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ABSTRACT

A field experiment entitled “Simulation of growtme yield of
various rice varieties(ryza sativa L.) as influenced by age of seedling
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Shalimar duringKharif 2010 and 2011 to simulate the effect of age of
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for plant height, leaf area index and 1000-graimgive other growth and
yield attributing characters were also significaritighest in Jhelum as
compared to SKUA-403 and SR-1.

40 days old seedlings performed better than 302éhdays old
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Chapter 1

INTRODUCTION

Rice Oryza sativa L.) one of the most important staple food crops
of the world accounts for more than 20 per cerdaly calorie intake of
about 2.48 billion people. It is cultivated in therld over an area of
about 158 million hectares with a production of 708@llion tonnes
annually (470 million tonnes of milled rice), IRRI&T, 2012. However,
the projected demand for rice is about 800 millimmnes by 2030
(FAOSTAT, 2003).

In India, rice is cultivated over an area of 36rBlion hectares
with a production of 120.6 million tonnes, contriimg about 23 per cent
to the world rice production. However, average dief rice in India is
3.26 t h& as against that of 4.37 t han the world (FAO, 2010). The
increased pressure on the land resources withieeerasing population
provides limited possibility of further horizont&xpansion under rice
cultivation. As such, in future, gains in productiavill mainly accrue
through enhancement of productivity, which will pessible through the
introduction of high yielding cultivars to a limdemagnitude and better

management practices to a large extent.

In the State of Jammu and Kashmir, rice is culédah temperate,
intermediate and subtropical zones over an ar@ab8f lakh hectares with
a production of 55.74 lakh quintals. Contributisorh Kashmir is 37.33
lakh quintals from an area of 1.43 lakh hectareth \ai productivity of
21.41 q hd (Economic Survey, 2009). The growth period of rcep in
Kashmir valley is limited by low temperature in isigr and autumn and

temperature fluctuation at flowering and grainiriilf stage results in high



spikelet sterility. Temperature can not be manigaaeasily under field
conditions but seeding time can be adjusted to niket specific

requirement for physiological stage of crop growttle. The adverse
effect of sowing dates can also be minimized byd#&lg a suitable
cultivar, as the magnitude of yield reduction varigith the varieties.
Understanding phenology of rice crop is important develop better
adapted calendars for a particular agro-ecologegtem, as rice
phenology depends on photothermal environmentsng@ihg the planting

date may shift thermo-sensitive phenological stagethe rice crop into
thermally critical environments which could leadarolonged duration,
a delay in flowering and severe reduction in yilddue to poor source
sink relationship.

Among management practices, efficient use of nonetary
inputs such as water management, time and methodernbiizer
application, selection of cultivar, plant densggedling age, transplanting
and harvesting schedules are some of the impamaans to enhance the
rice productivity. Padali (1980) reported that fhaf the success of rice
cultivation depends upon the seedling’ and as dhehideal age of
seedling used for transplanting is of primary imaoce for uniform stand
and seedling establishment. Transplanting is themmaethod of growing
rice in which rice seedlings grown is a nursery amgooted and
transplanted into well puddled field. For transpdahseedlings, age of
seedling is the major factor in determining yi€ldansplanting shock is a
setback to growth due to uprooting and replantirigseedlings. It
increases with increased age of seedling. Transptéanice at optimum
period is critical to achieve high grain yield. Hewer, optimum rice

planting dates are regional and vary with locatma genotypes (Bruns



and Abbas, 2006). The ideal age of transplantingpigerned by duration
of varieties and field condition. Time of plantiagd age of seedling are
two cultural practices which influence the growtnda yield of
transplanted rice. Furthermore, most of the riceetias have a tendency
to shed grains if harvested late. Timely harvesy mmnimize the gap
between attainable and realized yield levels. Thus,important to select
suitable seedling age contributing towards increasee production and
resolve the problem posed by non-optimal harvessidgedule, which
otherwise leads to high seedling mortality aftemsiplanting as well as

low grain yield.

Crop simulation models are mathematical, computaset
representations of crop growth and environmenttdraction. They are
widely used to describe systems and processe® devbls of genotype,
the crop, the farming system, the region and tbeajlenvironment. They
provide output data to describe attributes of ttog @t different points in
time (Mathewset al., 2002). Models have several practical uses in
agriculture. Since certain agricultural activitiesequire advanced
information of certain stages of crop developmentput results from the

crop models can be used-
» to determine time of sowing, chemical use, irrigatetc.,
» to predict maturity dates, yield and quality of gsp

 to determine limits of geographical areas suitalite

production of various crops, specially new and native,

» to select the crop varieties specific to a regmminimize risk

of damage due to unfavourable conditions, and



* to estimate the magnitude of ongoing and expechdéits Sn

phenophases occurrence due to global warming.

Thus crop models have been used for determiningtbéeuction
potential in different climatic regions, analyzitige precise reasons for
yield gap, determining strategies for higher yiplatential, studying the
short and long term consequences of climatic vdityaband climatic
change on agriculture. These simulation modelsbmamnised as research
tools helpful in decision making on location spiecégro-techniques. The

present investigation was, therefore, taken up feilowing objectives:

* To simulate the effect of age of seedling on growtld yield

of rice, and

 To simulate the proper time of harvesting of vasiatce

varieties.



Chapter 2
REVIEW OF LITERATURE

The present investigation includes three factozs thiree varieties
and three seedling ages in the main plot and thaeeesting schedules in
sub-plot. A brief resume of work done on the effetthese factors on
growth, yield and simulation studies of rice in iBnédnd abroad has been

reviewed and presented in this chapter under apptefheads.
2.1  Effect of varieties

Rice varieties show considerable variation withpess to growth
characteristics and vyielding ability. Spectacularodoction growth,
initially through combined growth of productivitynd area and later
largely through productivity enabled the countryattain self sufficiency
by the early eighties and sustain same since tfianability indices of
different varieties showed that certain indigenoullivars possess some
better desirable characters which could be usetbasr for improvement

programme (Devi and Borua, 2002).
2.1.1 Growth characters

Kanungo and Koul (1994) found that rice variety y@a was

significantly superior to ‘Parifat’ for basal tilie hill™.

Working under temperate environment of Kashmir,i Balal.
(1995) reported that amongst different genotyphsltin’ at par with ‘K-
39’ was recorded significantly taller than ‘Chenalihelum cultivar also
recorded significantly higher LAl than both ‘K-39and ‘Chenab’

varieties.



A field experiment with 30 IET lines and few varest raised on
clay loam soil in Banglore noticed significantlyffdrential LAl (Nanja
Reddeyet al., 1995).

Miah et al. (1996) indicated that high yielding varieties show
higher accumulation of dry matter (assimilates) iryirgrain filling

compared to low yield varieties.

Hari Om et al. (1997) observed that hybrid rice variety ‘PMS-
2A/IR31802’ recorded highest number of productillers m which was
at par with ‘ORI 161’ but significantly higher thdRMS 10A/PRCO05’
and ‘HKR 126'. The variety ‘ORI 161’ recorded sifjoantly higher plant
height than other varieties.

Hussainiet al. (1998) while studying the performance of 04 rice
cultivars viz. ‘ITA 306’, ‘ITA 123, ‘ITA 230" and‘TDS 103’ reported
that ‘ITA 306’ was significantly superior to othéce varieties in respect

of growth characters especially LAI.

Working under China conditions Mao Kihab al. (1998) found
that the number of seedlings established was higheultivar ‘Bing 93-
390’ which also produced higher number of tillea8 las compared to rice

cultivars ‘Jiayu-293’, ‘Jiazoa-305’ and ‘Xinxiu-293

Singh et al. (1998a) obtained maximum plant height in cultivar
‘NDGR 24’ (161.0 cm) followed by ‘Madhukar’ (152.8m), ‘Barh
Avaradhi’ (149.0 cm) and ‘Chakia 59’ (147.0 cm).

Rice cultivar ‘Suraksha’ recorded maximum plantghéiof 110.0
cm and the lowest height (98.0 cm) was observezultivar ‘R296-260’
(Siddiquiet al., 1999).



In a study at Pusa, Bihar, Singhal. (1998b) reported that rice
cultivar ‘IET 8002’ produced significantly more niver of tillers than
‘Rajshree’. ‘Radha’, ‘IET 5760’ and ‘IET 5914".

Sitaramaiahet al. (1998) observed that rice hybrids ‘MTUHR
203. ‘'MTUHR 2020’ and ‘MTUHR 2037’ produced sigiaantly higher
biomass than other genotypes. Further, the hybadsrded higher LAI
from 30 DAP compared to the varieties viz. ‘Sambahgsuri’ and
‘Chritanya’.

Penget al. (1998) and Yinget al. (1998) reported that early vigor
of hybrid rice in temperate areas was mainly aited to tillering rate

which is higher than that of conventional varieties

In another study Siddiqut al. (1999) observed that tillers plaht
were highest in rice genotype ‘Surakha’ compared ‘Karanti’,
Mahamaya’ and ‘R 296-260'.

In two years study at Karimganj, Assam Chaudhar999)
recorded highest LAl in rice variety ‘Karsahah’@5n 1994 and 3.8 in
1995) followed by ‘IR 36’ and ‘Rasi’.

A field experiment conducted to study the perforoeanf hybrids
‘CNHR-2" and ‘CNHR-3" and high yielding cultivardR-36" and ‘IR-64"
showed that cultivar ‘CNHR-2' was superior in respef number of
tillers (Bhowmick and Nayak, 2000).

Lalitha et al. (2000) conducted field investigation in Hyderabad
duringkharif andrabi seasons and reported that dutkhgrif season three
rice varieties ‘Sambamahsue’, ‘Rajaradhu’ and dmdimsa’ attained



maximum tillering stage in 32-36 DAP, whereas dgniabi season the

maximum tillering stage was attained in 55, 48 46MAP, respectively.

Singh and Singh (2000) recorded significantly hrgblant height
in cultivar ‘Pan Dhan Majhera-7’ (102.7 cm) folloav®y ‘VL Dhan 206’
(200.7 cm) and ‘Majera-3’ (98.8 cm).

The study conducted at IRRI, Philippines reveaked the tillering
rate of hybrid rice was significantly lower or efuban conventional
varieties between transplanting and mid tillerimgl detween mid tillering
and panicle initiation in different years and sess(lLazaet al., 2001).

Ghosh (2001) working in West Bengal observed higlaues of
plant height in rice hybrids. Among different hydsiplant height was
significantly highest for ‘ORI-161".

High yielding hybrid combinations exhibited LAI 6f5-7.0 at full
heading and 3.4-4.0 at maturity (%ual., 2001).

The cultivar ‘JND-13" recorded higher leaf area awrdafter
heading compared with ‘JND-3’ (Yarggal., 2001).

De et al. (2002) recorded variation in the plant height @f 1

aromatic rice cultivars ranging from 80.0 to 132m.

Yang et al. (2002a) observed that both new plant type and inte
sub-specific hybrids rice recorded higher dry nmratecumulation from

heading to harvest compared to 3 line indica hyt3ithnyon-63'.

Experiment conducted in China revealed that thecap of dry
matter production before and after heading was etykhigher in rice
cultivar ‘Xieyou-9308’ (yield up to 12.0 t Hy than ‘Xieyou-63’ (Zhaiet
al., 2002).



Sureshet al. (2001) observed that the number of tillers were
significantly higher in cultivar ‘PMK-2" comparea tASD-17’, RMAS-
2003, ‘AS-33773" and ‘AS-33714".

The above ground dry matter of Japonica/indica idgbwas 12.3
Mg ha' at heading which was 38.2 and 1.6 per cent hitfren that of
their parents and inter-varietal hybrids, respetyiv Further, the dry
matter accumulation of Japonica/indica hybridsmiyiripening phase was
9.4 Mg ha" during ripening phase which was 52.9 and 73.8 qeett
higher than that of their parents and inter-variétgbrids, respectively
(Yanget al., 2002b).

Working in Chattisgarh, Yadav and Rao (2003) regmbrthat
amongst different rice cultivars tested, ‘IET-756G#tained the highest
plant height of 110.2 cm.

At IRRI, Philippines Peng and Khush (2003) foundtthmongst
indica inbred and indica/indica rice cultivars deped up to 1999,
maximum plant height of 141.0 cm was recorded RS’l followed by
‘IR4’ (126.0 cm) and ‘IR-48" (124.0 cm). Significalifferences in the
plant height were also observed by Larzal. (2004) at IRRI, Philippines.

2.1.2 Yidd attributes

Bali et al. (1995) observed that rice variety ‘Jhelum’ prodlce
higher number of panicle per unit area (342.5),mhigher number of
grains paniclé (80.3) than ‘Chenab’ and ‘K-39'. However, the

differences were non-significant.



Singh and Pillai (1995) recorded maximum panictedgde variety
‘Katarim’ followed by ‘Karnal local’ and ‘Basmati 7®’. The lowest

number of panicles was observed in ‘Ranbir basmati’

Dhiman et al. (1997) recorded significantly highest number of
grains paniclé in ‘HKR-228' (99.0) and lowest in ‘RP-2144’ (85.00he

panicle number was also highest in ‘HKR-228".

Behra (1998) reported that amongst test varietiddasmati rice,
‘HKR-228’ showed superiority for paniclesm

Gangwar and Sharma (1998) found that the differeincehe
number of panicle i among test varieties was non-significant in first

year but differed significantly during second year.

Kanungo and Koul (1994) reported that rice genot{gmeya’ was
significantly superior to ‘Parigat’ for panicle lgithn and filled grains
panicle’.

Hussainiet al. (1998) found that rice variety ‘ITA-306' was

significantly superior in grain weight panidieand 1000-grain weight
compared to ‘ITA-123’, ‘ITA-230" and ‘'TOS-103".

Working under China conditions, Mao Kilebal. (1998) reported
that rice cultivars ‘Bing 95-503’, ‘Jiayu-293’ andiazao’ recorded higher
number of grains panicfethan other varieties, whereas 1000-seed weight

remained highest in ‘Xinxiu 922’.

Singh et al. (1998b) reported that rice cultivar ‘IET 8002’
produced higher number of panicles®rthan ‘IET 5760’, ‘IET 5194,
Rajshree’, ‘Radha’ and ‘Pankaj’. In another expemt) they recorded the
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highest number of panicle frin rice variety ‘Barh Avarwdhi’ followed
by ‘NOGR-24’, ‘Madhukar’ and ‘Chakia 59'.

Sitaramaialet al. (1998) recorded higher number of grains panicle
Yin hybrids compared to ‘Samba Mahsuri’ and ‘Chaj&.

Dhiman et al. (1997) observed highest number of grains per

panicle in ‘HKR-126" compared to other rice cultisa

The mean maximum panicle number (339nin rice cultivar
‘Vikas’ was recorded by Singét al. (1999).

Surekhaet al. (1999) reported that amongst rice hybrids ‘MGRI’
produced the highest number of panicléd Mangeet al. (1999) reported
that the panicle number, grains paricend 1000 grain weight in 10 early
duration, rainfed lowland rice varieties rangednird40 to 233, 116 to
155 and 22.4 to 30.9 g respectively.

Under low hill conditions of Uttranchal rice culéiv ‘Pant Dhan
Majhera-7’ produced significantly higher numberpaficles rif, higher
panicle length, grains panicieand 1000-grain weight compared to
‘Majhera-3’ and ‘VL Dhan 206’ (Singh and Singh, 2)0

A field study conducted to find out the performantdybrids viz.
‘CNHR-2" and CNHR-3’ and high yielding cultivarsavi‘IR-36’ and ‘IR-
64’ revealed that ‘CNHR-2’ recorded higher numbérfiled grains
paniclé (111.0) than other genotypes (Bhowmick and Nagarp).

Ganajaxiet al. (2001) recorded significantly higher number of
panicles rif in genotype ‘IET-13549’ compared to ‘Pusa basragnd
‘Taraori basmati’.

11



Ghosh (2001) studied the performance of 04 ricén higglding
cultivars and 04 rice hybrids and reported thatriojgbrecorded higher
values for panicle length and filled grains parifdiean other cultivars.

Sureshet al. (2001) recorded significantly higher number ofigsa
paniclé* and 1000-grain weight in rice cultivar ‘IET-1354&@mpared to

‘Pusa basmati’ and ‘Taraori basmati’.

The results of a field study conducted at Jilinifahoy Yanget al.
(2001) revealed that rice cultivar ‘JND-3’ recordeigher panicles than
‘JND-13'.

A significant difference in panicle number amondsterent rice
cultivars was observed by Laggal. (2004) in which ‘IR-58" and ‘IR-60’
produced about 40 per cent more panicles than ‘RSRBRand ‘PSBRc-
80'.

2.1.3 Grain and straw yield

Grain yield of rice cultivars varied significani{@itaramaiatet al.,
1998; Dhimanet al., 1999; Vangeset al., 1999; Singhet al., 2000 and
Ghosh, 2001).

Working under temperate conditions of Kashmir Bakl. (1995)
reported that the grain yield of rice genotypes3¥- (56.7 q hd),
‘Chenab’ (57.3 q hd and ‘Jhelum’ (53.6 q K3 showed insignificant

variation. Straw yield also followed a similar tcen

In Hyderabad, Singh and Pillai (1995) observed thatgrain yield
of traditional scented varieties differed signifig during ' year and 3
year of investigation. ‘Katarni’ recorded the highgrain yield of 2.87
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t ha* followed by ‘Karnal local’ (2.82 t hY, ‘Basmati 370’ (2.64 t h3
and ‘Ranbir basmati’ (2.61 t

Zadaet al. (1996) recorded maximum grain yield from variety
‘Swat 3’ (6.42 t hd) followed by ‘JP5’ (5.79 t HY and ‘IR-25865-124-3-
3 (5.14 t hd).

Hari Omet al. (1997) found that rice hybrid ‘ORI-161" produced
7, 23 and 13 per cent and 12, 27 and 21 per cghehigrain yield than
‘PMS-2A/PR31802’, ‘PMS-10A/PR-106" and ‘HKR-126’ 11993 and

1994, respectively. A similar trend was also natioethe straw yield.

Hussainiet al. (1998) studied the performance of 04 rice vargetie
and reported that ‘ITA-306' produced grain yield @p.85 q ha
compared to 16.04, 11.30 and 5.9 §'ha ‘ITA-123", ‘ITA-230" and
‘TOS-103’, respectively.

Working under China conditions Mao Khabal. (1998) reported
that the grain yield ranged from 132.5 kg fin cultivar ‘Bing-93-390’ to
330 kg mtf in ‘Bing 95-503".

Sitaramaiahet al. (1998) recorded significantly higher harvest
index in hybrids ‘MTUHR-2033’, ‘MTUHR-2020" and ‘MUHR-2037’
than other genotypes.

Singh et al. (1998a) reported that average grain yield of rice
cultivar ‘Barh avaradhi’ (22.8 q & was significantly higher than
‘NDGR-24’, ‘Madhukar’ and ‘Chakia-59’. In anothexgeriment, Singh
et al. (1998b) found that rice variety ‘IET-8002’ producéhe highest
grain yield (46.2 q h§ during £'year and ‘Rajshree’ (57.2 q Haduring

2" vear.
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Siddiqui et al. (1999) recorded higher grain yield in rice variety
‘Mahamaya’ (68.1 g h3 than other varieties.

Surekhaet al. (1999) working in Andhra Pradesh reported that
amongst the varieties in short duration group ‘MG&herged as most

promising with respect to the grain yield.

Penget al. (2000) recorded higher grain yield and harveséxnich
modern rice cultivars under favourable growing abads with high solar

radiation.

Singh et al. (2000) found significantly higher straw yield iice
genotype ‘Sugandha’ (40.4 qHathan other genotypes. However, grain

yield and harvest index was higher in ‘Pusa basmati

Bhowmick and Nayak (2000) recorded higher grain atréw
yield in rice cultivar ‘CNHR-2" compared to ‘CNHR;3IR-36" and ‘IR-
64’

Ganajaxiet al. (2001) tested 03 genotypes at Mugad in which
‘IET-13549" recorded significantly higher grain ide (30.8 g hd)
compared to ‘Pusa basmati’ (24.2 ghand ‘Taraori baxmati’ (19.2 g
ha'). ‘IET-13549" also produced significantly higheraw yield (43.1 q
ha') when compared with ‘Taraori basmati’ (36.3 gq‘hand ‘Pusa
basmati’ (33.5 q h.

Reddyet al.(2001) found that rice hybrid ‘KRH-2’ recorded 16.7
and 41.3 per cent higher grain yield than ‘IR-6Qtidg 1998 and 1999,

respectively.
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Singh et al. (2001) noticed that rice varieties showed sigatiic
grain yield difference. °‘IET-13548 and ‘Pusa basimaproduced
significantly higher grain yield than ‘“Taraori baatn

Sureshet al. (2001) observed that rice variety ‘PKK-2’ recorded
the highest straw vyield of 42.8 g hawhile the lowest straw yield was
recorded in ‘AS-33714’.

Amongst 36 Japonica/indica hybrids tested ‘02428hgglao’,
‘PC-311/IR-36" and ‘PC-311/ Minghi-63" recorded hgy grain yields
ranging from 12.6-12.9 Mg Ha(Yanget al., 2002b).

Lazaet al. (2003) recorded the highest grain yield of 546 §im
‘IR-73409H’ during 1998 (wet season), whereas ‘IF6Z3H’ recorded
maximum grain yield of 719 g fin 1999 (dry season).

Laza et al. (2004) reported that rice cultivars ‘PSBRc26H’ and
‘PSBRc72H’ produced the highest grain yield in 20Q@Get season)
whereas ‘PSBRc26H’ and ‘PSBRc80’ produced the hagheain yield in
2001 (dry season). The average harvest index \gagisantly highest in
‘PSBRc 10’ (49.9%) and lowest in ‘PSRBc30’ (36.3%).

2.2.1 Effect of seedling age
2.2.2 Growth characters

Garcia and Nakano (1995) reported that old agedllisgs
produced more tillers than young seedling from ayiscafter transplanting

to maximum tillering stage.

Tahir et al. (2004) reported that increase in seedling ageedsed
the plant height and days taken to 50 per centdtow and maturity.
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Amin et al. (2007) observed that 35 day old seedling took
significantly lesser number of days to reach 50 pent flowering.
However, it produced better growth characters costpéo 15, 25, 45 or
65 days old seedling.

The results of a field study conducted in Chinallyanli et al.
(2007) revealed significant increase in the plaght when old aged rice
seedlings were transplanted having 3.5 or 4.5 kper seedling was

transplanted.

Mobaseeret al. (2007) recorded significantly higher number of
tillers m? in 25 day old seedling compared to 35 or 45 ddysekdling.

Chandrakaret al. (2008) observed that 21 day old seedling took
significantly lower number of days to reach 50 pent flowering (98.33)
compared to 28, 35 and 42 day old seedling.

Krishnaet al. (2008) recorded 4-5 days earlier flowering when 8
day old seedling was transplanted compared to 256 dld seedling.
However, 12 day old seedling produced more numbeiters plant* than

other seedling ages.

In an experiment conducted at Gangavati, Karnatdkahna and
Biradarpatil (2009) observed that 12 day old segdiproduced more
tillers per plant compared to 8, 16 and 23 dayseledling.

Working under Kashmir condition, Chand and Hassad07)
reported that 20 day old seedling proved superner 40 day seedling in
terms of number of tillers plant

Paraye and Kandalkar (1994) found that with in@eaghe age of

seedling reduced in the plant height of rice.
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Increase in the age of rice seedlings resultedmydr flowering

cycles (Poragantia, 1996).

Kin et al. (1999) working in Korea reported that 10 day old
seedling had more vigorous elongation of plant Imeggd higher tillering
ability compared to 35 and 40 day old seedling.flazaa index, top dry
weight and CGR were lower up to 40 DAT and thesramained at par
with other seedling ages. However, RGR was higlesiO day old
seedling up to 40 DAT and thereafter it decreasetipared to RGR
recorded in 35 and 45 days old seedlings.

Qiu et al. (1999) reported that the plant height and numbder o
tillers plant' decreased with increase in the leaf age of transgd rice
seedlings.

Molla (2001) found the transplanting 28 days olderseedling

produced more number of tillers pldreompared to 21 days old seedling.

Singhet al. (1999) observed that transplanting 40 and 50 d&/s
seedling produced significantly taller plants tié@hdays old seedling.

Makara et al. (2000) reported that transplanting 60 days old
seedlings delayed the flowering of rice genotypmagared to 30 days old
seedling.

2.2.3 Yidd attributes

Working under Pakistan conditions, Jardilal. (2006) reported
that 42 day old rice seedling produced the highastber of fertile tillers
plant® (20.93), grains panicfe(87.80) and 1000-grain weight (19.61 g)
compared to 21, 28, 35 and 49 day old seedling.
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Kumar et al. (2002) found that transplanting 20 day old segdlin
exhibited higher growth parameters viz. plant hgigitier number and

LAl compared to 25 and 30 day old seedlings.

Chand and Hassan (2007) working under Kashmir ¢ondiound
that transplanting 20 day old seedling producetidriganicle length than
40 day old seedling.

Working under West Bengal conditions, Bangk al. (1997)
reported that 40 day old seedling at par with 39 skeedling produced
significantly higher number of effective tillers Ttompared to 50 and 60
day old seedling, whereas 1000-grain weight renthineaffected by

seedling age.

Increase in the transplanting age of seedlings f8@mo 50 days
significantly decreased the number of effectiviersl m?, panicle weight
and 1000-grain weight (Paraye and Kandalkar, 1994).

In two years trial, transplanting 25, 32, 39, 4@l &8 days old
seedling recorded 224, 251, 249, 260 and 250 nuofheanicles rif and
22.1, 21.5, 21.4, 21.6 and 22.0 g 1000-grain weiggspectively (Joseph,
1991).

Krishnan and Nayak (1997) found that transplandbgdays old
seedling recorded higher yield components and yéldce compared to
30 days old seedlings.

Kim et al. (1999) working in Korea reported that transplagtir®
days old seedling produced higher number of pamifewhereas 40 days
old seedling recorded the highest number of spielanicl&'.
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Increase in the age of seedlings from 25 to 45 daysificantly
decreased the yield components of rice (Singh amgh$1998).

Transplanting 28 days old seedling produced sicgmifily higher
number of panicle fhcompared to 21 days old seedling (Molla, 2001).

Pattaret al. (2001) observed that planting of 35 or 45 days old
seedling produced significantly higher grain weightd number of filled

grains paniclé compared to 25 days old seedlings.

Rajesh and Thamunathan (2003) noticed that tramspip40 days
old seedling recorded higher growth characterddyaétributes and yield

of rice compared to 30 and 50 days old seedling.

Yield attributes viz. panicle length, number of jod® m? and
panicle weight of 30 and 45 days old seedlings vegggificantly higher
than 60 days old seedling (Singtal., 1999).

Chopraet al. (2002) recorded higher number of panicle Hill
panicle length, 1000-seed weight from transplangBglays old seedling
compared to 35, 45, 55 and 65 days old seedling.

Guilaniet al. (2003) obtained the highest number of grains panicl
! from 25 days old seedling, however, grain feytiffercentages were not
significantly affected by seedling age. 1000-grai@ight increased with
increasing seedling age from 25 to 45 days.

2.2.4 Grain and straw yield

Tahiret al. (2004) studied the performance of rice genotypekeu
varying seedling ages and reported that increaskeeirseedling age from
25 days to 35, 45, 55 and 65 days significantlyresed rice grain yield.
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Jamil et al. (2006) working in Pakistan reported that 35 and 42
days old seedlings recorded higher grain yield @23and 3.74 t h
respectively compared to 21, 28 or 49 days old|segd

Garcia and Nakano (1995) working in Japan found sleadling

age did not affect the grain yield of rice.

Bhuser and Adhikari (1997) reported that seedligg ap to 65

days did not reduce the grain yield of rice genesyp

Transplanting older seedlings realized lower yields many
experiments. Grain yield was higher for youngerdbiegs with a
difference of 1.00 t hhwhen seedlings of various varieties with 7 to 21

days age were transplanted (Pasuquin and Tubab&).20

The results of a study conducted by Khusrul anduda@009) in
Bangladesh revealed that 35 days old seedling wfrice varieties gave

significantly higher yield than 15, 25 and 45 dajs seedling.

Transplanting 20 days old seedling recorded highain and
straw yield of rice than 40 days old seedling (Ghand Hassan, 2007).

Khakwaniet al. (2005) reported that younger seedlings performed

better in shallow waters than older seedlings.

Banik et al. (1997) found that 40 days old seedling gave the
maximum grain yield with superiority of 21.86, 18.8nd 46.50 per cent
over 30, 50 and 60 days old seedling. 40 days eddllsg also recorded

higher straw yield than other seedling ages.

Reddy and Reddy (1994) reported that higher graldy of rice
were obtained by transplanting 35 days old seedlorgpared to 45 or 60
days old seedling.
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Older rice seedlings reduced rice grain yields asygared to
earlier ones. The best yield was achieved withais8 day old seedlings
(Villela and Junior, 1996).

Grain yields and yield components of rice were galhe greater
with transplanting 45 day old seedlings compare8@Qalay old seedlings
(Krishnan and Nayak, 1997).

Kumaret al. (1995) reported that rice grain yield was not ctte
by seedling age from 25 to 40 days.

Working under Bangladesh conditions, Afial. (1995) found that
rice grain yield was higher in transplanting 60 attdday old seedlings
compared to 30 and 45 day old seedlings. Grossnigetgross margin and
benefit cost ratio were also highest in 75 daysaddlings.

Patel (1999) observed decrease in rice grain yigd increase in

seedling age from 30 to 50 days.

Kim et al. (1999) working in Korea found that the milled rigeld
did not vary significantly with different seedlirapes viz. 10, 20, 25, 35
and 40 days.

Singh and Singh (1999) recorded the grain yield$.e2, 4.64 and
4.22 t hd from 25, 35 and 45 day old seedlings, respectively

Yield and yield component in rice decreased witereasing
seedling age from 25 to 45 days (Singh and Sing8g)L

Channabasappat al. (1997) found that 35 day old rice seedlings
recorded higher grain yield compared to 25 anda\bald seedlings.
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In wet and dry seasons, transplanting 30 and 40otthgeedlings
recorded higher rice yields and benefit cost ratimpared to 20 day old

seedlings (Sanbagavalli and Kandasamy, 1998).

Transplanting 40 day old seedlings is highly prdokccompared
to 50, 60 and 70 day old seedlings (Anita and Dpisgi998).

Molla (2001) working in Philippines reported tha8 2lay old
seedlings produced higher grain yield than 21 ddyseedlings.

Transplanting 35 or 45 day old seedlings produagdifscantly
higher grain yields when transplanted on first dght of August but
when transplanting was delayed td"“ 2fortnight of August, the
performance of both 35 and 45 day old seedlingsgweater than that of
25 day old seedlings. In general, there was drastiaction in yield when
planting was done in first fortnight of Septembeespective of seedling
age (Pattaet al., 2001).

Nandalet al. (1999) reported that grain yields of 30 and 40 olay
seedlings did not differ but were significantly heg than those of 50 day
old seedlings. In 30 and 40 day old seedlings eterrms (Rs. 20,958 Ha
and Rs. 20,433 Harespectively) and benefit cost ratios (Rs. 1.58d Bs.
1.47, respectively) were significantly higher tharb0 day old seedlings.

Rajesh and Thamunathan (2003) observed that 40 daldy
seedlings recorded higher rice yield than 30 and&0old seedlings.

The maximum grain yield (4.10 t Hawas recorded in 45 day old
seedlings followed by 30 day old seedlings (4.08at). The mean
maximum gross returns (Rs. 10,445hand benefit cost ratio (Rs. 0.65)
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were recorded by 45 day old seedlings followed 0yd8y old seedlings
(Rs. 10,262 haand Rs. 0.58, respectively) (Singtal., 1999).

Transplanting 35 day old seedlings produced higiramn yield
than 55 to 65 day old seedlings (Chogral., 2002).

Guilani et al. (2003) working in Iran recorded decrease in tke ri
grain yield by 12-16 per cent with increase in $iegdage from 25-40
days.

Kumar et al. (2002) found that transplanting of 20 day old
seedlings exhibited higher growth and yield paramset@and registered
11.6 per cent higher grain yield over 30 day oleldiegs.

Transplanting of 21 and 28 day old seedlings resrd
significantly higher grain and straw vyields, net matary returns and

benefit cost ratio than transplanting thin and jahk day old seedlings.
2.3  Effect of harvesting schedule
2.3.1 Growth and yield

Surek and Neemi (1998) found that 49 days aftewdling is
optimum time for harvesting rice as early harvegtioauses both

guantitative and qualitative losses.

Pachongchitet al. (2008) conducted microscopic study of rice
development in Thailand and reported that the masitr period of rice

seeds was about 30 days after flowering.

Siebenmorgeret al. (1995) observed that harvesting schedule
affects moisture content of grains which in turfeefs per cent milled
rice, per cent head rice, field yield and dryingtso Significant losses in
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gross income could be incurred if rice is harvestieghoisture content less

than 15 per cent or more than 22 per cent.

Field studies under Kashmir conditions revealed travesting
rice 35 days after flowering recorded highest graeld compared to 25
or 45 days after flowering (Badt al., 2002).

24  Temperature

In temperate environments, a major limitation tcerigrowth is
temperature around flowering time. Rice is paradyl susceptible to
chilling injury immediately before heading when lowght temperatures
can damage developing pollen cells leading to pexilization of florets

and low grain set.

Leeet al. (1987) reported that two rice cultivars viz. ‘Tdhgnd
‘Jinheung’ showed lowest filled grain ratio of 38rgcent and 70 per cent,

respectively at 10 days before heading.

A daily mean temperature exceedind’@6restricted the duration
of tillering period to 05 weeks after planting amgration increased even
up to 08 weeks after planting with temperature el@sing from 25.8 to
22.9C (Lalithaet al., 2000).

Kumar (2002) reported that under low temperatureditomn, a
significant reduction in the rate of photosynthefs$.68%), canopy
photosynthesis (44.14%), transpiration (29.30%)msital conductance
(76.80%) and level of photosynthetic pigments (526}, nitrate reduction
activity (51.61%) was observed at grain fillingggaBesides, a reduction
in the grain filling rate was also noticed undew iemperature.

24



Poussinet al. (2003) found that cold temperatures at the onket o
the dry season induced slower development ratdamer above ground

biomass despite higher plant and tiller densityaaticle initiation.

Slatonet al. (2003) working under two geographical areas viz.
Crowley and Stuttgart in USA reported that averdgiéy high and low air
temperatures for the predicted optimum sowing da® 20 and & in
Crowley and 24 and £C in Stuttgart.

Koteraet al. (2004) reported that time from emergence to hegdin
was largely different between winter-spring seas@p grown under low
temperature condition (95-106 days) and rainy se&sop grown under
hot conditions (73-84 days).

2.5 Phenology

Phenology is the study of plant growth and develepimwith
respect to the timing of various growth stages.ukate prediction of crop
phenology is important for modeling, crop improvernand management

actions.

The number of days from transplanting to maximuitering

decreased with delay in transplanting date (¢es., 1994).

Bali et al. (1995) observed the maturity of Jhelum, Chenabkand
39 almost at the same time when transplanted' inelek of June.

Results of field trials conducted in Wuling mountairea of China
revealed that young panicle differentiation and dimeg dates were
delayed at later sowing dates (O&deal., 1995).

Chaudharyet al. (1996) found that genotypic difference in the

duration of grain filling was smaller than the dioa of vegetative and
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reproductive phases. Among 12 rice genotypes daurdtom sowing to
50 per cent flowering varied from 66 days in ‘Padrto 111 days in

‘Surekha’ cultivars.

Songet al. (1996) conducted studies in Korea and reportetl tha
delayed sowing decreased the number of days frammgao heading in

two rice cultivars.

In Korea, the experiment on the effect of sowingedgfrom 28
April to 10" June at 15 days interval) on rice cultivar ‘Unbloygo’ and
‘Milyang’ showed that the number of days from sogvio emergence and
sowing to heading decreased with delayed sowirgpth cultivars (Song
etal., 1996).

During dry seasons of West Bengal, the time to éomg
decreased in successive sowings (3 dates from Noeeta January) for
IR-42, Jaya and IR-36 (Sinha and Chatterjee, 1997).

The number of days between seedling emergence @parscent
heading declined linearly (Gravois and Helius, 1)998enerally the
number of days between seedling emergence and 5@em¢ heading
among modern rice cultivars emerged on the sanmeeatat varied by < 7
days (McKenziest al., 1999).

Norman et al. (1999) reported that the seedling date primarily
influences the length of vegetative period of neigh early seeded rice
requiring a greater number of days to accumulage stime number of

degree days units compared with later seeded rice.

Lalitha et al. (2000) conducted field investigation in Hyderabad

during kharif andrabi seasons and reported that durkhgrif season 03
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rice varieties ‘Sambamahsue’, ‘Rajavadhu’ and dmlimsa’ attained
maximum tillering stage in 32-36 DAP, whereas dgrirabi season
maximum tillering stage of the varieties was atdinin 55, 48 and 46
DAP, respectively.

Penget al. (2000) reported that the total growth durationrioé
cultivars released between 1974-1983 was 10 daggeshthan those

released before and after this period.

Singh and Singh (2000) from Uttranchal reported thays taken
to 75 per cent heading were not affected signifigadoy different sowing
dates (18 March, 38" March and 1% April).

Lee et al. (2001) from Korea reported that days from sowiaog t
flowering were shortened as sowing dates were ddlénpm 28" April to

5™ June in the field and phytotron experiment.

The time taken for maturity ranged from 116.2 t®.82days for
different sowing dates and 105-127.3 days for effé cultivars (Mandal
and Ghosh, 2003).

A field experiment conducted in Maharashtra by Déial. (2004)
showed that panicle initiation stage started latearly sown crop {5and
10" June) and 50 per cent flowering was earlier ie xop (28 June).
Among different hybrids, 827-35-1-1-R required marember of days
from flag leaf emergence, booting stage, 50 pert dlwering and

maturity stage compared to other lines.

Halder et al. (2004) reported that the development of panicle
initiation stage among cultivars differed only byeoday.
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Experiments conducted at two locations viz. Crowkayd St.
Joseph in Louisiana showed that days from seeéingrgence to 50 per
cent panicle emergence decreased at both locasnglanting was
delayed, whereas interaction of planting date xtivans was not
significant for number of Julian days from seedlgmgergence to 50 per

cent panicle emergence at each location (Linscagnale, 2004).
2.6  Growingdegreedays (GDD)

The results of a field trial conducted by Jadl. (1994) revealed
that the number of growing degree days from flomadluction to
physiological maturity was highest in 13une transplanting in cultivar
PR-106 and Basmati-370 and inf"2June transplanting in PR-1009.

The results of twelve genotypes grown by Chaudleagy. (1996)
at Raipur revealed that the accumulated degree fdays sowing to 50
per cent flowering were lowest for Poorva (1127) &ighest for Surekha

(1999) cultivars.

Norman (1999) reported that although rice cultivaray have
different cumulative degree day thresholds, the memof accumulated
degree day units for development to specific growthge (Panicle
differentiation and 50 per cent heading) remainatikeely constant for a

given cultivar.

The results of a field experiment at West Bengaéaded that the
growing degree days during the periods between repwind first leaf
emergence including fourth leaf emergence and ftmgeincreased with

successive delay in sowing (Mandal and Ghosh, 2003)
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At Karnal, Haryana, the crop transplanted off 30ne took 3125.9
growing degree days from transplanting to matudtyinear reduction in

GDD was observed with delay in planting (Chopra @hadpra, 2004).

At Hyderabad, Reddsgt al. (2004) observed that the accumulated
degree days for the vegetative growth stage ofwieee 1074 and 1128

duringkharif andrabi seasons, respectively.
2.7  Crop simulation models

Crop growth simulation models provide a means tantjty the
effects of climate, soil and management on cropvtrpproductivity and
sustainability of agricultural production. Theseltocan reduce the need
for expensive and time consuming field experimeomtaas they can be
used to extrapolate the results of research coeduict one season or
location to other season, locations or managenidm.development and
application of system approaches and decision stppethods can help
to identify strategies for optimizing resource useyreasing productivity,
identifying yield gaps and reducing adverse envitental impacts.

The CERES rice model under Punjab conditions predic
phenological stages quite close to observed sfagege cultivar PR-106
and PR-109. Comparing the yield and yield contriigucharacters with
those of model predictions, it was found that thedgction varied from
10.9 to 8.34 per cent of the observed yield (Jirtl, 1994).

Dingkunn (1995) performed simulation for key sowidates, 38
sites and 3 genotypes based on 10-33 years of @rg&itords. The model
permits the zonation of the Sahel in terms of cddead options and

cultivar requirements.
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Rao and Subash (1996) compared the actual andaedugrain
yield with CERES rice model in Kerala. Simulateddaactual yields
agreed well in 1998harif season, while simulated yield was higher than
actual yield in 1994harif season.

Aggarwal et al. (1997) used simulation model to examine the
opportunities for increasing irrigated rice yield the dry season of
tropical climate by altering durations of juvend@ad panicle formation
phases, specific leaf area, maximum leaf N contgnkelet growth factor
and potential grain weight. The simulations presticthat significantly
higher rates of N input and precise timing are meglto attain a grain
yield potential greater than 10 t*hand concluded that if plant N status
can be increased without lodging or disease prohlea significant
increase in yield requires increased sink capaatgintenance of high

leaf N content and a longer grain filling duration.

Williams et al. (1997) used a simplified process crop model in
Australia to simulate grain yield in response tavisy date, nitrogen
application and water depth during early stage ofiep microspore
development. The average yield response over 4 weggested that short
growth duration led to a 1.0-2.2 t“héower yield than long duration for
all sowing dates and water depth combinations. dptenal sowing date
for growth duration was 8October and delayed sowing decreased the

yield of long duration type at faster rate thanrsdaration type.

The Oryza-1 model was coupled to 35-Beta modeptorize pre-
flowering phenology of irrigated rice for high yiepotential in 3 Asian
environments. For each environment there was amappre-flowering
period that produced the highest yield (¢tral., 1997).
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Mahmood (1997) applied a physically based parametrodel,
yield to estimate the impact of fluctuating air fgsrature on evapo-
transpiration, water requirements and the lengtlgrofvth stages of the
irrigated boro rice in Bangladesh. It was found tha planting date plays

an important role in the boro rice phenology.

A model was developed for dry matter accumulationice based
on sowing date, temperature and number of sunshoes. It was
suggested that the model may be valuable in stunhethe effects of

ecological conditions on yield formation in riceg&set al., 1998).

The effects of climate and soil characteristicsrme yield and
irrigation requirement was explored at Hyderabadugh growth model
ORYZA-W. The results were useful in designing aptirizing cropping
strategies and irrigation systems in different agrosystems (Boumaeat
al., 1998).

A simulation model, describing temperature and @petiod
effects on leaf number, growth duration and legbespance rates was
developed by Sieet al.,, (1998). The model was used to identify

phenological stage and cultivar specific causesdfble crop duration.

In a study, Saseendrapt al. (1998) determined optimum
transplanting dates for rice at 5 locations in Kaetay using CERES-Rice
V-3.0 and Climprob (a PC-based software package)ded rainfed
conditions, the optimum transplanting dates weoenfthe 2% to 26"
week for multiple cropping in a year and from"2& 32 week for

rainfed monocrop.

The CERES-Rice model was used to predict physioc&bgmpact

of genetic manipulation under the environments anjtze valley, China.
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The results indicated that increasing single gra@ight has a positive
effect on yield and negative effect on grain numiecreasing spikelet
production potential greatly increases grain nunamet yield. Decreasing
tillering ability reduces spike number but increhggain number, yield
and single stem weight up to a peak (Du and Ca@9)19

In Punjab, Hundal and Kaur (1999) used the CERE®-Riodel
and results showed that the optimum date of trangiplg for rice was
June 15 but the earlier transplanted (June 1) meg perform better if
seedling age is reduced from 40 to 30 days. Yotamgsplanted seedlings
(20 and 30 days old) proved better than older (49sy seedling. An
increase in plant population from 11 to 44 hill¥ mnd an increase in
number of seedlings hitlfrom 1 to 6 showed an increasing trend in rice

yields as simulated by model.

Ramasamy (2000) determined the yield potentialhef gtandard
rice cultivar cv. IR-72 throughout India by usingodel Oryza-1. The
potential grain yield varied from 9.34 to 13.98&'thetween 8-08" and
31°25 N latitude and it increased with increasing latéy9-23°N) and
elevation (0 to 900-masl). Optimum time of sowing fmost of the
locations in India was worked out to beé™.Bune. Growth duration varied
from 100 to 146 days depending on geographicalilmta

A simulation model for phasic development and phagoin rice
was developed using the scale of physiological ldgweent time based
on the eco-physiological development processes.stdge of emergence,
panicle initiation, heading and maturity were vatetl using the data of

sowing dates under different ecological environmeentith root mean

32



square error of 1.47, 5.10, 4.58 and 3.37 daypertwely (Menget al.,
2003).

Pathaket al. (2003) through crop simulation modeling approach
reported that in Indo-Gangetic plains, the rateclmdinge is in potential
yield trend of rice from 1985 to 2000 ranged froBnl2 to 0.05 Mg hHa
per year. The decrease in radiation and increaggnimum temperature

were the reasons for yield decline.

Singh et al. (2003) using model Oryzal-N under temperate
conditions of Kashmir predicted highest grain yied 10" June
transplanting of rice. 35 days old seedling prextidtigher yield for early
(30 May) and normal (15 June) transplanting, whefea late (30 June)
transplanting 65 days old seedling was found slatab

In Himachal Pradesh, Kumar and Sharma (2004) byguSERES-
Rice model reported that the association betwedmaband simulated
data on number of days to flowering and physiolagimaturity was
significant. The model failed to simulate the numioé panicles/m
However, the number of grains/nsingle grain weight, grain yield, straw
yield and harvest index were satisfactorily simedgatind the association

between simulated and actual data on these panaweds significant.

The application of CERES-Rice model in Bangladestorded
that average potential yields of 6077 kg'tend 4217 kg Hawhen rice
was transplanted on 15 July and 15 August, respgt{Mahmoodet al.,
2004).
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Chapter 3
MATERIAL AND METHODS

The methods employed and materials used for comdustudy
entitled ‘Simulation of growth and yield of variou€e varieties Qryza
sativa L.) as influenced by age of seedling and harvgstichedules’ are

detailed in this chapter.
3.1 Experimental site

Location: The field investigation was conducted at Agronomy
Farm of Sher-e-Kashmir University of Agriculturalci&nces and
Technology of Kashmir, Shalimar duritkbarif 2010 and 2011. The site
is about 16 KM from Srinagar city situated aP3% N latitude and 7%

89 E longitude with an altitude of 1587 meters abmean sea level.
3.2 Climate and weather conditions

Climatically the experimental site is in mid to higltitude humid
temperate zone characterized by hot summers arydceéd winters. The
average annual precipitation is 944.6 mm (averdgeast 30 years) most
of which is received from December to April in tl@m of snow and
rains as a result of western disturbance mainlg miean meteorological
data recorded during the cropping seasons at M#tagcal Observatory,
Division of Agronomy are presented in Appendix-1ldahig.l. It is
evident from the data that mean maximum and meanimmum
temperatures were 27 89 and 14.88C and 29.88C and 15.83C during
cropping seasons of 2010 and 2011, respectivelyereds mean
maximum and mean minimum relative humidities du2@gd.0 were 84.80
and 59.89 per cent and during 2011 79.93 and FieB4ent, respectively.
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The total precipitation amounted to 34.40 and 276 and total
sunshine hours were 847.70 and 917.20 during 26802811 cropping

seasons, respectively.
3.3 Sall

Composite soil sample collected from 0-15 cm sejpttd before
the start of experiment was subjected to mechanical chemical
analysis. The results revealed that the soil wig day loam in texture,
high in organic carbon, low in available nitrogerdanedium in available
phosphorus and potassium with neutral pH (Tablg 3.1

3.4  Cropping history of the experimental field

The cropping history of the experimental field isem in Table-
3.2. The crop was followed by brown sarson for twasecutive years.

3.5 Experimental details

The experiment comprising three factors (three vageties, three
seedling ages and three harvesting schedules)amasut in a split plot
design with three replications as per layout plaows in Fig.2. The

details are given below:

3.5.1 Treatments

A Variety : 3 (main plot)
Jhelum Y
SKUA-403 V)

SR-1 Y
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30m

R1 R> Rs
VsAiH2 | V3AiHs | V3AH; VoAIH1 | VoAH; | V2AH; ViAoH1 | ViAZH3 | ViAzH;
VsAzH1 | V3AoHs | V3AZH; VoAsHz | VoAsH; | VoAgH: ViAiHs | ViAiH | ViAIH;
VsAsHs | V3AsH: | V3AsH: VoAzHs | VoAH3 | V2AZH: ViAsH: | ViA1H, | ViAH;
k2 k2
VoA1H1 | VoAIH, | VoA H3 (CE VoAsH, | ViAsH: | VaAgH3 (CE VsAiHz | VsAiHs | VeAH
VoAzHs | VoAHL | V2AZH; ‘g ViAzHs | ViAH | VaAgH; ‘g V3AsH1 | VsAsHs | VsAsH:
VoAsH2 | V2AsH: | V2AsH3 % ViAiH1 | ViAiHz | ViA1H; % V3AzHs | V3A2H:1 | V3AzH;
ViAiHs | ViAiH, | ViAH, VsAzHz | VaAH:L | V3ARH: VoAIHz | VoA1Hs | VoAIH
ViAzH:1 | ViAHs | VaAgH; VsAiH1 | VsAH; | V3AiH3 VoAsHL | VoAsH: | V2AsH;
ViAsH2 | ViAsH: | ViAsH3 V3AsH3 | V3AsH2 | V3AsH: V2AH3 | V2AH: | VoARH;

Main Irrigation Channel

Fig. 2. Layout Plan of the Experimental Field



Age of seedling (Days) 3

20 A
30 M
40 A

Harvesting schedule (Days 3 (sub-plot)

after flowering)

35 D H
42 N
49 S o
Design . Split-plot
Number of replications 3
Number of treatment: 27

combinations

Number of plots . 81
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Table3.1: Physio-chemical properties of soil of the experimental
field

Particulars Rating Method employed

A Mechanical characteristics

Coarse sand (%) 1.7 International pipette method
(Piper, 1966)
Fine sand (%) 18.1 The textural class of the soil
o was determined from textural
Silt (%) 42.5  diagram (Black, 1965)
Clay (%) 37.7

Texture: Silty clay loam
B Chemical characteristics

pH 6.8 1:2.5 soil water suspension
with Beckman'’s glass electrode
pH meter (Jackson, 1973)

Electrical conductivity 0.26  Solubridge conductivity meter

(dsm?) at 28°C (Piper, 1950)

Organic carbon (%) 0.81 Walkley and Black rapid
titration method  (Jackson,
1973)

Available nitrogen (kg N 368.0 Alkaline potassium per-
ha') mangonate method (Subbiah
and Asija, 1956)

Available phosphorus (kg 14.4  Extraction with 0.5 M NaHCO
P ha') (Olsenet al., 1954)

Available potassium (kg 160.0 Extraction with neutral normal
K hal) ammonium acetate (Jackson,
1973)
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Table3.2: Cropping history of experimental field

Y ear Kharif Rabi
2005-2006 Rice Oats
2006-2007 Rice Brown sarson
2007-2008 Rice Lentil
2008-2009 Rice Brown sarson
2009-2010 Rice (Experimental) Brown sarson
2010-2011 Rice (Experimental)

3.6  Description of varieties

Jhelum

This is a semi-dwarf high yielding variety obtainedm a cross
between ‘Jakkoku x IET-1444’. Average plant heightll7 cm. It is

recommended for cultivation in lower belts (up t60@m amsl) under

irrigated and water logged agro-situations. Itddyigotential is 6.5-7.0 t

ha'. It matures in 125-135 days. Grains are mediund bath a good

cooking quality (Table 3.3).

SKUA-403

This is a pipeline variety derived from a crossamsn ‘Javae x K-

448'. The variety has a yield potential of 8.7-8i6&" with average plant
height of 110 cm (Table 3.3).
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Shalimar rice-1

It is a low altitude rice variety recommended fadtiwation in
areas above 1650 m amsl. It is derived from a doesseen ‘Ch-1087 x
IET-1444’ released in 2004. The variety maturesl88-142 days and
possesses high yielding capacity of 7.0-7.5% fais moderately resistant
to blast. Average height of plant is 140 cm. Grans short and slender
(Table 3.3).

3.7 Detailsof field operations
The details of field operations are given in TaBlé-
3.7.2 Land preparation

The field was disc ploughed after the harvest awlr sarson.
Subsequently two ploughings were given with tilfetlowed by one
ploughing with rotavator to obtain desirable tilthlowever, during 2011
previous year’s plots were dug out manually aftervhstingrabi crop.
Well decomposed FYM at the rate of 10 t*hmas applied to each plot
and thoroughly incorporated in the soil. Water vetsin the plots for
puddling operation. Proper leveling of plots wasebefore transplanting
of seedlings. Field was laid out into treatmentsbad per the layout plan
(Fig.2) making 03 replications, borders, paths andation channels as

per requirement.
3.7.3 Fertilizer application

Full dose of phosphorus, potassium and zinc anfl dade of
nitrogen @ 60, 30, 20, 120 kg haf P,Os, K-O, Zn and N, respectively

through diammonium phosphate, murate of potashg suiphate and

urea, respectively was applied to each plot aalldose 1-2 hours before
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Table:3.3  Genetic description of therice varieties used

Parameter Variety

Jhelum Shalimar Rice-1 SKUA-403
Parentage Jakkoku x IET- China-1007 x Javae x K-448

1444 IET-1444

Yield potential 6.5-7.0 7-7.5 8.7-9.0
(t ha')
Panicle length 18.2 18.2 23.5cm
(cm)
1000 grain 235 25.0 29.0
weight (Q)
Average plant 117 140 110
height (cm)
Days to maturity 117 121° 136

transplanting of seedlings and mixed well into fué. Remaining half

dose of nitrogen through urea was top dressed adqual splits, one

each at tillering (20 DAT) and panicle initiatioB8 DAT) stage.3.7.4
Transplanting

Three seedlings per hill were transplanted at &isgaof 15 x 20 cm as

per the schedule.
3.7.5 Application of butachlor

Butachlor 1.5 kg a.i @ 30 kg Hhavas applied to each plot off' 3
day of transplanting and water was neither letan drained out of the

plots for about 48 hours.
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Table3.4: Calendar of field operations

Operation Date Remarks
2010 2011

Nursery sowing 01.05.201001.05.2011 -
11.05.2010 11.05.2011

22.05.2010 22.05.2011

Tractor discing 05.06.2010 05.06.2011 During 201ke plots
were dug manually

Tractorization 07.06.2010 - -do-
with tiller and
rotavator (3 turns)

Layout 08.06.2010 - Manual  labour  was
engaged. During 2011, no
layout was needed

Irrigation for 09.06.2010 09.06.2011 3-5 thin film of water was
puddling maintained

Final making of  10.06.2010 10.06.2011 Puddling, leveling of

bunds and plots, streamlining of

irrigation channels channels and bunds was
done

Uprooting of 11.06.2010 11.06.2011 Seedlings of three

seedlings different ages as per

treatment were uprooted
from nursery and their
roots were cleaned with
water. The seedlings were
kept submerged away
from direct sun radiation.
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Application of
fertilizers

Transplanting of
seedlings

Application of
herbicide

First hand
weeding

First top dressing
of nitrogen

Second top
dressing of
nitrogen

Irrigation and
drainage

11.06.2010

11.06.2010
12.06.2010

13.06.2010

02.07.2010

02.07.2010

20.07.2010

11.06.2011 Basal dose of N, P, K and
Zn fertilizers through
urea, DAP, MOP and
ZnSQ, was applied as per
package of practices to
each plot.

11.06.2011 Three robust seedlings per

hill of three varieties with
12.06.2011 gitterent ages were
transplanted at a spacing
of 15cm x 15cm as per
treatment

13.06.2011 Butachlor 1.5 kg a.i @ 30
kg ha' was applied to
each plot and water was
neither let in nor drained
out of plots for 48 hours

02.07.2011 Weeding cum hoeing was
done manually

02.07.2011 Nitrogen was top dressed
through urea as per
package to each plot

20.07.2011 Top dressing of nitrogen
to each plot through urea
was done at panicle
initiation stage as per
package

- 3-5 cm thin film of water
was maintained. Water
was withheld for 3-4 days
after tillering and again at
panicle initiation stage till
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hair like cracks appeared
for aeration to the roots.
After semi dough stage,
alternate  wetting and
drying was done.
However, water was
withheld about one week
before harvesting

Harvesting - - Harvesting of crop was
done manually as per
treatment

Threshing - - Threshing was done by

mechanical thresher.

3.7.6 Irrigation

A water level of 5cm+2 was maintained in the béasughout the
vegetative phase except at tillering (20 DAT) amadhiple initiation stage
(38-40 DAT) when fertilizer was applied. After flenng, alternate
wetting and drying was followed till dough stage.

3.7.7 Plant protection measures

No plant protection measures with regard to didesmsect pest

control were taken due to non-observance of argstafion.
3.7.8 Harvesting and threshing

The crop was harvested at 35, 42 and 49 days fidteering as
per treatment leaving two crop rows from all sidgéplot. The harvested
crop which was allowed to sun-dry in the field fdvout 72 hours was
piled in bundles and biological weight of each Henfblot wise) was
recorded using spring balance. Threshing was dgnasing mechanical
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thresher. After winnowing, the cleaned grain ofteaet plot was weighed

as kg/net plot and expressed in  ha

3.8 Details of observations recorded

Leaving the border and penultimate rows from twaesiof each
plot constituted net plot. The penultimate rows eveised for growth
studies. They were used for destructive samplingstadying different
parameters like plant dry weight at various int&svAlso six hills per plot

were pegged/ tagged to record observations atuagtages/ intervals.
3.8.1 Pre-harvest studies
3.8.1.1Plant height

Plant height was taken from 06 randomly selecteuhtpl at two
marked spots in the penultimate rows of each glat days interval from
the day of transplanting till harvest. Height wagasured from soil
surface to the apex of tallest leaf during vegegapieriod and up to tip of
panicle after panicle emergence in cm.
3.8.1.2Tiller production

Tiller number was recorded from the date of traasiuhg till
harvest at 7 days interval from 06 randomly setéttds at two market
spots in the penultimate rows of each plot. Primasegondary and tertiary
tillers were separately counted from each hill snthsequently number

was transformed to primary, secondary and tertideys m?.

3.8.1.3Leaf areaindex

Leaf area index was recorded from each plot at y& diaterval
from the date of transplanting till 98 DAT with agy analyser Accupar
LP-80 (Decagon Devices USA).

44



3.8.1.4Dry matter production

Plant samples were collected from penultimate romeibher side
of each plot at 7, 14, 21, 28, 35, 42, 49, 56,73,77, 84, 91 and 98 DAT
and at harvest from each plot. After sun-drying4e days, the samples

were oven dried at 60-86*2

for 48 hours to a constant weight. The dry
weight of samples was recorded in gram and themested into g hd at

each interval.
3.8.1.5Phenology

Number of days taken by the crop from each plotetach mid
tillering, panicle initiation, anthesis, milking,odgh and maturity stage
from the days after transplanting were keenly olesgrand recorded.
Panicle initiation was determined by dissecting fmain stems of plants
from penultimate rows of each plot every other dégr mid tillering to
check for the primordial growth. When 90 per cehtthee main stems
showed primordial growth, it was considered as plamicle initiation
stage. Anthesis was determined when 50 per cetheofpanicles were

present in the centre of the plot.
3.8.2 Post harvest studies
3.8.2.1Number of panicles

Number of panicles from 06 randomly selected latisvo marked
spots in the penultimate rows of each plot was talone day before

harvesting and the number was converted into pesiitf.
3.8.2.2Number of spikelets panicle™

Total number of spikelets of 10 panicles selecattiomly from

each plot was recorded and then averaged to nunfilspikelets paniclé
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3.8.2.3Number of grains panicle*

Number of filled grains of 10 randomly selected ipks from
each plot was recorded and their average was esdclibnd expressed as
grains paniclé.

3.8.2.4Sterility percentage

This was calculated from the number of fully deyeld grains and
sterile spikelets (unfilled) as a ratio betweenilled grains to total
number of spikelets per panicle on the basis ¢bohg formula:

Numberof spikelets- Numberof grainsX
Numberof spikelets

Sterility percentage 100

3.8.2.51000 grain weight (g)

Grain samples from each plot collected separaa¢lyhreshing
time were dried properly 1000-grains from each tefse samples were

taken and their weight was recorded in grams.
3.8.2.6Biological yield

The bundle weight of each net plot was recordeda$s dafter

harvest and converted into qh@ express biological yield.
3.8.2.7Grain yield

The grain yield of each net plot was thoroughlyaoked and sun
dried. The yield from each plot was recorded sephran kg plot' and

then converted into q Ha
3.8.2.8Straw yield

The straw yield of each net plot was computed udeng grain
yield from biological yield and expressed in g'ha
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3.8.2.9Harvest index
It was calculated by the following formula:

Economigyield

Harvesindex(%)=— . :
Biologicalyield

3.8.2.10 M oistur e content

Grain samples from each plot were collected seplgraat
threshing time. Moisture content in grain was dateed by moisture
meter and expressed in per cent (INDOSAW digitalistaioe testing
machine, OSAW Industrial Products Pvt. Ltd.)

3.8.2.11 Head recovery

The milled grain samples from each plot were tadeth the whole
grains + 75 per cent whole grains were countedraggg. The per cent
head recovery was determined as
Numberof wholegrains+ 75%who|egrainsx

Totalnumbeiof grains
3.8.2.12 Growing degree days (GDD)

Headrecovery%)= 100

GDD was calculated for different phenophases u#iiegformula

given by Summerfieldt al. (1992)

n + 1
GDD= Z M —T base
2
where Tmax is the maximum temperature

Tmix is the minimum temperature.

Thbase is the base temperatur®G=for rice
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3.9 Statistical analysisand interpretation

Analysis of variance technique as discussed by Gamd Gomez
(1984) was used to analyse the data. Analysis efddita was done by
using INDOSTAT software programme.

3.10 SIMULATION STUDIES
3.10.1 CERES-Rice module description

To simulate growth and yield of rice under temperashmir
CERES-Rice model was used.

The CERES-Rice model simulate the growth, developnaad
yield of a component crop growing on a uniform amdaland under
prescribed or simulated management as well ashtaeges in soil water,
C and N that take place under the cropping systeen ttme. The model
consider the effects of weather, genetics, soilewatoil C and N, and
management in single or multiple seasons and ip cotations at any
location where minimum inputs are provided. FigBrehows a schematic
diagram of CERES-Rice module (Crop environment aedource

synthesis).

The phenology component of CERES-Rice has beenridedc
elsewhere (Ritchiet al., 1998). The model describes the progress through
the crop life cycle (Fig.3).

Using degree day accumulation (heat sums) with &e ba
temperature of 9C, optimal temperature of 88 and a maximum

temperature 4C.

The duration of certain stages varies with culsvaind coefficients

are used as inputs to describe these differencdsv@lopment phase
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Fig.3: Schematic diagram of theCERES-Rice model






(Juvenile stage) occurs where the crop is not seasio photoperiod.
After this stage, sensitivity to photoperiod as Iwak temperature
determine the time to panicle initiation. Coeffiti® describing this
sensitivity to photoperiod as well as thermal tirequired for key growth
stages are used to define differences betweervardtiThe growth stages
simulated by CERES-Rice are: germination, emergeecéd of Juvenile
panicle initiation, 50 per cent heading, 50 pertd@wering beginning
grain fill, maturity harvest. The suites of genetioefficient used in
phenology and growth simulation are shown in Tabte-The phenology
component also simulates the effect of water oreficd on rate of life
cycle progress (Singét al., 1999). These effects may vary with life cycle
phase; for example, water deficit may slow the orefereproductive
growth but accelerate reproductive growth afterifi@gg of grain filling

stage.

The model predict daily photosynthesis using théiateon use
efficiency approach as a function of daily irradiarfor a full canopy,
which is then multiplied by factors ranging from t6 1 for light
interception, temperature, leaf N status and waleficit. There are
additional adjustments for GQroncentration, specific leaf weight, row
spacing and cultivar (Ritchiet al., 1998). Growth of new tissues depends
on daily available carbohydrate and partitioningdifferent tissues as a
function of phenological stage and modified by wadkeficit and N
deficiency. Cultivar differences in yield comporgnttillering and
temperature tolerance are captured by the modeigusi suite of

coefficient specific to a cultivar.

The soil water balance model of DSSAT is a one dsmnal

model and computes the daily changes in soil waietent by soil layer
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Table-3.5; Genetic coefficient for the DSSAT CERES-Rice

Py Time period (expressed as growing degree days [GDD]
°C above a base temperature OfCY from seedling
emergence during which the rice plant is not resp@nto
changes in photoperiod. This period is also refetoeas

the basic vegetative phase of the plant

P,R Extent to which phasic development leading to fdanic
initiation is delayed (expressed as GDDY@) for each

hour increase in photoperiod abovg P

Ps (Time period in GDD ir’C) from beginning of grain filling
50 (3 to 4 days after flowering) to physiological ny with
the base temperature dt®

Py  Ciritical photoperiod or the longest day length l{ours) at
which the development occurs at a maximum rate. At
values higher than,p development rate is slowed, hence

there is delay due to longer day lengths

G, Potential spikelet number coefficient as estimdteth the
number of spikelets per g of main Culm dry weiglet$
leaf blades and sheaths plus spikes) at anthesigpigal
value is 55.

G2 Single grain weight (g) under ideal growing coruatis, i.e.
non-limiting light, water, nutrients and absencegests and
diseases.
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Gz  Tillering coefficient (scalar value) relative to-#4 cultivar
under ideal conditions. A higher tillering cultivarould

have coefficient greater than 1.0.

G,  Temperature tolerance coefficient. Usually 1.0varieties
grown in normal environments.,Gor Japonica type rice
growing in a warmer environment would be 1.0 oragge
Likewise, the G value for Indica type rice in very cool

environments or season would be less than 1.0.

due to infiltration of rainfall and irrigation, viécal drainage, unsaturated
flow, soil evaporation and root water uptake prgesgJonest al., 2003).
The soil has parameters that describe its surfandittons and layer-by-
layer soil water holding and conductivity charaistties. The model use a
‘tipping bucket’ approach for computing soil watdrainage when a
layer’'s water content is above a drained uppert lparameter. Upward
unsaturated flow is also computed using a consger/astimate of the soil
water diffusivity and differences in volumetric kavater content of
adjacent layers (Ritchie, 1998). Soil water inditton during a day is
computed by subtracting surface runoff from rainfaat occurs on that
day. The SCS method (Soil Conservation Service,2193 used to
partition rainfall into runoff and infiltration, Is&d on a ‘curve number’
that was developed by Willianet al.(1984) used in the model accounts
for layered soils and soil water content at theetwhen rainfall occurs.
When irrigation is applied, the amount applieddsled to the amount of
rainfall for the day to compute infiltration andnaff. Drainage of water

through the profile is first calculated based onoaerall soil drainage
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parameter assumed to be constant with depth. Theuramof water
passing through any layer is then compared withsttarated hydraulic
conductivity of that layer, if this parameter isopided. If the saturated
hydraulic conductivity of any layer is less thanmguted vertical drainage
through that layer, actual drainage is limitedhie tonductivity value and
water accumulates above that layer. The detaitoibfwater balance sub-
module are given in Ritchie (1998) and Joeted. (2003).

3.10.2 Evaluation of the modé

The Decision Support System for Agrotechnology $fan
(DSSAT) models, developed by an International Nekwof scientists,
cooperating in the International Benchmark Sitestwdek for
Agrotechnology Transfer (IBSNAT) Project (Joretsl., 1998), follow a
systems approach to agronomic research. The Crp@pystem Model
(CSM) released with DSSAT v 4.5 used in this stugpresents a major
departure from previously released DSSAT crop mddeheset al.,
2003; Porteet al., 2003).

Figure-4 shows the main components of CSM (rateutations,
integration, daily output and summary output) ligte primary and sub-
modules that are currently used in the croppingtesysmodel and
summarizes their functions. The major modules ir tiew version
(Batchelor, 2003; Jonest al., 2003; Porteet al., 2003) are:

e Soil module includes a soil water balance sub-m®admd two

soil nitrogen/ organic matter modules.

* CROPGRO plant growth template module simulateserbfit

crops by defining species characteristics in iripes.
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* Plant growth interface for adding additional indiwal crop
models, which are not included in the CROPGRO tatepl
approach. Currently this includes rice, maize, etjilsorghum,

wheat, barley and potato.
* Weather module reads or generates daily weathar dat

* Soil plant atmosphere module deals with competitamnlight

and water among the soil, plant and atmosphere.

 New components and capabilities that have beendatidéhe
CSM system of modules include (Porgeal., 2003):

Two additional ET routine (FAO Penman Monteith PEAO-
56 and Penman Monteith PET using dynamic canopghhei
and LAI).

* Addition of the CENTURY SOM simulation as an optitor
modeling SON and SOC processes.

* A soil plant atmosphere module.
* Pest damage simulation for maize, millet and samghu
* A soll fertility factor for maize, milled and sorgh.

» Combination of several crop growth routines intosiagle
model.

The main programme controls the timing of eventise- start and
stop of simulation, beginning and end of crop seaswell as daily time

loops.
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3.10.3 Moddl calibration

Observed weather data of Shalimar Main Campus @& th
University for Growing Seasons 2010 and 2011 wasl dser calibrating
the coefficients of 03 rice varieties using setdafa of one treatment of
field experiment (22 May sowing). The coefficierftsr varieties was
estimated from field experiment by adjusting caedints until close
match were achieved between simulated and obsegwliedology and

yield.

The available data included anthesis day, graiidyaad above
ground crop biomass, grain number per unit of gdoarea, individual
grain weight, maximum LAl and final grain yield. @ic coefficients
(Table-3.6) of 03 varieties were estimated usirgp atata of all varieties
i.e. phenological dates (anthesis and maturity)eldyi and vyield

components.
3.10.4 Model validation

To assess the accuracy of the model simulation acgdpwith the
observations, data generated from three ages dlisge and three
varieties of rice over two years (2010 and 20113 wsed for validating
the performance of CMS-CERES-Rice model. Predictapabilities of
the model were tested by judging the performand@efcrop in terms of
grain yield, phenology (days to anthesis), straeidyiand top weight
(biological weight).

Sensitivity test
Sensitivity means rate of change in output varigigleunit change

in input variable or parameter (Pathetkal., 2003). Weather parameters



were selected for sensitivity analysis. These mhetlbambient temperature
(+3°C) and concentration of carbon dioxide (350-700 ppBetailed
treatment combinations are given in Table-3.6.

3.10.5 Simulations

Yearly data base of Kashmir (Shalimar) from 2004 @010-11
was run to simulate response of rice variety (Jh¢hfound most suitable
under existing agro-climatic condition out of thredtivars tested in the
field experiments i.e. Jhelum, Shalimar Rice-1 &¥lA-403, different

sowing dates including extrapolated dates (froff &pril to 1% June).
Growth behaviour in terms of yield, top weight,rsteveight and
days to anthesis LAI, single grain weight of vaastwere simulated.

Table-3.6: Combination of weather parameters selected for
sensitivity analysis

Treatment Max. Min. Carbon dioxide

Tempoerature Tempoerature Concentration
) ) (ppm)

C Normal (Ambient) Normal (Ambient) Normal (330 ppm)

C +3 +3 Normal

Cs -3 -3 Normal

Cy Normal Normal 350

Cs +3 +3 450

Cs Normal Normal 700

Cy +3 +3 700

Cs -3 -3 700
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Chapter 4
EXPERIMENTAL FINDINGS

This chapter deals with interpretation of data geteel during the
course of investigation and simulation results bf tmodel. The
experimental findings are summarized in tables faqudes and described
in the text under appropriate heads. Only the ingmbr significant

interaction effects have been interpreted.
4.1  Growth characters
4.1.1 Plant height

Data presented in Table-4.1, 4.2 and Fig.5 foryésar 2010 and
2011, respectively, indicated that the plant heiglbteased consistently
up to harvest. However, the magnitude of increas® lvghest from 35 to
63 DAT viz. the period coinciding with late tillewg to flowering.

Variety SR-1, at par with SKUA-403, recorded sigrahtly taller
plants than Jhelum at all growth periods except7 aand 14 DAT.
However, the plant height recorded with SKUA-408 dhelum varieties

remained statistically similar at all growth peodiuring both years.

It was found that during both years of experimeatat40 days old
seedling produced significantly taller plants theoth 30 and 20 days old
seedling at all growth periods. However, 40 andda®s old seedling
remained at par at 35, 49, 63, 70, 90 and 98 DAindwoth years. It was
also inferred from the results that 30 days olddkeg produced
significantly taller plants at all crop growth pamis than 20 days old

seedling.
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Table4.l: Periodic plant height (cm) asinfluenced by rice cultivars, age of seedling and harvesting schedule (2010)
Treatment Days after transplanting
7 14 21 28 35 42 49 63 70 77 84 91 98
Varieties
Jhelum M) 18.31 20.21 23.88 29.33 36.44 4514 53.83 66.111.118 88.01 97.10 101.25 104.10 106.85
SKUA-403 (\,) 18.80 2080 24.75 30.75 37.83 46.15 55.16 68.112.1/8 89.72 99.91 102.10 105.19 107.89
SR-1 (k) 1950 21.60 25.67 32.03 39.23 4760 56.62 69.639.68 96.23 100.73 104.73 107.23 109.88
SEmz 0.25 0.30 0.37 0.46 0.57 0.50 0.63 0.70 0.871.06 0.93 1.05 0.99 1.00
CD (p<0.05) NS NS 1.12 1.38 1.72 1.47 1.89 2.10 253 231279 3.15 2.98 3.01
Age of seedling
(Days)
20 (A) 16.68 18.36 2264 27.64 3516 4218 51.75 60.437.43r 84.43 93.18 96.88 99.74 102.44
30 (A9 1881 2124 2480 30.78 38,52 4693 56.10 70534428 91.42 100.92 104.32 107.52 110.22
40 (A) 21.12 23.01 26.86 3359 3982 4958 57.76 72.896.118 93.11 103.64 106.88 109.26 111.96
SEmz 0.25 0.30 0.37 0.46 0.57 0.50 0.63 0.70 0.871.06 0.93 1.05 0.99 1.00
CD (p<0.05) 0.74 0.89 1.12 1.38 1.72 1.49 1.89 2.10 2.533.18 2.79 3.15 2.98 3.01
Harvesting schedule
(Days after flowering)
35 (H) 1883 2083 24.68 3054 37.84 46.12 55.16 67.712.418 89.41 99.20 102.45 105.35 108.05
42 (H) 1894 2094 2495 30.73 3791 46.34 55.36 67.932.638 89.63 99.32 102.75 105.45 108.15
49 (H) 1884 20.84 24.67 30.74 37.75 46.23 55.08 68.212.98 89.92 99.22 102.88 105.72 108.42
SEmz 1.03 0.28 0.35 0.43 0.54 0.47 0.59 0.66 0.821.00 0.88 0.99 0.93 0.94
CD (p< 0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS
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Table4.2:

Periodic plant height (cm) asinfluenced by rice cultivars, age of seedling and harvesting schedule (2011)

Treatment Days after transplanting
7 14 21 28 35 42 49 56 63 70 77 84 91 98
Varieties
Jhelum (M) 18.24 2024 2391 29.63 36.84 4593 5473 67.102.18 89.01 98.19 102.37 105.13 107.70
SKUA-403 (V) 1871 2083 2481 3095 3819 47.00 56.04 69.104.238 90.72 100.96 103.27 106.23 108.74
SR-1 (V) 1842 2165 2574 3232 39.65 4820 5750 70.145.78 92.23 101.77 105.86 108.29 110.72
SEmz+ 0.26 0.29 0.39 0.47 0.54 0.57 0.65 0.73 0.840.99 1.04 0.88 0.99 1.00
CD (p<0.05) NS NS 1.18 141 1.62 1.69 1.94 2.18 250 829 310 2.62 2.97 2.89
Age of seedling
(Days)
20 (A) 16.61 1840 2271 2796 3556 4298 5265 61.728.45/ 8543 9422 98.00 100.80 103.29
30 (A) 1873 21.26 2487 31.10 38.88 4786 57.00 71.855.4688 92.44 101.96 105.34 108.48 111.06
40 (A) 21.03 23.06 26.88 33.84 4024 50.29 58.62 72.778.118 94.09 104.74 108.16 110.37 11281
SEmz+ 0.26 0.29 0.39 0.47 0.54 0.57 0.65 0.73 0.840.99 1.04 0.88 0.99 1.00
CD (p< 0.05) 0.78 0.87 1.18 141 1.62 1.69 1.94 2.18 2.502.98 3.10 2.62 2.97 2.89
Harvesting schedule
(Days after flowering)
35 (H) 18.75 20.87 24.75 30.87 38.22 46.93 56.06 68.703.43 90.41 100.25 103.54 106.37 109.22
42 (H) 1887 2099 25.02 31.03 3831 47.15 56.18 68.903.688 90.64 100.37 103.81 106.42 109.27
49 (H) 18.75 20.86 24.69 31.00 38.15 47.05 56.03 68.744.98 90.91 100.30 104.15 106.86 108.67
SEmz+ 0.24 0.27 0.36 0.44 0.51 0.54 0.61 0.69 0.790.93 0.98 0.83 0.93 0.94
CD (p<0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS
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The results, further, indicated that harvestingrofp at 35, 42 and
49 days after flowering (DAF) did not cause anyngigant variation in

the plant height at any crop growth period duriothithe years.
4.1.2 Leaf areaindex

Data presented in Table-4.3, 4.4 and Fig.6 revetdatl the leaf
area index, a vital photosynthetic character, imsee up to 63 DAT
(anthesis), thereafter decreased gradually up twebf irrespective of

treatments.

Data revealed that except at 7, 14 and 21 DAT, &af index
recorded with variety SR-1 was significantly higltean Jhelum at all
crop growth periods during both the years. HowevBKUA-403
remained at par with SR-1 at all growth periodsttier, during 2010
SKUA-403 recorded significantly higher values of IL&t 28, 35 and 42
DAT over Jhelum but at later growth periods both SBnd Jhelum were
statistically similar. Similar trend was observex LAl of all the three
varieties during 2011.

It was found that 40 days old seedling recordediogntly
higher leaf area index than 20 days old seedlingoup4 DAT and at 91
and 98 DAT LAI recorded with 40 and 20 days olddiieg remained
statistically similar. Further, LAl recorded witl 4lays old seedling was
at par with 30 days old seedling from 7 to 98 DAept at 91 DAT. It
was also noticed that except at 7-21 and 84 DAT], iesorded with 30
days old seedling was significantly higher than &fys old seedling
during both the years.
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Table4.3:

Leaf areaindex asinfluenced by rice cultivars, age of seedling and harvesting schedule (2010)

Treatment Days after transplanting
7 14 21 28 35 42 49 56 63 70 77 84 91 98
Varieties
Jhelum M) 0.15 0.24 0.42 0.83 1.24 1.94 2.48 4.08 4.20 3.743.66 3.04 2.34 0.84
SKUA-403 (W) 0.16 0.26 0.51 1.20 1.97 2.67 2.86 4.44 4.52 4.263.91 3.39 2.54 1.19
SR-1 (k) 0.18 0.29 0.55 1.29 2.10 2.80 3.00 4.69 4.79 4.534.06 3.60 2.75 1.40
SEmt 0.03 0.04 0.05 0.10 0.15 0.20 0.32 0.19 0.130.16 0.17 0.13 0.08 0.12
CD (p<0.05) NS NS NS 0.30 0.45 0.61 0.67 0.57 0.38 0.470.51 0.39 0.25 0.36
Age of seedling
(Days)
20 (A) 0.12 0.21 0.42 0.80 1.16 1.86 2.14 3.79 3.90 3.643.40 3.00 2.62 1.40
30 (A) 0.15 0.26 0.47 1.23 1.88 2.58 2.94 4.55 4.64 4.683.94 3.34 2.39 0.92
40 (Ag) 0.22 0.32 0.59 1.29 2.27 2.97 3.26 4.87 4.97 4.714.29 3.69 2.62 1.11
SEmzt 0.03 0.04 0.05 0.10 0.45 0.20 0.32 0.19 0.130.16 0.17 0.13 0.08 0.12
CD (p<0.05) 0.10 0.11 0.14 0.30 0.45 0.61 0.67 0.57 0.380.47 0.51 0.39 0.23 0.36
Harvesting schedule
(Days after flowering)
35 (H) 0.16 0.25 0.50 1.05 1.75 2.44 2.73 4.38 4.52 4.183.86 3.34 2.66 1.14
42 (H) 0.16 0.26 0.48 1.09 1.76 2.52 2.75 4.47 4.48 4.243.94 3.41 2.54 1.17
49 (Hs) 0.17 0.28 0.50 1.17 1.79 2.45 2.86 4.36 4.51 4.313.83 3.28 2.49 1.12
SEmzt 0.028 0.037 0.047 0.09 0.14 0.19 0.30 0.18 12 0. 0.15 0.16 0.12 0.07 0.11
CD (p<0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS
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Table4.4:

Leaf areaindex asinfluenced by rice cultivars, age of seedling and harvesting schedule (2011)

Treatment Days after transplanting
7 14 21 28 35 42 49 56 63 70 77 84 91 98
Varieties
Jhelum (M) 0.17 0.27 0.47 0.93 1.54 2.24 2.88 4.48 4.60 4.143.76 3.14 2.44 0.94
SKUA-403 (W) 0.18 0.28 0.56 1.30 2.25 2.92 3.26 4.84 4.92 4.464.01 3.49 2.64 1.27
SR-1 (W) 0.17 0.31 0.60 1.39 2.42 3.35 3.40 5.09 5.19 4.734.16 3.70 2.85 1.48
SEmz+ 0.03 0.04 0.05 0.10 0.16 0.27 0.29 0.20 0.160.15 0.11 0.13 0.08 0.12
CD (p<0.05) NS NS NS 0.29 0.48 0.51 0.57 0.59 0.48 0.440.31 0.39 0.24 0.35
Age of seedling
(Days)
20 (Ag) 0.14 0.22 0.47 0.90 1.46 2.16 2.54 4.19 4.30 3.843.50 3.10 2.72 1.48
30 (A) 0.17 0.29 0.52 1.33 2.18 2.88 3.34 4.95 5.04 4.884.04 3.44 2.48 1.02
40 (Ag) 0.24 0.33 0.64 1.39 2.57 3.27 3.66 5.27 5.37 4.914.39 3.79 2.73 1.19
SEm+ 0.03 0.04 0.05 0.10 0.15 0.17 0.12 0.20 0.160.15 0.11 0.13 0.08 0.12
CD (p< 0.05) 0.10 0.11 0.14 0.29 0.45 0.51 0.57 0.59 0.480.44 0.31 0.39 0.24 0.35
Harvesting schedule
(Days after flowering)
35 (H) 0.18 0.27 0.55 1.15 2.05 2.74 3.13 4.78 4.92 4.383.96 3.44 2.76 1.24
42 (H) 0.18 0.28 0.53 1.19 2.06 2.82 3.15 4.87 4.87 4.444.04 3.51 2.64 1.23
49 (Hs) 0.19 0.31 0.56 1.27 2.09 2.75 3.26 4.76 491 4.513.93 3.38 2.59 1.20
SEmz+ 0.028 0.037 0.047 0.09 0.14 0.16 0.11 0.19 150. 0.14 0.10 0.12 0.07 0.11
CD (p<0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS
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Harvesting of crop at 35, 42 or 49 days after flomge could not
produce any significant variation in LAl during botthe years of

investigation.
4.1.3 Periodictiller production m?

During both 2010 and 2011, there was a non-sigmfiaifferent
in tiller production rif in all the three varieties up to 14 days after
transplanting after which tiller productionnincreased consistently up to
49 days after transplanting. After this periodth# three varieties showed

a decrease in tiller production‘m

As far the varietal difference is concerned, sigarfitly highest
tiller production ¥ was observed in Jhelum at all intervals followsd b
SR-1, during both the years (Table 4.5, 4.6 and Big

It was observed that during both the years 40 ddysseedlings
had significantly higher tiller production fnas compared to 30 day old
seedlings which in turn had significantly highéleti production rif than
20 days old seedlings at all growth periods.

The data further reveals that harvesting the ctopba42 and 49
days after flowering did not cause any significaatiation in the periodic

tiller production nf during both the years.
4.1.4 Dry matter production

Dry matter production varied significantly amongaericultivars
during both years (Table-4.7, 4.8 and Fig. 8). And 14 DAT, dry matter
produced by the rice cultivars was at par with anether. However, at 21
and 28 DAT variety Jhelum which was at par with BRecumulated

significantly  higher dry matter than SKUA-403, whas
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Table45:  Periodictiller production m? asinfluenced by rice cultivars, age of seedling and har vesting schedule (2010)
Treatment Days after transplanting
7 14 21 28 35 42 49 63 70 77 84 91 98
Varieties
Jhelum M) 1334 160.1 2824 3322 3674 379.6 376.4 371.665.8B 361.7 3545 356.5 3494 343.2
SKUA-403 (\,) 1333 1575 2756 3265 3551 367.1 366.1 361.155.43 3499 347.2 3442 3373 331.3
SR-1 (k) 133.2 1589 2783 329.1 362.1 373.2 3715 366.360.830 355.1 353.2 350.2 343.1 337.1
SEmt 0.58 0.63 0.71 0.75 1.40 1.30 1.64 1.56 1.621.56 1.52 1.25 1.32 1.14
CD (p<0.05) NS NS 2.13 2.25 4.19 3.90 4.90 4.67 485 84.6 4.72 3.74 3.95 3.40
Age of seedling
(Days)
20 (A) 1314 1555 1626 3195 347.1 362.1 361.1 359.152.43 346.9 3442 3454 3395 3335
30 (A) 138.2 1599 278.3 329.1 3621 3732 3715 366.360.8 355.2 352.8 349.9 3427 3365
40 (Ag) 140.3 161.1 2894 3422 3754 384.6 3834 373.668.8B 364.6 3624 355.6 347.6 341.6
SEmzt 0.58 0.63 0.71 0.75 1.40 1.30 1.64 1.56 1.621.56 1.58 1.25 1.32 1.14
CD (p<0.05) 1.75 1.89 2.13 2.25 4.19 3.90 4.90 4.67 4.854.88 4.72 3.74 3.95 3.40
Harvesting schedule
(Days after flowering)
35 (H) 1334 1586 277.8 3289 360.8 372.6 371.8 365.060.83 355.8 354.0 350.6 340.2 336.9
42 (H) 133.2 158.8 2789 329.6 3617 3719 3729 366.362.8B 356.9 3529 351.0 339.1 3374
49 (H) 1332 159.1 279.6 329.3 3621 3754 369.3 367.7569.33 354.0 3525 349.3 3405 337.3
SEmzt 0.55 0.60 0.68 0.71 1.33 1.24 1.56 1.49 1.541.49 1.50 1.19 1.26 1.09
CD (p<0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS
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Table 4.6: Periodic tiller production m? asinfluenced by rice cultivars, age of seedling and harvesting schedule (2011)
Treatment Days after transplanting
7 14 21 28 35 42 49 63 70 77 84 91 98
Varieties
Jhelum M) 137.2 1659 2926 3521 3774 389.8 386.1 381.876.283 3719 365.0 362.1 355.1 349.0
SKUA-403 (V) 1374 1625 2853 3465 3652 377.0 376.2 371.06543 359.1 353.1 350.7 343.2 337.0
SR-1 (k) 137.3 163.1 2884 349.2 3720 383.1 3817 376.270.83 365.7 359.3 356.1 3495 343.6
SEmt 0.57 0.65 0.74 0.82 1.50 1.29 1.30 1.52 1.641.58 1.50 1.24 1.27 1.08
CD (p<0.05) NS NS 2.20 2.45 4.50 3.87 3.90 4.55 492 24.7 450 3.70 3.80 3.22
Age of seedling
(Days)
20 (A) 1352 160.1 2723 339.1 3574 372.0 3716 369.962.83° 357.4 350.0 351.6 3454 3394
30 (A) 1424 1645 2886 3495 3722 383.0 3810 376.070.38 365.0 358.6 3559 348.8 3426
40 (Ag) 144.3 1669 2994 3622 3850 3949 3914 383.179.8B 374.3 368.8 3614 3536 347.6
SEmzt 0.57 0.65 0.74 0.82 1.50 1.29 1.30 1.52 1.641.58 1.50 1.24 1.27 1.08
CD (p<0.05) 1.70 1.93 2.20 2.43 4.50 3.87 3.90 4.55 4.924.72 4.50 3.70 3.80 3.22
Harvesting schedule
(Days after flowering)
35 (H) 1372 163.8 287.6 3483 370.8 3828 3814 375.370.38 3650 3605 356.0 346.5 3424
42 (H) 137.4 163.6 2889 3499 3718 3827 3829 376.672.88 366.8 3585 357.6 345.0 3439
49 (H) 137.3 164.1 289.8 3496 3720 3844 379.7 377.169.83 3649 3584 3553 346.3 3433
SEmzt 1.54 0.62 0.70 0.78 1.43 1.23 1.24 1.45 1.561.50 1.43 1.18 1.21 1.03
CD (p<0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS
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Table4.7:  Periodic dry matter production (q ha™) asinfluenced by rice cultivars, age of seedling and har vesting schedule (2010)
Treatment Days after transplanting
7 14 21 28 35 42 49 56 63 70 77 84 91 98
Varieties
Jhelum M) 0.73 0.97 2.47 6.54 13.68 26.52 4432 7532 90.4685.30 117.22 122.34 126.89 129.89
SKUA-403 (W) 0.78 0.90 2.10 588 1210 21.17 3790 68.82 83.887.34 110.10 11422 118.40 124.37
SR-1 (k) 0.75 0.94 2.29 6.20 1259 25.07 4198 73.06 87.101.87 114.34 118.10 122.37 125.40
SEmzt 0.026 0.04 0.13 0.20 0.27 0.23 0.59 0.75 0.830.91 0.89 1.03 1.29 1.31
CD (p<0.05) NS NS 0.38 0.59 0.81 0.69 1.78 2.24 248 22.7 2.66 3.10 3.87 3.94
Age of seedling
(Days)
20 (A) 0.42 0.48 1.22 3.92 792 17.63 3052 57.32 67.907.70 84.23 90.10 94.18 99.18
30 (A) 0.82 0.96 2.69 6.45 12.27 2424 4269 77.49 94.400.13 12411 126.22 133.13 135.35
40 (Ag) 1.02 1.37 2.75 8.25 18.18 30.89 50.99 82.39 99.206.68 133.32 138.34 140.35 142.13
SEmz 0.026 0.04 0.13 0.20 0.27 0.23 0.59 0.75 0.830.91 0.89 1.03 1.29 1.31
CD (p<0.05) 0.08 0.12 0.38 0.59 0.81 0.69 1.78 2.24 2.482.72 2.66 3.10 3.387 3.94
Harvesting schedule
(Days after flowering)
35 (H) 0.74 0.90 2.34 6.15 12.60 2400 4110 7180 86.661.13 113.50 121.87 122.10 125.22
42 (H) 0.76 0.96 2.30 6.20 13.11 2442 41.60 7274 87.4682.07 11414 121.20 122.12 125.18
49 (Hs) 0.76 0.95 2.22 6.27 12.66 2434 4150 72.66 87.401.31 114.02 12159 122.44 126.26
SEmz 0.024  0.037 0.12 0.18 0.25 0.21 0.56 0.70 80.7 0.86 0.84 0.97 1.22 1.24
CD (p<0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS
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Table4.8:  Periodic dry matter production (q ha™) asinfluenced by rice cultivars, age of seedling and har vesting schedule (2011)

Treatment Days after transplanting
7 14 21 28 35 42 49 56 63 70 77 84 91 98
Varieties
Jhelum M) 0.83 1.01 2.57 6.94 14.70 27.78 47.20 78.40 93.608.20 120.42 125.12 129.64 132.80
SKUA-403 (W) 0.81 0.93 2.15 6.30 12.80 22.10 40.70 7190 86.990.14 110.15 117.32 121.20 123.01
SR-1 (\B) 0.78 0.98 2.44 6.62 13.64 26.17 44.78 76.20 90.204.67 117.20 126.19 125.17 127.00
SEmz+ 0.026 0.046 0.14 0.20 0.25 0.31 0.61 0.73 40.8 0.94 0.97 1.08 1.30 1.33
CD (p<0.05) NS NS 0.41 0.61 0.75 0.93 1.82 2.20 252 22.8 2.90 3.25 3.91 3.98
Age of seedling
(Days)
20 (A) 0.46 0.55 1.37 4.32 8.90 18.15 33.20 60.40 71.080.90 89.33 93.20 97.10 101.00
30 (A2 0.86 0.99 2.79 6.85 13.29 2532 45.19 80.65 97.202.83 127.21 129.32 136.03 138.20
40 (Ag) 1.10 1.38 3.00 8.68 18.95 32.58 54.29 85.45 102.219.28 133.33 141.11 142.88 143.61
SEm+ 0.026  0.046 0.14 0.20 0.25 0.31 0.61 0.73 40.80.94 0.97 1.08 1.30 1.33
CD (p<0.05) 0.08 0.14 0.41 0.61 0.75 0.93 1.82 2.20 2.52..82 2.90 3.25 3.87 3.98

Harvesting schedule
(Days after flowering)

35 (Hy) 0.80 0.99 2.39 6.60 13.60 2520 4430 74.87 90.104.20 11490 120.84 125.08 127.20

42 (H) 0.82 0.97 2.36 6.58 1354 2540 44.14 7521 90.804.60 115.60 121.49 12590 128.10

49 (H) 0.80 0.26 241 6.68 14.00 2545 4424 7642 89.884.21 117.27 121.30 125.03 127.51
SEmz 0.025 0.044 0.13 0.19 0.23 0.29 0.57 0.69 90.7 0.89 0.91 1.02 1.23 1.25
CD (p<0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS
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from 35 to 98 DAT Jhelum recorded significantly imég dry matter than
both SKUA-403 and SR-1. Further, SR-1 recorded iggmtly higher
dry matter than SKUA-403 at various growth periaiising 2010 and
2011.

It was found that 40 days old seedlings accumulaiguificantly
more dry matter than 30 and 20 days old seedlingllatrop growth
periods from 7 to 98 DAT during both years. Furthemwas noticed that
30 days old seedling also recorded significantlghbr dry matter
accumulation than 20 days old seedling at all ginopériods during both

years.

The crop harvested at 35, 42 or 49 days after fimgecould not
cause any significant variation in the dry mattecuamulation at any crop

growth period during both years of study.
4.2  Phenology

Table-4.9 and Fig. 9 indicated that different pHegizal stages of
rice viz. mid tillering, panicle initiation, anthies milking, dough and

maturity varied significantly due to the effectwarious treatments.

Varieties behaved differentially to the number @iysl taken to
reach various phenological stages. Variety Jhehtrpar with SR-1, took
significantly lowest number of days to reach milleting (28.01 and
27.70), panicle initiation (43.16 and 42.64), astbg58.09 and 57.60),
milking (69.10 and 68.70), dough (82.78 and 82&4) maturity (99.25
and 98.84) stages from the day of transplantingndu2010 and 2011,
respectively, whereas SKUA-403 took significantlighiest number of

days to reach these phenological stages.
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Table4.9:  Daystaken by ricevarietiesto reach different phenological stages during 2010 and 2011

Treatment Mid tillering Panicle Flowering Milking Dough Harvest
initiation
2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011

Varieties

Jhelum (M) 28.01 27.70 43.16 4264 58.09 5760 69.10 68.702.78 82.34 99.25 98.84

SKUA-403 (Va) 3096 30.62 4566 4414 6254 63.13 7441 7401842 88.01 104.54 100.13

SR-1 (W) 29.85 2942 4491 4420 60.04 59.63 70.88 70.465.228 84.78 101.15 160.74
SEmz+ 0.62 0.61 0.72 0.51 0.80 0.91 0.86 0.87 0.930.98 1.06 1.10
CD (p< 0.05) 1.87 1.82 2.12 1.52 2.38 2.70 2.54 2.58 2.742.91 3.12 3.24

Age of seedling

(Days)

20 (A0) 33.12 3288 46.83 4641 6581 6542 77.10 76.71 9391. 91.51 106.83 106.42

30 (A) 2851 29.12 43.73 43.19 59.25 58.87 70.56 70.15 7984. 84.28 100.25 99.83

40 (A) 27.18 27.74 4316 4138 56.61 56.07 66.72 66.31 7079. 79.24 97.86  97.46
SEmz+ 0.62 0.61 0.72 0.51 0.80 0.91 0.86 0.87 0.93..98 1.06 1.10
CD (p< 0.05) 1.87 1.82 2.12 1.52 2.38 2.70 2.54 2.58 2.742.91 3.12 3.24

Harvesting schedule

(Days after flowering)

35 (H) 2956 29.10 4455 4410 6051 60.11 7147 70.03 7085. 85.31 94.35 93.94

42 (H) 29.90 2954 4469 44.19 059 60.17 70.50 70.07 185.485.00 101.33 100.91

49 (Hs) 29.36 29.10 4449 4269 6057 60.08 7142 71.07 3185. 84.82 109.26 108.86
SEmz+ 0.59 0.58 0.68 0.49 0.76 0.87 0.82 0.83 0.890.93 1.01 1.05
CD (p< 0.05) NS NS NS NS NS NS NS NS NS NS 2.99 3.10
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The results also revealed that 40 days old seedtuk
significantly lowest number of days to reach mileting (27.18 and
27.74), panicle initiation (43.16 and 41.28), asthg56.61 and 56.07),
milking (66.72 and 66.31), dough (79.70 and 79&49 maturity (97.86
and 97.46) stages during 2010 and 2011, respegctiMgihest number of
days to reach different phenological stages wasentdiy 20 days old
seedling.

Harvesting of crop at 35, 42 or 49 days after floag could not
cause any significant variation in the days takenreéach different

phenological stages during both the years.
4.3 YIELD CONTRIBUTING CHARACTERS
4.3.1 Effectivetiller/m?

Data pertaining presented in Table-4.10 showed tratety
Jhelum and SR-1 which were at par with one anotherduced
significantly more effective tillers/mthan SKUA-403 during both the
years of experimentation. SR-1 also recorded saamfly more panicles
m? than SKUA-403 during 2011 but was at par durinj®0

The results also revealed that 40 days old seedimgiuced
significantly higher number of effective tillersfrthan 30 and 20 days old
seedling during both the years of study. 30 dagissekdling also recorded
significantly higher number of effective tillersaim 20 days seedling

during both years.

Data further inferred that the crop harvested atddys after
flowering recorded significantly higher number dfieetive tillers than the

crop harvested at 49 days after flowering but wagsaa with harvested at
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Table4.10: Yield contributing character s asinfluenced by rice cultivars, age of seedling and har vesting schedule

Treatment Effective tillerm? Spikelets/ panicle Graingpanicle 1000-seed weight (g)
2010 2011 2010 2011 2010 2011 2010 2011

Varieties

Jhelum M) 324.1 327.4 95.7 96.8 79.2 81l.1 24.4 24.4

SKUA-403 (V) 318.4 321.2 96.4 97.0 75.2 77.6 24.8 24.9

SR-1 (W) 322.1 326.9 97.2 98.5 79.0 81.0 24.4 24.5
SEmz 1.60 1.78 1.37 1.49 1.14 1.07 0.11 0.14
CD (p<0.05) 4.80 5.32 NS NS 3.41 3.21 0.34 0.31

Age of seedling

(Days)

20 (A1) 294.6 296.6 90.8 91.8 63.4 65.5 24.3 24.4

30 (A2) 325.4 329.6 94.7 95.8 81.3 83.4 24.4 24.5

40 (Aq) 344.3 349.0 103.8 104.6 88.8 90.9 24.9 24.9
SEmz 1.60 1.78 1.37 1.49 1.14 1.07 0.11 0.14
CD (p<0.05) 4.80 5.32 412 4.47 3.41 3.21 0.34 0.41

Harvesting schedule

(Days after flowering)

35 (Hy) 324.7 327.8 97.1 98.0 79.8 81.9 24.6 24.7

42 (H) 320.4 323.9 96.5 97.6 78.6 80.6 24.5 24.6

49 (Hs) 3195 323.8 95.7 96.7 78.1 80.3 24.5 24.5
SEmz 1.52 1.69 1.30 1.41 1.08 1.02 0.10 0.13
CD (p< 0.05) 4.60 5.10 NS NS NS NS NS NS
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42 days after flowering. However, effective tillergere statistically
similar in the crop harvested after 42 or 49 dafysrdlowering during

both the years.
4.3.2 Spikeletgpanicle

Spikelets/panicle were not influenced by the riaétivars during
both the years (Table-4.10). As such they showedoa-significant

variation among one another.

Data revealed that 40 days old seedling producgdifgiantly
more number of spikelets/panicle than 30 and 2@ déy seedling during
both the years of investigation. However, 30 andda@s old seedling

remained statistically similar with respect to nianbf spikelets/panicle.

The results further, revealed that harvesting saleedid not affect

the number of spikelets/panicle during both theye&investigation.
4.3.3 Graingpanicle

Rice variety Jhelum and SR-1 being at par with anether
produced significantly more number of grains/panidhelum and SR-1
with a superiority of 5.31 and 5.05 per cent arsil4and 4.38 per cent
over SKUA-403 during 2010 and 2011, respectivelgt€-4.10).

Data also inferred that 40 days old seedling predwsgnificantly
higher number of grains/panicle with a superioafy9.22 and 40.06 per
cent and 8.99 and 38.77 per cent over 30 and 29 aldyseedling during
2010 and 2011, respectively. 30 days old seedlitgp aecorded
significantly higher number of grains/panicle win increase of 28.23
and 27.32 per cent over 20 days seedling during02a8dd 2011,

respectively.
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Harvesting schedule did not cause any significdfgce on the

number of grains/panicle during both the yearsudys
4.3.4 1000-seed weight

Data showed that the 1000-seed weight remainedfisegmtly
higher in SKUA-403 compared to Jhelum and SR-1rduboth the years.
Both Jhelum and SR-1 remained at par with one a&nath respect of
1000-seed weight (Table-4.10). Transplanting 40sdayd seedling
improved the 1000-seed weight over 30 and 20 da/seedling during
2010 whereas during 2011, 40 days old seedlinguatyith 30 days old
seedling recorded significantly higher 1000-seedylatethan 20 days old
seedling. Harvesting of the crop at 35, 42 or 49TDAd not cause any
significant variation in 1000-seed weight durindtbthe years.

4.3.5 Sterility per cent

Among different varieties during 2010 and 2011 skexility was
in the order of SKUA-403 (28.19 and 25.00) > SR22.03 and 21.60) >
Jhelum (20.03 and 19.35), respectively during 2&d@ 2011. Table-4.11
indicated that SKUA-403 had significantly higheerlity percentage than
other varieties. All the varieties differed sigodntly with one another

with lowest sterility percentage recorded in Jhelum

The result inferred that 20 days old seedling pcedusignificantly
highest per cent of unfilled spikelets viz. 43.210 @0.15 per cent during
2010 and 2011, respectively. Both 40 and 30 dagsseédling produced
statistically similar per cent of unfilled spikedewith significantly lowest
in 30 days seedling viz., 16.48 and 14.98 durind02@nd 2011,

respectively.
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Table4.11: Sterility (%) in rice cultivars as affected by seedling age
and harvesting schedule

Treatment Sterility (%)
2010 2011
Varieties
Jhelum (M) 20.03 19.35
SKUA-403 (Vo) 28.19 25.00
SR-1 (W) 23.03 21.60
SEmz 0.39 0.51
CD (p<0.05) 1.17 1.52
Age of seedlings
(Days)
20 (AL 43.21 40.15
30 (A2) 16.48 14.98
40 (Ag) 16.89 15.07
SEmz 0.39 0.51
CD (p< 0.05) 1.17 1.52

Harvesting schedule

(Days after flowering)

35 (H) 21.67 19.65
42 (H) 22.77 21.09
49 (H) 22.69 20.42

SEmz 0.38 0.46

CD (p< 0.05) NS NS
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The data also revealed that harvesting the cr@bat2 or 49 days after
flowering did not affect the percentage of unfillspikelets during both

the years of study.

In general, the sterility per cent remained maifyriawer during

2011 compared to 2010 irrespective of treatments.
4.4 YIELD STUDIES
4.4.1 Grainyied

Grain yield of rice varied significantly due to tefect of different
treatments (Table-4.12 and Fig.10).

Rice variety Jhelum at par with SR-1 recorded siggmtly higher
grain yield than SKUA-403 with the increase of 387 4.93 per cent
during 2010 and 2011, respectively. SR-1 recordgdifscantly higher
grain yield than SKUA-403 during 2011.

As far as the age of seedling is concerned the iddieates that
transplanting 40 days old seedling produced sigaifily higher grain
yield over 30 and 20 days old seedling during bagtkars of
experimentation, whereas, 30 days old seedlingralsarded significantly
higher grain yield than 20 days old seedling. 4§sdald seedling
recorded 19.68 and 73.56 per cent higher yielddu2010 and 16.39 and
67.92 per cent during 2011 over 30 and 20 dayseddlling, respectively.

Further, the crop harvested at 35 days after flomgerecorded
significantly higher grain yield over crop harvesi 42 and 49 days after
flowering during both the years. Further, harvestezp at 42 days after
flowering also produced significantly higher graireld than at 49 days

after flowering. The increase in the grain yieldaeled with the crop
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harvested at 35 days after flowering over 42 an@®A®% was to the tune
of 4.18 and 9.27 per cent during 2010 and 3.731&n3 per cent during
2011, respectively.

4.4.2 Straw yied

Among varieties, SKUA-403 recorded significanthglher straw
yield than SR-1 and Jhelum during both the yeaabl@4.12 and Fig.10).
However, straw yields obtained with SR-1 and Jheluene statistically
similar and significantly lower than SKUA-403.

Transplanting 40 days old seedling produced sicguifily higher
straw yield than 30 and 20 days old seedling dubioilp years. However,
30 days old seedling also recorded significantghbr straw yield than 20
days old seedling during both the years.

It was found that during 2010, crop harvested atdd9s after
flowering produced significantly higher straw yieldan harvested at 35
days after flowering but was at par with crop hated at 42 days after
flowering. However, during 2011, crop harvested4@t DAF recorded
significantly higher straw yield than the crop hested at 42 and 35 DAF.
Further, 42 DAF harvested crop also registeredifsigntly higher straw
yield than harvested at 35 DAF during 2011.

4.4.3 Biological yield

Data presented in Table-4.12 and Fig.10 shows thet rice
cultivars did not differ significantly as far aseth effect on the biological
yield of rice was concerned during both years oflgt There was a non-
significant difference in the biological yield ofll ahe varieties viz.
Jhelum, SKUA-403 and SR-1 during both the years.
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Transplanting 40 days old seedling produced sicguifily higher
biological yield than 30 and 20 days old seedlingirdy 2010 and 2011.
30 days old seedling also recorded significantighbr biological yield
than 20 days old seedling during both years.

Crop harvested at 35, 42 and 49 days after flowettid not cause
any significant variation in the biological yielduihg both years of
investigation as the treatment difference in theadmas found to vary

non-significant.
4.4.4 Harvest index

Harvest index which denotes the capacity of mett®olto
translocate from source to sink varied significaritom 44.11 to 42.26
per cent during 2010 and 45.66 to 42.72 per cennhgl?2011 among
different rice cultivars. Jhelum and SR-1 which evet par with one
another recorded significantly higher harvest indean SKUA-403
during both years of 2010 and 2011 (Table-4.12Fgd.0).

The data indicated that during 2010, 40 days olddlasy
significantly improved harvest index over 30 andd#ys old seedlings
and 30 days old seedling in turn recorded sigmtigahigher harvest
index than 20 days old seedling. However, durin§1210 and 30 days
old seedling which were at par with each othenificantly improved
harvest index over 20 days old seedling. The Hbneed with 40 and 30
day old seedlings were 45.56 and 45.31 per cespentively.

As regards the effect of harvesting schedule, & feaind that the
crop harvested at 35 DAF recorded 45.11 and 46eb8¢nt harvest index
during 2010 and 2011, respectively which was sigaiftly higher than
the crop harvested at 42 and 49 DAF (43.63 and444.61 2010 and
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Table4.12: Grain, straw and biological yield (q ha®) and harvest index (%) as influenced by rice cultivars, age of seedling and
harvesting schedule

Treatment Grain yield Straw yield Biological yidd Harvest index
2010 2011 2010 2011 2010 2011 2010 2011

Varieties

Jhelum (M) 61.79 63.82 78.26 75.95 140.05 139.77 44.11 45.66

SKUA-403 (Vo) 59.43 60.82 81.19 81.52 140.62 142.34 42.26 42.72

SR-1 (W) 61.32 63.81 77.92 78.15 139.24 141.96 44.03 44.94
SEmz+ 0.65 0.71 0.95 0.81 1.69 1.72 0.38 0.41
CD (p< 0.05) 1.95 2.12 2.82 3.40 NS NS 1.12 1.24

Age of seedling

(Days)

20 (A) 43.61 45.67 66.53 64.01 110.14 109.88 39.59 41.56

30 (A) 63.24 65.97 80.98 79.61 144.22 145.58 43.84 45.31

40 (Ag) 75.69 76.82 89.85 91.78 165.54 168.60 45.72 45.56
SEmz+ 0.65 0.71 0.95 0.81 1.69 1.72 0.38 0.41
CD (p< 0.05) 1.95 2.12 2.82 2.40 4.78 4.87 1.12 1.24

Harvesting schedule

(Days after flowering)

35 (Hy) 63.49 65.62 77.23 75.38 140.72 141.00 45.11 46.53

42 (H) 60.94 63.26 78.73 78.30 139.67 141.56 43.63 44.68

49 (Hs) 58.10 59.58 81.41 81.93 139.51 141.51 41.64 42.10
SEmz+ 0.62 0.67 0.90 0.77 1.59 1.69 0.36 0.40
CD (p<0.05) 1.87 2.03 2.70 2.30 NS NS 1.07 1.19
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44.68 and 42.10% in 2011) respectively. Besidesctbp harvested at 42
DAF also recorded significantly higher harvest dbean at 49 DAF
during both the years.

4.45 Interaction effect

The interaction effect for seedling age x harvessiohedule on the
grain yield during 2010 and 2011 was found sigaific(Table-4.13). At
20, 30 and 40 days old seedling, the grain yieldedasignificantly
between crop harvest at 35 and 49 DAF and at 3mmR49 DAF, the
grain yield varied significantly among all the skegl ages. Significantly
highest grain yield of 78.34 and 79.62 ¢‘hduring 2010 and 2011,
respectively was recorded with treatment combimatiaving 40 day old
seedling harvested 35 DAF.

4.5  Growing degreedays

The growth degree days accumulated by the threevacieties —
Jhelum, SKUA-403 and SR-1 throughout their growghble is presented
in Appendix Il and Fig.11 for the years 2010 and2Qespectively as per
the phenological stages of the crop. In general agedlings accumulated
more GDD as compared to young seedlings durinthallgrowth stages.
Thus, 40 day old seedlings of Jhelum, SKUA-403 &1l had more
GDD as compared to their 30 and 20 days countarpattmid-tillering
stage during 2010, 40 days old SR-1 and SKUA-40Is®ys were
observed to accumulate highest GDD as comparedhalurd. Again in
2011, 40 days old seedlings of SKUA-403 accumulatede heat units at
mid-tillering than other two varieties. At paniclaitiation stage and
flowering also more GDD was again observed in thmes variety. At

harvesting again same trend was found.
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Table4.13: Interaction effect for age of seedling x harvesting
scheduleon grain yield

Treatment 2010 2011

Harvesting schedule (Days after flowering)

35 42 49 35 42 49
Age of seedling
(days)
20 46.23 43.71 40.87 48.47 46.11 42.43
30 65.89 63.34 6050 68.77 66.41 62.73
40 78.34 7578 7295 79.62 4426 73.58
CD (p< 0.05) 3.23 3.49

4.6 Maoisturecontent in grain

Results presented in Table-4.14 shows that vasielielum and
SR-1 recorded grain moisture content of 20.4 and @r cent during
2010 than SKUA-403 which had 23.3 per cent duriag® The observed
data indicated that grain moisture content whicls atapar with SR-1 but
significantly higher than Jhelum. During 2011, agaame trend was

observed.

It was observed that the grains obtained from plamging 40 days
old seedling contained significantly lower moistaentent viz. 19.2 and
19.1 per cent than 30 days old seedling viz. 2tid/ 21.4 per cent and 20
days old seedling viz. 24.7 and 24.3 per cent dqu@f10 and 2011,
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respectively. 30 days old seedling also recordgdifstantly lower grain
moisture content than 20 days seedling during bibth years of

investigation.

Data also revealed that the crop harvested at 4% ddter
flowering contained significantly lower grain mais¢ content viz., 20.6
and 20.4 per cent than harvested at 42 DAF viZ2 2ahd 21.0 per cent
and at 49 DAF viz. 23.80 and 23.40 per cent du20g0 and 2011,
respectively. Crop harvested at 42 DAF also reabsignificantly lower

grain moisture content than harvested at 35 DAF.

In general, it was noticed that the grain moisttoetent decreased

marginally during 2011 compared to 2010.
4.7 Head recovery

Data pertaining to head recovery (Table-4.14) iagid that
variety Jhelum and SR-1 at par with one anotherdiguwificantly higher
head recovery than SKUA-403 during both years. Tighest head
recovery of 43.8 and 44.2 per cent was recordeti Jditelum variety
during 2010 and 2011, respectively.

It was found that 40 days old seedling recordediogntly
higher head recovery than both 30 and 20 dayse#dlmg viz. 44.8 and
45.2 per cent during 2010 and 2011, respectivebwetver, 30 days old
seedling remained significantly better than 20 dalgk seedling in this
regard.

The crop harvested at 49 days after flowering (DA€gorded
significantly higher head recovery viz. 43.4 andd4der cent during 2010
and 2011, respectively than harvested at 42 anBA5 viz. 31.61 and
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Table4.14: Moisture content (%) and head rice recovery (%) as influenced by rice cultivars, age of seedling and harvesting

schedule
Treatment Grain moistur e content Head ricerecovery
2010 2011 2010 2011
Varieties
Jhelum (M) 20.4 20.1 43.8 44.2
SKUA-403 (Vo) 23.3 23.0 37.4 37.9
SR-1 (W) 21.9 21.7 42.2 42.8
SEmz+ 0.62 0.56 0.66 0.70
CD (p< 0.05) 1.87 1.68 1.97 2.10
Age of seedling
(Days)
20 (A) 24.7 24.3 37.6 38.1
30 (A) 21.7 21.4 41.0 41.6
40 (Ag) 19.2 19.1 44.8 45.2
SEmz+ 0.62 0.56 0.68 0.70
CD (p< 0.05) 1.87 1.68 1.97 2.10
Harvesting schedule
(Days after flowering)
35 (Hy) 23.8 23.4 38.2 39.2
42 (H) 21.2 21.0 40.8 41.7
49 (Hs) 20.6 20.4 43.4 44.0
SEmz+ 0.60 0.54 0.63 0.67

CD (p< 0.05) 1.79 1.61 1.88 2.01
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31.24 per cent during 2010 and 2011, respectivelgwever, crop
harvested at 42 DAF also recorded significanthhkighead recovery than

at 35 DAF during both years of investigation.

4.8 SIMULATION STUDIES

Validation of the model DSSAT-4.5 (CERES-Rice)
Observed crop growth parameter for validation of the model

The CERES-Rice model was validated for 03 rice et@s —
Jhelum, SKUA-403 and SR-1 with three ages of segdlt 20, 30 and 40
days during 2010 and 2011. The results of the éxget were validated
in terms of grain yield, biological yield, straweyd and anthesis day and

the data was plotted against observed. Resultinedtavere as:
4.8.1 Evaluation

The genetic coefficients of the three varietiesenestimated using
crop data of the three cultivars including phenaalydates, yield and

yield components (Table-4.15).

The genetic coefficients varied due to variation their
developmental rate at different phases. The genegfficients which are
an important input parameter of the CERES-Rice rhtwsimulate crop
growth parameters which are presented in the Tallg- As can be
depicted from the table, the time period (GDD) abib vegetative phase
P1 ranged from 440 in Jhelum to 510 in SR-1, @itjhotoperiod hour
was same in the three varieties, single grain waigiged from 0.024 to
0.025, tillering coefficient was 1.0 for Jhelum aBKUA-403 and it
increased to 1.1 in Shalimar rice-1.
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Table4.15:;

Genetic coefficient of variousvarieties of rice

Genetic Description Jhelum  Shalimar  SKUA-

parameters Rice-1 403

Py Time period (GDD) of 440 510 500
basic vegetative phase

PR Extent phasic 10 10 8.9
development (GDD)

Ps Time period (GDD) of 400 405 392
grain filling phase

P,O Critical photoperiod 12 12 12
(hour)

G Potential spikelet 60 60 60
number

Gz Single grain weight 0.024 0.025 0.024

Gs Tillering coefficient 1.0 1.1 1.0

Gs Temp. tolerance 1.0 1.0 1.0
coefficient

4.8.2 Grainyidd

Validation results revealed that the grain yieldildobe predicted

well. The predicted yield was plotted against thesesved yield as in

Table-4.16 and Fig.12. Simulated grain yield wamgarable with the

observed grain yield with a variation ranging betw®.27 to 22 per cent.
The vyield equation thus obtained was Y = 0.978®x101 with B =
0.9381 and RMSE = 4.05 indicated that a similandrevas followed by

both observed and simulated values. The observettl yof all the

treatments ranged between 39.32 to 82.34'qcbmpared to simulated
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Table4.16: Validation results of rice varieties for Grain yield (q ha') as
affected by age of seedling and harvesting schedules

Treatments 2010 2011
Observed Simulated Deviation Observed Simulated Deviation
(%) (%)
V,A;  H 45.23 42.74 5.82 47.34 42.80 10.60
H, 42.67 41.72 2.27 44.26 41.80 5.88
Hs 39.32 41.22 -4.60 41.13 41.27 -0.33
V,A,  Hp 69.23 63.86 8.40 72.31 63.89 13.17
H, 64.17 60.58 5.75 68.32 60.72 12.51
Hs 59.31 58.34 1.66 60.14 58.38 3.01
V,A;  Hp 81.47 79.36 2.65 82.34 79.38 3.72
H, 78.32 79.10 -0.98 80.13 79.01 1.41
Hs 76.41 75.61 1.05 78.46 75.59 3.79
VLA, Hy 4432 43.69 1.44 46.53 43.59 6.74
H, 46.67 42.76 9.14 47.31 42.82 10.48
Hs 44.31 42.28 4.80 43.38 42.36 2.40
VoA, H 67.72 66.91 1.21 72.13 66.88 7.84
H, 64.45 65.10 -0.99 70.34 65.09 8.06
Hs 58.32 64.01 -8.88 62.12 63.98 -2.90
V,A;  Hp 78.42 76.41 2.63 80.16 76.48 4.81
H, 75.41 75.51 -0.13 78.23 75.59 3.49
Hs 77.32 75.67 -4.42 74.15 75.67 -2.00
V:A; H; 44.31 41.63 6.43 46.12 41.69 10.62
H, 43.32 42.10 2.89 45.23 42.17 7.25
Hs 42.35 41.76 4.41 44.32 41.84 5.92
ViA, H; 65.23 63.48 2.75 77.54 63.52 22.07
H, 61.23 61.15 0.27 72.13 61.15 17.95
Hs 59.42 59.12 0.50 68.43 59.13 15.72
ViAs  Hy 75.56 75.35 0.27 76.12 75.28 1.11
H, 72.20 74.55 -3.15 73.43 74.45 -1.37
Hs 71.18 74.54 -4.50 72.14 74.53 -3.20
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yield ranging between 41.22 to 79.38 ¢-ha0 day old seedlings variety
Jhelum harveste3d 49 DAF recorded lowest graid@d3and 41.13 g ha
! during 2010 and 2011 and 41.22 and 41.27 § ihapredicted values
while as the same variety when sown as 40 dayssektlling and

harvested 35 DAF recorded highest grain yield unumh the values

during both the years.

4.8.3 Straw yied

Like grain and biological yield, straw yield coud¢so be predicted
well. The predicted straw yield when plotted agaihe observed straw
yield (Table-4.17 and Fig.13) indicated that the tiellowed a similar
trend with yield equation Y = 0.7427 x +16.015 &fdand RMSE value
=0.7792 and 6.79, respectively. Simulated stragldyivas comparable to
observed straw yield with variation percentage magmdoetween 1.2 to
16.30. The observed straw yield ranged between058n8l 103.27 q ha
while as the simulated straw yield ranged betwe2B%5to 94.32 q ha
As observed from the data, 40 day old seedlingkdd&403 harvested
49 days after flowering (DAF) gave the highest obsé straw yield
which varied from the simulated straw yield by 1663 cent while as 20
day old seedlings of SR-1 harvested 49 DAF recotldedowest observed
straw yield which varied from simulated straw yiélgl1.44 per cent.

4.8.4 Biological yield

The simulated biological yield when compared wiie bbserved
biological yield showed a comparable variation patage ranging
between 0.99 to 11.23 only. The yield equationiobthwas Y = 0.9533 x
+ 0.4126 with R value equal to 0.9678 and RMSE = 7.5 indicatirag th
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Table4.17: Validation results of rice varieties for Straw yield (q ha') as
affected by age of seedling and harvesting schedules

Treatments 2010 2011
Observed Simulated Deviation Observed Simulated Deviation
(%) (%)
V1AL H, 65.20 59.55 9.48 61.31 59.65 2.78
H, 72.46 63.55 14.02 66.95 63.63 5.21
Ha 74.99 63.03 18.97 74.99 63.13 18.78
V1A, H; 76.18 69.54 9.54 66.41 69.55 -4.51
H, 77.07 68.89 11.87 74.80 68.92 8.53
Ha 80.93 70.09 15.46 80.96 70.13 15.44
V1A3 H, 80.65 79.23 1.79 78.09 79.47 -1.73
H, 85.13 79.18 7.51 88.28 79.05 11.67
Hs 91.71 81.06 13.13 91.27 81.11 13.14
VAL H, 65.22 60.89 7.11 65.78 64.55 1.90
H, 61.64 61.81 -0.27 59.90 62.95 -4.84
Ha 67.93 63.07 7.70 66.98 65.04 2.98
VoA, Hy 80.49 76.06 5.82 79.52 82.96 -4.14
H, 80.86 71.09 13.74 79.07 78.94 0.16
Hs 84.03 69.52 20.87 84.31 78.31 7.66
V,A3 H, 86.79 82.48 5.22 90.16 84.46 6.74
H, 86.93 83.06 4.65 87.42 86.21 1.40
Hs 87.33 81.03 7.77 90.17 86.60 4.12
VA, H, 64.33 64.81 -2.24 61.20 63.04 -2.91
H, 64.19 63.51 1.07 63.09 62.57 0.83
Ha 62.86 65.45 -3.95 63.06 63.77 -1.11
VA, Hp 83.28 87.03 -4.30 71.88 79.86 -9.97
H, 85.11 82.65 2.97 76.29 75.48 1.07
Hs 80.90 83.15 -2.70 73.83 74.40 -0.76
V3A3 H, 92.85 85.77 8.25 94.13 91.28 3.12
H, 95.15 87.38 8.89 98.92 94.32 4.87
Hs 102.03 87.76 16.26 103.27 84.58 22.09
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the biological yield could be well predicted by teenulation method
(Table-4.18). The observed biological yield rangetiveen 107.21 for 20
day old seedling of SR-1 harvested 42 DAF SKUA-#03011 to 175.41
q ha' 40 day old seedling of harvested 49 DAF while fees simulated
biological yield as depicted from the table randeztween 102.29 to
168.77 q ha by treatments 20 day old seedlings of Jhelum Iséede35
DAF and 40 days old seedling of SKUA-403 harvesttl DAF,
respectively (Fig.14).

4.8.5 Anthesisday

As far as the anthesis day is concerned, the stionlatudies in
most of the treatments revealed that lesser days teé&en to anthesis
than the observed days expect for treatment 20 ddyseedlings of SR-1
harvested 42 DAF and 49 DAF and same variety wbamss 30 day old
seedling and harvested 35 DAF in which lesser dagse taken to
anthesis on field than were revealed by the sinmrastudies ranged
between 4.08 to 24 per cent. The obtained equatemY = 1.0122 X -
4.0511 with B = 0.8891 and RMSE = 3.95. From observed datayitdc
be concluded that 20 day old SR-1 seedlings haae3® DAF took least
number of days to anthesis during both the years4B and 51 days on
field while as simulation studies revealed that4§ old Jhelum seedlings
harvested 49 DAF, 20 day old SR-1 seedlings haade35 DAF and 20
day old seedlings of SR-1 harvested 42 DAF tookektwaumber of days
to anthesis during®lyear 2° year and 20 day old seedlings of SKUA-403
harvested 42 DAF and 20 day old seedlings of SRuldsted 49 DAF
gave highest observed straw vyield durir§ykar while as 20 day old
seedlings of SKUA-403 harvested 49 DAF gave higlesulated straw
yield in 2% year (Table-4.19 and Fig.15).
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Table4.18: Validation results of rice varieties for Biological yield (q ha™)
as affected by age of seedling and harvesting schedules

Treatments 2010 2011

Observed Simulated Deviation Observed  Simulated  Deviation
(%) (%)

VA1 Hp 110.43 102.29 7.96 108.65 102.45 6.05
H, 115.13 105.27 9.37 111.21 105.43 5.48
Hs 114.31 104.25 9.65 116.12 104.40 11.23
VA, H; 145.41 133.40 9.00 138.72 133.44 3.96
H, 141.24 129.57 9.01 143.12 129.64 10.40
Hs 140.24 128.43 9.20 141.10 128.51 9.80
ViA; Hp 162.12 158.59 2.23 160.43 158.85 0.99
H, 163.45 158.28 3.27 168.41 158.06 6.55
Hs 168.12 156.67 7.31 170.23 156.70 8.63
VA1 Hi 109.54 104.58 4.74 112.31 108.14 3.86
H, 108.31 104.57 3.58 107.21 105.77 1.36
Hs 112.24 105.35 6.54 110.36 107.40 2.76
VoA, Hi 148.21 142.97 3.67 151.65 149.84 1.21
H, 145.31 136.19 6.70 149.41 144.03 3.74
Hs 142.35 133.53 6.61 146.43 142.29 291
V,A; Hi 165.21 158.89 3.98 170.32 160.94 5.83
H, 162.34 158.57 2.38 165.65 161.80 2.38
Hs 159.65 156.70 1.88 164.32 162.27 1.26
ViA; Hp 108.64 107.44 1.12 107.32 104.73 2.47
H, 107.51 105.61 1.80 108.32 104.74 3.42
Hs 105.21 107.21 -1.87 107.38 105.61 1.68
ViA, H; 148.51 150.51 -1.33 149.43 143.38 4.22
H, 146.43 143.80 1.83 148.42 136.63 8.63
Hs 140.32 142.27 -1.37 142.26 133.53 6.54
ViA; Hp 168.41 161.12 4.52 170.25 166.56 2.22
H, 167.35 161.93 3.35 172.35 168.77 2.12
Hs 173.21 162.30 6.72 175.41 159.11 10.24
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Table4.19:  Validation results of rice varieties for Anthesis day as
affected by age of seedling and harvesting schedules

Treatments 2010 2011
Observed Simulated Deviation Observed  Simulated Deviation
(%) (%)
VA, Hy 60 59 1.69 66 59 11.86
H, 61 59 3.38 66 59 11.86
Hs 62 59 5.08 65 59 10.16
VA, Hi 64 47 36.17 61 47 29.78
H, 64 48 33.33 61 48 27.08
Hs 65 49 32.65 61 49 24.48
ViA; Hp 54 46 17.39 60 46 30.43
H, 54 46 17.39 60 46 30.43
Hs 55 46 19.56 60 46 30.43
VoA, Hy 62 63 -1.58 68 63 7.93
H, 61 64 -4.68 68 64 6.25
Hs 63 65 -3.07 68 65 4.61
VoA, Hi 65 53 22.64 64 53 20.75
H, 65 54 20.37 64 54 18.51
Hs 64 54 18.51 64 54 18.51
V,A; Hp 58 49 18.36 63 49 28.57
H, 56 50 12.00 63 50 26.00
Hs 58 50 16.00 63 50 26.00
ViA; Hi 68 62 9.67 67 62 8.06
H, 66 63 4.76 67 63 6.34
Hs 66 64 3.12 67 64 61.68
VA, H; 65 52 25.00 64 52 23.07
H, 64 53 20.75 64 53 20.75
Hs 64 53 20.75 64 53 20.75
ViA; Hp 62 48 29.16 63 48 31.25
H, 63 49 28.57 63 49 28.57
Hs 61 50 22.00 62 50 24.00
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49 SIMULATION STUDIES
4.9.1 Growth patter

CERES-Rice model was used to simulate the gromthyald of
rice varieties under different ages of seedlingd arvesting dates. The
response of three rice varieties viz. Jhelum, SKADB-and SR-1 in terms
of growth and yield parameters to extrapolated slafesowing from 20
April to 1% June was simulated using weather data of year§ 20
2011.

4.9.2 Grainyied

The grain yield of rice under temperate conditimisKashmir
decreases by delayed sowings. In general, the alkerm the yield is
irrespective of the varietal variations. Yield abhtd from aged seedlings
is more when sown earlier as compared to the ywdthined when
younger seedlings are grown late in the season.gf&ie yield of three
cultivars viz. Jhelum, SKUA-403 and SR-1 with difat ages of seedling
and harvesting dates was simulated for two years2010 and 2011. A
decreasing trend was obtained in grain yield whemnlated for different
ages of seedlings sown on different dates (Fig. Héjhest predicted
grain yield was obtained from 40 days old seediown on 28 April
indicating that longer growth duration in the fietives more yield.
Although under existing agro-climatic conditions,i$ not possible to
achieve 40 days old seedling during early springm& 40 days old
seedling of same varieties when sown 6hJune gave lowest yield.
Subsequent decrease in age of seedling with 5 dayation showed a
decreasing trend in yield in all the three varets® that 15 days old

seedling sown on 20th April gave a grain vyield ofumd 50-55 q ha
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while as the same aged seedlings gave a yield 8735 ha only when
sown on I June which indicates that the younger seedlingsnwdown
late are subjected to restricted growth duratioth @nsequently the yield
(Fig. 16).

As far as the varietal behaviour is concerned, Etman studies of
the three varieties taking ages of seedlings intesicleration revealed that
all the three varieties followed almost a simileend as far as yield is
considered. However, in case of Jhelum, yield wighdst (78 q ha)
when 30 days old seedling were obtained fron!" Zpril sowing,
followed by SR-1 30 days old. SKUA-403 seedlingseganly 70 g ha
yield when sown on 20April. Similarly, variation in yield was observed
in 15 days old seedlings. Simulation studies reackalhat younger
seedlings of SR-1 i.e. 15 days old seedlings gayteekt yield (55 q h8
compared to Jhelum and SKUA-403 (50 ¢ leach) when sown earlier in
the season i.e. on 20April. Yield of all the varieties decreased when
sowing was delayed so that 15 days old seedlingm sm ' June gave
lowest yield of 35 q haonly. In that case, however, Jhelum gave more

yield than the other two varieties.

Two extrapolated dates viz. 2®\pril and £' June were considered
to study the simulation effects on growth paransetiéke LAI, root

weight.

The top weight of varieties also showed an increpsiend. 40
days old seedlings planted earlier in the seaseanaglated more top
weight as compared to 20 days old seedling (Fiy. 17

As far as LAl was considered, varieties showed aoation and

a similar trend was followed by all the three e#igs. It can be depicted
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from the Fig.18 that 40 days old seedling of a#l three varieties had a
higher LAl as compared to 20 days old seedling.oAlse duration of
increase in leaf area index was more (up to 80)daysrder seedlings
than in younger ones (up to 45 days only) aftercivHiAl decreased in

both the cases.

There was an increase in root weight in all theeghvarieties
throughout the growing period. No variation as rdgahe varieties could
be depicted form the Fig.19. However, the age dafdkegs had a
pronounced effect on root weight. Older the seggdlinrrespective of the

variety, more was the root weight as compareddoytunger seedlings.

As regards number of tillers, all the three vaegtishowed a
highest number of tillers during 40 to 60 daysraflanting. However, the
number of tillers was more for aged seedlings pldmarlier as compared

to younger ones (Fig.20).

Figure-21 depicts that there was a greater incrieasar weight of
the older varieties sown earlier than the sameetias of lesser age when
sown later in the season. However, all the threetres followed a same

trend for older and the younger seedlings.

All the three varieties followed a similar trendr feeaf weight
throughout the growing season. However, leaf weight40 days old
seedling was far more than 20 days old seedlinthefthree varieties.
Also, after 45 days of planting leaf weight of 2@yd old seedlings
increased slightly as compared to 40 days old segdh which leaf
weight increased up to later stages (Fig.22).
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Fig.18: Simulation results of rice varieties for Leaf Area Index
as affected by age of seedling and date of sowing
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Fig.19: Simulation results of rice varieties for root weight as
affected by age of seedling and date of sowing
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Fig.20:  Simulation results of rice varieties for tiller number m?

as affected by age of seedling and date of sowing
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Fig.2l:  Simulation results of rice varieties for ear weight as
affected by age of seedling and date of sowing
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Fig.22:  Simulation results of rice varieties for leaf weight as
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Chapter 5
DISCUSSION

The results obtained during two years of investigatSimulation
of growth and yield of various rice varietie©rf{za sativa L.) as
influenced by seedling age and harvesting sche'dalesliscussed in this
chapter under appropriate heads showing cause fact e light of

available scientific evidences.

Salient features of weather conditions during theurse of
investigation e.g. cropping seasons explain thatpitecipitation received
during the crop growth period from June to Septambere 34.4 and
27.06 mm during 2010 and 2011, respectively. Thammaaximum and
mean minimum temperatures for the entire croppemssn during 2010
and 2011 were 27.8€ and 14.88C and 29.88C and 15.88C,
respectively (Appendix-l). Sunshine hours were 8@7#&nd 917.20 hours,
whereas mean maximum and minimum relative humglitiere 84.05 and
59.49 per cent and 83.59 and 57.41 per cent d20ip and 2011,
respectively. Thus comparatively higher temperataned sunshine hours
available to the crop at early growth stages miogghthe reason for higher

growth characters and grain yield during 2011 tP@h0.

5.1  Effect of ricecultivars, age of seedling and harvesting schedule
Growth characters

5.1.1 Plant height

Plant height varied significantly due to the effe€trice cultivars
and seedling age but was not significantly inflleehdy harvesting
schedule (Table-4.1, 4.2). Rice varieties showegifstant variation in
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the plant height from 21 DAT to harvesting. SR-Jat with SKUA-403
produced significantly taller plants than JhelunmisTmight be due to
genetic make up of the varieties. The variationhm plant height of rice
varieties under varied agro-climatic conditions walso reported by
various workers (Peng and Khush, 2003; Leizal., 2004 and Singlet
al., 2004).

40 days old seedling recorded significantly highglsint height
from 7 DAT to harvesting as compared to 20 and 8) ald seedlings.
The increment in the plant height was prominentkeen 28 to 56 DAT.
This might be due to transplanting of seedling astrappropriate time
when it had gained height in the nursery for 40 sdas against
transplanting seedling of lesser age with loweghieattained at nursery

stage.

Harvesting of crop at 35, 42 or 49 days after flomg did not
cause any significant variation in the plant heightany crop growth

period.
5.1.2 Leaf areaindex

The leaves of a plant are normally its main orgaphotosynthesis
and the total area of leaves per unit ground aaflaccleaf area index, has,
therefore, been proposed by Watson (1947) as therbeasure of the
capacity of crop producing dry matter and calledsitproductive capital.
The study showed that leaf area index increased iré DAT to 63 DAT,
period coinciding flowering, thereafter decreaseadgally up to harvest
(Table-4.3, 4.4). The decrease in LAI after flomgrimight be attributed
to senescence of lower leaves due to shading. &irfilhdings were
reported earlier by Shukkt al. (1995) and Sitaramiagt al. (1998). Rice
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variety SR-1 at par with SKUA-403 recorded sigrafidly higher LAI
than Jhelum at all crop growth periods. VariatiorLAl trend of different
varieties has also been reported by Balial. (1995) and Choudhary
(1999).

The study revealed that 40 days old seedling recbsignificantly
higher LAI at all crop growth periods. Comparatiehller and more
robust 40 days seedling transplanted at approptiate might have
produced better vegetative growth in terms of |leragtd breadth of leaves
as well as number of leaves plarthan the late transplanted seedlings
which could not exploit their potential fully. Hower, it was nearing
maturity that 20 days old seedling possessed maiethan 40 days old
seedling.

Harvesting of the crop at 35, 42 or 49 days attewéring did not

cause any significant variation in LA
5.1.3 Tiller production

Substantial differences were observed in the nurobeiller/m?
among the rice cultivars and seedling age, howéwanesting time did
not affect the tiller production (Table-4.5, 4.8he results revealed that
the tiller/nf increased up to 42 DAT, thereafter declined grigusp to
maturity. The increment in average number of Slef was remarkably
high in the period between 28 DAT to 42 DAT. It walsserved that rice
variety Jhelum produced significantly higher numbértillers from 21
DAT to maturity than SR-1 and SKUA-403. The deceeasthe number
of tillers after 49 DAT might be due to shadinglotver tillers causing

their death. The results are in accordance withfitdings of Calitha
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(2000). Lazeet al. (2001) and Surestt al. (2001) also reported variation

in the tiller production of rice varieties.

40 days old seedling transplanted recorded sigmflg higher
number of tillers/rh from 21 DAT to harvesting than other seedling ages
40 days seedling transplanted at appropriate sodiig after attaining
robust height in the nursery was able to tillerfpsely compared to thin
seedlings planted late. Molla (2001) reported @®@&tdays old seedling
produced more tillers than 21 days old seedling.

The harvesting schedule did not significantly dffelee tiller
production of the crop at any growth period whetliee crop was

harvested at 35, 42 or 49 days after flowering.
5.1.4 Dry matter production

The first pre-requisite for higher yield is highmoduction of total
dry matter per unit area. The amount of dry maiteduction depends on
the effectiveness of photosynthesis of crop anthéumore, on plants
whose vital activities are functioning effectivelyhe total yield of dry
matter is the total amount of dry matter producednus the
photosynthates used for respiration. Finally, thenner in which dry
matter produced is distributed among different paft plant determines
magnitude of the economic yield (Arnon, 1972). Phesent results show
that response of dry matter production on riceicais and seedling ages
were significant but remained non-significant amdmayvesting dates
(Table-4.7, 4.8). Rice variety Jhelum accumulategghicantly higher
biomass than other varieties at different growthigas. Significantly
higher production of tillers by variety Jhelum mighave significantly

increased dry matter accumulation even when halawgr plant height
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and leaf area index. The differential behaviourriok cultivars in the
production of dry matter was also reported by zial. (2002), Yanget
al. (2002b) and Nazki (2005).

40 days old seedling produced significantly highdrst matter at
all growth periods. Significantly higher plant heig more tiller
production and LAl recorded with 40 days old sewgllimight have
increased the dry matter.

Harvesting of crop at 35, 42 or 49 days after flomg did not
cause any significant variation in the dry matt€his may be the
reflection of the effect of harvesting scheduletba plant height, tiller

production and leaf area index of crop.
5.1.5 Phenology

The investigation revealed that Jhelum variety at with SR-1
took significantly lower number of days to reachdntillering, panicle
initiation, flowering, milking, dough and maturigtages than SKUA-403
during both years (Table-4.9). Further, the nundfettays to reach these
stages varied by less than 7 days among the \ewidthis variation might
be due to genetic make up of varieties. Earlietddl§2001), Dixitet al.
(2004) and Nazki (2005) have also reported vamaitnothe growth period

of different rice cultivars.

It was found that 20 days old seedling took sigaifitly highest
number of days to reach different phenological esagrom date of
transplanting whereas 40 days seedling took siamfly lowest number
of days to reach different stages. Since 20 days sdedling was

transplanted 20 days later than 40 day old seediingpuld not quickly
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jump its growth to come parallel to other varietiesreaching different

phenological stages.

Harvesting schedule did not affect the phenologthefcrop at any
stage.

5.1.6 Yield contributing characters

Substantial differences were observed in the effedillers/nf,
grains per panicle and 1000-grain weight among ¢idgvars and age of
seedling (Table-4.10). Variety Jhelum recorded iSgantly higher
number of panicles/mand grains panicte than SKUA-403 though
remaining at par with SR-1, whereas 1000-grain tteigas significantly
higher in SKUA-403 compared to Jhelum and SR-1mdgu2010 but in
2011, SKUA-403 being at par with SR-1 recorded ificgmtly higher
1000-grain weight than Jhelum. Significant variateonong varieties with
regard to yield attributes might be due to theingge make up. Earlier
Bhowmick and Nayak (2000), Yarag al. (2001) and Lazat al. (2004)
also reported variation in yield contributing chaeas of different rice

cultivars.

The study also revealed that yield contributing rabgers viz.
panicles/ri, grains paniclé and 1000-grain weight were significantly
higher in 40 days old seedling and transplantech@iropriate time.
Delayed transplanted seedlings were subjected noparatively lower
right from their transplanting time and sunshineuisowhich hindered
them to exploit their potential. Earlier, Josep®91) reported that five
rice cultivars with seedling ages of 25, 32, 39, &l 53 days and
transplanted on 2bJuly, 27" July, 3% August, 18 August and 1%
August, respectively produced grain yield of 1.8®5, 2.56, 3.05 and
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2.04 t ha, respectively with corresponding 1000 grain weight2.21,
2.15, 2.14, 2.16 and 2.20 g, respectively. Padtal. (2001) also found
that 35 or 45 days old seedling produced signitigamgher grain weight
and number of filled grains per panicle than 25sdalg seedling.

5.1.7 Yied

In general, the grain yield remained comparatigiyher during
2011 than 2010 irrespective of treatments. Thidatian in the yield
might be attributed to better environmental cowodisi in terms of
temperature and sunshine hours (Appendix-I). Rieeeties differed
significantly in respect of grain yield. Jhelum guged 3.97 and 4.93 per
cent higher grain yield than SKUA-403 and SR-1peesively during
2010 and 2011 (Table-4.12). In fact, rice yieldependent on the number
of panicles per unit area and grains per panicteth Banicles/rh and
grains paniclé were significantly higher in Jhelum and hence higher
grain yield Jhelum also produced significantly @ghdry matter than
other varieties. Despite the fact that LAl was #igantly higher in
SKUA-403 and SR-1 patrticularly at panicle initiatiand flowering stages
but due to higher production of tillers’mJhelum recorded higher dry
matter thereby contributing to comparatively higheeld. Bali et al.
(1995), Dhimaret al. (1999) and Ganajaxt al. (2001) have also reported

variation in the grain yield of different rice cutirs.

Transplanting 40 days seedling earlier by 10 andli@&@ than 30
and 20 days seedling recorded grain yield supgyiofi 19.68 and 73.56
per cent over 30 and 20 days seedling, respect{Veple-4.12). In fact,
the higher growth and yield contributing characiarserms of dry matter

production, panicles/fngrains paniclé and 1000-grain weight recorded
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in 40 days seedling might have contributed to tigldr grain yield. Paul
(1994) reported that transplanting 50 days old l§egdn 20" July instead

of 19" August or 2% September gave the highest grain yield. This also
indicated that old aged seedling if transplantediezacompared to
transplanting lower aged seedling late producekdrigrain yields. Alet

al. (1995) found that rice yield decreased with detaplanting date but
was higher in 60 or 70 days old seedling than 3850days old seedling.
Channabasappat al. (1998) reported that rice yield increased with

increasing age of seedling from 25, 35 to 45 days.

Significantly higher rice yields of 63.49 and 65.za' during
2010 and 2011, respectively were obtained whewriye was harvested at
35 days after flowering which was higher by 4.18l &27 per cent and
3.73 and 10.13 per cent over the crop harvestet? a&nd 49 days after
flowering during 2010 and 2011, respectively. Dalaharvesting beyond
35 days after flowering might have increased shatie percentage
thereby, reducing the grain yield. Earlier Jayawasd (1973) has also
reported that delayed harvesting gave reducedsyieldall and shattering

susceptible varieties than resistant medium heigheéties.

The straw yield varied significantly due to the eeff of rice
varieties, seedling age and harvesting schedulegietya SKUA-403
recorded significantly higher straw yield compatedJhelum and SR-1
(Table-4.12). Nazki (2005) also recorded higheavstyield in SR-1 rice

variety compared to Jhelum and Chenab.

The investigation showed that 40 days old seedpngduced
significantly higher straw yield than 20 days okkdling. Higher straw
yield might be attributed to higher plant heightlet production and
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higher dry matter accumulation. Earlier Balial. (1995) also reported

significantly higher straw yield in the rice seadjitransplanted earlier.

Harvesting the crop at different days after flowmgrdid not cause
any significant variation in the straw yield.

Harvest index denotes the translocation of photibsyas from
source to the sink. Higher is the harvest indeg, riiore would be the
translocation of photosynthates from leaves ancerofphotosynthetic
organs to the economic part i.e. the grain. Dutigpresent study, it was
found that the variety Jhelum recorded higher \v@ahifeharvest index than
other cultivars viz. SKUA-403 and SR-1. Ganajebal. (2001) and Nazki
(2005) have also reported significant variatiothe harvest index among

rice cultivars.

40 days old seedling recorded higher harvest itldax 30 and 20
days seedling. This could be attributed to highmingto straw ratio as
harvest index is the per cent ratio of economiddyie the biological

yield.

The crop harvested at 35 days after flowering m@edrhigher
harvest index than harvested later. In fact, deldyarvesting might have
increased shattering of grains and thus higheo &Htigrain yield to straw
yield led to the higher harvest index values.

5.1.8 Moisturecontent in grain

The moisture content of the grain can be usedrabadle criterion
to decide the optimum time of harvest. The studyeaded a significant
variation in the moisture content of grain due he teffect of various
treatments (Table-4.14). Rice variety Jhelum reedrsignificantly lowest
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grain moisture content of 20.4 and 20.1 per cemindu2010 and 2011,
respectively, whereas the variety SKUA-403 recorttea highest grain
moisture content at harvest. Bhol Rao (1969) anigpd&tu(1971) reported
that the optimum moisture content in paddy shoalihe between 19-23
per cent at harvest to obtain high yields. The atemn in the grain
moisture content of the varieties at harvest was atported earlier by
Malik et al. (1981).

40 days old seedling transplanted 20 days eattian 20 days
seedling recorded significantly lowest grain maistgontent at harvest
than 20 days old seedling. Significantly highegtigmoisture content at
harvest in 20 days old seedling was due to very Ipgrcentage of un-
matured grains because the crop was subjectedsto tlkan required

photoperiod and the temperatures.

Time of harvesting greatly affected the grain maistcontent of
the crop. The crop harvested at 35 days after flogerecorded
significantly higher moisture content. Moisture temt decreased with
advancement in harvesting. The results are in aggaewith the findings
of Malik et al. (1981).

5.1.9 Head recovery

The crop harvested at higher moisture level aner a&tin drying
loses moisture at a rapid rate causing sun crackihe grains which
enhances breakage in milling. Late harvested ongpsh had been left in
the field to over mature and dry to moisture levelow 18 per cent tend
to absorb moisture from the air, dew etc. This psscof intermittent
wetting and drying causes sun cracks in grain,enpimenon reported to

be the primary cause for breakages in milling. Tegelopment of sun
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cracks begins at the centre of the kernel and pssgs towards the
circumference and that the dew induces crackings teported that the
highest head rice yield is obtained when the lowaéstirying temperature
is used to dry paddy. Uneven expansion of the ketne to intermittent
drying and wetting cause cracks in the grain rasylin breakages at

milling.

During the present investigation, it was obsened the grains of
variety SKUA-403 had the highest breakage at ngjlijiiable-4.14). The
susceptibility to breakage in rice varieties is e®gent on grain
characteristics such as grain length, hardnesslzailliness. The grains of
Jhelum having small type grain were less susceptibl breakage in
milling. Jayawardena (1973) also reported variatiothe grain breakage

of different varieties at milling.

It was found that 40 days seedling recorded théndsg head
recovery than 20 and 30 days seedling transplazfieand 10 days later,
respectively (Table-4.14). Significantly lowest Ha@&covery recorded in
20 days seedling could be associated to highen gnaisture content. The
best time to harvest the crop is the stage wheB3Lwisture content is
present in the grain and above this limit the bag@kpercentage at milling
increases. Earlier Jayawardena (1973) also repsntatar findings.

The crop harvested at 49 days after flowering medr
significantly higher percentage of head recovergmghs the lowest head
recovery was found in the crop harvested at 35 ddier flowering
thereby showing that the crop harvested at 20-21ceet moisture level
recorded the highest head recovery. Earlier Metli&d. (1981) working in

Pakistan reported that head rice recovery in caseio drying increased
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gradually from 30.16 to 53.50 per cent when haimngstvas done 18 and
40 days after flowering, respectively, thereby dieauggesting that with
advancement in the harvesting, the head rice reganvereases.

5.2  Growing degreedays

The GDD of rice varieties was more in 2011 as caeghéo 2010.
Among varieties, SKUA-403 accumulated more GDD ampgared to
Jhelum and SR-1. This may be due to longer duraifo8KUA-403 on
field to complete its growth as compared to Jhelmd SR-1. Varietal
variation for accumulation of GDD to complete difat phenophases has
also been reported by Singh (2003). 40 days oldlisgs accumulated
more heat units as compared to 30 and 20 dayseeldling. This may be
as a result of prolonged early growth phases ddradeéedlings sown early
in the season as compared to younger seedlings kstevin the season.
Similar results were given by Chopra and ChopraO420attributing

accumulation of more heat units to prolonged grop¥thses.
5.3  Simulation studies

The three rice varieties Jhelum, SKUA-403 and SRwre
subjected to the simulation studies taking into sideration various
growth and yield parameters. Validation of CERE$eRmodel when
done suggested that the phenology of all the thoeevarieties could be

predicted well.

The predicted grain, straw and biological yield @er agreement
with the observed values as indicated in Fig.14,ah8 18. Simulated
grain yield was comparable with the observed valé@h a variation
ranging between 0.27 to 22.0 per cerftvRlue obtained was 0.9381 with
RMSE = 4.05. As far as the straw yield was conadrike R value
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obtained was 0.7792 and the RMSE = 6.79 indicédtuag) a similar trend
was followed by both observed and simulated valli&gre was only a
variation percentage ranging between 1.2 to 16T8@ observed straw
yield ranged between 59.90 and 103.27 ¢ While as the simulated straw
yield ranged between 59.55 and 94.32 ¢.h@ame was the case with
biological yield in which R value was 0.9678 and RMSE was 7.5
(Fig.16). Validation of different rice varieties der temperate conditions
of Kashmir was also done by Singh and Singh (2@0&halimar.

As far as the anthesis day is concerned, the stionlatudies in
most of the treatments revealed that lesser dayse teé&en to anthesis
than observed days except for 20 day old SR-1 wesdharvested at 42
and 49 days after flowering and 30 day old seedliofjsame variety
harvested 35 days after flowering in which lessaysdwere taken to
anthesis on field than revealed by the simulatituaies. The deviation
between observed and simulated data ranged froBt4.24.0 per cent
and the Rand RMSE values obtained were 0.8891 and 3.9pectisely,

indicating that the model was well fitted.

Simulation studies on the basis of extrapolatecesddtom 2
April to 1% June taking into consideration growth and yieldapseters
revealed that the seedlings planted early in tles®e performed better
than the young seedlings planted late in the seaswer temperate

conditions of Kashmir.

All the three varieties followed a similar trendr fgrowth
parameters like LAI, root weight, top weight, leakight, number of
tillers and ear weight when extrapolated dates weaken into
consideration (Fig.17, 18, 19, 20, 21, 22). Sinylaa similar trend was
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obtained for yield by all the three varieties wiagye of seedling was taken
into consideration. Highest predicted grain yieldswobtained when 40

day old seedlings was obtained fron{"2pril sowing.
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Chapter 6
SUMMARY AND CONCLUSION

Field trial was conducted at the Experimental Fafrthe Division
of Agronomy, Sher-e-Kashmir University of Agriculd Sciences &
Technology of Kashmir, Shalimar Campus durkigrif 2010 and 2011.
The experiment was laid out in a split-plot desigth three rice varieties
(Jhelum-VI, SKUA-403 and SR-1), three seedling afi% 30 and 40
days) and three harvesting schedules (35, 42 apdd. The solil of the
experimental field was silty clay loam in textul@y in available nitrogen
and medium in available phosphorus and potassiuim wautral pH. The
treatment effects in various characters under shalye been described
and discussed in detail in preceding chapters.ifiprtant findings are

summarized hereunder:
Effect of varieties

. The variety SR-1 recorded significantly highestnplaeight and
leaf area index at various growth period, whereamber of
tillers/m? and dry matter production at different growth pds

was significantly highest in variety Jhelum.

. The variety Jhelum took significantly lesser days reach
phenological stages viz. tillering, panicle initoat, flowering
milk, dough and maturity compared to other vargetie

. The yield contributing characters viz. number déefive tiller m?
and grains panicle were significantly highest iriety Jhelum

whereas 1000-seed weight was significantly higheBKUA-403
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and number of spikelets were higher in SR-1. SKU&-decorded

significantly highest sterility percentage.

Jhelum variety recorded significantly higher grajreld and
harvest index compared to other cultivars wheraeswvsyield
remained higher in SKUA-403.

Rice cultivar Jhelum recorded significantly lowgsain moisture
content and highest head recovery.

Effect of age of seedling

40 days old seedling recorded significantly tatilemts, higher leaf
area index, tiller production and dry matter acclaton than

other seedling ages.

40 days old seedling took significantly lowest n@mbf days to
reach phenological stages viz. tillering, paniclgitiation,

flowering, milking, dough and maturity.

All the yield contributing characters viz. numbef effective

tillers, spikelets and grains pani¢leand 1000-grain weight
remained significantly higher in 40 days old sesglicompared to
30 and 20 days seedlings, whereas sterility pemgentwas
significantly highest in 20 days old seedling.

Both grain and straw yield, harvest index and lgamlal yield
remained significantly higher in 40 day seedlinghpared to other

seedling ages.
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The grain moisture content was significantly lowsstand head
recovery highest in 40 days old seedling compamdother

seedling ages.

Effect of harvesting schedule

Harvesting schedule did not cause any significamiation in the
periodic plant height, leaf area index, tiller puotdon and dry

matter accumulation.

Various phenological stages viz. tillering, panicieitiation,
flowering, milking and dough remained unaffectedwharvesting
schedule. However, days taken to reach maturite wgnificantly

lowest under harvesting at 35 days after flowering.

Except for number of effective tillers all yield contributing
characters remained unaffected by harvesting stéheldarvesting
crop at 35 DAF recorded significantly highest numbgpanicle

m2.

Crop harvest at 35 DAF recorded significantly higthgrain yield
and harvest index whereas straw yield remainedifsigntly
highest at 49 DAF.

Grain moisture content remained significantly hgthand head
recovery lowest in the crop harvested at 35 DAF,enshs
significantly lowest moisture content and highestdh recovery
was recorded in the crop harvested at 49 DAF.

The interaction effect between seedling age andvelséing

schedule for grain yield was found significant.
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CONCLUSION

The two year study revealed that transplanting 4sdold
seedling of Jhelum variety and harvested at 35 dégs flowering (DAF)
improved both growth and yield contributing chaeastof rice. The said
treatment combination also realized significantighler grain yield and
fitted well in the CERES-Rice model. Thus, the sgtudads to the
conclusion that for realizing optimum rice yield$) days old seedling of
rice cultivar Jhelum should be transplanted inrtbe field by 10-11 June
and harvested at 35 days after flowering. Howether study needs further
testing at other suitable locations before arrivingt final

recommendations.
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Appendix-|
Standar d weekly meteorological data for 2010 of SKUAST-K, Shalimar

Standard M ean temperature (°C) Sunshine Rainfall
week Max. Min. (mm)
1 22.36 9.36 5.76 1.57
2 23.50 9.44 6.9 1.14
3 26.30 11.29 8.00 1.46
4 28.29 12.86 9.64 9.93
5 27.21 12.69 8.00 0.00
6 29.8 15.84 10.38 0.28
7 32.46 16.91 10.69 0.00
8 25.67 17.09 3.57 7.46
9 27.79 18.87 4.86 1.53
10 26.50 19.63 0.87 9.69
11 29.21 18.57 4.54 2.63
12 31.71 18.93 8.60 0.23
13 25.50 13.60 6.34 7.86
14 31.00 15.83 8.49 0.40
15 27.92 15.58 7.78 0.30
16 24.18 9.92 8.08 0.00
17 26.43 10.06 7.67 0.37
18 27.36 6.87 8.71 0.00
19 26.43 7.44 8.10 0.14

Source:  Meteorological Observatory, Division of Agomy, SKUAST-K,
Shalimar



Appendix-|
Standar d weekly meteorological data for 2011 of SKUAST-K, Shalimar

Standard M ean temperature (°C) Sunshine Rainfall
week Max. Min. (mm)
22 27.57 11.27 9.33 0.14
23 30.36 13.50 10.49 5.50
24 31.43 15.14 9.33 0.00
25 33.16 17.86 9.57 0.49
26 29.43 15.71 8.60 1.03
27 28.64 15.56 6.00 0.71
28 28.86 16.77 6.63 1.29
29 32.07 19.19 7.11 0.00
30 31.64 16.47 8.63 1.40
31 31.73 17.63 7.53 1.03
32 27.66 16.80 5.59 2.26
33 32.30 16.09 9.61 0.00
34 29.50 17.60 5.41 3.17
35 29.79 15.97 6.86 1.77
36 30.30 17.14 7.19 1.94
37 23.44 13.17 4.33 4.83
38 27.64 8.71 8.60 0.00
39 28.57 8.69 8.66 0.00
40 22.29 7.96 5.16 1.50

Source:  Meteorological Observatory, Division of Agomy, SKUAST-K,
Shalimar



Appendix-I|
Growing degree days (GDD) at different growth stages of rice varieties as
affected by age of seedling and harvesting dates (2010)

Treatments Midtillering Panicle Flowering Harvesting
initiation
VA1 H; 450.25 646.70 876.75 1306.20
Ho 453.78 646.70 893.23 1366.20
Hs 450.25 646.70 908.65 1425.70
ViA, H; 506.00 735.55 1003.25 1393.00
Ho 506.00 735.55 1003.25 1440.00
Hs 506.00 735.55 1018.00 1494.00
ViAs; H; 564.50 770.00 943.40 1417.00
Ho 564.50 770.00 943.40 1464.25
Hs 568.70 770.00 956.43 1517.70
VoAl H; 477.60 687.50 907.70 1324.70
Ho 480.90 687.50 907.70 1354.70
Hs 477.60 687.50 921.95 1433.20
VoA, H; 518.55 730.05 1018.00 1423.00
Ho 532.35 730.05 1018.00 1486.00
Hs 518.55 730.05 1013.25 1526.80
VoAs  H; 577.25 770.00 985.00 1455.25
Ho 577.25 785.00 956.40 1485.05
Hs 555.50 770.00 985.00 1557.25
VsA1 H; 499.65 687.20 982.45 1370.20
Ho 514.70 687.50 965.45 1417.70
Hs 499.65 687.50 982.45 1485.80
VsA, H; 532.35 743.55 1018.00 1423.00
Ho 545.90 743.55 1018.00 1486.00
Hs 532.35 743.55 1018.00 1544.35
V3As H; 577.25 785.21 1061.50 1494.25
Ho 577.25 801.30 1074.50 1565.25

Hs 577.25 801.30 1047.50 1606.55




Appendix-I|
Growing degree days (GDD) at different growth stages of rice varieties as
affected by age of seedling and harvesting dates (2011)

Treatments Midtillering Panicle Flowering Harvesting
initiation
VA1 H; 617.60 828.15 1060.00 1557.70
Ho 617.60 828.15 1076.60 1641.30
Hs 617.60 828.15 1076.60 1706.20
ViA, H; 718.80 924.90 1190.80 1695.40
Ho 718.80 942.35 1190.80 1755.50
Hs 718.80 942.35 1190.80 1820.40
ViAs; H; 762.15 1021.65 1159.40 1692.70
Ho 762.15 1021.65 1159.40 1790.70
Hs 774.10 1021.65 1159.40 1843.30
VoAl H; 648.20 860.80 1076.60 1581.20
Ho 661.95 860.80 1076.60 1632.30
Hs 648.20 860.80 1076.60 1715.90
VoA, H; 745.90 975.00 1190.80 1695.40
Ho 745.90 975.00 1190.80 1755.50
Hs 745.90 975.00 1190.80 1820.40
VoAs  H; 786.35 1021.70 1209.00 1721.40
Ho 774.10 1021.70 1209.00 1807.80
Hs 786.35 1021.70 1209.00 1861.80
VsA1 H; 661.95 875.75 1140.60 122.80
Ho 676.20 875.75 1140.60 1687.00
Hs 661.95 875.75 1140.60 1754.40
VsA, H; 762.40 889.95 1254.80 1737.00
Ho 762.40 889.95 1242.80 1792.00
Hs 762.40 889.95 1230.10 1848.90
V3As H; 811.30 1054.30 1296.85 1807.80
Ho 825.20 1069.25 1309.60 1880.50

Hs 811.30 1054.30 1296.85 1938.20
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