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1. INTRODUCTION

India is one of the major rice producing countries in South-East Asia. The
leading aromatic fine quahty rice (Onyvza sativa L.) in the world trade popularly
known as basmali is traditionally grown in the north and north-western parts of

Indian sub conlinent for centurics. It is generally cultivated in the temperate

region or where day lemperature remains 20-22°C during the winter. Scented rice
cultivation 1s very less when compared to the total rice cultivation in India. It
oceuptes 0.7 mwha (15 per cent of total arca under rice) mn our country with an
average productivity of 0.85 t ha'! (Chandra et al, 1997). At present India
produces about 0.7 to 0.8 mt of milled basmati nce. About 60-70 per cent of the
produce 1s exported every year mainly to Saudi Arabia, UAE, Kuwait, UK, Russia

and USA.

Tradutional basmati varicties posses excellent aroma and qquality but their
level of productivily is quite low. With the release of semi dwarf scented rice
varieties, the optimum planting time had to be determined to exploit their grain
yield potential while still maintaining grain quality (Singh et «/, 1995). The
maximum productivity has been reported to be achieved by planting the crop at
the optimum time at any specific location which may vary from varicty to varicty

{Babu, 1987).

The preductivity and quality of the aromatic rices depend on the
covironmental condition of the arca where they arc grown and the crop
management practices followed to grow the crop. Quality traits of aromatic rices
arc known to be highly influenced by temperature, particularly at the time of
flowering, grain filling and maturity. 1t is accepled that aroma formation in grain

1s ¢cnhanced at lower temperature during the grain filling stage (Rohilla et «f.,



2000). Though the photoperiod insensitive varieties can be grown throughout the
year irespective of the season, their growth and yield largely depend upon
various weather factors like rainfall, tcmperature, solar radiation and relative
humidity that prevail during the growing season. Maximum yield is possiblc only
when the crop expericnces a suitable combination of thesc factors m optimum
range. Hence the time of planting and prevailing weather conditions play a major
role in the final yield of rice. At present in Kerala there (s no information
available with respect Lo the ntegrated influence of weather components m
growth and yicld of basmati rice. So the proposed study forms the first study of

this type and has been taken with the following objectives.

To [ind out the best time of planting for getting maximum yield for different
varictics of basmati rice, to study the mfluence of various weather parameters on
growth and yield, to prepare a crop weather diagram of the best variety, to study
the incidence of pest and discases 1n relation to weather parameters and to work

out the cconomics of basmall rice cultivation
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2. REVIEW OF LITERATURE

Basmali rice is characterised by superfine slender grain, exquisite aroma,
sweel taste, soft texture and extra clongation with a least breadth wise swelling on
cooking. With the intreduction of high yielding semi dwarl scented rice vanetics
the optimum planting time has to be determined to cxploit their yield potential
while still maintaining grain quality.  Although the aromatic and other high
quality rices have been cultivated for long time, the rescarch attention on these
rces has been given only in recent years. Also the focus has been mamly on the
varictal development and productivity aspects.  Information on the mnfluence of
management practices and environmental factors on the quality of rnice are

Meagre.

2.1. EFFECT OF PLANTING TIME ON GROWTI1 PARAMETERS

Majid and Ahmed (1975) reported that plant height decreases with delay in
transplanting.  This was also reported by Lauf (1982), Al and Ismail {1982},
According to Theetharappan and Palaniappan (1984) delay in planting date was
found to decrease the height of the rice plant in short duration transplanted rainfed
rice. A decrcase in plant height, tiller production, leaf arca index and dry matter
production in medium duration low land rice entrics with delayed sowing was also
reported by Narayanaswamy (1984). Mandal et a/. (1984) observed that leaf arca
index, crop growth ratc and net assimilation rate decrease with increasing delay
in planting date which adversely affected the productivity of rainfed rice. Jiang
and Zhou (1987) reported a decrcase in the number of tillers with delay in direct
sown dryland rice. Ramaiab et «f. (1987) revealed that among the three dates of

planting at three levels of nitrogen on two rice varictics, transplanting during



sccond crop season on 15th July increased the dry matter production, total number

of tillers m™ and uptake of nitrogen as compared to other dates of planting.

Trivedi and Kwatra (1987} studied the effect of date of transplanting on rice
cv. Patel-85 and reported that the growth of the crop was significantly higher
when planted on June 30" during first crop secason. Sreclatha (1989) reported that
carly planting recorded taller plants and more number of tillers. Wang and Liu
(1991) reported that delaying the sowing date resullted in reduced seedling
cmergence, leaf arca index, dry matter accumulation per unit arca and net

assimilation rate in direct sown rainfed rice.

Jand er ¢l {1994) obscrved that delay in transplanting reduced the scedling
dry maltter in ¢v. PR106 and PRIG9 but gave an increase in Basmati 370, Dry
matter production in the leaves decrcased in all the three cultivars with the later
transplanted date. According to Om er af. (1998) crop growth rate prior to panicle
initiation stage was higher in July transplanted crop. Ramesh and Singh (1999)
reported that TR-36 and Pusa basmati-1 have an earlier and longer tillering pertod
comparcd o Basmati-370. Percentlage of effective tillers was higher in low

tillering cultivars than in high tillering onc.

2.2 INFLUENCE OF PLANTING TIME ON DURATION OF GROWTH
PERIODS

Palaniswamy ef al. (1968} reported that September planting of rice cultivars
Co-30 and Bhavant take least number of days for flowering compared to carlier
planting. Ramdoss and Subramanian (1980} reported similar results. Reddy and
Reddy (1986) observed that duration of crop was found to decrease with delay in
planting of rainfed rce. Reddy and Reddy (1992) reported that number of days
required for 50 per cent flowering and crop duration were decreased by delayed
planting in rice variety Surekha grown under rainfed condition. Jand et al. {1995)

reported that number of days and thermal units required from sowing to floral



induction was greater with the carliest planting date and in cv. Basmati-370.
Angrish and Dhiman (1999) reported that crop sown on mid May had a longer
vegetative growth duration, accumulated more biomass and tended to flower at
the same time as mid June planting. According to Aswathi and Pandcy (2000)
days to 50 per cent flowering for Pusa basmati-1 was 105 days and for Kasturi 1t
was 104 days. Genotypes suitable for submerged condition had higher number of

days to 50 per cent flowering.
2.3 EFFECT OF PLANTING TIME ON YIELD AND YIELD ATTRIBUTES

Ramdoss and Subramanian {1980) reported higher straw yteld with delay 1n
planting. An experiment was conducted in 1980 at Pattambi to study the effect of
dilferent dates of planting and conscquent seasonal influence on the uptake of
nutrients on the important medium duration and short duration rice varicties. All
varietics gave maximum vicld for sowing made in 3" May during virippu scason.
During mundkan all varictics gave poor yields for nursery in the 2™ week of
October. During Punja, Jyothi sowing in the last week of December had recorded
the highest grain yield while {or Trivem sowing on the last week of January

produced maximum gram yicld (RARS, 1981 annual report).

Reddy and Narayana (1981) reported that number of panicles, filled grains
panicle”, panicle length, grain yicld and straw yield decrcases with delay in
planting in rainfed rice, This was also reported by Narayanaswamy ef «f. (1982}
Production ha™ and harvest index were also lowest for late sown crop. Choudhary
(1984} found that late planting reduced yield in long duration, medium duration
and short duration varieties in a trial in which cultivars were sown on scven dates
from 2™ April to 1% Junc. Akram er al. (1985) reported that early sowing gave
higher grain yield. Early planting (during last week of August) of second crop
gave maximum yicld and delayed plantings were severely affected by pest attack

(KAU, 1985 annual report).



Dhaliwal er af. (1986) reported decreasc in head rice recovery under late
transplanting appeared due to high amount of chalky kernals. Akram er al. (1987)
reported that in rce ¢v. Kashmir basmati grown with four feriilizer rates and
transplanted on 24" May, 8™ June, 24" June and 8" July got the highest average

yicld when planted on 8™ June.

Kamalam and Havanagi (1987) reported that Jaya gave higher yield in early
planting while IR 20 and Pragathi gave higher vield in late planting. Length of
panicle and panicle weight hili”" were higher in early planting and planting time
did not affect number of tillers hill”" and number of spikelets panicle’. Verma
and Singh (1998) reported that delay in sowig reduced the gross and net returns
which resulted in decreased benefit cost ratio.  Sumilar findings have been
reported by Gangwar and Sharma (1998), Pajankar er «f. (1997) and Mahal ¢ «/.

(1999},

Ashraf er al. (1989) reported a progressive decline in yield and yield
attributes with delay in transplanting. Decrease 1n yield was partly the result of
decrease in productive tillers hill' and spikelets panicle”. Perumal (1989)
reported that planting during last weck of September at 15x10 cm spacing gave
maximum productive tillers. Higher straw yield noticed in early planted crop and

grain yicld was highest in late planted crop.

Padmaja (1990) observed that delay in planting beyond July resulted in
reduction in grain yicld and was attributed to morc number of non productive
tllers contrnibuting to more chaff and partly fifled grains. Singh et al. (1991)
found that timely sowing at the onset of monsoon cause a significant increase in
pamicle length, panicle number, percentage of filled grains and thousand grain
weight. Sidhu e al. (1992) reported that Pusa basmati-1 over yicided Basmati-
385 and Basmati-370 1n its relative performance under different fertility fevels.

th

They reported that transplanting on 307 June was most suitable in Punjab to

rcalise maximum yield.



Amarjit et al (1993) reported that early planting the crop on 10" July
increascd root density, NPK uptake, head rice recovery along with significant
increase in grain and straw yicld. Singh et ¢/, (1993) reported reduction in yield
and yield attributes with delay in planting time. These findings arc in conformity

with those of Babu (1987), Om er «l. (1993), Gohain and Saikia (1993).

Four scented basmatli rice varictics HKR-228, Pusa basmati-1, Kastun and
Basmati-370 transplanted on 5" July, 15" July, 25" July and 4" August,
irrespective of variety, planting on 25™ July gave higher grain yield. Variety
Kasturi recorded higher grain yield compared to other varicties Irrespeclive of

date of planting {CRRI1, 1994 annual report).

Decreased grain yield with delay in planting was reported by Dhiman e/ ol
(1995). Rao er al. (1990) reported that when scented rice varieties were
transplanted after 15 July there was significant yield reduction. This finding was
also reported by Singh er ol (1993), Thakur er «f. (1990), Singh ef al. (1999),
Dhiman er al. (1997). Decrease in grain yicld and vicld attributes with delay 1n

transplanting was reported by Singh ef af. (1997) and Choudhary ef «f. (1998).

Bali and Uppal (1999} reported that carly transplanting on 10™ July resulted
in high root density and significantly increased the vield over late transplanting.
Singh er «f (1999) reported that dwarf scented varietics showed better
performance from mid December to nud January sowing. Rao ef al. (2000)
reported that delaying the planting time to end of July significantly reduced the

mean grain yicld,
2.4 EFFECT OF WEATHER PARAMETERS ON VEGETATIVE PHASIE
During the vegetative growth period high humidity (70 to 80 per cent) and a

. U L
temperature range of 25 C to 35 C are favourable for proper growth and

development.



2.4.1 Rainfall

Chandler (1963) observed that many rice varictics respond better to nitrogen
m dry season than in wet scason. Chatterjee (1970) has made obscrvations on
tillering in a number of rice varicties and found that in rainy season, tillering 1s
continued up to 42-45 days whereas in dry season it is 50-55 days. Srcenivasan
and Banerjee (1978) observed that additional rainfall above the normal exerts
negative influence during sowing, tillering and f{lowering stages of rice at
Aduthurai.  The rate of crop development and amount of rainfall normally
expectled during various phenological stages differs greatly with time of planting.
Farly planting lengthens the vegetative phase and shortens the grainfill phase
while the reverse situation occurs al a late planting time (Ned ¢ «f, 1983).
According to Krishnakumar (1986) in NE monsoon season duration up (o 50 per
cent flowenng and ripening period were negatively correlated with minimum
lecmperature.  Length of rainy season determines the duration of rice varietics
(Sastrt, 1986). The optiumum value of total rainfall during the active growth
phase was ascertained by Choudhary and Gore (1991) as 1000 mm. Gupla et /.
(2000) observed that ricc yiclds were significantly correlated with quantum of
rainfall, length of rainy season and number of rainy days. Ovcrall productivity of
rainfed rice was unstable due to frequent fluctuations in the amount of rainfall,

number of rainy days and duration of rainy season.

2.4.2 Temperature

Growth duration 1s considered important when associated with sowing time.
The duration of growth of a rice cultivar determines its specific adaptability to the
crop season in a given location. Kembuchetty (1978) reported a decrease in dry
malter production when night temperature during vegetative phasc was lesser.
Advanced tiller emergence with high temperature was reported by Nagi (1968).
Vergara et of. (1970) showed that minimum air temperature has the best negative

correlation with growth duration. Choudhary and Ghildyal (1970) showed that



tiller development 1s greately accelerated at 32/20°C day/night temperature. A

deviation of 5°C 1o the lower side of 32/20°C more adversely affect the tiller
development than a similar deviation to the higher side. Rao ef «f (1971)
reported that saturation vapour pressure deficit and maximum temperature are the
1wo principal factors exerting maximum influence on evaporation. Owen (1971)
reported that high temperalure in gencral shortened the growth duration of nce
plant. Kim e al. {1973) reported an increase in height and dry weight of plant at
20°C. Rajagopalan ef af. (1973) observed a highly significant negative correlation
between temperature during growth period and growth duration at Coimbatore
where growth period coincide with low temperature during winter months.
Sreedharan (1975) reported that the duration of vegetalive phasc 1s more
correlated (o soil-water interphase temperature than the mimmum air temperature
during this phasc.  Biswas ef al. (1975) noticed that exposurc to low temperature
during active vegelative perniod can extend the time of flowering. Extended
vegetative growth due 1o low temperature was also reported by Kang and Heu
{1976), Chaudhary and Sodhi (1979). Temperature regime greatly affects the

duration of rice growth (Datta, 1981; Yoshida, 1981).

Lin (19706) reported an wincreased production of ineffective tillers with high
temperature. Chac et @/ (1980) reported that dry weight and nutrient uptake of

plants arc affccted more by temperature of growing medium than air temperature.

Jamn ef «f. (1980) reported that above average maximum daily temperature is
beneficial during vegetative and ripening stage and detnimental during lag
vegelative slage of the crop.  Shankar and Gupta (1981) observed a sigmficant
negative correlation between height of the crop and maximun, mintimum and
mean temperature and rainfall. Singh er «f. (1984} observed an increase in water
temperature of 2-3°C in continuous flow submergence which contributed to
increased  tllering, panicle size and  grain number. Krishnakumar and
Subramanian (1991) opined that progressive decrease in plant height with delay in

planting was due to low minimum temperature and increase in sunshine hours.
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2.4.3 Solar radiation

Sreemivasan 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 week period
coinciding with the grand period of elongation are not conducive for better yield,
Low light mtensity up to flowering in kharif imposed a cetling on tillering and
reduced dry matter production as compared (o rabi (Venkateswarlu et «f., 1977).
The crop shaded during vegetative phase were smaller and had a lower leal arca
index and hence better Light penetration during reproductive phase (Yoshida and
Parao, 19706). Srccedharan and Vamadevan (1981) reported that LAI reduced 1o a
great cextend v plant shaded cither from planting to panicle mitiation or from
flowering to harvest. Shankar and Gupta (1981) reported a significant positive
correlation between height of two paddy varieties and duration of sunshinc.
Krishnakumar {1986} reported that plant height and leaf area index were scen to
be negatuvely correlated with energy sources (solar radiation and sunshine hours)
during the later phases of crop growth. Ghildyal and Kushcvala (1987) made a
detailed comparison of rice variety M3 with Jaya and obscrved that at both
maximum tiffering and flowering stages absorption of radiation was more in Jaya
due to larger lcal area and higher number of tiller plant”. They also found that
during maximum tillering stage net radiation (7 to 8 a.m. period) in Jaya was
approximately double than in M3 but those differences narrowed (30 per cent)
during the peak radiation level (11 a.m to 12 noon). Dash and Rao (1990) studied
the effect of low light stress on two high viclding dwarf and traditional tall
varicties grown at graded levels of shading and found that cultivar Pth-10 was

more tolerant 1o low hight stress.

2.4,5 Relative humidity

Ou (1973) reported that high humid weather during periods of congineal

temperature when followed by bright weather, trigger many discases. Sreedharan
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(1975) reported that a relative humidity of 80-85 per cent is ideal for shoot and

root growth.
2.4.6 Wind

Light wind is bencficial as it stirs the air and transport CO, to the canopy
{Matsubayashi er of., 1963). Suge and Takairin {1982) reported that wind
increases cthylene production in rice and decrease gibberilic acid content in roots

and shoots.
2.5 INTLUENCE OF WEATHER ON REPRODUCTIVE STAGE
2.5.1 Rainfall

Venkateswarlu ¢f al. (1970) reported higher panicle number in rabi
compared to kharil scason thus being responsible for high yields in the former.
Rice vields were significantly correlated with quantum of rainfall, length of rainy
scason and number of rainy days.  Overall productivity of rainfed rice was
unstable due to frequent fluctuations in the amount of rainfall, number of rainy

days and duration of rainy scason. This was reported by Gupta ef ¢/, (2000).
2.5.2 Temperature

Datta and Zarate (1970) observed a significant corrclation between yeld
and maximum temperature over the 45 days before maturity. Satake and Yoshida
(1978) reported that high temperature induces sterility in rice and heading time is
the most sensitive stage to high temperature.  Low temperature duning maximum

tllering stage preduced more panicics. This was reported by Osada er al. (1973).

During the reproductive stage within a temperature range of 22°C to 31°C

spikelet number plant™’ increases as the temperature drops (Yoshida, 1973). He
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also suggests that optimum temperature for rice shifts from high to low as the
growth advances from vegetative 1o reproductive stages. Huda et af. (1975) found
that higher maximum and minimum tempcrature during tillering, ear tnitiation and
maturity depress the yield of rice. The rice plant is very scnsitive to low
temperature about 9 days before flowering and high temperature at {lowering
(Satake and Yoshida, 1978). Influence of temperature on sterthity reported by
Choudhary and Sodhi (1979). in the flowerning period sterility is minimum (12-18
per cent) when the mean temperature 1s 27-28"C whereas it 1s maximum (36 pur
cent) when mean temperature 1s above 36'C. Yoshida (1981) observed a 13 day
delay in {lowering for cach degree drop in (emperature between 24°C and 21°C in
JR-26. Maithy and Mahapatra (1988) reported that late and early planting reduced
the vicld perhaps due to ill cffects of temperature.  According to Samut {1999)
maximum and minimum temperature followed by hours of bright sunshinc played
the most significant role towards higher rice production in India. Optimum values
of maximum and minimum temperature were found to be 29-32°C and 21-25°C
respectively. Yau (2000} also reported that an increase in temperature would

reduce yields.

Becna and Balachandran (2001} reported that optimum temperature and
increased sunshine hours with effective radiation which prevaiied especially at the
flowering stages of rabi season might have favoured an increase in photosynthesis

and higher grain yield.
2.5.3 Solar radiation

influence of light on panicle production and grain filling are reported by
Yoshida (1972), Osada et af. (1973). Wada er af. (1973) and Yoshida and Parao
(1976) reported that solar radiation and temperature duning the reproductive stage
(before flowering) have the greatest influcnce on  rice yield because they

determine the number of spikelets m™.
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IRRI (1974) ficld studies revealed that there was a high positive corrclation
of grain number m” with solar radiation during 25 days before Mowering. Stanscl
(1975) found that the most critical sunbght requiring period 10 be the 42 days
centercd around the heading stage. Nayak er @l (1979) reported that under low
light intensity translocation of photosynthates to panicles 1s reduced. Amount of
solar energy received from as carly as panicle initiation until crop maturation was
found important by Datta (1981) for the accumulation of dry matter during that
period. Vergara and Chang (1985) reported that flowering in rice is delayed or
completely inhibited when exposed to continuous long days.  Angrish (1998)
reported that under natural day length conditions basmati rice appear to get
reproductively induced towards mid August onwards when the inductive day

lengths of 13 hours and below are obtained.
2.54 Wind

Datta and Zarate (1970) reported that strong winds occunng after heading
causc severe lodging and shattering 1 some varietics. Viswambaran f af. (1989)
observed that strong winds reduces boundary layer resistance and increase the

photosynthetic efficicney,
2.0 INFLUENCE OF WEATHER ON RIPENING STAGE
2.6.1 Temperature

Choudbary and Ghildyal (1970) reported beneficial effect of temperature
regime 32/20°C on yield characteristics such as number of spikelets panicle",
nunimum  sterility, thousand grain weight and grain yield. Boerma (1974)
reported that at low temperature translocation of photosynthates to grain takes
place at a slower rate and thus maturity period get delayed. Experiinent at [RRI
(1980) showed that a temperature range of 15-23°C appears to be optimum for
normal grain growlh n all varicties of rice tested. Below and above this optimum

temperature range grain weight lowered in all the varietics. Krishnakumar (1986)
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reported that ripening period is negatively correlated with mimimum temperature

of that period.

2.6.2 Rainfall

Sahu and Murty {1976) reported that dry matter production and grain yickl
are invariably lower by about 50 and 54 per cent respectively in wet scason (July-
October) than dry scason (Junuary-May). [t was reported that at Pattambi at least
onc third of variability of virippu can be explained through fluctuations n
monthly rainfall.  Viswambharan ez af/. (1989) reported a negative correlation

between yield and number of rainy days during maturity stage.

2.6.3 Solar radiation

Research at [RR] showed that the quantity of solar radiation has got a
profound influence on rice yicld particularly during the last 30-45 days ol ripening
period. Rao and Dcb (1974) and Srcedharan (1975) reported that yield attributes
such as panicles m™ and grain vield rccorded a positive correlation with solar
cnergy during reproductive and ripening phases. Sahu ef af. (1983), Nishiyama

{1985) and Krishnakumar (1986} also rcported same results.
2.6.4 Wind

Viswambharan ef af. (1989) reported that high wind especially during
flowering and maturity stages of rice lead to poor yield due to high sterility of
spikelet. They also reported a negative correlation between wind velocity and

yicld of rice.

2.7 INFL.UENCE OF PLANTING TIME ON COOKING QUALITIES

Uppal and Bali (1997) found that bulk density of polished rice decreased

with delay in transplanting. Chatterjee and Maithy (1981) reported that rice with
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high (>10%) protcin content or a high gelatinization temperature (74°C or more)
require more water and longer cooking time to produce a cooked rice, Dhaliwal
et al. (1986) observed that organoleptic qualitics diminishes due to late planting.
Rice varieties with higher water uptake and volume expansion preferred to other
variceties {Tomar, 1987). Chaubey ¢ «/. (1988) reported that elongation ratio of
scented rice varictics was higher than nonscented varieties. A decrcase in milling
and cooking qualitics of scented rice with early or late planting was rcported by
Ali et ol (1991). Bandyopadhay and Roy (1992) reported that the attributes of
appearance, tenderness, flavour of cooked rice are the final cniteria ot cooking
quality and determines the palatability or cating characteristics of cooked rice. All
er al. (1993) observed that delaying harvesting to lower moisture content
deereased head nee recovery but had little effect on milled rice or cooking quahty.
Consumers prefer scented nee due 1o its aroma and outstanding cooking qualities.
Though the quahty of milled vice was greatly influenced by production, harvesting
and post-harvest operations, variety remained the most important one to realise
high pnice i the muwket  (Dinesh, 1995).  Accerding to Singh ef «l (1995)
maximum hulling (76.5 per cent) and head nice recovery (40.8 per cent) and
highest kernal length (6.8 mm) were recorded for 4" August planting although
grain yicld declined with delayed planting. Maximum elongation ratio of 1.9 was
recorded for 25" July planting. Aroma was strong under all planting dates. late
planting promolted significant improvements in grain quality characteristics but at
the cost of slightly reducing grain yield. Rami ef af. (1996) observed that strong
preference exists for long grain aromatic rice in the middle castern countrics.
Singh and Singh (1997) reported that Indian consumers valuc aroma most
followed by clongation after cooking. Saikila er ol (1999) reported that
consurners prefer long slender or medium long slender translucent grain with high
milling  recovery,  intermediate  pelatinization  temperature and  very  good

clongation.
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2.8 INFLUENCE OF WEATHER PARAMETERS ON QUALITY OF
BASMATI RICE

Qualily traits of aromatic rices are known to be highly influecnced by
temperature particularly at the time of flowering, grain filling and matunty.
Aroma formation in grain is cnhanced at lower temperature during grain filling
stage. Maximum grain clongation was observed at 25/21°C day/night (cmperature
during ripening (Kush e «f, 1979). Mann (1987) also reported a day/nmight
temperature of 25/21°C (relatively cooler temperature) during crop maturity for
hetier retension of aroma. Cruz (1991) aiso reported that grain clongation is
mfluenced by temperature at the time of ripening.  Late planting coinciding with
flowering and maturity in cooler days has reported 1o enhance grain quality but
reduce grain yield in all aromatic nce (Singh er al., 1995), Rao ¢f ¢l (1996),
Thakur ¢r al. (1996) and Chandra ¢ «f. {1997}, According to Meng and Zhou

{1997) a mean daily temperature of 18°C produced best quality rice.
2.9 INFIL.UENCE OF WIEATHER ON PEST AND DISEASE INCIDENCE

Yoshida and Parao (1976) reported that weather conditions mifluence
directly vartous growth and developmental stages of a crop and indirectly the
mcidence of pest and discases.  Saroja and Raju (1985) reported that feeding
damage by rice bug (Leplocorisa ucuta) was found to be lowest when planted on
30" January. Very early and very late rice crops were prone to panicle bug attack,
Vidhyasekharan and [.ewin (1980} reported that the period favourable for vector
muitiplication and RTV incidence 1s September-October.,  Uthamaswamy and
Karuppachamy (1986) reported that incidence of rice gall midge was maximum
when rice planted on 1* September during second crop season and incidence was
less when planted in August or October, Suharto and Noch (1987) reported that
lcaf folder infestation was more m carly planted crop than late planted crop.

Singh (1938) reported that rice army worm reproduction was maost affected by

temperature. Temperature during March  (12-32°C) considerably  reduced
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aviposition period (4-3 days) compared to December-January (10-11 days). Rao
and Padhi (1988) found that rainfall was negatively correlated with yellow stem
borer infestation. Monsoon and intermittant rains found to affect the population

built up.

Singh et al. (1986) reported that sheath rot caused by Sarocladium oryzac1s
an important discase in rainfed low land rice especially in delayed planting. Dhal
and Choudhary (1987) reporied that sheath rot incidence was high in delayed
planting due to low temperature accompanied by low relative humidity dunng
reproductive stage. Vivekanandan er af. (1995) reported that when scented rice
varicties werc tested for reaction (o [felminthosporium oryzae m the ficld the most
resistant parents identified were AIYI-39 and Pusa basmati-1. Dodan and Singh
(1995) reported that basmati rice varicty planted on July 10 had least incidence of
blast and highest grain yicld. Prasad and Rana {2002) indicated that the lower

minimum temperature was found associated with blast disease of rice.
2.10 UPTAKE OF NUTRIENTS

Singhania and Singh (1991) reported enhanced uptake of N, P and K i nce
with the integrated application of nutrients. Rao er «l. (1993) found that the
responsc of grain yield to N application 1n the wet scason was up to 60 kg ha' and
in the dry scason up to 90 kg ha™'. Rao (1995) reported an inercasc in grain yield

with N application.

Babu (1996) observed higher N and P uptake by medium duration rice with
the integration of higher fertilizer dosc along with 10 t ha' FYM. Zhilin et of
{1997) reported that plant height increased significantly in Basmati-370 with N
application compared to other cultivars. Thakur ef ¢/ (1997) reported an increase
in grain yicld with up to 90 kg N ha™'. According to Deepa (1998} maxunum K
uptake in rice variety Kanchana was with the integration of 45:22.5:22.5 kg NPK

ha! as chemical fertilizer and the same quantity through FYM. Behera (1998)
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obscrved a significantly lingar increasc in grain yield up to 90 kg N ha' and
thereafter (he increase in grain yield was marginal. Girl ef al. (1999) reported the
highest grain yield of 1865 kg ha'! from 120:60:30 kg NPK ha' plus trace
elements.  According to Dutta er al. (1999) aroma intensity was higher with N
application at 25 kg ha' and sowing during the third week of August.
Sujathamma er «l. (2001) recorded highest ‘P’ uptake with 25 per cent organic

source substitution.
211 VARIETAL RESPONSE

Khan and Ali (1985) reported that basmati-370 required the least time for
water absorplion and cooking. Also volume expansion, clongation ratio and water
absorption ratio were highest in Basmati-370. Akram ef «f. (1985) reported that
scented rice varniety Kashmir basmati recorded greater yield when transplanted on
8" June and there was no cffcct on grain protein content due to different dates of
planting. Deosarkar and Nerkar (1993) found that basmati-370 possess maximium
cookmg and cating qualities among the scented varicties. Arumugachamy of /.
(1992) identified Pusa basmati-1 as supertor varicty and he used this as a donor
for aromatic and quality rice improvement. An elongation ratio of 2.06 was
rccorded for Basmati-370 by Chikkalingaiah et . (1977). Dhiman et al. (1995)
reported that JHaryana basmati established well to produce maximum grain yicld
when planted by 15 July in Haryana. Singh et al. (1997) reported that Pusa
basmati-1 gave higher yield than Kasturl. Angrish (1998) reported that
photosensitive Taraori basmati and Basmati-370 required a minimum of scven
short days for photoperiod induction after completing a vegetative phase ol S0
days. According to Subba (2000) Kharif scason was found to be more favourable
scason for getting higher plant growth and grain yield for basmati-370. But aroma,
milling percentage and hulling percentage were higher for rabi crop. Deka er al.

{2000} recorded maximum starch digestibihity for Pusa basmati-1.
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3. MATERIALS AND METHODS

A field experiment was conducted in the wetlands of the Instructional Farm,
College of Agriculture, Vellayani during Rabi scason of 2001 for asscssing the
performance of basmati rice (Oryza sativa L)) varietics under different dates of

planting.
31 MATERIALS

J.1.1 Experimenial site

The investigation was conducted at the Instructional Farm attached to the

College of Agriculture, Vellayani situated at 8.5'N latitude, 76.9'E longitude and

at an altitude of 29 m above mean sea level.

3.1.2 Soil

The texture of the soil of experimental field is sandy clay which belongs o
the taxonomical order oxisel. The physico-chemical propertics of the soil are

presented 1n Table 3.1.

3.1.3 Climate

The experimental site enjoys a humid tropical climate and receives a good
amount of rainfall. The weather data during the crop penod were collected from
the Meteorological observatory attached to the College of Agriculture, Vellayani,
Rainfall, mean maximum and minimum temperature, rclative humidity, wind
speed, sunshine hours and evaporation for the cropping peried (10-10-2001 to 18-

2-2002) are presented in the Appendix @ and graphically presented in Fig. 1.
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Table 3.1. Physico-chemical properties of the soil of the experimental site

SI. No.  Parameters Content (%)

Method used

A. Mechameal composition

! Cloarse sand 47776
2. Fine sand 14.64
1 Silt B.60
4. Clay 33.00

B. Chemical composition

1. Available N (kg ha™) 311.38
(Medium)
2. Available P,O5 (kg ha ) 28.644
( Medium)
3. Avaitable K5O (kg hahy 188.63
(Medium)
4, Crrganic carbon (%)) 170
(High)
A Soil pH 54
{Acidic)

Bouvoucos hydromete

method (Bouyoucos, 1962

Alkaline permangnate method

(Subbiah and Asija, 1950)

Bray colorimetric method

(Jackson, 1973}

Ammonium acetate method

(Jackson, 1973)

Walkely and Black rapid
titration methad

{Jackson, 1973)

1:2.5 so1l solution ratio using
pH mieter wath glass clectrode

{Jackson, 1973),
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3.1.4 Cropping season

The experiment was conducted during the second crop season (Scptember -

October to December - January) of 2001.

3.1.5 Cropping history of the field

The experimental area was under a bulk crop of rice during the previous

scason (Virippu).

3.1.6 Varicty

Four basmati rice varictics tested in the investigation were Pusa basmati-1,

Harvana basmat, Kasturt and Basmati-370.

Pusa basmati-1, a sconnt dwarf high vielding varicty rcleased from Indian
Agnicultural Rescarch Institute, New Delhi is having a duration of 130-135 days
susceptible to sheath blight and resistant to blast discase. It 1s having an vield
potential of 4.5t ha'l. The sceds of Pusa basmati-1 was obtained from National

Sceds Corporation (NSC), Thiruvananthapuram (Platc ).

Haryana basmati was released from Haryana Agricultural University, Rice
Research Station (RRS), Kaul with a total duration of 140 days and is resistant to
blast disease. The sceds of this variety was received from RRS, Kaul, Haryana

(Piate 11).

Kasturi, a high vielding variety relcased from Directorate of Rice Research
{DRR), Hyderabad with a total duration of 125 days, posscss excellent milling
quality and is resistant to blast disease and tolerant to stem borer. The sceds were

obtained from DRR, Hyderabad (Plate 111).



Plate I. Variety - Pusa basmati-1

Plate I. Variety - Haryana basmati



Plate III. Variety - Kasturi

Plate I'V. Variety - Basmati-370



Rasmati-37(, a photosensitive, tall. traditional variety with a total duration

of 145-150 days and has an vield potential of 3 t ha'l. The seeds were obtained

from National Sceds Corporation {NSC'), Thiruvananthapuram (Plate 1V).
3.1.7 Fertilizers

, -1
Well decomposed and dried farmyard manure @ 5t ha  was used for the

experiment.

Urea (46%0 N), Mussurie rock phosphate (20% P,05) and Muriate of Potash
(00% K50) were uscd as the source of morganic fertilizers.  The fertilizer

recommendation adopted was 90:45:45 kg NPK ha'l.

3.2 METHODS

3.2.1 Design and Lay out
The experiment was laid out in strip plot design with three replications.
The lay out plan is given in Figurc 2.

3.2.2 Treatments

The trcatment consisted of combinations of four vareties and four dates of

planting.

A. Varieties (v)

v, - Pusabasmati-1
vy - laryana basmat
vy - Kastun

vy - DBasmati-370
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Foom

Replication | Reptication 11 Repiization

vids vad, v.ds v,ds vy ! vy v, vad, [ vtk valy vad,
\-'zd3 \"zd". vyds vail, vsd vod,y vad vod, vid, ! vy vids
vid, vid) vyds vids vady vad, vaid, v v v,y v d,
vady v,dy vady vid, vidy vid, i vid, vad, vy, vady vals

'ig. 2. Layout plan of the expernment




B. Date of planting (B

d, October 10
d, Oclober 23
dy - November 5
d, November T8

Treatment combinations

Iy, - ""Idi
'I'?_ - \-',dz
T, vid,
T, - vidy
Te - vod
T, - Vyd,
T- - vydy
Ty vady
Iy - vy
Fio vady
Tyyooovdy
Ty vady
Ty vad
Ty vads
T vydg
Ty, - vy

Number of treatment combinations -
Numnber of replivations -
Total number of plots -
Gross plot sive

Net plot stze

Spacing

¥ Adm
4.6 % 3.5 m

20x 10 em
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3.3 CULTURAL OPERATIONS
3.3.1 Nursery

Four nurseries were raised to facihitate four dates of planting. Nurscry beds
of 1.2 m width, 15 ¢m height and convenient length with drainage channels in
hetween were prepared and seeds were sown on these beds at fourteen days
mterval.  First sowing was done on 22-09-2001, sccond on 3-10-2001, third on

14-10-2001 and fourth sowing on 31-10-2001,

3.3.2 Main ficld

The experimental area was ploughed, puddied and levelled. Weeds and
stubbles were removed.  Individual plots of size 5 x 4 m were lad oul before

transplanting.

133 Tl"unsplzmting

Transplanting was done in a thin film of water in the field. Twenty days old
scedlings were transplanted at a spacing of 20 x 10 em. First transplanting was
done on 10-10-2001, sccond transplanting on 23-10-2001, third transplanting on

5-11-2001 and fourth transplanting on 18-11-2001.

3.3.4 Application of manures and fertilizers

5 kg FYM plot'h was applied uniformly and mixed well with the top soil
before transplanting. Half N, full P and hall K applied as basal. One fourth N
applied at active ullering. The remaining one fourth N and half K were applied at

seven days before panicle initiation stage.



25
3.3.5 Plant protection
Application of Sevin 50% WP was done agamst leaf roller and Hinosan
50% LEC spraying was done against sheath blight incidence, after scoring lor the

disease.

3.3.6 Weeding

Two hand weedings were given for cach plot on 201 and 401 DAT.

3.3.7 Plant sampling

Five plants were selected randomly from the net plot arca and tagged as

obscrvational plants, Two rows from all sides were left as border rows,
3.3.8 Harvest

‘The crop was harvested at full matunty as and when the crop matures at
different tmes according to the date of planting.  The border and sampling rows
were harvested scparately.  Net plot arca of individual plots were harvested,

threshed and weight of grain and straw were recorded.
3.4 OBSERVATIONS
3.4.1 Growth characters
3.4.1.1 Height of the plant at 30, 60 DAT and at harvest
The mean value of the height of five randomly sclected observational plants

from the net plot arca was computed at 30 and 60 DAT and at harvest and

cxpressed inem. The height was measured from the base of the plant (o the tip of
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top most leaf. At harvest, height was recorded {rom the basc of the plant to the tip
of thc longest panicle and mean height was computed and cxpressed in

centimeter.

3.4.1.2 Number of tillers hill"! ar 30, 60 DAT and at harvest

Number of tillers hill'l from five randomly selected plants were counted at

3G and 60 DAT and at harvest,

3.4.1.3 Leaf area index at 30 and 60 DAT and at harvest

Leal arca index at 30 and 60 DAT and at harvest were calculated as per the

method suggested by Gomer (1972).

Leafarea -+ L x W x K where *L7 1s the length of lcal, “W’ 1s maxinium

width of leal and *K™ is crop factor.

Leal arcy
LAT = -
i.and area

34 0.4 Number of days taken to panicle initiation
Duration in days from transplanting to panicle initiation was recorded.
3.4.1.5 Number of days taken from panicle initiation to flowering
Duration in days [rom panicle initiation to flowering was recorded.
3.4.1.6 Number of days taken from flowering to harvest

Duration in days from flowering to harvest was recorded.
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3.4.1.7 Dry matter production

Dry matter production at harvest was recorded. Sample plants were

uprooted, washed, sundricd and oven dried at 80°C to constant weight and dry

matter production expressed in kg ha!.
3.4.2 Yield and vield attributes

3.4.2.1 Number of productive tillers hill”’!

Five plants were sclected randomly before harvest and mcean value of

number of productive tillers hill™! was recorded.

3.4.2.2 Number of spikelets panicle™!

The number of grains in ten panicles collected randomly from the sampling

arca 1n cach plot were counted and mean value was expressed,

3.4.2.3 Length of panicle

Length of panicle 1 cm from the neck to the tip of the panicic was

mecasured.
3.4.2.4 Weight of panicle

Ten panicles were collected randomly, weighed individually and mean

value was expressed in grams.
3.4.2.5 Number of filled grains panicle™

Spikelets from cach panicle were removed and the number of filled grains

were counted and mean value was recorded.
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3.4.2.6 Thousand grain weight

Thousand grains {rom the cleaned produce from each plot were counted and

welghed and mean value was expressed in grams.

3.4.2.7 Grain yield

Grains harvested from cach nct plot arca were cleancd, dried to 13 per cent

moisture content and weighed and expressed in kg ha!.

3.4.2.8 Straw yield

Straw oblained from cach net plot area were dried properly under sun and

weighed and expressed in kg ha'l,

3.4.2.9 Harvest index

Harvest index was calculated using the [ormula,

Economic yield

Harvest index, 11 =
Biological yield

3.4.3 Agrometeorological observatioas

a) Maximum tempcraturc
b) Minimum temperature
c) Rainfall

d) Relative humidity

¢) Bright sunshinc hours
) Wind speed

2} Pan cvaporation
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Daily reading of each mcteorological parameter recorded in  the Class B
Agromct observatory attached to the College of Agriculture, Vellayani 1s used lor

the computation of the following crop-weather parameters.
3.4.3.1 Growing Degreec Days (GDD)

Growing degree days (GDD), also called heat units, effective heat units or
growth units, arc a simple means of relating plant growth, development and
malurity Lo air lemperature (Vitlum et al., 1965). This is calculated by the

formula (Iwata, 1984)

R

3 1 5 Tmu.\ +T .
Growing degree days GDD = 3 _Tmm _ TIJ
i=l -

’FITIH.\ ™ ’] nin

1s the mitnimum
20

where 1s the average daily temperature and T

1

threshold temperature for a crop. The nunimum threshold temperature for rice is

10°C.
3.4.3.2 Photothermal units (PTU)

For different stages of growth, accumulated photothermal units were

calculated by employing the formula of Major et al. (1975).

Photothermat units PTU = Growing degree days x Mean day length
3.4.3.3 Hcliothermal units (HTU)

The product of degrec days and hours of bright sunshine was termed as

heliothermal units (Rajput, 1980; Sasthry and Chakravarthy, 1982).

Heliothermal units HTU - GDD x No. of bright sunshine hours
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3.4.3.4 Heat unit efficiency (HUE)

To compare the performance of the variety taken under different dates of
sowing with respect to utilization of heat in terms of day degrec during the crop
growth the Heat unit efficiency (HUE) was calculated as Growing degree days

accumulating to produce umt amount of dry matter per unit area (Rajput, 1980).

DMP gm™
GDD

Heat unit efficiency (ITULE) =

3.4.3.5 Correlation studics

Correlation studies were also conducted wherever possible to find out the
relationship between crop growth and yield and various meteorological

parameters,
3.4.3.6 Crop weather diagram

Crop weather diagrams were prepared for the variety Kasturi which was
found best and for the two planting dates 10" October and 23™ October by

utilising the weather and crop data available during the respective periods.

3.4.4 Cooking quality
3.4.4.1 Optimum cooking time
Gram samples from the harvested lot of each net plot were collected and

optimum cooking time was determined by the method suggested by Hirannaiah

eral. (2001).

Milled rice was screened visually and whole sound grains were collected,

10 g samiples were taken in a 250 ml beaker containing 150 ml slow boiling water



and kept over an electric stove. The cooking time was determined using glass
plate opaquc-core method by withdrawing few grains periodically and pressing

between two glass slides till no opaque portion or white core remained.

3.4.4.2 Elongation ratio

Flongation ratio was determined by the method suggesied by Juliano and
Peroz (1984), Elongation ratic of grains was cxpressed as the ratio of length of

cooked rice kemels to raw kernels.

3.4.4.3 Volume expansion

Volume expansion was determined by cooking a definite amount of milied

rice 1n uniform sized test tubes and the ratio of increase in volume was calculated.

... 4 x‘i’ﬂ.\'()!’}’ evaluarion scores for colour Yo siée, rextnre ovaeralt
i.4.4.4 5 v evaluation s ) lour, aroma, taste, texture and overall

acceptability

Gramn samples were drawn from different treatments, cooked uniformly and
subjected to organoleptic evaluation in which  appearance, taste, texture,
tenderness on touching, tenderness on chewing, aroma, elongation and overall
acceptability were scored by ten panelists giving 0-5 scores. The data were

subjected to statistical analysis.

3.4.5 Plant analysis

Sample plants collected from cach plot at harvest were sun dried, oven dricd
to constant weight, ground, digested and nutnent content estimated.  The N
content (modified microkjeldahl  mecthod), P content (Vanado-Molybdo
phosphoric yellow colour method) and K content (Flame photometer method)

were estimated for plant samples [rom cach plot separately (Jackson, 1973). Plant
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nutrient uptake was calculated by multiplying the nutrient content of the sample

with the respective dry weight al harvest stage and expressed in kg ha'l,
3.4.6 Incidence of pests and diseases

Scoring on sheath blight disease intensity was done using the score chart

developed by International Rice Research Institute (IRRI), 1981,

Score Description

{4 Ne incidence

1 Lesions limited to lower one fourth of leaf area

3 Lesions present on lower half of leaf sheath arca

5 Fesions present on more than half of lower leaf sheath area

7 Shght infection on upper leaves (flag and second leaf)

9 l.esions reaching top of tillers, severe infection on all lcaves and

some plants killed.

Discase index (DI) was calculated using the formula,

Sum of numerical ratings
DI

x 100
Total number of plants obscrved x Maximum diseasc grade

3.4.7 Economic analysis

3.4.7.1 Net returns

Nel returns - Gross income - Cost of cultivation



3.4.7.2 Benefit cost ratio

Benefit - cost ratio was calculated using the formula

Gross income

BC ratio =
Total expenditure

3.4.8 Statistical analysis

The data recorded on plant growth characters, yicld and yicld attnbules
were subjected Lo analysis of variance technique as apphied to Strip plot design
{Cochran and Cox, 1965) and the sigmficance was tested by F test. Wherever F
test was significant, the entical difference (CD) is provided. The results and

discussions are based on levels of significance.



RESULTS J
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with transplanting on November 18th (d4) and was significantly superior to other
combinations. Next highest value was recorded by v,d; which was on par with
vad, and v,d,. The lowest value of 51.67 cm was recorded by v,d; which was

on par with vyd; and vd,.

Table 4.1.a. Main effect of varicty and date of planting on plant height

Height of plant {cm)

Treatments

30 DAT 60 DAT Harvest
Varieties
v, 62.12 101.83 110.67
v, 62.22 104.83 113.96
v, 63.92 106.75 110.92
vy 72.58 127.00 138.75
SE 0.65 1.26 0.92
CD 2.250 4,340 3.190
Fyo 58.85™* 83.08*" 215.01™
Date of planting
cl1 54.08 104.00 118.83
d2 62.42 109.08 119.33
cl3 69.88 113.33 118.63
d4 74.47 114.00 118.50
SE 0.53 0.85 0.76
CD 1.880 2.930 -
Fio 269.79* 29,78"* 0.66

* Significant at 5 per cent ** Significant at 1 per cent
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Table 4.1.b Interaction effect of variety and date of planting on plant height

Height of plant (cm)

Treatments

30 DAT 60 DAT Harvest
v,d, 52.00 97.67 109.32
v,d, 56.50 98.33 111.66
v,d, 67.66 104.66 109.33
v,d, 72.83 106.67 112,33
v,d, 51.67 96.00 114.00
v.d, 61.67 107.33 117.67
v,d, 65.50 108.00 112.33
v,d, 70.03 108.00 111.83
V3d1 53.67 104.67 110.33
v3d2 56.67 106.00 109.33
v3d3 69.67 108.00 114.00
\«'3d4 75.67 108.33 110.00
v,d, 59.00 117.67 137.67
v,d, 79.83 124.67 138.67
v,d, 76.67 132.67 139.33
v, d, 79.83 133.00 139.33
SE .94 2.11 1.41
D 2.810 - -
Fy 15 10.42™ 1.97 2.17

* Significant at 5 per cent

** Significant at 1 per cent
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4.1.2. Tiller number hill'l
Observations on tiller count were taken at 30 DAT, 60 DAT and at harvest.

The number of tillers hill-! as affected by treatments are presented in Tables 4.2.a

and 4.2.b.

Table 4.2.a. Main effect of variety and date of planting on tiller number hill-!

Tiller number hill"!

Treatments

30 DAT 60 DAT Harvest
Varieties
V) 9.15 12.17 9.96
A 11.82 11.88 11.00
vy B.63 12.33 11.33
v, 10.47 12.08 12.08
SE 0.49 0.22 0.23
CDh 1.680 - 0.790
- * *
P_,"ﬁ 8.60 0.74 14.81
Date of planting
d‘ 9.34 13.25 12.00
d2 931 12.33 11.29
d3 10.40 11,83 10.92
d4 11.02 11.04 10.17
SE 0.31 .41 .22
CD 1.080 1.400 0.750
Fio 7.18* 5.16" 12.23*

* Significant at 5 per cent ** Significant at | per cent



Table 4.2.b. Interaction effect of variety and date of planting on tiller number

hill!
Tiller number hill’!

Treatments

30 DAT 60 DAT Harvest
v]d] 8.24 13.00 10.50
v]d2 8.74 12.33 10.00
"1‘1; 9.18 12.00 0.83
v]d4 10.24 11.33 9.50
vzd1 11.45 13.33 12.33
v2d2 11.33 12.33 11.33
vzds 12.00 11.67 11.0
v2d4 8.06 13.50 12.50
vjd! 8.00 12.50 12.50
v3d9 8.00 12.50 11.50
v3d3 8.67 12.00 10.82
v3d4 9.17 11.33 10.50
v4cl1 9.00 13,17 12.67
V4cl2 9.17 12.17 12.33
Vadz 11.57 11.67 12.00
v4d4 12.17 11.33 11,33
SE 0.45 0.59 0.37
D - - -
Fy e 1.34 0.27 1.18

* Significant at 5 per cent ** Significant at 1 per cent
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Varietal influence was significant at 30 DAT and at harvest. At 30 DAT

maximum tiller number of 11.82 was recorded by Haryana basmati (v,) and was
significantly superior to v, and v4 but on par with v,. Lowest tifler count of 8.3
was recorded by Kasturi (v4) which was on par with v,. At harvest Basmati-370
(v4) recorded the maximum tiller number of 12.08 which was significantly
superior to v, and v| (9.15) but on par with v, (11.33). Lowest tiller count of 9.96

was recorded by Pusa basmati-1 (vy)

Date of planting significantly influenced the tiller number at 30 DAT and at
harvest. At 30 DAT d, recorded the maximum uller number of 11.02 which was
significantly superior to d; and d, whercas on par with d; (10.40). At 60 DAT
and at harvest d, (transplanting on 10" October) recorded the maximum tiller
number of 13.25 and 12 respecuively and was significantly superior to dy and d
whercas on par with d, (12.33 and 11.29 respectively).

I L

Interaction effects were not significant at 30 DAT, 60 DAL and at harvest.
4.1.3. Leaf area index (LLAI)

LAIL at 30 DAT, 60 DAT and at harvest as influcnced by varictics, datc of

planting and their interactions are presented in Tahles 4.3.a and 4.3.b

Basmati-370 (v,) recorded the maximum LAl of 4.67 at 30 DAT which was
significantly superior to v, and vy but on par with v, (4.65). At 60 DAT and at
harvest Haryana basmati (v,) recorded the maximum LAT of 7.04 and 6.99
respeclively and was significantly superior to vy, vy and v;. The lowest leaf arca
indices of 6.21 and 6.28 werc rccorded by Pusa basmati-1 {v) at 60 DAT and at

harvest.
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Table 4.3.a. Main cffect of variety and date of planting on leaf area index (LAI)

Leaf Area Index

Treatments

30 DAT 60 DAT Harvest
Variclies
v, 3.95 6.21 6.28
vy 4,65 7.04 6.99
vy 3195 6.56 6.54
v, 4,67 6.59 6.49
SE 0.12 0.08 .09
CD 0.550 0.440 0.220
F3,6 12.31 17.12 11.53
Date of planting
dI 4.02 6.21 6.28
d, 4.47 6.41 6.43
d3 475 7.05 6.89
(14 4.75 7.05 6.89
SE 0.10 0.12 0.06
CD 0.550 0.400 0.220
Fio 5.15" 10.05* 19.29""

* Significant at 5 per cent *#* Significant at 1 per cent
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Table 4.3.b. Interaction effect of variety and date of planting on leaf area index

Leaf Area Index

Treatments
30 DAT 60 DAT Harvest

v.d, 3.55 5.73 6.06
vd, 3.77 6.03 6.09
vd, 3.95 6.18 6.20
v d, 4.51 6.90 6.75
vod, 5.20 6.91 6.87
v,d, 5.98 7.05 7.03
v,d, 3.65 7.70 6.98
v,d, 3.76 7.12 7.09
v,d, 3.34 6.06 6.04
v,d, 3.60 6.28 6.26
v,d, 3.69 6.80 6.92
vd, 5.17 7.10 6.94
vd, 3.99 6.14 6.12
v,d, 4.65 6.89 6.74
v d, 4.65 6.89 6.74
vd, 5.46 7.06 6.76
SE 0.29 0.13 0.16
CD 0.850 - -
Fo g 8.0 2.16 1.67

* Significant at 5 per cent +* Significant at 1 per cent
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Planting time also significantly influenced the LAT at 30 and 60 DAT and at

harvest. At 30 and 60 DAT and at harvest d recorded maximum leaf area indices
of 4.73, 7.05 and 6.89 respectively which was significantly superior to d; and d,

where as on par with d, (4.47, 6.41 and 6.43 respectively).

Interaction effects were significant only at 30 DAT. Haryana basman
planted on October 23 (v,d,) recorded the highest LAI of 5.97 which was on par

with v,4d,, vod; and v4d,. The lowest LAL of 3.33 was recorded by v,d; which

was on par with v d,, vody, v3ds, vods, vad, and vid,;.

4.1.4. Number of days taken to panicle initiation (Table 4.4.a)

In general delayed planting took less number of days for panicle initiation.
Among the varietics Haryana basmati took more number of days for panicle

initiation in all dates of planting whereas kasturi took least number of days.

Table 4.4.a. Duration in days taken from transplanting to panicle initiation by

basmati rice varieties under different dates of planting

Dates of planting

Varieties

d dy dsy dy Mean
vy 58 65 44 44 52.75
vy 52 58 42 46 49.50
vy 53 63 45 44 51.25
¥y 53 62 40 43 49.50
Mean 54,00 62.00 42.75 44 .25
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Haryana basmati planted on 10t October took about 65 days for panicle
initiation whereas it took only 58 days when planted on 23 October.  Pusa
basmati-1 planted on 10! Qctober took 58 days for panicle initiation whereas sth

November planting took only 51 days. Basmati-370 planted on 10t October took

about 44 days for panicle initiation whereas it took only 43 days when planted on
18t November. In the case of Kasturl, it took about 44 days for panicle initiation

in October 10U planting and 40 days in November 5t and 18 planting.
4.1.5. Number of days taken from panicle initiation to flowering (Table 4.4.b)

Kasturi and Basmati-370 took about 18 days from panicle initiation to

flowering when planted on 10" QOctober whercas Pusa Basmati-1 took only 17
days and Haryana basmati (ook only 16 days. TIn ali the varieties there was a

slight reduction n the number of days from panicle initiation to flowening during
October 23" planting, Pusa basmati-1 took less number of days (14) from panicle
initiation to flowering when planted on 23 October. Haryana basmati took the
least number of days (6) when planted on 18" November. Basmati-370 took least

number of days (16) in 23™ October planting.

Tablc 4.4b.  Number of days from panicle initiation to flowering for basmati

rice varieties under different dates of planting

Dates of planting

Varietics

d, dy ds dy Mean
Vi 17 16 18 18 17.25
D) 14 10 4 16 13.50
vy 17 8 15 20 15.00
7 I 6 15 19 12,75
Mean 1475 143,00 15.50 18.50
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Table 4.4.c.  Number of days from flowering to harvest for basmati rice varieties

under different dates of planting

Dates of planting

Varieties

dl d2 d3 d4 Mean
v 24 22 34 34 28.50
\7) 24 23 34 29 27.50
vy 21 23 35 32 2795
7 3 20 40 33 32.25
Mean 25.00 23.50 37.75 32.00

Table 4.4.d. Total duration taken by basmati rice varieties under different dates of

planting
Dates of planting

Varieties

d, dy ds dy Mean
V) 119 123 116 116 118.50
vy 110 111 110 101 108.00
vy 114 112 115 114 113.75
Vg 115 114 115 115 114.75
Mean 114.50 115.00 114.00 111.50
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4.1,6, Days taken from flowering to harvest (Table 4.4.c)

Among the varieties Kasturi took more number of days for maturity whereas

Haryana basmati and Pusa basmati-1 took less number of days. Haryana basmati
planted on 10® October took about 22 days for maturity whereas the delayed
planting in November 18 increased the period of maturity upto 26 days. In the
case of Pusa basmati-1 it took about 24 days for maturity for October 10 as well
as October 23™ planting and the days increased to 26 when planted on 5th
November. Kasturi took 34 days when planted on 10 October whereas it took

only 29 days when planted on 234 October.

4.1.7. Dry matter production (DMP)

The DMP at harvest as influcnced by varieties and date of planting and their

interaction effects are presented in Tables 4.5.a and 4.5.b,

Maximum DMP of 10958.67 kg ha'l was recorded by Basmati-370 (v,)
which was significantly superior to v,, vy and v;. The lowest DMP of 6350.00 kg

ha'! was recorded for Pusa basmati-1 (v

Planting time also significantly influenced the DMP. Maximum DMP of

9650 kg ha’! was recorded by d, (transplanting on 10th October) and was
significantly superior to d3 and dy whereas on par with dy (9029.38 kg ha'l).

The lowest DMP of 7528.54 kg ha! was recorded by dy (transplanting on 15th

November).

Among the interactions Basmati-370 planted on 10% October (vqd))

recorded maximum DMP of 13053.33 kg ha'! which was significantly superior to
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the next highest (10600 kg ha'l) recorded by v4dy. But vyd, was on par with
v4d3, “'sdlv vzdl, vzdz, vyd, and v,d;. The lowest DMP of 4356.67 kg ha-! was

recorded by v,d, which was on par with v,d, (4600 kg hal).

Table 4.5.a. Main cffect of variety and date of planting on dry matter production,

number of productive tillers~1, panicle length and panicle weight

Treatments DMP Produtive Pancile Pancile
(kg ha™") tiller hilt! length (cm) weight (g)

Varietics

v, 6350.00 §.22 28.58 2.02

v, 9659.63 9.16 26.54 1.77

v 7905.83 9.37 28.79 2.08
vy 10958.67 8.98 26.83 1.73
SE 250.79 0.23 0.60 0.03
CD 867.770 - - 0.120

F 64.90"" 4.57 3.80 25.13"

ENY

Date of planting

d 9650.00 10.37 30.50 2.05
d, 9029.38 9.02 27.88 1.94
d, 8702.21 8.58 26.63 1.85
d, 7528.54 777 25.75 1.76
SE 200.39 1.34 1.78 -

CD 693.350 1.340 1.780 -

Fyq 19.76™ 7.93" 16.12* 3.98

* Significant at 5 per cent ** Significant at 1 per cent
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Table 4.5.b. Interaction cffect of variety and date of planting on dry matter
production, number of productive tillers hill"!, panicle length and

panicle weight

Treatments DMP Productive Panicle Panicle
(kg ha!) tilters hill! length (cm) weight (g}

v,d, 4600.00 10.83 32.00 2.11
v,d, 8351.67 10.83 28.67 2.02
V|d3, 8009.67 10.17 27.33 2.05
vld4 4156.67 9.67 26.33 1.88
\'2d| 10395.00 9.67 28.00 2.04
vzdz 0692.00 9.50 26.83 2.04
\*2d3 9400.00 933 26.66 1.83
\*2d‘l D295.00 8.83 24,67 1.58
v3d] 10551.67 8.70 32.23 2.14
\'3d2 7473.33 8.50 2833 2.09
\*3(13 6736.67 8.25 27.83 2.03
\*3(14 6361.67 8.10 260.67 2.04
v, d, 13053.33 7.83 29.67 1.90
\"4d2 14600.00 7.80 27.67 1.81
v4d3 10580.50 7.66 24.67 1.67
v,d, 9600.83 7.33 2533 1.54
SE 744.10 0.54 0.71 0.11
CD 2214.810 - - )
Fy e 428" 0.31 1.44 0.55

* Significant at 5 per cent ** Sipnificant at 1 per cent
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4.2 YIELD ATTRIBUTING CHARACTERS AND YIELD

4.2.1 Number of productive tillers hilll

The average number of productive tillers hill'! as influenced by varieties,

date of planting and their interactions are presented in Tables 4.5.a and 4.5.h.

Haryana basmati (v,) recorded the maximum number of productive tillers of
9.375 and the lowest number of 8.22 was recorded by v, (Pusa basmati-1). Datc
of planting significantly influenced the number of productive tillers hill"!,
Transplanting on 10" October (dy} recorded maximum number of productive
tllers of 10.37 which was significantly superior to d,, d; and dy. The lowest
number of productive tillers was recorded by d, (7.77) which was on par with d,

and d, (8.58 and 9.02 respectively).
Interaction effects were not significant. Rt

4.2.2 Length of panicle

The results on length of panicle as influenced by vanous trcatments are
presented in Tables 4.5.a. and 4.5.b. The varietics didn’t differ significantly in
panicle length.  But planting time had significant influence and the maximum

length of 30.5 cm was recorded by d, which was significantly supcrior to dy, dy

and d;. The lowest value was recorded by d, (25.75 cm).
Interaction cffects were not significant.

4.2.3 Weight of panicle

The mean weight of panicle as influcnced by different factors and their

interactions are presented in Tables 4.5.a. and 4.5.h.
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Varietal diffcrence has significant influence on weight of panicle. Kasturi

(vy) rccorded the highest panicle weight of 2.08 g which was significantly
superior to v, and v, whereas on par with vy (2.02). Lowest panicle weight was

recorded by Basmati-370 (1.73 g). Planting time had no significant influence on

panicle weight.
[nteraction effects were not significant.
4.2.4 Number of spikelcts panicle™

Number of spikelets panicle’! as influenced by varietics, datc of planting
I ] b ] g

and their interactions are presented i Tables 4.6.a. and 4.6.b.

Among the varieties Harvana basmati (v,) recorded maximum number of
spikelets panicle™? (119.33) which was significantly supcrior to vy, vyand vy The
lowest number of spikelets panicle’! was recorded by Basmati-370 (84.08). Date
of planting also significantly influenced the number of spikelets panicle!l.
Transpianting on 10™ October (dy) recorded maximum number of spikelcts
panicle’! (115.083) which was significantly superior to d,, d, and d. The lowest

number of spikelets panicle™! was recorded by ds (91.75).

Among the interactions Haryana basmati transplanted on 23 October
(v5d,) recorded the highest number of spikelets panicle’? (140} and was

significantly superior to other treatment combinations, Next highest value was

recorded by v,d; (126.67) which was on par with v,d; and vd,. The interaction

cffect was lcast noticed for the treatment combination vudy (77.33).
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Table 4.6.a. Main effect of variety and date of planting on number of spikelets

panicle’!, number of filled grains panicle’ and thousand grain

wcight

Treatments No. of spikelets No. of filled grains Thousand
panicle”! panicle™! grain weight (g)

Varieties
v, 99.08 81.83 19.81
v, 119.33 103.00 22.68
vy 113.50 05.42 2035
2 84.08 70.00 23.87
SE 1.48 1.70 0.05
cD 5.120 5.890 G.180
F. 113.44™ 73.75" 277477
Date of planting
d, 115.08 99.58 24.20
d, 109.67 93.08 24.00
d, 99.50 83.67 22.70
d, 91.75 73.92 21.79
SE 1.45 1.62 0.06
CD 5.030 5.620 0.210
Fio 51.28™ 47.54" 334.59""

* Significant at § per cent ™ Significant at | per cent
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Table 4.6.b. Interaction cffect of variety and date of planting on number of

spikelets panicle!, number of filled grains panicle-! and thousand

grain weight

Treatments No. of spikelets Nao, of filled grains Thousand
panicle’! panicle”! grain weight (g)
vldl 120.33 163.00 20.56
v,d, 99.67 86.87 20.33
v, d3 51.00 70.00 16.93
v1d4 €5.33 67.67 18.40
vzdl 126.67 113.33 23.90
VEdE 140.00 116.67 23.78
vod, 113.00 71.00 22.36
»’2d4 97.67 85.00 20.65
vid, 126.33 105.67 27.07
vjd2 113.00 98.00 26.94
\’3d3 108.00 95.00 25.93
v,d, 106.67 83.00 25.45
\’4d1 87.00 76.33 25.28
v4d2 86.00 71.00 2495
v4d3 86.00 72.67 22.58
\*4d4 44.33 60.00 22.68
SE 1386 4.4¢6 0.11
CD 11.480 - 0.33
Fy 1 5.20™ 2.08 21.68"

* Significant at 5 per cent ** Significant at 1 per cent
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4.2.5 Number of filled grains panicle’l

The mean number of filled grains panicle’! as influenced by varieties, datc

of planting and their interactions arc presented in Tables 4.6.a. and 4.0.b.

Among the varietics v, (Haryana basmati) recorded the maximum number
of filled grains panicle’! (103) which was significantly superior to v, vy and v,,.
Basmati-370 recorded the lowest value (70). Among dates of planting d,

(transplanting on 10! October) recorded the maximum number of filled grains

paniclc‘1 (69.58) which was significantly superior to dy, dy and dy. The number

of filled grains panicle™! was lowest for dy (73.91).
[nteraction effects were not significant.

4.2.6 Thousand grain weight

The thousand grain weight as influenced by various treatments and their

combinations arc presented in Tables 4.6.a. and 4.0.b.

Kasturi {v4) recorded the highest thousand grain weight of 26.35 g which
was significantly superior to v, v, and v,. The varicty Pusa basmat-1 recorded
the lowest value (19.81 g). Among different planting time d, recorded the highest
valuc of thousand grain weight (24.20 g) which was significantly supcrior to dy

and d, whereas on par with d, (24.00 g).

Among the intcractions, combination of Kasturi with October 10t planting

(v4d,) recorded the highest thousand grain weight of 27.07 g which was on par

with vad, (26.94 g). Pusa basmati-1 planted on 18 November recorded the

lowest vatue (18.40 g).
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4.2.7 Grain yicld

The grain yicld as influenced by different factors and their intcractions arc

presented in Tables 4.7.a. and 4.7.b.

Varicties and date of planting significantly influenced the gram yield.
Kasturi (v4) recorded the highest grain yield (3.88 t ha'ly which was on par with
Harvana basmati {(v,) and significantly superior to v and v, The varnety
Basmati-370 recorded the lowest grain yield of 2.76 t ha''.  Among dates of

planting, d; {COctober 10th transplanting) recorded the highest grain yield (4.20
hahy followed by d, (3.50 1 ha !y, The lowest grain yicld was recorded by d,
Y ¢ 2 ¥ Y Gy

(2.93 tha'h).
Interacthion effects were not significant.
4.2.8 Straw vield

The straw yield as influenced by different factors and their interactions are

presented in Tables 4.7 and 4.7.h.

There was no significant differenee in straw yicld among the varietics as

well as the diffcrent dates of planting.  Pusa basmati-1 (v,) recorded the
maximun straw yield of 10.13 t ha™! while Kasturi (v) recorded the Jowest straw

vicld of 7.87 t ha't.
4.2.9 Harvest index (HID)

The harvest index as influenced by different factors and their interactions

arc presented in Tables 4.7.a. and 4.7.b.
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Table 4.7.a. Main effect of variety and date of planting on grain yield, straw yield

and harvest index

Treatments Grain yield Straw yield Harvest Index
(tha) (thaly

Varieties

v, 339 10.13 0.33

v, 169 9.01 0.29

vy 3188 7.87 0.31

v, 276 8.37 0.22

SE 007 1.73 0.23

D 0.250 - 0.790

F,. 44 93** 0.32 19.76"*

d 420 8.12 0.32
d, 3.50 8.31 0.30
d, 3.09 11.26 0.26
d, 2.93 4.69 0.27
SE 0.04 1.71 0.22
Ch 0.140 - 0.760
F., 192.29™" 0.91 7.35"

" Significant at § per cent ** Significant at 1 per cent
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Tablc 4.7.b. Interaction effect of variety and date of planting on grain yield,

straw vicld and harvest index

Treatments Grain yield Straw yield Harvest Index
(tha'D) (tha'l)

v,d, 4.13 6.86 0.37
v,d, 3.55 6.82 0.34
v 4, 298 6.66 031
vid, 2.92 6.57 0.31
v,d, 4.45 8.36 0.32
v,d, 413 9.67 0.30
v,d, 3.04 9.10 0.29
v,d, 3.31 8.91 0.27
v,d, 4.83 8.64 0.36
vyd, 373 7.94 0.32
vad, 3.20 7.58 (.29
vid, 3.03 7.33 (.29
v,d 341 8.62 0.26
v,d, 2.60 8.81 0.24
v,dy 2.54 8.13 0.16
v,d, 2.49 7.95 0.24
SE 0.07 1.73 0.16
cD - - N

F9.18 1.19 0.96 0.54




56

Among the varieties vy (Kasturi) recorded the maximum harvest index of
0.31 which was significantly superior to v, and v, whereas on par with v (0.33).
Date of planting also significantly influcnced the harvest index. Maximum
harvest index of 0.32 was recorded by d; (October 10" which was on par with d,

(0.30) but significantly superior to both d; and d, (0.26 and 0.27 respectively).

Intcraction effects werc not significant.

4.3 COOKING QUALITY
4.3.1 Cooking time

The cooking time as influenced by dilferent factors and their interactions arc

presented mTables 4.8.a. and 4.8 h.

Cooking time was stgmficantly influenced by th(::.:ggrictics, Basmati-370

{v4) took lcast time (12.66 minutes) for cookin-g while Haryana basmati (v,)

required morc¢ time (15.25 minutes) which was on par with v, (14.66 minutcs).

Date of planting and trcatment combinations had no significant influence on

cooking time.
4.3.2 Elongation ratio

The elongation ratio as influenced by different factors and their intcractions

are prescenied in Tables 4.8.a. and 4.8.b.

Elongalion ratio was significantly influenced by the varictics. Highest

clongation ratio of 1.67 was recorded by Pusa basmati-1 (v,) which was

significantly superior to v and v, whereas on par with vy (1.66).
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Table 4.8.a. Main effect of varicty and date of planting on cooking time,

elongation ratio and volume expansion

Treatments Cooking Elongation Volume
time ratio expansion
Varicties
v, 14.66 1.67 4.36
vy 15.25 1.49 2.63
v, 14.16 1.66 365
7 12.66 1.57 3.00
SE 0.19 0.00 0.04
CD 0.690 0.030 0.150
Fig 30.65" 55.74™" 316.50™

Date of planting

dl 13.66 1.62 34
d2 14.33 1.60 147
d3 14.25 1.60 338
d4 14.50 1.57 3.38
SE 0.29 0.02 0.05
CD - - -

FS,() 1.52 1.02 0.77

* Significant at 5 per cent ** Significant at 1 per cent
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Table 4.8.b. Interaction effect of variety and date of planting on cooking time,

elongation ratio and volume expansion

Treatments Cooking Elongation Volume
time ratio expansion

v,d, 13.66 1.72 4.36
v,d, 15.00 1.64 4.40
v,d, 14.67 1.65 4,36
v,d, 1533 1.65 433
v,d, 15.33 1.49 2.63
v,d, 15,33 1.50 278
vydy 15.00 1.51 2.55
vyd, 1533 1.48 2.55
v,d, 13.83 1.48 2.58
v,d, 13.33 1.66 362
vyd, 14.67 1.69 3.70
vyd, 14.33 1.68 3.62
v, 4 14.33 1.63 3.08
v,d, 12.33 1.60 303
v,dy 12.33 .59 3.03
vady 13.00 1.58 3.00
SE 13.00 1.54 295
CD - - -

Fg,]g 1.71 1.34 0.37
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Date of planting and interaction effects had no significant influence on

elongation ratio.
4.3.3 Volume expansion

Volume expansion as influenced by different factors and their interactions

are presented in Tables 4.8.a, and 4.8.b.

Among the varieties Pusa basmati-1 (v;) recorded maximum volume
expansion (4.36) which was significantly superior to v,, vy and v, The

volume expansion was lowest for Haryana basmati (2.63).

Different planting time and interaction effects had no significant influence

on volume expansion.
4.3.4 Organoleptic test

Organoleptic quahtics of basmati rice as influenced by varieties and date of

planting are presented in Table 4.9,

Kasturi planted on 10t October possess highest rank for appearance

whereas lowest rank was oblained by Pusa basmati-1 and Haryana basmati.

Kasturi planted on 10" October possess highest rank for cohesiveness
whereas lowest ranking was obtained by Haryana basmati planted on 10 October

and 5" November respectively.

Highest rank for tenderness on chewing was obtained for Kasturi planted on
10 October and Pusa basmati planted on 23 October while Haryana basmati

planted on 2314 Qctober and 18 November received the lowest ranking.



Table 4.9, Organoleptic qualities of basmati rice varieties

Rank means for qualily characters

Treatments

Appearance Cohesiveness Tenderness Tenderness Taste Aroma Elongation Overall

on wuching on chewing acceptability

\'i(il 68.30) 98.90 89.30 110.40 82.50 87.60 108.30 9010
vidl 68.50 98.90 89.30 116.50 76.50 91.15 86.90 90.10
‘.'[d3 63.30 898.90 73.50 08.10 76.50 79.30 86.90 82.20
\'lda“ 68.30 02.60 §1.40 98.10 68.50 75.70 81.90 32.20
\'zd1 63.50 20.60 82.10 G810 68.50 60.10 39.10 43,00
\':_d: 68.3) 2370 7420 30.05 68.50 54.60 39.10 46.70
\'gd} 6230 20.60 73.50 33.40 60.50 54.60 35.00 43.00
\-3(14 68.50 2370 81.40 30.05 52.05 49.20 35.00 34.80
\-"%d[ 124.50 111.50 89.30 116.50 108.5 109.40 108.30 121.30
v.d, 108.50 . 98.90 £9.30 110,40 100.5 109.40 101,70 113.60
v.d, 92,50 9890 73.50 98.10 84.50 103.00 101.70 97.95
\ }d4 02.50 98.90 81.40 88.10 84.50 90,20 88.5C 87.90
\-'_,'d] 8430 105,20 8140 7970 92.50 85.70 100.10 %0.10
\-'__Ld: 8150 98.90 81.40 75.40) 92.50 78.30 100.10 S0.10
\-‘_1d3 7050 98,90 7350 7540 84.50 79.30 91.00 82.25
vydy 76.50 98.90 7350 75.40 84.50 80.20 84.40 £2.25
X2 1" 113.40° 9.30 77.60° 24.40 28.60 61.27" 59.80"
Critital value 16 4.6 40.6 40.6 40.6 40.6 40.6 40.6

05
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Highest rank for elongation was obtained for the varietics Pusa basmati-1
and Kasturi planted on 10t October respectively whereas lowest rank was for

Haryana basmati planted on 18" November,

Kasturi planted on 10th October possess highest rank for overall

acceptability followed by the varieties Pusa basmati-1 and basmati-370 planted on

10% October as well as 23" October respectively.

There was no  significant difference among the varieties regarding

tenderness on touching, taste and aroma.

4.4 PLANT UPTAKE

4.4.1 Uptake of nitrogen

The mean N uptake as influenced by different factors and their interactions

are presented in Tables 4.10.a. and 4.10.b.

N uplake was sigoificantly influenced by the vaneties.  Haryana basman
{v,) recorded the maximum plant uptake (87.30 kg Iha‘]) followed by Basmait-370
(70.16 kg ha'ly. Pusa basmati-1 {vy) recorded the Jowest uptake of 05.04 ke TR
Planting time also significantly influenced N uptake. Transplanting on 8"
November (dy) recorded the maximum uptake (88.99 kg haly which was
signilicantly superior o dy. d, and dy. The lowest uptake of 5930 kg ha ST

recorded by d (10" October planting).

Among the interactions, combination of Haryana basmui planted on 8™
November (v,dy) recorded  maximum  uptake (107.07 kg ha!y and  was

significantly superior to all other treatment combinations. Pusa basmati-1 planted
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on 10t October (v,d;) recorded the lowest uptake of 53.15 kg ha ! which was on

par with vad,, vad, and v,d,.

Table 4.10.a. Main effect of variely and date of planting on uptake of nitrogen,
phosphorus and potassium, kg hal

Plant uptake (kg ha™!)

Treatments

N ons KEO
Varieties
v, 65.04 2398 75,70
vy 84 .31 24.28 98.63
vy 69.89 25.77 74.42
v, 70.16 22.04 78.05
SE 1.07 0.78 2.21
CD 3,730 - 7.630
Fyo £1.85™" 3.83 26.59*"
Date of planting
t:l1 59.30 2381 806.88
d2 63.40 27.29 85.09
d3 80.71 22.82 79.34
d4 88.99 2218 75.48
SE 0.99 1.71 1.49
ch 3.450 - 5.160
Fo, 199.81*" 1.79 12.37™

* Significant at S per cent ** Significant at | per cent
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Tablie 4.10.b. Interaction effect of variety and date of planting on uptake of

mitrogen, phosphorus and potassium, kg ha-l

Plant uptake (kg ha'!)

Treatments

N PZOS KZO
\-']d] 53.13 27.12 7767
\«']d2 58.8% 25.26 76.46
v d, 72.69 22,65 73.92
vld4 75.47 20.87 74.74
v,d, 73.31 19.25 103.65
\'2d2 717 27.12 103.86
v,d, 91.07 23.80 95.75
v2d4 107.67 26.86 91.23
v.d, 56.13 28.06 81.62
v}d2 . 56.81 30.82 78.12
v3d3 72.87 24.97 71.14
"'3d4 93.75 19.24 63.77
\'4d| 60.72 2596 81.90
\'4d2 60.72 2596 81.90
v4d3 86.22 19.88 73.58
\’4d4 79.08 21.67 72.15
SE 1.26 1.67 2.22
CDh 4.370 5.800 -
Fg1s 1537 278" 1.41

* Significant at 5 per cent " Significant at 1 per cem
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4.4.2 Uptake of phosphorus

The uptake of phosphorus as influenced by different factors and their

interactions are presented in Tables 4.10.a. and 4.10.b.

Variety and date of planting had no significant influence on phosphorus

uptake by the plant. Among the interactions, combination of Kasturi planted on
23 October (vad,) recorded maximum uptake (30.82 kg ha 1y which was on par
with vad,, vad,, vid,, vodsy, vody, v4d; and v d,. Lowest uptake was recorded by

vad, (19.24 kg ha ') which was on par with all the other treatment combinations.

4.4.3 Uptake of potassium

The uptake of potassium as influenced by different factors and their

interactions are presented in Tables 4.10.4. and 4.10.b.

Potassium uptitke was significantly influenced by varieties and dates of

planting. Among the varicties v, (Haryana basmalti) recorded maximum uptake of
98.02 kg ha'l which was significantly superior 1o v, vy and v, The variety
Kasturi (v} recorded the lowest uptake of 74.41 kg ha ! which was on par with v,

and v f-

Among dates of planting d, recorded maximum uptake of 86.88 kg ha !
which was sigiificantly supertor to dy and d, whereas on par with d, (85.09 kg

ha 1),

Interaction effects were not sigmificant.
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4.5 INCIDENCE OF PESTS AND DISEASES

Scoring on sheath blight disease was done based on the score chart given by
Internattonal Rice Research Institute, 1981 and is presented in Tables 4.11.a. and

4.11.b.

Table 4.11.a. Main effect of variety and date of planting on sheath blight disease

Treatments Disease index
Varieties

2 41.70 (6.43})
vy 529  (2.26)
Vq 665 (3.0
v, 641 (2.49)
SE 1.32

CD -

FJ,o 172.23

Date of planting

d, 1943 (4.07)
d, 1740 (3.73)
d, 1412 (3.36)
d, 1211 (3.03)
SE 0.66

CD

F3,6 24.6
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Table 4.11.b. Interaction effect of variety and date of planting on sheath blight

disease

Treatments Disease index
v,d, 45.67  (6.74)
v, d2 4705 (0.83)
v.d, 3861  (2.20)
v,d, 3549 (595
v,d, 599  (2.41)
v,d, 421 (2.04)
v,d, 729  (2.67)
v,d, 371 (1.9D)
vod, 17.09  (4.13)
v,d, 1057 (3.25)
vd, 6.10  (2.46)
vd, 486  (2.20)
v, d, 9.01  (2.99)
v,d, 797 (2.79)
v,d, 449 (2.12)
vd, 440  (2.09)
SE 1.47

D -

Fo,18 3.00
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Among the varieties v, (Pusa basmati-1) showed highest disease incidence
(41.70 %) whereas v, (Haryana basmati) recorded the least incidence (2.26 %).

Disease infection was there in all the varieties irrespective of dates of planting.

Among the interactions, Pusa basmati-1 planted on 231 October (vid))
recorded maximum disease intensity of 47.03 per cent and the least by v,d, (3.71

%).
4.6 COST OF CULTIVATION
4.6.1 Net returns

Net returns as affected by various factors and their interactions are presented

in Tables 4.12.a. and 4.12.b.

Maximum net return of Rs. 43,421 was obtained for Kasturi (v,) which was
significantly superior lo v, and v| whereas on par with v, (Rs. 42,749). Date of
planting also significantly influenced the net returns. Maximum net return of Rs.
55,632 was obtained for planting on 10t Qctober (d,) whereas d obtained Rs.

26675.84 which was on par with d (Rs. 3,087).

4.6.2 Benefit cost ratio (BCR)

The data pertaining to thc mean values of benefit-cost ratio as influenced by
different treatments and their interactions are presented in Tables 4.12.a and

4.12b.

The variety Kasturi (v4) gave the highest benefit-cost ratio of 2.01 which
was significantly supetior to v, and v, whereas on par with v, (1.98).

Basmati-370 recorded the lowest BCR of 1.66. Among different dates of

planting d, recorded highest benefit-cost ratio of 2.30 which was significantly
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superior to d,, d4 and d;. Lowest benefit cost ratio was recorded for d, (1.61)

which was on par with d; (1.71).

Interaction effects were not significant.

Table 4.12.a. Main effect of variety and date of planting on net returns and BCR

Treatments Net returns BCR
(Rs. ha'1)

Varieties

v, 36349.67 1.84
v, 42749 58 1.98
v, 43421.75 2.01
v, 28732 84 1.66
SE 1777.61 0.04
CD 6150.620 0.130

. " T3

F_,’.6 14.81 17.92

Date of planting

d, 55632.00 2.30
d, 38075.42 1.87
d, 30870.59 1.71
d, 26675.84 1.61
SI 27.61 0.03
CD 4523,750 0.100
F 95.54"" 109.94**

16

* Significant at 5 per cent i Significant at 1 per cent
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Table 4.12.b. Interaction effect of variety and date of planting on net returns and

BCR
Treatments Net returns BCR
(Rs. ha'!)

v]dl 50886.67 2.17
"1d2 39509.00 1.91
\;]d3 28525.67 1.66
v]d4 26479.34 1.61
\«‘Ed1 62665.00 2.52
\xzcl2 44724 .67 2.03
"'2‘13 33501.67 1.77
v2d4 30109.00 1.69
v3dl 67517.66 2.56
\-3d2 44004.67 1.98
vsds 32781.67 1.74
v3d4 29389.00 1.66
"4d: 41466.67 1.85
v4d2 24063.34 1.55
V4d3 28675.34 1.65
v4d4 20726.00 1.42
SE 4008.60 0.09
CcD - -
Fq,] " 1.05 1.22
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4.7 AGROMETEOROLOGICAL STUDIES

The tables presented in this part are not statistically analysed.

The maximum, minimum and mean values of various meteorological
parameters recorded during the crop growth period of each variety at different
dates of planting are presented in Tables 4.13.a, 4.13.b, 4.13.c and 4.13.d. The

following crop-weather parameters were computed from the data.

4.7.1 Growing degree days (GDD)

The Growing degree days (GDD) required to attain each phenological phase

by different varieties under different date of planting 1s presented in Table 4.14.

The duration of various phenophases with respect to varieties and planting
dates showed wide variations (Fig. 3). The number of days taken for attainment

of different phenological stages were largely in order d; > dy > dy > d,. The most

early sowing d; took longest time (119, 123, 116 and 116 days respectively) for
attainment of maturity in Pusa basmati-1, Haryana basmati, Kasturi and Basmati-

370 genotypes respectively (Table 4.4.d).

Degree-days based phenology

The GDD required to attain different phenological stages in basmati rice
genotypes (Table 4.14) revealed that sowing date could have marked influence on
degree days accumulated. For different planting dates GDD from planting to
maturity ranged between 1487 to 1709°Cd, 1488 to 1605°Cd, 1317 to 1620°Cd
and 1316 to 1620°Cd for Pusa basmati-1, Haryana basmati, Kasturi and Basmati-

370 respectively.



Table 4.13.1. Maximum, minimum and mean values of weather parameters and grain yield at critical growth stages and whole

growth period of basmati rice varietics planted on 10th October 2001

Character / Maximum Minimum  Cumulative  Accummulated Bright Rainfall Relative Wind Yield
stage of ¢crop temperature  temperature heat units heliothermal sunshine {mm) bumidity  (km hr'ly {thah
(°C) (°Cy °Cd units (“Cd} hours (%)
Vegetative
Maximum 3100 2520 106455 09972 61.60 93.70 85.30 6.40
Minimum 2930 22.90 T32.40 4654.06 23.80 8.60 80.30 4.60
Mean 30.25 2335 89975 567047 42.70 5515 280 5.51
Reproductive
Maxamum 31.00 23.00 302.60 2812.49 61.60 8.60 82.00 570
Minimum 30.60 2.00 195.75 856.95 4270 3.70 76.20 5.40
Mean 3080 2178 248.75 T 222476 51.80 3.70 79.75 5.80 °
Maturity
Maxnmum 3140 23.50 8537 473144 63.00 80.30 6.90
Mintmum 70 19.50 344 80 351853 4970 - 76.60 5.70
Mean 3105 2050 405.08 17698 53 56.35 - 78.70 6.28
Whole growth
Maximum 3140 24.20 1645.5 13422 .59 63.00 95.70 8530 6.90 483
Minimun 29 30 19.50 1601.6 114752 23.80 370 76.20 4.60 341
Mean RTINS 21.85 162353 231986 48.53 20.14 81.00 5.70 421 -

1L



Tabte 4.13.b.

erowth period of basmati rice varictics planted on 2374 October 2001

Maximum, minimum and mean values of weather parameters and grain yield at critical growth stages and whole

Character / Maximum Minimum  Cumulative  Accumulated Bright Rainfall Relative Wind Yield
stuge ol crop temperature  temperature  ficat upits heliothermal sunshine {mm) humidity  (km hr'l) {t ha'l
(*C) ("Cy °Cd umits {*Cd) hours (%)
Vegetative
Maximuin 31.00 2420 937.29 5325.56 61.60 05.70 84.10 6.30
Minimwmn 2970 .00 68094 4287.29 23.80 14.60 73.20 4.60
Mean 35 2210 805.12 4866.47 43.00 55.15 80.92 5.35
Reproductive
Maximum 31.00 23.50 27330 2451.09 60.20 37.90 82.00 3.70
Minlmuin 30.60 20.00 18895 984.90 42,70 3.70 76.20 540
Mean 30-80 2175 23013 174901 51.85 - 11.00 - 79.23 5.60
dMaturin
Maximum 3140 23530 550.03 4776.84 63.00 8.60 80.30 6.90
Minimum 3070 19.50 294.10 238325 46.00 3.70 76.60 510
Meun 205 2 1A 42217 354280 534.60 6.15 78.65 6.13
Whole growth period
Maximum 340 2420 1424.09 1195676 63.00 95.70 81.40 6.90 4.14
Minimuin 2970 14.50 142400 $070.07 23.80 3.70 76.20 4.60 2.60
15.92 80.09 372 350

alean RIINN 2185 112404 15868 49.80

[43



Table 4.13.c.

Maximum. minimum and mean values of weather parameters and grain yield at critical growth stages and whole
growth period of basmati rice varictics planted on 5th November 2001

Character / Maximum Minimum  Cumulative  Accumulated Bright Rainfall Relative Wind Yield
stage of crop temperature  lemperature heat units heliothermal sunshine (mm} humidity  (km hr'l) (tha'ly
(") (C °Cd units (“Cd) hours (%)
Vegetative
Maxtmum 31.00 2370 121,40 5392.14 60.20 54.20 84.10 6.30
Minimum 29.70 20000 787.05 4562.47 23.80 3.70 76.20 4.60
Mecan 035 21.85 - 4967.09 42.20 115.30 80.86 5.53
Reproductive
Maximum 3140 23.50 28550 3115.31 63.00 8.3G 82.00 6.80
Minimum 31.00 22.90 188.95 1739.91 60.20 3.30 78.20 5.70
Mean 31.20 2320 - 2313.11 61.60 11.90 78.86 .6.06 |
Malurity
Maximum 31.50 23,30 444 80 4111.22 63.00 - 78.40 6.90
Minimum 3020 1930 312.00 1892.46 35.20 - 76.60 4.90
Mean 31553 21.30 2907 54 4925 - 77.48 5.93
Whode grivsth pered
Maximum 31.50 3370 15855 12418.42 63.00 54.20 8410 6.90 347
Minnuem 29.70 1930 3855 8572.14 23.80 370 76.20 4.60 2.55
- Mean ALAD 2160 1385 5 1018772 50.49 8.09 79.64 5.70 - 3.04




growth period of basmati rice varictics planted on 18™ November 2001

Table 4.13.d. Maximum, minimum and mean valucs of weather parameters and grain yield at critical growth stages and whole

Character / Maximum Mintmum  Cumulative  Accumulated Bright Rainfall Relative Wind Yield
stage of crop lemperature temperature  heat uniis heliothermal sunshine {(mm) humidity ~ (km hr'l) (t ha'ly
() °C) o°Cd units (°Cd) hours (%)
Veoeotative
Maximurm 3140 2350 1077.20 754556 63.00 37.90 82.00 6.80
Minimum 20.50 20,06 73394 5400.13 42.70 3.70 76.20 4.60
Mean 3{1.95 21.75 - 6383.49 53.00 28.91 79.96 5.74
Reproductive
Maximum 31.00 23.50 346.35 3998.50 63.00 8.3 78.40 6.90
Mimmum 3070 19.50 276.80 182592 46.20 - 76.60 5.10
Mean 32,85 ©21.30 T 3161.69 54.35 8.3 77.20 - 6.27
Maturity
Maximum 3220 23,50 423,60 3640139 70.20 78.30 8.30
Miemum 320G 2000 R, 1067.67 35.20 76.60 490G
AMeun ERiY R : 2470.32 5275 77.10 6.34
Whoie gread) poriod
Maximum 32.20 2340 16017 61 1195676 63.00 37.90 82.00 8.30 331
Minnnum 290 149 561 1607 6] 807007 35.20 370 76.20 4.60 2.48
Meun HILOS IleS Lo 6] 105868 5325 4.87 79.05 593 293

pL
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Table 4.14.a. Growing degree days (GDD} required to attain various
phenophases of basmati nce
Date of planting
Growth
phase d, d, d, d,
Variety - Pusa basmati |
P] 565.90 404 54 523.50 527.50
P, 387.95 348.60 323.70 377.90
P3 156.40 145.35 208.55 155.75
P4 116.65 84.30 76.90 121.03
P 482.80 413.80 444 80 33975
Variety - Haryana basmati
P 616.35 510.99 541.15 527.50
P, 448.20 566.21 4380.25 549.70
P3 110.70 118.70 104.90 172,35
P, 85.05 70.25 137.15 117.55
Pj 344.80 362.20 12310 240.31
Varety - Kasturi
P] 462.35 510.79 489.35 52750
P, 270.05 170.15 162.20 258.55
P, 135.753 162.20 162.035 259.30
P, 166.85 111.10 86.00 87.05
P5 585.37 550.05 418.20 304.45
Variety - Basmati 370
P, 462.35 442 89 540.85 540.85
P, 270.03 306.50 262.35 193.05
P3 13575 136.45 162.35 240.00
P, 166.85 133.60 120.75 88.90
P 585.37 294.10 312,00 423.60

PI - Transplanting to maximum tillering

P, - Maximum tillering to panicle initiation

P, - Panicle initiation to 50 % flowering
P, - 50 % tlowering to 100 % flowenng
P5 - Flowenng to marurity
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Standard week

B P, - Transplanting to maximum tillering
. P, - Panicle initiation to 50% flowering
B P, - 100% flowering to maturity

v, - Pusa basmati-1 v, - Haryana basmati

. P, - Maximum tillering to panicle initiation
P, - 50% flowering to 100% flowering

v; - Kasturi v, - Basmati-370

Fig. 3. Phenological calendar of basmati rice varieties
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Table 4.14.b. Growing degree days (GDD)} required by basmali rice varieties
under different dates of planting for the whole growth period

Dates of planting

Varicties

dl d2 d3 d4 Mean
V) 1709.70 1487.09 157745 152195 1574.05
vy 1605.10 1628.45 1586.55 1607.61 1601.93
vy 1620.37 1504.29 1317.80 1437.85 1470.07
vy4 1620.37 1316.54 1398.30 1486.40 1455.40
Mean 1638.75 1484.09 1470.02 1513.70

Regresston models were developed for predicting timing of various

phenophases with R? values of 98.7, 99.7, 99.0 and 99.0 for each genotype.

These models were:

Y =-0.2607 + 16.688 X

Y =-114.846 + 23.261 X - 0.06084 X°
Y =-160.089 + 23.108 X - 0.5703 X2
Y =-210.936 + 25.305 X - 0.08067 X?

where, Y 1s predicted days to reach particular phenophase and X is GDD for
particular phasc of inierest for Pusa basmati-1, Haryana basmati, Kasturi and

Basmati-370 respectively.

Using these linearly fitted lines, the days taken to various phenophases
could be predicted depending upon the minimum values of GDD required to reach
that phase. The modcls for all four genotypes were tested by calculating the
predicted values and were found normally fit for all genotypes (Table 4.15).
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Table 4.15. Predicted calendar days required to attain various phenophases in

basmati rice varieties

Variety Actual Predicted Deviation from
days days actual days

Pusa basmati-|

P, 3 3l 0
P2 23 ) 25 2
P, 8 5 -3
P4 7 9 2
F 25 24 -1

5

Haryana basmati

P, 31 3z -1
P2 28 27 -1
Pl 7 7 0
P, 1] 13 2
P:.) 23 20 3
Kasturi
Pl 31 30 1
I’2 13 14 ]
P3 9 L i
P4 7 i) 1
P 35 13 -2

Basmati-370

P 32 12 0
P 12 il !
P, 8 13 5
Py 10 6 4
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4.,7.2 Photothermal units (PTU)

For the different phenophases of growth, accumulated photothermal units

were calculated by employing the formula

PTU = Growing degree days x Mean day length

The photothermal units required by different varieties under different dates

of planting is presented in Table 4.16.

Tablc 4.16. Photothermal units required by different varictics under different

dates of planting

Date of planting
Varictics
dl d.z (13 d4 bhlean

Pusa basoawti- | 205 16.40) 17845.08 18934).00 PH263 40 [ 8RNE.T2
Hiryana basmati 1926120 17862485 1903 GO LRSS 20 INSA4 57
foastun 19444 44 1RO.51 .48 15813.060 1725420 [ 76O
Basmat-370 19144 .44 15379% 44 1677960 1 763760 17415003
Mean TLGOHG.02 17389 38 17640045 | 78012 62

Among the varteties, Pusa basmati-1 took more photothermal units lor
maturty. The least photothermal units was taken up by Basmati-370 while
Kasturt ook shightly more photothermal units for maturity when compared to

Basmati-370. Among the different planting time, October 23 planting 1,y ok

the least photothermal wiits while d; (October 10'0) took maximum photothernial

LS.
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For the diffcrent phenophases of growth, accumulated heliothermal units

were calculated by cmploying the formula

HTU = Growing degree days x No. of bright sunshine hours

The accumulated heliothermal units required by different varieties under
different dates of planting 1s presented in Table 4.17. Among the varictics Pusa

basmati-1 took more heliothcrmal units whercas Haryana basmati took the least.

Among different dates of planting, October 10% planting (dy) required the

maximum heliothermal units whereas October 23™ planting (d,) took the least.

Table 4.17. Heliothermal unit (HTU) required by different varieties under

diffcrent dates of planting

Date of planting

Varieties

d] d2 d3 d, Mean
Pusa basmati 1 13422.59 1195676 12418.42 14652.22 13112.49
Haryana basmati 11475.20 8076.07 8572.14 9207.58 934774
Kasturi 12190.83 11373.94 101373 1222522 11481.82
Basmati-370 1219083 9227.94 9623.01 11916.97 10739.69
Mean 1231986 10158.67 10187.72 12015.49
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4.7.4 Heat unit efficiency (HUE)

The heat unit efficicncy (HUE) was calculated by employing the formuia

The HUE as influenced by different varieties under different dates of

planting is presented in Tables 4.18.a and 4.18.b.

Table 4.18.a. Effect of varicties and date of planting on heat unit elficiency

(HUE)

Treatments Heat unit efficiency

Variely

v ‘ (h.24
vy (133
¥y .29
vy (hal
Fo 1970
515 (h2z
cn

d, 0.40
d, (.51
il 133
(1_1 {1437
;{_fs / -{R
Sl ’ {120




Table 4.18.b. Interaction effect of varictics and date of planting on heat unit

efficiency (HUE)
Treatments Heat unit efficiency
v, d, 0.28
v,d, 0.59
v d, 0.51
vd, 0.27
vod, .63
vyd, : (.68
vyd, 0.59
vyd, 0.58
vod, 0.60
\'3(12 0.52
\'Ad.{ (142
V'_%dJ, 042
v, 0.69
\*4nl? 074
\-'dtl.1 (he7
"'.1d4 (154

Basmati-370. a traditional variety recorded the highest HUE of 0.41 and the

lowest HUE was recorded by Pusa basmati-| ({_},24).,

Basmati varietics planted on 23" Qctlober showed highest TTUT of (131

while that planted on 18" November (ds} showed the Towest HUL ol 0.32.

Among  the teractions the variety Basmati-370 vy planted oo ARER

October {d,) recorded the highest HUE of 0.74.
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4.7.5 Crop weather diagram

Crop weather diagram is a factual summary of the weekly progress of crop
and the weather conditions expericnced by it. The upper part of the diagram
shows the weather conditions experienced by the crop. Crop data are presented in
the Jower part. Crop weather diagram for 10® October and 23" October planting

are presented in Fig. 4 and Fig. S.

4.7.6 Correlation studies between weather parameters and growth

characters and yield

The results of the correlation analysis conducted between meteorolgical
parameters and crop growth and yicld factors are presented in Tables 4,194,

4.19.b and 4.19.c respectively.

Vegetative phase

During the vegetative phase of the crop the mean values of mwaximum
lemperature, minimum temperature, total rauntall, sunshine hours. mean relative
hunudity, wind speed. cumulative degree days and accumulated heliothermal
units were 30.34°C, 23.78°C, 27.78 mm, 4034 hours, 82.96 %, 545 km hr !
JOOL55°Cd and 2958 21°Cd respectively.  The mean maxinmum lemperature
ranged from 31°C to 29.7°C with a mean of 30.349C while the mmnimum
temperature yanged from 24.2°C (o 23.1°C with o mean of 23.787C. During this
stage, plant height, tiller number and dry matter production showed o positive
correlation  with  minimumn  temperature.  rainfall,  relative hamidity  and
accumulated heliothermal units while a negative correlation was obtained with
maxnnum temperature, sunshine hours, wind and cumulative degree days. Teat
arci tndex showed a positive correlation with maximum temperature, sunshine

bours, wind, cumulative degree days and accunmulated heliothermal units while o



Crop : Basmati Rice Variety . Kasturi State - Kerala

Year . 2001-2002 DOP : 10-10-2001 Station . Vellayani
Latitude : 859N
Weather data Langitude : 76.9°E
Months Qctober Novemnber December Janudary
Standard weeks 41 42 43 44 435 48 47 48 49 S0 51 52 1 2 3
= Max. Temp. 300 29.5 30.3 31.0 30.4 297 05 30.5 31.0 306 310 31.0 3 4 31.0 307
T Min Temp. 237 24.0 24.0 24.2 237 231 23 4 23.2 22.9 200 223 23.5 230 2249 19.5
E} Rainfall 142 526 957 Nil 54.2 14.6 a7z o Ni 8.6 Nil 3.7 8.6 Nil a7 8.3
E" R.H. 853 85.1 85.4 81.1 81.8 84.1 81.9 80.3 81.1 76.2 820 79.5 80.3 78 4 76.6
| Sunshine hrs 392 392 37.8 46 2 44 8 44 8 23 8 50.4 55.3 618 482 427 60.2 623 630
2| wind speed 6.4 57 54 4.6 5.3 4.6 46 6.3 5.7 5.4 8.7 5.7 5.7 6.8 69
Evaporation 4.8 30 3.0 3.1 2.8 31 2.4 33 2.9 27 3.1 2.4 2.9 2.7 28
Transplanting | 10-10-01}S g“ 30 DAT 8625 gﬁ =
e . =T B0 DAT 12.250 120 ek B
o |Max. tillering 111012 P ZEE 5
Harvest 11.330 £ EsX =
E e 23-11-01 fmr 2 5 5 E
— L) L
= Flowering 11-12-01| 28 300DAT 53.6 cm 109 = =4 i
=
A Harvest 14-01-02| SE 60DAT 104.6 cm L4
o 2 Harvest 1103 em 10
ElEm - e - 8o
8 £ | Max. tillering 31 No. of productive tillers 10.8 E 5
[= = s 2
cs|Pi 42 z 18
:E § Flowen'ng 16 No. of Spikele{sfpanicle 128 g BQ E
Jm L6 2
a £ | Harvest 32 Filled grains/panicte 105 g o S
40 E
o |Grain  4832.10 1000 grain % e
5 weight . o
,;'—ji Straw 8487 65 g 2706 20 1 a 17
= s Y, < 10551 .60 Harvest Index 038 g
g i T —— 77— —— —— 7 o
CROP NOTE ! SPECIAL REMARKS 38 39 40 41 42 43 44 45 46 47 48 49 50 51 62 ¢ 2 3
No major pests observed. Sheath blight Standard week
incidence during repraductive stage.
-4 Mean he:ghtjcm) &  Tilernumber
Rotation : FPaddy / Paddy Seed rate : B0 kg/ha (2 seediings/hill) Spacing : 20 x 10 cm Manures . FYM @ Stha Urea: 109 kg Massuriphos: 260kg MOP : 166 kg

Fig. 4. Crop weather diagram (10-10-2001)



Crop : Basmati Rice Variety . Kasturi State . Kerala

Year : 2001-2002 DOFP : 23-10-2001 Station  : Vellayani
Latitude : 8.5°N
Weather data Longitude - 76 9°E
Months October November December January
Standard weeks 41 42 43 44 45 46 47 48 49 50 51 52 1 2 3 4
= Max. Temp. 30.0 29.5 303 310 30.4 297 305 305 1.0 306 31.0 31.0 31.4 31.0 0.7 310
g Min. Temp. 23.7 240 24.0 24.2 23.7 231 23 .4 23.2 22.9 20.0 22.3 235 23.0 22.8 196 235
Rainfatl 14.2 52.6 95.7 Nil 54.2 146 37.9 Nil 86 Nit a7 8.6 Nit 37 83 Nil
Z|R.H 85.3 85.1 85.4 811 81.8 841 81.9 80.3 81.1 76.2 §2.0 795 80.3 78.4 76.6 76.6
21 Sunshine hrs. 39.2 39.2 i7.e 46.2 44.8 44 8 23.8 50.4 55.3 61.6 45.2 427 60.2 62.3 63.0 46 2
2| wind speed 6.4 5.7 5.4 4.6 6.3 4.5 4.6 6.3 57 5.4 57 5.7 5.7 6.8 6.9 5.1
Evaporation 4.8 3.0 3.0 31 2.8 3.1 2.4 3.3 2.9 2.7 3 2.4 2.9 2.7 2.8 3.0
Transplanting | 23-10-01|5 2 30 DAT 8.00 140 — _3: — 14
e ' 3= P 50 DAT 1250 £ EE8% 2
o |Max titering | 22-11-01|SE £ cEL z
Harvest 11.50 g §EEE B
E Pl. 4-12-'01 p= 120 4 = 13 - T 12
= Flowering 20-12-0% ; E 30 DAT 56.7 cm a .
° Harvest 21-01-02| BE B0DAT 106.0 cm 100 - 110
3 & Harvest 1093 cm ~
Ew™ - 3 -
O | 8.£ | Max. tillering 32 | No. of productive titlers 85 2 80 18 8
35 PI. 12 3 5
- g, Flowering 18 No. of spikelets/panicle 113 2 o s s
>m < [=
G £ | Harvest 34 | Filled grains/panicie 98 2 g
40 | 5 14
o~ [Grain  3730.0C 1090h9‘rain . £
- wel k -
fi Straw  7940.00 9 g 20 4 - a T2
= OMP 7473.33 Harvest Index 0.32 g
0 —_— e —_— 0
CROP NOTE / SPECIAL REMARKS 38 319 4D 41 42 43 44 45 46 47 48 49 50 5% 52 1 2 3 4
i Standard week
No major pests observed. Sheath blight
incidence during reproductive stage. Mean holghitem) & Tiller number

Roatation | Paddy / Paddy Seed rate . 80 kg/ha (2 seediings/hill)  Spacing . 20 x 10 em Manures : FYM @ Stha Urea: 109kg Massuriphos: 250kg MOP [ 166 kg

Fig. 8. Crop weather diagram (23-10-2001)
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negative corrclation was obtained with minimum temperature, rainfall -and
sunshine hours. In the case of yield and yield attributing factors, a positive
correlation was obtained with minimum temperature, rainfall, relative humidity,
sunshine hours and cumulative heat units while maximum temperature, wind and

accumnulated heliothermal units showed a negative correlation.

Reproductive phase

During the reproductive phase the mean maximum temperature ranged from

31°C to 32.59C while the minimum temperature ranged from 23.4°C to 20.0°C.
The total rainfall and bright sunshine hours were 50.8 mm and 163.1 hours
respectively.  The mean maximum relative humidity ranged from §1.59% to
79.2% with a mean of 81% while wind speed ranged from 6.3 to 4.6 km hr! with
a mean of 5.53 km hr'f. The mean cumulative heat units and accunilated
heliothermal units were 242.05°Cd and 3998°Cd respectively, During this stage.
plant height, tiller number and dry matler production showed a positive
correlation with rainfall, relative humidity and sunshine hours while a negative
corrclation was obtained with wind, maxinunm emperature, cumulative hieal units
and accumulated  heliothermal units. Leat area index showed a positive
corrclation with maximum emperature, relaive humidity and wind while a
negative correlation was obtained with minimum temperature. vainfall, sunshine
hours, cuwmulative heal units and accumulated heliothermal units.  In the case of
vield and yreld attributing characters, @ positive correlation was obtained with
rainfall, cumulative heat units and relative humdity, Panicle weight, filled grains
panicle™! and thousand grain weight showed a negative correlation with maximum
temperature, wind and accumulated heltothermal units while number of spikelets
paniclet and harvest index showed a positive correlation with maximum and
minimum temperature. Harvest index showed o positive correfation wath ali the

weather parameters except cumulative heat units,
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Table 4.19.a. Correlation coefficients between growth characters and different

meteorological parameters during different phenophases of basmati

rice
Weather Stage of Plant Tiller LAl DMP
parameter crop height number
Maximum temperature
Vegetative -0.12 -0.64™ +(.03" -0.42
Reproductive -0.25 -0.58° +0.45 -0.25
Maturity -0.08 _ +0.45 -0.33 -(1.36
Whole growth period -0.28 -0.757 .32 -0.34
Minimum temperature
Vegetative +0.04 +0.60° -0.767 +).26
Reproductive -0.03 +0.06 -0.04 .03
Maturity -0.13 +0.35 -0.05 -0.05
Whele growth period  -0.30 +0.47 009 +0.34
Rainfall Vegetalive +0.03 +0.67" -0.637 +(.31
Reproductive +0.13 +.54" -0.51 +(1.39
Maturity +0.001 -0 +0.15 +(.A8"
Whole growth period  +(3.12 -0.87" +(LOY +0.33
Relative humidity Vegetative +0.13 +(1.33 .657 +0,15
Reproductive +0.26 +.61° +1.01 +0. 14}
Maturity +H).66™ -0.69” +0.39 +00.53
Whole growth period - +(0.31 +(3.33 061 +{1.33
Sunshine hours Vegetative -0.29 -0.36 +00.004 (.40
Reproductive +0.06 - 18 (.29 +0.04
Maturity +0.23 {1.25 .23 +). 39
Whole growth period  +0.01 +().3% 1.04 -0.35
Wind Vegelative -0.19 {135 0,40 -0.34
Reproductive -0.05 -(1.29 +00.24 1135
Maturity 5T +0.29 (113 -(3.37
Whole growth period (012 +0).82 (LOY (127
<D Vegetative -(1.42 (145 +0.27 -0.12
Reproductive -0.21 -0.19 016 .20
Maturity -0.02 +0.45 172 +{.0%
Whole growth period -0.12 +131 0.30 +0.02
AHTU Vegetative +L817 +{}.3% +(1.60k +0).34
Reproductive +}.84" -4 .08 (130
Malturity +(L78 +(}.20 +{LiH +{3.32
Whole growth period  +0.827 (111 -0.34 -01.35

= Significant at 5 per cent leve] ** Stenilcant at b oper cent leve!



Table 4.19.b. Correlation  coefficients between duration and different
meteorological parameters during different phenophases of basmati

rice

Weather Stage of crop Duration

parameter

Maximum temperature Maximum tillering -0.23
Panicle initiation +0.41
50 % flowering +(.27
100 % flowering +116
Maturity -0.31

Minimum temperature Maximum tillering +0.34
Panicle initiation -0.35
50 % flowering -0.306
100 % flowering +0.06
Maturity +0.35

Rainfall Maximum tllering +0.27
Panicle mitiation -0.22
50 % Nowering (1)
100 % flowering +0.38
Mauturity +1. 14

Relative humidity Maximum tillering +.29
Panicle initiation -(1.21
5096 flowering -00.18
100 % flowering +(L05
Maturity +0.1}

Sunshing hours Maximum tillering +0,11
Panicle initiation {).39°
50 % lowerning 0.5
100 % flowering 0517
Maturity +0.79°"

Wind Maximum tillering +.31
Panicle initintion +0.607
S0 4% flowering -0.05
100 % flowering -0.05
Maturity -0).44

CnD Maximum tiliering -0.15
Panicle initiation -0.03
S 4 flowering -104
100 % flowering -1 18
Maturity +().2]

* Significant at 5 per cent level

£= Significant w | per cont level
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Table 4.19.c. Correlation coefficients between .yield and yield attributing
characters and different meteorological parameters during different
phenophases of basmati rice

Weather parameter and Panicle Spikelets  Filled Thousand Harvest  Yicld
Stage of crop weight  panicle'  grains grain  index
panicle!  weight

Maximum temperature

Vegetative -0.41 -0.42 -0.34 034 059 40011
Reproductive -0.25 +0.06 -0.04 042 025 +047
Maturity -0.36 -0.34 -0.37 0240 037 031
Whole growth period +0.88" 40527 +0.86" +0.31 .69 .35
Minimum temperature
Vegetative +(1.52 +0.23 +0.29 +(043  +0.57 +0.32
Reproductive -0.03 +0.11 -0.07 +0.11 019 +0.26
Maturity +0.05 +0.26" +0.27 005 40510 4034
Whole growth period +0.53" -0.01 -0.07 +0.35  +0.697 4037
Rainfall
Vegetative +0.48 +0.(H -0.07 +0.35 4068 140
Reproductive +0.39 +0.18 +0.15 +045 40492 +0ORy”
Maturity +).58° +0.17 +).206 +ARAT 40043 4340
Whole growth period +0.5% -0.50° 148 HE3S 40607 4080
Relutive humidity
Vegetative +0.30 +3.31 +0.01 #1127 023 4041
Reproductive +(3.10 +0.33 +0.42 +0.047 4034 +0.33
Malurily +(3.53" +().35 +0.41 JO51 058 4013
Whole growtl period +0.45 HLTET 40,547 G033 40Ad e

Sunshine hours

Vegetative +0.09 +(.09 (.90 T TR O L VSR PR
Reproductive +(3.04 ()48 155 -0.25 ALY AT
Maturity +0.39 -(.22 AL 18 + 33 SHRID D
Whole growth period +{.54 +13.43 +(1.45 H3Y SR DS
Wind
Vegetative +0.05 +(0.03 .13 SIXON .24 22
Reproductive -(0.35 -0.14 (L I8 -1.30 019 1026
Maturity -0.36 .04 -1.05 -(h 32 0807 0k3
Whole growth period -0.36 +.58° +LA1" -(.27 0 036 (.43
Db
Vegetalive -0.36 +(1,52° +0.14 HIAN A Aa 06
Reproductive -0.25 +0.14 +Y11 017 .03 03
Maturity 016 +().36 +1.24 (il +00t0 {0
Whole growth period +00.13 +(} 34 -0.03 1040 0013 {113
ALITU
Vegetative -(1.02 -0 b SRR LRI SREN'
Reproductive -0.17 -(.44 SR T L
Maturity -0.30 -h 3 A 37 .25 A1.37 no

Whote growth period -0.03 034 SN ¢ (0oL 04 40is

* Bignificant at 5 per cent level *+ Stanilicant ar | per cont level



87

Ripening stage

During the maturity phase, the values of mean maximum and minimum
temperature, total rainfall, total bright sunshine hours, average relative hurmdity,

wind speed, cumulative heat units and accumulated heliothermal units were
30.83°C, 21.8°C, 2.67mm, 237.48 hours, 79.88%,5.86 km hr'l, 505.5°Cd and

1067°Cd respeclively. In this stage, plant height, dry matter production and leaf
area index had a negative correlation with maximum and minimum temperatures
and wind whilc a positive correlation was obtained with rainfall, relative
humidity, sunshine hours and accumulated heliothermal units. Tiller production
showed a positive correlation with maximum and minimum temperatures, wind,
cumulative heat units and accumulated heliothermal units while a negative
correlation was obtained with rainfall, relative humidity and sunshine hours. In
the case of yield, minimum temperature, rainfall, relative humidity and
cumulative heat units had positive cormrelation while maximum temperature,
sunshine hours and wind showed a negative correlation with vield. All the yield
attributing characters showed a negative correlation with maximum temperature,

wind and accumulated heat units.
Whole growth period

The mean values of maximum and minimum temperature, total rainfall,

total bright sunshine hours, average relative humidity, wind speed, cumulative
heat units and accumulated heliothermal units were 30.57°C, 22.87°C, 302.1 mm,

679.42 hours, 81%, 5.7 km hrl, 1526.64°Cd and 4731°Cd respectively. All the
growth parameters showed a negative correlation with maximum temperature
while minimum temperature had a positive correlation with tiller number and dry
matter production. Tiller production was negatively correlated with rainfall whilc
other growh parameters were positively correlated with rainfall.  Relative
humidity had positive corrclation with all growth characters except leaf area

index. Tiller number and dry matter production showed a positive correlation
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with cumulative heat units while plant height showed a positive correlation with
accumulated heliothermal units. Correlation analysis between weather paramelters
and yield and yield attributing characters revealed that minimum temperature,
rainfall, sunshine hours and cumulative heat units had a strong positive correlation
with yield while maximum temperature and accumulated heliothermal units had a
strong negative correlation. Number of spikelets panicle !, filled grains panicle’!,
thousand grain weight and panicle weight had a positive correlation with
maximum temperature and sunshine hours while a negative corrclation was
observed with minimum temperature and accumulated heliothermal units.
Number of spikelets panicle™! and filled grains panicle”! had a negative relation
with rainfall and minimum temperature while a positive correlation obtained with
wind.  Panicle weight and thousand grain weight also showed a negative
correlation with wind while a positive correlation with rainfall and sunshine

hours.
4.7.7 Correlation between duration and weather parameters

During transplanung to maximum tillering phase of crop growth (Py)
maximuam temperature and cumulative degree days showed @ negative corrcelition
while @ positive correlation was obtained with minimum temperature. rainfall,
refative humidity, otal number of bright sunshine hours and wind.  From
maximum tillering to panicle initiation stage (P,). a positive correlation was
obtained with maximum temperature and wind while a negative correlation was
obtained with minimum temperature, rainfall, relative humidity. sunshine hours
and cumulative heat units. From panicle initiation to 50 per cent flowering (P;). a
posilive correlation was obtained with maximuam temperature and clunulative heat
units while a negative correlation was obtained with minimum temperature,
rainfall, relative humidity, sunshine hours and wind. During the period trom 50

per cont flowering to 100 per cent flowering (P,) maximum tenperature,

minimum temperature, rinfall  and  refauve  homidity  showed a0 positive
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correlation while a negative correlation was obtained with sunshine hours, wind
and cumulative heat units. During maturity phase (P5) a positive correlation was
obtained with minimum temperature, rainfall, relative humidity, sunshinc hours
and cumulative heat units while a negative correlation was obtaincd with

maximum temperature and wind.

4.7.8 Correlation studies between weather parameters and sheath blight

intensity

Correlation coefficients between weather parameters and sheath blight
intensity revealed that there was a positive correlation between disease incidence
and maximum temperature, relative humidity and rainfall. A negative correlation

was observed with minimum temperature, (otal bright sunshine hours and wind.
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5. DISCUSSION

The results of the experiment conducted to study the performance of
basmati rice {Qnmza sativa L.) varieties under different dates of planting are

discussed in this chapter.
5.1 GROWTH AND GROWTH CHARACTERS

The results presented in Table 4.1a (Fig. 6) showed that there was
significant difference among the varicties with respect o plant height.  Lowest
height was recorded by Pusa basmati-1 which is a semi dwarf photo insensitive
varicty while Basmati-370), a tall photosensitive traditional variety registered the
maximum height.  But the variety is suscgplible to lodging duc to its tallness.
This was also reported by Angrish (1991).  Planting time also sigmificantly
influenced the plant height at 30 DAT and 60 DAT. The plant height showed a
positive correlation with rainfall and relative humidity during all stages of crop
growth and sunshine hours during the reproductive and ripening stages of crop
growth. A ncgative corrclation was observed for maximum temperature,
minimum temperature and growing degree days (GDD) or cumulative heat units.
Eventhough, there was no marked difference between date of planting
maximum and minimum temperature, the growing degree days or cumulative heat
units reccived by carly planted crop was more resulting in lower plant heights,
Late planted crop received more number of bright sunshine hours which might
have resulted in taller plant. This was in agreement with the findings of Sankar
and Gupta (1981). Photoperiod in addition to its effect on flowering, may
influence elongation and branching of stem. This was reporied by Venkataraman
and Krishnan (1992). Incrcased N uptake by the late planted crop may also result

in the tatler growth of the plant.
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The results presented in Table 4.2a (Fig. 7) revealed thal number of tillers

hill-'! was highest for early planted crop except at 30 DAT. More number of
tillers at carly planting was also reported by Jiang and Zhou (1987), Ramaiah et
al. (1987) and Sreelatha (1989). The number of tillers at harvest was slightly
lower than that at 90 DAT probably due to mutual shading from increased lcaf
arca after maximum tillering stage. This is in agreemcnt with the findings of
Krishnakumar (1986). Shading reduces incidence of light and also affects growth
and development of the rice plant (Lenka, 1998). Among the varictics, Kasturi
recorded maximum number of tillers at all the growth stages. Tiller number
showed a positive correlation with minimum temperature during all stages of crop
growth and rainfall and rclative humidity during vegetative and reproductive
stages. Larly planted crop experienced sufficient rains combined with rclative
humidity which increased the number of tillers at various stages of crop growth.
Late planted crop experienced a high maximum temperature and low minimum
temperature which decreased the number of tillers. This is probably duc to the
fact that higher temperature will decrease the carbohydrate per plant leading to
tow tiller production. This was reported by Sate {1972) and Krishnakumar
(1980).

Varictics and dates of planting significantly influenced the leaf arca index
at all stages duning crop growth (Table 4.3a and I1g. 8). Among the varieties
Haryana basmati recorded maximum leaf area index at 60 DAl and at harvest.
Leaf area index showed a slight increase in trend with delay in transplanting.
Leaf area index was positively correlaled with maximum temperaturc at
vegetative and reproductive stages of crop growth. The late planted crop
experienced a relatively higher maximum temperature resulting in an increase in
leaf arca index. Since there was a negative correlation between leaf arca index
and rainfall and rclative humidity durinlg early stages of crop growth, the carly
planted crop produced a lower leaf area index. As the height of the plant
incrcased under late planted condition, it might have contributed to more number

of leaves and thereby an increase in leaf area index. Eventhough leaf area index
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was slightly more under late planted condition, the high temperature expericnced
by the crop during these stages resulted in the production of ineffective tillers
resulting in low yield. This was also reported by Lin (1970) and Lalitha er o/

{1999). Interaction cffect was significant only at 3¢ DAT.

Table 4.4 showed that there was a slight decrease in total duration of all the
varictics with delay in planting time (Fig. 9). As in any other crop, yiclds of rice
crop are not only reduced by planting dates in a season that will cause plants to
flower carly but also by planting dates that will cause very late flowering. This
was in agrcement with the findings of Reddy and Reddy (1986) and Reddy and
Reddy (1992). Length of rainy season determines the duration of varictics. Larly
planted crop received more amount of rainfall which might have increased the
duration of the crop. This was reported by Sastri (1986). Low rainfali and
relative humidity , high maxinium temperature, more number of bright sunshimnc
hours shortened the duration of flowermg to harvest for late planted crop. At Inigh
temperature translocation of photosynthates to grain takes place at a faster rate

and thus maturity get shortened. This was reported by Krishnakumar (1986).

Irrespective of varieties, earlier planting recorded maximum dry matter
production (Table 4.5a), This was also reported by Ramaiah ef a/. (1987), Wang
and Liu (1991), Singh er al. (1993) and land et al, (1994). Correlation studies
revealed that dry matter production was positively influcnced by minimum
temperaturc at carly growth stage. Kembuchetty (1978) reported that dry matter
production decreased when night temperature during vegetative phase was lesscr.
Relative humidity and rainfall during the cntire crop period had positive
correlation with dry matter production. Bright sunshine hours also had a positive
correlation during the later stages of crop growth. Early planted crop received
sufficient rains and relative humidity during the whole crop period which
increased the tiller production leading to more dry matter production. Maximum
temperaturc had a negative correlation with dry matter production resulting in low

dry matter production in late planted crop. The cumulative heat units was also
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negatively correlated with dry matter production in its early stages. The late
planted crop received more cumulative heat units in vegetative and reproductive

phases resulting in lower dry matter production in late planted crop.

5.2 YIELD AND YIELD ATTRIBUTING CHARACTERS

The results presented in Table 4.5a (Fig. 10) revealed that date of planting
significantly influenced the number of productive tillers. Early planting recorded
maximum number of productive tillers. This was also reported by Ashral ¢f af.
(1989) and Ramecsh and Singh (1999). Early planting received sufficient rains and
other congenial range of weather parameters right from active tillering (o panicle
initiation stage which contributed to more number of productive tllers.  late
planted crop experienced a higher temperature which led to increased production

of neffective tillers. This was reported by Lin (19706) and Krishnakumar (1986}

Eventhough the varieties showed no significant variation in panicle length,
date of planting had significant influence on panicle length (Table 4.5a). Larly
planted crop recorded longest panicle. This was also reported by Kamalam and
Havanagi (1987), Singh ef «/ (1991) and Perumal (1989). Among thc varictics

Kasturi recorded longest panicic.

The results presented in Table 4.5a showed that early planted crop recorded
more number of filled grains per panicie. This was also reported by Singh er al.
(1991). Rainfall and relative humidity had positive correlation with number of
filled grains per panicle. The carly planted crop received more rainfall and
relative humidity compared to late planted crop and this might be the cause of
morc number of filled grains per panicle in carly planted crop. Though maximum
and minimum temperatures had negative correlation with filled grains per pancile,
the cumulative degree days had positive correlation at all stages cxcept whole
crop growth period. Late planted crop appeared to have high amount of chalky

kemals. Higher maximum and lower minimum temperature during the whole
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crop period might be the reason for the lesser number of filled grains in later
planting. Anothcr reason for the significant lower number of filled grains in later
plantings is that source was a limiting factor comparcd to higher sink. Also wind
had a negative corrclation with number of filled grains per pamcle.
Comparatively higher wind and temperature during the period from heading to
ripening phasc of latc planted crop increased the spikelet sterility through higher
cvaporation rate and desicealion of spikelets. This decrcased the percentage of

filled grains, This was reported by Krishnakumar (1986) and Matsui (1997).

Higher nutrient uptake and dry matter production lead to more thousand
grain weight in carly planted crop (Table 4.5a). This was reported by Singh ¢f «/.
(1991) and Singh e af. (1993). Among the varieties Kasturi recorded maximum
thousand grain weight. High temperature reduces the grain weight accompaniced
by decreasc in grain thickness. Maximum temperature had a ncgative correlation
with 1000 grain weight during all stages of crop growth. Late planted crop
experienced [airly higher maximum temperature during the ripening period which
shortenced the grain filling and maturity stages leading to lesscer grain weight.
According to [RRI (1980) lugh air temperature accelerate the development of
kernels in carly stages of ripeming penod but depresscs them at later stages. This

hastens the ripening process and reduces the grain weight.

Date of planting had no significant influence on weight of panicle (Tuble
4.5a). In general carly planted crop recorded heavier panicle. This was also
reported by Kamalam and Havanag (1987} and Singh ef a/. (1991). Among the

varigtics Kasturi recorded maximum panicle weight because of greater number of

spikelets panicle’! and thousand grain weight. Maximum temperature had a
negative correlation during all the three growth stages while rainfall, relative
humidity and BSS hours had a positive relationship with panicle weight., Higher
maximum and lower nimmum temperature during the later period may result in
lesser number of filled grains n later planting. This may be the recason for

decreased panicle weight with delay in planting (Sreclatha, 1989).
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The results presented in Table 4.6a revealed that carly planting recorded
maximum number of spikelcts panicle™!. This was in agreement with the findings
of Kamalam and Havanagi (1987), Ashraf (1989) and Singh et «f. (1991). Among
the varictics Haryana basmati recorded the maximum number of spikelets
panicle”!. Haryana basmati have a longer duration of 115 days which 1s higher

than all other varicties. The nitrogen uptake by this variety was also hmigher. All

these factors may result in higher number of spikelets panicle™.

The results presented in Table 4.7a (Fig. 11 and 12) revealed that carly
planted crop recorded maximum grain yield which was 40.6 % higher than lale
planted crop. Everywhere highest rice yields are associated with sowing /
planting within a specific period. The limits of source and sk development are
so well related that latc sowing / planting limits the development of one or both so
that the yiclds decreasc (Lenka, 1998). Reduction in yiclds of ‘IR8” [rom 3.85 1
when planted on June 30 to 1.16 t when planted on September 15 was reported by
Biswal, 1988. Higher grain yield for early planted crop was aiso reported by
Narayanaswamy et al. (1982), Akram et al. (1985) and Dhaliwal et ol (1986).
The dccrease in yield n late planted crop was partly due to the result of more
number of non productive tillers contributing to more chaff and partly filled
grains. This was in agreement with the findings of Padmaja (1990). Correlation
studies between weather parameters and grain yield revealed that there was a
significant positive corrclation between minimum temperature, relative humidity
and rainfall during all stages of crop growth whercas cumulative heat units or
growing degree days had positive correlation at all stages except reproductive
stage. So the carly planted crop received more rainfall and cumulative heat units
which might have resulied in the higher grain yield. Higher temperature, lower
rainfall and relative humidity in the later stages of growth, high winds which
increased the sterility and pollen dehydration may be the reasons for very low
yields by late planting. Although higher temperaturcs in the later sowings are
conducive to higher rates of growth, the final plant heights and yields worked out

to be lower than those obtained in the optimum sowings in wheat (Sing ef af |
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1957). High temperature operates negatively on several major aspects of yicld
determination cspecially through reduced duration of the spike growth and grain
growth period and through other vegetative effects on source and sink in wheat,
The extent of reduction in grain yield duc to delay in sowing also varies with the
genotypes (Behera and Jena, 1998). Both low temperature and high temperature
during panicle development induce sterility, though it remains a varictal character
to some extent. Among the varictics Kasturi recorded highest grain yield because
it has longest and heavier panicle, more number of filled grains and thousand

grain weight. This was in agreement with the finding of Amarjit ef «f, (1993).

Delayed planting resulted in a slight decrease in straw yicld (Table 4.7a).
The decreased straw vield with delayed planting was also reported by Reddy and
Narayana (1981) and Amarjit e af. (1993). The straw yield of ‘IR8" decreased
from 4.66 t ha”’! to ' 81 t ha! when planting was dclayed from June 30 to
Scptember 15 (Biswal, 1988). Early planted crop received more rainfaii and thus
higher relative hunudity during the vegetative period. Also it expcrienced
moderate minimum {emperature during the grain filling stage. This lead to more
production of straw by the early planted crop. This was also reported by Sreclatha
(1989). lLate planted crop experienced a fairly high temperature during the growth
period and also experienced higher wind at the reproductive stage. Late planted
crop though emjoying more bright sunshine hours, matured with less temperature
units. Hence, BSH per sc may not be the hmiting factor. It is the initial growtly
triggered by temperaturc regime that plays a more important role than other
factors (l.enka, 1998), The reduced dry matter production also lead to slight
decrease in straw yicld. Eventhough there was no significant difference among
the varictics with respect to straw yield, Pusa basmati-1 recorded maximum straw

yield.

Harvest index was significantly influenced by varieties and date of planting
(Table 4.7a). Minimum temperature, relative humidity and BSS hours were

posifively correlated with harvest index. There was also positive correlation
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noticed between rainfall and harvest index at all stages except maturity stage.
Eventhough BSS hours was positively correlated with harvest index, the late
planted crop which received more sunshine hours recorded low harvest index
value. This can be attributed to the negative correlation of BSS hours with grain
yield and positive correlation with dry matter production during reproductive and
maturity stages of crop growth. Early planted crops gave higher harvest index due
to the high rainfall, mmimum temperature and rclative humidity throughout the
crop growth period.  Similar results were obtained by Narayanaswamy et al.,
1982. Higher harvest index in carly planting indicates that a ligher portion of
photosynthates translocated to sink. Maximum temperature and growing degree
days (GDD) were negatively correlated with harvest index. Late planted crop
cxpericnced a high temperature which lead to a decreasc in harvest mdex (IRRI,

1980).

5.3 COOKING QUALITIES

Table 4.8a showed that planting time had no significant influence on
cooking time of the varicties. Among the varicties, Basmati-370 took less time for
cooking compared to other varicties. Eventhough Basmati-370 took less time for
cooking other quality aspects like elongation, volume expansion, taste, aroma etc.

were Inferior to rest of the vareties.

Lengthwise cxpansion without increase in girth is considered to be a highly
desirable trait in high quality rices.  Table 4.8a showed that varietics differ
significant in elongation ratio. Pusa basmati-1 recorded the maximum clongation
ratio of 1.67 which indicate that it 18 a superior variety. Planting time had shown
no significant influence on eclongation.  Grain clongation was influenced by

temperature at the time of ripening.  According to Cruz (1991) maximum grain

elongation was at 25/21°C day/night tempcerature.
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Among the varictics Pusa basmati-1 recorded maximum velume expansion
(Table 4.8a) which is a supcrior quality as far as aromatic rices are considered.
This was reported by Singh (2000). Planting time had no significant influence on

volume expansion.

The attnbutes of appearance, tenderness and flavour of cooked rice are the
final cnteria of cooking quality and determine the palatability or eating
characteristics of cooked rice. Table 4.9 revealed that among the varictics Kasturi
performed well with respect to quality characters.  Haryana basmat was least
accepted because of poor quality attributes. Indian consumers value aroma most
followed by elongation after cooking (Sigh and Singh (1997). Kasturi obtained
the highest rank for overall acceptability whercas Pusa basmati-1 and Basmali-

370 comes in the second position.

Basmati ricc require relatively cooler temperature (25°C/21°C day/night
temperature) during crop maturity for better retention of aroma. Maxumum grain
clongation was also obscrved at this temperature during ripening. Early planting
coinciding with the flowering and matunity in cooler days has reported to enhance
the grain quality of aromatic rices tested by singh e «f. (1993} Chandra er al.

(1997) and Thakur e¢f af. (1996).
5.4 NUTRIENT UPTAKE

The results (Tables 4.10a and 4.10b) revealed that uptake of N und K were
significantly influcnced by vaneties and date of planting. Among the varieties
Haryana basmati recorded maximum N and K uptake. Larger dry matter
production is a contributing factor to increased uptake of nutrients (Perumal,
1989). Early plantcd crop showed a slight decrease in the uptake of N because
carly planted crop received good amount of rainfall which lead to leaching loss of
some nitrogen. This was also reported by Perumal (1989). Potassium application

mereased the yield in scented rice lhrough. increased grain weight, reduced
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sterility and decrcased lodging. This was reported by Mehta er «f (1995).
Nitrogen application significantly increased the piant height in Basmati-370. This
was reported by Zhilin er af. (1997). Eventhough P uplake was not sigimficantly

influenced by varicties and planting time Kasturi recorded maximum uptake when

planted on 23" Octoher.
S.5 INCIDENCE OF PESTS AND DISEASES

Table 4.11a revealed that among the varietics Pusa basmati-1 was more
susceptible to sheath bifght diseasc In all the four transplanting dates. But
maximum infestation was recorded in the later part of the carly planted crop. This
may be due to higher relative humidity and a fairly high temperature during later
parts. Maximum temperature, rainfall and relative humidity had a positive
correlation with sheath blight disease while minimum temperature and BSS hours
had a negative rejationship. Since Pusa basmati-1 1s a high yielding variety with
short staturc and profusc fillering and highly responsive to nitrogen and
phosphorus, this varicty is particularly susceptible to shcath blight discase. This

was reported by Singh ez af. (2000).
5.6 COST OF CULTIVATION

Table 4.i2a (I1g. 13) rcvealed that variety and date of planting had
significant influcnce on net returns and bencfit cost ratio. Maximum rcturns was
obtained for Kasturi planted on 10" October. As this variety possess more
number of productive tillers, filled grains panicle’!, thousand grain weight and
grain yield, the nct rclurns were also higher for this varnety. Earlier planting
recetved fairly good amount of rainfall during the vegetative growth period, low

temperature during flowering and ripening stages, more number of bright
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sunshine hours during the reproductive stages, grain yield was higher which
contributed to high net rcturns.

Benefit cost ratio (BC ratio) was also higher for Kasturi planted on 10"
October. The yield and yicld atiributing characters were more in earlicr planting
and for the variety Kasturt which might have resulted in a higher BC ratio.
Similarly as the planting time was advanced, yield of grain as well as straw were

decreased which lead to a lower BC ratio.
5.7 AGROMETEOROLOGICAL STUDIES
Growing degree days / Cumulative heat units

The resuls presented in Table 4.14a revealed that there was difference
between varieties and different dates of planting in the cumulative heat umts
required for the completion of different phenological phases, The variety Kasturi
needed less cumulative heat unis to complete the vegetative phasc when
comparcd fo the other vartetics.  The vanety Haryvana basmati needed more
cumulative heal units to compicte the first phase while 1t was compensated m the
reproductive and maturity phases of crop growth. However, Kastur took less
cumulative heat units to reach maturity and Pusa basmati the most. The variety
Kasturi recorded the highest gram yield, possess first ranking in quality attributes
and matures within short period. Because of all these factors the vartety Kasturi
can be recommended {rom among the varicties {or culttvation in the Southern

agroclimatic region of Kerala.

The cumulative heat units requirement of d, (23™ Qctober planting) was
less when compared to other dates and among the combination Basmati-370
planted on 23 October took the least cumulative heat units to mature. Hence it

can be recommended thal the ideal time of planting of basmati rice crop is 237
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QOctober for early maturity. Since the cumulative heat units and yield were
positively correlated, for getting higher yield 10% October planting was found to

be ideal, eventhough the cumulative heat unit requirement was slightly more.

The phenological stages of crop can be predicted based on growing degrec
days concept and accordingly the microclimate can be modified or changed in
such a way as to producc the nearly optimum conditions at each point in the

devclopmental cycle of the crop (Mavi, 1986).

The early planted crops required more photothermat units to mature when

comparcd to delayed planting and the least requirement was for 2314 Qctober
planting, indicating that temperature conditions and day length hours during this
period 15 favourable for basmati rice cultivation 1n Southern part of Kerala (Table
4.10). The variety Basmati-370 which 1s a traditional variety required less
photothermal units for maturity followed by Kasturi which 1s a high yiclder. But
in the casc of heliothermal units (Table 4.17), Haryana basmati required less
heliothermal units to matwe indicating that the duration is affccted by bright
sunshinc hours. This was followed by Basmati-370.  Planting on 23" Qctober
again required less heliothermal units to mature suggesting that 23 October is
the best planting time when Basmati rice 1s considered.  Among the combination
effect, Haryana basmati planted on 23™ October required the least heliothermal
uniis to mature indicating the suitability of 23™ October or 4th week of October
as planting time of basmati rice in the southern part of Kerala. The accumulated
heliothermal unit 1s negatively correlated with yield indicating that with a
decreasc mn accumulated heliothermal units, the grain vield was found higher for
d, (October joth planting) suggesting the role of sunshine hours in deciding the
yield of @ crop. There was a negative corrclation between sunshine hours and
yield during reproductive and maturity stages resulting in higher yield in carly
planted crop. Table 4.17a and 4.18b showed that the varicty Basmati-370 which

1s a traditional vaniety recorded Lhe highest heat unit efficiency indicating that this
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varicty is the best utilizer of radiation parameters. The variety Haryana basmati
came nex! to Basmati-370 in heat unit cfficiency. Regarding date of planting 23"
October planting produced the highest heat unit cfficiency followed by 10

October planting. Basmati varieties planted on 23" October gave the highest heat

unit efficiency indicating that the radiation parameters were well utilised by the

crop when 1t was planted on 2314 October. Though the DMP of d, (10" October

planting) was higher its heat unit cfliciency was less indicating the less efficient
ulilisation of radiation parameters ie., for unit production of dry matter more

cumulative heat units were utilised. This may be due to the heavy rainfall during
that period. The variety Basmati-370 planted on 239 October recorded the

highest heat unit efficiency of 0.74 followed by October 10 planting of the same

variety.
Relationship between meteorclogical parameters and growth characters

Table 4.19a revealed that plant height had a negative correlation with
maximum temperature, sunshine hours, wind and cumulative heat umts. A
significant negative correlation between height of the crop and maximum
temperature was reported by Shankar and Gupta (1981). A positive correlation
was obtained with minimum temperature, rainfall, relative humidity and
accumulated hehothermal units. Tiller number showed a positive correlation with
minimum temperature, rainfall, relative humidity and accumulated heliothermal
units while a negative correlation was obtained with maximum tempcrature,
sunshine hours, wind and cumulative heat units. Increased production of
incffective tillers with high temperature was also reported by Lin (1976). Dunng
the reproductive stage mimimum temperature, rainfall and relative humidity
showed a positive correlation with tiller number while a negative correlation was
obtained with maximum temperature, sunshinc hours, wind, accumulated
heliothermal units and cumulative heat units. Leaf arca index showed a positive
corrclation with maximum temperature and accunulated heliothermal units while

a negative correlation was obtained with minimum temperature, rainfall and
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relative humidity during the vegetative stage. During the reproductive stage, a
positive correlation was obtained with maximum temperature, sunshine hours and
wind while a necgative corrclation was obtained with minimum lemperature,
rainfall, sunshine hours and cumulative degree days, Krishnakumar (1980) also
reported a negative correlation with sunshine hours during the later phases of crop

growth,

Dry matter production showed a negative correlation with maximum
temperature and wind during all the growth stages while a positive correlation was
obtained with rainfall and rclative humidity. A positive correlation was obtained
with minimum temperature during the vegetative phase. This was also reported
by Kembuchetty (19068}  Sufficient rains received by the crop resulted

mcrcased dry matler production in carly planted crop.

Relationship between meteorological parameters and duration of different

phenophases of basmati rice varieties

The results presented in the Table 4.19b showed that maximum temperature
had a ncgative correlation with duration from transplanting to maximum tillening

stage (P ) and 100% flowcring (o maturity stage (Ps) of the crop. Early planting

took morc days for completing the first phase while late planting took less nuniber
of days for completing this phase. The mean maximum temperaturc of the late
planted crop is comparatively higher and this can be attributed to the lesser
number of days. Shortened duration of rice plant with high temperature was also
reported by Owen (1971). Maximum temperature is negatively correlated with
duration during crop maturity pericd. Rajagopalan er al. (1973) obscrved a highly
significant negative correlation betwcen temperature  and growth duration.
Eventhough, maximum tempcrature had a positive correlation with duration
during P,, Py and P4 phases of crop growth, the late planted crop which
expericneed a high maximum temperawure took less number of days. This can be

attributed to the negative correlation of duration and sunshine hours. The late
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planted crop reccived more sunshine hours upto maturity stage resulting in a
decrease in number of days taken for the sccond, third and fourth phases of crop
growth. Minimum temperaturc is positively correlated with duration during the

first and last two phases of crop growth whilc negatively correlated in P, and P,

phases of crop growth. This was also reported by Vergara ef al. (1970} and

Krishnakumar (1986). Rainfall is ncgativcly corrclated with duration during P,
and Py phases of crop growth. Reddy and Reddy (1992) reported that number of

days required to 50 per cent flowering and crop duration were decreased by
delayed planting. Reddy and Reddy (1986) also reported same results. Sunshine
hours 1s negatively correlated in the middle thiree phascs so that the total duration
is decreased with a high amount of bright sunshine hours. Late planted crop took
less number of days for maturity becausc of the high amount of bright sunshine

liours received.

Relationship between metecorological parameters and yield and vyield

attributes

The results presented in the Table 4.19¢ showed that panicle weight had a
positive correlation with rainfall, relative humidity and sunshine hours dunng all
the growth stages. This was also reported by Sreedharan (1973). Panicle weight
showed a negative correlation with maximum temperature, minimum temperature,

wind, cumulative heat units and accumulated heliothermal units. Number of

spikelets panicle’! showed a positive correlation with relative humidity, rainfall,
nminimunt temperature and  cumulative  heat umits  during the vegetative,
reproductive and maturity stages, There was a high positive correlation of grain
number m2 with solar radiation during 25 days before flowering (IRRI, 1974).
Sahu ef al. (1983) reported a positive correlation between yield attributes and
solar encrgy during reproductive and maturity stages. Thousand grain weight
showed a positive correlation with rainfall, relative humidity, sunshine hours and
cumulative heat units during maturity and whole growth period of crop. This was

also reported by Krishnakumar (1986). Thousand grain weight had a negative
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carrelation with maximum temperature. The corrclation between the agronomic
factors and microclimate indicated that the later sowimgs arc associated with
shorter ripening period and lower values of thousand grain weight mainly due to
the higher temperatures between the ear emergence and the harvesting period
wheat (Singh er af., 1957). Yield had a positive correlation with rainfall and
relative humidity during all the growth stages while a ncgative corrclation was
obtained  with  maximum temperature, wind and  hehothermal  unils.
Radhakrishnamurthy et af. (2000) also obtained a negative correlation between
vicld and hehiothermal units in soyabean. He also reported a negative influence of
high air temperature on vegelative growth period of soyabecan on seed yield. A
negative correlation  between wind and  yield of rice was reported by
Viswambharan et al. (1989). Rice yields were significantly correlated with
gquantum of rainfall, length of rainy secason and number of ramy days
(Venkatesarlu, 1976). Tlarvest index showed a positive correlation with relative
humidity, sunshine hours, minimum temperature while a negative corrclation wus
obtained with maximum temperature, rainfall, wind, cumulative heat units and
accumulated heliothermal units durmg the maturity stage.  As the maximum
temperature increases, rice vield decreases leading to decreased harvest index of

the crop.
Future line of work

The productivity and quality of the aromatic rices depend on the
environnicntal conditions of the arca where they are grown and the crop
management practices followed to grow the crop. Although aromatic rices arc
cultivated for long time, research attention was mainly on the varictal
devclopment and productivity aspects.  Information on the influcnee of
management aspects and environmental conditions on the quality of rice are
meagre.  So there 1s a need to scientifically verify and define those factors in

(uture hine.
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6. SUMMARY

A ficld experiment was conducted at the Instructional Farm of the College
of Agriculture, Vellayani during the sccond crop season of 2001 to study the
performance of basmali rice varieties under different dates of planting. The
experiment was laid out in strip plol design with three replications. The

treatments consisted of combinations of four varictics (v, - Pusa basmati-1, v, -
Haryana basmali, vy - Kasturi and v, - Basmati-370) and four datcs of planting
(d; - October 10, d, - October 23, dy - November 5 and d, - November [8).

Observations on hiometric and yield attributing characters and yield, nutricm
uptake, quabty aspects, agromelerological parameters and cconomics of the
treatments were collected, statistically analyscd and the results of the study are

summariscd below,

Plant height was significantly influenced by varietics at all growth stages
and the varicty Pusa basmati-1 recorded the lowest height throughout the growth
stages. There wus a progressive increase in plant height with delayed planting at
30 and 60 DAT. Intcractions were significant only at 30 DAT. Basmati-370, a
traditional varicty recorded the maximum height when transplanted on 18%

November.

The tiller count was maximum 1n Haryana basmat: during 30 DAT while at
harvest Basmati-370 rccorded maximum titler number, Eventhough late planting
(18th November) produced slightly more number of tillers at 30 DAT, at harvest
therc was not much difference between dale of planting on tiller count. There was

no significant influence of interaction on tiller count.
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Eventhough Basmati-370 recorded maximum LAI at 30 DAT, Haryana
basmati recorded maximum LAI at 60 DAT and at harvest. Late planting

produced slightly higher LAT than carly planting.

The duration for panicle initiation was reduced in all varieties in delayed
planting. Early planted (10t October) Haryana basmati took more days for

panicle initiation whereas late planted (18" November) Kasturi took least number

of days for panicle intiation.

Both Kasturi and Basmati-370 planted on 10 October required more days
for completing the phasc from panicle mitiation to {lowering whercas Haryana
basmati took least number of days. Delayed planting lowered the duration from

panicle initiation to flowering.

The duration from flowering 1o harvest was more for Kastun and Basmati-
370 when comparcd to other two varictics. Haryana basmati took least number of

days for maturity.

The total DMP was significantly influenced by varictics and date of

planting. Basmati-370 planted on 10" October recorded maximum DMP.

Delayed planting lowered the DMP.

The maximum number of productive tillers hill'! was recorded by Haryana

basmati. Productive tillers hill'* were more for early planted crop. Interaction

effects were not significant in number of productive tillers.

The varieties failed to have any significant influcnce on panicle length

whereas planting time had significant influcnce. Early planting (10" October)

produced longest panicle,
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Panicle weight was significantly influenced by the varicties. Kasturi
recorded maximum panicle weight, Planting time and interaction cffects had no

significant influence on panicle weight.

The number of spikelets panicle’! was maximum in Haryana basmati and
was significantly superior to other varictics. Among the interactions highest
number of spikelets panicle! was recorded by Haryana basmati planted on 10

QOctober,

The number of filled grains panicle! was also higher for Haryana basmati
and for earlier planting, Interaction effects failed to produce any sigmficant

influence on number of filled grains panicle!.

Among the varietics, Kasturi recorded maximum thousand gram weight and
was significantly supcrior to all other varieties. Late planting on 181 November

slightly reduced the thousand grain weight.  Among the interactions, Kasturl

planted on 10t October recorded maximum thousand grain weight.

Grain yield was significantly influenced by varieties and datc of planting.
The variety Kasturt recorded highest grain yicld. Delayed planting lowered the

grain yicld significantly.

Varictics and date of planting failed to producc any significant influence on

straw yield. Highcst straw yicld was recorded by Pusa basmati-1.

Harvest index showed a slight decrease in trend with delayed planting.

Kasturi recorded the maximum harvest index.

Cooking time was significantly influenced by the varicties. Basmati-370

took least time for cooking while Haryana basmati took maximum time. Cooking
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time was not found affected by planting date. Interaction effects had no

significant influence on cooking time.

Maximum clongation ratio was rccorded by Pusa basmati-1 which was
significantly supcrior to Basmati-370 and Haryana basmati. Planting time and

interaction effects failed to produce any significant influence on elongation ratio.

Pusa basmati-1 recorded maximum volume expansion and was significantly
superior to all other varieties. Different planting time and interaction cffccts

failed to produce any significant influence on volume expanston.

Sensory cvaluation scores for organoleptic qualitics showed that highest
rank was obtained for Kasturi for all quahity attributes. Overall acceptability was

also highest for Kasturi followed by Pusa basmati-1

Maximum N uptake was rccorded by Haryana basmati which was
significantly superior to other varieties. Transplanting on 18" November

rccorded maximum N uptake.

Varicties and date of planting failed to producce any significant influence on

P uptake. Kasturi planted on 23" Qctober recorded maximum P uptake.

Uptake of K was more for Haryana basmati planted on 10™ October.

Scoring on sheath blight disease revealed that Pusa basmati-1 was highly
susceptible to sheath blight incidence. Discasc incidence was maximum in carly

planted crop.

Economic analysis of the treatments revealed that maximum net returns and

BCR was for the variety Kasturi planted on [0t October.
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Agrometerological studies showed that the carly planted crop required more
GDD, HTU and PTU for maturity. Among the varictics Pusa basmati-1 required
more PTU and HI'U. But Basmati-370 planted on 237 October proved to be the
efficient variety in utilising heat units for total dry matter production. That means

the varicty Basmati-370 had the highest HUE.

Correlation studics between weather parameters and growth characters
revealed that during vegetative phase, minimum temperature, rainfall, relative
humidity and AHTU had a positive influence on plant height, tiller number and
DMP while maximum tempcrature, sunshine hours and GDD had a negative
influence. During the reproductive stage, a positive correlation was obtained with
rainfall, relative humidity and bright sunshine hours whilc a negative correlation
with maximum temperature, GDD and AHTLU. During ripening stage, a negative

correlation was obtained with maximun: and minimum temperatures and wind.

Correlation analysis between weather parameters and growth duration
indicated that during transplanting to maximum tillering stage a positive
correlation existed with minimum temperature, rainfall, relative humidity, bright
sunshine hours and wind, From maximum titlering to panicle iniiation stage a
positive corrclation was obtammed with maximum temperaturc and wind while
from panicle tmtiation to 50 per cent {lowering, a positive correlation was
obtained with maximum temperature and GDD. During the peried from 50 per
cent flowering to 100 per cent flowering maximum and minimum temperature,
rainfall and relative hunudity showed a positive correlation while during maturity
phase a positive correlation was obtained with minimum temperature, rainfall,

relative humidity, sunshine hours and GDD.

Correlation analysis between weather paramcters and yield and yield
attributes revealed that a positive correlation existed between rainfall, relative

hurmidity and GDD during reproductive period.  During ripening phase also a
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positive correfation was obtained with minimum temperature, rainfall, reiative

humidity and GDD.

Corrclation studies between weather parameters and sheath blight intensity
rcvealed that there was a positive correlation between discase incidence and

maximun temperature, relative hurmdity and ramfall.
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ABSTRACT

A ficld cxperiment was conducted at the Instructional Farm of the College
of Agriculture, Vellayani during the second crop season of 2001 to study the

performance of basmati rice varieties under different dates of planting.

The experiment was laid out in strip plot design with three replications. The
treatments included four varieties (Pusa basmati-1, Haryana basmati, Kasturl and
Basmati-370) and four dates of planting (October 10, October 23, November 5

and November |1 8).

The results of the experiment revealed that varictics and difterent planting
dates had significant influcnce on most of e bjometric and yield attributing
characters of basmati rice. Among the varieties Pusa basmati-1 recorded the
lowest height and possess good cooking qualitics but it was highly susceptible to
sheath blight discase. Among the varieties Kasturi matured carly and was
resistant to sheath blight disease. Grain yield was also higher for Kastur as 1t has
more panicle weight and thousand grain weight and also possess excellent
cooking qualities as that of Pusa basmati-1. Eventhough basmati-370 recorded
maximum height, I.AT and DMP, this variety was susceptible to lodging which

decreased the grain yield while Haryana basmati was inferior in all quality

aspects. Earlicr planting (10" October) increased the grain yield and vyicld

attributing characters and quality aspects.

Agrometeorological studies revealed that early planted crop took more
number of growing degree days, HTU and PTU. Eventhough the growth duration

was more for carly planted crop, it produced the highest grain yield. Correlation



studies indicated that earlier planted crop received sufficient rains which
positively influenced all the yield attributing characters resulting in higher vicld
while late planted crop experienced a high maximum temperature and wind which
was negatively correlated with yield. There was a positive corrclation between
duration, minimum temperature, relative humidity, sunshine hours and heat units
and a ncgative correlation with maximum temperature and wind. Correlation
between weather parameters and sheath blight intensity also revealed a positive
correlation between disease incidence and maximum temperature, rclative

humidity and rainfall,

#  Economic analysis showed that planting of Kasturi on 10" October gave

maximum nct retums and BCR.
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Appendix |

Weather data during the entire crop growth period

#d
<
a0
o
-
[# 9]

Standard week 4 42 43 44 45 46 47 48 4% 50 51 A2 1 2

Maximum temperature (°C)  30.0 295 303 310 304 297 305 305 310 306 31 31 314 31 307 31 302 315 320 3212
Mintmum temperature {°C) 237 240 240 242 237 231 234 232 229 200 223 235 220 229 195 235 230 225 224 213
Rainfall {mm) 142 526 957 Nil 342 146 379 Nil 86 N} 37 86 Nit 37 83 Nl Nl Nil Nil Nil
Relative humdity (%) 853 851 814 81.1 81.8 84.1 819 803 81.1 762 82 795 803 784 766 766 783 779 758 769
Total sunshine hours 39.2 378 462 448 448 238 504 553 61.6 462 427 602 623 630 497 462 352 647 673 7012
Wind speed (km hr'l) 64 57 54 46 63 46 46 63 57 54 57 57 57 08 69 51 49 63 71 K3

28 30 28 31 32 3l

d
ra
T
h
[¥a]
"~
-1

Evaporation {mm) 48 30 30 31 28 31 24 23 29 27




Appendix 11

Mean maximum temperature {(°C) during different growth stages of basmati

rice varieties under different dates of planting

Date of planting

Stage of crop Varicties
d| dy ds dy
Vegetative vy 30.34 30.50 30.58 30.74
vy 30.306 30.48 30.68 30.63
vy 30,21 30.49 3046 3088
V4 30.21 30.48 30.46 30.88
Reproductive vy 1086 30.87 3113 3073
vy 30.63 31.10 31.03 30.79
vy 30,50 30.72 30.86 30.65
7 30.50 30.44 30,92 31.03
Maturity vy 31.03 31.02 3088 31.48
vy 31.08 30.84 30.97 31.75
vy 30.83 31.13 30.93 31.49

vy 083 31.22 30.87 31.38




Appendix HI

Mean minimum temperature during different growth stages of basmati rice

varicties under different dates of planting

Date of planting

Stage of crop Varieties

Vegcetative vy 22,63 23.06 22.76 22,70
) 2322 22.92 22.79 22.65
vy 2378 23.56 2272 22.63
va 2378 23,56 22.72 22.55

Reproductive ¥y 21.73 21.93 2313 21.96
) 21.78 23.21 21.80 2326
V3 23.00 22.58 21.73 22.19
V4 23.00 21.76 22.63 21.80

Maturity vy 22.23 22.48 22.28 2230
Vs 2376 22.38 22.70 22.38
vy 21.82 22.20 2262 22.67

¥4 21.82 22,49 22.44 2254




Appendix IV

Total rainfall (mm) during different growth stages of basmati rice varieties

under different dates of planting

Date of planting

Stage of crop Varicties

Vegetative v 27780 115.30 127.30 58.50
Vo 204 .40 202.40 11520 46,50
vy 255.00 211.00 115,320 20,064
Vg 255.00 211.00 11530 SK.A0

Reproductive vy 12.20 12,00 §.30 Nil
vy 370 11.0 Nil Nil
V3 46.50 3.70 12.00 12.00
\7 46.50 3.70 12.00 Nil

Maturity V) 8.20 8.30 Nil Nil
) 370 Nil Nil Nil
Vg 12.00 12.00 5.30 Nit

Vg 12.00 8.30 Nil Nil




Appendix V

Mean relative humidity (%) during different growth stages of basmati rice

varieties under different dates of planting

Date of planting

Stage of crap Varielies
d] d2 d‘z (14
Vegetative V) 82.90 80.92 8086 79.96
Vg 78.81 80.30 80.90 80.19
vy 82.96 81.37 8077 K0.16
\Z 82.906 §1.67 811,90 8017
Reproductive v 7976 79.23 7386 77.20
Vs 79.48 79.75 7883 78.07
vy 5110 79.68 R1.08 79.40
vy §1.10 79.10 8061} 78.43
Maturity vy 7870 78.65 77.48 7710
) 78.23 78.36 77.68 7686
vy 79.88 78.56 78.16 77.23

vy 79.88 78.70 77.48 7710




Appendix VI

Total bright sunshine hours during different growth stages of basmati rice

varieties under different dates of planting

Date of planting

Stage of crop Varictics
d, ds dy dy
Vegetative vy 38L.50 32690 32480 441,70
Vo 433.50 26530 282.00 378.70
V3 279.60 280.90 280.10 363.20
vy 279.60 326.90 282.00 316.40
Reproductive V) 150.50 14610 185.50 158.90
Vo 78.80 8340 143.60 107.00
vy 167.20 119.60 124.50 159.50
Va4 167.30 88.90 165.20 175,00
Maturity v 23520 24396 194,10 283.60
V9 224.30 178.00 124.10 202.20
vy 274.40 277.90 336.30 237.40

vy 274.40 235.20 19410 283.60




Appendix VII

Mean wind velocity (km hr‘l) during different growth stages of basmati rice

varieties under different dates of planting

Date of planting

Stage of crop Varieties
d ds dy dy
Vegetalive vy 5.51 5.35 5.53 574
Vo 5.30 5.48 559 545
vy 5.25 590 5.92 5.94
va 5.45 5.30 548 5.57
Reproductive vy 5.80 5.60 6.06 6.27
2 6.12 5.35 6.40 5.33
vy 5.53 5.36 5.46 5.90
Vg 5.53 5.55 5.70 647
Maturity v 0.28 6.13 593 6.34
Vo 6.05 0.48 6.88 7.23
vy 5.86 6.47 5.67 0.65

Vg 5.86 647 593 0.34




Appendix VIII

Accumulated Heliothermal unit (HTU) during different growth stages of

basmati rice varicties under different dates of planting

Date of planting
Stage of crop Vanetics

d d, d; dy
Vegetative ¥ 6274.03 5300.43 5191.89 7545.56
vy 7099.72 4287.29 472188 6373.99
vy 4654.06 4554 .19 456247 6214.27
vy 4654.06 5325.56 5392.14 5400.13
Reproductive vy 2417.12 2451.09 311531 3998.30
vy 856.95 984.90 1739.91 1825.92
vy 2812.49 2042 91 2058.81 394591
vy 281249 1517.13 233841 2876.45
Maturity vy 4731.44 4205.24 4111.22 3108.16
vy 3518.53 2803.88. 211035 1067.77
V3 472428 4776.84 3516.02 2065.04
vy 472428 2385.25 1892.46 3640.39

12 29
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