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|mpact of different sourcesof organic manuresin
comparison with RDF and INM on important
quality parametersof ricevariety co(r)48withyidd
and derived correlation and regression equations
under Ste-gpecific organic farming condition

l S. ALAGAPPAN AND R. VENKITASWAMY

SUMM ARY : Field experimentswere carried out at Tamil Nadu Agricultural University, Coimbatore,
Indiaduring Samba 2012 (August-December) and Samba 2013 to study theimpact of different sources
of organic manuresin comparison with RDF and INM on important quality parameters of rice variety
CO(R)48 withyield and derived correlation and regression equations under site-specific organic farming
condition. The field experiment consisted of fourteen treatments which were laid out in Randomized
Block Design, replicated thrice and square planting (25 x 25 cm) was adopted, the same layout was
mai ntai ned for next year Samba rice season. The quality parameters such as milling percentage, hulling
percentage, head rice percentage, co-efficient of shelling, volume expansion ratio, water absorption
ratio, elongation ratio, amylose content and protein content under organic farming were recorded
higher during both the years of experimentation. Similarly, the grain yield of rice was aso recorded
during both the years of experimentation. All the important milling characteristics of paddy and the
important quality parameters of rice were subjected to correlation and regression analysis and the
separate correlation and regression equations were derived for grain yield of rice for both the years of
study under site-specific organic farming condition. Theimportant milling characteristics of paddy and
theimportant quality parameters of ricewere recorded with 100 % RDN through green manure (Dhaincha)
Seshania acul eata applied treatment, followed by 25% RDN through each organic manures combination
recorded better resultsthan other organic, RDF and INM treatmentsin both the years of experimentation.
The performance of INM imposed treatment followed by RDF recorded morerice grain yield than the
organic treatments, whereas the quality parameters wise, the organic treatments such as 100% RDN
through green manure followed by 25% RDN through each organic manures combination recorded
better results under organic farming than RDF and INM imposed treatments during both the years of
investigation.

How to citethisarticle : Alagappan, S. and Venkitaswamy, R. (2017). Impact of different sources of organic
manures in comparison with RDF and INM on important quality parameters of rice variety co(r)48 with yield
and derived correlation and regression equations under site-specific organic farming condition. Agric. Update, 12
(TECHSEAR-9) : 2459-2475.
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BACKGROUND AND OBJECTIVES

Organic farming can provide quality food without
adversely affecting the soil health and environment. The
number of organic farms are increasing in India day by
day. Thedemand for organic productsareincreasing al
over the world as increasing number of people are
becoming health conscious. Food materials produced
organically hasgot in placein food market in developed
and devel oping countries (Urkurkar et al., 2010). Inthis
direction, organic production of rice may increase the
profitability of the farmersby earning foreign exchange
through exports (Mahgjan et al ., 2012). Organic sources
of nutrientsarethe best alternative for improving physical
and biological properties of soil and improving crop
productivity of rice based high value crops (Yadav et al .,
2013).

Research programmes undertaken to increase the
production and productivity of riceis of great valuein
the service of mankind and the nation (Barwale, 1993).
A knowledge of associ ati on between yield and morpho-
physiological and quality traits will help to make
simultaneous sel ection for more characters. Partitioning
the correlation co-efficientsinto direct and indirect effects
will help in estimating the actual contribution of an
attribute and its influence through other characters.
Awareness about crop quality and soil health increased
the attention of peopletowards organic farming (Sharma
et al., 2008). Balanced use of nutrients through organic
sources like farmyard manure, vermicompost, green
manuring, neem cake and biofertilizersare prerequisites
to sustain soil fertility, to produce maximum crop yield
with optimum input level (Dahiphale et al., 2003). The
organic manures |eave behind sufficient residual effect
for the sequence crops (Singh et al., 1996). The cropping
sequence of rice-pulse is practically feasible, viable,
economical, eco-friendly water saving technology for
sustaining soil fertility and rice productivity (Srinivasa
Reddy, 2002).

Good crop stand establishment is one of the key
components for efficient use of resources and inputs,
consequently for achieving desired level of productivity.
Efficient utilization and recycling of on farm resources
ishighly possiblein organic farming situationsto produce
more farm inputs and for enhancing the quality of the
farm produces. Thewider spacing adoption (25 x 25 cm)
for transplanting of rice enhanced the number of tillers
per hill, enhances the rice productivity and economic
returns (Gujja and Thiyagarajan, 2009).Therefore, the
field experiment was conducted to find out theimpact of
different sources of organic manuresin comparison with
RDF and INM on the dependant variable (yield) of rice
variety CO(R)48 with different independent variables
(different milling and quality parameters) of rice with
derived correlation and regressi on equations under site-
specific organic farming condition.

RESOURCES AND METHODS

Description of the study site :

Field experiments were carried out at Tamil Nadu
Agricultural University, Coimbatore, Indiaduring Samba
2012 and 2013 (August-December) and the experimental
plot was in ‘O’ block of the Wetland farm, situated at
the Western agro-climatic zone of Tamil Nadu at 11°N
latitude and 77°E longitude and at an altitude of 426.7 m
above mean sealevel. The soil of the experimental field
was clay loam in texture belonging to Typic Haplustalf
with low inavailableN (254.0 and 260.0 kg ha?), low in
available P (16.7 and 17.8 kg ha?) and high in available
K (402.0 and 418.0 kg ha?) during the first and second
years, respectively.

Materials used for the experiment :
Planting materials :

The medium duration rice variety called CO(R)48
was used in Samba season as thetest crop during 2012-
2013.

Table A : Nutrient content of or ganicmanuresused in the fiel dexperiment on dry weight basi s

Organic manures

Samba 2012 Nutrient content (%)

Samba 2013 Nutrient content (%)

Seshania aculeata

N P K Ca Mg C:N Raio N P K Ca Mg C: Nréaio
Farm yardmanure 060 042 064 021 018 20:96 058 040 0.68 0.18 017 23:00
Vermicompog 191 064 120 031 027 18:98 188 0.68 124 0.33 0.28 18:82
Poultry manure 227 142 124 422 065 17:36 225 145 122 401 0.62 17:41
Green manure (Dhainchd) 267 068 126 117 0.5 1891 265 0.66 128 107 0.77 18:64
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Treatments and experimental design :
Treatment details :
T, : Absolute control ( No fertilizers/ manures)
T, : 100% Recommended dose of nitrogen (RDN)
through FYM
T, : 100% RDN through Vermicompost

3
T, : 100% RDN through Poultry manure
T, : 100% RDN through Green manure*
T, : 50% RDN through FYM + 50% RDN through

Vermicompost

T, : 50% RDN through FYM + 50% RDN through
Poultry manure

T, : 50% RDN through FYM + 50% RDN through
Green manure*

T, 50% RDN through Vermicompost + 50% RDN
through Poultry manure

T,, - 50% RDN through Vermicompost + 50% RDN
through Green manure*

T,, - 50% RDN through Poultry manure + 50%
RDN through Green manure*

T,,: 25% RDN each through FY M + Vermicompost
+ Poultry manure + Green manure*

T,, : Recommended Dose of Fertilizers (RDF)
through inorganic fertilizers (150:50:50) NPK kg ha'

T,, . Integrated Nutrient Management (INM)
practice (RDF + GM @ 6.25 t ha?).

*Green manure : Dhaincha (Sesbania aculeata)

incorporation asgreen leaf manureat thetime of puddling
(twoweeks prior to transplanting). T ,and T, involving
inorganic fertilizer applied plots were established
separately well away from organic treatmental plots.

Experimental design :

The experiments were laid out in a Randomized
Block Design with threereplications. The gross and net
plot sizeswere5.0x 4.0 mand 4.5x 3.5 m, respectively.

Experimental procedure :
Organic manure application :

On N equivalent basis, required quantities of
farmyard manure, decomposed poultry manure,
vermicompost were applied in the soil one week before
transplanting, whereas the dhaincha (Sesbania
aculeata) green manure was applied two weeks prior
to transplanting on wet weight basis. Different sources
of organic manures nutrient content were furnished in
(Table A), and the quantity applied as per treatment
schedule were furnished in (Table B).

Inorganic fertilizer application :

Recommended doses of 150:50:50 kg ha! of N, P
and K in the form of urea, single super phosphate and
muriate of potash were applied to therice crop in respect
of treatment T_ .. The N was applied in four equal splits
viz., at basal, active tillering, panicle initiation and

Table B : Quantity of organic manures added on Nequivalent basis and quantity of POs and KO substituted (kgha®)
Tregments Quantity added for 100 % N ons and KzO Ezc)j and KgO
2012 2013 Qbstitued during 2012 SQbstitued during 2013
T1: Absoluecontrol - - - - - -
T»:100% RDN through FY M 25000 25862 105.00 160.00 103.00 176.00
T3:100% RDN through VC 7853 7979 50.30 94.24 54.26 98.H
T4:100% RDN through PM 6608 6667 93.83 8194 96.67 8134
Ts:100% RDN through GM 25281 25470 38.20 70.79 37.36 72.45
Te: 50% RDN each of FYM + VC 12500 + 3927 12931 + 3990 77.65 127.12 78.63 13747
T+7:50% RDN each of FYM + PM 12500 + 3304 12931 +3334 99.42 120.97 99.84 128.67
Tg:50% RDN each of FYM + GM 12500 + 12640 12031 +12735 71.60 11540 70.18 124.23
Tg:50% RDN each of VC +PM 3927 +3304 3990 +3334 72.07 88.09 75.47 90.14
T10:50% RDN each of VC + GM 3927 + 12640 3990 + 12735 44.25 82.52 4581 85.70
T :50% RDN each of PM + GM 3304 + 12640 3334 + 12735 66.02 76.37 67.02 76.90
T : 25% RDN each of FYM + VC +PM + 6250 + 1963 + 6466 + 1995 + 71.86 101.75 72.83 107.19
GM 1653 + 6320 1666 + 6368
Tz :RDF: (150 : 50 : 50) NPK kg ha* - -
T14:INM Practice (RDF + GM @6.25t ha ) -

FYM : Farmyard manure, VC : Vermicompod, PM : PoultrymanureandGM GremmmureDhamcha(Seﬂaanlaawleata)

INM : (150:50:50) NPK kg ha' Aspirillum @ 2.5 kg ha, Phosphobacteria @ 2.5 kgha®, Zinc sulphate @ 50 kg ha* and Green manure 6.25t ha*
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flowering stages. Theentire dose of Pand K were applied
basally before sowing. Only rice crop was fertilized
while greengram was raised as aresidual crop without
any organic and fertilizer application.

Integrated Nutrient Management (INM) application:

In INM treatment T,,, 6.25 t ha* of green manure
Dhaincha (Sesbania aculeata) was incorporated two
weeks prior to transplanting along with the recommended
doses of 150:50:50 kg ha! N, P and K in the form of
urea, single super phosphate and muriate of potash were
appliedtothericecrop. In addition tothis, application of
5 kg ha! of Azospirillum, 5 kg ha of Phosphobacteria
and 50 kg ha? of zinc sulphate were applied as basal
prior to transplanting.

Water management :

Theexperimental plotswereirrigatedto 2 cmdepth
uniformly in al the treatments after the appearance of
hair line cracks, upto panicleinitiation stage. After panicle
initiation, the crop wasirrigated to 5 cmdepth. Irrigation
was stopped 15 days prior to harvesting of the crop.

Weed management :

One Cono weeding was given on 15 days after
transplanting followed by two hand weeding on 30" and
45day after transplanting to keep the field under weed
free condition. No herbicide was applied for organic
treatments whereas for inorganic and INM treatments
Butachlor @ 2.5 lit ha'as pre emergence herbicide
applied on 3 DAT.

Plant protection :

Neem seed kernel exract @ 3% and Panchagavya
@ 3% were sprayed at 35 and 50 days after transplanting
as a prophylactic measure against rice leaf folder and
stem borer. Panchagavya @ 3% was again sprayed at
70 days after transplanting along with liquid formulation
of Pseudomonas fluorescens @ 500 ml ha against the
neck blast, leaf spot diseasesand grain discoloration. For
theinorganic treatments (T ,and T,,), thechemical plant
protection measures were taken asrecommended in CPG
(2012) on need basis.

Grain yield :
Harvesting was done manually using hand sickles
and for the rice crop, border rows in the plots were
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harvested first and the net plots were then harvested
and threshed, cleaned and dried to 14% moisture level
and the grain yield from net plot was calculated and
expressed in kg ha! (Hemaatha et al., 2000).

Milling characteristics of paddy :
Milling percentage :

The hulled brown rice was subjected to milling for
90 secondsi.e., 5% milling (Chauhan et al., 1994) [9] in
“Satake grain testing mill” and the weight was recorded.
The milling percentage was calculated by using the
following formulaand presented in percentage.

Total weightof milledice(g) N
Total weightof roughrice(q)

Millingoercentage 100

Head rice recovery :
Head rice percentage was estimated as below :

Total headrice(g)

Totalrougnrice(g)  1°

Headricepercentage

Broken rice percentage :

Broken rice percentageisdefined asthe percentage
of broken rice to the weight of total quantity of rice
obtained by shelling.

Broken rice (%) = [ W,/ (W,+W,)] x 100

where,
W. -Weight of whole ricein the sample (g), and
W, -Weight of broken rice in the sample (g).

Co-efficient of shelling :

Co-efficient of shelling (C) wascal culated with the
followingformula:

C=(W-W1) /W

where,
W - Total quantity of shelled paddy (g), and
W1 - Weight of unshelled paddy (g)

Effectiveness of shelling :
The effectiveness of shelling (ES) was calculated
withthefollowing formula:

ES=CxH

where,
C - Co-€fficient of shelling, and
H - Head rice percentage.
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Physical parameters of rice grain :

The rice grains were cleaned manually to remove
foreign matters such as stones, sand, clay particles,
shrivelled, discoloured and infected grains. Thefollowing
physical parameters were studied to evaluate the quality
of rice.

Length :

Thelength was estimated by the method described
by Khan and Ali (1985).Ten rice grains of uniform size
were kept length-wise on a graph paper and the mean
length was me measured and expressed in mm.

Breadth :

The breadth was estimated by the method
described by Khan and Ali (1985). Ten rice grains of
uniform size were kept breadth-wise on a graph paper
and the mean breadth was measured and expressed in
mm.

Length breadth (L : B) ratio :
The data on measured length and breadth for
individual sample usedto calculate L:B ratio.

Thousand grain weight (g) :

One thousand kernels each of the milled rice was
counted randomly in duplicate and weighed in asingle
pan balance in grams.

Chemical parameters of rice grain :

Rice samples of each treatment were cleaned by
removing stones and other foreign particles. Good grains
were powdered and used for chemical analysis.

Moisture :
Five gram samples were placed in moisture
weighing bottle and kept in hot air oven maintained at

105°C. After 16- - +1 or 16-1 hours of drying, they were

cooled in a desiccators for 30 minutes. The weight of
the seeds before and after drying was recorded and
expressed in gram. The moisture content of the seed
wascd culated using thefollowing formula (ISTA., 1999).

M>,-M
Moi stur econtent(%) = —2——=2-x 100
M,—M,

where,
M, - Weight of the weighing bottle alone,
M, - Weight of bottle + seed sample before drying,

and
M, - Weight of bottle + seed sample after drying.

Fat content :

Fat was estimated as crude ether extract of the dry
material. Fat content in per cent was calculated by the
following formula(A.O.A.C.,1980).

W eightof eitherextract
W eightof thesample

Fat contentin percentage

Protein :

Protein content of rice sample was estimated as
per the method suggested by Lowry et al. (1951). The
estimation of protein was based on the development of
blue colour by the hydroxy! groups present in the amino
acidswith thefolin-ciocalteau phenol reagent. Theprotein
content of sample was expressed as percentage.

Carbohydrate :

Carbohydrate content was estimated from the
samples of each treatment by anthrone method as
suggested by Hedge and Hofreiter (1962) and expressed
as percentage.

Amylose content :
Themethod suggested by Sadasivam and Manickam
(1996) was followed in determining amyl ose content.

Fibre:
Themethod suggested by Sadasivam and Manickam
(1996) wasfollowed in determining fibre content.

Total ash :
Ash content per cent was calculated by using the
following formula(A.O.A.C., 1980) :

W eighof theash «
W eightof thesampletaken

Ash contentper cent= 100

Cooking qualitiesrice :
Optimum cooking time :

The time taken for cooking was estimated by the
method described by Jayachandran (1997). Five gram
of samplewastaken in aboiling test tube. To this, 35 ml
of water was added and placed in a boiling water bath.
A few rice grains were periodically withdrawn and
pressed between two slides and the cooking time was
adjusted to be complete when white chalky spots had
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disappeared.

Water absorption ratio :

The milled rice was put into atest tube containing
distilled water @ 50 mL per two gm of milled rice. It
was allowed to soak for 30 minutes and then boiled for
45 minutes at 77° C to 80°C. The test tubes were taken
out and placed in a beaker containing cold water for
cooling. The cooked rice was blotted for free of water
without the loss of solids and weighed to find out water
absorption. The water absorption ratio was calculated
by the formula and expressed in mL / 100 gm by
multiplying thevaluewith 100. Thewater absorptionratio
was estimated by the method described by Khan and Ali
(1985). It isthe ratio between the weight of the cooked
rice to the uncooked.

Weightof cookedrice(g)— Weighof milledice(g)
Weightof milledicgg)

W aterabsor ption(mL/100g) =

\Volume expansion ratio :

Thevolume of theinitial milled rice was measured
by water displacement method in agraduated measuring
cylinder. Then the milled rice was put into a test tube
and cooked in boiling water bath for 20 minutes. then
the cooked rice was decanted on afilter paper to remove
the excess water. Then the cooked rice volume was
measured again, by water displacement method. The
volumeexpansioniscal culate by using following formula
Thevolume expansion ratio was estimated by the method
described by Khan and Ali (1985). It istheratio between
the cooked volume to the uncooked.

Volumeof cook edrice(g)
Volumef milledice(g)

Volumeexpansion=

Elongation ratio :

The length of 20 milled grains were recorded and
they were pre soaked for 30 minutes and placed directly
into atest tube containing boiling water and cooked for
20 minutes. Then the length was measured with the help
of a thread. The kernel length after cooking was
calculated by using thefollowing formula:

Kernellengthaftercookingmm)
Kernellengthbeforecookingdmm)

Eongatiomratio=

Kernel length and breadth after cooking :
Ten normal milled grainsare pre soaked to 10to 30
minutes and placed directly into boiling water either by
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direct dropping or inawire cageor basket until itsoptimum
cooking time. Thelength and breadth of cooked riceare
measured and the average is worked out :

Lengthof cookedrice
" Lengthof rawrice
Breadthof cookedrice
Breadthof rawrice

Linearelongationatio(LER) =

Breadthwi seexpansi orrati o(BER) =

Kernellengthafter cooking
Kernelbreadthafter cooking

Lengthbreadthr ati oafter cookingL BAC) =

Correlation and regression :

Thedataonimportant growth, yield parametersand
nutrient uptake were correlated with thericegrain yield
and their significant relationship was tested using ‘t’ test
and these levels of significancewas noted as* for (0.05)
and** for (0.01). Thesignificant parameterswere further
regressed using stepwise regression analysis and
regression equations were derived. Correlation studies
were made between grain yield and yield parameters.
Thevalues of correlation co-efficient (r) was calculated
and tested for their significance at five per cent as per
the procedure outlined by Snedekar and Cocoharan
(1967). Simple regression analysis was also made and
test of significance was doneat five per cent as outlined
by Snedekar and Cocoharan (1967).

Satistical analysis:

The data on various characters studied during the
course of investigation were statistically analysed as
suggested by Gomez and Gomez (2010). Wherever, the
treatment differences were found significant by the * F
test, critical differenceswereworked out at five per cent
probability level and the values furnished. Treatment
differences that were non-significant were denoted by
NS . The correlation analysis was made between yield
componentsand yield.

OBSERVATIONS AND ANALYSIS

Theresults obtained from the present study aswell
as discussions have been summarized under following
heads:

Rice grain yield :

Thetreatmentsimposed had direct influence onrice
grain yield in both the years of experimentation (Table
3). Thegrain yield of rice extended from 3602 to 6235
kg ha during 2012 and from 3646 to 6270 kg ha* during
2013. The INM practice (T,,) recorded higher grainyield
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(6235 and 6270 kg ha' in 2012 and 2013, respectively).
The percentage yield increased under INM ranged from
73.1in 2012 to 72.0 in 2013 over absolute control. The
grain yield under INM practices was comparable with
recommended RDF (5603 and 5680 in 2012 and 2013,
respectively) and resulted in yield reduction of 11.3 per
cent and 11.4 per cent over INM in both the years of
study. Among the organic treatments, 100% RDN
though green manure (T,) recorded higher grain yield
(5084 and 5140 in 2012 and 2013, respectively) resulted
inyield reduction of 22.6 per cent and 22.0 per cent over
INM and the percentage yield increase over absolute
control ranged from 41.1 in 2012 to 41.0 in 2013,
respectively. Next to 100% RDN through green manure,
higher grainyield wasrecorded with 25% RDN through
each organic manure (T,) (5004 and 5120 in 2012 and
2013, respectively) resultedin percentage yield increase
over absolute control was 38.9in 2012 and 40.9in 2013.
While comparing all the organic treatments, the
percentageyieldincreaseranged from8.5t041.1in 2012
and 9.2t041.0in 2013, respectively over absolute control.
The RDF treatment recorded higher grain yield (5603
and 5680 in 2012 and 2013, respectively) resulted in
percentage yield reduction of 11.3 and 11.4 over INM
and percentage yield increase of 9.9 and 10.5 over 100
per cent RDN through green manure treatment. The
lower grainyield (3602 in 2012 and 3646 in 2013) was

obtained with absol ute control (T,), which did not receive
organic manures and recommended NPK fertilizers. The
treatments like INM, RDF, 100% RDN through green
manure, and 25% RDN through each organic manures
resulted in percentageyieldincrease (73.1and 72.0, 55.6
and 55.8,41.1and 41.0, and 38.9 and 40.9, respectively)
over absolute control in both the years of study.
Physiologically proper partitioning might have
occurred from source to sink, as a result improved the
yield attributes. Theresultsare similar to the findings of
Vijay Kumar and Singh (2006). M ohandas et al. (2008)
observed that the enhanced and continuous supply of
nutrients by the enriched organicsleading to better tiller
production enhanced panicle length and filled grain of
rice which ultimately leads to higher total biomass
production of rice. Padmaja Rao (1998) indicated that
further filling of grains with photosynthatesis likely to
occur. Steady and continuous supply of N throughout
the entire crop growth period due to gradual
transformation and mineralization of organics,
solubilization of water insoluble P compounds by organic
acidsreleased during decomposition of organicsresulting
ingreater Pavailability to crop coupled with higher native
K availability might have played akey rolein ensuring
superior yield attributes by organicsin combination with
inorganic N likein INM practice. Thiswasin agreement
with the findings of several workers who reported all

Table 1: Effed of organi c manures, fertilizersand INM on milling quality of raw paddy (samba 2012)

Milling Whole  Unshelle Headrice — Broken ~, 4ficigqt Efediveness

Treaments recovery rice d paddy recovery rice of shelling of shelling

(%) (©)] (©)] (%) (%) (%)
T1: Absoluecontrol 619 34.6 12.50 58.6 414 0.74 44.0
T2:100% RDN through FY M 65.2 40.6 9.80 61.4 38.6 0.80 51.0
Ts:100% RDN through VC 65.7 410 920 624 37.8 081 52.3
T4:100% RDN through PM 66.4 414 840 63.2 36.8 0.82 53.0
Ts: 100% RDN through GM 69.1 46.8 590 68.4 312 0.89 58.7
Ts: 50% RDN each of through FYM + VC 64.4 40.0 920 60.2 39.2 0.78 483
T7:50% RDN each of through FYM +PM 66.6 418 820 63.7 36.4 0.83 533
Te:50% RDN each of through FYM + GM 65.6 408 8.60 61.8 382 081 514
To : 50% RDN each of through VC + PM 66.8 420 7.90 64.0 36.2 0.79 537
T : 50% RDN each of through VC + GM 64.9 404 8.90 61.0 3838 0.82 50.0
Tu :50% RDN each of through PM + GM 65.8 41.2 8.80 62.8 374 0.74 52.7
T12 : 25% RDN each of through FYM+VC +PM + GM 67.2 421 7.70 64.2 35.9 084 54.2
T13: (150 :50 :50) NPK kg ha* 624 39.6 10.40 594 39.8 0.76 46.2
T INM Practice 67.4 42.3 760 64.3 35.8 084 54.8
SE. 6.3 39 0.89 59 36 0.08 49
C.D. (P=0.05) NS 79 184 NS 74 NS 10.1

NS=Non-significant
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increaseinyield contributing characters dueto addition
of mineral N along with organicslike Sesbania aculeata,
Gheethalakshmi (1996), Veerabadran and Solaiappan
(1996) and Basnet (1999), FYM, Parida et al. (1995)
and Geethalakshmi (1996), poultry manure, Dixit and
Gupta(2000), Hemalathaet al. (1999) and M ohandas et

al. (2008). Generally, thetiller formationinriceishighly
influenced by solar radiation interception, total sunshine
reception, nutrient uptake, rate of photosynthesis and
other physiological phenomenaand ultimately enhanced
the growth and development and yield of rice reported
by Yoshida (1976).

Table 2 : Effed of organi c manures, fertilizersand INM on milling quality of raw paddy (samba 2013)

Milling Whole  Unshelled Head rice Broken Co EffedivajeS
Tregments re%/\sary rice (g) paddy (g) rec(n;\(:)ery rice (%) Ofe"g%e"":t]g of s(lg/il)llng
T1: Absoluecontrol 61.7 34.2 123 58.4 412 0.75 439
T»:100% RDN through FY M 65.0 39.6 9.6 61.2 384 0.79 51.2
T3:100% RDN through VC 65.5 39.0 90 62.2 37.6 080 52.3
T4:100% RDN through PM 66.2 411 82 63.0 36.6 081 531
Ts:100% RDN through GM 69.2 46.4 58 69.2 31.0 0838 588
Te: 50% RDN each of through FYM + VC 64.2 39.8 10.0 60.0 39.0 0.79 484
T+:50% RDN each of through FYM +PM 66.4 414 80 63.5 36.2 082 53.2
Tg:50% RDN each of through FYM + GM 65.4 40.6 94 61.6 38.0 080 51.2
To:50% RDN each of through VC + PM 66.6 41.8 7.7 64.0 36.0 082 532
T1o : 50% RDN each of through VC + GM 64.7 40.2 98 60.8 38.6 080 50.3
T :50% RDN each of through PM + GM 65.5 410 8.7 62.6 37.2 081 523
T : 25% RDN each of through FY M+VC+HPM+GM 67.0 420 75 64.0 357 083 540
T3 : (150 :50 : 50) NPK kg ha* 63.4 382 10.2 59.2 37.2 0.78 472
T :INM Practice 67.2 420 74 64.1 355 083 54.6
SE. * 6.2 38 09 59 35 008 49
C.D. (P=0.05) NS 78 18 NS 7.3 NS 10.1
NS=Non-sgnificant
Table 3: Effect of organicmanures, RDF and INM on physi cal char acteri sti cs of raw rice grain
samba 2012 samba 2013
Tredments 333 gn{;?] roath /B ratio Cy;‘;gg IC:nz;Tw oadth LB rato
(kgha?) (mm) (mm) (kgha) _(mm) _ (mm)
T1: Absoluecontrol 3602 520 180 269 3646 522 181 270
T2:100% RDNthrough FYM 4164 525 185 273 4190 524 184 272
T3:100% RDNthrough VC 4296 528 1.88 276 4380 5.26 189 277
T4: 100% RDN through PM 4377 5.30 190 2.78 4550 531 191 2.78
Ts: 100% RDN through GM 5084 535 193 280 5140 537 194 282
Te: 50% RDN each of through FYM + VC 3910 524 184 2.70 3980 525 185 2.73
T7:50% RDN each of through FYM +PM 4721 531 191 2.79 4833 530 1.90 2.79
Tg:50% RDN each of through FYM + GM 4236 526 1.86 274 4316 525 192 278
T9:50% RDN each of through VC + PM 4923 532 192 280 49386 531 191 278
T10:50% RDN each of through VC + GM 4079 524 184 272 4140 5.26 1.86 2.74
T1:50% RDN each of throughPM + GM 4322 5.29 1.89 277 4430 528 1.88 276
T12:25% RDN each of throuch FYM +VC +PM + GM 5004 533 192 2.80 5120 532 192 279
T13:RDF (150 : 50 : 50) NPK kg ha* 5608 522 183 270 5680 523 183 271
T1:INM Pradice (RDF +GM @6.25t ha?) 6235 532 192 280 6270 531 191 279
SE. 425 050 0.18 026 432 0.50 0.18 0.26
C.D. (P=0.05) 874 NS NS NS 889 NS NS NS

NS=Non-significant
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Rice quality parameters:
Milling characteristics of paddy :

ThelNM practice, addition of organic manuresand
recommended NPK fertilizers in the first and second
crop of rice had marked influence on the quality
parametersin both the year of investigation (Table 1 and
Table2).

Milling recovery :

The treatments imposed did not significantly
influenced the milling recovery percentage in both the
yearsof experimentation. However, the milling recovery
was higher in al the treatments except absol ute control.
Similar trend was also observed by Dixit and Gupta
(2000) and Sreenivasa Reddy (2002).

Hulling percentage :

The treatments imposed did not significantly
influenced the hulling recovery percentage in both the
yearsof experimentation (Table 2). However, the hulling
recovery was higher in all the treatments. Similar trend
was also observed by Dixit and Gupta (2000) and
Sreenivasa Reddy (2002).

Wholerice :
The treatments imposed had marked influence on
weight of wholericein both the years of experimentation.

Application of 100 per cent RDN through green manure
(T,) registered with more weight of whole rice (46.8 ¢
during 2012 and 46.4 g during 2013) and it was
comparable with INM practice (T,,) (42.3 and 42.0)
during 2012 and 2013. Lower weight of whole rice was
registered in absolute control (T,) (34.6 and 34.2,
respectively) during both the years of study. The
recommended dose of NPK fertilizers (T,,) recorded
with lower weight of wholerice (39.6 and 38.2) during
2012 and 2013, respectively. Invariably all the organic
treatments resulted with higher weight of wholericeand
it was comparable with INM practice (T,,) during both
the years of study.

Unshelled Paddy :

The treatments imposed had marked influence on
weight of unshelled paddy in both the years of
experimentation. The highest unshelled paddy was
observed in absolute control (T,) (12.5 g during 2012
and 12.3 g during 2013) followed by recommended NPK
fertilizers (T ,) (10.4 and 10.2) during both the years of
experimentation. Application of 100 per cent RDN
through green manure (T,) registered with lower weight
of unshelled paddy (5.9 g during 2012 and 5.8 g during
2013) and it was comparable with INM practice (T,,)
(7.6 and 7.4) during 2012 and 2013. Invariably all the
organic treatments resulted with lesser weight of
unshelled paddy when compared with recommended dose

Table 4 : Effect of organic manures, RDF and INM on chemical compositi on of rice (samba 2012)

Tregments Mc()(ljz)ure Pr(g/tot)an Carb?(%drae Arz;(l))ose Fat (%) I?ogr.)e a;otoa/lo)
T: : Absolute control 124 582 74.50 19.00 051 0.182 0.830
T, : 100% RDN through FYM 122 701 76.60 24.47 053 0.1%4 0.872
Tz : 100% RDN through VC 122 6.82 77.00 24.50 054 0.19% 0874
T4 : 100% RDN through PM 122 7.05 77.40 2452 054 0.19 0.876
Ts : 100% RDN through GM 124 714 78.28 26.82 058 0229 0.882
Te : 50%RDN each of through FYM +VC 121 6.44 75.40 2043 052 0.192 0.840
Tz : 50%RDN each of through FYM +PM 12.2 7.06 7750 2453 055 0.200 0877
Ts : 50%RDN each of through FYM + GM 12.2 6.96 76.80 24.48 053 0.195 0873
To : 50%RDN each of through VC + PM 123 7.08 7753 24.53 055 0.200 0877
T : 50%RDN each of through VC + GM 121 6.64 76.20 24.45 053 0.193 0.870
Tu : 50%RDN each of through PM + GM 12.2 7.03 77.20 24,51 054 0.198 0875
T : 25%RDN exchof through FYM + VC+PM + GM 12.2 7.09 7756 2454 056 0.202 0.878
Tz : RDF (150 :50:50) NPK kg ha* 122 7.00 76.00 24.24 051 0.188 0.862
Tu : INMPratice(RDF+GM @6.25t hat) 12.2 710 7755 24.55 056 0.203 0.879
SE. £ 12 0.65 731 228 0.05 0.018 0.083
C.D. (P=0.05) NS 133 NS 468 NS 0.038 NS

NS=Non-significant
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of fertilizer treatment and absolute control during both  years of experimentation. However, the head rice
the years of study. recovery was higher in all the treatments except absol ute
control.
Head rice recovery :
The treatments imposed did not significantly  Broken rice :
influenced the head rice recovery percentagein both the The treatments imposed had marked influence on

Table 5: Effed of organi c manures, RDF and INM on chemical compoasition of rice (samba 2013)

T: : Absolutecontrol 124 584 74.62 19.08 051 0.184 0.835
T2 : 100% RDN through FYM 122 7.02 76.80 24.50 054 0.196 0.874
Tz : 100% RDN through VC 122 6.83 77.20 24.53 055 0.198 0.876
T4 : 100% RDN through PM 122 7.06 77.60 24.55 055 0.201 0.878
Ts : 100% RDN through GM 125 717 78.50 26.86 059 0231 0.884
Te : 50%RDN each of through FYM + VC 12.2 6.46 75.60 20.47 053 0.194 0.842
T, : 50%RDN each of through FYM +PM 12.2 707 77.70 24.56 056 0.202 0.879
Ts : 50%RDN each of through FYM + GM 12.2 6.98 77.00 2451 054 0.197 0.875
To : 50%RDN each of through VC + PM 123 710 77.73 24.57 056 0.202 0.879
T : 50%RDN each of through VC + GM 12.2 6.66 76.40 24.48 054 0.195 0.872
Tu : 50%RDN each of through PM + GM 12.2 7.05 77.40 24.54 055 0.199 0877
T @ 25%RDN exhof through FYM + VC+PM + GM 12.2 7.09 77.76 24.57 057 0.204 0.879
T @ RDF(150:50:50) NPK kg ha' 122 701 76.20 24.38 052 0.191 0.868
Tu : INMPratice(RDF+GM @6.25t ha') 122 712 77.68 24.58 057 0.205 0.881
SE. + 12 0.65 733 228 052 0.019 0.083
C.D. (P=0.05) NS 133 NS 4.68 NS 0.039 NS

NS=Non-significant

Table 6 : Effect of organic manures, RDF and INM on cooking time, volume expansion ratio and water absor ption rati o of milled rice

samba2012 samba2013

Treamarts T o e 0 e men

(minutes) raio (minutes) raio raio
T1: Absolutecontrol 18.16 248 411 18.48 240 410
T2: 100% RDN through FYM 18.16 256 415 18.16 262 418
Ts: 100% RDN through VC 18.17 268 420 18.17 270 422
T4: 100% RDN through PM 18.17 292 427 18.17 290 426
Ts: 100% RDN through GM 18.46 324 468 1850 3.26 470
Te: 50%RDN each of through FYM + VC 1815 254 413 18.18 255 415
T7: 50%RDN each of through FYM +PM 1818 296 428 18.19 297 425
Ts: 50%RDN each of through FYM + GM 18.17 258 416 18.18 2.66 420
To: 50%RDN each of through VC + PM 18.19 297 429 18.20 298 426
T1o: 50% RDN each of through VC + GM 18.16 255 414 18.15 260 416
Tu: 50% RDN each of through PM + GM 18.17 286 424 18.18 287 425
T12: 25% RDN echof through FYM + VC+ PM + GM 18.20 298 430 18.22 299 427
T RDF (150 :50 : 50) NPK kg ha* 18.2 252 412 18.27 250 411
Tu: INMPratice(RDF+GM @6.25t ha') 18.23 3.00 433 18.26 310 428
SE. * 173 0.26 040 174 0.26 040
C.D. (P=0.05) NS 0.54 NS NS 0.54 NS

NS=Non-significant
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broken rice percentage in both the years of study. The
absolute control (T,) had shown higher broken rice
percentage of 41.4 and 41.2 during 2012 and 2013,
respectively. Lower broken rice percentage wasrecorded
with 100 per cent RDF through green manure (T,) (31.2
and 31.0) and it was comparablewith al the other organic
treatmentsand INM practice (T ,,) (35.8 and 35.5) during
both the years of study. Among the organic treatments,
the highest broken rice percentage was noticed with 50
per cent RDN through FY' M and vermicompost (T,) (39.2
and 39.0) followed by 50 per cent RDN through
vermicompost and green manure (T,) (38.8 and 38.6)
in both the years of experiments. The recommended
NPK fertilizers resulted with higher broken rice
percentage (39.8 and 37.2) and it wasinferior to absolute
control during both the years of study.

Co-efficient of shelling :

The treatments imposed did not significantly
influenced the Co-efficient of shelling in both the years
of experimentation. However, the Co-efficient of shelling
was higher in al the treatments except absol ute control.

Effectiveness of shelling :
The treatments imposed had marked influence on
effectiveness of shelling percentage in both the years of

study. Higher effectiveness of shelling percentage was
registered with 100 per cent RDN through green manure
(T, (58.7 and58.8) and it was comparable with INM
practice (T,,) (54.8 and 54.6) during 2012 and 2013.
Lower effectiveness of shelling percentage was
registered in absolute control (T,) (44.0 and 43.9) during
both the years of study. The recommended dose of NPK
fertilizers (T ,) recorded with lower effectiveness of
shelling percentage of 46.2 and 47.2 during 2012 and
2013, respectively. Invariably all the organic treatments
resulted with higher effectiveness of shelling percentage
and it was comparable with INM practice (T,,) during
both the years of study.

Physical characteristics of raw rice grain :
Grain length :

The treatments imposed did not significantly
influenced the grain length in both the years of
experimentation. However, the grain length was higher
in al the treatments except absolute control (Table 3).

Grain breadth :

The treatments imposed did not significantly
influenced the grain breadth in both the years of
experimentation. However, the grain breadth was higher
inall the treatments except absol ute control.

Table 7 : Effed of organic manures, fertilizersand INM on cooking char aderistics of milled rice

samba 2012 samba 2013
Treaments T;Q)C 'Er'ﬁr/:)c LER BER 'Erm? fr';]%: 'iﬁqﬁq)c LER BER '@?ﬁ?
T.: Absolute control 942 230 170 119 399 955 231 171 120 401
T, 100% RDN through FY M 972 232 174 121 404 982 243 175 123 408
T3:100% RDN through VC 978 236 174 121 403 992 244 175 124 408
T, :100% RDN through PM 986 242 175 122 402 998 246 176 124 407
Ts: 100% RDN through GM 1102 256 188 120 412 1104 258 190 122 414
Te: 50% RDN each of through FYM + VC 965 230 173 120 404 977 240 173 123 409
T1:50% RDN each of through FYM +PM 100 245 175 122 402 1000 248 175 124 407
T4:50% RDN each of through FYM + GM 976 234 174 121 403 986 243 174 124 408
To:50% RDN each of through VC + PM 1001 246 177 122 402 1002 249 177 125 407
T : 50% RDN each of through VC + GM 970 231 174 120 404 980 242 174 123 409
T11:50% RDN each of through PM +GM 980 239 176 121 403 996 245 176 124 408
T, :25% RDN each of through FYM+VCH#M+GM 1002 247 176 122 402 1008 250 177 125 407
Ty : (150 : 50 : 50) NPK kg ha* 1004 249 177 124 403 1004 252 178 126 408
T1:INM Pradtice 1003 248 176 122 402 1002 251 178 125 407
SE. + 094 023 017 012 038 095 023 017 012 039
C.D. (P=0.05) NS NS NS NS NS NS NS NS NS NS

KLAC : Kenel lengh after cooking
KBAC : Kernel breadt h after cooking
BER : Breadth wise expanson raio

NS=Non-sgnificant
LER: Linea elongaionraio
LBAC : Length breadh ratio after cooking
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volume expansion ratio of ricein both the years of study
(Table 6). The higher volume expansion ratio was
observed with 100 per cent RDN through green manure
(T, (3.24 and 3.26 %) and it was comparable with INM

practice(T,,) (3.00 and 3.10 during 2012 and 2013. The
recommended dose of NPK fertilizers (T,,) recorded
with the volume expansion ratio of 2.52 and 2.50 per
cent during 2012 and 2013, respectively. Lower volume
expansion ratio was recorded for absolute control (T,)
(2.48 and 2.40 during 2012 and 2013, respectively).

Invariably all the organic treatments resulted with more
volume expansionratio and it was comparable with INM

practice (T, ,) during both theyears of study. Similar trend
wasal so observed by Shanmugasundaram 91987), Parida
et al. (1995) and Singh et al. (2000).

Water absorption ratio :

The treatments imposed did not significantly
influenced the water absorption ratio in both the years
of experimentation. However, thewater absorptionratio
was higher in al the treatments except absol ute control.

Linear elongation ratio :

The treatments imposed did not significantly
influenced the linear elongation ratio (LER) in both the
yearsof experimentation. However, thelinear elongation
ratio was higher in 100% RDN through green manure
applied treatment than all the other treatments whereas,
lower linear elongation ratio was recorded in absolute
control. Theincreased length/ breadth ratio after cooking
was observed with 100% RDN through green manure
followed by INM practices. Thischaracter isconsidered
asdesirabletraitin high quality rice. Nguyenet al. (2002)
reported that the application of organic manures gave a
higher L:B ratio of rice after cooking than with inorganic
fertilizers.

Cooking characteristics of milled rice :

Thecooking characteristicsof milledricelikekernel
length after cooking, kernel breadth after cooking, linear
elongation ratio, breadth wise expansion ratio and length
breadth ratio after cooking were recorded for both the
years of experimentation (Table 7).

Table 10 : Regression anal ysis between grain yiel d of rice with different quality parameters (samba 2012 and 2013)

S

No  Paandes Regression Equetion R?values

1. Milling qualitiesof raw paddy Y =5.295 +693.407 (MILREC) -205.207 (WHOLE) +400.297 (UNSHELL) -266.570 0979
(2012) (HEADREC) - 526.272 (BROKEN)

2. Milling qualitiesof raw paddy Y =29.766 +447.003 (MILREC) -139.883 (WHOLE) +265.816 (UNSHELL) -111.758 0972
(2013) (HEADREC) - 389483 (BROKEN)

3. Physical characterigicsof raw Y = -32.079-11143.809 (GRNLEN) - 3231.180 (GRNBRDT) +23895.769 (L/B RATIO) + 0575
rice (2012) 203.324 (G1000WT)

4 Physical characterigicsof raw Y = -122.541 - 3625.869 (GRNLEN) + 10420553 (GRNBRDT) +18.267 (L/B RATIO) + 0535
rice (2013) 238.334 (G1000WT)

5. Chemical composition of rice Y =16.755 - 208.272 (PROTEIN) + 683.943 (CARBOHY D) +393.639 (AMYLOSE) + 0932
(2012) 37713.915 (FAT) - 27408.913 (A BRE) - 81632.119 (TOTAH)

6. Chemical composition of rice Y =6.256 +7.368 (PROTEIN) +564.353 (CARBOHYD) +330.231 (AMYLOSE) + 0937
(2013) 36394.278 (FAT) -21483.042 (FIBRE) -71795.792 (TOTASH)

7. Cooking qualities of milledrice Y =-9.114 - 702.190 (COOKTIM) +1001.790 (VOLEXP) + 3426 415 (WATEXP) 0921
(2012)

8. Cooking qualities of milledrice Y = - 24.346 - 491.3%4 (COOKTIM) + 1933.743 (VOLEXP) +1922.466 (WATEXP) 0957
(2013)

9. Cooking charat eristicsof Y =-12.973+1787.636 (KLAC) + 1093.589 (KBAC) - 4045.142 (LER) +4401.250 (BER) - 0.986
milledrice-open cooked (2012)  3446.212 (LBAO)

10.  Cooking charatteristicsof Y =-56.540 - 592.173 (KLAC) +22862.207 (KBAC) - 7725.936 (LER) - 31140.226 (BER) + 0954

milledrice-open cooked (2013)

1614.128 (LBAQ)
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Kernel length after cooking :

The treatments imposed did not significantly
influenced the kernel length after cooking (KLAC) in
both the years of experimentation. However, the kernel
length after cooking was higher in 100 per cent RDN
through green manure applied treatment than all the other
treatments whereas, lower kernel length after cooking
was recorded in absolute control.

Kernel breadth after cooking :

The treatments imposed did not significantly
influenced the kernel breadth after cooking (KBAC) in
both the years of experimentation. However, the kernel
breadth after cooking was higher in 100 per cent RDN
through green manure applied treatment than all the other
treatments whereas, lower kernel breadth after cooking
was recorded in absolute control.

Breadth wise expansion ratio :

The treatments imposed did not significantly
influenced the breadth wise elongation ratio in both the
years of experimentation. However, the breadth wise
elongation ratio was higher in 100 per cent RDN through
green manure applied treatment than all other treatments
whereas, lower linear elongation ratio was recorded in
absol ute control.

Length breadth ratio after cooking :

The treatments imposed did not significantly
influenced the length breadth ratio after cooking (LBAC)
inboththe years of experimentation. However, thelength
breadth ratio after cooking was higher in 100 per cent
RDN through green manure applied treatment than all
the other treatments whereas, lower the length breadth
ratio after cooking was recorded in absolute control.

Correlation between grain yield with milling
gualities of paddy, physical and chemical
composition and cooking qualities of rice :

The correlation between grain yield with milling
gualities of paddy viz., (milling recovery, head rice
recovery and broken rice recovery), physical
characteristics of rice viz., (grain length, grain breadth,
L/B ratio and thousand grain weight), chemical
composition of rice viz., (moisture content, protein
content, carbohydrate content, amylose content, fat
content, fibre content and total ash content), cooking

qualities of riceviz., (volume expansion ratio and water
expansion ratio) and cooking qualities of rice (open-
cooked) viz., (kernel length after cooking, kernel breadth
after cooking, length elongation ratio, breadth elongation
ratio and length breadth after cooking) were positively
correlated at one per cent level during 2012 and 2013
(Table 8 and 9).

Regression between grain yield with milling
qualities of paddy, physical and chemical
composition and cooking qualities of rice :

To see the stepwise regression analysis, the
independent variableswhich had asignificant rel ationship
with adependent variablefromthe correlaion study were
selected and used. The equations presented in Table 10,
representsthe regression between grainyield with milling
qualities of paddy viz., (milling recovery, head rice
recovery and broken rice recovery) with the R? values
of (0. 979 and 0.972), physical characteristics of rice
viz., (grainlength, grain breadth, L/B ratio and thousand
grain weight) with the R? values of (0.575 and 0.535),
chemical composition of rice viz., (moisture content,
protein content, carbohydrate content, amyl ose content,
fat content, fibre content and total ash content) with the
R2?valuesof (0.932 and 0.937), cooking qualities of rice
viz., (volume expansion ratio and water expansion ratio)
with the R? values of (0.921 and 0.957) and cooking
qualities of rice (open-cooked) viz., (kernel length after
cooking, kernel breadth after cooking, length elongation
ratio, breadth elongation ratio and length breadth after
cooking) with the R2values of (0.986 and 0.954) were
regressed during both the years of experimentation.

Conclusion :

The grain yield of rice, was higher recorded with
INM practice followed by RDF treatment, whereas
among the organic treatments, 100% RDN through green
manure followed, by 25% RDN through each organic
manures combination recorded more grain yield rice
during both the years of experimentation. This study
mainly focused onthe correlation and regression analysis.
The correlation between the grain yield of rice with
important milling characteristics of paddy and cooking
qualities of ricewere positive during 2012 and 2013. The
regression analysiswas performed to assessthereliability
of the most contributing independent variabl e (important
milling characteristics of paddy and cooking qualities of
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rice) on dependent variable (ricegrainyield) over seasons.
To seethe stepwiseregression analysis, theindependent
variables which had a significant relationship with a
dependent variable. Separate regression equationswere
derived and furnished in Table 10.
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