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1. INTRODUCTION

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 ollseed 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 ollseed 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
preduction in India, 1In 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 1s considered as the most important climatic factor

affecting the periodic development of plants.

T—5012,




The economic yleld of a field crop is determined by

the pattern of biomass production, crop growth rates and

radiation interception by the canopy. These factors are however,
influenced by the prevailing_day to day weather conditions. A

ma jor source of these variations'is temporary warming and cooling
of the atmosphere caused by the weather associated with passage of
wester; disturbances over north India during this season. Under
irrigated conditions meagre rainfall of 2 to 3 cm received during
the rabi 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 ernvironmental faci-
lities, this aspect has been studied through fleld 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 opportunity te build up
quantitative relationships between heat unit system, biomass
production and crop growth rates. Except for the extensive studies
n Brassica 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 Brassica spp. The thermal

environment as stated above being an important ingradient influencing



crop performance during rabi season, it should be possible to
apply this concept to study crop response to different pheno-
logical stages.

Although knowledge of phenology-environment inter-
actions comes handy in planning operations for maximizing yield,

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

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

Crop canopy temperature is another paramester that has
been receiving much attention in recent years after the development
of infrared thermometry. It is gaining importance in crop stress
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, Chlbrophyll
content is known to vary with changes in photosynthetically active
radiation and its distribution within the crop canopy in relation
to temperature variation is considered important. It may be
mentioned that such interactions have received little attention
in our country and it is felt necessary to make a beginning in
these aspects of research,

Most of the studies reported in literature on the
influence of temperature on crop growth and development were based
on experiments carried out under controlled conditions in growth

chambers, However, in view of the limited facilities For similar

studies and also keeping in view the fact that results from such



experiments often render them difficult to interpret the response
under field conditions, it is felt that a field trial with normal
crop growing season would provide a data base for studying crop
response to thermai environment uﬁder ndatural conditions, One
redeeming feature is that rapeseed and mustard growing belt is
visited by one or two western disturbances in each month during
its active growth season from December to Mdarch. 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 conditlions 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. to study the effects of short period variation in
temperature on growth and yield in relation to phenology
2. to study crop response to thermal environment using
accumulated heat unit system and,
3. to study radiation interception by the crop and leaf
chlorophyll content in relation to leaf area development

as affected by changes in thermal environment,
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2. REVIEW OF LITERATURE

The results reported by past researchers relating to
different aspects of physical environment of Brassica spp.
pertinent to the present study were reviewed and are presented
in this chapter. For convenience, the literature is given under

following heads:

1. Phenology in relation to temperature

2. Temperature, plant growth and development
characteristics

3. Accumulated heat units, crop growth and
development

4, Evapotranspiration and blomass production

5. Crop canopy temperature characteristics

6. Effect of temperature on chlorophyll content

1.0 PHENOLOGY IN RELATION TO TEMPERATURE
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,
FPhenology, is a study of timing of recurring natural phenomenon,
especially in relation to climatic conditions (Murray, 1909). The
effects of environmental factors like photoperiod, solar radiation
and soil moisture on development (i.e., pProgress of crop towards

maturity) were different from those on general growth pattern.



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 pﬁenologi-
cal studies were started some two centuries ago. The temperature
based hethods 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 assoclated with days taken from flowering
to maturity.

Under the Delhi conditions,Pusa Bold took 39,52,63,77
and 130 days to attain tirst flower, 50% flowéﬁ? 100% flowering,
100% pod formation and maturity, respectively{(Ravindra,1985). In
Uttar Pradesh region under normal sown conditions,Shastry and
Kumar (1981) reported that cultivar Pusa Bold tocok 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.



/2.0 TEMPERATURE, PLANT GROWTH AND DEVELOPMENT CHARACTERISTICS
4.1 DRY MATTER ACCUMULATION

Dry matter accumulation in crop plants 1is of importance
not only because it is the one which ultimaetely gets transformed
into economically usable product but in case of Brassica spp.
it assumes still greater importance because a major portion of
dry matter gets accumulated after anthesis when leaf area is on
the decline. The levels of accumulation before and after
anthesis however are known to vary with species and varietai

groups. In Brassica campestris, 85% of total dry matter was

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 vegetatlve phase yere
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) 1n 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. spah and 96 and 91 DAS in cv. zephyr, respectively

during different growing seasons. Maximum dry matter production
ranged from 312 to 1174 g/mz.

In Canada, under non-irrigated and higher seed rate
conditions dry matter production was found to be higher in
B.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).



The pattern of dry matter accumulation was reported to be
the major distinguishing feature between species contribu-
ting the most of differences in yield (Richards and Thurling,
1978) and pre-anthesis dry matter accumulation in Brassica

napus L. resulted in greater contribution of reserves for

graiq filling.

The relative importance of key growth parameters
like net assimilation rate (NAR), relative growth rate(RGR)
crop growth rate(CGR), leaf area ratio(LAR) and specific
leaf area (SLA) in relation to growth behuviour of Brassica
spp. were employed by Allen and Morgan(1972, 1975), Thurling
(1974a), Clarke and Simpson(1978a), Chauhan(1980) and Khadar

(1983).

/2.2 CROP GROWICH RATES

Crop growth rates are dependent apart from cultivar
parameter on ambient temperature conditions, During the yinter
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 et al,
(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 was characterized by marked increase in size and

weight of pods.



The crop growth rates of irrigated polish rape

(Brassica campestris L. cv. span) ana Argentinag rape

(B.napus L. cv. zephyer) were determined by Major(1977) in
Canada. It was observed that maximum crop growth rates of
9.88 to 22.07 g/mz/d occur in 46 to 49 DAS in two seusons

in tase of cv, span and 17.44 g/m2/d in 77 DAS in first
season and 24,05 g/m2/d in 49 DAS in second season in case of
cv. zephyr showing wide range of CGR,

In the Delhi region, Ravindra(19«%) reported two
patterns in crop growth rates (CGR ) for kusa Bold sown on
four dates starting from Ist OctobeFJ the first pattern
being parabolic in ndture with higher initial crop growth
rate (CGR) in first two sowings and linear in later two sowings
with lower initial CGR; Peak CGRs were found to be 20 to
35 g/d in flrst two sowings and 5 to 12 g/d in two later
sowing% revealing the effect of delayed planting and consequent
differences in the thermal environment. In Italy, Frenquelli
et al,(1985) while working with B.napus reported two peaks
of CGR, first at 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), in his study in Australia observed no significant
variation in relative growth rates(RGR) in B.napus L. and
attributed this to the marked negative association between:

net assimilation rate (NAR) and leaf area raotio (LAR),
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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

Folish rape(Brassica campestris L. cv, span) and Argentina

\\
rape(B.napus L. cv. zephyr) with values 1.35 and 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 Brassica napus by Frenquelli

t al,(1985).

— —

In an experiment conducted to compare the growth,
development and yield of four varietlies of oilseed rape,
Cressus, Gulle, Rigo and Nilla, Allen and Morygan(1975)
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, LAI reached a maximum near start of
flowering and then declined rapidly in B.napus cv. Tower
(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).

Mendham and Scott(1975) in their study on limited
effect of plant size at inflorescence initidtion on subsequent
growth and yield of B.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. This
study leadg to the conclusion that photosynthetic activity

of pods and stems appear to contribute at least half of the
material for seed development in Brassica, Thurling(1974a)
reported that leaf area ratio(LAR) ot plant at anthesis
contributed significantly to total dry weight at final harvest

in rapeseed; he further emphasized that Brassica campestris

is photosynthetically more efficient than B.napus L.

2,4 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 temperature on crop growth and development,

Delayed sowing 1s known to cause reduction in
seed yield as suggested by Gross(1963); Singh, et al.(1972);
Scott et 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 plant which in turn was most closely related

with duration of vegetative phase of growth. The total dry
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weight of the plant and seed yieldyere observed to be the
greatest in the first sowing where flowering was substanti-
ally later thagtlater sowings (Thurling, 1974a).

Experiments on delayed sowing of Brassica spp. in
India and abroad have shown a reduction in plant height causing
a proportional decrease in seed yield(Dagenhardt and Kondra,
1981; Shastry and Kumar, 1981 and Vasi et al., 1986),

Thurling(1974a) observed that variation 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 response
to successive delay in planting date. The seed yields of

Brassica campestris were noted to be substantially greater

in second sowing than in the first and third sowings. E1lf
and Ohlsson(1987) in field experiments exposed Brassica
juncea cv. Varuna to low temperature conditions(-3 to 0°C)
at flowering and pod filling stages and observed 50% reduction
in seed yield when crop got exposed to -1°C at inwering 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.,1973a; Kondra,1977; Saini et al.,
1977; Hodgscn,1979; Richards and Thurling, 1978b; Bishoni
and Singh,1979; Bowerman and Lewis, 1980 and Dagenhardt and

Kondra, 1981).
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2.5 OIL CONTENT

A reduction in oil content was noted in Brassica
napus due to delayed sowing by Scott et al.(1973a),Bishnoi
and 8ingh(1979) and Hodgson (1979). Hodgson(1979) in his
s{udy in New South Wales concluded that oil content was
inversely related to mean daily temperature during seed
filling period. Maximum temperature at vegetotive phase
was found to be positively correlated with per cent oil
content by Shastry and Kumar (1981) and Vasi et al.(1986).

Gambhir et al,(1979,1983) conducted experiments
to find out the effect of maturity on oil vyield of Indian
nustard. They suggested that harvesting of the crop should
be done at yellow stage as the o0il 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. O0il

content of bulk samples reached a peak about a week before

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

——

1983).

Hodgson(1979) reported that oil production was
favoured in B.napus when seed developed duringr%oolest
part of the year(teuwperature not below zero and mean tempe~
rature between 13.1 to 15.4°C) under field conditions.
Canvin(1965) supported these results from data obtained from
controlled environmental conditions. However, E1f and Ohlsson

(1987) reported a reduction in oil content when flowering and



14

pod filling stages experienced a low temperature in

the range of -3 to 0°Cunder field conditions in B.junced cv.

Varuna,

2,6 HARVEST INDEX

An alternative to yield component approach is to
view yield as a product of total dry matter(i.e.,bi logical
yield) and harvest index (the proprortion of total dry matter
found in economic parts). The biological yield is the product
of growth rate and duration while harvest index integrates
photosynthesis, translocation and storage processes, Studies
on Brassica spp. indicate that harvest index(HI) is strongly
influenced by environment(Thurling, 1974a). He also reported

that HI was more closely related to yield in Brassica campestris

than in Brassica napus. However, total dry matter and HI

were found to contribute significantly to yield in both the
species. The value of HI ranged between 10 to 23%. Delayed
sowling causes reduction in HI(Dagenhardt and Kondra, 1981).
Mehrotra et al.(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.

H1 of Brassica 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 3l.(1984) reported that HI

of 4 Brassica ecotypes ranged from 27 to 42%.
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In terms of energy, 600 g of mustard is eguivalent
to 1 kg of wheat. If harvest index is compared on the basis
of energy, the oilseed crops were shown to be as efficient as
many cereals (Sinha et al.,b1982),

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 and the influence of temper«ture on all these
characters is essential. Review shows that biomass production
and crop growth rates have not been studied at difiterent

phenological stages and related to temperature conditions,

3.0 ACCUMULATED HEAT UNITS AND CROP GROWIH aliD DEVELOPMENT
3.1 THE HEAT UNIT SYSTEM AND GROWING DEGREE DAYS

The effect of temperature on plant growth and
occurrence and phenological development 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. 1In 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
accumul ated heat to fulfil their requirement for phenological
development. Unless this requirement is met, differentiation

does not take place.
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Reaumer(1735) was the first scientist to suggest
that the sum of the mean daily shade temperature of air
between one stage of development and another was constant
for a particular plant species., Bossingault(1834) calculated
th\"totdl quantity of heat" required to ripen grain by
this method.

” The degree day concept assumes that the relationship
between growth and temperature is linear or a logarithmic one
as predicted by van't Hoff Law. The teras degree days, growing
degree days and 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 as accumulated
heat units (AHU) by several workers.

/arnold(1959) suggested methods for determining the
base temperatures (a) least variability method and (b) X-
intercept method in which a regression equation is fitted
between mean temperature (independent varieble) and growth
rate(inverse of duration). The value of X-intercept is taken
as base temperature.

Hodéson(1978b) following Arnold's(1959) method,
deterinined the base temperature for Brassica spp. Iwata and
Okubo(1969) extended the least variability method of Arnold
to jointly consider the base and optimum temperatures.Basker-
ville and Erdin(1969) developed equations to determine degree

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

temperature.,

Lindsey and Newman(1956) estimated degree hours as

, 2
12(Tmax -~ B.T,)
T - T
max min
where, Tmax is temperature maximum, Tmin is temperaqature

minimum and B.T,., is the base temperature.
Gilmore and Rogers(1958) suggested that crop

development is also inhibited at temperatures higher than

Optimum,
3.2 HEAT UNITS AND DRY MATTER PRODUCIION

A high positive correlation between dry matter of
soybean and sum of air temperatures was obtained by Uchijima
(1975) and Rajput(1980), in wheat by Chakravarty and Sastry
(1983 a,b,c). Uchijima (1975) concluded that the sum of
air temperatures is highly responsible for dccumulation of
dry matter of the crop stand.

When the day degree accumulation is above 1000°C
the rate of dry matter accumulation in soyabean was found
to be 49,9 g/m2/100°C day. Similar dependence of accumulation
of dry matter by soyabean 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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stage did not vary greatly under different environments,

Boéh day and GDD summations varied among yedars for all

growth periods but the magnitude of variation in some periods
was not great. In New South Wales,Hodgson (1978b) calculated

the\growing degree day (°C) requirements For Brassica napus L.

and Brassica cauapestris L. from phenological and thermal

data and found that duration of all phenophases are signi-
Eicantly correlated with the phase mean temperatures.

Similar relationships between biomass production,
rhenology and accumulated heat units in Brassica spp. do
not appear to have been studied and information on these
aspects is lacking at present.

Thus, though considerable progress had been made
in chaeracterizing the biometeorological time scale in terms
of degree days, it 1s obvious that detailed study on different
crops is necessary to predict the maturity date and other
rhenological 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 number of days. This

type of information in Brassica crops is lacking in our

country.

3.3 VFHENOTHERMAL INDEX
The differences in relation to accumulated degree
days between different growth stdages in case of wheat was

expressed in the form of phenothermal index, by Chakravarty
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and 8astry(1983 a,b) computed as degree days/growth day.

The index was found to be nearly constant, irrespective

of planting date and season, during sowinyg to boot leaf
stage. While the indices in different stages from boot
leaf to hard dough in wheat gradually increased from a

m;%n value of 12.2 between boot leaf and anthesis to 18.1
from milk to hard dough, for entire crop growth }eriod
taken as a single unit, the coefficient of variability(C.V.)
yielded a value of 3,1(Chakravarty and Sastry,1983a). In

barley crop, phenothermal index ranged from 11,5 to 14.5

during boot leaf to anthesis stage(Chakravarty ¢t al., 1984);

from anthesis to soft dough, it ranged from 14.1 to 17.1
and for the entire growth season, the phenothermal index
nearly remained constant around a value of 11.5 with a C.V.

of 1,1%.

FPhenothermal 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 et al.,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 q/ha/degfee

day x 103. In summer mung, at all stages of crop growth HUE
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was higher during the cooler season(1979), raenging from

14.4 to 73.8 g/ha/degree day x 102 than in the warmer

(1978) season(B.8 to 46.6 g/ha/degree day x 10%) because

of lower summer mean temperatures in 1979 as compared to

1978 (cooler season); relatively high HUE, 17 to 22 x 10%
a/ha/degree day, was found in second planting compared to

6 to B8 x 10° a/ha/degree day in 1979-80(warmer season).
During this stage, correspondingly higlier CGRs were recorded
during 1978-79 compared to 1979-80, Because of higher maxiaum
temperatures (30°C) at grain filling period during 1979-80
there was considerable reduction in HUE values(Sastry et 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 EVAFPOTRANSPIRATION(ET) AND BIOMASS FRODUCI'ION

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 may or
may not be linear as it is between transpiration and biomass
production. This is partly because the fraction of the
evaporation that does not contribute to plant growth varies

throughout tne crop life cycle(Chang, 1968).
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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 accumulation and its
relationship with water use in the wheat crop, Doyle and
Fischer(1979) observed a linear relationship between cumu-
lative evapotranspiration and biomass production.

Hanks et al.(1969) showed that biomndass production
of winter wheat was highly correlated with cululative evapo-
transpiration and obtained a nearly linear relationship
between them from sowing until maturity. Jalota(1986) estab-
iished a relationship between evapotranspirastion 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 irrigated field condi-
tions in Delhi region was found to be linearly related to
cumulative evaporation with a high correlation coefficient
of 0.89(Chakravarty and Sastry,1983b). In case of Brassica,
evapotranspiration and biomass relationships are yet to be

established.

5.0 CROP CANOrY TEMFERATURE CHARACTERISTICS
5.1 CROP CaANOYY TEMPERATURE

Canopy temperature is an integrated result of
energy absorption and dissipation mechanisms acting within
the canopy (Ferguson et al.,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 temperature increases(Jackson, 1982),

The potential of infrared thermometer in measure-
mént of crop temperature for assessment of crop water defi-
cit was recognised by Monteith and Szeicz(1962) and Tanner

(1963). Ehrler et al.(1978) also demonstrated that canopy

teﬁperature in wheat(Triticum aestivum L.) increased as

plant water potential decreased. Differences in canopy
temperatures between stressed and non-stressed wheat plants
were shown to be reliable indicators of plant moisture stress,
Quantitative data relating crop tewperature to
phenological and physiological development of the crop over
a complete growlng season are sparse, The only se¢asonal
crop canopy temperatures studies based on daily medasurements
reported thus far are those of Idso et al.(1977) and Jackson
et al.(1977)y,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 et 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 increases as plant moisture stress
starts developing.
Cloudy periods have been observed to lower leaf
or crop temperature(Stone et al.,1975) for, diminished

radiant heat load requires less total energy dissipation.

Studies by Walker and Hatfield(1983) revealed the influence

of net radiation and saturation deficit on canopy(Tc) air
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temperature (Tg) difference(TC - Td) in well watered plants
during central portion of the growing season. Kirkham

_ﬁ al.(1983) also observed in their study similar results
with regression analysis for the dry year and wet year.
Maximum(TC-Ta) values observed each year were found to be
noé greatly different. 1In dry year, the maximum value was
about -7°C and in the wet year it was -8,5°C, They also
suggested that plants at high vapour pressure deficit (VFD)
had cooler temperatures than plants at lower VED in dry
vyear. Similar results of negative correlation between VPD
and (Tc~Ta) were reported by Reicosky(1985). Information on

Brassica crops on this account seems to be lacking.

5.2 CANOPY-AIR TEMFERATURE DIFFERENCES

The canopy-air temperature differences (CATD)
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 variable for quanti-
fying plant water use and grain yield(Jackson,1982). 1In
studies on canopy temperature(Tc) of wheat, Singh et al.(1985)
observed the following results:

i) Significant differences were found in grain yield
TC and (TC-Ta) of cultivars, under both moisture
stressed and non-stressed treatments,

ii) Grain yield was negatively correlated significantly
with average afternoon Tc(r = ~-0,92) and average

afternoon CATD(r = 0.94).
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Plant parameterg?;ignificantly coirelated with
grain yield especially in non-stressed environment. Steiner
et al.(1985) wonitored foliage temperatures <t noon time
and utilized them as indicators of plant stress. In their
sEudy, the mean differential between (PC-Td) from jointing
t&*late grain filling period showed a strong negative linear
relationship to grain number per unit soil drea(r2=0.88) and
final yield (r’=0.86).

Gates(1968) observed that most of the plants became
cooler than air temperature between air temperature range of
30 to 40°C and below these temperatures, the leuves 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°C below
air tewmperature and corn crop did not develop water stress

unless leaf temperature exceeded air temperature(Gardner

t al.,1981b).

In a study carried out by Kalra et 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 B.napus and B.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 LAI and
dry matter production during the vegetative phase of the crop.
Cumulated stress degree days( X SDD) were found

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

in four Brassica species viz,, cawpestris’ juncea, napus and

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

crease with increasing £5DD(Idso et al., 1977; Walker and
Hatfield, 1979; Diaz et al.,1983), A low goodness of fit
(r220.54) of yield with 2 SDD for the combined data from
three planting dates was obtained by Dia; et al.(1983).

The goodness of fit for individual planting dates was large
(r2=0.80 to 0.96). However, in their studies on red kidney
beans, Walker and Hatfield(1979) reported that field-stress
degree day concept was stable over a wide range of planting
dates.

Jackson et al,.(1977) evaluated the SDD parameter
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 TEMPERATURE ON CHLOROFHYLL 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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6.1 CHLOROFHYLL CONTENT

Marked differences in leaf chlorophyll content
were recorded both between ecosystems and seasonally A
each ecosystem. The chlorophyll concentration in various
kinds of plant waterials differ greatly. Gvington and
Lawrence (1967) showed that concentration ditferences are
related to environmental conditions and that the variation
depends upon the month of sampling over the crop growth
period. In studies made by Anderson(1967) it was reported
that high chlorophyll content of plant commnities is a
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 cowmunity 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 théir study of 12 wheat cultivars varying in maturity,
Cupina et al.(1979) reported that chlorophyll content 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 chlorophvyll content varied
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from 4.5 to 5.3 mg/g fresh weight and diiferences between
planting dates were found significant. In these experiments,
the first harvest was significantly higher than the second
harvest date for total chlorophyll. Friend(1960) observed
that maximum fresh weight coincided with the time ot maximal
chlbrophyll content.

A study was carried out in winter repe by Vincenc
et al.(1984) in Czechoslovakia to find out the chlurophyll
conitent 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

time,

6.2 Chlorophyll and Temperature

The interaction between chlorophyll and temperature
was studied under controlztonditions 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(day/night)
after anthesis decreased chlorophyll content. Ray et al.
(1978) reported that at low temperature, chlorophyll content
increused during later growth whereas high temperatrures
reduced the same.

The effect of temperature on chlorophyll accumu-
lation 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 content
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 temperature 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 thé
tirst two leaves(mg per 10 g fresh weight) was 7.8 at 30°C,
4.9 at 34% 4.5 at 35°C and only 1.8 at 36°C. The rate of
formation was also slow below 5°C. At temperatures below
20°C however, the greatest amount of chlorophyll was found
at the intermediate light intensities (Friend, 1960)., Bennett
et al.(1982) inferred from their growth chamber studies in
maize, that chlorophyll concentration changed in response
to both growth and acclimation temperatures. Those grown
at 16°C had the lowest concentration and those grown 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°C was observed
to be higher at 11 hours photoperiocd 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 temperature dependence of chlorophyll accumulation:
a rise of about 0.5°C 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 ﬁad not been widely reported. There is
insufficient literature particularly with respect to phenology
and érop growth rates in relation to chlorophyll content

as affectea by the thermal regime in Brassica spp. grown

under field conditions.

The foregoing review on the response between
plant growth and development in relation to temperature had
shown that higher temperatures have an adverse effect on
crop growth and development. Most of the studies reported
were carried out under controlled conditions at fixed day/
night temperatures, The reported literature on these aspects
in Brassica spp-1s insufficient and sparse.

In Brassica spp. generally the research reports
had been confined mainly to €he entire crop growth period
wilthout any mention to phenological stages., 8Since the effect
of environmental factors like temperature has a overriding
influence in rabl 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 shows that accumulated heat unit
system has nogzg%plied to study the influence of thermal
environment on growth and yield in rapeseed and mustard,

particularly under Indian conditions.
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Similarly, the review shows that effect of
temperature on chlorophyll content at different phenological
stages of the crop growth which is indirectly affected by
temmperature through development of leaf area and biomass

need to be investigated.,



MATERIALS AND METHODS




3. MATERIALS AND METHODS

The details of materials used and techniques adopted
in. carrying out the pPresent investigation are mentioned in the

chapter under dlfferent titles,

3.1 SITE OF THE EXPERIMENT

Two field experiments were conducted during Rabi secasons
of 1987-88 and 1988-89 from October to April in the research farm
of Indian Agricultural Research Institute(I.A.R.I.) New Delhi
(latitude 28°37°'N, longitude 77°10°'E). The field had a fairly
'levelled.topography and experimental site was located adjoining

the agrometeorological observatory. The soils in the experimental

area were sandy loam in nature.

3.2 CLIMATE

New Delhi has a subtropical semi-arid climate, character-
ized by hot, dry summers and cold winters. Summer maximum temper-
atures reach as high as 46,8°C while winter minimum temperatures
touch as low as 1°C., Average annual precipitation is 710 mm of
which nearly 600 mm are received during the southwest monsoon
period i.e., July to mid September. Climatic normals far Delhi

are presented in Table 1,

3.3 CROP

' Brassica crop was raised for carryina out the experi-

ment, Three cultivars viz,., Brassica napus var. B.0.54,

Brassica juncea var. Pusa Bold and Brassica campestris var.

Toria-T9(referred to hereafter as variety Vi, V, and Y

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

1941-1970
Month Max, Min. Evapo- Dura- wWind Rainfall
temp, temp. ration 1 tion speed (rum)
(°c) (°c) (mm day™ ") of bri- -1
ght sun- (km hr™ ")
shine,
hours
Oct. 32,2 17.4 5.2 8.8 3.8 30.1
Nov., 28,0 6.8 3.8 9,0 2.7 2.4
DEC. 22.2‘* 6.2 2.4 8.0 3.7 5.9
Jan. 20,3 6.0 2.3 75 4,0 20.4
Feb, 23.6 7.7 3.9 8.3 4.8 16,7
Mar, 29.5 12,9 5.4 8.0 5.4 17.1
Apr, 36.0 18.9 9.5 8.9 6.5 5.5

3.3.,1 Treatment
Three cultivars V1'Vé and V3 mentioned@ above were
sown on three different dates (P1.92 and P3) in both the

seasons as shown below:

Rabi season . Date of sowing
Pl P2 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.1l) consisted of 27 plots of size
8m x 5m laid out in a randomized block design with three
replications.

Varieties 3 Treatments (sowing dates) 3

Replications 3 Total number of plots 27

3.3.3 Fertilizer application

Urea @ 60 kg N/ha, single sufperphosphate @ 92 kg
ons/ha and muriate of potash @ 48 kg kzo/ha were applied,
Half the guantity of urea was mixed with the other two ferti-
lizers and applied to the so0il during discing before sowing

while the other half was applied at pod formation stage.

3J.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 B to 10 cm while the
row to row distance was maintained?§2.5 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 pod formation. To ensure maintenance of "not
short of water" conditions and to retain the soll moisture in
the root zone fairly within the "available" range, additional
irrigations were also given 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 e days) to closely follow the phenological events, From
these observations first flower appearance (FF), 50% flowering
(FF50), 90% podding (P90), end of seed filling(ESF) 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 definéd 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 taken 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 while the seeds get hardened and
crop is nearly ready for harvest,

Based on these, phenological stages were further

classified as follows:

1. Vegetative stage : Emergence to first flower appearance (FF)
ance
2. Flowering : First flower appeagAFF) to 50% flower-
ing (FF50)

3. Pod formation : 50% flowering(FF50) to 90% podding(P90)
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4, Pod filling

e

90% podding to end of seed
filling (ESF)

S. Maturity phase End of seed filling (ESF) to

maturity (MAT),

3,3.6,2 Bilomass

Oven dried, above-ground plant material was used to
determine biomass production at periodic intervals. For this
purpose leaving two border rows in each plot, two rows were
earmarked for sampling. At each sampling, 6 plants at earlier
stages, 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 attalned 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 treatmént.

Accumulated biomass
CGR

il

g/plant/day
Number of days

3.3.6,4 Leaf area index

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 Chlorophyll content of leaves

Chlorophyll content of leaves was determined at
different crop growth stages. Leaves were sampled from top,

middle and bottom lewvels 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.

Chlorophyll amount was determined following
Hiscox and Israelstam(1979). 100 mg leal discs were cnt
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 3.0 ml
of dimethylsulphoxide. Transmittance values at 645 nm and
663 nm were recorded by using Bausch and Lomb Spectrconic-20.
From the transmittance values, optical density(0.D.) values
were determined. If O0.D. wvalue was higher than 0.7 the
solution was diluted to 50% of its original concentration
by acding another 10 ml of dimethylsulprhoxide. The total

chlorophyll content was determined using the expression:

Total chlorophyll 10

content (mg/g of = 22,2(0.D.645) + 8,02(0.D,663) x ~—~
fresh leaf wt,) wt{mg)

3.3.6.6 01l content

The procedure suggested by Kartha et al, (1954)
was adopted for determining the oil content in seeds., Brassi-
ca seeds weighing0.5fwere taken and ground with 2,0 g of
pyrex glass powder and 2.5 g of anhydrous sodium sulphate
(Na2804). The mixture was put in tapering glass tubes and
extracted with 20 to 22 ml of petroleum benzene(boiling range

40-60°C) into the conical flasks. The aliquot was heated on
water bath till it completely evaporated off leaving behind

oil in the conical flasks. The per cent cil content

was calculated as:
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Wt. of 0il in the seeds
0il content(¥%) = -

x 100
Wt. of seeds

The sampling for oil content was started after seed
formation and was continued at periodic intervals till the

maturity of the crop. 0il content was also determined at harvest

by using NMR technique.

3.3.6.7 Harvest

The crop was harvested manually with sickles. The
yiel @8 samples were obtained randomly from 1m x 1m area from
each plot at two places, The number of plants per square

metre were counted., Seed yield as well as straw 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 Lercentage 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
cn in all the treatments, The samples were oven dried at 105°C
till constant weight was obtalned. This sampling was done: to

maintain the crop at 'not-short of water' condition through

irrigation.
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3.5 ACCUMULATED HEAT UNITS

Accumulated heat units were computed using three

different methods as follows:

3.5.,1 Growing degree days

The method employed to calculate the growing degree

days (GDD) following Nuttonson(195%5) is

n , “max min
GDD =& ( - — B.T,)

1 2

where,
Thax = Maximum temperature(°C) of the day
Toip = mnimum temperature(°C} 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
of the day in hours accumulated over a given period gives photo-
thermal units(PTU), Values of day length hours were obtained from

Smithsoninian Tables.

3.5.3 Helio~thermal units

Hello-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 PTU to arrive at
the heat summations. 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 Sastry(1983),

3.5.5 Heat use efficiency

With a view to compare the relative 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:

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

Accumulated heat units(°C)

The following observations were taken daily and some
of them for diurnal variation on particular days, representing

different growth stages of crop.

3.6 PHOTOSYNTHETICALLY ACTIVE 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% helght of crop canopy and at the ground surface, keeping

the sensor at 5 cm above ground level.

3.7 LEAF TEMPERATURE

A microprocessor controlled LICOR(Model LI-1600)
stealy state porometer which measures leaf temperature(°C)
was used. PFor this measurement top second or third leaf was
taken for observations 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 MESH COVERED PAN EVAPORATION
Values of evaporation in mm from class A mesh covered
pan evaporimeter as per specifications of IMD installed in the

nearby agrometeorological observatory were taken for the duration

corresponding to the crop growth period.

3.9 CANOPY TEMPERATURE

Canopy temperatures(Tc) were taken daily from December
onwards in the respective cropping seasons using Telatemp
infrared thermometer model AG 42, with a 3° field of view,
response time legs than a second, accuracy + 0.5°C and of spectral
response 8 to 14 microns. Observatlions 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 (CATD)

were noted along with canopy temperature readings from the same

infrared thermometer.
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3.10 STRESS DEGREE DAYS(SDD)

The summation of daily CATD values (3, SDD) was
made for each crop sowing from flowering to maturity. The

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

SDD = T -7
= c a
where,
TC = Canopy temperature
Ta = ambient temperature
SDD = stress degree days

3.11 STATISTICAL ANALYSI1S
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 Gomegz

and Gomez(1984) were followed.
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4 RESULTS AND DISCUSSION

Results obtained in the field experiments conducted
during rabj seasons 1987-88 and 1988-~89 on Brassica spp. to

study the effect of temperature are detailed and discussed

\
below:
4,1 ENVIRONMENTAL CONDITIONS DURI NG RABI 1987-88

AND 1988-8B9 SEASONS

Environmental conditions that prevailed during the
rabl 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
different standard meteorological weeks (Appendix-~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 maturity, temperatures gradually increased
from 25.1 to 35.3°C. An examination of daily temperature
da{a 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°C below normal which could be
associated with cooling due to 64.6 mm 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 examination of daily temperature data
showed that during early pod development stage(weeks 52 to
4) maximumm temperatures were 2 to 6°C below normal in associa-
tion with 64.6 mm 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 tﬁe
late maturity phase(weeks 11 to 14) temperatures were 1 to 7°C
below normal which could be attributed to 29.0 mm of rainfall

received during this period,

In general, maximum temperatures recorded in 1987-

~

88 season weﬂe/;;;5gf;}han those in the 1988-89 season.

N

4,1.,2 Minimum témperature

Weekly mean minimum temperatures during 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 minimum
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 a
prolonged period from weeks 2 to 11 iA 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 sedson for the
corresponding period but during the early maturity period
(weeks 6 to 11) they were lower by 4 to 7°C.

: 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 decreased 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,

longer bright sunshine hours(7.5 to 10.0 hours per day compared



45

to 8.1 to 9.5 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 compared 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 mm on 6 rainy days.
The highest rainfall spell was 50,0 mm received on 1lth, 12th
and 14th March 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 season wds
higher i.e., 93.6 mm which occurred on 5 days from December to
January. The highest rainfall(a total of 63.2 mn) 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
during the corresponding period in 19é7-88, which contributed to

@ 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 soﬁing,
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saturation deficit decreased to 5 to 7 mm at flowering time
and to 3 to 7 mm at pod development stage and thereafter

increased to 4.7 to 15.1 mm at maturity with the aprroaching

summer conditions,

4,2 FHENOLOGY

The occurrence of five phenolonic:i 1 stages as >numera-
ted earlier in the two rabi seasons 1987-88 anA 19R8-82 for three
varieties B.O.54,(V1), Pusa Bold (VZ) and Toria-TQ(VB) soyn 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.0O. 54 took 45,33 and 41 Adays

to reach first flower in first(Pll second(tz)and third(P§ sowlngs,
respectively. Flowering stage and maturity phase showed longer
duration in P2(15, 25 and 18 days), (37,4R and 30 days),
respectively. For pod formation, P, and P2 took almost same
number of days (24 and 23 days) and in P, the event was delayed
by a week(30 days). There was progressive decrease in pod filling
‘period with sowing date: 34,20 and 16 davs. The variety took
155, 149 and 135 days to attain maturity in Pl, PZ and L3,
‘respectively.

Pusa Bold: The variety took relatively lesser number of
days in all the three sowings for completion of the veaetative

period when compared with B.0.54. It took 22,26 and 31 Adays in

P Pé and P,, respectively. rod formation period in F, and P

1 2
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and maturity phase in P, and P, 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

di fferent 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 and Pusa 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 varieties. This

and P

variety matured in 117,113 and 105 days in Pl'k2 3

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 Pl,P2 and P, 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 P, and P, sowings whereas in
P, it had shortened to 33 days. On the whole this variety
took 152, 146 and 141 days to mature for Pl' P2 and P3
sowlngs respectively.

Pusa Bold: The vegetative phase of this variety
took 26, 26 and 38 days for its completion in the three.
sowings. When compared among the sowings, Py took 12 days

more to reach first flower stage.
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The pod formation and pod filling stages in P, got
prolonged over P, 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, Pl' P2 and P

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

30 respectively.

first flower appearance. When P3 was compared with ¥ it

1l
was observed that the pod £illing 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 completce the entire crop growth period in sowings

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 yleld in
Brassica spp. Correlations were worked out between average
maximum temperature and the duration of vegetative phase
(number of days) for each tréatment for the two seaséns sepa-
rately. These parameters were found to be negatively correla-
ted with a significantly higher correlation(-0.806) during
the relatively cooler season 1988-89. During 1987-88, which
was a warmer season with near normal temperatures 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 assocliated with passage of western disturbances. This

was reflected in treatments, V1P1, V2P3 and V3P3(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 and 1988-89, P

1
tredément in B,0.54 took longer duration for pod £illing than

the other treatments.

Between the seasons, in all the stages except in
vegetative and flowering, Pusa Bold showed higher variation
in Pz and P3 sowings. Pusa Bold thus appears to be relatively
more subject Lo seasonal effects in the post flowering stage,
in addition to the effects of date of sowing.

Except during the maturity phase, sowings F. and P

1 2
in Toria-T9 did not exhibit large differences in the duration
of different growth stages in spite of temperature differences
that prevailed between the two seasons. This indicates its
insensitivity to the seasonal differences in temperature
though it exhibited differences due to date of sowing within
the season.

The maturity periods in Pusa Bold and Toria-T9 were
of longer duration in 1988~89 compared to the 1987-88 season
reflecting the effect of cooler temperatures on the duration
of this phase in these varieties.

One feature observed was that 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 Py; this

is a character exhibited by all the varieties in the two
seasong, which is attributed to seasonal increase in tempera-
ture with the approaching summer,

The days to occurrence of different phenological
events in Pusa Bold during 1987-88(warmer season) obtained
here were within the range earlier reported by Ravindra(1985).
However, in the present experiment, during the year with
below normal temperatures i.e., in the 1988-89 season, the
duration to maturity was longer than that observed by him.

When the duration of total growth season in the
different treatments 1s considered, apparently it is seen
that variety B.0.54 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 va}iety 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.0.54, 1in 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 these varieties as mentioned earlier, post flowering
stages were seen to be more subjected to the influence of
low temperature spells which resulted in prolonging the
durat{on of crop growth periods in these two varieties.

With a view to obtain a comprehensive and compa-
rative picture in phenological events under different treat-

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

presented in Fig.3. '

4.3 TEMPERATURE, PLANT GROWTH AND DEVELOPMENTAL CHARACTERISTICS

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 1987-88

B.0.54: Biomass production ranged from a maximum

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

1

g/plant for P3 at pod formation stage, with a value of 65.0 g/
o~ ,

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

2 A

reduction in the magnitude of biomass by 22% and 66% in P2
and P, in comparison with P,, 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 and evaporative environments than those

of Pl' during the post flowering period till maturity,
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Puga Bold: Above-ground biomass in this variety
yiclded 95.5, 96.0 and 61.0 g/plant respectively in the
three sowings. Peak biomass periods corresponded to end
of pod filling stage for Pl and P2 and to early maturity
time Qn Py Both Pl and 92 maintained nearly the sane
level of biomdss production whereas in P3 there was a 35%
reduction.

Toria-T9: In this variety, unlike the other two
varieties, pedk biomass production was lower (41.8 g/piant)
in P, than in ¥, (72.5 g/plant) or P3(54.0 g/rlant). reak
biomass occurrence corresponded to early muturity phuse Pl
and P3, whereas it coincided with pod filling stage an Eoe

An examination of daily maximum temperatures in
the second fortnight of January 1988 revealed that maximum
temperatures were 2 to 4°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 ranged from 78.5
g/plant in Pl to 34,5 g/plant in P3(Table 3b), reduction
amounting to 30% in P2 and 56% in Py with respect to Pl‘
Similar reduction was observeé?l987-88 also but in this season
it was lower in case of P3. This appears to be due to

relatively cooler post flowering temperatures (thermal

conditions) in 1988-89 experienced by the crop.
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Pusa Bold: Biomass production was the highest in
P1(99.O g/plant) and the lowest in P3(38.O g/plant). While
in 1987-88, P1 and P2 recorded the same ilevel of peak bilomass
i.e., 95 g/plant, during this season, Pz recorded lower biomass
by about 28% compared to Pl. Thus this variety is subjected
to the effect of temperature regime on biomass production,

Toria-T3: This short duration variety unlike the
other two varieties exhibited small differences in peak bicmass
production. In Py, P2 and P3 it was 59.8, 50.0 and 52.0 g/plant,
respectively. The pattern of biomass production was thus
different than that exhibited in 1987-88, a relatively warmer
season, when considerable differences were noticed in the magni-
tude of biomass production between Pl' P2 and F3.

For the same sowing date, the early maturing variety could
be expected to produce relatively higher bimmass upto pod forma-
tion stage. This trend got reversed after this stage in the long
duration varieties which went through longer pod filling periods.

Thus, the results show that the niture of biomass
production pattern is highly influenced by thz thermal environ-
ment irrespective of variety of the date of sowing. While 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 growth

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

Data on leaf area index(LAI) for different sowings
of three Brassica spp. for the rabi season 1987-88 are
shown in Table 4.
B.0.54: Leaf area index in this season ranged
from 0.3 to 9.0 during the growing season, with a maximum
of 9.0 at pod formation étage in Pl' Maximum leaf area
indices for individual sowings were in the order P, » P, ), P,
Pusa Bold: LAI values in all the sowings ranged
from 0.7 to 7.9 from emergence to maturity, The maximum

LAI 7.9 was attained during pod filling period in P The

1°
peak LAI values for individual sowing were in the order
P,) B ) P, |

Toria-T9: LAI values ranged from 0.2 to 7.4 from
emergence to maturity. The maximum LAI value, 7.4 was attained
during pod formation period in Pl' The peak LAI values for
individual sowings were in the order P1‘> P24> Py in accordance
with date of sowing. Thus LAI is seen to be affected by
date of sowing, in general delayed sowing resulting in lower
LAI, The time of occurrence of peak LAI also slightly
differed with both variety and date of sowing; however, it
occurred either at pod formation or pod filling stage in

dlifferent treatments.
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4.4 CROP GROWIH 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 5a and Sb
féspectively.

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/plant/day in

Pl, 0.06 to 1,60 in P2 and 0,14 to 0.80 g/plant/day in P3
showing a decreadse 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 P,,P, and P

1472 3
respectively. These are relatively higher than those in
variety B.0.54,

Toria-T9: This variety attained CGR wvalues 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

Pis 0.4 to 1.5 in P and 0,3 to 1,1 g/plant/day in P

2 3
respectively. These rates are comparable to those obtained
in the warmer season, 1987-88 except in respect of P, 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: 1In this short duraticn variety the
CGR values ranged from 0,44 to 1.4 g/plant/day in Pis
0,3 to 1.0 in P2 and 0.2 to 2.1 g/plant/day in Pge In
this season, they were relatively lower then those observed

in 1987-88 in respect of sowings P1 and P2 and during

earlier stages in P3.

The occurrence of peak growth rates corresponded
to either pod formation or pod filling stages in most of
the 18 sowings in this investigation. However, in V2P2,
V3P1 and V3P3 peak growth rates were noticed in the early
maturity stage while in VlP2 peak growth rates were noticed
even as early as late flowering period., Similar results
were aijpo reported by Frenguelli et al.(1985) in Brassica
napus.

Puring 1987-88, in the mid season there was &
decrease in CGR values in respect of‘lel, V1P2, V2P1,
V2P2 and VB%’ in 1988-89, similar was the case with respect
to V2P1 and V2P2. This differing pattern in CGR values
appears to have been influenced by the passage of cold and

warm spells associated with passsage 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
tﬁgrmal environment. It may be mentioned that, different
sowings encountered thé same weather conditions but due to
differences in sowing datés, 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
same maximum temperatures in 1988-89 season compared to 1987-88
season on crop growth (11th to 28th December).

This period is identifiable from the examination of
data on daily temperatures, sunshine hours, saturation deficit,
evaporation, vapour pressure, dew point and rainfall as shown
in the tvable 6.

Maximum temperatures were hearly the same in both
the séasons 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.
V2P1 and V2P2 both recorded higher growth rates during this
per;Bd in 1987-88 while in rabi 1988-89, they were lower.

The same was true in case of V3P1 and V3P2. Thus 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 decreased by
50% whereas in Toria~T9 the decrease was about 30%., Warmer
minimum temperatures appear to have contributed in lowering
the CGR in 1988-89 during the late flowering stages in the
different crops.

" Case(ii) - Effect of lower 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 temperature,
sunshine hours, saturation deficit, evaporation, vapour pressure,
dew point and rainfall, During the first week of January
1988-89, the season was characterized by maximum temperatures
which were around 22,0 to 23.0°C. They dropped to about 16,0°C
during the second week and reached about 19.0°C in the third

week., In 1987-88 during the corresponding period, maximum



e e e D3NUT]IUOCD ITCRE]L

9
0°0 0°0 2T°C 9°IT $°G 2°0T 9°Z 9°T 1°6 ¥#°0l %6 ¥°L 0°s . 9°L S°9T g*ze 11
0°0 0°0 8°¢ 0°9 9°s 0°L g't ¥%°T 0°8 I°€T T°Ss 9°L 0°9 0°9 0°ST G°td 0T
0°0 0°0 L°8 g*8 .w.m €°8 Q'Z 9°T #®°t 8°2T ¥°'8 §°L G*S§ 0°L 9°*91 0°2¢ 6
0°8¢ 0°0 T°¢T O°TI E°IT 8°6 O0°'T 8°T 2%t 2°6 0Q°0 T1*L 8*0tl 7°9 0°9T G°T¢ 8
0°zZ¢ 0°0 0°%1 %°IT 0°2T 1°0l 8°'0 8°l 0Q°0C 0‘s 0°C¢ 9°T 0°€T Z*8 8°0C 0°¥C L
0°0 0°0 0°€T 8°0T Z°IT L°6 9°'T 8°0 €E°S peTIT I°%  e°L S°CT 0°8 p°1Z 0°¢€d 9
0°0 0°0 0°2T 6°€T €°0T 6°TT O°T P°T 2°9 1Al 4 1°T Z°L o°ot 0°0T T°8T 0°¥¢ S
0°0 0°0 6°TT #°IT G0l T1T°0T 2°T 8°T 1°¢t I°0T 1T°8 €°S 0°6 Z°8 p°1C Gg°2¢ 14
0°0 0°0 €°8 P°L T°8 L°L 8°0 9°T G°6 1°2T L°T ¢°0 s°8 0°L 8°8T 9°6T1 €
3L 0°0 8°01 2°6 L°6 L°8 #°T ¢°T 0°*9 <¥°8 0°L 0°L 8°8 Z*9 g*2Z 0°te A
0°0 0°0 9°L 9°6 8°L 0°6 p°T 0°T L°6 I°0T €°8 C°% 0°8 0°S 0°€C G°1¢ T
LT 91 st ¥T ET A" TT 0T 6 8 L 9 S 4 € < T
1T I IT I IT I IT I II I 1T I I I IT I
(fH um) (un) pﬂ%ﬂ%wv
() (Do ydud3 aanssaad uoraed uoTa sInoy (Do) (Do)
ITRIUTRY - jutod M8qg InodeA -odead =-pIN3leg 3UuTYsung cdu@a Ut cdwaa*Xeyw ajeqg
Xzenuep pIcz O3 2SI 20TIad 3yl I03F =3ep IsyjzesM  °L ITAeL



66a

°68=8861 = 1II ‘gg=L86T = I

0°0 0°0 8°Z L°t 9*c 0°9 9°Z 0°'t S*2T G°IT 9°'6 8°9 0°t 1°9 g*6T 0°GZ €2
0°0 0°0 9°*9 1°9 €°L I°*L T'€t 8'C 8°'8 0°9T 86 8°L S°CT 9°8 0°0z 0°%z 2
0°0 0°0 8°% Z°6 §*9 L°8 p°T 9°'Z z°CT &°IT ®*6 0°8 0°9 8°9 Z°61 0°9C °12
0*0 ©0°0 ¢g°5 8°1 L*9 €°S 9°T 9°CZ z°6 8°8T ¥°8 0°6 S°9 8°F g*6T 0°€Z -°0C
0°*0 0°0 €°S °8 L°9 €°8 p*T 8°CT Z*6 1T 0°6 Ss°6 0% 1I°S g*8Tl 0°c€Z °6T
0*0 0°0 8°0 Z°L 6°% 9°L 8°C 9°C 9°0I ¢€°IT 1°6 ¥*6 0°t 0°S g*s8T 0°2zZz °8l
0°0 0°0 I°*% p°6 I°9 6°8 9°Z 8°C2 *6 ¥°0T L*8 0°6 S°% 0°9 g*6T 8°0C °LT
0°0 0°0 0*C ©p°6 €S  6°8 9°T »°T 6°0T 2°6 S*6 »°L ST 0O°L p*8T G°IZ °91
0°0 0°0 $%°€T €°0T G°IT ¥»°6 0°Z 0°T 9°€ L°8 9°8 €€ €°% 8°S 0°8T 0°TZ °GT
0°0 0°0 €°TTI €°0T 0Q°0T ¥%°6 ®»°C %°T L°% 8°L 1°6 2°% 0%t ?°L g*8T 2°1z  ¥1
0°0 0°0 G°G 6°ZT 8°9 Z°IT B8°Z 8°T 6°8 6°9 8°6 P9 0°C 08 g*LT 9%t €1
0°0 °*II z°'T 6°2T 0°S Z°IT 8°2 O0°I G°6 6°6 Pp°6 G°¢ §°¢ 8°IT g*91 0%%C¢ 21
LT 91 ST 71 €1 2T 11 o1 6 8 L 9 S i € r4 1

ere e ocmﬂc.ﬂu.goo L 3Tqeg



67

temperatures remained nearly constant at 22.0 to 23.0°C and
minimum temperatures remained 3 to 5°C higher during the
second week.

During the first week of January, the 1988-89
seagbn was characterized by lower sunshine hours and satura-
tion deficit. On 7th and 8th Jsnuary, 32.0 and 28.0 mm of
rainfall were received in 1988-89 season. Temperature range
was low by 7°C from 5th to 11th January in assocliation with
this wedather, 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 excert in V2P2,
V2P3 and V3P3 which recorded lower CGRs than those of 1987-88,
The reduction in CGR in V3P3 is attributable to earliness of
its maturity. While variety B.0.54 responded favourably with
higher CGR, PZ and 93 treatments in Pusa Bold showed a
depressing trend during 1988-89. This is attributable to
delayed occurrence of phenological events due to cooler weather
conditions in 1988-89 in this variety.

The CGRs in V v, F

272" "2°3
respectively in 1988-89.,

decreased by 50 and 30%

Case (i1i) -~ Effect of cooler maximum and minimum temperatures
in 1988-89 season on crop growth rates during pod f£illing stage

in different treatments(Ist to 23rd February).
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During the 1988-89 season, temperatures were lower
by 4 to 6°C during the second week of February than those
recorded in 1987-88, The different weather parameters are
-presented in Table 8. The crops were at pod filling and
early\maturity 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 temperatures
had affected the CGR by 30% irrespective of the sowing date
or variety. This period during 1987-88 was characterized
by a series of upper air circulations one of which resulted
in occurrence of 9,2 mm of rainfall on two days whereas
mild cold wave conditions were noticed during the 1988-89 season.

4.4.3 Crop growth patterns

Allen et al.(1971) reported that there are 4 different
phases of dry matter distribution pattern during the crop
growth 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 increases to the maximum
and finally 1t shows a decrease in the last phase. The third

phase is characterized by marked increase in size and weight

of pods in Brassica napus. In the present investigation similar
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pattern of dry matter accumlation in terms of CGR was
observed in VlPl, V1P2 ang v3 1° V3P3 during 1987-88 season
with normal temperatures for the Delhi region and in respect
of VlPl, V2P2 and V3P2 during the relatively cooler season
of 1988-89.

The other sowings mainly showed a single peak
during the entire growth season which is one of the characteris-
tic fg;tures of third sowing with the exception of VP,
during 1988-89,

Typical growth patterns for the long duration variety
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 Pl exhibited a Jlonger growth
period with a typical growth pattern reported by Allen et al.
(1971). P, also followed a similar trend but with lesser magni-
tude. The relative differences in growth rates due to interval
in planting dates under the same weather conditions are clearly
eviden£ 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 differences were
maintained but increase in CGR in P3 occurred at a very late
stage in the growth cycle and prevalled for only a short duration
of one to two weeks. PZ' however, maintained higher growth 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 periocd 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 seasonal differences
in temperature on CGR values, the variety Toria-T9 is taken
for illustration (Fig.5). The CGR pattern for 1987-88 shows
two pedks whereas that for 1988-89 a single peak, The maximum
temkgrdtures during mid November to mid December were warier
in 1987-88 by 3 to 5°C but represented near normal temperature
ccnditions for the period in the Delhi region. While in
1987-88 peak growth rates corresponded to pod formation stage
and the growth pattern was in accordance with that proposed
by Allen et al.(1971), the CGR got reduced by nearly 50%
during 1988-89 season. Also, time of occurrence of peak
growth rate got shifted during the lae?r sedson by «bout 3
weeks and occurred at the pod filling stage.

Thus, the effect of cooler temperatures was 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 sowing dates in rabi 1987-88 and 1988-89 seasons
are presented in Table 9.

The seed yield in thils seuson ranged from 5,85 in
V1P1 to 13,64 g/plant in V2P1. Of all the varieties Pusa Bold
gave the highest yields. There was reduction in yield in

v . thee Eirst sowing of B.0.54 because the crop was lodged due to
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rainfall that occurred from 11 to 14th March for 3 days,

and there was pod shattering due to accompanying hailstorm.

This affected the yield to a large extent.

During 1987-88, the maximum LAI was fouand to be

wositively related with seed yield in P, ana P, of Brassica

2 3
napus var. B.0.,54. These results are in confirmation with
those of Cldrke and Simpson, 1978b; Mendham and Scott,1975;

Norton and Harris, 1975 for Brassica napus.

The yield decreases in Pusa Bold and Toria-in P3

were 41 and 58% respectively with reference to Pl showing

the extent to which higher temperatures at pod filling stage

due to delayed sowing would affect the secd yleld,

4.5,2 Rabi 1988-89

During this season, Toria-T9 gave higher yield
than the other two varieties among the Pl sowings., The
seed yield ranged from 5.34 to 15.80 g/plant. ZInthis season,
in general, in respect of the three varieties, yield decrease
with delayed sowings ranged from 47 to 66% in P3 over Pl.

The analysis of varience(Table 9) showed that
during 1987-88, rabi season, both varieties and sowing dates
gave significant differences in yileld per plant whereas'
during 1988-89 which was relatively a cooler season, only
the different sowing dates gave significantly different

aid not

yields, while varieties/reveal significant difference in

seed yield per plant.
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Table 9. Seed yield (g plant'l) of Brassica spp. as

influenced by varieties and sowing dates in

rabi 1987-88 and 1988-89 seasons

Variety Rabi 1987-88 Rabi 1988-89

P1 P2 P3 Pl P2 P3
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 5.34

Statistical analysis

F value
*

(i) variety 6.74 0.09

, . x "
(i1) Sowing 4.56 24.61

date

SE m + 2.136 1.434
CD(5% level) 6.40 4,304
CV.(%) 41,1 27.0

Pl, 32 and P, are sowing dates 1,2 and 3, respectively.

*Significant act 5% level.

It may be recalled that peak growth rates in V2P1

and V2P2 were higher in 1987-88 compared to 1988-89, While

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

45% 1in P2. However, in Toria-~T9, the yield differences in
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P1 and 92 between the two seasons were within 15% and in
P3 it was only 6%. This indicates that Toria-T9 is not
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
i;‘the late sowings due to increasing seasonal temperatures
with a consequent decrease 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 et al,(1972); Thurling(1974b) and Singh and Singh(1985).
The variation observed in yield in different sowing dates
in Pusa Bold are_supﬁsrted by the observations made by

Thurling(1974a) who obtained higher yields in second sowing

i fRe
than in the first oqﬁ%hird.

4,6 HARVEST INDEX

The harvest index(HI) of 3 varieties as influenced
by different sowing dates in the two rabl seasons under
investigation are presented in Table 10,

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

In variety B.0.54, second sowing gave higher HI(0.21) 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(0.38) was observed in first sowing

followed by second and third sowings.
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Table 10. Harvest Index 1n Brassica spp. as influenced

by sowing dates

Variety Harvest P P p

venr 1 2 3
B.0.54 1988 0.19 0.21 0.18
1989 0.26 0.28 0.24
Pusa 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, 92 and P3 are sowling 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 P,
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 Fusa 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 investlgation are in the same
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range as those reported by Mehrotra et al.(1976) and
Khader(1983),

In general, in all the sowings except in V3P1,
HI was higher in the relatively cooler season 1988-89,
Variety B.0.54 gave higher HI in the second sowing in both
the 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-~-88,

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 P1 showed a decrease in HI during
the cooler season, it increased by 18 to 20% in P, and Py

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

accordance with the increase in seed yield in P, and P,

sowings.

4.7 OIL CONIENT

The per cent o0il content values measured at frequent
intervals by the method suggested by Kartha et al.(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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At the time of early maturity the pods had yellowish tinge,

‘when 0il accunulation was the highest., The highest values

of per cent oil content in the different treatments ranged
from 39.5 to 42.4 in variety B.0.54, 34.7 tu 39.9 in Pusa

Bold and 36.61 to 42.7% in Toria-~-T9, It may be mentioned that
Gambhir et al.(1983), using NMR technique re ortud the highest
per cent of oil content at yellow pod stage in Fasa Bold,

in the Delhi region.

4,8 ACCUMULATED HEAT UNITS AND CROY GRUWIi

Three different accumuleted hewt unit systems viz.,
growing degree days(GDD), photo-thermal units(:TU) and helio-
thermal units (HTU) were evaluated following the method

described in the section 3.5 and the results are as follows:

4,8.1 Growing deqgree days

The growing degree days(GDD) to attain ditrferent
rhenological stages for three varieties and three sowings
during rabi 1987-88 and 1988-~89 seasons are given in the

Table 12. The salient features are given below:

Rabi 1987-88

B.0.54: Till maturity stage, this variety had
accumulated 2056 GDD for first sowing followed by second
sowing with 1939 heat units. The third sowing recorded
1762 accumulated heat units in the growing season. From

emergence to pod f£illing this vdariety accumulated 1504 units
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in P1 followed by 1221 units in P3 with a difference of
283 GDD.

Pusa Bold: In this variety, first sowing reached
maturity with accumulation of 1773 heat units. The second .,
and third sowings accumulated same amount of heat units (1598
for P, and 1597 for P3). The difference between the P

1

and P2 or P3 1s 176 GDD. From emergence to pod filling P1

accumulated 1183 heat units and P3’937 units with a difference

of 246 GDD,

Toria-T9: From emergence to maturity this variety
had accgmulated 1510 GDD for first sowing followed by second
and third sowings with 1353 and 1221 GDD,respectively. Upto
pod filling stage, Pl accumulated 1240 heat units and P3

937 units with a difference of 303 GDD, '

Rabi 1988-89

B.0.,54: The heat units accumulated upto maturity
for different sowings were 1973, 1836 and 1750 GDD for
Pl, 92 and P3,respectively. Upto pod filling stage P3 accum-
lated 184 GDD lesser than Pl(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
1397 units,respectivelfrﬁl, P2 and P3. In Pz,GDD were
150 units more than those in Pl for cémpletion 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, rabi

1987-88 and 1988-89,

Rabi 1987-88

B.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
P, and 13093 units in P, with a difference of 2947 PIU.

Pusa Bold: 1In this variety, first sowing reached
maturity by accumulating 19110 PTU, The second and third
sowings reached maturity by taking 17280 and 17632 PTU,

respectively. Till pod filling stage P, accumulated 2697

3

units less than those in Pl'

Toria-T9: From emergence to maturity this variety
had accumulated 16117 PTU for first sowing focllowed by 14360
for second sowing and 13093 for third sowing. Till pod filling

stage P; had accumulated 3375 FTU lower than those for Pie
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Rabi 1988-89

B.0.54: For different sowings. PPU accumulated till

maturity, were 21509, 20214 and 19407,respectively for P, P,
and P, sowings. Uptill the pod filling stage P, accumulated

&878 units lower than those of for P1 and 1247 units more

than those for P2.

Pusa Bold: Photo-thermal units accumulated 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 P, and 3395 units more than

1
those for P2.

Toria-T9: The accumulated PTU till maturity were

17301, 15121 and 13695, respectively 1n respect of P P

1’ "2
and P3 sowings, Till pod filling stage P1 accunmulated 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 rabi 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 F;(9250 units). Sowing Py took 2900 units less
than Pl for completing pod £illing stage.
Pusa Bold: From emergence to maturity, the accumu-~

{éted helio-thermal units reached a value of 14297 in case
of first sowing whereas second and third sowings accumulated
12265 and 12184 HTU, respectively. Upto pod filling stage
first 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 maturity after
accumulating a sum of 12291 HTU whereas second «nd third
sowings reached maturity after accumulating 10505 and 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.

Rabi 1988-89

B.0.54: 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 P1 by accumulating 11698

units for P1 and 10248 HTU for PB'
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Pusa Bold: 1In this variety, the first sowing
accumulated 15870, second sowing 14323 and third sowing
13201 HTU, For completion of pod filling stage P3 took
1325 and 2625 HTU more than those accumulated by P, and
R,, respectively.

Toria-T9: The variety matured after accumulating

12827, 11098 and 10039 HTU for P,, P, and P, sowings,

1’ "2 3
respectively. Upto pod filling stage, P1 accumul ated 10200
units, P2 8055 and P3 6594 HTU, P3 accumulated 3606 HTU

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 days,

A comparison between P2 and P3 sowings in respect
of long duration varieties B.0.54 and Pusa Bold shows that
during the relatively cooler season, P3 accumulated higher
GDD during the different stages before maturity while in
1987-88 there was accumulation of lower 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
flowering.

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 seemsto have influenced

the heat units accumulated.
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Among the long duration varietles B.0.54 and
tusa Bold, during the cooler season,corresponding sowings
namely VlPl, V2P1' V1P2, V2P2 and V1P3,V2P3 recorded nearly
same amount of accumulated heat units whereas in the
relatively wdrmer season 1987-88, all the sowings in B.0.54
accumulated higher heat units compared to that of Pusa 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 attributable
to this,

When the entire season is considered, the results
in Table 12 show that there was higher accumulation of heat
units during rabi 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 Pheno-thermal 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~thermal Index(PTI) values ranged from 5,78
to 25,48 in the different treatments in the two seasons., Two
isalient 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 vélues 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 season,
1987-88, This reflects the conducive nature of thermal
environment during the pod formation and pod £illing 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 gfowth 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) showed the lowest C.V. when entire growing
season was considered as a single unit with a value of 3.1
\and 5.9%, 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 wave periods
passing over the Delhl 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 periad 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 sppe.

Stage-wise heat use efficiency(HUE) values which
express bilomass 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
Icase of B.,0.54,HUE values during rabi 1987-88 were higher
when the ambient temperatures were also higher than those
during rabi 1988-89, Sastry et al,(1985) reported similar
Pesults in case of wheat crop. Considering the heat use
efficiency with respect to grain yield during both the rabi
seasons 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
10°)

4.9 GROWING 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 each 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
two years for the three sowings, the correlation varied
fr?fﬂg;§52-59~9522§' In view oflthe high correlation,
regression equations were computed for individual seasons

as well as for the pooled data and are given in the Table 17.



Table 17. Correlation and regression between cumulative

biomass(g plant™}) ana accunulated heat units
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Variety Regression equation

Correlation S.E.
coefficient
Rabi 1987-88
v1 BM = 0,081 GDD ~ 60.5 0.922 7.61
V2 BM = 0,099 GDD - 67,9 0.867 12,51
V3 BM = 0,076 GDD - 47,0 0.903 7.60
Data pooled
for three
Rabi 1988-89 sowings
V1 BM = 0,097 GDD -~ 84,7 0.867 13,54
V2 BM = 0,095 GDD =~ 81,5 0.951 7.37
V3 BM = 0,068 GDD - 51.4 0.850 9.54
Pooled data over two seasons
V1 BM = 0,083 GDD - 64.5 0.895 7.61
V2 BM = 0,090 GDD - 66.9 0.849 10.51
V3 BM = 0,065 GDD - 41.8 0.823 7.94
Vl‘ v, and v,y are varieties B,0.54, Pusa Bold and Toria-T9,
respectively. All values are significant at 1% level,

BM = Biomass; GDD = Growing degree days(°C); S.E. = Standard

error of estimate.

From the regressions, 1t was estimated that for the

establishment of the crop, B.0.54 needs more GDD(800 units)

followed by Pusa Bold (750 units) and Toria-T9(650 units),

respectively.,

For illustration, 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 wad
Tori\a-T9 > Pusa Bold > B.0.54 when the crops were at pod

formation stage, Late;,Pusa Bold showed higher biomass production

Table 18, Biomass production at different levels of growing

degree days (GDD)

GBD Biomass (g plant™!)
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 8l.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
dllustration,, 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
%P Pusa Bold, B,0O,54 and Toria-T9 was 68,1, 60.0 and 55.7 g/
plant, respectively. Similar linear relationships were
earlier reported for wheat varieties by Chakravarty(1980)

and Chakravarty et al,(1984) in wheat and barley crops.

4,10 GROWING DEGREE DAYS VS OIL CONTENT

0il content values at harvest obtained with the help
of NMR and the accumulated growing degree days(GDD) during the
0oll accumulation period are given in the Table 19. The oil
content in Brassica spp. under study ranged from 39.3 to 47.45%
in the different sowings,puring 1988-89 rabi season, it took
more GDD for oill accumulation which resulted in higher oil
content., This i1s more attributable to the prolonged growing
season relatively but with cooler temperatures, in 1988-895;a¢vw
during the o0il accumulation period.

0il 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 cent oil content at
hakvest and accumulated heat unit system in Brassica spp.
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 Pusa Bold, the per cent oil
gontent showed an increase with increasing GDD, The short
duration variety Toria-T9 on the other hand gave an inverse
relationship showing a decrease in oillcontent wifh increase
in GDD.

Hodgson(1979) reported that oil content 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
with per cent oil content in Brassica. Results in the present
investigation showed a direct relationship in long duration
varieties(B.0.54 and Pusa 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 CUMULATIVE FAN EVAFORATION VS BIOMASS PRODUCTION

Correlation coefficients between cumulative pan evapora-
tion{mm) 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
earfier reported by Hanks et al.(1969) in case of wheat and for
barley and 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 rabi 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
productiqn were drawn for Pusa Bold and Toria-T9 and shown in
Fig.8. From the regression,it was estimated that variety B.0.54
would get established after cumulation of 121 mm of pan evapo-
ration followed by Pusa Bold (118 mm) and Toria-T9(106 mm) in the
Delhi region.,

Using the regression, biomass production at different
levels of cumulative pan evaporation for each of the thfee
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 (mm)

Variety Regression equation Corre- S.E.
lation
coeffi-
client

Rabi 1987-88

V1 BM = 0,341 CPE ~ 45,2 0,865 9.20

V2 BM = 0,381 CPE ~ 41,3 0.776 14,44

V3 BM = 0,314 CPE - 32.4 0.806 9.85
Data pooled

Rabi 1988-89 for three

sowings

V1 BM = 0,261 CPE -~ 24.0 0.619 15.78

V2 BM = 0,383 CPE -~ 49,5 0,945 6.49

V3 BM = 0,298 CPE - 32.6 0.844 8.00

Pooled data over two seasons

V1 BM = 0,317 CPE -~ 38,4 0,786 9.66
VZ BM = 0,381 CFE -~ 45,0 0.844 9.83

Vl, V2 and V3 are varieties B.0.54, Pusa Bold and Toria-T9,
respectively, -
BM = Biomass; CPE = cumulative pan evapordtion; SE = Standard

error of estimation.
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Upto cumulative pan evaporation of 150 mm, the
order of biomass Production was Toria~T9) Pusa Bold followed
by B.0.54. As an illustration, After accumulation of 155 mm
of evaporation, the biomass production was 13.4, 12.1 and 9.1
g/plent, respectively for Toria-T9, Pusa Bold and B.0.54 and
afterraccumulation of 300 mm, the biomass production was 69.3

for Pusa Bold, 59,5 for Toria-T9 and 56,7 g/plant for B.0.54.

Table 21. Biomass production at different levels of cumulative

pan evaporation

Cumulative Biomass (g plant'l)
evaporation  B.0.54 Pusa Bold Toria—-T9
(mm)

125 1.2 2.6 5.7
150 9,1 12.1 13.4
175 17.1 21.7 21,1
200 25.0 31.2 28.8
225 32.9 40.7 36.5
250 40,8 50.2 44,1
275 48,7 59.8 51.8
300 56.7 69.3 59.5
325 64.6 78.8 67.2

350 72.5 88.3 74.8
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4,12  CANOPY TEMPERATURE, CANOPY AIR TEMPERATURE DIFFERENCE

AND AMBIENI TEMPERATURE RELATION IN BRASSICA SPP,

Crop canopy temperature ch)ﬂ canopy air
teyperature difference(CATD) and ambient temperature(T,)
represent the effect of the balance between radiatiocn
received by the crop and the energy utilized in transpira-
tional ccoling for decreasing the heat load, depending on
the evaporative power of air.

With a view to study these characters, daily
observations at 1300 hours I.5.T. on crop teuperatures were
correlated with saturation deficit, maximum tenperature, and
mean air temperature observed in the Stevenson screen, and

ambient temperature of crop.

4,12.1 Canopy temperature(TC) vs saturation deficit (SD)

Correlation coefficients between canopy tempera-
ture(°C) 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 correlaetions ranging from
0.676 to 0.888 for variety B.0.54, 0.556 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,

regression lines were fitted to pooled data for three sowings
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of varieties Pusa Bold and Toria~-T9 and are shown in Figs.9a
and 9b,respectively. A linear relationship was observed bet-
- ween Tc and saturation deficit, Walker 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.

4,122 Canopy temperature(Tc) vs maximum temperature(Tmax)

Correlation coefficients between Tc and Tmax
were worked out for the three varieties, viz.,B.0.54, Fusa
Bold, Toria-T9 in both the seasons and are given in Table 22b.
The values were found to be highly significant at 1% level.

In view of the high correlation cbtained, regression equations
were worked out. For illustration, regression lines were
fitted to pooled data(for the three sowinqs and two seasons)
for varieties Pusa Bold and Toria-T9 and are shown in Figs.10a
and 10b, respectively. A lihear relationship was observed in
both the cases. Such a correlation with maximum temperature
was 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 observatories.

4,12.3 Canopy temperature(Tc) vs mean air temperature(Tmean)

Correlation coefficients between T_ and Tmean

were worked out for the three varieties and for all of the
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three sowings separately, and are presented in the Table 22c,
The correlations weresignificantcatl% level except in case of
V3P1 which was significant at 5% level., In view of the high
correlation obtained, regression eqguations were worked out

and included in the table.

\
4.,12.4 Canopy temperature(TC) vs ambient temperature(Ta)

Correlation coefficients between Tc and Ta
were worked out for B.0.54, Pusa Bold and Toria-T9 in the same
manner as above and are given in Table.22d. . The wvalues were
highly significant at 1% level. Regression eduations were
fitted to pooled data and are shown in the table. Such corre-~
lations were not reported in literature for Brassica crop.
Magnitudes of the correlation coefficients were
higher in the relativeiggoler 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 temperatures also. However, it may be meantioned
that in case of variety Toria-T9, the magnitude of correlation
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 with Prasad(1988) in respect of

wheat crop in the Delhi region.

4,12.5 Stress degree days vs grain yield

Degree of moisture stress in a crop at different

growth stages is an indication 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

Table 23, Stress degree days(ESDD) from pod filling stage

to maturity and seed yield(g plant-l) during
1988-89 rabi season

Treatment 2SDD Seed yield
(g plant'l)
v P -158.1 12.13
v,P, -178.2 8.29
v, P, -218.5 ' 6.45
V,B, ' -173,7 13.63
v, P, -150.3 7.79
V,P, -231.5 6.29
VP, - 64,7 15.80
V,P, -116.9 7.22
V,P, -182.1 5.34

Stress degree days(SDD) were accumulated for the
pod filling stage to maturity for different treatments during

rabi 1988-89 season, and are given in Table 23.
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In general, as EfSDD became more negative, yield also
showed a correspondingly édncreasing trend. JImcreasing seed
vield with increasing negative SDD was aiso observed by Idso
et al.(1977), walker and Hatfield(1977) and Diaz et al.(1983)
in case of wheat. In Pusa Bold, however, this trend did not
hold good with respect to first and second sowings, where
higgér’yields were associated with relatively positive values
of SDD., To examine this further, for long duration varieties

B.0.54 and Pusa Bold SDD accumulation was carried out only for

pod filling stage and the values are shown in Table 24,

Table 24. Accumulated stress degree days( £SDD) during

pod filling stage and seed yieldl(g plant_l)

Treatment 2.SDD : Seed yield
(g plant-l)
v, P, -113.1 ) 12.13
v,P, -134.8 H 8.29
v, P, -192.,0 6.45
V,P, ~ 23.9 13.63
v,P, - 79.1 7.79
V,P, -217.5 6.29

More negative values in ZSDD were associated with
decreasing ‘yields in both the varieties. The anamoly observed

earlier in Pusa Bold for P; and P, in Table 23 is not seen here.
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This indicates that 2 SDD accumulation over pod filling stage
might be a better indicator of seed yield rather than SDD

accumulation from pod filling to maturity stage.

4,13 \LEAF_CANOPY TEMPERATURE 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 temperature is an area
measurement giving an integrated value. For this purpose,
data for a day was taken when Pl' 92 and P3 were at pod filling
stage, flowering and vegetative stages with leaf 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.,11. The difference between leaf temperature
(TL) and canopy témperatures(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 afterncon hours of the
day(2.7 to 4.4°C).

In the first sowing of variety B.0.54, the lowest
difference(2.9°C) in T/ end T_ 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 Pl' at 1345 hours in P2

variety Toria-T9, it was at 1545 hours for P

and P, (Fig.11b). 1In
1 at 1445 hours

for P, and 1345 hours for P3(Fig.11c).

Depending on the growth stage the leaf-canopy tempera-
ture h@fferences were the highest in P, and the lowest in P,
(Fig.11b). This is attributable to the differences created by
canopy structures at this time in the different sowings under
the same pfevailing 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 ACTIVE

RADIATICN INTERCEPTION IN BRASSICA CROP CANOPY

Photosynthesis depends 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 production is known
to be proportional to chlorophyll content.

Leaf chlorophyll content, among other factors is
dependent on light interception and temperature. With a view
to study the variation of radiation interceptionkphotosynthetically

active radiation) and chlorophyll content in leaves at different



111

growth stages of crop and the influence of the temperature
regime, chlorophyll content and photosynthetically active
radiation(PAR) were monitored at periogZintervals 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 Sverage 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 cuntent (mg/g
fresh leaf wt) in variety Pusa Bold and Toria-T9 are presented
in Tables 25a and 25b., In Pusa Bold, the chlororhyll content
values ranged between 0.872 to 1.878 for top, 0.527 to 1.545
in middle and 06,071 to 0,678 mg/g at the bottom levels of
crop canopy(Table 25a) in the first sowing in both 1987-28 and 1988~
1989 rabi seasons., But in case of the third sowing, they
rapged from 0,669 to 1.662 for top, 0.721 to 1.701 for middle
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. 1In 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 Pusa Bold and Toria-T9 attained higher levels of
chlorophyll content during 1987-88 as compared to 1988-89
season indicating 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 canop&. 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 Pusa Bold during 1987-88 an
increase in chlorophyll content at the micdle level of
canopy was noticed. However, more observations are needed
to confirm such an occurrence since in other treatments such
a phenomenon had not been observed.

In the short duration variety Toria-T9(Table 25b)
the depletion pattern was similar to that observed in case of

variety kusa Bold. However, during rabi 1988-89 season when
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weather was relatively more cooler during the growth seasotl,
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 teumperature

on chlorophyll content which operates through faster leaf

senescence,

4,14,3 Fhotosynthetically active radiation interception

in the canopy

During rabi 1987-88, PAR interception between top
to bottom levels of crop ranged from 28.6 to 93.7% during the
growth season and in case of top to 50% of height of the crop
it ranged from 23.0 to 79.0%(Table 26a). Maximum FAR inter-
ception in both the cases(i.e., top to bottom and top to 50%
of height of the crop) corresponded to pod formation period.
During rabi 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 1t took 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 araa index values
for 1987-88 were examined (Table 4) and the results showed that
the time of occurrence of maximum LAI corresponded to maximum
PAR interception both in the top to bottom and top to 50%

height of the crop. Unlike in other rabi crops like wheat and
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barley, in Brassica spp. pod surface area also seems to play
a significant role in PAR interception even after occurrence
of leaf senescence,

Photosynthetdcally active radiation interception
during the 1988-89, rabi season remained high fof a longer
period 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 cancpy was 60 to 70% and at the bottom level the PAR
depletion was more than 90%. Thus, it was observed 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 dependent on PAR interception.

Thus the results show that temperature plays an
important 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 oﬁt 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.O.54(V1), Pusa Bold(Vz) and Toria—T9(V3) were
Sown during rabi 1987-88 and 1988-89 seasons at 15-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 pPhotosynthetically active radiation
at three canopy levels were recorded periodically during
crop growth. O1il content in seeds was estimated both by
chemical and NMR 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 5°C below normal associated
with the passage of western disturbances over north India.
Rabi 1988-89 received 93.6 mm of rainfall during pod develop-
ment stage and was 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:

i) During the cooler season, vegetative phase in

the third sowing in all the treatments was of longer dura-

¥

tion when compared with the other two sowings, indicating

the influence of temperature. The period corresponced to

the lowest mean alr temperatures during the growth season
under Delhi conditions, (iil) Average maximum temperatures
and duration of vegetative phase were negatively correlated,
with higher correlation(-0.806) in the cooler seasocon than
that (-0.332) in a season with near normal temperatures.
Thus, significant differences could occur in the duration
of vegetative phase due to in¥luence 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 Pusa Bold where varlations were large. Thus
Toria-T9 proved'to be insensitive to short period variations
in temperature. (iv) When the duration of total growth
season was considered, during the cooler season, while variety
B,0.54 was little affected, growth periods in Pusa Bold and
Toria-T9 were extended by two and one week, respectively.
Flowering stage seemed to be more subject to influence of
4-5°C lower 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
dgring pod filling stage would affect biomass production

is illustrated in case of variety B.0.54 where 22 and 30%
reduction in biomass was recorded in 1987-88 and 1988-89
rabi seasons, respectively in the second planting compared
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 growth 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 V,P,, V3Pl and
V,P, peak growth rates were noticed at early maturity
stage while in V,P, they occurred as early as late flowering
period.

The CGR values during 1988-89 season remained
higher for longer period in 6 out of 9 treatments thus
compensating for lower temperatures except in VP v2p3

272

and V4P which recorded low CGRs than those in 1987.8g,

3
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Case studies for specific periods of occurrence of signi-
ficantly higher/lower temperatures than normal showed that
(i) during late flowering period ot the crop, warmer minimum
temperatures (7-10°C higher) in this phase led to decrease
in CGR by 50 and 30%, respectively in lusa Bold and Toria-TO9.
(ii) At the pod development stage of the 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,
lowering of temperature by 4 to 6°C below normal, resulted
in decreasing the CGRs by 30% irrespective of variety or
date of sowing.

Studies on the seasonal influence on crop growth
patterns showed that in Brassica spp. cooler teaperatures
not only prolonged the growth period with a slight decrease
in CGRs, but also resulted in shifting the time of occurrence
of peak growth rates.

Seed yield decreased in Pusa Bold and Toria-T9
in P3 by 41 and 58%, respectively with reference to Pl' 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

sowing.
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Among all the varieties, Toria-T9 recorded higher
harvest 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 most 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 8.0.54,.

In the different varieties maximum oil content
ranged from 34,7 in Pusa Bold to 42.7% in Toria-T9,.

Three different accumulated hcat unit systems viz.,
growing degree days, photo-thermal units und helio-thermal
units were computed for studying crop response to thermal
environment., Accumlated heat units during the cooler
season 1988-89 were higher than those reccrded in 1987-88
in case of Pusa Bold and Toria-T9. This was in accordance
with the longer duration of phenological stagesg during this
season.

Fheno-thermal index{growing degrees per day) showed
a high variation (10.7% to 24.48) during the vegetative stage,
The results indicate that in both the seasons much variation
in the envirconmental thermal regime occurred during the
vegetative stage.

Phenothermal index{PrI) 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,

Pod formation and pod f£illing stages showed higher “Heat

Use Efficiency"(biomass produced per degrée day) in Brassica
SPPe

0il accumulation in seeds increased linearly with
accumilated degree days in long duration varieties., It
showed inverse but linear relationship in respect of the
short duration variety, Toria-T9 and this is attributable
to the progressive decrease 1in temperatures during the period
of o0il accumulation in this variety.

Highly significant linear relationships were
obtained between biomass, cumulative evaporation and accum~
lated heat units. From these, biomass production at different
levels of mean temperaturé 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
Pusa Bold and 650 units in Toria-T9 and 121 mm of evaporation

for B,0.54, 118 for Pusa Bold and 106 mm for Toria-T9,
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Regression equations were developed for estima-
tion of canopy temperatures using maximum 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
temperature(r = 0.725 to 0.933 at 1% level and (c¢) maximum
tewperature (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 SDD at pod filling stage to be a better indicator of
seed yield rather than accumulation of SDD from pod filling
to maturity stage.

Leaf-canopy temperature differences ranged from
4 to 6°C in early hours of day and decreased to 3 to 4°C
in afternoon hours and were the lowest between 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 the canopy showed
higher values during 1987-88 sedson as compured to 1988-89
season indicating the effect of seasonal temperature differences.
In the earlier growth stages, chlorophyll got deﬁleted by
20% at middle canopy level and 50% at bottom level. an

interesting feature was during rabi 1988-89 season, when
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weather was relatively cooler during the growth season,
chlorophyll content at the bottom level remained higher
than that recorded during the warmer season, irdicating
the effect of temperature.

bbésurement of Photosynthetically active radiation
(PAaR) at three levels in the crop canory showed wmaximnuam
interception during the pod f£illingy and early maturity stages
of the crop during the cooler season, whereas it occurred
during the pod formation stage in the warner scason. FEar
interception during the cooler season renained high for a
longer period than during the 1987-88 season. Time of maximum
LAT occurrence corresponded to maximum ¥~R interception at
&ll levels. Unlike in the other rabi crops, wheat and barley,
in Brassica, pod surface area also seens to play a significant
role in PAR intercepstion as it covers the ground even after
occurrence of leaf senescence,

The results thus brought out quantitatively the
extent to which biomass accumulation, oil content accumilation
crop growth rates, canopy and ambient temperatures at
different growth stages were influenced by short period
temperature changes that occurred in association with western
disturbances over north India. The results also showed
significant correlations between accumulated temperatures,
evaporation and biomass, canopy and maximum temperatures and
dependence of PAR 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

wWeek No.

Month 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 March 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 variety

B.0.54 at vegetative and pod filling stages

Depth Vegetative Pod filling

(cm) P1 P2 P, Pl P, Py

Rabi 1987-88

00-15 5.9 5.3 18.6 4.6 10.0 9.2
15-30 9.3 9.5 17.3 7.3 9.7 9.7
30-45 9.4 8.5 17.4 10.5 4.7 13,2
45-60 12.9 11.0 17.5 11.3 8.8 14.2
60-90 15.7 15.5 17.4 12.0 8.8 14.7
90-120 16.7 16.0 12.2 .12.9 8.6 14,7

Rabi 1988-89

00~15 77 11.3 17.2 16.9 - 9.8 10.4
15-30 17.3 12.4 16.2 20.0 12.4 13.1
30-45 13.7 14.0 17.1 17.6 13.8 13.2
45-60 16.0 16.2 18.8 18.4 14.0 17.7
60-90 16.9 16.3 19.7 18.7 15.8 18.5

90-120 18.1 18,9 19,7 19.1 17.9 19.7




Appendix V(b).

Soil moisture(% gravimetric) in variety

Pusa Bold at vegetative and pod filling

stages
Depth Vegetative Pod filling
(cm) P 5 Py Py P P
Rabi 1987-88
00-15 3.5 4.6 8.0 8.7 6.6 8.5
15-30 11,1 8.6 13.0 7.1 8.0 8.7
30-45 14.2 8.6 15.8 1.9 8.9 12.4
45-60 15.1 11.2 16.5 8.9 8.8 13.7
60-90 15.9 12.3 17.2 11.0 9.2 14,6
90-~-120 15.8 15.4 17.2 12.0 12,2 15.6
Rabi 1988-89
00-15 7.0 9.8 12.0 7.7 10.9 7.3
15-30 10.6 10.3 10.9 8.7 11,5 10.3
30-45 12,8 13.3 12.4 12,2 13.6 12.5
45-60 15.8 16,2 15.7 14.6 15.9 16.3
60-~-90 19,9 17,4 15.6 16,0 17.4 18.4
90-120 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 £illing
(em) Py P2 ®3 F1 F2 F3
Rabl 1987-88
00-15 6.3 10.4 14.6 5.3 8.7 5.2
15-30 10.4 16.7 11.2 8.6 8.0 8.5
30-45 11.9 20.6 13.5 16.6 9.8 9.8
45-60 13.8 21.5 15.6 15.1 12.0 11.9
00-90 15.9 23.5 16.4 14.8 12.6 13.2
90~-120 16.0 23.6 15.9 16.5 13.1 14.1
Rabil 1988-89
00-15 8.8 8.4 9.6 14,5 8.2 8.4
15-30 10.2 9.6 11,0 14,4 11.8 8.2
30~45 14.1 13.0 13,7 13.8 14.3 13.0
45-60 16,7 15.6 16.5 16.1 16.1 16,2
60-~90 17.9 17.3 18.7 12,7 18,2 18.5

90-120 19.0 18,3 18.6 13.5 18,3 19.4






