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- INTRODUCTION

Rice is the principal food crop of India and it occupies
the largest area among food crops. However, the yield per hectare
is significantly lower to ithat of some of the temperate countries
like China, Japan and orea. Thus any improvement in increasing
the rice production would go a long way in mzeting the country's
food problems. The difference in the yield may be. ma’nly due
to the prevailing climatic cor"nditions in the monsoon season,
during which about 60 - 70U per cent of the total rice is grown.
Solar radiation is a limiting factor in the monsoon seasoin and
Best (1962) reported that the average solar radiation available.
during the season in the tropics is only two-thirds of that avail'able

in a temperate rice growing area.

In Kerala, the rice crop occupies about B7 percent of the
total cu'tivated area and contributes about 98 percent to the
total production of food grains. The average rice yield in the
State. is only 1.88 tonnes haJ which clearly points out to the
wide vyield gap and the immediat= task to bridge this gap. The
scope: of extending the area under rice jn the State is very much
limited. Therefore, the only scﬁpe for increased praductin is

Lo resort to intensive cultivation for higher productivity.



Though, photoperiod insensitive rice varieties can be growh
throughout the year irrespective of the season, their growth and
yield vary largely depending upon the various weather factors like
rainfall, temperature, solar radiation and relative humidity that
prevail during the growing season. Maximum vyield is pessible only
when the crop experiences a suitable combination of these factors
in the optimum range. Hence, the time of planting and the prevailing
weather conditions play a major role in the final yield of rice. A
slight change in planting time, sometimes, may substantially increase
the vyield of rice. In this respect, no detailed studies have been

conducted on rice variety Jaya under Kerala conditions.

Crop vield increases with increase in number of plants per unit
areauntil light penetration in the thick crop canopy does not become
a limiting factor and competition among the crop plants for nutrients
is not there. Experiments conducted at LR.R.. have shown that
each variety of rice has an optimum spacing and that closer spacing
is more conducive to obtain better yields especially for high yielding
strains (Tanaka et QL, 1966). Experimental evidence in this respect

for the rice variety Jaya is inadequate.

Hence, the present investigation was carried out with the following

objectives :



(2)

3)

(4)

(5)

To study the influence of various weather parameters on growth

and yield of rice variety Jaya.

To study the influence of time of planting on growth and yield

of rice variety Jaya.

To evaluate the performance of rice variety Jaya under twn

spacings.

To prepare crop weather diagram of rice variety Jaya.

To find out insectspest, disease outbreaks and soil nernatodes

in relation to weather parameters.
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REVIEW OF LITERATURE

The present study was carried out to evaluate the influence of various
weather parameters and time of planting on the growth and yield of rice variety
Jaya and to evaluate.the performance of rice variety Jaya under two spacings.
The experiment was also conducted f{o study the insect pest/disease outbreaks

and soil nematodes in relation to weather.

Environment is responsible for most of the variations in crop production.
Stabilization of crop yield at a high level of productiyity becomes feasible
only when the interactions between crop and weather are fully understood.
Thus the improved knowledge and understar.wding of the environment in w'hich
rice i.s grown, wili help to fully exploit the weather in relation to production.
This experiment is thus, aimed at Istudying the effect of various weather para-
meters on the yield and yield attributes and also on various growth characiers
of rice. It was also carried out to record the incidence of pests and diseases
in relation to weather. Several researchers have made studies earlier on these

above aspects and a brief review of the important works is summarised below:
2.1 Weather and rice

The weather conditions during the crop growth oeriod greatly decide the
crop's response to added inputs {Tanaka et al., 1964, Mahapatra and Badekar,
1969). To delineate the effects of environment on rice production, a thorough
understanding of both the weather and climate is essential. A review of literature
on the influence of various weather parameters on rice at various growth

stages is given below.



2.1.1 Vegetative stage

2.1.1.1  Temperature

Among the various weather factors that affect the growth and vyield
of rice, air temperature plays an important part. Each development stage
and growth process responds differently to the same temperature conditions

(Izhizuka et al., 1973).

Low temr
slows down the rate of germination and root development. High temperature
during the vagetative stage increase the tiller number and retards the rate

of development.

For rice, unlike the other crops, both water temperature and air
temperature are important. At germinating and seedling stages, water tempe-
rature is more influential than air temperature. And at later stages, both
the day time and night time temp'eratures are important. For upland rice,
the optimum temperature for germination is 30% (Hall, 1966 a) while the
lower limit is 20°c {(Downey and wells, 1974 a). Dedatta {1970) attributed
low average yield in the tropics to warm climate during early growth periods.
Sreedharan (1975) reported that a minimum air temperature of 25-26% is
ideal for shoct and root growth. The optimum temperatures for elongation
and leaf emergence are 25° and 30° respectively (Robertson, 1975). Kang
and Heu (1974) also- observed that lower temperature during nursery period

of rice resulted in higher plant height.



Sato (1972) reported that the drymatter production is favourably
influenced by day-night temperature regime of 25%c -20°% for IR8 rice and
the leaf area per plant is high at 30% - 25% . <im et al., (1973) reported
an increase in height and dry weight of plants at 20%. The average internodal
length is strongly influenced by temperature and is correlated to temperature
accumulation between 21%¢ and 31% (Downey and wells, 1974 b.} Lin (1976)
reported that high temperatures led to increased production of ineffective
tillers and also resulted in dwarf plants with small leaves. Increase in tiller
production and number of panicles are also reported at 25% - 20% day-night
temperatures respectively (Wan, 1979). Suzuki (1983) reported a significant
positive correlation between the mean temperature and cumulative growth
rate (C.G.R)} at the initial growth stage. However, with the advgncement
of growth, the correlation is lowered and it turned to significantly negqtive

for the period from 3 to 6 weeks after heading.

The plant height at harvest is positively correlated to minimum tempe-
rature at vegetative phase. The mean minimum temperature 7 to 10 days
prior to heading is critical for yield and should. be about 19%c to 219

(Gopalakrishna Pillai, 1974).
Soil and water temperature

As there is always standing water in the rice field from seedling
stage onwards, the water temperature in the field acts more effectively on

growth of rice than air temperature. The growing point of rice plant is under

water until two weeks before heading and differentiation of all vegetative



organs and even’ the early growth of reproductive organs occur in water.
According to Adiar gt al., {(1962) irrigation water temperature should be between
21°C and 31°C. Matsushmia et al., (1964) reported that the duration of vegeta-
tive phase is more correlated to soil-water-interface temperature than the
minimum air temperature during this phase. Sreedharan (1975) also reported
similar results. Dry we‘ight and nutrient uptake of plants are affected more
by temperature of growing medium than air temperature (Chae et al., 1980).
Bonneau (1982) reported that daily mean water temperature in flooded soil
is 2°C more than aerial temperature. Singh et al, (1984) observed an increase
in water temperature of 2-3°C in continuous flow submergence which contri-

buted to increased tillering, panicle size and grain number.

Growth and development of root system is also considerably affected
by soil and water temperatures. Luxmoore et al. {1970) suggested that under
submerged conditions, soil temperature regime is most likely to be the dominant
edaphic factor influencing the root growth. Increased degeneration of roots
due to variation in temperature regime from 27 - 15°C to 37 - 25°C is reported

by Kar et al. {1976).

Tillering is also affected by water temperature. The number of emer-
ging tillers is highest when water temperature is 15 - 16°C at night and the.
optimum day temperature for tiller developr-nent is 31°C (Matsushima et al.,
1964). The results of study by Chaudhari and Ghildyal(1970) showed that tiller

development is greatly accelerated at 32°/20°C day/night temperatures. A



deviation of 5°C to the lower side of 32°C/20°C, more adversely affect the

tiller development than a similar deviation to the higher side.

Chatterjee et al. (1969) observed that tillering period lasted
only for 40 to 45 days in rainy season as against 50 to 55 days in dry
cool season. Analysis of temperature components showed that minimum
air temperature has the best negative correlation with growth duration (Vergara
et al.(1970). Growth duration is considerably important especially when associa-
ted with sowing time. This attains more practical importance where multiple
cropping with short duration varieties are to be taken. The duration of
growth of rice cultivar determines its specific adaptability to regular crop
season in a given location (Chang and Vergara,1971). Biswas et al.(1975) noticéd
that exposure to low temperature during active vegetative period can extend
the time of flowering. The sowing to heading period of rice varies greatly and
it is the dominant factor in determining the overall length of growing period
(Vergara and Chang, 1976 ; Gao and Zhang, 1977). Kang and Heu {1976) and
Chaudhary and Sodhi (1979) reported extended vegetative growth due to low
temperature. Temperature regime greatly affects the duration of rice growth
(Vergara, 1976; DeDatta, 1981; Gao and Zhang, 1977; Yoshida, 1981). Thermo-
sensitivity is pne of the most important varietal characteristics which determine

duration of rice growth{Co-ordinating Group of Rice Ecological Researches, 1978).
2.1.1.2 Rainfall

Variability of rainfall affects the rice crop at different stages. If

the variability is associated with the onset of rain, stand estblishmsnt and



the growth duration of rice are affected. Chandler (1963) observed that
many rice varieties respond better to nitrogen in dry season than in wet
season. Chatterjee (1970) has made observations on tillering in a number
of varieties of rice and found that in rainy season, tillering is continued

upto 42-45 days, whereas in dry season it is 50-55 days.
2.1.1.3 Solar radiation

Several reports on the relationship between rice yield with environ-
mental factors, particularly radiation are available (Matsushima, 1970; Murata
and Togari, 1973; Yoshida, 1972). Radiation has been reported to influence
tillering during vegetative phase and fertiliser response during flowering.
The solar radiation requirement of rice crop differ from one stage to another.
Low light intensity during the vegetative phase slightly affects the yield
and yield components (Yoshida, 1972; Yoshida and Paraoc, 1976). Sreenivasan
and Banerjee (1978) reported that at Aduthurai, sunshine during flowering
is highly favourable for enhanced production, whereas, at Coimbatore sunshine
in the week prior to transplanting and the two weeks period coinciding with
the grand period of elongation are not —condusive for betiter yield. Sreedharan
and Vamadevan (1981) reported that LAI reduced to a great extent in plants
shaded either from planting to panicle initiation or from flowering to harvest.
Shading also causes death of many lower leaves. Upendra Shanker and
Gupta (1981) reported a significant positive correlation between height of
two varieties of paddy and the duration of sunshine. Ghildyal and Kushevala

(1987) made a detailed comparison of rice variety M3 with the variety Jaya
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and observed that at both maximum tillering and flowering stages, absorpt..

of radiation was more in Jaya due to larger leaf area and higher number
of tillers per plant. -They also found that during maximum tillering stage,
net radiation (7 to 8 AM. period) in Jaya was approximately double than
in M3 but those differences narrowed (30%) during the peak radiation level
period (11 A.M. to 12lNoon). This shows that Jaya was é tetter sink of radia-
tion than M3 ) indicéting that much of the radiant energy was used for photo-

synthesis and other losses.

-

It aplpears that temperature in combination with light intensity
becomes an important factor for rice growth. Light intensity influences
phatosynthesis, whereas ‘temperature affects respiration and transpiration..
A combination of low daily mean temperature and high light intensity gives
a high yield. Venkateswarlu et al. (1977) observed that tillering and panicle
numberare a function of the environment dominated by light and temperature

*(in the range of 20 to 30°C).
2.1.1.4 Relative humidity

Rice crop requires a fairly high degree of -h.urnidity for proper
growth (Ghoz;h, 1961}, Qu (1973) reported that Eigh humid weather during
periods of congenial temperature’ when followed by bright weather, trigger
many diseases. Sreedharan (1975) reported that a RH of B80-85% is idea!

for shoot and root growth.
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2.1.1.5 Wind

A light wind is said to be beneficial as it stirs the air and transports

CQ, to the canopy (Matsubayashi etal.,1963). According to Robertson (1975)

2
wind is an important factor in rice production. Transpiration rates increase
under high wind conditions. Suge and Takairin (1982) reported that wind

increased ethyline production and esthane production in rice and decreased

GA contert of roots and shoots.
2.1.2 Reproductive stage
2.1.2,1 Temperature

Yield reduction in rice due to low temperature was recorded i.n
North India due to cold injury. Due to cold weather, significant yield reduction
(20-40%) was noticed on account of high spikelet sterility during the rabi
season. High pol-len sterility caused by prevalence of cold weather during
the flowering period resulted in high chaff percentage as reported by Hayase
(1969). The most comprehensive work on the effect of cold injury to rice
crop has been done in Japan where low temperature is the main limiting
factor in rice production. Nishiyama et al., (1969) showed that the critical
low temperature for inducing sterility is 15°C - 17°C in highly cold tolerant
varieties at meiotic stage of crop growth. Their studies suggested that
the critical temperature for sterility is about 15°C - 20°C. Satake and
Hayase (1970) found that the stage most sensitive to coolness is the young

microspore stage after meiotic division at anthesis. Varietal difference in
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the chaff percentage under low temperature conditions was reported by
Kando (1975). The -sterility is primarily due to injuries occuring in anthesis

(Satake, 1976).

Sato (1 967} reported a high percentage of sterility and empty spikelets
in rice crop in Oasis areas of Egypt. Satake and Yoshida (1978) reported
that high temperature induces sterility in rice, and heading time is the
most sensitive stage to high temperatures. For spikelet fertility, high tempera-
ture is the second detrimental factor before anthesis but it is the most
detrimental factor during anthesis. It has got little effect after anthesis
on spikelet fertility. Panicle development and pollen germination are inhibited
by high “temperaturés. IRRI (1980) reported that at the red(.;ction division
stage of rice, two kinds of low temperature injury occuring are, degeneration
of spikelets and spikelet sterility. High temperature is a critical factor in

rice grain production.

A significant negative correlation between yield and the minimum
t-emperature 30 days after transplanting and a significant correlation between
yield and maximum temperature aver the 45 days before maturity are reported
by Datta an_d. Zarate (1970). Osada et al. (1973) noticed that low temperature
during maximum tillering stage produced more panicles. During reproductive
stage, within a temperature range of Z2 to 31°C, spikelet number per plant
increéses as the‘tem‘perature drops (Yoshida, 1973). He also suggested that
the optimum temperature for rice shifts from high to low as the growth

advances from vegetative to reproductive stages. The rice plant is very
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sensitive to low temperature about 9 days before flowering (Satake, 1976)

and high temperature at flowering (Satake and Yoshida, 1978).

The results of an experiment conducted for 12 years at Pantnagar,
U.P., showed that higher maximum and minimum temperatures during tillering,
ear initiation and maturity depress the vyield of rice (Huda et al.,, 1975).
From the studies conducted under All India Co-ordinated Crop-weather Scheme,
Sreenivasan (1979) observed that at Aduthurai, the favourable maximum
temperature period is from 10-16 weeks after sowing. Whereas, at Coimbatore
the favourable maximum temperature period is the tillering phase and the
minimurm temperature period is five weeks commencing with flowering.
Influence of temperature on sterility is reported by Chaudhary and Sodhi(1979).
In the flowering period the sterility is minimum (12-18 per cent) when the
mean temperature is 27 -28°C. Whereas, it is maxithum (6 per cent) when

the mean temperature is above 3 6°C.

Vergara et al. (1970) reported that minimum temperature rather
than mean temperature has the best negative correlation with flowering
duration of a variety. Yoshida (1981) observed a 13 day delay in flowering
for each degree drop in temperature between 24°C and 21°C in [R 26. Sahu
et al., (1983) reported that the average flowering duration ranged from 58
to 91 days in August and December plantings respectively at CRRI, Cuttack.
The " duration upto 50 per cent flowering was negatively correlated with

minimum temperature (Krishnakumar, 1986).
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2.1.2.2 Rainfall

Variability of rainfail affects the rice crop greatly at the reproduc-
tive stage. If the variability is associated with an untimely cessation at
the reproductive or ripening stage, yield reduction is severe. Rainfall variability
is more critical for upland rice than for lowland rice. Venkateswarlu et al.,
(1976) reported high panicle number in rabi(500) compared to kharif(400)
season, thus being responsible for high yields in the former. Moraes(1978) re-
ported that the drought of 5 to 20 days duration occuring in Cerrado adversely

affects the upland rice and often causes severe damage at the reproductive

and ripening stages.
2.1.2.3 Solar Radiation

Solar energy is the major governing factor for photosynthesis and
hence drymatter production and yields are dependent on solar radiation to a
considerable extent. The low light intensity upto flowering in kharif, imposes

a cealing on tillering and reduces drymatter production as compared to

rabi season. {Venkakswarlu, 1977; Venkateswarlu et al., 1977).

Several workers pointed out the positive influence of solar radiation
received during different critical growth stages on grain yield. Stansel (1966),
and Murata and Togari (1973)reported it to be the three weeks before and
after flowering. Ghildyal and Jana(1967);and DeDatta and Zarate(1970)re-
ported it to be the one week before harvest and according to Matsushima(1970),

it is fifteen days before and twenty five days after flowering. Evans (1972)
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reported that grain filling was very poor in the absence of light. Low light
intensity during the reproductive phase has a pronounced effect on spikelet

number and, hence, on yield..

Influence of light on panicle production and grain filling are reported
by Yoshida (1972), Osada et al. (1973} and Venkateswarlu et al. (1977). Wada
et al. (1973) ana Yoshida and Parac (1976) reported that solar radiation and
temperature during the reproductive stage (before flowering) have the greatest
influence on rice yield because they determine the number of spikelets per
square metre. Field studies at IRRI, Los Banos, revealed a high positive
correlation of grain number per square metre with solar radiation during

twenty five days before flowering (IRRI, 1974).

From his studies in Texas, Stansel (1975) found the most critical
sunlight requiring period to be the forty two days centered around the heading
stage. During this period a mean yield reduction of 6.5 per cent is observed
for every one per-cent reduction in solar radiation. It is reported that low
light intensity reduced leaf area development and photosynthetic efficiency
of rice crop canopy (Venkateswarlu, 1977). Under low light intens{ty, trans-
location of photosynthates to panicles is reduced (Nayak et al.,, 1979%; Fagi
and De Datta, 1981; Sreedharan and Vamadevan, 1981). Evans and De Datta
(1979) noticed the significance of irradiance to grain yield during reproductive
stage (30 days before flowering) as well as ripening stage (30 days after
flowering). Vijayalakshmi et al. (1987) réported that the productivity of

October sown rice crop is relatively low (around 1.2 t ha” ' as compared
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to that of January sown rabi crop. The major constraint for this low producti-

vity is insufficient solar irradiance during kharif.
Day length or photoperiod:

Rice is Ljenerally a short-day plant and sensitive to photopericd.
The observations of Venkataraman and WNarasimhamoorthy (1973) showed
that the variation of only 30 minutes in photoperiod can significantly‘:’_ affect
crop development. The long days can prevent or considerably delay flowering
(Vergara and Chang, 1976). The photoperiod insensitive rice varieties enable
the farmers in the tropics and subtropics, to plant rice at any time ofthe

year without great changes in duration.
2.1.2.4 Relative humidity

Flowering of rice does not occur below 40% RH and is best at
70-80% RH. High humidity during post flowering stage appeared Lo have

a detrimental effect on yield (CRRI, 1967).

2.1.2.5 - Wind

Streng winds occuring after heading cause severe lodging and
shattering in some rice varieties (De Datta and Zarate, 1970). Strong winds
also enhance the spread of bacterial diseases of rice. It reduces boundary
layer resistance and increases the photosynthetic efficiency as reported
by Viswambharan et al. (1989). They also reported that during flowering,

excessive wind velocity caused pollen dehydration and consequent spikelet

sterility.
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2.1.3 Ripening stage

2.1.3.1 Temperature

In general, grain yields are higher when temperature durifng ripening
stage is relatively low, an effect attributed to a more favourable balance
between photosynthesis and respiration. Temperature appears to influence
the ripening of rice in two ways-first, low temperature favours an increase
in weight per grain (Murata, 1964, Nagato et al., 1966) and second, low daily
mean temperature increases the length of ripening period. In tropics, where
the daily mean temperature ranges from 23 -30°C, duration of ripening
becomes about 30 days after the beginning of panicle emergence (Yoshida
and Hara, 1977). Yamakava (1962} and Krishnakumar (1986) reported that
ripening period is negatively correlated with minimum temperature of that
period. Thué, persistent cloudy weather conditions will be more detrimental
to grain filling under high temperature because of a shorter ripening period.
During ripening, high temperature produces an undesirably chalky appearance

in rice kernel and increases the bran thickness.

Higher grain yield in temperate countries than in tropical countries
could have generally been attributed to the lower temperature during ripening,
which extends the ripening period, so more time for grain filling. Chaudhary
and Ghildyal(1970) reported the beneficial effect of the temperature regime
32 /20°C on yield characteristics such as number of spikelets per paniéle,
minimum sterility, hundred grain weight and grainyield. At low temperature,

translocation of photosynthates to grain takes place at a slower rate and
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thus maturity period gets delayed (Boerma, et al.,1974). In an experiment co:/
ducted at IRRI,Los Banos, it is observed that a temperature range of 15-230C
appears to be optimum for normal grain growth in all the rice varieties
tested. Below and above this optimum temperature range, grain weight
lowered in all varieties(IRRI,1980).Seshu and Cady(1984) tried to predict the
yield based on solar radiation and minimum temperature during ripening stage
of 30 days after flowering. The predicted yield decreased by 0.075 tha:I
for each degree increase in minimum temperature. Low solar energy and
high temperature are detrimental to high harvest index (HI). Yield attributes
like filled grain percentage, panicle weight and degree of ripening are nega-

tively correlated with minimum temperature during reproductive and ripening

stages (Krishnakumar, 1986).

Bhattachary and De Datta (1971) observed that low soil temperature
caused the death of lower leaves and chlorosis of upper leaves and retarded
drymatter production. However, plant growth and grain yield are least affected
by low soil and water temperatures during the period from heading to maturity.
The temperature of irrigation water has got a profound influence on duration.
When the temperature of water is -18°C or less, a delay in ripening of 7-10

days is noticed (ICID, 1974).
2.1.3.2 Rainfall

Sahu and Murty (1976) reported that drymatter production and
grain yield are invariably lower by about 50 and 54 per-cent respectively
in wet (July - October) season than in dry (January - May) season. It was

also reported that at Pattambi &t least one third of variability in yield of
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virippu can be explained through fluctuations in monthly rainfall (Balakrishna
Pillai and Prabhakaran, 1978). Sikder and Gupta (1979) reported an overall
reduction of 44.5% in grain yield auring kharif compared to rabi season
from Chinsurah in West Bengal. Sastri (1986) reported that the length of
rainy season determines the duration of rice varieties. From 40 years data,
he has calculated the average length of Qrowing season under early, normal
and late onset of monscon and also the average rice productivity for the
corresponding years and he concluded that early duration varieties are best
for Raipur area in Madhya Pradesh. Thus rainfall decides the variety to
be grown in an agroclimatic zone. Viswambharan et al. (1989) reported. a
negative correlation between yield and number of rainy days during maturity

stage.
2.1.3.3 Solar radiation

The intensive research at IRRI demonstrated that the quantity
of solar radiation has got prafound influence on rice yield, particularly during
the last 30-45 days of the ripening period (Moomaw et al., 1967; Rao and
Deb, 1974). Sreedharan (1975) reported that the yield attributes such as
panicles/squa.re -metre, grain yield etc., recorded a positive correlation with
sotar energy during reproductive and ripening phases. Low solar radiation
during ripening phase reduces the grain yield considerably, because of the
decr:t‘aasze in percentage of filled grains (Yoshida, 1972; Yoshida and Paraog,1976).
Many other reports are available about correlation between grain yield and

solar radiation received during the reproductive or ripening periods. Sahu
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et al. (1983) and Nishiyama (1985) observed that solar radiation during ripening
stage is having a high positive correlation with arain yield. Krishnakumar
{(1986) reported that panicles per square metre, grains per square metre,
degree of ripening and grain yield are positively correlated with solar energy
during ripening period.

2.1.3.4 Relative humidity

"

High humid weather at the time of harvest poses problems of
‘\"‘\‘..‘

seed germination in case of varieties which lack “seed dormancy. Also storing

of wet grains becomes a problem when harvesting coincides with wet weather.
2.1.3.5 Wind

Venkataraman (1-979) has made out a case for (i} breeding of varie-
ties resistant to wind fluttering and (ii) erection of wind breaks on bunds
of paddy fields. Viswambharan et al. (1989) reported that high wind especially
during flowering and maturity stages of rice led to poor yield due to high
sterility of spikelets. They also re.ported a negative correlation between

wind velocity and yield of rice.
2.2 Effect of sowing/planting time on rice

Farmers have identified certain optimum time for sowing or trans-
planting of a crop in a location to get increased production. Even the slight
changes in sowing time may substantially change yield and duration of rice

crop.
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Misra and Khan (1973) revealed that the late sown rice crop generally
shown reduced growth, development and vigour. Rajagoplan et al. {(1973)
and Faw and Johnson (1975) reported the yield performance of some IRRI
Varietiels under different dates of planting at Coimbatore. The crop planted
in June generally has higher number of grains and grain weight as compared
to October sown crop. Similar results are reported by Suryanarayana etal.
(1975) from Karnataka. Majid and Ahmed (1975) and Latif (1982) reported
that plant height decreases with delay in transplanting. Sowing on June15th
produced significantly higher grain yield as compared to sowing on July25
during.the Kharif season of both 1975 and 1976 (Dixit and Singh, 1980).
Singh and Paliwal (1980), reported that the cultivar chambal and IR 8 give
the lhighest yield when sown on May 26th in Rajastha'n. The yield reductions
for the four subsequent sowings (June 7, June 20, July 2, July 14) are 1.2,
7.7, 21.B and 44.6 per cent respectively for chambal. For IR 8, sown on
the three dates after June 7th, the yield reductions are 16.8, 31.6 and
51.7 per cent, respectively. Results of experiments conducted at Thanjavoor
show that sowing on June 6éth gives an yield of 4036 kg ha-1 and yield was
reduced when sown. afterwards (MARC, 1980). During 1980-81, significantly
higher yield was obt;ained from the crop sown on June 16th (MARC, 1981).
The best time for direct seeding in Punjab is between May to first week
of June (Singh and Garg, 1983). A high yield of 6.89 t ha ! at Navsari in
Gujarat was reported by Machhi et al. (1984), when trensplanted on June 20th.
Narayanaswamy (1985) noticed 22 per-cent reduction in yield at Thanjavoor

when transplanting is deiayed by a fortnight from June 14th.
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Delayed planting of rice in Taiwan decreased the percentage of
filled grains (Liou, 1975). Similar results were reported by Majid and Ahmed
(1975) ‘and Nho et a_ll. (1976). According toc Mahapatra and Badekar (1968),
Halappa et al. (1979) and Ramdoss and Sub;amanian (1980), early planted
crop produced more number of productive tillers than late planted crop.
It was also reported that high yielding medium duration varieties gave very
good yield when sown in October (KAU, 1980). An experiment was conducted
in 1980 at Pattambi to study the effect of different dates of sowing/planting
and the consequent seasonal influence on the uptake of nutrients on the
important medium and short duration rice varieties. All varieties gave maxi-
mum grain yield for sowings made in 3rd of May during the virippu season.
During mundakan season, all varieties gave poor yields for the nursery in
the 2nd week of October. During punja, for Jyothi, sowing in the last week
of December had recorded the highest grain yield while for Triveni, sowing
in the last week of January produced maximum grain yield and earliest
sowings have given good yields in the case of all the varieties. During mundakan
season, nurseries may be raised preferably after the first week of September

(RARS, 1981). Similar result was reported in an experiment conducted at

ARS, Mannutﬁy (KAU, 1983).

Viswambharan et al. (1989) conducted an experiment at RARS,
Pattambi to identify the factors responsible for the low productivity of
high yielding varieties of rice raised during the winter seasons in I:<erala.

The experiment with seven planting dates (August 22, September 5,

September 18, October 3, October 16, October 30, November 12) and four
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popular high-yielding photoperiod insensitive rice varieties (IR 8, IR 20,Jaya
and Bharati} showed that the varigtigm in rice yield between the different-
planting dates were primarily due to spikelet sterility under optimum package
of practices. Correlation analysis between weather parameters and grain yield
revealed the critical role of certain weather components especially solar
radiation, wind and rainfall during flowering and maturity stages of the
crop in deciding the final yield. A positive relationship between yield and
total .solar radiation during 5-15 days before 50% heading, and a negative
relationship between yield and number of rainy days 15-30 days before 50%
heading were obtained. Yield reductions were more predominant for crops

planted on 18th September, 3rd October and 17th QOctober.

Gautham and Sharma (1987), in apexperiment conducted during
the kharif seasons of 1975, 1976 and 1977 showed the pattern of drymatter
accumulbtion for four rice varieties - Jaya, Ratna, Rasi and Cavery, under
two planting schemes and three plant densities. They reported significant
increase in drymatter accumulation with increase in plant density. Significant
difference in drymatter accumulation was also recorded due to different

planting schemes.

It was reported that at Pattambi, early planting (last week of
August) of second crop gave maximum yield and delayed plantings were
severely affected by pest attack (KAU,1985). In a field experiment to ascer-
tain the optimum time of planting and spacing for an early maturing popular
rice culture,lET2508,Reddy and Reddy (1986) reported that transplanting

during early part of June gave high yield. The grain yield was drastically
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reduced when transplanted beyond June 10th and befare May. Spacing 10 x 10cm
and 15 x 10cm were ideal for realising optimum vyields. Acikgtz (1987)

also reported that yield decreased with delayed sowing in Izmir, Turkey.

Palaniswamy et al. (196B) reported that September plantings
of rice cultivars CO-30 and Bhavani were observed to take least number
of days for flowering compared to earlier plantings. Biswas et al. (1975)
reported delay in flowering due to delayed plantings. Ramdoss and Subramanian
(1980) reported similar results and got higher straw yield with delay in sowing.
Urkurkar {1983) repopted optimum vyield for the rice variety Asha, when
transplanted between July 11th and 21st (and the water use efficiency for
grain yield was highest for rice transplanted between July 11th and 31st.
Transplanting rice during mid-July (SWM), late November (NEM) and late
February (Summer) was ideal for the respective seasons in Coimbatore in
achieving higher yield as reported by Krishnakumar {1986). He also observed
that drymatter production followed more or less similar trend of tiller

production.

In trials of twenty five varieties sown on 8 dates from November
to January for two seasons (16 November 1978,1 December 1978,16 December
1978, 1 January 1979, 16 November 1979, 1 December 1979, 16 December
1979 and 1 January 1980) in Andhra Pradesh, gehotype x sowing 'date inter-
actions were significant for height, panicle length; number of spikelets per
panicle and sterility percentage (Mehan et al. (1984). They also reported that
with the postponemsznt of date of sowing from November onwards during winter,

the days to 50% flowering decreased, whereas grain yield per plant increasad.
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Maity and Mahapatra {1988) studied varietal response to different
planting time during December and January. Varieties used were Paithara,
Kuber and Rajani in 1985, Palthara, Rajani, Annapurna and Shankar in 1986.
Time of planting affected yield. Transplanting on 25th December, 1985 and
Sth January 1986, produced Lhe highest yield. Late and early plantings reduced

yield, perhaps, because of temperature.
23 Effect of spacing on rice

Yamada (1961) while reviewing the results of spacing studies
conducted on transplanted rice grown on less fertilized lanq in Japan, has
concluded that, in general, higher planting density produced more total
drymatter and grzinper unit area. A significant increase in plant drymatter
at all the stages was reported as the plant density increases (IRRI, 1970).
Balasubramaniam and Va‘idyalingam (1985) reported that a closer spacing
of 15 x 10 cm recorded higher grain yield in rice variety CR 1009 at Coimbatore,

which was on par with 20 x 10 cm spacing.

Rao and Raju {1987) reported that closer spacing of 15 x 10 cm
reduced number of days taken for 50% flowering at Hyderabad. However,
grains per panicle decreased in closer spacing. The closer spacing gave higher

straw yield but grain yield remained unaffected due to spacing.

In an experiment conducted by Ramaswamy et al. (1987) with
three spacings (12.5 x 10 cm with 80 hills per square metre, 15 x 10 em

with 66 hills per sqaure metre and 20 x 10 cm with 50 hills per square metre)
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and 2, 4, 6 and B seedlings per hill, it was reported that 12.5 x 10 em spacing
produced significantly higher grainyield, inspite of reduced tillers per hill,
panicle weight and number of filled spikelets per panicle because of higher
number of tillers per unit area. Increasing the number of seedlings per hill
had an adverse effect. All Yield parameters were reduced with more than

2 seedlings per hill.

During the second crop season, 20 x 10 cm spacing was found
to be the best for PTB-20 and RP4-14 at Pattambi (RARS, Pattambi, 1975).
In an experiment conducted at IARI, New Delhi, highest yield of paddy was
obtained when row and plant spacingswere kept minimum at 7.5 Cox 7.5cm
(Parashar, 1976). Lerch (1976) in Cuba has found that increase in plant popu-
lation decreased the number of tillers and paﬁicles, leaf area and yield per
plant but increased total leaf area, drymatter production and paddy vyield
per square metre and concluded that closely spaced plants utilize more
solar radiation for grain production more effectively than those with widely
spaced. Devi et al. (1981) reported that closer spacing would be required
for the second crop season at Mannuthy, while a wider spacing of 20 cm

x 15 cm would be suitablefor the first crop season.

In an experiment conducted at RARS, Pattambi, Usha (1985) reported
highest grain yield in plots with N-S orientation and with 20 -. x 10 cm
spacing. This increased production was attributed to more effective utilisa-

tion of solar radiation with the ‘uniform exposure of plants to sunlight.
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2.4 Effect of weather on the incidence of pests and diseases

Weather conditions influence directly the various growth and develop-
ment stages of a crop and indirectly, the incidence of pests and diseases

(Yoshida and Parao, 1976).

Leaf fo[def‘ infestation with late transplanting {1 month after
farmer's date) was lower than with early (1 month before farmer's date)
or simultanecus transplanting as reported by Suharto and Nech (1987). It
was reported by Rajendran (1985) that adoption of either a spacing 20 x
10 ecm or 20 x 15 cm with recommended practices were found to be highly

suitable for effective management of leaf folder attack in rice variety IET 5741,

Early plantings tend to escape seedling maggots and early plantings
combined with early maturing varieties provide high crop tolerance to white

grub. August planting would be severely affected by Atherigona oryzae.

Increasing seed density protects the crop against seed and seedling pest,
particularily, if the crop germinates and emerges quickly (Litsinger et al.,

1987).

Feeding damage by rice panicle bug was found to be lowest when
planted on Jénuary 30th (Saroja and Rajan, 1985). It was reported that inci-
dence of rice gall midge was maximum when rice planted on 1$t September
during second crop season, and incidence was less when planted in Auqust
or O;:tober (Uthamaswamy and Karuppuchamy;, 1986). Rice bug infestation

was highest with late transplanting (Suharto and Noch, 1987). Singh (1988)

reported that Rice army worm Mythimna loreyi {Dup.) migrates from rice
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to other cereal crops in areas where multiple cropping is the practice and
climatic variations are extreme. In North India, it attacks rice from June
to November, then migrates to wheat, barley, sugarcane, oats in December-
May. Temperatures during March (12-329C) considerably reduced the oviposition
period {4-5 days) compared to December - January (10-11 days). It appears

that rice army worm reproduction is most affected by temperature.

The vector population of Rice Tungro Virus {RTV) starts increasing
in mid-August, reaches its peak between mid-September and early October
and then declines. The period favourable for vector multiplicstionand RTV

incidence is September ~ October (Vidhyasekharan and Lewin, 1986).

[

Singh et al. (1986) reported that Sheath rot disease caused by

Sarocladium oryzae is becoming as important disease in rainfed low land

ricez especially in delayed plantings. Its occurrence was high in 50 days
old seedlings. In general, photoperiod sensitive tall varieties are more resistant
than. photoperiod insensitive ones. The score was 2.9 for 25 days old seedlings
.and 5.7 for 50 days old seelings. Dhal and Choudhary (1987) reported.that
the disease incidence is high in delayed plantings due to low temperature

accompanied by low RH during reproductive stage.

A combination of cultural practices - early planting, Synchrnous
- planting, crop rotation and early maturing varieties - protects the rice crop

against most insect pests and diseases (Litsinger et al., 1987).
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MATERIALS AND METHODS

The field experiment designed to study the influence of various
weather parameters on the growth and vyield of rice variety jaya
was conducted at the Agricultural Research Station, Mannuthy during
1988-89. The field selected for the experiment was under bulk crop

of paddy for the previous three seasons.

3.1 Materials
>.1.1 Site, climate and soil

The research station is situated at 10° 32' N latitude and 76°

20'E longitude at an altitude of 22 m above Mean Sea Level.

This area enjoys a typical humid tropical climate. The normasl
annual rainfall is about 2852 mm, 72 per cent of which is received
during the S.W. monsoon.season and 15 per cent during the N.E.
monsoon season; and the rest in the remaining season as sumrmer
showers. The annual total number of rainy days is 116. In the S.W.
monsgon season, sometimes there will be spells of rainless days
and the péddy crop depends entirely on irrigation during such conditions.
Dry spells also océur during the N.E. monsoon season. Mainly warm
temperature prevails during the virippu season with moderate diurnal
t;mperature range. During the mundakan season, though there is

not rnuch variation in the mean daily temperaturecompared to that
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Table - 1. Properties of the soil

Particulars Value Method empioyed

A. Mechanical Composition

Course sand (%) 27.2 o
. obinson's International
Fine sand (%) 2.8 Pipette Method
Silt (%) 22.6 (Piper, 1942)
Clay (%) 26.4
Bulk density 1.52 Core Samples Method

(Piper, 1942)

B. Chemical Composition

Organic carbobn (%) 0.661 Walkley and Black Method
: {(Soil Survey Staff, 1967)
Total N (%) : 0.138 Semi Micro-kjeldhal Method
(Soil Survey Staff, 1967)
Available P (kg ha'1) 32.06 Bray I extractant, moly-

bdophosphoric acid method
(Jackson, 1958)

Available K (kg ha™ 1) 172.08 Neutral Normal ammonium
acetate extract, flame
photometry {Jackson, 1958)

pH 5.84 1:2.5 soil water suspension
using a pH meter
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of virippu, the difference between the day and night temperature'
is more and increases towards the end of this season. The relative
humidity during the whole of the virippu season is high. Relative
humidity during the beginning of mundakan season is high but it
decreases towards the end of the season. Moderate winds normally
prevail during the virippu as well as mundakan season except for
few qusts now and then during the heavy downpour periods. However,
the winds will be ranging from high to very high by the end of the
mundakan season, sometimes coinciding with the harvest periods.
During the virippu season, sky is always cloudy aﬁd on an average
there will be 4.3 bright sunshine hours per day. Whereas, during
the mundakan season,.there‘will be periods of clear sky conditions

and the average bright sunshine is 7.9 hours per day.

The soil of the experimental area is moderate to well drained,
medium clay loam in texture. The physical and chemical properties

of the soil in the field are presented in Table 1.

3.1.2 Season

The experiment was started in May, 1988 and the final harvest
was in February, 1989. It covered both the virippu (April - May
to September - October) and mundakan seasons (September - October

to December ~ January).
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3.1.3 Variety

The variety 'Jaya’ selected for the study is one of the early
semi dwarf varieties developed in India. It is a photo period insen-
sitive medium duratien variety (120-125 days) developed from the

cross between TN-1 x T 141. The bran colour is white and grains

are long bold. It is a variety having high yield potential.
3.2 Methods

3.2.17 Lay out

The experiment was laid out in split plot design with three repli-
cations. The lay out plan is given in the Fig. 1. The treatments
consisted of combinations of twelve dates of transplanting in the
main plot and two levels of spacing. between the plants in the sub

plot. The total number of plots were 72.

3.2.1.1 Date of transplanting - Main plot treatments

T,I - June 18 T7 - " September 10
TZ - July 2 TB - September 24
T3 - July 16 T9 - October 8

Tq - July 30 T‘IU - October 22
TS - August 13 T11 - November 5
T6 - August 27 T12 - November 19

i
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3.2.1.2 Spacing between plants - Sub plot treatments

S - 20em x 10 cm

S - 20em x 15 cm

3.2.2 Cultural operations

The cultivation practices recommended for 'Jaya' by the Kerala
Agricultural University were followed. The land was ploughed twice
and the soil was brought to puddled condition. Farm yard manure
at the rate of 5000 kg ha™! was applied uniformly as basal dressing.
Lime (54 per cent Caé) was- applied uniformly at the rate of 600
kg ha”! in two splits - the first dose at 350 kg ha™! as basal dressing
at the time of fipal ploughing and the second dose at 250 kg ha '

as top dressing about one month after planting.

Urea, superphosphate and muriate of potash wereused as fertilisers
. to supply the required quantity of nitrogen (at the rate of 90 kg

N ha-1), -phosphorus (at the rate of 45 kg PZOB ha"]) and potassium

(at the rate of 45 Kg K,0 ha 1) respectively. The entire dose of
P,0g, 45 kg of nitrogen and 22 1/2 kg of K,0 were applied as basal

dressing. The remaining 45 kg of nitrogen and 22 1/2 kg of K,O

2

were top dressed 5 to 7 days prior to the panicle initiation stage.
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The seeds were sown at a rate of 80 kg ha'1 and nurseries were
raised prior to each date of transplanting. Twenty five days old
seedlings were transplanted with two seedlings per hill. Controlled
irrigation and drainage were done as and when required. The plots
were hand weeded twice - first at thirty days after transplanting
and second at forty five days after transplanting. Pests and diseases

were controlled by recommended plant protection measures.

3.2.3 Observations
3.2.3.1 Crop growth characters :

(a) Height of the plant :

The plant height in cm was recorded on the 30th, é0th and $0th
day after transplanting. Height of plants was measured from
the bottem of the culm to the tip of the largest leaf or tip

of the earhead, whichever was tallest.

(b} Number of tillers :
Number of tillers from sample unit (1 square metre) was counted
on the 30th, 60th, 90th day after transplanting and at harvest.

(c) Number of days taken for panicle initiation :

Duration in days from transplanting to panicle initiation was

recorded.



(d)

(e)
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Number of days taken from panicle initiation to flowering

Duration from panicie initiation to 50% flowéring was recorded.

Number of days taken from flowering to harvest :

The number of days taken for maturity from 50% flowering

stage was also recorded.

3.2.3.2 Y¥Yield characters

(a)

(b)

(c)

(d)

Number of productive tillers :

Number of productive tillers from sample unit (1 square metre) -
was counted and the percentage of productive tillers to the

taotal number of tillers was worked out.
]

Length of panicle :

Length of panicle in cm from the neck to the tip of the panicle
was measured.

Number of spikelets per panicle :

Number of spikelets per panicle was recorded.

Number of filled grains per panicle :

The number of filled grains per panicle was recorded at harvest.
The percentage of filled grains to the total number of grains

was calculated.



(e)

(f)

(g)

(h)

(D

(1)
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Thousand grain weight :

One thousand grains were counted, weighed and the weight
was recorded in g.

Grain yield :

The grains harvested from each plot were cleaned dried and
weighed. From this, yield in kg ha”! was calculated.

Straw yield : -

The plotwise weight of sun dried straw was recorded and from
this the yield of straw in kg haq was calculated.

Drymatter production :

The drymatter production in kg h:a_1 was calculated.

Harvest index -

The harvest index was calculated by dividing the economic yield

with the total biological yield on dry weight basis.

Grain straw ratio :

Grain-straw ratic was also worked out.

3.2.3.3 Incidence of pests, diseases and Nematodes.

Observations on incidence of pests, diseases and nematodes

were reported for each treatment as and when noticed.



3.23.4 Meteorological parameters

The daily wvalues of the follo\:ving meteorological parameters

were recorded

{a) Maximum temperature
{b) Minimum temperature

{e) Rainfall

(d) Mean relstive humidity
{e) Bright sunshine hours and

(f) Mean wind speed
(o) Pan Evaporation
The monthly meteoroiogical data from May, 1988 to February, 1989

are presented in the Appendix I. The crop weather diagrams for

both virippu and mundakan seasons were prepared and discussed.

3.2.4 Statistical analysis

The data recorded on plant growth characters, yield and vyield
attributes were subjected to statistical analvsis by applying the analysis
of variance technique [Panse and Sukhatma (1985)] for split plot

design.

3.2.5 Crop weather relationship . .

Simple linear correlations between the various growth and vieid

characters, and the weekly weather parameters for the overlapping



periods from 1 to 13 weeks after transplanting were worked out
for both the spacings S, {20 x 10 em) and S, (20 x 15 em). The

crop growth characters selected are :

(1) Height of plant at 30 DAT

(2) Height of plant at 60 DAT

(3)  Height of plant at 90 DAT

(4)  Number of tillers at 30 DAT

(5) Number of tillers at 60 DAT

(6)  Number of tillers at harvest N

(7)  Number of days taken from trasplanting to flowering

(8) Number of days taken from flowering to harvest
The yield characters selected are :

(1) Number of productive tillers
(2) Percentage of filled grains
(3) Grain yield

(4) Straw yield

(5} Drymatter production

The weekly values of maximum temperature, minimum temperature,
temperature range, rainfall, relative humidity, wind speed and bright
sunshine hours are considered as the important weather elements.
Multiple linear regression equations were developed between the

and S.,.

grain yield and weather elements for both the spacings S,, 2
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A comparison between the yields estimated from these regression

equations and the actuals is also made.



Results



RESULTS

The experimental area enjoyed a good monscon and the total rainfall received
during the south-west monsoon season was 2386 mm, whereas during the north-east
monsoon season, it was only 128 mm.. There were no rains during January and February
and the crop depended entirely on irrigation during these months. The daily maximum
temperature during the period ranged from 25.4 to 38.2°C and the minimum from
1'7.0 to 26.8°C. The minimum and maximum relative humidities ranged from 7 to
99 percent. During December and January, the winds were high and the highest
wind speed recorded was about 25 km hr_‘l on 5th January 198%. The duration of
bright sunshine ranged from 0 to 11.2 hours. The weekly meteorological data for

the experimental period are presented in the Fig. 2 and 3.

In this experiment, the twelve transplantings spread over five calendar months,
covered both the virippu and mundakan seasons. The twelve times of planting are
T1 - June 18th planting, T2 - July 2nd planting, T3 - July 16th planting, Ta ~ July
30th planting, T 5 - August 13th planting, T6 - August 27th planting, T7 - September

10th planting, TB - September Z4th planting, T9 - Octobter 8th planting, T,, - October

10
22nd planting T‘H - November 5th planting and T,]2 - November 1%th planting. The

two spacings adopted as subplot treatments are S,| - 20x10cm and S, - 20x15cm.
. The results of the experiment are presented below :

(1) Effect of time of planting, spacing and weather on growth and yield of rice

1.1 Crop growth characters

(a) Plant height :

The analysis of variance for the plant height at 30, 60 and 90 days after trans-

planting are presented in Appendix 1I. Plant heights at these times for both
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the spacings are presented in the Fig. 4 and 5. The effect of time of

planting and spacing on height of plant is presented in Table Z.

The mean plant height was significantly influenced by the different

times of planting at all stages of growth.

At 30 DAT, T, recorded maximum height which was on par with

2
T3 and the lowest height was recorded by T12 which was on par with
Té and T7. The two spacings did not differ significantly in plant height.
The interaction between time of planting and spacing was found to be
significant. For the closer spacing, T2 recorded maximum height (70.3 em)
which was on par with T3 and the minimum was recorded by T6 (44,3 cm)
which was on par with T,i2 and T7.. For the wider spacing, again T2

recorded maximum height (68.3 cm) which was on par with T., but

3!
the minimum height was observed in TB (47.3 cm) which was on par

with Tl;’ T, and T1

7 2

At 60 DAT, T‘I recorded the maximum. height and T,’2 the lowest
height. The sub-plots shsowed significant difference and the closer spacing
recorded higher value (74.9 cm) compared to the wider spacing (73.6 cm).
The interaction between time of planting and spacing was significant.
T1 recorded a maximum height of 97.4 cm and 93.3 cm for the spacings
S‘ and 82 respectively. Whereas, a minimum height of 56.2 cm in T,]

2

an“d 55.B cm in T8 were observed for the spacings 51 and S2 respectively.

At 90 DAT, T1 recorded maximum heighl and the minimum height

was recorded by T,|2 which was on par with T8' The sub-plots did not



Table - 2. Effect of time of planting and spacing on height of plént (em) at various stages of growth

Days after transplanting

30 60 90
51 52 Mean S1 52 Mean S1 82 Mean
(20x10cm) (20x15cm) (20x10cm) (20x15cm) (20x%10em)(20x15cm)
T, (June 18th planting) ~ 57.72 58.73 58.23 97.43 93,27 9535 113.93102.52 108.23
T, (Quly 2nd " ) 70,32 68.33 69.33 81.83 81.07 B81.45 96.62100.82 98.72
Ty (July Téth ") 67.42 66.53 66.98 82.50 81.07 81.78 96,70 94.27  95.48
T, (Quly 30ch ") 55.21 51.64 53.43 71.84 68. 60 70.22 , 84.51 B4.43  B4.47
Tg (August 13th " ) 56.64 56.56 56.60  73.33 69.49 71.41 BB.66 90.83 89.75
T, (August 27th " ) 44,27 54,30 49.28 81.58 86.63 84.11  98.4210635 102.38
T, (September 10:h ™) 47.65 50.16 48.90 69.59 - 64.85 68.72 90.74 98.24  94.49
Ty (September 24th " )  61.17 47.30 54,23 67.80 55.80 66.80 B6.87 64,83 75.85
Tg (October 8th " ) 56.43 58.53 57.48  77.40 79.60 78.50 95,83 99.10 97.47
T, (October 22nd " ) 49.77 53.47 51,62 66.23 68.40 65.82 78.80 79.37 79.08
T,, (November 5th ")  53.47 61.13 57.30 64.04 72.10 68.07 74.83 83.05 78.93
T,, (November 19th " ) 44.87 49.83 47.35 56.17 62.97 59.57  71.10 73,73 72.42
SEm & 2.15381 2.15381 1.28461 2.23473 2.23473  1.53900 3.38550 3,385501.59928
3.76785 4,62754 4.62754  £.51399 7.003557.003554.69082
CD (0.05) 4.45832 4,45832
Mean 55.41 56.38 74,98 73,65 89.75 89.79
SEmz 0.43111 0.43111 0.43717 0.43717 0,69443 0.69443
CD (0.05) Ns " Ns 1.27606 1.27606 NS NS

A
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Table - 3. Correlation coefficients between the weather parameters and plant

growth characters

Growth Weather . , Correlation
Character parameter Spacing Period coefficient
Height at &0 DAT Maximum S‘I Late ~0.777%%
temperature vegetative
" 1 - ¥
52 0.727
Temperature S‘I " -0.748%*
range
" 52 " -0.671+%
Height at 90 DAT Maximum S,| Late -0.765%*
Eemperature vegetative
1 n -
52 0.628*
" S‘I Ripening -0.829%+
52 -0.594%
Minimum S, Reproductive +0.743 %%
temperature
" 1]
52 +0.837%*
Temperature S‘I Late -0.752%*
range vegetative
mn 52 n '0-637*
" S‘I Reproductive -0.83 5%*
& Ripening
! 52 " -0.612%

* Significant at p = 0.05
*% Significant at p = 0.01



show any significant difference in plant height at 90 DAT. The interaction
between time of planting and spacing was found to be signifant. For
the spacing 81, T1 recorded maximum height (113.9 em) and the minimum
was recorded by T,]2 (71.1 cm) which was on par with Tﬂ. For spacing
52, T2 recorded maximum height (106.4 cm) which was on par with
June ’IE'.('JT,Ihnt_:I July Z(Iz)plantings. Lowest height wasw recorded by Ty

(64.8 cm).

Correlation coefficients between weather parameters and plant
height at various stages of growth for both the spacings are given in
the Table 3. ThP; correlation studies indicated that the height at 30
DAT was very slightly influenced by weather parameters of the preceding
period. The height at 60 DAT was negatively correlated with the maximum
temperature, and temperaturé range during the period 30 to 60 DAT.
The height at 90 DAT was significantly influenced by almost all the
weather elements. Significant negative correlations were obtained between
the height at 90 DAT and maximum temperature during the late vegetative
and ripening stages and temperature range during the late vegetative,
reproductive and ripening stages. Rainfall throughout the period had
a positive effect on the height at 90 DAT. Significant positive correlation
was also obtained with minimum temperature during the reproductive

stage.

b} MNumber of tillers

The analysis of variance for the number of tillersat 30, 60, 90 DAT

and at harvest are prasented in Appendix III and the mean number of

tillers is presented in Tabie 4.



Table - 4. Effect of time of planting and spacing on number of tillers at various stages of growth

Days after transplanting

ALt harvest
30 60 90
S, ' 5, Mean S, S, Mean S, S, Mean S So Mean

20x10cm  20x15cm 20x10cm  20x15cm 20x10cm  20x15cm 20x10cm 20x15cm
T,| (June 1Bth planting) 11.0 9.7 10.33 17.0 15.3 16.17 18.7 16.0 17.33 16.3 15.0 15.67
T, Quly 2nd ") 9.3 10.0 9.67 11.7 12.3 12.00 13.7 13.7 13,67  13.7 13.7 13.67
T, (uly 1610 "y 8.3 8.7 8.50 11.0 11,7 11.33 13.3 13.3 13.33 133 13.3 13.33
Ta (July 30th "y 8.0 7.7 7.83 5.3 9.7 9.50 10.3 11.0 10.67 10.0 10.0 10.00
T (August 13th ") 8.3 9.7 9.00 10.0 12,3 11.17 11.3 13.3 12.33  10.3 12,7 11.50
T, (August 27th vy 9.0 10.3 9.67 12.0 13.7 12.83 12.3 14.3 1333 12.3 13.0 12.67
T (September 10th ™ ) 9.0 9.3 9.17 11.7 12.3 12.00 12.7 14.0 1333 113 13.0 12.17
I (Seplember 24th ) 10.3 9.0 9.67 11.0 10.0 10.50 11.3 11.33 11.3 11.3 11.0° 11.17
b, (Outober B ) 7.0 6.3 6.67 9.3 9.3} 9.33 10.7 10,67 10.67 9.7 9.0 9.33
Tm (Oclober 22nd ") 6.0 5.7 5.83 7.0 7.7 7.3 8.0 9.0 8.5 8.0 10.0 9.0
T, (November Sth ") 6.3 7.7 7.00 7.3 9.7 8.50 9.0 12.3 10.67 9.0 12.3 10.67
T,, (November 19th " ) 6.7 7.7 717 8.7 10,0 9.33 10,0 1.3 10.67 9.7 10.3 10.00
SEm: 0.65756 0.65756 0.31683  0.71426  0.71426 0.45436 0.79261 0.79261  0.39141 0.89228 0.89228  0.44671
CD (0.05) 1.36035  1.36035 0.92928  1.4787> 947875 1.33266 1.63985 1.63985  1.14802 1.84611 1.B4611  1.30729
Mean 8.28 8.47 10.5 11,17 11.78 12,53 11.25  11.94
SEmt 0.14164  0.14164 0.16197 0.16197 0.18215 0.18215
CD (0.05) Ns Ns 0.41344  0.41344 0.47278 0.47278 .0.53169 0.53169

an
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The time of planting had significant influence on the number of

tillers at all growth stages.

At 30 DAT, "l'1 recorded the maximum number of tirller which was
on par with TZ’ T‘5 and TB' T’IO recorded the lowest number of tillers
which was on par with T9. The spacings did not differ significantly. The
interaction between time of planting and spacing was found to be signifi-
cant. For the closer spacing, T, recorded maximum number of tillers (11)
which was on par with TB' T10 recorded the lowest number {6} which was on

par with T9, T‘I‘I and T12. For the wider spacing, T‘5 recorded the maxi-

mum number of tillers (10.3), which was on par with T'I’ T2, T5, T7

and T,. T recorded the lowest number of tillers (5.7) which was on

8" 10
par with T9.

At 60 DAT, T1 recorded the maximum number of tillers and T10
recorded the lowest number which was on par with TT’]' "I"he two spacings
showed significant difference. S2 recorded higher number of tillers (11.2)
than 51(1 0.5). The interaction between the time of planting and spacing was
significant. T1 recorded highest number of tillers of 17 and 15.5 and
T1D recor.ded the lowest of 7 and 7.7, both respectively for the spacings

S1 and 52. For the closer spacing, the lowest values in T10 was on par

wjth T11'

At 90 DAT, T,] recorded the maximum number of tiliers and the
minimum number was gbserved in T’IU' The two spacings showed significant

difference. S:2 recorded higher number (12.5) than S, {11.8). The interaction
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between time of planting and spacing was significant. T’t and T’IO (17.33
and 8.5) recorded the highest and the lowest number of tillers respecptively,
for the spacings S,I and 52. For the spacing 51, the lowest values in

T1D was on par with T1’I'

At harvest, T,l recorded the maximum number of tillers and the
minimum number was recorded by T1C] which was on par with Ta, T9 and
T'IZ' The spacing:s differed significantly. 52 recorded higher number
of tillers (’11'.9) than S, (11.3). The interaction between time of planting
and spacing was found to be significant. For the closer spacing, T1 recorded
the maximum number of tillerﬁ(%.}) and the minimum was recorded
by T4 (8.0) which was on par with Tg, T4q- T4,- For the wider spacing,
also T, recorded the maximum number (15.0) which was on par with

T2 and T3 and the minimum was recorded by T9 (9.0) which was on

par with Tq, TTD and T12.

Correlation studies indicated that number of tillers at 30 and 60
DAT, and at harvest were significantly influenced by the various weather
elements.'Maximum temperature and temperature range alw-ays had
a negative correlation, and rainfall and relative humidity had a positive
correlation with the number of tillers, at all the stages. Number of
tillers at 30 and 60 DAT was not significantly influenced by minimum
temperature. Whereas, at harvest, number o% til-lers had a significant
positive correlation with minimum temperature during the reproductive

stage. Table 5 shows the correlation coefficients of the above.



Table - 5.

and plant growth characters

Correlation coefficients between the weather parameters

Growth Weather . . Correlation
character parameter Spacing Period coefficient
Number of Maximum S1 Total period -0.590%
tiilers at Lemperature
>0 DAT
" 52 " -0.725%*
Relative s, " +0.677%
humidity
" 52 " +0.622*
Number of Maximum S1 Late -0.688*
tillers at temperature vegetative
60 DAT ’
" 52 " -0.772%%
Rainfall S, Vegetative +0.626*
" 52 " +0.785%*
Relative S1 Total period +0.654*
humidity
" S2 " +0.657%
Number of Maximum 51 " ~0.761%*
tillers at Ltemperature
" harvest
" S2 " 0.650*
Minimum S,I Reproductive +0.820%*
temperature
" 52 n +0.874%%
Temperature S’l Reproductive -0.822**
range
" 52 " '00758**
Rainfall S.| Total period +0.758%*
" 52 " +0.701*
Relative humidity S,l Total period +0.715%*
" s, 1 £0.653 %

* Significant at p = 0.05

** Significant at p = 0.01
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¢) Duration of growth periods

The number of days from transplanting to panicle initiation, panicle in-
itiation to flowering and flowering to harvest are the three growth periods
studied. The analysis of variance could not be done because of lack of
variability among replicated values. Hence, only the treatment means

were compared and presented in Table 6.

The crop planted on June 18th (T,I) took the least number of days
(42) for panicle initiation and that planted on September 24th (TB) recorded
the maximum number of days (54). The number of days taken from panicle
initiation to flowering showed little variation among the treatments'.
The crop planted on September 24th (TB) and November 1%th (T'IZ) took
more number of days from panicle initiation to flowering (16) and crop
planted on August 13th (Ts) and August 27th (T6) took the least number of
days (11) to flowering. The crop planted on June 18th (T1) took more
number of days from flowering to harvest (46) and that planted on Novem-

ber 19th (T1 2) took the least number of days (26).

It is interesting to note that the delay in planting has slightly increased
the duration from transplanting to panicle initiation and panicle initiation
to flowering. Whereas, the period from flowering to harvest has shown

a significant decrease with delay in planting.

Correlation coefficients between the weather parameters and the

duration from transplanting to flowering and from flowering to harvest
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Table - 6. Effect of time of planting and spacing on duration of growth stages

Number of days from

Treatments Transplanting to Panicle initiation Flowering
panicle initiation to flowering to harvest

T, {Jume 18th pianting) 42 13 46

TZ (July 2nd ") 48 12 40

T3 (July 16th ") 45 14 41

TL} (July 30th ") 49 12 39

T (August 13th " ) 48 11 38

T‘5 (August 27th " ) 44 11 40°

T7 (September10th ™ ) 50 14 35

Ty (September 24th ") 54, 16 35

T9 (October 8th " ) 45 15 31

T.g (October 22nd " ) 49 15 31

T,]1 (November S5th" ) 50 15 28

Tao (November 1%th '} 48 16 26

S1 (20 x 10 cm) 47.6667 13.58333 36.25000

52 (20 x 15 em) - 47.91667 13.75000 56.08333
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Table - 7. Correlation coefficients between the weather parameters and

plant growth characters

Correlation

Growth Weather ; .
character parameters Spacing Period coefficient
Ouration from Maximum S1 Late +0.687*
transplanting temperature vegetative &
to flowering reproductive
" S " +0.757%*
2
Temperature S,I Late vegetative +0.608%*
range & reproductive
" 52 n +0.698*
Rainfall S1 Total period -0.676%
" s, " -0,702*
Sunshine hours S1 LLate vegetative +0.650%
& reproductive
" S2 " +0.712%%
Duration from Maximurm S’I Total period -0.914%*
flowering to temperature
harvest
" 52 " -0.9716%*
Minimum temperature 51 Total peried +0.850%*
n ) S2 " +0.845%*
Temperature range S1 Total period -0.887¥*
" 52 " ~-0.882%**
Rainfall 51 Total period +0.675*%
" 52 ! +0.683*
Relative humidity S1 Total period +0.897+=*
L 52 " +0.897**
Sunshine hours S1 Taotal period -0.658*
" 52 " -0.669%

* Significant at p = 0.05

** Significant at p = 0.01
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for both the spacings are given in Table 7. These indicate that weather has

a very significant influence particularly, on the period from flowering
to harvest. Maximum temperature and temperature range during this
period had a strong negative correlation whereas, the minimum temperature,
rainfall and relative humidity correlated positively. Number of bright
sunshine hours had shown a significant negafive correlation with duration of

this stage.
1.2. Yield characters

The time of planting significantly influenced the yield characters
like number and percentage of productive tillers, length of panicle, number
of spikelets per panicle, number and percentage of filled grains, grain

yield, strain yield, dry matter production, thousand grain weight etc.
a) Number of productive tillers

The analysis of variance for the number of productive tillers is
presented in Appendix IV and the mean values in the Table 8. The variation
of productive tillers with time of planting for both the spacingsis given

in the Fig. &.

In general, number of productive tillers showed a decreasing trend
with delay in planting. T2 recorded significantly higher number of productive

tillers (11.2) which was on par with T3, and T recorded the lowest

12



53

Table - 8. Effect of time of planting and spacing on productive tillers

Treatments Sﬁ;npbser of productive lzieﬁ';:fsntage of productive
T (June 18th planting) 9.20 59.34
T, (3uly 2nd ") 11.21 80.65

T (July 1éth ") 10.10 76.30
Ty (July 30th ") 8.10 79.14
TSA(August 13th ") 8.17 70.43

| T6 (August 27th ") 9.50 75.15

T./, (September 10th " ) 7.00 56.48

Ty (September 24th " ) 5.17 46,65

Ty (October 8th ") 6.83 ' 72.13
T10 (October 22nd ") 6.83 75.73
T4q (November 5th ") 5.33 48.62
TﬂI2 (November 19th " ) 4.67 _ 46.15
SEms+ 0.56854:: 4.08628
CD (p = 0.05) 1.66756 11.98538
5, (20 x 10 cm) 7.47222 - £5.59472
5, (20 x 15 cm) 7.52778 62.80667
SEm+ - 0.22652 1.41156
CD (p = 0.05) Ns " Ns
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Table - 9. Correlation coefficients between weather parameters and

plant yield characters

Yield character

Weather parameter

Period

correlation
coefficient

Number of productive Maximum

tillers

Percentage of

filled grains

temperature

Minimum
temperature

Temperature
range

Rainfall

Relative
humidity

1]
Minimum
Lemperature

|

Temperature
range

1

Tatal period

Total period

Total period

Total period

1

Total period

Ripening

n

Ripening

-0.848%*

= Dc 83 8**

+0.878%*

+0.789%*

-0.868%*

-0.835%*
+0.835%*
+0.840%*

+0.857%*

+0.BO&¥**
+0.738%*

+0.7 61 %%
-0.647%

-0.702*

* Significant at p

** Significant at

0.05
a.m
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number (4.7) which was on par with T8 and T11' The effect due to spacing

and interaction between time of planting and spacing were not significant.

Correlation coefficients for the number of productive tillers are
presented in Table 9. Correlation studies indicated that maximum tempe-
rature and temperature range had always a negative correlation whereas,
minimum temperature, rainfall and relative humidity had a positive

correlation, with the number of productive tillérs.

b) Percentage of productive tillers

The analysis of variance for the percentage of productive tillers

is presented in Appendix [V and the mean values: in Table 8.

The percentage of productive tillers in T2 was highest (80.7%) and
was on par with T3, Tl;’ TS’ Té’ T9 and T1D' T,12 recorded the lowest
percentage (46.2%) which was on par with T7, TB and Tﬂ. The effects
due to spacing and interaction between time of planting and spacing

were found to be nonsignificant.
c) Length of Panicle

The analysis of variance for length of panicle is presented in Appendix

IV and the mean values are given in Table 10.

The length in T2 was highest (23.2 cm) and on par with T1 and T,. The

9

lowest value (18.6 cm) was observed in TB which was on par with T7
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Table - 10. Effect of time of planting and spacing on yield characters

Length of Number of Nurnber of

Treatments paniclel {cm)  spikelets filled grains of fﬁfggen::i?;
per panicle per panicle d

T1 (July 18th planting) 23.05 127.50 B82.6 64.8

T2 {July 2nd ") 23.24 116.5 89%9.2 76.5

T3 (July 1éth ") 22.20 113.7 87.0 76.5

T, (July 30th ") 21.85 125.5 88.0 70.1

T5 (August 13th ") 21.49 125.8 88.8 70.2

T6 (August 27th ") 21.29 119.8 90.3 74,9

T7.(September 0ch ™ ) 19.76 106.7 1 59.5 55.5

T8 (September 24th ") 18.58 101.0 42.5 41.6

T9 {Octaber 8th ") 23.03 1443 102.0 71.0-

TTD (October 22nd ") 2118 117.2 87.5. 75.1

T1‘I {November 5th *o) 2232 158.8 58.5 43.8

T12 (November 19%th " ) 19.15 120.3 53.0 43.4

SEmz 0.29097 5.64935 664711 4,30693

CD (0-05) 0.85345 16.57000 19.49651 12.63257

S1 (20x10cm) 21.51833 119.58333 74.02778 62.21667

52 (20x15cm) 21.33889 123.27778 78.02778 63.35972

SEmz 0.15615 2.18758 : 1.99826 1.473 64

CD (0.05) ) Ns Ns Ns Ns
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and T12. The effects due to spacings and interaction between time of

planting and spacing were found to be nonsignificant.

d) Number of spikelets per panicle

The analysis of variance for the number of spikelets per panicle
is presented in Appendix IV. The mean number of spikelets per panicle

are given in Table 10.

Highest number of spikelets per panicle (144.3) was observed in T9

which was on par with T”, and the lowest (101.0) was in T8 which was

on par with TZ’ T.),, T.] and T1D" The effects due to spacing and interaction

between time of planting and spacing were found to be nonsignificant.

e) Number of filled grains per panicle

The analysis of variance for the number of filled grains per panicle
is presented in Appendix IV and the mean number of filled grains per

panicle are presented in Table 10.

Highest number of filled grains (102) was observed for T, which

9

was on par with T,, T,, T

1t 20 73, Ty T5 T, and T,4. The lowest (42.5) was

observed in TB which was on par with T7, TH and T’IZ' The effects
due to spacing and interaction between time of planting and spacing

were found to be nonsignificant.

f)  Percentage of filled grains

The analysis of variance for percentage of filled grains is presented

in Appendix IV and the mean values are presented in Table 10.
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T, recorded the highest percentage of filled grains (76.5%) which

was on par with T’l’ Tj, Ta, TS’ T T9 and T,, and T, recorded the

67

lowest value (41.6%) which was on par with T

10 8

11 and 'I'1 o* The two spacings
did not differ significantly in percentage of filled grains. The interaction

between time of planting and spacing was also not significant.

The correlation coefficients between percentage of filled grains
and weather parameters are given in Table 9. Correlation studies indicated
a significant positive correlation between percentage of filled grains
and minimum temperature and a negative correlation with temperature

range, both during the ripening period.
g) Grain Yield

The analysis of variance for grain vyield is presented in Appendix

V. The mean values are presented in Table 11a and in Figs. 7 and 8.

The time of planting greatly influenced the grain yield. T2 recorded
the highest grain yield of 3118 Kg ha_1. Next highest yield was recorded
by T, (2889 Kg ha™') which was on par with ' T,, T, T,, Tc and T,.

17 '3 4 5 6

T,, recorded the lowest grain yield of 1431 Kg ha .

Maximum temperature, temperature range snd wind speed during
the total crop growth period correlated negatively with the grain yield
whereas, the minimum temperature, rainfall and relative humidity correlated

-

positively. To identify the critical periods, correlations between the



Table - 11(a). Effect of time of planting and spacing on yield characters

Grain yield Straw yield
Treatments s, s, Mean 5, 5, Mean
T, (June 1Bth planting) 2705.33 2958.00 2831.67 3722.33 4266.67 3994.50
T, (July 2nd planting) . 304133 3194.33 3117.83 4722.33 4289.00 4505.67
T, (July 16th planting) 2777.67 2689.00 2833.33 4244.67 4344.33 45294.50
T, (duly 30th planting) 2663.67 2930.67 2797.17 3144.67 3533.33 3339.00
T (August 13th planting) 2875.00 2694.33 2784.67 4911.33 4533.33 4722.33
T, (August 27th planting) 3013.67 2764.00 2688.83 5122.33 4411.00 4766.67
T, (September 10th planting) 2417.00 2319.67 2368.33 3433.33 3478.00 3455.67
Tg (September 24th planting) 2222.33 1750.00 1986.17 3311.33 3033.33 3172.33
Ty (October Bth planting) 2777.67 2222.00 2499.83 4766.67 3811.00 4288.83
T,o (October 22nd planting) 2861.33 2916.67 2889.00 394433 3777.67 3861.00
T,7 (November Sth planting) 2347.33 2208.33 22717.83 3477.67 3577.67 3527.67
T,, (November 19th planting) 1583.33 1277.67 1430.50 3000.00 2511.33 2755.67
SE m: . 23913457 175.81052 | 440.61527 +  332.04929
CD (0.05) - | 494,86632 I 36463096 9193218 | 688.67020
Mean 2607.14 2510.39 3983.42 3797.22
SEms " 6617655 " 118.24065

CD (0.05) iNs Ns

6%




Fig. 7 EFFECT OF TIME OF PLANTING ON GRAIN AND STRAW YIELDS
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Fig. 3 EFFECT OF TIME OF PLANTING ON GRAIN AND STRAW YIELD
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Table - 12, Correlation coefficients between weather parameters and grain yield

Weather Carrelation

parameters Spacing Period coefficient
Maximum temperature 81 Vegetative and early -0. 603 %
reproductive

n 52 " -0.770%*

" S1 Ripening ~0.728%*

" 5, " -0.814%%
Minimum temperature 51 Grain filling +0.857%

n 52 " +0.869%*
Temperature range 81 Vegetative -0.628*

" 1] _

52 0.708%*
" S1 Maturity -0.763%%
" " _
52 0.840%%

Rainfall 51 Vegetative +0.599%

" 52 " +0.677*
Wind speed S,l Reproductive -0.674%
) " 52 " -0.612*%
Relative humidity S1 Reproductive +0.606*

" ' s, " +0.709%+

* Significant at p = 0.05 ** Significant at p = 0.01
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grain yield and various weather elements for the weekwise overlapping
periods ie single week, two consecutive weeks, three consecutive weeks
like that, to harvest were worked out for both the spacings and the corre-

lation coefficients are presented in Table 12.
The analysis indicated that

During the vegetative growth period, maximum temperature and
temperature range had a negative correlation whereas rainfall had

a positive correlation, with grain yield.

2. During the reproductive stage, relative humidity had a positive corre-
lation whereas, wind speed had a negative correlation with grain

yield.

3. During the grain filling stage, minimum temperature had a strong

positive correlation with grain yield

4. During the maturity period, maximum temperature and temperature

range had a strong negative correlation with grain yield.

Because of the multi-colinearity of variables, only five weather
elements ie. maximum temperature (TX) during the vegetative period,
relative humidity (RH) and wind speed (WS) during the reproductive stage,
minimum temperature (TN) during the grain filling stage and temperature
range (TR) during the maturity stage were selected, while working out

the muitiple regression equation. The regression equation for the closer



spacing (Sl) is Y = -563.41 TX + 303.95 TN
-81.56 TR - 135.54 RH - 193.52 WS
+25044.74
The regression equation for the wider spacing 52 is
Y = -625.51 TX + 323.56 TN
-126.42 TR - 113.12 RH - 88.54 WS

+ 24543.03

The multiple correlation coefficient, for S, (20 x 10 cm) and S,
(20 x 15 cm) were 0.984 and 0.941 respectively. For 51, about 97 per~
cent and for 52, about 89 per cent of total variation in the yield could '

be explained by the regression.

For a better understanding of the influence of time of planting and
spacing on the grain yield, analysis of variance is made for the two seasons
virippu and mundakan respectively and presented in Appendix VI. The

mean values are presented in Table 11 b.

The effects due to both the times of planting and spacing were highly
significant in the mundakan season: October 22nd planting was found
to be the best time of planting. The closer spacing was found to be signi-
ficantly superior to wider spacing. In the virippu season, the effects

due to time of planting and spacing were not significant.
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Tabie - 11 (b). Effect of time of planting and spacing on grain yield
in (1) Virippu and (2) Mundakan seasons

Grain vield kg ha”!

Treatments

S, (20 x 10 cm) 5, (20 x 15 em) ) Mean
1. Ty {(June 18th planting) 270533 2958.00 2831.67
T2 (July 2 ") 304133 319433 3117.83
Ty (July 16th ") 2777.67 2889.00 2833.33
T& {July 30th ") 2663.67 2930.67 2797.17
-TS (August 13th ") 2875.00 2694,33 2784.67
T6 (August 27th ") 3013.67 2764.00 2688.83
Mean o 2846.11 2905.06
SEm=+ 213.79227 213.79227 144.47131
CD (0.05) Ns Ns Ns
2. T_/. (September 10th” ) . 2417.00 2319.47 2368.33
Tg (September 24th " ) 2222.33 1750.00 1986.17
T9 (October 8th ") 2777.67 2222,00 2499.83
T10 (October 22nd ") 2861.33 2916.67 2889%.00
T1’I (November 5th ") 234733 2208.33 2277.83
T,12 (November 19th™ ) 1583.33 1277.67 1430.50
Mean 2368.17 2115.72
SEm+ ' 248.88815 248.88815 185.00937

CD (0.05) ' 549.06606 549.06606 412.20083
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h)  Straw yield

The analysis of variance for straw yield is presented in Appendix V

and the mean values in Table 11 a.and igs. -7 and. 8.

The time of planting greatly influenced the straw yield. Highest
straw vield (4767 kg ha-1) was recorded by T6 which was on par with
Tor T3, Tg and'Tg. The lowest straw yield (2756 kg ha™') was observed
in T‘]?_, which was on par with Ta and TE!' The effects due to spacing
and interaction between time of planting and spacing were found to

be non-significant.

Correlation coefficients between straw yield and weather parz;;:neters
are given in Table 13. The correlation studies with overlapping periocds
indicated a difference between the two spacings with regards to the
influence of weather elements on the straw yield. For the wider spacing
52, maximum temperature during the vegetative and ripening period,
temperature range during the vegetative and maturity periods, wind
speed during the vegetative and reproductive periods had a significant
negative correlation with straw yield. Whereas, rainfall and relative
humidity during the vegetative period, and minimum temperature during
the grainfilling stage had a significant positive correlation. For the
closer spacing 51, minimum temperature during the grginﬁlling stage

had g significant pbsitive correlation with straw yield.
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Table - 15, Correlation coefficient between weather parameters and straw yield

Weather Spacin Period Correlation
parameters P J coefficient
Maximum temperature S‘l Vegetative -0.374

" 52 " -0.724%%

" 51 Ripening -0.393

" S2 " -0.743%*
Minimum temperature S‘I Grain filling +0.592*

n 52 1 +0.862%*
Terﬁperature range 51 Vegetative -0.383

" " _

52 0.675%.

" 51 Maturity -0.439

" 52 " =0.782%*
Rainfall S4 Vegetative +0.461

" S2 " +0.710%*
Wind speed S1 Vegetative -0.475

" 52 " ~0.721%%

" S1 Reproductive -0.514

It 52 n -0.701%*
Relative humidity 51 Vegetative +0.419

" 52 " +0.708%*

* Significant at p = 0.05

** Significant at p = 0.01
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i)  Drymatter production

The analysis of variance for drymatter production is presented in

Appendix V and the mean values are given in Table 14.

The effect of time of planting is highly significant on drymatter
production. The highest drymatter production (7656 kg ha_1) was recorded
by T6 which was on par with T1, TZ’ T3, T5 and T9 and the lowest
was recorded by T, (4186 kg ha™'). The effects due to spacing and
interaction between time of planting and spacing were found to be

non-significant.

Correlation coefficients between drymatter production and weather
parameters are presented in Table 15. The correlation analysis had
shown a difference between S, (20 x 10 em) and S, {20 x 15 cm) with
regards to the influence of weather elements on drymatter production.
For the wider spacing 52, maximum temperature during the vegetative
and ripening periods, temperature range during the vegetative and
maturity periods, wind speed during the vegetative and reproductive
periods had a significant negative correlation with drymatter production.
Whereas, rainfall and relative humidity during the vegetative period,
and the minimum temperature during the grain filling stage had a signi-
ficant positive correlation. For the closer spacing 81, wind speed during
the vegetative and reproductive perieds, and temperature range during

the maturity period had a significant negative correlation. A significant



Table - 14. Effect of time of planting and spacing on yield characters

Drymatter Thousand grain Harvest Grain straw
Treatments production weight (. gi) index ratio
{kg ha™")

T1 (June 18th p[anting) 6826.17 30.03 0.41%00 0.72717
T2 (July 2nd " 7623.50 31.47 0.40983 0.69600
T3 (July 16éth ") 7127.83 30.83 039867 0.66550
Tb, (July 30th ") 6136.17 31.40 0.45567 0.83817
T5 (August 13th " 7507.00 30.63 0.37217 0.593 67
T6- (August 27th ") 7655.50 30.37 0.37850 0.60917
T7 (September 10th " ) 5824.00 29.15 0.40783 0.69100
T8 (September 24th ) 5158.50 28.33 0.38300 0.62717
T9 (October 8th, ") 6788.67 29.23 0.36733 0.58133
T1EI (October 22nd ") 5916.67 29.28 0.42833 0.75150
T11 (November 5th ") 5826.33 26.24 0.39200 0.65283
T12 (November 19th" ) 4186.17 29.03 0.34017 0.51767
SEms+ 4£0.95109 0.271639 0.01585 0.04295
CcD (p = 0.05) 954.03322 0.63470 0.03287 0.08907
51 (20 x 10 cm) 6451.67 29.62389 0.39708 0.66531
S, (20 x 15 cm) 6311.08 29.71111 0.39500 0.65989
SEm+ 175.32671 0.09598 0.00619 0.01763
CD {p = 0.05) Ns Ns Ns Ns
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Table - 15.. Caorrelation coefficients between weather parameters’

and drymatter production

. . Correlation

Weather parameters Spacing Period coefficient
Maximum temperature S‘l Vegetative -0.480

n 52 " ~0.771%*

" S1 Ripening -0.540

n 52 " ‘0.809**
Minimum temperature S1 Grain filling +0.725%*

" 5, " +(0.903 %%
Temperature range S,i Vegetative -0.496

" 52 " -0.717%*

" 51 Maturity -0.585%

" 52 " ~0.842%%
Rainfall S‘I Vegetative +0.519

" 52 " +0.714%
Wind speed 51 Vegetative -0.612*

" 52 " ~0.746%%

" 5, Reproductive -0.639%

n 52 " ~0.752%%
Relative humidity S1 Vegetative +0.538

" S, " +0.742%%

* Signiﬂcant'at p = 0.05

** Significant at p = 0.01
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positive correlation was observed between the drymatter production

and minimum temperature during the grainfiliing stage.

j) Thousand grain weight

The anaiysis of variance for thousand grain weight is presented
in Appendix V. The mean values of thousand grain weight are presented

in Table 14.

T, recorded the highest weight {31.5 g} which was on par with
Ta and the lowest value (26,2 g) was recorded by T“. The effects -
due to spacing and interaction between time of planting and spacing

were not significant.

k) Harvest index

The analysis of variance for harvest index is presented in Appendix V

and the mean values in Table 14.

The time of planting greatly influenced the harvest index. Ta

recorded highest harvest index (0.456) which was on par with T and the

1

lowest value (0.340) was recorded by T12 which was on par with T5

and Tg. The effects due to spacing and interaction between time of

plahi:ing and spacing were found to be non-significant.

L
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D Grain straw ratio

The analysis of variance for grain straw ratio is presented in

Appendix V and the mean values in Table 14.

The time of planting significantly influenced the grain straw ratio

and the highest grain straw ratio (0.838) was recorded by T, which

4

was on par with T1D and the lowest value (0.518) was observed in T12
which was on par with T5 and Tg. The effects due to spacing and inter-

action between tirme of planting and spacing were not significant.

4.2 Crop weather diagram

The crop weather diagram is a factual summary of the week by
week progress of the crop growth and the weather conditions experienced
by it. The crop planted on July 2nd {Tz) and that planted on October
22nd (Tm) ‘recorded highest yields in virippu and mundakan seasons
respectively. Hence, the crop and meteorological data for T?. and T10
were considered for preparing the crop weather diagrams for virippu

and mundakan seasons. The crop weather diagram for virippu is presented

in Fig. 12 and that for mundakan in Fig. 13.

4.3. Weather and incidence of pests, diseases and nematodes

In the early plantings, incidence of pests like leaf roller and rice

bug)and brown spot disease were noticed. Whereas, late planted crop
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was infested by pests like gall midge, brown plant hopper, rice bug and
diseases like blast and sheath rot. September 24th planting (TB) was
highly infected with pests and diseases. Late plantings showed high

attack of rice bug compared to early plantings. No nematode incidence

was noticed.



Plate 1. A view of the experimental field
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DISCUSSION

An experiment to study the influence of weather parameters

on growth and yield of rice variety Jaya was conducted during May,

1988

to February, 1989 at Agricultural Research Station, Mannuthy.

The results of the experiment are discussed below :

5.1

5.14

(a)

Effect of time of planting, spacing and weather on growth and

yield of rice

Growth characters

Height of plant :

The results indicate that mean height of plant at 30, 60 and S0
days after planting were significantly influenced by time of planting.
The mean plant height showed a slight decreasing trend with delay
in planting markedly in the later stages of growth. This is in
agreement with the findings of Misra and Khan (1973), Majid and
Ahmed (1975), Latif (1982) and Krishnakumar (1986). Regarding the
spacing effects, at 30 and 90 DAT they did not show any significant
differéence. At 60 DAT, closer spacing of 20 x 10 em produced
significantly taller plants in the virippu season and the wider

spacing (20 x 15 cm) was better in the mundakan season. Regarding

" the influence of weather, the plant height at 30 DAT was very

slightly influenced, whereas, in the later stages, higher temperature

always decreased the plant height irrespective of he spacings.
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This is in con%irmity with the findings of Lin (1976), Kang and
Heu (1976). The diurnal temperature range was also neqatively
correlated with the plant height indicating that the rice crop
requires moderate day and night temperatures for proper vegetative

growth.

Number of tillers :

Generally, early plantings recorded higher number of tillers at
all stages of crop growth. The number of tillers at harvest was -
slightly lower than that at 90 DAT, probably due to mutual shading
resuiting from the increased leaf area index after maximum tillering
stage. This is in agreement with the findings of Krishnakumar (1986).
At 30 DAT, the effects due to spacing did not show any significant
difference in number of tillers. At 60 DAT, 90 DAT and at harvest,
wider spacing (52) recorded more number of tillers. In wider spacing
over crowding and competition for nutrients were reduced and
the light transmission was better. Similar results were obtained
in the'experiments conducted at the Regional Agricultural Research
Station, Pattambi. (RARS, 1975) This also confirms the findings

of Usha (1985). Rainfall combined with relative humidity, generally

Cincreased the number of tillers at various stages of crop growth.

High temperature throughout the crop growth period decreased
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the number of tillers. This is probably due to the fact that high
temperature will decrease Lhe carbohydrate per plant leading to
low tiller production. This is in confirmation with the findings

of Sato (1972) and krishnakumar (1986).

Duration of growth stages :

The duration of various growth stages was influenced by the time
of planting. Spacings did not show any significant influence on
duration of growth stages. The duration from transplanting to panicle.
initiation did not show much variation among the treatments, probably
due to the similar weather conditions experienced during this period.
However, the period from transplanting to flowering had shown
a slight increase in duration with delay in planting. Palaniswamy et al.
(1968) reported similar result. The late planted crop tack significantly
lesser number of days from flowering to barvest. Low rainfall
and relative humidity, high maximum temperature and temperature
range . and more number of bright sunshine hours shortened the
duration of this period for late planted crops. At high temperature,

translocation of photosynthates to grain takes place at a faster

.. rate and thus maturity gets shortened. This is in agreement with

the findings of Boerma (1974) and Krishnakumar (1986).
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5.1.2 ¥Yield Characters

(a)

Number and percentage af productive tillers :

The number and percentage of productive tillers showed a decreasing
trend with delay in planting. Mahapatra and Badekar (1968), Halappa
et al. (1974) and Ramdoss and Subramaniam (1980) reported similar
results. The spacings did not show any significant difference in

number and percentage of productive tillers.

Late planted crop experienced higher maximum temperature and
lower minimum temperature and hence, higher temperature range'
throughout the crop growth period. Particularly, during the later
stages of crop growth, the late planted crop experienced &4 - 5°C
higher maximum temperature and 2-3°C lower minimum temperature.
The temperature range during this period for the late planted crop
was almost twice that of the early plantings. Rainfall was low
and particularly during the later stages of crop growth, it was
almost nil for the late plantings. Relative humidity was also very
low during that period. All the above, probably contributed to
the reduction in the number and percentage of productive tillers.

This is in agreement with the findings of Osada et al. (1973) and

Lin (1976).
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lLength of panicle :

Early planted crop produced slightly longer panicles compared to
late planted crop. Similar rzsults are reported by Mahapatra and
Badekar (1968), Ramdoss and Subramanian (1980) and Krishnakumar
(1986). Spacings did not show any significant difference in the length

of panicle.

Number of spikelets and filled grains per panicle, and percentage

of filled grains :

The number of spikelets per panicle was influenced by the time of
planting. However, there was no particular trend observed in the’
present study. Spacings also did not show any significant difference

in number of spikelets per panicle.

The number and p;ercentage of filled grains reduced slightly with
delay in planting. Similar results were reported by Palaniswamy et al.
(1968), Majid and Ahmed (1975), Liou (1975}, Nho et al. (1976) and
Krishnakumar (1986). Spacings did not show any significant difference
in the ﬁumber and percentage of filled grains. Higher maximum and
lower minimum temperatures during the later period might be the rea-
son for the lesser number of filled grains in the later plantings. This is

in agreement with the findings of Kando (1975), Hayase et al. (1969)

..and Satake and Yoshida (1978). Another reason for the significant lower

number of filled grains in later plantings is that source was a limiting

factor compared to higher sink. Higher wind speeds and temperature
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during the period from heading to ripening phase of late planted
crops increased the spikelet sterility through higher evaporation
rate and disiccation of the spikelets. This decreased the percentage

of filled grains. Similar result was reported by Krishnakumar (1986).

Grain yield ¢

Delay in planting, generally had a negative effect on grain yield.
Similar results were reported by Mahapatra and Badekar (1968), Liou
(1975), Majid and Ahmed (1975), Nho et al. (1976), Halappia et al.

(1979), Ramdiss and Subramaniam (1980) and Krishnakumar (1986).

Among the plantings, T2 recorded "the highest mean grain vyield
of 3118 kg ha_1. For this treatment, the number of filled grains
and the thousand grain weight were superior Lo others, thus respon-
sible for the highest grain yield. Next highest yield of 2889 kg
ha ! was observed for T1U' The late planted crop (T’IZ) recorded
the lowest yield of 1431 kg ha_1 . The variations in the weather
conditions at different stages of late planted crop were compara-
tively more to those of the early plantings. This is particularly
true for November 19th planting. This planting experienced fairly
good weather conditions during the initial stages. However, it

experienced, high temperature ranges, lower rainfall and humidity
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in the later growth stages. The crop also experienced high winds
which increased the pollen dehydration and sterility. These
unfavourable weather conditions might be the reason for the very
low yield recorded by this planting. Similar results were reported
by Choudhary and Ghildyal (1970), Boetmar. .. (1975), Balakrishna

Pillai and Prabhakaran (1978) and Viswambharan et al. (1989).

Multiple regression equations developed between grain vyield and
important weather parameters for both the spacings could explain
more than 89 percent of variations in the yield. Figure 10 and’
11 show that the estimated yield from the multiple regression

equation is in general agreement ‘with the actual yieid.

Though, there was a slight decreasing trend in the grain yield with
delay In planting, a closer ex@aminalioo .... of the data revealed
two small peaks in yield, one in the virippu season and the other
in the mundakan season, indicating the two optimum time of trans-
plenting in the two seasons. Transplanting on 2Znd July and 22nd
October was found to be the best for getting highest grain yields
in the virippu and mundakan seasons respectively. Similar results
were reported by Singh and Paliwgl (1980), MAEC (1980), ARS
(1981), singh and Garg (1983) and KAU {1985). In the mundakan
season, closer spacing appeared Lo be superior. This is in agreement
with the findings of RARS (1975), Devi et al. (1981), Usha (1985)

and Balasubramaniam and Vaithalingam (1985).
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Straw yield :

Straw yield showed a slight decreasing trend with delay in planting.
Palaniswamy et al. (1968} and Krishnakumar (1986) also reported
similar results. Spacings did not show any significant difference
in straw yield. However, closer spacing had produced comparatively
higher straw yield due to the increased plant density. This is in
confirmation with the findings of Rao and Raju (1983). Compared
to the early plantings, late planted crop experienced higher maximum
temperature throughout the growth peried, particulariy during'
the vegetative and ripening periods. Temperature range was also
high during the vegetative and maturity periods. Alsc the later
plantings experienced higher wind speeds during vegetative and
reproductive stages. The early plantings received more rajnfail
and thus higher relative humidity in the vegetative period. Also
they experienced moderate minimum temperatures during the grain
filling stage. The decreased straw yield in the later piantings
is probably due to the distinct difference in the weather conditions
experienced, as menticned above, compared to the early plantings.
It is also interesting to note that compared to the closer spacings
the wider spacing responded more to Lthe variat.ions in weather

in respect of straw yieid.
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Ory matter production :

Generally, a slight decreasing trend in dry matter production with
delayed plantings was observed. This is iIn agréement with the
findings of Krishnakumar (1986). Favourable weather conditions
during.r.he vegetative and reproductive periods were responsible
for the luxurious vegetative growth in early plantings. Also, compara-
tively lower temperatures during the flowering and grain filling
stage resulted in higher net photosynthate production. This was
exhibited through production of lengthy panicles and higher number
of filled grains per panicle. This is in confirmation Qith the findings
of Lin (1975), Faw and Johnson (1975), and Lerch (1976). Higher
plant density (51) recorded higher dry matter production. This
confirms the findings of Yamada (1961), IRRI (1970), Krishnakumar

(1986) and Gautham Sharma (1987).

Thousand grain weight :

The thousand grain weight was found to show a decreasing trend
with delay in planting. This is in agreement with the findings of

Rajagopalan et al. (1973), Faw and Johnson (1975), Suryanarayana

" et al. (1975), Lin (1975), and Krishnakumar (1986). The spacings

did not show any significant difference in thousand grain weight.
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The probable reason for the decreasing trend may be the unbalanced
source-sink relation in the late planted crops. The late plantings
experienced comparatively higher maximum temperature during
the ripening period which shortened the grain filling and matdrity
stages leading Lo lesser grain weight. High air temperature accele-
rates the development of kernel in early stage of ripening period
but depresses them at later stages. This hastens the ripening
process and reduces the grain weight. This is in confirmation with

the findings of Murata (1964), Nagato et al. (1966) and IRRI (1980)..

Harvest index :

Harvest index showed a decreasing trend with delay in planting.
Spacing did- not show any significant difference in harvest index.
The higher harvest index in the early plantings indicates that a

higher portion of photosynthates was translocated to sink.

Grain straw ratio :

Grain straw ratio showed a decreasing trend with delay in planting.

This decreasing trend indicates that the translocation of stored

" photosynthates to the straw increased with delay in planting and

also that net photosynthetic production was lower in late planted
crops. Spacings did not show any significant difference in grain

straw ratio.
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5.2 Crop: weather diagram

5.3

Crop weather diagram for the virippu and mundakan seasons are
shown in fig. 12 & 13. The upper part of the diagrams show, week
by waek’ifg[ues of different weather elements, together with their
normals. Abnormalities .of rainfall are underlined. Heavy rains
(rainfall twice the normal when actual exceeded 5mm) and low
rains (rainf;ll half the normal when normal excegded 5mm) are
indicated wherever necessary. High winds of more than 15 km hr'—1
were also indicated. The lower part of the diagram depicts the
life history of the crop from sowing to harvest. Suitable insets
are provided for information on grain and straw yield. Various
operations followed during the progress of the crop are denated
by arrow heads. To aid the assessment of crop performance, a
short note is provided on the weather experienced by the crop
and the occurence of pests and diseases. Performance. of the crops

in the virippu and mundakan seasons can be quickly interpreted

in terms of weather by examining the crop weather diagrams.

Weather and incidence of pests, diseases and nematodes

" In early plantings, lower incidence of pests and diseases were

noticed compared to that in late plantings. This is in agreement
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with the findings of Litsinger et al. (1987). Rice bug infestation,
was found to_be high in late plantings.. Similar result was reported
by Suharto and Noch (1987). As plantings were delayed, gall midge
attack was found to be severe. This is in confirmation with the
findings of WUthamaswamy and Xaruppuchamy (1986). Regarding
the disease incidence, early plantings escaped most of the diseasef
whereas in late plantings, there were incidence of blast and sheath
rot. Similar result was reported by Singh et al (1986) and Dhal

and Chowdhary (1987).

Results of the experiment indicated that both the times of planting
and spacing have a very significant influence on the growth and
yield of the high yielding, medium duration rice variety Jaya.
The experiment helped in identifying the optimum datés of trans-
planting in both virippu and mundakan seasons. Transplanting in
first week of July in the virippu season and third week of QOctober
in the mundakan season can result in higher grain yields. It was'
also seen that early planting of the mundakan crop (in the last

week of August) can also increase the yield. The results also indi-

cated that closer spacing (20 x 10 em) in the mundakan season

_ will further enhance the grain yield substantially.
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SUMMARY

An experiment was. conducted to study the influence of weather
parameters on growth and yield of rice variety Jaya during May,
1988 Lo February, 1989 at Agricultural Research Station, Mannuthy.
In this experiment, the first transplanting was done in the middle
of June and the last in the middle of November. Thus, the twelve
transplantings, spread over five calendar maonths, covered both
the virippu and mundakan seasons. The resuslts of the experiment

are summarised below.

1. 1t was generally observed that the early planted crop bad
experienced similar weather conditions throughout the various.
growth stages. During the initial stages of crop growth, the
late planted crop also experienced fairly good weather conditions.
However, in the later stages, the late planted crop experienced
higher temperature ranges and winds, lower rainfall and humidity

and thus differed significantly from the early plantings.

2. The .various growth characters like plant height and number
of tillers at 30, 60 and 90 days after planting and the number
and percentage of productive tillers were significantly influenced

by time of planting.

3. The mean plant height showed a slight decreasing trend with

delay in planting, markedly in the later stages of growth and
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spacings did not affect the plant height at 30 DAT and %0 DAT.

But at 60 DAT, closer spacing recorded higher plant height.

Correlation studies indicated that height at 30 DAT was v‘e.ry
slightly influenced by weather parameters. Height at 60 DAT
was negatively correlated with maximum temperature and
temperature range. At 90 DAT, significant negative correlations
were obtained between height and maximum temperature during
late vegetative and ripening stages and temperature range
during the total crop growth period for both the spacings. Rainfall
throughout the period had a positive effect and significant
positive correlation was also obtained with minimum temperature

during reproductive stage.

Early plantings produced maximum number of tillers in both

the spacings.

For both the spacihgs, at all the stages, the number of tillers
had a negstive correlation with maximum temperature and
temperature range, and a positive correlation with rainfall
and relative humidity. Minimum temperature during the repro-
ductive stage correlasted positively with the number of tillers

at harvest.

Higher number and percentage of productive tillers were recorded
by the July 2nd planting. Number of productive tillers showed

& decreasing trend with detay in planting.
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Correlation studies indicated that maximum temperature and
temperature range had always a negative correlation with
the number of productive tillers, whereas, minimum temperature,

rainfall and relative humidity had a pasitive correlation.

The time of planting did not affect significantly the duration
from transplanting to flowering but influenced the duration

from flowering to harvest.

Studies on correlation between the various weather elements
and duration of growth phases indicated that maximum tempe-
rature, temperature range and sunshine hours had strong negative

correlation with the duration of the period-flowering to harvest.

The various yield characters like length of panicle, number
of spikelets per panicle and number and percentage of filled

grains were significantly influenced by timeof planting.

July 2nd planting recorded longer panicles which was on par
with June 1Bth and October 8th plantings. The number of
spikelets and filled grains per panicle did not show any signi-

ficant trend.

Percentage of filled grains was influenced by time of planting
and the highest and lowest values were recorded by the July
2Znd and September 24th plantings respectively. Spacings did

not differ significantly.
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Correlation studies indicated that for both the spacings, the
minimum temperature and the temperature range during the
ripening period had a significant positive and negative correlations

respectively with the percentage of filled grains.

The time of planting greatly influenced the grain yield. July
2nd planting recorded the highest grain yield followed by October
22nd planting and the lowest yield was recorded by the November

19th planting.

Correlation studies between various weather parameters and

grain yield, for both the spacings, indicated the following.

a) during the vegetative growth period, maximum temperature’
and temperature range had a strong negative correlation

whereas, rainfall had a positive correlation,

b) during the reproductive stage, relative humidity had a
positive correlation, whereas, wind speed had a negative

correlation,

c) during the grainfilling stage, minimum temperature had

a strong positive correlation and

d) during the maturity period, maximum temperature and

temperature range had a strong negative correlation.
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Multiple regression equation developed between various weather

parameters and grain yield for the closer spacing could explain

aboBut 97 percent of the total variation in the yield whereas,

the same for the wider spacing could explain about 89 percent

of the total variation.

17.

18.

19.

20.

Delay in planting, genérally had a negative effect on grain
yield. However, two small peaks were obtained in grain yield,
one in the virippu and the other in the mundakan season, indica-

ting the two optimum times of transplanting in the two seasons.

For the virippu season, July 2nd planting and for the mundakan
season, October 22nd planting 'recorded highest grain vyield,
higher percentage of filled grains and thousand grain weight.
Closer spacing (20 x 10 cm) for mundakan season was found

to be better.

The time of planting greatly influenced the straw yield. Highest
straw yield was recorded by August 27th planting which was
on par with July 2nd and August 13th plantings. The lowest
straw. vield was observed in November 1%h planting. Spacings

did not show any significant difference in straw yield.

Correlation studies indicated that for the wider spacing maximum
temperature during the vegetative and ripening periods, tempe-

rature range during the vegetative and reproductive periods
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had significant negative correlations with straw yield. Whereas,
rainfall and relative humidity during the vegetative period,
and minimum temperature during the grain filling stage had
significant positive correlations. For the closer spacing, only
minimum temperature during the grain filling stage had a

significant positive correlation with straw yield.

21. The effect of time of planting was significant on drymatter
production. The highest drymatter production was recorded
by August 27th planting which was on par with July 2nd and

August 13th plantings.

22. For the wider spacing, th;a correlation analysis between weather
parameters and drymatter production indicated significant
negative correlations with maximum temperature during vegeta-
tive and ripeniné periods, temperature range during the vegetative
and maturity periods, wind speed during the vegetative and
reproductive periods. Whereas, rainfall and relative humidity
duriné the vegetative period, and the minimum temperature
during the grainfalling stage had significant positive correlation.
For closer spacing, wind speed during vegetative and reproductive

periods, and temperature range during the maturity period
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had a significant negative correlation. A significant positive
correlation was observed between the drymatter production
and minimum temperature during the grain filling stage. All
the other parameters had shown though not significant, a trend

similar to that of wider spacing.
23. July 2nd planting recorded the highest thousand grain weight.

24. July 30th planting recorded the highest harvest index and

grain straw ratio.

25, For the early plantings, incidence of pests like leaf roller
and rice bug, and brown spot disease were noticed. For the
late plantings, pests like gall midge, brown plant hopper and

rice bug, and diseases like blast and sheath rot were noticed.

26, Crop weather diagramms prepared for the v'irippu and the
mundakan season by taking the crop and meteorological data
for July 2nd pla-ting and October 22nd planting which recorded
the highest grain vield in the virippu and the mundakan seasons
respettively, indicated the performance of the crop in relation

to weather.

The results of the experiment indicated that both the times
of planting and spacing have a very significant influence on the

growth and vield of the high yielding medium duration rice variety
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Jaya. The experiment helped in identifying the optimum dates
of transplanting in both virippu and mundakan seasons. Transplanting
in the first week of July in the virippu season and in the third week
of October in the mundakan season can give higher grain yield.
The results also indicated that closer spacing (20 x 10 em) in the

mundakan season will further enhance the grain yield substantially.
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Monthly meteorological data during the crop growth period

AP

PENDIX -1

Mean temperature (°C)  Relative Rainfall Number Mean Mean Evaporation

: ——  humidity  (mm) of rainy  sunshine  wind spged (mm)
Maximum Minimum (%) days hours (k hr )

1988 May 33.7 25.4 716 242.6 6 6.2 4.7 144.9
June 30.0 23.7 86 652.1 25 4.2 5.2 B6.3
July 29.0 23.2 8B 545.0 26 3.0 4.0 78.7
August '29.2 26.3 86 507.8 25 3.7 4,1 97.6
September 29.9 25.2 a5 700,0 24 5.1 4.1 87.5
October 317 23.3 78 116.6 9 7.1 3.4 113.7
November 32.6 22.9 é8 11.0 1 7.9 5.9 - 116.7
December 32.6 223 57 14.9 2 9.0 10.0 206.3
1989 January 33.4 22.2 54 0 1] 8.1 10.9 253.8
February 363 21.2 45 ‘U 0 9.8 7.1 227.7




Analysis of varian

APPENDIX - Il

ce for the height of plant at various growth stages

Mean square

Source - DF

30 DAT 60 DAT 90 DAT
Replications 2 10.43450 6.52514 0.45121
Main ptlot (T) 11 276.19214 ** 602.32963 ** 790.10858 **
Error (a) 22 9.90129 14.21104 1534622
Sub plot (S) 1 16.84903 31.62777 **  0.03251
[nteraction (T x 5) 11 55.64191 ** 89.11755 ** 115.69317 **
Error (b} 24 6.69083 6£.86011 17.3 6021
Total 71

** Significant at 1 per cent level



Analysis of variance for number of tillers at various growth stages

APPENDIX - 1il

Mean square

Source DF 30 DAT £0 DAT 50 DAT AT Tarvest
Replications 2 0.87500 0.04167 0.22222 0.22222
Main plot (T) 11 12.48864 ** 32.51515 % 30.65025 **  23.65025 X%
Error (a) 22 0.60227 1.23864 0.91919 1.19192
Subplot (S) 1 0.68056 8.00000 **  10.12500 ** 8.68056 *
Interaction (T x S) X! 1,46843 2.15152 * 3.33712 ** 2.83207
Error (b) 24 0.65278 0.72222 0.94444 1.19444
Taotal 71

» Significant at 5 per cent level

** Significant at 1 per cent level



APPEND}X - 1Y

Analysis of variance for (1) the number of productive tillers (2) percentage of productive tillers

(3) length of panicles

(4) number of spikelets per

panicle (5} number of

(6) percentage of filled grains

filled grains per panicle and

Source DF

Mean square

(1) (2) G) (@) (5) ®
Replications 2 0.1;5667 14.50522 0.00596 21.93056 21.84722 12.38504
Main plot (T) 1 20.72727%% 104531741%* 14.28647+%%  895,68052** 2301.90396 1311.86521%*
Error (a) 22 1.93939 100.18 603 0.50799 191.49116 . 265.10479 111.29788
Subplat (S5) 1 0.05556 139.91-861 0.57961 245.68057 287.99999 23.51837
Interaction (T X S} 11 3.14646 74.13365 1.83346 223.46B44  331.18183 202.05228
Error {b) 24 1.84722 71.73056 0.87779 - 172.27778 . 143.75000 78,1784
Total A S T

** Significant' at 1 per cent level



APPENDIX - V

" Analysis of variance for (1) grain yield (2) straw yield (3) drymatter production (4) thousand grain weight

(5) harvest index and (6) grain straw-ratio

DF

Mean squares

Source (1) (2) (3) (4) (5) (6)
Replicat ions 2 3390605449  130159.27076 98919458389  0.04672 0.00078 0.00785
Main plot (T) 1 1367890.00034 2509149.07455  6852768.89807 12.90775 0.00577  0.04440
Ercor (a) 22 92728.01399  330770.15876 63745536806  0.28096 0.00075 6.00553
Subplat (S) 1 168490.12374  624030.73310  355746.12617  0.13694 0.00008 0.00053
Interaction (T x §) 11 110554.57592  292783.81347  1102720.61824  0.67155 0.00051 0.00403
erar () 24 70028.05916  251655.29251 553310.10818  0.33166 0.00069 0.00560
Total 71

«+ Significant at 1 per cent level




APPENDIX - VIl

Analysis of variance for grain yield for (1) Virippu season and (2) Mundakan season

Source df

iReplication

Main plot (T)

Error {a) 1
Sub plat (S)

Interaction (T x S)

Error (b) 1

MR =W

Total 35

143774,08027

92387.24708
62615.88573
31270.02477
73518.22853
74505.53417

83633.68988
1471577.07214
102685.39190
573553.75289%*
32435.10246
83150.55847

** Significant at 1 percent level
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ABSTRACT

An experiment was conducted at the Agricultural Research
Station, Mannuthy, Kerala Agricultural University during May,
1988 to February, 1989 to study the influence of weather parameters

on growth and yield of rice variety Jaya.

The experiment was conducted in split plot design with twelve
times of planting (June 18, July 2, July 16, July 30, August 13,
August 27, September 1lj, September 24, October 8, October 22,
November 5, and November 19) as main plot treatments and two
spacings (20 x 10 cm and 20 x 15 cm) as subplot treatments and

the treatments were replicated three times.

Observations on all weather parameters were recorded daily.
Crop growth characters like plant height and number of tillers
at various stages of growth and time taken from transplanting
to panicle initiation, panicle initiation to flowering and flowering
to harvest were recorded. Yield components like number and percent-
age of pr‘oductiv.e tillers, length of panicle, number of spikelets
per panicle, number and percentage of filled grains, grain yield,
straw yield, drymatter production, thousand grain weight, harvest
index and grain straw ratio were recorded. Otsesvations on incidence
“of posts, diseases and -‘mmatodes were also recorded. However,

no serious incidence was noticed.




The time of planting greatly influenced all the growth and yield
characters. Early plantings, generally recorded taller plants and more
number of tillers and productive tillers. The time of planting had a
significant influence on the duration taken from flowaring to harvest.
Number of spikeiets and filled grains per panigle did not show any signi-

ficant trend with dalay in planting.

Time of planting significaptly influenced percentage of filled grains,
thousand grain weight, grain yield, straw vyield, drymatter production,
harvest index and grain straw ratio. Highest grain yield, was obtained
in thz July 2nd n'anting followed by Octobar 22nd and August 27%h plan---
tings. Highest straw yield and drymatter production were recroded in.
August 27th planting. Correlation studies between grain yield and various

weather elements indicated that

a) during vegetative growth period, maximum temperature and tempe-
rature range had a strong negative correlation whereas rainfall

had a positive correlation

b) during the reproductive stage, the relative humidity had a positive

correlation whereas wind speed had a negative correlation,

c) during the grain filling stage, minimum temperature had a strong

positive correlation and

-

d) during the maturity period, maximum temperature and temperature

range had a strong negative correlation.



For both the spacings, multiple regression equations were develeos
between graiﬁ yield and five weather elements ie., maximum temperature
(TX) during the vegetative period, relative humidity (RH) and wind speed
(WS) during the reproductive stage, minimum temperature (TN) during
the grain filling stage and temperature range (TR} during the maturity

stage. The regression equation for the closer spacing ST is,

Y = -363.41 TX + 303.95 TN - 81.56 TR - 135,54 RH -

193.53 WS + 25044.74

The regression equation for the wider spacing 52 is,
Y = 625,51 TX + 323.56 TN - 126.42 TR - 113.12 RH -

88.54 WS + 24543.03

The multiple correlation coefficient for S, was 0.984 and for S
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it was 0.941. Far 51, about 97 per cent and for 52 about 89 per cent of

total variation in the yield could be explained by the regression.

Crop weather diagrams were prepared for the virippu and mundakan
seasons using the crop and meterological data for July 2nd and October

22nd plantings respectively.

In this experiment, the twelve transplantings spread over five calendar
months, covered both the virippu and the mundakan seasons. The results
of the experiment indicated that both the times of planting and spacing
have a very significant influence on the growth and yield of the high

yielding medium duration rice variety Jaya. The experiment helped in




identifying the optimum dates of transplanting in both virippu and mundakan
seasons. Transplanting in the first. week of July in the virippu season
and in the third week of October in the mundakan season can give higher
grain vields. The results also indicated that closer spacing (20 x 10 cm)

in the mundakan season will further enhance the grain yield substantially.



