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Heritability and Selection Effectiveness for Fruit Firmness in Strawberry

Toshiki Mori
Mie Agricultural Research Center, Ureshino-cho, Mie 515-2316

Summary

Exp. 1. Frequency distributions of strawberry seedlings for firmness and skin toughness of fruit were
unimodality, exhibiting a normal distribution curve. These two traits seemed to be polygenitically
inherited. A highly significant correlation (0.93~0.98) was found between firmness and skin toughness.
The heritability was estimated by: 1) comparing variances between seedlings and those of the parents,
2) computing the parent-offspring regression, and 3) analyzing the variance between the female and
male factors. Broad - sense heritabilities for the firmness were 0.67, 0.90, and 0.51; those for the skin
toughness were 0.59, 0.73, and 0.28. A highly additive genetic effect was observed but the dominance
effect was small according to the analysis of variance between female and male factors; hence, the
difference between broad - sense and narrow - sense heritability was small.

Exp. 2. The heritability estimated by the selection response to F, from F, was 0.43, and
approximated values obtained by the comparison between the variance of the seedling population and
that of the parents and by the analysis of variance between female and male factors. In conclusion,
these two methods were more suitable than that of the parent- offspring regression for predicting
heritability by the selection response.

A relatively high heritability was found in the fruit firmness by any statistical method. Therefore, the
implementation of clonal selection based on several generations may be more effective than that on the
F, generation. A superior clonal line could be selected from the progenies after the frequency of firm-
fruited seedlings has increased and the selections hybridized in the early stages of breeding.
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Table 1. Parental lines of strawberry used and their fruit firmness and skin toughness (Exp. 1).

Fruit firmness (g) Skin toughness (g)
Parental lines Pedigree® n
Mean £ SD Mean + SD
9310710  {Nyo X (To X Ai)} X (Ai X Ho)S 8 143.8 + 18.7 89.9 £ 13.5
9312702 {NyoS X (Nyo X Ho)} X (Ai X Ho)S 8 947+ 40 622+ 28
9316901  {(Ai X To)S X (Ho X Nyo)S} X (Ai x Ho)$ 8 1287+ 18.6 78.8 + 16.1
9319101  {(Ho X To)S X (Ho X Nyo)S} X (Ai X Ho)S 8 106.1 = 9.5 608+ 9.2

? Nyo: ‘Nyoho’, To: ‘Toyonoka’, Ai: ‘Aiberry’, Ho: ‘Hokowase’, S: Self
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Seedling frequency distributions of fruit firmness(left) and skin toughness(right) in strawberry (Exp.1).
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Table 2. Mean value, normality of distribution and broad - sense heritabilities for fruit firmness and skin toughness
in each family (Exp. 1).

Fruit firmness Skin toughness r between firmness

Family n .
Mean + SD (g) Normality H2(1¥ Mean+ SD(g) Normality —H?(1)  @nd skintoughness

9310710 x 9310710 17  148.0 + 24.1 Y 0.40 87.9 + 14.7 Y 0.16 0.93***
9310710 X 9312702 19  117.7+25.6 Y 0.72 77.1+19.5 Y 0.75 0.96**
9310710 X 9316901 18  122.0 + 25.9 Y 0.48 739 £ 205 Y 0.47 0.95**
9310710 X 9319101 18  130.0 = 28.4 Y 0.73 80.0 = 20.0 Y 0.67 0.93%*
9312702 X 9310710 20  107.7 + 24.3 Y 0.69 689+ 179 Y 0.71 0.95%*
9312702 X 9312702 20  96.4 *+ 17.0 Y 0.95 614+ 124 Y 0.95 0.96**
9312702 X 9316901 20  114.2+223 Y 0.63 742 +15.7 Y 0.46 0.98**
9312702 X 9319101 20  102.0 + 21.7 N 0.89 66.4 + 16.6 Y 0.83 0.95%*
9316901 X 9310710 16  131.9 + 239 Y 039 84.5* 18.2 Y 0.34 0.93**
9316901 X 9312702 20 1114 +23.7 Y 0.68 70.8 £ 21.6 Y 0.71 0.96**
9316901 X 9316901 15  126.8 + 29.7 Y 0.61 693+ 16.4 Y 0.04 0.93**
9316901 X 9319101 15 1256+ 19.8 Y 0.44 78.6 + 16.4 Y 036 0.96**
9319101 X 9310710 19 1163 + 254 Y 0.66 704 + 19.2 Y 0.64 0.95%*
9319101 X 9312702 19 1015+ 22.6 Y 0.90 654+ 16.6 Y 0.83 0.96**
9319101 x 9316901 15  114.7+28.3 Y 0.73 68.6 + 25.9 Y 0.74 0.95%*
9319101 X 9319101 14  97.1+24.9 Y 0.86 573+ 194 Y 0.77 0.97**

Mean 17.8 1165+ 27.7 0.67 722+ 19.9 0.59 0.95

* Fitted (Y) and unfitted (N) to normal distribution (P<0.05).

Vi1 —(Vp1+Vpy)/2

YHE(1)=
(1) V.

Vp1, Vpg: Variance of parent. Vg, : Variance of F) or S, .

* Significant at 1% level.
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Fig. 2. Relationship between mid - parental values and the values of family mean in fruit firmness and skin toughness (Exp.1).
b: Mid - parent - offspring regression coefficent.
r: Mid - parent - offspring correlation coefficent.
**: Significant at 1% level.
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Table 3. Analysis of variance for fruit firmness and skin toughness (Exp. 1).

Fruit firmness Skin toughness
Source Composition of mean square’
df Mean square df Mean square
Females 3 9854.4**Y 3 2907.7** af + rofm2 +rInof2
Males 3 4489.1%* 3 958.9* ol+roy+riol
Females x Males 9 911.9 9 508.2 GE+r0’
Within - family 269 624.0 269 357.7 ol

2o, 0.2, 0ty and ow2 : Variance components due to the effects of female parent, male parent, female x male interaction and
within cross residual, respectively. r, f and m refer to the number of replications, females and males, respectively.
Y * ** Significant at 5% and 1% levels, respectively.
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Table 4. Estimated components of variance and narrow - sense
and broad - sense heritabilities for fruit firmness and
skin toughness (Exp. 1). 157 F. from top 20% of F,
m: = 98.4
Estimate 10k ’ 46 =12.3
Parameters” (4)=0.43
Fruit firmness Skin toughness
5 =
o 125.6 34.4
0 50.2 6.5 0
e 16.2 8.6 50 70 90 110 130 150
0 624.0 357.7 Firmness(g)
2
OAZ 321'7 817 Fig. 3. Frequency distributions of fruit firmness for parents, F;
Gf; 4.7 345 plants and F; progenies from 20% of F; plants ranked to the
h*(3) 0.43 0.20
2(3) 0.51 0.8 top (Exp.2).
H( ) ) my : Mean of F, plants.
? ofz, 0.2, af?n and 0,2: See Table 3. my, : Mean of 20% of F, plants ranked to the top in the fruit
02=2(a2+0,2): Additive genetic variance. firmness.
o =4(0:%4 ) : Dominance genetic variance. m, : Mean of F, progenies from 20% of F| plants ranked to
P 9 the top in the fruit firmness.
5 2(0"+oy) N . . ) .
h*(3)=—F——; > : Narrow - sense heritability. i: Selection differential.
Of *On +Oim+ 0w AG : Genetic gain.

2(0 (¢ ) 1(C ”) T (; m; —m
f m ! : Broad sense he ltablllty A 0
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Table 5. Heritability estimates obtained from four ways.

Exp. 1

Exp. 2

Variance component Parent - offspring

Analisis of variance in F; (S, ) between

Character of Pand F, (S;) regression females and males Selection response
HZ(1) H2(2) h?(3)* H?(3)" h?(4)
Fruit firmness 0.67 0.90 043 0.51 043
Skin toughness 0.59 0.73 0.20 0.28 -
Ver1— (Ve +Vpy)/2
Z Mean of all families H2(1)= r1= (Ve + Vea) : From Table 2.

Ve

1
¥ H2(2) = Mid - parent - offspring regression coefficient from Fig. 2.

2(0f2+0mz)
0f+oi+omtal
2(0f+af)+4(oid)

o +an+0omtoy

AG _ Iy —mg
i mg—my

xh2(3)=

WHZ(3)=

Vhi(4)= : From Fig. 3.

: Narrow - sense heritability from Table 4.

: Broad - sense heritability from Table 4.
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