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Abstract

Inheritance of yield and its associated characters were studied in two

" yarietal crosses involving three varieties of Brassica La'mpestris L. Heritability
estimates ranged from 81 per cent for seed yield per plant in cross-1 to 19
per cent for 10-fruit weight in cross-2. Transgressive segregation in both
directions was observed in seed yield per plant and fruit length in cross-2 and
in seed wezght per 10fruzt and number of fruits per plant in cross-1.  Over-
dominance was observed in 10-fruit weight and 100-seed wezght in both the
crosses and number of seeds per jruzt and number of fruits pe; plant respec-

tively in cross-1 and cross-2. The eslzmares of dominance (h)) gene effects

were mostly larger than the additiye (d) gene effects and were significant
in almost all the characters. Epistasis was detected by chi-square fest in all
but in number of fruits per plant and fruit length in cross-2. Epistasis W as
found to be duplicate type in all cases except in number of fruits per plant

-~ and fruit length in cross-1 where it was complementary t'yp€ Absolute

magmtude of the epistatic effects was more than the additive (d) and domi-

nance (h) gene effects. Seed yield per plant was found to be correlated with
~other characters both phenotypically and genotypically. Phenotypic correla-

tions appeared significant in all cases except that of number of fruits per

plant with other associated characters. '

High yield is an important objective in any breeding programme but success in
such breeding study depends greatly on the availability of genetic information
about vield and its associated characters, because high yield results from suitable
combination of its assomated characters.

Yield was assumed to be a complex heritable character and dcpendent on the
following components:
(a) Number of fruits per plant
(b) Number of seeds per f‘rmt
* (¢) Fruit length
(d) 10-fruit weight
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T ey Seed weight “per 10-fruit
(f) 100-seed weight and
(2) Seed vyield per plant
Expression of each componcm is presumed to be controlled by polygenes.
Knowledge concemmg the inheritance of polygenically controlled characters
increases the effectiveness of selection for the character. Individual gene effects
are not measurable in quantitative characters, but’statistical pr ocedures have been
developed dl]d used to obtain bdsm information in such gene effects as a whole.
For example, heritability is used to indicate the relative degree to which a character
is transmitted from parents to oﬂ“spnngs. The magnitude of such estimates also
suggests the extent to which improvéﬁlent is possible through selection. Estimation
of various types of gene effects including epistasis is of value because it provides
information useful in choosmo the most appropriate breeding procediire of further
1mpxovcment The magnitude to which a character is genotypically correlated
is also of great value to the breeder in desngbnmg their breeding programme.

The present study, therefore, was undertaken in an attempt to determine (a) the
magnitude of heritability estimates, (b) number of effective factors involved in
conditioning the characters, (¢) relative importance of additive, dominance variation
and digenic epistasis and (d) magnitude of genotypic and phenotypic correlation
of a number of quantitative characters which constitute the vield and yle 1d
components of Brassica campestris L.

Materials and Methods ;

Three mustard varieties Were chosen as parental materials from the breeding
stock of East Pakistan Agricultural Research iaboratories, Dacca. Two crosses
were made among the three varieties and each cross formed a genetic group whm]
included six populations as described below:

" Cross-1 .. o .. Py, Py, their By, By,
[Foua 7 (P x Toria- BP (P D1 , By (P x Fy) and B,
: ‘ - (P, x Fy) derivatives.
(Group D
~Crogs-2 0. ot O ..o Py, Py, their Fy, ¥,
[Toria-7 (P;) x Toria-TP (Pﬁ)] By (P; x F{) and B,

(P5 x Fy) derivatives.
(Group 1D
Crosses between parents were first made during the winter of 1965-66. Back-
crosses of F'y hybrids to their parents, selfing of ¥, hybrids and the fresh crosses
for Fy seeds were made during the winter of 1966-67. Thus six generations (Py,
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P,, By, B,, F; and F,) formed a genetic group, which was treated as an wnit in the
sowing scheme. Six populatlons of each group were randcmly grown in each
of the three rephcatlom One repllc“ttlon was put in a bleck of 19" x 25 size.
Passage between blocks was three feet wide as was the boarder all round the blocks.
Each block consisted of twenty rows with tWenty-mx plants in each row. Space
between rows as well as between plants was one foot. The boarder rows on twe
sides of a block were sown with parental seeds and were treated as non-experimental,
‘while of the remaining eighteen rows, seeds of each of Py, Py, By, Bjand
Fy were sown in two rows each: and F, seeds were sown in eight rows. Two plants
-on two ends of each of these rows were treated as non- -experimental. Thusihére
Were 48 plants for each of Py, Py, By, 82 and F, progenies and 192 plants for F,
ganumtlon in each block. Data were collected on an 1nd1v1dual plant basis for the
following characters

Number of fruits

per plant: .. .. The number of fruits in each plant was counted. ..
Number of seeds per fruit: Number of seeds from the first El‘Uit of each p]‘a,n‘.’twas
counted.
Fruit length: .. .. The first fruit of each plant was measured in cm. from
o o the base to 4 apex for the fruit length ‘
1 0—1“1-uif w‘eight:‘ | Fmt 10 fruits, of each plant were taken and their
SRR weight was taken in gm after uniform drying.
Seed weight per 10-fruit: Seed welght ofhrst 10 fruits of each plant were weighed
‘ "~ in gm after proper drying.
],O‘()-s‘eed weight: .. 100 seeds from each plant were weighed atter proper
‘ o drying, ‘
‘Seed yield per plant: .. Seeds of each individual plant were weighed in gm

after proper drying.

The wlleoted data were analysed by following the bicmetrical techmques of
‘Mather (1949) and of Allard (1960).  Warner's (1952) method was followed to
determine the heritability. The expected genetic advance was calculated by
following the formula of Lush (1949). The number of effective factors was
calculated according to Goodwing (1944). The techniques of Hayman (1958)
were followed for the detection and separation of epistatic variaticn. - Genctypic
and phenotypic correlations were determined by following the formula used by
Petr and Frev (1966).
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E‘pr‘ei'imént'aI Results"
Mean btandard devmtlon and variances of each of the six progenies (P, Po,
Bl, B;, Fy and F?) for all ChdmctelS were calculated separately forthe two crosses.

Mean variances of Py, P, and Fl prowded the valuc for 1he envnonmental (E)

wvariation, whereas the-values for additive (D) and: dommancc (H) components of

varlatton‘were derived from the variances of By, B, and F,. They are shown in
. A A

Table'l. From the estimated values of  environmental (E), additive (D) and

i - ) : A : .' . . P E g i : ; ~ . . N
dominance (H) variations, heritability, average degree of dominance, expected
‘genetic advances in I3 means over F, means at 5 per’ cent level of selection and
percentage of genetic advance in terms of F, mean were calculated for all the
characters studied under the two crosses. Number of effective factors were also
determined on the assumption that the genes are isodirectionally distributed among
the parents. The results obtained are shown in Table I.

Separation of Epistatic Variation
‘In absence of epi%tasis"t'he data fits better with three-parameter model of

quman (1958) and m* d*, and h* mmsurcs a constant, additive and dominance.
AA A
When epmasls 1% p1 esent m d, h, 1, J, and 1 respectively measures a constant,

dddxtmty, dommance and the three kmds of digenic eplstcms [dommame X
dommdnce (1) dommance x additive (j ) and additive x addmve 1) The first step

in the examination of means was to find out the values of m‘ d*, and h* in terms
of non- eplStdtiC model and to test for goodness of fit. The values calculated for

m*’ g and h in terms of three-parameter model for both the crosses are shown in

Table IT and Table TII. The %2 values were found to be significant for all the
chardctels in both the crosses except in number of fruits per plcmt and mut
length. *Significant x> values 111dlcated presence of epistasis. In presence of

l\

epistasis the values for m, d, 1, 1,] and l were calculated in terms of six-parameter
smodel.for all characters-including the characters, number of fruits per plant and
fruit Lenoth where %2 walues were not significant at 5 per cent level.  The results
obtained are shown in Table I and Table 111,
L RN A . ; N ; ' .
- The estimates of mean effects (m) were positive and were highly significant for
ty r e A .- [

-all-the characters in both the crosses.. The additive (d) and dominance (h): gene
ieffécts were Tow in magnitude compared to mean effects. The additive gene

A N . B "
effects (d) were observed to be significant in 10-fruit weight,- 100-seed weight and
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number of fruits per plant in cross-2 whereas in cross=11it was non-significantdn
fruit length, 100-seed weight and seed yield per piant. -On. the. other. hand
. AN . . L. . . . RN . -
dominance gene effects (h) were significant in all the characters except fruit Tength
and 100-seed weight in both the crosses. ~ Dominance gene effect was also non-
significant in seed weight per 10- hmt under cross-2. : :

Additive x dominance (]) type of epistasis was found to be swnlﬁCdnt i all
hc chalactcrs under both the crosses except in number of fruits per p]ant under

cross-2.  Additive x dddltl\/e (1) interaction was non- ngmhcant only in seed
ng,ht per 10-fruit under the two crosses and in 10-fruit welght and 100- seed

weight mspectwe]y in cross- 2 and cross-1, whereas dominance x dommance (1)
type of epistasis was found to be non-significant for 10-fruit weight in cross-1 1 and
for fruit length and number of fruits per, plant under cross-2.

T he absolute magnitude of all the three components  of -genic irdteraction

Iy B RV b ",w’/\'i
(1 je Cand 1) were less than the mean effects i most of the characters.” The est
of all the three types of epistasis were significant in four (,hcu dC‘[CIS uudel (.,ICM 1
md in three characters under cross-2. : ‘ beoamn

. Comparing tbe sign oi b dndl it is obscx ved that eplstdsls st durhcatc ty}*
in all the characters under both the crosses except in number of fruits per plant
and number of seeds per fruit under cross-1 where t,pl‘«tas's was found fo be com-
plementary type. '

Columps to the right slde of the observdtlon in the upper half cf Iabic 1I dlLd
T'lble 111 show that the- difference between the observed mean values and thm
expectations based on the three- pammetu model is due to different typm of
epistasis ‘which appear to have suppr essed the dommance in most of ‘Lhc chamclus
'studxed under two crosses. Sl

(wnotypl( aml Phenotypic Corzc]atmn

The genotypic and phenotypic correlations bctwnen dd“femm chdmctus undel
study are shown in Table 1V and Tabic V. For the most part, ‘the phenotyplc cmd
genotypic corxelatlon for any pair of characters appearcd to be of compalab
magnitude, the latter having mostly larger values ' than the formeT AH the
characters were found to be highly correlated with the seed yield pcr plant.” “The
close phenotypic and genotypic correlation between different associated ‘chatacters
and seed vield per plant indicates that plant breeders may use any one of these
characters as a selection criterion in F, generaticn to achieve genetic advancesin
seed yield per plant.  Number of fruits per plant was found to have a verylittle or
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no correlation with other characters. High correlation was  indicated between
10-fruit weight and seed weight per 10-fruit, whereas moderately high correlations
were noted between other characters. Phenotypic correlations were found to be
significant in all the characters except in number of fruits per plant which
exhibited insignificant correlation with other associated characters but it had a
significant phenotypic correlation with the seed yield per plant.

Dlscussum

- The collected data thlblled w1de range of distribution and no d;stmgunlwhle
groups in them suggesting that yleld and yield components are controlled by
polygenes. The number of effective factors differentiating the two parents in both
the crosscs were, however, estlmdted to be one to three for all the characters except
in case of 10-fruit Welght where the number of effective factors were detected to be
six and seven in cross-1 and cross-2 respectively.

~Number of fruits per plant, seed weight per 10-fruit and seed yield per plant in
both the crosses and number of seeds per fruit and fruit length respectively in
cross-1 and cross-2 were found to have high heritability compared to other
characters. These characters with high heritability and high genetic gain, may
likely respond better during selection breeding compared to other characters with
low heritability and low genetic advance (Johnson ez al. 1955 and Lerner 1958).

Transgressive segregation was observed in either direction in seed weight per
10-fruit and number of fruits per plant in cross-1 and in fruit length and seed yield
per plant in cross-2. Transgressive segregation towards higher performance
was indicated in seed weight per 10-fruit under cross-2 wheleas it was suggested
towards 1()Wer pelformance n some other chdrdcters undel ‘the same cross.

o Dommance,relatlonvshlp as measured by (H/D) , shows oyerdommance in
10-fruit weight, seed weight per 10-fruit and 100-seed weight in both the crosses
and in number of fruits per plant and number of seeds per fruit respectively in
cross-2 and cross-1, though it was not expressed in the F; and F, plant% This

was probably due to the fact that values were derived from sums of &quares of all

the plus and minus h values, while under direct observation of F; and F, plants,
~enly average effects were expressed dtter some of the plus and minus values had
cancelled each other. , ,
- The magnitude of the estimates of additive (cAl) effects was smaller compared to
those of other gene effects. This suggests that additive gene effects have a minor
contribution to the inheritance of the most of the characters under study. How-
ever, in some of the characters such as number of fruits per plant, 10-fruit weight
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etc. where additive (d) gene effects have relatively large values sug ggesting that they
contribute significantly in the inheritance of these traits. This coupled with
1c]at1vcly hlgh heritability values in these characters suggests that some progress
may be achieved through selection.

~ . o 0 = =
Dominance (h) gene effects appeared to have major contribution in the inheri-
tance of some of the characters studied under both the crosses. The negative
dominant gene effect suggests its diminishing effect on the expression of different

characters. In comparison to the additive (d) gene effects it appeared to be more
significant in the inheritance of most of the characters. This suggests that as the
inheritance of a quantitative character‘becomes more complex, the contribution

of dominance (h) gene effects to the inheritance becomes greater.

The relative mdgmtudc of additive x additive (1) gene effects was comparable
to that of dominance (h) gene effects and was greater than additive (d‘ gene effects

A
in most of the characters. This suggests that additive x additive (i) gene cffects
had considerable contribution in the inheritance of most of the characters. Additive

A
x dominance (j) gene effects was found to be the most widespread of the three
kinds of epistasis in the inheritance of the characters studied, Dominance x

dominance (’i) gene effects being associated with positive sign indicates that this type
of gene action may have an enhancing effect in the expression of the characters.
The magnitude of epistasis may, however, be biased by the presence of linkage
(Kempthéme 1957). ; :

The six genetic _pérameter estimates provided a test for different types of gene
action, and supply useful information for the improvement of the traits under
study. However, these genetic effects cannot be interpreted in terms of genetic
varjancie. The variation observed in the detection of epistasis was mostly due to

dominance (?1) and epistatic gene effects which suggests the adoption of such
breeding procedures that would make the best use of them. Pr ocedures worth
adopting may be the use of synthetic varieties and recurrent selection of reciprocal
recurrent selection as suggested by Comstock et al. (1949) and Dickerson (1952).

The degree of association of plant characters has always been a helpful basis of
selection. The high correlation observed between seed yield per plant and
its associated characters suggested that all the traits contribute to seed yield and
that selection for seed yield would be worthwhile using any one of the associated
characters as a criterion for selection but the presence of duplicate epistasis in most
of the characters studied may likely hinder the progress.
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Number of fruits per plant has a very low or no. correlation with othu charac-
tcrs but 1t has ‘d ngmhcant wuelatlon with seed vield per plant Since trans-
gresslve segr eg,dtlon has been detected for T 11Lher perfoxmance in number of fruits
per‘plant with high herxtablhty and’ complcmentdxy type of Cpl%tdSIS 1t may be
proved to be of value in selection breeding for higher seed yield i in mustard.

‘The investigation has limitation in thdt it is based onone year’s’ “data and

derived values may be associated with environimental int emctlon Thls point may
be taken mto consideration in future rcfercnces ‘
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TABLE I

>
B

) A A
Values of D, H, E, (H/D)*, heritability, genetic advance. genetic advance in”%, on F» mean and number of effective faciors for the two crosses

A a « L Heritability Genetic Genetic Number of
B (H/D)? in per cent advance advance in%,  effective
N N (3D x100)/ [K3A(3a2/ on F, mean  factor
Name of cross Character studied H D , VF5] 52A)] [1(P;-Py)2
s \Uu
- _ ] I e N
Number of fruits per plant 1416.3200  2038.3400 0.8335 59.46 50.30 47.18 0.3659
Number of seeds per frait 41.2940 13.0268 11.4356 1.7810 23.03 2.52 11.65 0.0978
Cross-1
Fruit length 0.1160 0.0880 0.0500 0.3613 35.77 0.25 8.80 0.1928
(Toria-7 x Toria-

BP) 10-fruit weight 0.1280 0.0996 0.0127 1.1313 32.95 0.24 2.20 6.2222
Seed weight per 10-fruit 0.0040 0.0148 - 0.0010 1.1418 79.56 0.14 25.92 1.1418

100-seed weight 0.0112 0.0026 0.0009 2.7054 26.00 6.03 0.09 0.5384

Seed yield per plant 0.2624 11.9794 1.2967 0.1515 81.47 4.51 72.30 0.6405

Number of fruits per plant 3043.6800  1336.5000 261.0000 1.5090 41.44 34.58 41.44 0.5574

Number of seeds per fruit 17.8028 48.7363 $3.2733 0.3651 75.91 8.85 43.59 1.2843

Fruit length 0.0800 0.3600 £ 0.0400 0.4711 75.00 0.73 23.93 0.6669

Cross-2
10-fruoit weight 0.5196 0.0902 0.0158 0.7202 19.40 0.17 14.07 5.5714
(Toria-7 x Toria-

P Seed weight per 10-fruit 0.0284 0.0214 0.0012 1.1489 56.31 0.4156 26.00 2.0607
100-seed weight 0.0124 0.0044 0.0006 1.6781 37.28 0.05 16.92 0.2045

Seed yield per plant —3.0332 9.1022 L 27855 . 69,24 3.6% 57.52 0.7648




TABLE 11

Observed mean and its difference from the expected mean, constant additivity, dominance and il

Number of fruits per plant

Number of seeds per fruif

N Fruit length

10-fruit weight

Mean Difference Megn Difference Mean Difference Mean Difference
Py 90.89+1.33 1.91 17.75+0.30 0.65 _,,m.@mHo.ow 0.02 0.8340.01 0.00
P, 145,52 +2. 10 0.50 35.17+0.04 6.73 W.@Ho.ow 0.25 1.9540.01 6.02
F, 102.72+2.20 3.86 27.90--0.03 2.32 wmw +0.01 0.01 1.22-40.01 G.04
F,  106.61+2.20 —1.32 21.64+0.25 —4 .04 2.92+0.17 —0.01 1.17+4+0.02 —0.11
B 71.944-3.13 —21.92 20.69+0.04 —0.66 2.734+0.05 —0.03 1.08+0.04 0.07
B; {18.46--5.11 3.48 26.96-+0.08 —3.05 2.69+0.03 —0.43 1.40--0.04 —0.15
3-parameter 6-parameter 3-parameter 6-parameter 6-parameter 3-paramerer 6-parameter
model model model model model model! model
m 107.93+6.15 106.61 +3.46 25.68-11.44 21.64+0.25 2.944:0.006 2.9340.17 1.2840.004 1.1740.02
d —28.024+0.66 -—46.42+3.46 — 8.66--0.03 — 6.27+0.50 —"0.37+0.010 0.04--0.03 —0.554-0.004 —0.3240.03
h —i8.144-1.33  —61.1248.70 —0 .20-1-0.03 10.18+0.36 Wum,“._m&%o.o: — 1.074+0.09 —0.20-+0.006 0.1140.08
i —45.64 +8.58 8.74 +0.21 — 0.884+0.08 0.28 +0.0¢
i —19.20+3.52 2.44+0.06 0.37+0.04 0.2430.04
I —106.93 +15.01 4.683 +0.29 1.95+0.08 —0.02 0. 1¢
Chi square 111.2496 57.2158 47.4218 12.8317
P<0.01 P-0.01 : P<<0.01 P<0.01

£t ( . . . A - M . . N . . .
Differences were found out by subtracting espected values of Py, Ps, Fy, Foi By and B, (as obtained under Z.parameter model) from their re
Fy=m41ih, Fy=m, Bj-=m-+1d and By=m~-1d.



: tvpes of epistasis in cross- (Torig-7 x Toria-BP)

Seed weight per 10-fruir

Mean Difference
45 +0.003 0.02
).72 +0.003 40.03
).55.0.002 1-0.01
).54-10.005 —0.01
1.474-0.009 —0.02
).60--0.009 —0.01

3-parameter

100-seed weight Seed yield per plant

Mean Difference Mean Difference
0.33+£0.002 —0.02 3.9840.14 0.06
0.4040.003 —0.03 9.524+0.13 0.44
0.40-+0.003 —0.03 6.75-+0.12 1.61
0.374-0.003 —0.01 6.25+0.20 0.25
0.36+0.008 —0.00 4.3540.26 —0.79
0.36--0.010 —0.04 5.034+0.32 —2.83

3-parameter

6 3-parameter

6-parameter

model model model model model
+.554+0.0002 0.384-0.0010 0.37 -0.00 6.50+0.03 6.254-0.20
1. 13-0.0011  —0.13-+6.002 —0.04+0.0011 —0.002+0.0L —2.71:0.04 —0.680.24
».03+0.0019 ulo.om,mhou.oog —0.03+0.0002 —0.02+0.0F 0.27-+0.08 —6.24+0.68
—0.02-+0.012 —0.05+40.01 —6.2440.67
0.01+0.002 0.03+0.00 2.08+0.24
0.15+0.015 0.15+0.032 14 48-11.09
22.9677 75.7911 33.3659
P<0.01 P<0.01 P<0.01

ve observed values. Expected values were estimated as follows: Py=m-d—%h, Py=m—d—1h,




Observed mean and iis difference from the expected

Number of fruits per plant

Number of seeds per fruit

Fruit length

Mean Difference Mean Difference Mean Differ
P; 82.17:1.26 1.753 13.6340.16 —1.23 2.7040.02 —0
P 136.744-1.24 1.80 29.4610.18 —0.90 3.521+0.02 0.
Fi 126.14+1.25 3.55 14.2940.16 —8.32 2.9340.02 —0
F 97.071£2.26 ~—18.05 20.324-0.30 2.34 3.0540.03 0.
B, 91.58 +-3.71 —9.91 17.6740.45 3.55 2.9340.04 —0.
B,  117.594+5.23 —I1.16 18.21 £0.69 —3.36 2.964+0.07 0.
3-parameter 6-parameier 3-paramerer N@E%:SQ 3-paramerter 6-pai
model model model model model me
m 115.12-4-0.40 97.07+2.26 17.984-0.05 20.32--0.30 3.010.005 3.0:
d  —27.2640.50 —26.01+3.70 —7.75--0.07 —0.54-10.47 0.3940.007  —0.0;
h 14.894-1.17 46.75+9.10  —9.2640.11 —16.77+1.18 0.11+£0.013 —0.6(
i 30.06+9.83 —9.5241.18 —0.4%
j —1.28 +4.19 7.38:+0.48 0.38
1 22.79+£15.80 9.4312.04 0.72
Chi square 35.1201 81.3921 7.4743
P<0.20>0.10 P<0.01 P<0.10>>0.05



constant, additivity. dominance and the three types of epistasis in cr

TABLE

m

ss= (Toria-7 x Torig-TP)

10-fruit length Seed weighr per 10-fruit 100-seed weight Seed yield per plant
Mean Difference

Mean Difference Mean Difference Mean Difference
0.8740.02 0.27 0.44 +0.004 0.05 0.34 +6.002 —0.04 3.81+0.16 0.45
2.13+0.01 0.23 0.8640.003 0.07 0.27+6.002 —0.03 9.10+0.17 —0.07
1.284-0.02 0.00 0.55+0.003 —0.04 0.38-+0.002 —0.03 6.00-0.23 0.22
1.30+0.02 0.90 0.56+0.078 —0.03 0.35-+0.003 —0.01 6.31+0.17 0.21
1.1240.03 0.04 0.54+0.012 0.05 .03 +0.009 —0.05 5.02-40.33 0.13
1.414-0.07 —0.29 0.26--0.060 0.35+0.012 —0.02 4.89+0.26 —2.42

~0.67

3-parameter

6-parameter

3-parameter

6-parameter

3-parameter

6-parameter

3-parameter

6-parameier

model model model model - model model model model
1.3940.001 1.30+0.02 0.59-+0.009 0.56:+0.078  0.3440.0006 0.3540.003 6.10--0.05 6.3140.1
—0.62+0.015 —0.304+0.04 —0.20+0.001 }o.cww_moﬂ:m 0.0340.0008 —40.044-0.01 —2.4210.06 0.13+0.24
0.23--0.009  —0.37+0.10 —0.02--0:616  0.034-0.0009 —0.654+0.13 —5.8740.65
—0.164+0.10 —0.08 £0.615 —0.0840.019 —5.42-10.63
0.334-0.04 0.134-0.011 0.08 +0.008 —0.784£0.25
0.68-0.18 . 0.174£0.036 10.5141.09
9.9585 17.5210 10.2460 147.8290
P<0.02 P<0.01 P<0.02 P<0.01
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