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I, INTRODUCTION

Pod dehiscence, or shattering, is an undesirable characteristic in
cultivated soybeans (Glycine max (L) Merr.). There is variation in the
degree of shatter resistance in cultivated soybeans. Before resistant
varieties were developed, if weather conditions were favorable for shatter=-
ing, soybean growers could lose over one=half of their crop (2). Just two
pods shattering per square foot reduces yield by one bushel per acre.

Environmental factors such as relative humidity, temperature, soil
type, and periods of wetting and drying affect shattering, with relative
humidity and temperature affecting it the most (2). Progress in recent
Years has been made in developing soybean varieties that are shatter resis-
tant allowing soybeans to be grown in many areas where a few years ago they
were unprofitable to grow. Selection for shatter resistant types must be
continmued and conducted where weather conditions during harvest are favor-
able for shattering. More knowledge of how shattering is inherited and is
related to other agronomic characters will assist soybean breeders in de-
signing programs for producing shatter resistant varieties,

The main objective was to study the inheritance of shattering in soy-
beans and its relation to other agronomic characters. Inheritance of

- height, maturity, and seed weight were also studied,



II. LITERATURE REVIEW

Inheritance studies of pod dehiscence in soybeans are limited. Nagai
(17) and Ting (22) found in hybrid progenies of cultivated soybeans crossed
with wild soybeans that the shattering character was dominant to the non-
shattering character., Piper and Morse (19) working with an intraspecific
cross involving varieties of Glycine max, however, reported the nonshatter-
ing character to be dominant to the shattering character. Caviness (2,3)
with intra- and interspecific crosses found partial dominance for the
shattering character. Estimates of heritability for pod dehiscence are high
(2,3,9). Caviness (2,3) reports shattering to be due to the action of
several genes and some modifiers.

Inheritance of maturity varies as to the type of gene action controlling
maturity. Several investigators have reported dominance in the direction of
lateness (12,20,23,30) while others reported dominance in the direction of
earliness (11,18). Others have reported additive gene action (9,10,14,29).
The varying results of earlier reporters may be explained by two major genes
(1) that control maturity, each acting in a different direction; a major
gene for earliness and a major gene for lateness., As suggested by Bernard
(1) some of the variability of earlier reports also could be due to the arbi-
- trariness of the date chosen to distinguish early from late. Maturity is
highly heritable (8,9,14,15,21,26,27,28,29). Most of these authors agree
that selection for maturity can be carried out successfully in early genera-
tions.

In a cross between the wild species, Glycine ussuriensis, Regel and

Maack and the cultivated species, Glycine max, Ting (22) reported that the

genes for short plants are dominant to those for tall plants. In intraspecific



crosses with the cultivated species, Glycine max, however, dominance was in
the direction of tallness (4,6,11,12,23,29,30). Woodworth (31) found inde=-
terminant growth habit to be dominant to determinant, Height is highly
heritable (4,8,9,14,15,21,27,28,29), Gopani and Kabaria (7), however, re-
ported low heritability for height. This could be due to the small varia=-
tion in height between the parents. BEarlier studies indicate that a single
major gene pair affects height but minor genes and/or modifying genes also
affect plant height in soybeans (4,30).

The small seed size of the wild species, Glycine ussuriensis and Glycine

formosana Hosckawa, is dominant to the larger seed size of the cultivated
species, Glycine max, (12,17,21,22,26), In intraspecific crosses with Glycine
max, (11) dominance was reported in the direction of large seed size while
other vorkers reported additive gene action controlling seed weight (6,28),
Most of the earlier studies have found seed weight to be a highly heritable
character (7,9,21,28). Hanson and Weber (8) however, reported low heritabil-
ity for seed weight. They further stated that environmental stresses at seed
formation could affect seed weight, If this stress is confounded with the
maturily range for a set of genotypes, considerable genotype by environmental
interaction could be expected for seed weight, which could explain the low
estimate of heritability. Caviness (3) also indicated that seed size was
influenced by the environment, Weber (26) and Weber and Moorthy (28) report
that there are a large number of genes that determine seed weight in soybeans.
Little information is available on the relationship of shattering with
other agronomic characters, Johnson, Roﬁinson and Comstock (10) indicated
a positive correlation between height and shattering resistance. In a cross

between the wild species, Glycine ussuriensis, and the cultivated species,




Caviness (3) reported a positive correlation between shattering and maturity
while in crosses between varieties of Glycine max Johnson, et al. (10) re-
ported a positive correlation between shattering resistance and maturity,
Caviness (3), in intraspecific crosses, reported no correlation of shatter-
ing to maturity, Johnson, et al. (10) and Caviness (3) reported a positive
correlation between shatter resistance and seed weight, However, in crosses
between varieties of the cultivated species Caviness (3) reported a negative
correlation. The positive correlation he found was in a cross between parents
with medium and smzll seeds while the negative correlation occurred in a
cross between medium and large seeded parents,

Positive correlations between maturity and height (10,12,15,21,28,29)
have been reported. However, there was variation on the relation of maturity
to seed weight from a positive correlation (10,12) in intraspecific crosses
in the cultivated species to no correlation (26,28) to a negative correlation
(21) in interspecific crosses between the wild and cultivated species., Like=
wise, reports on the relation of height to seed weight also varied from no
correlation (7,10) to a negative correlation (21), Weber and Moorthy (28)
reported height and seed weight to be negatively correlated in one cross and

positively correlated in the other two crosses.



III., MATERIALS AND METHODS

Intraspecific crosses in soybeans were made in 1969 involving four var-
ieties (Table 1 and 2). Methods of handling the various generations in all
three crosses were the same unless otherwise noted. The Fl seed was planted
in 1970. One=half of the F2 seed was planted in 1971 along with the parental
varieties, Data on single F2 plants and parents were collected on maturity,
shattering (number of days from maturity to pod dehiscence), height at matur-

ity, and seed weight., All unshattered F, plants remaining after 21 days in

2
the 108 and 11S crosses and 28 days in the 95 cross were considered shatter
resistant.

In 1972 F5 progeny seed from F2 plants grown in 1971 was planted along
with the remaining F2 seed, Fl seed from crosses made in 1971, and seed from
the parental varieties. The F5 seed was planted in single rows 76 cm apart
and 3.69 meters long and later trimmed to 2.46 meters. Parents were planted
every tenth row and two check varieties, 'Amsoy' and 'Hark', were planted in
every tenth row giving a check variety every fifth row. Plant density within
a Irow was depeﬁdent upon the amount of seed available, ranging from 30 to 80
seeds per row., Parental check rows were planted at the same rates as the F3
progeny rows while the other check varieties were planted at a constant rate
-of 60 seeds per row. Data on maturity, shattering, height, and seed weight
were collected from progeny rows grown from one hundred randomly selected F2
single plants from each cross, Maturity and shattering data were collected
on individual F5 plants while height and seed weight were measured as F3
progeny row means. Data for the parents and checks were collected in the

form of row means.

The F2 and F1 geed was planted at a rate of 50 seeds per 3.69 meter



Table 1, Description of the parental varieties comparing indicated

characters,
- Maturity
Variety Shattering group Height Seed size
4 100 resistant I indeterminant medium
Goldsoy moderately resistant 0 indeterminant medium
Burwell susceptible I determinant large
Giant Green  susceptible : 8 determinant large

Table 2. Cross numbers assigned and pedigree of the crosses.

Cross number Cross
a5 A 100 x Goldsoy
108 A 100 x Burwell

11 A 100 x Giant Green




rows, however, due to poor germination in the F, caused by the age of the

seed, plant spacing in the F_, varied considerably, Data on single plants

2
were collected on the F2, Fl’ and parents.

Methods of evaluating the different characters were:

Maturity date: when 95% of the pods on a single plant turned brown,
or for parental row means when 75% of the plants within a row
were mature.

Shattering date: when two to three pods on a single plant had shattered
or, for parental row means when 75% of the plants within a row had
shattered.

Height (cm): measured at maturity from grounﬁ level to the uppermost

tip of the main stem.

Seed weight: the weight in grams per 100 seeds,



IV, METHODS OF ANALYSIS

Mather (16), used equations derived by Fisher, Immer and Tedin (5), to
describe how to divide continuocus variation in quantitative characters into
additive, nonadditive, and environmental portions. The following equations
were used to derive values for the additive or fixable portions of variance

and nonadditive or unfixable portions:

I. VF2=1/2D+1/4H+E1
II. Cov F2/F3 =1/2D+1/8 H

where VF2 is the variance of the F2 population,
Cov FZ/F3 is the covariance of F, single plants and their F3 progeny
Trow means
D is the additive portion of wvariance
H is the nonadditive portion of variance
El is a measure of the environmental portion based on single plant

measurements and calculated directly from the data by the formula:

VPl + VP2 + VFl

3

E =

where VPl is the variance of the first parent
VP2 is the variance of the second parent
VFl is the variance of the F1 generation
Broad sense and narrow sense estimates of heritability were calculated.
The broad sense estimate includes the additive and nonadditive portion of
variance while the narrow sense estimate includes only the additive portion
of variability (13). The formula used to calculate the broad sense estimates

of heritability was:



VF, - B
VF,

H =

Three different methods all using regression of F3 progeny row means
on single F2 plant values were used to estimate narrow sense heritability.
The first of these methods was described by Mahmud and Kramer (14):

X1
H=—L%x 100
Y
where H ig heritability
X is the mean of the FZ' generation
Y is the mean of the F5 generation
b is the regression of means of F, lines on individual F2 plant values,

3
The second method was propesed by Waddle (24) and described by Caviness (3):

()2
e 2

H=L2 or H = !Egj_‘ﬁ 01'H=r2
&y sz-fyz

where H is heritability

2
.(ﬁg_é)_ is the sum of squares due to regression of y on x

5.x

$x2 is the sum of squares for F2 plant values

£y2 is the sum of squares for F3 progeny means,
The third method made use of the D value calculated earlier with the use of

Mather's formulas (16), This method was described by Warner (25):

gol/2D
=

The formulas used to calculate correlation coefficients are:

In the F2 generation:
Covy,

v Varx v Va.ry

phenotypic correlation =




10

Cov - Cov E
Xy 1xy

genotypic correlation =

\/farx - Elx \/Va.ry - Ely

where Covxy is the covariance of two sets of data
Varx is the variance of one set of data
Vary is the variance of the other set of data
Cov Elxy is the estimate of the environmental covariance calculated
from the formulas

CovPl + CovP2 + Cov?l
3

where CovPl is the covariance of parent one's data

CovP, is the covariance of parent two's data

2

CovFl is the covariance of the F1

Elx and Ely are, as defined earlier, the envirommental effect for the

generation's data

various characters,
Phenotypic correlations in the F3 generation are like those calculated in
the F2 generation, The genotypic correlation in the F3 generation is
essentially the same as for the F2 except that the environmental portion

is based on row means, The formula for calculating it is:

Cov - Cov E
Xy 23y
VVEIX - EEx Vary - Ezy

where Cov__, Var_, Var are as earlier defined
xy x J

Cov E is an estimate of the environmental covariance based on row

2xy
means.

E2x and E2:Y are the estimates of environmental variance based on row

means for the different characters and calculated from the equations:

VPl row means + VP2 row means

E2x or y = >



11

V. RESULTS AND DISCUSSION
Shattering

Frequency distributions (Figures 1-6) indicate additive gene action in
the 95 cross and dominant gene action in the 10S and 11S crosses., The addi=-
tivity is indicated by the normal distribution in the 95 F2 and F3 genera=
tions, while dominance is indicated by the skewed distributions in the 103

2

and F3 generations fall closer to the mean of the susceptible parent in the

two crosses indicate dominance in the direction of shattering., The means

and 11S F, and F3 generations, Also the fact that the means of the Fl’ F2,

of the Fl’ F2, and F3 generations in the 95 cross fall close to the center
of the parents indicating additivity.

From looking at the frequency distributions (Figures 1-6), one would
expect small D values for the 10S and 11S crosses and a large D value in
the 98 cross., The D value (Table 3) for the 11S cross agreed with what was
expected, being a negative value which was considered zero. In the 103
cross the D value, though not as small as that in the 11S, was still small
when compared to its corresponding H value. The negative D wvalue in the 95
cross was not expected, This negative value was the result of a very small
covariance between F2 plants and their F3 progeny resulting from early ter-
.mination of data collecting in the F2 generation in 1971, which decreased
the variance of the F2 plants.

Except for the 1972 broad sense estimate in the 95 cross (Table 4), all
of the broad sense estimates of heritability are high. The low value for
the 95 cross in 1972 was the environmental affect on the shatter resistant

genotypes causing large variation in the nonsegregating populations,
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Fiz. 1. Frecucney distributions of the parental populations and F2 generation
in 1971 for the 93 cross for shattering,

245

Y\

36+ nean

LDIVIDUALS
-
P

FREQOUENCY OF

12
& ' mem_f—"} GOLDSOY
i
0

) _ rL;ilean

16 A100

o ¥ 5 10 20 30
DAYS Fa0ii MATURITY 70 SEATTR



13

#i;. 2, Freguency distributions of 211 populations in 1272 for the 95 cross
for chattering.
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#igs 3e IFrecuency dissributions of the parental populations and F2 generation
in 1971 for the 10S cross for shattering,
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Sic. . freocuency distribubions of all nopulations in 1972 Tor tie
103 cross Zor shatite:rinze
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ize 5. Preguency cisbtributions of the parentcl posulations and F2 gensraition
in 1971 Tor the 115 cross “or shaviering.

169

™

FREQUENCY OF INDIVIDUALS
S
1

N
5

ne i
g = GIANT GRIEEK

24 e

) A100

25

no
o

)
10
DAYS MO ILATURINTY T0 SIIATIER



17

nil

fig. O Frequency distributions of all poowlations in 1372 for the 1135 cross
Lor shotiering,

80

T

mean ‘ P

RRQUENCY OF INDIVIDUALS

.,
4

8- meam_
= — 1

P
=
f

i F2 oan

i
1 GIANT GHEEN
i

rzmean

A A100
—_ e []

A

10 20 30 110 50
DAYS FI0M ILLTULTY 10 SILiPRs




Fig. 6. (continued).
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Table 3, Estimates of D and H for the indicated characters derived with
Mather's equations for the three crosses.

Cross Numbers

95 10S 115
Characters D H D H D H
Shattering -15.14  72.48  33.76 113,52 -19.56 210,96
Maturity 5.14  44.64  =9.24 193.52 92,38 108,08
Height 128,00 330.88 967.08  34.96 1621.64 =445.44
Seed weight -7.20 33,52 -15.82  74.80 -43,06  170.48

Table 4. Broad sense estimates of heritability for two years for the
indicated characters for the three crosses,

Cross Numbers

_ 95 108 115
Characters 1971 1972 1971 1972 19731 1972
Shattering 15 +33 .89 «85 77 .18
Matu.‘t'i‘ty . 72 . 53 . 91 . 56 . 87 . 74
HEigh.t . 59 * 68 . 87 ) . 82 . 95 . 94

Seed weight +93 .46 .97 .76 1.00 .31
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Narrow sense estimates of heritability (Table 5) however, are low.
Since these estimates were all based on the relatiOnship of the F2 to its
F3 progeny, the lowering of the variances of the F2 generation by the early
termination of data collecting in 1971 caused the low estimates of herit-
ability, Another reason for these low narrow sense estimates could be the
variation in weather conditions between the two years, Estimates in the
105 cross were higher than estimates in the other two crosses, for a larger
percentage of the F2 plants in this cross had shatfered when the collection
of data was terminated in 1971 than in the other two crosses.

Correlation coefficients between the F2 and its F3 progeny (Table 6)
indicated a highly significant correlation in the 10S and 11S crosses but not

in the 95 cross. The lack of correlation in the 95 cross is due to the

environments effect on the various genotypes in 1972,
Maturity

The distributions of the F2 and F3 generations in the frequency tables
(Figures 7 and 8) indicate additive gene action for maturity in the 95 cross.
In 1971 in the 95 and 10S crosses (Figures 7=10) there were larger differ-
ences between parents than in 1972, In the 108 cross in 1972 there were
only two days difference in maturity while in 1971 there was an eight day
difference between parental means, This difference was due to the differ-
ence in environmental conditions for the two years, In 1971 the means of
the F2 generations for all crosses (Figures 7-12) fell between tﬁe means of
the two parents. In 1972, however, this was not the case, especially in the

10S and 11S crosses. In the 95 cross (Figures 7 and 8) the means of the Fl’

F2, and F3 and parental populations in 1972 all fell within a six day span.
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Table 5., Narrow sense estimates of heritability for the indicated methods
and characters for the three crosses.

Cross Numbers
Methed 93 108 115
Shattering
Mather 0,00 0.33 0,00
Mahmud and Kramer 0.16 0.59 0.30
Waddle 0,06 0.41 0.07
Maturity
Mather 0.13% 0,00 0.55
Mahmud and Kramer 0.40 0.38 0.69
Waddle 0.07 0,15 0.57
Height
Mather | 0.26 0.84 1.06
Mahmud and Kramer 0.48 077 0.97
Waddle 0,20 0.58 0,76
Seed Weight
_Mather 0.00 0,00 0.00
Mahmud and Kramer 0.09 0,11 0.00

Waddle 0.00 0.00 0.00
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Table 6. Correlation coefficients for the same character between F2
plants and their FB progeny for the three crosses.

Cross number

Character 9s 10s 115
Shattering .08 . 64%% o 27%%
Maturity . 27¥% 3% (S
Height o §5%% o T6%% . BTE%
Seed weight .00 +13 -,02

*¥* gignificant at the 1% level
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Fige 7. Frzcuency distributions of the parental populztions and F2 seneration
in 1971 for the 9S cross for maturiiy.
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Mge 8. Frequency distribubions of all nowulations in 1972 for the 93 cross
w3 o - - ¢ -
for maturity.
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fig. 94 Frecuency distributions of the parental vopulations and F2 ceneration
in 1971 fFor the 1CS cross for meturity.
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Fiz. 10, Freouency distributions of all ponulctions in 1972 for the 105 cross
for maturity.
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fig. 10. (conbinued).
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Fig. 11. Frecuency distributions of the narental populations and F2 soneration
in 1971 for the 118 cross Jor maturity.
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Fiz. 12, Freruency distributions of o1l posulations for 1972 for the 115 cross
Yor MALUrity.
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fMge 12, (continued).
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This and the transgressive segregation occurring in the F2 and F3 genera=
tions indicate that the parents are phenotypically similar but genotypically
different,

In the 10S cross in 1972 (Figure 10) the mean of the F, generation was
later than the late maturing parent. This could be due to poor germination
of the F2 seed resulting in a small plant number on which to collect data.
The Fl generation mean was later than the late maturing parent indicating
perhaps a small amount of heterosis. Again in this cross transgressive
segregation was shown in the F2 and F3 generations,

As in the other two crosses, in the 118 F2 generation for both years
and the F3 generation for 1972 (Figures 11 and 12) there appears to be trans-
gressive segregation, Heterosis is indicated by the mean of the Fl gener-
ation being twelve days later than the latest parent. Bernmard (1) described
two genes that control maturity in soybeans that act in opposite directions;
a major gene for earliness and a major gene for lateness. The interaction
of these genes could give the normal distributions shown in the frequency
tables (Figures 7-12), and may also help explain the differences in the
additive portion of variance in the various crosses (Table 3), In the 95
and 10S crosses the additive portion is small while in the 115 cross it is
fairly high., The small additive portion in the 9S and 10S crosses is due
to small covariance values beiween F2 plants and their F3 progeny for these
two crosses. In the 95 cross it is especially due to a low variénce of the
F2 generation and a high variance in the F3 generation,

Broad sense estimates (Table 4) are‘high in 1971 and slightly lower in

1972 due to the genotypes interaction with the environment. Compared to

previous works (8,14,21,26,27), narrow sense estimates appear to be low with
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the highest being in the 11S cross. The low heritabilities in the 95 and
10S crosses could be due to the genotypic similarity of the paxental var-
ieties. Asg could be expected from previous reports, correlations between

F_ plants and their F, progeny row means are all highly significant.

2 3

Height

In the 95 cross between two indeterminant types, frequency distribu-
tions (Figure 13) indicated additive gene action by the normal distributions
in the F2 generations, There was very little difference between parental
varieties in 1971, The F2 generation showed a large amount of transgressive
segregation with its mean falling above that of the tallest parent., In 1972
a larger difference was shown in the means of the parents. The differences
of the means of the two parents in the two years was due to the different
environmental conditions in the two years. The means of the Fl and F2 gen=
erations in 1972 fell in between the parents indicating additive gene action,
In the 10S cross between a determinant type and an indeterminant type, the
distributions (Figure 14) indicate dominance in the direction of tallness.
There were not enough F2 plants available in 1972 to show any trends. The
mean of the Fl generation is closer to the mean of the tall parent alsoc in-

dicating dominant gene action in the direction of tallness. In 1971 and
| 1972 a small amount of transgressive segregation appeared in both directions
indicating that the parents are phenotypically similar and genotypically
different,

In the 11S cross also between a determinant and indeterminant type,
there appeared to be partial dominance toward tallness (Figure 15), In both

F2 populations there was a large amount of transgressive segregation especially
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i, 13, Srooucners Qisbributions of all wepwlntdons Jor 1971 and 1972 in the
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Pz, 1. Frecuency distributions of all poanlaticns for 1971 and 1972 in the
10S cross Zo:r heizht.
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Me. 15. Frequency distribusicns of 211 nenuwlaticns for 1971 and 1972 in the

113 cross Jor heieht.
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in the direction of tallness which would indicate that the genotype of the
parents contain different genes which interact with the environment to
produce similar phenotypes. The F1 generation shows slight heterosis by
being slightly taller than the tallest parent. The means of the F2 gener=-
ation are between the parental means but much closer to the mean of the
tallest parent, again indicating dominance for tallness,

D and H values (Table 3) indicate additive gene action in all three
crosses with large values of D, From the frequency distributions (Figure
13) this is what would have been expected for the 9S cross. However, for
the other two crosses (Figures 14 and 15) just the opposite would have been
expected., The large values in the 105 and 115 crosses could be due to the
very large covariance values in these two crosses.

Broad sense estimates (Table 4) are high and estimates in the two years
agree., In the 10S and 11S crosses narrow sense estimates (Table 5) are high
which agrees with previous work (4,8,14,21,27). Estimates for the 95 cross
however are low. These low values could be due to the parental lines being
genetically similar thus lowering the heritability estimate. Correlations
between the F2 and its F3 progeny (Table 6) are all statistically highly

significant indicating that height is a highly heritable character,
Seed Weight

In the 95 frequency distributions (Figure 16) the F, generations for
both years indicate additive gene action. Both of these F2 distributions
exhibit transgresg%ve segregation. In 1972 the Fl mean fell below the small
seeded parent and fhe F2 mean above the large seeded parent however, the

difference between the means of the Fl and F2 generations was only 1.6 grams



Fig. 15, Frequenc: distributions of 211 nosulaitions for 1971 and 1272 in the
Tor soted irol-ht,

FHEQUENCY COF INDIVIDUALS

95 cress

38

204
) _—QNCEI}
12 F
i = 1991
h. _1
0O
1;: = 30LDSOY
1971
1]
O
L4104
204 A100
i 1971
8
121 mean— GOLDSOY
8- | row means
I i 1972
1 |
o S t row means 1¢72
2)'1'- | 128
. F 254§ | F
164 - rTow méans
- - 1972
6 BRE
[ R
201 mean-Jr;:?T_
d |- P
124 | 1992
. |
|
1A l | I
e— H
8 rem)an y
d - il-w EXE:
&1 P GULDSOY
‘ mh o
f‘ rFEiemn ATNO
d = 1972
10 15 20 25 30

etiras 100 SEEDS




39

per 100 seeds.,

In the 108 cross (Figure 17) in 1972 there was variation in the large
seeded type due to a genotype by environment interaction. In 1971 the F2
distribution appeared to be normal while in 1972 it appeared to be slightly
skewed, However, if the large amount of variation in the large seeded type
is taken into consideration, it could cancel out the skewness in the 1972
F2 frequency table, Alsc the F5 row means, which should have a normal dis-
tribution as in the F2 in 1971, turned out to havg a slightly skewed distri-
bution, The means of the Fl and F2 distributions, however, are closer to
the small seeded parent indicating partial dominant gene action in the
direction of small seed size,

In the 11S cross, Fy frequency distributions (Figure 18) are unimodal
approaching a normal type of distribution, and means of the F2 generations
are intermediate between the parents indicating additivity. In both distri=-
butions transgressive segregation occurs, As with the large seeded type in
the 105 cross, the large seeded parent in this cross has a large amount of
variation in 1972 due to genolype by environment interaction, The mean of
the Fllgeneration exceeds the large parent indicating heterosis.

Values for D and H (Table 3) however indicate nonadditive gene action.
Previous work by Weber (26) indicates that several genes control the inheri-
tance of seed size., The frequency distributions indicating additivity could
be the result of many genes interacting among themselves and with the environ=-
ment resulting in the normal distributions (Figures 16,17,18).

Broad sense estimates of heritability in 1971 (Table 4) are all high
but in 1972 they are lower, due to the adverse wea%her conditions in 1972,

Narrow sense estimates (Table 5) are all low. This low heritability as Hanson
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Fige 17. Freguency distributions of all populszitions for 1971 ~nd 1972 in the
105 cross for se=d wreizht.
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Fig. 17. (continued).
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and Weber (8) indicated can be due to environmental stresses during seed
development confounded with the maturity ranges of different genotypes
causing considerable genotype by enviromment interactions. Also another
factor in this study could be the large variation in weather conditions
between the two years which resulted in no correlations between the F2

generation and its F3 progeny in any of the crosses,

Correlations

Selection against shattering will result in selection for late matur-
ing tall lines or lines with large seed size, for there are positive corre=-
lations between these characters (Table 7). There is a negative correlation
though between seed size and height., If a soybean breeder is infterested in
taller plants with large seed size he will have difficulty in reaching his
goal due to the negative correlation. The genotypic correlations are higher
than the phenotypic correlations indicating that the relationships between

the characters is genetic.



Table 7. Genotypic and phenotypic correlation coefficients for the F, and
P, generations between the indicated characters for the three

cfosses,
F2 F3
Cross number Genotypic Phenotypic Genotypic Phenotypic
Shattering x Maturity
95 +o45%% -.15 +1,06%% -.16
10S +,28 +,037 + J4O¥% +,076
118 -, 21%% -, 22%% + +15 +412
Shattering x Height
9S +. 29*-* +. 23* +1, 05** +4 40’*'*
1138 -, 25%% -, 22%% + J31%% +,29%%
Shattering x Seed Weight
los +. 15 +‘ 06 = '20 - 19
-118 +, 41%% -, 18%¥ - .12 -.20
Height x Maturity
95 S k3T +o 35%% - J32%k +,21%
105 +,24 +413 - .05 +,06
118 +o 4O%% +o 4T¥H% + 62%% +,58%%
Seed Weight x Maturity
98 +, 65%%  H,65%% 42, 56%% +455%%
108 +¢53%* +.49% + 5% +, 46%%
11S +, 34%% +, 46¥F - ,06 +,08
Seed Weight x Height
9S +- 38* +o BTH - . 01 +¢ 26**
108 -.15 "-OT = 059** -‘34**

* sgignificant at the 5% level

¥% significant at the 1% level
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VI, CONCLUSIONS

In these studies shattering resistance and height were controlled by
partial dominant gene action and seed size and maturity by additive gene
action. In crosses between indeterminant types, inheritance of height
appeared to be controlled by addi%ive gene effects, In crosses hetween
determinant and indeterminant types inheritance of height appeared to be
controlled by partial dominance in the direction of tallness.

Broad sense estimates of heritability are high for all characters,
however narrow sense estimates are low for all characters except height.
The F2 generation and its F3 progenies are significantly correlated for all
characters except seed weight. Correlations between characters were posi-
tive except for a negative correlation between seed weight and height.
Selection for height can be practiced in early generations, Selection for
the other characters may be practiced in ear;y generations but success de=

pends on the type of environment encountered.
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An experiment was performed in Manhattan, Kansas in 1971 and 1972 to
study the inheritance of shattering in soybeans and its relation to some
‘other agronomic characters and also study the inheritance of maturity,
height and seed weight and the relationship of these characters with each
other.

Inheritances of shattering, maturity, height, and seed weight were

studied in the Fl, F,, and F5 generations of the following soybean crosses:

21
1A100* x 'Goldsoy' (95); '4100' x 'Burwell' (10S); 'A100' x 'Giant Green'
(llS). Data indicates that shatter resistance and tallness are controlled
by partially dominant genes and seed size and maturity by additive gene
action,

Broad sense estimates of heritability in all three crosses were high
for all four characters while, except for height, narrow sense estimates
of heritability were low. Except for seed weight, the F2 generation and
its F3 progenies for the other three characters are significantly correlated.

Based on F, population means shatter resistance and maturity are signifi-

3
cantly positively correlated genotypiqally in the 958 and 108 crosses. Shat=-
ter resistance and seed weight are significantly positively correlated genc=-
typically only in the 9S cross, Height and shatter resistance are signifi-
cantly positively correlated both phenotypically and genotypically in the

9S8 and 11S crosses, In the 95 and 10S crosses there is a significant posi=-
tive correlation between seed weight and maturity. There is a negative
correlation between seed weight and height in the 105 and 11S crosses.
Correlations between height and maturity vary between crosses with a s{gnifi-

cant positive correlation in the 11S cross, no correlation in the 105 cross,

and a significant negative genotypic and positive phenotypic correlation in



the 95 cross. Genotypic correlations in most cases were larger than pheno-

typic correlations.



