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I N T ROD U C T ION 



1. INI'RODUCT ION 

India's varied soil and climatic conditions permit 

cultivation of wide range of oil yielding plants such as 

groundnut, rapeseed-mustard, sesame, safflower, sunflower, 

linseed, soybean, niger and castor. The area under these crops 

which was\only 10.1 m ha in 1949-50 rose to 18.7 m ha in 1986-87 

and production increased from 5.23 to 11.15 mT. It reached a 

peak of 12.95 mT in 1984-85. 

Rapeseed and mustard are the major rabi oilseed crops 

next in importance to groundnut, both in area and production. 

India is one of the largest producers of rapeseed and mustard in 

the world. Their production is around 2.63 mT which accounts for 

22.9% of the total oilseed production of the country. In India, 

the cultivation is mainly confined to Uttar Pradesh, Rajasthan, 

Madhya PradeSh, Haryana, Delhi, Punjab, Orissa, Assam, Bihar, 

GuJarat and West Bengal. Among different states, Uttar Pradesh 

alone accounts for about 60% of total rapeseed and mustard 

production in India. In order to increase the domestic availability 

of edible oils, emphasis has been laid on accelerating the production 

of oilseeds through oilseed development programmes. 

The complex phenomenon of plant growth involves the 

interaction of an array of many physical, chemical and physiological 

phenomena. All these are influenced by temperature to a varying 

degree. In presence of adequate soil moisture and nutrient supply, 

temperature is considered as the most important climatic factor 

affecting the periodic development of plants. 
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The economic yield of a field crop Ls determined by 

the pattern of biomass production, crop growth rates and 

radiation interception by the canopy.- Thes~ factors are however, 

influenced by the prevailing day to day weather conditions. A 

major source of these variations is temporary warming and cooling 

of the atmosphere caused by the weather associated with passage of 
\ 

western disturbances over north India during this season. Under 

irrigated conditions meagre rainfall of 2 to 3 cm received during 

the ~ months does not have much significance. Hence, in the 

Delhi region, it is the changes in temperature that would induce 

short-term weather effects on crop growth. This is one of the 

aspects that has received very little attention in the past in 

our country and in the absence of controlled environmental faci-

lities, this aspect has been studi~d through field experiments 

with dates of sowing as a treatment. 

Only within a certain range of temperatures the plants 

can grow and in parts of this range the crops will grow most rapidly 

and grow best. Heat unit concept is based on idea that plants have 

a definite thermal requirement before they complete certain 

phenological stages. This provides an ppportunity to build up 

quantitative relationships between heat unit system, biomass 

production and crop growth rates. Except for the extensive studies 

rn Brasslca sPp. by Hodgson(1978) in Australia, accumulated heat 

unit system does not seem to have been applied in detail in India 

to study crop growth and development in Brassiea spp. The thermal 

environment as stated above being an important ingradient influencing 



crop performanct;: during ~ season, it should be poss ible to 

apply this concept to study crop response to different pheno­

logical stages. 

3 

Although knowledge of phenology-environment inter­

actions comes hai1dy in planning operdtions for maximizing yield, 

study\of phenology of crops, an important aspects, still for some 

reason or the other has not received due attention in our country. 

Crop canopy temperature is another parameter thdt has 

been receiving much attention in recent years after the development 

of infrared thermometry. It is gaining importance in crop strt:ss 

and yield function studies. Thus, ground-based information on 

response of canopy temperatures in relation to short period weather 

induced variability in the different growth phases of crop forms 

an important aspect of research. 

Photosynthesis is known to depend on light energy and 

chlorophyll content of crops in addition to temperature. Chlorophyll 

content is known to vary with changes in photosynthetically active 

radiation and its distribution within the crop canopy 1n relation 

to temperature variation is considered important. It may be 

nEntioned that such interactions have received little attention 

in our country and it is felt necessary to m<l.ke a beginning in 

these aspects of research. 

Most of the studies reported in literature on the 

influence of temperature on crop growth and development "Jere based 

on experiments carried out under controlled conditions in growth 

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

studies and also keeping in view the fact that results from such 
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experiments often render them difficult to interpret the response 

under field condit~ons, it is felt that a field tria~ with normal ' 

crop growing season would,provide a data base for studying crop 

response to thermal environment under ndturdl conditions. One 

redeeming feature is that rapeseed and mustard ~rowing belt is 

visite~ by one or t\'10 \~est . .ern disturbdnces in each month durin'J 

its active growt.h season from December to Mdrch. In association 

with these systems, substantial temperature changes are known to 

occur over short periods which would provide contrasting situations 

of environmental warming and cooling for a week or so providing 

different field conditions for a case study. 

Keeping in view the above factors, field experiments 

were planned to study crop response to the thermal regime with 

the following objectives: 

1. 

2. 

3. 

to study the effects of short period variation in 

temperature on growth and yield in relation to phenology 

to study crop response to thermal environment using 

accumulated heat unit system and, 

to study radiation interception by the crop and leaf 

chlorophyll content in relation to leaf area development 

as affected by changes in thermal environment. 



REV lEW 0 F LIT ERA T U R E 



2. REVl8W OF' LI'l'[!'RA'rURE 

The results reported by past researchers relating to 

diff~rent aspects of physical environment of Brassica sPp. 

pertinent to the present study were reviewed and are presented 

in this chapter. For convenience, the literat.ure is given under 

following heads: 

1. 

2. 

3. 

Phenology in relation to temperature 

Temperature, plant gro\vth and development 

characteristics 

Accumulated heat units, crop growth and 

development 

4. Evapotranspiration and biomass production 

5. Crop canopy temperature characteristics 

6. Ef feet of temperature on chlorophy II con lent 

1.0 PHENOLOGY IN RELA'rION TO TEI'lPERATURE 

1.1 PHENOLOGY 

Phenological development of crop is known to closely 

follow the changes in weather conditions occurring during crop 

growth season and since the earliest times, study of phenology 

of crops formed an important aspect in ecological research. 

Phenology, is a study of timing of recurring natural phenomenon, 

especially in relation to climatic conditions (.f1.1urray, 1909); The 

effects of environmental factors like photoperiod, solar radiation 

and soil moisture on development (i.e., progress of crop towards 

maturity) were different from those on general growth pattern. 



6 

Consequently, a different set of methods were designed for relating 

environmental conditions to duration of specific developmental phases. 

Since temperature has an overriding influence on plant 

development, it was the first variable to be studied when phenologi-

cal studies were started some two centuries dgO. The temperature 

based ruethods were modified later to take into account photoperiod, 

solar radiation and soil moisture also. The earlier history of 

these studies was described by Abbe(1905}# Shelford(1930} and 

wang(1960). 

Katiyar and Singh (1974) while working in Indian mustard 

reported that date of planting had pronounced effect on days taken 

to reach a particular growth stage and emphasized that days to 

flower were negatively associated with day::, tdken from flo\'I1ering 

to maturity. 

Under the Delhi conditions,Pusa Bold took 39,52,63,77 

and 130 days to attain first flower, 50% flow~~: 100% flovJering, 

100% pod formation and maturity, respectively(Ravindra,1985). In 

Uttar Pradesh region under normal sown conditions,Shastry dnd 

Kumar (1981) reported that cultivar Pusa Bold took 52,71,95 and 

126 days, respectively to attain 50% flowering, 50% pod formation, 

complete pod formation and maturity of the crop. 

Through a controlled study in winter rape,Gvozdikova(1984) 

observed that younger the plants, higher was the response to light 

and temperature treatment for flowering and differentiation. 
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12.0 'l'E.!VlPERA'rURE, PLAN'l' GROWl'H AND DEVE.LOPMENl' CHAAAC'l'ERISTICS 

~. 1 DRY MA.T'l'ER ACCUMULATION 

Dry matter accumuldtion in crop plants is of importance 

not only because it is the one \-shich ultimdtely gets transformed 

into economically usable product but in Cdse of Brassica spp .. 

it asstlffies still greater importance because d major portion of 

dry matter gets accumulated after anthesis when ]eaf area is on 

the decline. The levelS of accumulation before and after 

anthesis however are known to vary with species and varietal 

groups. In Brdssica campestris. 85% of total dry matter WdS 

found to be accumulated after anthesis whereas in Brassica napus, 

it was only 50% (Thurling, 1974a). The work of Campbell and 

Kondra(1977,1978) revealed that the duration of vegetative phase 

and higher dry matter production during vegetative phase Here 

positively correlated with seed yield. 

Periodic observations on plant dry weights usually 

show a sigmoidal increase with time. Dry matter accumulation 

of irrigated Polish rape(Brassica campestris L. cv. span) and 

Argentina rape(Brassica napus L. cv. zephyr) in Canada were 

determined by Major (1977) and he found that maximum dry matter 

accumulation occurred 89 and 84 days after sowing (DAS) in case 

of cv. span and 96 and 91 DAS in cv. zephyr, respectively 

during different growing seasons. Maximum dl~ matter production 

ranged from 312 to 1174 g/m2 • 

In Canada, under non-irrigated dnd higher seed rate 

conditions dry matter production was found to be higher in 

~.napus cv. Tower before flowering in contrast to higher 

dry matter accumulation after flowering under irrigation and 

low seed rate conditions as observed by Clarke and Simpson(1978b). 
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'l'he pattern of dry matter accumuldtion wa.s reported to be 

the major distinguishing feature between species contribu­

ting the most of differences in yield (Richdrds dnd Thurling, 

1978) and pre-anthesis dry matter accumulation in Brassica 

napus L. resul ted in greater contribution of reserves for 

grai~ filling. 

The relative importance of key growth pardn~ters 

like net assimilation rate (NAR), relative ljrowth rate (RGR) 

crop growth rate(CGR), leaf area ratio (LAR) dnd specific 

leaf area (SLA) in relation to growth beh~viour of Brassiea 

spp. were employed by Allen and Morgan(1972, 1975), Thurling 

(1974a), Clarke and Simpson(1978a), Chauhan (1980) dnd Khad4r 

(1983) • 

./ 2.2 CROP GROWfH RATES 

Crop growth rates are dependent apart from cultivar 

parameter on ambient temperature conditions. During the winter 

season, with meagre rainfall and fluctuating temperatures the 

effect of temperature predominates over the other factors. 

The growth of two cultivars of Brassica napus was 

characterized into four different phases by Allen ~ ale 

(1971) on dry matter distribution pattern. The first phase 

lasted 6 to 7 weeks from date of sowing while a second phase 

lasted for a period of two weeks when a mdrked reduction of 

crop growth rate(CGR) was observed. The third phase extended 

to another two weeks during which the CGR rose to the highest 

level, and WdS characterized by marked increase in size and 

weight of pods. 
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The crop growth rates of irrigated polish rape 

(Srassica campestris L. cv. span) dna Argentind rape 

(!i.napus L. cv. zephyer) were determined by M3.jor(1977) in 

Canada. It was observed that maximum crop growth rates of 

9.88 to 22.07 g/m2/d occur in 46 to 49 DA~ in two st::-.:1S0ns 

in ~ase of cv. span and 17.44 g/m2/d in 77 UAS in first 

season and 24.05 g/m2/d in 49 DAS in second season in case of 

ev. zephyr showing wide range of CGR. 

In the Delhi region, Ravindra(19bS) reported two 

patterns in crop growth rates (CGR ) for htsu Bold sown on 

four dates starting from 1st October. the first puttern 
." 

being parabolic in nature with higher initial crop growth 

rate (CGR) in first two sowings and linear in ldt.er- tHO sowings 

with lower initial CGR. Peak CGRs were found to be 20 to 

35 g/d in first two sowings and 5 to 12 g/d in two later 

sowings revealing the effect of del dyed planting and consequent 
I 

differences in the thermal environment. In Italy, r'renquelli 

et ~.(1985) while working with g.napus reported two peaks 

of CGR, first cit the anthesis stage and second at the pod 

growth and seed maturity stages. 

An experiment was conducted by Clarke and Simpson 

(1978a) for two years at Saskatoon (Canada) who found that 

CGR was influenced by seeding rates and irrigation. Thurling 

(1974a), 1n his study in Australia observed no significant 

variation in relative growth rates (RGR) in §_.napus L. and 

attributed this to the marked negative association between 

net assimilation rate (NAR) and leaf area rotio (LfI.R). 
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2.3 LEAF AREA INDEX 

Leaf area index(LAI) is an important parameter 

of plant growth. It is very useful in knowing the inter­

ception of radiation and amount of photosynthates synthesized. 

Major(1977) observed maximum leaf area index(LAI) in irrigated 

~olish rape(~ssica campestris L. cv. span) and Argentina 
\ 

rape(g.napus L. cv. zephyr) with values 1.35 dnd 3.48 for cv. 

span (42 and 50 DAS) and 1.91 and 5.51 for cv. zyphyr (54 and 

57 DAS) in two growing seasons, respectively. Maximum LAI 

was observed at anthesis stage in Brassicd napus by Fren~elli 

~ a1.(1985). 

In an experiment conducted to compdre the growth, 

development and yield of four varieties of oilseed rape, 

Ccessus, GuIle, Rigo and Ni1la, Allen and Moryan(1Sl75) 

observed that more number of pods per plant and more seeds 

per pod were positively related with LAI on the onset of 

flowering which resulted in higher seed yield in cv. Cressus. 

In a study in Canada, LA! reached a maximum near start of 

flowering and then decl ined rapidly in !!.nCipus CV. TO\-ler 

(Clarke and Simpson, 1978a). LAI was shown to be positively 

correlated with seed yield in Brassica napus L.(Mendham and 

Scott, 1975; Norton and Harris, 1975 ; Clarke and Simpson, 

1978a) • 

M::ndham and Scott(1975} in their study on limited 

effect of plant size at inflorescence initidtion on subsequent 

growth and yield of ~.napus concluded that leaf area reaches 

a peak at about full flowering time and declines rapidly with 
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the onset of pod growth. Through their experiments, Holland 

(1971) and Thorne (1966) concluded that by the time crop is 

in flowering stage, the leaves have already fulfilled their 

role in plant development as photosynthetic surfaces. 'rhis 

study leaQ, to the conclusion that photosynthetic activity 

of ~ods and stems appear to contribute dt least half of the 

material for seed development in Brassica. Tburling(1974a) 

reported that leaf area ratio (LAR) at plant at. d.nthesis 

contributed significantly to total dry weight at findl harvest 

in rapeseed; he further emphasized that Brassica campestris 

is photosynthetically more efficient than !!_.napus L. 

J2.4 DATES OF SOWING AND SEED YIELD 

During rabi season, changes in dates of sowing 

implies a change of environmental conditions for same crop 

species and variety and affords an opportunity for studying 

the influence of temperdture on crop growth and development. 

Delayed sowing is known to cause reduction in 

seed yi~ld as suggested by Gross(1963)i Singh, et al.(1972); 

Scott ~ al.(1973a), Thurling(1974b); Dagenhardt and Kondra 

(1981) and Singh and Singh(1985). The yield per unit area 

in Brassica sPp. is determined by three major yield components 

viz., number of pods per plant, number of seeds per pod and 

1000-seed weight. Any reduction in seed yield is likely 

to be reflected through these components. In Brassica napus 

this reduction in yield was attributed to reduction in total 

dry weight of the pldnt which in turn was most clusely related 

with durati~n of vegetative phase of growth. The total dry 
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weight of the plant and seed yield were observed to be the 

gredtest in the first sowing whero::: flowering was substanti­
~ 

aily later than~later sowings(Thurling,1974a). 

Experiments on delayed sowing of Brassica SPp. in 

India and abroad have shown a reduction in v1ant height causing 

a Proportional decrease in seed yield(Dag-:::nhardt and Kondra, 

1981, Shastry and Kumar, 1981 and Vasi ~t ~.,1986). 

'l'hurling(1974a} observed thd.t vdridtion in sowing 

date had a marked effect on seed yields and different morpho-

logical and growth characteristics of spring cultivars of 

rapeseed. The species differed appreciably in their re!:>ponse 

to successive delay in planting date. Th~ seed yieldS of 

Brassica campestris were noted to be substan~ially greater 

in second sowing than in the first and third sowings. Elf 

and Ohlsson(1987) in field experiments ex~osed Brassica 

juncea cv. Varuna to low temperature conditions(-3 to DOC) 

at flowering and pod filling stages and observed 50% reduction 

in seed yield when crop got exposed to _1°C at flowering and 

_2°C at pod filling stages. 

Many researchers have reported differential response 

of varieties to planting dates, early maturity and decrease 

in seed yield with delay in sowing of rapeseed and mustard 

(Gross,1963; Scott et al.,197~a: Kondra,1977: Saini et al., 

1977; f-lodgson,1979; Richards and 'r,hurling,1978b; Bishoni 

dnd Singh, 1979:' Bowerman and Lewis,1980 and Dagenhardt and 

Kondra J 1981). 
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2.5 OIL CONTEN'r 

A reduction in oil content was noted in Brassica 

napus due to delayed sowing by Scott ~ al.(1973a),Bishnoi 

dnd Singh(1979) and Hodgson (1979). Hodgson(1979) in his 

s.tudy in New South v1etles concluded thdt oil content vJas 
\ 

inversely reI ated to mean daily teiliperdture during seed 

filliny period. .t-'.aximum temperature dt v~getC1tive phase 

WdS found to be ~ositively correlated with per cent oil 

contBnt by Shetstry and Kumar (1981) and Vdsi et a1.(1986). 

Gambhir et al .• (1979,1983) conducled experimeIlts 

to find out the effect of maturity on oil yield of Indian 

n~stard. They suggested that harvesting of the crop should 

be done at yellow stage as the oil yields are observed to 

be optimum at this stage. Serial harvests at the time of 

ripening indicated that the maximum seed and oil yields 

could be obtained by cutting plants before they are fully 

ripe thus avoiding the seed loss through pod shatter. Oil 

content of bulk samples reached a peak about a week before 

maximum seed yield(Scott ~ a1., 1973b; Gambhir et ~., 1979, 

1983) • 

Hodgson ( 1979) reported that oil production was 
--\I"c 

favoured in g.napus when seed developed duringAcoolest 

part of the yedr(temperature not below zero and mean tempe­

rature between 13.1 to 15.4°C) under field conditions. 

Canvln(1965) supported these results from datd obtained from 

controlled environmental conditions. However, Elf and Ohlsson 

(1987) reported a reduction in oil conten t when flovlering and 
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pod filling stages experienced a low temperature in 

the rangt! of - 3 to 0 °c under field conditions in g. juncea cv. 

Varuna. 

2.6 HARVBSl' INDEX 

An alternative to yield componeut approach is to 

view yield as a product of total dry rnatter(i.e.,bil logical 

yield) dnd hdrvest index (the pro~ortion of total dry matter 

found in economic parts). rrhe biologi cdl yield is the product 

of groHth rate and duration while hdrvest index integrates 

photosynthesis, translocation and storage proce~ses. Studies 

on Brassica spp. indicate that harvest ind8x{HI) is strongly 

influenced by environment (Thurling, 1974a). He diso reported 

that HI was more closely related to yield in Bra~sica campestris 

thdn in Brassica napus. However, total dry mdtter dnd HI 

were found to contribute significantly to yield in both the 

species. The value of HI ranged between 10 to 23%. Delayed 

sowing causes reduction in HI(Dagenhardt and Kondra,1981). 

Mehrotra tl. g. (1976) recorded considerable variation of HI 

in their experiments which varied between 25 and 35% in 

early varieties, 25 to 32% in medium maturing varieties and 

26 to 40% in late maturing varieties. However, Chauhan 

(1980) and Bhargava and Tomar(1982) reported lower values of 

HI for Brassica ecotypes. But Khader (1983) reported that, 

HI of !!£assica campestris and Brassica juncea. species ranged 

between 26 and 31%. A value of 11.6 to 31.6% was given 

by Hodgson(1979). Bhargava et dl. (1984) ref-orted that HI 

of 4 Brassica ecotypes rdnged from 27 to 42%. 
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In terms of energy, 600 9 of mustard is equivalent 

to 1 kg of wheat. If harvest index is compareJ on the basis 

of energy, the oilseed crops were shown to be as efficient as 

many cereals (Sinha et al.,1982). 

To understand the interaction of crop growth and 

environmental factors, detailed knowledge about the rates 

of biomass production, crop growth rates at different pheno­

logical stages dnd the influence of t~fTlperdture on all these 

characters is essential. Review shows that biomass {Jroduction 

and crop growth rates have not been studied at difier~nt 

phenologicdl stages and related to tem~erdture conditions. 

3.0 ACCUMULhTED HEAT UNITS AND CROP GROWl'H I-\.t~D DEVBLOl-'MENT 

3.1 THe HEAT UNIT SYSTEM AND GROWING DEGRE~ DAYS 

The effect of 'temperature on plant growth and 

occurrence and phenological develovment can be inferred by 

way of accumulated heat unit(AHU) which is based on the idea 

that plants have a definite temperature requirement before 

they attain certain phenological stage. In the past, accumu­

lated heat units have been widely used to predict crop growth 

and development. Though plant growth and development are 

time related in specific area, they are also closely related 

to the occurrence of critical values in the rise or fall of 

seasonal temperature. 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. 
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Reaurner(173S) was the first scientist to suggest 

that the sum of the mean daily shade temperature of air 

between one stage of development and anothclr w~s constant 

for a particular plant species. Bossingdult(1834) calculated 

~h~ IItotdl quanti ty of he at II required to ril,Jen grain by 

this method. 

The degree day concept assumes thdt the relationship 

between growth and temperature is linear or d logarithmic one 

as predicted by Van I t Hoff Law. The terllt!> degree days, growing 

degree days dnd heat units are used synonymously by various 

scientists. Thus degree day is a measure of departure of mean 

daily temperature from a given base temperature expressed in 

"c or "F. Day-degrees were also reterred to ciS accumulated 

heat units (AHU) by several workers. 

(Arnold(1959) suggested methods for determining the 

bdse t~lII!Jt=rcJ.tures (a) least variability method and (b) X­

intercept method in \/hich a regression equdtion is fitted 

between mean temperature(independent varidble} and growth 

rate(inverse of duration). The value of X-intercept is taken 

as base temperature. 

Hodgson(1978b) following Arnold ' s(1959) method, 

detennined the base temperature for Brassica spp. Iwata and 

Okubo(1969) extended the least variability method of Arnold 

to jointly consider the base and optimum temperature:i.Basker­

ville and En~n(1969) developed equations to determine degree 

days for conditions when base temperature is above daily 
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minimum and optimum temperature is less than daily maximum 

temperature. 

Lindsey and Newman(1956} estimated degree hours as 

1 2 ( T max - B.'f.) 2 

T - T . max mln 

where, Tmax is teillperature maximum, Tmin is temperdture 

Ininimum and B.1'. is the base temperature. 

Gilmore and Rogers (1958) suggested that crop 

development is dlso inhibited at temperatures higher than 

o [Jtimum. 

3.2 HEAT UNITS AND DRY MATTER f'RODUCl'IUN 

A high positive correlation between dry matter of 

soybean and sum of air temperatures was obtdined by Uchijima 

(1975) and Rajput(1980), 1n wheat by Chdkravarty dnd Sastry 

(1983 a/b,c). Uchijima (1975) concluded that the sum of 

air tt::mperatures is highly responsible for dc;cumuldtion of 

dry matter of the crop stand. 

When the day degree accumulation is above lOOOoC 

the rate of dry matter accumulation in soyabean was found 

2 to be 49.9 glm /lOO°C day. Similar dependence of accumulation 

of dry matter by soyabedn on sum of air temperatures is in 

good accordance with results reported on soyabean by Hanway 

and Weber(1971), who found a linear dependence of dry matter 

accumulation on number of days after emergence. 

Robinson(1971) in a study on sunflower reported 

that GDD summation to either head visible or first anther 
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stdge did not vary greatly under different environments. 

80th day and GDD summations varied among yedrs for all 

growth periods but the magnitude of varidtion in some lJeriods 

was not great. In New South Wales, Hodgson (1978b) calculated 

the 'growing degree day (OC) requirem:=nl.s for Brassicd napus L. 

dnd Brassicd cBlopestris L. from phenologicdl and thermal 

ddta and tound that duration of all phenophases are signi-

ticantly correlated with the phase mean temperatures. 

Similar relationships between biomass production, 

phenology and accumulated heat units in Bra~sica spp. do 

not apvear to have been studied and information on these 

aspects is lacking at present. 

Thus, though considerable progress had bet;m lOade 

in characterizing the biometeorological time scale in terms 

of degree days, it is obvious that detailed study on different 

crops is necessary to predict the maturity date and other 

phenological events much in advance and help the plant breeders 

to characterize the varieties based on AHU rather than on 

the duration of the phase in terms of numb~r of days. This 

type of infonlldtion in Brassica crops is lacking in our 

country. 

3.3 ~HcNOTHERMAL INDEX 

The differenct!s in relation to accumulated degree 

day:.; between differen t growth stages in case of wheat WdS 

expressed in the form of phenothermal index, by Chakravarty 



cillO S(istry(1~83 Cl,b) cornjJuted as degree days/growth day. 

~he index was found to be nearly constdnt, irr~sp~ctive 

of planting date and season, during sowin(_] to boot ledf 

stage. While the indices in different stage.s trom boot 

ledf to hard dough in wheat gradually increased from a 
\ 

mean value of 12.2 between boot leaf and anthesis to 18.1 

19 

tram milk to hard dough, for entire crop grvwth l~ri()d 

taken as a single unit, the coefficient of vdridoility(C.V.) 

yielded a valUe of 3.1 (Chakravarty and Sastry, 1983a). In 

barl ey crop, .phenothennal index ranged f ron, 11.5 to 1 t}. 5 

during boot leaf to anthesis stage (Chakravdrty et ~.,1984}; 

from anthesis to soft dough, it rdnged from 14.1 to 17.1 

and for the entire grov/th season, the phenothermal index 

nearly remained constant around a value of 11.5 with a C.V. 

of 1.1%. 

Phenotherrnal indices in case of Brassica sPp. 

have not been attempted so far. 

3.4 HEAT USE EFFICIENCY 

Based on accumulated heat unit system, a heat use 

efficiency index was proposed for characterization of biomass 

production at different stages of crop growth and grain 

yield of soyabean, summer mung and wheat in relation to 

ambient temperature (Sastry ~ ~.,1985). Heat use efficiency 

(HUE) of three soyabean varieties for different growth stages 

was evaluated using above-ground biomass and also the grain 

yield. HUE was found to be high during the flowering to 

pod formation stage and ranged from 32.7 to 60.6 qlha/degree 

day x 103 • In summer mung, at all stages of crop growth HUE 



was higher during the cooler season(1979}, ranging from 

14.4 to 73.8 qlha/degree day x 102 than in th~ warmer 

(l'j78) sedson{S.8 to 46.6 q/ha/d~gree day x 102 ) becduse 

20 

of lower SUrIUTIt::!r mean temperatures in 1979 as compared to 

19,,~ (cooler sedson); relatively high HUB, 17 to 22 x 10~ 

q/ha/degree day, was found in second planting compared to 

6 to 8 x 10 2 q/ha/degree day in 1979-BO(W-irmer season). 

During this stage, correspondingly higber CGRs were recorded 

during 1978-79 compared to 1979-80. Because of hi';:iher maximum 

temperatures (30°C) at grain filling ~eriod during 1979-80 

there was considerable reduction in HUE values {Sdstry ~ al., 

1985). 

Such heat use efficiency indices are yet to be 

evaluated in Brassica spp. to facilitate relative assessment 

of varietal response to prevailing thermal environment at 

different growth stages of the crop which can be considered 

as a measure of crop growth character in response to ambient 

temperature. 

4.0 EV.-\t'o'rAANSPI RATION (E'r) AND BIOl4\SS PRODUCrrON 

When the actual evapotranspiration falls short 

of potential evapotranspiration, the actual yield could 

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. TIlis is partly because the fraction of the 

evaporation that does not contribute to plant growth varies 

throughout tne crop life cycle (Chdng, 1968). 



It was observed by Viets(1962) that even when 

the biomass production increased linearly with evapotrans­

piration, the regression line seldom passed through the 

zero point. Working on the biomass accu.TIulation and its 

relationship with water use in the wheat crop, Doyle and 

Fisc~er( 1979) observed a linear relationship between cumu­

lative evapotranspiration and biowass production. 

21 

Hanks et al.(1969) showed thdt biomass production 

of winter whea t was highly corre lated wi Ul cUlIlulc1ti ve evapo­

tLdDspiration and obtained a nearly lin~ar relationship 

between them from sowing until maturity. Jalota(1986) estab­

lished a relc1tionship between evapotranspir-.1tion deficit 

at different growth periods of wheat variety WL-171 which 

explained 93% variation in yield. Biomass production in 

three varieties of wheat grown under irrigdted field condi­

tions in Delhi region was found to be linearly related to 

cumulative evaporation with a high correlation coefficient 

of O.89(Chakravarty and Sastry,1983b}. In case of Brassica, 

evapotranspiration and biomass relationships are yet to be 

established. 

5.0 CROP CAN01-'Y T£Ml-'ERATURE CHAAACrERISTICS 

5.1 CROP CANOl-'y 'fEMl-'ERATURE 

Canopy temperature is an integrated result of 

energy absorption and dissipation mechanisms acting within 

the canopy (Ferguson et dl.,1973). The use of canopy temp­

erature to detect water stress in plants is based upon the 

assumption that transpired water evaporates and cools the 

leaves below the temperature of the surrounding air. As 

water becomes limiting, transpiration is reduced and the 
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leaf tempe~dtu~e increases (Jackson, 1982). 

'rhe potential of infrared thermometer in measure­

ment of crop temperature for asse~sment of crop water defi­

cit was recognised by t-bnteith and Szeicz (1962) and 'ranner 

(1963) • Ehrler et ~. (1978) also derronstrdted thdt canopy 

tel[~erature .in wheat(Triticum aestivum L.) increased as 

lJlant water potential decreased. Differences in cdnopy 

temperatures between stressed and non-stressed wheat plants 

were shown to be reliable indicators of plant moisture stress. 

Quantitdti ve data relating crop It:!llIperat.ure to 

phenological dnd physiological development of the CrL)p over 

a complete growing season are sparse. The only seasonal 

crolJ canopy temperatures studies based on duily mctisurements 

reported thus far are those of ldso et al.(1977) and Jackson 

at ale (1977)_,with durum wheat. They showed that an accumu­

lation of crop temperatures during the period between head 

emergence and cessation of head growth were related to final 

grain yield. Gardner ~ al.(1981a) suggested that crop 

temperature data observed with infrared thermometer could be 

used to predict phenological stages in corn crop if land 

is completely covered. They also inferred that decrease 

in grain yield can be reflected by increase in canopy temperature 

since canopy temperature ipcreases as plant moisture stress 

starts developing. 

Cloudy periods have ~een observed to lower leaf 

or crop temperature (Stone ~ ~.,1975) for, diminished 

radiant heat load requires less total energy dissipation. 

Studies by Walker and Hatfield(1983) revealed the influence 

of net radidtion and saturation deficit on canopy(Tc ) air 
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temperature ('1'a) difference (T - T ) in well watered plants 
c a 

during central portion of thE: growing season. Kirkham 

et ale (1983) also observed in their study similar results 

with regression analysis for the dry year and wet year. 

i'>laximum(T -T ) values observed each year wE:re found to be c a 
\ 

not greatly different. In dry year, the md.ximum value was 

about _7°C and in the wet year it waS -8.SoC. They also 

suggested that plants at high VdI->OUr pressure deficit(V.I?D) 

had cooler temperatures than plants at low~r V~D in dry 

year. Similar results of negative correlu."lion between VPD 

and (T c -T a) were re1-,orted by R.eicosky ( 19!:3~) • Information on 

Brassica crops on this account seems to be lacking. 

5.2 CANOPY-AIR TEl'-"ll,"EAATURE DIFFER£NCES 

The canopy-air temperature differences(CA'rD) 

represent an integrated response of a crop to the prevailing 

weather and soil water conditions and therefore, this differ-

ence was considered to be an important varioble for quanti­

fying plant water use and grain yield(Jackson,1982). In 

studies on canopy temperature(Tc ) of \-iheat, Singh et ale (1985) 

observed the following results: 

i) Significant differences were found in grain yield 

T and (T -T ) of cultivars, under both moisture 
c c a 

stressed dnd non-stressed treatments. 

ii) Grain yield was negatively corr~l Cited significantly 

w1th average afternoon Tc(r = -0.92) and average 

dfternoon CATD(r = 0.94). 
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GVU.. 
~lant parameters)significantly correlated with 

grain yield especially in non-stres~ed environment. Steiner 

et ale (1985) monitored foliage temperature::; cit noon time 

and utili:zed them as indicators of plant stress. In their 

study, the meou differential betwE::..en (r -T ) from jointing 
\ c d 

to late grain filling period showed a strong negative linear 

reldtionsliip to grain number per unit. soil dred(r2::O.88} and 

2 findl yield (r =O.86). 

Gdtes(1968) observed that most ot the plants became 

cooler than air temperature between air temperature range of 

30 to 40 0 e and belovl these temperatures. the ledves were 

observed to be warmer than air temperature. The mid-day 

temperatures of sunlit leaves of non-stressed and moderately 

stressed plants were generally found to be 1 to 2°e below 

air temperature and corn crop did not develop water stress 

unless leaf temperature exceeded air temperature (Gardner 

~ al.,19Blb). 

In a study carried out by Kalra ~ al.(1985) it 

was observed that during early growth phase, 85 days after 

sowing(DAS), the CATD was higher in Brassica campestris and 

Brassica juncea than in ~.napus and ~.carinata and a reverse 

trend was found in later growth phase(85 to 125 days). CATD 

was found to be highly and linearly correlated with LAl and 

dry matter ~roduction during the vegetative phase of the crop. 

Cumulated stress degree days ( ;r SDD) were found 

to be highly and linearly correlated with leaf area index (LAI) 
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and dry matter production (DN) during the vegetative phase, 

in four Brassica species viz., cdillpestris' juncea, napus and 

carinata(Kalra ~ al.,1985). Grain yield was found to de­

crease wi.th increasing ESDD (ldso et al. , 1977; walker and 

Hatfield, 1979; Diaz et al.,1983). A low goodness of fit 

2\ 
(r =0.54) of yield with ~SDD for the combined data from 

three planting dates was obtained by Did2 et ale (1983) • --
The goodness of fit for individual planting dates WdS large 

2 (r =0.80 to 0.96). However, in their studies on red kidney 

beans, walker and Hatfield( 1979} reported thdt field-stress 

degree day concept was stable over a wide range of pldnting 

dates. 

Jackson ~ ale (1977) evaluated tht:; SDD pdrameter 

as a possible irrigation scheduling tool. It was concluded 

that irrigation should be given for wheat when or before 

the positive SDD·s reached a value of 10. Thus, while the 

stress degree day concept has been widely applied both for 

stressed and non-stressed crops and found useful for 

correlating with grain yields, information on SDD for different 

growth stages in different crops, particularly on Brassica 

spp, based on daily measurement of canopy temperature is 

limited in our country. 

6.0 EFFECT OF TEHf'EAATURE ON CHLOROHiYLL CONTENT 

Photosynthesis depends upon many factors but even 

chlorophyll content gives an indication about the productivity 

status of a crop. Chlorophyll estimation gives an idea 

about rate of production, since the rate of production is 

proportional to chlorophyll content. 
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6 0 1 CHLORO.t-'HYLL CONTENT 

Marked differences in leaf chlorophyll content 

were recorded both between ecosystems and se,:lSOBally ,.U\'\J 

each ecosystem. The chlorophyll concentration in various 

kinds of plant materials differ gredtly. Gvington dnd 
\ 

Lawre·nce (1967) showed that concentration diiferences are 

related to environmental conditions and thdt the vdriation 

depends upon the month of sampling over the crop growth 

pt.!riod. In studies made by Anderson(1967) it Wd:;' reported 

that high chlorophyll content of plant communities is d 

concomitant of large leaf area index, increasing radiant 

energy absorption and total dry matter production. He also 

inferred that as the LAI of a plant community incredses 

so will the crop chlorophyll content even if the average 

content per unit area of leaf decreases somewhat. 

Yield was more closely correlated with chlorophyll 

content in wheat crop(Tarchevskii and Andrianova,1980). 

In their study of 12 wheat cultivars varying in maturity, 

Cupina ~ ale ( 1979) reported that chlorophyll con tent in 

wheat crop stand varied between years and between leaves 

in the order of flag leaf> leaf below flag leaf) lower 

leaves. They also inferred that late cultivars contained 

more chlorophyll than early 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 
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from 4.~ to 5.3 rng/g fresh weight. dnd ditfert!llces between 

l->lanting dates were found significant. In these experiments, 

the first hdrv~st was significantly higher than the second 

hdrvest date for total chlorophyll. J..'ziend(1960) observed 

that maximum fresh weight coincided with the time ot maximal 

chlbrophyll content. 

A study was carried out in winter rape by Vincenc 

et al.(1984) in Czechoslovakia to find out the chlvrophyll 

cont;::nt of siliqua and seeds in winter rape during ripening 

and he found that total chlorophyll content increased during 

green ripening and then markedly decreased by full ripening 

tim!::. 

6.2 Chlorophyll and Temperature 

The interact,ion between chlorovhyll and temperature 
~.,_J_ 

was studied under control,(conditions with wheat crop in culti-

var Chris by Kuroyanagi and Paulsen(1985). They observed 

that increasing temperature from 21/15°C to 35/25°C(ddy/night) 

after anthesis decreased chlorophyll content. Ray et ale 

(1978) reported that at low temperature, chlorophyll content 

incredsed during later growth \'1hereas high temperatrures 

reduced the same. 

The effect of temperature on chlorophyll aCCUITlU-

latlon was studied in etiolated wheat seedlings by Lubimenko 

and Hubbenet(1932) for periods of time upto 72 hours. The 

highest rate of formation and greatest chloroPhyll conterlt 

was found at 26°C. Very little chlorophyll was found below 

4°C or above 44°C. According to them, this effect of tempera-

ture probably acts through the temperdture control of 

protochlorophyll formation. 
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At a constant temperature of 25°C maintained in 

controlled experiments, Friend(1960) observed that chloro­

phyll content in the second leaf increased with increase 

in light intensity. The mean chlorophyll content in the 

iirst two leaves(rn;J per 10 g fresh weight) was 7.8 at 30°C. 

4.~ at 34"~ 4.5 at 35°C dnd only 1.8 at 36°C. 'l'he rate of 

formdtion was also slow below 5°C. At ternfJerdtures below 

20°C however, the greatest amount of chlorophyll WClS found 

at the intermediate light i'ntensi ties (Friend, 1960). Bennett 

et al.(1982) inferred from their growth chamber studies in 

md1.2e, that chlorophyll concentration changed in response 

to both growth and acclimation temperatures. Those grown 

at 16°C had the lowest concentration and those gro~l at 

35°C the highest chlorophyll concentration, changed over 

a 24 hours acclimation period in both expanding and fully 

expanded leaves, increasing when plants were transferred 

to higher temperatures and decreasing when the transfer was 

to low temperatures. 

Total chlorophyll content at 25/20 o C was observed 

to be higher at 11 hours photoperiod than at 14 hours photo 

period in several selections by Herath and Ormrod(1979) 

while at 30/25°C it varied with photoperiod. 

Friend et al.(1962) demonstrated the extremely 

critical temfJerature dependence of chlorophyll accumulation; 

a rise 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. 
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It is evident that detailed investigation regarding 

the behaviour of chlorophyll content at different crop growth 

stages and possible short-term effects of temperature under 

field conditions had not been widely reported. There is 

in5ufficient literature particularly with respect to phenology 
\ 

and crop growth rates in relation to chlorophyll content 

dS affectea by the thermal regime in Brassica spp. grown 

under field conditions. 

The foregoing review on the response between 

plant growth dnd development in relation to temperature had 

shown that higher temperatures have an adverse effect on 

crop growth dnd development. Most of the studies reported 

were carried out under con-trolled conditions at fixed dayj 

night temperatures. The reported literature on these aspects 

in Bras sica spp. is insufficient and sparse. 

In Brassica spp. generally the research reports 

had been confined mainly to ~he entire crop growth period 

without any mention to phenological stages. Since th8 effect 

of environmental factors like temperdture has a overriding 

influence in rabi season in the Delhi region on almost all 

the phenological stages of crop growth, it is necessary 

to study such responses under field conditions. 

The review also shoyls that accumuldted heat unit 
bt~", 

system has not, applied to study the influence of thermal 
" 

environment on growth and yield in rapeseed one] mustard, 

particularly under Indian conditions. 
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Similarly, the review shows that effect of 

temperature on chlorophyll content at different phenological 

st~ges of the crop growth which is indirectly affected by 

teJoperature through development of leaf area and biomass 

need to be investigated o 



MAT E R I A L SAN D MET HOD S 



3. MATERIALS AND METHODS 

The details of materials used and techniques adopted 

in. carrying out the present investigation are mentioned in the 

chapter under different titles. 

301 SITE OF THE EXPERINENT 

Two field experiments were conducted durinq Rabi 50asons 

of 1987-88 and 1988-89 from October to April in the rpsearch farm 

of Indian Agriculturaf Research Institute(I.A.R.I.) New Dplhi 

(latitude 28°37'N, longitude 77°l0'E). The fipld had a fairly 

~evelled topography and experimental site WRS located adjoininq 

the agrometeorological observatory. The soils in the experimental 

area were sandy loam in nature. 

3.2 CLIMATE 

New Delhi has a subtropical semi-arid climatp,character­

ized by hot, dry surruners ano cold winters. Summer maxi. 'TIUm tpmper­

atures reach as high as 46.8°C while winter minimum tpmpprRtures 

touch as lot.,r as 1°C. Average annual precipitation is 710 mm of 

which nearly 600 rrun are received during the sOllthv.~st mnnsoon 

period i.e., July to mid September. Climatic normals fnr ['plhi 

are presented in Table 1. 

3.3 CROP 

Brassica crop was raised for carryino out thp experi­

ment. Three cultivars viz., Brass~ napus var. B.O.5~, 

~ssica juncea var. Pusa Bold and Brassica ~ampestris var. 

Toria-T9{referred to hereafter as variety V1,V2 and V
3

, 

.respectively) • 



with different maturity periods were used for this study. 

B.0.54 is a late maturing variety, Pusa Bold has medium 

maturity and Toria-T9 is the one which matures early. 

Table 1\ Climatic normals for Delhi, I.A.R.I. Agro­

meteorological Observatory 

Month 
________________ ~1~9~41-._1~9_7_0:_--------~~----~~~~7 
Max. Min. Evapo- Dura- Wind Rainfall 
temp. temp. ration 1 tion speed (rom) 
(OC) (Oe) (mm day- ) of bri- (km hr-1) 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

32.2 

28.0 

22.2 • 

20.3 

23.6 

29.5 

36.0 

17.4 

6.8 

6.2 

6.0 

7.7 

12.9 

18.9 

3.3.1 Treatment 

5.2 

3.8 

2.4 

2.3 

3.9 

5.4 

9.5 

ght sun­
shine, 
hours 

8.8 

9.0 

8.0 

7.5 

8.3 

8.9 

3.8 

2.7 

3.7 

4.0 

4.8 

5.4 

6.5 

30.1 

2.4 

5.9 

20.4 

16.7 

17.1 

5.5 

Three cultivars VI'V~ and V3 mentioned above were 

sown on three different dates (P1,P2 and P3) in both the 

seasons as shown below: 

Rabi season Date of sowing 
PI P

2 P3 

1987-88 7.10.87 21.10.87 4.11.87 

1988-89 5.10.88 22.10.88 5.11.88 

32 
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3~3.2 Experimental layout 

The layout(Fig.l) consisted of 27 plots of size 

8rn x 5m laid out in a randomized block des ign \~i th three 

replications. 

va~ieties 3 Treatments (sowtng dates) 3 

Replications 3 Total numb(:!r of plots 27 

3.3.3 Fertilizer applicCition 

Urea @ 60 kg N/ha, single su~erphosphdte @ 92 kg 

~205/ha and muriate of potash @ 48 kg k 20/ha were applied_ 

Half the quantity of urea WciS mixed with the other two ferti-

lizers and applied to the soil during discing before sowing 

while the other half was applied at pod formation stage. 

3.3.4 Cultural operation 

Cultural operations like weeding and thinning were 

done. Weeding was carried out manually and thinning was done 

to keep the plant to plant distance at 8 to 10 cm while the 
a.t 

row to row distance was maintainedi 22.5 cm at the time of sowing 

as per the recommended practices for this crop. 

3.3.5 Irrigation 

Irrigations were given at two critical stages viz., 

flowering and }:..lad formation. To ensure maintenance of IInot 

short of water ll conditions and to retain the soil moisture in 

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

irrigations ,,,ere also g.iven whenever the gravimetric samples 

showed that the soil moisture got depleted to a value below 
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50% 'available water' in the 15 to 60 cm depth. 

3.3.6 Plant observations 

3.3.6.1 Phenological observations 

The plants were inspected at frequent intervals 

(2 to 3 days) to closely follow the phenological events. From 
\ 

these observations first flower appearance (FF), 50% flowering 

(FF50), 90% podding (P90), end of seed filling{E~P) and matu-

rity{MAT) were identified in each treatment and used in 

further analysis. (a) First flower appearance is defined as 

the time when the apical bud opens into the first flower: 

(b) 50% flowering is defined as the time when 50% of the plants 

have flowered; (c) 90% podding is defined as the stage when 

pods have already set in 90% of plants which coincides with 

the beginning of seed filling (when growing seed starts accumu­

lating green mass in them), identified by opening the pod and 

pressing the seed, (d) end of seed filling is talcen as the 

stage when no further pod growth takes place and the pods 

start turning yellow and (e) maturity is defined as the stage 

when 90% of pods get dried whi_l.e the see.ds g.et hardened and 

crop is nearly reaqy for harvest~ 

Based on these, phenological stages were further 

classified as follows: 

1. Vegetative stage ; Emergence to first flower appearancelFF) 
ance 

2. Flowering First flower appea~FF) to 50% flower-

ing(FF50) 
. 

3. Pod formation 50% flowering{FF50) to 90% podding(P90) 



4. Pod filling 

5. Maturity phase 

3.3.6.2 Biomass 

90% podding to end of seed 

filling(ESF) 

End of seed filling (ESF) to 

maturity (MAT) • 
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Oven dried, above-ground plant materidl WdS used to 

determine biomass production at periodic intervdls. For this 

purpose leaving two border rows in each plot, two rows were 

earmarked for sampling. At each sampling, 6 plants at earlier 

stage~~ and 3 plants at later stages were randomly selected. 

These samples were oven dried at 80°C for 48 hours. Oven drying 

was continued till samples attained constant weight. 

3.3.6.3 Crop growth rates 

Crop growth rates (CGR) were evaluated over 5-day 

period from the smoothed biomass observations in each treatment. 

CGR = 
Accumulated biomass 

Number of days 

3.3.6.4 Leaf area index 

g/plant/day 

Leaves were separated from the fresh biomass samples 

to measure the leaf area. LI-COR Model 3100 Area meter was 

used for this purpose. 

3.3.6.5 Chloro~hyll content of leaves 

Chlorophyll content of leaves was determined at 

different crop growth stages. Leaves were sampled from top, 

middle and bottom levels of plant depending upon the growth 
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stage and height of the plant. Three samples were collected 

at random from each treatment for this purpose. 

Chloro'rhyll amount was determined follo\-ling 

Hiscox and Israelstam (1979). 100 mg leaf discs "Jere C1!t 

from the middle portion of the sample leaf and transferred 

.to 20 ml test tubes and 7 ml of dimethylsulphoxide was added. 

The test tubes were kept in oven at 65°C for 4 hours and 

the volume was made up to 10 ml by adding another J. 0 Pll 

of dimethylsulphoxide. Transmittance values at 645 nm anrl 

663 nm were recorded by us·ing Bausch and Lomb Spectronic ... 20. 

From the transmittance values, optical density(O.O.) values 

were determined. If 0.0. value was higher than 0.7 the 

solution was diluted to 50% of its original conCCl1tr;>!: ion 

by ac:ding another 10 ml of dimethylsulphoxide. l'h~ total 

chlorophyll content was determined using the pxpression: 

Total chlorophyll 10 
content(mg/g of = 
fresh leaf wt.) 

22. 2 (0. D • 645) + 8. 02 (0. D. 663) x 
wt.(mg ) 

3.3.6.6 Oil content 

The procedure sugges ted by Kartha et ?l. (1954) 

was adopted for o0termining thp. oil content in seeds. Brassi-

ca seeds .weighing 0.50 \.;ere taken and ground with 2.0 g of 

pyrex glass po\.,.der and 2.5 g of anhydrous sodium sulphate 

(Na
2
So

4
). The mixture was put in tapering qlass tubes and 

extracted with 20 to 22 ml of pntroleum b~nzene(boiling range 

40-60°C) into the conical flasks. Th~ aliquot was heatpc1 on 

'1ater bath till it completely evaporated off leaving behind 

oil in the conical flasks. The per cent oil content 

was calculated as: 



Oil content(~) c 

Wt. of oil in the seeds 

Wto of seeds 
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x 100 

The sampling for oil content was started after seed 

fonoation and was continued at periodic intervals till the 

maturity of the crop. Oil content was also determined at harvest 

by using NMR technique. 

3.3.6.7 Harvest 

The crop was harvested manually with sickles. The 

yiel d samples were obtained randomly from 1m x 1m area from 

each ploe at t\-.ro places. The number of plants per square 

metre were counted. Seed yield as well as strdw yield were 

recorded. 

3.3.6.8 Harvest index 

Harvest index(HI) was determined by dividing the seed 

yield by total biological yield expressed as IJercentage and is 

given by 

Seed yield(g/plant) 
HI ::: x 100 

Total biological yield(g/plant) 

3.4 SOIL MOISTURE 

Soil moisture was determined by auger sampling method 

for the depths 0-5, 5-15, 15-30, 30-45, 45-60, 60-90 and 90-120 

em in all the treatments. The samples were oven dried at 105°C 

till constant weight was obtained. This sampling was done'to 

maintain the crop at Inot-short of water l condition through 

irrigation. 



3.5 ACCUMULATED HEAT UNITS 

Accumulated heat units were computed using three 

different methods as follows; 

3.5.1 Growing deqree days 

The method employed to calculdte the growing degree 

days(G~) following Nuttonson(1955) is 

n Trnax + Tmin 
GOD = %. (_I ____ _ B. T.) 

1 2 

where, 

Tmax = maximum temperature (OC) of the day 

Tmin = minimum temperature (OC) of the day 

B.T. = base temperature(4.5°C) 

n = number of days during which the heat 

units were accumulated. 

3.5.2 Photo-thermal units 

The product of the growing degree days and the length 
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of the day in hours ~ccumulated over a given period gives photo­

thermal units(PTU). Values of day length hours were obtained from 

Smithsoninian Tables. 

3.5.3 Helio-thennal units 

Helio-thermal units(HTU) were computed following Sastry 

and Chakravarty(1985). In this method the actual bright sunshine 

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

the heat sununations. Thus the product of the day degrees (from the 

base temperature 4.5°C) on any day and the corresponding actual 
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bright sunshine hours had been termed as helio-thermal units 

and accumulated for the period of crop growth. 

3.5.4 Pheno_thermal indices 

The heat units accumulated per growth day between 

two phenological stages were computed to obtain 'pheno-thermal 
\ 

index' which is expressed as degree days per growth day; this 

procedure was used earlier by Chakravarty and Sd.stry(1983). 

3.5.5 Heat use efficiency 

With a view to compare the reldtive performance of 

the different varieties and treatments with respect to utili-

zation of heat in terms of growing degree days during the crop 

growth period, heat use efficiency(HUE) was computed by the 

method suggested by Sastry et al.(1985}. It is given by the 

expression: 

HUE = 
Accumulated biomass (g/plant or q/ha 

Accumulated heat units(OC) 

The following observations were taken daily and some 

of them for diurnal variation on particular days, representing 

different growth stages of crop. 

3.6 PHo'rOSYNrHETICALLY ACI'IVE ,RADIATION 

Line quantum sensor(Model LI 191B, LI 1888 - inte­

grating quantum/radiometer/photometer) was used to measure the 

amount of photosynthetically active radiation (PAR) received 

at different heights within the crop canopy--below inflorescence, 
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at 50% height of crop canopy and at the ground surface, keeping 

th~ sensor at 5 ern above ground level. 

3.7 LEAF TEMPERATURE 

A microprocessor controlled LICOR(Model LI-1600) 

steaCiy state porometer which measures leaf temperature (OC) 

was used. For this measurement top second or third leaf was 

taken for observdtions after the disappearance of dew from 

the leaves. Three to four intact leaves were used for each 

set of observations which were repeated at hourly intervals 

during the day. 

3.8 fl'lESH COV.I!:RED PAN EVAPORATION 

Values of evaporation in mm from class A mesh covered 

pan evaporimeter as per specifications of 1M[) installed in the 

nearby agrometeorological observatory were taken for the duration 

corresponding to the crop growth period. 

3.9 CANOPY TEMPERATURE 

Canopy temperatures{T ) were taken daily from December c 
onwards in the reSPective cropping seasons using Telatemp 

infrared thermometer model AG 42, with a 3° field of view, 

response time less than a second, accuracy t O.soC and of spectral 

response 8 to 14 microns. Observations were made between 1300 to 

1400 hours IST daily, from corners/sides of the plots and averaged, 

till crop got matured. Canopy air temperature differences (CNrD) 

were noted along with canopy temperature readings from the same 

infrared thermometer. 



3.10 STRESS DEGREE DAYS(SDD) 

The sununation of daily CATO values (~SDO) was 

Indde for each crop sowing from flowering to maturity. The 

procedure described by Jackson ~ al.(1977) was followed: 

SDO = :ET - T 
c a 

where, 

T = canopy t.emperature c 

'1' = ambient temperature a 
SOD = stress degree days 

3.11 STATls'r leAL ANALYS.IS 
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The following statistical analysis was carried out 

for interpreting the results presented in the~present investi­

gations; 

a) analysis of variance 

b) coefficient of variation 

c) correlation coefficients and regression analysis 

For this analysis the methods suggested by Gomez 

and Gomez (1984) were followed. 



RES IT L T SAN D DIS C U S S ION 



4 RESULTS AND DISCUSSION 

Results obtained in the field experiments conducted 

during rabi seasons 1987-88 and 1988-89 on Brassica spp. to 

study the effect of temperature are detailed and discussed 
\ 

belo\-J: 

4.1 ENVIRONfvlEN'fAL COND [TIONS DUm NG RABI 1987-88 

AND 1988-89 SEASONS 

Environmental condjtions that prevailed during the 

rabi 1987-88 and 1988-89 seasons as recorded at the IARI 

agrometeorological observatory are presented in Fig.2. From 

the daily data collected, mean daily values during the 

differ-ent standard meteorological weeks (A.f.J1-'endix-I) in both 

the seasons were computed. Weekly mean values for different 

parameters are given in Appendix-II and III. 

4.1.1 Maximum temperature 

During the rabi 1987-88 season, weekly mean maximum 

temperatures ranged between 21.8 to 36.9°C. Temperatures were 

the lowest during the flowering to pod development stages 

(21.8°C). During mdturity, temperatures gradually increased 

from 25.1 to 35.3°C. An examindtion of daily temperature 

data showed that during vegetative phase, temperatures were 

1 to 4°C above normal during the weeks 44 to 48. During 

pod development stage, maximum temperature was 3 to 6°C higher 

than the normal. In the maturity phase (weeks 8 to 14) the 

temperatures were 2 to 6°e below normal which could be 

associated with cooling due to 64.6 men of rainfall received 

in weeks 9 to 13. 
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During the rabi 1988-89, maximum temperatures 

decreased gradually to a lowest of 16.7°C in the second week 

of january rising to a highest of 30.9°C by the end of the 

growth season. An excunindtion of daily temperature data 

showed that during early pod development stage(weeks 52 to 

4) ma'ximurn temperatures were 2 to 6°C beloy/ normal in associa-

tion with 64.6 rom of rainfall received during the period. 

During the late pod development and early maturity phases 

(weeks 5 to 8) temperatures were 2_4°C below normal. In the 

late mdturity phase(weeks 11 to 14) temperatures were 1 to 7°C 

below normal which could be attributed to 29.0 rom of rainfall 

received during this per.iod. 

In general, maximum temperatures recorded in 1987-
~" 

88 season we'~ .. ,w:r::Jhan those in the 1988-89 season. 

4.1.2 Minimum temperature 

Weekly mean minimum temperatures dur lng 1987-88 

crop growth season ranged between 4.9 to 21.1°C. Temperatures 

were the lowest (4.9 to 8.2°C) during the flowering and pod 

development periods(weeks 48 to 4). An examination of daily 

data showed that during this year, on most of the days minimum 

temperatures remained 1-3°C below normal during weeks 44 to 

49{Late vegetative to early flowering), weeks 49 to 52(late 

flowering to pod development period) and weeks 12 to 14 

(maturity phase). 

During rabi 1988-89 season, weekly mean mi.nimum 

temperatures ranged between 4.4 to 20.1°C. Daily minimum 

temperatures were below normal by 2 to 4°C in weeks 48 to 50 
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in the late vegetative and early flowering period and for ~ 

prolonged period from weeks 2 to 11 in the pod development 

and early maturity periods (by 4 to 6°C) suggesting mild 

cold wave conditions. Daily minimum temperatures during the 

late\ vegetative to early pod development periods(weeks 44 to 

2) were 2 to 8°C higher than those in 1987-88 season for the 

corresponding period but during the early maturity period 

(weeks 6 to 11) they were lower by 4 to 7 aC. 

On the whole, it can be said that 1988-89 was 

relutively a cooler season compared to 1987-88 rabi season, 

when near normal temperatures were observed. 

4.1.3 Duration of bright sunshine hours 

The number of bright sunshine hours during 1987-

88 season varied from 8.7 per day at the time of first 

sowing to 4.9 hours during the 2nd week of December and there-

after again decredsed to a minimum of 4.7 hours in first 

week of January, increasing to 9.6 hours per day during the 

crop maturity period. 

During 1988-89 season, they varied from 9.4 to 7.5 

hours per day in the vegetative period, decreased to a mini-

mum of 4.3 hours in the 3rd week of December, thereafter 

for a second time, decreased to 4.6 hours per day in the first 

week of January. And later during the maturity period, they 

ranged between 6.8 to 10.9 hours per day. 

A salient feature was that during rabi 1988-89 
- I 

longer bright sunshine hours(7.5 to 10.0 hours per day compared 
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to 8.1 to 905 hours per day in 1987-88} were observed during the 

vegetative phase. In 1988-89, sunshine hours were of longer 

duration (4.6 to 11.0 hours per day cOlOpared to 4.7 to 9.6 hours 

in 1987-88) during the pod development and maturity phase. 

4.1.4\ Rainfall 

During the rabi 1987-88 season, the total rainfall 

received from November to March was 79.8 rrun on 6 rainy days. 

The highest rainfdll spell was 50.0 mm received on 11th, 12·th 

and 14th i-larch during the early maturity period which led to 

lodging in the first and second sowings of variety B.0.54 and 

caused heavy pod shattering due to the accompanying hail storm. 

Rainfall during the rabi 1988-89 sedson WdS 

higher 1. e., 93.6 rrun which occurred on 5 days from December to 

January. The highest rainfall (a total of 63.2 ITUll) was received 

on 3 rainy days during the early pod development period and 

another spell of 29.0 mm during the maturity period. 

Among the two seasons, 1988-89 received rainfall 

during the pod development stage whereas no rainfall was received 
I 

during the corresponding period in 1987-88, which contributed to 

a relatively cooler season during 1988-89 at this stage. 

4.1.5 SatUration deficit 

Saturation deficit followed the pattern of maxi-

mum temperature in both the seasons viz., starting with a higher 

value, decreasing to a minimum and thereafter showing an increaSing 

trend. Starting with 10.0 to 13.7 mm of Hg at the time of sowing, 
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saturation deficit decreased to 5 to 7 mm at flowerinq time 

and to 3 to 7 mm at pod developm~nt staae an~ therp~ftpr 

increased to 4.7 to 15.1 mm at maturity with the aprro,chinq 

sununer conditions. 

4.2 f'HENOLOGY 

The occurrence of five phenolo'1i("i 1 staQes rJ.~ ~numprPl.­

ted earlier in the two rabi seasons 1987-R8 a~~ 1qRR-Rq for thrpe 

varieties B.0.54, (V1), Pusa Bold (V2 ) and Tor.ia-TQ (V j ) ~nwn at 

15 day intervals and the number of days taken to complete differ­

ent growth stages are shown in the Table 2. 

4.2.1 Rabi 1987-88 

B.0.54: The variety B.O. 54 tooK 4S,11 1n0 41 0ays 

to reach first flower in first (Pl \. seconrl (t 2) ~nd thlrd (1:'3) sowinqs, 

respecti vely. Flowering stage and maturi t.y ph.qs~ sho~d lonqer 

duration in P2(15, 25 and 18 days), (37,4R ann '30 days), 

respectively. For pod formation, P1 and F2. b')('Ik ~lmost ~.qme 

number of days (24 and 23 days) and in P3 the pvpnt w~s delayed 

by a week(30 days). There was progressivp decrease in rod fillinq 

period with sowing date: 34,20 and 16 days. The varipty took 

155, 149 and 135 days to attain maturity in F l' 1:'2 ann 1 3 , 

respectively. 

Fusa Bold: The variety took reli'ltivply l~sser nllrnhpr of 

days in all the three sowings for completion of the veoetative 

period when compared with B. O. 54. It took 2?, 26 and 31 nays in 

P1' P2 and P3' respectively. Pod formation period in Fl and P2 



0\ 
E-i 
I N 

It) A. 
·rl 

CO H 
00 0 
I tl 

r-
00 
0\ 
rl 

01 rl 
!=: A. 
·rl 
H 
::l 
'0 
• p.. 

P. 
II) CO 

(1. 
it) 
U 

·rl 
II) 
II) 

IU 
H 
III <0 

r-i 
Q 0 

·rl III N 
A. 

--- IU 
II) til 
>. & IU 
'0 
II) 
Q) 
01 rl 
IU III 
~ 
III 

rl II) 
It) Q 
U 0 
·rl III 
01 IU C") 

0 Q) 0. 
.-j III 
0 '4' 
C 

~I 
li) 

Q) 

-a • 
0 
• N 

4-1 0\ A.l 0-
0 CO 

I · C CO H 
0 CO IU 
.'; 0\ :> rl 
~ rl 0. 
It) 

H '0 a ~ r-i 
IU rt) 

U 
·rl 

• tJl 
N 0 

r-i 
Q) o Q) 
.-j COl 
.Q Q) IU 
IU 'c+l 
E-i 0. III 

00 
rl 

0 
N 

.-1 
N 

.-; 
r<l 

\0 
N 

N 
N 

.-l 

..q. 

C") 

C") 

li) 
'<;jt 

H 

Q) 

> 
·rl 
+l 
IU 
.j.J 
Q) 
tJl 

~ 

(J'I 
N 

r-
rl 

rl 
N 

W 
(") 

\0 
N 

\0 
N 

0 
.q< 

0 
C") 

\0 
N 

t-i 
H 

o 
rl 

r-

rl 
rl 

r-

00 

0 
rl 

W 
rl 

L[) 
N 

L[) 
rl 

H 

01 
~ 
~ 
H 
Q) 
~ 
0 
r-i 
fl.l 

r-

0 
rl 

r-

N 
rl 

00 

r-
rl 

0 
N 

r-
rl 

H 
H 

0 C") 
..q. ..q. 

\0 r<l 
r<l r<l 

r- \0 
N .q< 

00 .q< 
M N 

..q. li) 

M M 

0 0 
r<l ..,. 

C") r<l 
N r<l 

"<l' rl 
N ...v 

H H 
H 

I 
It! 
E 
H 
0 

4-1 
C 

rO 0 
O·rl 
a.+l 

o 
N 

m 0 
rl N 

rl li) 
C") 0 

rl 

C") L() C") 0\ r<l 
N N N N rl 

.-l 

"<l' ..q. I.i"l L1) r-
N N N r<l rl 

rl 

0 0 N r- r-
N ('t) ..q. rl r;J 

rl 

N N li) rl 0\ 
N ('t) C") li) N 

rl 

..q. .;;jt r- 0\ r-
N N ...v li) C") 

rl 

\0 0\ 0 li) I.(l 
rl r-I C") N C") 

rl 

0 '<;j< W 0\ 0\ 
N N ..q. C") ...v 

rl 

'<;j< II) r- C") li) 
C") 1"'1 C") C") II) 

rl 

H H H H H 
H H 

I 
r-i !>t 
r-i +l 
.'; .'; Q) 
4-~ H Q) H 

::f II) ·rl 
'() 01 +lIU +l 
OC ~ft Q 
0.''; r:LI 

47 

• 
0\ 
O} 
I 

rl 00 
N 00 
M 0\ 

M 

II 

H 
H 

.. 
r<l 00 
N 0) 
rl I 

r-
00 
0\ 
M 

II 
OO 
M H 
rl 

• >< 
r-i 
Q) 

:> 
·rl 
+l 
U 
Q) 

li) p.. 
.;;jt II) 
M Q) 

H 

C") 

ro 
~ 

N 
li) N 
rl ... 

rl 

II) 
C1) 

+> 
IU 

rl '0 
'<;j' 
rl 01 

C 
·rl 
~ 
0 
til 

\0 
.;;jt Q) 
rl H 

III 

N C") 
I.(l III 
rl 

'd 
H 

~ H 

N 
0. 

'lJ , 
0 rl 

o.·rl a. 
o H 
HQ) 
uo. 



48 

and maturity phase in P1 and P3 took relatively more number 

of days, that is, 34, 38 days and 47, 42 days, respectively. 

The variety matured in 137,129 and 127 days in the 

different sowings. 

Toria-T9: The variety took relatively lesser 

number of days in all the three sowings to reach the first 

flower appearance when compared with B.0.54 dnd ~sa Bold. 

Toria-T9 took 21,20 and 18 days for completion of its 

vegetative phase •. The maturity period was of short duration 

(25, 23 and 20 days) than in the other two vdrieties. This 

variety matured in 117,113 and 105 days in ~1'~2 dnd P3 

sowings, respectively. 

4.2.2 Rabi 1988-89 

B.0.54: This variety took 26, 30 and 40 days to 

complete its vegetative phase in P1 ,P2 and P3 sowings, 

respectively. The flowering period was of 17, 20 and 17 

days duration. Duration of pod formation was nearly the 

same (41 and 40 days) for P1 and P3 sowings whereas in 

P2 it had shortened to 33 days. On the whole this variety 

took 152, 146 and 141 days to mature for P l , P2 and P3 

sowings respectively. 

Fusa Bold: The vegetative phase of this variety 

took 26, 26 and 38 days for its completion in the three. 

sowings. ~hen compared among the sowings, P3 took 12 days 

more to reach first flower stage. 
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The pod formation and pod filling stages in P3 got 

prolonged over Pl by 11 and 6 days respectively. The matu­

rity phase had been hastened by as high as 42 days. This 

variety completed its life cycle in 152,145 and 138 days 

for the three sowings, P1, P2 and P3' respectively. 

Toria-T9: This variety took 21,17 and 29 days for 

first flower appearance. When P3 was compared with 1-'1' it 

was observed that the pod filling and maturity phases had 

been hastened by 6 and 4 days and flowering had been delayed 

by 8 days. This variety took a total of 123, 121 and 114 

days to complec.e the e.ntire crop growth period in sowings 

l? l' l? 2 and p 3 • 

4.2.3 Maximum temperature and duration of vegetative phase 

The review had shown that duration of vegetative 

phase is an important factor in determination of yield in 

~assica sPp. Correlations were worked out between average 

maximum temperature and the duration of vegetative phase 

{number of days} for each treatment for the two seasons sepa­

rately. These parameters were found to be negatively correla­

ted with a significantly hi~h~r correlation(-0.806) during 

the relatively cooler season 1988-89. During 1987-88, which 

was a warmer season with near normal temp~ratures for the 

Delhi region, the correlation was lower (-0.332). The result 

shows that significant differences could occur in the duration 

of vegetative phase due to the occurrence of cold and warm 

spells associated with passage of western disturbances. This 

was reflected in treatments, VlPl , V2P3 and V3 P3(Table 2). 
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The results show that in all the sowings, B.0.54 

took one to two weeks longer for flowering in both the 

seasons compared to the other two varieties. Irrespective 

of the seasonal differences between 1987-88 dnd 1988-89, P1 

tredbinent in B.0.54 took longer duration for pod tillinq than 

the other treatments. 

Bet\v~t;;n the seasons, in all the stdges except in 

vegetative and flowering, f>usa Bold showed lligher variation 

in P2 and P3 sowings. l>usa Bold thus dppedr!:> to be reldtively 

more subject LO seasonal effects in the post flowering stdge, 

in addition to the effects of date of sowing. 

Except during the maturity phase, sowinga ~1 and P2 

in Toria-T9 did not exhibit large differences in the duration 

of different growth stages in spite of temperature differences 

thdt prevailed between the two seasons.. 'rhis indiC.Jtes its 

insensitivity to the seasonal differences in temperature 

though it exhibited differences due to date of so,."inq within 

the season. 

The maturity periods in Pusa Bold and Toria-T9 were 

of longer duration in 1988-89 crnnpared to the 1987-88 season 

reflecting the effect of cooler temperdtures on the duration 

of this phase in these varieties. 

One feature observed was thdt during the relatively 

cooler season 1988-89, vegetative period in P3 in all the 

treatments was of longer duration when compared with the 

other two sowings indicating the influence of temperature on 
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phenological events. Compared to the time taken for pod 

formation, pod filling was of shorter duration in P3: this 

is a character exhibited by all the varieties in the two 

seaso~s, which is attributed to seasonal incredse in tempera­

ture with the approaching summer. 

The days to occurrence of different phenological 

events in Pusa Bold dur1ng 1~87-88(warmer season) obtained 

here were within the range earlier reported by Ravindra(1985). 

However, in the present experiment, during the year ".11 th 

below normal temperatures i.e., in the 1988-89 season, the 

duration to maturity was )onger than that observed by him. 

When the duration of total growth sedson in the 

different treatments is considered, apparently it is seen 

that variety' B. O. 54 is very little affected because of cooler 

temperatures during 1988-89. This is more due to adjustments 

in duration between pod formation and pod filling stages 

which were highly variable that ultimately resulted in very 

little differences in the total duration of crop growth in 

spite of 4-5°C below-normal temperatures during the 1988-89 

season. Thus, for this variety interactions with weather 

conditions during the pod formation and pod filling stages 

which are yield determining factors can be considered important. 

Compared to variety B.O.54, in Pusa Bold and Toria­

T9, the crop growth duration was extended by about two weeks 

and one week respectively during the cooler season 1988-89. 
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In tpese varieties as mentioned earlier, post flowering 

stages were seen to be more subjected to the influence of 

low temperature ~pells which resulted in prolonging the 

duration of crop growth periods in these two varieties. 
\ 

With a view to obtain a comprehensive and compa-

rative picture in phenological events under different tredt-

ments, it had been summarized in the form of a chart and 

presented in Fig.3. 

4.3 TEt1PERATllRE, l-'LANT GROwrH AND DEVELOPMENTAL CHARACTBRISTICS 

4.3.1 Biomass production 

Data on above-ground biomass production for different 

sowings of three Brassica sPP. for the two rabi seasons 1987-88 

and 1988-89 are shown in Tables 3a and 3b, respectively. 

Rabi 19.87-88 

B.0.54: Biomass production ranged from a maximum 

value of 83.0 g/plant in Pl at pod filling stage and 28.8 

g/plant for P3 at pod formation stage, with a value of 65.0 g/ 
cJ., 

plant for P2, which showed",peak at early maturity stage. The 

reduction in the magnitude of biomass by 22% and 66% in P2 

and P3 in comparison with Pl , is attributable to the differences 

in thermal environment as a result of different dates of sowing. 

It may be mentioned that the later sowings were subjected 

to higher temperature anq evaporative environments than those 

of Pl , during the post flowering period till maturity. 
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PuSd Bold: Above-ground biomass in this variety 

yieldE:d 95.5, 96.0 and 61.0 g/plant res~ectively in the 

thrE:e 50l,o,ings. Peale biomass periods corresJ...londed to end 

of ~od filling stage for PI and P2 and to eclrly maturity 

timcl fl1 iJ3 • Both P1 and P2 maintained nearly the 5dlne 

level of biomdss production whereas in P3 there WdS a 35% 

rt!duction. 

Toria-T9: In this variety, unlike tt~ other two 

varieties, i-'t:dk biomass production WdS lower (41.8 g/t)lCint) 

in P2 than 1n ill (72.5 g/plant) or P3 (54.0 g/.pldnt). l'(:!ak 

biollld5S occurrence corresponded to early ITidturity l-'hus~ Pl 

and P3' whereas it coincided with pod filling stdge lO ~2. 

An examination of daily maximum temperatures in 

the second fortnight of January 1988 revealed that maximum 

temper<;itures were 2 to 4 Q C above normal, and thus, lower 

biomass recorded by P2 is attributable to occurrence of 

adverse temperature conditions during the pod filling period. 

Rabi 1988-89 

B.0.54: Maximum biomass production ranyed from 78.5 

g/plant in P
l 

to 34.5 g/plant in P3(Table 3L), r~duction 

amounting to 30% in P2 and 56% in ~3 with respect to PI-
}.rt'I 

Similar reduction was observed~1987-88 also but in this season 

it was lower in case of P3. This appears to be due to 

relatively cooler post floViering temperdtures(thermal 

conditions) in 1988-89 experienced by the crop. 
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Pusa Bold: Biomass production vIas the high8St in 

P1(99.0 g/plant) and th0 lowest in ~3(38.0 g/plant). While 

in 1987-88, PI and P2 recorded the same level of pp-ak biomass 

i.e., 95 g/plant, during this season, P2 recorded lower bi0mass 

by about 28% compared to Pl. Thus this variety is subjected 

to the effect of temperature regime on biomass production. 

Toria-T9: This short duration varioty unlike the 

other two varieties exhibited small differences in peak biomass 

production. In PI' P2 and P3 it was 59.8, 50.0 and 52.0 q/plant, 

respectively. The pattern of biomass production , ... as thus 

different than that exhibited in 1987-88, a relatively warmer 

season, when considerable differences were not iced in tIle Plagni­

tude of biomas s production bet ween P l' P 2 and F 3. 

For the same sowing date, the early maturing v-:iriety could 

be expected to produce relatively higher bi0ffi."!SS upto rod forma­

tion stage. This trend got reversed after this stage in the long 

duration varieties which went through longer pod filling pE",...iods. 

Thus, the results show that th'" n"lture of biomass 

production pattern is highly influenced by the thermal pnviron­

ment irrespective of variety or the date of sowing. ~fuile in many 

cases biomass decreased with delayed sowings, in a few cases due 

fluctuating thermal environment, such differences were not evident. 

This aspect is being examined further, in the study of crop qro'.·.th 

rates and biomass-accumulated heat relations. 
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4.3.2 Leaf area index 

Data on leaf area index(LAl) for different sowings 

of t~ree Brassica sPP. for the rabi season 1987-88 are -
shown in Table 4. 

B.0.54: Leaf area index in this sedson ronged 

from 0.3 to 9.0 during the gro\oling season, with a maximum 

of 9.0 at pod formation stage in Pl. Maximum lerl£ drea 

indices for individual sowings were in the order P 1> p 2 > P3. 

Pusa Bold: LAI values in all the sowings ranged 

from 0.7 to 7.9 from emergence to maturity. The mdximum 

LAI 7.9 was attained during pod filling period in Pl. The 

peak LA! values for individual sowing were in the order 

P2> Pl > P3· 

Toria-T9z LAI values ranged from 0.2 to 7.4 from 

emergence to maturity. The maximum LAl value, 7.4 was attained 

during pod formation period in P
l

, The peak LAl values for 

individual sowings were in the order Pl > p 2> P3 in accordance 

with date of sowing. Thus LAl is seen to be affected by 

date of sowing, in general delayed sowing resul ting in lo\'/er 

LAI. The time of occurrence of peak LA! also sl~ghtly 

differed with both variety and date of sowing; however, it 

occurred either at pod formation or pod filling stage in 

different treatments. 
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4.4 CROP GROwrH RATES 

Crop growth rates(CGRs) over 5-day periods were 

evaluated from biomass curves for the different sowings 

in both the seasons and presented in Tables Sa and 5b 

r'e.~pecti vely. 

4.4.1 Rabi 1987-88 

B.0.54: Crop growth rates in different 5-day 

periods (pentads) ranged from 0.18 to 1.70 g/pldnt/pay in 

P1' 0.06 to 1.60 in P2 and 0.14 to 0.80 g/plan~/day in P3 

showing a decredse in growth rate in later sowings. 

Pusa Bold: In this variety, maximum CGRs of 3.40, 

2.10 and 1.20 g/plant/day'was attained in ~1/P2 and P3 

respectively. These are relatively higher than those in 

variety B.O.54. 

Toria-T9: This variety attained CGR values of 

1.50, 1.30 and 1.30 g/plant/day under the different sowings. 

Though this is a short duration variety, crop growth rates 

(CGRs) were comparable to those attained in case of B.0.54, 

a long duration variety. 

4.4.2 Rabi 1988-89 

B.0.54: The CGR values ranged from 0.4 to 2.0 in 

P1' 0.4 to 1.5 in P2 and 0.3 to 1.1 g/plant/day in P3 

respectively. These rates are comparable to those obtained 

in the warmer season, 1987-88 e~cePt in r~spect of P
3 

which 

gave relatively higher growth rates in this season. 
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Pusa Bold: This variety showed similar growth 

rates as those of B.0.54 but the higher growth rates 

prevailed uniformly over a longer period than those 

observed in case of B.0.54. 

Toria-T9: In this short duraticn variety the 

CGR values ranged from q.44 to 1.4 g!plant/day in Pl' 

0.3 to 1.0 in P2 and 0.2 to 2.1 g/plantjday in P3" In 

this season, they were relatively lower thon t.hose observed 

in 1987-88 in respect of sowings P1 and ~2 and during 

earlier stages in ~3. 

The occurrence of peak growth rates corresponded 

to either pod formation or pod filling stages in most of 

the 18 sowings in this investigation. HOW8ver, in V2
P2' 

V
3

P
1 

and V3P3 peak growth rates were noticed in the early 

maturity stage while in V1P 2 peak growth rates were noticed 

even as early as late flowering period. Similar results 

were al=:ro reported by Fren~uelli ~ ~.(l985) in Brassiea 

napus. 

During 1987-88, in the mid season there was ~ 

decre~se in CGR values in respect of V1P!, V1
P2' V2P1, 

V
2

P2 and V3~' In 1988-89, similar was the case with respect 

to V
2

P
1 

and V
2

P
2

• This differing pattern in CGR values 

appears to have been influenced by the passage of cold and 

warm spells associated with passdge of western disturbances 

over Delhi region. 
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This is examined further in the form of case studies 

in which the crop growth rates of two varieties Pusa Bold(long 

duration) and Toria-T9{short duration) varieties were examined 

for any possible differences in their response to the prevailing 

tl1~rmal environment. It may be mentioned thdt, different 

sowings encountered the same weather conditions but due to 
, 

differences in sowing dates, they recorded different growth 

rates. 

For this purpose, three specific periods were identi-

fied after examination of weather associated with the passage 

of western disturbances as mentioned in India Daily Weather 

Reports of the India Meteorological Department. 

Case(i) - Effect of higher minimum temperatures and nearly 
J 

same maximum temperatures io 1988-89 season compared to 1987-88 

season on crop growth (11th to 28th December). 

This period is identifiable from the eXdmination of 

data on daily temperatures, sunshine hours, saturation deficit, 

evaporation, vapour pressure, dew point and rainfall as shown 

in the Table 6. 

Maximum temperatures were nearly the same in both 

the seasons from 11th to 26th December. Minimum temperatures 

were lower in 1988-89 during the first three days and later 

(18th to 25th December) were higher by 7 to 10°C. These . 

conditions were associated with lower sunshine hours, satu-

ration deficit and evaporation rates during the 1988-89 season. 
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In VlPl , during 1987-88, CGR during this period. 

gradually increased from 0.65 to 1.6 g/plant/day while in 

1988-89 CGRs were relatively higher till 18th December 

(0.88 and 1.26 g/plant/day) then decreased to 1.0 g/plant/day. 

V 2P 1 and V 2P 2 both recorded higher growth rates during this 
\ 

period in 1987-88 while in rabi 1988-89, they were lOf;ler. 

The same was true in case of V3P1 and V
3

fl
2

• Tilus the weather 

situation during this period in 1988-89 resulted in lowering 

the growth rates and had a depressing effect on CGR vulues 

in all the three varieties. In Pusa Bold, CGR decredsed by 

50% whereas in Toria-T9 the decrease was about 30%. \>Oldrmer 

minimum temperatures appear to have contributt ... d in lowering 

th~ CGR in 1988-89 during the late flowerinq st.ages in the 

different crops. 

, Case (ii) - Effect of 10\ver maximum temperatures and lower 

minimum temperatures that prevailed in 1988-89 compared to 

1987-88 season(Ist to 23rd January), on CGR at pod development 

stage. 

The prevailing weather conditions are identified 

from Table 7, which shows daily values of temp8rature, 

sunshine hours. saturation def ici t, evaporat ion, vapour pressure, 

dew fJoint and rainfall. During the first ... /eek of January 

1988-89, the season was characteriz~d by maxinrum temperatures 

which were around 22.0 to 23.0 o C. They dropped to about 16.0 o C 

during the second week and reached about J9.0°C in the third 

week. In 1987-88 during the corresponding period, maximum 
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temperdtures remained nearly constant. at 22.0 to 23.0 o C ?-nd 

minimum temperatures remained 3 to SoC higher during the 

second week. 

During the first week of January, the 1988-89 

seasbn was chdracterized by lower sunshine hours and satura-

tion deficit. On 7th and 8th January, 32.0 and 28.0 men of 

rainfall \Vere recei,ved in 1988-89 season. Temperature range 

was low by 7°C from 5th to 11th January in association with 

this wedther, which coincided with the pod development stage 

of the crops. 

CGR values during 1988-89 season remained higher 

for longer period in 6 out of 9 treatments exce~t in V2P2' 

V2.1?3 and V3P3 which recorded lower CGRs than those of 1987-88. 

The reduction in CGR in V3F3 is attributable to edrliness of 

its maturity. vJhile vdriety B.0.54 responded favourably with 

higher CGR, ~~ and ~3 treatments in Pusa Bold showed a 

depressing trend during 1988-89. This is attributable to 

delayed occurrence of phenological events due to cooler vl€ather 

conditions in 1988-89 in this variety. 

The CGRs in V 2P 2' V 2.i! 3 decreas'ed by 50 and 30% 

resf€.ctively In 1988-89. 

Case (iii) - Effect of cooler maximum and minimum temperatures 

in 1988-89 sedson on crop groHth rates during pod filling stage 

jn different treatments (1st to 23rd February). 
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During the 1988-89 season, tem_[Jeratures were lOvler 

by 4 to~6°C during the second Heek of February than those 

recorded in 19t37-88. The different 'Heather parameters are 

. presented in Table 8. The crops \-Jere at pod filling and 
\ . 

early rnatur.1ty stages at this time. Higher CGR values were 

recorded during 1988-89 season which were generally 30% 

higher than those observed during the 1987-88 season. 

It may be mentioned that both the maximum and 

minimum temperatures were 4_6°C below normal during this period 

in 1988-89. Thus, this magnitude of lowering of temlJerotures 

had affected the CGR by 30% irresr~ctive of the sowing date 

or vdriety. This period during 1987-88 was characteri~ed 

by a series of upper air circulations one of which resulted 

in occurrence of 9.2 n~ of rainfall on two days whereas 

mild cold wdve conditions were noticed during the 1988-89 season. 

4.4.3 CroE growth patterns 

Allen et ale (1971) reported that there are 4 different 

p~ases of dry matter distribution pattern during the crop 

gro\vth cycle. In the first phase there is an increase in CGR 

for about 6 to 7 weeks which then markedly decreases in the 

next phase. In the third phase, it increi.ises to the maximum 

and finally it shows a decrease in the last ~hase. The third 

,[Jhase is characterized by marked increase in size and weight 

of I?ods in Brassica napus. In the present investigation similar 
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pattern of dry matter accumulation in terms of CGR was 

observed in V1Pl' V1P2 and V3Pl' V3P3 during 1987-88 season 

with normal temperatures for the Delhi region and in respect 

of V1P l' V2
P2 and V3P2 during the relatively cooler season 

of 1988-89. 

The other sovlings mainly showed a single peak 

during the entire growth season which is one of the characteris­
\ 

tic features of third sOvJing with the exception of V3
P3 

during 1988-89. 

Typical growth patterns for the long duration v.=:tri2ty 

Pusa Bold and short duration variety Toria-T9 for this period 

in 1988-89 are shown in the Figs.4a and 4b,respectively. It 

is noticed that PUsa Bold sowing P1 exhibited a ~ongp.r gro·",th 

period with a typical growth pattern reported by Allen et ale 

(1971). P2 also follovled a similar trend hut with lesser magni­

tude. The relative differences in growth rates due to interval 

in planting dates under the same weather conditions are clearly 

evident from the Fig.4a which could be expected to result in 

decrease in yield as planting date is delayed. 

In case of Toria-T9(Fig.4b), similar differpnces were 

maintained but increase in CGR in P3 occurred at a very late 

stage in the grovlth cycle and prevailed for only a short c1urntion 

of one to tv/O weeks. P2' however, maintained higher grov]th rates 

for a longer duration. Of the three growth patterns that of P2 

seems to be more conducive to relatively better yields because of 

prolonged period of pod growth and seed filling stages. 
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4.4.4 Seasonal influence on crop growth patterns 

For studying the influence of sedsonal differences 

in 'temperature on CGR values, the variety Toria-T9 is taken 

for illustration (Fig.5). The CGR pattern for 1987-88 shows 

two peaks whereas that for 1988-89 a single peak. The maximum 

temb(eratures during mid November to mid December were \t/armer 

in 1987-88 by 3 to 5°C but represented near normal temperature 

conditions for the period in thE: D61hi re.Jivn. While in 

1987-88 peak growth rates corresponded to pod formation stage 

and the growth pattern was in accordance with that proposed 

by Allen ~ &. (1971), the CGR got reduced by nearly 50% 

during 1988-89 season. Also, time of occurrence of peak 

growth rate got shifted during the la~er seuson by ctbout 3 

weeks and occurred at the ,Pod filling sti:1ge. 

Thus, the effect of cooler temperatures "Jas not 

only to prolong the growth period and decreuse the CGR, 

but also resulted in shifting the time of occurrence of peak 

growth period. 

4.5 SEED YIELD 

The seed yield(mean of 3 replicates) of the varieties 

for all the .:lowing dates in ~ 1987-88 and 1988-89 seasons 

are presented if} Table 9. 

4.5.1 Rabi 1987-88 

The seed yield in this se...1son ran(JE:d from 5.85 in 

V
1

P l to 13.64 g/plant in V2P1 • Of all the varieties Pusa Bold 

gave the highest yi.E::lli;'. rrhere vldS reduction in yield in 

, ; ttl'e first sowing of 8.0.')4 becciuse the crop was lodged due to 
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rainfall that occurred from 11 to 14th March for 3 days, 

and there l,-Jas pod shattering due to accor,1f.la nying hailstorm. 

This affected the yield to a lurge E:xtent. 

Ducing 1987"':'88, the maximum LAI was fouJ1d to be 

~ositively reldted with seed yield in P2 and P3 of Brassica 

ndl?us yare B.0.54. 'rhese results are in c00fir.n<1tion with 

those of Clctrke and Simpson, 1978b; i'vendhCih1 dnd Scott, 197~i 

Norton and Harris, 1975 for Brassica napus. 

Tile yield decreases in Pusa Bold dnd 'roria~ in p 3 

were 41 and 58% respecti vely with reference to :i? 1 shouing 

the extent to which higher temperatures tit pod filling stage 

due to delayed sowing would dffect the Sf..!t.!C1 yield. 

4.5.2 Rabi 1988-89 

During this season, l'oria-T9 gdve higher yield 

than the other two varieties among the 1-'1 sowings. The 

seed yield ranljed from 5.34 to 15.80 q/pldnt. liithis season, 

in gent:ral, in respect of the three varieties, yield decrease 

with delayed so\.,.ings ranged from 47 to 66% in P3 over Pl. 

The analysis of variance ('rable 9) showed that 

during 1987-88, rabi season, both varieties and sowing dates 

gave significCint differences in yield f-er plant \"hereas 

during 1988-89 which was relatively a cooler season, only 

the differEnt sowing dates gdv8 signific~ntly different 
did not 

yields, while varietiesLrevedl significant difference in 

seed yield per ~lant. 
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Table 9. Seed yield (9 Plant- 1 ) of Brdbsic~ spp. as 

influenced by varieties and sowing dates in 

rabi 1987-88 and 1988-89 seasons 

Variety Rabi 1987-88 Rdbi 1988-89 

B.0.54 5.85 6.62 4.33 12.13 8.29 6.45 

Pusa Bold 13.64 14.14 8.08 13.63 7.79 6.29 

Toria-T9 13.62 9.10 5.69 15.80 7.22 ~.34 

StdtisticC:.i1 analysis 

F value 

* (i) Variety 6.74 0.09 

(ii) Sowing * * 
date 4.56 24.61 

SE m + 2.136 1.434 -
CD(5% level) 6.40 4.304 

c.v.('Yo) 41.1 27.0 

p l' ~ 2 and P3 dre sowing dates 1,2 cmd 3, respecti vely. 

*Slgnificant at 5% level. 

It may be recalled that peak growth rates in V
2

P l 

and V
2

P2 were higher in 1987-88 corll},;ared to 1988-89. While 

the yield reduction in P1 is not evident, it decreased by 

45% in P2. However, in Torid-T9, the yield differences in 



PI and P2 between the two seasons were within 15% and in 

,F3 it was only 6%. 'rhis indicates that Toria-T9 is not 
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... 
much influenced by seasonal differences in temperatures.' 

In general, the lower seed yield in third sowing 

is attributable to limited period available for pod filling 
\ 

in'the late sowings due to increasing seasonal temperatures 

with a consequent decr8ase in total dry weight. Similar 

reduction in seed yield in the late sowings was attributed 

to reduction in total dry weight in the plant by Gross(1963); 

Singh ~ al.(1972); Thurling(1974b} and Singh and Singh(1985). 

The variation observed in yield in different sowing dates 

in Pusa Bold are ,supported by the observations made by 

Thurling(1974a) who obtained higher yields in second sowing 
Il\e. 

than in the first orA third. 

4.6 HARVEST INDEX 

The harvest index(HI) of 3 varieties as influenced 

by different sowing dates in the two rabi seasons under 

investigation are presented in Table 10. 

During rabi 1987-88, HT ranged from 0.18 to 0.38. 

In variety 8.0.54, second sowing gave higher HI(O.21) followed 

by first and third sowings. In variety Pusa Bold, HI was 

0.32 in first sowing followed by second and third sowings. 

In Toria-T9, highest HI(O.38) was observed in first sowing 

followed by second and third sowings. 
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Table 10. Ha~vest Index in Brassica spp. as influenced 

by sowing dates 

Vdriety Harvest PI P
2 

P
3 

\ 

year 

B.0.54 1988 0.19 0.21 0.18 

1989 0.26 0.28 0.24 

?usa Bold 1988 0.32 0.29 0.24 

1989 0.33 0.32 0.30 

Toria-T9 1988 0.38 0.33 0.30 

1989 0.33 0.39 0.36 

Pl , P
2 

and P3 are sowing dates 1, 2 and 3 respectively. 

Like in rabi 1987-88, during rabi 1988-89 variety - -
B.0.54 gave high HI(0.28) for second sowing followed by first 

and third sowings. In variety Pusa Bold, high HI(0.33) was 

obtained in first sowing followed by second and third sowings. 

In variety Toria-T9, highest HI'(0.39) was obtained for P2 

sowings followed by 0.36 for P3 and 0.33 for Pl· 

Among the varieties studied, Toria-T9 recorded 

higher HI ranging from 0.30 to 0.39, followed by Pusa Bold 

(0.24 to 0.33)and B.0.54, (0.18 to 0.28). The values of HI ' 

were higher in case of variety Toria-T9 in both the seasons 

and proved superior to the other two varieties. The values 

of HI obtained in the present inv~stlgation are in the same 



range as those r~ported by Mehrotra ~ al.(1976) and 

Khader(1983). 
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In general, in all the sowings except in v 3P1, 

HI was higher in the relatively cooler season 1988-89. 

variety B.0.54 gave higher HI in the second sowing in both 

th~seasons. This date of sowing around 20th October appears 

to be the most suitable in the Delhi region for this variety 

whether the season is cooler or warmer. The lower HI in 

the first season is obviously attributable to warmer maximum 

and minimum temperatures recorded on most of the days in the 

season, 1987-880 

In variety B.0.54 and Pusa Bold, compared to 1987-

88, HI improved in the range 3 to 33% in the cooler season. 

The increase was relatively higher (27 to 33%) in B.0.54. 

In variety Toria-T9, while Pi showed a decrease in HI during 

the cooler season, it increased by 18 to 20% in ~2 and P3 

during rabi 1988-89 season. Response in B.0.54 was in 

accordance with the increase in ,seed yield in P2 and P3 

sowings. 

4. 7 OIL CON'l'EN'r 

The per cent oil content values measured at frequent 

intervals by the method suggested by Kartha et ~.(1954) 

are shown in Table 11. Relatively higher values of oil content 

were attained by the early maturity stage which continued to 

show slight fluctuations during the maturity period till harvest. 
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Al the time of early maturity t.he pods had YE::llowish tinge, 

'when oil accurliulation was the highest. The highest. values 

of per cent oil content in the diff~rent trcdtm~~ts rdng~d 

from 39.5 to 42.4 in variety B.0.54, 34.7 tu 39.9 in Pu~a 

Bold dnd 36.61 to 42.7% in Toria-T9. It. tndy be mer.lioned that 

Gambhlr et al. ( 1983), us lng NMH technique r t:' _ ort l!d thf: highest 

per cent of oil content at yellow pod St.d(_J{:; in .l:-"lSd Bold, 

in the Delhi region. 

4 • 8 ACCUHULr.'l'ED HEr'.'!' UNI'l'S AND CRO.l-' G fKMI'd 

Tilree different accumulated heuL 1I1lit sy~telT.s viz., 

9ro\'l/ing degree days(GDD), photo-therrndl unit.s(.tTU) and helio­

thermal units (BTU) were evaluated f0110win<) ttll; metbod 

described in the section 3.5 and the result::; dre as follows: 

4.8.1 Gro\ . .dng~~days 

'rhe growing degree days (GDLJ) to att-aill ditferent 

l ... henological stages for three vclrieties dnd three ::"owings 

during rabi 1987-88 and 1988-89 seasons are given in the 

Table ]2. The salient features are given below: 

Rdbi 1987-88 

B.0.54: Till maturity stdge, this variety had 

accumulated 2056 GDD for first sowing followed by second 

so\;.Jing with 1939 heat units. The third ~owing recorded 

1762 accumulclted heat units in t.t.e growing season. From 

emergence to pod filljng this vdriety accumulated 1504 units 
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in Pl followed by 1221 units in P3 with a difference of 

283 GDD. 
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Pusa Bold: In this variety, first sowing reached 

maturity with accumulation of 1773 heat units. The second I 

and third sowings accumulated same amount of heat units (1598 

fo~ P2 and 1597 for P3). The difference between the PI 

and P2 or P3 is 176 GDD. From emergence to pod filling PI 

accumulated 1183 heat units and P
3
)937 units with a difference 

of 246 GDD. 

Toria-T9: From emergence to maturity this variety 

had accumulated 1510 GDD for first sowing followed by second 

and third s~wings with 1353 and 1221 GDD,respectively. Upto 

pod filling stage, ~1 accumulated 1240 heat units and P3 

937 units with a difference of 303 GOD. 

Rabi 1988-89 

B.O.54; The heat units accumulated upto maturity 

for different sowings were 1973, 1836 and 1750 GDD for 

PI' P
2 

and P3,respectively. Upto pod filling stage P3 accumu­

lated 184 GDD lesser than FI (Pl = 1498, P3 = 1314 GDD). 

Pusa Bold: The heat units upto maturity in this 

variety for three sowings ranged from 1973 in the first,~· 

1824 in the second and 1702 GDD in the third sowing. Till 

pod filling stage this variety accumulated 1247, 1112 and 
j..Iv-J 

1397 units,respectivelYA P1' f2 and P3. In P2,GDD were 

150 units more than those in Pl for completion of pod filling 

stage, which was not exhibited by the other treatments. 
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Toria-T9: The accumulated heat units from emergence 

to maturity in this case were 1614 in the first and 1418 in 

the second sowing, and 1218 GDD in the third sowing. 

4.8.2 Photo-thermal units 

The photo-thermal units (PTU) accumulated for comple-

"tion of different Phenological stages in different sowings 

and varieties are shown in Table 13. The following salient 

features were observed during the two growing seasons, ~ 

1987-88 and 1988-89. 

Rabi 1987-88 

S.0.54: From emergence to maturity, this variety 

had accumulated 22474 PTU for first sowing followed by 21314 

for second sowing and 19698 units for the third sowing. Till 

pod filling stage this variety accumulated 16040 units in 

PI and 13093 units in P3 with a difference of 2947 pru. 

Fusa Bold: In this variety, first sowing reached 

maturity by accumulating 19110 PTU. The second and third 

sowings reached maturity by taking 17280 and 17632 PrU, 

respectively. Titl pod filling stage P3 accumulated 2697 

units less than those in PI-

Toria-T9: From emergence to maturity this variety 

had accumulated 16117 pru for first sowing followed by 14360 

for second sowing and 13093 for third sowing. Till pod filling 
. 

stage P3 had accumulated 3375 pru lower than those for PI-
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Rabi 1988-89 

B.O .54: For different sovlings. .PI'U accumulated till 

maturitY,were 21509, 20214 and 19407,respectively for Pi' P2 

and P3 sowings. Uptill the pod filling stage P3 accumulated 

(878 units lower than those of for P 1 and 1247 units more 

than those for P2 • 

Fusa Bold: Photo-thermal units accumuluted in this 

variety in the three sowings were 21509, 19991 and 18795 

units,respectively. Upto pod filling stage P3 accumulated 

1812 units more than those in P1 and 3395 units more than 

those for P2 • 

Toria-T9: The accumulated PTU till mdturity were 

17301, 15121 and 13695,respectively in respect of P1' P2 

and P3 sowings. Till pod filling stage PI accumulated 14025 

units whereas in P3 they were 9569 units, i.e., 4456 units 

less than those in Pl -

4.8.3 Helio-thermal units 

The helio-thermal units (HTU) for attaining different 

phenological stages for three varieties and sowings in both 

1987-88 and 1988-89 ~~ seasons are shown in Table 14. The 

salient features are as follows: 

Rabi 1987-88 

B.0.54: The first sowing reached maturity after 

accumulating a sum of 16380 HTU whereas second and third ,sowings 

reached maturity after accumulating 15254 and 13824 HTU, 

respectively. From emergence to pod filling, first sowing 
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took the highest HTU (12150 units), followed by P2{9533 

units) and P3 (9250 units). Sowing P3 took 2900 units less 

than P1 for completing pod filling stdge. 

Pusa Bold: From emergence to maturity, the accumu­

lated helio-thermal units reached a value of 14297 in case 
\ 
of first sowing whereas second and third sowings accumulated 

12265 and 12184 HTU, respectively. U~to ~od filling stdge 

Eirst sowing accumulated 9521 units, second sowing 8543 units 

and third sowing 6971 units. In the third scwing,the HTU 

were 2550 units less than those for P1 for completing the 

pod filling stage. 

Toria-T9: First sowing reached mdturity dfter 

accumulating a sum of 12291 HTU.whereas s~cond dnd third 

sowings reached maturity after accumulating 10505 dnd 9250 

HTU, respectively. Upto pod filling stage first sowing accu-

mulated 9931 units, second sowing 8195 and third sowing 

6971 units. Third sowing took 2960 HTU less than first 

sowing to complete pod filling stage. 

Rab! 1988-89 

B.G.54: Upto maturity, first sowing accumulated 

15870 HTU, followed by second and third sowings with 14353 

and 13714 units, respectively. For completing the pod filling 

stage P3 took 1450 HTU lesser than Pi by accumulating 11698 

units for P
1 

and 10248 HTU for P3· 



Pusa Bold: In this variety, the first sowing 

accumulated 15870, second sowing 14323 and third sowing 

13201 HTU. For completion of pod filling stdge P3 took 

1325 and 2625 HTU more than those accumulated by Pl and 

~e' respectively. 
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Toria-T9: 'rhe variety matured after dccumuldting 

12827, 11098 and 10039 HTU for PI' P2 and P3 sowings, 

respectively. Upto pod filling stage, Pl accumuldted 10200 

units, P2 8055 and P3 6594 HTU. P3 accumulated 3606 BTU 

less than Pl. Since the trend of accumulated heat units in 

the three systems were similar, the discussion below is con­

fined to only one unit namely, the growing degree ddYS. 

A compariSlon between .P2 and P3 sOltlings in respect 

of long duration varieties B.0.54 and Pusa Bold shO\./s that 

during the relatively cooler season, P3 accumulated higher 

GDD during the different stages before maturity while in 

1987-88 there was accumulation of lo~~r heat units in respect 

of P3. However, this phenomenon is not apparent in case of 

Toria-T9 during the cooler season except for periods upto 

flo\vering. 

Upto week 48, maximum temperatures were relatively 

higher during 1987-88 and minimum temperatures lower, resulting 

in a high temperature range during this period. The thermal 

regime during the vegetative stage seems'to have influenced 

the heat units accumulated. 



86 

Among the long duration varieties B.0.54 and 

~usa Bold, during the cooler season,corresponding sowings 

namely V1P1, V2P1, V1P2, V2P2 and V1P3,V2P3 recorded nearly 

same amount of accumulated heat units whereas in the 

r~latively Wdrmer season 1987-88. all the sowings in B.0.54 

accumulated higher heat units compared to that of Ptisa Bold, 

the differences between the two seasons being higher in 

Pusa Bold. 

It was already noted under phenology that cooler 

temperatures(below normal temperatures) prolonged the 

phenological events in Pusa Bold to a greater extent than 

in variety B.0.54 and the above observation is attr.ibutab1e 

to this. 

When the entire season is considered, the results 

in Table 12 show that there was highe,r accumulation of heat 

units during ~ 1988-89 than in 1987-88 season in respect 

of Pusa Bold and Toria-T9 varieties. In case of B.0.54, the 

1987-88 season recorded higher units than the 1988-89 season. 

Thus, the results of heat unit system indicate 

that heat unit requirement is different for different varieties 

and sowings, showing a differential response to short period 

temperature changes in ambient thermal environment. 

4.8.4 fheno-thennal index 

Pheno-thermal index(ratio of accumulated GDD to 

the number of days during a particular stage) during different 
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stages of crop growth were worked out for both the seasons 

and are shown in the Table 15. 

Pheno-therlllal index(PTI) values ranged from 5.78 

to 25.48 in the different treatnents in the two seasons. Two 

\salient features were (i) in most stages within a growth 

season the index showed much variation and (ii) between each 

growth stage, variation was high with the highest value 

having been recorded during the vegetative period of crop 

growth. 

Between sowings, which are indirectly influenced 

by the temperature regimes, much variation was also noticed 

in the vegetative phase, the values ranging from 10.75 to 

25.48. The lowest value of pheno-thermal index was obtained 

during pod formation stage in both the seasons, with the 

lowest values of 5.78 during the relatively warmer seasop, 

1987-88. This reflects the conducive nature 'of thermal 

environment during the pod formation and pod filling period, 

in this year. 

Taking the total crop growth period (emergence 

to maturity) into consideration, the pheno-thermal index 

was found to be nearly constant around a value of 14.3 degree 

days per growth day which is similar to that reported for 

other rabi crops, wheat and barley(Chakravarty and Sastry, 

1983a). This index is not affected by cooler or warmer 

seasons indicating the stability of the index under different­

thermal environments. 
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4.8.4.1 Coefficient of variation of pheno-thermal index 

The coefficient of variation(C.V.) values for 3 

varieties and 3 sowings pooled together for each growth 

stage (Table 15) s!:1O\ ... ed the lowest C. V. when entire growing 

season was considered as a single unit with a value of 3.1 
\ 
a'nd 509%, respectively for the two seasons 1987-88 and 1988-

89. This indicates the relatively more uniform thermal 

environment during the 1987-88 season when compared to 1988-

89 season which revealed more fluctuations in maximum and 

minimum temperatures due to influence of cold ~ave periods 

passing over the Delhi region. The highest C.V. values were 

observed at emergence to first flower appearance stage i.e., 

in the vegetative period in both the seasons. The C.V. at 

this stage indicates that much variation in the environmental 

thermal regimes occurs during this perioo of crop growth 

in the Delhi region. 

Similar observations were made by Chakravarty and 

Sastry (1983a) in respect of wheat crop in the Delhi region. 

4.8.5 Heat use efficiency during different phenological' 

stages of Brassica spp. 

Stage-wise heat use efficiency{HUE) values which 

express biomass production in g/plant per unit degree day 

computed for 3 varieties and sowings are given in Table 16. 

In general, pod formation and pod filling stages 

showed higher HUE in comparison to the other three stages. 
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Between the two seasons, it was observed that except in 

case of B.O.54,HUE values during ~ 1987-88 ·were higher 

when the ambient temperatures were also higher than those 

during ~ 1988-89. Sastry ~ al.(1985) reported similar 

\ results in case of wheat crop. Considering the heat use 

efficiency with respect to grain yield during both the rabi 

sedSOns 1987-88 and 1988-89, first sowing of Toria-T9 showed 

the highest HUE(9.0 and 9.8 g/plant per degree day x 103), 

respectively. Also during 1987-88 season, second sowing of 

Pusa Bold recorded high HUE(8.9 g per plant per degree day x 

103
). 

4.9 GROWIl\IG DEGREE DAYS VS CUMULATIVE BIOMASS PRODUCTION 

Correlation coefficients between the accumulated 

growing degree days and accumulated biomass production in 

respect of different varieties and the two seasons were 

worked out and are given in the Table 17. 

These parameters were found to be significantly 

correlated with eactl other at 1% level, the correlations 

ranging from 0.867 to 0.922 for 1987-88 season and from 

0.850 to 0.951 for 1988-89 season. For pooled data over 

t\-IO years for the three sowings, the correlation varied 

from 0.823 to 0.895. In view of the high correlation, 

regression equations were computed for individual seasons 

as well as for the pooled data and are given in the Table 17. 
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Table 17. Correlation and regressiorl between cumulative 

biomass(g plant-I) and accumulated heat units 

Var,iety Regression equation Correlation 
coefficient 

S.E. 

V1 
V

2 

V3 

V
1 

V
2 

V3 

Vl 
V2 

V3 

Rab! 1987-88 --
BM = 0.081 GOO - 60.5 0.922 7.61 

BN = 0.099 GOO 67.9 0.867 12.51 

BN = 0.076 GOO - 47.0 0.903 7.60 
Data pooled 
for three 

Rab! 1988- 89 sowings 
I 

BM = 0.097 GOO - 84.7 0.867 13.54 

BM ::: 0.095 GOD - 81.5 0 0 951 7.37 

BM 0.068 GOD - 51.4 0.850 9.54 

Pooled data over two seasons 

BM = 0.083 GOO - 64.5 0.895 7.61 

BM = 0.090 GOO - 66.9 0.849 1.0.51 

BM = 0.065 GOO - 41.8 0.823 7.94 

V
1

, V2 and V3 are varieties B.0.54, Pusa Bold and Toria-T9, 

respectively. All values are signiticant at 1% level. 

EM = Biomass; GOO = Growing degree days(OC)i S.E. ::: Standard 

error of estimate. 

From the regressions, it was estimated that for the 

establishment of the crop, E.0.54 needs more GDO(SOO un,its) 

followed by ?usa Bold (750 units) and Toria-T9(650 units), 

respectively. For illustrdtion, regression lines were drawn 
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between accumulated degree days and biomass production for 

varieties Pusa Bold and Toria-T9 and shown in Fig.6. 

Using the regression, biomass production at different 

accumulated levels of degree days was estimated and given in 

Table 18. Upto 1000 degree days the order of biomass production 4)~/ 
\ 

Toria-T9> Pusa Bold> B.0.54 when the crops were at pod 

formation stage. Later,Pusa Bold showed higher biomass production 

Table 18. Biomass production at different levels of growing 

degree days (GDD) 

GDD Biomass (g Plant- 1) 

B.0.54 Pusa Bold Toria-T9 

800 1.9 5.1 10.2 

900 10.2 14.1 16.7 

1000 18.5 23.1 23.2 

1100 26.8 32.1 29.7 

1200 35.1 41.1 36.2 

1300 43.4 50.1 42.7 

1400 51.7 59.1 49.2 

1500 60.0 68.1 55.7 

1600 68.3 77.1 62.2 

1700 76.6 86.1 68.7 

1800 84.9 95.1 75.2 

1900 93.2 104.1 81.7 

followed by B.0.54 and Toria-T9 at different levels of 
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accumulated heat units above 1200 degree days. As an 

,illustration, I at an accumulation of 1500 degree days when 

crop was in pod filling stage for B.0.54 and Pusa Bold/and 

end of seed filling stage for Toria-T9, the biomass produced 

in Pusa Bold, B.0.54 and Toria-T9 was 68.1, 60.0 and 55.7 g/ 
\ 

pl'ant, re,spectively. Similar linear relatjonships were 

earlier reported for wheat varieties by Chakrdvarty(1980) 

and Chakravarty ~ al.(1984) in wheat and barley crops. 

4.10 GROWINC DEGREE DAYS VS OIL CONrENT 

Oil content values at harvest obtained with the help 

of NMR and the accumulated growing degree days(GDD) during the 

oil accumulation period are given in the Table 19. The oil 

content in Brassica sPP. under study ranged from 39.3 to 47.4~% 

in the different sowings.~uring 1988-89 ~ season, it took 

more GDD for oil accumulation which resulted in higher oil 

content. This is more attributable to the prolonged growing 

season, relatively but with cooler temperatures), in 1988-89 S~e'V\ 

during the oil accu~ulation period. 

Oil content at harvest in variety B.0.54 ranged between 

39.7 to 45.0%. In Pusa Bold it ranged from 39.3 to '43.9%. 

First sowing in both the varieties B.0.54 and Pusa Bold gave 

higher percentage of oil content. In Toria-T9 oil content 

ranged from 44.9 to 47.45%. The higher percentage of oil 

content(46.8 and 47.45%) was found in the third sowing,respecti­

vely in both the seasons. The optimum temperature conditions 
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for oil accumulation appear to correspond to the thermal 

environment that prevailed during pod filling stage of 

variety Toria-T9 with accumulation of 1033 GDD. 

The relationship between per CL..nt oil content at 

ha~vest and accumulated heat unit system in Brassica sPp. 

96 

is shown in Fig.7. These lines were drawn using eye 

estimation which shows a linear trend in the relationship. 

In case of variety B.0.54 and Fusa Bold, the per cent oil 

aontent showed an increase with increasing GDD. The short 

duration variety Toria-T9 on the other hand gave an inverse 

relationship showing a decrease in oil content with increas~ 

in GDD. 

Hodgson(1979) r,eported that oil conte'nt was inversely 

related to mean daily temperature during seed filling, period. 

Shastry and Kumar(1981); Vasi et al.(1986) observed that maxi­

mum temperature at vegetative stage was positively correlated 

wi th per cent oil content in Brass)ica. Results in the present 

investigation showed a direct relationship in long duration 

varieties(B.O.54 and Fusa Bold) and an inverse relationship 

with temperature in Toria-T9. This type of behaviour is 

probably attributable to the differing thermal regimes 

encountered by the short and long duration varieties and 

needs further study. 
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4.11 CUlVlULK'fIVI:.: l-'AN EVAl-'OAATION VS BIOMASS PRODUCTION 

Correlation coefficients between cumulative pan evapora-

tion(rrun) and biomass production (g/plant) were worked out and 

are shown in Table 20. The values were found to be highly 

significant at 1% level. Similar significant correlations were 
\ 

earller reported by Hanks et ~.(1969) in case of wheat and for 

barley end wheat by Chakravarthy and Sastry (1983b) • In view of 

the high correlation obtained, regression equations were fitted 

to the data for the three varieties by pooling together the 

observations from the three sowings for each variety and shown 

in Table 20. Correlation coefficients ranged between 0.776 to 

0.865 for rabi 1987-88 and 0.619 to 0.945 for ~i 1988-89. They 

ranged from 0.786 to 0.844, pooled over two seasons. These 

would enable estimation of biomass production"at any chosen 

level of cumulative pan evaporation in the Delhi region. 

Regression lines between cumulative pan evaporation and biomass 

production were drawn for Pusa Bold and Toria-T9 and shown in 

Fig.B. From the regression,it was estimated that variety B.O.54 

would get established after cumulation of 121 mm of pan evapo­

ration followed by Fusa Bold(118 mm) and Toria-T9(106 rom) in the 

Delhi region. 

Using the regreSSion, biomass production at different 

lev~ls of cumulative pan evaporation for each of the three 

Brassica varieties used in this investigation were computed and 

shown in Table 21. 
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Table 20. Correlation and regression between cumulative 

biomass(g plant -l} and cumulative pan evapo-

ration (nun) 

Variety Regression equation Corre- S.E. 

Vl 
V2 

V3 

V1 

V2 

V3 

Vl 

\' 
2 

V3 

lation 
coeffi-
cient 

Rabi 1987-88 

BM = 0.341 C.I:?E - 45.2 0.865 9.20 

BM = 0.381 CPE - 41.3 0.776 14.44 

BN = 0.314 CPE - 32.4 0,,806 9.85 

Data pooled 

Rabi 1988-89 for three 
sowings 

BM = 0.261 CPE - 24.0 0.619 15.78 

BN = 0.383 CPE - 49.5 0.945 6.49 

BM = 0.298 CPE - 32.6 0.844 8.00 

Pooled data over two seasons 

aM = 0.317 CPE - 38.4 0.786 9.66 

BM = 0.381 CPE - 4'5.0 0.844 9.83 

BM = 0.307 CPE - 32.6 0.816 7.55 

Vl' V2 and V3 are varieties B.0.54, Pusa Bold and Toria-T9, 

respectively. 

BM = BioWass; CPE = cumulative pan evaporation! SE = Standard 

error of estimatiQn. 
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Upto cumulative pan evaporation of 150 mm, the 

order of biomass production was Toria-'r9> Pusa Bold followed 

by B.0.54. As an illustration, ~fter accumulation of 155 mm 

of evaporation, the biomass production was 13.4, 12.1 and 9.1 

g/pl~nt, respectively for Toria-T9, Pusa Bold and B.0.54 and 

after accumuldtion of 300 mm, the biomass production vias 69.3 

for Pusa Bold, 59.5 for 'roria-T9 and 56.7 g/plant for B.0.54. 

Table 21. Biomass production at different levels of cumulative 

Cumuldtive 
evaporation 

(mm) 

125 

150 

175 

200 

225 

250 

275 

300 

325 

350 

pan evaporation 

B.0.54 

1.2 

9.1 

17.1 

25.0 

32.9 

40.8 

48.7 

56.7 

64.6 

72.5 

Biomdss(g plant-i) 

Pusa Bold 

2.6 

12.1 

21.7 

31.2 

40.7 

50.2 

59.8 

69.3 

78.8 

88.3 

Toria-T9 

5.7 

13.4 

21.1 

28.8 

36.5 

44.1 

51.8 

59.5 

67.2 

74.8 
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4,.12 . CANOPY TEMPERATURE, CANOPY' AIR TEHPE.RM'rURE DIFFERENCE 

AND AHBIENr TEHPEAA'l'URE RELA'rION IN BRASSICA SPP. 

Crop canopy temperCiture (Tc )" canopy air 

tel{lperature difference (CATD) and ambient temperature (T ) a 
represent the effect of the balance between radiation 

received by the crop and the energy utilized in transpira-

tional cooling for decreasing the heat load, d~pending on 

the evaporative power of air. 

With a view to study these churacters, daily 

observations at 1300 hours I.S. or. on crop Le[dper...itures were 

correl?ted with saturdtion deficit, maximum teL.peralure, and 

mean air temperature observed in the Stevenson screen, and 

ambient temperature of crop. 

4.12.1 ~EY_temperature(Tcl_y~ saturation deficit(SD) 

Corrt;lation coefficients between canopy temperd-

ture(OC) and saturation deficit(mm) worked out for all the 

three varieties and three sowing dates for both seasons are 

given in Table 22a. Considering both the seasons, highly 

significant (at 1% level) and positive correldtions ranging from 

0.676 to 0.888 for variety B.O.54, 0.5~6 to 0.884 for Pusa 

Bold and 0.530 to 0.901 for Toria-T9 were obtained in all the 

three sowings. 

In view of the high correlution obtained 
I 

regression lines were fit..ted to {Jooled dota for three sO'dings 
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of varieties Pusa Bold and Toria-T9 and ore shown in Figs.9a 

and 9b,respectively. A linear relationshjp was observed bet­

ween Tc and saturation deficit. Halker and Hatfield (1980) 

reported that saturation deficit has an influence on canopy 

temperature during the central portion of the growing season. 

The results presented here support this view. 

4.12'.2 canopy temperature(T ) vs maximum temper~ture(T ) c max 

Correlation coefficients bet\I7f'E'n T ann T c max 

were worked out for the three varieties, viz.,B.O.5-1, Pusa 

Bold, Toria-T9 in both the seasons and are given in Tablp. 22b. 

The values were found to be highly signific~nt at 1% level. 

In view of the high correlation obtainea, regression pquations 

\-.rere worked out. For illustration, regression linps were 

fitted to pooled data(for the three sowin'ls and Lwo sPi'lsons) 

for varieties Pusa Bola and Toria-T9 and are sho\Vn in Fiqs.l0a 

and lOb, respectively. A linear relationRhip Has observed in 

both the cases. Such a correlation with maximum tE"mper;'\ture 

\-"ras reported by Prasad(1988) in wheat variety ISD 397. This 

regression WOuld enable estimation of Tc from Tmax which is a 

routine measurement in agrometeorological ob~ervatories. 

4.12.3 Canopy temperature(Tc ) vs m('an air temperature(T ) mean 

Correlation coefficients between Tc and T mean 

were worked out for the three varieties and for all of the 
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ttrree sowings separately, and are pres~nted in the Table 22c. 

The correlations weresi9nificant~at1% level except in case of 

V3Pl which was significant a~ 5% level. In view of the high 

correlation obtained, regression equations were worked out 

and included in the table. 

\ 
4.12.4 canop!, ternperat~(Tc) vs ambient temperature('ra ) 

Correldtion coefficients between Te and Ta 

were worked out for B.O.54, Pusa Bold and Toria-T9 in the same 

manner as above and are given in Table·,·22d,., _ The, valut;s were 

highly significant at 1% level. Regression equations were 

fitted to pooled data and are shown in the table. Such eorre-

lations we~e not reported in literature for Brassiea crop. 

r~gnitudes of the correlation coefficients were 
ly 

higher in the relativeLcooler season 1988-89 in all the varieties. 

This was true not only in respect of saturation deficit but 

in the case of correlation of canopy temperature with maximum, 

mean and ambient t'emperatures also. However, it may be mentioned 

that in case of variety Toria-T9, the magnitude of eorreldtion 

though significant at 5% level was low during 1987-88 in 

respect of maximum and mean temperatures in first sowing. These 

results are in confirmation witn Prasad(1988} in respect of 

wheat crop in the Delhi region. 

4.12.5 Stress degree day~ vs grain yield 

Degree of moisture stress in a crop at different 

growth stages is an indic~tion of grain yield in crops. Since 
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the stress degree day concept could be used both for rainfed 

and irrigated crops to estimate the relative stress under 

different treatments, stress degree days were worked out for 

different sowings and three varieties and compared with seed 

yield data. 

Table 23. Stress degree days(ESDD) from pod filling stage 

'rreatment 

V1
Pl 

V1 P2 

V1
P 3 

V
2

P
1 

V2
P2 

V2P
3 

V3l?1 

V3P 2 

V3P3 

i . ( -1) to matur ty dnd seed y~eld 9 plant during 

1988-89 rabi season 

ESDD 

-158.1 

-178.2 

-218.5 

-173.7 

-150.3 

- 231.5 

- 64.7 

-116.9 

-182.1 

Seed yield 

(g Plant- 1 ) 

12.13 

8.29 

6.45 

13.63 

7.79 

6.29 

15.80 

7.22 

5.34 

Stress degree days(SDD) were accumulated for the 

pod filling stage to maturity for different treatments during 

~ 1988-89 season, and are given in Table 23. 
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In general, as ESDD became more negative, yield also 

showed a correspondingly in.creasing trend. ~creasing seed 

yield with increasing negative SDD was also observed by Idso 

~ ~.(1977), Walker and Hatfield (1977) and Diaz ~ ale (1983) 

in case of wheat. In fusa Bold, however, this trend did not 

hold good with respect to first and second sowings, where 
\ 

higher' yields were associated with relatively positive values 

of SDD,. To examine this further, for long duration varieties 

B.0.54 and FUsa Bold SDD accumulation was carried out only for 

pod filling stage and the values are shown in Table 24. 

Table 24. Accumulctted stress degree days (i:spO) during 

pod filling stage and seed yield(g Plant-i) 

Treatment 

V1P1 

V1P2 

V
1

P
3 

V2
P1 

V2P2 

V2
P3 

~SDO 

-113.1 

-134.8 

-192.0 

- 23.9 

- 79.1 

-217.5 

Seed yield 

(g plant-1 ) 

12.13 

8.29 

6045 

13.63 

7.79 

6.29 

More negative .values in 2 SOO were associated with 

decreasing 'yields in both the varieties. The anamoly observed 

earlier in Pusa Bold for P1 and P2 in Table 23 is not seen here. 
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This indicates that "E SDD accumulation over pod filling stage 

might be a better indicator of seed yield rather than SDD 

accunrulation from pod filling to maturity stage. 

4.13 \LEAF_CANOPY" TEHPERATURE DIFFERENCES 

with a view to examine leaf and canopy temperature 

differences during the day, leaf temperatures were measured 

with thermocouple and compared with canopy temperature measured 

by infrared thermometer. It may be mentioned that leaf tempera­

ture is a spot measurement and canopy ~emperature is an area 

measurement giving an integrated value. For this purpose, 

data for a day was taken when Pl' P2 and P3 were at pod filling 

stage, flowering and vegetative stages with l.eaf area indices 

5.0, 1.5 and 0.5, respectively. 

The day was marked with a mean temperature of 15.7°C 

and saturation deficit of 15.7 mm at 1400 hours. The leaf­

canopy temperature differences during the day time hours are 

presented in Fig.1l. The difference between leaf temperdture 

(TL) and canopy temperatures (Tc) was high (3.9 to 6.6°C) in 

early hours of the day, reduced to 2.6 to 3.9°C during mid-day 

and showed a slight increase in the afternoon. hours of the 

day(2.7 to 4.4°C). 

In the first sowing of variety B.O.54~ the lowest 

difference(2.9°C) in TL dnd Tc was found at 1445 noon; in 

case of second sowing, it occurred at 1345 hours(Fig.11a). 
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In Pusa Bold, the temperature differences were the lowest at 

1445 hours in P1' at 1345 hours in P2 and P3 (Fig.11b). In 

variety Toria-T9, it was at 1545 hours for P1, at 1445 hours 

for ~2 and 1345 hours for P3 (Fig.11c). 

Depending on the growth stage the leaf-canopy tempera-

ture dJfferences were the highest in PI and the lowest in P3 

(Fig. lIb). This is attributable to the differences created by 

canopy structures at this time in the different sowings unde,r 

the same prevailing weather conditions. 

In general, the differences in leaf temperatures and 

canopy temperatures are the lowest (3.6 to 4.2°C) around 1345 

hours to 1445 hours when the transpirational cooling is maximum. 

Since the magnitude of difference between leaf and canopy 

temperatures was not reported in literature for Brassica crop, 

this could not be compared with data elsewhere. 

4.14 LEAF CHLOROPHYLL CONTENT AND PHOTOSYNTHETICALLY AC'fIVE 

RADIATICN INTERCEPTION IN BRASSICA CROP CANOPY 

Photosynthesis depenos upon many factors but chloro­

phyll content gives a good indication about the productivity 

status of a crop. Chlorophyll estimation gives an idea about 

the rate of production since the rate of 

to be proportional to chlorophyll content. 

production is known 

Leaf chlorophyll content, among other factors is 

dependent on light interception and temperature.. With a view 

to study the variation of radiation intercePtion(photosynthetically 

active radiation) and chlorophyll content in leaves at different 
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growth stages of crop and the influence of the temperature 

regime, chlorophyll content and photosynthetically active 
ic 

radiation(PAR) were monitored at periodLintervals during 

1987-88 and 1988-89 rabi seasons in all the treatments. 

4.14.1 Average chlorophyll content 

In all the sowings and varieties, at the bottom level 

the ')s.verage chlorophyll content varied from 0.085 to 0.495(mg/g) 

of fresh leaf weight. The content at middle and top levels, 

respectively varied from 0.870 to 1.385(mg/g) and 1.3 to 1.569 

(mg/g) of fresh leaf weight (Fig.12). 

4.14.2 Seasonal variation of chlorophyll content 

The seasonal variation of chlorophyll cl.ntent {mg!g 

fresh leaf wt·} in variety Pusa Bold and Toria-T9 are presented 

in Tabl~25a and 25b. In Pusa Bold, the chlorophyll content 

values ranged between 0.872 to 1.878 for top, 0.527 to 1.545 

in middle and 0.071 to 0.678 mg/g at the bottom levels of 

crop canopy(Table 25a) in the first sowing in both 1987-~8 and 1988-

1989 ~bi seasons. But in case of the third sowing, they 

ranged from 0.669 to 1.662 for top, 0.721 to 1.701 for mi~dle 

and 0.05 to 0.445 mg/g of fresh leaf weight at the bottom levels 

of the canopy during both the seasons (Table 25a). 

In Toria-T9, for the first sowing, it ranged between 

0.404 to 1.8 at the top, 0.413 to 1.214 at the middle and 

0.120 to 1.125 mg/g of fresh leaf weight at the bottom levels 

of crop canopy in both the seasons. In the case of third 

sowing, valUes ranged from 0.545 to 1.586 for top level 0.545 

to 1.467 for middle and 0.061 to 0.154 mg/g of fresh leaf 

weight at the bottom level (Table 25b). 
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In general, top and middle levels of both the 

varieties fusa Bold and Toria .. T9 attained higher levels of 

cillorophyll content during 1987-88 as compared to 1988-89 

sedson indicdting the effect of seasonal temperature differences. 

The leaf chlorophyll contents at middle and bottom 

level of canopy expressed as percentage of top in case of Pusa 

Bold are included in Table 25a. The results show that in Pusa 

Bold chlorophyll at middle level of the canopy constitutes 

about 80 to 100% of that at the top of canopy. At the bottom 

level during the early growth stages it got depleted to about· 

40 to 50% and at later stages it decreased to about 10 to 15% 

in the first sowing. In the third sowing of fusa Bold(Table 

25a), it was noticed that while at middle canopy level higher 

chlorophyll contents were maintained (greater than 60%) through­

out the growing season, at the bottom level, they got very 

much depleted(reduced to a value below 10%) unlike in the first 

sowing. This is attributable to faster leaf senescence in 

the crop due to influence of higher temperatures. 

In the third sowing of Fusa Bold during 1987-88 an 

increase in chlorophyll content at the miodle level of 

canopy was noticed. However, more observations are needed 

to confirm such an occurrence since in other treatrnents such 

a yhenomenon had not been observed. 

In the short duration variety Toria-T9(Table 25b) 

the depletion pattern was similar to that observed in case of 

vdriety l-usa Bold. However, during rabi 1988-89 season when 
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we~ther was relatively more cooler during the growth season, 

chlorophyll content at the bottom level remained relatively 

higher than that recorded in the warmer season 1987-88. Thus, 

there is an indication of the effect of higher tt::lilperature 

on chlorophyll content which operates through fdsler leaf 

s enes c~nce. 

4.14.3 Photosynthetically active radiation intercektion 

in the canoEY 

During rabi 1987-88, PAR interception between top 

to bottom levels of crop ranged from 28.6 to 93.7% during the 

9TO\vth season and in case of top to 50% of height of the crop 

it ranged from 23.0 to 79.0%(Table 26a). Hdxirrn.FfI }JAR intt.r­

ception in both the cases (1. e., top to bottom and top to 50% 

of height of the crop) corresponded to pod formation period. 

DUring ~ 1988-89, PAR interception frcm top to 

bottom ranged from 59.0 to 98.6% and in case of top to 50% 

height of the crop it ranged from 12.5 to 88.5(Table 26b). 

Maximum PAR interception in both the cases corresponded to 

the pod filling and early maturity phases of the crop growth, 

whereas it tOQk place during pod formation period during 1987-88 

rabi season. This is because in Brassica spp. even after 

reduction in leaf area, the pods cover the ground and intercept 

sufficient radiation upto early maturity stage. Leaf area index values 

for 1987-88 were examined (Table 4) dnd the results showed that 

the time of occurrence of ffidximum LA! corresponded to maximum 

PAR interception both in the top to botton and top to 50% 

height of the crop. Unlike in other ~ crops like wheat and 
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barley, in Brassic~ spp. pod surface area also seems to play 

a significant role in PAR intercep~ion even after occurr~nce 

of leaf senescence. 

Photosynthetically active radiation interception 

during the 1988-89, rabi season remained high for a longer -
pe\iod than that during the 1987-88 season(Table 26b). This 

could be attributed to the longer duration of the different 

treatments for completion of growth cycle due to cooler 

temperatures in 1988-89. 

It was noticed that PAR interception at middle level 

of canopy was 60 to 70% and at the bottom level the PAR 

depletion was more than 90%. Thus, it was ~bserved that deple-

tion percentages in PAR and chlorophyll content are not of 

the same magnitude and differed in their pattern of depletion, 

though chlorophyll content is del€ndent on PAR interception. 

Thus the results show that temperature plays an 

illlJ:.>ortant role in influencing chlorophyll content and biomass 

production in relation to receipt of photosynthetically 

active radiation. 
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6 SUMMARY 

The present investigations were carried out at 

the Indian Agricultural Research Institute to study the 

response of rapeseed and mustard crops to the thermal 

environment under Delhi conditions. Three varieties of 

Brassica B.0.S4(V1}, Pusa Bold(V2} and Toria-T9(V
3

) were 

sown during ~ 1987-88 and 1988-89 seasons at 1S-day 

intervals. Irrigations were provided to maintain "not_ 

short of water" conditions in the root zone. 

Daily weather, phenological events~ weekly biomass 

and leaf area index of the plants were recorded in the 

different treatments. Five-day (pentad) crop growth rates 

were derived from the growth curves. Daily canopy temperatures 

were recorded from flowering to maturity at 1300 hrs(IST). 

Chlorophyll content and photosynthetically active radiat.ion 

at three canopy levels were recorded periodically during 

crop growth. Oil content in seeds was estimated both by 

chemical and N.!'vlR techniques. 

A study of environmental conditions showed near 

normal temperatures during 1987-88 season. During rabi 1988--
89, they were on an average, 4 to SoC below normal associated 

with the passage of western disturbances over north India. 

~ 1988-89 received 93.6 rnm of rainfall durin'] pod develop­

ment stage and ,vas characterized by lower saturation deficit 

and bright sunshine hours and a relatively cooler season 

than 1987-88. 
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Salient features observed from phenological 

events were: 

1) During the cooler season, vegetative phdse in 

the third sowing in all the treatments was of longer duru-
• 

tion when compared with the other two sowings, indicating 

th~ influence of temperature. The period corresponaed to 

the lO\,lest mean air temperatures during the ')Towth season 

under Delhi conditions. (il) Average maximum tE.!mperutures 

and duration of vegetative phase ,,~re negatively correlated, 

with higher correlation(-0.806) in the cooler season than 

that (-0.332) in a season with near normal temperatures .• 

Thus, significant differences could occur in the duration 

of vegetative phase due to influence of cold and warm spells. 

(iii) Between flowering and pod filling stages in spite of 

temperature differences between the seasons, Toria-T9 did 

not show significant variation in duration of phenological 

events unlike Fusa Bold where variations were large. Thus 

Toria-T9 proved to be insensitive to short period variations 

in t~perature. (iv) When the duration of total gro,·[th 

season was considered, during the cooler season, while variety 

8.0.54 was little affected, growth periods in Pusa Bold and 

'l'oria-T9 were extended by tt-/O and one \o-Jeek, respectively. 

Flowering stage seemed to be more ~ubject to influence of 

4-5°C loweI' temperature spells which resulted in prolonging 

the duration of the growth periods. 

Results on biomass production showed the production 

patterns to be highly influenced by thermal environment 
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irresPective of the variety. Depending upon the prevailing 

temperatures, peak biomass production occurred either at 

pod formation or early maturity stages while under normal 

conditions, it would be expected to coincide with pod 

filling stage. The extent to which higher temperatures 

during pod filling stage would affect biomass production 
\ 

is illustrated in case of variety B.0.54 v,here 22 and 30% 

reduction in biomass was recorded in 1987-88 and 1988-89 

~ seasons, respectively in the second planting compdred 

to the first with a higher reduction in cooler season. 

Leaf area index(LAI) was affected by date of sowing, 

delayed sowing resulting in lower LAI. Time of occurrenCe 

of peak LAI was also affected due to temperature differences. 

Crop growth rates(CGRs} were seen to be highly 

influenced by the prevailing temperature regime. During 

1987-88, in Pusa Bold peak gro\~h rates of 3.4, 2.1 and 1.2 

g/plant/day were recorded compared to 2.0, 1.4 and 1.14 

g/plant/day during 1988-89. Peak CGRs occurred either at 

pod formation or pod filling stages in most of the 18 sowings 

in this investigation. However, under the influence of 

short period variation in temperatures, in V2
P2' V3P1 and 

V3t->3 peak growth rates were noticed at early maturity 

stage while in V
1

P
2 

they occurred as early as late flowering 

period. 

The CGR values during 1988-89 season remdined 

higher for longer period in 6 out of 9 treatments thus 

compensating for lower temperatures except in V2
P 2' V

2
P

3 
and V

3
P

3 
which recorded low CGRs than those in 1987-88. 
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Case studies for specific periods of occurrence of s19n1-

f icantly higher/lo~/er temperatures than normul s how~d lhat 

(i) during late flowering period of the crop, warmer minimum 

temperatures (7-10 0 C higher) in this phase led to decrease 

in CGR by 50 and 30%, respectively in PuSd Bold and roria-T9. 

(ii) At the pod development stage of th(.; crop, below normal 

(4 to 6°,C) temperatures during 1988-89 season decreased the 

CGRs by 50 and 30%,' respectively in the second and third 

sowings of Pusa Bold. (iii) During the pod filling stage, 

lo\·/ering of temperature by 4 to 6°C below normdl, resulteq 

in decreasing the CGRs by 30% irrespective of vdriety or 

date of sowing. 

Studies on the seasonal influezJce on crop growth 

patterns showed that in Brassica spp. cooler tehlperatures 

not only prolonged the growth period "lith d slight decrease 

in CGRs, but also resulted in shifting the time of occurrence 

of peak growth rates. 

Seed yield decreased in Pusa Bold and Torla-T9 

in P3 by 41 and 58%, respectively with reference to P1, during 

1987-88, showing the extent to which higher temperatures 

at pod filling stage due to delayed sowing would affect the 

seed yield. Analysis of variance revealed significant 

differences in yield during the normal season for both varie­

ties and sowing dates whereas during the cooler season, 

significant differences were confined only to the dates of 

so\y1ng. 
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Among all the varieties, Toria-T9 recorded higher 

harv~st index(HI) ranging from 0.3 to 0.39 followed by Pusa 

Bold(0.24 to 0.33) and B.0.54(0.18 to 0.28). Toria-T9 proved 

to be superior to other varieties irrespective of seasonal 

temperature differences. Results on harvest index showed 

the period around 20th October as the mo~t suitable date 

for sowing of variety B.0.54 whether the subsequent season 

was cooler or warmer. In the cooler season, rabi 1988-89, 

HI increased in the range 27 to 33% in B.O.54. 

In the different varieties ffidximum oil content 

ranged from 34.7 in Pusa Bold to 42.7% ir1 'roria-T9. 

Three different accumulated h~nt unit systems viz., 

growing degree days, photo-thermal units ... lOd helio-thermal 

units were computed for studying crop response to thermal 

environment. Accumuldted heat units during the cooler 

season 1988-89 were higher than those recGrded in 1987-88 

in case of Pusa Bold and 'foria-'r9. This was in accordance 

with the longer duration of phenological stageS during this 

season. 

Pheno-thermal index{grow1ng degrees per day) showed 

a high variation (10.75 to 24.48) during the vegetative stage,. 

'fhe results indicate that in both the seasons much variation 

in the environmental thermal regime occurred during the 

vegetative stage. 

~enothermal index(PfI) for the total growth season 

was found to be nearly constant around a value of 14.3, 



similar to those reported in wheat and barley crops. Co­

efficient of variation of fTI was 3.1 and 5.9, respectively 

during 1987-88 and 1988-89 seasons indicating, relatively 

more uniform thermal environment during the former season. 

i-'od formation and pod filling stages showed higher "Eeat 

Use Efficiency" (biomass produced per degree day) in Brassica 

spp. 

Oil accumulation ih seeds increased linearly with 

accumulated degree days in long duration varieties. It 

showed inverse but linear relationship in respect of the 

short duration varie'ty, Toria-T9 and this is attributable 

to the progressive decrease in temperatures during the period 

of oil accun~lation in this variety. 

Highly significant linear relationships were 

obtained betv/een biomass, cumulative evaporation and accu~­

lated heat units. From these, biomass production at different 

levels of mean temperature accumulation and cumulative evapo­

ration were derived. The derived data are of practical 

utility in crop-weather simulation studies and for evalUa­

tion of crop performance in relation to mean air temperature 

in different rapeseed and mustard growing seasons. 

The regressions showed that for establishment 

of the crop B.0.54 needed 800 units followed by 750 for 

~sa Bold and 650 units in Toria-T9 and 121 mm of evaporation 

for B.0.54, 118 for Pusa Bold and 106 mm for 'l'oria-l'9. 
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Regression equations were developed for estima­

tion of canopy temperatures using maxinum temperatures and 

mean air temperatures. They reflect the micro- and macro 

climatic relationships. Canopy temperatures showed highly 

significant correlations with (a) saturation deficit( r = 
0.530 to 0.901 at 1% level of significance); (b) ambient 

ternperature(r = 0.725 to 0.933 at 1% level and (c) maximum 

teillperature (r = 0.187 to 0.892 at 5% level of significance). 

Magnitudes of correlation coefficients were higher 

in the relatively cooler season 1988-89 in all the varieties. 

The relationship between accumulated stress degree 

days (Z.SDD) during pod filling stage and seed yield indi­

cated SDn at pod filling stage to be a better indicator of 

seed yield rather than accumulation of SDn from pod filling 

to maturity stage. 

Leaf-canopy temperature differences rdn~ed from 

4 to 6°C in early hours of day and decreased to 3 to 4°C 

in afternoon hqurs and \vere the lowest bet\.Jeen 1345 to 1545 

hours under Delhi conditions. This coincided with the time 

of highest transpirational cooling in the crop. 

Periodic measurement of leaf chlorophyll content 

at the top, middle and bottom levels of thl.: canopy sho\<led 

higher values during 1987-88 sedson as cOITlI-'ured to 1988-89 

season indicating the effect of seasonal temperature differences. 

In the earlier growth stages, chlorophyll got depleted by 

20% at middle canopy level and 50% at bottom level. An 

interesting feature was during rabi 1988-89 season, ",hen 



weather was reldtively cooler during the growth season, 

chlorophyll content at the bottom level remained higher 

than that recorded during the warmer season, ir.dicating 

the effect of temperature. 
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l-leasurernent of photosyntheticull y active rddiation 

(}J.-~R) at three levels in the crop cdn0I-Y slll)\;.;::d m ixirnum 

int(;rception during the pod fi11in':] and early ITIdturity stages 

of the cray during the cooler season, whered3 it occurred 

during the pod formation stage in the warul::r :JUdson. f>Art 

interception during the cooler sedson reh~in~d high for a 

longer period than during the 1987-88 season. Time of maximum 

LAI occurrence corresvonded to maximum ~KR interception at 

all levels. Unlike in the other rabi crops, \"/heat and barley, 

in Brassica, pod surface area also seea.s to playa significant 

role in }JAR intercel;tion as it covers the ground even ufter 

occurrence of leaf senescence. 

l'he resul ts thus brought out quantitatively the 

extent to which biomass accumulation, oil content accunn.llation 

crop grot,oTth rates, canopy and ambi·:mt temperatures at 

different growth stages were influenced by short period 

temperature changes that occurred in ()ssociation , . .,ri th western 

disturbances over north India. The results also showed 

significant correlations between accumulated temPeratures~ 

evaporation and biomass, canopy and maximum temperatures and 

dependence of f-JAH. interception on leaf area index which is 

highly influenced by temperature regime prevailing during 

different growth stages Of rapeseed and mustard crop. 
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Appendix I. Standard meteorological weeks 

week No. t-bnth Date 

40 October 01 - 01 

41 08 - 14 

42 15 - 21 

43 22 - 28 

44 29 - 04 

45 November 05 - 11 

46 12 - 18 

47 19 - 25 

48 26 - 02 

49 December 03 - 09 

50 10 - 16 

51 17 - 23 

52 24 - 31 

1 January 01 - 07 

2 08 - 14 

3 15 - 21 

4 22 - 28 

5 29 - 04 

6 February 05 - 11 

7 12 - 18 

8 19 - 25 

9 26 - 04 

10 t-larch 05 - 11 

11 12 - 18 

12 19 - 25 

13 26 -01 

14 April 02 - 08 
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Appendix V(a). Soil moisture(% gravimetric} in var~ety 

B.0.54 at vegetative and pod filling stages 

Depth 
(em) 

00-15 

15-30 

30-45 

45-60 

60-90 

90-120 

00-15 

15-30 

30-45 

45-60 

60-90 

90-120 

Vegetative 

5.9 5.3 

9.3 9.5 

9.4 8.5 

12.9 11.0 

15.7 15.5 

16.'1 16.0 

7.7 11.3 

17.3 12.4 

13.7 14.0 

16.0 16.2 

16.9 16.3 

18.1 18.9 

Pod filling 

Rabi 1987-88 

18.6 4.6 10.0 9.2 

17.3 7.3 9.7 9.7 

17.4 10.5 4.7 13.2 

17.5 11.3 8.8 14.2 

17.4 12.0 8.8 14.7 

lq.2 . .1209 8.6 14.7 

Rabi 1988-89 

17.2 16.9 9.8 10.4 

16.2 20.0 12.4 13.1 

17.1 17.6 13.8 13.2 

18.8 18.4 14.0 17.7 

19.7 18.7 15.8 18.5 

19.7 19.1 17.9 19.7 



Appendix V(b). Soil moisture(% gravimetric) in variety 

Depth 
(em) 

00-15 

15-30 

30-45 

45-60 

60-90 

90-120 

00-15 

15-30 

30-45 

45-60 

60-90 

90-120 

Pusa Bold at vegetative and pod filling 

stages 

Vegetative Pod filling 

Rabi 1987-88 

3.5 4.6 8.0 8.7 6.6 8.5 

11.1 8.6 13.0 '7.1 8.0 8.7 

14.2 8.6 15.8 1.9 8.9 12.4 

15.1 11.2 16.5 8.9 8.8 13.7 

15.9 12.3 17.2 11.0 9.2 14.6 

15.8 15.4 17.2 12.0 12.2 15.6 

Rabi 1988-89 

1.0 9.8 12.0 7.7 10.9 7.3 

10.6 10.3 10.9 8.7 11.5 10.3 

12.8 13.3 12.4 12.\2 13.6 12.5 

15.8 16.2 15.7 14.6 15.9 16.3 

19.9 17.4 15.6 16.0 17.4 18.4 

18.2 18.0 17.1 17.3 18.5 19.6 



Appendix V(c). Soil moisture(% gravimetric) in variety 

Toria-T9 at vegetative and pod filling 

stages 

Depth Vegetative Pod filling 
(cm) P1 P2 P3 P

1 P2 

Rabi 1987-88 
00-15 6.3 10.4 14.6 5.3 8.7 

15-30 10.4 16.7 11.2 8.6 8.0 

30-45 11.9 20.6 13.5 16.6 9.8 

45-60 13.8 21.5 15.6 15.1 12.0 

60-90 15.9 23.5 16.4 14.8 12.6 

90-120 16.0 23.6 15.9 16.5 13.1 

Rabi 1988-89 

00-15 8.8 8.4 9.6 14.5 8.2 

15-30 10.2 9.6 11,0 14.4 11.8 

30-45 14.1 13.0 131'7 13.8 14.3 

45-60 16.7 15.6 16.5 16.1 16.1 

60-90 17.9 17.3 18.7 12.7 18.2 

90-120 19.0 18.3 18.6 13.5 18.3 

P3 

5.2 

8.5 

9.8 

11.9 

13.2 

14.1 

8.4 

8.2 

13.0 

16.2 

18.5 

19.4 




