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ABSTRACT

In the present investigation four with high yielding capacity and seven lines with good quality features were
considered for hybridization programme using Line x Tester mating design to study the combining ability for
grain and nutritional quality during 2011, 2012 and 2013 following Randomized Block Design with three
replications. Desirable significant sca effect were found in Taraori Basmati x Satabdi for kernel length, kernel
length: breadth ratio, kernel length after cooking, Zn content, Jayasilet x Swvarna-Sub 1 for kernel breadth,
Seetabhog x IR 64 for amylose content, Zn content, Taraori Basmati x IR 64 for gel consistency, hulling
percentage, Fe content and yield plant, Taraori Basmati x Pankaj for milling percentage, head rice recovery
and yield plant-1. The reflection of sca effect in superior specific combinations towards desirable direction for
different yield and quality characters highlighted that these superior crossesinvolved all the possible combination
between parentslike (high x high), ( high x average), (high x low), (average x average), (average x low) and

(low x low) gca effect.
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Rice (Oryza sativa L.) is the most important staple
food for alarge part of the world's human population
and in Indiarice plays a pivotal role in the food and
livelihood security system providing about 75 percent
of calories and 55 percent of the protein in average
daily diet of the Indians. Global demand for rice is
projected to grow at least equal to population growth,
thusrequiring 70 percent increasein supply by theyear
2025i.e. 765 million tonnes of rice (IRRI, 1993). The
current world population of 6.1 billion is expected to
reach 8.0 billion by 2030 and rice production must
increase by 50 percent in order to meet the growing
demand. With the enhanced incomelevelsand changing
food habits, breeding rice varietieswith preferred grain
quality features has become the second most important
objectiveafter yield (Juliano and Villareal 1993). Rice
consumer mainly poor people of devel oping countries
are dependent on the crop asasource of dietary energy,
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protein and minerals. Thericegrain, however, islowin
protein quantity and deficit in micronutrientsrequired
for human growth. The milling and polishing of rice
grains further depletes the nutrients from outer layer
of endosperm. Millions of rice eaterswho cannot afford
to diversify their diet for more balanced nutrition are
affected by 'hidden hunger' due to micronutrient
deficiency induced malnutrition. Eastern India,
especially West Bengal, is arich source of small and
medium grain indigenous aromatic germplasm with
excellent grain quality parametersincluding aroma. But
most of these traditional aromatic genotypes are low
yidding, photoperiod sensitive, lodging typewithtall and
weak culm and less responsiveto fertilizer. Therefore,
there is enough scope to increase these small and
medium grain scented germplasm by bringing themin
breeding programme with the varietieshaving desirable
traitsfor the development of high yielding good quality
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scented rice varieties. With this background, the present
investigation has been envisaged to bring improvement
ingrain quality aswell asbiofortification with respect
toironand zinc.

MATERIALS AND METHODS

The laboratory experiments were carried out in the
Department of Plant Breeding, Bidhan ChandraKrishi
Viswavidyalaya, Mohanpur, Nadia, and West Bengal
during the year 2011, 2012 and 2013. Field studiesin
kharif season of 2011, 2012 and 2013 were carried out
in Agricultural Instructional Farm, Bidhan Chandra
Krishi Viswavidyalaya, Jaguli located at Gangetic new
aluvia zone of West Bengal at south of Tropic of
Cancer within 22.87°N latitude, 88.59°E longitudes and
above 9.75 m altitude from mean sea level. The
laboratory experiments were carried out in the
Department of Genetics and Plant Breeding,
Department of Agricultural Chemistry and Soil Science
and Quality laboratory of Rice Research Station,
Chinsurah. The highyielding and genotypes with good
qguality parameters identified based on evaluation
through field and laboratory experimentswere subjected
to line x tester mating design (Kempthorne 1957).
Seven lineswith good quality featureswhichincluded
Patnai-23, Jayasilet, Seetabhog, Taraori Basmati, CN
1794-2, Badshahbhog and K ataribhog and four testers
with highyield whichincluded Satabdi, IR 64, Panka]
and Swarna-Sublwere considered for the hybridization
programme . All the parents were sown in the field in
eleven different dates to effect nicking among them.
Clipping method was followed for emasculation. For
F, generationtria twenty eight hybridsalongwitheleven
parents were sown on 5th June 2013. The experiment
was laid out in Randomized Block Design following
threereplications. Twenty one days old seedlingswere
transplanted @ 1 plant per hill at aspacing of 15cmin
either direction. The usual recommended doses of N,
Pand K fertilizerswere applied @ 60:40:40 kg per ha.
Intercultural operations and crop protection measures
were taken as and when necessary. Observationswere
recorded on 1) Milling quality which included hulling
percentage, milling percentage and head ricerecovery.
Hulling is the process of dehusking paddy. For small
sample dehusking in thelaboratory, specialized hulling
machine (Satake, Japan, Model-THU35 B) was used.
Hulling percentage was cal cul ated astheratio of weight
of dehusked grain after hulling to weight of roughrice
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samplebefore hulling expressed in percentage. Milling
was done in the same way by special type of Miller
(Satake, Japan, Model- TMO 5C & TM-05) designed
for small samples. After dehusking, milling was done
to remove the bran layer and to polish the kernels for
further tests. Milling percentage was calculated asthe
ratio of weight of milled kernel to weight of roughrice
sample before hulling expressed in percentage. Head
ricerecovery isthe percentage of thefull length intact
kernels after milling. Some kernels are broken during
milling process. The broken kernels were separated
manually as well aswith the help of Test Rice Grader
(Satake, Japan, Modd-TRG 05B) and both the unbroken
and broken kernel swere weighed separately. Head rice
recovery was cal culated astheratio of weight of intact
wholekernel to total weight of rough rice expressedin
percentage. 2) Grain morphology: Grain length (mm),
grain breadth (mm), grainl:bratio, kernel length (mm),
kernel breadth, kernel I:b ratio, were measured as the
averagelength of ten unbroken milled rice measuredin
mm in Annadarpan, a machine vision system for rice
quality analysis developed by C-DAC, Kolkata and
RRS, Govt. of West Bengal. Grain size and shapewere
classified on the basis of average length of kernels
following IRRI, SES, 1996. 3) Cooking and eating
quality: Kernel length after cooking (KLAC) (mm) was
recorded as the average of the length of ten cooked
kernels measured in mm. Kernel elongation ratio
(KER), wasmeasured by dividing thelength of cooked
riceby thelength of original (uncooked) kernel Hussain
et al. (1987). Amylose content (AC) was measured
following Sadasivam and Manickam (2008),
gelatinization temperature (GT) by Little et al. (1958),
gel consistency by Cagampang et al. (1973), presence
and concentration of aroma following Organoleptic
panel test, IRRI (1971). Nutritional quality: Iron and
Zinc content was estimated following DTPA extractable,
Lindsay and Norvell (1978). Statistical analysis was
carried out using samplemean values. All the analysis
was processed in computer using Windostat Version
9.1from Hyderabad licensed to Plant Breeding Division
Sugarcane Breeding Institute, Coimbatore. Line x
tester method of Kempthorne (1957) wasfollowed for
analysis of variance.

RESULTS AND DISCUSSIONS

Analysis of variance (Table 1) exhibited significant
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Table 1. Analysis of variance of quality traits for parents and hybrids

Sources df KL KB Kern- KLAC KER AC GT GC Hulling Milling HRR Fe Zn
of (mm) (mm) eL:b (mm) (%) perce- perce- (%) con- con-
variation ratio ntage ntage tent tent
(mg (mg
kg*) kg?)
Replication 2 016 001 0013 0.09 009 046 003 1.085 4.292 7.911 0913 6.183 2.16
Genotypes 38 272 036 1.9 4.03 0.03 4.69 175 63432 182288 181.742 111.982 68.59 29.63
Parents(P) 10 470 051 326 1006 0.09 452 334 55096 87.039 79.831 76.138 8530 34.67
Lines(L) 6 596 0.17 152 1431 01 336 484 68L65 98.079 98508 93170 71.30 26.99
Tester (T) 3 371 101 757 2.52 005 779 078 140.08 87175 53278 62040 12429 41.97
Parents-
(LvsT) 1 012 099 0.80 7.21 021 168 202 99948 20389 47427 16235 5231 58.8
PvsH 1 010 558 2212 1.20 001 714 749 431446 609.11 1001.09 1030.18 16.47 8.84
Hybrids(H) 27 2.08* 0.11* 0.708* 191* 0.01 4.6* 0.96- 528.8* 201.7- 189.1- 91.25* 64.33* 28.54*
* % * % * % * % * * % 1*** * % 5*** 4*** * % * % * %
Lineeffect 6 714 0.24*** 1.82*** 6.11*** (0.041*8.16 12 1120.16** 316.47 264.94 7447 64.73 18.80
Tester effect 3 149 0.27*** 1.43** 1.63 0.01 437 0495 8747 411.66* 439.24* 22341 16.74 5451
Line Tester 18 0.50* 0.04*** 0.22*** (0.50 0.01 355 0.95* 274.16* 12853* 12218 74.81* 72.12* 27.46*
eff&t * % * % * % * % * % * % * % * % * %
Error 76 011 001 0.071 031 001 084 0106 16471 6.62 7.76 1022 1704 1.09

*Significantat at 5% level ** Significant at 1% level

*** Significant at 0.1% level

KL:Kernel lengthKB: Kernel breadth KLAC: Kernel length after cooking KER: Kernel elongation ratioAC: Amylose content
GT: Gelatinization temperature GC: Gel consistency HRR: Head rice recovery

differences for almost all the quality traits among all
the entries, parents, hybrid and parent vs hybrid except
for parent vs hybrid where kernel length, KLAC and
KER werefound to be non significant. Linesand testers
exhibited significant variation for all the quality traits
indicating the predominance of additive gene action.
Theinfluence of additive gene action on kernel length,
kernel breadth and kernel 1:b ratio was a so reported by
Nayak et al. (2011). Significant line x tester interaction

Table 2. Estimates of genetic variance for quality traitsinrice

for quality traitswas also reported by Srivastava et al.
(2012). Parents and hybrids exhibited significant
variance for all the characters which indicated the
existence of wider genetic differences among parents
which resulted in divergent hybrids. Lower magnitude
of interaction component of linesand testersfor almost
all the characters except kernel breadth, hulling
percentage, milling percentage, head rice recovery and
Zn content indicated the preponderance of additive gene

Sources KL KB Kend KLAC KER AC GT GC Hulling Milling HRR Fe Zn
of (mm)  (mm) L:b (mm) (%) perce- Perce- (%) content  content
variation ratio ntage ntege (mgkg?)  (mgkg?)
s2gca 0255 0.015 0.094 0215 0001 0328 0045 59453 21.663 20.868* 8.407* 2.366 2.155
*k* * k% * k% ** * k% ** *
s2sca 0130 0.011 0.048 0.081 0000 0902 0.281* 85.898 40.636 38140 21529 23475 8.788
* k% * k% * k% * k% * % * k% * k% * k% * k% * k% * k%
2 A 0510 0030 0188 0430 0002 0656 0.091 118906 43326 41.736 16.814 4.732 4311
2D 0130 0011 0048 0081 0000 0902 0281 85898 40636 38140 21529 23.475 8.788
h? % 75314 67.751 72108 69.760 36.065 35.657 22322 56.542 50.279 50.610 40.27 16.444 32.016
(N.S)
c2A g2p3925 2731 3853 5257 1005 0728 0323 1384 1066 1.094 0781 0201 0.490
52
71% 0662 0731 0796 0841 1893 0421 2377 0580 0051 0522 0438  0.167 0.329
A
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Table 3. Proportional contribution of lines, testers and their interactions to the total variance for different quality traitsin

Rice
Sources KL KB Kend KLAC KER AC GT GC Hulling Milling HRR Fecon- Zncon
(mm)  (mm) L:b (mm) (%) percee perce- (%) tent (mg -tent(

ratio ntage ntage kg?) mg kg?)

Lines  76.004 47.832 57.071 70.993 48.986 38.843 28.257 47.064 34.857 31128 18.136 22362 14.640

Testers 7.979 26.829 22390 94706 9792 10404 5728 18376 22671 25803 27204 2892 21.221

Linex 16.016 25337 20538 19536 41221 50.752 66.013 34558 42471 43068 54.659 74745 64.138

Tester

action in the expression of these characters.
Contribution of females were high for kernel length,
kernel breadth, kernel I: b ratio, kernel length after
cooking, kernel elongation ratio and gel consistency (
Table 3) while contribution of line x tester was high for
amylose content, GT, hulling percentage, milling
percentage, hulling percentage, Fe content and Zn
content.

Theanalysisof variance for combining ability
(Table 2) revealed the variance due to general and
specific combining ability to be significant for almost
all the characters considered in the present investigation
suggesting the importance of both additive and non
additive components of gene action. The magnitude of
sca variance was larger, in general, for most of the
characters except for kernel length, kernel breadth,
kernel 1:b ratio, KLAC and KER where gca variance
was comparatively higher and it may be concluded that
al these characters are predominantly controlled by
non-additive gene action. Shivani et al. (2009)and
Mirarab et al. (2011) a so revealed the predominance
of non additive variance for most of the quality traits
fromtheir investigation. However, Nayak et al. (2011)
found kernel length, kernel breadth and kernel |: bratio
as influenced by additive gene action which was aso
in confirmation with the findings of theinvestigation.
Gnanasekaran et al.(2006)also reported the
predominance of additive gene control of kernd |:b atio.

Predictability ratioswere recorded higher than
0.50 for most of the characters so those traits with
high predictability ratiowill provetobemorerdiablein
selecting desired genotypes dueto comparatively high
influence of additive genetic component in the
expression of thistrait. The estimates of predictability
ratio were reported low for amylose content, head rice
recovery and Fe and Zn content. Low estimate of
narrow sense heritability werefound for aimost all the
traits except kernel length, kernel breadth, kernel |:b
ratio, KLAC and GC which further indicated the

predominance of non additive genetic variancein their
expression and therefore heterosis breeding may be
rewarding.

Thegcaeffectsfor lines and testersin respect
of al the quality traits are presented in the (Table 4).
Patnai-23 followed by Jayasilet, Taraori Basmati and
CN 1794-2 from female lines and Satabdi and IR 64
from male were found to be good general combiners
for kernel length. Best combiner for kernel breadth in
female was found in Jayasilet followed by Patnai-23
and among male, Swarna-Subl and Pankaj were the
best combiners. Considering al the quality traitsamong
thelines, Jayasilet followed by CN 1794-2 and among
the testers IR 64 followed by Panka] were the best
general combiners. GC wassignificant in al thelines
except Jayasilet and Kataribhog. Taraori Basmati and
CN 1794-2 exhibited significant and positive gca effect
whereas Seetabhog and Badshahbhog reveal ed
negative effect. Among thetesters Satabdi and Swarna-
Sub 1 showed significantly negative effect while a
positive and significant gca effect was shown by IR
64. Hulling percentage was significant among all the
linesbut Seetabhog, Taraori Basmati, Badshahbhog and
Kataribhog exhibited significant but negative effect. All
the lines were also significant for the trait but IR 64
and Swarna sub 1 exhibited negative effect. All the
lines showed significant gca effects for milling
percentage except Taraori Basmati. All thetestersalso
exhibited significant gcaeffect but IR 64 and Swarna-
Subl showed negative effect. Only Jayasilet and
Seetabhog reveal ed significant gcaeffect for head rice
recovery but Seetabhog showed negative effect among
thelines. Three out of four testers exhibited significant
gca effect. Pankaj showed positive effect while IR 64
and Swarna-Subl showed negative effect. Thegcafor
Fe content were significant in all the lines except CN
1794-2. Jayasilet, Taraori Basmati, Badshahbhog and
Kataribhog showed significant and positive effect while
others showed negative effect. Among the testers
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Table4. General combining ability (gca) effects of parentsfor quality traitsin Rice

Parents KL KB Kend KLAC KER AC GT GC Hulling Milling HRR Fe Zn
(mm) (mm) Lb (mm) (%) perce- perce- (%) content content
ratio ntage  ntage (mgkg?) (mgkg?h)
Lines(gi)
Patnai23 090 0.15 018 0.82 -005 -055* 0.01 -3.87* 3.06* 239** 0.80 -3.19 -0.89
* k% * k% * k% * % * k% * %
Jayasilet 0.30* 0.18 -010 -0.07 -0.08* 021 0.21* -045 654* 546* 4.11* 1.26** 1.29*
* ** * % * % * % * %
Seetabhog -0.98* 0.00  -0.45* -1.02* 004 147* 001 -9.62* -576* -656* -3.77* -3.09* 1.25*
* % * % ** ** ** * % ** ** * %
Taraori 0.70* -0.13* 052* 0.75* -0.03 026 040 521* -246* -146 -0.80 1.42* 0.35
Basrnatl * % ** * % * % ** ** * ** * %
CN 0.49* -0.16* 0.44* 052* -002 -024 020* 1771 583* 590 142 -0.56 -2.28*
1794_2 * % ** * % * * k% * % * % * %
Badsh- -0.65 0.11* -0.42* -051 0.05 -1.20* -050 -1045 -1.75¢ -2.27** -0.07 215* 0.05
d»]bhog * k% ** * % * % * % *k* *k* * %
Katar- -0.75 -014 -0.16* -0.48* 0.08* 003 -034 146 -5.46* -3.45* -1.68 2.01* 0.22
IbhOg * k% * k% * * k% * % * % **
SE(gi) 009 002 007 016 003 026 009 117 0.74 0.80 0.92 0.37 0.30
Tester (gj)
Satabdi 0.18* -0.10* 0.19** 0.33** 0.02 -001 018 -420* 198 157 111 -1.02%** -1.85*
* % * % * % **
IR 64 0.21** -0.10* 0.24* 0.10 -003 -024 -001 885 -2.63* -2.05** -1.49* 1.16* -0.85*
** * % ** * % ** * %
Pankaj -001 0.09* -0.13* -0.13 -0.02 0.64** -0.19**0.70 5.21*** 5 53*** 3 Qg5*** -0.05 1.36*
** **
Swarna  -0.37* 0.11* -0.30* -0.31* 0.03 -039 002 -535¢ -456***-505¢ -3.58* -0.09 1.34*
SJb 1 * % * % * % * % * % * % * %
SE(g) 007 002 005 012 002 020 007 088 0.56 0.60 0.69 0.28 0.22

*Significant at 5% level

Satabdi exhibited significantly negative effect
while IR 64 showed significant and positive effect.
Among the lines Jayasilet and Seetabhog showed
significantly positive gca effect for Zn content while
Patnai-23 and CN 1794-2 showed significant but
negative gcaeffect. All thetesterswere found to exhibit
significant gca effect but Satabdi and IR 64 revealed
negative effect.

Thereflection of scaeffect in superior specific
combinations (Table 5) towards desirable direction for
different quality characters highlighted that these
superior crossesinvolved all the possible combination
between parents like (high x high), ( high x average),
(high x low), (average x average), (average x low)
and (low x low) gca effect. It was found that (high x
high) combinationsnot alwaysresulted in high scaeffect
which is probably dueto internal cancellation of gene
effect in parents as suggested by Jones (1958) or may
be due to poor genetic diversity between the parents
involved (Singh and Gupta 1969). Highly performed
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** Significant at 1% level *** Significant at 0.1% level

hybrids generated from (high x high) general combiners
may be resulted from interactions of dominant gene
actions contributed by both the parents and due to
additive geneactionsthe character arefixable and these
crosses can be exploited for obtaining early desirable
segregantsfollowing simple breeding method following
pedigree selection. Superior hybridsfrom combinations
of (good x poor) parents may be resulted due to
dominance x recessive type of interactions with non
additive and non fixabl e genetic components. Random
mating and selection among segregants could lead to
identification of desirable segregants at later
generations. The hybrids from parents with poor or
average combiners could be resultant effect of
interaction of gene at higher degrees and suggested
for cyclic selection or biparental breeding programme
for obtaining desirable segregants.

The sca effect were found superior in Taraori
Basmati x Satabdi for kernel length, kernel length:
breadth ratio, kernel length after cooking and Zn
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content, Jayasilet x Swarna-Subl for kernel breadth,
Seetabhog x IR 64 for amylose content and Zn content,
Taraori Basmati x IR 64 for gel consistency, hulling
percentage, Fe content and yield plant, Taraori
Basmati x Pankaj for milling percentage, head rice
recovery, and yield plant*, BadshahbhogxSatabdi for
hulling percentage, milling percentage, head rice
recovery, Kataribhog x Satabdi for Fe content and Zn
content. These hybrids would proved to be useful for
development of early, highyielding and quality enriched
lines by selecting early recombinant from those crosses
and intermating of elitelines.

CONCLUSION

On the basis of combining ability studies for quality
traitsusing linex tester analysisit wasfound that both
additive and non additive gene actions played important
rolesin governing inheritance of most of thetraits. Both
the laboratory and field experiments had cumulative
influences on studiesrel ated to genetic control of quality
characters. Results derived from this study would be
highly grateful in rice breeding program and may be
used for further crop improvement by selecting early
desirable recombinants which could befurther enriched
for micronutrientslike Feand Zn.
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