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ABSTRACT

A field experiment entitled “Agronomic evaluatioh Busa Basmati-1509
for yield and quality under varied transplantingedaand nitrogen levels” was
conducted at Mountain Research Station for Fielop€r Khudwani, SKUAST-K
during Kharif 2014 to study the influence of tralasping dates and levels of
nitrogen fertilization on growth, yield and qualigf scented rice cvPusa
Basmati-1509 The soil of the experimental field was silty clepam in texture
with neutral pH, low in available nitrogen, medium available phosphorus,
potassium and organic carbon. The crop managemed done as per
recommended package of practices and monetary ram@dmonetary inputsiz.
planting dates (2DMay, ' June and 11 June) and nitrogen levels (0, 30, 60, 90
and 120kg N ha') were altered in order to study their effect onvgh, yield ,
quality as well as economics of the crop. The expamt comprising of 15
treatment combinations was laid in split-plot daswgth three replications, with
planting dates in main plots and nitrogen levelssib plots. Thirty day old
seedlings were transplanted on well puddled sad hill spacing of 15 x 15 cm
with 3 seedlings per hill. Among transplanting datearly transplanting of 0
May and £'June significantly increased the growth parametirsplant height,
leaf area index, tillers ) dry matter accumulation, leaf area index and SPAD
reading over the late planted crop i.e"1ne. The highest plant height (88.68
cm), tillers m? (338.8) and dry matter (94.07 qHawere recorded for the 90



May transplanting. Yield contributing charactergelipanicles M (337.69),
panicle length (24.08 cm), panicle weight (1.58spjkelets panici&(94.88) and
filled grains paniclé (72.20) were also higher for the™®lay, which resulted in
highest grain (41.51 q H} straw (67.21 q h§ and biological yield (108.72 q
ha'). Also quality parameters like head rice recove.16 %), grain grade 1
(45.35%), kernel length (9.22 mm) and breadth (In¥#8), kernel length after
cooking (15.74 mm) was improved in the early trdausied crop. However,
sterility per cent a negative attribute as far i@$dyis concerned was highest for
the late planted crop, and was in the order of 2328.55 and 33.59 per cent for
20" May, ™ June and 1 June transplanted crop, respectively. Among the
different nitrogen levels (0, 30, 60, 90 and 120N\kfa’), all growth parameters
were found significantly higher in the nitrogen ééwf 120 kg ha and was
closely followed by nitrogen level of 90 kg haThe highest plant height (90.37
cm), tillers m? (350.2) and dry matter (95.72 q hawere recorded for nitrogen
level of 120 kg ha. The vyield contributing characteviz. panicles 11 (345.60),
spikelets paniclé(96.27), panicle length (24.04 cm) and panicle we{d.69 cm)
were also recorded highest for the nitrogen letdl2® kg ha. The highest filled
grains paniclé (66.33) was recorded for the nitrogen level ofk@pha'. The
uptake of nitrogen by grain and straw at harvest nighest for nitrogen level of
120 kg N h&. The highest grain yield (45.55 g Haand biological yield (113.86
q ha') were found for nitrogen level of 90 kg haStraw vield (70.42 q H3 was
recorded highest by the usage of higher dose ofgeh i.e. 120 kg Faand was
closely followed by nitrogen level of 90 kg haQuality parameters like head rice
recovery, kernel length, kernel breadth and kelemjth after cooking was also
recorded highest for the 120 kg N'halowever, sterility per cent (33.14%) was
also highest for the treatments receiving 120 kigall The other nitrogen levels
recorded lower growth, yield and yield contributiolgaracters while as control
recorded the lowest. The highest B:C ratio (3.843 wbtained from the treatment
which was transplanted in ®®ay and received 90 kg N fa
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Chapter - 1
INTRODUCTION

Rice QOryza satival.) is the most important crop in India and isoallse
hub of food security for the global population. Ate global level, rice is grown
on an area of 155.62 m ha with a production andymtivity of 461 MT and 4.09
t ha, respectively (Anonymous, 2012). It is the priméopd source for more
than one third of the world’s population and grown 11% of the world’s
cultivated area (Islam, 2009). It is the main casip and source of livelihood for
the rural population in developing regions. Becanfsiie large number of people
subsisting on rice, its annual output should besiased by over 5 x 1®a year to
keep pace with population growth (IRRI 1997). lbyades 32-59% of the dietary
energy and 25-44% of the dietary protein in 39 ¢oes (Shah and Kumar,
2014). Rice is considered as the first cultivatempoof Asia. Its cultivation is of
prime importance to food security of Asia, whererenthan 90% of global rice is
produced and consumed (DES, 2012). Rice is thenkfdor Asians as it is not
only a dominant food crop but also an importanpdrothe national economy. It
accounts for a major share of cereal consumptamging from 40% in India to
97% in Myanmar. Rice contributes-36% of total daily calorie intake (Hossain
and Pingali, 1998).

India ranks first with respect to area (43.95 n) had second in
production (106.54 MT), only after China, but theguctivity of rice is only 2.42
t ha® (DES, 2014). India contributes 21.5% of globaérproduction. Within the
country, rice occupies one-quarter of the totapped area, contributes about 40
to 43 per cent of total food grain production, pdavg direct employment to 70%
of rural population (DES, 2012). But the sharehs tice in national economy, as

well as the agricultural products export is veny.lo

The unique varietal group that has distinguishselfi because of natural
and human selection with acceptance all over theédwas specialty rice is called



basmati rice. The salient features of basmatisigeh as extra long slender grain,
length wise excessive elongation on cooking, soft Auffy texture of cooked
rice and pleasant aroma determine its uniquenessmati rice is known as the
queen of rice (Singkt al.,2008). Unlike other aromatic rices the unique duali
traits of basmati rice” find their expression omiten they are grown in the north
western foot hills of Himalayas and parts of Pupj&taryana, Jammu and
Kashmir and Western parts of Uttar Pradesh in titkah Sub-continent. Indian
has huge market for basmati rice as it has highadenmot only in India but in
foreign countries as well. Under the changing sgenaf the international
agricultural market, there is a tremendous scopete exploitation of such
indigenous rice varieties which are unique in thmioma, taste and cooking
quality. There are various scented rice varietidsch are being cultivated on a
commercial scale in India, e.g. Vasumati, Yaminis& Sugandh 1, Pusa Sugandh
2, Pusa Sugandh 3, PRH 10, Basmati 370, Ranbir &g$tant Sugandhdhan 15,
Sugandhamati, Pusa Sugandh 5, Pusa Basmatte.6The average selling price
of the scented rice varieties ¥8500/quintal (Anonymous, 2013) as compared to
that of the conventional rice varieties which ¥i1500/quintal (Anonymous,
2014), speaks of their scope under decreasing haifding size of 1.15 ha in
India (DES, 2014).

Rice is the staple food crop of Jammu and Kashntigre it is cultivated
in temperate, intermediate as well as subtropioakg. The total area under rice
cultivation is 0.27 m ha with a production and proiivity of 0.90 m t and 3.2
t/ha, respectively (DES, 2013). Of the total ricevgn in the state of J&K,
aromatic cultivars are cultivated on an area of X821 ha with a production of
6.24 x 1dtand an average yield of 1.9 t/ha, fetching d®s of rupees annually
(DES, 2008). The major aromatic rice growing béli&K is R.S. Pora of Jammu
region, where high quality superior aromatic risegrown. In Kashmir valley,
japonicatype of aromatic rice is grown in scattered ar@ad the main varieties
are the traditional land races, which farmers heawed and used from very old



times. Since, these varieties are highly susceptibldisease as well as lodging
and produce very low yields, therefore they ardivatied on a very small area.
But recently some new high yielding semi-dwarf bagnvarieties like Pusa
Sugandh-2, Pusa Sugandh-3 and Pusa Sugandh-5eckleadARI, have been
tested at Mountain Research Centre for Field C(MIRCFC), Khudwani. These
varieties produced good yields and proved moderaliskase resistant. However,
due to their longer duration (165-175 days), themeeties either failed to mature
or matured late (20October). Slow grain filling, low test weight, higterility,
chalkiness and low HRR (<50%) are the other assamtiproblems, when these

varieties are sown on the dates recommended febasmati types.

In Jammu and Kashmir, the agriculture in genemdlréce is particular, is
facing tremendous challenge for its survival fromme thorticulture crops,
especially apple. As compared to average returni 89000 /ha from the
conventional rice varieties, apple cultivation fets ¥508780 /ha, thus justifying
the shift from rice to apple cultivation (Malik, 28). So, it is need of the hour that
the revenue earning potential of the rice be imedothrough cultivation and
popularization of the high value scented rice e The scented rice varieties
of Jammu and Kashmir are unique in quality duedib and climate. There are
various scented rice varieties being cultivatedJammu and Kashmir, e.g.,
Basmati 370, Saanwal basmati, Ranbir basmati, arsé Bughandi. But Pusa
Basmati 1509 released in 2013 is superior to othls respect to yield, grain
guality, earliness, non-shattering at maturity, 4mfging habit and reduced
height. As compared to selling price ¥10-15/kg for conventional rice varieties,
that of Pusa Basmati I 30-35/kg. The high selling price of the Pusa Basma
and its great demand in national and internatiomalket emphasizes the need to
improve its yield and quality, so that its demandreases, thus increasing its

monetary returns.

Out of the various factors which affect the yieldd quality of scented

rice, there is ample evidence suggesting a sigmfianpact of nitrogen levels and



transplanting dates on its yield and quality. Basmarieties do not withstand
high rates of nitrogen fertilizer to increase yjedd high nitrogen rates of make it
prone to lodging, disease and insect pest attabksrefore, it is necessary to
know the best nitrogen application rate for eadtety as well as its influence on
components of yield and other agronomic paramesersh as phenology, plant
height and lodging, to obtain better knowledge obdpctive response. Plant
height in rice is positively correlated to the ldmgof maturation cycle
(Chaturvedi, 2005). A taller plant is more susdaptito lodging and responds
poorly to nitrogen (Yoshida, 1978). The panicleshva low percentage of sterile
flowers permit the application of higher doses itfogen and produce better yield
(Yoshida 1981). Relatively higher dose of nitroger,, 60 kgha, resulted in
increased incidence of insect pest attack and taggivhich lowered yield and
guality of Basmati rice (Sidhat al, 2004). Increased rate of nitrogen fertilizer
could increase yield but reduce the quality of mgaiConry, 1995). Soils low in
nitrogen generally produce aromatic rice grain eftér quality, but applications
of nitrogen rates higher than those required talpce maximum yield produced
low quality grain. The extremely low use efficienof applied nitrogen in
lowland rice fields (Vlek and Byrnes 1986) and émvironmental hazards caused
by loss of nitrogen from rice fields (Bohloet al, 1992; Cassmaet al, 1998)
pose a great challenge to develop new rice vasietigh enhanced nitrogen use
efficiency. Plant height showed positive and siigaifit correlation with number
of days required to heading and the best time arisplanting of rice crop for
balanced vegetative, reproductive growth and mainguain production appear
to be the earliest part of the season (Escuro,)1884nt height, tiller number and
dry matter accumulation of the crop transplanted®duly were more than those
of the crops transplanted on"20uly and 4 August (Singhet al., 1997). Late
transplanting reduced head rice recovery and gilaimgth breath ratio.
Transplanting dates had no effect on crude prateitent, but late transplanting
increased it (Dhaliwaét al, 1986). Rice planting on 20July gave higher rice
recovery by 0.85 and 0.30% than crop planting 8hJgly and # August,



respectively. The protein content of the grain wlasreased with subsequent
delay in planting by 1.62 and 1.05% frofi &0 20" July and 28 July to &’
August planting, respectively (Sintét al.,1997).

Time of transplanting assumes greater importane@@ to shorter
growing season of 140-145 days under Kashmir valtaditions. The important
growth phases especially, the grain filling stag@encdes with low night
temperature, resulting in high sterility percentalymreover, the application of
higher doses of fertilizer, particularly the nitesgrecommended for non-scented
varieties delays the maturity and prolongs the tay® phase of scented types.
Because of the higher percentage of unfilled grainsaturity, genetic potential
of scented varieties of rice has not been realiR&hting time is a major factor in
rice cultivation and indirectly influences soil tperature and weather conditions
to which young seedlings of rice plants are exposkding different
developmental stages. The higher productivityhese scented types of rice can
be achieved by manipulating the different agronofaictors, particularly the

transplanting dates and nitrogen rates.

Similarly, optimum rates of nitrogen applicatiore an important aspect
of overall nitrogen management in aromatic ricedtiicient nitrogen utilization
and higher productivity. The non- judicious usendfogen fertilizers leads to
decrease in yield. Excess application of nitrogatilizer can cause delay in crop
maturity as well as high incidence of insect pest lbpdging. Pusa Basmati 1509,
a short duration basmati rice with high yield poi@rhas been released by IARI,
New Delhi, has given promising results in prelinmnatudies carried out at
MRCFC, Khudwani during 2013.There is lack of infathon on agronomic
aspects particularly transplanting date and nitmotgrels on the vyield of this
variety. Thus, a better scientific understandingerguired for the optimization of

transplanting date and nitrogen dose for timelyumtytand higher yield.

Keeping in view the above facts, the present semtjtled “Agronomic

Evaluation of Pusa Basmati-1509 for Yield and Qwalunder Varied



Transplanting Dates and Nitrogen Levelsas undertaken to meet out the
following objectives :

1. To study the influence of different transplantotetes on maturity, yield

and quality of scented rice

2. To study the influence of different nitrogen levels maturity, yield and
guality of scented rice

3. To estimate its relative economics.



Chapter - 2
REVIEW OF LITERATURE

Rice has shaped the culture, diets and econontyoosands of millions
of peoples. For more than half of the humanity reckfe. The production of rice
can be increased with the manipulation of trangpigrtime and nitrogen levels.
Time of transplanting may be one of the agronontiatasgies to exploit full
potential of a variety and its photoperiod sengitigo as to harness maximum
production with improved quality of grain for higlpremium. Time of
transplanting is the most important factor influegcthe growth and yield of
crop. Transplanting time is indirectly determingddoil temperature and weather
conditions to which young seedlings and rice plaméesexposed during different
development stages. Planting time is of greateromapce under the Kashmir
conditions where crop growing season is short &adpsdecline in temperature is
noticed later in the season, which is detrimenvaldrop growth. The optimum
transplanting date is different in different agrolegical conditions. Similarly,
application of optimum dose of nitrogen to ricegaining importance because
nitrogen is such a key nutrient in crop productibat it can never be ignored.
Excess amount of N application can result in loggif plant and reduction of
yield and similarly deficiency of N may affect rigeeld, so judicious application

of N is important for obtaining better yield.

In this chapter, an attempt has been made towethe literature on
influence of dates of transplanting and nitroggouinon yield and quality of rice.
The information is from the state, country and abreegarding the impact of

sowing dates and nitrogen levels on different atspafcbasmati rice.
2.1 Effect of transplanting dates
2.1.1  Growth attributes

Sowing dates significantly affect on growth periaadd yield of crops.

These become more critical in the geographical sadaaracterized by short



growing seasons. Sowing dates affect the growingresde day accumulation,
phenology, drymatter accumulation and finally theeldy of the crops. An
optimum sowing date would be one that synchronisesrop pheno- stages with

their optimum climatic growth factors.

There was a linear negative correlation betweeavirgpdate and growth
period, in the later sowing dates (Pengefieal, 2013).

Hossain and Sikdar (2009) from Dinajpur, Bangladesported that the
plant height of aromatic rice varieties Kataribh&pdhunipagal, Badshabhog,
BRRI dhan 34 and BRRI dhan 38 was significantlyluehced by date of
transplanting. Longest plant height (142.4 cm) wlatsined from 15 July and the
shortest (117.05cm) from 14 August transplantinganf height gradually

decreased with the delay in planting date.

Chopra and Chopra (2004) studied the effect afsptanting dates on
phenology and growing degree days accumulation (G&1dl its effect on seed
yield and quality of Pusa Basmati-1. The crop tpéensed on June 30 took 109.5
calendar days and 3125.9 growing degree days framsplanting to maturity

(total phenophases) which got reduced almost lipeath delay in transplanting.

Reddy et al. (2004) from Hyderabad observed that the accundilate
degree days for the vegetative growth of rice wilé4 and 1128 duringharif

andrabi seasons, respectively.

Dixit et al. (2004) from Maharashtra reported that panicleatidn stage
started late in early sown crog(&nd 18' June) and 50% flowering was earlier in
late crop (2% June). They also observed that rice crop planted®' June
showed significantly more number of leaves at 6080XAan the crop planting on
5" 10" and 1%' June.

Linscombeet al. (2004) conducted experiments at two locations

Crowley and St. Joseph in Louisiana and showed tlagfs from seedling



emergence to 50% panicle emergence decreasedhabbations as planting was
delayed.

Mandal and Ghosh (2003) from West Bengal repaittied the growing
degree days during the periods between sowingiestddaf emergence including
fourth leaf emergence and flowering increased withcessive delay in sowing.
They also reported that the time taken for matuglyged from 116.2 to 120.8
days for different sowing dates and 105 to 127y&dar different cultivars.

Nayaket al. (2003) from a field experiment on hybrid rice ‘PR®E’,
reported that early planting on18uly exhibited the maximum total and effective
tillers per clump, LAl and dry matter accumulatidvan that planted on 31uly
and 16 August. One month delay in planting fronT J6ly reduced total tiller

number/hill, LAl and dry matter accumulation by 38, and 18%, respectively.

Lee et al. (2001) reported that days from sowing to floweriwwgre
shortened as sowing dates were delayed frofh/A5il to 5" June in a field and

phytotron experiment.

Normanet al. (1999) reported that the seedling date primanfiuenced
the length of vegetative period of rice with easeded rice requiring a greater
number of days to accumulate the same number akdedpys units compared
with later seeded rice. Patel (1999) recorded mamimumber of total tillers (482
per nf) when the crop was transplanted on™13uly, which decreased

significantly with delayed planting on 8@uly and 1% August.

Productive tillers/rhsignificantly decreased due to delay in transjtant
from 25" July to 18" August in hybrid rice (Kumaet al.,1998).

Om et al. (1997) conducted an experiment and observed trapligmt
height, productive tillers/frand dry matter accumulation were highest in the cro
transplanted on 25June followed by 8 July, 18" July and 2% July. SingR et al.
(1997) from Kanpur found that plant height, totallet and dry matter

L]



accumulation of the crop transplanted dhJily was more than that of the crop
transplanted on 20July and 4 August.

Paliwalet al. (1996) from Warseoni (M.P) found that early tialasting
on 28" July produced significantly higher plant heigh©74 cm) than delayed
transplanting on 1hand 2%' August. Songpt al. (1996) reported from Korea that
delayed sowing decreased the number of days frawngdo heading in two rice

cultivars.

Samdhia (1996) from Bhubaneswar found that LAlided gradually as
the planting was delayed beyond™B8uly and maximum LAl of 4.64 was
recorded at 60 DAP. Singét al. (1996) observed that total tillers/plant in rice
transplanted on f6May and 31 May was significantly more than that of the

crop transplanted on T&une.

First week of June is considered optimum for Kastvalley (Baliet al.,
1995) and first fortnight of July is recommend farth and central India

Dhimanet al. (1995) observed that higher plant height and drytena
accumulation/plant in earlier planting on™LBuly than in delayed planting on"25
July and # August. Parihaet al (1995) from his field experiment at Bilaspur
reported that higher plant height of 84.63 and B3 in 1991 and 1992,
respectively and significantly more number of efifez tillers in 13" July planting

as compared to both early {30une) and late planting (3Quly).

Jandet al. (1994) reported that there was a reduction in mhatter
accumulation due to late planting {13uly) than crop planted on 3une and
27" June and the reduction was more in Basmati-3T@peoed to PR-109. The

leaf area index was also found to be higher inygadnting.

Vandaneet al. (1994) reported that dry matter accumulation desed in
test cultivars (PR-106, PR-109 and Basmati-370nh vdelay in transplanting

dates.

Lee et al. (1994) while working under southern Alpine conatiis



reported that the number of days from transplantiogmaximum tillering

decreased with delay in transplanting date.

Reddy and Reddy (1994) reported that maximum drgatten
accumulation/rh was recorded when planting was done off 2@gust which
was significantly higher than that of the crop péghon 3¢ July and 1% August.
Sahu (1994) observed that plant height and leah amdex was significantly
higher at all the growth stages undef"1Rily planting than the other planting
dates i.e. 22 July, ' and 11" August.

Chaudhary and Igbal (1992) reported from Pakisket under normal
planting, the mean plant height of Basmati culsv@asmati-370, Basmati-198
and Basmati-385, for five seasons, were 159, 0182 cm, respectively while
as late planting was found to reduce plant heigetidy and Reddy (1992) found
that the productive tillers/frand productive tillers/hill were significantly high
when the crop was transplanted off' 2Zugust than that of the crop transplanted
on 14" August and 36 July.

Ghadekaet al. (1988) from Nagpur observed that the rice tramgpig
on 9" July recorded higher dry matter accumulation ttrentransplanting on 25
July. They also reported that the thermal and phiotomal requirement of short
duration (IR-8), medium (Sindewahi-75) and long aion (Jagarnath) rice
cultivars transplanted at 15 days intervals wer@asueed and recorded highest
(1977) thermal unit accumulation in early plantimgnich decreased in late
planting (1726). However, reverse was trend withtplthermal units.

Leaf area index generally decreased with delayainsplanting (Mandal
et al, 1984). Koyammat al. (1973) found that plant height and number of tdler

declined with delay in transplanting.

From the above cited literature it can be conetudhat, all growth

parameters like plant height, dry matter accumotaiq ha'), leaf area index,



tillers m? were significantly higher for the early transplagtdates and decreased
with delay in transplanting.

2.1.2 Yield attributes

Safdaret al (2013) from Pakistan studied the performance ighte
medium grain rice accessions sown on five diffesawing dates (f&April, 1%
May, 16" May, ™ June and 16 June) to assess their growth and vyield
performance under early, mid and late sown conultiand reported that paddy
yield and number of grains/panicle increased wittayl in sowing time up to 16
May whereas days to 100% flowering, tillers/hilldgplant height decreased with
delayed sowing. Among vyield components number ding/panicle showed
positive linear relationship with rice yield whiclmeans yield gains were
attributed to higher number of grains/panicle rattiean higher number of
tillers/hill. Maximum number of grains/panicle apdddy yield of almost all rice
accessions under mid sown conditions'(May) seem to be associated with non-
coincidence of their reproductive growth periodshwheat stress as occurred in

early sown conditions (I6April, 1 May).

Tari (2012) conducted an experiment to investigetiegen fertilization
effect at different transplanting dates on riceldsiand yield traits. He used 4
nitrogen levels (60, 90, 120, 150 kg N/ha) anda®dplanting dates {May and
30" May) and found that planting date had a significeffect on total tillers,
fertile tillers, panicles/f sterile spikelets/panicle and 1000-grain weighi.
measured vyield traits were influenced significanlly nitrogen fertilization.
Highest number of total tillers, fertile tillers, apicles/Pi and sterile

spikelets/panicle were produced on May 3@nsplanting date.

Singhet al. (2012) conducted an experiment in Kashmir valtegtudy
influence of low temperature and transplanting sldgs" May, 10" June, 25
June) on rice spikelet sterility, harvest index areld of rice Oryza satival..)

cultivars (Jhelum, China-1039, Chenab, Shalimar tif and found that negative



effect (% increase from normal early sowing) oelabwing on spikelet sterility
was greatest in CV ‘Shalimar Rice 1’ (15.8-50.98¢crease over early and normal
sowing) followed by ‘Jhelum’ (19.2-46%). Under latewn conditions there was
reduction in harvest index of cultivars in the ord# ‘Shalimar Rice 1'>
‘Jhelum’™ ‘Chenab’> ‘China 1039'.

Miri (2011) from Iran studied the response of éhriee cultivars (Namat,
Neda and Dasht) to four transplanting datdsNgy , 20" May, 5" June and 19
June) and found that number of reproductive tiltelis grains/panicle, panicle
length, 1000-grain weight and plant height waseased when transplanting date

was delayed from "5June onwards.

Akbar et al. (2010) from Faisalabad Pakistan studied the efbéctix
different planting dates for super basmati 315 May, 16" June, 28 June, 36
June, 18 July and 28 July and reported higher no. of tillerémmumber of
grains/ panicle and 1000-grain weight were obtaioed®d" June beyond which
these components displayed a significant decliren@det al (2009) found that
that early transplanting {1week of July) enhanced LAl over late transplanting

(34 week of July) significantly throughout the growtériod.

Due to delayed transplanting there was a sigmficaduction in yield
attributes, yields and nutrient accumulation. Tiyneansplanting on g July led
to 8.4 and 19.1% higher grain vield than transgiignon 1¢ and 1% July,
respectively (Singlet al, 2004).

Singh (2003) reported that delay in transplantieduces the yield and

yield related components of rice crop.

Chopraet al. (2003) from Karnal reported that transplanting Rafsa
Basmati-1 on June 30 gave significantly higher glaniength (30.4 cm), panicle
weight (3.83 g), 1000-grain weight (21.12 g) anddsgield (56.53 g/ha) than that
of July 21, July 28 and August 4.

Singh and Pillai (1995) from Hyderabad reportedt thanicles/h and



panicle weight were maximum under™8uly planting than late planting on®31
July and 18 August. Parihaet al. (1995) observed no difference in 1000-grain
weight of rice planted on 80June, 18 July or 3¢" July.

Singhet al. (1992) reported from north-eastern plain zone Gh&shat
that 10th July was an optimum time for transplagthrice. Early or late planting
of rice crop reduced the yield attributing charestend yield significantly. The
growth, vield attributes and grain yield recordeds!" July planting were lower

than 23" July planting.

Lin and Huang (1992) from China reported that yefatransplanting
beyond &' August reduced grain filling percentage, 1000+ynaeight and yield

of rice.

Maruyama and Tanaka (1985) reported that the nuwofbgpikelets was
markedly affected by the length of the period frivamsplanting to heading.

The conclusion drawn from above cited literatuse that the yield
attributes like number of panicles@npanicle length (cm), panicle weight (g),
spikelets paniclé, filled grains paniclé and 1000-seed weight were higher in

early transplanting dates and it decreases witllydaltransplanting.
2.1.3  Quality

Transplanting under Haryana conditions orf" 2fune and 10 July
increased the grain yield and yield contributingreltters of basmati ric®©(yza
sativalL.) as compared to late planting (Mukeshal, 2013). Although scented
rice varieties planted on $Sluly gave significantly higher yields of rougheic
than those planted of'®eptember but late transplanting gave improvedlityu
traits viz. higher head-rice recovery, hulling and millingathearly-planted rice
(Chandreet al, 1997; Mukestet al ., 2013).

Chopraet al. (2006) reported that with delay in transplantingni 30"
June to & August all kernel quality attributes were founddecrease with drastic

reduction between 38July and & August planting.



Singh et al. (2005) reported that kernel length, hulling petage and
head rice recovery were significantly higher inlgatanting than late planting.

Singhet al. (2005) while studying yield potential of differestented rice
cultivars under different fertilizer levels andrsplanting dates reported that 25
July planting date recorded higher values of grquality traits and yield,
compared to the 15 July planting date.

Ghoshet al. (2004) studied the response of planting date tditguaf
aromatic rice and reported that delayed plantiggiBcantly reduced the amylose
content by 0.5%. Chandrt al. (1997) reported that rice crop planted or"11
August gave higher head rice recovery than plaote23" July.

Sing? et al. (1997) conducted an experiment at Kanpur and obsderv
that 20" July planting gave significantly higher rice reeoy by 0.85 and 0.30%
than crop planting on"5July and 4 August, respectively. They further observed
that protein content of the grain was significamtécreased with subsequent delay
in planting by 1.62 and 1.05% fronf' Suly to 28" July and 28 July to 4" August
planting, respectively.

Raoet al. (1996) reported that late planting of Pusa BasthaHaryana
Basmati-1 and Basmati-370 off August resulted in highest hulling percentage
(68.8%) and head rice recovery (46%) compared iy etanting. It was further
reported that aroma in cooked rice did not diffgmdicantly due to time of
planting. Singhet al. (1996) in a 4-year field study at Ludhiana taking ‘®R
106’, found no effect of different dates of trarsging (16, 31 May and 16 June)
on the ear length of rice.

Bali and Uppal (1995) from Ludhiana, reported thmtsmati rice
transplanted on #0July had 57% head rice recovery but the recodenreased
to 54% as a result of delay in planting td"3ily.



Gangwar and Ahamedi (1990) observed that delgyanting after first
week of July decreased the number of grains/pari€®@0 grain weight and grain
yield.

Ali et al. (1991) while studying the relationship betweemsgdanting
time and grain quality of basmati rice in Pakistaported that early and late
transplanting dates depressed the milling recowaerg cooking quality. The
optimum transplanting dates were found to Beldly and 18 July for Basmati-

379 and Basmati-385, respectively.

Gill and Shahi (1987) reported that crop transigdron July 30 gave
7.8-12.5% more head rice yield than that transpthran June 1, and 6.2-6.9%
more than that transplanted on™30une. They observed an increasing trend in

head rice recovery with delay in planting frofhJune to 38 July.

The above cited literature reflects that the quadarameters of rice viz.
hulling (%), milling (%), superior grain grades,olam rice length and breadth,
L/B ratio, KLAC, elongation ratio, HRR, volume expaon and aroma were

mostly highest in early transplanting dates.
2.1.4 Yield

The early planted photoperiod sensitive rice etaes passed lag
vegetative phase which increased tallness as vgebi@amass prone to lodge
during grain filling stage. On the contrary, théelalanting crop suffered due to
low temperature during reproductive stage and siomestpanicle cannot emerge
properly and some portions remain within the lehéath and consequently
increases spikelet sterility and give low grainlgi€Canet, 1986). Thus, by
adjustment of transplanting time, the plant canetadvantage of natural

conditions favourable for its growth (BRRI, 2004).

Brar et al. (2012) conducted an experiment at Punjab Agricaltu
University (PAU) to investigate the effect of tratenting dates (1% June, 2%
June and B July) and seedling age (30, 45 and 60 days) oid,ygiality and



water productivity of two rice cultivars and foumidht shifting of transplanting
date from 18 June to % July did not affect paddy grain yield significantbut
yield was numerically superior in ®Slune transplanted crop than™.5une and
5™ July. There was a significant reduction in graield/in the crop transplanted
on 5" May. Maximum grain yield (6.25 t Hx was obtained with 20 June
transplanting date (Miri, 2011).

Naharet al.(2009) reported yield reduction of BRRI dhan-46 tludate
transplanting on 10 September, 20 September and 30September was 4.44,
8.88 and 15.55%, respectively compared*t&éptember transplanting. In case of
BRRI dhan-31 the reduction was to the tune of 6.2@,48 and 36.73%,

respectively.

Mananet al. (2009)in an experiment on fine rice genotypes, transplnt
from 22" July to 7" October at an interval of 15 days, reported thap g@lanted
from 7" August to ¥' September gave more number of tillers/panicles/m and
grains/panicle which resulted in higher grain yie@bmpared to 22 August
planting, grain yield decreased by 11, 10, 26, A8 &1%, respectively, when
crop was planted on 22uly, 7" August, #' September, 28 September and"7
October.

Hussainet al. (2009) in an experiment on transplanting datesashiati
rice Pusa Sugandh-3 under Kashmir valley conditgindied four planting dates
viz. 258" May, 2 June, 8 June and 16 June and reported that delay in planting
beyond last week of May result in a significantuettbn of grain yield of basmati
rice. The magnitude of reduction of grain yield etved with one week delay in
planting beyond 25 of May observed was 5.2, 9.9 Bh8 g/ha. Earlier planting
dates of 25 May and 2 June produced higher straw yield and harvest iriax
delayed planting of'9and 16' June.

Several studies carried out under north westemmglof India covering

the state of Punjab and Pakistan Punjab reveabtitahum date of transplanting



is from 16" - 20" July for realizing higher grain yield (Giét al, 2009; Safdaet
al., 2008)

Igbal et al. (2008) reported 25.76% higher yield in the eadws crop
(1% week of July) than the late sown crop®(@eek of July) because of longer

crop duration of the early sown crop.

Akram et al (2007) from Pakistan studied the effect of difar
transplanting dates {1July, 11" July, 24" July and 3% July) on six rice
varieties/lines (98801, PK-5262-1-2-1, 97502, 9848asmati-385and Super
Basmati) and concluded that Basmati-385 and SupemBti produced higher
paddy vield (5.655 t hhand 5.612 t hd when transplanted ort'and 11" July

respectively.

Chopraet al. (2006) reported that highest seed yield was prediun
215 July  (31.13%), followed by 3BJuly (42.48%) and "4 August (70.50%).
Drastic reduction in all the yield parameters wasesved at 28 July and 4
August planting.

Ramet al. (2005) reported that highest grain yield of ri¢8.2 g/ha) was
obtained with transplanting of P5une, followed by transplanting off Buly and
25" July.

Dongarwaret al.(2005) reported that early transplanting offl #5d 3¢'
July resulted a significantly higher grain yield &fL.29 and 32.61 g/ha,
respectively than late transplanting orf"¥ugust (28.40 g/ha).

Nayak et al. (2003) conducted a field experiment at Bhubaneshwar
during wet season of 1999 and 2000 to find outrésponse of hybrid rice ‘PA
6201’ to dates of planting (16 31 July and 18 August) and reported that a
fortnight delay in planting from 1BJuly reduced the grain yield by 7.6 and 4.5%
during first year and second year, respectivelye @onth delay in planting from
16" July reduced the grain yield by 24.3%.

Fine rice grain variety transplanted with 30 daigs seedlings during"2



week of July at Faisalabad Pakistan, produced highmber of effective tillers
and higher 1000 grain weight, resulting in maximgrain yield, while delayed

transplanting resulted in reduction grain yield (#ddet al, 2002).

Asgharet al (2001) from Pakistan reported a higher paddydyighen
the rice varieties were transplanted orf' 2tilly and minimum paddy yield was
obtained on 20 June and 8 August planting. This indicates too early or tatel
transplanting of fine rice varieties may suppréesrtyield. They further reported
that straw yield was decreased significantly witle fpassage of transplanting

time, due to short growing season for vegetativsvi.

Singh and Singh (2000) reported that the prodonatioBasmati rice can
be increased with the manipulation of transplantimge and selection of

genotypes with high yield potential.

Experiment conducted in Kanpur on traditional $edrrice varieties on
different dates of planting showed that time ofnpilag significantly influenced
the grain yield and ' July planting produced significantly higher graield of
36.97 g/ha. The reduction in grain yield was 4.86 #6.20% under 30July and
4™ August planting as compared to the yield levelgoreed under 8 July
planting, respectively (Sin§tet al, 1997). Omet al. (1997) reported a decrease
in grain yield of rice with successive delay innsplanting from 2% June to #

August.

In a field experiment at Waraseoni (MP), Paliwtahl. (1996) found that
significant reduction in panicle length and graiel¢ due to delay in transplanting
beyond 28 July.

Paliwal et al. (1996) reported that transplanting on"28uly recorded
significantly higher straw and grain yield compatedhat on 18 August and 18
August planting.

Katyal (1996) reported 10.1, 4.1 and 57.1% iaseein grain yield in

case of 28 June planting over 15June and 2% July, respectively. Raet al.



(1996) from Cuttack tested the performance of Ba&sBY®, Kasturi, Pusa
Basmati-1 and Haryana Basmati-1 under 4 dat8s)¢8y, 18" July, 28" July and
4™ August) of planting. They reported that".8uly to 2% July was the optimum
time of transplanting for obtaining higher grairelg of basmati rice. Delayed
planting beyond % August reduced the yield, which was attributablainly to
restricted tillering and crop growth and the incide of insect pests. Lower grain
yield under early (18 July) planting was ascribed to crop suffering tudieavy

rains, water logging and cloudy weather during @dpctive period in September.

Bali and Uppal (1995) from Ludhiana reported tbatlier transplanting
(10" July) of basmati rice increased the total dry erafiroduction, grain and
straw yield over late transplanting {30uly). The increase in yield on"1Quly
planting was 5 and 8.6% in 1989 and 1991, respalgtiover 3§ July
transplanting. Early transplanting developed bett®t density and favoured
uptake of N, P and K and thereby increased thengyiild. Baliet al. (1995)
studied the effect of transplanting dates on rioe abserved that delay in
transplanting decreased grain yield significantljhese results were also
supported by Dhimaat al. (1995).

Chaudharyet al. (1994) reported that grain yield decreased sicguifily
with delay in transplanting. Paul (1994) reportednf Assam that in Sali rice
grain yield decreased from 3.1 t’ha on™2Muly planting to 2.6 t/ha on"®
September planting.

Omet al (1993) reported that gradual decrease in graldyccurs with

successive delay in transplanting fron{'2&ine to % August.

Reddy and Reddy (1992) tested the performance®fcultivar Surekha
on three dates of transplanting at Warangal, Anénaalesh and reported that"29
August planting produced significantly higher yighan 3@ July and 1% August
planting. The increase in grain yield due to dethyéanting was attributed to

more productive tillers per unit area. Early trdasfing dates received lesser



solar radiation due to cloudy weather resultingyieater mortality of tillers and
hence poor yield.

Traditional scented rice registered a reductiograin yield to the extent
of of 16.0, 22.2 and 34.5% was recorded und&r a8y, 3£ July and & August
planting as compared t6%uly planting (AICRIP, 1991).

Ashrafet al. (1989) from Islamabad, Pakistan studied the perémce of
basmati-385 under different dates of transplanfi June, ' July, 16" July,
31% July and 31 August) and reported that the grain yield decredisen 5.3 t/ha
in 15 July planting to 2.7 t/ha in $5August planting.

Chandra and Mannan (1989) reported 22 and 50%ctiet in grain
yield of Gayatri when the crop was planted in midg@st and mid-September

respectively, compared with the normal plantingdiduly) at Cuttack.

Om et al. (1989) reported that grain yield of Jaya and HK®R-1
decreased significantly with delay in planting wehiesting their performance on
three dates of transplanting at Kail Haryana. Tédction in the grain yield due
to late planting was 1.31 and 3.90 t/ha undBrJ&ly and 22 July planting,

respectively.

Babu (1988) observed the highest grain yield uddér planting and the
reduction in grain yield was significant when plagt was delayed beyond
August 15. Also, reported that, higher yields un@é® July planting were
attributed to the cumulative effect of more numbgeproductive tillers and filled
spikelets /unit area.

Dhaliwal et al. (1986) reported that transplanting of Pusa Basfnataya
and PR-106 15 days later than recommended datadest significant reduction
in yield.

Akram et al. (1985) conducted a field experiment on cv. Kashmiri
Basmati and revealed thdf 8une planting gave significant higher yield thiaatt
planting on 2% May, 24" June and 8 July.



Trivedi and Kwatra (1983) reported that highestimyield (8 t hd) was
obtained with 3% June planted crop which decreased linearly tddtvest level

(3 t ha') on 18" August planting.

Urkurkar (1983) at Raipur observed while plantachgarf indica rice at
10 days interval from®LJune to 36 August, that transplanting betweerfh].]luly
and 2%'July was the optimum time for obtaining maximumingrgeld.

From the literature cited above it can be condutthat grain yield, straw
yield, biological yield and harvest index were netmml highest in early

transplanting dates and it decreases with del&nansplanting.
2.1.5 Economics

Akbar et al. (2010) reported that maximum net income3>77282 was
recorded when rice was sown orf"2lune, which was followed by the rice sown
at 10" June and FiMay giving net income cZ 62820 and 51109, respectively.
The minimum net income (¥ 9907 was observed when rice was sown dh 10
July. Thus the net benefit gradually decreasecbasng was done after 3Q@une

and later on.

Singhet al. (2000) worked out the economic analysis of basniand
reported that timely transplanted”(July) crop gave 18.7, 18.8 and 14.4% higher
return and benefit cost ratio and monetary prodgiigti respectively than late
planted crop. Pusa Basmati-1 gave significanthhéiggrain yield (2930 kg/ha),
net return ¥ 24372/ha) benefit cost ratio (4.54) and monetandgpctivity (I
18053/ha/day) than other varieties.

Singhet al. (1999) recorded highest net returnsT#3075/ha along with
maximum benefit cost ratio of 2.08 under"3December planting followed by
15" December plantingZ 12125 h# net return and benefit cost ratio of 1.93)
and 14 January plantingZ 11825 h# net return and benefit cost ratio of 1.88).

Gangwar and Sharma (1998) worked out the econamalysis of

different dates of planting of basmati rice at Meglttar Pradesh. They reported



that higher mean net returns If12259/ha and benefit cost ratio of 1.88 were
recorded under®1July planting followed by 16 July which recorded net returns
of ¥10028/ha and benefit cost ratio of 1.54, furthdaglén planting reduced the
net returns 0¥5211/ha with benefit cost ratio of 0.80 undel’ #aigust planting.

2.2 Effect of nitrogen fertilization levels
2.2.1  Growth attributes

Chakraborty (2011) reported a significant increasehe number of
leaves hilt* up to 100 kg N application, while the further irase in the number

of leaves hil" with the increase in the nitrogen dose was foasiynificant.

The number of paniclesfimpanicle length and percentage of spikelet

sterility increased with the increase in nitrogewels (Manaret al, 2010).

Tari et al. (2009) reported that nitrogen fertilization leviakd significant

effect on flag leaf area, flag leaf angle, panielegth and grain yield.

Haefeleet al. (2008) reported that N application had a signiftcaffect
on plant height. The increased plant height wittrease in N levels might have
been due to enhanced vegetative growth resultimg increase in cell size and

meristematic activity.

Sreenivas and Reddy (2008) reported an increasdidmass with

increasing levels of nitrogen from 100 to 300 ki.ha

Rajuet al.(2001) reported a significant increase in seedii@ight of rice
at 100 kg N ha over control. Application of 150% of recommendessel of N
(75 kg hd) gave significantly greater dry matter production.

Chopra and Chopra (2000) reported a significacrei@se in plant height

and straw yields with increase in N levels in arbmace variety Pusa Basmati-1.

Saharawaet al (1999) showed that nitrogen rate significantlieetied
plant height. Increasing rate of nitrogen up to kBtha' increased plant height



significantly. Sharma and Singh (1999) reported #pgolication of nitrogen had a

significant effect on dry matter accumulation.

Aromatic rices showed significant increase in ahgtter production with
each successive increment of N from 0 to 180 K¢ (@angaiah and Prasad,
1999).

Tripathiet al. (1998) showed significant increase in plant hegyid dry
matter production in basmati rice with successieedment of N up to 90 kg fia
Maskeet al. (1997) reported that increasing nitrogen levelsaii20 kg N ha

significantly increased leaf area, yield componamis grain yield.

Khanda et al. (1997) showed that dry matter production increased
significantly with the increasing level of N up 0 kg N h&. Navinet al.(1996)
found that with an increase in the nitrogen ratemf0 to 120 kg hathere was an
increase in plant height. Hussain and Sharma (1884grted that application of
nitrogen up to 40 kg Raincreased plant height significantly. At 80 kg gD kg
N hal, the increase in this parameter was insignificihe highest plant height
was obtained from 120 kg N hand the lowest one from the control. Chander
and Panday (1996) stated that application of 128 kg* resulted in a significant
increase in number of productive tillers Hitompared to 60 kg N Ha

Amanoet al. (1993) reported that irrespective of cultivars amiogen
levels, LAl increased sharply after transplantitigiaing a peak at heading stage

and then decreased gradually.

Panda and Rao (1991) showed that with increaséromgen application

up to 120 kg N Hathere was an increase in dry matter production.

Dubeyet al (1991) observed that application of 90 kg N hesulted in a
higher number of productive tillers Kill Pandeyet al (1991) concluded that
higher grain yield from the increase in nitrogeteranight be attributable to
increase in productive tillers hill Ghoshet al (1991) reported that application of

N increased the number of productive tillers hilldris and Matin (1990) found



that maximum tillers hilt was produced by 140 kg N havhich was statistically
identical with 60, 80, 100 and 120 kg N“harhe minimum tillers hill were

produced from the control.

Dikshit and Paliwal (1989) reported that applicatof nitrogen directly
increased the chlorophyll content and leaf surfa®a resulting in an increased
photosynthetic process leading to more sugar foomat

Moorthy et al. (1988) reported a significant increase in the {plaright
with application of nitrogen up to 90 kg ha

Reddy (1988) showed the beneficial effect of nigrogn tillering and
vegetative growth. He also found that there wasenamcumulation of dry matter
at all the stages of sampling with increase inogin levels from 0 to 120 kg N

ha' and gave higher values of crop growth rate oveart)80 kg N ha

Ramet al (1984) recorded that N application increasedrthmber of
tillers hill™*. Nossai and Vargas (1982) stated that number frdilhill* was
increased linearly with increased N rate. Dixit éitigh (1980) observed that

increasing rate of nitrogen application increasaahiper of tillers plant.

The above cited literature shows that growth laites like plant height,
dry matter accumulation, LAl and number of tillercreases with increase in

nitrogen level.
2.2.2  Yield attributes

Sharmaet al. (2014) conducted an experiment to find out thecafbf
nitrogen levels (0, 40, 60 120 and 160 kg N)han yield components of Basmati
rice cultivars and observed that highest value afameters like number of
productive panicles  (364.71), panicles length (27.68 cm), numbersrafng
paniclé® (63.14), and grain weight (2.18 g) were producéem160 kg N HA
was applied.

Yusuf and Balcha (2014) from Ethiopia conducted experiment to



determine grain yield, yield components and N edficy responses of rice to five
N rates (0. 3.5, 7, 10.5 and 14 g Nmand reported that grain yield increased
from 302-469 g i, total biomass 786-1268 g ntillers 477-661 i, panicles
456-612 nit and filled grains panicle80-100 when N rate increased from 0-14 g
m%. Maximum value for panicles (621 %hand filled grains panicle(110) and
that for grain yield (510 g i) were obtained at 7 and 10.5 & mespectively.

Sharmaet al. (2012) reported that the yield contributing chéees;
panicles per M grains per panicle, yield and B: C ratio was higith nitrogen
and phosphorous @ 90 and 45 kg haspectively. Application of §Pss kg ha'
also showed highest N and P uptake.

Chakraborty (2011) in an experiment with sevenedosf inorganic N
fertilizer (20, 40, 60, 80, 100, 120, 140 kg*haeported that maximum panicle
length (17.1cm), effective tiller number Hil(62.01), filled grain number panicle
(66.12), tiller number hilt (11.27), leaf number hill (48.11) and leaf width (9.11
mm) was noted when the field was fertilized wittO2) N. But no significant
improvement of yield attributing characters excép number of filled grain
number paniclé was noted when the dose of fertilizer was increéaster 100 kg
N ha',

Mananet al. (2010) reported that the plant height, tiller nembumber
of panicles, panicle length and straw yield inceglasvith increased nitrogen
levels up to 75 kg KA Maximum plant growth at the highest level of oijen
(100 kg h&) caused lodging of plant which increased spikeletility and

ultimately decreased grain yield.

Kanyikaet al. (2007) reported that the number of panicles,didgains
per panicle, panicle length and panicle weighteased with increased levels of
nitrogen fertilizer. Taxiet al. (2007) observed that the N rates had significant

effect on panicle length, 1000-grain weight andrgyéeld.

Haqueet al. (2006) reported that the tiller number increasib imcrease



in nitrogen levels from 0 to 120 kg N havlaximum tiller number was noticed at
nitrogen level of 120 kg N Fa which was statistically at par with 60 kg N*ha
They also reported that after maximum tilleringgstatillers hill* decreased
considerably until maturity. This suggests thatimyrthe reproductive and

ripening phases the rate of tiller mortality exasgthe tiller production rate.

Manzooret al. (2006) reported that plant height, number of pobide
tillers hill™, panicle length, number of grains paniGlet000 grain weight and
paddy yield showed increased trend from 0 to 178&g Maximum paddy yield
was obtained from 175 kg haN application treatment which also produced
highest values for number of grains per panicle H0aD grain weight.

Singh et al. (2004) reported that increased nitrogen levels laad
significant effect on yield attributes (except 1af@in weight), yields and
nutrient accumulation up to 120 kg N*halso the maximum grain yield (5.87 t
ha') was recorded at the highest level of N nutritid80 kg N h&) and was 4.2,
15.5 and 39.3% higher than in the 120 kg, 60 kgal &nd control treatments,

respectively.

Chander and Pandey (1996) found that a signifiaarease in grains
paniclé® was obtained from application of 120 kg N'f@mpared to 60 kg N

Azad et al. (1995) reported that panicle length increased Bogmtly
with increase in the rates of nitrogen from 0 tokgha’.

Singh and Singh (1993) stated that panicle leragith grains panicle

increased due to application of 60 kg N'loaer its lower rates.

Hussain and Sharma (1991) observed that applicatioitrogen up to
80 kg hd increased grain number pnidleNitrogen application @ 120 kg ha
did not affect the grains panicisignificantly.

From the above cited literature it can be condutiat, yield attributes

increase with increase in nitrogen up to certamelle



2.2.3  Quality

Devi et al. (2012) reported that the yield attributes of sednice under
aerobic culture responded up to 150 kg hitrogen with 4 equal splits of N at ¥4
basal + Y4 at active tillering + % panicle initiatiand % at heading .Grain quality
parameters milling percentage, head rice recovieeynel length and breadth,
amylose content and protein content of rice regsteignificantly higher values
with 150 kg h# nitrogen.

Khalid and Chaudhry (1999) reported that amongdifferent nitrogen
levels (0, 40, 80 and 120) used, treatment whereabl used @ 80 kg Hagave
significantly higher percentage of seed protein and/lose content than rest of

the treatments.

Sharma and Singh (1999) reported that excessgeitraapplication
reduced carbohydrate content and resulted in aaratat development of pollen

grains.

Singhet al. (1997) reported that protein content, kernel lengtieadth
and percent recovery of head rice significantly@ased with increasing levels of

nitrogen.

Perezet al. (1996) reported appreciable increase in protemesd with
the application of nitrogen which was mainly due togher nitrogen
concentration. They also reported that high proteintent improves milling and

head rice recovery percentage.

The above cited literature reflects that the dquaif rice increases with

increase in nitrogen levels.
2.2.4  Yield

Pramanik and Bera (2013) tested five levels afogenviz. 0, 50, 100,
150 and 200 kg N Ha They reported that among the nitrogen levels p0ia*
gave significant higher plant height, number ofetd hill*, total chlorophyll



content, panicle length and straw yield and nitrotevels of 150 kg h& gave
significant higher number of effective till€rs effective tiller index, panicle
weight, filled grain paniclé, 1000 grain weight, grain vyield, and harvest index
compared to 0, 50, 100 kg N haduring both years. N @ 150 kg haroduced
significantly highest grain yield of 6286 and 66Kg ha® in 2010 and 2011,
respectively. The percentage increased in grailiyieias to the extent of 72.5,
44.4, 23.8 and 5.1% in first year and 69.9, 442.1 Zand 3.5% in second year
over 0, 50, 100 and 200 kg N haespectively.

Raoet al. (2013) reported that grain yield, straw yield,J&st index and
nitrogen uptake was maximum at 240 kg"hahich was significantly superior
over lower level (120 kg N Ha.

Pramanik and Bera (2013) observed significantceféé nitrogen levels
on harvest index of hybrid rice. Among differentrogen levels used (0, 50, 100,
150 and 200 kg N K3, they reported that the nitrogen level of 150 Hay
registered the highest harvest index (46.40 an8737over 50 kg N ha and

control, respectively during the both years.

Mananet al. (2010) reported that straw yield increased sigaiftly with
increase nitrogen rates up to 75 kg Nthand no further increase in straw yield
was recorded between at 100 kg N'hahey suggested that vigorous crop growth
with the nitrogen treatments might have resultedigher straw yields of fine
rice. Also reported that the economic optimum lexfatitrogen for the cultivation
of Basmati fine rice was about 69-70 kg N‘ha

Mahajanet al. (2010) reported that aromatic cultivars of ricepend
differently to nitrogen application as compared rion-aromatic rice. They
conducted an experiment to optimize N levels faghkr yield and NUE of
modern aromatic rice cultivars. They reported #@abss all genotypes, the mean
nitrogen-fertilizer response was highest at 40 khaN as compared to other N
levels (0, 20, and 60 kg N Hjg indicating that further increase in N level haal



effect on crop response to fertilizer. The mearingygeld increased by 64.2%
when plots were supplemented with 40 kg N*has compared to control

(unfertilized).

Gautamet al. (2008) reported that application of 160 kg N‘hacorded
23.7 and 26.1% more grain yield over no nitrogepliagtion whereas it was 6.4
and 6.1% more over 80 kg N 'haespectively, during first and second year of the

experimentation.

Luikham et al. (2008) reported highest grain yield, net incomd aost
benefit ratio with the application rate of N at B§' ha. Singhet al. (2005)
observed that application of graded levels of Naip0 kg N h& increased grain

yield linearly.

Jadhawet al. (2004) noticed significant increase in grain arrdwtyield

of Basmati rice up to 120 kg N hainder upland conditions.

Singh et al. (2003) conducted a study in Uttar Pradesh, Indoa, t
determine the effect of nitrogen rates (40, 80, 1BD kg N hd) on the yield of
different cultivars of rice (NDR-359, Jaya, Pantabhl0 and Pant Dhan 12)
during the kharif seasons of 2002 and 2003. Graald yvas highest in NDR-359
(6.86 t hd) with 160 kg N ha, followed by 120 kg N H& The grain yield (6.53 t
ha') obtained from 160 kg N Hain Jaya was statistically at par with the
application of N at 120 kg N Hain NDR-359. Mandal and Swamy (2003)
reported that application of N (120 kg haas urea in equal splits during
transplanting, tillering, panicle initiation andoWering resulted in the highest

harvest index.

Lawal and Lawal (2002) reported that applicatibfedtilizer up to 80 kg
N ha*significantly increased number of ear bearingrsllei’and grain yield.

Ehsanullatet al. (2001) tested three nitrogen levels (75, 100 &iKg
ha') and reported lowest yield of 4.29 that the nitrogen level 75 kg N fiaand
highest yield of 4.72 t haat 125 kg N ha



Singh et al. (2000) reported that each incremental dose of Negav
significantly higher grain yield of rice over theepeding dose, consequently the
crop fertilized with 100 kg N hhgave maximum grain yield.

Khalid et al. (1999) reported that the application of nitrogétha rate of
80 kg ha was optimum to get higher yield followed by nitevglevel of 120 and
40 kg h& in descending order. Lakpak al. (1999) concluded that the grain
yield and N accumulation in rice increased sigatffity by 21.5 and 32.5%,
respectively with the application of 120 kg Nteompared with that of 100 kg N
ha'.

Choudhuriet al. (1998) studied with three rice cultivavsz. Haryana
Basmati, Kasturi and Pusa. Basmati along with gérorates ranging from 0-100
kg ha' They observed that mean grain yield was the higt&80 t hd) with
application of 100 kg N. Behera (1998) observed tit@ogen had marked effect
of yield of scented rice. Straw yield increasedsigantly at each successive rate

of nitrogen.

Bhale and Salunke (1996) reported that grain yietdeased linearly up
to 120 kg N h&. Chander and Pandey (1996) noted that applicafidr20 kg N
ha' gave significant increase in grain yield comparéth80 kg N h&. Khanda
and Dixit (1996) stated that straw yield was sigaiftly influenced by the
increased rates of nitrogen. The maximum strawdgiedf 6.21 t ha were
obtained at 90 kg N Ha Patel and Mishra (1994) found that applicatio® 080,
60, 90 kg N haincreased straw yields.

Islamet al. (1990) reported that cv. BR1 rice with four ratésibrogen
on the grain yield of rice was highly significaithere was an increasing trend in
grain yield with an increase in rates of nitrogenta 80 kg N ha. However, with
further increase in nitrogen application there wwame decrease in grain yield.
They also found that straw yields increased comedimgly with increased in

nitrogen applications.



Akram et al. (1985) studied the effect of planting dates amdilieer
levels on grain yield and protein content of cvsKmir Basmati. They reported
considerable variability in grain yield and protegontent with different
combinations of transplanting dates and fertiliesels. They reported maximum
grain vield (4.48 t H&) when crop was transplanted on June 8 with feetilievel
Of NgoPys.

Prosad (1981) found that increasing rate of nérogpplication from 0 to

120 and 200 kg R&increased biological yield but decreased harvesin

From the above literature it is concluded that yied of rice crop

increases with increase in nitrogen levels up ttagelimit.
2.2.5 Nutrient uptake

With the increase in N rate from 0-14 g?mgrain N concentration
increased from 1.44-1.53%, straw N concentratiomfi0.79 to 0.93%, grain N
uptake from 4.36 to 7.18 g'mstraw N uptake from 3.82 to 7.45 g°rand total
plant N 8.18-14.63 g i Maximum value for grain N concentration (1.58%),
total grain N uptake (8.04 g fjh and total plant N uptake (14.81 g3nwere
obtained at 10.5 g ¥ Agronomic efficiency decreased from 29-12, appare
recovery 0.76-0.46 and physiological efficiency Z3-when N rate increased
from 3.5-14 g nf (Yusuf and Balcha, 2014).

Raoet al. (2013) reported that N uptake increased with iaeeein the
levels of nitrogen up to 240 kg haN uptake at 240 kg N Havas higher in grain,
straw and total uptake was comparable with 210 kgif\ The minimum (13.4 kg
ha') N uptake was with 120 kg N fa

Tayefeet al. (2011) conducted an experiment using three ridvats
(Hashemi, Kazemi and Khazar) and four nitrogen l&\j@N;-control (no N
fertilizer); N»-30 kg h& N (at transplanting time); \N60 kg ha N (at
transplanting, and tillering times); 40 kg ha& N)] to study the effects of

nitrogen fertilizer on nitrogen use efficiency, lgi@nd characteristics of nitrogen



uptake. They reported that total N uptake, phggichl nitrogen use efficiency
(PNUE), apparent nitrogen recovery efficiency (ANREd agronomic nitrogen
use efficiency (ANUE) varied in different cultivasgnificantly and Khazar
variety had the highest contents. Total N uptake/slogical N use efficiency
(PNUE), agronomic nitrogen use efficiency (ANUE)smaried significantly with

the increment of the amount of nitrogen appliedt@al N uptake increased with
increasing in N fertilizing contents but physiolcgii N use efficiency (PNUE),

Agronomic Nitrogen use efficiency (ANUE) decreased

Prudenteet al. (2008) conducted an experiment to determine tfeetedf
different levels of N on N uptake, yield componeatsd dry matter yield of
japonica (Hatsuboshi and indica (IR-13 rice varieties. They reported an
increasing trend in the N uptake, rice yield, penrmumber, tiller number and dry
matter production, with increased amount of applidd fertilizer. Higher
correlations (p=0.001) were found between the yiekd 0.96;r = 0.99), number
of panicles ( = 0.98;r = 0.96) and number of tillers € 0.96;r = 0.97) and N
uptake ( = 0.97;r = 0.95) ofjaponicaandindica rice varieties and applied N,

respectively.

Quanbacet al. (2007) showed that apparent nitrogen recovergiefficy
(ANRE) was increased with increasing N applicatiorsandy soil while it was
increased firstly and reached to the maximum atk&p®a' N application, then
declined significantly under 300 kg h&l application in clay soil. It indicated that
it was not useful for improvement of ANRE with mareless N application.

Nitrogen fertilization has a vital role in determmg the percentage
nitrogen in the rice grains and nitrogen uptaketlby rice plants (Ebaid and
Ghanem, 2001).

Sharma and Singh (1999) reported positive effédtl aptake on grain
yield due to increase in sink size, because spikielgeneration decreases linearly

with increasing N concentration in the leaf at asih.



Dalal and Dixit (1987) reported that higher levels N application
resulted in better N uptake, leading to greater miatter production and its

translocation to sink.

The growth duration, native soil fertility and tural practices affect N
absorption pattern, which in turn affects the amooiN in plants leading to
profound effect on N use efficiency (Cruz and Wé&kfi94).

Nitrogen taken up during early growth stages aadatas in the
vegetative parts of the plant and is utilized foaig formation. A large portion of
the nitrogen is absorbed during differentiationeThaves and stems contain a
large portion of the nitrogen taken up by the plafitkkelson, 1982).

The recovery of N fertilizer applied to the ria®jg would range from 30
to 40%. However, with improved cultural practicesch recovery can increase up
to 65% (De Datta, 1981).

Pillai and Rajat (1980) studied the nutrient uptakudies in rice variety
Jayaas influenced by graded levels of N and time dadipylication and reported
the grain nitrogen content was highest, when némog/ias applied in two split
doses at planting and panicle initiation. The appiarrecovery of N was
maximum (54%) at 100 kg N Ha beyond which there was a decline in
percentage recovery of applied nitrogen. Split @ppbn of N and continuous
shallow submergence resulted in higher recoverndifed nitrogen leading to

better uptake of P and K, as well.
2.3 Effect of transplanting dates and nitrogen levs

Islamet al. (2008) in an experiment on the effect of nitrogevels and
transplanting dates on the yield of aromatic ricekalizira reported that most of
the yield and vyield contributing characters wergn#icantly influenced by
nitrogen levels and transplanting dates. The highesn yield was observed on
10" August with nitrogen rate of 100 kg haAlso highest grain length, grain

breadth and imbibition ratio were also observedttos same date and nitrogen



level. While the lowest yield was obtained for crlpnted on 4 September with

no nitrogen applied.

Kumar and Ikrammullah (2004) conducted an expertmeth 4 nitrogen
levels (0, 50, 100 and 150 kgHaand 2 planting dates ({3uly and 38 August)
to determine the nitrogen requirement of scenteel cultivars under normal and
late planting. They reported that productive tdleni?, filled grains paniclé,
panicle weight, grain yield, net returns and benebst (BC) ratio, increased with

increasing nitrogen rate and decreased with del@jainting.

Palet al. (2001) studied the effect of transplanting tim&"(2uly and &
August) and N level (0, 30, 60 and 90 kg'han the production potential and
profitability of scented rice. They reported thansplanting time did not
influence the grain yield while the increasing Ndks up to 60 kg haincreased

the grain yield and net return.



Chapter - 3
MATERIALS AND METHODS

The present investigation entitiéd\gronomic Evaluation of Pusa Basmati-
1509 for Yield and Quality under Varied Transplanting Dates and Nitrogen
Levels” was carried out at the Mountain Research CentreFeld Crops,
Khudwani, SKUAST-K duringKharif 2014. The details of climatic conditions,
materials used and methods employed during theseoof investigation have
been described in this chapter.

3.1 Location

The field experiment entitled “Agronomic evaluatiof Pusa Basmati-
1509 for yield and quality under varied transplagtdates and nitrogen levels”
was conducted at Mountain Research Centre for &etghs, Khudwani of Sher-
e-Kashmir University of Agricultural Sciences & Tewmlogy of Kashmir during
kharif 2014. The site is situated at°3M latitude and 74E longitude at an
altitude of 1560 metres above mean sea level.

3.2 Climate and weather conditions

The experimental site falls in a mid to high alkdié humid temperate
zone, characterized by hot summers and very coldtens. The average
precipitation is 812 mm (average of past 20 years¥t of which is received
from December to April in the form of snow and maias a result of western
disturbances mainly. The minimum and maximum temuee ranges between -
4.5 to 33.2C, exhibits a considerable fluctuation both in suenrand winter.
The mean meteorological data recorded during tl@ping season at nearby
Meteorological Observatory of IMD at Qazigund, aresented in Appendix-1
and Fig. 1. The total rainfall received during teperimentation period was
896.6 mm and total sunshine hours were 1164 h@ims.mean minimum and
maximum temperatures ranged from 12akl 25.70°C, respectively.
There were heavy and continuous rains frotnSeptember to '® September,
2014 and rainfall during this period wa$9&0 mm, which resulted in
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Mean weekly meteorological parameterduring crop growth period




devastating floods in Kashmir.
3.3 Physico-chemical properties of soil

The soil samples were taken from 0-15 cm deptim frandomly selected
spots before laying out of the experiment and ateihd of experiment from each
plot. These samples were air dried on paper argr #fiat the samples were
grinded separately and sieved through 2 mm meshsamples were composited
and subjected to chemical analysis. The resultsonfposite sample drawn at
beginning of the experiment revealed that thewas high in organic carbon with
slightly neutral in pH. The data on soil physiocheah properties has been
presented in Table 3.1.

3.4 Cropping history of experimental plot

The details of the crops raised over the areshefexperimental field
prior to laying out of the present study are présgim Table 3.2.

3.5 Experimental details

The experiment comprised of 2 factors (transpf@ntates and nitrogen
levels) was laid out in a split-plot design witleté replications as per lay out plan
shown in Fig. 2. The treatment details are givdnwe

3.5.1 Treatments
(A) Main plot treatments  :03(Transplanting datgs

D:. = 20"May
D, = fJune
D; = 1% June
(B) Sub plot treatments :05 (Nitrogen levels kg N h8
No : Control
N1 : 30
N, : 60
N3 : 90
Ny : 120
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Fig. 2 : Layout plan of the experimental field




Table 3.1:  Soil analysis report of experimental fiel before the start of
experiment
Particulars Value Rating Method Applied

A. Particle size distribution (%)
Coarse sand 1.8
Fine sand 14.2

) International Pipette Method (Piper,
Silt 69.4 1966)
Clay 14.6
Texture Silty

clay
loam

B. Chemical characteristics

Electrical conductivity dSrh at Sloubridge conductivity metre
25°C 022 Normal  picr"1966)
pH (1:2.5 soil water suspension) 6.5 Normal Blackman’s glass electrode pH metre

(Jackson, 1973)
Organic carbon (%) 0.91 High Walkely and Black rapid titration
' 9 method (Jackson, 1973)
Available nitrogen (kg h9 235 0 Low Alkaline Potassium per magnate
' method (Subbiah and Asija, 1956)

Available phosphorus (kg Ha 18.5 Medium Olsest al. (1954)
Available potassium (kg Ha 268 Medium Ammonium acetate method (Jackson,

1973)




Table 3.2:  Cropping history of the experimental feld

Year Kharif Rabi
2011-2012 Rice Rapeseed
2012-2013 Rice Rapeseed

2014 Rice (experimental)

Number of treatment combinations : 15

Number of replications : 3

Design of experiment : Split-plot

Number of plots : 45

Spacing : 15cm x 15 cm

Gross plot size : 3.15mx2.4m=7.56m
Net plot size ; 2.85mx2.4m=6.84Mm
Variety : Pusa Basmati-1509
Location of experiment : MRCFC, Khudwani

3.6 Description of rice variety

Pusa Basmati 1508 a basmati rice variety developed by the Divisid
Genetics, Indian Agricultural Research InstitutemNDelhi and released in 2013

for commercial cultivation.

Pusa Basmati 150% a semi-dwarf (95-100 cm) Basmati rice variety
with sturdy stem and plant height ranging from 9%0 cm. Therefore, it does not
lodge. It takes115-120 days for seed to seed nimattine shortest duration for any
basmati rice variety released so far. This varety recorded a yield in the range
of 4.2 to 6.5 tonns/ha in large scale demonstratioonducted in the Basmati
growing regions of Punjab, Haryana, Delhi and UReaidesh. Quality wise, this

genotype possess aromatic extra-long slender gré8mlmm) with very



occasional grain chalkiness, very good kernel lerajter cooking (19.1 mm),
desirable alkali spreading value (7.0) and intenatecamylose content (21.24%).
The chief characteristics of the variety are: dgméen foliage with a plant height
of 110-115 cm, erect flag leaf, long panicle wiigthgrain number, long slender
fine grains without awns, 8-12 tillers HiJl 300-400 panicles 1) takes 80-90
days to flowering, panicle type is long with 15002Qrains with full panicle
exertion, 1000-grain weight (g) is 24.0, kernelgdgn(mm) is 7.48, kernel breadth
(mm) is 1.8, I/b ratio is 4.03, kernel appeararséong slender and translucent,
hulling recovery is 80.0%, milling recovery is 7%6 head rice recovery is
52.2%. Resistant to brown spot and moderatelytsegiso blast.

3.7 Details of field operations

Different field operations during the course aidst were performed at

different dates. The details of field operations given in Table 3.3.
3.7.1  Field preparation

Before transplanting the land was first ploughdthwractor 2-3 times,
secondary operations were performed in order togpizie the soil and after that

the field was laid on the basis of statistical gesised in the experiment.
3.7.2  Nutrient management

After land preparation whole phosphorus, potassamch half of nitrogen
was applied in different plots in the form of DABSP for control), MOP, and
urea respectively for the first planting date. Ditieer half of nitrogen was applied
in two equal splits one at active tillering and extlat panicle initiation stage.

Nutrients were applied in the other two plantingedan the same fashion.
3.7.3  Transplanting of seedling

Thirty days old seedlings of the variety Pusa Bas1hb09 uprooted
from the nursery beds were transplanted on the skayé the experimental field

for first planting date. Three robust seedlingsipk were transplanted at spacing



Table 3.3: Details of various field operations (204)

Transplanting date (2014)

Operation Remarks
lSt 2nd 3l’d

Lay out of nursery 1®April | 29" April 8"May | Manually

Sowing of nursery MAApril | 31" April | 11"May | Manually

Preparatory tillage 0BMay 18"May | 28"May | Tractor (2-3 ploughs)

Secondary ploughing faviay 229 May 1 June Harrowing (2 turns)

Lay out 14 May | 27"May 5"June | Manually (using ropes)

Irrigation for puddling 18May | 29"May g"June | Flood irrigation

Puddling and levelling of plots fovay 3d" May 10" June | Manually

Uprooting of seedlings Jomay ' June 11 June | Manually

Basal application of fertilizer as 20" May 1 June 11 June | Broadcasting

per treatment

Transplanting of seedlings (213 20" May 1 June 11 June | 3-4 seedling/hill Manually

seedling/hill)

Herbicide application (Butachlor 22" May 39 June 1% June | Broadcasting

5G @ 1.5 Kg hd)

Hand weeding 18June  July g"July | Manually

1% top dressing of N as per 20" June 5 July 14" July | Broadcasting

treatment

2" top dressing of N as per 20" July | 2% July | Z9August | Broadcasting

treatment

Irrigation and drainage Soviay 1%Juneto| 11"June | From transplanting to soft

to 25" 6 to 14" dough stage 3-5 cm water
August September| September| level was maintained and

alternate drying and wetting
was followed after this stage
til  physiological maturity
comes. Excess water was
drained out and irrigation was
stopped at maximum tillering
stage for some days till small
hairline cracks appeared. At
pre-heading stage irrigation
was withheld for 5-6 days.

Harvesting 15 22 26" Manually

September| September| September




of 15 cm x 15 cm by line planting, skilled labowasd ropes were used for
transplanting. Spacing was maintained in betweers ras well as plants. Similar
procedure was followed for other two planting dafidse variations in the growth

of different transplanting dates were noticed (@Bt
3.7.4 Weed management

Pre-emergence application of herbicide butachl@ was applied @ 1.5
kg a.i. 3 days after transplanting in uniform laged water was impounded in the
field for three days. First manual weeding was dd@edays after transplanting

(DAT) for complete removal of weeds for each plagtdate.
3.7.5 Irrigation management

Continuous flooding at a shallow depth of 5 cm Wagpt to facilitate
tiller production and promote firm root anchorage the soil during the
succeeding 5-week period after planting. Water evaged out after 35 DAT and
21-25 days after flowering.

3.7.6  Plant protection measures

No plant protection measures were taken during toerrse of

experiment.
3.7.7 Harvesting and threshing

Harvesting was done immediately after the phygicll maturity
indices were seen i.at 20% grain moisture content. The border of gdohwas
removed in order to overcome its effect. The seetture was checked by using
the instrument seed moisture meter (INDOSAW dighalsture testing machine,
OSAW Industrial Products Pvt. Ltd.) and express€d.iThe harvested crop was
sun dried in the field for 2-3 days, and was tiedo small bundles and biological

weight of each bundle (plot-wise) was taken witceionic power balance.
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Threshing was done manually, plot-wise yield wasorded accordingly and
transformed into hectare basis.

3.8 Observations recorded
3.8.1 Physico-chemical characteristics of soil

3.8.1.1 Soil fertility status before start of expeément (N, P, K in kg ha* and
organic carbon in%)

Soil samples that were collected before field prafjon were subjected
to chemical analysis for available N, P and K anghnic carbon using standard

methods presented as follows:
a) Organic carbon

The organic carbon was determined by Walkely aladiBrapid titration
method, given by Jackson (1973) and calculatecircent. The initial amount of

carbon seen in soil was 0.91% i.e. high.
b) Available nitrogen

The available soil nitrogen was determined by gigitkaline Potassium
Permagnate Method (Subbiah and Asija, 1956) ardoatzulated in kg ia The

initial soil status for nitrogen calculated was ZBKg ha' i.e. low.
C) Available phosphorus

The available phosphorus in soil was determinedusipng the 0.5 N
NaHCQ; at pH 8.5 (Olseret al, 1954) and recorded in kg haThe initial soil
status for phosphorus determined from a compositesample was 18.5 kg Ha

l.e. medium.
d) Available potassium

The available potassium in soil was determinedusing the method of
extraction with IN ammonium acetate at pH 7.0 (daok 1973) and was
recorded in kg Ha The initial soil status for potassium was 268 Ha" i.e.

medium.



3.8.1.2 Soil fertility status after harvesting of ice (N, P, K in kg ha* and
organic carbon in%)

After the crop was harvested, soil samples wendaaly taken from the
field and subjected to chemical analysis for aldélaN, P, K status in kg Haand
organic carbon in% using the same procedures as wgad for analysing initial

chemical status of soil.
3.8.2 Plant chemical analysis
3.8.2.1 Nitrogen content

Nitrogen content was estimated by digesting 0. &ample with 10 ml
concentrated sulphuric acid and digestion mixtlicgal nitrogen was determined
by micro Kjeldahls method. N uptake grain and stcdwerop were calculated by
multiplying dry matter production with correspongiualues of their content and

expressed as kg ha
3.8.2.2 Phosphorus content

Phosphorus content of ground samples of grain amdw were
determined by “Vanado-Molybdo-phosphoric yellow aial method” using
systronics spectro-photometer by digestion in ¢id amixture (HNQ: HCIO,:
H.SO, at the rate of 10:4:1). Subsequently phosphortskepby grain and straw
of crop was calculated by multiplying dry matteogwction with corresponding
values of their content and was expressed as kg ha

3.8.2.3 Potassium content

K content (%) in the plant sample was determingdldame photometer
(Jackson, 1973). K uptake by grain and straw ofpcveere calculated by
multiplying dry matter production with correspongiualues of their content and

was expressed as kgha



3.8.3 Biometric observations

Two penultimate rows from two sides of each plarevused for dry
matter studies. Observations on plant height,rtilember, leaf area index and
phenological stages were taken from tagged plamd #or dry matter
accumulation was taken from the plants selectedamty from 2% row from two
sides to each plot without disturbing the othersa#f/the same plot.

3.8.3.1 Plant height

Plant height was taken from 5 randomly selectgded plants at from
each plot at 15 days intervals from™3une till harvest. Height was measured
from the soil surface to apex of tallest leaf dgriregetative period up to tip of
panicle after emergence of panicles. The data weasldted and analysed

statistically.
3.8.3.2 Dry matter accumulation

Plant samples were collected from penultimate rowseither side of
each plot at 15 days interval from™3une till harvesting the crop. The plant
samples were taken in long paper bags marked asgaments allotted. After
sun drying for 4-6 days, the samples was driednimen for about 48 hours at
temperature of 60-6& till constant weight was achieved. Dry weightpiént

samples was converted in grams métand then to q ha
3.8.3.3 Number of tillers nf

Tiller number was recorded from 25 June till hatvat 15 days interval
from 5 randomly tagged hills of each plot and sgbeatly the number was

transformed to tillers per fa
3.8.3.4 Leaf area index (LAI)

LAl was recorded at 15 days interval from 25 Juileharvest. The
leaves of plants from three randomly selected Ipés plot were detached from

the joint of leaf blade and leaf sheath. The leavee divided in three categories



on the basis of their length. One leaf from eactegay was selected and its
length (L) and maximum width (W) were measured. Ildanof leaves from each
category was also counted. Leaf area of selectedesewas calculated with the

following formula outlined by Bhan and Pandey (1p96
Leaf area = L x W x 0.802

Total leaf area of a category was computed byiptyihg the leaf area
of the selected leaf with the number of leaveshat tategory. Leaf area of all 3
categories was summed up and average leaf afgeenhill was worked out. This

was multiplied by 44.4 to get the leaf are@ af land area or LAI.
3.8.3.5 SPAD reading

Five randomly selected hills from the penultimete were tagged for
SPAD reading. The readings were taken frorfi 26ne to 8 September at 15
days interval from ten youngest fully developed/é=afrom each plot and average
SPAD value was taken.

3.8.3.6 Phenological studies

Numbers of days taken by the crop from each plaeach mid tillering,
panicle initiation, anthesis, milking, dough andtangy stage from the days after
transplanting were keenly observed and recordediicla initiation was
determined by dissecting five main stems of plémts penultimate rows of each
plot every other day after mid tillering to check primordial growth. When 90%
of the main stems showed primordial growth, it veamsidered as the panicle
initiation stage. Anthesis was determined when %% e panicles were present

in the centre of the plot.
3.8.3.7 Growing degree days (GDD)

GDD was calculated for different phenophases usiiegformula given
by Summerfielcet al. (1992) :
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Where, dax IS the maximum temperature
#in IS the minimum temperature
JaseiS the base temperature =°Mfor rice

3.8.4 Yield attributes

All the yield contributing characters were studi@dmaturity of crop.
Five hills per plot were selected randomly fordsing the yield contributing

characters.
3.8.4.1 Number of tillers hil*

Number of tillers was counted at harvest from fidaanly selected hills
of each plot and averaged to get tiller numbef*hill

3.8.4.2 Effective tillers hil*

Panicle bearing tillers were counted at harvesnhfb randomly selected

hills of each plot and averaged to get effectiiliers hill™.
3.8.4.3 Panicle length (cm)

Length of panicle was recorded by measuring 10ctade panicle from
base of panicle up to the end of terminal rachilad average was calculated to

get the mean length of panicle.
3.8.4.4 Panicle weight (g)

Ten selected panicle from each plot were useddoording weight in

grams and then average was used for statistichlsana
3.8.4.5 Spikelets paniclé

Number of spikelets from 10 panicles randomly cel@ from each plot

were counted and averaged to calculate numberillefs paniclé.



3.8.4.6 Filled grains paniclé

Number of filled grains of 10 randomly selectechipbes from each plot
was recorded and their average was calculated apeessed as filled grains

panicle®.
3.8.4.7 Sterility percentage

This was calculated from the number of fully deysd grains and sterile
spikelets (unfilled) as a ratio between unfilleaigs to total number of spikelets

per panicle on the basis of following formula:

Total number of spikelet®Nlumber of filled grains
Total number of spikelets

Sterility percentage = x 100

3.8.4.8 1000-grain weight

Grain samples from each plot collected separatetizreshing time were
dried properly. 1000-grains from each of these dasnwere taken randomly and

their weights were recorded in grams.
3.8.5 Yield
3.8.5.1 Biological yield

The bundle weight of each net plot was recordeektidays of sun drying
after harvest on electronic balance and was coewdrtto in g ha to express
biological yield.

3.8.5.2 Grain yield

The total weight of grains (rough rice) harvestesht the net plot area
was recorded, and moisture content of the sampdessdetermined with the help
of moisture meter (INDOSAW digital moisture testimgichine, OSAW Industrial
Products Pvt. Ltd.). The grain weight was adjuste@4% moisture with the help
of formula given by Yoshidat al. (1976):



100-M x W
100-14

Where, M is the measured moisture content (%) ands\We recorded grain
weight per plot (kg).

Adjusted weight =

The grain yield from the net plot area (kg/pldtlld% moisture was then

converted to q ha
3.8.5.3 Straw yield

Straw yield of each plot was computed by deductiveggrain yield from

the respective biological yield and expressed fiait
3.8.5.4 Harvest index (%)
Harvesting index was computed by the following fatan

Economic yield
Biological yield

Harvest index (%) = x 100

3.8.6  Quality parameters
3.8.6.1 Physical grain quality parameters
3.8.6.1.1 Grain moisture content at harvest

Grain samples from each plot were collected séglgrat threshing time.
Moisture content in grain was determined by moestoreter and expressed in
percent (INDOSAW digital moisture testing machi@SAW Industrial Products
Pvt. Ltd. India)

3.8.6.1.2 Grain grading (specific gravity methoy

The grain grading was done by specific gravityhmodtgiven by Malikk
et al. (1988). A weighed quantity of 100 g of rough ricemh each treatment was
taken. Then two salt concentrations of 10 and 2@ ewnade (by dissolving 100
g and 200 g of salt in 1000 ml of water respecyivelhe weighed quantity of
rough rice were first put into 10% solution, thegemtage of rice which floated in
the solution formed the grade three (G Ill). Thamfity of rice which remains in

the bottom of solution were taken out and put R@86 salt solution. The quantity



which floated formed the grade two (G Il) and thewtity which remained in the
bottom form grade one (G I).

3.8.6.1.3 Hulling (%)

The weighed quantity of 100 g of rough rice wakulled in Satake Rice
Huller (Satake Corporation, Hiroshima-ken, Japahg brown rice obtained was
collected and weighed. The hulling percentage vas=utated as per the following
formula:

Weight of brown rice (g)
Weight of rough rice (g)

Hulling (%) = x 100

3.8.6.1.4 Milling (%)

The quantity of brown rice obtained in the abotepswas milled in
Satake Rice Polisher (Satake Corporation, Hirostiarg Japan). The milled rice
dispensed was weighed and the milling%age was ledédclias per the following
formula:

Weight of milled rice (g)
Weight of rough rice (g)

Milling (%) = x 100
3.8.6.1.5Brown rice length and breadth (mm)

Approximately, 10 g of rough rice fragach plot was dehulled in Satake
Rice Huller (Satake Corporation, Hiroshima-ken,aigpo obtain brown rice. 20
kernels of brown rice were selected and lengthlaeddth were measured in mm

by using ordinary graph paper.
3.8.6.1.6L/B ratio

Length to breadth ratio was computed by formwarage length divided

by average breadth of 20 rice kernels.
3.8.6.1.7Kernel length elongation after cooking

About 20 milled kernels from each treatment wem&eh in 50 ml

volumetric flasks and 25-30 ml water was added. flégks were then put in a



water bath for 8-10 minutes for cooking. The cookethels were put on a graph

paper for length measurement. The values were geérar stastical analysis.

3.8.6.1.8Elongation ratio

The elongation ratio was measured by dividing KLith kernel length

before cooking.

3.8.6.1.9Gel consistency

Gel consistency was estimated following the proceaf Cagampanet.

al. (1973) as under :

Placed 10 milled grains in the mortar and pestkgmmd them to obtain
fine flour (100 mesh).

100 mg of flour taken in triplicates in test tubAsided 0.2 ml of thymol
blue reagent, mixed gently and added 2.0 ml of\DROH solution and

mixed the contents on a vortex.

Kept the test tubes in water bath at 90-200for 8 minutes and placed
one glass marble on each test tube.

After removing the test tubes from water bath, eddhem for 5 minutes

and mixed the contents on a vortex.
Kept the test tubes in the low temperature bathAlC for 20 minutes.

Removed the test tubes from ice bath and laid thenzontally for one

hour over ruler or graph paper.

Measured the length of the blue coloured gel frbm ihside bottom of
the test tube to the gel front as gel consisteritgedsample. The scoring

was done as given in Table 3.4.



Table 3.4 : Scoring of gel consistency

Length of gel front Gel Consistency
26-40 mm Hard gel consistency
41-60 mm Medium gel consistency
61-100 mm Soft gel consistency

3.8.6.1.10 HRR (head rice recovery)

The paddy grain samples from each plot were millgdusing rubber
roller mill. The milled samples from each plot weéa&ken and the whole grains +
75% whole grains were counted separately. The% reanvery was determined
as

No. of whole kernels + 75% whole kernels
X
Total No. of kernels

Head recovery (%) = 100

3.8.6.1.11 Aroma

A simple laboratory technique to evaluate rices desence of aroma
was developed at IRRI (1971). One gram of freshilywéasted milled rice is placed
into centrifuge tube (50 ml round bottom). About 0 distilled water is added.
The tubes are then covered with aluminium foil. Hanples are placed in a
boiling water bath for 10 minutes. The cooked sa&nre allowed to cool and
the presence of aroma was determined for everylgaifipe samples were scored
and ranked from 1 to 15, where rank 1 is strongbmaatic and rank 15 is non

aromatic.
3.8.6.1.12  Volume expansion

A known volume of milled rice was put into a 10 méasuring cylinder
(2 ml), then it was cooked and again put in thencidr to measure the increase in

volume after cooking.



3.8.6.2 Chemical quality parameters
3.8.6.2.1 Protein content (%)

Protein content of rice was determined from N contey Kjeldahl
method. Protein content (%) was calculated by Nerarof the grain multiplying
by the factor 5.95.

3.8.6.2.2 Amylose content (%)

Amylose content was estimated following the praredof Juliano

(1971) using the following procedure.
a. Amylose standard curve

The standard curve is based on amylase concemirati the standard
amylose solution (known concentration of amylosegbsorbance at 620 nm. The
standard working solutions are prepared and absoeb& noted. Standard curve
is drawn by taking amylose concentration on x axml net optical density
(absorbance) on y axis (Fig. 3). Equation in gragm be directly used to
determine the concentration of amylose in the Igicl samples. Alternately, it

can be calculated using multiplication factor (MF).
b. Analysis of amylose content in rice sample

» Grind thirty milled and well-polished grains of éesample in mortar and

pestle.

* Took 50 mg rice flour in a 50 ml falcon tube, add&8 ml of 95%
ethanol and 4.5 ml of 1.0 N NaOH.

» Shaked thoroughly and heated the tube in boilinggiwfar 15 minutes to
dissolve the mass, cooled to room temperature ademp to the 50 ml

mark with distilled water.
+ Drained 5 ml of the above solution into a 100 mbuwaetric flask.

e Tothis, 1 ml of 1.0 N acetic acid added and 2 fmbdine solution and
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Fig. 3 : Standard curve for amylose



made up the volume to 100 ml by distilled wateral&d to make the

contents uniform.

» Covered the flasks containing the above reactiorture with black
cloth and measured absorbance (OD) after 20 mimatté&&®0 nm in a

spectrophotometer.

 Amylose content was calculated by the followingriala :

% Amylose (w/w) in the rice flour = A x dilution ¢tor x 2 x extract volume /1000
=AXx20x50x2/1000
=Ax?2

Where, ‘A’ is the amount of amylose in pg/ml basedO.D.

Table 3.5: Classification of amylose content

Class Amylose content (%)
Waxy 1-2

Very Low 2.1-9

Low 9.1-20
Intermediate 20.1-25

High 25.1-33

3.8.7 Relative economics

Relative economics of different treatments was wdrkut on the basis
of grain and straw yield per hectare. The coshplits and outputs were estimated
as per prevailing market rates. The cost of cuitivawas considered common in
all treatments while the cost of nitrogen fertitgewvhich varied due to their

requirements as per treatment.



3.8.7.1 Gross returns
3.8.7.2 Net returns

The net returns were calculated by subtractingdibst of cultivation

from gross returns
3.8.7.3 Incremental benefit cost ratio (IBCR

Benefit : cost ratio (net returns per rupee invet$te each treatment) was

calculated by dividing the net returns with thetaafscultivation.

Net returns
Cost of cultivation

Benefit cost ratio =

3.9 Statistical analysis

All the collected data were analyzed by followinige tanalysis of
variance (ANOVA) technique and mean differencesenamtjudged by Duncan’s
Multiple Range Test (DMRT) (Gomez and Gomez, 1984).



Chapter - 4
EXPERIMENTAL FINDINGS

This chapter deals with interpretation of dataegated during the course
of investigation. The experimental findings are suamized in Tables and Figures

and described in the text under appropriate heads.
4.1 Biometric observations
4.1.1  Plant height

The data on periodic plant height is presenteBaible-4.1 and illustrated
in Fig. 4 and 5. Perusal of data reveals that glaight increased constantly up to
24" August and thereafter remained almost statihéitivest. Further, it is evident
from the figure that plant height followed a tydic@gmoid curve with greatest
increase between P5July to 24" Augustviz. the period coinciding with late

tillering to flowering.

The data further indicates that mean plant heighied from 82.16 cm to
88.68 cm due to change in transplanting dates.ngull stages plant height was
significantly higher in 28 May transplanting as compared t§ dune and 1
June transplanting dates. The lowest plant heighas wecorded in 11 June

transplanting date.

Mean plant height varied between 79.30 to 90.37 The further data
reveals that plant height was also significantlfuenced by different levels of
nitrogen at all crop growth stages. The applicaidril20 kg N h& recorded
significantly taller plants than all other nitroglvels and was closely followed
by the application of 90 kg N HaThe other nitrogen levels recorded significantly
lower plant height. However, the lowest plant heiglas recorded in control

treatment at all the crop growth stages.

The interactions between dates of transplantirtgraimogen levels were

found to be non-significant.



Table 4.1: Effect of transplanting dates and nitrgen levels on periodic
plant height (cm)
Date of observation
Treament L e ogn o g
June July July Aug. Sept. Sept. harvest
Transplantingdates
20" May 35.09 43.18 5385 68.47 85.88 88.00 88.68
1% June 30.39 40.17 50.78 65.09 81.06 8557 86.18
11" June 2510 3251 4433 5487 7130 81.12 82.16
"""" SEm: 061 051 074 093 108 081 059
CD p<0.05) 2.35 2.00 2.83 3.62 4.20 3.19 2.41
Nitogenlevels (gt
Control 2552 33.79 4427 57.73 73.13 79.27 793
30 28.66 37.25 4795 59.89 7566 8279 82.71
60 30.63 3894 50.15 62.71 7959 85.22 86.98
90 32.04 40.73 519 65.18 81.85 8849 88.99
120 34.12 4239 5398 6853 8584 89.73 90.37
"""" SEm: 064 058 053 060 049 059 0.7
CD (p<0.05) 1.90 1.70 1.60 1.82 1.43 1.81 1.09
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4.1.2  Dry matter accumulation

The data on periodic dry matter accumulation ssented in Table-4.2
and illustrated graphically in Fig. 6 and 7. It wésund that dry matter
accumulation increased slowly up td"1luly and increased at a faster rate up
to 9" August in the first two transplanting dates. Howevin 11" June
transplanting dry matter accumulation recordedreneiase at a rapid pace up to
24" August and thereafter showed a steady incredseativest. Further, it is
evident from the figure that the periodic dry magteoduction followed a typical
sigmoid curve with greatest increase up tbAugust for 28" May and i June
transplanting dates and up td24ugust for 11" June transplanting date.

Perusal of the data indicates that transplantimgesd recorded a
significant effect on dry matter accumulation dtthe growth stages except on
25" June for 280 May and i June transplanting dates. At all growth stage® 20
May transplanting date was significantly superteart the I June and 1 June
transplanting dates. At harvest™®ay transplanting was at par withi' June

transplanting date.

Dry matter production was significantly influencbg various nitrogen
levels at all the stages. Application of 120 kg & esulted in a significantly
higher dry matter production as compared to otiteogen levels. The lowest dry
matter production was recorded in control treatnardll the stages. Percentage

increase in dry matter recorded was 15.79, 14, 49d25.6% over control.

The interaction effect between transplanting dated nitrogen levels

were found to be non-significant.
4.1.3  Number of tillers n¥

The data on periodic tiller number?nis presented in Table-4.3 and
illustrated graphically in Fig. 8 and 9. The petusiadata indicated that for 30
May and f' June transplanting tiller number increased comtisly up to 25 July

whereas, for 11 June transplanting it increased continuously u@'téugust i.e.



Table 4.2 :  Effect of transplanting dates and nitrgen levels on dry matter
accumulation (q ha?)

Date of observation

Treatment

25" 10" 25" 9" 24" g" At
June July July Aug. Sept. Sept. harvest
Transplantingdates
20" May 6.95 3209 70.88 87.62 90.37 92.70 94.07
1*'June 6.79 2486 61.89 8289 86.64 89.47 90.73
11" June 1.60 7.41 3395 5732 77.83 80.08 8175
"""" SEm: 010 040 053 072 064 078 122
CD p<0.05) 0.39 1.54 2.06 3.05 3.50 3.15 4.74
Niogenlevels 6ty
Control 3.87 1890 46.17 66.77 76.53 78.81 80.31
30 4.50 21.62 5218 7151 81.65 83.8 85.42
60 508 2335 5552 76.89 87.35 87.94 89.28
90 5.55 2520 59.67 7955 8956 91.27 9351
120 6.55 2697 6433 8502 9165 9526 95.72
"""" SEm: 008 037 045 095 084 083 071
CD (p<0.05) 023 116 133 282 254 252 213
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the period coinciding with the maximum tilleringage and thereafter showed a

steady decrease till harvest.

A further examination of data revealed that"2®lay transplanting
recorded higher tiller number ‘mas compared to *1June and 141 June
transplanting dates. However, from™August to harvest 20May and ' June
transplanting dates were at par. The lowest tillamber was recorded in case of

11" June transplanting date.

Perusal of data depicted that tiller numbef nwas significantly
influenced by different levels of nitrogen at atbp growth stages. The highest
tillers m?were recorded for treatments receiving 120 kg N Ihat the same was
at par with the nitrogen level of 90 kg N'haxcept tiller number recorded at™25
June, followed by the treatments receiving 60 kdidt. However, the lowest

number of tillers rif were recorded for the control treatment.

The interaction effect of transplanting dates atdogen levels were

found to be non-significant.
4.1.4 Leaf area index

The data pertaining to leaf area index is preskimeTable-4.4 and
illustrated graphically in Fig. 10 and 11. It wasuhd that leaf area index
increased continuously up to"3uly for 2¢" May and i June transplanting and
up to §" August for 11" June transplanting and thereafter showed a cantsu

decrease up to harvest.

Perusal of data indicated that transplanting dateswed significant
difference in leaf area index at all growth stagise crop transplanted on 20
May recorded significantly higher LAl over'Uune and 1M June transplanting

date.

Leaf area index was also significantly influendgddifferent levels of

nitrogen at all the stages. The significantly high&l was recorded with the



application higher doses of nitrogen i.e. 120 kbaN over its preceding levels of

nitrogen.

The interaction effect of transplanting dates awitogen levels were

found to be non significant.
415 SPAD reading

The data on SPAD reading is presented in Tableddbdepicted by Fig.
12 and 13. It was found that SPAD reading increasigdificantly up to 9
August for 28" May and ' June transplanting and up to"24ugust for 11' June
transplanting and thereafter showed a steep dexreas

Perusal of data indicated that transplanting datesved a significant
difference on SPAD reading at all the growth stagesept, on 9 August
reading. The crop transplanted on"28lay recorded higher SPAD reading as
compared to crop transplanted off dune and 11 June. The lowest SPAD
reading was recorded for crop transplanted dhdlhe.

Among the different nitrogen levels the examinatid data revealed that
SPAD reading was significantly influenced by niteagfertilization levels at all
crop growth stages. Significantly higher SPAD regdwas recorded with the
application of 120 kg N K& The other nitrogen levels (90, 60 and 30 kg N)ha
recorded significantly lower SPAD values while & tlowest values were

recorded for the control.

The interaction effect of transplanting dates atdogen levels were

found to be non-significant.



Table 4.3: Effect of transplanting dates and nitrgen levels on periodic

tiller number m 2

Date of observation

freatment 25" 10" 25" 9" 24" g" At
June July July Aug. Sept. Sept. harvest
Transplantingdates
20" May 2416 310.1 3979 3483 3423 339.3 33838
1% June 2104 2806 3816 333.0 329.0 326.0 3255
11" June 1355 201.2 2719 3653 309.6 307.6 306.6
"""" Semt 32 29 34 35 37 37 a7
CD p<0.05) 9.7 11.7 13.5 141 14.9 14.9 14.9
Nitogenlevels (gt
Control 179.4 249.6 319.2 308.3 2839 2823 280.7
30 1875 258.8 3445 329.1 3106 3109 310.2
60 1958 266.8 3574 3547 3374 3347 3341
90 203.7 273.3 364.4 363.2 346.3 343.7 3429
120 2129 2766 3671 368.1 3565 3529 350.2
"""" SEm 20 21 22 24 26 26 26
CD (p<0.05) 5.9 6.3 6.7 7.1 7.9 7.9 7.9
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Table 4.4: Periodic leaf area indexas influenced by transplanting dates
and nitrogen levels

Date of observation

Treatment —  -ooorororrr
25" June 10"July 25"July 9" August 24" August
Transplantingdates
20" May 1.11 2.70 4.42 4.36 3.75
1% June 1.01 2.57 4.25 4.03 3.57
11" June 0.32 1.03 2.63 3.81 3.24
© sems oo 002 o004 007 008
CD (p<0.05) 0.08 0.06 0.17 0.26 0.32

Nitrogen levels (kg h

Control 0.64 1.80 3.23 3.49 2.82
30 0.74 2.00 3.63 3.89 3.14
60 0.83 2.15 3.86 4.20 3.60
90 0.91 2.25 3.98 4.28 3.87
120 0.96 2.30 4.12 4.45 4.17
o seme 0002 0002 004 006 007
CD (p<0.05) 0.007 0.005 0.13 0.17 0.22
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Table 4.5: Effect of transplanting dates and nitrgen levels on SPAD reading

Date of observation

Treatment

25" 10" 25" 9" 24" g"
June July July Aug. Aug. Sept.
Transplantingdates
20" May 35.23 38.31 40.97 41.32 35.90 26.79
1%'June 30.69 35.22 37.79 39.45 32.72 23.80
11" June 28.51 33.14 35.62 38.10 38.31 29.30
"""""" SEm: 047 049 052 072 086 092
CD (p<0.05) 1.97 2.02 2.05 NS 3.36 3.62
Niogenlevels ¢ty
Control 29.70 33.14 34.94 36.54 30.90 22.13
30 30.64 34.78 37.33 38.93 34.05 24.82
60 3144 3568 3846 39.93 36.33 27.59
90 32.40 36.62 39.45 40.88 37.83 28.60
120 33.20 37.58 40.46 41.82 39.13 30.01
"""""" SEm: 031 011 029 026 045 062
CD (p<0.05) 0.95 0.88 1.01 0.77 1.35 1.87
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4.1.6  Phenological studies

The data pertaining to days taken to phonologstalges has been
presented in Table-4.6 and Fig. 14 and 15. Peroséhe data indicates that
different phenological stages of rice crop viz. ntigering, panicle initiation,
flowering, milking, dough and maturity varied sificantly due to effect of

various treatments.

As far as transplanting dates are concernedgeardinsplanted crop took
more number of days to reach various phenologiEgles as compared to late
sown crop. The 20 May transplanting date took significantly highemmber of
days to reach mid tillering (37.57), panicle irtiba (55.81), flowering (84.33),
milking (97.36), dough (105.73) and harvest (118.38hereas the 1L June
transplanting date took significantly the lessembear of days to reach different

phenological stages.

As regards the different nitrogen levels 120, 8@ 80 kg N ha took
significantly more number of days to reach differphenological stages while
significantly lower number of days was taken by @@ 0 kg N ha to reach
different phenological stages, indicating that lkigdoses of nitrogen prolonged
the crop growth stages.

4.1.7  Growing degree days (GDD)

The data relating to GDD has been presented ited&@. Perusal of the
data indicates that with change in transplantinggsland nitrogen levels, GDD
accumulation also varied for the crop. Transplantates induced a variation in
GDD accumulation required to reach various pheriodgstages. 20 May and
1*'June transplanting dates required significantlyhaighnumber of GDDs to reach
flowering, milking, dough and harvest, whereas 118 June transplanting date
required significantly the lower number of GDDsréach different phenological
stages. Thus early sown crop accumulated more G@Dsach to different

phonological stages as compared to late sown crop.



Table 4.6 :  Effect of transplanting dates and nitrgen levels on days taken
by rice crop to reach different phenological stages

Treatment ti”"e"rii‘:] . Irf:fl‘;‘t'gﬁ Flowering  Milking Dough  Harvesting
Transplantingdates
20" May 3757 5581 8433 97.36 10573 118.38
1°'June 33.06 51.70 80.71 94.79 102.89 114.15
11" June 32.75 50.69 78.26 90.40 98.20 108.11
Niogenlevis(ghy
Control 33.01 50.33 82.13 94.41 102.04 112.49
30 33.87 51.26 83.19 95.02 103.02 113.00
60 34.44 52.45 84.17 95.96 103.55 113.56
90 35.08 53.16 85.05 96.90 104.41 114.13
120 35.89 54.49 85.97 98.95 105.13 114.56
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Table 4.7 : Effect of transplanting dates and nitrgen levels on GDD
accumulated by rice crop to reach different phenolgical stages

Mid Panicle

tillering initiation Flowering Milking Dough Harvesting

Treatment

Transplantingdates

20" May 479 673 1127 1228 1291 1365
13" June 517 732 1163 1252 1310 1362
11" June 578 807 1182 1261 1316 1355

Nitrogen levels (kg h

Control 509 705 1140 1230 1297 1353
30 518 122 1151 1242 1302 1356
60 523 740 1159 1249 1305 1361
90 531 754 1166 1253 1310 1363
120 542 764 1171 1261 1314 1368




As regards the different nitrogen levels, more GDAkre required for
higher nitrogen levels of 120, 90 and 60 kg N*hahile lower GDDs were
required by treatments receiving lower nitrogerelswof 30 and 0 kg N Hato

complete the various phenological stages.
4.2 Yield attributes
421  Panicles if

Perusal of data pertaining to panicles’ fTable-4.8) revealed that
transplanting dates had a significant effect on memof panicles . The highest
number of panicles th were recorded for the #0May transplanting date
(337.69), whereas lowest panicle number was redorite the 11" June
transplanting date (304.22). The% increase in pesici’ due to 28 May
transplanting overSiand 11" June transplanting was to the extent of 4.08 and

9.91% respectively.

An examination of data revealed that panicle$ was significantly
influenced by different levels of nitrogen. Applitca of 120 kg N ha resulted in
a significantly higher number of panicles®ni345.60) as compared to all other
nitrogen levels. However, 120 kg N*havas at par with 90 kg N Ha The lowest
number of panicles M(279.30) was recorded in control treatment. THegén
levels 90, 60 and 30 kg N haalso recorded significant differences among
themselves. While% increase in panicle number duk20, 90, 60 and 30 kg N
ha' over control was to the extent of 19.18, 18.1993%nd 10.12% respectively.

The interaction effect of transplanting dates aitcbgen levels were found to be

non-significant.
4.2.2  Panicle length

The data related to panicle length has been prexdém Table-4.8 reveals
that there was no significant variation in panilgagth by changing the sowing
dates. As far as nitrogen levels are concernedfisignt difference in panicle

length was recorded with an application of gradaels of nitrogen levels. The



nitrogen level 120 kg N Rarecorded significantly higher length (24.04 cm) as
compared to other nitrogen levels. The lowest paniength (22.24 cm) was

recorded for the control.

The interaction effect of transplanting dates anittlogen levels was
found significant (Table 4.8a). Highest paniclegénwas recorded with ﬁU\/Iay
transplanting (24.60 cm) with application of 120Mdya* and lowest by 1.June

transplanting with control treatment (21.33 cm).
4.2.3  Panicle weight

The data on panicle weight is presented in TalBeHerusal of the data
reveals that panicle weight was significantly atiéeicby transplanting dates. The
highest panicle weight (1.58 g) was recorded fdt Ry transplanting date and
lowest panicle weight (1.46 g) was recorded fdf dane transplanting. However,
panicles weight for the*lJune transplanting date was found at par with 2@y
transplanting date.

Further examination of the data reveals that géro levels also
significantly influenced the panicle weight. Apgition of 120 kg N harecorded
highest panicle weight (1.69 g) as compared aléothtrogen levels. However,

the same was at par with 90 kg N'ha

The interaction effect of transplanting dates aitogen levels were

found to be non-significant.
4.2.4  Spikelets paniclé

The data on number of spikelets panfcle presented in Table-4.8.
Perusal of the data indicated that transplantingsdhad a significant effect on
spikelets panicié The highest number of spikelets parifoleas recorded for the
20" May transplanting date (94.88), whereas the lovepsitelet number was
recorded for the ftransplanting (76.62).

Spikelets paniciéwere also significantly influenced by different és



of nitrogen. Application of 120 kg N Haresulted in significantly highest number
of spikelets paniclé(96.27) as compared to other nitrogen levels wiseleaest

spikelets paniclé(77.68) were recorded in control treatment.

The interaction effect of transplanting dates amtiogen levels on
spikelets paniclé presented in Table-4.8b reveals that transplargingrop on
20" May with application of 120 kg N Haresulted in maximum spikelets
paniclé’ (106.12), which was significantly higher than ath&eatment
combinations. The lowest value for spikelets pafi¢69.64) was found on 11

June transplanting with control.
4.25  Filled grains panicléd

The data on number of filled grains panitle presented in Table-4.8.
Perusal of the data indicated that transplantinigsdaad a significant effect on the
number of filled grains panicfe Delay in transplanting date decreased filled
grains per panicle so that the highest number ltgdfigrains panicié were
recorded for the 20 May transplanting (72.20), whereas the lowesedilgrain

number was recorded for the™.1une transplanting (60.80).

An examination of the data also revealed thatdilgrains panicléwas
significantly influenced by different levels of ragen. Application of 90 kg N
ha' resulted in significantly higher number of fillegains paniclé (66.33) as
compared to lower nitrogen levels. However, furtinerease in N up to 120 kg N
ha' did not affect the variation in filled grains pelei’. The other nitrogen levels
i.e. 120, 60 and 30 kg Haecorded significantly lower number of filled grain
paniclé® (64.83, 62.48 and 59.84, respectively) than 90kua’ level. However,
filled grains paniclé for 90 kg N h& was found at par with 120 kg N ha



Table 4.8: Effect of transplanting dates and nitrgen levels on vyield
contributing characters

_ panicle  PaNicle _ Filled 3 1000-
Teament PRGOS engn VO Shhact gme sely g
Transplantingdates
20"May  337.69 24.08 158 94.88 7220 23.68 24.68
1*'June 323.90 23.26 1.53 88.52 63.31 28,55 2351
11" June 304.22 22.56 146  76.62 6080 3359 20.67
"""" SEm: 220 036 002 073 061 068 026
CD (p<0.05) 9.24 NS 0.06 2.93 2.37 2.66 1.09
Nitogenlevels (gt
Control 279.30 22.24 1.32 77.68 57.03 2697 21.73
30 310.98 22.99 141 81.86 59.84 27.26 22.83
60 332.40 23.37 1.53 86.36 62.48 28.04 23.16
90 341.39 23.82 1.67 93.19 66.33 28.34 2401
120 345.60 24.04 1.69 96.27 64.83 33.14 25.69
"""" SEm: 170 008 001 047 054 064 027
CD (p=0.05) 5.09 0.25 0.04 1.42 1.56 1.87 0.80




Table 4.8a : Interaction effect of transplanting dées and nitrogen levels on
panicle length (cm)

Nitrogen levels (kg h&)

Treatment . Mean
Control 30 60 90 120
Transplanting dates
20" May 23.07  24.00 2420 24532460 24.08
1%'June 22.33 23.07 23.33 23.6723.90 23.26
11" June 21.33 21.90 2257 22.9724.03 22.56
C wen 224 e ma zmezaie

CD (p<0.05)

Transplanting dates (D) : N S

Nitrogen levels (N) : 0.24

DxN:0.43




Table 4.8b : Interaction effect of transplanting ddes and nitrogen levels on
spikelets paniclé'

Nitrogen Levels (kg ha')
Treatment .. Mean

Control 30 60 90 120

Transplanting dates

20" May 85.80 89.12 9395 9942 106.14.88
1% June 7760 82.88 8843 93.60 100.188.52
11" June 69.64 7358 7671 80.54  82.606.62
""""""" vean 7768 8185 8696 0110 9625
CD (p<0.05)

Transplanting dates (D) : 0.93
Nitrogen levels (N) : 0.32

DxN:0.56




Table 4.8c : Interaction effect of transplanting dées and nitrogen levels on
filled grains panicle™

Nitrogen Levels (kg ha')
Treatment Mean

Control 30 60 90 120

Transplanting dates

20" May 68.39 69.99 7233 7562 74.6972.70

1%'June 54.13 59.43 64.25 69.00 69.7%3.81

11" June 4856 50.10 50.85 54.36 50.0%1.09

""""""" Mean 5703 59.84 6248 6633 6832
CD (p<0.05)

Transplanting dates (D) : 2.39
Nitrogen levels (N) : 1.56
DxN:271

Table 4.8d : Interaction effect of transplanting ddes and nitrogen levels on
spikelet sterility (%)

Nitrogen levels (kg ha')
Treatment Mean

Control 30 60 90 120

Transplanting dates

20" May 20.33 2150 23.00 23.94 29.6423.68
1stJune 30.27 28.33 27.39 26.32 30.418.55
11" June 30.31 3194 33.74 3552 39.385.59
 Mean 2697 2706 2804 2834 2947
CD(pe0.08)

Transplanting dates (D) : 2.67
Nitrogen levels (N) : 1.87
DxN:3.23




The interaction effect of transplanting dates aitcbgen levels on filled
grains paniclé was found significant (Table-4.8c). Transplantafgrop on 28
May with application of 90 kg N Raresulted in maximum number of filled grains
panicle! (75.62). The lowest number of filled grains pagifcvas found on 10

June transplanting with control nitrogen treatm@at56).
4.2.6  Sterility percentage

Perusal of data on sterility% indicated that tphasting dates as well as
nitrogen levels had a significant effect on stirilpercentage (Table-4.8). The
highest sterility percentage was recorded for t June transplanting (33.59),
whereas 20 May and ' June transplanting dates recorded lower sterility
percentage of 23.68 and 28.55, respectively, itidigathat with delay in

transplanting of the crop sterility percentage éases.

The data also revealed that sterility percentage significantly affected
by different levels of nitrogen. Application of 12y N ha' resulted in a
significantly higher sterility percentag83.14) and was significantly different
from nitrogen level of 90 kg Fa(28.34). The lowest sterility percentage was
recorded in control (26.97). Thus increase in g levels also increases the

sterility percentage of the crop.

The interaction effect of transplanting dates amtiogen levels on
sterility percentage was found significant (Tabl&4i). Transplanting of crop on
20" May with application of 0 kg N Kai.e. control, resulted in minimum
percentage of spikelet sterility (20.33). The hgghgpikelet sterility percentage
was found on 11.June transplanting with application of 120 kg N{29.38).

4.4.7  1000-grain weight (g)

The data on 1000 grain weight presented in TalBeiddicated that
transplanting dates as well as nitrogen levelsdiguificant effect on 1000 grain
weight. The highest 1000 grain weight (24.68 g) wesorded for 20 May
transplanting and lowest (20.67 g) by"llune transplanting date.



Perusal of the data on different nitrogen levaligated that significant
increase in 1000 grain weight was recorded by asirg nitrogen level.
Application of 120 kg N h& recorded highest 1000 grain weight (25.69 g),
though it was at par with 90 kg N haThe other nitrogen levels i.e. 90, 60 and 30
kg N ha' recorded lower 1000 grain weight (24.01, 23.16 &R®I83 g,
respectively) than 120 kg N haThe lowest 1000 grain weight (21.73 g) was

recorded for control treatment.

The interaction effect of transplanting dates aitogen levels were

found to be non-significant.
4.3 Yield
4.3.1  Grainyield

Grain being an economic component of the cropnisngportant crop
parameter, which reflects the resultant impactlo€rap growth parameters and
yield attributes that are affected by various inpreatments. The data on grain

yield is presented in Table-4.9 and illustratedobreally in Fig. 16 and 17.

As far as the influence of transplanting dateg@in yield is concerned,
it was observed that early transplanting i.e" Bay recorded significantly higher
grain yield (41.51 q H than other transplanting dates. The increaserang
yield for the 28' May transplanting was 14.98 and 27.60% ovédune and 11
June planting. This indicated that early sowingreased grain yield than late

sowing.

As far as levels of nitrogen are concerned sigaift difference in grain
yield was recorded with increase in nitrogen levélge highest grain yield (45.55
q ha') was recorded for 90 kg N hand lowest grain yield was recorded for the
control (19.87 q hd). The application of 60 and 30 kg N “haecorded
significantly higher grain yield (38.96 and 31.50\@, respectively) than control,

but were significantly inferior to the highatrogen level, i.e. 90 and 120



Table 4.9: Effect of transplanting dates and nitrogn levels on grain,
straw and biological yield (q ha')

Treatment G_rain S'graw Biol_ogical _ Harvest
yield yield yield index (%)
Transplantingdates
20" May 41.51 67.21 108.72 37.67
1°'June 35.29 64.83 100.12 34.86
11" June 30.05 61.80 91.85 32.42
- sem: 097 055 184 060
C.D (p<0.05) 3.89 2.31 7.41 2.48
Niogenlevels (gt
Control 19.87 60.05 79.92 25.13
30 31.50 61.11 92.61 34.11
60 38.96 63.25 102.21 38.13
90 45.55 68.31 113.86 40.02
120 42.25 70.42 112.67 37.51
- sem: 05 08 148 053
CD (p<0.05) 1.74 1.01 4.45 1.60
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kg N ha'. The per cent increase in grain yield due to 82060 and 30 kg N Ha
over control is to the extent of 52.97, 56.38, A8 86.92% respectively.

The interaction effect of transplanting dates awitogen levels were

found to be non-significant.
4.3.2  Straw yield

The data on straw vyield is presented in Table-drf@ illustrated
graphically in Fig. 16 and 17. Transplanting ddtad a significant effect on straw
yield. The highest straw yield of 67.21 ¢’haas obtained from the crop planted
on 20"May and lowest straw yield from the crop planted1d” June (61.80 q
ha'). However, the crop planted off dune recorded significantly higher straw
yield (64.83 g h3) than 11" June transplanting.

Nitrogen application increased the straw yield ngigantly with
increased nitrogen levels up to 120 kg N lf@able 4.9). The highest straw yield
(70.42 q hd) was produced when the crop received 120 kg N drad lowest

straw yield was recorded by the crop receiving i@gen i.e. control.

The interaction effect of transplanting dates aitogen levels were

found to be non-significant.
4.3.3  Biological yield

The data pertaining to biological yield is presehin Table-4.9 and
illustrated graphically in Fig. 16 and 17. Transpiag dates had a significant
effect on the biological yield. The maximum biolcaii yield of 108.72 q hhwas
obtained from the crop transplanted orf'2day, followed by ' June (100.12 q
ha'). The lowest biological yield of 91.85 q havas recorded from i"LJune

transplanted crop.

Nitrogen application increased the biological gidignificantly with
increase in levels up to 90 kg*hérable-4.9). However, the same was at par with
120 kg N h# (112.67 q ha). The per cent increase in biological yield dud 26,



90, 60 and 30 kg N Hawas to the extent of 29.07, 29.80, 21.80 and 28,3%er
control, respectively.

The interaction effect of transplanting dates awitogen levels were

found to be non-significant.
4.3.4  Harvest index

The data related to harvest index has been pextemtTable-4.9. The
data indicate that J0May transplanting recorded significantly highemvest
index over the late dates of transplanting. Thedstrindex for 28 May, I June
and 11" June transplanting was 37.67, 34.86 and 32.428pentively.

Among the nitrogen levels significant differencegre recorded for
harvest index. The highest harvest index of 40.02%2 recorded with the use of
nitrogen level of 90 kg K4 while the lowest harvest index of 25.13 was rdedr
for the control. The harvest index of 37.51, 38l 34.11 was recorded for
nitrogen levels of 120, 60 and 30 kg heespectively, and were significantly

superior to control.

The interaction effect of transplanting dates aitogen levels were

found to be non-significant.
4.4 Quality parameters
4.4.1  Physical grain quality parameters
4.4.1.1 Grain moisture content at harvest

The data on grain moisture content is presented ahle-4.10. No
significant difference was noticed in the grain store content at harvest among

the different transplanting dates and nitrogenlieve
4.4.1.2 Grain grading

The data pertaining to grain grading is preseitetfiable-4.10. Perusal
of the data indicated that, grain grading is sigaiftly affected by manipulating



transplanting dates and nitrogen levels (PlateA2).regards the transplanting
dates, highest percentage of grade | (45.35%) wea®rded for the crop
transplanted on J0May, which was significantly higher than crop sptanted
on T June and 1 June (25.32 and 13.27%, respectively). The peagendf
grade 1l and Il increased significantly with delmytransplanting. The 20May
transplanting date recorded the lower percentaggasfe 1l and grade Il (25.42
and 26.23, respectively), while as crop transpthrae 11" June recorded the
highest percentage of grade Il and grade 111932&nd 52.80%, respectively).

An examination of the data revealed that, the ggagege of Grade |
increased with increase in nitrogen level up tok@ON ha' (32.84) and it
decreased with increase in the nitrogen level upl20 kg N h# (28.92),
however, for Grade Il the highest value was reedrat 120 kg N Ha(34.06%)
and lowest for control. For Grade Ill, highest vealas found for the crop with
control treatment (50.32%), which was significantiigher than other nitrogen
levels. The lowest percentage of Grade Il (34.938@p recorded by the crop
receiving 90 kg N Hawhich got increased with 120 kg N'h¢87.02%) .

4.4.1.3 Hulling (%)

The data on hulling percentage of basmati riggesented in Table-4.10.
Perusal of the data indicated that transplantingsdhas a significant effect on
hulling percentage. The highest hulling percentaigeulling was recorded by the
crop transplanted on 2May (74.20%), which was significantly higher thath 1
June and 11 June transplanting dates. The lowest hulling peeze was found
with 11" June transplanting date (66.75%), which was at wigh 1% June
transplanting date (68.75%).



Table 4.10: Effect of transplanting dates and nitogen levels on grain

moisture content, grain grading, hulling and milling (%)

Grain grading

Treatment Grain
moisture Gl Gl Gl Hulling  Milling
content
Transplantingdates
20" May 21.73 45.35 25.42 29.23 74.20 64.43
1% June 21.76 25.32 30.20 44.48 68.75 62.49
11" June 21.88 13.27 33.93 52.80 66.75 61.90
"""" SEm: 050 08 066 106 127 046
CD (p<0.05) NS 3.48 2.65 4.15 4.94 1.86
Niogenlevels ¢ty
Control 21.42 24.25 25.43 50.32 66.1 61.29
30 21.62 26.97 27.52 45.54 68.55 62.25
60 21.78 30.28 30.03 39.69 70.18 62.89
90 21.97 32.84 32.23 34.93 72.08 63.72
120 22.16 28.92 34.06 37.02 72.58 64.54
"""" SEm: 0% 043 044 075 062 015
CD (p<0.05) NS 1.29 1.34 2.26 1.87 0.42




Plate-2: Grain grades ofPusa Basmati-1509



The data further reveals that, graded nitrogemrl$ehad a significant
effect on hulling percentage. Application of 120Mda’ resulted in numerically
higher hulling percentage (72.58%), but the sams atapar with 90 kg N Ha
(72.08%). Control produced the lowest hulling petage (66.10%).

The interaction effect of transplanting dates atdogen levels were
found to be non-significant.

4.41.4 Milling (%)

The data pertaining to milling percentage is pmesg in Table-4.10.
Transplanting dates had a significant effect orimglpercentage. The maximum
milling percentage of 64.43% was obtained from ¢hep transplanted on 90
May. The lowest milling percentage of 61.90% wasorded from the crop
transplanted late i.e. f1June and the same was at par with crop transplame
1! June (62.499).

Nitrogen application increased the milling pereget significantly with
increase in levels up to 120 kghérable-4.10). The highest milling percentage
(64.54) was found in application of 120 kg N*fend was closely followed by the
crop received 90 kg N Ha (63.72%). Both the nitrogen levels recorded
significantly higher milling percentage than thad®ained at the lower nitrogen
levels. The lowest milling percentage (61.29%) wasduced by the crop

receiving no nitrogen.

The interaction effect of transplanting dates atdogen levels were
found to be non-significant.

4.4.1.5 Brown rice length and breadth (mm)

Perusal of data on brown rice length and breaalticated that sowing
dates as well as nitrogen levels had a signifiedieict on brown rice length and
breadth (Table-4.11). The highest brown rice leragtti breadth was recorded for
the 20" May transplanting (9.22 mm and 1.72 mm respectjyeihereas 11

June transplanting date recorded significantly lolrewn rice length and breadth



of 8.06 mm and 1.59 mm, respectively. However foeadth 28 May
transplanting was found at par with™.lune transplanting date.

The data also revealed that brown rice length #&neladth was
significantly affected by different levels of nigen. Application of 120 kg N Ha
resulted in higher brown rice length and breadtbd%nd 1.71 mm respectively)
and for brown rice breadth 60 kg N*havas at par with nitrogen level of 90 and
120 kg N h&. The lowest brown rice length and breadth wasrdszbin control
(8.51 and 1.61 mm, respectively). Thus increasaitiogen levels also increases

the brown rice length and breadth of the grain.

The interaction effect of transplanting dates atdogen levels were

found to be non-significant.
4.4.1.6 L/B ratio

Perusal of the data pertaining to length breadttio r(Table-4.11)
indicated that among the sowing dates higher lebg#iadth ratio was recorded
for the early sowing date i.e. ®®ay (5.39), which was found at par witff dune

transplanting. The lowest value was recorded fier sawing i.e. 1% June (5.10).

As regards the different levels of nitrogen siguint difference in length
breadth ratio was noticed. The highest head lehgdadth ratio of 5.32 was
recorded for usage of 120 kg N*hand lowest 5.23 for control. Also was found
that, length breadth ratio at 60 kg N*haas at par with 90 and 120 kg N*ha

The interaction effect of transplanting dates atdogen levels were
found to be non-significant.

4.4.1.7 Kernel length elongation after cooking (KLAC)

The data on KLAC reading is presented in Tabld-4Rerusal of data
indicated that with delay transplanting dates, KLA€creased. Highest value of

KLAC was found with transplanting of crop on"™20une (15.74 mm), which was



found at par with ¥ June transplanting date (15.68 mm). However wittther
delay in transplanting up to PDJune KLAC decreased significantly.

Among the different nitrogen levels the examinatid data revealed that
KLAC reading was significantly influenced by niteg levels. The significantly
higher KLAC reading (15.79 mm) was recorded wité #pplication of 120 kg N
ha'. While the lowest values were recorded for thetrobt§13.96 mm).

The interaction effect of transplanting dates amttogen levels on
KLAC was found significant (Table-4.11a), the high@alue of KLAC (16.93
mm) was found when crop was transplanted dh @y with application of 120
kg N ha' and lowest (14.43 mm) with T1June transplanting and control nitrogen

treatment.
4.4.1.8 Elongation ratio

The data regarding elongation ratio has been pteden Table-4.11.
The perusal of the data reveals that there was igoifisant variation in

elongation ratio by changing the transplanting slate

A further examination of data indicated that apation of 120 kg N ha
resulted significantly higher elongation ratio thalh lower nitrogen levels. The

lowest value was recorded for control treatmer@2)L.

The interaction effect of transplanting dates aitdogen levels were

found to be non-significant.



Table 4.11 : Effect of transplanting dates and nitogen levels on brown rice
length, breadth, rice length, KLAC and elongation @&tio

Brown rice Kernel
Treatment Length  Breadth | o . Ieggghkﬁf;er Elo'g%?)tlon
(mm) (mm) (mm)
Transplantingdates
20" May 9.22 1.72 5.39 15.74 1.71
1% June 9.11 1.70 5.37 15.68 1.72
11" June 8.06 1.59 5.10 13.35 1.66
 SEmt o002 001 003 020 005
CD (p<0.05) 0.10 0.05 0.13 0.80 NS
Niogenlevels ¢ty
Control 8.51 1.61 5.23 13.96 1.62
30 8.72 1.64 5.26 14.54 1.66
60 8.83 1.67 5.29 14.95 1.70
90 8.92 1.69 5.32 15.39 1.73
120 9.02 1.71 5.32 15.79 1.76
 sems o002 001 001 o011 001
CD (p<0.05) 0.07 0.03 0.03 0.33 0.03




Table 4.11a : Interaction effect of transplanting étes and nitrogen levels on
kernel length after cooking

Nitrogen Levels (kg ha')
Treatment =~ -oorrrroooeeemmoooomeeeeroooseee oo Mean

Control 30 60 90 120

Transplanting dates

20" May 13.87 1547 1590 16.51 16.93 15.74
1% June 15.07 1530 1571 16.06 16.2515.68
11" June 1443 1497 1535 1570 16.3015.35
""""""" Vean 1446 1524 1565 1608 1648
CD (p<0.05)

Transplanting dates (D) : 0.21
Nitrogen levels (N) : 0.33

DxN:0.57




4.4.1.9 Gel consistency

Table-4.12 revealed that there was no significaatiation in gel
consistency by changing the transplanting dateso,Ads regards the nitrogen
levels, no significant difference was noticed ine tlyel consistency. An
examination of data reveals that the gel consist@fidPusa Basmati 1509 falls

under the category of soft gel consistency.

The interaction effect of transplanting dates aidogen levels were

found to be non-significant.
4.4.1.10 Head rice recovery (HRR)

Perusal of the data pertaining to HRR (Table-4iadicated that among
the transplanting dates higher head rice recovemg vecorded for the early
transplanting date i.e. #0May (44.16%), which was found at par witff dune

transplanting and significantly lower for"iJune (41.40%).

Graded levels of N significantly affected HRR. Thighest head rice
recovery 44.06% was recorded at 120 kg N &iad lowest 41.96% for control.

The interaction effect of transplanting dates aitogen levels were

found to be non-significant.



Table 4.12 : Effect of transplanting dates and nitogen levels on GC,
protein content, amylose content, HRR and volumexpansion

Gel Protein Amylose Head rice Volume
Treatment consistency content content recovery expansion
(mm) (%) (%) (%) (ml)

Transplantingdates

20" May 91.33 7.50 21.24 44.16 3.94
1%'June 92.00 7.38 21.22 43.67 3.60

11" June 93.33 7.30 21.21 41.40 3.35
 sems 118 o002 028 018 002
CD (p<0.05) NS 0.08 NS 0.68 0.10

Nitrogen levels (kg h

Control 87.11 7.26 20.39 41.96 3.46

30 89.89 7.34 20.78 42.56 3.53

60 93.00 7.40 21.34 43.20 3.65

90 95.33 7.47 21.74 43.09 3.72

120 95.78 7.53 21.87 44.06 3.78
 sem om0 018 o014 002
CD (p=0.05) 231 0.06 0.39 0.43 0.06




4.4.1.11Aroma

The data pertaining to aroma is presented in Téldl8. Perusal of the
data indicated that transplanting dates influertbedaroma of scented rice. It was
found that aroma of rice decreases with delay amgplanting date. Different
nitrogen levels did not follow a specific trend faroma. However, 20 May
transplanting with application of 90 kg N haesulted in highest aroma (Rank 1)
and lowest rank (15) for aroma was found by"1lune transplanting with
application of 120 kg N hha The interaction effect of transplanting dates and

nitrogen levels were found to be non-significant.
4.4.1.12 Volume expansion

The data on volume expansion is presented in Tak® The data
indicated that volume expansion is influenced laypsplanting dates and nitrogen
levels. The 20 May transplanting recorded significantly highetueafor volume
expansion (3.94) and lowest by"™.une transplanting (3.35).

Among the nitrogen levels application of 120 kg Hd® recorded
significantly higher volume expansion. The inteiatteffect of transplanting

dates and nitrogen levels were found to be noni{fsignt.
4.4.2 Chemical quality parameters
4.4.2.1 Protein content (%)

Perusal of the data pertaining protein contenbl@4.12) indicated that
among the transplanting dates higher protein contes recorded for the early
transplanting date i.e. 20Vlay (7.50%) and lowest for late transplanting L&"
June (7.30%).



Table 4.13 : Effect of transplanting dates and nitogen levels aroma

Treatments

Rank

20"May x 0 kg N hd
20" May x 30 kg N ha
20" May x 60 kg N ha
20" May x 90 kg N ha
20"May x 120 kg N h&
1%'June x 0 kg N ha
1%'June x 30 kg N h&
1'June x 60 kg N ha
1°'June x 90 kg N ha
1'June x 120 kg N ha
11" June x 0 kg N ha
11" June x 30 kg N ha
11" June x 60 kg N h&
11" June x 90 kg N ha

11" June x 120 kg N ha

4

11

10

14

13

12

15




As regards the different levels of nitrogen alstiecence in protein
content was noticed. The highest protein conteés8%.was recorded for usage of
120 kg N h& and lowest 7.26% for control. The interaction effef transplanting

dates and nitrogen levels were found to be nonigignt.
4.4.2.2 Amylose content (%)

The data pertaining to amylose content is preseméethble-4.12. The

data indicated that amylose content was not inftedrby transplanting dates.

Application of 120 kg N Hi resulted in highest value for amylose
content (21.87), but the same was found statistictl par with 90 kg N Ha
(21.74). The lowest value for amylose content wasdé in control treatment
(20.39). The interaction effect of transplantingedaand nitrogen levels were

found to be non-significant.

4.5 Physico-chemical characteristics of soil
4.5.1 Soll fertility status after harvesting of rice

Perusal of the data regarding final soil statugeated that available
nitrogen, phosphorus and potassium was low, medindmedium respectively.
As regards O.C, it was in medium range (Table-4.25 regards the final
available nitrogen, the data revealed that ploteivéng no nitrogen fertilizer
recorded lowest final available nitrogen. Howeveegarding the available
phosphorous and potassium the higher content wasdfen the control plots
receiving no nitrogen but only phosphorous and gsten. However, the organic

carbon% was almost same in all the treatment coatibims.



Table 4.14: Effect of transplanting dates and nitrgen levels on final soil
status for available NPK (kg ha') and organic carbon (%)

Treatment N P K oC

Transplantingdates

20" May 201.0 18.3 166.7 0.87
15'June 216.1 18.8 168.1 0.90
11" June 221.3 19.4 170.2 0.88

Nitrogen levels (kg h

Control 175.7 19.8 175.6 0.88
30 197.5 19.3 170.8 0.88

60 207.3 18.3 165.8 0.88

90 230.5 18.2 165.2 0.89
120 253.0 18.6 164.2 0.88
Initial status 235 18.5 268 0.91




4.6 Plant chemical analysis

4.6.1 N, P and K concentrations and their uptake in grain anl straw at
harvest

4.6.1.1 NP and K concentrations in grain and straw (%)

The data on N, P and K content in grain and strasv,affected by
different treatments is presented in Table-4.15u$3 of the data revealed that N,
P and K content did not showed any significantatasn by altering the sowing
dates. Also, as regards the different nitrogenlég\tke data on P and K content in
grain and straw did not show any significant défece. However, the N content
in grain and straw increased with increase in Nelleip to 120 kg N h& The
highest value for N content was recorded by the eexeiving 120 kg N hh
(1.27 and 0.74%, respectively). The lowest valus meaorded for control.

4.6.1.2 Nitrogen uptake

The data pertaining to nitrogen uptake by grairgvs and total uptake
(Table 4.16) were significantly influenced by trplamting dates. Significantly
higher N uptake of 52.42, 44.57 and 96.99 kg by grain straw and total uptake,
respectively were recorded by the crop transplaotedd May and lowest were
found on 1§ June transplanting.

Among the different nitrogen levels, applicatioh t220 kg N h&
recorded maximum nitrogen uptake in grains, stradtatal uptake (58.57, 52.03
and 110.59 kg hh respectively) which was significantly higher thalh other
treatments. The lowest nitrogen uptake was founddatrol.

4.6.1.3 Phosphorous uptake by grain and straw

The data pertaining to phosphorous uptake by grstiaw and total
uptake were significantly influenced by differerdrisplanting dates (Table 4.16).
20" May recorded maximum phosphorous uptake (7.04aky 17.10 kg hd and
24.14 kg hd, respectively), which was significantly higher mhaother
transplanting dates. The lowest value (3.81 kg, H8.65 kg ha, respectively)
was recorded by the crop transplanted dfi dune.



Table 4.15: Effect of transplanting dates and nitogen levels on NPK
content (%) in grain and straw

Grain Straw
Treatment —-oommrrs e
N P K N P K
Transplantingdates
20" May 1.26 0.17 0.35 0.66 0.25 1.53
1% June 1.24 0.14 0.33 0.62 0.23 1.49
11" June 1.23 0.13 0.33 0.58 0.22 1.47
© sEmr 002 001 002 004 003 005
CD (p<0.05) NS NS NS NS NS NS
Nirogenlevels (gt
Control 1.22 0.13 0.32 0.50 0.13 1.40
30 1.23 0.13 0.33 0.57 0.18 1.44
60 1.24 0.14 0.33 0.62 0.23 1.50
90 1.25 0.15 0.34 0.68 0.29 1.54
120 1.27 0.16 0.36 0.74 0.33 1.58
 sEmr 0002 001 001 0002 002 003
CD (p<0.05) 0.006 NS NS 0.007 NS NS




Among the nitrogen levels maximum uptake of phospts (P) grain,
straw and total uptake (7.63, 23.46 and 31.09 Kk respectively) were recorded

at 120 kg N hd. The lowest value was recorded for control.
4.6.1.4 Potassium uptake by grain and straw

The data pertaining to potassium (K) uptake byingretraw and total
uptake (Table 4.16) revealed that"2Blay transplanting recorded significantly
highest K uptake by grain, straw and total uptal®48, 102.84 and 117.32 kg

ha®, respectively). The lowest value was recorded BYJune transplanting.

Among the nitrogen levels, 120 kg Nheecorded significantly higher K
uptake by grain, straw and total (16.49, 111.31 B2ifl80 kg ha, respectively)
over other nitrogen levels, which was followed ) 80 and 30 kg N ha The

lowest value for K uptake by grain was recordedcfamtrol.
4.7 Relative economics

A critical examination of Fig. 18 shows that theog shows a
diminishing return pattern to nitrogen fertilizatioThe same results are also
revealed by the negative values &f & polynomial equation has shown the best
fit for the observed data as indicated by the hégi& value of 0.987. On the
basis of the yield response equation the econoptimam dose of N worked out
at 100 kg ha.

4.7.1 Net returns

Highest net returns HgZ 168879) were also found with early transplanting
of 20" May along with the application of 90 kg N*hand lowest net returns h¢Z
43592) for 11 June transplanting with control treatment (Table?}.

4.7.2 Incremental benefit cost ratio (IBCR)

Transplanting on 20May and application of 90 kg N Halso recorded
the highest B: C ratio (3.84) and lowest witH"1lune transplanting with control
treatment (1.02) (Table-4.17).



Table 4.16 : Effect of transplanting dates anditrogen levels on NPK uptake (kg hd) in grain and straw

Treatment —  ----oeooeoo- N P ------------------------------------------------------
Grain Straw  Total Grain Straw Total Grain Straw  Tot al
Transplantingdates

20" May 5242 4457 96.99 7.04 17.10 24.14 1448 102.847.32

1%'June 4522 40.60 85.88 5.29 15.11 20.40 12.12  96.308.62

11" June 37.10 32.27 69.37 3.81 13.65 17.46 10.02 90.880.90
"""""""" SEm+ 124 098 311 015 031 084 036 142  2.66
CD (p=0.05) 4.84 3.85 9.32 0.61 1.28 2.49 1.43 5.57 8.01

‘Nitrogen levels (kg9

Control 24.32 30.36 54.68 2.61 8.05 10.66 6.36 (84.290.56

30 3596 35.89 71.85 4.04 11.39 1543 9.52 91.09 0.610

60 48.50 39.47 87.97 5.64 1440 20.04 1299 95.7®8.69

90 57.21 4466 101.87 6.97 1940 26.37 15.67 101.407.07

120 58.57 52.03 110.60 7.63 23.46 31.09 16.49 111.327.80
"""""""" SEm+ 074 056 218 011 018 056 023 120 224
CD (p=0.05) 2.20 1.69 6.54 0.33 0.54 1.68 0.68 3.61 6.74




Table 4.17 : Relative economics of Pusa Basmati-95(3 ha™) as influenced
by transplanting dates and nitrogen levels

Treatment C(.)St .Of Gross Net B: C ratio
cultivation returns returns

20"May x 0 kg N ha 42910 124696 81786 1.91
20" May x 30 kg N h& 43268 152568 109300 2.53
20" May x 60 kg N ha 43626 190285 146659 3.36
20" May x 90 kg N h# 43984 212863 168879 3.84
20" May x 120 kg N h& 44342 210062 165720 3.73
1% June x 0 kg N Ha 42910 105711 62801 1.46
1% June x 30 kg N h& 43268 141645 98377 2.27
1% June x 60 kg N h& 43626 171177 127551 2.92
1% June x 90 kg N h& 43984 192484 148500 3.38
1% June x 120 kg N ha 44342 196432 152090 3.43
11" June x 0 kg N h& 42910 86502 43592 1.02
11" June x 30 kg N ha 43268 118154 74886 1.73
11™ June x 60 kg N ha 43626 145897 102271 2.34
11" June x 90 kg N ha 43984 170186 126202 2.87
11™June x 120 kg N ha 44342 176446 132104 2.98
Labour 3 150/day
FYM 4 600/t
Tractorization 4 5000/ha
Urea 4 5.5/kg
DAP T 22.5/kg
MOP 4 17/kg
Butachlor 4 32/kg
Seed 4 40/kg
Grain 4 32/kg
Straw 4 700/q
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Chapter -5
DISCUSSION

An attempt has been made in this chapter to dssthes results obtained
from field experiment viz Agronomic evaluation ofiga basmati-1509 for yield
and quality under varied transplanting dates artdogen levels and assign
possible reasons responsible for these effectsthielp of relevant information
reported by various researchers and also with #he &f results obtained in the
present study.

5.1 Growth parameters

Transplanting dates showed significant variatiothie plant height at all
stages of plant growth. Early transplanted{®ay and £ June) crop recorded
significantly greater plant height, than the lansplanted (I June) crop. The
increase in plant height in the crops transplaatecarly dates might have been
due to better temperature and weather conditiopsrenced by the crop at later
growth stages especially at the internode elongatiage which is favoured more
at higher temperatures. Also early transplanteghctoad longer vegetative and
overall growth period due to which plants synthedimore photosynthates which
were utilized for growth of vegetative organs oé ghlant. The crop transplanted
late in the season experienced comparatively |ldemperatures during the later
growth stages and thus plant height remained Idve decrease in plant height
with delay in transplanting dates has been alsorteg by Miah and Pathan
(1989), Chaudhary and Igbal (1992) and Palietadl. (1996).

The plant height increased gradually due to ssieesncrease in level
of nitrogen fertilizer application. The nitrogervés of 120 kg N hd recorded
significantly taller plants as compared to cont@0, 60 and 3&g N ha’. The
increase in plant height with increased nitrogeele may be attributed to the fact
that nitrogen enhances the vegetative growth aitpleesulting from increase in

cell division, elongation and meristematic activighilin et al. (1997) also



reported increase in the plant height with suceessicrements of nitrogen. The
results were also in accordance with the findinfSiogh and Sharma (1987),
Moorthy et al. (1988), Tripathiet al. (1998), Chopra and Chopra (2000), Reju
al. (2001), Meenat al.(2003) and Haefelet al. (2008).

Dry matter production is considered as a reliabteex of crop vigour.
The optimal accumulation of dry matter by the cresgmportant as it may be
followed by adequate transfer of assimilates tosin& resulting in higher yields.
Transplanting dates were found to have a significariation on dry matter
production. Earlier transplanting i.e."20ay and i June recorded more dry
matter production than the late transplanted cfopl8 June. The increased dry
matter production of the earlier dates can behaiieid to the longer vegetative
growth period of earlier transplanting dates andtelbeweather conditions
experienced by the earlier sowing dates duringctitecal growth stages which
resulted in increased growth parameters like pheight, LAI, tillers n¥ which
ultimately resulted in higher dry matter productiofandet al (1994) also
reported higher dry matter accumulation in the ieartransplanting dates
compared to the later sowing dates. Similar resudte also reported by Vandana
et al (1994).

Nitrogen has significant effect on growth paramgetéke plant height,
LAI, tiller number etc which contributes to the gter dry matter of the plant.
Among the different nitrogen levels significant fdience in dry matter was
noticed. The nitrogen level of 120 kg havas found significantly superior than
90, 60, 30 kg N h&and control. The results corroborate the findingPalal and
Dixit (1987), Panda and Rao (1991), Kharmdaal. (1997), Gangaiah and Prasad
(1999), Sreenivas and Rajiv Reddy (2008) and &ax. (2013).

Significant differences in tillers fawere recorded among the different
transplanting dates tested during the course afstiyation. The 20May and i
June transplanting dates recorded significantihéignumber of tillers fA This

may be attributed to the longer vegetative perib@avlier sowing dates. Also,



better environmental conditions were experiencedti®y earlier sowing dates
from early tillering to panicle initiation. Moreokethe decrease in tillers fin
the 11" June transplanting during later growth stages migtive been due to
lower temperature which causes tiller mortality.nc® tiller production is
temperature driven process favoured by higher teatypee and also by nutrient
balance of soil. The trend observed for tiller$ during the crop growth stages
can easily be traced from the weather data recodlathg the course of
investigation. The results were in conformity witte findings of Matsushimat
al. (1996), Lalitheet al. (2000).

The results showed that the number of tillefSintreased gradually with
increasing level of nitrogen application. Significaeffect on tillers it was
noticed only up to 90 kg N Ha The results showed the importance of plant
nutrition for increasing the tillering capacity afomatic rice. Nitrogen being an
important component of protein, nucleic acids, emeysystem and harmones
stimulate the metabolic growth and therefore enbdneegetative growth and
tiler number. Enhanced tillering by increased aggn application might be
attributed to more nitrogen supply to plant at\etillering stage. The beneficial
effect of nitrogen on tillering and vegetative gtbwvas also reported by Reddy
(1988). The results are in conformity with the fimgs of Roy and Sattar (1992),
Jianget al. (1993), Nawaz (2002), Meer& al. (2003), Kumar and Ikrammullah
(2004), Haqueet al. (2006), Mananet al. (2010), Chakraborty (2011) and
Pramanik and Bera (2013).

The leaves of a plant are normally its main orgaphotosynthesis and
the total area of leaves per unit ground area a¢tddaf area index (LAI), has
therefore, been proposed by Watson (1947) as thientreasure of the capacity of
crop producing dry matter and called it@®ductive capital The study showed
that leaf area index increased continuously upEd July for 20" May and i
June transplanting and up t8 Bugust for 11" June transplanting date, the period

coinciding with the active tillering and floweringtage, thereafter decreased
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gradually up to harvest. The decrease in leaf aféer flowering might be
attributed to senescence of lower leaves due tdispaSimilar findings were
reported earlier by Shuklet al. (1995) and Sitaramaiadt al. (1998). The higher
LAl was registered by the #0May transplanting. This might be attributed to the
comparatively longer vegetative period experienbgdhe earlier sowing dates
and more favourable temperature conditions duriogdring stage. The higher
LAl in the earlier sowing dates was also reportgdJandet al. (1994). By
adjusting the sowing time, the plant can take athgm of natural conditions
favourable for its growth (BRRI, 2004).

The nitrogen level of 120 kg N Haegistered the maximum LAI. The
increase in LAl with successive nitrogen levels midnave been due to the
important role of nitrogen for the growth and deyghent of plant. Nitrogen has
a prominent role in the leaf area index as it isi@portant component of
chlorophyll. More the nitrogen applied more will ltee growth of crop and
increase in LAl accordingly. The results were imeliwith the findings of Kusuda
(1993), Amanoet al. (1993), Maskeet al. (1997), Tariet al. (2009) and
Chakraborty (2011).

Soil plant analytical device (SPAD) is the direaeasure of index of
greenness of the plant. The more the SPAD reatii@griore is the greenness in
plants which actually gives us indirect relatiorcbforophyll content or N content
of the plants. It was found that SPAD reading iaseal significantly up to"
August for 28" May and ' June transplanting and up to"24ugust for 11 June
transplanting and thereafter showed a steep decréhs might be due to the fact
and late transplanting delayed the peak growth ioé crop and nitrogen

concentration decreases in the plant from ther&gieductive period to harvest.

Among the transplanting dates™?May recorded higher SPAD reading
as compared to crop transplanted Shiline and 1M June. The lowest SPAD
reading was recorded for crop transplanted dhdlhe. Early transplanting might

have resulted in synchronization of the crop grosttiges vis-a-vis its dimatric
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requirements that resulted in maintenance of highawth rates and greenness in
early transplanted crop. The results are in liita that of Fayazt al (2015).

An examination of data reveals that SPAD readiras wignificantly
influenced by different levels of nitrogen at alet crop growth stages.
Application of 120 kg N hé resulted in significantly higher SPAD reading as
compared to nitrogen levels of 90, 60, 30 and INKag". Since SPAD gives the
indirect measurement of leaf nitrogen, the highRAB values with increase in
nitrogen levels might have been due to more uptdkeitrogen. Nitrogen is an
essential part of many compounds of plant, suctchdsrophyll, nucleotides,
proteins, alkaloids, enzymes, hormones and vitanWmarpour et al, 2011).
Chlorophyll pigments play an important role in ffeotosynthetic process as well
as biomass production. Higher photosynthesis ratesupported by leaf
chlorophyll content in leaf blades (Hassah al, 2009). Higher values of
chlorophyll content with increased nitrogen ratesevalso reported by Pengal.
(1996), Cheret al. (1997), Babuet al. (2000), Balasubramaniagt al. (2000),
Kumar et al. (2000), Islamet al. (2009), Hassaet al. (2009), Gholizadelet al.
(2011), Youseftabagt al. (2012) and Pramanik and Bera (2013).

Transplanting date and location strongly influeh@eop duration and
grain yield of genotypes. The investigation revdaieat 28' May transplanting
took more number of days than bothJdune and TJune transplanting to reach
mid tillering, panicle initiation, flowering, milkig, dough and harvest. However,
the lowest number of days was taken by th& lddne transplanting date. Rice
plant require a particular temperature for attanis phenological stages such as
panicle initiation, flowering, panicle exertion froflag leaf sheath and maturity
and these are much influenced by the transplantiatgs (Yoshida, 1981).
Temperature is the main driving force for developtria photoperiod insensitive
genotypes and heat unit accumulation and thus droption depends on the
genotypic cardinal temperatures such as temperature and base and optimum

temperatures (Dingkuhn and Kropff, 1996). It miglaive been due to the higher
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temperature experienced by the™IlLine transplanting date during the vegetative
stage which shortened its basic vegetative phagk \lie prolonging of the
vegetative phase of the ®OMay transplanting might be probably of lower
temperature during initial growth stages. Transjhgndate primarily influences
the length of vegetative period of rice with easlywn rice requiring a greater
number of days to accumulate the same number akdedpys units compared
with later sown rice was also reported by Norreaal. (1999). A linear negative
correlation between transplanting dates and grqvetiod, in the later sowing
dates was also reported by Peng-<tial. (2013). The results were also in
conformity with Leeet al. (1994), Songet al. (1996), Sinha and Chatterjee
(1997), Gravois and Helius (1998), Lalitegal. (2000), Leeet al. (2001), Dixitet
al. (2004), Linscombet al.(2004) and Choprat al. (2006).

Among the nitrogen levels 120 and 90 kg'haok significantly more
number of days to reach different phenological essaipan 60, 30 kg N Hand
control. Delayed flowering with higher nitrogen éosnay be due to more
vegetative growth, as reflected by increased plaight, LAI, SPAD, which
delayed maturity. The results are in accordancé aitd Haqueet al. (2006),
Abou-khalifaet al. (2007) and Mahajaet al. (2010).

Since the duration to reach different phenologgtaiges was more in
case of 2t} May transplanting and least for theé™.lune transplanting date, hence
20" May transplanting date required more GDDs to ceteplts growing cycle
and least were required for the™Jdune transplanting date). Similar trend was
observed in case of nitrogen levels where more G@B® required by nitrogen
levels of 120 and 90 kg N Haand least for 60, 30 kg N #aand control. The
results were in conformity with Chopra and Cho@@04) who also reported that
growing degree days from transplanting to matu(itytal phenophases) got
reduced almost linearly with delay in transplanti@imilar results were also
reported by Ghadekaat al. (1988), Mandal and Ghosh (2003) and Reddal.
(2004).
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52 Yield attributes

In general, the number of panicles’was significantly influenced by
transplanting dates and nitrogen levels. Transplgrdate had a significant effect
on the number of panicles n The maximum number of panicles®mvas
obtained from the transplanting of rice or"2@ay and was closely followed by
1% June transplanting. Grain yield of cereals is iglependent upon the number
of panicles produced m(Power and Alessi, 1978 and Nerson, 1980). Thighmi
be due to better environmental factors like moréeative use of light,
temperature, nutrients etc during the critical gloatages like panicle initiation,
flowering and grain filling periods which causedddiller mortality in the earlier
sowing dates, and consequently increased paniclés The results were in
accordance with Singh and Pillai (1995) and Sirg§f)0B).

Nitrogen levels played an important role in ingieg number of panicles
m? as it increase tiller number in rice. The ressh®wed that the number of
panicles rif increased gradually due to increasing level abgien application up
to 120 kg h&. The increase in paniclesobserved for this treatments were due
to positive role of nitrogen in the growth, and d@pment of plant. Increased
nitrogen application ensures better availabilitynittogen to plants during the
tillering period of rice, which might have resultedmore productive tillers and
consequently the panicle™mIncreasing trend of panicle at the higher lewals
nitrogen was also observed by BRRI (2002). Theltesue also in conformity
with those of Tripathi and Jaishwal (2006), Kanyigaal. (2007), Bera and
Pramanik (2010) and Mahajahal. (2010).

Among the transplanting dates no significant défee in panicle length
was noticed. The length of the rice panicle deteesithe number of grains it can
hold, and consequently rice yield; it is thereforee of the most important traits
assessed in yield-related research (Huastgal, 2013). The results are in

accordance with Akrarat al. (2007).
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The panicle length varied markedly among diffemr@irogen levels. The
maximum panicle length was recorded by the cropiving 120 kg N ha. The
findings are in conformity with those of Sharread al. (2014), Mannaret al
(2010) and Mannaet al. (2012).

More panicle weight was recorded by the crop ftamged on 26 May,
which was at par with*1June transplanting. The panicle weight is assediaiith
the yield, as more panicle weight contributes taengield due to the fact that
presence of more grains increases the weight op#micle. The more panicle
weight of early dates might be due to better emvirental conditions during grain
filling and growth stages, which resulted in profiing of grains and increased

the weight of the panicle.

Nitrogen levels played an important role in incieg the weight of the
panicle. Maximum panicle weight was recorded by drap receiving 120 kg N
ha', which was significantly higher than 60, 30 an#ON ha', but was at par
with 90 kg N h&. The more panicle weight at higher doses of néromight be
due to better availability of N to plants at paeichitiation and growth stage,
which might have resulted in more grains thus npgaeicle weight. The results
are also in accordance with that of Mahagaal (2010).

Significantly more number of spikelets panitleere recorded for the
20" May and ' June transplanting than the™dune transplanting date. This
might have been caused by more favourable temperdtuing panicle initiation
and flowering stages of the ®®ay and i June transplanting. Tsai (1989) also
reported higher spikelet number paniti@ the earlier transplanting dates. The
results were also in accordance with the findingjsMaruyama and Tanaka
(1985).

Also, more spikelets panicteat the nitrogen levels of 120 and 90 kg ha
levels as compared to the 60, 30 kd' fand control were observed. This might

have been due to the fact that spikelet degenaraterreases linearly with
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increasing N levels due to increase in nitrogenceatration in the leaf at
anthesis. The nitrogen levels 120 and 90 kg Ndre at par with each other. The

results were in line with of Sharma and Singh (1999

The number of filled grains panicielecreased significantly due to delay
in transplanting date. Transplanting dates anagén levels played an important
role in regulating the grain development processnomatic rice. The highest
number of filled grains paniclewas recorded in crop transplanted off' 28ay
and it was significantly greater than the crop sawn® June and 11 June,
respectively. The lower number of filled grains joéet’ in the later transplanting
dates might be attributed to the lower temperapuexalent during the flowering
and grain filling period which caused the lower lpol germination and
consequently increased the unfilled grains pergb@nt he flowering period of the
last date of transplanting coincided with the déatasgy floods and low
temperature. The day and night temperature dunagweek was dropped to 14.1
and 11.7°C, respectively. The decrease in grains per panigth delay in
planting time was also reported by BRRI (1989), amd Huang (1992), Baét
al. (1993) and Sindtet al (2005).

The number of filled grains paniclé varied markedly among the
different nitrogen levels. The highest number dfedi grains panicié was
produced in crop receiving 90 kg N“haut was at par with application of 120 kg
N ha'. The results indicated that application of lowelo$ fertilizer did not meet
the nutrient needs of the crop particularly durthg panicle initiation stage and
grain filling period resulting in lower number dfléd grains paniclé. Also, the
more number of grains paniciebtained in treatments received higher nitrogen
rates were probably due to better nitrogen statyslamt during panicle growth
period. The results are in conformity with the fimgl of Singh and Sharma
(1987), Mundaet al (1994), Kumaret al. (2003), Raju and Suneetha Devi
(2005), Srivastavat al. (2006), Zaidiet al. (2007), Huanget al. (2008), Narendra
Pandeyet al. (2008), Chakraborty (2011) and Reioal. (2013).
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Among the transplanting dates, the highest digliwas recorded for
the 11" June transplanting date, it could also be atteihuto the lower
temperature during the heading and grain fillingique Halappaet al. (1974);
Magor (1984); BRRI (1989); Babt al. (1993); Singhet al. (2005); Nahaet al.
(2009); Shimizu and Kumo (1967) and Batt al. (1995) reported that
performance of rice is greatly influenced by théedaf transplanting due to the
effect of cold hazard and incidence of biotic drd3eviation from the optimum
transplanting time may cause incomplete and irago&nicle exertion, increased
spikelet sterility. Temperature has an importamé ia the grain filling process.
Both high and low temperature is an important caafsepikelet sterility. Late
transplanting exposes the reproductive phases hsasv@henological events of
crop in an unfavourable temperature regime theoalnging high spikelet sterility
and poor growth of the plant. Delayed transplantmgler Kashmir conditions
exposes the flowering period of rice to lower terapgre. Yield losses due to low
temperatures are a result of incomplete pollen &ion and subsequent floret
sterility. Low temperature causes various typegpiries in rice plants, but the
most important one is spikelet sterility. They repd that filled grain production
decreased significantly with the delay of plantiwlgich was due to occurrence of
low temperature at anthesis and spikelet primortbaiation. Wide range of
abnormal spikelets, all of which were induced undee low temperature
treatments at the young panicle primordium diffiedion stage. Late planting,
low temperature at the pollen development stage oaayge a sharp decline in
fertile or filled spikelets particularly in the ptwinsensitive cultivars, which
causes poor pollen germination and hence lowedgiebimilar results were also
reported by Sahat al. (1983), Ashratt al.(1989), Chandra and Mannan (1989).

Among the different nitrogen levels the higherkspet sterility was
recorded for the 120 kg N HaThis might be due to the reason that higher doses
of nitrogen produced profuse tillering, which leddompetition among the tillers

and reduced the quantity of photosynthates fronmcsoto sink, which would have
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resulted in more number of ill-filled grains, thdye increased the sterility%. The
increase in spikelet sterility with increase irrogten levels were also reported by
Jadhawet al.(2004) and Manast al. (2010).

Transplanting dates had a significant effect o601@rain weight. The
maximum 1000 grain weight was obtained from thepctmnsplanted on 30
May, and was closely followed by the crop transgdron £ May. The higher of
1000 grain weight of early transplanting dates rmibe due to favourable
environmental conditions like temperature and hutyiduring grain filling and
development process experienced by the crop. Tindasifindings were also
recorded by Taret al.(2007) and Akbaet al (2010)

Nitrogen application increased the 1000 grain Wwegjgnificantly with
increase in levels up to 120 kg-hdncrease in grain weight at higher nitrogen
rates might be primarily due to increase in chlbsgibcontent of leaves which led
to higher photosynthetic rate and ultimately pleafyphotosynthates available
during grain development. The results are in limd whose of Awaret al.(1984),
Rafeyet al.(1989), Manzooet al (2006) and Gill and Walia (2014).

53 Yield and harvest index

The grain yield decreased with delay in transptgndate. Yield in any
given environment is the result of the yield comgrutis developed in different
developmental phases and growth stages. Transugatnie played an important
role in regulating the grain yield of aromatic rid8eld potential is determined by
the number of tillers formed during the vegetatyrewth phase, the number of
panicles produced at the end of the vegetativeestdge number of spikelets
formed in each panicle during panicle developmigat number of fertile spikelets
determined during the flowering stage, and thelfindividual grain weight
determined during the grain filling phase (Dingkuand Kropff, 1996).The
results were in accordance with findings of Mohardraeal. (2001), Chopraet
al. (2003), Chopra and Chopra (2004), Sirgghal. (2004), Ramet al. (2005),
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Igbal et al. (2008), Hussaiet al. (2009) and Akbaet al. (2010).

The nitrogen levels also exerted a significane@ffon grain yield of
aromatic rice. The grain yield increased steadiljthe increase in nitrogen level
up to the 90 kg N h§ with further increase in N levels there was arease in
grain yield. Behera (1998) also reported that improents in grain yield can be
attributed to increments in yield components. lases in yield components are
associated with better nutrition, plant growth aindreased nutrient uptake
(Kumar and Rao, 1992; Thakur, 1993). The resulteveéso in conformity with
Maraziet al.(1993), Baliet al. (1995), Sharma and Singh (1999), Bhowmick and
Nayak (2000), Ehsanullaét al. (2001), Palet al. (2001), Meenaet al. (2003),
Boling et al. (2004), Jadhaet al.(2004), Sidhwet al.(2004), Singtet al. (2004),
Gautamet al. (2008) and Mannaet al. (2010).

Transplanting dates had a significant effect oavstyield. The maximum
straw yield was obtained from the crop transplame@0” May. The higher straw
yield in the early transplanted crops was due tghdér growth and yield
parameters like tiller number M dry matter, etc. which contributed to higher
straw yield. The higher straw yield in the earlpnsplanted crops was also
reported by Bali and Uppal (1995) and Palietal (1996).

Nitrogen application increased the straw yield ngigantly with
increased nitrogen levels up to 120 kg N'hZhe highest straw yield was
produced in crop receiving 120 kg N haThe vigorous crop growth for the
nitrogen treatments might have resulted in highramsyields. Salanet al. (2004)
also reported higher straw yield with successivaeaase in nitrogen levels. The
results were also in conformity with those of Jadka al. (2004), Islamet al.
(2008), Manaret al. (2010), Pramanik and Bera (2013) and Raal. (2013).

Transplanting dates had a significant effect oaldgical yield. The
maximum biological yield of was obtained from the transplanted on 20

May, and was closely followed by the crop transgdnon ' June. Higher
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biological yield under early sown crop were alsported by Mohapatra (1989).

Nitrogen application increased the biological gidignificantly with
increase in levels up to 90 kg haGangaiah and Prasad (1999) also reported
higher biological yield with increased nitrogen é&s: Similar results have been
also reported by Manzoat al. (2006), Islamet al. (2008) and Sreenivas and
Reddy (2008).

Transplanting dates and varying levels of nitrogad a significant effect
on harvest index. The maximum harvest index wasiobdt from the crop
transplanted on 2D May. This might be due to the proper crop growtid a

development and assimilate accumulation in thengrai

The nitrogen levels also exerted significant dffex harvest index of
aromatic rice. The nitrogen level of 90 kg heegistered the highest harvest
index. The decrease in harvest index at the lowssgen levels might be due to
lower availability of translocates required for igrdilling. The results are in
conformity with those of Mahajan and Tripathi (199Rehal and Mishra (1994),
Pramanik and Bera (2013) and Raal. (2013).

5.4 Quiality attributes

Perusal of data indicated that transplanting dateswvell as nitrogen

application had no significant effect on grain ntwis content at harvest.

Transplanting dates and nitrogen levels had aifgignt effect on
different grades of aromatic rice. Among the trdausfing dates 20 May
recorded the highest percentage of grade one ilew@h delay in transplanting
the percentage of G | i.e. superior grade decreab#és as the percentage of G Il
and G lll i.e. inferior grades increases signifitanThe good percentage of G |
during earlier transplanting might be to better penature at the time of flowering
and grain filling stages, while during floweringdagrain filling stages the late
transplanting date i.e. T1June experienced unfavourable weather conditions

which causes incomplete filling of grains.
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The percentage of G | increased significantly tvad of G Il decreased
continuously when nitrogen level was increasedaup@ kg N hd, whereas the
percentage of G Ill increased significantly up 80kg N h&. At 120 kg N ha
the percentage of G | decreases and that of Gidheases. This might due the
availability of nutrients during flowering and gnaifilling stages at higher
nitrogen levels. For Grade lll, highest value wagnid for the crop with control
treatment (50.32%), which was significantly highkan other nitrogen levels.
The production of inferior grades at 120 kg N'traight be due to more sterility
at higher level of nitrogen.

The hulling percentage of scented rice was sicpguifily influenced time
of transplanting and nitrogen levels. The higheslifg percentage was recorded
by the crop transplanted on"2May, which might have been due to more number
of filled grains recorded for earlier transplantidgte. The percentage of late
transplanting might be due to less number of fitiegins of delayed transplanting
dates. Increase in nitrogen level increased théngupercentage significantly.
The better nitrogen availability to the crop atHheg nitrogen levels might has
resulted in better grain filling and more numbefilbéd grains which attributed to
more hulling percentage. The results were foundni& with that of Srivastava
and Singh (2007). Transplanting dates had a sggmfi effect on milling
percentage. The highest milling percentage was irsdda from the crop
transplanted on 20May. The high milling percentage of 20ay transplanting
date might be due to proper filing and formatioh wld seeds than late
transplanting dates. Milling percentage of aromate increased by increase in
nitrogen level up to 120 kg N Ha The results agree with the findings of
Srivastava and Singh (2007).

Transplanting dates and nitrogen levels have fogmitly influenced the
brown rice length and breadth (Plate-3). As far temsplanting dates are

concerned, the highest brown rice length aneadth was recorded for the"™20
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May transplanting. The results are in conformityirmthose of Islanet al (2008)
and Mukestet al (2013).

Brown rice length and breadth was significantljeetied by different
levels of nitrogen. Application of 120 kg N ‘haesulted in higher brown rice
length and breadth but was at par with nitrogerlley 90 kg N h&. The results
are in line with those of Sharmneh al (2012) and Magsoocet al (2013).

Length breadth ratio of brown rice was signifiggninfluenced by
transplanting dates and nitrogen levels. Th& RGay transplanting recorded

highest L/B ratio. The results are in conformityttwihat of Islanet al (2008).

Nitrogen levels significantly influence the L/Bti@a The findings are in
accordance with those of Srivastava and Singh (R&Hharmeet al (2012) and
Maqgsoodet al. (2013).

Transplanting dates and nitrogen levels had aifgigntly effect on
kernel length after cooking (KLAC). Highest valué KLAC was found with
transplanting of crop on 30June, which was found at par with' June

transplanting date.

The nitrogen levels also exerted significant pesiteffect on KLAC.
Significantly higher KLAC reading was recorded wilte application of 120 kg N
ha'. The findings are in line with those of Mahajenal (2011), Guatanet al
(2008) and Srivastava and Singh (2007).

Transplanting dates did not show any significaffiéae on elongation
ratio, however with increase in nitrogen level #lengation ratio also increases
significantly. Application of 120 kg N Raresulted in highest value for elongation
ratio, which was significantly higher than all otlmtrogen levels. The elongation
ratio is the important cooking quality traits otei The higher values of these
traits are desirable and much preferred by the woess. The results are in
conformity with that of Mahajaet al (2011).

Transplanting dates and nitrogen levels does nfttienced the gel
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consistency of scented rice. However, an examinaifadata reveals that the gel
consistency of pusa basmati 1509 falls under thegoay of soft gel consistency.

Among the transplanting dates higher head ricevery was recorded
for the 28" May transplanting date and lowest for".lune transplanting date.
Gao and Zang (1994) also reported that rice yield gquality are not only
controlled by genetic factors, but are also largeRuenced by environmental
factors. Similar results were obtained by Bali dshgbal (1995) from Ludhiana,
who reported that basmati rice sown earlier hadhdrignead rice recovery than
late sown crop. Lower grain quality traits undeelaowing were also reported by
Singt? et al. (2005) and Chopret al. (2006).

As regards the different levels of nitrogen sigmiht difference in head
rice recovery was noticed. The highest head rice%s wecorded for crop
receiving 120 kg N H& The results were also in accordance with theirfiysl of
Devi et al. (2012) who also reported improvement in the qual@rameters of
aromatic rice with increase in nitrogen levels.réase in quality of rice with
higher nitrogen levels were also reported by Peteal. (1996), Singh et al.
(1997) and Khalid and Chaudhry (1999).

Transplanting dates influenced the aroma of scdente. It was found
that aroma of rice decreases with delay in traméjplg date. Different nitrogen
levels did not follow a specific trend for aromaRifisa Basmati. However, 20
May transplanting with application of 90 kg N haesulted in highest aroma
(Rank 1). Srivastava and Singh (2007) also foundnarease in aroma up to

certain nitrogen level and that it decreases.

Volume expansion of scented rice was significantifluenced by
transplanting dates and nitrogen levels. Amongttaesplanting dates ?(]\/Iay
transplanting recorded significantly higher valoe ¥olume expansion (3.94) and
lowest by 11" June transplanting (3.35). Hossainal (2007) also found highest

volume expansion in case of earlier transplantizigsl
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Among the nitrogen levels application of 120 kd&l' recorded highest
value for volume expansion (3.78), which was sigaiitly higher than all other
nitrogen levels? The lowest value for volume expansvas found for control
(3.46). The increase in volume expansion with iasesin nitrogen levels was also

reported by Srivastava and Singh (2007).

Among transplanting dates highest protein conteas recorded for the
crop transplanted on 2May (7.50%) and lowest for late transplanting 1&"
June (7.30%).

As regards the different levels of nitrogen alstiecence in protein
content was noticed. The highest protein conterst neaorded for application of
120 kg N h& and lowest for control. Increased protein conteith increased
level of nitrogen applied is due to the fact tharagen forms the principal
constituent of protein and indisputably protein teort would be always in direct
proportion with the dose of applied nitrogen. Fingli of the present investigation
are in agreement with those of Jadleawal. (2003), Singtet al.(2007) and Singh
et al. (1997). The application of nitrogen increased thatgin content which, in
turn, might have improved the hulling percentagel &ead rice recovery by
increasing the resistance of grains to abrasiviengiprocess. High-protein rice is
more resistant to abrasive milling than low-proteae (Cagampangt al, 1966).
High protein content also has been reported to avgomilling and head rice

recovery percentage (Peretzal, 1996).

The data pertaining to amylose content indicabted amylose content
was not influenced by transplanting dates. Thelrésin agreement with Hossain
et al (2007). However, the amylose content of Pusa B#sdb09 falls in
intermediate category which is in line to thos&athu (1989) and Maqgsoe al
(2013).

Application of 120 kg N Hi resulted in highest value for amylose

content, which was found statistically at par wdth kg N h&. The lowest value
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for amylose content was found in control treatmdiite increased rates of N
application were at a greater advantage in termsnofeased growth. This
increased growth probably resulted in higher irgption of radiation and thus
greater production of photosynthates. Stimulatidn goowth could provide
increased assimilates and metabolites resultimgcireased amylose content. The
results are in line with those of Deatial (2012)

5.5 Nutrient concentration and uptake

Perusal of data revealed that N, P and K contehindt showed any
significant variation among the different transpiag dates. Also, as regards the
different nitrogen levels, the data on nitrogenteat it increases with increase in
nitrogen levels. The highest value was recorded.ffr kg N hd and lowest for
control. This might be due to the fact that N, Rl & content of a variety is a
genetic trait and is least affected by managemexttiges. Sang and Kang (2012)
also found no significant difference in the nitragsntent with varying nitrogen

levels.

The data on N, P and K uptake in grain, straw tatal uptake revealed
that significantly higher N, P and K uptake wasoreed for the 20 May
transplanting and lowest for the™Ldune transplanting. This could be attributed to

the higher dry matter accumulation of the earleviag dates.

The N, P and K uptake was significantly differamong the different
nitrogen levels, and was found to increase withréase in nitrogen levels.
Increased nitrogen uptake with application of iasftag nitrogen levels from 0 to
120 Kg N h& might be due to increased root growth that absorbee nutrients
from the soil at higher N level resulting in high@trogen concentration in dry
matter. Also this might be attributed to the fawtthigh nutrient uptake of the
crop is favoured by additional supply of nitrogamridg maximum growth phase.
Patel and Thakur (1997) also support same findifige beneficial effect of

increasing nitrogen levels on the N, P and K uptake also reported by Ebaid
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and Ghanem, (2001). The results were also in aaocsdwith the Dalal and Dixit
(1987), Shinanet al. (1995), Gangaiah and Prasad (1999), Fagsra. (2003),
Srivastaveet al. (2006), Zaidiet al. (2007), Narendrat al. (2008), Prudentet al.
(2008), Tayefeet al. (2011) and Raet al. (2013).

5.6 Soil nutrient status

As regards the final available nitrogen, data aée@ that plots receiving
no nitrogen fertilizer recorded lowest final avaik nitrogen. However, regarding
the available phosphorous and potassium, the highent of phosphorous and
potassium was found in the control plots receivimgg nitrogen. However, the
organic carbon% was almost same in all the treatro@embinations. The lower
nitrogen status of the plots receiving no nitrodertilizer is probably due to
uptake of nitrogen by the crop from the soil foy anatter production and no
replacement of nitrogen taken by fertilizers. Hoegvhigher phosphorous and
potassium content of soil receiving no nitrogentilieer may probably be
attributed to the lower crop growth and dry magerduction of these treatments

compared to other treatments.
5.7 Economics

The economics of transplanting time and applicatd nitrogen levels
calculated for gross return hanet return hd and B:C ratio invested for aromatic
rice show that transplanting time significantly lighced the economics of
aromatic rice production. In aromatic rice higheoss return and net return-ha
was with transplanting date oft?(lvlay with the nitrogen application of 90 kg ha
! Transplanting on 2bMay and application of 90 kg Hanitrogen fertilizer also
recorded higher B:C ratio (3.84). This might be douéetter growth and higher
yield of the aromatic rice grown on20/ay with the application of 90 kg N Ha
Higher B:C ratio in the early planted crop with Bggtion of higher nitrogen
level was also reported by Gangwar and Sharma [j198&yhet al. (2000), Pakt
al. (2001), Kumar and Ikrammullah (2004) and Akbgtal. (2010).
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Chapter - 6
SUMMARY AND CONCLUSION

The field experiment entitled, “Agronomic Evaluatiof Pusa Basmati-
1509 for Yield and Quality under Varied TransplagtiDates and Nitrogen
Levels” was carried out duridgharif 2014 at Mountain Research Centre for Field
Crops, Sher-e-Kashmir University of Agriculturali@wes and Technology of
Kashmir, Khudwani. The experiment was laid out spét-plot design with three
transplanting dates (?May, 1 June, 11 June) and five nitrogen levels (0, 30,
60, 90 and 120 kg N H& The soil of the experimental field was siltyyclaam,
low in available nitrogen, medium in available pplosrus and potassium and
neutral in reaction. The treatment effects in waicharacters under study have
been described in detail in preceding chapters. ifhgortant findings are

summarized here under:
6.1 Effect of transplanting dates

All growth parameters like plant height, dry matecumulation (g h9,
leaf area index, tillers thwere significantly higher for the $May transplanting

and lowest for the f1June transplanting.

Days taken to reach various phenological stage® were in case of
20" May transplanting and were closely followed B{Jtine. The lowest number

of days was taken by the"Ldune transplanting.

The vyield contributing characters viz. number ahisles nf, panicle
length (cm), panicle weight (g), spikelets panfcldilled grains paniclé and
1000-seed weight were significantly highest inecas2d" May transplanting and
was closely followed by®1June transplanting. The yield contributing chazest
were lowest for the f1transplanting date. The highest sterility percgataas

however, found in the™.June transplanting date.

Highest grain yield, straw yield, biological yiedohd harvest index were
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recorded with the 20May, followed closely by the*1lJune transplanting, while

the lowest was found in case of"Llune transplanting date.

All the grain quality parameters like hulling%, Ilimg%, superior grain
grades, brown rice length and breadth, L/B ratibAK, elongation ratio, HRR,
volume expansion and aroma were highest with Rty transplanting, which
was closely followed by*®1June transplanting, while lowest was found in azfse
11" June transplanting date. No significant differemes, however, found among
all the transplanting dates for grain moisture eattgel consistency and amylose

content.

As far as N, P and K uptake is concerned, highd? Bind K uptake were
found in the 288 May and ' June transplanting and lowest for the"1lune
transplanting. However, the N, P and K content weoé found significantly

different among the transplanting dates.
6.2 Findings on levels of nitrogen fertilization

The nitrogen level of 120 kg N Haecorded significantly higher growth
parameters like plant height (cm), dry matter aadation (q hd), leaf area
index, tillers n¥ and was closely followed by nitrogen level of @& ha'. The
other nitrogen levels (60, 30 and 0 kg N*heecorded significantly lower growth
parameters. However, the lowest plant height, Lédy matter and growth

parameters were recorded for the control plot (lNkg).

Days taken to reach various phenological stage® wwre in case of
higher nitrogen levels of 120, 90 and 60 kg N'laad lower in case of 30 and 0
kg N ha'.

The vyield contributing characters viz. number ahisles nf, panicle
length (cm), panicle weight (g), spikelets paricknd 1000-seed weight were
significantly highest in case of nitrogen level 10 kg N h& and was closely
followed by nitrogen level of 90 kg N HaHowever, filled grains panicfewere

found highest for application of 90 kg N*harhe nitrogen levels of 60, 30 and 0
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kg N ha' recorded significantly lower yield contributingarfacters. However, the
yield contributing characters were lowest for tloatcol treatment. The highest
sterility percentage was, however, found in theogien levels of 120 and 90 kg N

ha® and lowest for control.

Highest grain yield and harvest index were recordéh the nitrogen
level of 90 kg N h&, while as highest value for straw yield was reedrat 120

kg N ha'. However, the lowest values were recorded forctirol treatment.

The grain quality parameters viz. hulling (%), Img (%), superior grain
grades, brown rice length and breadth, L/B ratibAK, elongation ratio, HRR,
volume expansion and amylose content were signifigahighest in case of
nitrogen level of 120 kg N Faand was closely followed by nitrogen level of 90
kg N ha’. The nitrogen levels of 60, 30 and 0 kg N*hacorded significantly
lower yield contributing characters. Highest arowes found with application of
90 kg N hd and no significant difference was, however, fowmong all the

nitrogen levels for the gel consistency

Nitrogen, phosphorus and potassium uptake wasdfdughest in the
nitrogen level of 120 kg N Haand was closely followed by nitrogen level of 90
kg N ha', while the lowest values were recorded for contrebtment. The
nitrogen level of 120 kg Warecorded highest value for N content. Whileasn® a

K content was not found significantly differentah the nitrogen levels tested.
CONCLUSION

Based on one year study, it can be suggested ftratrealizing
economically higher grain yield under the temperalienatic conditions of
Kashmir valley, it is advantageous to transplam #tented rice variety Pusa
Basmati-150%arlier in the season (‘chlay) with nitrogen application of 100 kg
N ha’ to achieve the higher net returns and the high@rrBtio.
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APPENDIX —|

Mean weekly meteorological parameters during crop pwth period

Standard Temperature (°C) Mean Sun
meteorological T Rainfall relative shine
weeks Maximum  Minimum humidity ~ (Hours)
16 154 5.9 5.1 77.36 3.19
17 22.9 6.6 0.1 59.93 8.10
18 24.8 7.5 0.3 68.36 6.90
19 215 8.1 2.6 71.48 5.07
20 19.8 8.1 1.8 73.07 3.57
21 22.6 7 4.4 64.07 6.96
22 25.9 10.2 3.1 64.86 8.37
23 29.1 11.4 6.8 54.29 10.90
24 29.8 12.7 0 54.07 9.13
25 26.7 14.2 0.5 61.5 6.77
26 28.5 14.4 0.4 59.14 8.24
27 26.7 15.3 2.2 64.86 7.20
28 30.1 16.2 0 59.5 9.06
29 27.1 17 0.8 69.14 6.94
30 30.1 20.2 2.1 63.86 8.39
31 29 17.1 4.3 60.14 9.33
32 29.1 16.9 0.5 64.5 5.86
33 26.1 14.9 13.9 68.07 7.73
34 27 12.2 0.4 66.29 9.07
35 24.1 13.4 2.7 78.21 3.61
36 16.6 12.9 86.3 90.29 2.10
37 25 11.3 0 76.29 8.10
38 27.1 9.6 0 70.14 8.66
39 25.8 9.7 0.8 67.5 7.94

[Source : Meteorological Observatory, IMD, Qazigund Anantnag]
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