 1305 900 1245 1200 840 .; ~: 

12 1350 1125 1205 1260 1365 930 1290 1095 950 

13 1185 990 1215 1155 1310 850 910 960 825 ~'\' I, 

i: !4 750 1065 1020 1140 690 690 

51 
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ings higher biomass was recorded at soft dough stage followed by a 

gradual reduction in the subsequent period. 

Rabi 1986-87 

ISD 397: The first planting recorded the highest biomass 

product i on throughout the growth season followed by second and th ird 

plantings upto 12th week. Later, P 3 showed higher biomass thanP2' 

The highest biomass production values achieved in this variety were 

1350, 1125 and 1215 g/m2 for P" P2and P3 respectively. 

ISO 513 : In this case also Pl gave the highest biomass 

production than P 2 upto anthesis stage. From anthesis stage onwards 

P2 had the highest biomass production. 

HD 2281 : In this variety, the highest biomass production 

was achieved in the first planting (P, ) followed by P2 and P3 with 

the values of 1290, 1200 and 950 g/m2 respectively. 

During rabi 1985-86 compared to 1986-87 season, all the 

varieties and treatments (P 1 , P2 and P3 ) showed relatively higher 

biomass throughout the growth period. The rabi season during 1986-

87 be; ng warmer than 1985-86 season, caused lower bi omass. Thi sis 

attributable to the effect of relatively higher tempertures in the 

second season which have the effect of reducing biomass production 

due to higher respiration as reported by Wall and Cartwright (1974), 

Wardlaw et.!!_. (1980) and Ritchie (1987). 

In all the varieties and plantings over both the seasons 

there was a rapid increase in biomass from jointing to soft dough 
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stages as earlier observed by Waldren and Flowerday (1979). 

The biomass produced in later plantings (P3) decreased 

when compared to the earlier plantings. Reduction in biomass production 

in late sown wheat was also reported by Doyle and Fischer (1979) 

and O'Leary et ~: (1985) and is attributed to prevalence of higher 

temperatures due to seasonal warming which affects the late sowings. 

4.4.2 Leaf area index 

Data on leaf area index (LAI for the different pl antings 

of the three wheat cultivars for the two rab; seasons 1985-86 and 

1986-87 are shown in Table 5. 

Rab; 1985-86 

ISO 397: Leaf area index duri ng. thi 5 season ranged from 

1.6 to 4.4 from sowing to maturity in Pl , Highest LAI was 4.5 at heading 

stage. Maximum LAI for the individual plantings was in the order 

of P2:>P3>P, • The lowest LAI was recorded in P, at heading to anthesis 

stage. Rainfall on 29th January and in early February might have resul~ 

ted in increased leaf area in P2 and P3 when compared to Pl , 

ISO 513 Leaf area index values in all the three plantings 

ranged from 6.5 to 6.0 at the time of heading. The maximum values 

were reached at heading stage. which are in the order of Pi"P2 ;: P3' 

This variety showed higher values than V,. 

HD 2281 This variety had leaf area index values lower 

than those in V2 ' All the three plantings reached. their highest values 
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Table 5. Leaf area index of wheat cultivars 

Days after sowing 

20 40 60 80 lOa 120 Peak value 
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at the time of heading, and the values also remained the same. At 

60 days after sowing Pl had higher LA! than P2 and P3' 

R ab; 1986-87 

ISO 397 : The maximum values of LAI were attained at heading 

stage and were nearly equal when compared to the earlier season. They 

ranged from 4.3 to 5.0 and were higher in P2and P3 compared to P, 

because of the favourable conditions for P2 and P3 in their vegetative 

stllges. 

ISO 513 : This variety showed a higher LAI for all the 

three palntings when compared to the rabi season 1985-86. The maximum 

values {7.6, 7.2 and 7.5 for Pl , P2 and P3 respectively) were reached 

at the time of heading. The highest values of LA! in this season 

may be due to cooler temperatures prevailing in the vegetative stage 

of crop growth when compared to 1985-86. 

HD 2281: This variety also recorded higher LA! values for 

this season when compared to the previous rab; season, 1985-86j in 

all the three plantings P2 recorded higher LA! of 6.7 followed by 

P3 with a value of 6.0. Pl recorded lower LA! value of 5.2 at heading 

stage. There was a reduction in the LA! after heading. 

In 1986-87 senescing leaves in the lowest layers of the 

plant have contributed a LA! ranging from 0.5 to 1.0 from post boot 

leaf stage as shown in the Fig.4. Thus the effective LA! needs a 

correction while calculating LA! from post boot leaf stage. This 

;s of significance s.i nce the 1 eaves in the lowest 1 ayers are not 

functional due to senescence. 





66 

In all the varieties and planting dates for both the seasons 

higher LAI values were observed at heading stage in spite of temperature 

differences in the di fferent treatments. Max. i mum LAI at headi ng stage 

was earlier reported by Waloszczyk and Focke (1980) but with respect 

to a single planting date. There was a gradual decrease from heading 

stage onwards. LAI varied with varieties at anthesis stage. Late sowings 

benefited from the rainfall received at their vegetative stages and thus 

recorded higher values of LA! than earlier sowings, 

4.5 CROP GROWTH RATES 

Weekly crop growth rates (CGR) were derived from growth curves 

for weekly biomass production for the different varieties and plantings 

in both the seasons and are presented in Table 6. 

ISO 397: Crop growth rates during the rabi 1985-86 were 

the highest in the first planting followed by the second and third 

plantings. All the three s~wings reached a maximum crop growth rate 

of about 50 91m2 /day. Both P 1 and P 2 reached peak growth rate ; n the 

same week (9th week) and did not ex.hibit the difference due to date 

of sow; ng. Irrespective of planting date, the highest CGR occurred 

at milk stage. In P 3 peak· growth rate occurred in the 11 th weak when 

temperatures were warmer than in the 9th week. A similar pattern 

was also observed during the second season (1986-87). However, the 

magnitude of highest CGR decreased (40.8, 38.6 and' 29.3 g/m2/day ) for 

P1 'P2 and P3 respectively from those for the previous season. The 
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CGR in the individual weeks were also lower in rabi 1986-87 season 

compared to the earlier season in all the three plantings. 

ISO 513: The CGR for this variety yielded maximum values 

of 55.7, 40.7 and 32.9 g/m'/day for Pl ' P2 and P3 respectively which 

were sli9htly lower than those observed in the variety ISD 397 in 

case of P2 and P j plantings. The peak growth rates were attained at 

the time of heading in Pl and P 2 while in P3 it occurred at anthesis 

stage unlike in Vl which occurred at milk stage in all plantings. 

During rabi 1986-87 season, maximum growth rates were 42.9, 

47,1 and 45 g/m2./day for the three plantings respectively. In this 

season p 2 and P 3 recorded higher crop growth rates than in P, and 

a 1 so hi gher than those in the prev; ous season. As in the case of 

ISO 397, this variety also exhibited lower CGR in individual weeks, 

with delay in plantings. A significant feature in this season was 

that daub 1 e peaks were observed ; n Plat 5th week and 11 th week of 

crop growth; in. P2 and P3 this effect was subdued. 

HO 2281: During rabi 1985-86 this variety showed higher 

crop growth rates in P, and P 3 pl anti ngs compared to the other two 

varieties until 4th week ( early vegetative stage). Maximum CGR 

for P, , P2 and P 3 for any week were 52.9, 55.7 and 55.0 g/m2/day~ 

whi ch are hi gher compared to the other two vari et i es for the con"es­

pending plantings. 

During the rabi 1986-87 season the maximum CGR observed 

were 38.4, 50.0 and 34.3 g/m2/day; with the highest value in the second 
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plantings. In 1985-86 season the max imum CGR values were reached 

at milk and anthesis stages for Pl ' P2and P3 plantings respectively.In 

case of 1986-87 season P 1 reached the peak growth rate during soft 

dough stage while P2 and P3 reached the peak CGR at anthesis stage. 

Unlike in 1985-86, in the 1986-87 peak growth rates occurred 

at soft dough stage in Pl . This delay in Pl is attributable to the 

rainfall and cooler temperature prevailing in the early stages during 

1986-87 season compared to 1985-86 season. In 1986-87 season the 

crop growth rates were very low in the individual weeks when compared 

to the previous season. 

The weekly CGR in respect of differnt varieties during 

rabi 1986-87 as already mentioned were consistently lower when compared 

to the 1985-86 season. CGR showed a double peak in 1986-87 unlike 

in the previous season. The peak growth rates were attai ned earl ier 

in 1985-86 than in 1986-87 in case of Pl in all the varieties. Thus 

the time of attai nment of peak growth rates in the three plant i ngs 

are· observed at different growth stages and at the first instance 

this is attributable to the differing temperatures and r~infal1 regimes 

under different p~tings. The peak growth rates were attained at 

the time of heading (though individual calendar dates differed) in 

ISD 513, except in P 1 of 1986-87 and P 3 of 1985-86 when it occurred 

at milk. and anthesis stages respectively. The delay in 1985-86 ;s 

attributable to the rainfall that occurred at time of heading and 

consequent cooling of environment. 
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Thus under the same environmental conditions, the different 

plantings exhibited differences both in the magnitude and time of 

occurrence of peak growth rates and the stage of occurrence. Results 

in t.he present experiment differ from the observations made by El­

sharkawy (1975), Davidson and Campbell (1984) and O'Leary (1985) who 

obtained peak growth rates only at heading or anthesis stage. Short 

period variations in the maximum and minimum temperatures in addition 

to planting date, appear to determine the time of occurrence of peak 

growth rate in wheat at different growth stages such as those observed 

in the present experiment. Apparently, the response of crop to the 

environmental conditions, specially to the temperature re._g;me is thus 

closely related to the growth stage. Another salient feature of these 

results is that the effects of relatively warm seasonal conditions 

in 1986-87 are reflected in CGR but not in the duration between pheno-

1 ogi cal stages. These are attri butab 1 e to the i nfl uence of short 

period weather conditions prevail ing in the season, and are examined 

further and detailed below. 

For this purpose, three specific periods were identified 

after examintion of the weather associated with the passage of western 

disturbances as mentioned in Indian daily weather reports of Indian 

Meteorological Department. As Vl showed better response to temperature 

changes as evi denced from phenological observations, it was 5e' ected 

for detailed study for illustration. 

Case (i) - Effect of higher maximum and lower minimum tempe­

ratures in 1986-87 season compared to 1985-86 season on crop growth 

rates (7th to 16th February). 
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This period is identifiable from the examination of data 

on daily temperature, dew point, sunshine hours, vapour presssure, 

evaporation and rainfall as showed ;n Table 7. During 1985-86 season, 

in 6th week, maximum temperatures decreased from 23 to 17°C. By the 

next week minimum temperatures increased from 5 to 12°C and continued 

to be above 8°C till the 16th of February, 1986. However, duri ng 

the corresponding period of 1986-87, maximum temperatures remained 

around 23-25°C and the minimum temperatures around 7to goe. Corres­

ponding differences in vapour pressure, dew point and sunshine hours 

and evaporation also could be clearly noticed from the daily data. 

Under these environmental conditions, both first and second plantings 

showed relatively higher CGR during 6th and 7th meteorological weeks 

in 1985-86 compared to 1986-87 season. However, except in the initial 

stages. P3 does not seem to have been similarly affected. 

A 1 oweri ng of maximum temperature by 5 to 6°e and moderate 

minimum temperatures associated with rainfall in 1985-86 season appear 

to have resulted in better crop growth rates ;n that season compared 

to the second season. In both Pl and P2 the reduction in CGR in the 

warmer season could be considered significant, being of the order 

of 14 to 25 g/m 2 /day which could be expected to affect grain yields. 

Case (ii) - Effect of higher maximum temperatures and higher 

minimum temperatures that prevailed in 1986-87 season compared to 

1985~86 season (21st to 26th February). 

The prevail ing weather conditions are identified from the 

Table 8 which shows daily values of temperature, vapour pressure, 

sunshine hours and rainfall. 
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From examination of the weather parameters it is evident 

that vapour pressure was lower in 1985-86 season and higher in the 

1986-87 season by 4-5 mm. The dew point temperature was also higher 

in 1986-87 season and rainfall of 6.4 mm was received in the 8th week 

with cloudy conditions earlier. In this case also the CGR in 1986-

87 season were much lower in case of P1 and P2 compared to the previous 

one. Maximum temperatures were 4-7°C higher and minimum temperatures 

were also higher by 3-6°C in 1986-87 season. There was no appreciable 

difference in evaporation rates in this period between the seasons. 

The crop growth rates in P, and P2 which were at anthesis to milk 

and anthesis stage respectively were very much depressed than those 

not; ced in the previ ous case. These are probably attributable to 

higher respiration rates in 1986-87 season than in 1985-86 season 

which could be inferred from data on minimum temperatures as also 

reported by Wardlaw ~!l. (1980) in their study on wheat in U.S.A. 

In P 3 the reduction is not evident probably due to the 

fact that. it was in the boot 1 eaf stage at thi s time. The warmer 

temperatures ;n 1986-87 appear to have helped in increasing crop growth 

rates in 1986~87 season in P3 during this period. It may be reasonably 

concluded that environmental conditions remaining the same, such a 

situation as that observed ;n this case would prove beneficial to 

a crop in boot leaf stage while adversely affecting a crop ;n reproduc­

tive stage of growth. 

Case (iii) - Effect of warming and variable weather on 

crop growth rates in rabi 1985-86 and rab; 1986-87 seasons (lOth to 

23rd March). 
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The different weather parameters and crop growth rates 

are presented in Table 9. There was a rainy spell between 10th and 

23rd March during the 1985-86 season with 15.8 rom of rainfall (received 

on 3 rainy days). During 1985-86 season, maximum temperatures remained 

hi gher than those in 1986-87 by 3 to loe from 11th to 15th March and 

thi s pos it ion was reversed when maximum temperatures were hi gher *'" 
in 1986-87 season from 16th to 23rd. occass;ona'ly the difference 

between the two seasons reaching 6 to 7°C. Minimum temperatures were 

also higher from 20th to 25th March, 1987 compared to 1985¥86 season, 

the difference occassionally reaching a value of 6 to 7°C. 

An examination of the daily temperature data with the normals 

(Appendix IV) revealed that after initial warming till 14th March, 

in 1985-86 season cold wave conditions prevailed from 15th to 23rd 

March when maximum and minimum temperatures were below normal by 5-

6°C and 3-4°C respectively. Thi s si tuation prevailed in associ ation 

with a western di sturbance that moved over from Raj asthan, causing 

varying weather over .the Delhi region. 

During the corresponding period of 1986-87 season, a similar 

rain spell was noticed between lOth to 23rd March. However, warming 

prior to this remained only for 1 or 2 days when the maximum tempera­

tures were above normal by 2-3°C and below normal from 11th to 15th 

and again from 22nd to 24th March by about 2-3°C. Minimum temperatures 

were below normal from 7th to 13th March (by 2-3°C) after which they 

rema i red; above normal till 23rd March. However. compared to 1985-86 

season as evident from the Table 9, 1986-87 season was characterised 
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by preval ence of hi gher maximum and minimum temperatures by 4-6°C 

revealing considerable differnces in the temperature regime between 

the two seasons. 

During the 11th week, the different plantings were in milk 

to soft dough stage which ;s an important phase in crop growth, deter­

mining the grain yield. This is the stage when the effect of tempe­

rature is very critical in spite of availability of moisture in the root 

zone. The first planting in 1985-86 recorded a growth rate of 7.8 

g/m 2 /day where as in 1986-87 season it was 25.8 g!m 2 /day. 

The reasons for the lower crop growth rate in P, are: 

(i) this planting has already reached a stage of decreasing 

phase of CGR in 1985-86 season, and 

(ii) compared to 1986-87 season, higher maximum and minimum 

temperatures in 1985-86 at this time seemed to have suppressed growth 

rates further. 

Of the P2 and P3 plantings which are at milk stage at this 

time, P3 recorded a higher growth rate by 20 g/m2/day. in 1985-86 com­

pared to the second season. 

During the 12th week when there was reversal of maximum 

and minimum temperatures ( higher maximum and minimum temperatures 

in 1986-87 compa~ed to 1985-86), P3 was the most affected with a dec­

rease of CGR by 25 g/m 2 /day. P 2 which has reached the decreasing 

phase of CGR in soft dough stage also recorded decreasing growth rate 

in 1986-87 season by 5.7 g/m 2 /day. 
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It can be said from the above results that higher maximum 

and minimum temperatures at milk stage in the late planting had a 

severe effect on CGR, reducing it by about 40 per cent. 

4.5.1 Crop growth patterns 

The weekly growth rates di scussed above are shown in the 

form of a diagram (Fig. 5) for representative treatments. The crop 

growth rate curves for V1 for the three plantings clearly show the 

effect of seasonal environmental conditions. namely; 

1. decrease in growth rates in warmer season (1986-87) with a 

shift in the time of occurrence of peak growth rate in 

delayed plantings and 

2. a daub 1 e peak in the growth pattern with a progress i ve 

decrease in the distance between peaks with delayed planting 

as observed in 1986-87. 

While the decrease in growth rate due to higher temperatures 

was reported earlier (Friend ~ ~., 1962) and a shift in time of 

occurrence of peak growth rate was reported by Chakravarthy and Sastry 

( 1985 ), a daub 1 e peak ; n the growth rate pattern wh; ch m; ght 

have been possibly observed in experiments elsewheY'e does not seem 

to have been reported in literature. Occurrence of double peak is 

considered by us to be the effect of interruption of the normal growth 

pattern (such as that ; n 1985-86 season by a complex vat; at i on of. 

maximum and minimum temperatures and can be considered as a short 
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term weather induced pattern of growth wi th consequent contribut ion 

to a reduction in grain yield. 

4.5.2 Peak growth rates and varietal adaptability to warm seasonal 
condit ions 

Variety V 2 has shown different behaviour with respect to 

Vl and V 3 in the peak growth rate values between cooler and warmer 

seasons. They ranged from 47.14 g/m2/day to 42.86 g/m2/day in the 

warm year 1986-87 while in 1985-86 they varied widely (33 to 55.7 

g/m 2/day). This suggests that in a relatively warmer year in this 

variety, while there may be difference in time of occurrence of peak 

growth rate, the rate itself would be more stable (Fig.5) indicating 

its adaptability to warmer thermal environment. 

4.6 GRAIN FILLING STAGE 

Immediately after attainment of anthesis stage, twenty 

ear heads were chosen at random from 3 replicates for each treatment 

at five days interval and its oven dry weight was noted to study the 

grain filling pattern (Fig. 5a). 

It ;s seen that from the beginning of March there was a 

gradual increase in grain weight in P, having registered higher weights 

than P2' The growth rate was more or less the same in both the plant-

. i ngs and in both the seasons. Wh i 1 e incase of P 1 the growth rate 

was consistently lower in 1986-87 season than that in 1985-86. in 

P2 from around middle of March growth rates in the 1986-87 season 

were relatively higher (by about 1.5 g/day) though the crop growth 
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rates were lower by 3.4 g(m 2 /day. However, V, P2had attained soft 

dough stage already by this time in 1986-87 season due to warmer tempe-

ratures whereas in the 1985-86 season it was still at milk stage. 

Thus the early attainment in phenological stage due to warmer tempera­

tures in 1986-87 season woul d have contri buted to the hi gher growth 

rate in grain filling. 

In this context it is significant to take note of the obser-

vation made by Wardlaw ~~. (1980) that faster rate of import of 

photosynthates prevail at higher temperatures but are offset by greater 

respiration rates. The accumulated heat units for 1986-87 were hi gher 

in case of both P l and P2 by about 50 degree days and the yield reduced 

by 10 per cent and harvest index by 11 per cent ( Tables 10 and 11). 

These are discussed in detail later. This is attributable to the 

higher temperatures that prevailed during the grain filling period 

in 1986-87 confirming the observation made by Wardlaw et~. (1980). 

4.7 GRAIN YIELD 

The grain yield ( mean of 3 replicates) of the three culti­

vars in all the planting dates in the rabi seasons of 1985-86 and 1986-

87 are presented in Table 10. 

Analysis of variance showed that the differences in the 

grain yield between varieties and treatments were significant at 1% 

1 evel • 
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Table 10. Grain yield (q/ha) of wheat cultivars as influenced by planting 
dates in the rabi 1985-86 and 1986-87 seasons 

Rabi 1985-86 Rabi 1986-86 
Cult; var 

1st 2nd 3rd 1 st 2nd 3rd 
P1tg. Pltg. Pltg. Pltg. Pltg. Pltg . 
(P 1 ) . (P 2 ) (P3) (P 1 ) (P2) (P3) 

ISO 397 36.47 42.72 43.66 41.42 38.32 39.66 

(7.5) (4.3) 

ISO 513 38.76 42.17 42.88 43.55 39.96 34.55 

(8.3) (20.7) 

HO 2281 37.38 49.38 46.63 48.67 44.03 45.81 

(9.5) (6.0) 

Stati sti cal analysis 

** ** F value 6.19 4.44 

SEmi 1.99 2.01 

CD (at 5% level) 6.01 6.07 

CV ( % ) 8.28 8.35 

Figures in brackets indicate decrease in yield over 
1st planting(P l ). 
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Rabi 1985-86 

The grain yield in this season ranged between 36.47 qJha 

in V 1 Plto 49.38 q/ha in V3 P2' _QL_Cl,JL_~.b_~_ thre~ vCirieti_es Hq_ 228_1 

, __ g_~~~ __ ~,i_9~er yields. There was reduction in yields in the first planting 

because the crop was lodged due to a thunderstorm on 19th March which 

affected the yi e 1 ds to a 1 arge extent. So the P 2 and P 3 plant i ngs 

showed higher yields than Pl • 

R ab i 1986-87 

Dur; ng th i s season also HD 228 1 gave higher yields than the other 

two varieties under the three plantings, the yields ranging from 

44.03 to 48.67 q/ha. In 1986-87 season the yields decreased with 

delay in planting by 4.3 to 20.7 % in P3 over Pl , 

Unlike in the previous season, among the planting dates, 

P
l 

showed higher yields in 1986-87. \~hen compared between the two 

seasons, there was reduction of yield ;n P2 and P3 plantings. The 

percentage reduction of yields ;n 1986-87 when compared to 1985-86 

for P
2 

and P3 plantings are given below: 

P, is not included in this as yields in the season were affected by 

lodging. 

ISO 397 

ISO 513 

HD 2281 

P2 

10.3 

5.3 

10.8 

P3 

9.2 

19.4 

2.0 
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The magnitude of reduction varied from 2 to 19.4% with 

highest reduction in V2 P3 • It may be mentioned that this variety 

showed lower crop growth rates during 1986-87 season. 

4.8 HARVEST INDEX 

The harvest index (HI) of the three cu1tivars as influenced 

by different palnting dates in the two rabi seasons under investigation 

are presented in Table 11. 

Table 11. Harvest Index as influenced by planting dates. 

Harvest P1 P2 P3 Year Cultivars 

ISO 397 1986 0.45 0.43 0.46 

1987 0.48 0.42 0.46 

ISD S13 1986 0.49 0.46 0.44 

1987 0.48 0.45 0.42 

HD 2281 1986 0.48 0.S2 0.54 
, 987 0.52 0.54 0.50 

During the 1985-86 rabi season. the HI ranged from 0.43 to 0.54. 

In the cv. ISD 397 highest HI (0.46) was observed in the third planting 

followed by first and second plantings respectively. In cv. ISD 513 

highest HI was. observed in the first planting (0.49) fol.lowed by second 

and third plantings. In the cv. HD 2281 , third planting recorded 

higher HI (0.54) followed by second and first plantings. 

During 1986-87 the HI varied from 0.42 to 0.54. In cv. HD 

2281 higher HI values were obtained for P, and P2 plantings in 1986-



84 

1987 when compared to 1985-86 season. In cv. ISO 397 the first plant­

ing showed higher HI in 1986-87 season compared to 1985-86 season. 

In general, harvest index was higher incase of cv. HD 2281 in both 

the seasons and proved superior to the other two varieties. 

4.8 ACCUMULATED HEAT UNITS 

Two different accumulated heat unit systems viz., grow-

ing degree days, and helio-thermal units were computed following the 

methods presented in Section 3.4 and the results are as follows: 

4.9.1 Growing degree days 

Growing degree days (GDD) to reach different phenological 

stages from sowing date for the three cultivars and plantings during 

rabi 1985-86 and 1986-87 seasons are given in Table 12. Salient fea­

tures are given below: 

Rabi 1985-86 

ISO 397 : From sowing to maturity this variety had accumu­

lated 1407 GOD for the first planting followed by second planting 

with 1392 heat units accumulated. The third planting recorded 1428 

accumulated heat units in the growth season. From sowing to anthesis 

this variety accumulated 863 units in P 1 followed by 815 units in 

P3with a difference of 48 heat units. 

ISO 513: In this variety, first planting reached physiological 

maturity with accumulation of 1647 heat units. The third planting 

accumulated 1523 heat units followed by the second planting with 1441 

heat units. A maximum difference of 124 units was observed between 
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first and third plantings with the units for the latter being lower. 

Anthesis was observed at 1087 heat units for first planting followed 

by second and third plantings with 983 and 910 units accumul ated res-

pectively. The range between the plantings P1 and P3 at anthesis 

stage was 177 heat units compared to 48 units ;n case of variety ISO 

397. 

HD 2281 : From sowing to maturity this variety had accumu-

1ated 1467 GOD for the first planting followed by second and third 

plantings with 1425 and 1403 GDD respectively. A maximum difference 

of 64 units was observed between 1st and 3rd plantings with the units 

for the latter being lower. A similar trend was noticed from sowing 

to anthesis also with a difference of 61 units between the plantings .•.. 
. ".. 

Rabi 1986-87 

ISO 397 : The heat units accumulated from sowing to maturity 

for different plantings P 1, P 2 and P3 were 1480~ '364 and 1347 respec-

tively. Only P
l 

showed higher values than the previous season by 

73 units. Both in P
2 

and P 3 the heat units were lower than the previous 

season by 28 and 81 day degrees. The range between the pl anti ngs 

P, and P3 was 133 day degrees. 

ISO 513 : The heat units from sowing to maturity in this 

variety for the three plantings ranged from 1686 in the first, to 1498 

in the third planting. The GOD in this variety showed higher accumu­

lation than in ISO 397 and HD 2281 reflecting the longer duration 

of the variety in the different plantings. Even at anthesis P, had 

higher GOD followed by ~and P3" The difference between the first 
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and third pl antings at maturity was 188 degree days.. The differen«;e 

at the time of anthesis was 209 degree days, thus showing a reduction 

at maturity. due to shorter ripening period at higher temperatures. 

HD 2281: The accumulated heat units from sowing to maturity 

in this case for the three plantings ranged from 1473 in the first 

to 1444 in the second plant i ngs. The th i rd plan t; ng recorded 1458 

degree days. An accumulation of 942 heat units brought the first 

planting to anthesis, whereas 881 units were found accumulated for 

the third planting to reach this stage with a difference of 61 units 

between the plantings. At anthesis stage the accumulated heat units 

in this year were higher than in the previous season. 

In all the three varieties. the three plantings accumulated 

1392 to 1647 degree days from sowing to maturity in 1985-B6, while 

in the rabi 1986-87. it took 1347 to 1686 units, thus showing the 

differential varietal response to the short period changes in the 

ambi ent thermal envi ronment. There was in general, a decrease in 

GDD with 1 ater sowi ngs. Chakravarthy and Sastry (1983a) also reported 

that for different varieties, plantings and the seasons together, 

GOO from sowing to maturity ranged between 1370 and 1691 heat units, 

which are nearly the same as obtained in the present investigation. 

The results show that irrespective of plantings and variety. 

the total requirement for the crop to mature is more or less constant 

;n the different seasons. 
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4.9.2 Helio-thermal units 

The hel io-thermal units (HTU) for different growth stages!, 

for the three varieties and three plantings in both 1985-86 and 1986-

87 rabi seasons are shown in Table 13. The sal ient features are as 

follows: 

Rabi 1985-86 

ISO 397: The first plantings reached maturity after accumu-

lating a sum of 11047 HTU, whereas second and third plantings reached 

maturity after accumulating 10988 and 11460 HTU. From sowing to anthe­

sis, first planting accumulated the highest HTU (6683 units) than 

P
2 

(5762 units) and P3 (6171 units). The range for the P, and P3 

plantings was 512 HTU. In general, P l recorded higher values of HTU 

uptill soft dough stage than the second and third plantings. 

ISO 513 From sowing to matur,ity, accumulated units 

reached a value of 13371 HTU in case of first planting, whereas second 

an~ third plantings accumulated 11495 and 12453 HTU respectively. 

The range between the first and third plantings was 918 HTU. Upto 

anthesis, first planting accumulated more number of HTU (8439) than 

seco'ndplanting (7486 units) and third planting (7060 units). Signifi­

cantly ther,e were 1 arger differences ( of about 1379 units) compared 

to 512 units for Vl at anthesis stage between first and third plantings. 

HD 2281 : The first plantings reached maturity after accumu­

lating a sum of 11645 HTU whereas, second and third plantings reached 

maturity after accumulating comparatively more or less lower number 
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of units (P2 - 11317 and P 3 - 11257 HTU), with a difference of about 

388 units between the highest and lowest value. 

Rab i 1986-87 

ISO 397 : Upto maturity the first planting accumulated the 

highest number of HTU ( 11406 units) followed by third and second 

plantings with 10776 and 10494 units respectively. The same trend 

was also observed in case of accumulation upto anthesis. 

ISO 513 : In this variety, first planting recorded the highest 

number of HTU (12926) followed by third and second plantings with 

12248 and 12016 HTU, respectively. The difference' between the first 

and the third plantings was 678 HTU, which was nearly same (630 HTU) 

as in V
l 

. From sowing to anthes;s first planting accumulated more 

number of HTU (8137) than second planting (7564) followed by third 

planting (6577 units). The difference between first and third plantings 

at this stage was 1560 HTU which was reduced at maturity. 

HD 2281 : Contrary to the observations on the other two varie­

ties considered above, this variety behaved differently in thermal 

accumulation till maturity. The highest number of HTU recorded were 

for the third plantings (11787 units) followed by P2 (11519 units) 

and P1 (11055 units). In all the growth stages P3 showed higher 

accumulated units which are attributed to higher temperatures ;n this 

season. 

In both the seasons the differences between plantings from 

sowing to maturity were lower when compared to the differences from 
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sowing to anthesis. Both the seasons did not show any significant 

differences. In general, irrespective of the duration of the phenolo­

gical stages the number of heat units required to reach a particul ar 

stage were more or less constant in both the seasons. The above results 

confirms the observations made by Chakravarthy (1980) incase of 

wheat crop. 

The hel io-thermal units showed the same trend as those of 

GDD in all the treatments and inclusion of actual bright sunshine 

hours did not show any deviation in the results, thus indicating that 

compared to temperature, bright sunshine ;s not a significant factor Sf".' 
__..,~\_"' .. , •.. ~ .. _, •. _""'""""~_~"".~'_~ __ '",~"~._,,,_,,,_~.,,,_. ___ ,,, •• ,,,,,,,'roc-o. ........... '_' __ ._"_~_., ~ 

;~. 

4.9.3 Phenothermal Index 

Phenotherma 1 index (rat i 0 of accumul ated GOD to the number 

of days during a particul ar stage) during the different stages of 

crop growth were worked out for both the seasons and shown in Table 

-14. 

Phenothermal index values ranged from 8.9 to 23.9 in the 

different treatments. Two sal ient features are (;) inmost cases, 

within a growth stage, the index did not show much variation and 

(ii) between each growth stage, however~ variation was high with the 

highest value having been recorded during the grain filling period 

of crop growth. 

Between plantings, which are indirectly influenced by the 

temperature regime, much variation was noticed in the heading to anthesis 
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stage. The index values for the entire crop season showed very little 

variation between the different treatments or between the two seasons 

since simil ar results were observed in rabi 1985-86 and 1986-87 also. 

For the entire crop growth period taken as a single unit, the mean 

value is 11.7 in both the seasons showing a constant rate. 

Coefficient of Variation: The Coefficient of variation (CV) 

for the three v ar i et i es and three plant i ngs POQ 1 ed together for each 

stage (Table 14) show the lowest CV when the entire growing season 

(sowing to maturity) is considered as a single unit, with a value 

of 5.1 and 5.0 per cent respectively for the two seasons 1985-86 and 

1986-87. Highest CV values are observed at heading to anthesis stages 

in both the seasons. The high CV at this stage indicates that much 

variation in the environmental thermal regime occurs during this period 

of crop growth in the Delhi region_ Similar CV values were obtained 

by Chakravarthy and Sastry (1983a) with respect to wheat and barley 

crops in the Delhi region for the entire growing season taken as a 

un; t. 

4.10 HEAT USE EFFICIENCY DURING THE DIFFERENT PHENOLOGICAL STAGES 
OF WHEAT 

Stage-wise heat use efficiency (HUE) which expresses biomass 

production in g/ma per unit degree day was computed for the three 

varieties and plantings and is given in Table 15. In general~ heading 

to anthesis and anthesis to milk stages showed relatively higher HUE 

in comparison to the other stages. Between the two seasons, it was 

observed that HUE was comparatively lower during the ~ 1986-87 



,-.. 
o 
o 
(.!J ...... 
N 

e ...... 
t:n 

.-
OJ 
N 
N 

P 
:J: 

Cl 
V1 
>--< 

t-­
C'\ 

Ol 
"C~ 
C:.­
No.. 

Ol 
"C ,j.-' 

>..'-­
M 0.. 

M Ol 

--N 
c... 

"C~ N 
Cl C:.-- 0-
V1 NO-
...... 

r-
IO 
U 

en 
o 

.--111 
OQJ 
C:::C'l 
QJftl 
~....., 

Q...III 

1.0 
00 

I 
I..(") 

00 
Ol 

'r-
..a 
rtl 

ex: 

L() 

o 

L() 

o 

CTI 

o 

L() 

o 
N 

1.0 

N 

OJ 

o 

1.0 

N 

N 

t-- CO N 1.0 0 CTI <::t­

O N M M NON 

c:o CO 

o N 

r--.. 0 

o M 

L() L() 

o 

.j...J 

o 
o 
.0 

o 
.j...J 

O'l 
c: .... 

"C 
ftl 
QJ 
:. 
o 
~ 

't 
QJ 

Q'> ..... 
c::: ...... ~ 

~ 0 
o 0 

Vl CO 

,.... N 

M 1.0 

N N 

IJl CO 

M N 

Vl r.n 
QJ 

V) ~ 

W .j...J 
.t: c::: 
+J ftl 
I:: 
ttl 0 ....., 
a 
+J II-

10 
C'l W 
I:: r­.,... 
'tI ~ 
ftl 0 
QJ 0 
:z: co 

Lf') 

M 

M 

M 

.,... 
E 
o 
~ 

III 
'r-
III 
QJ 

.s:::. 
~ 

~ 

CO CO 

o N 

o a 
M 

M 1.0 

.- N 

.$;: "C 
[j) r­
:::> W 
o .,... 

"C >, 

"C I:: 
>.. 'r-
ItS ItS 

.$;: S-
Ol 

o 
,j.-' .s:::. 

+' C'I .,... 
s:: ~ .,... 
~ LW 
o :::> 
VI :z: 

-It 
u:I r--

r--. 
co 

I 
\0 
co 
en 
r-

.,.... 

.c 
ItS 

0::: 

L() 

a 

CO . 
o 

co 

t-- 0 

o N 

1.0 r--.. 

o 0 

L() CO . 
o ..-

C'l 
4- C 
rt) .,... 
QJ "0 

10 
QJ 

~ ..c 
o o 0 
.0 .... 

o 4-
,j.-' 10 

QJ 
01 ..-­
s:: 
'i 
o 
V) 

co 
o 

1.0 

N 

r--. . 
o 

. ..... 
VI 
Q) 

.s:::. .... 
s::: 
10 

o 
.j...J 

C'l 
s::: .,... 
"0 
ro 
Q) 
::r: 

o 

+' o 
o 

ct:J 

IJ") 

N 

....... 
N 

''-' 
S 
o 
+" 
VI .... 

. 
U'l 

o 

o 

Ii) 

M 

N 

co C'\ 

o N 

t-- CO 

o N 

C'\ CTI 

o N 

.s:::. "0 
tTl ,.... 
:;! QJ 
o '..-
"0 >, 

"0 c: 
S- .... 
to ftl 

.s:::. >.. 
m 

o 
.j...J .s:::. 

+' Ol .,... 
e ~ 

94 



95 

season when ambient temperatures were higher. Considering the HUE 

with respect to grain yield, during the rab; season 1985-86 (P 2 ) 

and 1986-87 (P l ) CV. HD 2281 showed the highest HUE (3.5) among all 

treatments for both the seasons whi ch iss imil ar to the observations 

reported by Sastry et~. (1985)· 

4.11 GROWING DEGREE DAYS vs ACCUMULATED BIOMASS PRODUCTION 

Correlation coefficients between the growing day degrees 

and accumulated biomass production in respect of the different varie­

ties and the two seasons were worked out and are given in Table 16a. 

These characters were found to be significantly correlated 

with each other at 1 per cent level, the correlations ranging from 

0.87 to 0.97 for the individual seasons as well as for the pooled 

data. In view of the high correlation, regression equations were compu­

ted for individual seasons as well as for the pooled data and are 

given in Table 16a. 

Using the regression, biomass production at different accumu­

lation levels of degree days were estimated and are given in Table 

l6b. As already observed ; n respect of the re 1 at; onsh i p between the 

two characters, cv. ISO 397 showed higher biomass production followed 

by HO 2281 and ISO 513 at different levels of accumulated heat units. 

As an illustration, at an accumulation of 1000 degree days the biomass 

produced in ISO 397, ISD 513 and HD 2281 were 1151,1058 and 1130 

g/m2 respectively. Similar linear relationship was earlier reported 

for other wheat varieties by Chakravarthy (1980) and Chakravarthy 

et al (1984) in wheat and barley crops. 



Table 15a. Correlation and regression between biomass (91m2) and 
accumulated heat units 

Correlation 
Variety Regression equation coefficient 

(r) 

Rabi 1985-86 
, "txv ~c..~ -

V1 BM :: 1.60 GOD - ,481 .Q,') ~867 
._,,-,,--------

V2 BM :: 1. 97 GOD - 775.3 0.927 

V3 BM ;:: 2.14 GOD - 887.2 0.966 

Rabi 1986-87 

V, BM := 1.37 GOD - 444.2 0.963 

V2 BM := 1.27 GOD - 423.5 0.937 

V3 BM := 1.31 GOD - 392.2 0.966 

Pooled data over two seasons 

Vl BM ;:: 1.81 GOD - 658.6 0.920 

V2 BM :: 1.69 GOD - 626.8 0.907 

V3 BM = 1.80 GOD - 668.9 0.941 

BM = Biomass 

GDD= growing degree days. 

96 

S .E. 

306.5 

223.6 

164.9 

105.6 

128.1 

95.4 

204.5 

214.9 

180.0 
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Table 16b. Biomass production at different levels of Growing degree 
days (GO~) 

GOD ISO 397 ISO 513 HD 2281 
Bi amass (g/m2) 

400 65 47.2 51 

500 246 215.7 231 

600 427 384 411 

700 608 553 591 

800 789 721 770 

900 970 890 950 

1000 1151 1058 1130 

1100 1332 1227 1310 

1200 1513 1395 1490 

1300 1694 1564 1670 

1400 1875 1732 1850 
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4.12 EVAPOTRANSPIRATION AND BIOMASS PRODUCTION 

, 
4. 12 • 1 Pan evaporation 

Mean dai 1y rates of evaporati on during different weeks of 

the wheat crop grow; n9 season us i ng measured pan evaporation for the 

two rabi seasons (1985-86 and 1986-87) are shown in Fig.5. Upto anthe­

sis stage pan evaporation rate increased at about 2 to 2.5 mm/day 

after which it rapidly increased due to spring warming and summer 

seasons. It ranged from 3 mm/day in 8th week to greater than 6 mm/day 

by soft dough stage. Between seasons, evaporation rates were hi gher 

in 1986-87 season 2 weeks before and after boot 1 eaf stage compared 

to 1985-86 season by about 1 mm/day. Around soft dough stage also 

for 2 weeks evaporation was higher by 2 mm/day in 1986-87 season 

than in 1985-86 season. 

4.12.2 Energy gain by pan 

The energy gain by the evaporating surface (pan) represented 

by the deviation of the pan evaporation from estimated net radiation 

for the 2 seasons 1985-86 and 1986-87 is shown in Fig.6. In general, 

energy gain by the pan ranged between 0.5 to 1 mm/day till about 

soft dough stage and later it showed an increase due to seasonal condi­

tions. Even pan evaporation increased from anthesis stage as mentioned 

above. Between boot 1 eaf and anthes is the 1986-87 season showed a 

hi gher energy gai n by about 1 mm/day for about 2 weeks. At the soft 

dough stage and beyond also energy gain was higher in 1986-87 season 

compared to 1985-86 season. 
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4.12.3 Cumulative pan evaporation vs. biomass production in wheat 

Correlation coefficients between cumulative pan evaporation 

(mm) and biomass production (g/m2) were worked out and are shown in 

Table 17a. The correlation values were found to be highly significant 

at 1 per cent level. Similar significant correlations were earlier 

reported by Hanks et~. (1969), and Chakravarthy and Sastry (1983b) 

in case, of barley and wheat crops. In view of the high correlation, 

regression equations were fitted to the data for the three varieties 

by pooling together the observations from the three plantings for 

each variety. The regression equations for both the seasons are given 

;n the Table 17a. These would enable estimation of biomass production 

at any chosen level of cumulative pan evaporation in Delhi region. 

Using the regreSSion, biomass production in wheat at different 

levels of cumulative pan evaporation for each of the three wheat varie­

ties used in this investigation were computed and shown in Table 17b. 

Of the three varieties studied it ,is seen that the biomass 

production at 200 mm of evaporation corresponding to the variety ISO 

397 was higher followed by HD 2281 and ISD 513. This is similar to 

the observation earlier made in respect of the relationship between 

cumul ative GOD and biomass. The varieties ISO 397 and HO 2281 nearly 

produced the same amount of biomass at different levels of cumulative 

evaporation. The linear relationship between cumulative evaporation 

and biomass production observed by Viets (1962)', Doyle and Fischer 

(1979) and Chakravarthy and Sastry (1983b) ;s further confirmed by 

the above results. 



Table 17a. Correlation and regression between biomass (g/m2) and 
cumulative pan evaporation (mm) 

Variety Regression equation Correlation 
coefficient 

(r) 

Rabi 1985-86 
,"',. 

-,....~ . .,,- ........... CI 

Vl BM :0 1 O. 1 0 e P E -(71 0 • ~) 0.975 
--'''-"~ 

V2 BM = 8.76 ePE - 598.4 0.935 

V3 BM = 9.38 ePE - 680.7 0.975 

Rabi 1986-87 

V, BM = 6.03 ePE - 421.1 0.978 

V2 BM = 5.60 ePE - 401.5 0.944 

V3 BM = 5.65 ePE - 358.6 0.966 

Pooled data over two years 

V, BM = 7.82 CPE - 534.7 0.907 

V2 BM = 7.32 CPE - 513.6 0.887 

V3 BM = 7.80 ePE - 548.9 0.928 

BM = Biomass 

CPE= Cumulative pan evaporation 

100 

S. E. 

136.1 

212.3 

141 .6 

81.0 

121. 0 

94.2 

220.2 

235.5 

197.4 



Table 17b. Biomass production at different 1eve\j of cumulative pan 
evaporation 

Cumu·' at, ve 
evaporation 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

300 

320 

340 

Biomass (91m2) 

ISO 397 ISD 513 

247 218 

403 365 

560 511 

716 657 

872 804 

1029 950 

1185 1097 

1341 1243 

1498 1389 

1654 1536 

1810 1682 

1967 1828 

2123 1975 

HD 2281 

231 

387 

543 

699 

856 

1011 

1168 

1324 

1480 

1636 

1792 

1948 

2104 

101 
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The regressions showed that for establishment of the crop 

in the initial stages, an accumulation of 370 GOD and 70 111111 of cumula-

tive evaporation are needed in the Delhi region. 

4.13 CANOPY TEMPERATURES,CANOPY AIR TEMPERATURE DIFFERENCE ~ND 
AMBIENT TEMPERATURE IN WHEAT CROP 

Crop canopy temperature (Tc), canopy air temperature difference 

(CATD) and ambient temperature (Ta) represent the effect of the balance 

between radiation received by the crop and energy utilized in transpi-

rational cooling for decreasing the heat load, depending on the evapo-

rative power of air. 

With a view to study these characteristics, daily observations 

at 1400 hours on crop, ambient temperatures and CATD were correlated 

with maximum temperature and saturation deficit. Canopy temperatures 

were observed daily from heading to maturity in all of three cu1tivars 

and three plantings. For illustration the canopy temperatures (Tc) 

of cv. ISD 397 for both the rab; seasons (1985-86 and 1986-87) are 

as shown in the Fig. 7. The salient features are as follows: 

4.13.1 Canopy temperature 

Tc increased gradually from l7°C at headi ng to 29°C at the 

time of milk stage and further increased to 35°C at the maturity stage. 

During the 1986-87 season the Tc ranged from 20 to 27°C from 

February till the maturity of crop. At the time of heading stage, 

it was 21.8°C wh.ich increased to 29.5°C at milk stage and further 

increased to 37°C at maturity. Between the two seasons, it is evident 



Fig. 7.Canopy, ambient temperature and crop-air 
temperature differences lC AT D) in wheat crop 
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from the figure that 1986-87 showed higher Tc throughout when compared 

to the rabi 1985-86 season. The difference in Tc between the two 

seasons was of the magnitude of 1 to 6°(:,. Wi th such a di fference ; n 

Tc between the two seasons, a reduction in yield in the warmer season 

could be expeted as earlier reported by Stone ~ Al. (1975). 

4.13.1.1 Canopy temperature vs. Saturation deficit 

Correlation coefficients between canopy temperature (CC) 

and saturation deficit (mm) worked out for cv. ISO 397 for both the 

seasons, for the first and third plantings are given in Table 18. 

Highly significant positive correlations at 1 per cent level ranging 

from 0.71 to 0.88 were obtained in both the plantings. 

In view of the high correlation obtained regression equations 

were fitted to the data for P 1 and P 3 . A regression equation was 

also fitted to the pooled data for the 3 planting dates and both the 

seasons and i~ shown in the Fig.B. A linear relationship was observed 

between Tc and saturation defic;t~ confirming the results observed 

by several workers. 

4.13.1.2 Canopy temperature (Tc) vs. maximum temperature (Tmax) 

Correlaton coefficents between Tc and Tmax were worked out 

for cv. ISO 397 for the first and third plantings in both the seasons 

and are given in Table 18. The values were found to be highly signifi­

cant at 1 per cent level. In view of the high correlation obtained, 

regression equations were fitted to the data, A regression equation 
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was fitted for the pooled data also ( over three plantings and two 

seasons) for cv. ISO 397 and is shown in Fig. 9. A linear relationship 

was observed. Such a correl ation wi th maximum temperature does not/v" 

appear to have been reported so far and the resul t is significant. 

This regression would enable estimation of Tc from the Tmax which is 

a routine measurement in agrometeorological observations. 

4.13.1.3 Canopy temperature (Tc) vs. Ambient temperature (Ta) 

Correl a; on coeffi c; ents between Tc and 1a were \'Iorked out 

for cv. ISO 397 in the same manner as above and are given in Table 18. 

The values were found to be highly significant at per cent level. 

Regression equations were fitted to the pooled data for the cv. ISD 

397 and are shown in Table 18. 

In all cases, a positive linear correlation is noticed. 

However in magnitude, among the three parameters, correlation with 

ambient temperature in both the cooler and warmer seasons ;s the h;ghest.~ 
Another feature noticed is that the magnitude of correlation coefficients 

were relatively lower in the warmer season. 

4.13.2 Canopy air temperature differences (CATD) 

Canopy air temperature differences have been used to identify 

moisture stress in crops for irrigation schedul ing. As these arise 

due to transpirational cool ing. It ;s felt that saturation deficit 

is one of the parameters that could be associated with this. 

Canopy air temperature differences (CATD) at 1400 hrs 

1ST were observed daily from heading to maturity in all the varieties 
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Table 18. Correlation and regression between canopy temperature (Tc) 
Vs (i) Saturation deficit (SO) (ii) Maximum temperature (Tmax) 
and (iii) Ambient temperatures (Ta) 

Te vs SD 

First planting 
Second planting 

Tc vs Tmax 

First planting 
Second planting 

.... Tc vs Ta 

First planting 
Second planting 

Temperature in °C 

Rabi 1985-86 

Correlation 
coefficient 

0.88 
0.88 

0.84 
0.83 

0.90 
0.93 

Regression 

12.9+0.79 SO 

13.2+0.62 SO 

-2.9+1.07 Tmax 
1 .7+0.81 Tmax 

-9.6+1.25 Ta 

-2.6+0.93 1a 

Rabi 1986-87 

Correlation 
coefficient 

0.76 
0.71 

0.78 
0.81 

0.94 
0.90 

Regression 

16.5+0.75 SD 
19.2+0.48 SO 

-8.3+ 1.30 Tmax 
2.3+0.87 Tmax 

-10.5+1.25 Ta 

1.2+0.831a 

Saturation deficit in mm of Hg 
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and three plantings. For illustration the CATD of cv. ISO 397 for 

both the rabi seasons (1985~86 and 1986~87) in the first planting 

are shown in the Fig. 7. The CATD (Tc-Ta) ranged from -6°C at heading 

stage ( on 3rd February) to -1°C (on March 21st) at hard dough stage, 

after which it became positive in both the years. 

Early in the season from 13th to 20th February, 1987 CATD 

showed great variation. At time of reproductive stage i.e. from 12th 

to 25th March, the canopy air temperature differnces in 1986-87 were 

slightly higher when compared to 1985-86 season. 

4.13.2.1 Canopy air temperature difference vs. saturation deficit 

Correlation coefficients between CATD and saturation deficit 

were worked out for cv. ISO 397 for both 1985-86 and 1986-87 for the 

three plantings. The correlation value was negative (-0.50) and was 

significant at 1 per cent level. In view of the high corY'elation 

obtained, regression equation was fitted to the pooled data and regre­

ssion line drawn as shown in the Fig.10. The results confirm the 

observations of Walker and Hatfield (1983), Kirkham ~~. (1983) 

in kidney bean and alfalfa crops. Simi' ar results were also reported 

by Choudhury (1985) ;n wheat. 

4.13.2.2 Canopy air temperature differnces and crop-maturity date 

In each treatment, canopy air temperature differences at 

1400 hrs whi ch were negat; Ve for most part of crop growth peri od 

showed a reversal at the end of the season. The dates of reversal 
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were noted and they mostly coincided with the date of attainment of 

50 per cent hard dough stage of the crop as shown below in the Tab1e-

-19. 

Table 19. Dates of reversal of CATD and hard dough stage in three 
wheat cultivars. 

Treat­
ment 

V1P2 

V1P3 

V2P, 

V2P2 

V2P3 

V3P, 

V3P2 

V
3

P
3 

Rabi 
Date of 
tempe ... 
rature 
reversal 

27-3-86 

05-4-86 

09-4-86 

04-4-86 

09-4-86 

15-4-86 

28-3-86 

28-3-86 

09-4-86 

HD - Hard dough. 

1985-86 
Date of 
attain­
ment of 
HD stage 

24-3-86 

03-4-86 

12-4-86 

06-4-86 

06-4-86 

17-4-86 

27-3-86 

02-4-86 

12-4-86 

Rabi 
Date of 
tempe­
rature 
reversal 

25-3-87 

03-4-87 

04-4-87 

27-3-87 

03-4-87 

08-4-87 

25-3-87 

28-3-87 

09-4-87 

1986-87 
Date of 
attai n­
ment of 
HD stage 

25-3-87 

31-3-87 

06-4-87 

04-4-87 

07-4-87 

13-4-87 

23-3-87 

05-4-87 

11-4-87 

Continuous positive values of canopy air temperature diffe­

rences thus seem to indicate the time of attainment of physiological 

maturity in crops and could be used as an indicator. 

4.13.3 CROP CANOPY AND EARHEAD TEMPERATURES 

As the crop reaches phys i 01 og; ca 1 maturity 1 eaf and earhead 

material may exhibit different temperatures. With a view to study 
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the magnitude of the di fferences, if any, observat ions were made on 

the leaf and earhead using the infra-red thermometer by keeping them 

as separate targets. 

Crop canopy and earhead temperatures were noted dur i ng the 

rabi 1986-87 for two varieties ISO 397 and HD 2281 for the first 

planting and are shown in Table 20. 

The observations were recorded daily at 1400 hrs from milk 

to soft dough stages in both the varieties. Earhead temperatures 

were slightly warmer than canopy temperatures by 0.5 to O.7°C. CATD 

was lower by similar magnitude over the earheads than the crop canopy 

indicating warmer atmosphere near earheads. Such differences arise 

due to earhead turning gradually less green to brown colour than the 

leaves as the crop grows to physiological maturity. 

4.13.4 CUMULATIVE PAN EVAPORATION vs STRESS DEGREE DAYS (~SDD) 

Stress degrees day (SOD) concept is a prom; sing method 

for irrigation schedul ing that involves the mid-day measurement of 

crop foliage/air temperature differences and their summation on a 

daily basis from heading to maturity stage of crop growth. Since 

atmospheric and crop stress are dependent on evaporation potential 

of the air, the relationship between evaporation and SOD was studied. 

The correlation coefficient between cumulative pan evaporation 

(CPE) and ~ SOD from boot leaf to soft dough stages was worked out 

for cv. ISO 397 for the rabi 1986~87 using pooled data for the three 
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plantings. Cumulative pan evaporation was highly and significantly 

correlated with ~ SDD ( r= -0.95). Cumulative pan evaporation and 

~SOO during the individual plantings show a large goodness of fit 

(r :: -0.98 to -0.99) thus further confirming the results of Walker 

and Hatfi el d (1979) and Diaz et !J_. (1983). Similar correlations 

under Indian conditions do not seem to have been worked out, and 
_---------•• ---•••• ,<0 ",. _" •• " ...... __ ",..... ,. 

since pan evaporation was significantly correlated with biomass, the 

result is of significance for use ;n remote sensing research for 

estimation of biomass and its correlation with ground truth. 

In view of the high correlation obtained, regression equation 

was fitted to the data and is shown in the Fig.'l. Regressions worked 

out for each individual planting dates are given below: 

Index 

~ SOD 

Regression of cumulative pan evaporation vs £.500 for indivi­
dual and pooled data for planting dates. 

Planting date n a b r 

18th November 6 -26.8 - 1.2 -0.98 ** 

1st December 6 -13.2 - 1.3 -0.98 ** 

** 15th December 6 -5.38 - 0.9 -0.99 

** Pooled data 18 -7.5 - 1. 1 -0.95 

** - Significant at 1% level. 

The results show that in the individual planting dates the two 

characters are more closely correlated than in the pooled data as al so obser.- . 

ved earlier by Diaz !!!l. (1983). 
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From the Fig.l1 it is obvious that cumulative pan evaporation 

is both linearly and inversely related to cumulative SOD (i.. SOD) as 

reported by Idso et a1. (1977) ; Jackson et a1. (1977) and Walker and 

Hatfield (1979). 

4.13.5 STRESS DEGREE DAYS vs GRAIN YIELD 

Degree of moisture stress in a crop with different stages 

is an indication of the grain yield in crops. However, since the stress 

degree day concept could be used both for rainfed and irrigated crop 

conditions to estimate relative stress under different treatments, 

stress degree days were worked out for different plantings and the three 

varietie~were correlated with grain yield. 

A correl ation coeff; c;ent of -0.60 was observed between these 

parameters with significance at 5 per cent level. 

Regression equation was fitted to the data and shown in Fig.12. 

As could be observed, grain yield has shown a decrease with increasing 

~SDD. Similar results were reported by Walker and Hatfield (1979). 

Diaz et 2l. (1983) and Singh et 2l. (1985). 

Stress degree days is an important parameter which showed 

good relation with both cumUlative pan evaporation and grain yield 

thus providing an important index to assess wheat yields. 

4.13.6 AMIBIENT TEMPERATURES 

Ambient temperatures during the. rabi season 1985-86. and .1986-

1987 season are shown in the Fig.7. Ambi ent temperature in 1985-86 
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was lower almost throughout the season than in 1986-87 from 9th to 15th 

February by 7°C, from 19th February to 28th May by 5-6°C and after 13th 

March by 3-6°C. 

Thus both canopy temperature and ambient temperatures were 

hi gher dur; ng rabi 1986-87 compared to the 1985-86 season, show; ng the 

relatively warmer conditions in the season even with an irrigated crop. 

4.13.7 VARIATIONS IN CANOPY TEMPERATURE IN RELATION TO CLEAR AND 
CLOUDY SPELLS 

Cloudiness alters the amount of radiation received at the 

crop surf ace and consequent 1 y the canopy temperature. Rev i ew shows 

that there are very few reports on this aspect. 

To study the variation in canopy temperature, in relation 

to clear and cloudy spells caused by short period changes in weather, 

daily canopy and ambient temperatures noted at 1400 hrs in different 

treatments were analysed and the following cases are presented. 

Case (i) .Overcast sky followed by clear days. 

In association with the passage of .western di sturbance over 

Punjab and Himachal Pradesh, the sky became overcast on 3rd February. 

1986, and cleared on the following day. However, during this period 

the maximum temperatures were nearly normal and minimum temperatures 

were 2°C below normal and there was no rainfal'~ except for overcast 

sky on the third, local weather was not much affected. The Te. CArD 

and Ta are shown; n the Table 21 on the res pect i ve days. The canopy 

temperature in all the treatments ranged from 16.4 to 18.1°C on the 
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3rd (overcast day). The temperatures ranged from 21.2 to 22.Boe on 

the following day showing increase of 4-6°C. However, the canopy air 

temperature differnee did not show a similar variation in any of the 

treatments except for a slight decrease. 

The ambient temperature indicated a corresponding increase 

on the clear day. It was about 3-4°C higher. Thus the response to 

overcast condition in Te and Ta is more conspicuous than in CATD during 

the rising phase of temperature. 

Case (ii). Clear sky followed by overcast rainy days. 

In association with a western disturbance which moved from 

Rajasthan, rainfall of 1.8, 27.8 and 7.4 mm was received at the station 

on 10th, 11th and 12th February, 1986, respectively. On analysis of 

dail y weather data it was found that after cl ear day from 4th to 7th 

during the cloudy period that followed from 9th to 16th February the 

maximum temperatures were 3-5°C below normal whereas minimum temperatures 

were 3°e above normal from 8th to 12th February. The data on Tc~ CATD 

and Ta are given in Table 21~ The ~ky cleared only on 16th February. 

Tc ranged from 20.3 to 22.6°C on 8th (clear day) February. 

In association with overcast skies and cold wind Tc fell by 4-6°C 

on 9th February and continued at the same level till 16th February. 

However, Ta which ranged from 23.6 to 27.3°e on 8th decreased by 5 

to 8°C in most of the treatments on the 9th and continued to remain 

so, till 16th February. CATD which ranged from -2.5 to -6.8°C on 8th 

decreased to -2.3°C to -3.7°C on 9th and continued so till 16th February 



showing a relatively large change in ambient temperatures. 

Case (iii). Warm day with diffuse radiation and calm winds 

The sky was clear on 3rd March, 1986 and became mostly over­

cast on 4th and cleared on 5th. However, on 6th March, the sky was 

covered by 5 acta of Cirrocumulus and Cirrostratus clouds with calm 

wind and the day was stuffy with typically diffuse radiation due to 

extensive cloud cover. The Tc, Ta and CATD are shown in Table 21 .. 

In this sequence of events when there was no perceptible change in Tc 

in the different treatments, the Ta on 6th March was warmer by 2~3°C 

compared to the previous 3 days. However, CATD on 6th was relatively 

higher ranging from -5.5 to -8.5°C in the different treatments. By 

this time the different plantings were in the heading to milk stage. 

This pattern of very little increase in Tc and increase of 2-3°C in 

Ta and a considerably high CATD seems to be the characteristic of typi­

cally stuffy day with predominantly diffuse radiation conditions in 

the sky. 

The three cases mentioned above showed different effects of 

cloudy and clear sky weather on Te, Ta and CATD. When overcast skies 

cleared (case i), increase in Tc was the highest followed by Ta with 

no perceptible change in CATD. 

When overcasts ky is preceded by clear ski es, the or der of 

magnitude of decrease ;n the three parameters are Ta > Tc .,. CATD with 

a decrease of 5-8°C, 4-6°C and 2 .. 3°C, respectively. On a sultry. calm 

day with predaninahtly diffuse radiation. it was CATD which showed 1 arge 
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variation (-5.5°C to -8.5°C) from that of a clear day, whereas Ta became 

warmer by 2-3°C with no perceptible change in Tc unlike the case (i). 

Thus with two seasons' data, while it is not possible to pre-

cisely concl ude regard; ng the magni tude of the vari ati on in the above 

three parameters, the results bring out a significant feature, hitherto 

not come across that specific environmental conditions, produce specific 

but widely different variations in canopy, ambient temperatures and 

their difference, in spite of their known interdependence. The results 
_'.'."' ...... "' .. ~'''-''' . ...---. 

point out ,~'the necessity of further detailed investigation on these 'V 
.~--".,,-,-.-----.<:----'-~--'-"-"-'-'--'-""'"'' ".",,,, .... ,_., .. '" ,,,., .. ' .. ' ..... '''., ." 

aspects in relation to day to day weather conditions. 
__ ~_ ...... _ ......... t1"""'~.'-., ... ~' ..... >-.~.-........ -.. "'.., .. '~' ... -''''''''.''' ...... '''-.''"'_'_', ._ ., " ", . 

The cloudy periods have been observed to lower Te, since 

diminished radiant heat load requires less total energy dissipation. 

Stone et~. (1975) and Khera and Sandhu (1986) observed similar results 

of lowered canopy temperatures, during cloudy periods, but did not mention 

regarding the variations in ambient and CATD values. 

4.13.8 DIURNAL VARIATIONS IN DIFFUSION RESISTANCE, CANOPY AND LEAF 
TEMPERATURES 

Leaf temperature (T1) on which diffusion resistance in crops 

is dependent, does not necessarily represent the Te. With a view to 

understand the extent of differences between the two at di fferent times 

of the day. 1 eaf and canopy temperature data were coll eeted on three 

days with cl ear and qvercast sky conditions duri ng the crop growth 

season. 



118 

below: 

Day time diffuse radiation during these three days are shown 

(as per cent of total raditation) 

Date 

25-1-86 

13-3-86 

21-3-86 

Time 
hrs. 0940 1045 1120 1220 l300 

38 

26 

54 

38 

27 

69 

32 

26 

90 

35 

31 

70 

37 

36 

94 

1430 1530 1630· 

41 

28 

100 

43 

48 

90 

60 

65 

80 

On 25th January diffuse radiation ranged between 30 to 40 

per cent (except late in the evening) reflecting clear sky conditions 

in early winter season. On 13th March the diffuse radi ation ranged 

from 26 to 36 per cent till 1530 hrs which increased later due to partly 

cloudy conditions with six octa Cirrus clouds. On the third day. (21st 

March) the skies were overcast with diffuse radiation accounting 

for about 90 per cent of the total radiation. These three days represent 

typical weather situations that prevail on idividual days during wheat 

crop growi ng season in Del hi region. The days were characteri sed by 

low, high and medium saturation deficits and mean air temperatures as 

follows: 

Day 

25th JanuarY,1986 

13th March, 1986 

21st March~ 1986 

Saturation 
deficit (mm) 

4.7 (low) 

12.6 (high) 

6.7 (medium) 

Mean air-
temperature (OC) 

11. 6 

23.6 

17.8 

Diurnal variations in diffusion resistance (with porometer), 

canopy temperature(Infrared thermometer) and leaf temperature (with 

parameter) were noted during the day light hours. Cultivar ISD 397 was 
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chosen for illutration and the results are shown in Fig. 13. 

season. 

25th January : Thi s ; s cl ear sky day earl yin the cropp; ng 

Leaf temperature was hi gher than the canopy temperature 

by 2°C early in the morning. This difference gradually increased to 

5°C, ;n the later hours. Saturation deficit was the lowest (4.7 mm) 

with a nearly normal maximum temperature, the minimum temperature being 

4.6°C below normal. Diffusion resistanc.e under these conditions was 

higher (Fig. 13). 

13th March : It was a clear sky day, late in the cropping 

season. Till 12.30 hrs., the leaf temperture was 2°e higher than the 

canopy temperature. Later the difference between T1 and Tc increased 

vastly, which by 1500 hrs. became re, T1 being warmer. This is perhaps 

attributable to the seasonal warming at this part of the year with a 

high saturat.ion deficit. However, it represents the pattern of T1, 

CATD on a normal day as both maximum and minimum temperatures were within 

l-2°C of their normal values. Diffusion/r~sistance was the lowest 

though the saturation deficit was higher as the crop was in active stage 

of growth under irrigated conditions. 

21st March: This is a cold windy day with a mean air tempera­

ture of 17.aoC and both maximum and minimum temperatures were below 

normal by about 7.1 and S.2°C respectively with overcast skies and 

cold waves conditions. On this day leaf temperature was higher by 

3-5°C than the canopy temperature. Diffusion resistance was the· 

highest among the three days ranging from 2.3 to 3.5 s/cm. The 
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individual leaf temperatures were found always to be higher than canopy 

temperatures throughout the day time. The above results show that under 

irrigated crop conditions, 

i) warmer temperatures after 1200 hrs. increase the difference 

between Tl and Tc 7 the di fference further becomes 1 arger 

during the later periods of cropping season due to seasonal 

warming 

ii) during cold wave conditions, Tl is greater than Tc throughout 

the day time hours by 3-5 DC. with a high diffusion resistance, 

and 

iii) the leaf temperature being a spot measurement apparently 

gives an over estimated value of canopy temperature irrespec-

tive of weather conditions that might prevail. 

Similarly diffusion resistance observed on single leaf with 

porometer is also known to be an over estimate. Earlier studies by 

Pannalal (1983) showed that canopy resistance in wheat ;s one third 

of diffusive resistance measured with parometer. Thus the extent of 

over estimation in these parameters should be taken into account when 

interpreting single leaf me{!,surement in relation to crop canopy c!harac­

teristics. 

4.14 LEAF CHLOROPHYLL CONTENT AND PHOTOSYNTHETICALLY ACTIVE RADIA­
TION IN WHEAT CROP CANOPY 

Leaf chlorophyll content, among other factors is dependent 

on light interception and temperature. With a view to study the variation 
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of radiation interception (photosynthetically active radiation) and 

chlorophyll content in leaf at differnt growth stages of crop and the 

influence of temperature, chlorophyll content and photosynthetically 

active radiation (PAR) were monitored at periodic intervals· during 

1985-86 and 1986-87 rabi seasons in all treatments. 

4.14. , Chlorophyll patterns 

The pattern of variation ;n chlorophyll content with the advance­

ment of the crop ;s given in Fig. 14 for V2P,and V2P3 ;n 1985-86 season. 

Both in the first and third plantings and at different canopy levels, 

the pattern was observed to be simi 1 ar with i ntermi ttent peak val ues. 

The leaf chlorophyll content showed an intermittent increase and decrease 

with the progress of growth season. 

by Cupina ~~. (1979) in wheat crop. 

4.14.2 Leaf chlorophyll content 

Similar observations were made 

With a view to explain the salient features, data regarding 

Vl (ISO 397) and V3 (HO 2281) for first and third plantings are presented 

in Table 22a and 22b. Highest chlorophyll content was reached at anthe­

sis stage in both first and third plantings in rab; 1985-86 season. 

The top 1 eaf showed hi gher ch 1 orophyll content than the mi dd1 e and 

the bottom leaves. 

Chlorophyll content during 1985-86 season in P 1 ranged from 

0.04 to 3.7 mg/g (fresh weight) in the top leaf with-l(J,'lerdlanges in the 

mi ddl e and bottom 1 eaves. In the 1986-87 season they ranged from 1.1 

to 4.2 mg/g·in top leaf, while in the bottom leaf they ranged from 
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Table 22a. Seasonal variation of leaf chlorophyll content (mg/g fresh wt.) 
in wheat at different levels ;n the canopy of cv. ISO 397 

First planting Third planting 

Date Top Middle Bottom Top Middle Bottom 

Rabi 1985-86 

27/12 3.1 

21/1 3.6 2.7 2.0 2.2 

4/2 2.4 2.4 1.8 2.7 

15/2 3.7 2.9 1.9 3. 1 2.0 0.7 

4/3 1.6 1.4 0.6 2.9 1.5 0.6 

11/3 1.4 1.4 0.3 3.7 2.7 0.9 

20/3 0.7 0.6 0.2 3.2 1.9 0.6 

27/3 0.4 0.2 0.09 2.5 1.3 0.3 
7/4 0.04 1.5 l.0 0.4 

12/4 0.6 O. 1 

Rabi 1986-87 

12/12 2.4 

811 2.8 2.2 
15/1 2.8 2.3 
3/2 3.0 2.8 1.2 2.8 1.0 0.7 

10/2 4.2 3.4 1.6 3.2 1.9 0.9 

19/2 4.0 3.8 1.2 4.2 2.6 1.1 

27/2 2.6 2.0 1 .4 3. 1 2. , 0.8 

6/3 3.2 2.8 1.0 3.5 3.2 1.2 

24/3 1.1 0.9 0.4 1.5 1.0 0.5 
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Table 22b. Seasonal variation of leaf chlorophyll content in wheat at 
different levels in the canopy of cv. HD 2281 

( in mg/g fresh wt.) 

Date First planting Third planting 
Top Middle Bottom Top Middle Bottom 

~5-86 

27/12 3.1 

21/1 3.7 3.2 2.6 3.2 

4/2 2.4 2.3 1.4 2.4 

'5/2 3.6 3.4 2.5 2.9 1 .6 1.0 

20/2 3.0 1.7 1 .0 2.3 1.3 0.9 
4/3 2.3 1.0 1.0 2.3 1.3 0.6 
20/3 0.91 0.4 0.2 3.3 1.3 0.20 
27/3 0.41 0.1 2.7 1.0 0.10 
7/4 1.3 0.6 

1986-87 

22/12 2.2 

8/1 2 .. 8 2.0 
15/1 3.4 2.2 
19/1 3.0 2.2 
3/2 3.2 3.0 1.5 2.2 
10/2 4.2 2.9 1.8 2.7 1 .2 0.8 
19/2 4.8 4.4 1.8 3.6 1.6 1.2 
27/2 3.2 2.9 0.7 3.0 1.8 1.3 
0/3 3.3 3.1 1.8 3. 1 2.4 1.3 
24/3 1.8 1.0 0.8 3.4 3.2 1.9 
29/3 0.6 0.2 1.2 0.8 0.4 
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0.4 to 1.6 mg/g showing lower chlorophyll content in the bottom leaves. 

Cupina et 21. (1979) reported that the chlorophyll content varied between 

years and also between leaves in the order of flag leaf> below flag 

leaf ~ lower leaves. Similar pattern was observed in the third planting 

also. 

Compared to 1985~86 season chlorophyll values in 1986-87 

season were higher in both the plantings. From second to fourth week 

of February and 15th to 27th March, the 1986-87 season recorded higher 

temperatures by 5-6°C than 1985-86 season. The leaf area index was 

of same magnitude ;n both the seasons in ISO 397 for both the plantings 

under consideration. Though crop growth rates were much reduced due 

to higher temperatures in 1986-87 season both top and bottom 1 eaves 

showed higher chlorophyll content. 

Higher chlorophyll content at higher temperature of 30°C and 

35°C when compared to 20 and 25 °C were reported by Fri end (1960), Ray 

et~. (1978), Roy and Biswas (1980) and Bennet!! 2l. (1982) in wheat, 

ri ce and rna; ze crops,) and temperatures upto 35°C are cons i dered opt imum 

for chlorophyll accumulation. Since temperatures upto 35°C are considered 

optimum for chlo'rophyll content, the higher values in 1986~87 are attri~ 

butable to the higher but optimum temperature regime in 1986~87 season. 

4.14.3 Chlorophyll content and leaf area index 

Maximum value of chlorophyll content was observed at anihesis 

stage in V r In the rabi season 1986-87 also in the first planting peak 

value was attained at heading to anthesis stage while in the third 
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planting it was attained at boot leaf stage. The observations on leaf 

area index cited earlier (Table 5) show that the peak chlorophyll 

values are obtained when the LAI alsD reached its highest value. In 

the cv. HD 2281 also the highest chlorophyll content values were recorded 

at anthesis stage in both the first and third plantings in 1985-86, 

while in 1986-87 hi!}hest values of chlorophyll were noted at anthesis 

stage in case of first planting and at boot leaf stage in t~ird planting. 

In case of V 1 higher chlorophyll content was attained when the LAI 

values I"eached 4.0, 5.2 in 1985-86 and 4.2, 4.3 in 1986-87 in P, and 

P3 respectively. Similar pattern was observed in V2 in both the seasons 

The attainment of highest values of chlorophyll content at boot leaf 

stage in V 3 P3is attributable to the peak leaf area index (5.4) attained 

at this stage. Examination of data. on peak val ues of chlorophyll in 

Table 22b confirmed the relationship of maximum chlorophyll content 

with leaf area index substantiating the result obtained by Anderson 

(1967) . 

Percent reduction in chlorophyll content with crop canopy 

The percentage reduction in chlorophyll content of middle 

and bottom 1 eaves with reference to top 1 eaf in di fferent treatments 

are shown in Table 23 for the two seasons under study. 

In V, Plthe reduction at the middle canopy level showed wide 

variation ranging from 0.0 to 6.7 per cent by the end of the season. 

This irregular variatton ;s attributable to the wide variation in chloro­

phyll content as also evident from Fig.14 which showed a minimum of 

three peaks with intermittent decrease in values. How~ver t the. reduction 
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at the bottom level was about 40 per cent of the top leaf in the earlier 

stages; in the post anthesis stage the depletion in chlorophyll content 

was higher than 70 per cent. 

In P
3 

while the reduction in chlorophyll content at the middle 

1 evel of the canopy ranged, between 28 and 52 per cent when the LAI 

was greater than 3.5, the bottom leaf showed a depletion of more than 

70 per cent. Thus while in Pl the 70 per cent depletion at the bottom 

level was reached by anthesis stage, in P3 it got depleted to this 

level ;n the late vegetative stage ( 15th February, 1986). Similar 

pattern was observed in 1986-87 season as well as for other vari et i es. 

Interception of photosynthetically active radiation (PAR) 

at the top, middle and bottom canopy levels was also measured to examine 

if there was any corresponding variation between intercepted radiation 

and chlorophyll content. It may be mentioned that Friend (1960) showed 

an increase in chlorophyll content with intercepted 1 ight at constant 

temperature. PAR showed an increased depletion upto anthesis stage, 

thereafter showing an increase in the intercepted light. This is attri­

butable to leaf shedding and setting in of senescence in the crop which 

is also evidenced by a decrease in LA!. 

In the initial stages of crop growth due to good leaf cover, 

reduction in PAR was of the order of 95 per cent whereas in the 1 ater 

stages of growth, the depletion of PAR at the bottom level decreased 

to about 50 per cent. In the earlier stages, the depletion at the middle 

canopy level was 60-70 per cent which decreased at the end of crop growth 
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season to about 20-40 per cent. The results show that maximum intercep-

tion of PAR coincided with attainment of maximum LAI and leaf chlorophyll 

contents in· all the treatments. Similar observation was reported by 

Si ngh and Gi 11 (1987) on wheat crop, at 90 days after sowing. However, 

in the present experiment it did not occur at fixed number of days after 

sowing as reported by them. It occured at different times depending 

on the phenology- temperature interactions. Their conclusion was drawn 
, 

on a single date of sowing experiment and the 3 planting dates of the 

present experiment yielded a different result. 

The results also show corresponding relationship in the dep1e-

tion pattern of light interception and chlorophyll contents. The diffe­

rence between the two was that in the initial stages percentage depletion 

of PAR is higher than that of chlorophyll contentiat the later stages 

of crop growth, percentage depletion of chlorophyll content was higher 

than that in intercepted PAR. This is naturally attributable to setting 

in of senescence, as also noted by Friend (1960). 

4.15 CROP GROWTH STAGE AND SPECTRAL REFLECTANCE 
Spectral reflectance is an important parameter ;n remote sensing 

for understanding the plant spectral signature and its response to environ .. 

ment. The variation of wheat canopy reflectance at different growth 

stages with wave length is shown in the Fig.15. 

It is apparent from the figure that refl ectance in the red 

region decreases while, with crop growth it increases in the near Infrared 

region. This is because both the chlorophyll concentration and green 

leaf biomass change with plant growth .and it absorbs the radiation in 

red region and reflects more in near infrared region of the spectrum. 
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In the far infra-red region a1 so there was a decrease ; n ref1 ectance 

after heading. Ajai et a1. (1984) reported a similar decrease in ref-

lectance in red region and increase in infra-red region with progress 

of crop. 

Another feature observed was that in the ear ly vegetat; ve 

stage between 450 and ,750 nm reflectance was higher than that at other 

stages. Beyond these wavelengths the reflectance was lower than that 

at other growth stages. Heading stage had shown highest reflectance 

of 40-45 per cent ;n wavelengths beyond 850 nm compared to 30-35 per 

cent reflectance at heading stage was observed by Glick et al. (1979) 

in wheat crop. 

Spectral reflectance, chlorophyll content and LA! values in 

respect of cv. ISO 397 and HD 2281 are shown in Table 25. As already 

mentioned earlier, chlorophyll content had a positive relationship 

with LAI which is also evident from Table 25. Two regions of lower 

reflectance at 450 nm and another at 650 nm which are known for absor-

ptlon by chlorophyll material were observed. 
~ These also carrel ated 

with leaf area index at different growth stages. The present results 

reflect the conclusion drawn by Tucker rt 2l. (1975) that the concen­

tration of chlorophyll ;s negatively correlated with red and positively 

corre 1 ated wi th the near infrared refl ectance. Highest reflectanc~ 

in the infrared region was observed at the time of maximum leaf area 

index .;n the crop which also recorded a higher chlorophyll content at 

this time in both .the cultivars. This substantiates the results reported 

by Curran and Milton (1983) and Hinzman et!l. (1986). 

***** 
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5.SUMMARY 

The present investigations were carried out at the Indian 

Agricultural Research Institute to study the effect of short period 

variations in temperature on growth and development of wheat (Triticum 

aestivum L.) crop. 

Three varieties of wheat, ISD 397 (V 1)' ISO 513 (V2 ) and 

HD 2281 (V 3) were sown during rabi 1985-86 and 1986-87 seasons at 

fifteen day intervals. Irrigation was provided to maintain "not-short­

of-water ll conditions. 

Daily weather data were collected from the meteorological 

observatory located in the farm area. Phenological events, weekly 

biomass and leaf area index were recorded in the different treatments. 

Weekly crop growth rates were derived from the growth curves. 

Daily canopy temperatures and canopy air temperature diffe-

rences were recorded from heading to maturity stages at 1400 hrs. 

1ST. Chlorophyll cotent and photosynthetically active radiation at 

different levels within the crop canopy and spectral reflectance from 

crop canopy were recorded periodically during crop growth. 

During the wheat growth seasons 1985-86 and 1986-87, tempera­

tures, duration of bright sunshine hours and saturation deficits re 

-mained higher from the late vegetative to early grain filling stage 

during rabi 1986-87 as compared to 1985-86 season. 

Two salient features observed from phenological events were: 

1) unlike cv. ISO 397, V2 and V3 reached the different growth 



133 

stages nearly in the same number of days both in the warmer (1986-

87) and cooler season (1985-86)t and 

2) In V 2 the duration of phenological events were influenced 

by temperature in respect of pl anting date treatments (differences 

to reach physiological maturity ranged from 17-21 days) but not between 

the seasons ( not more than 3 days). 

During rab; 1985-86, compared to 1986-87 season all the varie-

ties and treatments ( P1 ' P2 and P3) showed higher biomass accumu-

lation and leaf area index (LAI) throughout the growth period. V2 

recorded higher LAI (7.6) than V3 (6.7) followed by V, (5.3). In 

spite of temperature differences between the plantings and the two 

seasons, the peak LAI was recorded at heading stage, and did not occur 

after a fixed number of days from sowing as hitherto reported. 

Senescing leaves in the lowest layers of the plants contri­

buted to an increasein LAI ranging from 0.5 to 1.0 fran post boot leaf 

stage. Since these leaves are not fully functional ~ the result shows 

~hat it is necessary to make a correction to that extent to arrive 

at effective LAI from this stage onwards. 

Weekly crop growth rates (CGR) in respect of different 

varieties during rab; 1986-87 were consistently lower when compared 

to 1985-86 season. CGR showed a double peak in 1986-87 unlike in 

the prev; ous rab; season. Such a double peak in CGR had not been n ~ 
reported so far in respect of wheat crop. 



134 

Another sal ient feature was that the time of occurrence of 

peak growth rate differed from planting to planting and season to 

season. It ranged from anthesis to soft dough stages in the present 

experiment and thus differs from those reported in 1 iterature which 

showed peak growth rate at heading or anthesis stages only. To examine 

this feature further) three case studies were chosen to understand 

the influence of short period temperature variations on crop growth 

in the different treatments .. 
~-' •. ?" 

In the first case for the period 7th to 16th February the 

effect of higher maximum and lower minimum temperatures showed that: 

a lowering of maximum temperature from 23°C by 5-6°C and moderate 

minimum temperatures ( about 12°C) associated with rainfall during 

vegetative stage results in better crop growth rates, which may increase 

by 14 -25 g/ma/day than in a warmer season. 

In the second case, study on the effect of higher maximum 

and higher minimum temperatures in rabi 1986-87 from 21 st to 26th 

February showed that hi gher maximum temperatures and mi nimum tempera­

tures ( 4-7°C and 3-6°C above normal) would prove benefi cial to a 

crop in the boot leaf stage while the same conditions may adversely 

affect a crop ;n reproductive stage. 

In the third case, the effect of warming for a few days 

foll owed by vari abl e weather on CGR was studied. Results shoNed that higher 

minimum and maximum temperatures in late plantings would result in 

reduced growth rate of the order of 25 g/m2/day whi ch is partly aUri:" 

butable to higher respiratory losses. 
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From the results of this experiment occurrence of double 

peak is considered to be the effect of interruption of normal growth 

pattern by a complex variation of maximum and minimum temperatures 

associated with the passage of western disturbances during rabi season. 

Another salient feature of the results is that the adverse effects 

of relatively warm seasonal condition are reflected in CGR but not 

in the duration between phenological stages while the effect of tempera­

ture differences between planting dates is reflected both in the dura­

tion of phenological stages and also in the crop growth rates. 

In V 2 the range of peak growth rates in warmer year (1986-

87) between the plantings ranged from 37.14 to 42.86 g/m2/day unlike 

in the cooler year (1985-86) when it was high (33 to 55.7 g/m 2 /day). 

Thi s i ndi cated that V 2 is rel at; vely better adapted to the warmer 

thermal environment. 

Grain filling growth rates recorded in rabi 1986-87 were 

higher in P2 than in P1 in the 1986-87 season by 1.5 g/day. though 

relatively higher yields were obtained in Pl' This effect is attributa-

ble to the fact that benecia1 effects of higher but below upper 

threshold temperatures on growth rates or offset by higher respiration 

losses leading to lower yields. 

The grain yield in the different varieties and treatments 

for both the seasons ranged between 36.47 q/ha and 49.38 q/ha. Diffe· 

rences in the grain yield between varieties and treatments were found 

significant at.l per cent level. In the 1986-87 rabi season, the yields 
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decreased with delay in planting by 4.32 to 20.7% in P3 over Pl' 

In general, harvest index was higher (0.48 to 0.54) in case of cv. 

HD 2281 in both the seasons and proved superior to the other two 

varieties which recorded values ranging from 0.42 to 0.49. 

Two different accumu1 ated heat unit systems namely growing 

degree days and hel iothermal units were computed for studying crop 

response to the thermal environment. While in the different individual 

growth stages and between the plantings, the accumulated degree days 

showed differences (ranging from 1347 to 1647 units), for the entire 

cropping season both in the cooler and warmer seasons, the total degree 

day requirement remained more or less constant ;n the individual 

plantings. Heliothermal units also indicated a similar result but 

inclusion of bright sunshine hours in this system did not show any 

deviation from the nature of results obtained in case of GDD. 

Phenotherma 1 index (rat i 0 of accumu 1 ated GDD to the number 

of days during a particular stage) values for the entire crop season 

showed very little variation between the two seasons and remained 

at about 11.5 day degrees per growth day_ In the individual growth 

stages, highest coefficient of variability in this index was observed 

at heading and anthesis stages in both the seasons indicating that 

lIIuch variation ;n the environmental thermal regime occurs during this 

period of crop growth in the Delhi region. This period generally 

toincides with the transition from winter to pre-sunmer conditions 

which show large temperature variation. 
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Heat USe efficiency based on mean air temperature accumula­

tion was derived. Heading to anthesis and anthesis to milk stages showed 

relatively higher HUE in comparison to other stages in all the plantings. 

Highly significant relationships were obtained between bio­

mass, cumulative evaporation and accumulated heat units. From these, 

biomass production at differnt levels of mean temperature accumulation 

and cumulative evaporation were derived. The derived data are of pract­

ical util ity in crop-weather simul ation studies and for evaluation 

of crop performance in relation to mean air temperature in the different 

wheat growing regions. 

The regression showed that for establ ishment of wheat crop 

in the initial stages, an accumulation of 370 GDD and 70 mm of cumulative 

pan evaporation are needed in the Delhi region. 

Measurements of canopy temperature at 2 pm showed 1 to 6°C 

difference between the two seasons. Canopy temperatures showed highly 

significant correlation w.ith (a) saturation deficit (range 0.7 to 

0.94 at 1% level). (b) maximum temperature (r = 0.814 at 1% level). 

Such a correlation with maximum temperature had not been reported so 

far and the results are of practical use for estimation of canopy 

temperature us; ng maximum temperature whi ch is a rout ine measurement 

in meteorological observatories. 

At the end of the season, CATD values became positive showing 

a reversal in sign from the earlier period. Examination of phenologi­

cal data in the different treatments showed that the date of reversal 
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coincided with physiological maturity of the crop. Thus results show 

that continuous positive CATD values could be used as an indication 

of physiological maturity in wheat crop. 

/ Stress degree days were computed and found to be significant 

but negatively correlated with: 

1) cumulative pan evaporation in the different treatments, and 

2) with grain yield 

The effect of clear and cloudy conditions on canopy tempera-

ture was studied for three types of weather conditions. 

Results showed different effects on Tc. CATD and Ta and the 

salient features are as follows: 

i) when overcast skies cleared, increase in Tc was the highest 

followed by Ta with no perceptible change in CATD 

ii) when ovecast skies are preceded by clear skies, the order 

of magnitude of decrease in the three parameters were Ta > Tc > CATD 

with a decrease of 5-8°C, 4-6°C and 2-3°C respectively, and 

iii) on a sultry. calm day with predominantly diffuse radiation, 

it was CATD which showed large variation (-5.5 to -8.5°C) from that 

of a clear day, whereas Ta became warmer by 2-3°C with no perceptible 

change in Te. 

~ThUS it is evident that day to day weather conditions deter-

mine the nature of variation in Ta, Tc and CATD. The results point 

out the importance of taking weather conditions into account while 

interpreting the three parameters. ' ,1/ 
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Studies on the relationship between leaf temperature Tl 

(measured with porometer) and canopy temperature Tc (measured wi th 

infrared thermometer) showed that: 

i) warmer temperatures after 12.00 hrs. increase the differences 

between Tl and Tc. the difference further becoming larger during later 

periods of crop growth due to seasonal warming. 

ii) during cold wave conditions. Tl is higher than Tc throughout 

the day time hours by 3-5 Q C in irrigated wheat crop. and 

iii) leaf temperature being a spot measurement. apparently gives 

overestimated val ue of canopy temperature irrespective of the weather 

conditions that prevail. 

;?';;~easurement of leaf chlorophyll content in a11 the treatments 

showed an intermittent increase and decrease with the progress of growth 

season. Chlorophyll conrnt during 1985-86 season in the first planting 

ranged from 0.04 to 3.7 mg/g fresh weight in the top leaf with lower 

ranges in the mi ddl e and bottom 1 eaves. In the warmer season. they 

were relatively higher ranging from 1.1 to 4.2 mg/g in the top leaf. 

This increase is attributable to higher temperatures in 1986-87 season 

which were within the permissibe temperature threshold of 35 Q C for 

chlorophyll accumulatio~, 

/' 
/Examination of chlorphyll depletion in relation to ;illat··Of 

PAR at the middle and bottom levels of crop canopy showed percentage 

depletion of PAR to be higher than that of chrolophyll content in the 

lnitial. stages of crop growth. At the later stages, percentage deple-
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tion of chlorophyll content was higher than that in intercepted PAR. 

This is attributable to setting in of senescence. 

/ Spectral reflectance in the red region decreased while with 

progress in crop grwoth, it showed an increase in the near infrared 

region. The highest reflectance in the infrared region was observed 

at the time of maximum leaf area index in the crop when a higher chloro-

phyll content was also recorded. Thus spectral reflectance is highly 

dependent on both ch 1 orophyll content and 1 eaf area index, wh i ch in 

turn are governed partly by the thermal regime. 

The results brought out quantitatively the extent to which 

biomass accumulation, crop gowth rates, canopy, ambient and canopy/(: 

ai r temperature differences at different growth stages are i nfl uence~ \ 
I: 

by short period changes that occur in maximum, minimum temperatures.i,; 

over cast and clear sky conditions in association with western disturJi 

bances passing over the Delhi region. The results also showed signifi-

cant correlations between accumulated temperatures, evaporation and 
,,....---....,....-~-.." ..... - ............. ,-." ......... '...,"'.''''''--,'., ..... - ....... ~-, ,.,. ,.,,,,-.~-.." ... ,.,,,, .... -". 

biomass, canopy temperature and maximum temperatures and dependence 
..... -_,,, ,- -,~ ~ ... ~ .. -."-~.~ ..... ~,,, ~, .. '.~ '-'-'~~"""-"' .--,~~." '"'''-''''''' -,,-,.~ .. 

of spectral response on leaf chlorophyll content and leaf area index 
_ '. -" --••• --••• --.-.-- ••• -~.~ ..... -."'.'.--~- •• "'." .. j ..... -. "' ........ ''' •• , --- - ,,_ ._ •• " __ •• _._~. _ .. , " "h" ~,. 

which are highlY influenced by the temperature regime prevailing during 

the different growth stages of wheat crop. 
___ ._" ........... _ •• _ ••• ~ ..... L .. ". 
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A P PEN DIe E S 



Appendix 1 Standard Meteorological weeks 

Week No. Month Date 

47 November 19 - 25 
48 November 26 - 02 December 
49 December 03 - 09 
50 December 10 - 16 

51 December 17 - 23 
52 December 24 - 31 

1 January 01 - 07 January 
2 January 08 - 14 

3 January 15 - 21 

4 January 22 - 28 

5 January 29 - 04 February' 

6 February 06 - 11 

7 February 12 - 18 

8 February 19 - 25' 

9 February 26 - 04 March 

10 March 05 - 11 

11 March 12 - 18 

12 March 19 - 25" 

13 March 26 - 01 April 

14 April 02 - 08 

15 April 09 - 15 
16 April 16 - 22 

17 April 23 - 29 
18 April 30 - 06 May 

19 May 07 - 13 



Appendix 11: Environmental conditions during rabi 1985-86 season 
(weekly means). 

Met 
week 

Temperature °c 
Max. Min. Mean 

Pan 
Evp. 
mm 

S.S. 
hrs/ 
day 

S.D. 
rmn 

W.spd Weekly 
km/hr rain­

fall nrn 

47 27.0 9.2 2.4 2.4 8.9 8.7 2.1 
48 25.9 8.2 17 .1 2.3 9.3 8.4 3.0 

49 25.3 7.6 16.5 2.9 9.0 8.4 2.8 

50 21.1 10.2 15.7 1.3 5.7 3.2 3.3 

51 21.0 9.0 15.0 1.6 6.2 3.2 4.8 
52 19.4 9.6 14.5 1.5 6.0 4. 1 6.3 

1 18.1 3.1 10.6 1.9 8.6 4.2 4.8 

2 20.4 4.6 12.5 1.2 5.9 3.6 1.8 
3 20.1 3.9 12.0 1.7 7.8 4.1 2.7 

4 22.0 6.7 14.4 1.6 8.3 4.9 3.7 
5 20.8 7.6 14.2 1.8 7.3 4,4 3.8 

6 21.4 8.7 15.1 2.0 6.7 3.8 4.4 

7 20.5 8.6 14.6 1.6 6.5 3.8 3.7 

8 22.6 9.4 16.0 3.4 8.9 5.1 5.9 
9 25.2 8.1 16.7 4.0 10.4 7.0 4.0 

10 30.5 12.0 21.3 3.5 8.6 8.6 2.4 
11 28.8 13.6 21.2 4.5 7.9 8.4 6.6 
12 25.7 11.1 18.4 3.8 7.7 7.2 5.6 
13 31.6 13.8 22.7 6.2 9.5 12.6 5.8 
14 32.3 12.7 22.S 5.5 9.5 12.5 3.2 

Max. = Maximum; Min. = Minimum; Pan Evp. = Pan evaporation 

S.S. = Actual bright sunshine; S.D. = Saturation Deficit; 

W.spd. = Wind speed. 

15.8 

9.0 

22.4 

29.6 

7.4 

2.6 

6.6 

9.2 



Appendix III Environmental conditions during rabi 1986-87 season 
(Weekly means) 

Met Tem~erature °c Pan S. ~. S.D. W.spd 
week Max. Min. Mean Evp. hrs/ km/ 

mm day mm hr 

47 27.3 7.8 17.6 3.4 8.6 8.9 3.4 

48 25.4 9.9 17.7 2.0 5.0 8.6 3.7 
49 24.1 6.5 13 .8 1.9 6.2 5.1 2.6 

50 21 .8 7.8 14.8 1.7 6.8 3.7 6. 1 

51 18.2 2.8 10.5 1.6 7.6 4.2 3.4 

52 20.4 2.0 11.2 1.6 7.4 4.0 2.7 

1 21.8 5.2 13 .5 2.2 7.0 5.7 3.2 
2 22.1 7.0 14.6 1.4 4.2 3.2 1.1 

3 16.7 6.6 11.7 1.6 3.9 2.3 4.7 

4 21.3 3.7 12.5 2.2 9.4 4.8 3. 1 

5 23.6 6.3 15.0 2.0 7.8 4.4 2.3 

6 25.2 7.7 16.5 2.9 9.5 5.5 3.0 

7 24.5 9.6 17.1 2.9 7.6 3.7 6.0 

8 26.7 11.9 19.3 2.7 8.6 6.5 4.8 

9 24.8 9.0 16.9 3.3 9.4 6.5 3.2 

10 29.6 12.7 21.2 4.0 8.5 6.6 4.0 

11 28.0 14.1 21.1 3.9 7.7 5.8 6.7 
12 30.7 16.4 23.6 5.8 8.8 8.1 6.5 
13 32.5 17.3 . 24.9 5.6 6.1 11.9 6.3 

14 35.6 19.3 27.5 8.5 11.2 14.7 9.0 

Max. = Maximum; Min. = Minimum; Pan Evp. = Pan evaporation; 
S.S. = Actual bright sunshine; S.D. = Saturation Deficit; 
W.spd. = Wind speed. 

Weekly 
rain-
fall mm 

5.4 

21.4 

7.0 
6.4 

16.4 
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