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GENETIC ANALYSIS OF TRAITS RELATED TO GRAIN

CHARACTERISTICS AND QUALITY IN TWO CROSSES OF RICE--

ABSTRACT

A genetic study was made on the rice crosses 1R648-3- dominance type. A difference in the signs of
1-2-3/Gow Ruang 88 and 1R648-3-1-2-3/Khao Pahk Maw 148 dominance and dominance x dominance components was
to determine the genetic components of five grain observed in all cases, indicating a duplicate type
cI aracteristics and plant type, and the genotypic of epistasis.
relationship between the two groups of characters.
The genetic materials in each cross included the two T'he heritability for 100-grain weight ranged from

parents and F1 , F2 , F3 , B , and Is populations grown 40 to 60%. Estimates of heritability for grain length,. 21 F3 1 s, 2
in replicated plots. length-width ratio, alkali digestion index,

chalkiness, and amylose content ranged from moderately

Analysis of generation means indicated that the high to high.
variation in 100-grain weight was predominantly due
to additive gene effect. Both additive and dominance In both crosses, grain length exhibited a significant

effects were major contributors to the variation in association with the degree of slenderness, low

grain length and the ratio of grain length to width, degree of chalkiness, low gelatinization temperature,

Variations in chalkiness score and alkali digestion and high amylose content. The 100-grain weight

index in IR648/KPMI48 were largely due to additive was significantly and positively correlated with

gene effect; in IR648/GR88 both additive and dominance grain length, translucency, and amylose content.

effects were important. For amylose content, dominance High amylose content was strongly correlated with

effect appeared more important than additive gene low gelatinizatioT temperature.

effect.
The different types of gene effects controlling

Analysis of F data indicated that alylose content selected traits and the independence between the

was controlled by a single dominant gene along with yield component characters and grain characteristics

minor genes with modifying effect. In both crosses, found in this study provide directions in formulating

among the three types of epistatic gene effect, useful effective selection procedures for specific

additive x additive and dominance x dominance gene traits or the combination of desired traits in a

effects appeared more important than the additive x breeding program.

(" T

By Boriboon Somrith, rice breeder, Khon Kaen Rice Research Station, Khon Kaen, ha iland; T. T. Chang, geneticist,

International Rice Research Institute, Los Bafios, Laguna, Philippines, and Ben R. Jackson, rice breeder, Rocke-

feller Foundation-International Rice Research Institute,EBangkhen, Bangkok, Thailand. 
Excerpted from the Ph D

thesis submitted by the first author to the Indian Agricultural Research Institute, with research carried out at

IRRI, and submitted to the IRRI Research Paper Series Committee February 1979.



IRI'S No. .35, \AuLWSI 11971 3

GENETEC ANALYSIS OF TRAITS RELATED TO CRA[N
CIhARACTERISTICS AND QUALITY IN IO CROSSES OF RICE

Although the development of the semidwarf rices has measuring 5 m long. Seedlings were transplanted in
markedly upgraded yield potential in tropical rice single-plant hills 30 cm between rows and 25 cm
production, concurrent progress in incorporating between plants. Twenty-one plants were planted in
traits related to fine grain quality into the each row. The number of single-row plots sampled
semidwarfs lags behind those for pest resistance and from each population follows:
grain yield.

The physical properties of the rice grain are related Population Plots sampled (no.)
to its dimensions, weight, and structural features
of the starch granules in the endosperm, whereas P1 , P2 , P3 , or F1  2
cooking and eating quality is largely related to
the gelatinization temperature and amylose content F2  20
of the starchy endosperm.

Previous studies on the grain characteristics df F3  400

rice focused mainly on the simply inherited traits B or 20
within one ecogeographic race or on mutants (USDA BS 2S 20
1963, Chang 1964). Little attention was given to
the continuous distribution in F2 populations of
the quality characteristics that a rice breeder For the F3 and reciprocal backct'ss generations,
frequently encounters in a breeding program. More- each line was planted in a sing]L-row plot. The
over, investigations that relate the physical F:3 and backcross lines were divid'd into three
properties to the chemical characteristics of the groups each, according to height, to minimize mutual
rice grain are few and limited in scope, shading between short and tall plants.

The research reported here aimed at determining " o
the mode of inheritance and genotypic correlation
on several important grain characteristics that The following agronomic characters and grain quality
constitute grain, quality in crosses involving a traits were recorded:
semidwarf with the improved plant type and two
tall Thai varieties with good grain quality for Plant tfipe -"observed at full heading and scored
the export market. on a 3-class scale: semidwarf, I; intermediate,

2; tall, 3.

MATERIALS AND METHIODS 100-(grain wei, ht - weight of 100 fully developed
grains sampled from an individual plant after
drying and cleaning.

Pan!. ~h b'ia n Chalkinesa - the milled kernels were individually

examined and scored on the following scale.
IR648-3-l-2-3 (Sigadis*5/TNI), a semidwarf selection,
was used as a common parent in crossing with two Description of chalky spot Corresponding to
fine-grained Thai varieties, Gow Ruang 88 and Khao on a kernel Score SES codea

Pahk Maw 148. The characteristics of the three parents
are in Table 1. No chalky spot observable 1 0

Minute chalky spot, about 1.0
The parental varieties along with populations of F1 , x 0.5 mm (length x width) or
F2 , F3 , and self reciprocal backcrosses (denoted smaller 2 1
as P1 , P2 , P3 , F1 , F2 , F3 , BIS, and B2S, respectively) Spot enlarged up to 2.0 x
were grown at the IRRI Farm during the 1972 wet 1.0 ,m 3 3
season and 1973 dry season. Medium chalky spot restricted

to 2.5-3.0 x 1.0 mm 4 5
Medium large chalky spot,

Exp[?eri t nta I d ezi"p and Zay~out about 3.0-4.0 x 1.5-2.0 mm
(length x width) 5 7

During the 1972 wet season, a complete set of Chalky area extended to 4.0
populations from each cross was planted in a x 2.0 mm or larger 6 9
randomized, complete block design with 2 replications
and the 13 populations were 'p1anted in 1,110 single-
row plots. In the 1973 dry season, 12 populations
were planted in 1,060 single-row plots, each row See IRRI 1975, Standard evaluation system for rice.
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;'; ., ',. " ', - l l gthi ad these populations were derived as follows:
~~~widith (ton) werel' oh tda nd fr'om t ht imlageo '

pl cjctC1ll I i ph t,'11 raphi tl) c 1arI er tlu (1) Variance of line means was calculated from

l ihriatd vrid. line means in a population, and

* , :u?: . , ','.'' 't,P, - tI alkali (2) Mean variance of all lines were computed

II igtrLion test was neri orned 0n dUp plictLeL' from individual measurements within each

-----~---5i olplo.5 of 5;ix- iiil lod .kcrlels L]jchL.L -.~ ~ ieadaergdo the population.

Ls 111a: te Ote g el a tinization t1ellipLratll re r .....

of Lthe grailns of ealch pl.ant. Scores welre The data were analyzed with the following assumptions:

from .1 (low) to 7 (high) , representing
hii gh to low gLlatinlizt -n tioll t ra lurs, 1. Ilomozygous parents

respeCtively (little et al 1958).
2. Diploid segregation

,t - prcent amy lose was

determined by tile simplified amylose test 3. No multiple allelism

using anLi aa y.i (cf . JlIiano 1971
oi P rocedurie) ( 4. No correlated distribution of genes

between parents

, t !".a ,'s'c:1 a::.. 5. No maternal effect

The mean Valls were computed for al.l traits for 6. Absence of genotype-environment interaction

incaseurements on the individual plants (or sampI es)

of each replication iii each popt tat iLon of parent I, 7. No lethal genes, no gene mutation, and

parent 2, parent 3, F1, and 1 2 . Variance (V,), constant viability for all genotypes

variance of the mean (V-) , and the standard error

of the mean (s-) were computed from the respective 8. No linkage and no trigenic or higher

samples. In t~e F3 and backcross populations, order interaction.

the population means (denoted, by F3$ BIS, and B 2S)

and the line means were computed. The. variances of The genetic analysis consisted of:

Tb I.e .. Comparison of agronomic and grain characteristics of parents.

P a r e n t a/

Characters IR648-3-1 CR88 KPIM148

Yield (kg/ha) 3650 2250 2525

100-grain weight (g) 2.5 2.7 3.3

Plant type semidwarf tall tall

Tillering medium high low medium low

Tillers (no.) 15 9 12

Maturi ty
1. photoperiod sensitivity insensitive weakly sensitive strongly sensitive

2. days from seeding to flowering (no.) 110 106 122

Milled rice appearance
1. length (mm) 6.30 7.30 7.60

2. length-width ratio 2.45 3.30 3.30

3. chalkiness 4 1 1

Physicochemical properties of milled rice 204

i. amylose content (%) 28.3

2. gelatinization temperature low intermediate intermediate

a 11R648-3-1 (P1 ) = Sigadis*5/TN1, GR88 (P12 ) Gow Ruang 88, and KPMI48 (C3) Khao Plahk Maw 148.
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•';"'.. .'. ,: :g , . T ~II- except for anylose content iin the F2 poprlationi va'd: nf IR648/KPMI48 which was slightly higher than

the high parent.
a. lest of the d'lthitive-domninanlt effect. Theh

adequ acy of the a(d i t i ve-dt I ; a erfec L i 11 The five grain characteristics of F2 plants
a gelleration was dutcc ted by the insignificant also lay somewhere between the two parental
dhv at iol of observed geun ration means from means. The F2 means were lower than the
their respectivu expected values in scaling corresponding F means in mosttraits.

tLions, deviations, and tite stLandatld errors of The grain characteristics of F of both crossest
tue devialons were derived ro the relation- exhibited a similar trend as tNose of F2 plants,ship between the means or genera tions as ex- except that the progeny of IR648/KPMl48 showed
painned by a ther and links (t971). a lower percentage of amylose content than the

low parent.
b. Six-parameter digenic epistasis model. The

iilparation of digenic nonallelic interactions For the F2 and F3 population of] AR648/GR88
from additive-dominance effect in generation planted in the dry season, the 100-grain weight
means was adopted when a s ignificant devila- was intermediate between the 2 parents. On the
Lion of observed generation means from their other hand, the measurement of grain length
expected values was obtained. For the data from F1 plants was near to the mean of the long-
collected in the wet season, tie estimates of grained parent whereas the F2 and F3 populations
the six parameters --- midparent value (m), gave even larger means. The grain length-grain
additive (,), dominance (h), additive w addi- width ratio in the F1 and F3 populations was
tiye (1), additive dominance (,), and dota1- close to the midparent values; in the F2 it
nance d dominance (,1) gene el fects -- were cal- was slightly larger and closer to the ratio
culated from the equations of generation means of the high parent. In degree of chalkiness,
(.links and Jones 1958, Mather and .links [971). alkali digestion index, and amylose content,

the generation means were closer to the high
0 P'tith j n!"tl!'zwh'ous comi"ownn. The analy- parent in most instances.

sis fo I lowed tile simple unwe igh ted procellres
and notations g ivel hy ,M atiher andi Jinks (1971).

1:l t,,c,'h . tho Uito-bzn~~
0 . I iA. Heri tail iity estimate s',',.. The devia tions of the observed generation

were calculated by three methods: means from their expected wilues an1d the 5 ignifi-
tanc tests were based on four sea! inig teLs of tilea. Broad sense her[tability (!hi) - computed as wt season data; only two tests were available for

the ratio of genotypic vatiance (V;) to phero- tiht' dry scason.-
typi~c variance (Vp) in tie I Population
(Allard 1960). The five grain characteristics in 1R648/GR88 pro-

dlced significant devia tions ill at least one of tile
b. Narrow sense h1ri italility (h1l) - tile ratio tests (as found in grain length) or in all four

of additive genetic colponeit to the iheno- tests (in the case of chalkiness). In 1R648/KI'H148,
typic variance il tho F-2 pipulation (Warner 100-grain weight and other grain characteristics
1.152) . showed significant deviations from expected values

i 2 or 3 tests, except for the degree of chalkiness
c. UIeritGdb il[ty as estimated from parent-progeny which gave nonsignificant values in all tests.

regression (denoted as h2l) -asel on tile
formula described by Chandraratna ani Sakai Tile 2 scaling tests for the observed F2 and F3 means
(1960). indicated significant deviations from their expecta-

tions in all of the traits except 100-grain weight
a iA sciatiom; among chiawta'n. Phenotypic, geno- measured by ither I or both tests (for tile dry

typic,land environmental correlations between all season data only).
possible pairs of characters in the Q, population
were calculated from the formulas of Weber and The significant deviations of the observed genera-
Moorthy (1952). tion means from the expected means suggested that

either the scale or scales used in the measure-
ments were inadequate or that nonallelic inter-

RESUILTS actions were present, whereas the nonsignificant

results indicated an adequacy of th additive-
Ana "pfia of gCencmi't ion mcans, dominance model.

M tn, pjaor2,maec. The observed values of all

geileration means for the nine traits obtained

in the two crop seasons, and their standard
errors are in' Table 2. Full in(ormation may be obtailed in the first

author's Ph D thesis deposited at the Indian
Agricultfural Research Institute (New Delhi), the

The grain characteristics of F1 were generally International Rice Research Institute (Los Bailas),
intermediate between the two parental means, and the Rice Division of Thailand (Bangkhen).
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It 1" ' 2. Gene ratLion means and the standrd errors of the means for six characters in I.R648/GR88 and

1R64&4/K 8 48rosses , 1972 wet season and 1973 dry season.

Cha cter ,,._ _

l-.0-grain -r -in Lng th-wi d Lh Cha Iki ness Alkali Amy lose

Goe ra tion weigh t lngth ra ti d iges t ion con tet
intdex

P 1 (1R648) 3.0.0.045 6.620.035 2,62±0.015 4.8210.064 6.990,008 28.34±0.15

2 (GR88) 2.62±O.041 7,10.9.034 3.15!0.018 2.30±0.151 4.940.031 23.58t0.12

F 3.12AO.022 7.110.022 2.950.013 3.640.094 6.22±0.O58 27.99A*0.14

I 3.00±0.019 o.94.i0.050 2.96±0.016 3.10±0.074 6.01A'0.064 27.19±0.14

:3 2.96:t0.01 3 6.94±0,011 3,00'. 3.04±0.068 6.190.042 25.90±0.12

S 3.13!0.026 6.86.0.027 2.76-0.021 3.15A.121 6.52±0.060 26.95-0.19
I'S

1 (18648) 3.12±0.046 6.49t0.019 2.5210.015 5.04±0.465 7.00±0.000 27.68±0.15

P., (GR88) 2.81.±0.031. 6.86±0.028 3.00±0.01.9 1.630.114 4.14±0.064 21.6±0.31

F1  3.12±0.039 6.85!0.317 2.81±0.018 ,3.62±0.083 6.11!0.070 26.44±0.21

iF 2.9910.021 6.95±0.016 2.960.013 3.110.086 6.05±0.058 27.14±0.14

3 2.90±0.013 6.70±0.013 2.83±0.010 3.97,0.07l 5.81±0.062 25.52±0.16

Lr,(',o'/J:'.!!l;? : : I 'd': 'Tt. 4,N :c,0 M'

w (648) 3.00±0.045 i,.62±0.035 2.62±0.015 4.82±0.064 6.99±0.008 28.34±0.15

P., (KP'lI48) 3.390.053 7.45+0.024 3.26±0.019 1.580.122 4.98±0.011 25.53±0.21

F 3.34!0.046 7.180.026 2.9310.019 2.60±0.082 6.31±0.050 29.00±0.15

F9 3.36±0.020 7.090.019 2.94±0.014 2.86±0.083 6.04!0.056 27.96±0.13

F3 3.400.04 6.92±0.012 2.86t0.011 3.16±0.076 6.14±0.034 25.02±0.09

3.24.0.022 6.62±0.023 2.70±0.020 4.12±0.444 6.66±0.128 26.66±0.19

B2S 3.41±0.023 7.240.021 3 .04±0.017 2.24±0.114 5.82±0.062 24.47±0.18

S'ia7.oh o .f dii',nic cJtLA1 f?01fl addi;vC- b. Domi0nance rJ"c0t (h). The dominance effect was

demina~tnec c,:'fcut in :wnclation uO'an. The estimates apparently a major component in the genetic

of six gene effects (in, d, h, &M, , 1, an'd ) from the variation if all grain characteristics in 1R648/

analysis of populations for six traitsp of the two GR88. In [R648/KI'14
8 , it was highly signifi-

crosses grown in tile wet season are.,, Table 3. cant for grain length, length-width ratio, and

amylose content.

a. Add tivc' cJ'tjc (d). fThe 1.00-grain weight and j1

other grain characteristics of both crosses also In both crosses, tle magnitude of h for amy-

indicated a highly significant additive effect, lose content exceeded the estimated values of

although the estimates were relatively small. other components. The dominance effect was gene-

rally positive, except those for the grain length-

The sign of parameter d appeared to depend on width ratio ant for alkali digestion index in

the maternal parqnt -- when the high parent was IR648/GR88.

considered as P2 the sign of d became negative.

In IR648/GR88, for example, the / estimate for

grain length was negative when GR88, a long-- c. Ei c f eneJetfl (i, ,and 1) . Among

grained parent,',was considered as P,. the three types of epistatic gene effects, i

A ., , .j
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'1% table 3. Weighted least sqare estimates of gene effects in a 6-parameter model, for 6 chalracters of tlhe
IR648/GR88 and tR048/KMI.149 crosses "

Cene effect
Character

h t' (11p) d (add.) 'h (dom.) i (add.x add.) j (add.× dam.) 1. (dom.x dom.)

100-grain weight 2.88t-0.05. -  0 L..tf.0.03** 0.43*.0.21* -0.03±0.05 -(0.19±0. 1-7 -0.20±0.16
_ 'Grain length 6.760.070** -0.2410.02**. 0.86±0.32** 0.11±0.07 -0.23-0.16 -0.52±0.26*

Length-width ratio 3.09±0.04** -0.26±0.01** -0.44±0.17* -0.20±0.04** -0.17±0.11 0.30±0.14*
Chalkiness 1.30±0.23** .35±0.08** 6.,33±0.91** 2.12±0.25** -0.69±0.67 -4.22±0.71**
Alkali digestion index 6.48±0.16** ].02±0.02** . 6±0.68* -0.51±0.16** -1.01±0.38** 1.10±0.53*
'Amylose content 24.05±0.42** 2.40±0.19** 8. 18±1.68** 1.88±0.45'* -4.31±1.35** -4.52±1.30

IR648 K'P,!48

100-grain weight 3.48±0.06** -0.18!0.03** -0.32±0.23 -0.27±0.06** 0.10±0.19 0.17±0.20
Grain length 6.77±0.05** -0.46±0.02** 0.83±0.21** 0.29±0.05** -0. 71±0.15** -0.44±0.17**
Length-width ratio 2.74!0.04** -0.32±0.01 ** 0.53±0.16** 0.20±0.04** -0.04±0.11 -0.33±0.13*
Chalkiness 3.57±0.26** L.62±0.07** -1.84±1.04 -0.37±0.27 0.29±1.01 0.87±0.81
Alkali digestion index 6.32±0.14 ¢** i.00±0.01** -0.89±0.61 -0.34±0.14* -1.50±0.47** 0.87±0.48
Amylose content 21.10±0.35** 1.49±0.13** 17.43±1.43** 5.59±0.36** 0.52±0.96 -9.40±1.14**

Significant at the 5% level, **significant at the 1% level.

(additive x additive) and I (dominance -: domi- 1R648/GR88 and complete dominance in [R648/KPM
nance) were more important than j (additive *< 148. High amylose content showed complete
dominance) for most traits in both crosses, dominance in 1R648/GR88, whereas overdominance

was indicated in the IR648/KPMI48 cross.
The sign of parameter i was generaLly positive,
indicating its enhancing effect. However, the f. AnaivaiO of' F2 data. The F- distribution of
negative i's, which would indicate a diminishing 100-grain weight in both crosses showed a con-
effect, were obtained from alkali digestion tinuous and unimodal. curve (Fig. I). Transgres-
index in both crosses. The j and I effects had sive segregation appeared only on the upper end.
more plus than minus signs. A difference in the Variation in population means was largely attrib-
signs of h and I was observed for several traits, utable to additive and dominance effects. Inade-
indicating the presence of duplicate type of quacV of the 6-parameter model indicated higher
epistasis, order gene interactions. In LR648/KPMI48, par-

tial dominance was indicated by the Fl data,
ci. Adequacy/ o.r' the m-a a tcr odal. The X values although the analysis of components of genera-

computed from the deviation of tile observed gen- tion means showed significant additive and addi-
oration means from their expected values provide tive x additive effects.
a test of goodness of fit of the model to the
generation means of all traits in this study. The pattern of F,) distribution in both crosses

n I8 "for grain length'was also continuous and uni-In R648/GR8S, the X test indicated that the modal (Fig. 2). Transgressive segregation was
6-parameter model was inadequate for all traits indicated for long grains in 1R648/GR88. The
except for amylose content. In LR648/KIPMl48, additive, dominance, and dominance x dominance
the model was appropriate only for the degree of gene effects were the major contributors in
cha lkiness. IR648/GR88; in .R648/KPM148 all types of gene

effects were significant. The 6-parameter model
Inadequacy of the 6-parameter model suggests the was inadequate, however, for both crosses.
presence of higher order interactions or a link-
age of interacting genes.

Continuous and unimodal distribution of plants
e. Ave'a w dc,,' of dominane in Y (ceneiration. in the F 2 populations (Fig. 3) was obtained for

The potence ratio was computed o assess the grain length-width ratio. In IR648/GR88, trans-
average degree of dominance in the F1 genera- gressive segregation occurred on both ends. Few
Lion. For grain length, the potence ratios plants in 1R648/KPMl48 had a ratio beyond the
indicated complete dominance of long grains in lower parental range. Analysis of population
lR648/GR88 and partial dominance in the IR648/ means suggested that the variation could be main-
KPiM48 cross. No dominance was observed in the ly attributed to additive, dominance, additive x
case of grain length-width ratio and in the additive, and dominance x dominance effects.
degree of chalkiness. Alkali digestion index inadequacy of the 6-parameter model indicated
showed partial dominance of high values in the presence of trigenic interactions. 21
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Plants (nO.)
120PxPPxP"~ ~ ~ ~P iX0 ' :_ p p2  - P, X P3  

'.

S1R648/GR88) (IR648/KPM148)

100

80

60

40

2P "P 3

20 F1  --

-P1  _P

2.0 2.4 2.8 3.2 3.6 4.0 2.0 2.4 2.8 3.2 3.6 4.0

100-grain wt (g)

Fig. I. I) istribution and means of parents, F, and F2 plants by 10-grain weight

in two crosses, 1972 wet season. Sol id horizontal lines show the range of parents

and F1 pLants about the means (dotted eircle.

Plants (no.) The degree of chalk iness showed a cont I luons

8o -
variation in the V' sampe s a I though the di s-

70 x P 
LribuLions were not unimodal (Ig. 4). \ery fuw

SH 164813888) 
F2 plants attained the score of the high parent.

so8 8 - riation il the scores on K. plants seemed
partly affected by enviKmumntal influence which

50 was indicated by the wide range of the scores of

the parents and F, plants. In 1648/GR88, the

va4Lriation was attributablC to additive, domi-

30 
nance, additive : additive, and dominance x

P1  
dominance effects as well as to trigenic inter-

20- 2  
actions. fn IR648/KPM148 only the additive

--- 
effect was predominant.

10 F-

01 
An atypical F,, distribution was observed for

alkali digestion index in both crosses (Fig. 5).

70 Each cross included a large proportion of F2

60 p1 X p3  
plants that have high alkali scores. Analysis

(IR648/KPM148) of generation means showed the contribution of

50- both additive and dominance effects in IR648/

GR88, and the three types of epistatic gene

40 effects. In IR648/KPM148, additive effect was

30 
important. Additivex additive and additive x

20 F1  dominance interactions were also present. An

20 p inadequacy of the digenic interaction model

0 suggest&d a presence of higher order interactions

10 in both crosses.

OI 5.86.0 6.2 6.4 6.8 7.0 7.2 7.4 7.6 7.8 For amylose content, tile distribution in either

Grain length (nm) cross was also continuous but it appeared to be

bimodal (Fig. 6). Most F plants tended to have

Fig. 2. Distrilution and means of parents, F 1 and high amylose. tflhe segrega tion in both rQ popula-

F" plants, by grain length in two crosses, 1972 wet Lionshgave a satisfactory fit to the ratio

s~easoni. Solid hoiotLlines shlow the ranlge of3 iligh:1 intermediate, suggestinlg that dominant

r e a n P plhorizontal t ns otte r lesof alleles confer high amylose. The analysis ofSparents and F1 plants .aiout tihe meanls (dotted circles). : /
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Plants (no.) . J . t of li ta iiv by
90 the regresionsUf 13 line means On the ,

PI X P2 ,-- individual plant scores and the StaL ndard error:s
80 (R648/GRH88) Jof such estimates for the (rii cla ractrist-ics

measured from 11R648/0H88 are in Table 5. Her-
tabiili ty etimates for grain length, length-width

60 rlatio, and lO0-g.rain weight were .50. oderately
igh estimates wer ohta ined for chalkiness and

amylose content. The alkali digestin index
showed the highest Ieri talit i t estimae o 801%.

t. ~t.Tna. 'able 6 prosents the phonotypic, geno-

P typic, and environmental correlaL ion cc uff icjIvnS

20 Iutween all possible l'airs of 14 characters
measured from individual F., pl.ants of the 2 cros-
- grown } l' l the wet seasoni and of I cross grown
in the dry season. GUnotypic correlations were

0o t I -.II often hig r than the correspond ing pheno typic
2.2 2 26 2.8 3.0 3.2 3.4 3.6 3.8 corre.lations. Environmental correlations were

90 larger than either g'notypic or phenotypic cor-
80 -) X:3 relations in certain combinations and smal 1r

IR648/KPM148) in the others. Phenotypic and genotypic corre-
aLions between virious characteristics in both
crosses general ly had the same sign.

60
Table 4. Estmnates of broad sense heritability (%)
for six characters or F, populations of IR648/GR88
and IR648/KP,'I148. -

40-
Character 1972 wet season -1973 dR,~ season

1R648/(R88 IR648/Kl'NI48 11648/GR88
P, P3  100-grain weight 60. 19 42.18 58.89

20 - _

Grain length 76.96 78.10 69.98

0 "1 I engthl-w id th
2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 ratio 90.59 84.22 81.62

C~ha lkinecss 78.00 87.61 89.03
Fig. 3. Distribution and means of parents,

tI and F2 pLants, iby length-width ratio in Alkali digestion
two crosses, 1972 wet season. Solid Iuori- index 96.38 97.25 89.89
zoLtal I 1 ines show the range of palrents and
F1 plants about the means (dotted circles). Amylose content 72.07 82.51 69.42

generation leans showed tLhat all gen effects
were significant in 1R648/GR88; in IR648/KI0148,
only the additive doninance effect was nonsig- Table 5. Ieritability as estimated by the regression
nif'icaLnt. The presenve of trigenic intel'actions of F3 line means on F2 plants for six characters in
was indicated in the IR648/RPM148 population. tile IR648/GRS8 population.

, ; pt ; , Cha rae ter Heritability (%)

I .5r ,d~.'. :'tu! Q' ( st. "stimates of
broad sense heritabilitv for tile grain eharac- 100-grain weight 43.94 ± 15.30
ter isies, based on tihe percentage of genotypic
v ariance to total F., variance, are iin 'able 4. Grain length 52.60 ± 16.85

Length-width ratio of grain, cllal.kinpss, a.kali length-wid th ratio 44.16 ± 17.49

digestion index, and amylose content exhibiLed -k6 . ± 1
high heritability estimates ranging from 78 to Chalkiness 69.96 ± 4.19
971. Est imate for grain length was moderately
high whereas that for 100-grail weight was Alkali digestion index 80.52 ± 1.82
about 50%. Amyloso content 69.07 ± 7.16

2. tl .O)(.t ' ,,l iza tea b, W'oqcfl'l-paJ1eut



10. IRI'S No. 35. \ugiN 197N)

Plants (no.)
80

(I R648/G R88) (1 R648/KPM148)

60 -

40

P1  F20 pi
20 _2 ---- 3

1 2 3 4 5 6 1 2 1 4 5 6

Chalkiness score

Fig. 4. Distribution and means of paIren ts , Fa planIlts, baVo-rage sVoIro of

chalkinss in two crosses, 1972 wot season. Solid ho rizon tal I iines Show the ra1nge

of pa lents and FI plaits about the meMnS (dotLed 'cire1- CI

Plants (no.)
140

P1 xP 2  
P1 x P3

(I R648/G R88) (IR648/KPM148)
120-

100

80

60

40 .F P-

P2 -P 3

20 
G

2 3 4 5 6 7 2 3 4 5 6 7

Alkali digestion index

Fig. 5. Distribution ald means of parents, F1 and F. plants by the average of

alkal digestion index in two crosses, 1972 wet season. Solid horizontal lines
show the range of parents and Fl plants about the means (dotted circles).
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P owe, season. A strong and positive assouilton

between chalkinuss and IO0-grain weight was

40- IP observed in all cases.

31- Alkali digestion index was significantly and
positively correlated with amylose content in both

20 p crosses. TabLe 7. shows a high froquency of Lhe

:to -____ recombinants with high alLal i digestibility (low

F2 _gel atinizing) and high amylose content in the F2
. -population of 1R648/GR88. Alkali digestin index

gave a positive assoCij~tion with 0-grain weight. . ..---- ~......at--n0isigni f-icantl--evel -n- tlhe- wet-season.----Anlose--

4,ntent also indicated a positive correlation with
IR648/KPM 148) 100-grain weight, plant type score, and plant height

30 . in both crosses.

20

L ODISCUSSIN: " 0 La- trm _ ' L . . . L ' ,_ ' L L -D S U S O
19 20 21 22 23 24 25 26 27 28 29 30 31 32

Ainylose content (, Among the grain characteristics, grain length was
mainly controlled by both additive and dominance
effects. The grain length-width ratio was primarily
governed by genes with additive effect in one cross

Fig, 6. Distribution and means or parents, ,I and F2 and by genes with both types of effects in the other
plants, by amvlose content in two croses, 1972 wet cross. These two physical features also showed
season. Solid horizontal lines show the range of positive correlation. Earlier investigators also
parents and F1 plants about the means (dotted circles). reported polygenic inheritance of grain length and

grain shape (itra 1962, Thullen 1966, Poonai 1966,
Nurty and Covindaswamy 1967).

The environmental variation for plant type within Chalkiness score indicated the presence of dominance
each of the parents and F1 populations was zero, effect in IR648/GR88, but in IR648/KPM148 the
signifying that eachl population expressed uni- genatic variation was largely due to additive effect.
formly in plant type. Therefore, only tile pho- In. additioa, a substantial portion on the total

* typic correlation coefficients between plant type variation in chalkiness could be attributed to
and the remaining 1.3 traits are given, environmental influence. Our findings could not

be explained by"any of the previous postulates based
on one or more recessive mende ian genes (USDA 1963,

Agoociations bcte . 7raia chca'aeterio t.c (ifld Seetharaman 1.964). On the other hand, the dominant
aurc o~noic trai'to nature of chalkiness has been reported (Nagai 1958).

In both crosses, kernel length showed a positive For alkali digestion index, the F2 distribution
correlation with grain length-width ratio. Kernel showed an obvious skewness toward the high-index
length did not show any obvious correlation with the parent, indicating that dominant alleles were
degree of chalkiness but was positively associated operating in IR648/GR88, although significant
with alkali digestion index and amylose content, dominance effect was not detected in IR648/KPMI48.
Grain length appeared positively correlated with Tie, anomalous F2 segregation of tile index could
.100-grain weight. Kernel length was positively asso- result from digenic and trigenic interactions. Our
ciated with plant height. Positive phenotypic cor- data could not be interpreted by tile postulates of
relation between grain length and plant type score previous workers: (1) a few genes of major effect
was observed only in the wet season, and several modifiers (Kahlon 1964) or (2) more

than three genes were involved (Stansel 1965).

The icnith-width ratio of the grain was negatively Chosh and Govindaswamy (1972) reported that lack

correlated with the degree of chalkiness but it of dominance was observed in F1 and that the

slowed a significant and positive association with bimodal F2 distribution did not agree with any

alkali digestiun index and with amylose content. conventional genetic ratio.

It also gave a negative and significant correlation
* with 100-grain weight in both crosses although the The analysis of amylose content indicated that the

correlation was not significant in the wet season inheritance of this trait was controlled by a

* planting of tR648/CR88. In IR648/KPMl48, grain single dominant gene along with minor genes with

slenderness was observed to be associated with cumulative effect. Our findings agree with the

desirabte plant type. previous findings of Seetharaman (1959), Kahlon
p t(1964), and Ghosh and Govindaswamy (1972).

Chalkiness was negatively correlated with alkali leritability estimates obtained by genotypic variance
digestion index and with amylose content in the for the grain characteristics and cooking features
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Table 6. Phnotypic, gen0typic, and environmental correlat ion coefficients among selected agronomic traits and

grain -h raclteri-stLis in tLhe F2 populations of JR648/GR88 and 1R648/KP148, 1972 wet season data, and of

R04S8/88 1973 dry1 ,seaionda.

1972 Wet season 1973 rv season: larf'i,!tr -r ftR6 rcl.g- 1 - l6 8 /KPMI.'48 . lg48/ 88"'. :

*r, r. r. rp ,.1r E  pr

P7 . G r, , G I

G ,rain 1ength-l and + ,

. ra. n legth l ratio .5l .508 .317 .541* .272 .236 508** 165 .381

)6 e " n87 '2 "--.026' -. 098TO27 . Is OO7 0250-

Alkali digestion index .260'* .281 .194 ,232"* .493 .068 .262** .544 -. 292 "

AAmylose content .346** .361 .376 310** b .468 .238** ) .174

100-grain weight .461** .486 .432 .409** .228 .306 .262** .187 -. 096

Plant type .178* a a .157* a a ,099 n s  n "

Plant height .205** .196 .293 .160* .171 .117 .169* .232 -. 050

length-width ratio and
Chalkiness -. 409** -. 488 .010 -. 515** 1 -. 060 -. 479** b .059

Alkali digestion index .183** .197 -. 021 .156* .267 -. 145 .161* .256 -. 144

Amylose content .238** .310 -. 082 .224"* . .794 .066 .158* .518 .040

1weight -. 107 u s -. 1.24 -. 076 -. 224** -. 091 -. 208 -. 285"* -. 138 -. 061
Plant type .039" at a .276* a a -. 095 a a

Plant height .048 n s  .036 .168 .266"* .315 -. 1.18 -. 010 n  .018 -. 115

Chalkiness and
Alkali digestion index -.213'* -.239 -.060 -. 225** b .115 -. L34 n s  b -. 131

Amlose content -.265** -.232 -.369 -.277** -.258 -.390 -.066
n s  -.004 -.341

100-grain weight .248** .500 -. 318 .280** 1) -. 231 .288** b -. 322

Plant type .r 15 3 ns a a -. 137 a a .197**e a a

Plant height -, .013 -. 14( .199" -. 230 .091 .179* .210 -. 033

Alkal.i digestion index and
Amy lose content 544** .634 .163 .584** .644 .092 .492** .615 .035

.100-grain weight . 193** .248 .064 .149" .327 .024 .134 n s  .289 .039

Plant type -. 027"' a a .1201 s  a a .101 n s  a a

Plant height .005 n s  .009 .062 .127"n  .129 .107 .116 s  .120 .094

Amylose conten'..,and
100-grain weight .31.0** .222 .490 .165' .128 .440 .205** .703 .226

Plant type .262** a a .274** a a .202** a a

plant height .287** .295 .310 .335** .373 .073 .217** .223 .212

100-grain weight and

Plant type .347** a a .06111 a a .246** "a a

Plant height .374** .430 .298 .130 .148 .184 .226** .327 -. 024

Plant type and
Plant height .835** a a .791** a a .720** a a

ns = Not significant. * Significant at the 5% level, ** Significant at the 1% level.

a indicates ?ero estimate of environmental variance.

were high, ranging from 40 to 97%. lleritability found highly heritable traits (Poonai 1966, Nakatat

estimates obtained by parent-progeny regression ranged 1972). Seetharaman (1959) reported a high herita-

from moderate (about 50%) for 100-grain weight, bility estimate for amylose content. Masajo (1971)

grain length, and length-width ratio, to moderately obtained a high value for alkali digestion index.

high (70-80%) for chalkiness, alkali digestion Bollich and Webb (1973) reported estimates of 29 and

index, and amylose content. A heritability estimate 63% for amylose content in the F2 and F3 progenies

of 59/" for 100-groin weight was reported by of different crosses.

Chand ra ra Li and Saka 1 (1960). Moderate vlleus of

herlitabilit 01 wore given for chalkiness (Masajo 1.971, 'The parent-offspring regression coefficient in this

Niak itit 1972), Grain le.ongth and grain shape were study involved the growing of parents and progenies
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Table 7, Association h twoen the amvlso content and In tie 1F., populations of this study, tihe data suggest
Ialkali, digestion inde:e in th. F2 progeny of IRa4F8/GR88, that tLue destred levels of .my os content and

1972 Wet Suasn. gel atinization temperature van be selected indepen-
d.nt.y of p lant height. But for vombtnation. other
.thatn the high amyloSO-low gelatinizirg typo,

plants Wi th F2 planL With i g iven range of concurrent sinreenig for each of the two t tts i
a given range aIkali di n necessary in the brooding cycles.
o of aminl.o o 3.1-4.0 4.1-5.D 5.1-6,0 h.1-7.0
.contont ,(no.) ." '"
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