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ABSTRACT

AGROMETEOROLOGICAL PARAMETERS AND HYDROWNUTRITIONAL
MANAGEMENT PRACTICES ON RICE CULTIVARS

BY
KRISHKA KUMAR, Y. M,Se,(Ag.)

Chairman: Dy, S, Subressnian Director
Centre for 3o0il and Crop
Xanagement Studies
Tamil Nadu Agricultural University
Coimbatore

Field experiments in low land rice were conducted
during South West Homsoon 1985, North East Monsoon 1985
and Summer 1986 seasons to study the influence of meteoro-
logical parameters and water managemsnt on growth and yfeld
of rice as wall as to identify the factors responsible for
diffarentisl reaponse between seasons,

The first experiment treatments consisted of

fortnightly transplantings (six, five and five during

Sw4 B5, NEM 85 end 3uemer 55, respectively) snd four
irrigation levels (contimuous 5 cm submergence, recouping

5 on submergence ome, two and three days after dissppearance
of ponded watsr), In the second experiment s combination
of varieties {two) and irrigation levels (two) in one styip
end levels ot N (0, 75, 150 and 225 kg ha"') in the other




strip were tried. The variety used was IR 50 in 5W1 85
snd Summer 86 end IR 20 in NEM 8% season in the first
experiment, They were IR 50 (V,) and CO 37 (V,) in SwM 85
end Summer 86 and IR 20 (V) and CO &4 (V,) tn NEM 85 for
the secand experiment, DBoth the experiments were laid
out in a strip plot desim with thres replications,

Flant height at harvezt was positively correlated
to minimur tempersture at vegetative phase and mean relative
humidity (RH) during the whole growth peried, LAl at
flowering was positively correlated with integrated mean
temperature during the vegetative phase. Both these
characters were negatively correlated to solar energy
sources at later phasas.

In NEM the duration upto 50 per cent flowering
was negatively correleted with minimum temperature, The
maximue 1 minimur tempersture ratio had a positive
association with flowering duration inm S5¥M snd Summer sessons,
The ripening peried duration was negstively corrslated to
ainimm temperature of the ssze period, Yield sttridutes
1ike filled grain percentage, pmicle weight and degree of
ripening were also negatively correlated with minimum
temperature during reproductive end ripening phases,




Panicles per -2. grains per -2, degree of
ripening and grain yield vers positively correlated with
g0ler energy sources Auring the later phases. Fanicle
weight and filled grain percentage wers also correlated
with soler energy sources at one stage or other.
Influence of FH was masked either by soler energy or
temperature, Transplanting rice during mid July (5wM),
late November (KEM) and late Fedruary (Summer) was idsal
for the respective seasona in echieving higher vidld.

Plant growth gnd development as well as yield were
ginilar under continuous 5 cm submergence or recouping
S cm submergence one day after dissppesrance of pondsd
water in S¥* and Ni¥t seasoms, In Summer, however, all
these characters decressed with molsture stress,

Scheduling irrigation one day after dissppearmnce
of water reduces the water use by 1/3 resulting in greater
water use efficiency, Ffoisture stress in Summer reduced
response to applied N snd percantage recovery of N,
Retumn per rupee on water and K were high with irrigation
given one day after disappearance of water.

Though psmicle weight, 1000 grein weight and
muzber of filled grain incressed upto 225 kg ha”' in



SWM and HEM, the incresse in penicles per m? and grain
yisld with ¥ application wes only upto 150 kg ha™ ',
Grain yield was lowsr during NEM then the other two
seasons, FRaspense Y0 applied ¥ and return per rupes on
N was high with 75 kg ha”', Vater use efficiency, gross
and net income, denefit cost ratio as well as return per
rupee on water was high with 150 kg ha”’,

IR 50 as an early maturing end CO 44 as a medium
duretion variety are preferable,
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INTRODUCTION




I. INTRODUCTION

Today rice is the staple food for half to two=
thirds of world's population and accounta for Cne=third
to half of the daily caloric intaske in many Asian
countries, Rice contributed almost one-third of the
total food production of India (Ramachandran, 1994)
from an area of 35,8 million ha (Asricultural Situation
in India, 1986), HRice 1s, therefore, Incis’s primcipal
food ¢rop snd any improvement in increasing rice
productivity would g0 a long way in meeting country's
food problems,.

Although rice is considered to be a tropical end
subtropical crop, best rice yields are obtalned in
temperate arees such as Po Velley, Italy (43°N), northern
Honshu, Japean (38°N) and new South iales, Australia
("oomaw and Vergara, 1964)., According to 1984 statistics,
the yleld per hectere 0f rice was only 2103 kg in India
whereas in some of the temperute countries like Jeapan and
Korea it was more than 6 tomnes/ha (FAO, 1985), The
difference may be mainly due to the effect of climatic
conditions prevailing in the respective regions because
particularly in Soudh East Asia about 60 to 70 per cent
of rice i3 grown Aduring monsoon season vhen the light



intensity 1is only 40 to 60 per cent than that of ary

Best (1962) reported that the aversge solsr
radietion availeble during wet season in the tropics
is only twe=thirds of that svailable in a temperate
rice growing area, Since solar energy cemnot De increased
artificially it imposes a ceiling on grain yield in monsoon
Beason, lilgh temperature in this seascn, especially during
night, is another factor responsible for low productivity
in wet aeason,

In tropical areas only & few major studies on
climatology have been carried out, However, from the
avallable data it can be assumed that production level
of a ¢rop that iz fertilized and supplied with sufficient
water would be mainly determined by climate. This study
becomes all the more important in the present day emphasis
on sultiple cropping because it has to be Zrom on a
rotational besis in any period of the year.

Apart from climatic factors, yield of rice is
largely govermned by the interplay of hydroe-mutritional
and gonetic fsotora. In India sbout 60 per cent of the
total available irrigetion water is utilized by rice and



[ ]

more then 86 per cent of the totel irrigation water in
Ten1l Nadu is diverted for rice cultivation, The
prospectes of further increase in the irrigation potential
in Tamil Hadu is remote as s saturstion point hes been
achieved in this regard,

Considerable amount ©f water delivered to the
rice crop is lost in the traditional continuous land
sutmergence system through deep percolation. EBecause
of flooding about 50 to 60 per cent of water applied is
10st by deep percolation (Reddi, 1976), Rice production
could be made more economical if water, one of the major
inputs, is used most judiciously, Suitable water sanage~
nent measures of minimising water losa through deep
percolation {8 one as it iz not related to productivity
(IRRI, 1984). FReduction in deep percolation could be
schieved by reducing the depth of floeding and frequency
of irrigation,

In command areas, consequent to lov atorage of
water in the dams during the crop seeson and intermittent
water supply, instead of contimuous submergence of fields,
farners resort to widening the gap between irrigations,

In this context the knowledge of optimun water requirement
of rice to produce optimus yield is very useful to
engineers who regulate water supply and to the farmers
for sucoessful raising of the rice crop, The effect of



such cyclic supply of water has not been studied om the
various aspects of crop production exclusively ao far,

Though the yield potemtial of high ylelding
dwarf indica rice cultivars is much higher then that of
indigenous tall indice, the key factor for exploration
of this high yield potantial is lying in nitrogenous
fertilizers, which is gradually getting short in supply
due to severe emergy crisis in the country. This warrsnts
economisation of this costly imput,

ividence exists from various countries including
India to the effect that response to nitrogem i{s much
more under 4dry snd sunny weather than under rsiny or
cloudy season, Ihis difference in N reaponse can to a
certain extent be also attributed to lower pests and
diceace incidence, better water management practices
during 4dry season cultivation end, in the absence of
these factors to the weather conditions themselves,
Results of experiments from IARI (1982) suggest that
an optimum N spplication rate should be based not only
on the inherent soll fertility level and veariety used
tut also ca the solar radiation level,

Taking all *hese in view to make sound agronomical
menipulations to incresse the yleld of rice separate
investigations were carried out with the following
objectives,

Ty



1. To identify the weather paramster responsible for
the individual growth or yield parameter of rice.

2. 7o evaluate the climgtic influence on the stage of
erop growth which contributes to grain yield during
different periods of the year and closensss of their
relationship,

3. To optimise the use of weter and fertilizer N and
{dentify the efficient rice genotype for different
aeasons of cropping,.



IX, REVIE¥ UF LITERATURE

The present studies were carried ocut to evaluate
the effect of weather parameters on growth and yield of
rice and to arrive at & suitable planting time dased on
environmental factors and water management, A study
was also carried out to assess sessonal influence on water
and nitrogen requirement of rice for {its maxdoum produc
tivity., The review pertaining to thesce aspects are

presented bdelow,

2,1, Influence of weather parameters on rice
24114 S0lar energy

Several reports on the relationship between rice
yield with environmental fecters, particularly light
energy are svailable (Matsushima, 1970; Murata and
Togari, 19733 Yoshide, 1972).

Stuaying the solar radiation at 26 zites in
15 rice=growing countries Yoshida (1978) reports to
renge from 50 cal ca”2 d”' in December at Mflan, snd
Italy, to 700 cal oz”2 &1 or higher in June or July
at Lisboa, Fortugal and Cevis, Califormia, U.S.A.




2.1:1.1¢ Influence on growth charscters

Solar energy is the major governing faotor for
photosynthesis and hence dry metter procduction (DMP)
and yield are dspendent on solar radiation to a consi-
derable extant, The low light intemsity upto flowering
in iharif (monscon season) imposes a ceiling om tillering
and reduces [¥P as compared to rahi (Venkateswarlu, 1977;
Vankateswarlu et el., 1977), From shading experiments,
Sreedharan end Vanmedevan (1981) report that LAl is reduced
to 8 great extent in planta shaded either from planting to
panicle initiation cr from flowering to harvest, Shading

alss causes death of meny lower lesaves,

Z2ete1e2s Influence on yield attridutes and yleld

Murata (1975) and Yoshida (1983) stress the
importance of considering the physiological stage of
rice plant development when relating plant responses
and final yield to weather factors, Influsnce of light
intensity on panicle production (Usada et al., 1973),
and grain rilling are reported (Yoshida, 1972 and
Venketeswarlu et al., 1977). Fleld studies at IRRI,
Los Ranos, revesl a high positive correlation of zrain
msber per 22 with -olar radistion end s negative
correlation with mean tespareture during 25 daya before
flovering (IRRI, 1974).



Under low 1ight intensity photosynthetic rate
and trenslocation of photosynthates tc panicles are
recuced (Kaysk ot al., 1979} Fagi and De Datts, 1961
end Sreedharsn and Vamadeven, 1981),

The aoler resdiation requirements of a rice crop
differ from one stage to another, Low light intensity
during the vegetstive phese only, slightly affect the
yield and yleld compoments whoreas, during reproductive
phase a pronounced effect on spikelet mumber and, hence,
on yleld, Low salar radiation during the ripeming phase
also reduces the grain yield considerably, decause of a
decrease in the percentaze of filled grain (Yoshida, 19723
Yoshida and Farso, 1576). From his studies in Texas
Stemsel (1975) finda the woat oritical sunmlight requiring
pericd to be the 42 days centered miound the heading stage.
During this period a mean ylald reduction of 6,5 per cent
ig observed for every one per cent reduction in solar
radiation.

¥any reports are aveilable sbout the correlation
between grain yield end solar rediation received during
reproductive or ripening periods, However, the critical
perdod of high solar rediation requirement vary,

Salar redistion received during three waeka bafore
and after flowering (Stansel, 19663 Murata snd Togari,
1973) or one week before harvest ((mildyal and Jmna, 1967



and De Latta and Zarats, 197C) or 15 days Defore and
25 days after flovering (Matsushime, 1970) are reportsd
to have positive influence on grain yleld.

At Aduthurai, sunshine during flowering is
highly favairable for emhanced production whereas, at
Coitbators, sunshine in the week prior to transplanting
and the twoewseks period coinciding with the grand period
of elongation are not conducive for better yleld (Sresni-
vasan and Bsnerjee, 1978),

From the data on monthly plantings over a 10 year
periocd, Evens and De Datta (1979) suggest that irradience
durinz reproductive stage (30 days before flowering)
appears to be as significant to grain yield as irradisnce
durinz the ripening stage (30 days after flowering). Sehu
et a1, (1983) and Nishiyama (1985) find that sclar radis-
tion during ripening stage to have high correlation with

grain yleld,

2¢71¢1:3, Solar energy utilisation

Loomis and %illisms (1963) estimate a possible
growth rate of 71 g n? &' which indicates a net solar
energy utilisation rf 5.6 per cent, According to Boltem
{1976) the efficiamcy of solar rediation for net photo-
synthesis is about 5,8 per cemt, lowever, the aclar



energy utilisstion in rice is very low and reported to bde
about 1,25 per cent for total DMP and about O.4 per cent
for grein yield under temperste climates of Japan (Kenda,
1975). Hayashi (1969) observes average afficlemcy of DiP
on absorbed sclar energy besis (Bu) to be 2,81 -« 3,53
per cent and that on incident energy basis (Le) to be
1.42 = 1,71 per cent.

Fagl and De Detta (1981) notice that IR 26 is
mre efficient then IR 28 in utilising solar rediation,
particularly under high soler radistion of the dry season
plantings., As solar radiation decreases, IR 26 is less
efficient than IR 28 in utilising sunshine, The efficliency
of conversion of photosynthetic 1light energy is noticed to
be 4,6 to 7.7 per cent for the early season culture and
5.3 to 7.0 per cent for the normel seastm culture (Suzuki,
1983),

Variation to the extent of three sand five times
in Bu per cemt for DiF (0,58 « 1,64) and grain yleld
{013 » 0,67}, respectively, are reported by Naresings
Reo snd Murty (1984),

From the literature it eppears that s lot of work
on solar radiation ure done in temperate countries,
However, under tropfical countries studies to a limited
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extent are svalladle from IRRI, Philippines and CRRI,
Cuttaeck and THAU, Colabatore. All the studies show

the influence of solar rediation in increasing the grain
yield, Detailed investigations with newly evolved photo-
insensitive varieties of rice under field conditions when
planted during differemt periods of the year are necsssary,

2¢7+24 Alr temperature

Among the climstic factars that affect the growth
of rice plant, air temperasture plays an important part.
The response of the rice plant to temperature is much more
corplex and legss understood than its response to day lemgth,

Yoshida (1977) defines the environment under which
the 1ife cycle of the rice plant can be completed and
vithin the critical tempersture renge, it influences the
rate of developmsnt of leaves aend psnicles and the rate of
ripening, thereby detsrmining the duration of a variety
under a given environment,

2.7:2.1. Influence of temperature at vegetative stage

De Datta (1970) ettributes low aversge yleld in the
tropics to ware climate during early growth perioda, Chang
and Vergars (1972) attribute it to more vegetative growth,

Sato (1972) finds thet DM is favoursbly influenced
by dayenight tempereture regime of 25°=20°C for IR 8 rice



and the leaf area per plant is high at 30%25°C,
Eim et al, (1973) report incresse in height and dry
welght of plants at 20°C,

Increase in tiller production and number of
panicles are also reported at 25° «20°C dayenight
tezperature (san, 1979).

Suzuki (1983) reports a simificant positive
correlation between the meen temperature and CGR at the
initial growth stage. llowever, with the sdvancement of
growth, the correlation is lowered and it turms to be
sisnificantly negotive for the perioc from 3 to 6 weeks
after heading,

241.2:2s Influence of teizpersture on duration of vegetative
phase

Sprowth duration is conaldered isportant especially
when assoclated with gowing tims, This attains more
practical importance where maltiple cropping with ahort
duration varieties are to be teken, 1he duration of growth
of a rice cultivar determines its specific adaptability
to the regular crop sesson in a given location (Cheng and
Vergare, 1971).

A duration of 167 to 168 days in rphi and 125 days
in kharig for the same variety is reported by Chatterjee
et al, (1969), They also observe that tillering period



lested only for 40 to 45 days in rainy sesson as
against 50 to 55 days in dry cool season,

Analysis of temperature components shows that
minimum air temperature has the best nezative correlation
vith growth duretion. This correletion is higher then
vith thet of temperesture summstion (Vergara et al., 1970).
Kang end Heu (1975) and Cheudhury ani sodhi (1979) report
extended vegetative growth dus to low temperature,

Ze142e 3« Influence of temperature at ripening stage

In general, =srain ylelds are higher when temperature
during ripening stage is reletively low an effect attrie
tuted to a more favourable balance between photosynthesis
and respiration during the prain filling period.

A significant negative correlation between yield
and the sinimum texperature 30 Al and a significant
correlation between yleld and maximum temperasture over
the 45 deys before maturity are reported by iLe Datta
en¢ “arate (1970), OUsada et el., (1973) notice that low
tezperatures during maxisum tillering stage produce sore
panicles. iuring the reproductive stage, within a
terperature range o 22° to 51°C, the spikelet mmber
per plent increases as the temperature drops (Yoshida,
1973), He also suggests that the optimal tempersture

e



tends to shift from high to low as growth advances
from the vegetative to the reproductive stage.

Texperature appears to influence the ripening
of rice in two ways. Tirst, low temperature favours sn
increase in weight per grain (Mureta, 1964) and second,
the length of period is inversely correlated with daily
mean temperature (Yemskewa, 1962), Thus, persistent
cloudy weather conditions vill be more detrimental to
grain £illing under high temperatures becsuse of a shorter
ripening period, From experimental results of 12 years,
at Pentnegar in Uttar Pradesh Huda et al. (1975) indicate
that liigher maximwm snd mintmun tezperature during
tillering, ear initiation and maturity depreas the yield
of rice,

The rice plant is very sensitive to lov tempers=
ture sbout 3 days before flowering (Satake, 1976) and
high temperature at flowerinz (etake and Yoshida, 1978),
In a low temperature situation, both day and night
temperature appear to affect spikelet sterility., A dsily
mean tesperature of leas than 20°C may imduce sterility
and a day time temperature higher than 35°C at flowering
time may also increase spikelet sterility.
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Froo the studles conducted under the All India
Coewordinated Crop-veather Scheme, Sreenivessn (1979)
finds the fevourabhle maximus temperature periocd for
Aduthural {n Temil Nedu is from 10th to 16th week from
sowing and for Coimbatore in Temil Nadu, the significant
periods are tie siaimum tesperature for five weesks
comencing with flowering end the maximua teaperature
daaring tillering phase,

Influence of temperaturs on sterility is reported
by Chaudhary and Sedhi (1975), The sterility is minjounm
(12«18 per cent) when the nean tespersture is 27.28°C
during flowering whereas it is aaximm (36 per ceat) when
the mean tamperature average about %°C, Sestm snd Cady
(1984 ) try to predict yield based on solar redistion end
ninimm temperature during the ripening stage of 30 days
after flowerinz., Ihe predicted yileld decresses by
0,075 (0,0068) t he™! for each degree increese in minimum
temperature.

241e2:40 Influence 0f temperature on durstion of ripening
phase
It 1s generally seen that duration of ripening
phase is longer as che texpersture during this period
15 lower. Vergara ot al, (1970) report that =inimum
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rather than the mean temperature has the best negative
correlation with flowerin; diration of s variety, vwith
lover temperature the trasnslocation of photosynthates

t0 the grain take place at a slower rate snd the maturity
period get delayed according to the odservstions of
Boerma (1974). Biswas et al. (1975) notice exposure

to low temperature during sctive vegetative period to
extend the time of flowering. In tropics where the dally
neen temperature ranges froa 25° to 30°C, duration of
ripening becomes about 30 days after the beginning of
panicle emergence (Yoahida and Hara, 1977).

Yoshide (1981) observes a 13—day delay in flowsring
for gach degrees 4drop in temperature detween 24°C and 29°C
in IR 26, GEvidently high tempersture (both maximum snd
sinimum) snd lower diumal veriation in temperature are
more conducive for early fiowering in rice., The aversge
flowering duration of the varieties ranged from 58 to 91
days in August end Uecember plantings, respectively, at
CRRI, Cuttack (Sehu et al., 1983), They find that the
ratio of maximum : zinimur tempersture has a positive
relation with duration of flowering. It meens thet the
crop flowers earlier wvhen the difference detween day
and night tesperature is minimum,



2010245, Tempersture sumamstion

Heat requirenent is generally caloulated as
degree days over a specific period. A particular
variety will have a fixed range of tesperature summation
depending on 1its Quration, Ihe temperature sumsmation
indices of 14 Japanese rice varieties for the periocd from
sowing to flowering range from 1000 to 3000 degree days,
dspending on verieties, latitudes and planting sessons
(Toriyama et al., 1969), In contrast to many temperate
region trials, Cheng end Vergara (1972) report that IR 8
does not appear to have a fixed temperature summation to
complete its life cycle. Fghapatra et al., (1973) repert
that temperature summation for short and smedium duration
varieties varied from 3000 to 3300°C and 1t is 3500°C for
long durstion varieties. Biswas et al. (1975, estimate
an amount of 2211,8" heat wnit as the minimum requirement
for flowerinz smong the vearieties studied.

201434 Light x temperature interaction

It spoears that tempersture in combinetion with
1ight intensity becomes sn important factor for rice
growth, Light intensity influences photosynthesis
whereas tempersturc affects respirstion snd tramspirstion,



Weda et al. (1973) and Yoshids end Parwo
(1976) report that solar radistion and tempersture during
the reproductive stage (before flowering) have the
greatest influence on rice yield because they determine
the mumber of spikelets/m?, A combination of 1ov daily
mean temperatures end high solar radietion gives a high
yield, Venkateswerlu et al, (1977) explain that tha
expression of tillering and panicle number are 8 funce
tion of the snvironment mainly dominated by light within
the range of 20 to 39°C mean maximum temperatures,

In genersl it iz seen that lov temperature
accompenied by bright sunshine hours and high solar
raciation during the ripening period are highly desirable
for the proper ripening of grains,

241e4s Interaction between temperature end nutrient

supply

From studies on the effect of air temperature on
the organic snd minerel composition of rice seedlings
under verious dayenight temperature regimes, sato (1972)
resorts that the concentration of minersl elements
increase with rising tempersture regime, except at the
highest regime (35°-30°C). He notices tnat the inhibition
of N absorption is remarksble at 33°=30°C, Hoshino et al.
(1969) report that the scoumulation of N and carbohydrste



in seedlings is largeat at 31°C air tamperature snd at
16°C water tempersture,

Grist (1975) finds temperature effect to de
pogt important in retarding the uptake of N, if it is
below 30°C. Reports from Taiwan (Anon, 1976) highlights
the finding that ¥ gbsorption iz naturally differemt in
relation to teoperature variations in rice growing
countries,

2¢1+5. 5011 snd water tempersture

As there 15 always standing water in the rice

field from the seedling atage onwards and tampersture

of the water in the fleld ects zore effactively on the
growth of rice than temparature of the air., The growving
point of rice plant iz under water until two weeks defore
heading and differantiation of all vegetative organs and
even the sarly growth of reproductive organs ocour in
water.

2:145+1. Infiuence on growth

Tillering 43 affscted by the water temperaturs,
The munber of emerging tillers is highest vhen water
tenperature is 15+75°C st night snd 31°C during the day,
but the optimum temperature for tiller developsent is
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31C both day end night (Matsushiss et al., 1964),
Bhattacharys and De Datte (1971 obdbserve that lew soil
temperature csuse the death of lower leaves and chloresis
of upper leaves and retard the DiP, However, plant
growth end grain yialds are least affected by low scil
and water temperatures during the period froes heading

to maturity, The results of extemnsive study by Cheudhary
and Ghildyal (1970) show that tiller developsent 1is
greatly mccelerated at 32°C/20°C, A deviation of 5°C

to the lower side of 32°C/20°C, more adversaly affect

the tiller development than a aimilar deviation to the
higher side, Bensficiel effects of this tempersture
rezime on yleld cheracteriztics such as mumber of
spikelets/panicle, mintmue sterility, hundred grain
weight and grain yleld is also reported.

The temperature of the water with which rice is
irrigated has a profound influence om duration. %hen the
temperature of water i{s 168°C or less 2 delay in ripening
of 7 to 10 days is noticed (Anom,, 1974), Donneeu (1982)
reports that daily mean temparature in flooded soil is
2°C more from the murface water %0 5 cm below soil
compared to aerisl tempersture, GSingh et al, (1984)
observe an incresse in water temperature of 2=3°C in



continuous flow submergence which contributes to
increased tillering, panicle size and grain number,

2:149.2. Influence om oot development

Growth and development of root systes is elso
considerably affected dy soil snd water teapersture,
Chaudhary end Ghildyal (197C) notice maximum dry weight
of roots at harvest vhen the tempersture is 32°/20°C,
liigher temperature than this casise greater root decay
in submerged soil, Luxmoore et al, (1970) suggest that
under subzerged conditiona, since the oxygen need of
the rice root system is esaentially moet through the
acrial parts of the plasnt, s0il teaperature regime is
m3st 1ikely to be the dominant edaphic factor influencing
the recet growth, Increased degenerstion of roots due to
variastion in temperature regime from 27«15°C to 37-25°C
is reported by Kar et eal. (1976).

2+1:5.3. Influsnce on mutrient uyt‘k‘

The effect of water temperature on mutriemt
sbsorption by rice seedlings differ smong different
jons, Pujivars and Ishida {1963) report that the
inhibition of absorption ia equally severe at 17°C
for phosphorus, potassium, nitrogen, iron, calcius and



magnesium for the first two wesks after trsnsplanting,
whersas at tillering stage, severe inhibition occcur for
phosphorus, potaasius and calcium at 17°C, Studies :ade
by Chaudhary end Ghildyal (1970) indicate the influence
of 801l temperature on nutrient uptake by rice plantaj
nitrogen, phosphorus and potassius are all moat sctively
ebsorbed at an average 20il temperature of 26°C, snd the
uptake decrease at 31%, 21° and 36°C, in that order.

Thais it cen be seen from the review that the
temperature of soil and water used for irrigating the
crop has an influence on its growth charecters and
mutrient uptake,

2.2, Iffect of sowing/planting time on rice

Farmers have found ocut certain optisum time for
sowing or trsmsplanting of the crop in a location to get
the increased production, Often a delay of planting
causes considerable reduction in yleld.

The studies by :inha et al, {1971) end Misra end
Khan (1973) reveal that the late sown rice crop generelly
shows reduced growth, develepaant and vigour,

Rajagopslan et al. (1973) report the yisld
performance of some IRRI varieties under different



dates of plenting at Coimbatore, Tamil Nadu., The crop
planted in June generally has higher number of grains
and groin weight as compared to October sown crop,
Similar results are reported by turysnarsysns et sl,
(1973) from Karnsteka,

Seeding on June 15 produces significently higher
grain yield a8 compared to sowing on July 25 auring the
kbarif sesson of both 1975 snd 1976 (lLixit snd Singh,
198C), 3ingh ena Paliwal (196C) from esowing time
experiment report that the cultivars Chambal and IR 8
give the highest yield when sown on #ay 26. The yield
reduction for the four subsequent sowings are 1.2, 7.7,
21.8 and 44,6 per cent in Chambal end in IR 8 sown on
three dates after June 7 are 16,8, 31,6 and 51,7 per cent,
respectively,

Rasults of experiments conducted at Thenjawvur,
Tamil ¥adu, shows that sowing on June 6 gives a ylald
of 40% kg ha™' with the yleld reduction of 9 per cent
and 14 per cent in the subsequent sowings (Amon,, 1980).
During 1980=81 significantly higher yield iz odtained
with sowing om June 16 (Amon,, 1981),
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The best time for direct seeding in Punjad ia
between May to first week of June (:iingh and Garg, 1983),
Urkurker (1983) reports optimum yield for the rice
variety, Asha wvhen transplanted betweem 11 snd 29 July,
The water use efficiency for grain yleld s highest for
rice transplanted between 19 and 39 July, achhi et al,
(1984) from Narsari in Oujaret report the highest yield of
6,89 t ha”! wen transplanted on June 20, Nareysnassmy
{1985, notices 22 per cent reduction in yleld at Thanjsvur
vhen transplanting is delsyed by a fortnight from June 14,

243, Jeasonal influence cn growth and yield of rice

Kice is being cultivated in different sessons in
daifferent parts of the coumtry.

Chendler (1963) holds the opinion that many rice
varieties respond to nitrogen better in dry season then
in wet season, Chatterjee (1970) has made observations
on tillering in a nmunber of varieties of rice and finds
that in reiny seascr tillering 1s continued for 42-45
days, whereas in dry seaaon the duration is 50-55 days.
Venkateswarlu et al, (1976) report high panicle mmber
in rabi season, thus being responsible for high ylelds
in this esason, Th. number of penicles goes upto 500
in rabi while it is only 400 in kharif.



Sahu and Murty (1976) report that DHP wnd
grein yleld are invariahly lower by about 50 end 54
per cent, respestively, in wet (Julyelct) than in dry
(JaneMay) season, Sikder snd Gupta (1979) repert sn
overall reduction of 44.5 per cent in grain yleld
during khardf compared to pabi season from Chinasursh
in Yest Bengal,

2.4, Influence 0f water msnagement practices on rice

The practics of land submergence in rice cultivetion
is widely edopted although attaspts are made to economise
vater usage and nmaxizise yleld by alternate wetting and
drying and such other water canagesent practices in some

places,

2,4,1, Continuous subsergence

Many reports are availsble or the superiority of
continuous submergence over other methoda of {rrigation,

Sharme snd De (1976} report that for asndy clay
loan soils the water lavel of 4 ca throughout the growing
period is the best cspecislly when the evaporative demand
0f the atmosphere ig hizh during the grain filling stage.
Ehan (1979) while ¢iscussing the water msnagement prectices
for rice in Uttar Fradesh reports that 5 ¢ 3 ca sulmergence
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throughout the growth period gave averase ylalds of 4.69
t na"! compared to 4,13 t na"! when submergence slternated
vith o4l saturetion at 25 day interveals,

Iruthayare) snd Yorachsn (1980) confira that yleld
i8 lower when s0il is saturated or olternately submerged
and dried for 4 or 8 days and conclude that submergence
with 5 om {s necessary for higher ylelds,

¥hen rice variety Jays ie grown efither on sandy
loar or ssndy clay lose soil it is noticed that a
continuous shellow submergence of the seil is the best
to record higher yleld components and yleld (Xrishna-
mrthy et al.,, 19803 Pillat end De, 1980a), Soil drying
done at 2 and 5 wesks after transplanting yield lower than
that of continucusly irrigeted (Fhind end Ponmnamperuma,
1981), Irrigating rice ¢ropy to 5 cm submergence
at saturstion gives higher yicld than irrigation at field
cepecity (Roychsudhury et al., 1983),

2.4,2, Intermittent irrigation or ssturation

Subremanisn et al, (1978) and Xatare end Upsdthyay
(1981) report thet scheduling intermittent irrigation of
5 cm submergence to hair 1line crack (0,3 atm) fe as good
as contimuous submergence. Sandhu et al, (1980) are of
the opinion that ocontinmuous sudsergece is not essential
to get good yleld of rice. After establishment irrigation
oould be dalayed for some pericd for the infiltration of
ponded wvater without any yield less,
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Panda et al. (1981) report that rice yield are
comparable when it i3 irrigated 5 3 2 cm submergence
throughout the growth or with submergence during
tillering period end soil ssturation during the other
growth perioda, A reduction of 12=-20 per cent in the
water requirement {s noticed with the lstter treatment,
Yhen rice is grown under unfertilized conditions, sny
801l drying during the growing season does not reduce
rice ylelds, However, when fertilized with 100 or
200 kg H ha"! alternate flooding and drying resilt in
significent depression in grein yleld (Sahrewat, 1981),
Subramanian and Thengsmuthv (1981) suggest sltermate
wvetting and drying to get good rice yield,

Dongale and Chaven (1982) suggest that for rice
variety Jaya cultivated in alfisols, the optimun moisture
regime is soil saturation, The growth, development and
yield of rice do not vary between continuous submergence
and sudmergence to saturation (Heddy, 1985),

2,443, Influence of frequency (intervel) of Lrrigation

Sghu and Rath (1972) repert that contimuwus
submergence 1s not necescary in sandy loan soils of Orisaa
and 10 co submergenc s at ar interval of four days is found
t0 be the best for control of weeds, higher yleld snd net



profit, The reduction in yleld 1s 11,6 snd 21 per cent
a8 the frequemcy is reised to 6 snd 8 days, respectively.
Continuous submergence and irrigations a day after
infiltration of ponded water gives comparable grain
ylelds of rice (5endhu et el,, 198C), As the interval
between infiltration and irrigation increase from 1 to 3
days or more, the yleld declines by 8,7 to 11.6 g ha"',

Jha et al. (1981) conclude from CRRI, Cuttack
that scheduling 7 ca irrigation 2 to 3 daye after
disappearance of water result in equal yield to thoae of
contimuous or partisl flooding., Irrigation upto a depth
of 5 4 2 co once in a week in rotationel system does not
siznificantly affect grein yleld (Pham Sy Ten and Pillai,
1981 and Anon., 1983/,

ixperimental results from sandy loam soils st
Chalakudy, Kerala, suggest thst irrigastion cam de withheld
from 2 t0 5 days after complete infiltraticn of ponded
water (Anon., 198%), However, AJule et al, (1984) from
ludhisna, Punjsb observe a 11,6 per cent reduction in
mesn yleld if the drainage pericd is increased from one
to three or more days either throughout or a part of the

growth season,



Thus, it is seen that nany reports are svailable
on the frequency or interval of irrigations. A general
tendency noticed is that as the interval increasss,
ylald declines,.

24,4, Influence on root growth

Root system is compact and horizontally developed
under submergence while under continuous saturation or
seturation upto maximuzm tillering or from maximum tillering
phase, the roots develop more vertically having deep brown
colouretion (Raju and Verma, 1979a).

Katare and Upadhyey (1981) report that longest
roots are noticed in irrigeting at field cepacity, The
contimious submergence result into formation of shortest
roots with less welght per plant, Drought tolersnce in
rice 13 characterisced by slovw rate of sten elongation,
low to moderste tillering, o predominantly large and thick
crown end fairly deep roots (Raycheudhuri and Gupts, 1981),

2.445. Influence on nutrisnt uptake

Inorgzanic nitrogen tranaformation in the soil is
greatly influenced by slternate serobic and ansercbic
condi tions brought ~bout by different aystems of water
panagement, Ponnasperuma (1965) and Patrick mnd



Mahapatrs (1968) furmish sxcellent reviews on the
svallability of plant nutrients due to flooding,

Patrick and Wyatt (1964) from their investigations
on losses of nitrogen froz rice soils as a result of
alternste cycles of subnergence and drying observe that
the losses account for about 15-20 per cent of the soil)
nitrogen, Peterson and Patrick (1968) recommend flooding
of the rice fields immedistely after fertilizer application
and malnteining shallow submergence for achieving stability
of added nitrogen and its effective utilisation,

The nutrient content of plants growing in submerged
and cyclic submergence conditions is generally higher than
in cyclic wetting snd drying situations (Psnde and Singh,
197C), Yoshida and Padre (1975) notice the uptake of
fertilizer nitrogen to be the highest in plants grown
under submerged soil conditions, Similar increased
uptake of nitrogen end phosphorus due to submergence are
rerorted by Fathak et al, (1980) and Kskede and Sensr
(1983), However, Moturi (1977) reports that the rate
amd total uptake of rutrients are higher in plants undey
s0il saturation between initiasl tillering and maximum
tllering and subme” gence upto flowering, Pillai and De
(1979 and 1980b) observe that the total N, P05 and K,0



uptake are more by 14, 23«30 and 10 per cent, respectively,
under continuous sghallow 4 cn submergence compared to
cyclic submergence. The forwer is also beneficisl in tarws
of N use efficiency and N response by the rice crep.

Patel et al, (1984) indicate that mean inflow
values of ¥ and P are higheat in continuous drainage
followed by no drainage and flooding followed by 2-and
L=day drainage, Inflow values of K are lowest in no
drainage. However, Pande and Adsk (1971, notice that
during the rice growth pericd more nitrogen is lost under
continuous submergence than under saturation, Results of
experiments by Sshrawat (195C) show that mineralization
of moil N is enhanced by the flooding and drying treatments
both under aercbic end flooded conditiona, The nitrifi-
cation = denitrificstion processes due to alterneate flooding
end drying ceuse heevy losses of applied M4, * < R,

2,4.6, Influence of water managetient on weed growth

Whenever there is no standing water in rice
f£ie1ds weeds germinate, establish and compete with rice
more ageressively,

The effect of submergence dapth (0 to 15 cm) on
weed ccourrence in trsnsplanted rice is studied dy Park
et a1, {(1973). Eshinochlon srug=galll population and dry



weight decresse sharply ss the depth of water increase
from O to 5 cm. Yamamoto and Chba (1976) report that
optimn s01) moisture for emergence of 12 weed species
range from 7C to 85 per cent of maximum water holding
capacity, Chauhan (1978) finds that maximm weed dry
matter is recorded with the water regime of field capacity
to 5 ¢z submergsnce and wecd dry mattar decrease as the
water regime increassed from saturstion to 5 cm submergence
and from 5 to 10 cn submergence. Moturi (1977) end Raju
and Varma (1979b) also report increase in number of weeds
and their dry welight in satursted condition than in
submerged condition,

2eb.T. ¥ater requirement of rice

In Tamil Nadu it is reported that 1673 mm water
is required for a main crop in the heavy clay soils of
Coizbators, while 2000 mm for kuwmuval (Jumaesep) crop
and 2500 mn for gaphs (fug=Tan) are found to ba optimunm
in the 1ight solls of Pattukottal (Chendrasohan, 1970).
Contirmous submevgence with 5 cz depth at IRRI, FPhilippines
repult in the highast consumption of 1701 m of water,
Cyclic submergenoe of impouniing water to 7 depth snd
irrigations givem 2, 4 and & days after depletion result
in a progressive decrease in watsr requirement (IRRI,
1981).



Mntajabuddin snd Porulker (1583) report that
the mean consumptive use of water by rice is 609 mm in
the first and 646 ma {n the second crop seascons at
Parbhani, in Meharashtre. At Shavanisagar, Hengassay
ot a1, (1984) observe that water requirement for rice
crop on sandy clay loem soil varied with depth of irrie
gation, It was 749, 1100 and 1332 of water,
respectively, for the depths of 1,5, 2.5 and 3.0 om.

ZoboSe Influence of moisture stress on rice

intire growth of rice is not equally sensitive
to molsture stress. Rice shows differential tolerance
both to the intensity end duration of stress applied at
different growth stages.

De Datta (1981) reporte that rice iz sensitive
to moisture stress at reproductive stege as it consumes
large amount of water during the major part of reproduce
tive phase, He suggests thet wvhen molisture stress is
allowed to develop only between tillering and hoading
stage, the grain yleld remain falrly high,

Row and Venkateswarlu (1983) report similar
findings. However, moisture stress during the poﬂod
from 20 days before flowering to 10 days after flewering
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is reported to have lesa effect on the percentags of
filled grains (Jones, 1981), Draining the field during
tillering enhances tillering due tc faster mineralisation
snd uptake of N under the constent aerobic condition at
the base of the stem (Kanakaraju, 1983), FKobata and
Takasi (1983) notice that stressed plants have accalerated
leaf aenescence and 4C per cent reduction in dry satter
production,

Cruz and C'Tocle (1984) find that the actual csuse
of spikelet sterility 1s due to water stress given during
the flowering stage and this is associsted with poor panicle
exaertion, Ihey susgest that the degree cof exsertion of
panicle is a vighle responze to water stress which ¢an be
taken as a useful indicator in asasessing the yleld,

There is, thus, wide veristions in the method of
irrigation adopted for rice, Th2 best method and its
frequency etc,, are to be decided based on the so0il and
climatic conditions preveilinz in e locality.

2.5, Influence of nitrogen on rice

The N responsiveness of nodern shortestatured
rices has been wall documented snd {5 a key parameter
in their adoption snd use in increasing food production
in psia over the past decade.



2,5.1. iffect on growth charscters

The beneficiel influence of ! on plant growth is
well sstabtlished; plant height increases by N application
is reported by a mmber of researchers (Pillal and De,
198Ce; Le Datta, 19813 Yoshids, 1981), Increase in tiller
number, DMP, leaf area index with N spplication is shown
by Dalasubrazanisn (1580), 3adayappen (1582), Ramasemy
(1982) and Selem (1984;,

2e5¢2, Effect on yleld attributes and yleld

Zffect of N on yleld attributes and yleld of rice
has been reported by many workers.

Kulandaivelu and Kalliappa (1971) observe positive
response upto 135 kg o ne~! with the variety ADT 27 end a
reduction in yleld thereafter, Sadaysppan (1972) finds
no response in IR 20 beyond 100 kg N na-t o applied N,

17 & responds economically upto 225 kg X ne”! at Cotmbatore
(Purushothamsn and Morschan, 1974), whereas it gives the
highest yleld whem applied with 120 kg N ha”' at Karei-
yiruppu (Anon., 1977).

From IARI, Kew Delhi, sharma end De (1973) report

increese in grain yleld upto 100 kg N ha™' during 1969 end

upts 150 kg N ha™' during 1970, Panicle musber n"2,



Panicle length, mmber of filled grains panicle”’ and
1000 grain weight increese due to N application in rice
varieties upto 100 kg N ha™' (Mani, 1979), FPillal snd
Ds (1980a) report favourable influence of N on these
charscters upto 150 kg N ha~', Subbiah et al. (1983)
£4nc linear response to N upto 90 kg ha"' under low land
conditions,

249434 Effect of N on straw yield

3traw production in responae to ¥ is closely
parallel to grain production (Chastry and Freeman, 197%).
A linear increase in straw yield with N application is
reported by many workers (-alam, 19843 Reddy, 1985;
Sheik Dewood, 1986), However, Santhi (198%) reports
decrecse in straw yield beyond an application of 75 kg
N ha™',

2.5.4., Effect of N on nutrient uptake

Uptake vl N increase iinearly with incressing
levels of ¥ application (Filiai and De, 19800 and
Sglam, 198:). Uptake of P (Kalysnikutty, 1970) snd K
(P{1lat end De, 1980b and Sslsm, 1984) slso increase with
incressing levels of ¥ application,

[ 95}



2.5.5. Seasonal influence on N use of rice

Increase in N response by 87,8 per cent during
Xaki (dry season) over gharif (wet monscon) is reported
(Murty and Murty, 1978). Sikder end Gupta (1979)
observe higher values for yield attributes and yield
in 2oro (JaneApril) then in kharif (Julyelov), According
to Iruthayaraj end ¥orachan (1980) higher grain ylelds
are obtained in summer, Under high solar radiation
grain yleld increases linearly with increasing N levels
upto 120 kg X na™! during dry season, wheress it increases
only upto 60 kg N ha™?
Datta, 1981).

during wet sesson (Fagl and De

Sreedharan and Vamadevan (1981) observe a positive
increase in yield in the dry sesson upto the level of
160 kg ¥ ha~! while in the wot semson the incresse 1is
only upto 80 kg N ha~! beyoni which a decline is noticed.

2,6, Influence 0f water management and N on rice
Effect of water management on N loss and uptake

are reported elsewhere,

Highest graln ylelds are obtained whem 150 kg
¥ ha~! is applied to rice under continmuous 5 ca submer-
gence or when it is kept under submergence for the 25 DAT



slternated by saturation (5ingh snd Pal, 1973), Singh
and Singh (1973) notice response only upto 100 kg N

ne”! under contimious suteergence beyond which lodging

of the crop is noticed, According to Khind and
Pommemperums (1981) crops grown in partielly irrigated
or rainfed conditions show lower X uptake and conse~
quently lower yields than crops in continuously submerged
sGil conditions., Such results are reported by Ramsnsthsn
(1935),

The above review on N reveals universsl influence
of ¥ on growth and yleld of rice., ¥hen vater management
18 also considered along with ¥ application it oould be
seen that continucus submergence 18 necessary to get a
better response of applied N,
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III, MATERIALS ARD METHODS

The present investigations were carried out to
find the influence of westher psrameters on growth and
yield of rice and to evolve a suitable water management
practice for rice. Identification of factors reaponsible
for the yleld difference between sessons is also simed at,
The materials used and the methods adopted are presented
hereunder,

3e1, MATZRIALS

3a1.1. kosationt The fleld experiments were comducted
in C Mock of the wetlands, Taesil Nadu Agricul tural
University, Coimbatore, The farm is situated et 11°NH
latitude snd 77°C longitude, at an altitude of 427
above #3L,

301.2, Hgteorglozical DAramsters! The ainimum number of
agro=neteorological varisbles recommsnded for fundamental

research in rice by the vorld Meteorological Orgsnisation
snd Internaticnal ‘dice Research Instituts (198C) were
considered for the present studies, The data on maximum
and pinimumn tempersture and sclar radistion were taken
from paddy dreeding steiion which is situated about 500 m
from the experimental field and the other dats from the
Agromet obdservatory of Tamil Fadu Agricultural University.



The weather parameters recorded during the cropping
periods are reported in Table 1. The abstracts of the

cbeervations on weather parsmeters are given in Tahle 2,

32143, 5040t The flelds ¢f the experimental site come
under the classification as aguepts, They were deep,
moderately drained snd clayey., The experimental soils
were medium to low in X and P snd high in R, The physical
end chemical charscteristics of the s0il are presented in
Tadble 3,

3,14, Irrigation source: The experimental fields were
irrigated by a deep bore well situated an the northern
end of the £ block, The analysis of the irrigation water
s given in Table 4,

TABLE &, CHEMICAL ANALYSIS OF IRRIGATION -ATER
(’dcharas, 1954)

Particulars Value
pH 7.8
o o 0.89 smxahos/cm
Carbonates Hil
Bicarbonates 41,48 parts per lakh
Sulphates Traces
Chlorides 17,04 parts per lakh
Calcium 6.56
Magnesium 4,32 .

Sodium 10.95 .

~



TABLE 1, WEATHER DATA LURING THE CROPPING PERIOD

W~

ot md  Mean solar :‘:;:esun: Mean temp. {*C)  Hean RH (%) Total Total Evapo- ¥ird
week (cal ca™2 d-1) houra d Max, Min, 0722 h 2 h ;:1'11 ;:;:y -r:t::n; v:::égy
L}
198
25 18-2LJune 471 .
26 25-1 July 204 ?? :S'f ?)H?, : > 1.5 - 9.2 19.3
i . i . ' 76 n.7 3 1.0 “w,7
27 »2-8 L2e 5.3 28,8 oo, 78 9 - N 0 3o
28 9-15 390 1.3 29.6 1.4 o 5% = . 6'5 s.:.
29 16-22 LO3 R . .
30 2329 408 ;S ;:': Plg = o 5.0 ' Ly 6.2
31 XS Aug 4ig u.8 28.9 L, : ,‘: 15.0 2 Lot 7.4
> 6-12 163 6'5 - . . 2.0 - 7.0 1.4
;; 1319 479 “.'2 ;332 2.2 & 53 - - 8,1 13,1
3 9 . .G 22,4 a2 54 - - 8,3 18,2
U 20-06 LEC 4.0 30.1 21,2 95 67 3.0 2 ’.0 5.3
35 27-2 Sept 517 6,8 30,6 1.2 g5 62 .2 ] s 6.4
38 3-9 506 5,6 30.6 21.3 9%6 51 5,0 1 3.3 6.9
37 10-16 Lb2 8.0 29.9 2.4 88 54 - - 6.8 1.8
38 17.23 419 7.4 30,9 21,2 91 52 .0 1 7.0 4.0
39 2L-30 458 5.8 30.5 21.8 95 &1 9.9 Py 5.7 .5
40 1.7 Oct 462 6.1 30.8  21.7 95 78 58,0 1 [ 3.4
41 8 496 8,4 30.8 211 95 52 - - 6.3 4.2
42 15-21 509 7.5 31.6 20,0 95 58 8.1 4 4.9 3.4
43 20-28 435 8.4 30.7 20.6 87 50 18,0 1 4.9 2.6
44 29-h Nov 472 L] 29.9 21.1 a3 57 - - 4,3 5,1
45 5-11 322 1.3 28.3 21.5 96 8 115.2 s 1.0 2.3
46 12-18 370 6,0 29.4 19,9 93 64 1,2 - 3.9 0.7
47 19-25 433 7.1 30.6 18,3 92 36 12.0 1 3.9 0.8
48 26~2 Dec 492 6.8 26.5  15.9 86 53 - - b 3.7
49 3-9 Lyt 5.5 28,6 20.4 &% Sh a,0 1 3.% 5.8
50 10-16 b28 7.0 29,0 18,9 : 3 54 - - 3.8 2.3
51 17-23 446 8.6 29.4 17,4 92 43 - - 4.9 3.3
52 24-34 475 8.0 30.0  17.1 &% 40 - - 4.9 3.7
L
1 1-7 Jan 468 9.9 29.2  16.4 82 36 - - 5.1 3.9
2 814 374 1.7 28.5 18,8 85 56 - - 3.7 3.3
3 15-21 397 7.4 29.7 20,2 88 u6 38,0 1 3.9 1.9
4 22-28 ubh 9.5 29.8 18,4 86 40 - - 5,6 4,2
5 29-4 Feb 521 9.6 31.1 17.5 & 39 - - 4,8 2.6
& 5-11 464 7.9 31.0 16,5 78 34 - - 5.5 3.9
7 12218 46t 7.6 .4 19,2 85 u 1.0 - 4,9 3.2
8 16-75 506 8.7 31.2 20,3 5] L3 2.2 - 5.5 3.2
9 26-4 Mar 468 9.0 30,9 18.5 8 32 1.0 - 6,1 4.3
10 5-11 518 7.9 32.6 17.6 80 L3 - - 6.4 3.3
11 12-18 509 9.0 3.1 21.3 =5 36 - - 6.4 b.6
12 19-75 494 9.8 3.1 21.1 79 E3 - - 7.5 3.7
13 26-1 Apr 535 9.9 6.0 19,7 78 28 - - 9.2 5.1
14 -8 534 9.9 35,7  21.8 79 29 - - 7.9 3.7
15 =15 516 10.4 37.0 22.9 73 25 - 8.1 4.0
16 16-22 527 9.6 37.3 22.2 79 31 - - 7.9 4.6
17 23-29 481 7.5 26,5 24,5 76 37 3.0 1 7.2 4,1
18 30-6 May -3 5.4 3.0 23.2 & 46 14.8 3 4.6 ig
19 7-13 519 9.9 35.9  22.9 77 34 3.0 1 7.1 6.
20 14-20 503 10,0 36.9 18.8 77 36 1.6 2 8.3 5.2
21 21-27 515 e.8 36.1 20.5 73 35 15.0 1 e, .
1 79 L6 3.0 1 5.2 3.4
22 76-3 June 475 7.1 33.5  21.9 . 8.4 6.8
23 4-10 519 7.3 34.2 23.0 75 3 - - N o3
1 22,4 78 53 5.4 1 6.8 .
24 11-17 451 5.4 33. o 4 7.3 25.3
25 1R-2L %85 4,5 30,4 23.6 §8 57 5.6 i 5.5 P
26 291 July %11 2.3 29.4 23.1 79 58 20, 6.7 e
27 -m 418 7.7 32.4 22.8 a2 42 - - '




TABLE 2. ABSTRACT OF THE OBSE

RVATIONS ON WEATHER FARAMET.

EXTERTMFNT-T

ERS - SEA3SONWISE

(8%

W

Weather parameters

3.%, Monsoon 1q8%

N_E, Monsoon 198%

Sumaer 1986

Jume 8% 1o Moy, 11t?

Oct

.8t

. %% ko anrny o0

Jon. 15™ to June 9t

1. Rainfall total for the

sesson (mm) 4036 260.7 1104

Ralny “ays 27 1" 10.
2, Maximie temperature {°C)

TENEE ?27.5 to 31,6 26,5 to 36,0 29,8 te 37.)
3. Minimum temperature {°C}

range 20.0 to 22,4 15.9 to 21.7 16,5 to 2,9
4, Mean Incident solar

Tedistion renge

-1 -1

(cal ca™ 47') 204 to 517 322 to 535 466 to 933
5. Sunshine hours range 1.1 to 8,4 1.3 to 9.9 5.4 to 10,4
6. RH (¥) range 0722 hrs 75 to 9% 78 to 9% 73 to 86

1422 hre 50 to & 26 to 56 2% to 33
7. Evaporation (mm d"’) range 1.0 to 9.2 1.0 to 9.2 4,6 to 8,9
8, Wind velocity (kmph) range 1.5 to 18,3 1.9 to 5.5 2,6 to 10,7
EXPERIMENT-2

Weather parameters 5.W.Monsoon 1985 N.E, Monaoon 1985 Supmer, 1986

June 25™ to Sept.23™

Yov, 26 to Mar, 13

april 11 to July 82

-

Rainfall total for the
season {mm

Rainy days

Maximum temperature (°C)
range

Minimm temperature (°C)
range

4, Mean solar radiation range
(ca1 ca™2 a™")

Sunshine hours range

R.H, (%) range 0722 hrs
1422 hrs

Evaporation {(mm aY) range
8. Wind velocity (kmph) range

t122.9 50.2
13 2
27.5 to 30.9 26.5 to 32.6

20.6 to 22,4

15.9 to 20,4

294 to 517 374 to 521
1.9 to B0 1.7 t0 9.9
78 to 9% 78 to 92
53 to 76 32 to 56
1.0 to 8.5 3.1 to 6.4
4,0 to 18,2 1.9 to 5.5

&b
13

29.4 to 37,3
18,8 to 4.5

311 to 334
2.3 to 10,4

68 to 89
25 to 58

4.6 to 8.9
2.7 o 25.3

SOIL TEMPERATURE AS INFLUENZED BY WATER MANAGEMENT
SUMMER, 1986

Treatment

So1l temperature {°C)

nN

w

Continuous 5 cm
submergence

Submerging o:e day after
disappearance of weter

Submerging three daya

after disappearance of

water

07,30 hrs 14,30 hre
23.9 31.2
23.2 30.3%
22.6 30.0
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TABLE 3, CHARACTERISTICS OF THi UXPERIMENTAL SOILS

Particulars Expo:dmt &“apa?mt
Location Ce9 block (=2 block
A. Jechanicel analvals (on molsture

(Piper, 1950) free basia)
Coarse sand » 13,6 17.8
ing sand % 39,5 22,0
541t % 1%,3 17.3
Clay % 32.5 43,0
Texture Clay loam Clay loan
B, Chamical analysie

Avallable * (kg ha™') 257 257
{(3ubdieh end Asijs, 1956)
Available P,0q (kg ha"1) 10,9 12.4
(Claen et ai., 1954)
Aveilable K,0 (kg ha™') 546,0 523.0
(5tanford and inglish, 1955)

(112 s0il water suspension) Be2 8,0
Jackson, 1973)
EC (1312 804l water suspenaion) 0.3 0.6
(ohos/cm)
CEC (me/100 g sofl) 38,2 37.9

Ce

Bulk density (g/cz’) 1,45 1,65
(Dakghinemurthy and Cupta, 1968)
Field capecity (%) (Lastene, 1972/ 45,0 42,8
Permanent wilting point (%) 20,0 17.7
(Richards, 1947)
Total poroaity (%) 56.3 58,3
(Dumm.mtzy ard Oupta, 1968)
Infiltration rate (cm/day) 1.0 1.6

{Dakshingmurthy end Jupta, 1968)




o~

3+1.5. Yarigties used:s I 50 was the test veriety used
for the firet experiment during 3w¥ 1985 and Susmer 1986,
whereas IR 20 was used during KEd 1985, IR 50 and CO 37
(Vaigai) comprised the test varieties used during SwM
1585 and Summer 1986 for the second experiment and Ik 20
end CO 44 during the JE:Z 1985,

3.1.6. Fartilizers used: Nitrogen, phosphorus and
potassiun were supplied tnrough urea (46 per cent k),
super phosphate (16 per cent PZOB) and muriste of potash
(60 per cent K,0).

3e2e METHOLUS

3.2e1. Ireatment detalls: The experiments were carried
out in & strip plot design for both the experiments, For
the first experiment irrigation levels and plenting times
constituted the two differemt strips, In the second
experiment, combination cf irrigation levels and verieties
ware tried in first strip end nitrogen levels in the
sectnd strip. The experiments were replicated thrice in

all the seasoms,

%,2.2. Ireatasnta (Experiment 1)1 The treatments adoptad
for the first experiment are given below,



A. Lrrigation levels

I, « 5 co submergence throughout

W
<

I, = Recouping 5 cm submergence one day after

disappearance of ponded water

I3 = Recouping 5 cm submergence two days after

disappearance of ponded water

I, = Recouping 5 co submergence three days after

diaappearance of ponded water

B. Date of planting

sw 1985
y 1826=1985
7, 2-7=1985

Py 16-7-1985
P, 30-71985
Py 13-6-1985
Pg 27-8-1985

NEM 1985
1=10=1985
15101985
12+11-1985
2=11-1985
10=12=1985

Summer 1986
15=1=1986
29=1=1996
12=2-1586
26=2+1986
12=3=-1986

4 combination ef verieties (two) and irrigation
levels (two) in one strip and levels of ¥ (O, 75, 150 and
22% kg ha”') in the other strip were tried during S¥M
and NEM semsons 1985, The levels of irrigation was

incregsed to three and that of N reduced to three for the
Summer sesson 1986, The detalls are given below,



A. Lrrigation x varistles
I, = 5 co submergence throughout
12 =~ Recouping 5 cm submergence one day after
dieeppearance of ponded water

V, « IR 50 V, « IR 20
1 (swm 1985 1
NEM 1983
V2-C037 Smcrwgg vz_co“, ( 98s)
B, Ritroren lavels
Ny = O kg N he™!

Ny = 75 kg § hs™}
3

K, «150 kg N ha

Ny =225 kg N ha"!

For Summer season 1086, 15 - Recoupinz 5 em
submergence three days after disappearance of ponded water

wes also included,

302430 E 3 The selectied main fields
were first worked with tractor mounted with cage wheel
after applying 50 of water. Another puddling was done
four days later by applying another 50 mm of water. Later
last puddling and levelling was done, For the subsequent
seasans, the individual olots were prepared by digging with
mammoty, The summary of experimental particulers are
presented in Tables 5, © and 7.
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TARLE 5, SUMMARY OF EXPERIMENTAL FARTICULARS = SEASUNWISE

Field Experimente1

Particulars

3.&%@»@ N..‘::; r;;uoen mr
Previous crop grown Rice Rice Rice
5ite of experiment c9 cy 9
Variety used I’ 50 IR 20 IR 30
Gross plot size (a2) 4,5 x 3.0 4.5 x 3.0 o5 x 3.0
RIS B FIm T e
Spacing (ca?) 15 x 10 20 x 10 15 x 0
Het plot size (n?) 6,1 X 2,1 b4e1 x 1.8 L,1 x 2.1
Design Strip plot Strip plet Strip plet
o, 0f treetments 2 20 20
Replications 3 3 3

Amount of N, P C)5 and KZO
added (kg ha? 10015085C 100150150 100130150
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3e2.4, Layout of the plotas After the finel puddling
and levelling plots were laid out with bunds of 25 cm
breadth and 15 co in height all around the plot, All
around the experimental field drainsge channels were
provided for effective dreinage and control of irrigation
water. The layout plan of the two field experiments are
given in Fig, 1a, 1t and 1c.

3.2.5, Fertilizer apnlication: Before transplenting,

the field was dreined srd o uniforwm dose of 50 kg each
of P,0q and K,0 ha"' was given basslly to all plets.
Nitrogen at 100 kg ha.1 for thc first experiment and as per
treatment for the second experiment were applied in three
equal splits at trensplanting, tillering (25 DAT) and

panicle initieticn (45 UAT) stages.

3.2.6. Iranaplentingt Twenty three day old seedlings

were transplented ¢ 3 seedlings n1~! at o spacing of

15 x 10 cm during SW¥ 4585 end Surmer 1586, Twenty five day
014 seedlings were planted at 2 spacing of 2C x 10 om
during NE4 1985, Gep filling wes teken up wherever

necessary.

3.2,7. ¥ged and oest meuacements Butschlor @ 1 kg el
ha"! was applied by mixing with sand & DAT with two cm

of standing water as a pre-emergence herbicide., Light
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hané weedings were given 40 DAT, Flsnt protection

neasures were adopted wherever necessary.

3¢2.8. Irrigation: Irrigation treatments were imposed

7 DAT onwards. The quantity of water applied was measured
by using a 7,5 cm portable Farshall flume. Irrigstion

wes stopped 15 daye dafore harvest of the crop,

3e2e9¢ Harveat' Border plants on all sides of the plots
were harvested firat and the net plots were then harvested
and threshed, The individual plot yleld of grein wes
recorded at 14 per cent mofsture. Ihe straw welight was
taken after sundrying,

Fe3e CRSERVATIONS RiCURDED

3¢3.1. srowth gharackars: The following growth characters
were recorded at 40 days after transplanting (DAT)
flowvering ang harvest stages by adopting standerd proce-
dure (Gomez, 1972),

1. Helght of nlants: ileight of plents was recorded from
40 plents taggad randomly froam the net vlot,

2, iupber of tillers per hill: Totsl mumber of tillers

per hill was counted from 10 hills in the net plot and

average worked out,

1

(%

[y



3. lazizum oot length: Tour plsnts were carefully
uprooted from the destructive row from each plot with
oinimuz root danege, They were washed carefully, and
the maximum root length oxpressed in cm,

4, Feot dry weight
5. Shoot dry weight (dry matter production)

3.3.2. Srowth anslysis

1., Leal sres Index (Lal,: Plents collected for recording
maximum root length were used to record LAl as suggested

by Palaniswarmy and Gomez (1974).

L.¥%.%, nuober of leaves per hill

Spacing adopted {(cn?)

LAl = , where,

L e Length of 3rd leaf blade from the top (cm)
¥ = Naximum width of the same leaf bDlade (en)
¥ e« a constant factor of 0,73 for dry snd 0,75 for

wvet sessons

LAI was recorded at tillering, panicle initiation
and flowering stages,

3.3.3. Yisld components and vield: The following

observetions were recor ied using standard procedures,
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1, Huzder of penicles and grains m™2

2, Length of panicle

3« Yeight of panicle

4, Number of filled zrains panicle™

5. Percentage of filled grains

6, 1000 grain weight

7. Grain yield

8, Strew yleld

s ipnter use efficiency for grein production at harvest

Se3.4. Zhemical enslysis: Phosphorus and potash content
of plgnts were estimated at flowering and harvest stages
(Jackson, 1973) and the total uptake was calculated by
miltiplyingz the nutrient content by dry matter and
expressed as kg ha"', N content of plent was estimsted
at flovering and harvest stages using the microkjeldahl
method as described by Jackson (1973) end the uptake

worked out and expressed as kg na*',

BeSelio1s K response and per cent recovery of applied N
K response = (1't -1 / At = Y/At

Yt = Yield of treatment
Yo = Yield of control
At = N spplied in trestzent
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This vas worked out as suggested by Patnaik et al,
(19m),

Per cent N recovery was calculated as suggested
by Bartholomew and Clark (1965) es follows.

R uptalts from N uptake
fe) izer - from
tment
% I recovery = treatoen contral x 100
K applied
5e3.5. Zged dry welght: deeds collected from four places

at random using a 50 x 50 cm quadrat at 40 LAT, They were
washed, sundried for few days and oven dried at 60°C for
72 hrs. Then dry weight was recorded and expressed as

kg ha™',

3s3.6. LooNOMicat Oross end net income per ha, net return
per rupee invested on water and ¥ and benefit cost ratio
were calculated based on the cost of cultivation detalls
and input purchase and produce sale records availeble at
the Central farm of TNAU,

a, Cost of cultivation (excluding N and water) = Rs,2750/-

b, Cost of 1 kz urea (K = 4.5/« = Ree2,10
co Cost of 1 ha cm of water ® R8,10/=
de Price of 1 kg of rice = R8,1,50

Re,0,15

6o Price of 1 kg of stravw



Total cost of 1 ha cm of water was calculated
as suggested by Sivenappan and Aiymsamy (1978) by
substituting present day costs,

337, Statdstical anolysisg: The data was snalysed as
per the cethod suggested by Fense end Sukhatme (1976)

for strip plot design using the computer available at
the Tanil Nadu Agricultural University. Critical
differences were worked out wherever necesaary at five

per cent probability level, Correlation cosfficients

between plant growth and yield attributes as vell as yleld

and meteorologicel parareters were worked out and

presented,
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IV. RESULTS AND DISCUSSION

Two separate field experiments were conducted
during 1985«85 with the objectives to evaluate the
effect of seasonal fluctuations on growth and yisld of
rice and to find out an appropriate planting time as well
a8 1ts influence on water and N requirement for increasing
productivity, The experiments were carried out during
South West Honeoon 1985 (SwM 85), North Last Momsoom 1985
(N2t 85) end Summer 1986 (summer 85) seasons, Results of
W1 8% end Summer 56 sre taken together for correlation
and regression analysis between growth, yield compaments
snd yield and are discussed together, Iesults of REM 85
and second experiment are pressnted end discussed
separately.

Exeripent 1 (50UTH wEST MONSOON 1935 and SUMMER 19856)

4e1.1, Srowth characters
L,1,1.1. Helght of plent

Data relating to the effect of planting dates and
water penagement on plant helight at 40 DAT, flowering end
harvest stages are presented in Table 8, In genersl plant
height was not much affected by planting time during
SWM 85, At flowering delayed plantings produced taller



TABIZ 8. BEIGHT OF PLANT.

(CM), ITAGEWISE AND SEASONWISE

b

40 DAT
S.W.MONSOON, 1985 SUMMIR, 1986
P P
5 P Py Py L. Pe  Yean P, v, v ’, ’ temn
I 4453 4747 45,00 4517 49,54 55.21 aT.R 45.3) 45.11 aD.4T 4T.86 4600 45.37
1, 45:19 4B.T6 43.52 44,03 48.47 52.39 46.76 44,37 47.55 3B.SS 4137 44,99 42.96
Iy 42,52 42.69 40.38 41.49 45.94 47.61 43.44  43.19 42.61 36.33 37.49 43.85 40.96
1, 4222 40.35 38,34 36.69 41.09 45,17 40,98  42.29 40.40 33,18 35,15 43.15 38,83
Hean 43.62  44.32 41.82 42,40 46,26 50,09 43,82 42.92 37.63 40.97 44.50
? I PatIlatP P 1 PatllateP
38D 3.00 0,33 1.28 3,22 0.26  0.13  0.31  0.37
CD(P=0,05) H.S  0.82 N.5  N.§ 0,59 0.32 0.66 0,82
FLOWERING
5.W.MONSOON, 1985 SUMMER, 1986
P, P, By e, By Pg  Mean P, e, Py ®, P, Mean
I, 55.54 54.73 56.93 69.31 62.84 60.24 59,93 54.38 58.98 50.89 66.61 63,24 60.42
1, 54.66 53.16 54.65 66.04 60.49 62.89 5B.65 52.03 57.84 57.15 63.65 62,12 58.56
13 53.81 51,92 52,92 64.72 59.38 57.93 56.78 51.21 56.03 52.82 62.75 61.09 56.79
I, 52,17 51.06 51.42 S57.37 53.81 51,76 52,93 50.21 43.84 51.56 61.28 59,75 53.33
Msan 54,04 52.72 53.98 ©4.36 59.13 58.21 51,96 54.18 55.10 63.57 61,55
P I PatIlatP ? I PatIIlat?
SED 3.30 1,01 1,87 3.62 0.26 0,16 0.40 0O.44
CD(P=0.05)  7.34 2.47 4.04 7.95 0.59 0.38 0.85 0.9
RARVEST
S.W.MONSOON, 1985 SUMMER, 19686
P . P P, Mean
P, 7, Py ?, A Py Mean P, N s . s
1, 68.62 67.36 69.06 69.99 67.34 65.61 68,08 61.53 7T2.75 67.97 T71.16 64.69 67.62
1, 70.99 70.93 66.68 67.25 63.41 63.80 67.17 60.42 7T1.45 66.05 69.74 62.06 65.94
I-, 71.27 68.74 64.97 66.50 62.26 62.64 66.05 57.84 65.45 59.60 67.98 60,27 62.23
1, 69.54 67.24 63.52 59.58 57.09 56.95 (7.65 55.50 62,05 59.55 66.31 58.82 60,53
Hean 70.10 68.57 66.06 65.8% 62,65 62.75 58.82 67.9%5 63.39 68.80 61.46
» ! Patllat? ® 1 TPeatllat?
42D 3,16 0.40 1,61  3.49 0,22 0,17 2'39 g‘gz
OD(He0,05) + 7.04 0.98 3.33  T.66 0.50 0.42 0.83 O.
‘- K.3 - Not significant
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plants wheress early plentings were taller during
harvest.

bBuring Summer 86 planting pericd influenced plant
height in all ateges of observation, At 40 DAT plents
were shorter g2 plantings were delayed froa 15th Jamuary
to 12th February but the trend wes reversed with the
subsequent plentings, During flowering, hovever, a
progressive increase in plant height with delay in planting
was noticed. Flants behaved tore or less similar during
harvest stage also. Flants transplanted on 26th February
were tallest auring these two stages.

A significant 4ifference in plant height due to
irrigation vas present at all stages in doth the seasons.
Plant height with continuocus submergence or irrigating
one day after diseppearance Of water vere comparable at
flowering end harvest stages during SW¥ 85 whereas the
tallest plents were seen in cortimously submerged
treatzent in Summer 86, A progressive decline in plant
height with incresse in interval between irrigzation was
also noticed, Interaction batween planting and irrigaticn
on plent height was present during flowering and harvest
stages in 5wt 85 and a’. all stages in jummer 85, Tellest
rlants with continuous submergence were observed with
planting done om 30th July in ¥ 85 end 26th February in



Surmer 86, The influence 0f deep standing water in
increasing the plent height has been reparted by memy
workers (Iruthayars) end Morachen, 19803 Pillal and
i, 1980a). The increase in height has been attributed
to the elongetion of internode when the water level ip

Eltect of metagrological cearsaeters
The correlation coefficimtse between plant height

at harvest snd metecrologicel paremeters st different
phases are presented in Teble 9,

1) Ismperaturer The height (Fig,2) in relation to
ainimus temperature st vegetative phase (iig,6) shows

that increase in height at preflowering and flowering

is greater when the night temperature during vegetative
phase 45 higher, The correlation cocefficients presented
in Table 9 show that height of the plant 18 influenced by
mnioun sir tempersture or night temperature (r = 0,6137*)
at vegetative phase. 1he night temperature exerts greater
influence on nlant height thon day (maximus) temperature,
A progressive decrease in plant height at harvest as
plonting was delayed from 18th June during SWM 85 was
observed, The reduct!.n in plant height was due to the
prevalence of lower night temperature with longer hours
of mmshine per day, 7ihis is evident from the positive
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TABLE 9, CORRELATION CULFPICIENTS OF PLANT HRIGHT AT HARVEST
WITH METEORCGLOGICAL PARAMEIERS AT DIFFERENT PHASES

Factor Phase r value
1. Maxioum air temperature FPI 0.3835%
2, Minimun air terperature PI 0.6137*
3¢ Yesn relative humidity PIePII«PIII 00,6273
4, Total sunshine hours EI -0, 3142
5. Total sunshine hours P Il =04 5470
6. Total sunshine hours P III =0, 4680
7. Total sumshine hours PIePII «P III =0,6427"
8, Total solar rediation F I 0,427
9. Iotal solar radiation P II «C, L8810
10. Total solar rediation P III =0,6375*
TAELE 10, PARTIAL COHRELATION CORFFICIANT OF HEIGHT AT

HARVEST (1) »ITH UMNaHINEG HOURS {2) AND THE MEARW
RELATIV: HUMIDITY (3) DURING P I « P II « P III

Factor r value
12 06427
13 0, 6273%
22 iy BLB5%

12.3 «0, 3979

13.2 043609

P I = Yegetative phase
P II = Reproductive phase

F 111 = Ripening phase

¢ . Significant at 5%
level
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influence of night temperaturs and negative effect of
sunshine hours as revealed in the Table 9, Sato (1972),
Sgnchez et al, (1573) and Gopelaswamy (1975) report
sinflar effects 0f temperature on plant height,

i1) Solar spergys The correlation Teble 9 also brings out
the influence of sumshine hours and solar radiation during
the three phasee of crop growth, It is clear that both
these factors influence the height especially at later
stages of crop growth, This amply indicates that light
level becomes progressively more critical and limited avale
lability of light to the base of the plant at later stages
caused by mutual shadins nmight have resulted in the
elongation of lower internodes (Ilanaha et al., 1966).

Tuis becomes an adaptation of the plants under low light
situations especially during the periods of monsoon,

Chosh (1961) report that there 13 rapid elengation of
shoot in the khardf by the influence of rainfall and

teaperature.

111) Belative humigityr It is seen thst plant height is
positively correlated to mean relative humiaity (r « Q.,6273%),

3imilar results are reported by Ghosh (1961) who observed
that one of the reasons for increased plant helight is
hunddi ty.
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To study the effect of relative humiaity with
eliminating the effect of sunshine hours or vioe-varsa,
partial correlation coefficients were worked out between
plant heipght, sunshine hours end relative humtdity
(Table 10), when the effect of relative humidity is
elininated, the correlation between plant height and
sunshine hours becomes lesser in magnitude but negative.
However, when the affect of sunshins hours is eliminsted,
the correlation bdetween plant height and relative humidity
gete further reduced and dbecomes nonesignificaent., This
atply proves that relative humidity per se has no role
in deciding plant height,

bele1.2. Number of tillers pex Lill

The 8atz in izble 11 reveal that during 3¥M 85,
Py (16th July) mmd Py (13th August) produced highest and
comparsble tiller numbers per hfll at 40 UAT, At
flowering Py (16th July) recorded the highest number of
tillers compared to all other plantings. A decresse in
tiller number as planting was delayed beyond this date
was evident, During Sumser 85, 29th Jamuary planting
produced the highest number and 26th February planting
the least, But durin, flowering 12th February plaating
hed the highest tiller number and was comparable with
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26th February and 15th Jamuary plantings. Plantings
done on 29th Jamuary and 12th #arch had considerably
lover tiller aumbers,

Influence of irrigation levels on tiller number
was also presemt., At flowerinz tiller mumber with
continuous submergence and submerging one day after
disappearance of water were the highsst and comparable
during S¥¢ B5, whereas tiller production was the highest
with continmuous subnergence for all plantings during
Surmer 86, A progressive decrease in number of tillers
at flowering in :%4 85 and at both the stages in
Summer 85 due to decresse 1n irrigaticn levels could be
noticed, Irrigation x planting interection was algnifie
cant at 40 UAT in W 85 and at both the stages in
Sumper 86, In SWM 85 plantings done on 13th August or
16th July with continuous submergence or irrigating one
day after disappearsnce cf water produced nore number of
tillers at 40 CAT then other combinations, In Sumper 85
with all planting dates contimious subbergence had more
tillers at 40 DA, At flowering the same irrigation
lovel with plantings done on 26th February or 15th Jamuary

produced more tillers,

It 15 seen from Fig.3 that more tillers per hill
sre produced at 4C vAT and at flowering stages during mid
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July or August plantings during 5WM 65 which are siaflar.
Flanting done at the end of August produced the lowest
number of tillers. In Sumper 86 not mich difference was
seed between plantings at 4O DAT but at flowering Fedruary
plantings produced the highest tiller nuober siailar to
15th Jenuary planting,

During late July end mid February plantings the
minimye tempereture is low (Fig.6) Auring vegetative and
reproductive phases and hence the rate of tiller produte
tion {z also comparatively less, Another factor that ias
obvious from the Fig,3 is that decrease in tiller number
during flowering starts froe mid July plantings im 31 83,
The decresse is maximum in August plantings than in July
plantings. In other words mortality of tiller takes
place st a much higher rate in former than in the latter,
Low 1ight conditions at vegetative and reproductive phases
accompanied by a comparatively high night teapersture
leads to less net photosynthesis dus to greater respirs-
tion locaes (Tenska et al., 1966), Humber of tillers
porplmtmbemnmcdlntvonyu musber of tiller
buds per plant and percentage of tiller development
{ratio of the number cf t!llers developed tc the rumber
of tiller buds initiated), ligher tempersturs indreases
leaf age. Higher lesf age mnd greater tiller rumber in turn
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increase the mumber of tiller buds per plant, Un the other
hend, ilcehine et al, (1969) have shown that the percentage
of tiller tud development ir high when the tempersture is
lov (20-21°C), Tenaka and Gercia (1965, report that
carbohydrate is necessery as an energy source for tiller
development, High tempersture snd low light intenaity
decrease the carbohydrate in plant (Sato, 1972) lending
to reduction in tiller number, It £s not clear, however,
whether low tesperature per se is necessary for tiller

bud development or whether low tempersture favours carboe
hydrate sccumilation which promotes tiller development.
Thus tillering of rice plant ghould be studied in terms of
interaction between light intensity, tempereture and
cerbohydrate metabolism (Yoshida, 1973). A decrease in
tiller number with increase in minimun temperature is
noticed by Cwen (1972, end Copalaswamy (1975).

Singh end Garg (1976) have opined that short day
and low temperature circumstances lead to high R accumi-
lation in leaves, Ae M concentration increases in leaves
more tillers ere produced (Ishimika and Tenaka, 1963),

4,1,1.3. Leal area index (Lal)
Fros the data ¢ LAI presented in Table 12 and

Fig,be 1t iz seen that in 5¥i 85, higher LAl value was
recorded at 40 UAT and flovering in crops planted on 16th
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July but did not differ with 2nd July snd 18th June
Plantings et 40 DAT end flowering, respectively. The

LAl velues were lowest in August plentings, A

progressive decresss in LAL valuee were observed as the
Planting was delayed beyond 16th July, Simflar reduction
in LAI &ue to delayed plantings it reported by Gopalasvany
(1973). During Summer 66 LAI at 40 DAT was the higheat when
Plented during late Jamuary snd decreased thereafter. At
flowering an increass in LAl as planting was delayed could
ba noticed during Summer 86, The increase in LAI from
40th day to flowering wes considerably greater in Summser 86
then in 34H 85,

The Fig.b4a showing LAI at different stages reveals
that et 40 DAT LAI 4s high during esrly plantings wvhich
decreases gradually reaching the lowest in August plantings,
LAIL at flowering stage shows a phanomenal increase in mid
July planting (Py) in S¥M 85 and late February (Pg) ana
carly #arch (Pg) plantings in Summer 86 compared to that
of the previcus plantinge, This may be because ¢f enhanced
t4ller production (Fig,3) and fncreased plant height
(Fig,2) during these plantings of the respective sessons,

The Table 12 a) 30 shows that LAI was reduced with
increase in interval of irrigations during bLoth the
seasons, LAl produced was higher and comparable with
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continuous submergence and submerging one day after
diasppearance of water during 5W4 85 whereas the former
treatment registered significently the highest LAI during
Summer 85, This is clearly brought out from the Fig,4d
on the effect of water management on tiller producotion

at floworing stege. LAI 18 the integral of number of
tillers, musber of leaves per tiller and the size of the
leaves. Since the munber of legves on a tiller is almost
ctnstant, LAl mostly 18 determined by tiller number
(Tonaka et al,, 1964),

At flowering during SwM 85 with optimum planting
tine when highest LAl are observed the irrigetion regimes
have greater influence than the other planting periods
when the LAL is lower. For Py (16th July) plenting each
irrigetion level influances the LAI whereas in the later
pericds 11 and 12 are comparsble and greater than I3 and
It. vhich are again similar. However, during Summer 8 with
decresse in supply of water thers is progresaive reduction
in LAI values for all the planting dates.

Correlation coefficients worked out between LAX
at flowering end various meteorological paraseters at
di fferent phases are | resented in Table 13,



TABLE 13, CURRELATIUR CUEFFICIENTS OF LAI AT FLOWERING
WITH METEOROLOGICAL PARAMETERS AT DIFFERENT

PHASES
Factor Phase r value
1. Finimun temperature PI =0,3798
2. Minimun temperature P Il «Q,4014
3. Mean temperature summation Pl 0,6949%
4, Total sunshine hours PI 0, 5829
5, Total sunshine hours FIX 0,66L6%
6. Total solar radistion Pl 0. 4581
7. 7otal solar radiation pII 0.6593*
Pl « Vegetative phase * . Significent at 5% level

P II « Reproductive phase

A perusal of the data shows that unlike height or
tillers, LAT at flowering gives no relationship detween
pinimus air temperature or sunshine hours or solar
rediation during phase I dut is significantly correlated
with sunshine hours end soler radiation in phase 1II,

It could also be pointed cut that in case of solar
rodiation, the r value at phase II 15 higher than that of
the phase I, This shows that light energy has sore
influsnce on LAI at reproductive phase than at vegetative
phase, The Table 13 also brings out that the correlation
coefficient between LAL and intagrated mean dsily tempers-
Sureduring vegetative phase is more than munshine heurs or



-1
~1

solar radiation, Thus it may be concluded that LAIL
at flowering 1s almost detersined by the inteagrated
mean daily tempereture during the growth period when
leaf growth takes place. Similar observations are
reported by Murtta end Togari (1973).

4.1.1.4, Dry patter oreduction (DHP)

The data presented in Table 14 show that DMF at
flowering and harvest stages ere influenced by planting
periods in both the seesons, lighest MP at flowering in
3 85 was observed in 30th July (P,) end the least in 2nd
July (Pz) plantings, with other plantings producing the
similar ary matter, At harvest stage 13th August (Ps)
planting recorded the highest which was similar to planting
done on 30th July, Flantings done on other dates produced
comperable dry matter. In Summer 85, plantings done on
26th February (P,) or 29th Jamuary (P,) or 12th March (Pg)
produced the highest dry matter at flowering whereas at
harvest highest OMF was observed with pleniing done om
26th February,

The superiority of lete July in s¥¥ 85 and late
February in Sumper 86 plantings in producing highest dry
matter at flowering and harvest stages may be attributed
to the following.
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An exmminetion of Fig.5 on DMP and tiller
production at flowering (Fig.3) showa that IMP follows
more or less a similar trend of tiller production
except in 30th July planting in SWM 85 and 29th Jamuary
in Summer 85, & comparison of minimum temperature given
in the Fig,6 reveals that the minimm temperature is low
at the repreductive phase during 30th July and 26th
February in S5¥M 85 ond Sumezer 86 seasons, respectively,
Thus tiller production at maximum tillering and flowering
stage are exposed to a& congenial condition for further dry
matter accumlation during the reproductive phase. Since
the night temperature i{s lower, the respiration loss will
be lower and photoaynthetic accumilation more thus
resulting in an increased U¥MP, The reduction in height
of plants noticed for 15th Jamuary in Summer 56 might
have resulted in lesser DMP at this stage.

The Fig.5 on DIP at harvest shows that 13th
August planting in WX 85 and 26th February planting in
Summer 856 produced the highest DMP at this stage.
Subsequent to flowering the plants are exposed to maximum
solar energy during the ripening phase and this could
have helped to further enhance the dry matter sccording
to Yoshida (1971), This assumption is slso supported

by the comparatively high LA at flowering in 26th February
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planting indicating that 4ry matter acoumilation continued
upte harvest, In i¥¥ 85 planting done on 2nd July produced
lower D¥MP, This may be becsuse plants are shorter with
less tiller production, sheress, the lower DMP noticed
with plenting dane on 29th Jamuary in Summer 86 could be
attributed to lower tiller productiocn, Apart from this the
quentun of sclar energy received by these plantings are also

poor,.

Tadble 14 shows that continuocus submergence resulted
in highest DHP than other irrigation levels, The irrige-
tion x planting interaction was also significent., Trens-
planting at the end of July in WM 85 or at the end of
February in summer 86 together with contimuous submergence
resulted in the higheast DIF than other plantings snd water

nanagement,

L4.1.145. uration

The growth duration 1s considered important
especially when asscoclated with planting time under the
context of miltiple cropping systems., Since the variety
used in this experiment is photoinsensitive, the difference
in growth duration observed may chiefly be attributed to
temperaturs effect,



e1e1.5.1. Duration unto 30 cer omt Clovering

The duration upto 50 per cent flowering auring
WM 85 and Summer 86 is presented in Table 15, The
duration upto flowering is influenced by planting time,
It is longest in 27th August planting in SW 85 end
during January plantings in Summer 86. As the plantings
are advanced in 5wX 85 or delayed in Summer 55 the dura-
tion gradually gets reduced since the temperature at this
staze for these plantings is high. The correlation
coafficientz worked out with duretion of different phases
snd terperature components (Teble 16) have shown that
minimm air tempersture 18 negatively correlated with
duration upto flowsring, Vergara et al. (1970) report
that minimun rather than mean temperature of the atmosphere
had the best negative correlation with flowering duretion
of a variety, It is also seen that air temperature range
at this pericd is also correlated with duration., The
temperature ranges reflects mainly the varistion in minimum
temperature at vegetative phase wherein wvhen the aminimun
tempersture is low the range is more end the duration is
longer. Yoshida (1981) observes considerable delay in
flowering for reduction of tempsrature between 24° and
2% tn IR 26, Evidertly higher temperature (both maximum
and minimun) end lower diurnal varistion are more conducive
for early flowering in rice varieties (Sabu et al., 1983),
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TABLE 15, DURATION UPTU S0 PER CENT FLOwERING AND RIPENIRG
PHASES UNDER DIFFERENT FLANTING PERIODS

Date of planting Duration (days)
Upto SO per cent Ripening
flovering phase

Py 18=5=1985 58 M
Py 2=7-1985 59 30
P} 16=7«1985 %6 32
P‘. 30=7=1985 59 22
Py 13-8=1985 61 32
Fe 2781985 62 30
P1 15=1=1986 59 %9
Py 29=1=1986 59 30
Py 12=2-1986 56 32
Py 26=2=1386 55 3
P5 12+3=1986 57 30

TABLE 16, CUORRELATION COEFFICILNTS SHO¥ING RELATIONSHIP
BETWEEN DURATION OF DIFFERINT PHASES AND
METFROROLOGICAL PARAMETERS

Yactor Phaase Duretion from

Planting to Flmrh;g
flowering t0 harve

P VAING ve———

1, Moximum air tesperature P I =0,0937 «0,1316
2, Minimum sir temperature P I =0, 5875 =0, 3831
3, Mexdmum air temperature P III - =0, 3086
4, Minimz air temperature P III - =0, 8557
« Maximunm minSmum

> unpouhlnn ratio PI 0.6694* -

6o Maglms | Binioun TeWO" p Il 0.69ub* -

7. Adr temperature renge P1 0.,6158* -

P I o Vegetative phase .2 « Sgnificant at % level



The ratio of maximum : minimus temperature also hed a
positive ralationship with duration upto flowering. This
alsC suggests that the crop flowers sarlier when the
difference between day and night tempersture is minimum,

6.1.1.5.2. Ruration of the ripening hase

The data presented in Table 15 on the duration of
ripening phase under different plenting periods go to
show that the durstions were shorter in 2nd July end 27th
August plantings in SwM 85 and 29th January or 12th March
in Sumner 86 when the minimum temperature at the ripening
phase of these plantings are higher, The duration is
slightly more in other rlantings when the temperature
registers a decrease as in Fig,6. It may be further seem
from the Teble 16 that the duration of ripening phase ia
very strongly and negatively correlated with minimum air
temperature at this stage. Vergara et al, (1969) opine
that the ripening phase duration of rice rsnges from 30«35
days in troples, As the temperature is lower, the trans-
locstion of photogynthates to grain teites place at a
slower rate and therefore the maturity period is delayed
proportionately (Best, 1962). Similer increase in ripening
phase duration due to low temperature ia repertsd by
Owen (1971) end Gopelaswazy (1973).



“e1+1.5.3. Isgneraturs sumation snd ducatien

The tesperaturs sumation Or hsat requirements
of & crop i{s usually celculated as degree days over a
specific period such as planting to harvest (Owen, 1972).
The totsal duration of the orop in the main field and the
temperature summation during respective planting periods
are presented in Table 17 for the two seasons studied,

TASLE 17, TEMPERATURE SUrPMATION (°C) AND DURATIUN FROM
PLANTING TCO HARVEST UNDER DIFFERENT PLANTING

PERIQGDS
Date of planting 'Iempz .E\)unuuon Duretion
18mb21985 2431 89
2=7=1985 2L26 8
16=7-1585 2602 58
30=T7=1965 2443 2l
13=5~1985 2L87 b1
2Z1=6=1985 2054 92
15=1=1986 2382 90
2G=1=1586 2260 &%
12=2=1586 2229 88
26=2=1986 2185 &%
12=3=1986 2204 /4

A perusal on tempersture summation and durstion
reveals that the former bshaves independently of the latter
in different plenting periods. With prespect %o the



relationship betwsen duration of the variety and the
temperature summation, it 1s seen thsat with tncrease

in duration of the variety the tespsrature sumaation alse
increases. Thus the terperature summation for the shore
test durastion of planting in 26th February is 2185°C vhile
the longest duration of crop planted in 13th August has
2477°C,

4,1.1.6. Nutrient uptake

The data on nutrient uptake at flowering and
harvest stagez are presgnted in Iables 12¢, b end ¢,
Uptake of mitrients veried with plsnting period, At
flowering uptake of N and P was more with 30th July
plenting in UW¥ 85 and 26th February plenting in Sumzmer 86,
July plantings had higher K uptake, early or late
plantings in 5¥M 85 having lower uptake values. In
Sumser 86 plantings done on 29th January recorded the
highest uptake of K which was similar to the two February
plantings, During harvest stage early August plantings
resulted in highest uptake of ¥ and P which declined
with early plantings in 5¥¥ 65 wheress Fedruary plantings
recorded more upteke in Summer 86, Flentings done on
January resulted in lc st uptake, In case of K, the
upteke during harvest was more with July plantings in
SWM 85 and with Februsry plantings in Summer 85, The

56
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SUMMER, 1986

“2 Py ?‘ PS Mean
I. 5%.81 56.83 67.73 7B.33  70.53 f4.62 .33 73.0n 69.59 B3.09 E3.71 B0.63 T7.86
I 50.61 52,52 66.92 72.78 64.55 ST.2T .34 695 6634 D195 81,10 77.27 75.18
3 47-80 49.00 61.56 66,35 SA.LTT 52.03 ST.91 66.32 64.08 80,46 80.15 TS.15 73,23
I, 4505 4705 60.9% 63,00 55.83 47.54 53.53 61,05 64,89 76,02 77.14 T4.23 70.66
Meen 49.32 51.54 63.73 70.24 62.41 55,36 67.25 66.22 80.36 80.52 76.82
P I Pat I Iat?P P 1 Pat IIat?
SZ3 0.93  0.66 1.54 1.51 Q.21 0,22 0.52  0.54
Co{P=0.05) 2,21 1.50 3,24 3,20 0.49  0.53 1,09 1.14
FARVEST
S.W. MONSOON, 1985 SUMMER, 1986
b3
P, P, Py ?, rg P Hean By A Py ?, P, Mean
I, 67.00 73.28 55,94 65.35 B1.04 74,53 6£9.52 B9.00 85.80 104,96 107.96 97.86 97,01
12 54.71 63.65 54,20 62.%5 76.50 69.58 £3.50 86,01 B4.04 102,16 103.32 93.41 93,79
I3 45.53% 58.32 46,81 58,65 69.25 61,93 56.75 84.24 76.8% 100,18 100.66 91.50 90,69
i, 38,27 51.90 22,01 54,47 6€3.87 56.74 S51.15 76,74 71.08 95.02 96.48 9021 85.91
Mean 51.38 61,80 43.74 60.20 72.67 €5.60 84,00 79.44 100,45 102,17 93.24
I Patllat? P I PatIlatP
SED 1,85 0.80  2.77 2.64 0.56 0.24 0.63 0,54
¢3(P=0.05) 4.20 2.18 N.5 X.3 1.29  0.59  1.39  1.14

N.5 - Not signiffcant
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uptake decreased with early or late plantings than the
above plantings in both the sessons.

The effect of watsr msnsgement was also pronouncad
on mutrient uptake in both the seasons. The higheat
mitrient uptake was noticed with continuous submergence
followed by irrigating one and two days after disappesrance
of water. The lowest uptske was seen with Lfrrigating
three days efter dissppearance of water. The planting x
irrigation interaction waz also sigificant, Contisuous
submergence with those plantings that resulted in inoreased
uptake have given the highest values.

Continuous submergence of water in the fleld
increases soil tempersture and this in turn slso might
have enhanced mutrieat uptake (Chaudwmiry and Ghildyal,
1970), It could alsc be pointed out that the uptake of
N remsined more Or less the same between flowering snd
harvest stuges whereas uptake of 7 was doublad and that
of K inoreased by 1.5 times betwomn these twe atages.

The correlation coefficients worked cut on the
relationship betwesn nutrient upteke and meteordlogicel
paraneters at reproductive and ripening phases are
presented in Table 19,



TABLE 19, CURRELATION COEFFICIANTS SHUWING RELATIONSHIF OF
NUTRIENT UPTAKE AT FLOWERING (P II) AND HARVEST
(P III) ¥ITH METEORULOGICAL PARAMETERS

Factor Phase P value
N P K

1. Haximum air tempe-

rature P I1  0,8794%* 0,7604* «0,2886
2, Maximum air tempe=

rature P 1II 0,8312°% 0,8533%" «0,6876*
3. Kinimn air tempo~

rature PI1 0,176 00,1103 «0,0711

4, Pinimum sir tempe-

5, Total sunahine hours P II 00,6504 0,8012*% &0,45%07
6, Total sunshine hours 7P III 0,6285* 0,8093** 40,5790
7. Total solar radiation F II 00,5271 0,54k =0,3526
8, Total solar radiation P III 0O,7485%* 0,7366%* .0,7675%*

There is a strong positive correlation betweem K and P
uptake and the variocus metecorological paraseters consie
dered, De Datta and Zarate (1970) report that the solar
energy received during the ripening period was the most
important factor affecting the X response and grain ylelds
of four rice varieties,

4.1.2. Yisld and vield atirilutes
b4e1.2.1, M

The data presented in Table 20 and Fig.9 show that
panicle production was affected by planting perieds and



TABLE 20. PANICLES M2 SpAsonwIse

S.W,MONSOON, 1985

SUMMER, 1986

P, ?, Py ?, g Pg Mean ?, ?, Py ?, P, Mean
1, 409 406 421 404 379 352 395 468 465 480 502 479 49
1, 45 400 &7 203 384 346 393 459 452 463 483 462 464
Iy 400 393 470 395 375 332 385 446 430 454 472 452 451
1, 393 36 392 3BT /B 325 374 440 419 443 4B2 a3 4
Mean 402 398 410 397 374 339 453 442 460 480 459

P I Pat I IatP P I Pat I Iat?P
SBD 3.55 1.54  3.69  4.76 0.82 0,76 1.65 1.64
CD(P=0,05) 7.90 3.78 7.80 10,21 1.90 1.8 354 3.49

TABLE 2. CORRELATION COEFFICIENTS OF PANICLES M2 WITH METEOROLOGICAL PARAMBTERS AT DIFFERENT PHASES

Factor Phase z valus
1. Maximum air temperature PI -0.7017
2. Minimuz alr temperature PI -0.8717*
3. Mean relative tumidity PI+PII+?PIII -0,7687**
4. Total munshine hours PI 0.6613"
5. Total sunshine hours P II 0.7310*
6. Total sunshine hours P IIX 0.,7250%
7. Total gunshine hours PI+PII+®IIT Q.7372**
8. Total solar redlation . ?I 0.4191
9, Total solar radiation PII 0.7458"*
10. Total solar radiation P III 0.9708**

TABLE 22. PARTIAL COARELATION COEPPICIENTS BETWEEN PANICLES W2 (1) SUNSHINE HOURS (2) AND MBAN REIATIVE
HUMIDITY (%) DURING P I + P II + P III

Pactor r value
12 0. 372%*
13 ~0,7687%%
23 -0.6485*

12 0.4903
132 -0.5054

* Significant st 5% level

P 1 - Vegetative phaee
** Signifioant at 14 level

P II - Reproduotive phase
P IIT - Ripening phase



irrigation levels both in SwM 85 and Summer 86 seasons,
Penicle production was highest with 16th July plenting

in S¥¥ 85 which was almost similar with 18th June
planting, It decreased considerably when planting was
delayed after 16th July, In 3ummer 86 an incresse is

8een from 29th January planting onwards upto 26th
Fedruary, the highest being produced with 26th February
planting., However, it decreased comsiderably with last
planting done on 12th ¥Yarch, A progressive decrease was
noticed as irrigation interval was incressed, In SWM 83,
contimious submergence (11) and one day after Aisappearance
of wvater (Iz)produood similar muwsber of panicles (395 end
393, respectively) whereas in summer 86, L, resulted in
production of the highest number of panicles per m>

(475), Irrigation x planting interaction was alse preseat
in both the seasons, A similer trend as that of planting
with continuous submergence ie., I1P3 (46th July) 4n

SwM @5 and L;P, (26th February) in Summer 86 producing
higher panicle couid de observed.

It was also obgserved that in both the seasons
plantings done either earlier or later thamn the optimun
period with more quan’ ity of water (I; or I,) ceuld not
produce comparable musber of psnicles as those recorded



9

under lower levels of {rrigation in the optimum plenting
period,

To study the patterns of panicle production es
influenced by metecrologiecal parametera et differemt
phases, correlation cosfficients are worked out and
presented in Table 21,

&ZLZeck of metsorologisal parameters

1) Ismoerature

It 15 seen that panicle number bears negative
association with ainimur or saximum air tezperature at
vagetative phase, ihis i3 elso supported by Fig,6 vhere
it i5 seen that tiller nusber is more in mid July (5wH 85)
and mid February (Sumser 86) plantings when night
temperature is lower and less in end of August (5wM 85)
end nid March (Summer 86) plantings when the night
temperature iz higher st vegetative phase, This inCrease
in tiller and panicle number may be attributed to the
comparatively cool temperature at the base of the plant
(Metsushima, 1570), The higher night temperature
experienced during lete August and mid Fareh plantings
mist have incressed the respirational loss leading to
death of many tillers (Tanaks et al., 1964),



11) Solar energy

The importance of light energy for pamicle
production is clearly brought out by the correlations
of sunshine hours and solar radiation during the
different phases of crop growth, A significant positive
correlstion ia obtained with sunshine hours in sll the
three phases and with solar radistion st lster two phases.
This is another probabdble reason for the higher mumber of
panicles in mid July and @wid February plantings. Hayashi
(1972) observes that any inoresse in solar energy at any
stage increases photosynthesis of rice plant which
ultimately leads to an incresse in size and fumction of
sink, The significance of light ensrgy in increasing
the percentage of productive tillers after the maximun
tillering stage has been strsssed by previcus workers
1ike Rao and Deb (1979 who attribute this phemomenon
t0 a reduction in death of lste formed tillers.

111) elative mumldity
The correlation Table 21 also brings out that

panicle production is negatively correlated with mesn
relative humidity during the whole growth period of the
erop (r «-0,7687%%) aowing that 1ov relative humidity
is essantial for increased panicle production. To study
the effect of either sunshine hours or relstive humidity



by eliminating the other factor, partial correlation
coefficients were worked out and presented in Table 22.
It 18 observed that vhen the effect of sunshine hours

1s eliminated, the correlation remsins negative whercas
when the effect of relative humidity is eliminated, the
correlation becomes reduced snd non-significsnt. Thus

it could be suggested that panicles per m® may be decided
combinedly by the influence of relative humidity end
sunshine hours,

Thus it is seen that a combination of low night
temperature at vegetative phase and a high sclar radiation
at reproductive end ripening phases are essential for
higher mumber of panicles per lz. This viewv is supported
by the findings of Venkateswsrlu et al, (1977),

4.1.2.2. Sraina per n°
The Teble 23 shows thet highest number of grains

per 2 was recorded in 16th July (WM €5) ana 26th February

(Sumer 86) plantings., They were followed by 2nd July
and 29th January plantings in the respective seasons, The
lowest numbers were recorded by late August (5wM 85) end
mid Janusry (Summer 86) plantings, ¥ith regard to water
management, s similsr pattern of influence as of panicles
per ° was observed,



TABIE 23. NUMEER OF GRAINS M2 (10%) SEASONWISE

5., MONSOON, 1965

P1 P2 P., P‘ PS P‘ F'2 P’ P‘ P5 Mean
1, 2,47 2.65 2,79 2.59  2.32  1.94  7.4% 3.0% 3,43 3,16 %50 3,26 3.29
1, 2.38 2,50 2.55 2,53 2,14 1,83 o.3: 2.89 3,33 %02 3.29  3.06  3.12
I, 2,28 237 2.4Y  2.36 2,05 1.6 . 2.52 2.3 2.83  3.16  2.96 2.86
1, 2.10 2,20 2.0 2,11 1,90 1.51 2,00 2.33  2.65 2.3) 2.99 2.8 267
Mean 2.3 2,43 2.48 2.40 2,10 1.7 2.69 3.06 2.89 3Y.2% 303

P I PatIiatp 13 1 Pot 11at?
SED 0.06 0.03 0,06 0.08 0,01 0,08 0,00 0,0
CD(P=0.05) 0.15 0.08 41.27 0,17 0,01 0.0t 0,020 0.@

TABIR 24. CORRELATION COEFFICIENTS OF GRAINS M ° (10%) WITH METEOROLOGICAL PARAMETERS AT
DIFFERENT PBASES

Paotor Phage T value
1. Maxisum air temperature PI 0.722%*
2. Minimam temperature P1I =-0.4974
3. Minimum temperature P11 -0.305%
4. Summation of minimum tempersature P II -0.4873
5. Mean relstive kumidity P II » P Il -0,7674*"
6. Total sunshine hours ?1 0.5022
7. Total sunshine hours P II 0.7017*
8. Total sunshine houre P III 0.8098**
9. Total sunshine hours . P 11 + P III 0.8730+*
10. Total solar radiation P11 0,3848
11, Total solar radiation P I1 0.4728
12, Total solar rediation P III 0.8072%%
13, Total solar radiation P II « P IIT 0,9048°*

TABLE 25. PARTIAL GORRELATION COEFFICIENTS EETWEEN GRAINS M2 (1), SUNSHTNE HOURS (2) and *EAN RELATIVE
* HUMIDITY (3) AT P 1T + P III

Pactor r value

12 0.8730"*

1% ~0.78T74%*

23 -0.8051*

12.3 0,6558*

13,2 ~0,2911

SO

P1 - Vegetative pbase
P IT - Reproductive phase

P 1IT -~ Ripening pbase

* - Signiffoant at 5% level
*e _ Significant at 1% level



EfZact of peteorelogical parnmeters

1) Ismoerature

The correlation coefficisnta worked ocut between
grains per 2% and different meteorological parsmeters
at different growth phases ere presentsd in Table 24,
Maxizmum and minimum air temperature at vegetative phase
is negatively correlated with grein nusber, This could
be sttributed to the indirect effect of low minimum
temperature on the panicle number as slreedy indicated
in the correlaticn Table 21, This iz probadbly one of the
reasons for the higher nusber of grains per 2% in 16tn
July (SWM 85, and 26th February (Summer 96) plentings
vhen the minimum temperature st vegetative phase is
considerably lower, Yoshida (1573) finds grain nusber
per unit srea to increase with decrease in temperature,
The Table 26 also brings out that grains per s is
negatively correlated with minimuz temperaturs st repro-
ductive phase end summation of minimuz temperature during
the whole growth pericd, The low respiration loes
consequent on the low night temperature during the two
phases might have helped in sonserving higher net photo-
synthesis (Anon., 1974) ultimately leading to higher
grain production,
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11) Jolar snergy

Both sunshine hours and solar radiation during
veretative phase do not influence grain number, But
solar energy received during the reproductive and
ripsning phsses have & considerable esignificent bearing
on grain formation (Yoshida and Parao, 1976). This
could be suggested es the reason for high graln number
observed in 16th and 2nd July (3wH 85) and 26th February
end 29th January (Summer 86) plantings when the soler
enerzy receipt during these phases sre fairly high,

111) 3alative humiddty
The relative humidity et later stages exsrta

negative influence an grain nusber, This shows that a
high relative humidity may ceuse reduction in grain
production. The partial correlation coefficients worked
out (Table 25), however, shows that vhen the effect of
sunshine hours is eliminated the correlation becomes
reduced and non-significent., hereas, when the influence
of relative bumidity is sliminated, smmshine hours retains
aignificent correlastion thus indicating that relative
hunidity has not much influence on grain production.

4,1.2.3. ¥elght of paadcle
The penicle weight presanted in Iable 26 indicate

that highest panicle weizht was recorded in 16th July
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(3w 83) and 26th Fedruary (Summer 86) plantings. Penicle
weizht increased from 18th June planting upto 16th July in
3¥M 85 which declined thereafter, Similarly in Summer 86
an incresse could be seen from 29th Jsmuary upto 26th
Fedbruary vhich declined with 12th March planting.

¥ater menagement practice also influence the panicle
weight., The highest values are obtained with continuous
submergence (I,) or submerging one (I,) or two (13) days
sfter dissppearance of water in ¥¥ 85 whereas I.‘ produced
eignificantly heavier panicles then other irrigation
treatments in Summer 85,

The correlation coefficients worked out between
panicle weight end meteorological parameters at different
phases are presented in Table 27, It is found that the
ninimum air temperature at reproductive and ripeming phase
15 negatively correlated with panicle weight, In July
(5w 85) snd Febtruary (Summer 96) plantings sinimum eir
temperature in this phase is lowest than other plantings
(Fig.5) snd this is probably respansible for high panicle
weight., This 1a supported by the data on filled grain
percentage (Table 30) which is also higher in these
plentings. Accordin; to Yoshida (1973) the optimum
teaperature shifts fyom high to low as growth phase
advences from vegetative to ripeming, With respect to



Sunahine hours and solar radiation it 1s manifested

that panicle weight is not at all related to these
energy sources in vegetaiive and reproductive phase,

But they do exert an influence on penicle weight during
ripening phase, This 13 probably the resson for =ore
panicle wveight in the early plantings in SWM 85 and mid
Season plantinge done during Summer 86, According to
Yoshide and Ahn {1968) the accumulation of starch after
flowering depends on the extemt of photosynthesis, Since
grein filling process starts only efter fiowering the
photoaynthesis after flowering meinly contributes to
panicle weight (Temaka and Yamaguchi, 1968) snd hemce the
significance of these correlations,

b,1.2.4. Length of panisle

From Table 28 on length of psnicle it is seen that
panicles produced were lomger when planted on 16th July
(oW 85) and 26th February (3ummer 86}, In 3w 85 ald
the plantings produced panicles of similar length vhereas
during Summer 86 each of the planting differed signifi-
cantly. The shortest penicles were seen with planting
done on 12th February (Summer 86),

Panicle length decreased with increase in interval
between irrigstions in both the seasons. However,
continuous submergence (I;) and submerging one day after
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dissppearance of vater (I,) produced panicies of
similar length in 5w 85, The panicles were lengthy
with I, in Summer 86, Interaction between irrigation
end planting period was present in Summer 86 wherein
1,P, (26th February) produced longzest panicles.

4e1.2.5. Number of £{lled grain per panicle

The date presented in Table 25 on number of
filled grains show that thers was not much variation
with respect to planting period during 5w 835,
Plentings done during July produced mere number of
filled grains compared to June or August plantings,
The filled grain decreased considersbly with the last
plantings. Wheress, in Summer 86 the filled grain number
was affected by different planting periods., The highest
nuzber was seen with 29th Jenuary followed by 26th Februsry
planting, A decregese in filled grein nusmber was noticed
with very early or late plsntings.

A significent difference in nusber of filled graina
with water management could be observed in both the aeasons,
Durdng SwHM 85 11 or 12 produced more and comparable number
of panicles than the other two irrigation levels., ihereas,
in Summer 86 all the irrigation levels differed and I,
resulted in production of highest musber of filled grains
per panicle. A reduction of sbout 2, 8 and 12 per cemt
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in the nusber of filled grains panicle™' was cbaerved

when irrigation wes scheduled ons, two or three days

after disappearance of water as compared to continuous
submergence. The interaction between irrigation and
planting period were present during both the sessons.
Contimious submergence with plantings dene on 16th

and 2nd July (5wM 85) produced the highest number of
f£i{lled graine. Flenting dane on 26th Fobruary (Susmer 86)
resulted in production of more number of filled srains
than other plantings with any one of the irrigation levels,

4.1.2.6, Percentase of filled zrains
From Table 30 4t 48 evident that perosntage of

f1lled grains during S%M 85 was highest with 2nd July
and wes similar upto the mid August plantings. A general
picture svalleble is that the percentage decreased vhen
plantings were advanced or delayed from 2nd July, the
zore the delay higher was the decline in percentags.

The prevalence of high day temperature and cloudy weather
with shorter hours of sunshine during the Noveasberw
December (ripening period) comntriluted to increased
sterility in the crops planted during August, In

Summer 86, 26th Fedruary planted crop produced signifi-
cantly the highest percentage followed by 29th Jamuary
plenting. Crop plsated on sid Januery gave the lowest
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TABLR 30. PRRCENTAGE OF FILLED GRAINS - SHA$ONWISE

S.W.MONSOON, 1905 SUMMER, 1986

Py 20f Pp P P dean i 2000 W P e
1, 83.07 84.14 84,01 82,33 B304 ©1.20 B2.98  H6.10 89,17 BI.4T 69,10 67.9) 83.07
12 82.67 83.36 B3.18 01.62 82.28 77.97 81.81 85.23 A8.9% 87.40 8810 86.6) B7.26
Iy 80,77 81.00 80.93 79.56 80.21 74.47 7T9.55 82.87 84,57 86.57 B1.00 85,73 05,33
1, 79.35 80.02 78.06 76.19 78.27 74.01 77.65 81.20 62.57 80.93 86.03 85,20 83.19
Mean 81.47 82.13 81.55 79,93 80,98 76.% 93,85 86.31 85.84 67.56 06.28

b4 1 Pat I1at? P i Pat I IatP
SED 1.42 0,50 0,84 1,60 0.68 0.58 1.24 1,26
CD(P=0.05) 3.16 1.21 N,5 N.§ 1.56 .41 2.66 2,69

N.3 - Not aignifioant

TABLE 31. CORRELATION CORFFICIENTS OF PERCENTAGE OF PILLED GRAINS WITH METEOROLOGICAL PARAMRTERS
AT DIFFERENT PHASES

Factor Phage r value

1. Minimaw tempersture P11 ~0.6610%
2. Minimum tewpersture ? III =-0.724%"
3. Mean relative humidity PII « P II1 -0.'}211'
4, Total sunshine hours Pl 0.4736
5. Total sunehine hours PII +PIII 0,8082%*
6. Total solar radistion P1I 0.2608
7. Total polar radiation P II 0.6629°
8. Total golar radimtion P IIl 0.9053**

P1 - Vegetative phase

P II - Reproduotive phase

P III - Ripening pbane
* - Significant at 5% lovel
»» - 3ignificant at 1% level
TABLR 32. PARTIAL CORRELATION COEFPICIENTS BETWEEX PERCENTAGE PILLED GRAINS (1) SUNSEINE HOURS (2)
AND MEAN RELATIVE HUMIDITY (3) AT P I1 = P 11T

Factor r value
12 0,0082%*
13 -0.7211*%
23 ~0.6055%
12.3 0.6739°
13.2 -0.4943

P II - Reproductive phase
P III - Ripening phase

« "~ significant at 5% level
« - Significant at 14 level

.



percentage of filled grains, “ater management influencsd
the fertility in both the seasons, Continucus subnergence
(I;) or submerging one day after disappearsnce of water
(IZ) produced higher and comparsble percentage then other
two irrigation levels in both SWM 85 and Summer 86 seasons.
A steady decrease could be noticed as interval of soil
drying increased betwaen two irrigations from ome to three
days. The interaction was present during Summer 86 wherein
planting done on 26th February with any one of the Lrrigas=
tion produced more percentage of filled grains,

Correlation coefficlients presented in Table 31
indicete that percentage of filled graina is negatively
related to minimum temperature during reproductive and
ripening phases, This may posaibly be due to the fact
that sccumulation of starch in the leaves and culas begins
about ten days before flowering and starch acocumilates in
the grain after flowering (Murata, 1566) and lower the
temperature during this period, the lesser the respirstion
lcsses end higher the net photosynthesis (Tenaka et al.,
1964,

The r value increases wvith maturity theredy
showing thet minimum temperature is more important at
ripening phase in reducing sterility or increasing
fortility, Tha low minimum air tempersture during early



July (5w 85) and late February (Summer 85) might have
been responsible for the high filled grain percentage,
Higher minimun temperature im cosbination with low 1light
intensity have been reported to sericusly impair ripeming
(Hayasni,1972) because grain weight and percentege filled
grains were greatly affected by light and temperature,

Mean temperature prevalent at the flowering stage
has elso influenced fertility percentage. This is in
agreement with the observatioms of Lin and Petersen (1975),

Solar energy sources do not have any effect on
filled grain percentage during vegetative phase. But at
later phases they show a profound effect by solar radiation
during ripening and by sunshine hours at reproductive and
ripening phases, This could be the probable reasmm for the
fairly high filled grain percentage during early July
plantings in 5WM 85 and 26th February and 29th Janusry
plentings in Summer 86, when shnshine hours ere high,

Luo et al. (1979) have demonstrsted that high selar energy
incresses percentage of filled grains. Furthermore the
rate of treanslocation of rice crop is about twice as high
as in the presence of 1ight as in darkness (HMatsushima,
1975).

According to Togari and Kashiwakura (1958) sterility
under lov 1ight is caused by imhibition of pollination end



atnorums) dehaviour of filements st flowering bringing a
decreased seed setting rate, Metsushima (1970) is of the
opinion that cloudy weather or rainy weather ocourring

st the reduction division stage iz the factor most closely
connected with the degeneration of spikelets. As per Yosghida
and Parmo (1976) fi1led grain percentage appears to be
deternmined by (a) source activity relative to sink (spikelet
nusber) size, (b) adbility of grains to accept carbohydrats,
and (c) translocation of assimilates from leaves to grain,
Climatic factors affect each of them in different ways.
Solar radiation appears tc affect grain filling and hence
filled grein parcentage mainly by controlling source
activity and, within moderate range of tempersture, appears
to affect f£illed grein percentage mainly by controlling

the capacity of greins to accept carbohydrate, or length

of growing period. The length of ripening period is
inversely correlated with daily nean temperature (Yamakawa,
1962),

It is also seen that when mean relative humidity
at reproductive and ripening phases is more the fertility
1s low or sterility is high, The partisl correlation
cogfricle.ats worked cut (Isble 32) on filled grein
percentage with sunshine hours and relative humidity
show that £ valus for relative humidity becomes reduced
and nonesiznificant and as sush is not related to fertility.



4e1.2.7. Ihousand srain weight

The dats presented on thousend grain weight
(Table 33) show that the plenting meens spparemtly
do not differ during S¥M 85, whereas they affect test
welight during Summer 85, The highest thousand grein
weight was noticed with 16th July followed by 18th June
plantings in SWl 85 and 26th February followed by the
two Jamaary plantings in Sumser 86, v#ith regards to
water mansgement, a decline in test weight due to irrie
gation intervals could he moticed, the decrease being
more in Summer 86 than in 5WM 85, Contimious submergence
(I;) or submerging one dey after disappearance of water
(IZJ gesve rise to higher snd similer grain weight tn
5¥M 85 whereas 11 was found to be producing significantly
more grain weight in Sumper 86, The irrigation x planting
interaction present in Summer 856 shows that I,P, {26 Febru~
ary) produced heavier grains .

The correlation coefficients worked cut between
thousand grain weight and meteorologicsl parameters
presented in Table 34 do not show any significent corre-
lations, This may be becsuse the variation is not strictly
in sccordance with the change in climetic comditions during
the different planting periods,



TABLE 33. THOUSAND GRAIN WEIGHT (G), STASONWISE

6+ W. MONSOON JUMMER, 1986

b ?

; 2 Py 7, Py Py Hean P, r, Py ?, Py Mean
I, 20.16 20,06 20.36 20.36 20.27 19.99 20.23 20.64 20.65 20.20 21.02 19.92 20,49
12 20.11  20.19 20.61 19,90 19.89 1g.83 20,09 20,47 20.39 20,27 20.4% 19.87 20.29
1, 20.04 20.1% 20.57 20,01 19.73 19.55 20.02 19,63 19.93 19,91 20,19 19.80 19,94
I4 19.62 20.03 20.36 19.92 19.60 19.42 19.97 19.73 19.82 19,72 19.87 19‘_.75 19.83
Mean 20.73 20.10 20.53 20,05 19.87 19.72 20.20 20.20 20.09 20,36 19.84

P I Pat I Iat? P 1 Pat I Tat?
SED 0.2% 0.9 0.19 0.28 0.10 0,07 0.18 0.19
CD{P=0.05) 0.51 0.23 N.S N.S 0.23  0.18 0.38 0.40

N.S - Not eignificant

TABLE 34, CORRELATION COEFFICIENTS OF 1,000 GRAIN WEIGHT WITH METEOROLOGICAL PARAMETERS AT

DIFFERENT PBASES

Faotor Phage r value .
1. Minimum air %euperature PI ~0,1840"
2, Mipimn alr temperature P II =0.2140
3. Minimun air temperature P III ~0.4520
4. Total sunshine houra PI 0.1321
5. To+al gunshine hours P 1l 0,2135
6. Tozel P III 0.3851
7. Totul golar redlation PI 0.1853
8. Totnl solar raiiatlion P II 0,4001
9. Totel solar radiamtion P III 0.4757

P I - Vegetative phase
P II - Reproductive phnee
P III - Ripening phase
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Thornely (1971) proposes that the substrate
required for growth may be partitioned in three ways,
part into the final product, part into respirstion to
supply the energy needed to form the finmal product amd
part into the respiration required for cell maintenance,
Due to the limited availability of weter under Iz to
Ib and resultant low photosynthesis the substrate is
limited and it is possible that an increase in meinte-
nance respiration, with incressing temperature (Fig.6)
might limit the amount of substrate available for growth,
This could be ascribed ez the reason for low thousand
grain weight noticed under late August plantings in
5w 85 and mid March planting in Summer 86,

4,1.2.8. lgzres of ripening
The degree of ripening is the product of

parcentage of ripened grains and thousand grein weight
(Osada et al., 1373).

The correlation Tzdle 35 shows that the degree of
ripening is related to yleld and yleld attributes at a
very high level,

There is 8 greater association of degree of
ripening with most of the meteorological parameters
(Table 36) than with percentage of filled grains (Teble 31)
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TABLE 35, CORRELATION COFFICIENTS OF DEGREE OF RIPENING WITH
YIELD AND YIELD ATTRIBUTES

Factor

r value

1. Grain yield

2, Psnicies m2

3, Gratns #~%

4, weight panicle™!

5. Fertility percentage
6. Thousand grain weight

7. LAI

0.9383%#
0. 9335**
0,964 1%*
0, 8589**
0,9675™*
0, 3601

0.,0236

** o 5ignificant st 1% level

TABLE 36, CORREBLATIUN CURFFICIENTS CF DEGREE OF RIPENING »ITH
BLTEUROLLUGICAL FARAMETERS ALl DIFFERENT rhAS:S

Factor Phase r value
1. Finimunm eolr temperature P Il «0,6329%
2+ #inimum air tesperecture P II1 «0, T561%
3, Total sumshine hours p 11 O Bhbgwe
4, Total sunshine hours P I1I 0, 7570
$, Total sunshine hours P II « P II1 0, 8150+
6. Total solar radistion FII « P I1I 0e 90214+
7. Totel solar rediation P II 0.6552*
& Totsal solar radistion P 11X 0.9117*»
G, Mean relative humiciity P1II «+ P IIX «0,7211*

® . Signiricant at 5% level
e* o Significant o™ 1% level

P 1I = Reproductive phase

P III - Ripening phase
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or with thoussnd zrain weight (Teble 34). This explains
that some of the variations in yield obtained under
different meteoroclogicel conditions are sttributedble to
varistions in degree of ripening, Thua the degres of
ripening may as well serve as g major yield attridute
deternining the yileld.

The Fig.9 showe that degree of ripening is highest
in 16th July (5% 85) end 26th February (Summer 86)
plantings followed by 2nd July and 29th Jamuary of 12%h
February plantings during thece seasons, respectively,
The lowest degree of ripening is recorded whan plented
in late August (S¥ 85) or mid Jenuary (Sumser 86),

The minimum air tezperature at later two phases
is strongly correlated with this charscter (Table 36).
The minimum temperature at ripening phase i3 much more
related to degree of ripening than at repreductive phase.
In 16th July snd 26th February plantings minimus air
tezperature during these two phases are lower than other
plantings, Yoshida and Hars (1977) have shown that
optimum daily mean temperature to achieve saximus weight
of grain was 19=25°C for IR 20 rice indicating the
importance of low minimus temperature in grain filling,
The relatively high degree of ripening obtained in 2nd
July (5wM 85) or 29th Jeouary/12th Februsry (Summer 86)



may be attributed to the effect of high sunshine hours
and soler redistion receivad during the reproductive

and ripening phases even though the minimum temperaturs
is high, Thus the unfavourabls effect of temperaturs

is nore then compensated by the most favourable influence
of sunghine hours snd eolar radfetion during the period
of ripening,

Another most striking feature that could be
identified from Table 37 1s the ratio between smshine
hours and minimum temperature which shows a comparstively
high velue for 16th July and 26th February plantings,

TABLE 37, DEGREE OF RIPENING AS INFLUENCED BY METEORULOGICAL
CONDITIORS TURING RIPENING PHASE

tj.ng ponod 1000 H
Plun Av.nf:. temp. ( *C) ﬁ ( 4 m :?m.
[ 4 pening

mt
18-6-1985 5,98 22,14 0.27 81,5 20,1 16,38
2=7-1985 7.00 22,13 0,32 82,3 20,1 16,54
16=7=1985 7,33 21.18 0.35 81.6 20.5 16,73
30=7=1985  7.41 21.73 0.34 79.9 20,0 15.98
13=8-1985 5,69 21,37 0,27 81,0 19.9 16,12
27-8=19685 5,36 22,69 0.2 71.0 19.7 15,17
15+1=1986 9,96 22,13 0.45 83,9 20,0 16,78
29=1-1986 10,09 22,51 0.45 86,3 24,0 17.2
12-2-1986 8,64 20,88 .41 85.8 20,0 17.16
26-2=19686 9,54 20,57 0.46 87.6 20.2 17.70

12=3-1986 8,92 22,15 Cob0 86,3 19.8 17.09
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This is due to low minimum tempersture and high sunshine
hours during the period providing most congenisl condi-

tion for the proper ripening of grains,

With high solar energy receipt, maximum photo-
synthesis takes place and under low minimum temperature
lese respiration losses and maximum conversion of
assinilates (Sato et al., 1973) result. Even though
a8 high night tempersture i{s observed in mid August or
early January plantinges the photosynthesis taking place
during day comsequent on high solar energy more than
compensetes for the respirstion losses during night
(Moss et al., 1961). (uring late August (5wX 85} or
mid March (Susmer 86) lower degree of ripening 1s observed
because under complax conditions of low light intensity and
hish temperature ripening 1s most adversely affected
(Matsushims, 1957 and Havashi.1972).

The correlation Table 36 slso brings out thet
degree of ripening is negatively correlated (r = =0,7211%)
with mean relative mumidity during reproductive and
ripening phases. But the partial correlation coefficients
wvorked out (Teble 38) shows that when the influence of
sunshine hours during thess phases is eliminated the
correlation of degree of ripening with relative humidity
becomes reduced and nor=significant, “hereas, even after



removing the effect of relative humidity, the correlation
of degree of ripening with sunshine hours still retains a
significant valus, This shows that relative humidity as
such has no apperent influence on degree of ripening.
TARLE 38, PARTIAL CORRELATION COEFFICIEMTS BETWEEN DEGREEL
OF RIPENING (1)hsunsuma HOURS, (2) AND MEAN

RELATIVE HUMIDITY (3) AT REPRODUCTIVL AND
RIPENING PHAS:S

Factor r value
12 0,8150**
13 «0,7211%
3 «0,6055%

12,3 0.6863%
13.2 =0,4935

<ot N RN
4.,1.2.9. Sraln.yisld
4.1.2.9.1. Ssapanse to planting peried

The grain yield deta are presented in Table 35 and
depicted in Fig.9, Transplantings done on 16th July end
26th Februsry gave the highest yilelds during SwM 85 end
Summer 56, respectively, This is followed by 2nd July
(5WM 85) and 12th February (Summer 86) plantings. The
lowest yields are recorded when planted either om 27th
August in >¥WM 85 or on 29%th Jamuary in Suomer 85,

F—
[
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The results obtained may be explained in view
of the performsnces of verious growth end yleld
attributes discussed esrlier and the correlation
coefficient (Table 40), Observations made on plant
heizht (Table &) have zhown that the height was lowest
in August plentinge during 3¥M 85 and 15th Jamuary
planting in Sumzer 96, The highest height was recorded
with plantings mede on 18th June and 29th Jenuary in the
respective seasms. An increase in height leads to mutual
shading end greater respiration leoss leading to reduced
net photosyntheais and grain yield, Comparatively higher
LAI at flowering dieplayed Ly the planting periodes of
S¥M 85 might heve also caused more rmutual shading and

impaired the yleld.

From Teble 20 on panicles it could be ssen that
penicles are lowest in the two August (5w 85) and 29th
January (Summer 86) plantings and are highest uhen
plantings were done on 16th July (3wM 85) and 26th February
(Sumer 86), 18th June and 12th February plantings also
recorded 2 much higher number of panicles than plantings
made on August or late Januery. Since panicle number
(Teble 40) is one of the important yield attribdutes
having a eignificent positive influence cn yield (re 0,9299%%)
this character must be primarily responsible for the grain
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yield qifferences noticed $n different plentings. Hence
grain yleld dets follows more or less the same pettern as
this character,

TABRLE 40, CORRELATION CUEFFICIENT OF GRAIN YIELD wITH
GROWIH AND YIELD ATTRIBUTES

Factor r value
1. Panicles per s? C, 9299**
2. Grains per m® 0, 8170%*
3. Weizht of panicle 0, 8267+
4, Fertility percentage Qe 86T74"*
S5 1000 grain weight 0.4907
6., Degree of ripening 0,9383%*
7. Ury matter production at
harvest 0,6249*
8, LAL at flowering 0, 8327+

Another important yield attridute i.e., grains
per nz also follows the same trend as that of panicles
per n2 and influence the yield of different plantings
in the seme menner., Its positive correlation with grain
yield s also quite high (r = 0,8170%*),

Based on the hizh correlations obtained between

yield snd psnicles per 2 and grains per n? the follomwing
explanation holds guod for varistions in yield obtained

under different planting periods.

)
re



Theoretically, a high yleld of cereal is reslised
only after, (1) the plant development has been carried
ocut favourably encugh to have suffieciently large potential
storage capecity, (11) the sssimilates have been abundsntly
produced, and finally (111) they have been amoothly transe
locsted to the grain (Murata end iogari, 1973). In the
case of rice plants, the grain is rigidly enclosed by
inner end outer glumes vhich impose a physical restriction
on grain development, DBecause, size of glume is decided
slreesdy one week before the start of sndosperm development
(Matsushima, 1957) it must be considered, therefore, that
the potentisl storage capacity of rice iz determined by
the two factors i.e.,, the total number of grains per -2
and the size of each hull, According to Matsushima (1957),
grains per n? 18 determined by the balance between the
nusber of generatsd zrains end that of degenerated ones,
Judging from the time sequence of events, various inner
end outer conditions which arw effective f2r preventing
degeneration, must alsc be effective for incressing the
hull aize. The fact that there exists e correletion,
significant at 1 per cent level in cases of panicles per
o2 and grains per m%, indicates that the first facter
responaible for det-raining grain yleld of rice is most
probably the potential storage capacity.
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However, 1000 grain weight does not vary much
betwesn different plentinga (Table 33), Its correlation
with yleld 1s also not siznificent (7adle 40), From
the Table 33 it could be seen that in 16th July sand 26th
February plantings comparatively e higher 1000 grain
welsht 1s observed due to favourable ripening conditions,
The picture is more or less the same with welght per
penicle (Table 26) in these plantings. All theae might
have contributed to higher yield in the ebove plantings,

Table 30 shows that fertility is high (in other
words sterility ie low) in 2nd July (5w 65) end February
(summer 56, plantings followed by 16th July snd 12th Mareh
plantinge in these respective seasons. The degree of
ripening (Teble 37) is also the highest in them, The
degree of ripening aend fertility percentage ghow & strong
positive association with grain yield giving r velues of
0,9383*%* and 0,8674*% prespectively. The higher yleld
resulted by plantings made on 156th July or 26th February
might have alsc been influenced by thesa characters to a

considerable extent,

The correlation Table 40 shows that there exists
& higher positive cc relation between grainm yleld and
degree of ripening (r = 0,5382"%) then in case of sach



of the other facter nlone, As aslresdy mentioned,
2 ana grains per 22 also showed pesitive
correlations with yield., liovever, they were of lesser
magnitude then in case of degree of ripening, Thus it
could be suggested that the yleld of crops under

panicles per o

different plantings were governed mainly by the degree
of ripening.

A perusal of data on DiP at flowering and harvest
{Table 14) show that post-flowering DiP is comparatively
higher in mid July in 3¥M 85 and highest in 26th Fedruary
planting in Summer 85, Yield also records a positive
correlation with DiP at harvest { r = 0,6249%) as seen
in Table 40, As already explained the favourable weather
conditions during the reproductive and ripening phases
of these plantings must have helped in enhanced post
flowering MP vhich in turn aust have contributed to
nigk grain yield, since according to Tmneke et al,
(1956) post flowerin; incrosse in dry matter is primarily
in the form of grain,

This may be due to that in these experiments
plants were grown under fertilizer conditions with the
three major rutrien. elements at 100150150 kg ha™ ',
respectively, That ylsld is limited by ripeaing rather
than numder of grains is often seen when plunts produced

3

b )
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spikelets more than a certain extent by applying snough
fertilizer or by other measures (Murata, 1959 and Osada
et 510. 1973).

Thus it is agen that mid July plentings in 5wM 85
and February planted crops in Summer 86 have given higher
yield then eerly or late plantinge. Hajagopalen et al,
(1973) report plentings done on 15th July and 15th Februsry
resulted in highest grain yield for IR 8 under Coimbatore
conditions, Subblah (1976) also observes siznificantly
high yield with February plantings. HMendal (1970) has
reported that when plantings ere done in kharif seeson such
a way that their ripening period coincides with high solar
radistion, higher yields could be expected,

4,1.2,9.2. BHeaponse {0 water menagament

The data presented in lahle 39 and Fig,10 show that
by and large contimwous submergence was necessary to get
higher yields in all the plantings. A reduction of abdout
2,19, 4,46 gnd 8,31 per cent in yleld due to irrigstions
done at one (I,), two (15) or three (I,) days after
disappearunce of water compared to continuous submergsnce
(L) was noticed during 3WA 85, In Summer 86 the differences
were 1,98, 4,29 end .,56 per cent, I:6 reduction in grain
yield may be due to moisture stress at a time during 20
daye before and 10 days after heading (Matsushima, 1962)
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dus to the frequent soil driage which is the pesk period
of vatar requirsment and as e result of high atmespheric
evaporative demand and iubalance of s0il moisture stress
under the lower irrigation levels. That soil moisture
strese depresses the rate of photosynthesis more than of
respiration (De Datta et al,, 1973) and affects the crop
yield (Childyal end Jane, 1967) 18 an established fact,
The yield reduction with the irrigation regimes 13 or Il»
in 5¥it 85 and I, to I, in Susmer 856 is a reflection of the
impairment in the growth components since the pnlant growth
and yleld attributes LAIL, psnicies per uz. grains per e
etc., which exhibited positive and significant correlation
with grain yleld showed reduction under these irrigation
regimes, The rice crop response to water stress at
vegetative phase has been reported prisarily in teras of
reduced plent height, tillers and leaf ares (IRRI, 1975)
while at & more senaitive reproductivs stage like flowering
due to I, level high sterility resulted in the greatest
reduction in zrein yield (Matsushims, 1968), It may also
be pointed out that Tomer and Ghildyal (1975) obaerve
that resistance to water transport in noneflooded rice
plant (0.3 ata) was nearl: tvice as high as in flooded
planta, Evidently in this study the irrigation regimes
of submerging two or three days after disappesrance of
water (!, or x,‘) wes not atle to fully mest the water
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nesd necessitated during the critical perded for
primordial initiation end development especislly during
Summer 8 leading to reduced panicles per m?, shorter
panicles and lesser mmber of grains per panicle culaie
nating in reduced grain yield,

A perusal of Table 47 on quantity of water consumed
for all plantings together and irrigation levels alone
it could be seen that continuous sudmergence required
1524 mm followed by 976, 839 and 752 m2 of water under
12, I3 end I‘. irrigation levels, respectively, during
W 85, The figures for the respective irrigation levels
during Summer &6 were 1681, 1131, 959 and 829 ma,

Since the grain ylelds obtained under the irrigation
rezimes of 11 and 12 are einiler in 5% BS and because a
reduction of 36 per cent in water could be obtained by
schedl ing irrigstion one day after disappearsnce of water
(12} and considering the economy in irrigation water, it
can be suggested that irrigation can be resorted to one
day after disappearance of water in 3W¥ 85, The plmnting x
irrigation interaction was significant in both the seesons,
Planting done on 16th July either with contimucus submere
gence (11) or submerging one day after dissppearance of
wvater (I,) produced the highest grain yleld during Swn 85,
This was followed by planting dome om 30th July together



with I, level cof irrigation, Iluring Summer 96, 26th
February planting under continucus submergence (I4) was
found to give the highest yield than other combinations.
‘his was followed by 12 with the same planting,

4401.2.9.3. L{fect of meteorolorical narameters

Flant height, plant weight or leaf expension were
affected by tempersture as already discussed in this chapter,
In general influence of climatic factors during vegetative
growth or prehesding stage on these morphological characters,
tillering or spikelet formation must exert upon grain
production, However, in this experiment no sprreciable
relation between grain yield and climatic factors during
vegetative stage could be found,

In general the influence of climatic factors on
grain yield may be considered in the following two phases:
{1) the influence upon the astablishment of "yield produc-
tion systen" upto heading (flowering stage,, and (2) the
influence upon the "operation efficiency” of the
established syster during the grain filling perfod, It
is mainly in the second phase that the climatic factors
give direct effect upon grain yield.

1) Immperaturs
The eorrelation Table 41 shows thet grain yield

records a negetive association with minimua air temperature



TABLE 41, CORGELATION CULFFICIANTS UF GRALN YIALD WITH
HETEORUWOGICAL PARAMEVERS AT LIFFERGNT PHAS LS

Fpetor Phase r value
1, Hinimum air temperature FI -0 6910%
2, Finimum sir temperature P 111 »0,6143%
3. inimum eair temperature PI+P IIepP III «0,6247*
4, YMaximum zir temperature p IT1 0.6327+#
5. Yiean relative numidity P Il « p 111 w0y T30 %
6, Mean ralative humidity PIaeP Il P III «0,8246%%
7. Total sunshine houre F1 0,608
&8, ‘otal sunshine hours | 9 & 0,6584%
9, Total sunshine hours P 111 O THOG**
10, Total sunahine hours Ele? Il +2 III  C.847C
11, Total sunshine hours P II +F III 0. 8216
12. Totel solar rediation v Il 0.6830*
13. Totsl sclsr radlstion P 111 0. 9256 >
14, lotal solar radiation P II « P III 0., 8780 %+

P I - Vegetelive phase
P Il & Heproductive phase

F IIl « Ripening phase

* « 3ignificant at 5% level
»% o Significant at 1= level
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at vegetative phase. Ihe low minimum temperaturs during
this phase influences srain yleld indirectly by incressing
the panicles as already explained. Ihe low night
temperature at later phases influences the panicle number
and produce more spikelets by preventing the death of
panicles initiated tillers (Yoshida, 1973, The high D¥P

at harvest iz elso favoured by cool nights by preventing

the excessive respiration and conserving maximum photo-
synthates., [his effect of low night temperature is
ranifested on other yield components such as filled gzrain
nercentaze, panicle weight and decree of ripening, This is
probably the reason for high yields in 16th July (3wM 85;
and ebruary (Summer 86, plantings. ~oreover the low
teoperature during the ripening period proleongs the

ripening phase (Tonake et al,, 1966) which in turn increases
the amount of solar radlation received by the crop resulting
in a higher yield.

In 2nd July (s¥1 85) and 12th farch (Summer 86)
even thourh high night temperature is experienced at
reproductive and ripening phases the srain yield is
comparatively hizh because under conditions of high sclar
radiation receipta during thia period, photosynthesis
during day time more than cospensates the respiration
losses during night due to high minimm temperature. The
ighle 41 also shows that the grain yleld is negatively
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correlated with minimum temperature during ripening phase,
According to Matsushima and “anake (1957) sn optimm
temperature for ripening on the ripeninz stage seems to

be approximately 22°C and higher temperature than 23°C
bring about unfsvourable effects on ripening of the rice
grain, The rate of translocation of carbochydrate increases
~1th temperature upto sbout 25°C, but it seems to heep
almost constant in higher temperstures (Hatsushima and
¥ade, 1959). It is reported that within 17-30°C, lower
the temperature, the higher the grain wveight (Suzuki et al.,
196€6), Very high temperature also brings out disturbances
of starch accumlstiorn (ibats ond Nagato, 1967} or deterio-
ration of grain quality (Nagato end ‘bata, 1965,. These
studies indicate that high temperature has unfavoureble
influence on yield of rice end the optimum temperature

for cruin production in indica rice seems to be around
22°C,

11) Belative huaddity

Sraln yleld is negetively correlated with ralative
humidity during the entire zrowth period or reproductive
and ripening phases, fHowever, the partial correlation
Table 42 shows e negative assoclation betwsen relative
humidity and sunshin - hours during the reproductive and
ripening phases teken together (r = <0,6473%), ihe negative



effect of relative humidity on yleld may be due to its
indirect effasct of sunshine howrs on yield, 3ince relas=
tive humidity is inversely related to sunshine hours,
¢loudy days being more humdd then bright days, sunahine
hours gives better correlation with yield then relative
hunddity, The humidity of the atmosphere influences the
rate of transpiration, The increased or decreasasd transe
piretion may influence the physiclogical processes
affecting the yleld, Ghildyal and Jana (1967) obaerve
s4{milar negative influence ocn yileld uwith relative huslidity
and they conclude *hat lower relative humidity is one of
the agro=meteorclogsiosl fectors for maximum rice production,

However, in the present investigstion the partial
correlation coefficlents worked out (Iable 42) shows that
vhen the effect of sunshine is eliminated, the coefficient
value of relative humidity 1s reduced to a low, negative
and nonesimmificant level, At the same time even after
removing the influence of relative humidity, the associe~
tion between grein yield and sunshine hours still retains
a positive significent velue,



TABLE 42, PARTIAL CORRELATION CUEFPICIENT OF GRAIN
YIELD (1) WITH SULAR RADIATION (2) AND MEAN
RELATIVE HUMIDITY (3) AT REPRCDUCTIVE AND
RIPENING PHASES

Factor r valus
12 0, 8669=»
13 =0, 7534+
23 =0, 6473%

12.3 0.7362%

13. 2 -Oo 5%2

{ables 25, 32 and 3€ also shov ssme effect in the case
of yleld components liks grains per mz, fertility
percentage and degree of ripening, ihus it is seen that
the influence of relative bumidity on growth and yleld
components and yleld are confounded by the effects of
solar energy. [herefore no significance need bde atiri-
buted to the negative correlation of these charscters

wvith relative humidity.

111) Solar snergy
Grain yield 1s related to the solar energy sources

from the early phase onwards upto harveet (iable 41),

The preflowering sccumilation of carbohydrates
becomes very active about four wesks before heeding
scoording to the results of S5oga snd Zozaki (1957). 4s



for after hesding period the production of assimilates

o be translocated to the grain is genmerally most active
during the four wseks or so after heading and its amount
is most heavily depandent or solar rediation during the
same period (Moomaw et al,, 1967; ‘umakata et al., 1967
and isnake and Vergara, 1967), Since a msjor portion of
grain carbohydretes comes from current photosynthasis
quring the ripening pericd (Yoshids, 1972) it {s obvious
that active photosynthesis during thet period is impertant.
These may be the nain reesoms why solar radietion during the
ripening phase as a single weather factor showed highest
correlation with yleld (r « 0,9296%*%),

It has already been shown that panicle muader is
significantly related to sunshine hours et vegatative
phase and {t i5 presumed that this has reflected on grain
yield. vuring reproductive and ripeninz phsses the
correlations are much more proncunced than gt vegetative
phase, A perusal of correlation tables on panicles per a2
(Tetle 21) and filled grain percentage {iable 31) will
reveal that these charectoers have been influenced by these

energy sources at the Yater phases,

Sunlight do not generally becomes a limiting factor
on the growth of rice in the early stages (Yoshida and
Pareo, 1976), As the plants grow older snd produce more



leaves the 1light level becomes progrecsively more
critlcal. This it probabdbly the remson for greater
relationship of grain yleld with sunshine hours and
solar radiation at later pheses. I{uring the reprodice
tive phese solar rediation affects grain mumber m~2 snd
during ripening it affecte filled grain percentage.

Lxperiments conducted at IRRI, however, show
that correlations were recorded between solar energy
total for the last 45 days before harvest snd OMF for
thet period (e Datts et al,, 1563, This period
corresponds to panicle initiaticn to maturity stage.
Since photosynthesis for zrein production is also
irportant for the period between psnicle initiation
and heading (*urata, 1966) high correlation valus for
grain yleld response to solar energy totel Muring the
reproductive and ripening period together (r = G, 8784**)
are underatandable, :vens snd Ce imtta (1979) conclude
thet seasonal variation in irrediance amounts for mach
of varistion in grain yleld with time of planting, that
this 15 exnressed most clearly under high irradisnce
conditions and that yield of rice crop appears to be
regponsive to periods of high irradiance at any tine
after panicle initiation.

The ©12.8 on solar radiation received during
reproductive and ripenin; phases indicates that crops

[N
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plented in July (i¥H 85, and February (.ummer 86) usually
pass through these phases under progresaively increasing
irradiance wheress August (L% 85) and January (Summer 86)
planting with falling irradimnce. ihus the increase in
srain yield obtalned in 16th July and 26th February
plantings must be mainly attributed to these meteorolo-
ficel fectors discussed above.

inother factor of importance that comes out of the
Zable 41 18 that maximun air temperature at ripening phease
iz positively correlated with grain yleld. Kormally im
periods where s0lzr radiation is high the temperature will
8lso be high. In order to prove uhether the ylald s
related t0 maximum temperature at ripening phase or not,
partial correlation coefficients sre worked out and
presented in Iable 43,

TABLE 43, PARTIAL CURRSLATION COLFFICLUNIS BoTwKEX GRALK
YISLD (1), SOLAR RADIAVION (2; AHD MAXIMM AIR

TEWLRATURE (3) DURING RIFPENING FHASE
Factor r value
12 0,9296**
13 0,6327*
23 G, 5617
12.3 0,8962%
13.2 Ue3552

* o siznificant at 5% level
*» o Significant at 1% level



It is seen that vhen effoct of solar radiation is
eliminated, the effect Of maxioum tempereture is

reduced to non=significent level. This shows that

vield 18 not et sll releated to meximum temperature st
ripening phase. De mtta (197C,) obtains similer result
at IRl vhere the effect of soclar radiation has masked
the influence of maximun temperature during reproductive
and ripenirng phases. In order to determine at which
gtage of the reproductive and ripsning phase the receipt
of solar radiation is ooat c¢ritical, the solar radiation
totale are calculated at weakly intervols for the seven
week period before harvest and the correletion of the
grain yleld with thece weekly totals of solar radistion
are presented in Jable 44, '‘he P values (Y axis) end
weelkly intervals (s axis) are plotted in 13,11,

TASLE &4, CURRELATION COEFFICISNTS OF wiialn YISLD =10

SOLAR SADIATION GUIAL AL #euMLY INTEAVALG FROM
RARVEST TU SEVEN »BEKS BiPURE wakVasT (wBH)

Stage r value
1, solar redistion 1 WEH 0,8718**
2e " 2 wPh 0., 8033~
3. ® 3 Wi 0. 7896**
b4, ® 4 WBK 0,6807*
Se . 5 whi 0,6325%
6. * 6 whd Ge31T1
7o . 7 «#Bh G, 2385




[

It could be seen that as the perlod precedes from harvest
the importance of solar radiation graduslly gets reduced
and after the rifth week stage r value comss down to nON=
sipnificaent level.

The grain yleld is related to solar radietion
during the fifth week before harvest hecguse accumilation
0f starch in the leaves and culms begins st about ten
days before heading {/urata, 1966) which in tum 1s
dependont on the extent of solar radiation receipt, The
solar radiation after flowering iz such more strongly
correlated with grain yleld because the UMF at this stage
is prioarily in the form of grain {lenaks et al., 1966 and
/amakata et al,, 1967) and this 1s dependent on photo-
synthesis which 18 primarily assoclated with gmount of
solar energy received by the crop during this peried,

Consequantly it can be concluded that solar radiation

during the reproductive and ripening phases exerted a posie

tive effect on yleld sttributes, ripening and yleld of rice,

vhereas temperature had a negetive influence i.e., the
lower the temperature, the better the ripening. These
results indicate that hizh yleld will be obtained if crep
planting is done so :hat ripening period coincides with
timas of low tempersture in the planting seesons,



.13, Stray yield

The data presented in Table 45 revesl that
straw yield was affected by planting time, water
nenegenent and thelr interasctions {n both the seasons,
The highest straw yleld was recorded by the planting
done on 16th July in &% 85 gnd 26th “ebruary planting
in ‘ummer 36, The loweet strav yields were observed
vith plantings done on 27th August (3w 85) sand 15th

January (cummper 86j,

Continuous submergence registered the nighest
straw yield of 5.3 and 6,8 t ha™' in L4 85 and Susmer 86
seasons, respectively, ihe favourstle influence of
continuous submergence on nutrient uptake, plant growth
and development etc., resulted in higheat straw yleld 4n
this treatment, ihe interaction shows thet Jduring 3w 85
continuous submergence with optimum plenting in July
resulted in highest straw ylels. +1ith 16th July plenting
l’.1 and 12 produced the highest and comparable straw yleld,
However, in Summer 86 a reduction in straw yield in
each of the planting with decrease in weter supply was

observei,

4,1.4, sater use eff.ciency (~UE)
It 15 seen from Teble 46 that different plantings

influenced *UE in WX 85 only, 2nd July planting recorded
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TABLE 46.

WATER USE EFFPIC

7Y (GRAINS),

[

X2

(K6/MM) | SEASTISE
5.W, MONSOON, 1965 SUMMER, 1986
P, Pg Y ?, P5 s Mean P, v, Py ?, PS Mean
i, 4-06 4.07  3.62 3,56 3,17 3,02 3.58  3.80 .63 3,67 3.57 3.79 3.70
I, 56 B.59  £.55 5,26  4.52  3.91  5.57  5.86  5.22 5.32 5.2  5.35 5,40
13 7.60  7.52  6.33  6.25 5,15 4.52  6.33 5.9  6.35  6.41  6.07  6.27 6.21
14 7.58  7.91  7.78  6.71  5.88  4.75  6.77 6.66 6.67 7.04 6.81 T.91 7.02
Mean 6.45  £.52  6.22  5.45 4.68 4,05 5.57 5.48 5.61 5.44 5.83
P I P at ITat P P I Pat I Tat?P
SED 0.23  0.16 0.41 0.43 0,15 0,32 0.19 0,20
CD(P=0,05) 0.52 0.40 0.86 0.99 N.S 0.28 0,47  0.45
N.S - Not eignificant
TABLE 47, CONSUMPTIVE USE OF WATER (MM) - SEASONWISE
3.W. MONSOON, 1985 SUMMER, 1986
P P P P Mean
2, 2, 2, ?, % Pg Mean P, 5 3 A s
I.] 1396 1418 1711 1631 1568 1418 1524 1585 1615 1731 1829 1647 1681
1131
Iy 852 860 917 1053 1079 1097 976 1012 1116 1160 1206 1159 3
1 725 727 841 &8 %4 950 839 976 900 936 1023 960 %59
3
1 685 657 Ti7 765 809 879 752 862 847 837 881 717 829
4 1121
Mean 914 916 1047 1072 1105 1086 1109 1120 1166 1235 2

DATA NOT ANALYSED



the highest value in 5W¥ 85 and 12th Harch planting
in Summer 86, The loweat U was observed with the
two transplentings done in August (L¥ 85),

WUE was found to increase with decresse in
quantity of weter required., ihe highest velues were
obteined with I, in both the seasons with lowest quantity
of water consumed (Table 47, iiowever, the lovwest grain
yicld obtained in this trestrment dces not permit acheduling
irriration in this water regime for higher Ui values
alone, Interaction was nresent in both the seasons.
‘ilghest WUL was noticed with lower irrigation levels with
esrly plantings in :¥: 85 whereas in Lurmer 56 the highest
valuets were obtained vith delayed plantings for the aame
irrigation level,

The planting time of experiment was repested
during this season by taking five plantings with the
variety IR 20, tHence these results were not included
in the correletion ansalysis on the influence of meteo=
rologzical parameters where 5¥Y 85 end Summer 86 were
taken together and discussed slreadys OSeparats analysis
was done for this : -ason snd results are presented

hereunder,



“e1.5. Srowth characters
4.145.1. Helzht of plant

Height of plants as influenced by planting time
and water mensgemsnt are presented in :able 48, Ihere
wag appreciable difference in plant heizht either due to
planting period or water management, Iramsplantings done
during first fortnight of Gctober produced taller plante
whereas planting done on 25th November resulted in
reduction of plant height at all stages during this
season, ine height (F4g.12) in relation to the minimum
temperature recorded at ve:setetive phase (Fig.17) go to
indicate thet plant height increased when the night
temperature 4s high. 7his is evident with respect to
plantings done during 18t and 15th Uctober and 10th
Decerber., <he correlation coefficlents worked cut between
plant heiznt at harvest and different metoorological
paremcters presented in the Teble 45 indicate that the
correlation between sunshine hours or sclar radiastion
increases with age of the crop indicating that these
energy sources play an important role in deciding the
plant height,

Continuous submergence produced taller plantas,
however, was comparable with that of submerging one day
after dissppearence ¢f water (12). ihe shortest plants
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were noticed with irrigating three days after dise
appearance of water (I,). The role of water in deeiding
plant height was discussed already.

TABLE 49, CURRELATILN COEFFICIENTS BATWLEER PLAWT HEIGHT

AT HARVEST ANT METEORULOGICAL PARAMETZRS AT
SIFFERIND PHASLS

ractsr Fhase r value
1, Yaximunr alr temperature Fl 0,7566
2. Finimum air tempersture P I 0.8189
3. ictal sunshine hours P Il =Ce 2975
4, =go= P I11 =0, 5034
5. lotal solar rad¢iation P 1I «0,1606

3

6. «do= It =0, 5349

Tl e Vegetative

F I = Repreductive phase

P IlI « fipening phase

ine planting x irrigstion interaction was present

st all stages, Submerging one day after dissppearsnce of
water with 18t Uctober planting (12P1') at flowering and
continuous submergence with 15th Uctober planting (L‘Pa)
at 40 AT and harvest produced tallest plants.

4.1.%.2. dugber 9f tillers per hill

The results ptesented in Table 50 reveal that

number of tillers was highest with 1st Uctober planting
at 40 UAT and planting on 26th November gave the lowest.
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However, with advancement of sge, the latter produced
the highest tiller number at flowering which wes similar
to all other plentings except 10th iecember whersin the
lowest number was roticed, A reduction in tiller mumber
at flowering as plantings mre advanced from 25th November
could also be seen,

it could ve observed from Fig,15 that more
tillers per hill are produced with hovember plantings in
YN 85,  Iuring these plantings the minimum temperature
is higher than other plentings (71g,17) thus resulting in
more tiller production, Vergara (1970) and rildyal
(1972) observe thet tiller production will be more at
initisl stazesr under conditions of high temperature.
48 2 result at flowering stage the crop planted during
Hovember are seen to record more tillers per hill. Though
the night tempersture was higher with 10th Lecember
plantinz, the low light condition resulted in reduced
tiller production,

¥{th respect to water mansgedent, the tiller
production vas more with more freguent irrigations fe.,
continuous submergence Oor one day sfter disappesrance of
vater (11 and Iz). Decrease in tiller number with increase
in moisture stress was noticed with irrigeting two or three
days after disappearance of water, The reduction in tiller

aby



number with these irrigation levels compared to
continuous sudmergence vas more during flowering stage
than at 40 2aT,

Irrigation x planting intersctions were present
during both the stages, Continuous submergence with
plentings done during October st &4( AT end with November
rlantings st flowering steges produced the highest nusmber
of tillers per hill.

bo1.5.3. Leal area index (LAI)

flesults on LAl presented in ‘able 51 and Fig.14
indicate that there was difference in LAI with planting
periods and water management, Flenting done on 1st
Gctober had the highest LAI values at both the stages,
This was followed by 12th November planting. Ihe lowest
LAl value was noticed with transplanting done on 12th
{'ecember, (he LAI decreased with delay in planting from

18t Uctober onwards,

The corrslation coefficlents worked osut between
LAI at flowering and soler energy sources (sunshine hours
and solar redistion; at vegetative and weproductive
stages presented helow (Table 52, show that the r value
at reproductive phase iz lower than that of vegetative
phase indicating the importance of these energy sources in
maintaining a high LAL at the early growth stage of the crop.
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TABLE 52, CUHRELATIUN CULFFICISNT BiTWEEN LAI AND
SUNSHINE HOURS ANL SULAR RADIATIUN AT
VLUGETAYIVE AND REPRUDUCTIVE PHASES

Factor Fhase r value
1, Total sunshine hours Pl =0,7792
2e O P 1I1 .O."%Z
3. Total solar rediation Pl =0, 7920
h. odO. P II -0.1178

P I = Vegetative phase

P Il « Reproductive phase
Continuous submergence (l,) and submerging one day after
édisappearance of water (12) recorded comparsble LAI at
40 TAT whereas the former water maenagement was found
necessary to record the highest LAL at flowering, A
reduction in LAl with lass frequent irrigstions (Iz and
13) were observed, the lowvest being noticed with submerging
three days after disappearance of water (I,,. The decresse
was sharp st flowering stege compared to 40 "AT, Tumer
{1979) states that pdjustment of transpiring leaf area
through accelerated senescence of lower leeves, death of
tillers and leaf tip death are comson phenomena of water
stressed rice., Simi”ar reductions in leaf area due to

moisture streas are reported by O'loole and Balids (1982),

T



Interaction between planting and irrigation
wvas present at both the stages. At 40 AT, contimiocus
sulmergence with plsnting on 12th lNovember and at
flowering staze the same irrigation level with 1st
Lctober planting recorded highest LAl,

be1.5.4. Lry patier production ()

S4gnificant difference in DMF with planting dates
and woter panagement was noticed, Interaction between

ther wag present during harvest stage only (Table 53).

A1l the plantings differed significantly in LiiP,
At 4O AT the highest [P wms recorded with 12th November
planting followed by 26th iiovember planting, At harvest,
the latter produced tie highest 4dry matter followed by
12th ecember plenting. ihe early Uctober plantings
resulted in the lesst xF during both the ztsges.

4 comparison of the Fig,15 on O'F with tiller
production at flowering (Fig.13) indicates that P
followed more or less a similar trend as of tiller produc-
tion. Ine low minimum terperature st the reproductive and
ripening chases in the liovember plantings also helpe in
conserving photosynt-ates thereby increasing plant growth

and development,
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Continuous submergence resulted in highest ivF
at both the stages. TIhe favourable influence of more
water on plant height, tiller production etc., magnified
its effect finelly resulting in highest IiP with this
irrigation level, The same irrigation level with planting
on 26th November produced the higzhest value in the case of
interaction,

4e14543. airation
4.1.5.5.%. uration uate 9¢ oer cent fowsring

The time taken by different plantings for 50 per
cent flowering is given in the Table 54 Delow,

TADLE 54, DURATIVE UPTO 50 PER CENT FLOWERING AND
HEPRUDUCTIVE PHASES (WEM, 1985)

Date of planting Daration upto 50 uration 07 ripen-
‘govering

per cent ing shase(days)
1. 1=10=85 70 &o
2o 151085 70 42
3, 121185 73 40
4, 26=11=85 71 49
5 10=12«85 70 39

The duration is longest in 12th November planting
consequent on the ve.y low ninfmum temperature experienced
by the crop during vegetative phase, This 1s in agreement



with the results of Biswas et al. (1975), Tha
correlation coefficients of suration of vegetative
phase with maximum end minimum temperature at this
phage indicate that the duration iz more negatively
correlated with minimum (r e =0,7686) than maximum
temperature (r = -0,6937), ihe duration of other
plantings are low due to higher minimum temperature
occurred at vegetative phase of these plentings.

4.1.5.5.2. Juxation of ripening nhese

Table 54 also indicates thet the duration of ripen-
ing phase a8 lowest with 12th ecember planting than
other plantings. Ihe duration increased by three days
when the planting was done on 15th OUctodber. The higher
minirum temperature occurred at the ripening phase of
the 12th Lecenber planting might heve caused a reduction
of the duration since at higher temperature translocation
of photosynthetes is faster thus reducing the maturity
period,

4.1.5.6. Musrhent uotake (%, ¢ and K)
Kutrient uptake as affected by planting period

and water manageient are presented in Table 55, Nitrogea
and phosphorue uptak. at flowertng was highest with 10th
December planting followed by 26th November planting.

A considerable decrease in their uptake wae noticed with



— -1
TABLE 55. NUTRIENT UPTAKE (KG HA™ ') py PLANTS, STAGEWI

159

3% (N.E.MONSOON, 1985)

NITROGEN
FLOWERING HARVEST
P, P P P
1 2 3 N 1’5 Mean P, PZ }73 PA P5 Mean
I 1. 5 Af BB £
N - 5C.20 59.06 68,62 53.25 55.70 48.0C 63.05 6%.22 59.03 59.00
I . .
2 47.98 58.23 67.78 49.92 51.21 46.88 59.40 64.68 S54.9% 55.42
:3 4 46.13 56,92 66.07 47.95 45.98 43,15 56.94 60.13 52,82 51.80
;4 3 44.53 53.58 64.60 45.80 44.84 39,42 53.38 56.45 49,70 48.76
tiean 89 47.06 56.96 66.67 49.43 44,76 5B8.19 62.62 S4.12
Pat IIlat?P P I PatIlat?
SED 0.59  0.55 1,13 0,25 1.13 0,85
CD (P=0.05) 1,29 .18 .61 0,56 2.52 1,77
PHOSPHORUS
FLOWERING HARVEST
P, ®, 2, ®, ?g Mean P, ?, Py ?, 75 Mean
I 21.84 22.39 24.67 20.81 26.16 23.17 45.30 45.48 48.22 46.05 43.99 45.81
I, 21.32  21.27 24.27 19.67 25.24 22.35 43,39 44.68 47.08 44.42 42.91 44.50
13 19.13 20,14 23.09 18,52 24.25 21.03 41,00 43.05 45.32 43.47 40.41 42.65
I, 18,17 19.37 22.49 17.66 23.51 20.24 39.63 41,00 44.34 41.50 38.56 41.00
Mean 20.11 20,79 23.63 19.16 24.79 42,33 43.55 46,24 43.86 41.47
P b Pat I I at P 4 b Pat I lat?
SED 0,26 0.09 0.37 0.34 0.38 0.1t  0.46 0,40
CD (P=0.05) 0.60 0,21 N.§ N.§ 0.86 0.26 N.5 N.3
POTASSTUM
FLOWERING BARVEST
?, z, Py ®, P Mean Py ®, Py P, I Mean
4 3,48 83.84 102.37 96.47 92.54 88.74 103.17 107.33 127.50 115.64 116,34 114,00
b 71.97 81.63 100.36 94.66 90.83 87.89 101.37 106,65 125.95 114.58 115.15 112,74
12 70.92 79.30 98.59 92.09 930.52 86.28 100.23 105,94 125.54 113.82 113.82 111,87
13 70,15 78.35 98.04 91.63 89.95 85.62 98,78 105.03 124.7) 112,90 112.87 110.86
P‘zan 1,67 80.@3 99.84 93.71 90.9% 100.89 106.24 125.92 114,23 114.55
P b Pat I1at? I Pet I IatP
. 0.81 0,64 0.7 0.32  0.68 Q.52
?:Sg NS ..8 1.64 0,77 ¥.5 NS

N.S ~ Not eignificant
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advancement of transplanting. During harvest stage the
highest uptake of N and I was noticed with 26th and 12th
Movember plantings, respectively, In case of ¥, planting
done on 12th Novemder resulted in highest uptake at both
the stages, A reduction in $is uptake could be seen with
delay or sdvancement of planting from this date,

“ater management affected the nutrient uptake
considerably, Continuous submergence recorded the highest
%y F and K uptake at both the steces followed by submerging
one gnd twe days after disappearance of water, The least
uptake wvas seen in case of submerging three days after

dlsappearance of water,

These results are ln agreewent of the general
findins that continucus submergence increases nutrient
eveilability and their upteke as noticed by Pillal and
L@ (1973, 1980b; for M, Kskade and onar (1983, for P
gnd Patil and Shildyal (1983 for K,

4,1.6. Yield and vield mitributes

be1,6,1, w
Production of panicles per nz was affected both

bty planting periods snd water management {(iable 36),

Panicle number was more and similar with 15t Cctober and
12th November plantings (394 and 391, respesctivelyj. Ine
1owest mimber wes noticed with 12th December planting (353).



Py P, Py Py Pq Mean
I, 390 330 422 377 3% 378
1, 402 340 308 378 362 374
13 395 335 383 373 351 367
I, 350 325 37 361 34 358
“ean 398 333 391 372 353

P I FatlI IattF
3¥D 2.75 1.67 2,79 3,66
CD(Pa0,05) 6435 4,08 5,98 8§06
TABLE 57, NUMD.R GF GRAINS % (o) (N.E.MONSOON, 1985)

Py Pz P} Fy Ps fiean
I, 225 1.92 3,06 5e 20 2493 2,69
1, 2,25 1.90 273 326 2,97 262
1, 2,10 1,83 2,67 3,13 2,80 2,52
1, 2,06 1,61 2,43 2,92 2,64 2,33
~egn 2,96 .81 2,72 312 2.8

P X Patl Iath
SED C.C3 0e15 0,03 0, 04

CD(Pal, 05,

0,06 0,36 C.07 0.09




Correlation coefficients worked out between panicles per
m2 end maximum and minimum temperature at vegetative
phass indicate that the panicle nusber was negatively
correlated with maximum temperature (r = «0,6521) and
minimum temperature (r = «0,7:25), liigher number of

panicles per mz

observed in 1st Lctober and 12th November
plantings could be ettributed to the low minimum tempera-
ture experienced by them during the vegetative phase.
Usada et al, {1973) notlice production of more panicles

due to low temperature during maximum tillering stage.

Production of panicles per mz was higher end
similar with eontinuous submergence and submerging one
dey after dlsappsarmnce of water (378 snd 374, respece
tively), The three days interval between two irrigations
(1,) after disappearsnce of water produced 358 panicles
per ma. the reduction beinz about 5.3 per cent, Plllai
and De (1980a) report increased panicle production with
continuous submergence,

641,642, Sradps per 2

Table 57 on arains per r? indicates that the
highest nusber of grains per m’ is produced when planted
en 26th tiovember and lollowed by 10th December nlanting.
The lowest 15 seen in case of 15th Uctoder planting. In
case of water managesent, contimuous sudbmergence and
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subnerging one day after diseappearance of water produced
higher number of grains per mz.

Correlation coefficienta worked out between grains
per z? and sclar energy sources as well ae mean relative
humidity presented in iehle 56 shows that sunshine hours
anc solar radiation received during the ripening phase
exerts a considerable bearing on grain production. Thus
the higher sunshine hours end solar radiation received by
the crop planted on 26th November resulted in the production
of highest number of grains per mz. The high nezative

TABELL 58, CURRELATION CUGEFFICLZMTS OF GRAINS PER Hz “ITH
AETUORULUGICAL PARAMETENS AT DIFFERENT PHASES

Factor Fhaee r value
1, “ean relative humidity FP I ¢« P I1 + P III =0, 859h
2. lotal sunshine hours PI 0.3227
3e 0w P Il 0.3620
b, ~do= P III 0, 7600
5e doe P IL + P 111 0,7044
6. Total solar radiation 2 § 0, 217h
7. -ttOm P II 0s3229
8. (0w F III 0, 8379
9, «dOw F Il ¢« P IIL 0. 8061

P 1 < Vegetative phase
P II = fiepro uctive phase
P 1I1l. Ripening phase

2

correlation between graing per o“ and relative humidity

i{ndicates that 2 high reletive humidity may cause e reduction
in grain nusbder.



b.1.6.. Panicle weleht and panicle length

Tables 59 end 60rresented on the weight and
length of penicles, respectively, show that planting
period and water mansgement influenced these characters.
Panicles produced were more lengthy with 26th Noveazber
end 10th Jecember pleantings. Ihe panicle length reduced
with early plantings. Irrigation dane with three days
after disappearance of water (15) casused considerable
reduction in panicle length. Panicle weight was more
with November plentings which also decreased with early
two October plentings. Fanicle weight with continuous
subnergence or submerging one day after the disappearance

of water was higher and comparable,

Corrclation coefficients worked ocut between panicle

welght and meteorologicsl factors are presented in iadle 61,

£6N PARICLL <EIGHT
AT DIFFER:NT PHASES

TABLL 61, CuRRcLAIIul COLFFICI-NIS B.]
AND AETBURCLOGICAL FARAMIL RS

Factor Phase r velue
1, “inimum air temperature p 11 =0, 7546
2. Total sunshine hours P II 0.6773
3, «dCe F I 0,6219
4, Total solar radiation P III 0,6896

P Il « ieproductive phase
p 1II » Ripening phase
* o Significant at 5= lwal



TABLE 59, WEIBNT OF FANICLE (G), (N,Z.MUNSOON, 1985)

P

BRI

Py P, Py P Pg Hean
1, 1.98 1.9 2,04 2,01 1.98 1,99
1, 1,97  1.91 1,98 2,02 1.95  1.97
I, W9 1.8 2,00 1,95  1.94  1,%
1, .85 1.8 1,9 1,96 1,93 1.7
fean 1,93 1,91 199 1,99  1.95

P 1 PatI IatPp
BLp 0,02 0,01 0,02 0,02
So(PaG,05) 0,06 0,02 0,04 0,05
TAILE 60, FAMICLe LaRGTH (Q), (HeooMUNSUGR, 1985)

P1 Pz P3 Ph P5 Yean
1, 19,77 19,65 21,11 22,25 21,90 20,94
I, 19,36 19,44 20,53 21,02 21,10 20,30
L 16,16 15,23 20422  23.17 20,36 20,43
I, 18,7 18,31 19,34 19,77 20,09 19,24
‘ean 19,26 13,16 20,30 M.56 20,87

P 1 FatlI I atPh
sud Cobh  0u37 0,93 1,05
CD(Pw0,C5] 1,45 s Led Ned

Heo = Mot significant
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The minimum alr temperature at reproductive phase
1s negstively correlated with panicle weight indiceting
that the low minimum temperature of 18,2°C experienced
during reproductive phase resulted in higher panicle
welcht as observed in case 0f 12th November planting.

4.1.6.4, Number of filled srain per panicle

The 4ate presented in Table 62 show that number
of filled grains per panicle was influenced by planting
veriod and water management practices, Transplentings done
on 26th Fovember and 10th December produced the highest
nupher of filled grains, A reduction in filled grsins witn
gdvancement of planting could alzo be noticed, the least
bein; produced with Uctodber plantings.

Higher number of filled grains was produced
with contimous submergence (I,) or irrigating one day
after disappesrance of water (12). sater applied at three
days after disappesrsnce (IA) reduced filled grain number
considerably. Less number of filled grains in this
irrigetion regime might be due to more nusber of unfilled
grains consequent to the inadeguate moisture supply at
reproductive stage confiming the results of De Datta
(1981,



TABLE 62, NUMB:K OF FILLED GRAINS (N.u.MONSQON, 1985)

P, Py Py P, Py Meen
I1 57.70 58023 72.65 35.00 82.37 71.19
i, 56,03 55,50 TC.27 86,20 862,00 70,00
13 53,20 54,53 65,60 83,87 82,43 68.73
x‘. 52.73 h9.h0 65.‘.0 80.53 76033 65.&
Hean S5he92 Sk, 26 69,48 83,98 80,91

P I Pat I I atP
3ED 1.68 0,59  1.26 1,98

D{Pm0,053) 3,86 1,45 2,66 hob3

TABLE 63, PSRCENTAGE OF FILLED GRAIMS (K.E.MONSOON, 1985)

Py P, Py Py Pg Hegn
I, 80,92 7877 80,63 87.03 86.53 82,77
12 T76C T5.22 T77.93 85,17 82,43  T9.67
13 Th,38 T1.36 76,33 8%.22 81,29 7T7.35
I,‘ 72,07 65,95 74,5 8.8 79,53 74,66
Mean 76,20 72,82 T7.35 Bk.,18 B2,4b4

P 1 PatI I at P

Seh 0,51 0.32 .73 0.8

CD(PwD, 05) 1.18 .75 1.56 1,75
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4¢14645, Percentage of f{lled zraing

The percentage 6f filled grains es influenced by
planting periods and water menagement is presented in
Table 63. Trensplenting rice crop done on 26th Noveaber
produced siznificantly the highest fertility percentage.
This was followed by 1Cth Lecember planting, The two
Uctober plantings caused considerable reduction in
fertility percentage.

Correletion coefficients worked out between fertility
nercentage and meteorclogical factors at different phases
are present in Table 64,

TABLE 64, CORRELATION CURFFICIENTS BLIwEEN FERTILITY

FRCENTAG. AND METEQHOLOGICAL FARAMETERS AT
DIFFLRENT FHASES

Factor Phase r value
1, Yean relative rumidity P Il &P LI =0,8397
2. Total sunshine hours P 1 0.6533
3, «do- P Il «1 111 0.7137
4, Total solar radietion p Il 0.9261*
5, wdO= | 94 0,7887

F 1 = Vegetative phase 3
P Il « keproductiv~ phase * - Gignificant at 5% level
F 111 « Hipening phase

sunshine hours and sclar rediation greatly
influence the percentage of filled grains. Solar redlation



received during reproductive phase shows a very hizh
aignificent correlation coefficient with fertility
percentage indiceting es the resson behind higher fertility
percentage in 26th Noveuber and 10th Jecember plantings,
¥ean relative humidity shows 1ts negative assoclation with
fertility percentage.

The percentage of filled grains was affected by
water management practices also. l1he highest filled grain
percentage was recerded when continuous submergence was
adopted, The fertility percentage was lovest with submerging
three days after disappearsnce of ponded water, the reduction
bein: 5.8 per cent, The interaction was significant and
shows that continuous sublmergence with 26th November or
10th Lecember plantings resulted in highest filled grain
percentage. Cruz and U'Toole (198:) suggest water stress
at flowerin; stage to be the major cause for spikelet
sterility.

4,1.6.6. Ihousand :rain walant

Results of thousand grein welght presented in
Teble 65 revesl that planting done on 26th liovember
produced the highest test weight of 19,5 g and 15th
Cctober or 12th November the least (19.2 g). & reduction
in test weight with advancement of plenting was observed,



TABLE 65, 1000 GRAIN WEIGHT (G) (N.5.MON3S00N, 1989)

Py Py F3 P, Ps Hoan
L 19.33 16.322 19.33 19,61 19,42 19,40
12 19,25 19.42 19,30 19,58 19,40 19,33
13 19.%0 19,13 18,98 19,9 19, 34 19,26
I, Se99 15,09 18,73 19,20 19,15 15.03
Fiean 19,21 19,17 15.08 15,45 16,33

P I PegtlI Iat?p
FEG Lo OB Q4 D4 U 06 G, 08
b 0,13 Ga10 0,13 0,17
{PaD,05)

TABLE 66, <URR{LAIION COSPPICI:NIS GF 1000 GRALE LIGHT

MeTRORULGGICAL FPARAMETHRS AT OJIFFERERD FHASSS

fagtor Phase r velue
1, Finimn pir temperature P II C,5081
2, Total sunshine hours Pl Op 5794
3, Totai sunshine hours F Il 0.6687
4, lotel sumshine hours P IIL 0. T007
5. lTotal solar rudiation Pl Co 8159
6, Total solar rediation P III 0,684

» Vegetative phase

P1I
F I1 = Rgproductive phase
F 1

11l =« Ripening phase

pma
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Test weipht was higher and comparable with continuous
submergence or sutmerging one day after disappearance
of weter, S3ubmerging three dsys after disappearsnce
of water produced lighter grsina, This might be due to
lack of adequate moisture which is essential for transe

location of metabolites from source to sink,

Correlation coefricients between thousand grain
velcht and meteorolozical parameters are presented in
Table 66. The various factors do not show any significent
relationship with thousand grain weight, However, the
fact that 26th November and 10th Uecember plantings gave
higher thousand grain welght than other plantings
highlishts the importance of sunshine hours and solar
radiation during reproductive and ripening phases,

orrelation coefficient of solar radiation with
1000 grain weight is much stromger during the P II than
F 111, <onsidering the fact that the slze of the yleld
conteainer is decided by the conditions preveiled during
this period, the close correlation is understandable.

4,1.6.7, Rugrse of ripeninx

The degree o~ ripening as influenced by the
meteorological parameters during differsnt phases under
aifferent plantings are studied based on the correlstion



coefficients worked out between them and are presented
in Table 67.

TAZLE 67, CURRELATION CUGFFICIENTS OF DUGREE OF RIPENING
%ITH ALTOROLOGICAL PARAMETwHS AT DIFFERENT

PHAS LS

Factor Phase r value
1. Total sunshine hours F II 0. 5004
3, -d0= P Il ep III 0.6595
4, Total salar redistion F IL 0.9152*
G adOe p I1 « P IiX 0, 9168%

P 11 = ligproductive phase

P 111 « rRipening phase

* o Significant at 51 level

the degree of ripening is very strongly influenced

by solar radiation received during reproductive stage,
Uegree of ripening being the product of 1000 grain weight
and percentage filled grains, behaved in the same way as
these characters such that 26th November planting recorded

the highest ripening grade,

4.1,6.8. grajn.vield
4,1.6.8.1. Response to olanting dates
The grain yield deta are presented in iable 68,

e grein yleld was the highest (4,50 t ha™') with



TABLE 68, GRAIN YILLD (K3 HA™Y) (N, iL.c0Nsuls, 1985)

[,

-1

Py F, Py P, Eg Hoan
1, LR, 4061 4438 4715 4450 4433
I, 4317 4204 4390  b665 4360 4387
I 4176 3998 4275 bbbk 4280 6239
I, 577 3028 3986 4164 4140 4019
Mean 4228 4023 4288 4502 4308

P 1 Patl IatPp
SED 3713 21,04 49,81 58,01
CD 85,63 N,5 105,60 125,49
(PaD,05)

Ko = Not significant

TABLE 69, CORRELATICH COSFFICI.NTS BUTWREN YIELL AND YISLD

ATTRIBITES

Factor r velue
Dry matter production at harvest 0.9737**
Graine =2 0.9210"
Panicle weisht 0.7992
Fertility percentage 0,9213#
1000 grain weight 0, 3461
Degree of ripening 0,9247*

" o 5ignificent at 5% level
¢ o sipmificent at 13 level
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transplenting done on 26th November followed by 10th
December (4,31 t ha"'). the lowest yleld of 4,02 t ha"'
wak recorded with planting done on 15th Uctober,

A perusal of various grewth and yleld characters
reveal that LAI, mmber of tillers per hill, grains per
mz. panicle welght, percentage of filled grains and degree
of ripening were very high in the 26th Hovember planting
which has resulted in higher grain yield recorded under

this planting,

The correlation coefficients worked out between
yield and yield attributec are presented in Table 69,
It ts evidient that there exlsts a very high positive
correlation between grain yleld and yield sttributes
considered, JIthe highest correletion 15 seen between
VP at harvest, degree of ripening and grain yield. As
already indicated in case of %! 85 and Sunmer 86 seasons
decree of ripening exerted a srester influence on grain
yield,

The highest significant correlation between grain
yield and MP at harvest (0,9737%*) indicates the impor-
tance of post flowerinz dry matter accumilation in
ephancing grain yleld. ‘This is important because, as
suggested by Tenaka et al. (1966) post flowering increamse
in dyy matter 1s particularly in the form of grain.



Thus the results indicate that tranaplanting rice
during the end of November (26th November) in Ni¥ sesson
repult in increase of zrowth and yleld attributes contri-
buting to higher grain yield, iejagopalan et al, (1973)
report higher grain yileld for Iz & rice whem transplanted

on 215t November under coimbatore conditions,

bl1.6D8.2l ieg

urain yield presented in isble 68 and Fig,16
indicete that higher and comparable yilelds are obtained
with continuous submergence (I.,) or submerging one day
nfter disappeerance of water (12). The grain yleld under
irrigating two {152 and three “L;) days after disappearsnce
of water decreased by 4.38 snd 3,34 per cent, respectively,

as compared to continuous subrkergence,

Crop growth was similer in irrigations given es
continuoug submergence or submerging one day after
disappearance of water, These two irrigstion levels

2. panicle

produced comparable number of panicles per m
welght and number of filled 'Trains per panicle thus
leading to comparable yields in these treatments. the
reduction in vater applied under the I2 irrigation level
44¢ not result in moisture stress, Ihis finding 1s in

line with Kanwar et al. (1974) who report that yield
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obtained was highest with water spplied to keep the
804l between saturation point and 0,15 atm tenaion,
Kumar and Singh (1978) report similar findinga,

Significantly lower yield was obtained with
submerging two or three days after di{sappearsnce of
ponded weter (IB and IA) compered to grain yield obtained
with 11 or I, levels, The moisture stress in these
regimes (I, or I, levels) caused reduction in number of
tillers per hill, photosynthesising surface (LAI), and
other yleld attributes such as number of panicles per nz,
percentage of filled grains, panicle welght etc., resulting
in reduced grein yield, The influence of moisture stress
in affecting growth and yvield attributes are pointed out
by many workers (Kobate and iakami, 1983; Roychaudhury
et al., 1983 and Cruz and O'loole, 1984,

Under flooded condition the evaporation is 1,24

times greaster than under unflooded condition (Ssha et al.,
1974}, Because of the higher depth of water on the soil

4ue to continuocus submergence (I,) more water might have
percolated than under submerging one day after disappearance
of water (Iz'}. svaporation and deep percolation are not
directly related to nlant growth (IFRI, 1964), However,
transpiration rate of the crop shich was directly related
to productivity was compereble under these two irrigstion

regimes.
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Under contirmuous submerzence a totel of 1201 mm
of water was consumed by the crop whereas with submerging
one, two or three days after disappearance of ponded water
it was 854, 697 and 584 om, respectively (Teble 73). The
grain yield obterined under each irrigation level was 4,43,
4,34, 4,24 and 4,02 ¢ bn". respectively, the yield
recorded with I, and I, being comparable. Thus a saving of
28,9 per cent of water could be achieved with submerging
one day after disappeerance of ponded water (I,) without
perceptible reduction in grein yield,

1hus the study indicates that even irrigstion a
day after disappeerance of water (I,) io as efficient as
continuocus submergence under the low evaporstive demend
of the atmosphere prevalled during the i season, S0
taking into account the economy of water under scarce
situations, scheduling irrigation could be done with Iz'
Interaction existed between planting periods and
irrigation on grein yleld of rice., Iransplanting done on
26th ‘iovember and scheduling irrigation with contimuous
submergence or irrigsting one day after disappearence of
water resulted in higher grain yleld than other comdinations,

4.1.6.8.3. stfect of meteorslosical parametars

Correlation coefficients were worked out between
yield of different plantings with meteorclogical parameters
at various growth stazes and presented in Tadle 70,



TABLE 70, CORRALATICH CGLFFICLINTS B TuSiN GRAIN YIELD AND
METEOROLOGICAL PARAMLTERS AT UIFFEEENT PHASES

Factor Phase r value
1, Yinimum air temperature P1I «0,6395
2. Maximum air temperature P I11 00,6494
3. Yiean relative humidity FIIe+PILX «0,6311
4, Total sunshine hours P II 0,8750
e «d0a PI+F I « 7 ILI 0.7652
6. Zotel solar radiation p II 0,8919*
7. «do= FII + P IIIL 0. 8654

P I = Vegetative phase -
E Il - R'pm“cuVe phase * - ->ignifioant at 5% leovel

I11l~ ~“ipening phase

Hinimue air temperature at vegetative phase is
negatively correlated with grain yleld. The influence of
lov temperature in increasing panicle number was discussed
already,

The total radietion received during revroductive
phase sharply influences grain yield (r = 0,8919*), Total
sunshine hours during the same stege 8lso shows a close
corralation with grain yield. Thus the higher grain yield
recorded in 26th November planting could be ascribed to
the favourable enviremmental conditions received during
the reproductive and later at ripening phases which in
tum helped in better growth and development of ylald
components finally resulting in highest grain ylald.
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4.1.7. 3traw vield

The data presented in leble 71 show that straw
yield wns effected by planting time, irrigation snd their
interaction a3 well, Flanting done on 26th November
resulted in highest straw yield also, This was followed
by 1st Cctober or 10th December plantingz. The lowest
straw yield was recorded with 15th Uctober planting.

Continuous submergence produced the highest straw
yield of 5.5 t ha~', The favourable influence of continuous
submergence in plant height end tiller production resulted in
highest straw yleld,

The interaction of continuous submergence with
plantingz done on 26th Hovember produced the highest straw
yield, The next in the crder was continuous submergence
with 1st October planting,.

4.1.8, vater use efficlency

«ater use efficlency (Wwi) (Table 72, was highest
with 26th November planting and the lowest with 1st
Uctober planting. The consumptive use of water under
each planting and irrigations are presented in Teble 73,
The quantity of wate- used under 26th Hovenmber planting is
732 mo with the highest grain yleld of 4.5 t ha”' giving
rige to the highest WUE (6,15 kg/mm). Though the quantity



TABLE 71, STRAW YIGLD (KG HA™') (. 5.HONSUON, 1985)

(SN
(X2

Py P, Py P Py Mesn
I4 5608 5120 54654 5880 5477 5508
12 5285 4910 5110 5459 5235 $200
13 S187 4793 4943 5530 5122 5115
I, 3003 4331 4513 4611 5120 4675
Yean 5271 4788 5005 5370 5189

F I Patl IatPp
5eh 39,58 42,10 79,8 76,74
CD{Puw0,05) 91,28 10%.,20 173,34 163,28
TAHLE 72, ®ATEA Ust EFFICIENCY = GRAIN (KG/M%)

(W, D M3NS00%, 1985)

Py Py Fy £y Py Meen
14 3,78 3.8 3. 70 4456 - 3.96
I, 5.66 5,99 4,96 6,43 5438 5,68
1 6.77 7.05 6,54 8,18 5. 97 6,90
I,‘ 7.75 T7.70 Te7 8,29 8,15 7.92
fean 5639 6.4 5.3 6,87 5,86

F I PatI I ot P
SED G, 26 0,07 0,25 Co 28
CD{Pw0,05) 0.55 0.17 0,53 G T3

TABLE 73, CONSUMPTIVE sl

OF «a%sit (Mt} (N, E-HONSCGON, 19385)

Py Py Py Py Py Mean
1, 1175 1067 1215 1033 1130 1124
1, 763 702 385 726 30 ™m
Iy 617 567 654 546 7 620
1, 393 497 517 502 %08 507
Heen 767 708 818 702 791

Not statistically analysed



0of water consumed in other treatnents are also less

the low yleld produced by those plentings csused the
lower wUE,

The highest ¥WUi is noticed with submerging
three days after dizappeerance of wster (I,) obviously
due to the least quantity of water consumed in this
treatment, However, the lowest yleld obtained under
this treatment does not permit scheduling irrigation
in this regine,

The interaction shows that I, P, (26th November)
combination gave the highest WL followed by I, Py (10tn
Cecember) and I, P,. Submerging three days after
disappesrance of water (I,) could not give higher Wi
values with earlier plantings done during Octodber 85,

Sxeripegt 2 (SOUTH WEST “ONSOON 1585 and SUMMER 1986)

4.2.1. Growth characlers
4,2.1.1, Hedght of plant (isble 74)

In generel there wes significant increase in
plant height with irrigation and increment in K levels,
A linear incresss in plant haight was noticed due to
N spplication at all steges of growth in both SWkM 85 and
Summer 86 seasons, A progressive increase in helght wes
also noticed with age of the crop. Increase in plant

[
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TABLE T4 MKIGHT OF PLANT (CM), STAGKUISE AKI 3EA90NWI3:
40 DAY
S.W. HONSOOH, 1985

5 i, [
" 72 Moan v, V2 HMenn V‘ ‘4,‘1 Huan
L 35:58 34.13 34.86  34.50 3274 13.62  35.04 35.43 34.24
x 40,55 42,63 41.59  40.89 41.97 413 40.72 42.30 at.5y
LPY 48.52 51.64 5008 44.78 53.04 48.7  46.45 55.3¢ 49.40
LM 52.26 57.60 5433 49.44 56.06 32.75  50.85 56.0% 53,84
Moan 44.23 46,50 45.36 42,30 45.%  a413 43.27 4623
H v ¥ RatIYat® WagvVauw

sEp 037 D.2a 026 G.36 951 o.aa
OD(Pe0.03)  0l31 G35 o8 olar w3 ae oSy OA

SRR, 1M

— S ————
, 1, Monn

v, v, v, Y, e v, v, v, Yy Veaa
" 40.87 43.45 42.03  40.%5 43.45 42.20  40.58 4,32 40.95 40.T1 42.74 41.73
LR 43.52 47.88 45.70 41,98 48.13 45.06 42.60 46.84 44.72  42.70 47.62 45.76
L5 4780 50.21 49,01 43,85 47.24 45.54  44.01 47.63 45.82 45,72 48.36 46.79
Voan 43.98 47.18 45.58 42.26 46.2T a4.27 42039 £5.26 43.87 42,88 46.24

] 1 v Y WetIiathW Rat¥vatw

sep 0,46 0.5 048 0.8 0.63 0.3 O 0.6
CH(Pe0.05)  TI26 32 1008 Ks 1.3 ke b viee

FLOVERING
5.V HONEO, 1965
B 1, Maan
A ¥, Henn A Mean \f T, Hean
Yo AB.81 49.97 49.35  :6.37 26.53 46.45  47.59 a8.23 47.92
", €0.33 63.50 61.92  60.37 61.00 60.68 60,35 62.25 61.30
LY 66,17 77.20 71.68 62,87 72.40 67.63 64,52 74,80 69.66
uy £9.63 86.70 76.24 66,87 76.83 71.70 68,25 81,70 74.98
Hesn 61.24 69.38 6£5.31 59.12 64.12 61.62 60,18 66,75
¥ 1 v IV Wavllatdh NeavVVarn
98D 0.42  Oug4 0.4t 0063 0.63 0.72 0,63 O.72
CD(P=0.0%) 1,040 1,09 1,09 1% 2 1,6t ta2  2.03
SRR, 19686
1, 1, Moaa
LA v, e T, Yy tema A Maan A Yy . Meaa
¥ $3.04 56.99 38.02 39.99 59.13 59.37 $9.01 57.68 58,35 39,35 37.93 38.64
y 65,13 T9.03 T2.08 64,33 74.26 69.33 62.36 69.90 E4.T  4.03 T4.06 §9.03
¥, 69.50 82,24 T3.87 66,37 B1.06 T3.Tz 6413 T5.01 63.62 66.67 T9.T 73.07
Yasn £4.56 72.75 6B.66 63.58 T1.49 67.54 61,90 67.23 6456 63,33 T0.49

w X v LY RatIIath Nat¥ Vsl
0,92 .75 1,30 1,12 1,34 0.88 1,10
2.

387 0.54 .
oDLP=0.953 t.eg 05 1.67 N.B 2.5t 2,89 2,05 3.4

HARVEST
8.W. HONSOON, 1aas

Hean

¥ean v, ¥, e v, v, hmo

64.30 64,05 64,17 60,40 64.37 62.37  62.3% 6410 63.77
x 72.83 T5.83 74.33  66.3) 7454 1203 THAT Th.8 TR
80,57 86,10 By, 34  T9.59 82,60 79,10 78,08 B4.3 8122

¥
Iz 84,50 91.77 §7.89 B2.94 86.62 B84.28 B3.72 B8B.49 86.11
F:ln .56 79,31 T4 68 T2 11 TETT T4 739 7B.04

L] 1 ¥ x¥ et T It N Nev ¥ Vath
0. 0.7% .73 0.7

9KD 0.49 0.30 0.3¢ 0.43% b e
cD(P=0,05) .27 O.74 0.7 .05 '.Zz 1.58 1068 4

SUMMER, 1966

v man A v, Mean \N vy Hoan

¥ v Myan

— e
& r(u a1 T0.80 66,81 T2.B4 HUEM B5.36 TO.MV 67.70  66.43 TI.46 9.4%
71z T4 h . 2

° .9y M2V W07 TAT BP.2Y TR0 73.82 80.% T7.08  74.64 B2.26 T78.43%
) wot 4a.07 HE.44  TB.AR 42,20 $R.38 7661 H6.86 814 73.30 91.05 &5.18
3 T;.’Q u:‘m wg.r T8 AZ.4R TTLIR 0 T9Y 906 TASO 7.6 81.92
o u“ 1 v LV Nt llath Xat¥iaew

. L0 0.7 0.8
—_n 0.a7 0ubb Ouas L M on .76 0.



height due to N application iz well established
(Iruthayarsej and Morachan, 15805 Saelam, 1984
Rapasweny, 1985 snd heddy, 1985). inhanced M uptake
at higher N levels promoted efficient photosynthesis
and faster growth: resulting in increessed plent height,

The main effects of irrigstion, varisty and the
interaction either among themselves or with I were also
present, A reduction in plant height due to decresse in
water ecplication was observed. The reduction in plant
height may be attrihuted to moisture stress in case of
I, at saturation in - 85 and Iy balow saturation
condition in summer 86 seasons, respectively, similar
obeervations are made by 3aha et al, (1974, when irrigation
is scheduled at field capacity. Among the varieties L0 37
produced taller plants than IR 50 and £t was true with I}
spnlicetion slse, Varietal behazviecur to N levelr zight
be an inherent character of varieties (Iruthayeraj, 1975),
For § x irrigation interaction, contirmious submergence
procucad more taller plants with increase in N levels.

&,2,1.2. hagher of tidlara 2er hill

The tiller production at 40 DAT and flowering
stage of the crep wes influenced by the levels of N
applicaticn and varieties in both the seascns (Table 79)
and by irrigation levels in Sumaer 96, A3 ia case of



TABLE 7S, NUMBER OF TILLERS HILL™'

» STAGEWISE AND SEASONWISE

[

40 DAT
S.W.MONSOON, 1985
R 1, Mean
v, Vz Mean v, v2 Mean v, v? Maan
Ng 6.30  5.80 .05 5.0 5.10 5,50 6.10  5.45 5.78
’;1 7.70 7.00  7.35 8,10 7,10 7.60  7.90 7.05 7.48
2 10,20 8.30  9.25 9.50 8.20 8.% 9.85 B.25 9,05
¥y 11.20 10,30 10,75  11.00 10.70 10.8 11.10 10.50 10.80
Hean .55 7.8 835  8.63 T.78 8.2t B.74  7.82
N 1 v LV Nat ITatX NatVVath
SED 016 0.06 0,06 0.09 0.19 0.5 0.19  O.15
CD (P=0.05) 239 N.S 0,15 N.S 0.45 0,31 O.45 0.22
SUMMER, 1986
I‘ 12 L5 Mean
v, "2 Hean vy Y, Mean v, Y, Mean v Y, Hean
L 8,99 8.72 8,8 8,786  B8.13  8.45 8.71  8.67 8.69 8,83 8.5 8.67
Ny 11.50  9.43 10,47  10.36  9.67 10.01 9.96 9.79 9.68 10.61 9.63 10,12
N, 12,34 10096 11,65 12,29 10,13 11,21 10.47 10.41 10.44 11,70 10.50 11,10
Mean 10.94 3.70 10,32 10,48 9.3t 9.89 9.71  9.62 9.67 10.36 9.55
N 1 v IxV NatITaetF NatVVaetk
SED 0.19 0.22 0,18 0,32 0.30 0.33 0.2 0,29
CD (Pe0,05) 0,52 0,50 0.41 0.70 0.7t 0.7 0.62 0.66
FLOWERING
S.W.HONSOON, 1965
I1 12 Maun
vy Vz Mean V1 v, Meaa A '2 Mean
No 9.20 8.2 B.70 9.40 8,80 9.10 9.30 8,50 8.90
N, 12.40  9.50 10,95 12,20 9,80 11,00 12,30 9.65 10,90
5, 15,30 12,00 13.65 13,30 11,80 12,55 14,30 11.90 13,10
H3 14,10 11,80 12.95 14.30 13.10 13,70 14,20 12.45 13.33
Mean 12.75 10.38 11,57 12,30 10.88 11.59 12.53 10.63
N 1 v Ix¥ Nat IIat K KatVVatw
SED 0.1z 0,11 0.1 0,15 0.25 0.29 0,25 0.29
cp (P=0,05) 0.30 N.S 0,26 0,37 0.55 0.861 0,55  0.65
SUMMER, 1986
I, 1, I3 Mean
v, Vv, Mean v, V, Mean Y, Vo Mean Vi Va2 tems
N 10,67 ©.71 9.6  9.68 8.89 9,28 10,04 8,00 9.02 10.13 8.53 9.?3
LB 15,31 10.42 10.87 13,54 9.92 11.73  12.21  9.54 10,88 12.36 9.96 11.16
N 12,08 11.4% 11.74 14,65 10,84 12,74 13.67 10.53 12,30 13.46 10.93 12.20
)’Eln 11,35 10.18 10,77 10.62 9.88 11,25 11.97 9.36 10.67 11.98 9.80
. ¥ I v Ix¥ NatIIatR FatVVath
0,17 0.18
£D 0.13 0,17 0.14 0,24 0,20 0.22
SD (P=0,05) 0.36 0.38 0.3 0.53 0.47 0.49  0.42  0.52

N.S - Not aignifioant



plant height increase in N spplication resulted in
production of more tillers. Rsmssemy (1582) and Sah
end Mikkelsen (1983) report increase in tiller produce
tion due to i application,

Ho gignificant difference was noticed during
Sw¥M 85 whereas at both stages of observation in Summer &6
I, end 12 recorded higher and simil:zr number of tillers
vhereas irrigsting three days after disappesrance of water
(13) produced the least number of tillers per hill,
Mambeni and Lal (1583} are of the opinion thet low tillering

and less leaf area are the adaptations to moisture stress,

The number of emerging tillers fa highest when
water temperature i1z around 31°C both day and night
{#atsushitta et al., 1964), Thus increase in tiller
production under continuous submergence could be attrie-
buted to favourable weter temperaturs, 5Singh et al,
(198:) and Reddy (1985) report higher tiller preduction
under continuous submergence,

The variety IR 50 produced more tillers during doth
the seasons due to its high tillering capacity. Shelk
rawood (1986) reports increase in tiller production for
IR 50 compared tc 1R 20 at higher levels of W

application,



The intersctions between irrigeticon x variety,
E % irrigetion and ¥ x variety are significsnt at one
stage or other in both the seasonz, This Aindicated the
same pattern of higher tiller production at higher levels

of respective innuts,

4.241,3 Lauf area index (LAI) (Teble 76)

Leaf sres index increased at 40 _ AT and flowering
stege following K and water spplication. As the number
of leaves per plant increases, the total photosynthealsing
oree availatle for the plant increases., Leaf photosynthetic
rate was linearly related to leaf M (Yoshida, 1381)., As
¥ level was incressed leef  increased (3alam, 1984) with
corresponding increase in leaf proteina, Thus spplication
of ¥, a nutrient sccelerating vegetative growth had the
most marked effect on LAL by dboth increasing the number
of tillers and size of leaves resulting from increased &
absorptiorn (Murats and Matsushims, 1378),

LAl recorded at 40 Lal and flowering was more
with continuous submergence in 5W¥ 85 season. uring
Sumper 86 it was simtlar to irrigsting one day after
disappearsnce of water at 4C DAT but significsntly
highest at floweri 3. Sharma et al. (197%) obmerve
that as 3011 water declined the average mumber of leaves
per plant ircreassd tut ares per leaf dacreased by almoast

50 per cent,



TABLE 76. LEAF AREA INDEX, STAGEWISE AND SEASONWISE

S.W.MONSOON, 1985

40 DAT
1, Hean
¥4 Vz Mean vy V2 Hean \N v, Mean
L1 2.34  2.46 233 297 2056 23T 2.26  2.50 2.3
LAY 3.23 3,70 3,47 3,10 3,45 3.28 3.17  3.58 .38
Y2 U415 3096 159 1R 371 3.6 3.99  3.83
Ny 407 5.5 4um 390 4.6 427 9% .99 449
Hoan 3.38 391 3,63 3,19 3,62 3.40 1,28 3.77
H I v IxV ¥at I IatN Ket VVagh
SED 0.04 .01 .01 0.02  0.05 0.03 0.05 0.0,
€D (P=0.05) 0.0 0.03 0,03 0.06 D17 0.07 o 1 o.og
SUMMER, 1986
12 L’ Mean
v, V,  Temn v v, Hoan v, ¥,  Mema v V, tean
L1 3.05  3.07  3.06 3.06  3.27  3.16 2.86 3,17 3.02 2,99 317 3.09
N, 3.83 4,30 4,06  3.82  4.06 3,94 339 4,05 372 3.68 414 3.9
L 4,60 5,14 4,87 418 5,27 4,72 4.22 5,04 4.63 4,33 5.5 4,74
Mean 3.83 417 3,99 3,68 4,20 3,94 3.49 4,04 3.79  3.67 438
X ¥ Y Fat IIatN NatVVvatX
SED 0.15  0.07T 0,06 0,10 Q.19 Q.12 0,17 0,11
€D {P=0.05) 0,41 0.1%  0.12 0.12  0.47 0.28 O.44 D12
FLOWERING
8. V. MONSOK, 1985
1 Xa ¥Yoan
v, ‘72 Mean vy ‘2 Mean ¥ APy Hean
LI 4.26  4.B6  4.56 4,20 3.66 3.9 4023 4426 4.8
R, 5.46  5.53  5.50 5.23  4.71 4.97 3.34  5.12  5.23
LP 6.52 6.40 6.46 5.86 S5.65 5.76 6.19  6.0%  6.11
Ny 7,19 T.61 7,40 6,23 T.39 6.8 6.7 7.50 7.1
Hean 5.86 6,10 5.98  5.38 5.35 5.36 5.62 5.73
N 1 v Iz¥ NatIIath NaetVvVaiXN
sED 0.03% 0,04 0,04 0,05 0.06 0.08 0,06 0.08
¢p (Pe0,05) 0,07 0,09 0.09 0.13  C.14 017 G.14  0.23
JUMMER, 1966
1 12 I5 Mean
vy v2 Mean v, A2 Maan v, v2 Hean ¥, ¥ Haan
.30
L 5,23 5.59  S.41 493 5.55 5.2 .88 5,60 5,24  5.01 5.(5: i;g
N, 7.16 9,70 B.43 6,75 B.61  7.€8 6.25 B8.83  7.54 6.72 :. s.
N 7,78 11,30 9.54 7.59 9.53 B.58 6.65 10,13 8.42 T34 10.34 .84
Mf-n 6.73 8.86 7.7 6.42 7.90  7.1B 5.9%  8.21  7.07 6.36 8.32
. N I v IxV NetIIatN ¥atVVatX
.15 0,11 0,12
3ZD o.08 0,11 0.8 0,15 0.3 0O
oD (Pe0.05) Q.22 0.23 019 0,33 03t 0.32  0.27 0.3




All the interactions were found to be significant.
For both warieties higher LAl was recorded with comtinuous
sutmergence than other lasvels of irrigation, The inter-
action between ¥ and irrigstion and N x variety gave the
same trend of results viz,, at higher levels of i and
irrigation the values of leaf erea were significantly
higher with higher levels, Similar results sre reported
by Pillai and Krishnamurthy (1983), The variety CO 37
was superior st higher ¥ and irrigation levels than IR 50,

b4e2.104 s Faxionn root lenzth (Iable 77)

Nitrogen and water applications influenced the
root length, iuring Summer 8 it incressed with increasing
levels of N and under irrigation levels longest roots were
noticed in case cf irrigating three days after disappearance
of water (I,) at 40 L4T., 3ehu and Raut (1969) and Predhan
et al. (1973) mention that the development of root system

was more under water stress ctnditions,

Variety and its interaction with irrigation levels
on root length was alsc observed. The variety CO 37
produced the longest roots individually and in combination
with I5 in Summer 56 than of IR 50 with the same irrigation

level,



TABIE 77. ROOT LENGTH (cH),

STAGEWISE AND SEASONWISE

40 DAT
S5.W. HONZ00N, 1985

L 1, Mean
v, V2 Mean v, v, Mean \D) v, Hoan
N,
"o 20,22 27.34 20.78  20.27 2%.89 21.08 20,24 21.62 20.93
’1 20,12 21.63 20.88 21,28 20.68 20.98 20.70 21.16 20,93
2 19,18 22.45 20.82  19.94 19.97 19.35 19,56 21.2t 20,39
Fy 27041 22.69 22,05 20,56 18.68 19.62 20.99 20,69 20.84
Yean 20.23 22,03 21.13 20,51 20,30 20,41 20,37 21.17
4 I v IV NatIletK Nav VVat®
SED 0.25 0,11 0.m 0.16 0,31 0.25 0
o . . . . W31 0,25
Cp {P=0.05) N3 0.28 0.28  0.33 0,72 0,55 0.72  0.43
SUMMER, 1986
1 Iz 13 Henn
A Vz Mean v, v, Mean v, '2 Mean Y, Y2 Yean
L 16.10 18.63 17.37 15.50 18.80 17.15 15.77 19,20 17.48 15,79 18,88 17,3%
Ny 16,32 19.70 18.01 16410 20.10 18,10 17.50 20.80 19.13 16,63 20,20 18,42
¥, 17.27 20,70 18,98 17.27 20.90 13,08 18,60 22.80 20.70 1T.70 21.47 19,39
Hoan 16,57 19.68 18.13 16,29 19.93 18.11  17.28 20,93 1911 16,79 20,18
N I v IxY Nat ITatW NatVVapl
SED 0,09 0.28 0,23 0.40 0,26 0.38 0,20 0.3
CD (Pe0,05) 0.25 0.63 0,52 N.B 0,57 0.81 N.8 l.a
FLOVERIND
9.W. MORIOMN, 1985
1, I, Mean
v, V2 Mean V1 V2 Mean vy 72 Hean
"y 15.53 16.49 15,91  15.04 16.49 15.T7 15.18 16.49 15.54
LN 17.34 15,90 16.62 13.74 15.24 14,99 15.54 15.57 15.56
¥, 17.47 17.80 17.63  13.39 18.47 15.93  15.43 13,13 16,78
L 17.96 18,53 18,25 1%.82 18,20 16.01 15.89 18.37 17.13
Mean 17,02 17.19 17,10 13.99 17.09 15.55 15.81 17.74
1 v IxV NatIIatN NatVvVath
SED .14 0,08 0,08 0,12 0.20 0.19  0.20 0.13
Cp (P=0.05) 0.34 0.27 020 0,25 0.45 0.42 0.45 0.39
SUMMER, 1986
be 12 I3 Mean
v, V, Mean v, v,  Hesn v v, Hean v, v, Mean
Ny o 17.05 20043 18.73 17.47 19.80 18,63  16.03 13.67 17.85 16.84 13.77 18.41
N 17.80 21,63 19..c 18.63 20.63 19,63 17.90 21,07 19.48 8.1% 21.M 19.61
n‘ 19.27 22.17 20.71  19.20 21.47 20,33 18,73 22.07 20.40 19.07 21.90 20.48
nfa,, 18,05 21.41 19,72 18.43 20.63 19.53 17.56 20.93 19.24 18.01 20.99
M v Ix¥ Nat ITat¥ NatVYVatK
SED 0.10 0,14 0.12  0.20 0.29 0,31 0.22 0.25
D (Pe0.05) 0.28  0.32 26 045 NS N5 NE NS

N.3 - Not signiffoant



[
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Interactions of I with irrigation and variety were
8180 present {n 5WH 85 but N x irrigation alone was sigmie
ficant at 40 UAT in Summer 86, 5light moisture stress
(I, or I3) with increasing levels of ¥ produced longest

roots,

4,241.5. Beot dry welanht (Tekle 78}

Root dry weight increased with successive levels
of K at different growth stages in both the seasons, A
gradual increasse in root dry weight wes notioed with
ege of the crop, A favourahle influence of N on root
4dry weight is reported by Salam (1984),

In ¥t 85 poot dry velght wes similar with continuous
subnergence (11) and irrigating one day after disappearance
of water {I,) st 40 -AT and flowering, whersas, during
Sumgper 85 it was highest with irrigating three days after
disappsarance of water (13). In case of continuous
suhmergenca more branching and serenchymatous tissues might
have developed but death of roots might acocur due to toxiec
substances produced under continuous submergence, Due to
the entry of 02 into the top layer of s0il with disappeerance
of ponded water production of toxic substances might have
reduced, thus resulting in lesser death of roots, Contie
nuous submergence incresses soil temperaturs (Table 2) and
sore death of roots due to variation in temperature regime
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PRI
TABIE 78. ROOT DRY WEIGHT (G) HILL ', STAGEWISE aND SEASONWISE
40 DAT
§.W.MONSOON, 1985
-—
L I Mean
v v
3 2 Mean v, Vz Mean vy 72 Moan
¥o 0.83  0.92 0.88  0.69 0.69 0.65 0.76 0.81 0,78
N', .22 1,26 1,24 1.08 1,04 1,06 .15 1,15 1.1s
N, 1.51 1.59 1,55 1.42 1.4 1.42 a7 .50 1,49
Ny TTE 2a12 1,95 1.se 1,97 .76 e 2.8 1.8
Hean ARS-Z RN IS A tore .28 1,23 126 1038
H : v Z7 ¥at TIat¥ Nat vV Vatw
3ED 0.05 0,08 0,08 0,99 0,12 0,05 C.12
CD (P=0.05) 0.11 N.s %.5 k.S N.S 0.15  0.46
SUMMER, 1966
1, 12 13 Hean
A\
Y Y, Mean v, v, Mean v v, Mean vy \ Hean
Ay 1,31 1,10 1,21 1.15 1.2 1,18 1,23 1,03 1.13 .23 a2 a7
N, 1.36 0 1,13 1.24 1.34  1.51 1.43 1.49 1.40 1,45 1.40 1,35 1,37
LY 1.63  1.26 1.a5 1.44  1.59  t.51 1.72 1.59  1.66 1.59 1.48 1,54
Mean 1443 1,16 1,30 i1 1.44  1.37 1,48 134 1.4 1.4 L3
¥ I v kv NatIIlatN NatvVVat¥
SED 0.04 0.05 0.08 0,08 0.06 0,07 0.05 0.06
CD (P=0,05) 0.11 N.3 N.S 0.17 0.14 0,16 ¥W.S' N.§
PLOWERING
9.¥. MONSOOR, 1965
1, 12 Hean
A v, Mean v v, |TYesn \S Y, Mean
L 0.94 1,13 1,03 0,76 0,80 0,78 0.8 0,97 0,92
Ny 1,46 1.33 1,40 1,09 115 1,12 1,28 1,24 1,26
¥, 157 1.55  1.56 1.59  1.76  1.65 1.58 1,66 1.6t
¥y 1.97 2.00 1.99  1.84 1.98 1.91 191 1.99 1.9
Mean 1,49 .50  1.50 1,32 1.42 1037 1.4t 1,46
N 1 v Ix¥ Nat ITat¥ Net 7 Vaeth
SED 0,05 0.05 0.05 0.08 0,07 0.08 0.07  0.08
CD (P«0.05) 0.15 N.§ N.S N.8 0.16 0.18  N.5 F.S
SUMMER, 1986
I ) L tosa
v, Vv, tean v, v, ‘tean vy ¥V, Mean ¥ ¥, Memn
Ky 1.34 0,93 1,14 1,18 1,12 1,75 j.24  1.16 1,20 1,25 1,07 1,16
W, 1,50 1,08 1.29  1.33  1.60 V.47 1.59 V.1 1,50 14T 137 1.42
" 1.7r 1.32 152 1.60 1.76 1.68  1.91 1.88  1.89  1.74 1.6 1.70
»
Moan 1.52 0 1,11 1.3 1.37 V.49 1.43 1.58  1.48  1.53 1.49  1.36
N 1 v Ix¥ NatTIatN NatVVath
0,06 0.11
arD . 0.07 0,10 0,08 0.15 0.09 0.13 -
o (P=0.05) 0.06 N.S N.9 ¥.8 N.s N.S N.S N.S

K.S ~ Not aignificant



froe 27 « 15°C to 37 = 25°C 1s reported by Kar et al,
(197¢). Katare and Upsdhyay (1581) report more root

dry weizht under irrigation st fiald capacity than at
continuous subtemergence. Iyrigation x N interaction was
present at 40 SAT in Summer 85 end at flowering in

59 85 seasong, Irrigating three days after disappearance
of water (15) rocorded more root dry weight with N appli-
cation during Summer 86 whereas continuouz submergence

recorded more root dry weight with i application,in SWF 85,

4,2,%.6, Zry matiur prosuction (Tadle 79)

Dry matter creduction (I#FP) increased with
enhancement in levels of ¥ and higher irrigation water
application at 40 AT end fleowerinz in both the seasons,
The higher the doses of X or water, the higher was the
D47, Mitrogen, at the highest dose of 225 kg ha™ |
sroduced 4435 and 5.52 t ha”' of dry matter et 40 LAT
and flowering during ¥ 33 end at 15C kg ha”' produced
4,93 and 7,70 t ha”! at 4G AT an2 flowering during
sumper 86, respectively., Tiller production also followed
the sane trend, According to Tanaka (1965) the pumber
of leaves in rice bveing wore or lesz fixed, it zhould bde
mainly through an increase in tiller production per unit
area tfnt L#P eoulu be increased and the reported trend

is in line with this concluaion,
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BLE 79. DY MATTER PRODUCTION (KG HA™'), STAGEWISE AND SEASONWISE
S.W.MONSOON, 1985
40 DAT
v 11 12 Mean
f v, Hean \A v, Mean ¥, v, Hean
:o 1158 1494 1326 964 1061 1013 1061 1278 1169
1 2733 2778 2756 2839 2031 2135 2486 2404 2445
2 37e2 "9"‘ 48 3261 4231 3746 3502 4582 4042
.vs 4900 5075 5438 3810 567 4485 4355 5618 4986
toan 333820 3477 2719 3120 2845 2851 34T
N 1 v Tx¥ WatIXIatN NatVVatw
SED 141,06 59,06 59.06 6%.53 192.51 170.97 191,51 170.97
CD (P=0.05) 345.18 144,52 144.52 204,35 N.S K.S  440.23 299.97
SUMMER, 1986
1, 1, I Mean
v, V2 Mean v, 72 Mean v, v, Mean v, v, Mean
Ng 3967 4083 4025 3828 3422 3625 3434 2594 3044 3763 3367 3865
LN 4333 5006 4669 4317 4400 4359 3872 3672 3TT2 4174 4359 4267
N, 5178 5800 5489 4511 5206 4856 4111 4TS5 4433 4600 5254 4927
Hean 4492 4963 AT28 4219 4343 4289 3826 3674 3749 4Y79 4327
] I v IxV Nat I1atN NatVVatN
87.19 T71.18 123,29 179 65 131 15 165.76 107.08
cb (P=0.05) 415 os 194.24 N.3 274.69 L 440,18 122,60
W. MONSOON, 1985
PIOWERING
11 12 Hean
vy ¥, Mean ¥, Y2 Mean Yy A Mean
¥, 3383 3056 5220 3087 2728 2908 3236 2892 3064
L 5306 5911 5608 5178 4578 4878 5242 5245 5243
2 67T 6965 7266 7179 6661 6920  TIT2 6813 7093
Wy 11405 10227 10817 9000 8895 8947 10203 9561 9882
Mean 6915 6540 6727 6111 ST15 5913 6513 6128
N I v IxV Nat IIat® NatVvatX
SED 158.59 106.48 106,48 180,53 191.46 165, % 191,46 168,96
cD(P=0.05) 380,31 260.56 260.56 368,49 447.76 378.21 447.76 362,31
SUMMER, 1986
1 12 1.5 Hean
v, 1 v, Mean v, v, Hean v, Vv, Yean v, v, Hean
N 6472 6672 6572 4744 5500 5122 4205  4BB9 4547 5141 3687 5414
Ny 7278 7778 7528 6194 6711 6453 5383 5850 5617 6285 6780 €532
N 9200 0267  BT34 7950 7188 7569 6994 6711 6802 8015 7383 7700
nfm 7650 71572 7611 6296 6467 6A6T 5494 5817 5656 6480 6619
N I v IxV Nat IJathN NatVVatlh

85.0% 151,97 124.09

CD (P=0,05) 235.03 338,60

3,

N.S

214.92 158, 32 202.47

N.§

127,20 165.32
N.S5

304.55 584.18

¥.5 - Not signifioant

[



Variety could exert influence on [HP only during
5w B85, The variety CO 37 produced highest DMP than
IR 5C at flowering, Combined effect of irrigetion levels
with varieties was seen only during esrly steges of crop
growth, Interaction of ¥ x variety was foumd to ocour both
Aurding 40 AT and flowering in SWit 85 and Summer 56 seasons,
Dry matter production was highest for CO 37 with higher
levels of N applicetion than that of IR 50,

4.2.2. YAeld and vield attrilutes
Jata on numder of panicles per '2' length of panicle,

panicle welpht, number of filled grains per panicle, percente
age sterility, 1000 grain weight, grain and strev yleld
recorded are presented and discussed in this section,

4e2.2.1. Paniclfa per z° (iable 80)
Nitrogen fertilization incressed panicle nmumber

with increasing levels of N, Application of X et 150 kg
ne™' produced the highest panicle number of 409 and 422
in 5wk 85 end Summer 86 which are higher than in lower
lovels of N, Increased panicle number at enhanced levels
of N 1s observed by Mani (1979) snd Pillai and De (1980a),

A significant influence with irrigation levels wae
noticed only in Sunser 86 season, Continuous subdbmergence
produced the highest number of panicle per w? (377)



TABLE 80, NUMBER OF PANICIES M 2, SEASONWISE
S.W.MONSOON, 1965

v ? 12 Mean
B v
J p  Mean A8 v,  Meen \8 V,  ¥ean
:o 222 209 216 226 205 216 224 207 216
. a0 360 381 33 335 384 “T 348 38
it 434 38 4t 125 382 407 29 89 409
“3 396 B2 74 382 338 360 289 345 367
Mean 363 328 346 367 317 42 365 322
-4 I v VY Nat ITIatH NatV VatX
SED 2.09  2.50 2,50  3.53 4.63 5.6¢  4.63 5.5
= . . . . - 64
CD (P=0.05) 5.10 N5 6.30 8.64 F.S WS 10,05 14.02
SUMMER, 1986
1 I I
1 2 53 Mean
V4 V2 Mean v, V2 Mean A Vz Mean A Y, Vean
L 297 286 292 291 281 286 282 219 et 290 282 286
LA 403 384 394 392 380 386 387 376 362 394 380 387
8, 461 429 445 435 413 424 400 394 397 432 412 422
Mean 387 366 377 373 358 36 356 350 353 372 358
N 1 v LV NatIlet¥ WatVVatKk
SED 3.70  4.31 3,52 6,10 7,64 7.96 6,00 6.59
oD (P=0,05) 10.26 9,61 7.8 13.59 N.3  N.S 14.09 14,99
TABLE 81. LENGTH OF PANICLE (CM), SEASONWISE
) §.W.MOKS0QN, 1985 .
1, 1, Mean
A A Yean vy AP Hean vy vz 4\5.-
LA 17.0% 16,00 16.52 15,97 15.33 15.65 16.50 15,87 16,08
Ny 17.27 16.83 17.05 16,53 16,77 16.65 16,90 16,80 36.85
X, 17.60 17.C3 17.32 17,10 17.23 17.17 17.35 17.13 17.24
¥y 17.94 17.40 17.67 17,67 17.53 17.60 17.81 17.47 17.64
Meaa 17046 16,82 17.15  16.82 16,72 16.77 17.14 16.77
N 1 v IxV NatIlat® NatVVath
SED 0.07  0.06 0.06 0,08 0,11 0,1 0,11 0.1
cp (P=0.05) 0.17 0.4 O.1&4 0,20 0.24 0.25 0,24 0.27
SUMMER, 1986
Ix 12 L, Mean
v, v, Heen v, v, Meao v, ¥, Mean v, v, Mean
LAY 16,44 18,37 114,91 1,46 18,43 18.44 18.44 17.64 18,04 18,77 168,14 18.46
N, 19.76 19.70 16.73  19.34 19,12 13,23 2034 19.74 19,65 19.75 19.32 15,53
Ny 21.19 20.9% 21.06 20,33 19.52 19,92 20,18 20.29 20.24 20,57 20.25 20.43
Mean 20.1% 19.66 19.90 19,38 19,02 19.20 19.59 19.02 19,31 19.70 19.24
N 1 v v NaetIlatN NatVvVvar¥
. .20 0,20
S0 Q.14 0.13 0.10 0.18 0.2% 0.24 0.2
CD (Fa0.05) 06,38 0.20 0,23 0.57 0.51  N.§ N.8 N8
N.5 - Not signifiocant



followed by I2 and 13 levels of irrigation. The lower
rmber of panicles in the molsture stress treatments
might be due to cyclic drying of top 10=15 cm soil where
nore roots wers concentreted, Ihe roots produced by
tillers encountered mofst're atress and resulted in lower
nutrient uptake (lables Gie, b and c). I[hus most of the
late formed tillers might have died, In addition cormpe-
tition of weeds with growing tillers for water and other
nutrients under 12 and 13 treataents might slso result in
reduction of panicles per m°, Sah and Mikkelsen (1983)
observe similar reduction in psnicles ner ma dus to moisture

atress,

Among the varieties 15 50 produced more number of
panicles, It recorded 13.0 and 4,C per cent more number
of panicles than CO 37 during S¥4 85 and Summer 86, res-
pectively, Though CO 37 was taller and produced more LAl
than IR 50, due to the mutunl shading of leaves it could
not utilise the inputs aveilable effectively in transforming
to more economic produce.

The interactions of variety with 4 and irrigstion
are significent in doth the seasons, IR 50 produced more
penicles per r? at all irrigations and ¥ levels tried
coxpared to CO 37,

4,2.2,2. langth of panicle (Teble 81)
The panicle length was increased sipgnificantly with

enhancement in N levels and quantity of irrigstion water



applied. This might be due to increased rate of photo-
synthate formation and tranelocation, Increased panicle
length due to H application is reported by Kelysnikutty
(1970), Shetk Lawood (1986) and many other werkers,

Continucus submergence was found necessary to
produce lengthy panicles in both the ssasons., Panicles
were lengthy in Jummer 85 than in . w4 85, Among the
varieties, IR 50 produced panicles with more length than
CO 37 in both the seasomna. Interaction of variety with
irrigation and K are significant during 3+ 85 whereas
% = irrigation alone is significant in Summer 25, Higher
doge of any one factor with another factor gave rise to
lengthier panicles.

4.2,2.3. ¥phait of panicle (Tedble 82)

Panicle weight increased due to N application,
Nitrogen at the highest dose produced panicles with a
mean weight of 1,50 and 1.82 g wvhile control recorded
1.15 and 1,46 g in 3WH4 BS end Sumsmer 86, respectively,
Increase in panicle weight due to N application is
reported by iresdharsn and Vamadeven (1981),

i ffects due to levels of irrigation, variety and
frrigation x variety and § x veriety interactions were
found during Summer 86, Jontinuous subdergence recorded

138
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TABIE 82, WRIGHT OF PANIGLE (G), SFEASONWISE
S.W.MONSOON, 1985
I I, Mean
v Y, He
1 2 an v V2 Mean v, v, ‘tems
:0 T.181.09 1,44 1,08 .24 1,16 1,13 1,17 118
4 1.27 1,23 1,25 1.4 1,35 1,28 1,21 1.29 1,25
¥, 1.25 V.41 1.8 1.32 1,50 1.4 1.34 1.46 1.40
¥y To46 154 1.50 1,45 1.54 1.42 1,46 1.54 1.50
Hean .32 132 1,32 1,25 1.4t 1,33 1.28 1.36
X 1 v IxV ®at I Iat¥ Nat¥ vatd
5TD 0.02 0.%5 0.05 0,07 0.03 0.06 O 0.0
€D (P=0.05) 0.04 X.5  K.3 K.5 N.8 K.8 u'.gj “:Ss
SUMMER, 1986
I 1, L, Foan
v v
: p Memn v, v, Mean v, Y, Hean Yy Y, b
Ny 1.35 1.67 1,51 1,47 1.47 144 1,31 1,57 .44 1436 1.57 1.46
K, 1,72 1.80 1,76 1.61 1,80 1,70 1.48 1.73 1,60  1.60 1.78 1.69
LS 194 1.97 1.9 1,67 1.88 1,78 1.58 1,90 1,74 .73 1,92 1,82
Mamn V.67 1.81 1,74 1.56 172 1.64 1.46 1.73 1,59 156 4.7
N I ¥ IxV Fat I TatN NatV VatW
SED 0.02 0.02 0,02 0.0% 0,04 0.04 0,03 0,03
eD (P+0,05) 0.06 0.05 0.04 0.06 0,09 0,071 N.8 N.S
TABIE B3, THOUSAND @RAIN WEIGHT (@), SEASONWISE
5.W.HONSOON, 1985
I1 I2 Hean
\ v, Hean v \ Hean vy '2 Hean
Ny 20,08 21,16 20.62 20,08 21.88 20.83 20,08 21.37 20.T3
LA 20,99 21.79 21,39  20.4% 22,37 21,39  20.70 22,08 21.39
L 21.36 22.51 21.93 20,93 22.96 21.95 21.14 22.73 21.94
L 21,59 23.29 22.44 21,69 23.67 22.68  21.54 23.48 22,56
Mean 21,00 22.19 21.60 20,78 22,65 21.71  20.83 22.42
¥ 1 v IxV Fat 1 JatK NatV VetV
SED 0,17 0.20 0,20 0,20 0.21 a,26 0,21 0.26
Cp (P=0.05) 0.40 N.5 N.S N.§ N.S N.3 N.S N.S
SUMMER, 1986
1, 1, I Hyan
v1 v2 Maan V1 VZ Hean Vf1 V2 Mean V1 V2 Hean
T T ot 21,46 20,94 20.24 21,57 20,91 19.86 21.07 20,47 20,77 21.37 20.77
n? 21.75 21.49 21.82 21,59 22,11 21,85  21.55 22,31 21.93 21,63 22.71 21.87
L 20.%4 2%.44 22.89 22,03 23.78 22,91 21.75 P3.%s 22.55  22.04 23.52 22.78
Moan 21.50 22.27 2 .89 21,29 22.49 21,89 21.05 22.24 21.85 21.28 22.33%
¥ 1 v Ixv Natl IatN RatV Vath
. 0.36 0,10 0,29
SED 0,08 0,29 0,24 O.41 0O.22 Y
CD (Pa0.05) o.22 N.8 0,53 N.S N.S N.S N.5 N.5

N¥,5 - Noi egignifiocsnt



Jun

heavier panicles (1.74 g) than in the other two irrigation
levels vhich were compsreble, The increase in panicle
welzht to water depth increase is reported by Celke (1963)
and thetk Tawood (1986), Higher level of irrigetion and N
have fevourably influenced symthate accumiletion in the
grains vhich might have increesed the panicle weight.

This 1s in conformity with the observations of Place et al.
(197¢).

4.2,2.4, Inousand erain welght

The data on 1000 grain waight (Ilable 83) ahow that
§ and variety in both the seasons and irrigation x variety
interaction in Summer 56 could influamce this yield attribute.
Highest test velght of 22,56 g was obtained by N at the
higheast dose compared to 20,73 g of control in uiwi 85,
In Jummer 86 the figures were 22,78 and 20,77 g, respectively,

fnhanced application of N record highest values
fer both panircle weight and 1000 grain weizht, This could
be explainad on the basis of favourabdle uffect of N applle
cation {n optimum quantities and at the correct time for
influencing the "sink capacity”, the formation of the
*yield contenis" end its effective transformation towerds
grain, vhen once tr: fertilization 4a over snd the accepting
cepacity 13 achieved. Sadayeppen (1962) and Nareshkumar
and S5ingh (1983) report such increase in test weight with



increase in N fertilization, Urains are heavier with
the variety CO 37 then with Ik 50,

ke2.2.5. Humber of £illed zraina per panicle (ladle 84)
The mumber 6f filled grains per panicle increased

following N spplication, %ada (1969) finds that the final
number of grains usually 15 closely related to the asount
of total X absorbed upto the flowering stage of the crop,
Vifferentiation of spikelets was strongly supported dy N
supply and their degeneration wes effectively prevented by
carbohydrate supply through incressed photosynthesis that
wae favourably influenced bdy I,

iHtferent lovels of irrigation alsc influenced
nunber of filled srains, Moisture stress due to lower
levels o irrigaticn substantially reduced this yield
attritite, Filled graim number indicstes the natural
cepacity of the sink to receive snd store the source of the
photosynthates supplied from the assimilatory surdace of
the plants which was fevourably influenced dy K and
irrication, Fageria (1982) and ieddy (1985) observe
decresse in number of filled graina due to moisture
stress at reproductive stage of the crop.

2imiler to 00D grain weight, the veariety CO 37
has given more number of filled grains ther IR 50, The



TARLE 84. KNUMEER OF

FILLED GRAINS PANICLE |, SEASONWISE
S.W.MONSOON, 1965

1 I Mean
AR v, ean v, 2 ¥, Vean v, v, temn
:o 53.78 55.04 54.41  ¢7.38 50.51 48.92 50.58 52.78 S1.68
Nw 55.24 55.46 55.35 48.81 52.04 50,43 52,03 53.75 52.89
Ng 57.61 58.43 58.02  53.82 54.42 54.12 55,71 56.43 56.07
3 5910 6313 61.77  55.65 61.13 58.39 57.38 62.13 59.78
Haan 56-43 58.02 57.22  53.41 $4.53 $1.97 53,02 $6.27
I v xV Fat Iilat¥ %atVvVath
SED 0.30  0.27 0.27 Q.38 0.42 0,45 0.42  O.
CD (P=0.05) 0.75 0.€5 0.66  0.53 0.96 0.95 0.6 133
SUMMER, 1986
L i, 13 Hean
v
4 VZ Mean V1 V2 Mean \71 Vz Hean 11 '2 Mesn
Lo 63.27 T4.40 68.83 56,80 66.47 61.64 53.10 56,60 S4.8 ST.T3 €5.82 61,77
L 77.60 79,10 7B.35 65.43 T1.33 68.38 60.94 62,57 61.76 67.99 T1.10 69.50
N, 82.23 985.40 B3.87 68.50 77.23 72.87 67.13 T1.50 69,32 72,66 78.04 T5.3%
Moan T4.40 79.63 77.02  63.58 71,68 67.63 60,39 63.56 61.98 66,13 71,63
N 1 v IxV Nat IIetN NatVVath
SED 0.6 C.9¢ 0.77 1,33 1,06 1,23 0,87 1.05
¢p (P=0,05) 1,69 2.10 1.72 2,97 N.s ¥.3 2.1 3,31
TABIR 85, PERCENTAGE OF STERILITY, SEASONWISE
8.W.MONSOON, 1985
I, Iz *oan
A} '2 Hean A} Y, Mean A A Hean
L 18,73 19,13 18.93 20,20 18.33 19.27 19.47 1B8.T3 19.10
LA 17.30 16,67 16.98 18.53 15.83 17.18 17.92 16.25 17.08
L 14.4% 14,53 14,48 15,60 14.10 14.85 15.02 14.32 14.67
N5 14,14 14,47 1431 15.23 16,71 15.97 14.69 15.59 15.14
Mean 16,15 16,20 16,18 17,39 16,24 16,82 16.78 16.22
N I v Ix¥ NetIlatN NatVVath
SED 0.417 0,80 0.80 1.14 0,57 90.94  0.57 0.9%
¢p (P=0.05) 0,99 N.8 N.§ N.38 N.5 §.8 N.S ¥.8
SUMMER, 1986
11 12 I} Hean
v, V2 Mean \!.| \!2 Mean v, vz Mean A Vz Mean
N 17.63 14,27 15.95 17.40 18,53 17.97 20,90 21.77 21.33 18.64 18.19 16.42
,0 13.23 12,53 12.88 15,47 15.20 15.33  19.33 18.23 18.78 16.01 15.32 15.67
‘11 13,59 12.27 12,90 .81 14.02 13,92 16.0% 15,83 15.93 14,81 14,02 14.42
lea.n 14.82 13,00 13,91 15,89 15.92 15.74 18.75 18.61 18.66 16.43 15.84
] I v kv Nat IletN Rat VVetH
0. 0. 0,60 1,04 0.68 0.90 0.57 0.7
g?(?-o.os) 1.33 1.3 N.3 2.31 1,62 1.96 .43 2.79

e

N.§ - Not slgnifioant
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interaction between N and variety was pronounced with
the differont varieties at higher levels of I,

4.2.2.6. Fercentage of steriidty (Tedle B5)

kitrogen slone influenced this character in 5¥n
vhereas N and irrigation levels effected percentage
sterility during Summer, <nhanced application of K
resulted in reduction of sterility compared to no K,
Yoshida and Ahn (1968) and veda (1970) reaslise the
importance of a high rate of DMP gfter flowering as it
15 directly refiected in the development of more plumpy
grains and in the ultimate grain ylald of rice.

Percentagze sterility reococrded under continuous
subpergence was lowest compared to other two irrigation
levels in Summer 86, Grsins are foreed and dsvelopsd
during the period between panicle initistion to booting,
Moisture stress at this stage due to irrigating one and
three days after disappesrance cof water in 12 and I, uight
have reduced the numder of filled grains., Aspinall et al,
(1964) are of the opinion that the organ which was growing
most rapidly during the noisture stress would be mostly
affected, Subramanisn (1976) and Ramusemy (1985) report
thet irrigation to submergence shenever the soil reaches
field capacity or two to four days stress between firri-
gation throughout the crop growth increased the sterility



20 .

percentage ms compered to that of continuous or cyclic
subzergence,

Interactionz of N with irrigation and variety were
simmificant, Contimious submergence was found necessary
to reduce the sterility percentage at all levels of ¥
tried,

Le242,7. Srain vield (Table 86;

Grein yleld was influenced by K and variety during
=¥ 854 All the main effects and the interactions exerted
influence on grais yleld during Susmmer 86, Grsin yield
incressed with N epplication upto 15C kg ha~' beyond which
a decline was seen in ¥l 85,

The favourable effect of applied N on growth end
root production resulted in grester uptake of mutrienta
which again increased the nusmber of panicles, grain per
panicle as well as test weignt, The cumuletive effect on
the growth and yield components with spplied K has reflected

on the grain yield (Fig.18),

The data further indicate thet the increase in
grain yield during SWK 85 from G €0 75 k¢ K he™' was 101,0
per cent, from 75 to 150 kg N ha”' it was only 15.5 per cent

mmmwomzzskgm"-mmnors.omem
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in yield wes noticed. In Summer 86 the yleld increase
from O to 75 kg N rta""I wvas 70,C per cent and from 75
to 150 kg ¥ ha™' was 19,8 per cent,

The fmvourable effect of ¥ application is in
conformity with the findings of ‘urata (1569) who has
1listed the beneficlal effect of X to (1) expansion of
leef area, (2) increase in N content of leaves and
{3) increased "sink capacity" to accommodate greater
amounts of photosynthates or "yield contents®, All theese
factors appear to have been operative uptc a level of
150 kg & ha"! beyond which the expansion of leaf ares
caused mutual shading of leeves resulting in decreased
yleld at the highest level of N tried in swiz 88,

At low levels of N supply "sink capacity® 4s a
limiting factor in determining the yield, However, with
an adeguate supply of W it {s not difficult to inorease
the size of the "yieldecontainer”, Normally at such
higher rete of ¥ application, expansion of leaf area may
have a dominant role; as the excessive vegetative growth
and leaf area development might result in decreased grain
yields due to prohlems of mutual shading or uptake of
axcess ammonis 4ist .rbing the balance dbetween carbohydrate
and protein metabolism (Pillal and De, 1979).



In 5wt 85 the irrigation of cubmerging the
field one day sfter disappearance of ponded water was
equally effective as continuous submergence in getting
good rice ylelds (Fig.18),

Contimuouz submergence with 5 cm consused a total
quantity of 1580 mo of water (iable 87) to produce a grein
yield of 4,26 t ha"' compared to 1012 mm in the other
trrization treatoent wnich recorded the yleld of 4.20 t ha™ ',
Thue 2 saving of about 36.3 per cent of water could be
effected by scheduling irrigetion at one day after dissppear-
ance 0f panded watar under Coimbatore conditions during
S¥H 85, fimilar resmilts are reported by Rangaswamy et al.
(1984) and ShMdk Dawood (1986),

However, during Summer 86, highest grain yield was
obtained with continuous submergence t0 5 ca followed by
irrigating one dey after disappearance of water and the
least by scheduling irrigation three daya after disappesrance
of water, The data indicate that continuous submergence
recorded 5.5 and 11,1 per cent more grein yield than the
other two irrigation levels. FPlant weter deficits may be
coused either dy exscessive transpiration, by alov absorp-
tion of weter, or by the combinetion of both, water
deficite are more severe in upper leaves receiving high
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soler radietion snd wind during Summer then in lower
leaves, Ihe transpiration loss of a rice population

ic at & maximum during the period fros booting to

heading stage when the LAI 1s the highest. i(uring this
period rice leaves are liable to suffer water deficit,

The photosynthesis of rice leaves at booting stage was
closely correlated with leaf water content (Murata, 1961),
Thie showed that continuous submergence wes essential for
gettin; higher yleld under the sgro-climetic conditions
prevelling during the Surmer seeson in this zome where
the rainfell is very low, saridity of the atmosphere as
indicated by the atmoapheric eveporative demends (Table 1)
are higher snd the perceletion losses from the solil aasumes
e greater maznitude (Sivenmppan and Saifudeen, 1976),

Shallow submergence of 5 cm standing water seems
t0 be idesl for the varieties tested under the conditions
of these experimentation during Summer 86 season, Similar
finddnge are reportsd by Sharme and De {197%), Roychsudhury
et n). (1983), fSeady and Hussein (1963) and Prassd amt
Sharme (1984,, The incregsed rute of growth and DMP where
the transpirationsl trsnafer of weter weas more, wvas also
due to the increased rate of mutrient uptake that takes
place a8 & result of zass transfer of ions through the
transpirational system, The smgmentetive effeat of
irrigation and N on growth charecters and yleld companents



resulted in greater uptake of nutrients which has
culminated in increased yields. Similar results are
reported by Furushothaman and Morachen (1974), Singh
et el, (1983) and iingh and Xumar (1963),

Draining snd reflooding the s0il as was done in
the case of 12 and 13 resulted in marked decrease in N
upteke, spparently due to the lower ¥ supply avalleble
to the crop as a result of possible denitrification
looses of ¥ as reported by Patrick and iishapatre (1968)
and this zmight have been one of the major recsmns ror a
lower growth rate, development of yield components and in
&8 lower grein yield of rice,

IR 50 out yielded CO 37 by 5.3 and S.4 per cent
during SW¥ BS and Summer 36 asasons, respectively., Thias
is attributable to higher production of paniclee per unit
area sventhough its greinz were lighter then CO 37, This
12 in sccordance with the observations of uthukrishnan
et al. (1583) who repert that IR 50 had given comparwble
yield with CO 37 veriety in Periyar-Vaigeli project ares.
The IR %0 veriety ylelded well in both kharif snd hore
seasons in Chinsursh region (Sinha and Biswas, 1985),

The Summer 85 season grain ylela at the
optimn irrigation and K levels (continuous submergence
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and 150 kg ha"') for botn the varieties was higher

then 3¥M 85, the increase being 6.2 per camt, The

low temperature prevailed and low solar radiation
received during reproductive period in Swk 85 might

have retarded the growth as well as tiller productivity
end ultimately the DMP and graln yleld. Moreover the
total leaf area particulerly during the flowering phase
of rice 13 a factor generslly correlated to grain
production as it affects the smount of photosynthates
available to panicle., It is known that 75 to 80 per
cent of carbohydrates in zrain are directly correlated
with photosynthates accumilation at flowering phase of
rice (Yoshids and Ahn, 19658 end Yoshids, 1981). The

LAl was low during SW¥¥ 85 compared to Summer 85,
Interactions of {rrization with variety and N as well

as variety with N were observed on grain yield during
Sugmey 86, At all levels of N, I.1 yielded higher compared
to 12 which in turn was superior $o severe moisture stress
of 1-5. 5imilarly at all levels of irrigation, ¥ applied
at 150 kg ha"' performed better then the lower level of
75 kg ha~' and no N applicetion, GOrain yield obtsined
with N application at 75 kg ha”! was also higher then
with no § epplicstion, Subbish et el. (1579), Singh

et al, (1983 and Prihar (1985) report aimilar results.
The variety IR 50 performed better than CO 37 at all

levels of K applied.



The variety IR 50 performs well under all
irrigetion levels when ¥ was not applied. vhen N was
applied at 75 kg he™' the performence of IR 50 was
better with moisture streas situations, At high level
of N application (150 kg ha”') IR 50 performed better
under severe stresa situation, In all other situations
the yleld IR 50 was comparable with CO 37, This evidently
shows the superiority of IR 50 over CC 37 especially under
conditions of moisture stress,

During Summer, 856 continuous submergence required
1608 mm of water while irrigations done et one end three
days after disappearance of water, only $73 and 847
of water, respectively (lable 87). Ihe corresponding
yield for the three irrigation levels were h,44, 4,20 and
3.96 t ha”', vith yield reauction under I, and I, being
566 and 11.1 per cent, Thus 39.5 per cent of water could
be saved if irrigations are done to recoup subsergence
of 5 co ane day efter disappsarance of ponded water with
grain yleld reduction of only 5.6 per cemt,

When water 1is e limiting factor it is desirable
to get better benefit through scheduling frrigation of
recouping submergente one day after disappearance of
water than centinuous submergence,
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he2:3. Straw vigld (Teble 88)

The response to N was positive upto the highest
level tried viz., 225 kg ha"' gs compared to the grain
vield which tended to decline after 150 kg ha"' level
of ¥ application. Thus the bemeficial effect of growth
due to N application i3 realised only in straw yleld at
the expense of zrain yield. Increased straw yield due to
enhenced § application is reported by Sharma and De (1976),
Fillai and De (1980a) snd Somssundaram (1981), 3traw yleld
reccrded waz the highest with continuous subumergence in
both the seasons, The sirew yield with the variety IR 5C
was higher than that of CO 37,

42,4, ¥ater use efficlency = grain WUE (Teble 89)

The WUE improves with applied N, It was highest
with the applicetion of N at 150 kg ha~' in both the
seasons, It was 4,12 and 5,17 kg/om for SeM 95 and
Summer 55, respectively, lHighest Ut was noticed xith
submerging the field one day efter disappearance of ponded
water in SWM 85,

In sumner 86 as well the WUE was higher with
moisture stresa, the efficiency being 2,79, 4,31 end 4.69
kg/=m, respectivel”, for the three irrigation levels,
Eventhough WUL was highest with 15 level of irrigation



TABLE 80. STRAW YIELD (Xo HA™'), sEasowwss
S.\'(‘I-K'.‘!-JOO"I, 19%
It I, Moan
Yy AP Yoan Yy v, Henn v, v, Mean
¥o 2478 2335 2408 2459 2377 24)m ze6d 2358 2414
L 9355 5016 5186 4947 4SS5 4751 5151 4789 4970
o 5813 5500 5661 5430 5360 5590 5602 5430 5506
Ny 6170 5693 6032 5513 Se51  Ssar RAad 5772 sg0n
Mean 4954 4683 482 45R8 gaF 4576 et 4587
K I v Ixv Yat I Tas® VatvVv Vatw
SED, 7.7 53.80 53.80 76,09 81.AT 83,02  m1.87 83,0
CD (P=0.05) 141.62 131.65 137.65 166,18 186,16 196.27 196,16 232:3;
1986
1, 1, I Mean
v, v, |ean v, v,  Mean v, v,  tean v, v, ean
Ng 3192 2746 2969 2942 2544 2743 2762 2aT3 2618 2965 2588 27176
N, 5415 5464 5440 4755 4511 46%3 4470 4427 4448 4880 4800 4841
¥, 679z 6654 6724 6113 5733 5923 5432 5484 5488 6132 5957 6045
Hoan 5133 4955 5044 4603 4263 4433 4247 4128 4185 4659 4448
N 1 v v Nat I IatN NtV VatN
SED 35.78 54.82 78,69 77.52 88,75 97.98 67,66 80,00
CP (P=0.05)  99.34 122,73 175,32 172,72 195.63 209.76 154.21 207.76
TABLE 89. WATRR USE EFFICIENCY (KG/MM), SEASONWISE
5.W.MONI00N, 1985
I, 1, Moan
vy A\ Mean v, Yy Mean A\ v, Mean
", 1.56 1,38 1.4T  2.43  2.42  2.43 2,00 .30 1.5
L3 3.04 2.72 2.88 4.38  4.56  4.47 3.7 3.64 3.68
N, 31,35 3,18 3,26 4.46  5.48 4,97 3.9 433 4012
Ny 3,14 3,01 3.08  4.52 4.63 4.58 3.83 3.82 3,83
Mean 2,77 2,57 267  3.95  4.27 411 3.36 0 3.42
K 1 v IxV Natl IatN NatV VetN
3£D 0.1 0.12  0.12 Q.17 0,20 0.22 0.20 0.2
B a0.05) o3 o026 mis 0.42 045 0.45  O.a5 055
SUMMER, 1986
1, 1, Iy Mean -
2 v, tean ¥, ¥, Yean ¥, ¥, Y= ¥, T, n
", 1,79 1.53  1.66  2.92 2,50 2.7 3.09  2.75 2.92  2.60 2.26 z;z
' 3.07  3.23  3.15  4.69  4.65 4.67  5.17 452 4.85 431 413 4
N 3,62 3.51  3.57 559 5.53 5.56 623 636 630 5.15 5.5 5.04
2 . ) . . .0 .84
Mean 2.6% 2,76 2.79 440 423 431 483 454 469 402 3
N 1 v xV NatIJletW NatVVatl
0.24 0.27 0.18 0,22
SED 0.07 0.13 0.1 0,20 0. 0.58
2D (Pud,05) 0019 0.1 0,25 0.43 0.51 0.57 39

N.3 - Not significant



the yleld reduction with this schedule was 11.1 per cent
ag compared to continmuous submergence. The high effi-
ciency {s as a result of considerable reduction in water

Ritrogen x irrigation interaction was significent
during Summer 86, Applied N improves WUE at all levels of
irrigation,

4.2,5. deed dry weicht

Dry welaght of weeds increased with enhancement in
K levels (Table 90), 7The degree of water applicaticn had
an inverse relationship with weed dry matter,

Higher smount of weed dry matter with moisture
stress situstions were due to unfavourable moisture regime
for rice and favourable regime for weeds, Continucus
subnergence reduced the weed infestation considerahly.
This 18 in agreement with the reports of ioody (1577J).

Iry matter production of weeds was lesser in the case of
IR 50 probably due to its quicker establishnment and
larger cenopy in the early growth period as compared to
co 37,

Interections of irrigation with N and variety
were present during Summer 86, Application of both the
inputs at higher quantities resulted in more dry weight
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of weeds, The weed infestation was heavier with CO 37 at
all levels of irrigation than IR 50,

4e2.6. Hutrient uptake by rige (Tetles 91a, b end ¢)

4,2,6.1. Jitrogen: The uptake of N during flowering and
harvest stages were found to increase with emhsncement

in levels of N, The higher uptake of R noticed might be

due to higher D¥P end also more root growth which might

have increased the abscrption, OSimilar results are reported
by several workers {Mani, 1979; Salam, 1584 end keddy, 15685).

“ater controls the degree of avallebility, form,
rete of movement and extent of uptske of nutrients, The
uptake of N wae hizhest with continuous submergence and
it wvas very much reduced wvhen intervals between irrigations
were increased, Draining and reflooding the soil caused
a marked decrease in N uptake by rice plants. This decrease
was apnarently due to the lower N supply available to the
crop as a result of denitrification drought out by draining
and reflocding. P!D; formed where the s0il became aerated
was probably lost throuzh denitrificetion as well as
leaching when the s0il was reflooded. Such decreased K
uptake is reported by several workers (Patrick et al.,
1967; Joshi end Sharma, 1980 and iricksen et al., 1983),
The decrease in uptake with increase in streas could elso



TABLE 9la. N -1
8. NITROGEN UPTARE (KG FA™'), STAGEWISE AND SEASONWISE
3.W.MONSOON, 1985 .
FLOWERING
I
. 1 12 Mean
1 VZ Mean v, VZ Mean \A v Hean
N,
“o 50.-87 58.67 54.77 52.83 S54.60 53.72 51.85 56.65 54.24
N1 64.33 68.03 66.58 61.27 65.00 6£3.13 62.80 66.92 64.86
Nz 78.53 80.70 79,72 67.27 77.40 72.33  72.90 79.15 76.0%
H: B87.53 94.47 91.00 77.43 80.60 79.02 B82.48 87.53 85,01
an 70432 75.72 73.02 64,70 69,40 67.05  67.51 72.56
. N I v IV WatITatN NatVVath
1.61  0.59 0,59 0,84 1.90 1.33 1.30 1,33
CD (P=0.05) «93  1.45 1,45 ¥.5 447 2.9 R.S  N.§
SUMMER, 1985
1 1, I, Hean
vy A\ Mean A\ v, Hean v, ¥, Mean \J} v, Yean
L5 69.43 T70.T3 70,08  68.47 62.03 €5.25 58.03 54.63 56,33 65.3% 62.47 63.89
L3 82,00 80.70 81.35 72,40 78,53 T5.47 67.67 58.43 63.05 74.02 T2.56 T3.29
L2 97.77 96.40 97,08 82,77 91.63 B87.20 T3.57 63,60 68,59 84,70 83.88 84.29
Mean 83.07 82.61 82.84 74.55 77.40 75.98 66.42 58.89 62.66 74.68 72.97
N 1 v Ixv Nat IlatN Kat v VatN
SED 1.04 1,64 1,34 2,31 1,66 1,08 1,39 1,70
CD (P=0.05) 2.90 3,65 K.§ 5.16 3.92 4.53 N8 N.8
5.W. MONSOON, 1985
HARVEST
1. I, Mean
v, Y,  Veaz \2 Y, (Yean v 7,  Yean
LA 68.6% 71,77 70.20 62.87 66.00 6€4.43 65.75 68.98 6£7.32
N, 82,70 88.47 8.58 81,13 83,33 82.2% 81.92 85.90 83.91
X, 99,10 102,17 100,63 98,13 37,13 I7.63  9B.62 9265 99.13
X, 116.5% 126,53 121.68 108.17 114,53 111,35 132.35 120.68 116.52
3
Mean 91,74 97.3 34,53 B7.58 90.25 &8.31 B9.66 93.78
L 1 v IxV Nat ! IatN Nat Vv VatN
SED 0.8 0.88  1.25 1,31 .34 1.33 0 1034
Sy (PR, 2016 2,16 N.S 0 3.09 3.02 3.09  3.46
SITMMER, 1986
J— — B I} MHomn
; W, esn v, rar ¥ Vo Mean N Yo feon
N, wyoot 81,37 80.00 66,60 TE.33 T1.47 7490 T1.20 73.05  T3.38 76.30 T4.%4
N, 95.00 190,00 101,80 95,63 93,37 89,50  87.17 89.30 88.23  B9.47 96.89 93.18
' 1971 196,70 131,92 116,70 118,37 117,53 112,17 113,40 112,78 118.67 ‘”"ZZ 120.74
Mewn 190,45 105,60 104,57 83.64 Q6.0 92,83  91.41 91.30 91.36 93.84 9H.67
¥ 1 v Ixv NatIIat¥ NatvViVaeth
) , La6 1,60
sn 1o 1s2 1.4 215 Lra 196 1
cn (Pe0.05) L 359 2477 4,79 4.40 425 5.0 443

N.3 - Not signifioant
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be attributed to decreased transpiretion snd poseibly
more on the physiologicel impairment of the mutrient
absorption snd tresnsport mechanism in the roote

(tanmilig et al., 1985), The N uptake at flowering

wos higher with CO 37 during WK 05 whereas it was non
simnificent between varieties in Summer 86, The N

upteke with CO 37 was higher than IR 50 during both the
seasons though the DMP was higher with IR 50 at flowering
in 5 85, evidently the increase in upteke wes due to its

mitrient content,

Interactions of irrization with variety and N
as well as % with variety were found to be present in one
or the other stages in :59# 85 or Summer 86 season, For
both irrigation and X levels, higher uptake was noticed
when they were applied at their respective higher levels,
The variety CO 37 recorded more X uptake than IR 50 efther
with higher levela of irrigation or X, It could be
pointed out here that the water stress due to irrigating
three days after disappearance of water occurred in
Sumaer 5 at a very sensitive yisld determining stage
lixe flowering had e very detrimsntal effect on yield
(Hsis0, 1982) and the interamction of irrigation and W
uptake, follage development and resulting stress severity
may bo more closely related to yleld loss (0U'lTocle and

Fadilla, 1984),



ol

4.2.6.2. Fhosohorugt Application of N increased P
uptake, XNitrogen at the highest dose recorded the
highest uptake in both the seasons followed by the
other i levels, Continuous submergence of fields
resulted in higher uptake and the lowest was seen {n
case of irrizating three deys after disappearance of
water, The latter might bLe due to reduction in the
solubilization of phosphates under inadequate moisture
conditions and poor growth of reot and shoot. Iruthaysra)
(1975} and Kakede and Sonar {1983) observe that P uptake
was higher with continuous submergence than with other
irrization levels. The variety IR 50 registered an
increase in F uptake over CO 37 during SWM 85 whereas

the reverse was the case during Summer 85,

Ly2,643. pgtassiumgt The K uptake wans higher with CO 37
than Ir 50 at flowering a& well as during harves®, Howaver,
during 5¥8 89 the uptake at harvest Letween two varieties
was comparable. & applied at the hizghest dose and contie
nuous submergence recorded the nighest K uptake st
flowering and harvest stages during 3WH 85 and Summer 86
seasons., Increased ¥ uptake was due to increased DIP
with higher levels of ! as reported by Belasubranoniasn
(1978) end Mani (1979). Patil and Gnildyal (1983) find
thet maximunm uptake of K wae with submergence compared
to unsaturated conditions,
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TABLE Q1 b, Sal e 1 — -
91 b. PHOSPHORU'S UPTARE (kg na™) STAGEW [SE ANT: SEASONWISE
S.W.MONSQON, 190k
PLOWER ING
W—&L‘%%AKA* [
1 —
[ Mean
i > Hoan Mesr v, v, Hean
—
N -
. 233 4T3 by BT 5.0 4,48 5.00
'\;( Z-d} 4,80 5.3 4,05 5.4y T 5,28
g . ? 635 5.18  5.77
? SN €57t 5,48
Mear - - o
T <R S
N i v Iae ¥ Nay ¢ 7atm
0.07 0. o s 2.6
SUMMER, 1986
1 1
4 1 Haan
v v 2 ¢ 3
s v, Mean v, v, Mean v, v, Mean v, v, Mean
L 74T 7033 7,40 6.37  T.43 6.50 7.07  6.53  6.80 6.97 7.10  7.0%
LE 7.77 7.50  7.63 7.10 0 7.57  7.33 737 7.07 T.22 .04 7.38 0 1.39
¥, 8.33  3.13 8,03 7.43  8.53  7.98 8.20 8.17 8&.18 7.99  B.28  8.13
Meun 7.86  7.66  7.76 £.97 7.8 7.4 7.54  7.26  7.40 T.46  7.59
N 1 XV NatIIatN NatVvath
SED 0.04 0.03 0.03 0.05 0.07 0,06 0.06 0,05
cp {P«0.05) 0.12 0.07 © .10 0,76 0,14 0,14 0.09
9.W, HONSOON, 1965
HARVEST
1, 1, Mean
AL 72 ean v V2 Mean v, ‘72 Houn
LY 17.70 14.80 16.25 18,17 16.63 17.40 19,73 15.72 16.83
, 21.30 16.40 18,85 19,60 18,60 19.10 20.45 17.50 18.98
N, 21.43 18.40 19,92 23,30 22.27 22.78 22.37 20.33 21.35
L&Y 22.47 18.20 20.33  24.10 23.37 23.73 23.28 20.78 22.0)
Maan 20.73 16,95 16.84 21,29 20.22 20.75 21,01 18.58
N I v Ixv NatIIat¥ NatVVath
3%D 0.Cs 0,02 0,02 0.02 0,08 0.04 0.0% 0,04
oD (F=0.05) 0.09 0,04 0,04 2,06 0.31 0,08 0,11 0.C7
SUMMER, 1986
11 12 I} Mean
Mean v, Mean \f Y Memn v, v, Moag
: e 2t
19.73 19,30 18,37 20.17 19,27 19.23 18,73 18.98 18.99 19.38 19.18
s0.0% 19,63 19,9% 18,77 21.47 20,12 20.17 19.07 19.62 19.72 22.06 19..9
N or.17 22,20 22,83 21,40 24.57 22,98 22,37 21.70 22,03 22.41 22.82 22.62
%‘m 21,02 20.36 20.69 19,61 22,07 20.79 20.59 19.83 20.27 20,37 20.75
N 1 v Ix¥ Net ITatN NatVVeth

0.17 0,07 0,05 0,0 0,33 0.09 0.12  0.08
0.32

D .
gD (P=0.05) 0.30 0.3 0,12 0,21 23 0,20 N.8 N.8

¥.9 - Not aignifiosnt
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TABLE 910, POTASSIUM UPTAKE (K HA™'), STAGEWISE AD SFASWWISE
FLOWIRING
3.0 MONBOM, 1988
I1 IE Mean
v
________1_%"2“”%“_““ Vo Mean Yy Y2 Mean
Ng 55.50 55,90 55,70 SVTO85.77 56.47  S6.33 55.83 56.08
L8 B5.33 71.40 6B.37  64.47 76.63 6€7.55  64.90 71.02 67.96
N, 89.00 91,00 90.00 7B.37 B4.47 B1.42 893.68 87.73 8.7
Ny 92,50 96.13 94.32  83.67 93.74 88,70 8 94.93 91,51
Yean 75.58 78.61 77.10  70.97 73.53 0 T .25 T1.38
N I \ Ixv Nat IXTetN Nat VVath
SED 1.39  0.98 0.98 138 1,71 1,56 .77 1.56
€D (P=0.05) <41 2,33 2.39 NS 3.98  3.48 .98 3.46
SUMMER, 1986
1, 1, I, Mean
v, Y, Mean v, v, Mean & v, Mean v, v, Hoaa
Ny 77.97 82.47 80.22 71.40 70.33 T1.07 64.70 72,05 68,37 T1.36 T5.08 73,22
Ny 90,97 93.27 92.12  87.47 93.47 90.77 78.93 7T6.83 77.88 85,79 88.02 86.91
N, 113.00 117,50 112,25 102,27 109.97 106,12  89.93 97.00 9%5.47 101.7% 106,16 103,98
Mean 93,98 95.74 94.86 87.04 91.56 89,33 77.86 B81.96 79.91 86.29 89,75
N 1 v IxV NatITatN NatvvathN
SED 0.84 1.22 1,00 1.73  1.62 1,85 1,29 1,51
CD (P=0,05) 2.33 2.73 2.23 N.S 3.69  3.98 N.§ K.3
EARVEST
8.W.MONSOON, 1985
11 12 Mean
v, Ve Maan V’ Ve Msan V.‘ Vz Mean
L1} 68.93 70.47 69.70 63.23 65.97 64.60 66.08 68,21 67.15
N, 79.23 82.07 B80.65 71.47 79.73 75.60 75.35 80.90 78,13
L 97.70 96.97 97.33 97.77 96.27 97.C2  97.73 96.62 97.18
n} 114.77 113,00 113,88 112,23 111,43 111,83 113.50 112,22 112.85
Mean 90.16 90.63 90.39 86.18 B88.35 87.26 88.17 89.49
N I v Ixv Nat I Jat N Nat Vv Vat X
D 0.49 1.09  1.09 .54 1,08 1,61 .08 i.61
P pe0.05) 1041 2Er NS N5 M3 NS 2.36 6,18
SUMMER, 1986
I, Ig 1'5 Hean
v, v, Mean v, v, Mean v, Vs Mean v, v, Mean
¥ 96,27 107.20 101,73 63.93 94.00 88,97 93.17 92.83 93.00 91,12 98.01 94.57
¥ 100,63 117.57 109,10  99.07 98.40 98.73  96.60 97.87 97.23 98.77 104.61 101,69
. 11973 131.40 125,57 112,07 113.57 112,82 110.97 111.20 111,08 114,26 11672 116.4¢
roan 105.54 118.72 112,13 98.36 101.99 100,37 100.24 100.63 100.44 101,38 107.11
. 1 v IxY NatITatN NatVVat¥
p 5 2,66 1,66 2.1
SED 1043 2,27 165 ??{; NEEI ML
CD (P=0.05) 3.69 5.05 4.1) . :

.S - Not significant



Le24Ta H N
4e2474%e Lgcnomes to B (Teble 92)

The response was not increased substantially
beyond 75-15C kg N ha"'. Purther incresse in I resulted
in a decresse in grain production per kg of applied K,
3imilar decreese in response at highsr levels of N is
reported by Plllel and Ue (1980b).

Submerging the field three days after disappsarance
of ponded water (IS) resulted in very 10w response to N in
Summer 86, [his was due to the fact that it also recorded
lowest N uptake and grein yleld, The variety CO 37
rezistered more response to applied i than Ix 5C in doth

the seasons,

Data on interaction effect between irrigation end N
reveal that 75 kg N ha™' with either of irrigation levels
(continuous submergence or irrigating one day after
disappearance of water)produced the highest grain yield
per kg applied N, This beneficlal effect was not pronounced
at higher levels of i, «ith regard to the interaction of
variety with irrigation or P observed during Summer 86 it
was seen that CO 37 was having high reeponse to applied N
than Ik 50 with eilaer of the irrigation levels or N

epplied,



TABLE 92, RESPONSE TO APPLIED N, SEASONW

S.W.MONS00N, 1985

v ;
1 v, Yean v, L Yean v v Mean

) .
N, 30.77 30.0% 30,43 30.44 30,07 30.2%  30.61  30.06 30.33
2 20.03 19.66 19.85 19,45 19.79 19,82 19.94 19,73 19,83
N., 12,13 11.56 11,85 12.09 11,55 11,82 12.91 11,56 11.83
Mean 20.96 20.44 20.77  20.7% 20.45 20.62 20.89 20.45

LS I v x7 wt I lat™ YAtV VYatn
SED 0.22 0,39 .39 246 0,60 o 0,60
CD(P=0.05)  0.62 0.56 %.4 e Vs Viee 3be

SUMMER, 1986
1, 1, I} Mean

v, v, Mean vy v, Mean v, v, Mean v, v, Mean

24.92 31.15 28,04 23.56 27.07 25.32 17.53 19,31 18.42 22,00 25.84 23.92
12 17.05 20.14 18,60 17.20 19.71 18.46 18.11 18,71 18.41  17.45 19.52 18,49
Mean 20.99 5.65 23.32 20,38 23.39 21,89 17.82 19.01 18.42 19.73 22.68

N b4 v IxV NatIIatN NatVVath
SED 0.14 0,22 0.18 0.31 0.20 0.25 0.17 0.21
CD{P=0,05 } 0.60 0.50 0.40 0.70 0.64 0.56 0.62 0.67

N.S - Not aignificant

TABLE 93, RBEPONSE EQUATIONS OF RICE TO N UNDER DIFFERENT WATER MANAGEMENT PRACTICES, SEASCUWIER
S.W.MONSOON, 1985

Quadratioc response sgquaiioms Eoomonio opiim

dose (xg ba”")

a. IR 50 1T Continuous eubmergenoe Y = 23,9%2 + 0,37679 X - 0.001148 x2 151.0
(V1 I, Submerging one day after 2

disappearance of water Y = 23.538 + 0.3721 X - 0.001129 X 151.5

b. (gs 27 I, Continuous eubmergence Y = 22,223 + 0.3737 X - 0.001157 x? 148.5

? T e a0t water | T = 21.484 + 0.3755 X - 0.001164 12 14804

SUMMER, 1986

a. %3 go I, Contimuous submergence ¥ = 28.05 + 0.3279 X - 0.001049 X2 142.0

! 2 ﬁi:‘;;ii’r‘ini'é“cia&iﬁ” Y = 26.361 + 0,2997 X - 0.000848 X2 158,7

?‘iiﬁi;ﬁ?&i‘.ﬁ“ﬁ? ey T . 20.50 + 0.3071 X - 0.0008 X2 \73.2

b. €O 37 1, Contimous submerge.cs Y = 21.922 + 0.4210 X - 0.001468 X2 133.4

G2 mmenen e o x- oo o

13 Submerging three days after ¥ u 20664 + 0.2864 X - 0.000747 Xz 1717

dlsappearance of water

Economic optimum dose = —Zlc_ (g - ) B
Where p = Price of 1 unit of output (grain) = Hn.!éo q
q = Price of 1 unit of tnput (N) = Ra.4.5 kg
b and ¢ are the regression coefficlents

-1
Y » Grein yleld {(q ha
X = Nitrogen (kg ha )

1
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The underlying relationship between the grain
¥ield and response end the dose of N was studied with
the help of & second degree polynomiel, The actual
response to added X at incremental doses of N application
was worked qut and presented in leble 93, Under the
essumption that the response curve is a second degree
parabola, ¥ = bx + exz, the optimum dose of N application
for each irrigaticn level snd variety was worked out
seasonwise and the reaponse equations and the optimum
doses are presented in iahle 93,

The economic optimum dose of X was more or less
similar for the same variety under the two irrigation
levels in 5¥M 85, Por Ik 5C with contimuous submergence
and submerging one day after disappearance of water the
economic optimum doses of N (kg he"') were 151.0 and
151,5 vhereas for CQ 37 they were 148,5 and 48,4,
respectively,

During Summer 85 season the economic optimum dose
of ¥ (kg he~') under continuous submergence was lower for
both the varieties than observed during sSWH 85, But with
less frequent irrizations a higher dose was required to
obtain the sconomis optimum values. For IR SC the
economic optimum doses of N under continucus submergence,
and {rrigating one and three days after dissppearsnce of



Aeyrs

-

weter were 142,0, 138,7 end 171.7 kg ha". respectivaly.
For the variety CO 37 the doses vwers 133.4, 160,1 and
173.2 kg ha"), respectively. The high economic optima
dose noticed during Summer 66 may be due to more miners-
lisetion and uptake taking place in this season.

A comparison between seasons indicate that the
resprna. of rice to N wse high in the Cummer 85, At the
early stage of plant growth, high temperature, lowv sunshine
hours per 4ay and more cloudy day exist during 5¥# 85,
vhereas during Summer 86 sometimes the temperature is also
wide, Alternating temperature between 30=20°C has bdeen
reported to accumilate more protein N in the rice plant
than at 30=18°C (Ilskesima et al,, 1961)., Ihus application
of I during summer 86 season emhances more rapldly the
growth of the plant and thereby the response to applied

18 incressed,

4.2.7.2. Parcentage recovery of apclied ¥ {Table 94)

The percentage recovery of applied N was found to
be not affected by levels of ;v in both the seasons, However,
N epplied at 75 or 150 k3 ha”' recorded the highest k
recovery, Continuous submergence resulted in 16.0 end
29,7 per cent more recovery than irrigating at one or

three days after diseppearance of water during Summer 96,
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The low recovery noticed in these trestmente may be due

to poor root growth as a result of freguent soil drying
¢ycle, lohsnkumar and Singh (1984) report such reduction
due to soil drying, ihe interactions of & with frrigation
or variety was present during 5wM 85, Application of

75 kg & he”! with either of the irrigetion levels produced
comparatively more percentage recovery of applied N, The
variety CO 37 recorded more recovery with the application
¢f N than that of IR 30,

4.248. oconpmics of production
G.2.% 1. srogs retumma net refurn asnd benefit cost ratio
{Table 95)

substantial increase in gross return was noticed due
to I application upto 150 kg ha"' beyond which a decline
was seen during 5@ 85, JContinuous submergence resulted in
hisher groes return due to higher grsin yleld. ihe variety
IF 50 had higher groas return in both the seasona compared
to CO 37,

Net return also increased due to N application
upto a level of 150 k¢ ha™' after which a reduction
occurred, Net return wes highest with 12 wherein irrie
gation was given one day after disappearance of ponded
water, [his was due to comparatively higher grain yleld
with less smount of water required in this trestment.



Lot
Ry
TAMle 95. GROBY RETURN (ks Hi

SEASNWISE
5. HONSOOM, 1905

1, - T orean T
N v - Mean
L e T e
. - —
'n 393 3645 3779 3852 3540 3696 38 3993 3T
1 6T 32 7850 g
. g TS0 7243 TaT TISY TII8 TSuB
.3 S By 8765 B4IB 8602 BUAY A4 B66T
y &62 a1 B2z w391 7929 6
o 3 7929 BISD 477 2005 uzat
6 6926 N TRS 67N gorg RETY. L]
L 1 v L Ma
¥ tT ety Waty varw
8% 60,66 55.72 s ;
i . . 5.72 7851 90.57 99,3 0,
¢ 05) 148.45 135.85 135,05 190.12 204,34 zvg‘tg 28x.:g 2:?.35

1 1 1
2 3 "ean
v v
1 2 Yeun T, v, Hean \A v, 8 "y "
X
. PU79 4250 4665 4TTS 40 4372 4394 3948 AT 4729 40T6 4403
o A216 8162 8183 7636  TSTI  TSO4 7243 Bale 6829 7698 THE  TOT
"3 9456 9368 912 9053 8943 9001 8727 8609 8668 908t &3 9027
an .
TS84 7260 T4¥2 713 6792 €959 6788 6324 6556 7169 6789
. x 1 4 IV Mat TI1atN Nat?Vath
20.09 2259 18,43 31.95  40.83 39.96 33.52 &
CD(P=0.05) 66.87 50.34 41.09 T1.19  94.97 85,18  &.86 22.5}
¥ET FXTUREE (R3 EA"'), SRASOWWISE
B.W.HORSOON, 1905
1y 1, Hean
v, Y, thas A v, Mean v, Y, ‘tem
"o ~353  ~698  ~526 147 -87 30 -103 -393 -8
" 3244 2108 2976 351 3195 3353 338 2%2 HES
x 3895 3503 699 4152 4085 4119 4024 3TI 3909
"y NTE 2ME /ST WD 36 WX 5 2%
Mean 2497 2060 2275 283t %85 2708 2661 0
3 1 v Ix¥ HatI Yatd Nar¥V Vatd
82D 103.82 935.73 95.T3 110.43 126,08 11T.36 126.08 11T.%
CD(P=0,08)  254.05 234.32 234.32 270.22 294.47 264.54 294.47 I78.87
SUHER, 1986
1, 1y 1, Yoom
v Y, temm v, v, tam Ty,  Heam v Yy, e
L1 614 -169 ki3 986 308 647 b m 358 ™ T 476
L 3521 3857 3539 3565 24 3445 30T 2478 2093 364 30 3N
L7} 4470 435 a7 4663 4544 4604 M5T 4368 a1y B33 U2 TS
Hean 2671 2561 2726 3071 2725 2898 2650 392 2621 29 2366
L] X v IxV NatITath Nat ¥ ¥atw
SED 20,15 20,41 16,67 28.87 42,26 42.40 3310 34.62
CD(P=0.05)  55.87 45.48 37.13  64.31 94.77 83.64  TT.45 .83
BENSPIT COST RATIO, BEASONWISE
3.N. MONSOON, 1985
1, I, Houn
v, v, e v, T, Heaa v T,  Hean
X 0.92 0.8¢ 0.88 1,04 0.98 1.09 0.9 0.9 0.9
", 1,70 1,57 1.6 1.85 1,79 l.&@ .78 168 1.7
Y 1.7 1,69 1.73 1.90 1.9 1.9 1.8 1,82 1.8y
¥y 1.59 1.5t 1.85 1,72 1.66 1.69  1.66  1.58  1.62
Haan $.50 0 .40 145 A3 1,59 1.6 1.87 150
¥ 1 - LY Bat IIath Net ¥ Yark
szp 0.02 0,02 .02 0,02 0.0% 0.03  0.03 0.0%
CD(Pv0.05}  0.55 Jb4 0,06 0.07 0,07 0.07 0.08
SUWER, 1986
L L b e
\A v, Mean v T Hosn ] AN Mean 8 \A Fean
- 1.te 0,96 1.05 .26 1,08 YT 122 1,09 16 Y.zt o4 Ly
"o LLrs 1.7 1.76 1.8 .82 1 LA 16y T.Te 182 wT .78
,‘ 1,90 1,87 1.83 1.8 2.03 1.3 204 2.0n 204 Tz .98 .
Wosn 1,60 183 1.57 165 t.ba 1.8 170 1B .64 1.65 199
L3 1 v 1x ¥ Nat I ist N Nay ¥ Yar N
.01 a0 2. (LN 2] 0.0 o,
:x';l(’v-n o) g:g: .07 nay 0.0 0,04 0.02  0.04

U



The variety IR 50 recorded higher met return then O 37
in both the seasons. Benefit cost ratioc was also

fluenced due to ¥ and {rrigation treatments. A similar
trend as thet of net return was found with respect to
benefit cost ratic in both the semsona.

Crops reised during sumser 96 season had more gross
and net returns and benefit cost ratio compared to ¥ 85
and this wee due %0 the higher grein and straw yield
recorded in spite of higher water consumed during the

lurmer 86 Season,

4424802, Zoonomics of water and nltrogen (Teble 9€)

The net return per rupee invested on water decreased
with higher levels of frrigation. -Submerging one or three
days after diseppearance of ponded water recorded an increase
in return of Rs.1.18 and 1,38 during 5%+ 85 and Sumsr 86
season, respectively, over continuous submergence, Applie
cation of N at 150 kg ha”' a1s0 resulted in higher return
per rupee invested on water in both the seasons, Ihe data
also revealed that there wore interactions of N with
irrigation end varieties in both the seasons,

In the case ~f net return per rupes invested on N
also a sizmilar trend was noticed with respect to irrigation,
Submerging one day after dissppearance of ponded water



TABLE 96. RETURN PER RUPEE ON WATER, SEASONWISE

5.W. MONSOON, 1385

232

v 1 . 1, Mean
1 2 Mean v V2 Mean vy VZ Mean
—_— s
N
N° 97T 056 0.67 115 0.90 1,03 0.96 0.73 0.5
. 3T 2,85 288 434 433 434 3.T3 3.49 3.60
Nz 3243 317 3030 4,49 5,40 4,95 3.96 4,29 4.12
.2 2.?6 2.n 2.84 4.15 4.08 4,12 3.56 3,40  3.48
Yean 2.':7 2.27 2. 3.5%  3.68 360 3,05 2.98
oo ¥ I v xV NatIIatN NetVvVatX
0.07 0.09 0,09 0,12 0.17 0.2 0.37 0,21
CD (Pw0.05) G,17 0,21 N.§ 0.30 0.38 0.46  0.38 0.52
SUMMER, 1986
I 1
1 I Mean
v 2
. v, |Hean v, Y, Mean ¥ 2V,  temn v, Y, teaa
Ng .36 0,90 1,13 2,00 1.32  1.67 1,91 1.38 1,65 1.76 1,20 1,48
¥, 3:19 3.34 3027 4,63 4.47  4.55 4.90  3.92  4.41 424 3.9 4.08
N, 3.88  3.74 3.8 5.80  5.67 5.74  6.27 6.35 6.31 5.32 5,25 5.29
Mean 2.81 2.66  2.74 4.15  3.82  3.99 4.36 3,68 4.12 377 3.45
N I v IxVW Nat I1atN NatVVath
SED 0.10 0,14 0.1 0.19 0.2 0.2 0,18  0.20
Ch (P=0.05) 0,27 0.31 0.5 0.43% 0,51 0.53 0.40 0.52
BETORN PER BUPEE ON N, SEABONWISE
8.W, MONGOON, 1985
11 12 Mean
V.I V2 Mean \11 \12 Mean \11 Y2 ¥Mean
Ny 10.60 9,01 9,81 11,39 10.45 10.92 11.00 9.73 10.37
2 6.77 6,19 6,48  7.15 7.05 7.10  6.96 6.62 6.79
Ny 4,14 3.69 3,92 4.4T  4.11 4.29 431 3.90 4.1
Mean 7.17  6.30 6.73 7.67 7,20 T.44 T.42  6.75
N 1 v IxY NatIIetN NatVVath
SED 0,16 0.18 0,18  0.26 0.28 0.%2  0.28 0.32
CD (P=0.05) 0.45 0.44 O.a4 0.63 0.66 0.7 0.66 0.85
SUMMER, 1986
I Mean
b "2 M. v ? v Mean Al A/ Mean
\Z v, Mean A v, an 1 2 1 2
N 11.42 11.52 11,47 11.54 10.85 11,19 10,78 833  9.56 11.25 10.23 10.7
i 7.63  7.45 754 791 T.T3 T.82  T.60 T.47  T.54 T 753 7.6
r:'an 9.53  9.43  9.51 9.73  9.28  9.51 9.19  7.90 8,55 9.48 8.89
X 1 v Iy NatIIatK NatVvVvarh
. 0.10  0.07 0.08
SED 0.04 0.08 0.06 0,17 0.09
25 (Pa0.05) 0.48 0.7 04 0,24 0.24 0.23 0.21 0,27

N.3 - Not signifioant



resulted in higher net return per rupee invested on

¥ in both the seasens. A reduction in net return per
rupee invested on X was observed with increase in
level of K beyond 75 kg ha®,

return per rupee invested on water snd N was high
auring Summer 56 than in WM 85, Thus during Summer
for profiteble use of water, higher dose of K should be
applied compared to Swi season, rom the data it could
be sugzgested that a higher application of N need be done
for profitable use of water when the availability of water

18 not 20 abundsnt. —e

R AST S
The experiment conducted during SWH 1985 was
repeated with the same irrigation and I treatments with a
change of varieties accommodating medium duration rice
cultures Ik 20 and CO 44,

4.7.9. Srowth gharackers

5,2.9.1, W (Table 97)
An increase in plsnt height due to N applicetion

was noticed in all stages. The plant height increased
wvith the age of the crop, Irrigetion influenced the plant
height during flowering and harvest stages., Contimuous
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TABLE ;
ABLE 97. HEIGHT OF PLANT (CH), STAGE WISE (N.%. MONSOON, 1985)

L 1, Maan
v, v, Mean v, v, Moan v, v, Vexa
No 46.81 44,62 45.72 45.45  44.735  44.90 615 4009 4531
N, 57.43 58.11 58.03 S5.15  54.99 55,07 56.57  56.55  56.56
N, 60.13  B1.% 60.72 60.71 59,03 59,87 60.42 60,17 60,30
L 63.06  65.93  64.90 68.53  63.14  65.84 65.80  65.54  65.17
Hean 56.99  57.49  57.24 57.46  55.38  56.42 57.23  S56.44
N 1 v IxY NatI IatX Nat 7 Vag¥
SED 030 0.34  0.30 0.48  0.58  0.63 0.58  0.63
CD(P=0.05) 0.3  N.5 NS 118 1,32 .40 N.8 W3
FLOWERING
L 1, Moaa
2 v, Maan \Z v, Mean v, Y, Hean
Ny 57433 56.29 56.81 55.94 54.90 55,42 56.64 55.60 56,12
N, 62,41  61.74 62,08 63.27  63.8!  63.54 62,84 62,78 62,81
N, 68,21 66,21 67,81 67.06 65.27 66.17 67.64 65,74 66.69
Ny 70.43  T3.56 71.99 70.63 69.38 70,04 70.56 T1.47 TM.02
Moan 64.60  54.45 64.52 64.22  63.34 63.79 64,42 63.90
¥ I" v Ixv Natl Iath Kat¥ Yar X
SED 0,67 0,29 0.29 0,41 0.86 0,70 0,86 0,70
€D (P=0.05) 1.65 0,70 N.8 N.8 1.98  1.52 ¥.8 n.8
FARVEST
I1 I2 Maan
v, v, Maan v, v, Hean v, v, Mean
Ny 60,34 59.81  60.08 59,11 63,58  61.35 59.73 61,70 60,7
N, 73,02 68,35  T0.19 73.25 67.12  70.19 72.6% 67,74 T70.19
¥, T5.58  74.85  T5.20 76.18 70.64 T3.4) T5.88 72,74 T4.31
v, 81.92 80.91 B1.42 81,18 76.76 78,97 81.55 78.84 80,19
Moan 72.46 70.98  11.72 72.43  69.53  70.98 72,45 70.25
N 1 v IxV NatlI Iath FatV Vath
8£D 0.8% 0.25 8.75 0,35 0,93 0.58 0.93 0.58
6D (Pw0.05) 2.07 0.61 0.61 0.87 2.2 1.25 2.21 0.68

U

N.5 ~ Not signifieant



submergence proved beneficisl in increasing the plant
height, The variety IR 20 was tsller than CO 44 at

the time of harvest. Interactions among irrigation,
variety and ¥ were noticed during one stage or other,

The veriety IR 20 produced plants with more height at all
levels of irrigation and N levels than CO 44, Plent
height was found to increase with increase in the levels
of inputs like water and N, The mugmentative effect of
water and N on plant height was well established,

b,2.9.2. Number of tillgers psr hill (Tedble $8)

The tiller production was influenced by N applie
cation and variety during 40 DAT and flowering ctage
snd it was pimilar in case of irrigation levels, The
tiller production was more with incresse in applicatioen

of N, but at 225 kg N ha”! the tillers were fewer than

at 150 kg ha~'. The variety CO 44 produced more tillers

than Ir 20,

Interactions of irrization with variety snd K
were present during 40 DAT and flowering steges, respec-
tively, CO 44 at continuous submergence and ¥ application
produced more tillers than IR 20 with the sade irrigation

or N level,
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4e2.9.3. Lonl ares index (1al) (Teble 99)

Application of K and weter favourably influenced
LAL at 40 DAT and flowering stages. A linear incresse
in LAI with X fertilizetion was noticed, Continuous
submergence recorded greater LAl than irrigeting one
day after disappearance of ponded water, The veriety
I 20 had higher LAI than CC 44 either indivicually or
in combinetion with imputs like water end N,

If we ignore the verietal differences the LAY
produced et 40 AT was more than either during SuM 85
or Jummer 85 ssasons. Later at flowering stage a reduc~
tion in LAI during HEX 85 compared to these seasons was
noticed,

4,2.9.4, Hazlzuza root lensth (Tedble 100)

Koot length was affected only by the application
of %, A 8light incresse in root length was noticed at
flowering stage compered t¢ 4. DAT, However, there was
no appreciable change in root length with K applied at
225 kg ha~! between these two stages.

4420905, Root dry welght (Table 100)
Dry weight of root increased with ¥ application snd

{rrigetion lovels, Hecouping 5 cm sudmergence one day
after disappearance of ponded water (I,) was found to recerd
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more root dry weight than cantinuous subwmergence. 1he
favourable influence of soil drying on root weight was
discussed already,

The veriety CO 44 produced more root dry weight
than IF 20 either singly or in combination with water
during the flowering stage.

4,2.9.6. LTy gatter oreducticn (Zsble 101)

ry matter production incressed consequent on N
spplication and irrigsticon. Nitrogen applied at 225 kg
na~! and continuous subnergence produced the highest dry
matter. The variety IR 20 recorded more DMP during
flowering stage.

A comparison of P by N:EM 85 crops with SwM 85
and Surmer 76 indicate that even though the varieties used
in this season were 0f medium duration, a higher LAl
observed during 40 UAT in NiK 85 might heve decreased the
1ight transmission resulting in reduced net photosynthetic
rate beyon< an optimal LAl, The shaded lowver leaves drain
photosynthetic products from the photosynthesising organs
(Navasero and Tanska, 1966), ihis condition was further
aggravated during [EM 85 where only reduced 1light is
avallable, Similar reports of reduced DHP dauring xabi
from ilydersbad 1s available (venkateswsrlu gt al., 1977).
It could elso be noticed during flowering stage that sven
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K applied to the highest level could not produce
comparable (not statistically) DMP of SWM 85 probably
because of low temperature prevailing during this stage
of crop growth,

402,10, Jie1d and yield attrilutes
4,2,10.1. fanicles par m> (Table 102)

Nitrogen alone influenced this character consi-
derasbly, Its interaction with irrigation and verieties
were also present. A progressive increase in pariicle
number with N could be seen upto 150 kg ha”' beyemd which
a drastic reductlon occurred, Use of higher quantitles of
% with more irrigation water or with any of the varieties
resulted in production of more panicles, Fevourable
influence of N application on panicle production wes
discussed alresdy,

4,2,10,2. Lengih of panicle (Table 102)

Length of panicle increased with the application of
graded levels of X, However, the successive increase was
at a decreasing rate. The interactions of N with irrigetion
and varieties were alsc seen to occur. In ganersl applios=
tion of more N with .ontinuous submergence resulted in
panicles with more length.
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442,10.3. gadght of panicls (Tedde 102)

Heavier panicles were produced with increase in ¥
application, Combined effects of N with irrigation and
varieties were present, A tremd similar to penicle length
was seen, A general comparison of weight of panicles
produced by HilM 85 and Summer 96 season indicete that
panicles with lesser weight was noticed during the former
season,

Availebllity of high solar energy is essentlal for
increase in photosynthesia, The gtarch which accumulates
in the grain comes from two sources le., thet accumilated
in the straw before heading and that from products assimilated
after flowering. uith low N the former provides as much as
40 per cent of the total starch in the grein but at a high
% level, it provides less than 10 per cent (Muraysma et al.,
1955, This seems to have an important bearing on the
translocation of assimilatory products froms the straw to
panicle, Under high N conditions plants have to depend on
photosynthesis after flowering for carbohydrate regquiresents.
In Kt 85 season sufficient solar energy 1s not aveilebdle
for marufecturing more of its own photosyntheais leading to
production of penicies with less weight compared to
Sumner 5 aeason,



o

S o

b.2.10.4. Inousend gradn weight (Tedle 102)

Ihousand grain weight was favourably influenced by
¥ application, & test weight of 20,2 g was seen when ¥
was applied st 225 kg ha'1. the increase being 10 per cent
over control, [he variety CO 44 produced heavier graines
than thet of Ik 20,

4241045, Bumber of Cilled srains per panicle and percentase
of sterility (Tadle 102)

Application of N sisnificently influenced the
number of filled grains per panicle and percentage of
sterility, Hitrogen applied at 225 kg ha™' produced
panicles with an average of 71 filled grains which was
1€ per cent more than cantrol. Similarly application of
higher dose of N reduced the percentage of sterildity
considerably. The variety Ii 20 recorded lower percentage
of zterility than CO 44, Favourahle influence of K in
increasing the plant photosynthesis and {ts trsnslocation
to the sink is well estsblished,

It 1= interesting to nots thot the sterility is
greater with CO 44 as compared to Ix 20, iHowever, at
the highest level of K spplicetion the sterility
percentaze was more or less similar. CO 44 has poor
exsertion of panicles, Probably at higher level of N
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application the penicle exsertion is complete resulting
in low percentage of sterility. At 75 and 130 kg ha"! of
N epolication under continucus submergence the sterility
percentage with CC 44 s higher whereas under 12 reginme
under all the K applied levels the sterility percentage
is comparable betwesn two varieties, Iihe low solar
radiation and low temperature increased sterility., This
was more so with CC 44 than with IR 20,

Though the varieties used during ¥ 85 season were
medium in duration and occupled more days in the field, they
nhad a high percentage of sterility compered to 5WM 85 or
Summer 55 season at any level of 5 fertilization, This
could be escribed to seasonal effect on this charscter.
Ute and Yemada (1965) are of the opinion that sterility
is alwvays hizh under tropical conditions becasuse the major
croppin: season is wet, The high sterility eccording to
them is caused by the factors of reduced light, high I
supply, sutupl shading either individuslly or in combina~
tion, FHowever, in this study higher N favoured better

grein filling,

“.2.10.60 W (Tﬂbl. 103 and F‘.g. )

Grain yleld wes effected by N application.
Application of K increesed grain yield upto the level of
150 kg ha~', thereafter it declined. The increase in yield
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by application of N at 75 kg ha"! over control and 150
k2 ha™ ever 75 kg ha™! were 154.4 and 16.8 per cent,
respectively, The yield decline with the highest dose
of X noticed was 4.8 per cent,

Influence of irrigetion schedule or varisties were
not present. Interactions of & with irrigations or
varieties were observed, Under 1, or 12 level of irrige~
tion, % applied st 150 kg ha™' recorded the highest yield,
Similarly both the varieties performed detter at 150 kg
level of N application,

The varieties used for the study during NEM 85
are different, however, on & comperison of total duration
between Hick 85 and S¥WH 85 or Summer 86, it could be seen
thet these varieties occupied more days in the field and
they beinz high ylelding varieties could not make use of
the inputs like water and X supplied in sufficient
quantities in s most effective mamner, This was probably
due to the unfavourable environmental conditions like low
temperature, solar energy and sunshine hours prevailed
during the cropping period. Ihe low temperature that
prevalled during the early growth stages has restricted
the growth es well .s tiller productivity end ultimately
the 0MF, 1his negative effect in the early vegetative



phase could be attributed as the prime reason for the
low productivity during Nisi season 85,

Apart from this the solsr radistion was compars-
tively lower during the ripening phase of the crop and
the sterile spikelets were aleso higher during this season,
urgta (1966) states that the cartohydrate to be trans-
located and stored in the grain are generally mamufactured
during the six 0dd wecks to two weeks before snd four weeks
after hesding. Relatively short duration of day length at
the zrain f11l1ing stage experisnced by the crop during the
Nzl 85 season (8,3) as compared to Sumser 86 (10,2) might
have contributed to greater sterility snd theredy reducing
the grain yield (Fiz.18).

Sunlight has a direct effect on N utilisation and
grain yleld, Increased light makas the plant more respon-
sive to higher levels of & (stansel, 1966; De Datts and
Malatuyoc, 1976). Jor the same amount of N, grain yield
and ¥ response are higher during JwM 85 or Susmer 56 than
NEK 85 season, 'his indicates a direct response to solar
energy values and higher grain yield of these zeasons
compared to HEX 85 season.

No difference in grain yleld due to water management
wab noticed, The ylaeld obtained under continuous submer-
gence and ireigating one day after disappesrance of water



were 3,34 and 3.29 t ha"), respectively, The respective
qentities of water consumed were 1382 and 941 mm. The
eeving in water was 32,0 per cent. As in case of SW 85,
the evaporative demand 18 lower in this season elso.

Ag such irrigation one day after disappearance of water
takes care of the full water requiremsnt of the crep
dispensing the need for continucus submergence.

4,2.11, straw viels (Table 104

frogressive increase in strew yield due to N
epplication was noticed, Kitrogen spplied at 225 kg he”
recorded g straw yield of 4,69 ¢t he~'. Straw yield emhanced
by 294 kg na"! with contimous submergence over irrigating
ane dey after disappearance of ponded water. The intersctiom
of N with irrigation ané varietios were present, Application
of higher gqueantities of X with continuous submergence

produced higher stravw ylelds,

4,2,12. Eatar uae sfficiency (Teble 104)

“ater use efficiency recorded an increase of 2,33
Xg/mm vith N spplied at 150 kg ha”' over control, Irriga-
ting one day after disappearsnce of ponded water gave an
increase of 1,04 kg/mm coupared to continuous submergence,
The higher WUE noticed when N applied at 150 kg ha”' was
due to higher yield and low water requirement, The yleld



TABLE 104. STRAW YIELD (XG BTy

» (N.E.MONSOON, 1985)

[§]

[

! I Mesn
v, v 2
1 2 Mean \l1 V2 Mean V1 Vz Mean
N
0 1604 1690 16er 1635 1527 158y 1620 1609 1614
N, 4444 4345 4394 4184 3909 4047 4313 27 4220
N 4728 4466 4337 4422 4690 4556 4 4578 4577
AR} 5049 4892 4970 4322 4577 4450 4686 4665 4655
Mean 3956 3848 3902 3641 3676 3659 3799 3750
N I v IxV Nat 1 IathN NatV VathN
SED 66,29 46.84  46.84 66.24 78.71  69.96 78,71 69.66
CD(P=0,05) 162.22 114,61 ¥.S N.S  1B4.69 157.83 184,69 157,71
WATER USE EFFIC IENCY (KG/MM), (N.E.MONSOON, 1985)
I 12 Mean
A v, Mean v \A Mean \f A Mean
Ng 1.05 1.04 1.05 1,62 1.60 1.61 1.34 1.32 1.33
Ny 2,76 2.75 2.76 3.88 3.93 3.91 3.32 334 3.33
N2 2.9 3.0% 3.0% 4.27 4.36 4.32 3.63 3.70 3.66
N3 2.79 2.88 2,84 3.95 3.9 3.95 337 3.42 - 3.39
Mean 2. 40 2.43 2.4 3.43 3446 3.45 2,92 2,9
N 1 i 2 : IxV Katl IatN NatV Vat ¥
SED 0.09 0.06 0.06 0,09 0,14 0.15 0.14 0,15
CD(P=0.05) 0.21 0.14 K.8 K.S 0.32 0.33 0,32 0,32
N.S5 = Not signifieant
QUANTITY OF WATER (MM) CONSUMED, {N.E,MONSOON, 1985)
1 12 Mean
v, V2 Mean v, AP Mesn A8 A/ Meaa
K a7 1367 1371 875 864 870 1125 1116 1120
1310 1321 1316 921 913 917 1116 1117 1117
1407 1415 14M 968 972 970 1188 1194 1IN
. 1426 1431 1429 1010 1003 1006 1218 1217 1218
"3
voan 1380 1384 1382 944 938 941 1162 1161

Data not analysed
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obtained under irrigation with one day sfter dissppearance
of water was comparahle with continuous submargence, but
the vater used 1s considerably low (Table 104) thus
resulting in higher s, Interactions of ! with frrigation
and varieties were present, Applicetion of water one day
after &lsappearsnce vith K at 150 kg ha”' recorded highest
WUEe  The WUE wes simllar for both the verieties.

bo2013. Ngad dry weight (:able 105)

Lry mstter preoductisn of weeds was influenced by N
and water msnegement prectices, I[ighest weed dry welght was
noticed when U was soplied at 225 k3 ha”', the lnerease
being 23,3 per cent over couiral. Subeerging one day after
disappearance o water resuited in more weed dry weight then
centinusus submergenca, Ihe fgvourable influsnce of contie
nucus subzergence on weed control is well esteblished. The
weed infestation wae heavier with CO 44 at all levels of
irrigation than IR 20,

4,2,%, Hutrient wotalia by Tice
Nitrozen. shosmhorus and . n3tassius «Tedlae 106)

Uptake of mutrients increesed progressively with
incresse in levels of K applied at both the stages. Nitrogem
applied at 225 kg he”' resulted in more upteke of mutrients

quring harvest stage than N applied et lower levels,
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CROP, STAGEWISE (N.E,MONSOON, 1985)

TABLE 106, NUTRIENT UPTAKE BY THE
NITROGEN
FLOWERING HARVEST
Mean I, Mean
v,  Mean ¥, Mean Vv,  Mean Mean v, Hean V4 Vy  Mean
N 36,07 3B,67 36,37 31,87 30,77 31.32 32.97 34,72 33.8 43,07 51.40 47,23 43,10 42,17 42,63 43,08 46,78 44,95
N, 13,17 63,40 43,28 38,90 39.73 39,32 41,03 41.57 41,30 60,87 66.50 63,68 62,50 63,40 62.95 61,68 64,95 63,32
N, 63,53 99.60 61,57 57,57 56,13 57.85 60,55 58.87 59.71 87,00 88,90 67,95 B84.80 &2 B4, 12 85,90 &6.87 66,23
f 6R, 8% 69,07 £8,9% 62,33 £6.37 64,35 65,58 67.72 66.65 101,93 110,77 106,15 97.85 101,435 ‘et 43,68 106,10 102,89
Meur 52,40 52,68 52,54 47,67 48,7% 48,21 50,03 50.72 73.12 79,39 76.25 72.06 7z.80 7r.n T2.59 76,10
N 1 v 1y Nat11atNWatVVath N 1 ¥ Ta¥ % oat L olau MW oet¥ 4 oard
SED 0,73 0,95  0.95 1,34 1,19 1,49 1,19 1,49 0,63 0,69 0,69 0,97 0.97 1.13 0.97 1,13
cn(Pa0,05) 1.78 2,32 NS NS NS N.S N.S NS 1.55 1,68 1,68 2,38 2,18 2,52 2.18 5,20
PHOSPHORUS
FLOWERING HARVEST
Mean I L, Mearn
v, V,, Mean vy v, Mean vy v, Mean Mean v, v, Mesn v, Mean
Ng 5.20 4,33 4,77 5.40 4,03 4,72 5.30 4,18 4,74 17.43 15,53 16,48 16,40 13,683 15,12 B8 15, B0
Ny 5,57 4,67 5,12 5,60 4.33 4,97 5,58 4,50 5,04 18,53 16,37 37.45 17.50 15.27 16,78 15,82 16,42
zm 6,07 4,80 s.43 5,20 4,67 5.43 6,13 4,73 5,43 21,57 18,73 20.15 18,20 16,67 17.u8 17.7¢ 18,87
zu 6.40 5,20 5,80 6,23 4.93 5.58 6,32 5.07 5.69 25.53 19,60 21.57 19.70 17.13 18,42 18,17 19,59
Mean 5.80 5,75 5.28 5.8 4,49 5,18 5,8 4,62 20,27 17.56 18,91 17.98 15,73 16,89 18,66
N 1 v IV Nat I T at NNatVVath N 1 v IxV Nat I 1 ath v oat N
SED 0,00 0,01 0,04 0,01 0.03 0,02 0.03 0,02 0.05 0.02 0.02 0,05 0,05 0,0 0,76
cD{Ps0,05) 0.0k 0,03 0,03 0,04 0.06 0,05 0,06 0,05 0.07 0.05 0,05 0.07 G171 0,12 0,12
' POTASSIUM
FLOYERING HARVEST
I, 1, Mean I Nm Yean
vy Mean v, v, Mean vy v, Mean Mean v, v, Mean ¢ v, Yeon
Ng 49,39 54,93 52,13 51,60 49,07 50,33 50,47 52,00 51,23 60,07 67.85 63.95 S54.77 7.0 55, 7, 67,42 99.92
Ny 64,77 62,07 63.42 5B.87 55,70 57.28 61.82 58.88 60.35 87.67 &£7.77 7.72 81,27 1,20 81,27 e, .7 H..8 &,u8
N, 77.60 76,27 76,93 66,70 66,70 67.20 72,15 71,98 72.07 99.60 105.30 102,45 94,463 95,20 96.82 97,02 100,23 98,63
zu 85,00 83,33 B ,17 80,60 79,50 80,05 82,80 O1,42 &1 106,20 112,95 109,57 104,80 105,67 105,23 17%,5¢ 104,30 107,40
Mean 69.18 £9.15 69,16 64,44 62.99 63,72 66,8 66,08 88,38 93,46 90,92 83.82 8,77 8,29 86,1C M1
N 1 v Ixv Nat I T atNKatVVath N 1 ¥ Ixv N gt I J at N N at ¥V V gt K
SED 0,8 1,31 1,%1 4.8 1,18 1,68 1,18 1,68 0,71 0,74 0,74 1,05 1Lk 1,70 1,44 1,70
CD(P=0.05) 1,98 3.2% N.S NS 2.67 3.89 NA.S8 .3 0.73 1.8 1.8 2.% N3 .3 L) LI
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Irrigation influenced the nutrient uptake zignificantly,
Continucus suboergence resulted in more uptake than
irrigeting one day after disappearance of ponded water,
Fevourable influence of N and more water in increasing

the nutrient upteke was alresdy discussed, Contimuous
submergence incresses soll temperaturs thereby emhancing
the nutrient uptake even though the atmospheric tesperature
1z low during this season,

Lov air temperature prevalled in HE# 8% during the
peak absorption period of the nutrients has lowered the
uUptake of nutrients thereby resuiting in lower acoumlation

compeared to the SKM 85 or Jumsmer 86 seasons,

Varietal influence on uptake of mutriants vas
odbserved., Uptake of ¥ was more in case of IR 20 ia both
the stages whereas CU 44 registered more § and K uptake
during hervest., Ihe difference in nutrient upteke detween
varieties could be attributed to the difference in DHP
between the varieties,

4.2.15. Reapenes o N and psrcentaze recovery of spplied N
(1able 107)

The response to K decressed considerabdbly with
application of more N, Higher the N, lower was the
response, :he highest respange was mnoticed with N epplied
at 75 kg ha"'. vhercas the percentage recovery of applied N



TABLE 107. RESPONSE TO 4P

ro

vl

PLIED ¥ (KG GRAIN/KG N), {N.E.MONSOON, 1985)
L I Mean
V. v, Mo v
1 2 an 1 V2 Mean vy v, Mean
N
1 28,32 29.45 29.19 28.77  29.49 29.10 28.85  29.47 29.16
N
2 1833 19.09 8. 8.68  19.03  18.86 18.51  19.06  18.79
N 1 - 1 -
3 A A ] LR RS BN R UL B R PPt .34 V175 11,58
Yaen 19.55 20.12 15,85 19.63 20,00 19,81 19,57  20.99
N I v Ixv Nat I IatN NatV Vath
SED » 0.36 0.25 0.25 0.35 0.45 0.40 0.45 0,40
€D (P =0.0%) 0,99 N.S N.S N.S 1.15 0.92 1.15 0.82
PZRJENTAGE RECOVERY OF APPLIED N, (N.E.MONSOON, 1985)
IW Heanm
v, v, Mona v, v, Mean \A v, Mean
N, 23,73 29.30 26,52 29.27 20,10 24.68 26.50 24,70 25.60
N, 25,03 29.73  27.38 26.00 27,87  26.94 25.52 28,80 27.16
L 27.43 28,30  27.87 28,07 29,67 28.87 27.75 28,98 28,37
Mean 25,40 29.10  27.26 27.78 25.88 26,83 26459 27,49
N b v IV Natl Iat W NatV Vay X
SED 0.8 0.64  0.54 0,90 1.00 0,30 1,00 0,90
CD (P=0,05) N.8 K.5 K.3 2,20  N.8 K. 2.59  1.96

N.8 - Not signifiecant

RESPONSE EQUATIONS OF RICE TO N UNDER DIFPERENT WATER MANAGEMENT PRACTICES
)

(N.E.MONSOON, 1985

Quadratie response @quations

Eoonomis optimum doss

1
(kg ha )
a. IR 20 Continuous sub- 1 Y = 14.8925 + 0,34783 X - 0,001063 x2 149.5
nmeTEen0d 1
Submerging one .
day after dis- . _ .
Aaiegrunce of 12 Y = 14,6550 + 0,34007 X - 0,001021 X 151.9
wuter
2
b. CO 44 Cootlauous aub- 1 Y = 14,5510 + 0.35360 X - 0,001052 X 153.8
morgence 1
Subrerging one ,
gy e ot I Y = 14,1270 + 0.36036 X - 0,001105 X 149.5

appearence °of
. walsr




increassd with enhanced N application, However, the
increase was only marginal. The econemic optimur dose
of X (kg ha™') presented in reble 107 shows that the
dose increased from 149.5 to 151,9 for IR 20 whereas it
decreased from 153.8 to 149.5 for CO 44 under contimious
subnergence and submerging one day after disappearsace
of water, respectively,

442,16, JoonomACE (Tedle 108)
h¢2a1€u1o k

Gross and net incode and bensfit cost ratic recorded
with applicetion of i at 150 kg ha”' ware the highest being
R8e7004/= and Hs.2389 he™' end 1.52, respectively, HNitrogen
gpplied beyoné this level, however, caused a reduction in
gross end net returns and benefit cost ratic, Continuous
submergence resulted in higher gross income since this
treatment produced higher grain and straw yields whereas
net income and benefit cost ratio were more with irrigating
ane dov after 3dlseppearance of water, This was dus to the
lover quentity of water required in this trestaent compared
to contimuocus submergence, HNitrogen x irrigetion inter-
action was present for sll cases. Continuous sudlergence
with higher doses 0. X gave mors groas returs cospared to
the other K and irrigation trestasnts wiereas subssrging
ane dsy after disappesrance wes found 0 record more net
return snd benefit cost retio with higher K levals,



TA . -
BIE 108. GROSS INCOME (RS HA™') (N.E. MONSOON, 1985 )
v v Mean
1 F] Haan v, v, Mean v, v, Mean
¥ 16
0 24 2387 2399 2375 2299 2337 2396 2340 2368
N 095
L 8% 6032 609 5995  5aT¢ 5985 6045 6033 6039
N 70 -
2 T 7097 051 681 7055 £958 5935 7074 7004
N ¢ . o
3 6724 6921 6823 6636 6627 6631 6680 6774 6727
Mean 5561 5622 5592 5467 5489 5478 5514 5555
¥ I v XV Nat I Iatw FatV Vatw
SED 48.34 41,55 41,55 58.76  T75.54 82,34 T5.54  B82.34
CD (P=0.05) 118.28 101.67  N.§ N.5 169.40 180,26 N.S K.S
NET RETUGRNS (RS HA™') (N.E. MONSOON, 1985)
I, Mean
v V2 Mean vy A Mean \L A Hean
Yo -1709  -1736  -1723 -1250 -1315 1283 ~1480  =1526  ~1503
N, 1694 1683 1689 1975 1973 1974 1835 1828 1632
N, 2177 2253 2215 2468 2658 2563 2323 2456 2389
'5 1535 1727 1631 1863 1861 1862 1699 179 1747
Mean 924 962 953 1264 1294 1279 1094 1138
¥ I v IxV Natl IatX NatV Vat N
SED 80.20 55,40 55.40 78.34 107.40 103,55 107.40 103.5%
Cp (P=0,05) 196.25 135.55 ¥.8 ¥.8  246.38 227.82 N.3 ¥.3
BENEFIT COST RATIO, (N.E. MONSOON, 1985}
2 Mean
e
v, V2 Mean v, V2 Mean v V2 an
N, 3,59 0.58 0.59 Q.66 0.64 0.65 0.63 0.61 0.62
N 1,38 1.38 1.38 1.43  1.49  1.49 o444 .44
¥, 1.45 1.47 1.46 1,56 1.60 1.58 1.51 1.54 1.52
" 150 1.3% 1,70 1,39 1,39 1.39 1,35 1.36 1.36
i
roas 1,18 1,19 1.19 1.28 1.28 1,28 1.23 1.24
. N I v IxV Nag I TagX Nayv V Var ¥
. 0,02
SED 0.02  0.00 0,01 o.o0 0.0z 0.02 0.02
i o NS N.5 0.05 0,05 N.5 N.8
oD (P=0.05) 0.4 G -7

N.

g - Not signifieant



R

4e2.16.2, Zoomomics of water and N uge (Table 109)

Return per rupee invested on water was influenced
by ¥ and irrigation levels, Application of X at 150 kg
he"! vas found to effactively use the water spplied.

The return per rupee on water decreased drastically
thereafter with more N application, Jubmerging one day
after dsappearance of water recorded an increase of 17.2
per cent in return per rupee on water due to the lower
water required in this treetment. The return per rupec
invested a N behaved differently compared to return per
rupee invested an water such that highest retumm was
observed with application of ¥ at 73 kg na"l. s vas
becguse of lower recovery percentage of N at higher rates
of ' applicatien,

‘ Crop variety

T Nutrient upteke |

>~

[ Growth charactess | Tield attributes |

Yield
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1) zQlar snergy
Solar energy influences various growth and yield
attributes and yleld of rice., HResults of the first

experiment indicate that the vejgetative growth characters
like plant height and LAI show a negative relationship with
solar energy. They increasec under conditions of low light
intensity, Yield attributes such ss panicles per n2,

graina per nz, panicle weight, fertility percentage were
positively correlated with solar radiation snd mmahine
hours at one phase or other during reproductive and ripening
phases, The correlation coefficients worked between aolar
radiation snd grain yield for s period of seven weeks

before the herveet of the crop, show that as the period
advances towards maturity the relstiomship of yield with
s0lar radiation becomes stronger, Hurata (1966) showed
that grain yield is related to Solar radiation during

the later part of reprcductlv: shase since the accumilation
ef starch in the leaves and culms begini at about 10 days
before heading, This in turn i3 dependent con the extent

of solar emergy receipt. According to umekata et al.
(1967} the dry matter preduction after flowering 1s primarily
4n the form of grain and hence receipt of high smount of
solar energzy quring this period is highly essential for

better grain productien,



Apart from the growth and yleld charscters, the
nutrient uptske was alsoc closely correlated with solar
energy suggesting that an optimum nutrient spplication
rate could be based mot only on soil fertility level and
variety but slao on the solar redlation level,

11) Alr temperature
The influence o¢f temperature is complex compared
to solar radiation. Temperature upsets the balance between

photosynthesis and respiration,

A high night temperature during vegetative phase
influences the growth characters such as plant height and
tiller production fevouradly, Yield ettributes such as
panicles per uz, filled graln percentage and degree of
ripening was gseen to be negatively correlated with ainimurm
temperature indicsting thst lower the minimm temperature
higher will be their values,

In this experiment it was seen that the durstion of
the crop upto 50 per cent flowering was not affected by
minimp temperature, ..Owever, there exists s negative

relationship between cinimum temperature and duration of
ripening phase,

The temperature summation is elmost the same in
the different plantings in each season, This indicates
that a particular veriety will reach maturity only if
exposed to a minioum heat requirement,



111) Relative humidity

The ztudy revesls that most of the growth snd
vield attributes are not influenced by relative humidity,
Its effact on plant heizht and panicles per a2 has been
masked by sunshine hours. iven though there exists e
negative relationship batween relative humidity and
grains per n?, the partisl correlstion coefficient shows
that relative humidity a= such hes no effect. Similarly
there exists a negative assoclation between relative
humidity and grain yield, bBut solar radiation at repro=
ductive and ripening phuses confounds its negutive
ripening phases confounde its nezative influence on
grain vield, ‘he results, therefore, points out that
relative humidity ner se¢ does not influence growth and
yield attributes of the rice crop.

iv) Elantinz time

In the present day emphasis on multiple cropping
rice is being grown not only in traditionsl seasons, tut
also during off ssasons in many places, However, agro-
climatologzical indications of the performances of the
high yielding, fertililzer responsive and photo insensitive
types of rice are scanty under Indien conditions,

From the results of the experiment (1), it is seen
thet smong the :WH 85 plentings, 16th July plented crop



ne

gave the highest yield followed by 2nd July planting,
“nis is the usual planting period for kuruvai season

in Coimbatore snd climatic conditions during these
plantings are quite favoursbtle for higher grain produce
tion. In the late plantings grain yield show a reduction
due to unfevourable climatic condfitions experienced by
the crop,

In W&M 85, the hipghest yield was obtained in 26th
November planting, From 15th Getober planting an increase
in grain yield was noticed upto 26th Kovember, Urain yield
declined with oarly Decenber plsnting aince it was subjected
te cool wezather coniitions during tis growth and development

phases,

In Summer 86 the hizhest grain yield was seen with
26tn i edbruary planting, fere alsd grain yield increased
from 20th January planting which decreased with 12th March
planting,.

The favourable climatological conditions prevailing
cdurdng the crop growth period especlally st reproductive
and ripening phases contridtuted for better growth and
development of the crops resulting in higher grale yileld
in the seasons. 4 coumparatively low temperature scoompanied
by a comparstively higher solar raiiation and sunshine hours
provides s most congenial conditien for grain production and



ripening, As a result yleld attributes such as panicles
2
per m°, grains per mz. fertility percentage, degree of

ripening ete., are influenced fevourably leading to higher
yleld,

B. Asronomic managenent
i) dater mansgzement

The response of rice crop to water management
prectices is seen to be influenced by climatolegicel factors
directly or indirectly, iuring Sumser season when the
evapirative demend of the atmosphere it greater, continuous
subrergence favourably influenced tne yield attributes
resulting in higher grain yield. vherees during SW monsoon
end XL monsoon periods when the evaporstive demerd is not
that high irrigating one day after disaprearence of ponded
water was a8 effective ag contimious submergence in provi-
ding a £ood environment for higher productivity,

tven though higher yiclds are obtained with
continuous submergence, higher WL wae noticed with
submerging one day (3WY 85 and NEM 85) and three days
(Sumer 86 sfter disgppearance of water.

Continuous stbmergence recorded highest uptake
of nutrients, There was decrease in response or psrcentage

recovery of N with lower irrigetion levels,

e



11) Nitrogen

The response to ¥ under the monsoon conditions
sre very low compared t¢ dry and sunny weather conditions
prevelled during Summer scasen, The growth attributes
like plant height, LAI gnd tiller production were higher
in summer 86 season than in Wi 85, Application ef N
influenced the yield attributes such as panicles per -2.
panicle welght, 1000 grein weight favourably and gave the
hichest yield in all the seesons at 150 kg ha~' for the
experiment (2}, 4 dose beyond this level caused a consie
dersble reduction in yield in the two moneoon seesons.

Application of N increased the mutrient uptake and
the response to apnlled ! was the highest with 75 kg ha™ )
in al1 the seastms, ‘he reduction in respanse to the next

1 of I was nore in case of 3Wh 85

hirher dose »f 155 Kz ha”
and ¥ 85 (35 and 3G per cent, respectively) compared to
23 per cent in Jummer 35. liowever, the per cent recovery
af ¥ behaved differently with ¥ application in each of the

80880n,

The oconomic optimuz cose of i did not vary between
irpigation lsvels for the diIferent varieties tried in
5% 85, whereas, 13 85 submerging cne day after dls-
appearance of water showed 8 higher sconomic optimun dose

of Il for I& 20 while in CC 44 continuous submergence showed



a higher value., In Jummer 85 the economic optimum dose
of N fncreased with moisture stress for both the varieties.

C. iaristy

¥ith the introduction of high yielding varieties,
rice production has increased considersbly, However,
selection of & specific variety that can be successfully
sTown in a particular season is very important, Vith low
licht conditions prevailing during monsoon seasons, the
variety selectad should be sble to tolerate such unfavoursble
conditions and at the same time producing higher grain yleld,
It should be fertilizer responsive also,



~ SUMMARY AND CONCLUSION




V. SUMMARY AND CONCLUS IGNB

Field experiments were conducted in three seasons,
viz,, South “est Honsoon (.W:), North Last Monsoon (NEM)
and Sumeer seasons of 1985-86 at the wetlsnds of Tamil Nadu
Agricultural University, Coimbatore to evaluate the
influence of meteorologicsl factors on Crep growth and
grain yleld and its effect on water requirement 0f the
¢rop. Another experiment was conducted with the alm %o
identify the factors responsible for difference in yield

between seasons,

In the first experiment crop growth period was
divided into three phases viz,, vegetative, reproductive
and ripening. Correlation coefficients were worked out
between growth and yleld parameters, yleld and meteOrolo-
gical factors prevalling during each growth phase so as to
identify the weather element that influence the growth and
yield at a particular phase, The results obtained under
two studles are summarised and presented separstely.

Experiment 1
The growth characters like plant height and

LAI were seen t0 be negatively correlated with the energy
sources (sunshine hours snd solar radfation) during the
later phases of crop growths A high night temperature



(minimun temperature) during the early growth period

was found to increase plant height and preduction of
tillers,

Yield attributes such as panicles per w2 and
grains per s2 were positively correlated with solar
rediation snd sunshine hours curing both the reprotuctive
and ripening phases. 7The panicle weight was correlated
with sclar rediation during ripeming snd with sunshine
hours at both the stages. Percentage of filled grains vas
positively correlated with solar radiation et reproductive
and ripening phases whereas it is correlated with sunshine
hours for both stegee taken together,

dinimum air temperativre was negatively correlated
with panicles per m2 et vegetative phase indicating that
lowver the minimun tempersture higher the panicle production,
The percentage of filled grains and panicle welght are
negstively correlated with ninlmp temperature during
reproductive and ripening phases. ‘he thousand graln weight
vas not affected by any of the weather parameters at any
of the growth phase. The degree of ripening (% fertility x
1000 grain weight) showed s negative associstion with
minimus air tempers’ ure during reproductive and ripening
phases. The solar energy sourcesware famd to be positively
associated with the degree of ripening during these two

phases.



Crein yield recorded s positive correlation with
sunsbine hours and sclar redistion during reproductive and
ripening phases, ihe correlation coefficients are found to
inerease from one stage to smother, Correlation coeffi-
clents worked out between grain yleld end total solar
radlation at weeily intervels for seven weeks before harvest
for S¥¥ gnd Summer seasons together ehowed thit thare existed
& positive correlstion between them upto five weeks before
harvest in case of IR 50, the short duration variety used

in these sessons,

The duration upto 50% flowering wes not affected
by maximum or minimum air temperature. However, the
maximur 1 minimun air temperature retic showed a positive
assoCistion with duration of flowering phase., The ripening
period duration was negatively correlsted with minimum air
temperature at this phase,

The relative humidity showed a negative reletionship
with penicles per mz, grains per llz, fertility percentage
and grain yileld and a positive associaticn with plant height
at hapveat. However, its effect was noticed to be masked
by either soler energy or terperature,

The uptake of nutrients (N & P) at flowering and
harvest stages were positively corrslated with maximm
eir tempersture, solar radiation and sunshine hours,



In case of X, a negative relation existed between its
uptake and the meteorclogical factors,

In KE¥ geason plant height showed a positive
agsocliation with maximuz or rinimum air temperature at
vegetative phase. The correlation coefficiemt increased
from one stage to another in case of 80lar energy sources
which showed a negative relationship with plant height,

The LAl was more negatively correlated with sunshine hours
or solar radistion at vegetative phase than at reproductive
phase.

The yleld attritute, panicles per n2 was negatively
correlated with minimur temperature at vegetative phase.
Grains per mz
gssociated with sunshine hours and soler radiation at
ripening phases. The percentage fertility showed a positive
correlation with sunshine hours at reproductive phase and
with solar radiastion for reproductive and ripening phases

and penicle weight were found to be positively

taken together.

The degree 0f ripening showed a close positive
associetion with totsl solar radietion at reproductive
and ripening phases than that of sunshine houre received

during these phases.

Grein yield was well correlated wvith yield attrie-
sutes 1ike gralns per m2, panicle weight, fertility



percentage, 1000 grain weight end positively with solar
energy sources at reproductive phase, The correlation
between yleld snd solar radiation is significant at
reproductive phase,

The duration of vegetative phase was more negatively
correlated with minimum air temperature of this phase then
with reximun temperature,

Plant growth and yield attridbutes as well as yleld v

did not differ between continuous submergence and submerging
one day after disappesrance of ponded water during 3% and
KEM seasons, However, continuous submergence fsvoured better
plant growth and development and yield during Summer, Thus
achedul ing irrigaticn one day after disappearance of ponded
water during SW¥ and NEM when the evaporative demand of the
atmosphere iz low is indicated.

In 3N plantings highest zrain yleld was obtained
with 16th July plenting and in summer, 26th February
planting recordad the highest yleld. Sumrer season plantings
produced more grein yield than 3w, In tha case of HEM,
the highest yield was obtained with 26th Kovember planting
where all these plantings experienced a low minimus air
temperature anc received a high solar energy during the

reproductive and ripening phases of the crop growth, These
plantings took lesser duration in the main field also, Thus



ry e ey

for gatting higher ylelds in eny of the sesscns, plantings
are to be adjusted in such a way that the crop experiences
& high eolar rediastion and sunshine hours during the
reproduetive and ripening phases.

Lxneripent 11

Srowth attributes like plant height, tillers and
LAL sncressed with ¥ application and showed higher values
in Summser than in 5¥M at all levels of ¥ snd irrigetion.
They were low in MTli season also. Root length was not
affected by N in ¥ whereas it showed a progressive
increase with ¥ application in the other two seasons, The
dry matter production increased with K application et all

steges in the three seasms,

Application of ¥ had given a progresaive increase
in panicle per m2 and grain yleld upto the level of 150 kg
ha~!, wheress panicle weizht, 1000 grain weight and number
of filled grains increased upto 225 kg na~l, e grain
yield showed a decline after 150 kg ha™' 4n WM and K&
Beasons, llowever, straw yleld reglstered increases upto

225 kg na"! of » application,

Summer Season recorded more grain yield under optimum
water and N {continuocus submergence and 150 kg ha~') then
Sw¥, the inorease being 6.2 per cent, Ine decresse in grain
yleld in NZ# ves directly related to reduction in growth
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charscters and yield attributes such as panicle per n2
and increased sterflity,

Highest #U: was noticed with 150 kg ha”! of K in
all the seasans. Weed dry weight increased progressively
with ¥ application, The highest level of N recorded the
highest weed dry weight in all the seasona,

Uptaeke of nutrients (N, P and K) incressed with
increase in level of N in both the flowering and harvest
stazes. The uptake wes more in WM compared to summer,

The response per kg 0f applied ¥ was mainteined st a very
hizh level at 75 kg % ha” in all the sessons, It decressed
a8 the N level increased. [he percentage recovery of apnlied
4 varied with N application in each season., It was high
with 75 kg ha™' in SWM, 150 kg he”' In Summer end 225 kg ha”
in MM,

4

Gross and net income snd benefit cost ratio
increased with i applicetion upto & level of 150 kg Tk
in all the eegsons, Ihey decreased after this N lewvel

in S¥¥ and HEM Seasons.

Highest return per rupee Invested on water was
noticed with 150 kg . ha”! in sll the seasans. The retum
per rupee invested on ! vas high with 75 kg ne~'., Summer

season recorded more retum on N then the other two BeasOnas.
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Growth characters such as plant height, tiller
production (except 5wM and NZH), LAI, root lemgth end 4ry
matter production were affected by moisture stress,

Increased values were obtalned with continuous submergence
for these naremeters,

Yield attributes like panicle per .2. panicle welght,
and 1000 grain weight were not affected by irrigation treat-
ments in SWM or ¥, Lowever, all of them were affected in
Summer due to mofisture stress experianced in Iz or 13 levels
of irrigation.

Grain yield was more with continuous submergence

in Summer., ‘here was no difference in yleld in case of
irrization levels in 34 and NE. seasana, Straw yleld
recorded was highest with continuous submergence in sll
the sessons. vater use efficlency was lowest with highest
irrigation level, “eed dry weight incressed with less
frequent irrigation. Upteke of nutrients registered
significant increese with continuous submergence compared

to other irrigstion levele,

The response to epplied N and recovery were
affected by irrigstion level in Summer only., 4 decresse
in response or percentage recovery with less frequemt

frrigation was noticed,

1
~1



The gross end net returns and benefit cost ratio
were high with continuous subhergence in vt and Summer

Scesons whereas they were not affected by irrigation levels
in NEAM,

The return per rupee on weter and N were high
with irrigetion of 5 cm submergence one dsy after dise

appearance of ponded water in all the seasona.

In the case of varieties, 1k 50 performed better
than C. 37 with respect to growth and yleld charscters
snd recorded more grain yleld in o¥ii and Summer seasons,
e variety CC L4 performed slightly better than IR 20
in }H:¥ season,

On conclusicn from the two field experiments, the
most suitable time for transplanting rice was found to be
mid July i3%W4); end of Hovember (NEM) and end of February
{ummer), in terms of better growth and developaent
resulting in highest grain and straw yleld, [he most ecomomic
irrigation schedule for low land rice could be recouping 5 om
submergence one day after disappearance of ponded water in
terms of higher savinge of water and low reduction in grain
yield and high return per rupeeé on water end N, A fertilizer
dose of 150 kg U ha”' was found to be the most advantageocus
with respect to growth and yleld attributes, yleld and in



terms of other ecomomic considerations. The variety
IE 50 was found to be most suitsble then CO 37 in Wi snd

Sumzer seesans, The variety CC 44 was more adaptable
than It 20 in Vi season.
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