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ABSTRACT

GENETIC ANALYSIS OF MORPHOLOGICAL CHARACTERISTICS
OF FIELD BEAN (PHASEOLUS VULGARIS L.)
AS EXPRESSED IN A DIALLEL CROSS

By

Thongchai Tonguthaisri

The increased yield in rice and wheat has been
achieved in conjunction with, and to a large extent as a
consequence of, changes in plant type. Both morphological
and certain physiological characteristics of these plant
types are strongly associated with grain yields. With
proper management during the growing season these new
plant types respond positively toward high yields.

In field bean, however, ideal plant types for dif-
ferent ecological zones are only beginning to be identi-
fied. Perhaps as the traits contributing to high yield
in field beans are more clearly identified and better
understood genetically, it will be possible in beans, as
in rice and wheat, to set about in a methodological
fashion the creation of new higher yielding types.

The focus of this thesis is upon the genetic
analysis of morphological characteristics believed to be

associated with improved yield potential.
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Inheritance of morphological characteristics of

field beans (Phaseolus vulgaris L.) was studied in 5x5

and 8x8 diallels in 1973 and 1974.

Length of pod in the 8x8, F, and 5x5, Fz, number

1
of seeds per pod (5x5, F2) and 100-seed weight were found
to be inherited additively. Additivity was not detected
for days to first flowering, duration of flowering, days
to maturity, total plant weight, number of main stem
branches, number of main stem nodes, total number of

nodes, length of internode (8x8, F, and 5x5, Fz) number

1
of racemes (8x8, Fl and 5x5, Fz), number of seeds per pod
(5x5 and 8x8, Fl), number of pods per plant, pod dry weight
per plant, number of seeds per plant and seed dry weight
per plant.

Heterosis was generally high in the Fl generation
for most traits. The level of heterosis decreased in
many traits in the F, generations due to the increase of
homozygosity.

The heritability estimate of 100-seed weight was

the highest (82%) in the 5x5, F, data. Length of pod in

1

the 8x8, F. had a heritability estimate of approximately

1
100% and 100-seed weight was 90% in the same set of data.
However, in the 5x5, F2 data, number of seeds per pod and
number of seeds per plant were both 90% whereas 100-seed
weight was 8l%. The rest of the traits studied had much

lower heritability estimates (less than 30%).
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The variety Swedish Brown (SB) had the highest

harvest index in both the 5x5, F and‘8x8, F., data. The

1 1

strain 0674 had the lowest H.I. in the 5x5, F. and strain

1

0685 had the lowest in the 8x8, F In the F2' the

1°
highest H.I. values were very close; Black Turtle Soup
(BTS) , and Seafarer (SEA) were the highest with the value
of .61 whereas SB and strain 72-7427 were the next highest
with the value of .60. The cross 72-7427 x Jules gave the

highest H.I. value of .71 in the 8x8, F.; the cross SB x

17
72-7427 gave the highest H.I. of .61 in the F, set of data.
Harvest index was not found to be directly related to
yield nor of high heritability but it can be useful as

one important measure of efficiency of the plant.

Black Turtle Soup was found to be a promising
variety in yielding ability. It has highest mean values
of number of pods per plant, pods weight per plant,
number of seeds per pod and number of seeds per plant.
Being a black-seeded variety seemed to associate with
high yield. However, if highly mechanized planting is
concerned, Tui may be a good substitution. This is
because of the erect plant type of Tui which can be
grown at a higher number of plants per unit area.

Besides Tui is only slightly inferior to BTS in seed
yield. With higher number of plants per unit area Tui

may be equal to or better than BTS in yield.
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The evaluation of SEA and strain 0674 may not be
completely accurate in some characteristics because of
their sensitivity to ozone injury. Each variety seemed
to have the highest mean value of a particular trait. It,
therefore, depends on the breeder to exploit these par-
ental lines and incorporate those traits which have addi-

tive effect into a new variety.
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INTRODUCTION

In the past decade dramatic increases have been
achieved in yields of rice and wheat through joint genetic
and physiological responses to reduced plant stature and
applied nitrogen. However, the yields of dry bean

(Phaseolus vulgaris L.) have remained on a nearly sta-

tionary level. The yields increment in rice and wheat
have been attributed to changes in plant type or plant
architecture and related management technology. The main
morphological changes in these plant types are short but
strong culms, high number of effective tillers, short
erect leaves, nonphotosensitivity and responsiveness to
nitrogen.

In dry bean, the ideal plant types for various
ecological zones and uses have not yet been generally
identified. Perhaps if the traits contributing to high
yield were clearly identified and better understood geneti-
cally, the bean breeder could work with them to create more
successful new varieties.

The purpose of this thesis was to obtain genetic
information on the architectural characteristics in beans

regarded as important to yield. Two major points need to



be clarified at this stage: One, the architectural com-
ponents contributory to high yields were to be identified
in studies conducted concurrently by other workers associ-
ated with but not directly involved in this thesis; and
two, some aspects of the genetics of the selected traits
were to be deferred to later stages of a comprehensive
study.

In the initial stage covered by this thesis, it
was planned to obtain information relating primarily to
the heritability levels, the extent of heterosis, and the
general patterns of gene action involved in each of
several morphological and yield characteristics. For
this purpose two diallel crosses were produced, a 5 x 5
Diallel in 1973 and an 8 x 8 Diallel in 1974.

Advanced generations of the diallel may be
exploited in several ways to obtain additional genetic
information supplementary to that manifest in the initial

diallel cross.



REVIEW OF LITERATURE

Diallel cross analysis has been developed by
Jinks (1954) and Hayman (1954) as a technique for study-
ing quantitative inheritance. Since then it has been
used extensively in plant breeding to investigate the
genetic control of several traits.

Coyne and Mattson (1964) studied the inheritance

of time of flowering in 3 P. vulgaris varieties. They

found a different type of inheritance when different
varieties of early and late flowering types were crossed
and planted at different localities. They proposed that
the trait was controlled by three interacting genes. The
late flowering plant must be homozygous dominant at the
2 loci AA and BB regardless of the condition of the locus
C, or heterozygous at these 2 loci in the presence of CC
or Cc or homozygous dominant at one and heterozygous at
the other of these loci in the presence of CC or Cc.
Dickson (1967) found that earliness of flowering

time of P. vulgaris was conditioned by both recessive

and dominant genes. If two varieties, one of which
carries the recessive and the other dominant genes, are

crossed they exhibited extreme earliness.



There are differences in the date of appearance
of first flower between the determinate and indeterminate

types of P. vulgaris. It was observed in this study that

the determinate bean types tended to flower earlier than
the vine or indeterminate type. This phenomenon was also
reported by Bliss (1971). The determinate plant type
flowered earlier than the indeterminate type in segre-
gating generations.

In peas (Pisum sativum L.), Rowlands (1964)

reported that a simple polygenic system was primarily
responsible for the control of flowering, with a major
gene (Sn) or effective factor which delays flowering and
this effect is increased during short days. He also sug-
gested that the development of earlier and late flowering
varieties will most probably depend on the discovery of
parents where a different relationship exists between
node of floweiing and time of flowering. Rowlands con-
cluded from the position of the array points on the
Wr/Vr graph that lateness is completely dominant to
earliness.

In a diallel cross of 7 pea cultivars, Snoad
and Arthur (1973) found that time of flowering was due
entirely to a simple, additive genetic system and that
dominance was not important.

Snoad and Arthur (1973) also studied the length

of internode in pea. They found that long internodes



are dominant to short ones. Rowlands (1964) on the other
hand, found a more complex system of genic control for
this trait. But when two of the arrays were omitted
(parents 8 and 10) from the Fou and the data were recalcu-
lated, a regression line of slope 0.726 + 0.129 which was
not significantly different from 1 was obtained. He
found also that the intercept on the Wr axis was signif-
icantly different from zero. Thus, a system involving
partial dominance was indicated for length of internode.
Length of pod has been studied in several legume

crops. In P. vulgaris, Dickson (1967) reported no domi-

nance effect regarding this trait. None of the 7 varie-
ties he studied contained all the dominant or recessive
genes. Transgressive segregation for pod length was found

among the F2 populations. In cowpea (Vigna sinensis),

Leleji (1975) found that the genes expressing short pods
were partially dominant over those for long pods. This
seems to agree with Roy and Richharia (1948) who found
the gene action of genes affecting pod length in the Fl
to be incomplete dominance. Transgressive segregation
in the F, for pod length was also found in cowpea by

Arejeetey and Laing (1973). They also found partial

dominance of genes for long pod in the Fy. This result

was different from Brittingham's (1950) who reported

that there was a decided tendency for the Fl and F2



values to be closer to the values of the short podded
parent and observed no transgressive segregation in the
FZ'

Jones and Isbell (1956) found that 10 out of 22
F;s had pods significantly longer than those of the
longer parent in crosses of the southern pea (V. sinensis
L.). Five were not significantly different from the
longer-podded parent, and 7 were intermediate. This is
also not in agreement with Brittingham who found that the
Fl from crosses was usually intermediate between the
parents in pod length. Broad-sense heritability esti-
mates for pod length were found to range from 46 to 67%
(Leleji, 1975). On the other hand Arjeetey and Laing
(1973) found that the narrow-sense heritability estimate
for pod length in cowpea was 60.3%.

Coyne (1968) found complete dominance for high

number of pods per plant. In cowpea, Arjeetey and Laing
(1973) found that the gene action for number of pods

per plant in both F, and F2 was additive. In peas

1
(Pisum sativum) Krarup and Davis (1920) reported that

number of pods per plant was controlled by additive
genic system on the average.‘

Number of seeds per pod was one of the economic
traits that Dickson (1967) studied in P. vulgaris.
He observed among the 7 varieties he used in his diallel

cross that if all the varieties were present, the



regression line was not significant. However, if 2 of
the 7 varieties were excluded the regression line had
a slope of b = 1.13 * .20. He concluded that an additive
genic system for number of seeds per pod was indicated
for the remaining 5 varieties. In V. sinensis, however,
Arjeetey and Laing (1973) found partial dominance for
number of seeds per pod and transgressive segregation in
the F,. Coyne (1968) reported heterosis for number of
seeds per pod in P. vulgaris. ILeleji (1975) found in
cowpea that fewer number of seeds is partially dominant
over large number of seeds. Transgressive segregation
for fewer number of seeds per pod was also observed.

Jones and Isbell (1956) found in their southern
pea (V. sinensis) cross that 12 out of 14 F;s of the
cross did not differ significantly from the parents,
only 2 of the 14 crosses had a number of seeds per pod
significantly greater than either parents.

Dickson (1967) found that gene interaction was
involved for number of seeds per plant. However, if
2 of the 7 varieties were excluded from the diallel,
the regression line was found to approach 1 and partial
dominance was indicated.

Seed size or seed weight in legume crops has been
studied extensively. Brittingham (1950) crossed two
widely separated varieties of southern pea belonging to

different sub-species of Vigna sinensis (V. sinensis,




subsp. sesquipedalis, Asparagus Bean) x (V. sinensis,
subsp. cylindrica, Catjang). He reported that the mean
value of the Fl generation greatly exceeded the mean of
the large seeded parent. Heterosis in seed size was,
thus, indicated. Transgressive segregation was found
for large seeds and a large number of F2 segregates

had means exceeding the F. mean. He found, however, that

1
the extremely small-seeded parent was not recovered in
the Fye.

Leleji (1975) crossed 7 cowpea varieties and
found that genes for small seeds were partially dominant
over genes for large seeds. Transgressive segregation
was found for small seeds. Heritability estimates (broad-
sense) ranged from 49% to 80% for seed size.

A certain degree of genic additivity seemed to

be indicated for seed size in southern pea (Vigna sinen-

sis). Jones and Isbell (1956) reported that 18 of the

crosses had the mean values between parents which differ

significantly from each other in pea size. Eleven of the

Fl's were intermediate, 6 were larger than the larger

parent and one was smaller than the smaller parent.
Number of main stem branches on bush lines of

P. vulgaris was studied by Davis and Frazier (1966).

They observed that in one cross the number of branches

of the F., and F, tended to exceed the more heavily

1
branched parent. They found no heterosis for number



of central stem internodes. The expression of central
stem internode was found to be conditioned by genes with
a net effect of partial dominance.

Krarup and Davis (1970) reported that number of
pods per plant (X), number of seeds per pod (Y), 100-
seed weight (2) and seed yield (W) were controlled by
an additive genetic system on the average in peas. The
departure from additivity was indicated by deviation of
the Fl from the mid-parent, especially for X, W and seeds
per plant. They stated that this deviation was more
likely due to epistasis or linkage than to dominance.
The value for correlation coefficients decreased in the
order: X vs W, Y vs Wand Z vs W. Thus the order of
importance of yield components upon yield was: first X,
then Y and finally 2.

In P. vulgaris, however, Coyne (1968) observed
additive gene system for mean seed weight and complete
dominance for high number of pods per plant in the Fl
generation in one of his crosses. He also found low
heritability estimates for total seed yield and for each
of the three yield components.

‘The report of additive genetic variance for a
number of traits by some authors while the others could
not detect additive gene system could be due to different
varieties used by different authors as pointed out by

Coyne (1968).



MATERIALS AND METHODS

Five bean genotypes of different growth charac-

teristics were used as parental lines in 1973, namely:

Lines Type of Growth Seed Size and Color
1. Black Turtle Soup Indeterminate Small, Black
(BTS)
2. Swedish Brown (SB) Determinate Medium large, Yellow
3. Strain 0674 Determinate Small, White
4. Seafarer (SEA) Determinate Small, White
5. Strain 72-7427 Determinate Large, Red

They were planted in the greenhouse in the winter
of 1973, and crosses were made between all five varieties
in all combinations. Attempts were made to obtain as many
crosses of each combination as possible. The F1 and
parental lines were sown in the Crop Science Research
Field in East Lansing in the spring. The field plan was
a simple lattice design with 4 replications. Five Fi
seeds from each cross and five seeds of each parental

line were sown in individual plots at spacing of 10"

between seeds and 28" between rows.

10
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The following records were obtained on a per

plant basis:

(1)

(2)

(3)

(4)

(5)

(6)
(7)

(8)

(9)

(10)

(11)

Flowering date: number of days from emergence to
appearance of first flower.

Duration of flowering: number of days from first
bloom to last bloom.

Maturity date: number of days from emergence to
the day when all pods had turned brown and became
brittle.

Plant dry weight: the dry weight at harvest of
the whole plant including pods.

Number of branches: only those attached to the
main stem were counted.

Number of nodes on main stem.

Pod dry weight: weight in grams of all the
harvested pods.

Number of pods: all the pods harvested after
weighing were counted.

Number of seeds per plant: after shelling the
pods all the seeds were counted.

Seed dry weight: all the seeds after counting
were weighed.

Number of seeds per pod: calculated by:

Number of seeds/plant
Number of pods
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(12) 100-seed weight: calculated by:

Seed dry wt. x 100 .
Number of seeds/plant

(13) Harvest Index: calculated by:

Seed dry wt.
Plant dry wt.

In the winter of 1974, 8 parental lines were
crossed in all combinations in the greenhouse. The first
5 lines were the same as those used in 1973. The follow-

ing 3 lines were added:

Lines Type of Growth Seed Size and Color
6. Tui Indeterminate Small, Black
7. Strain 0685 Determinate Small, White
8. Jules Indeterminate Intermediate, White

The field planting of 1974 included the following
seed material:
(a) Eight parental lines
(b) Fl seeds resulting from the 8 x 8 diallel crosses
(c) F2 seeds from the 1973, 5 x 5 diallel crosses
A split plot design was used with 4 replicates.
Each replicate contained 64 plots and each plot was
divided into 10 subplots. The 10 subplots were composed

of the 2 parents of a cross, the F, and reciprocal, and

1
6 subplots of the F2 generation of the cross. Each sub-
plot consisted of 5 plants. In cases where there was

no F, generation, resulting from the 3 additional
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parental lines, 6 subplots of Montcalm red kidney beans
were grown as substitution to make up 10 subplots per
plot. There were 560 subplots with 2800 plants in each
replicate. The spacing was 10" by 28", the same as that
of 1973.

Data were also recorded in 1974 on a per plant
basis. Due to the high plant populations in 1974 and
the fact that some of the traits recorded in 1973 did
not give satisfactory results they were not recorded in
the second year field trial. The traits omitted were:
duration of flowering, root weight, stem weight, number
of branches. The rest of the traits were the same as in
1973. However, 2 more traits were added in 1974, namely:
number of racemes and length of internode.

It should be noted that the field conditions in
1974 were quite different to those of 1973. Normal
climatic conditions were observed in 1973. However,
in 1974, there occurred a drought spell at the post
emergence stage. The plants were adversely affected
and there was a delay of first flowering, and of maturity.
Sprinkler irrigation was installed later in the season
and the plants were irrigated when it was necessary.
During the latter part of the pod filling stage, due to
irrigation followed by a heavy rainfall a part of the
field was flooded, resulting in the loss of a number of

plants in the first replicate. At the end of September
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1974 several bean plants were damaged by early frost and
never reached full maturity. In such cases, only fully
matured pods were weighed and the number of seeds for
only the matured pods were recorded.

The data were later used to estimate the total
pod dry weight, seed dry weight, plant dry weight and

number of seeds per pod for each plant damaged by frost.

Missing Data

In the 5 x 5, 1973 trial, the following entries
were missing due to insufficient F, seed and the loss of

the remaining F, plants in the plot later in the season:

1

Replicate 1 cross: 72-7427 x BTS

Replicate 2 cross: SEA x SB
cross: SEA x 0674

Replicate 3 cross: 0674 x SEA

Replicate 4 cross: 0674 x SEA

The mean values from other replicates belonging
to the same crosses were used to calculate the missing

data according to Snedecor and Cochran's (1967) procedure:

- aT + bB - S
(a-1) (b-1)

where:
a = number of treatments

b = number of blocks
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T = sum of items with same treatment as missing
item
B = sum of items in same block as missing item

S = sum of all observed items

Diallel Analysis

a) assumptions implicit in the statistical
analysis of the diallel cross: _

Jinks and Hayman (1953), Jinks (1954), and Hayman
(1954a) , (1954b) who developed the diallel cross theory,

made the following assumptions:

1. The parents used in the cross must be homozygous.
2. The parents must be diploid.

3. There are no reciprocal differences.

4. There is no gene interaction or epistasis.

5. There are no multiple alleles.

6. The genes should be distributed equally.

7. There is no genotype-environment interaction

within locations and years.

The materials used in this study conformed to the
first two assumptions since the bean varieties used were
diploid inbred lines. The reciprocal differences were
tested before proceeding to further analysis. Assumptions
number 4 to 7 will be discussed accordingly in the results

and discussion.



16

b) analysis and definition of notations.

The computer program of Lee and Kaltsikes (1972),
University of Manitoba, Canada, modified for running on
the MSU CDC 6500, was used for analyzing the data. This
program was developed for the Jinks-Hayman method of
diallel analysis. The output provides all statistics for
both the diallel regression analysis as well as the
diallel variance components estimates and their standard
errors.

The mean values from each replicate from each set
of data were used for the first computer analysis. Each
replicate is treated as a complete experiment for the
diallel regression analysis. The means of the variance
and covariance statistics over replicates are then used
to obtain variance component estimates and standard errors.
The sum over replicates was used to do the preliminary
analysis of variance in order to obtain families (or
genotypes) , replicates, and error (environmental) effects.
It is a 2-way classification analysis of variance, namely,
replicate x family effect.

To obtain the necessary statistics for plotting
the limiting parabola, the means over 4 replicates were
used.

Reciprocal differences were tested before the
Jinks (1954) and Hayman (1954) approach could be used by

the above mentioned procedure. The test was performed
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according to Snedecor and Cochran's 1967 method. If no
reciprocal differences were found, the means over recip-
rocals were averaged and the Vr and Wr were calculated
from the half diallel. Vr is the variance of the rth
array and Wr is the covariance of the rth array with the

nonrecurring parents.

The statistical notations and components used in
the Lee and Kaltsikes (1972) computer program were
derived from Hayman (1954). To avoid the complication
of Hayman's (1954) notations, the notations of Mather

and Jinks are used and described here.

Statistics Model

Vp = D + E

v - B, n+l

Vr = 1/4D + 1/4H1 1/4 F + N E

Wr = 1/2D - 1/4F + 1/N E

3 - - - n+l
Vr = 1/4D + 1/4Hl 1/4H2 1/4F + N E

The components Hl’ H, and F can be defined as

follows:
H) = 4 Vr + Vp - r Wr - (22—5—2) E
H2=r\7r—4v'£+2(5‘-2—é—i)E
F=2vp-4Wr-3—n(“;2)E
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The necessary statistics for plotting the limit-
ing parabola were derived from:

Wr2 = Vr ° Vp

Wr = Vr ° Vp

The array points displayed on the plane of the
Wr/Vr graph are confined within the parabola and the lines
of unit slope.

The heterosis interpretations of the results of
this study was undertaken with the aid of the tables of
the means. Gene action and dominance were interpreted
strictly from the Wr/Vr graphs of each trait by following
Mather and Jinks (1971).

According to Mather and Jinks (1971) the Wr/Vr

graph provides information on three points.

1. It supplies a test of adequacy of the model;
in the absence of nonallelic interaction and with inde-
pendent distribution of the genes among the parents Wr
is related to Vr by a straight regression line of unit
slopw (b = 1).

The residual (error) E in this case is derived
from the 2-way interaction of replicates x families
(genotypes) .
where as:

D = component of variation due to the additive

effects of the genes.
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component of variation due to the dominance

effects of the genes.

Hy (1 - (u—v)z)

proportion of positively acting genes in the
parents.

proportion of negatively acting genes in the
parents and where u + v = 1,

8 [uv (u~-v) dh]. 1Its sign has an effect on
interpretation. If no genes exhibit dominance
effects, or if the dominant and recessive
alleles of each gene are distributed equally
among the parents, F = 0. If there is an
excess of dominant alleles (or of dominant
genic effects) F will be positive. An excess
of recessive alleles (or effects) will cause
F to be negative. Thus, the sign of F is

an indication of the relative frequencies

of dominant and recessive alleles in the
parents (Crumpacker, Allard, 1962).

number of parents in the diallel.

variance of the parents.

mean variance of the arrays.

variance of one array (rth array).
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Wr = mean covariance between the parents and the

arrays.

t9
Il

pooled error variance.

2. If the model is adequate, a measure of the
average level of dominance is provided by the departure
from the origin of the point where the regression line
intercepts the Wr axis. The distance of this point from
the origin is 1/4 (D = Hl): D > Hl when the intercept
is positive and it is then that the dominance is partial
or incomplete. When D = Hl’ the line passes through the
origin, and dominance is complete. If D < H, then the

1
intercept is negative and over dominance is indicated.

3. The position of the array point nearest the
origin indicates that a parent contains a preponderance
of dominant genes and when furthest from the origin indi-
cates that the parent contains fewer dominant genes or
mostly recessive genes. If there is no dominance, H, = 0

1
and all the array points cluster at a single point where:

Vr

1/4D 1/4Vp

and

Wr = 1/2D = 1/2Vp
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Test of the Significance of the Regression
Line and the Intercept

a) To test whether the regression line is sig-
nificantly different from either unity or zero, the

following t-test was used:

‘- b - bo
b
where:
b = regression coefficient
Sy, = standard deviation of the regression
coefficient
bo = 1 or 0 respectively

b) To test whether the intercept is significantly

above or below the origin.

t = §/5§
where:

y = bo + bl Xl
bo = a = intercept
b1 = regression coefficient

2
sy = s% (1L + (x- %2 =s® (L+X)
n Ix noopx?

Heritability Estimate

The heritability estimate in this program followed

that used by Crumpacker and Allard (1962), i.e.

2 _ 1/4D
174D + 1780, - 1I/4F + E

h



RESULTS AND INTERPRETATION

The summary of mean squares and the significance
of variance ratios from the analysis of variance of the
5 x 5, parental and Fl hybrids in 1973 are shown in
Table 2. Significant differences occurred for the 14
traits studied among the 15 populations or genotypes com-
pared (5 parents and progenies from 10 crosses). However,
number of main stem nodes per plant did not show signifi-
cant differences among the genotypes. It was assumed
that the prerequisites for further analysis were ful-
filled.

The results for each trait will be presented and
discussed proceeding from the 5 x 5 diallel F. in 1973

1

to the 8 x 8 diallel F, and 5 x 5, F, in the 1974 trial.

1
In the 1974 trial, there were 14 parental means in each
replicate. Since there were only 6 F, means from each
cross, six parental means were taken randomly out of the
14 means and averaged for the purpose of comparison. On
the other hand, since there were only 2 Fl means from
each cross, 2 of the parental means were than taken

randomly from among the 14 means and averaged to compare

with the Fl means. It can therefore be noticed from

22
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Tables 3 and 5 that the same parents do not have the same
mean values even though they were planted in the same
year. For example, the mean value of days to flowering
of BTS in Table 5 is 44.9 whereas the mean value in

Table 3 is 45.2 and so on. Therefore, the F2 families
will be compared to their parental means in the same table
and the F1 hybrids of the 8 x 8 will be compared to their

parental means as presented in Table 3.

Days to First Flower

The number of days from emergence to first day the

plant flowered was recorded on a single plant basis.

The ranking of the mean values of the 5 parents in
the order of first to last flowering was: strain 72-7427
25.3, SB = 28.7, SEA = 30.5, strain 0674 = 35.1 and BTS =
36.9 (Table 1). Strain 72.7427 is a red kidney line with
large leaves and determinate plant type. SB has approxi-
mately the same plant type as strain 72-7427 and also has
several morphological characters in common. SEA and
strain 0674 represent the navy bean determinate type with
small leaves. They also possess several additional char-
acters in common. BTS is the only indeterminate type,
with small leaves and purple flower, in this parental
group. As shown in Table 1, BTS flowered latest among

the 5 parents. It has been generally observed in beans
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that the indeterminate type tends to flower later and
over a somewhat longer period than the determinate plant
type. (Early and late flowering genotypes do, however,
occur in both types.) Bliss (1971) reported that the
determinate plant type in segregating generations of
crosses of 7 cultivars flowered earlier than the indeter-
minate type.

From the mean values of the Fl hybrids in Table 1,
it appears that 8 out of the 10 hybrids had mean values
greater than that of the mid-parent value; four hybrids
had mean values greater than that of the late-flowering
parent. Two hybrids had mean values smaller than the mid-
parent value.

The Wr/Vr graph (Figure 1) shows that the regres-
sion of Wr on Vr is significantly different from zero but
not significantly different from unity (b = .62 * .19).
The regression line intersects the Wr axis above the
origin (a = 3.12 * 4.15) but not significantly different

from zero, indicating partial to complete dominance. The

/'Hl/D value of 1.76 indicates over dominance. On
balance the evidence suggests partial to complete dom-
inance. Strain 0674 appears to contain a preponderance
of dominant genes for later flowering. It is believed
that ozone injury caused the delay in growth and develop-
ment of strain 0674. The later development when climatic

conditions were favorable resulted in long duration of
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flowering of this genotype. Parent 4 (SEA) contains a
preponderance of recessive genes for earlier flowering.
Parents 2 (SB) and 5 (72-7427), which are very similar
in several phenotypic characters, seem to have similarly
behaving genotypes with respect to this trait. Parent 1
(BTS) , which is distinctively different from the other

4 parents, appears to be an outlier in this case. Since
BTS, SB and strain 72-7427 are located in the middle of
the regression field it is indicative that they contain
an intermediate balance of recessive and dominant genes
for appearance of first flower. The heritability was 29%

for this trait, as estimated in this Fl diallel set.

8 x 8, Fp

The mean number of days to first flower of the 8
parents, from early to late, ranked in the following order:
strain 72-7427 = 28.0, SB = 33.8, SEA = 34.8, strain
0674 = 35.4, Jules = 36.1, BTS = 45.2, strain 0685 =
48.6 and Tui = 50.5 (Table 3). The analysis of variance
showed that there were no significant differences among
replicates, but highly significant differences among the
genotypes existed (Table 4). All of the original 5
varieties used in the 1974 trial flowered later than in
1973. Different environmental conditions in the two
years presumably caused these differences. It was

observed that there was a drought period in 1974 at
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the early post-emergence stage. This is thought to have
caused the delay in growth and development of the plant,
resulting in delayed flower appearance.

Twenty-two out of the 28 F. hybrids had mean

1
values greater than that of the mid-parent value, and 8
hybrids had mean values greater than that of the late
flowering parent. Six hybrids had mean values smaller
than that of the early flowering parent. The hybrid
that flowered the latest was the one derived from the
cross BTS x 0685 (55.2) and its reciprocal, 0685 x BTS
(57.5). The first hybrid to flower was the one derived
from the cross SB x 72-7427 (28.9) and its reciprocal,
72-7427 x SB (28.4) (Table 3).

Figure 2 shows the Wr/Vr graph of the 8 x 8, Fi.
The regression line is significantly different from zero
but not significantly different from 1 (b = .88 .07).
The line intersects above the point of origin (a = 6.13)
indicating apparent partial to complete dominance as the
/r§I7B value is 1.11. All the array points seem to fit
the regression line very well, with parents 7 and 8
carrying a preponderance of the dominant genes since
they are located near the point of origin and parents
2 and 5 containing a preponderance of recessive genes
since they show both high variance and high covariance.
The positions of the points representing BTS, 0674 and

0685 indicate that they contain neither an excess of
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Figure 2. Days to first flower (8 x 8, Fl).
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dominant genes nor an excess of recessive genes. Since
the F value was -20.38 it is indicative of an excess of
recessive alleles among the parents as a set. The herita-

bility estimate was 32% (h2 = .32).

Table 5 shows the mean values for the parents and
the F, families in the 1974 trial. Eight out of 10 F,
families gave mean values exceeding that of the mid-
parent values and 4 out of the 8 F, gave mean values
exceeding those of the late flowering parents. Two F,
families had mean values smaller than that of the mid-
parent values. The array means (Table 4) show that there
are additive effects from the F1 to the F2 generations
in all the families except those derived from the parent
0674.

Figure 3 shows the Wr/Vr graph of the 5 x 5, Fy.
The regression of the Wr on Vr is neither significantly
different from 1 nor zero (b = 0.6 * .70). The line
intersects the Wr axis above the origin (a = 7.17 *
12.86) and significantly different from 0, indicating
the genes controlling days to first flower are in the
partially dominant range, on the average. The evidence
on the graph indicates genic interaction. In Figure 1,
the position of parent 3 (0674) was near the point of

origin indicating that it contained the dominant genes,
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Figure 3. Days to first flower (5 x 5, Fz).
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however, in Figure 3, this point shifted to the far
right. The data here appears to be inconsistent with
previous interpretation, due primarily to strain 0674
having switched its position drastically from near the

origin in the F, to the far right in the F,. Parent 4

1
(SEA) shows its consistency regarding this trait in that
it continues to behave as though it contained a prepon-
derance of recessive genes controlling days to first
flower. BTS, SB and strain 72-7427 also were positioned
consistently on the graph in both generations. Even
though the heritability estimate was 15% for the Fz,

the h? values in the 5 x 5, F. was 29% and 32% for the

1
8 x 8, Fl; the evidence from the "D" wvalues in the three
sets of data suggests that days to first flower is mod-
erately heritable and can be transferred to the progenies.
"F" has a negative value of -27.32 indicating that most
of the parents contain recessive allels. The estimates
of additive variance (D) in both generations were low

1
ever, the array means (Table 6) show that there are
additive effects in all the families except those derived
from strain 0674. Therefore, on the basis of the array
means, it is not at all impossible to select parents for

making crosses to obtain progenies with either late or

early flowering habit.
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Duration of Flowering

5 x5, F1

The analysis of variance showed that there were
no significant differences among replications but there
were significant differences among the genotypes in dur-
ation of flowering (Table 1). Strain 0674 was the
variety with the longest mean duration of flowering of
28 days. Strain 72-7427 had the second longest mean value
of the trait of 24.7 days. SB and SEA had about the same
mean value of the trait of 22.8 and 22.7 respectively.
BTS was the variety with the shortest mean duration of
flowering of 20.4 days. Six out of the 10 F1 hybrids
gave a mean duration of flowering longer than that of
the parents. Those were the crosses involving BTS x 0674,
BTS x SEA, SB x 0674, SB x SEA, SB x 72-7427 and SEA x
72-7427. It is noticed from the six crosses mentioned
that the varieties BTS and SB produced an Fl with
heterotic effect only when used as pistillate parents
whereas strain 72-7427 and strain 0674 gave hybrids with
heterosis when used as the pollinate parent. SEA, how-
ever, was not consistent regarding this trait.

Figure 4 shows the Wr and Vr graph for the 5 x 5,
Fl' The regression line is not significant (b = .17 ¢
.37). The simple additive effect model cannot be applied
to this set of data. The computed "D" value was 10.40

and the average degree of dominance was 1.58; since the
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array points are so widely scattered in Figure 4, it is
concluded that the data may not be reliable. The
heritability estimate was 15%.

As to the positions of the array points, parents
1 and 5 appear to show a certain level of dominant genes,
parent 2 appears to contain the recessive genes. Parents
3 and 4 seem to be the outliers, particularly parent 4
(0674) . It was discussed earlier that strain 0674 was
very much affected by ozone injury. Strain 0674 resumed
its growth and development later in the season when cli-
matic conditions were favorable again. It continued to
produce flowers. However, the season was not long enough
for its second phase of development; most of the flowers
developed into small pods which were not fully filled.

This trait was not measured in 1974.

Days to Maturity

The analysis of variances of days to maturity
showed that there were no significant differences among
replicates but highly significant differences among the
genotypes (Table 2). Inspecting the mean over replicates
in Table 1, it appears that SEA was the earliest and
strain 0674 was the latest maturing variety with mean
values of 74.8 and 92.6 days respectively. Strain
72-7427 and varieties BTS and SB had mean numbers of

days to maturity of 85, 89.4 and 89.5 respectively.



46

It was surprising to see that SEA and strain 0674 which
have several morphological characters in common did not
behave similarly regarding this trait. However, the
differences between the two means was only about 8 days.
It was observed that both 0674 and SEA were affected by
ozone injury during the pod-filling stage. The leaves
were senesced prematurely and abscised. Therefore,
normal photosynthetic activities were disrupted and the
pods were not fully filled. Strain 0674 appeared to be
more affected by ozone injury. After this period, due to
favorable climatic conditions, strain 0674 resumed its
growth and development but not SEA. The flowers that
strain 0674 produced at this later stage delayed its
duration of flowering and maturity.

The other pair of parents which have several
characters in common, i.e. SB and strain 72-7427, gave
a difference in mean values of only 4.5 days. BTS which
was expected to be the latest maturing variety did not
Prove to be so. However, the array mean of the hybrids
derived from BTS does show the highest value (Table 1)
which implies that any hybrid arising from this common
Parent will be the latest in maturity as compared to the
hybrids from other crosses. A test of the F, and its
reciprocal indicated there was no significant difference.
Nine out of 10 F1 hybrids had mean values exceeding that

of the mid-parent values. In fact, 7 out of the 9 hybrids
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had mean values greater than that of the later maturing
parent. The only hybrid that had the mean value smaller
than that of the mid-parent value was derived from 0674

x SEA (Table 1).

Figure 5 shows the Wr/Vr graph of the 5 x 5, Fl.
The regression is not significant (b = .30 + .31) and it
intersects the Wr axis above the point of origin (a =
10.96 *+ 14.16) but not significantly different from 0.
This indicates genic interaction. The positions of the
points representing strain 72-7427 and SB are within the
parabola and close to the point of origin indicating
that strain 72-7427 and SB contain a preponderance of
dominant genes. On the other hand, the positions of
Strain 0674, SEA are on the top right of the graph showing
that strain 0674 and SEA contain a preponderance of
recessive genes for this trait. It is interesting to
notice that SB and strain 72-7427 which have several
morphological characters in common position close to each
Other whereas strain 0674 and SEA with similar plant type
also position not very far from each other. Perhaps each
Pair of the parents mentioned have similar genotypes
regarding this particular trait. The hybrids derived
from SB and strain 72-7427 or strain 0674 and SEA do
contain similar effects regarding dominant and recessive
genes. The position of BTS is just above the Vr axis

and almost 50 units from the Wr axis. It follows that
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70 ¢ ® 1= B8BTS
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Figure 5. Days to maturity (5 x 5, Fl) .
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BTS has produced arrays with a very large variance but
small covariance. BTS has a very distinctive phenotype
as compared to the others. Genotypically it should also
be very different, hence the genotype x environment
interaction could affect the covariances. As Mather

and Jinks (1971) pointed out respecting variation of
highly inbred domestic plants like the small-seeded
cereals, the interactions are large, and the covariances
could be materially affected. It is this array point
(1), that causes the slope to be closer to zero and
nonsignificant. Were BTS to be excluded from consider-

ation the interpretation would be more straightforward.

All the original five varieties have the mean
number of days to maturity in 1974 larger than their
behavior in 1973 except the strain 0674, the differences
ranging from 5.2 days to 9.2 days. As stated above for
the dates to first flower, this was undoubtedly due to
di fferent environmental conditions between the two years.
The variety BTS was the latest maturing variety, as
expected, with a mean value of 98.5 days. Also as
€xpected, SEA was the earliest variety to mature with
4 mean value of 82.1 days, and these values agree well
With the 1973 ranking as regards earliness. The other

three varieties did not have the same ranking as in 1973.
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This could be due to the more stable genotype of SEA
regarding this particular trait. Change of environment
AdAid not have much affect on SEA as compared to the other
4 wvarieties. Out of 28 Fy hybrids examined, 10 had mean
values exceeding their late maturing parent. Fifteen
out of 28 hybrids had mean values in between the two
pPaxents and 3 had mean values less than the early matur-
ing parent (Table 3).
Figure 6 shows the Wr/Vr graph for the 8 x 8, F;.

The regression line is significantly different from zero
but not significantly different from unity (b = .56 %
«19). The line intersects the Wr axis above the point
of origin (a = 13.33 * 7.62) but not significantly dif-
ferent from zero indicating complete dominance. Examin-
ing the position of the array points one can see that
most of them fit the regression line quite well except
Point 1 representing BTS. In comparing the position of
BTS on both the 5 x 5 and 8 x 8, Fl graphs it seems clear
that BTS has a gene system which is both unique and con-
Sistent regarding this trait. SB seems to shift its
PoOosition. The shifting of position of SB from the domi-
nNant side in Figure 5 to the recessive side in Figure 6
Was undoubtedly caused by the additional 3 parental lines.
This suggests that multiple alleles control this trait.
The 3 new parental lines contain a stronger level of
dominant genes than SB. This new interaction forced SB

to shift toward the recessive side.
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5 x5,F2

Table 5 shows the mean values for the parents and
the F, populations planted in 1974. The three parents
which have the mean number of days from emergence to
hazrvesting of 90 days and above were strain 72-7427,

SB and BTS. The differences ranged from 90.2 days for
strxrain 72-7427 to 98.5 days for BTS. Strain 0674 and
SEA had mean values of 84.7 and 82.1, respectively.

The Fyr Wr/Vr graph (Figure 7) shows that the
regression line is significantly different from b = 0
but not fromb =1 (b = 1.16 + .16). The line intersects
the Wr axis below the point of origin (a = -9.51 * 2.16)
but not significantly different from zero. Therefore a
gene system with dominance but without the complication
of genic interaction is indicated in the F, generation.
From the position of the array points, it appears that
BTsS, SB and 72-7427 contain a preponderance of dominant
genes. It can be hypothesized that late maturing is
Controlled largely by dominant genes and early maturing
is controlled largely by recessive genes. It can be
Observed that without the presence of the 3 new parental
lines, SB has retained its position on the dominant side.
The additive genetic variance (D) has the value of 42.38.
The heritability estimate is 14% for days to maturity
Wwhich is relatively low. The "F" value of 43.42 indi-

cates an excess of dominant genes among this set of
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Figure 7. Days to maturity (5 x 5, F,).
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parents for this trait. The F, populations derived from
BTS, SB and 72-7427 seemed to be reasonably uniform in
maturity. However, those derived from SEA and 0674
showed several days difference in maturity, particularly
those resulting from 0674 and SEA and its reciprocal.
O=zone injury is thought to be the cause, since both 0674

and SEA were very sensitive to this environmental factor.

Plant Dry Weight

S x5,F_.L

The analysis of variance shows that there were no
significant differences among the replicates but there
were highly significant differences among the genotypes.
Di fferent plant types certainly contributed to the dif-
ference in this trait. There was no significant dif-
ference between the Fl and its reciprocal. Among the
S parental varieties, BTS had the highest mean plant
weight of 100.9 gm and 0674 had the smallest mean plant
We ight of 51.0 gm (Table 1). SB, SEA and 72-7427 had
me an values of 68.9, 55.9 and 78.3 gm, respectively.

Ei ght out of 10 hybrids had mean values exceeding that
Of the highest parent in the cross. Two hybrids had
Me an values lower than that of the mid-parent values.
BTS x 0674 and its reciprocal produced hybrids with
highest mean plant weights of 202.6 gm and 195.4 gm,
respectively. The hybrid with the lowest mean value

derived from the cross 0674 x SEA (45.2).
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It can be seen in Table 7 that BTS has the highest
array mean in both Fl and F,. All the array means
decreased in the F, generations. The heritability esti-
mate was -.16 which has to be considered as zero. The
larxrge negative estimate for "D" of -3385.36, indicates
that there was a very high error variance. Therefore,
further interpretation will not be reliable. It is
assumed that this set of data does not fit the model.
However, the Wr/Vr graph presented in Figure 8 indicates
that the regression line is neither significantly dif-
ferent fromb =onor b=1 (b= .34 + .26). The line
intersects below the point of origin but not significantly
di fferent from 0 (a = -452.10 * 561.83). The intermediate
Slope value is indicative of genic interaction being
involved in the expression of total plant weight. Genic
interaction, as deduced from the Wr/Vr graph, merely
Obscures the manifestation of genic additivity or domi-
Nance. It does not, in itself, exclude them. More
€Xplanation will be given in the section of "Discussion."

The position of the array points indicates that
Strxain 72-7427 and variety SB contain a preponderance of
Tecessive genes. Variety SEA seems to contain a balanced
Proportion of dominant and recessive genes. BTS, which
is the only indeterminate type among the 5 parental
lines, behaves as an outlier. It has the highest mean

Plant weight, as stated earlier. It is not surprising
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that its position on the graph will be far away from the
others. The contrasting phenotypes and interacting loci

would cause this difference.

8 x 8, Fl

The rankings of plant dry weight in grams of the
parental varieties in the 1974 trial from the highest to
lowest mean values were as follows: strain 0685 = 118.1,
Jules = 101.8, Tui = 99.6, BTS = 95.7, SB = 89.5, 72-7427 =
77.9, SEA = 64.6 and strain 0674 = 61.8 (Table 3). Twenty-
three out of the 28 Fl hybrids had mean plant dry weights
higher than that of either parent. The means of 4 hybrids
were in between the two parents and the mean of one hybrid
(Tui x Jules) was lower than that of the lower parent in
the cross (Table 3). The cross involving BTS x 0685 and
its reciprocal gave hybrids with the highest mean plant
dry weight of 241.6 and 222.6 gm, respectively (Table 5).
The hybrids with thé lowest mean plant dry weight derived
from the cross 0674 x SEA and its reciprocal (62.9 and
73.6 gm respectively).

The Wr/Vr graph (Figure 9) shows that the regres-
sion line is significantly different from b = 1 and it
is not significantly different from b = 0 (b = .11 * .13).
The simple additive gene system cannot apply to this case.
The estimate of "D" also has a negative value of -325.94

as with the 1973 data. This is probably due to the high
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error variance associated with this trait (E = 875.10).
Therefore the assumption of no gene interaction is not
valid in this case. It is observed that the arrays which
show interaction are BTS and strain 0685. If these two
array points are omitted the remaining arrays may suggest
a different slope, i.e. a slope of b = .7 is possible

and a different interpretation of the mode of gene action
is expected. (Strictly speaking, if one or another par-
ental array is to be excluded from the Wr/Vr graph, a
new regression line should be calculated omitting all
data involving the excluded parents. In the present
instances, an approximate line has been fitted by eye to
the original array points, without recalculating the array

variances and covariances.)

5 x5, F2

Table 5 shows that 6 out of 10 F, populations
(excluding their reciprocals) had mean plant weights
greater than that of their heavier parent, 3 populations
had their means in between that of the two parents and 1
family gave a mean value smaller than that of the lighter
parent. These mean values were all smaller than those
of the F1 generations due to a lower level of hetero-
zygotes (Table 4).

The Wr/Vr graph in Figure 10 shows that the

regression line is significantly different from b = 0
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but not significantly different from b = 1 (b - 1.02 *
.10). The line intersects the Wr axis significantly
below the point of origin (a = -72.3 * .86) indicating
over-dominance. This agrees with the interpretation from
the /P§I7B value of 4.05. The fact that BTS, SB and
strain 72-7427 are located near the point of origin indi-
cates that these parents contain mostly dominant genes
controlling this trait and strain 72-7427 has most of the
dominant genes among the 3 parents (Figure 10). Strain
0674 and SEA contain mostly recessive genes as indicated
by their positions on the top right of the graph. There
is not much difference, however, between the array means
of these 2 groups of parents. It may be assumed that
plant dry weight is influenced both by dominant and
recessive genes. The heritability estimate is essentially

zexro (h2

= ,04). However, the mean values in the 8 x 8,
Fl indicated that the heaviest hybrids derived from the
most vigorous plants and the lightest hybrids from
smallest parents (Table 3); it is, therefore, believed

that this trait is heritable and can be transferred to

selected families in the next generation.

Number of Main Stem Branches

5 x 5, F1

The number of branches on the main stem were
counted at maturity and recorded on the individual plant

basis. Table 1 indicates that strain 0674 bore the
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highest number of main stem branches with a mean value
of 10.08, SEA, 72-7427, BTS and SB had mean values of
9.8, 9.3, 7.9 and 7.5, respectively. Six out of 10 F1
hybrids gave mean values greater than the mean value of
the high parent. Two hybrids had mean values greater
than that of the mid-parent value and 2 hybrids had mean
values smaller than that of the low parent. It is inter-
esting to observe that when both strain 0674 and SEA were
crossed with other varieties all the hybrids showed
heterosis except when these two parents were crossed
to each other. It appears that strain 0674 and SEA are
similar genetically.

The regression of Wr on Vr in Figure 11 shows
that it was not significant from zero (b = .29 = .30).
Genic interaction is indicated. The assumption of no
gene interaction is not valid. However, examining the
array points indicates that SEA contains the highest
number of dominant genes. BTS and strain 72-7427 appear
to contain a certain portion of dominant genes. SB
contains the most recessive genes regafding this trait.
Parent 3 (0674) is the ouﬁlier in this case and causes
the slope of the regression to deviate from unity. As
it was mentioned earlier, strain 0674 resumed its growth
after being affected by ozone injury. This genotype and
environmental interaction in the later stage of develop-

ment probably increased error variation, causing the
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negative value of "D." This is the trait that would be
most strongly affected by density differences due to

differential loss of plants in plots.

Number of Main Stem Nodes

5 x5, F1

The analysis of variance shows that there were no

significant differences either among the replicates or
the genotypes (Table 2). BTS had the highest mean number
of main stem nodes with the value of 7.3, strain 0674,
SEA, SB and strain 72-7427 had mean values of 5.4, 5.0,
4.2 and 4.1, respectively. No significant differences
between the Fl and its reciprocal could be detected.
Four hybrids had mean values greater than the mid-parent
value and 3 had mean values exceeding that of the parent
with the higher number of main stem nodes. Three hybrids
had mean values smaller than the mid-parent values.

Figure 12 shows the Wr/Vr graph of the number of
main item nodes, 5 x 5, Fl' The regression line was not
significantly different from unity but significantly dif-
ferent from zero (b = .86 +* .24). The position of the
array points representing SB, strain 0674, SEA and strain
72-7427 shows that they all possess recessive genes con-
trolling this trait, with SEA being the extreme in this
respect. BTS appears to contain more of the dominant

genes. The evidence from the Wr/Vr graph seems to
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Figure 12. Number of main stem nodes (5 x 5, F,).
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indicate that the indeterminate type (BTS) contained the
dominant genes and the determinate types (SB, strain
0674, SEA and strain 72-7427) contained most of the
recessive genes controlling number of main stem nodes.
Nevertheless, the estimate of h2 and D had values of -.23
and -17.24 respectively indicated that there was a large
error variance (E = 19.61) in this set of data. There-
fore, no interpretation can be made with confidence with
regard to dominance and additive effects of the genes
controlling this trait.

Because of insignificant differences among the
genotypes regarding this trait it was decided to determine
the total number of nodes of the whole plant in the

5x5, F, and 8 x 8, Fl populations.

Total Number of Nodes

8 x 8, Fl

Total number of nodes consisted of all the nodes
counted on every stem. This should give a better picture
of the phenotype of the parents and that of the segregat-
ing populations. Analyses of variance show there were no
significant differences among replicates but highly sig-
nificant differences among genotypes (Table 4). The
branchy vigorous determinate type of strain 0685 gave
the highest mean value of number of nodes (74.6) and the

determinate, strain 72-7427 gave the lowest mean value
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of 24.4. Jules, BTS, Tui, strain 0674, SEA and SB gave
mean values of 72.2, 57.5, 56.4, 41.8, 39.9 and 30.9
nodes, respectively. Heterosis was strongly expressed
in total number of nodes. Eighteen had mean values
exceeding the mean values of the parent with large mean
number of nodes and 6 had mean values greater than the
mid-parent values. However, 4 hybrids had the mean
values smaller than the parent with smaller mean

(Table 3). The hybrid derived from BTS x 0685 gave

the highest mean value of 196.5 (Table 3).

The regression of Wr on Vr (Figure 13) shows
that the line was significantly different from unity but
not significantly different from zero (b = .16 * .07).
The regression line intersects the Wr axis above the
origin (a = 130.4 *+ 19.88) and is significantly dif-
ferent from 0, indicating genic interaction. The
position of the array points representing BTS and strain
0685 obviously caused the regression line to deviate
significantly from unity. If we omit BTS and strain
0685 and draw a new regression line (dotted line) the
remaining parental arrays would fit this line fairly
well. It is apparent, then, that Tui contains a certain
degree of dominant genes and strain 0674 contains the
recessive genes. The other parents, SB, SEA, strain
72-7427 and Jules appear to contain an intermediate

proportion of dominant genes.
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It is not clear why parents 1 (BTS) and 6 (0685)
were positioned on the far right of the graph. They both
had very high variances but low covariances. They looked
as if they contain a preponderance of recessive genes
which agreed with the estimate of F (= -720.46).
Genotype-environmental interaction involving these two
parents is probably the cause of this deviation. The

heritability estimate was practically zero (h2 = .03).

5 x5, F2
The total number of nodes of the whole plant was
counted among the 5 x 5, F, populations instead of count-
ing the number of main stem nodes as in the 5 x 5, Fl.
It was found in the analysis of variances (Table 6) that
there were significant differences among replicates and
among genotypes.
The mean values of the parents agreed very well
in rank with the mean values for number of main-stem nodes
in 1973. BTS with a mean of 56.5, strain 72-7427 with a
mean of 26.7 were the highest and lowest, respectively
(Table 5). SEA, strain 0674 and SB had mean values of
41.6, 40.0 and 33.5 nodes, respectively. Six out of 10
F, populations had mean values exceeding that of the
high parent. Two F, populations had mean values greater
than the mid-parent values but smaller than the high

parent. Two F, populations had mean values lower than

that of the mid-parent value.
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Figure 14 shows the Wr/Vr graph of the 5 x 5,

F The regression of Wr on Vr is not significant (b =

2.

.37 + .30) as was the case for 8 x 8, F Hence, there

1°
was no real relationship between Wr and Vr. The line
intersects the Wr axis above the origin, (a = 43.33
.86) and significantly different from 0, indicating

genic interaction. The estimate of F was -417.18
indicating that there was an excess of recessive genes
for this trait in this sample of lines. According to

the position of the array means, parent 4 (SEA) contained
a preponderance of recessive genes. None of the varie-
ties seemed to contain a preponderance of dominant genes.
Parent 1 (BTS) which differed phenotypically and geno-
typically from the others was the outlier causing the
regression to deviate from unity.

Number of nodes is a complex trait. It is well
understood that this trait effects other sequential
traits, i.e. number of leaves, number of racemes, number
of pods, etc. It is highly influenced by stand and
density. BTS is an indeterminate type of bean. If
occasional plants within plots are missing during vege-
tative development, BTS could extend its growth in other
directions, hence, producing longer stems, higher number
of nodes, etc. Being of bush type, other parents did
not have much extension of growth and development to

effect number of nodes. Therefore, those parents SB,
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strain 0674, SEA, strain 72-7427 position well within
the parabola except strain 0674 which is slightly below
the unit regression line. The heritability estimate in

the F, population is low (h2 = .04).

Length of Internode

8 x 8, Fl

The length of internode was not measured in the
1973 trial therefore no data for 5 x 5, F1 were available.
In the 1974 trial it was decided to measure the length of
internode. This was to provide a morphological picture
of the individual line as well as for the segregating
generations regarding this trait.

Three of the longest internodes in each plant
were measured and averaged to be the length of internode
of that plant.

Table 3 shows the mean length of internode of the
parental and F1 hybrids derived from the 8 x 8 crosses.

It appears that the determinate type of dry bean has the
longest internode (0685 = 195.6 m.m.) and the indetermi-
nate type has the shortest (BTS = 89.0 m.m. Table 3).

Of the 28 Fl hybrids, 17 had means exceeding mid-
parent values and 12 had mean values exceeding that of
the long internode parent. Eleven Fl hybrids had mean
values smaller than that of mid-parent values. The hybrid

derived from the cross 0685 x SB gave a mean value of
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248.4 which was the highest. Tui x Jules gave the hybrid
with the lowest mean value of 79.2. Tui x BTS also gave
a hybrid with short internode (94.2).

The Wr/Vr graph presented in Figure 15 shows
that the regression line is significantly different
from b =0 and b =1 (b = .51 + .04) indicating genic
interaction plays a major role in determining length of
internode. Balancing the evidence on the graph, particu-
larly the intersection of the regression line on the Wr
axis, it is believed that genic interaction is involved
and the calculated value of /rﬁz75 = 1.2081 should not
be relied upon as indicative of the prevailing mode of
gene action.

The positions of the array points show that Tui,
Jules and BTS contain a preponderance of dominant genes,
strains 0674, 0685 and the variety SB contain a prepon-
derance of recessive genes. SEA and strain 72-7427
appear to contain a balanced proportion of dominant
and recessive genes. Since the "F" value is 1386.33,
indicating an excess of dominant genes among the parental
lines, SEA and strain 72-7427 may contain a higher pro-
portion of dominant than recessive genes. The array
means of strain 0685 and SB were the highest (183.9 and
174.8, Table 8) and the positions of the two parents are
on the recessive side; it is therefore reasonable to

believe that these two parents will produce offspring
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with long internodes if they are crossed and that long
internodes are controlled by recessive genes. BTS, Tui
and Jules are all indeterminate type. According to their
array positions they all contain dominant genes. There-
fore, it is also reasonable to assume that short inter-

nodes are controlled by dominant genes.

5 x5, F2
Among the 5 original parental lines, strain 72-

7427 had the longest mean internode length of 155.7,

SB, strain 0674, SEA and BTS had mean values of 150.1,

129.4, 113.4 and 88.6 respectively (Table 5). The rank-

ing of the 5 parental lines here are not in the same order

as found in 8 x 8, Fl (Table 3). They were, in fact,

the same group of parents, grown in the same field. The

differences in ranking were due to the number of means

taken to compare with their corresponding Fy (Table 3)

or F2 (Table 5). In Table 3, only 2 parental means were

averaged whereas in Table 5, because there were 6 F2

plots, 6 parental means were randomly taken from the

overall 14 means to average and compare with the F2

means. The mean value of strain 72-7427 in Table 5

is larger than its corresponding mean value in Table 3

simply because the 6 parental means which were randomly

taken happened to have large values and the 2 means taken

to be averaged as the parental mean in Table 3 happened
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to have small values. Since the parental means in
Table 5 were averaged from a larger number of values,
therefore, they are more reliable.

Six out of 10 F, families examined had mean
values exceeding that of the mid-parent values and 3 out
of 6 F2 had mean values larger than that of the parent
with long internode. Four Fz's had mean values smaller
than that of the mid-parent values. Three out of 4 F2's
mentioned derived from crosses involving BTS as the
maternal parent and 1 derived from the cross SB x 72-7427.
The Fz family with the longest internode was the one
resulting from the cross 0674 x 72-7427 (166.9, Table 5)
and the F, family with the shortest internode was the
one derived from BTS x 0674 (105.4, Table 5).

The Wr/Vr graph presented in Figure 16 shows that
the regression line is significantly different from b = 0
but not from b =1 (b = .68 *+ .24). The intercept on the
Wr axis is above the origin but not significantly dif-
ferent from 0 (a = 132.25 + 121.32) indicating complete
dominance. The V¥ Hl/D value of 1.98 which indicates
over dominance does not agree with the interception of
the regression line. It is obvious from the graph that
the interception is above the origin and the array points
fit the line very well. Therefore, the calculated value

of Hl/D is not believed to be reliable and the
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interpretation probably should be done strictly from the
evidence on the graph, which suggests partial to complete
dominance.

The array points indicate that BTS contains a
preponderance of dominant genes. Strain 0674 contains
a preponderance of recessive genes. Strain 72-7427 con-
tains a higher proportion of dominant and recessive genes.
The "F" value of -743.48 indicates that there is an excess
of recessive genes among the parental lines. Since the
positions of more points are on the recessive side, the
"F" value confirms the picture on the graph. BTS
(parent 1), which is the only indeterminate type among
the 5 parents, possesses dominant genes. Its position
in the 8 x 8, Fl is also on the dominant side together
with other two indeterminate lines (Tui and Jules). This
consistency shows that short internodes are controlled by
dominant genes.

The heritability estimate is 14% which is low.
This indicates that length of internode is not highly
heritable in the F,. It would be difficult to select
efficiently in the F,. It also suggests that in Fy or
advanced generations selection for this trait should be

on a family basis and not on an individual plant basis.
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Number of Racemes Per Plant

8 x 8, Fl

Number of racemes was not counted in the 1973
trial. 1In 1974 this trait was included and it was deter-
mined from both the Fl and the F2 populations.

Among the 8 parental lines, it appears in Table 3
that strain 0685 had the highest mean number of racemes
(30.6) and strain 72-7427 had the lowest mean of 11.5.

Twenty-four out of the 28 F.'s had mean values greater

1
than that of mid-parent values and 21 out of that 24
Fl's had means greater than the mean of the high parent.
Four crosses resulted in Fl's which had mean values lower
than that of their mid-parent values. They were: SB x
72-7427 (14.4), 0674 x SEA (19.8), SEA x 0685 (23.5) and
Tui x Jules (22.5). The cross involving SB x 72-7427 and
its reciprocal gave hybrids with the lowest mean number
of racemes of 14.4 and 15.0 respectively. The hybrid
derived from the cross BTS x 0685 gave the highest mean
value of 54.9. It is also shown in Table 8 that the array
means of strain 0685 and BTS were among the highest (34.6
and 34.1).

The situation presented by the Wr/Vr graph
(Figure 17) is confusing. The regression is shown to
be significantly different from b = 1 but not significantly

different from b = 0. The simple additive gene system

cannot be applied to this case. Furthermore, the computed
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"D" has a negative value of -2.86. Gene interaction is
believed to be involved. Therefore this set of data does
not fit the "no gene interaction" assumption for the
diallel model. The positions of the array points look
disturbing particularly those representing BTS, strain
0685 and SEA. If a new regression line is drawn (dotted
line) as shown by omitting BTS, strain 0685 and SEA, the
line would fit other array points and would be signifi-
cantly different from b = 0 but not from b = 1. From
this new position of the regression line, SB, strain

0674 and strain 72-7427 may be said to contain recessive
genes and Tui and Jules contain a moderate level of domi-
nant genes. However, the interpretation from this set
cannot be considered reliable since "D" has a negative

value.

5 x5, F2

Nine out of 10 F2 populations examined had mean
values exceeding that of the mid-parent values (Table 5).
The only population that had a mean value lower than that
of the mid-parent value was the one derived from SB x
72-7427 (14.1). The cross BTS x SEA appeared to give
an F2 population with the highest mean number of racemes.
The F, derived from the cross SB x 72-7427 had the
lowest mean number of racemes. The array means (Table 8)
also show that the lowest values belong to SB and strain

72-7427.
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Table 7. The array means of different traits for the F

and F2 (5 x 5) taken
from Tables 1 and 3.

1

BTS SB 0674 SEA 72-7427

Days to First Flower

F1 36.0 31.4 39.7 34.0 28.3

F2 42.4 35.3 39.9 36.7 33.7
Days to Maturity

Fl 95.8 92.4 92.1 84.3 84.6

F2 95.4 92.6 92.6 87.5 91.2
Plant Dry Wt.

Fl 128.9 109.6 107.3 103.9 86.7

F2 93.7 88.9 88.0 82.7 84.7
# Main Stem Branches

Fl 8.4 9.7 10.1 9.6 9.3
# Main Stem Nodes

Fl 7.3 5.2 5.9 5.9 4.6
Pods Dry Wt./Plant

F1 102.2 83.7 77.3 81.9 68.2

F2 69.2 65.5 61.8 61.5 63.4
# of Seeds/Plant

F1 406.7 230.5 318.8 288.4 144.9

F2 255.1 165.4 239.8 229.8 144.7
# of Pods/Plant (X)

Fl 74.4 52.1 69.7 60.3 32.1

F2 52.3 42.4 53.2 50.8 34.2
# of Seeds/Pod (Y)

F1 5.1 4.2 4.5 4.5 4.3

F2 5.0 3.9 4.3 4.3 4.1
100-Seed Wt. (2)

Fl 21.9 32.3 18.0 21.5 47.9

F2 21.0 33.8 20.0 21.6 36.4
Seed Dry Wt./Plant

Fl 76.9 66.0 58.6 63.1 50.9

F2 53.7 51.1 46.9 49.1 47.9
Harvest Index

Fl .60 .60 .55 .60 .59

F .58 .59 .54 .57 .57

2
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Figure 18 shows that the regression of Wr on Vr
is significantly different from b = 0 but not from b = 1

(b =1.11 + .23). The intercept is below the origin but

+

not significantly different from 0 (a = -2.76 4.496)
indicating that the dominance is complete. The V¥ Hl/D
value, however, was 2.1733 which indicated over dominance.
The evidence from the graph and v Hl/D is suggestive of
complete to slight over-dominance.

The position of the array points show that SB
contains a preponderance of recessive genes. SEA and
strain 72-7427 contain a lesser proportion of recessive
genes. Strain 0674 and BTS appear to contain a balance
proportion of dominant and recessive genes. The position
of the points agree well with the "F" value of -39.6466
which indicates that there is an excess of recessive
genes among the parental lines.

The heritability estimate is 11% which is not
very high for this trait. Since additivity of the gene
system was not indicated, selection for this trait may
be difficult in the present sample of lines and their
intercrosses; the gene action picture, however, does not
imply that great difficulty would necessarily be

encountered in a larger sample of parental lines.
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Number of Pods Per Plant

S x5, F
—_1

The analysis of variance shows that there were no
significant differences among the replicates but there
were highly significant differences among the genotypes
(Table 2). BTS had the highest mean number of pods of
61l.1 and strain 72-7427 had the lowest mean value of
23.6, SEA, strain 0674, and SB had mean values of 58.2,
54.5 and 31.8 respectively (Table 1).

Inspecting the mean values of the F. hybrids, it

1
was found that 9 out of 10 hybrids had mean values exceed-
ing the mid-parent values. Six of the 9 hybrids had mean
values greater than that of the high parent. There was
only one hybrid, i.e. from the cross 0674 x SEA, which
gave a mean value lower than the low parent. In fact

the reciprocal of the cross BTS x 72-7427 also gave a
mean value lower than that of the low parent and, hence,
there were only 2 hybrids and their reciprocals out of

the 20 crosses (including reciprocals) that had mean
values lower than that of the low parents. SEA and

strain 0674 are very sensitive to ozone as noted earlier.
Their hybrids seemed to suffer as much as the parents.
Early abscision of leaves greatly affect the yield com-
ponents. Number of pods per plant (X) is the first com-
ponent in the sequence and was the first to be affected.

The hybrids from the cross BTS x 0674 and its reciprocal
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were superior to the others regarding total number of
pods per plant (BTS x 0674 = 129.2 and 0674 x BTS =
121.5, Table 1). Having larger pod size and fewer
number of pods per plant, strain 72-7427 appeared to
give hybrids with smaller mean number of pods per plant
when crossed with other parents. Strain 0674 and SEA
which had similar phenotype did not give a heterotic
effect when they were crossed.

Figure 19 shows the Wr/Vr graph of the 5 x 5, Fl'
The regression is not significant (b = .19 + .07) as was

the case for number of nodes (8 x 8, F, and 5 x 5, F

1 2)
and the point of intercept is not significantly above the
origin (a = 119.51 * 54.49) according to the t-test. This
indicates that there were genic interactions among the
genes in the parental lines which controlled this trait.
However, the locations of the array points representing
SEA, strain 72-7427 and SB show that they contain a pre-
ponderance of dominant genes. The position of strain

0674 and BTS indicates that they contain a preponderance
of recessive genes. The estimate of heritability is -.10,
which is equivalent to zero. The estimate of "D" is
-471.05. Therefore, the estimation of other components
were not at all reliable and no valid interpretation can
be applied to this particular set of data. Possibly the

8 x 8, Fl or 5 x5, F2 data can give a better picture of

the gene system controlling this complex trait.
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8 x 8, Fl
The analysis of variance indicates that there
were highly significant differences among the genotypes.
The mean values of strain 0685, BTS, SEA, Tui, strain
0674, Jules, SB and strain 72-7427 were 60.3, 53.6, 51.6,
50.6, 49.8, 39.9, 35.1 and 21.3 respectively (Table 3).
All the 28 Fl hybrids examined had mean values greater
than that of the mid-parent values. The cross BTS x 0685
and its reciprocal gave hybrids with the highest mean
values of 102.8 and 92.5 respectively. The array means
of BTS and strain 0685 were 67.7 and 66.6 which were the
two highest array means (Table 8). From the above results
it is reasonable to believe that using strain 0685 and
BTS as parents would give progenies with high number of
pods per plant.
The regression of Wr on Vr was not significant
(b = .19 £+ .18) (Figure 20). Genic interaction is indi-
cated as the prevailing mode of gene action, although
a certain amount of dominance and recessivity is not
precluded. As the estimate of "F" was -202.97, this
indicates that there was an excess of recessive genes
among parental lines. Judging from the position of the
array points none of the parents contain any preponderance
of dominant genes. The position of the array point
representing BTS indicates that it contains a preponderance

of recessive genes. The positions of the rest of the
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array points seemed to indicate that they contain a
balanced proportion of dominant and recessive genes.
The evidence from the Wr/Vr graph indicates that genic
interaction is involved in controlling this trait in

the 8 x 8, F., generation.

1
The heritability estimate is only 3%, a value
not uncommon for traits as subject to complex genic and

environmental influences as is this one.

5 x5, F2
The analysis of variance of the F, populations
shows that there were significant differences among the
replicates and among the genotypes as they were in the
8 x 8, Fl' Eight out of 10 F, populations had mean
values greater than their mid-parent values (Table 5).
Two of the crosses that had mean values smaller than that
of the mid-parent values involved the crosses between
SB x 72-7427 and SEA x 72-7427. If the array means of
the 5 x 5, Fl were compared with that of the 5 x 5, F2
it can be seen that all the array means decreased in the
F, populations except those derived from strain 72-7247
(Table 7). This is consistent with effects influenced by
genetic heterozygosity.
The regression of Wr on Vr (Figure 21) shows that
it was significantly different from zero but not signifi-

cantly different from unity (b = .92 + .18). The



93

®1=BTS ® 4=SEA
® 2=SB ® 5=72-7427

1701 ©3=0674

1507

100}

b=.92%18 *
a 227.23%4.13 *x

50

t for b=0=24.97;t for b =1= .45
t for a=0:-1.59

50 100 150
Vr

Figure 21. Number of pods per plant (5 x 5, F2).



94

regression line intersects the Wr axis above the origin

(a = 27.33 + 4.13) but not significantly different from

0 which indicates complete dominance. SEA, strain 72-7427
and BTS appear to contain a moderate proportion of domi-

nant genes. Strain 0674 seems to contain a certain level

of dominant genes higher than SEA, strain 72-7427 and

BTS. The shifting position of SB from the dominant side

in Figure 19, to the recessive side in Figure 21 can only

be attributed to the decrease in heterozygosity in the F,.

The estimate of heritability was .21 which was acceptable.

Number of pods per plant (X) is a complex trait and is

one of the primary yield components. It is the first

trait in the sequence of yield components and is the

function of pods/racemes, racemes/node, nodes/branch,

branches/plant. Thus, any environmental factors affect-

ing the above traits affect "X" also. The estimate of

"D" was 162.21 indicating that additive effects existed.

The "F" estimate was -187.31 indicating that there was

an excess of recessive genes among the parents. To get

a reasonable prediction as to the degree of dominance

and additive affects it is necessary to have the 5 x 5,

F2 data excluding the variances and covariances of the

other 3 additional varieties in the 1974 trial.
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Length of Pod

8 x 8, Fl

Length of pod was not included in the 1973 data.
In 1974, it was decided to include this trait in the
study. Three longest pods were taken from the 8 x 8,
F1 and 5 x 5, F2 plant population to determine the
average length of pod of each plant. The mean length
of pod of the 8 x 8, F1 is shown in Table 3. Among the
8 parental lines tested, 72-7427 appeared to have the
highest mean pod length (151.2 mm. Table 3) and strain
0674 had the shortest pod of 80.4 mm. Fourteen out of
the 28 hybrids examined had mean values greater than that
of the mid-parent values but there were only 4 means
greater than the mean of the long pod parent. Those 4
hybrids derived from the crosses, SB x Jules, 0674 x SEA,
SEA x Jules and 0685 x Tui. Fourteen hybrids had means
smaller than that of their mid-parent values. BTS x
72-7427 produced the hybrid with the longest pod.

Figure 22 presents the Wr/Vr graph of the 8 x 8,
Fl. The regression of Wr on Vr is significantly dif-
ferent from b = 0 but not fromb =1 (b = .95 + .15).
The intercept on the Wr axis is above the origin and is
significantly different from 0 (a = 104.21 * 18.17).
These two points, the unit slope and the intercept,

taken together, indicate partial dominance for genes

affecting pod length. This evidence is also confirmed
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by the ¥ Hl/D value of .39. However, the consistency of
the regression line here and later in the Fou the high h2
value of about 100% (h%® = 1.10) and high "D" value as
mentioned earlier, strongly suggested that the genes
controlling this trait are, on the average, largely
additive in their action. Furthermore, the closeness
of the regression line to the parabola suggests that the
dominance effect is minimal.

The position of the points representing parents
Tui, strain 0685, Jules and SB indicate that they contain
a preponderance of the partially dominant genes. Parents
BTS and strain 0674 contain a preponderance of the reces-
sive genes. Parent SEA seems to contain a slightly
higher proportion of partially dominant than of reces-
sive genes. Parent strain 72-7427 contains a balance of
partially dominant and recessive genes. The position of
strain 72-7427 shows that it is the outlier in this case.

Strain 72-7427 was the determinate type with the longest

pod as compared to the others among the 8 parental lines.

5 x5, F2

Table 5 shows the mean values for parents and F,
populations. Only 4 out of the 10 F, populations
examined had mean values greater than the mid-parent
values, and only one (0674 x SEA) had a mean exceeding

the mean of the greater parent (Table 5). Six of the
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F, populations had means smaller than that of their mid-
parent values. The F2 derived from SB x 72-7427 had the
longest pod (126.9) and the shortest pod length was the
one derived from 0674 x SEA (85.2).

Figure 23 shows the Wr/Vr graph of 5 x 5, F The

20

graph has a similar picture to that of the 8 x 8, F The

1
regression of Wr on Vr is significantly different from
b =0 but not fromb =1 (b = .98 + .08) indicating an
additive gene system for this trait exists in the Fz.
The "D" value of 6732.63 is in support of this assump-
tion. However, the intercept on the Wr axis is above the
origin and is significantly different from 0 (a = 138.49 *
5.11) indicating partial dominance. The /FEI7B value of
.84 also confirms the existence of partial dominance.
Nevertheless, the close relationship between the regres-
sion line and the parabola suggests that dominance plays

a small role in the determination of length of pod (White-
house et al., 1958).

The position of the points indicates that BTS
contains the highest proportion of dominant genes. SEA
contains a lesser level of dominant genes. Strain 0674
contains a balance of dominant and recessive genes. SB
contains a preponderance of recessive genes and strain
72-7427 contains a lower level of recessive genes than

SB. The "F" value of -5609.24 suggests that there is an

excess of recessive genes among the parental lines. The
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heritability estimate of 31% in the F, generation is not

high as compared to 100% in the 8 x 8, F The addi-

1°
tional parents in the 8 x 8 add greatly to the additive
variance for this trait and in addition the variance
estimates are based on a greater number of plots than
in the 5 x 5, and are therefore estimated with greater
precision.

Balancing the evidences in Figures 22 and 23, it

is believed that an additive gene system exists and that

dominant plays a small part in controlling pod length.

Pod Dry Weight Per Plant

5 x5, Fl

The analysis of variance shows that there were
no significant differences among the replicates but there
were highly significant differences among the genotypes.
Among the 5 parental lines, BTS had the highest mean total
pod dry weight of 80.6 gm and strain 0674 had the lowest
mean value of 35.3 gm. SB, SEA and strain 72-7427 had
mean values of 54.9, 44.7 and 64.8 gm respectively
(Table 1). BTS, SB and strain 72-7427 were not affected
by ozone injury. SEA and strain 0674 were the only 2
parents sensitive to ozone injury. As has already been
discussed in the previous sections, strain 0674, in par-
ticular, was very much affected by ozone injury. Even

though it could recover and resumed its growth later,
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the season was not long enough for the plant to produce
photosynthate for the pods it produced. Consequently,
a large portion of the pods were very light in weight
and affected the pod dry weight of the plant.

Examining the mean values of the hybrids (Table 1),
it was found that 9 out of 10 crosses gave hybrids with
mean values exceeding mid-parent values. Six out of the
9 hybrids had mean values greater than that of the high
parent. The hybrid derived from the cross 0674 x SEA
gave a mean value of 34.7 gm which was lower than
39.9 gm, the mid-parent value of this cross.. It was
observed that when strain 0674 was crossed with SEA, the
resulting Fl hybrids did not show any heterotic effect
as compared to those hybrids derived from crosses between
parents with contrasting phenotypes.

The best parental combination which produced the
hybrids with greatest mean pod dry weight was that between
BTS x 0674 (BTS x 0674 = 153.42, Table 1).

The regression of Wr on Vr (Figure 24) is neither
significantly different from b = 0 or b = 1, indicating
large errors or genic interaction. As the additive
genetic variance (D) has a negative value of -1262.99,
the calculated values of other genetic components are
not reliable. It is assumed that gene interaction plays
a role in determining total pod weight. This is not

surprising because total pod weight is a complex trait.
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It can be affected by number of pods per plant (X) and
number of seeds per pod (X) and stand density. The
interaction between these 2 yield components with the
environment and the intra-plant competition among the
components can greatly affect total pod weight.

Since gene interaction is believed to play a role
in this trait the assumption of "no gene interaction"
does not fit this set of data. However, if we omitted
BTS which was the only indeterminate type and strain 0674
which was sensitive to ozone injuries a new regression
line can be drawn (dotted line). The new regression line
may be significant and indicates a real relationship
between Wr and Vr. The remaining three parents, namely,
strain 72-7427, SB and SEA would fit the line very well.
Thus, their position indicates that SB and strain 72-7427
contain a preponderance of dominant genes and SEA con-
tains a preponderance of recessive genes. However, no
attempt was conducted to recalculate the Wr and Vr of

the three remaining parents.

8 x 8, Fl

The analysis of variance indicated that there
were significant variations among genotypes (Table 6).
The mean pod weights of the 8 parental lines were:
strain 0685 = 80.1 gm, Jules = 79.7 gm, Tui = 73.9 gm,

BTS = 71.9 gm, SB = 65.4 gm, strain 72-7427 = 65.4 gm,
SEA

53.1 gm and strain 0674 = 41.6 gm (Table 3).
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There were 2 out of the 28 Fl hybrids examined
which had a mean pod weight lower than the mid-parent
values. The cross between BTS x 0685 gave a hybrid with
the highest mean value of 155.1 (Table 3). Again, the
poorest combination appeared to be between 0674 x SEA
which gave the mean value of 47.6 gm. The cross between
SB x 72-7427, another pair of similar phenotype, also
gave hybrids with low mean pod weight (SB x 72-7427 =
63.8 gm, 72-7427 x SB = 62.5 gm). It can be seen
from Table 8 that the array means of the F, derived from
strain 0685, Jules and BTS were 107.5, 105.2, and 101l.1
gms, respectively, which were the three highest array
means. It is reasonable, therefore, to believe that if
they were used as the parents in the crosses they would
probably give hybrids with high mean pod weights.

The Wr and Vr graph (Figure 25) shows that the
regression is not significant (b = .43 * .20). Genic
interaction is indicated. The array points were very
much scattered in the graph. BTS appeared to have a
strong influence in causing the deviation of the regres-
sion line from a unit slope of 1. If the regression line
were redrawn as shown by the dotted line all the array
points except 1 and 6 would fit very well. Among the 5
parents tested in 1973, BTS gave the highest mean pod
weight (Table 1). In 1974, strain 0685 gave the highest

mean pod weight (Table 3). BTS and strain 0685 have
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unique gene systems controlling this trait. BTS was the
only indeterminate type among the 5 parents in 1973 and
its phenotype was different from the other two indetermi-
nate lines in 1974. Strain 0685 also had a very strange
character and growth habit. When it was grown under
greenhouse conditions in the winter for cross pollination,
it became a vine type. This same line when grown under
field conditions was a bush type with vigorous vegetative
growth. It also had a very different plant type when
compared with other bush lines grown in 1974. These
two distinctive genotypes‘behaved differently from the
others and might have sufficient influence on the regres-
sion line to cause it to deviate from a slope of 1.

The computed negative value of "D" (-282.39)
upset the whole picture of the graph. Gene interactions
are, therefore, assumed to exist and the assumption of

"no gene interaction" is again not valid in this case.

5 x5, F2

Significant differences were found among repli-
cates and among genotypes as they were with total number
of pods (Table 6). BTS gave the highest mean pod dry
weight of 71.1 gm. SB, strain 72-7427, SEA and 0674
gave mean values of 66.4, 62.8, 52.9 and 38.7 gm,
respectively. Seven out of 10 F, populations still

had mean values greater than the mid-parent value. Three
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F, populations had mean values lower than the mid-parent
values. The F, population derived from the cross BTS
X SB had the highest mean pod dry weight (84.3 gm,
Table 5). The F, population derived from the cross
0674 x BTS which gave the highest mean value in the Fl
generation had the second highest mean value in the F,
(82.7 gm, Table 5). The array means (Table 8) show
that the Fz's derived from BTS and SB gave the highest
and second highest array means respectively (69.2, 65.5
gm). Tables 7 and 8 show that the array means were
decreasing in the F, generations due to a decrease in
heterozygosity of the F, populations.

Figure 26 shows the Wr/Vr graph of the 5 x 5, F,.
The regression line is significantly different from 0 but
not from 1l (b = 1.06 * .11). The line intersects the Wr
axis below the origin but not significantly different
from 0 (a = -18.12 + 3.38). The Hl/D value is 2.75.
The evidence on balance suggests that the prevailing mode
of gene action is in the complete to over-dominant range.

The position of the array points show that strain
72-7427 contains a preponderance of dominant genes. BTS
and SB apparently contained a lower proportion of domi-
nant genes than strain 72-7427. Strain 0674 appears to
contain a preponderance of recessive genes and SEA con-

tains a lower proportion of recessive genes than strain

0674.
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The calculated value of F = -6.13, indicates an
excess of recessive genes among the parental lines. How-
ever, the position of the array points of 3 out of the
5 parents are on the dominant side. Therefore the evi-
dence for suggesting a slight excess of recessive genes
is not reliable. The heritability estimate is 8% which
is low. The prediction of results in future generations
regarding this trait, therefore, cannot be made with

accuracy.

Number of Seeds Per Pod

5 x5, Fl

In the analysis of variance (Table 2), no sig-
nificant differences were found among the replicates but
highly significant differences were found among the geno-
types. BTS gave the highest mean number of seeds per
pod of 5.4. SEA, strain 0674, strain 72-7427 and SB
gave mean values of 4.1, 3.8, 3.6 and 3.6 respectively.
Nine out of 10 F1 hybrids examined had mean values
exceeding mid-parent values. The hybrid derived from
BTS x SB gave a mean value lower than the mid-parent
value (Table 1). The hybrid derived from BTS x 0674
gave the highest mean number of seeds per pod.

Figure 27 presents the Wr/Vr graph of the 5 x 5,
Fl. The regression of Wr on Vr is significantly dif-

ferent from zero but not from 1; (b = .86 * .81) it



110
@1 =BTS
®2=SB
®@3=0674

@4 = SEA

®5=72-7427

**%

o a 2 N . a2 8
0.1 0.2 0.3 0.4 0.5
Vr
*t for b=0=2.75 and t for b = 1 = .46

*

]
o
|

*
t for a = .30

Figure 27. Number of seeds per pod (5 x 5, Fl) .



111

intersects slightly above the origin on the Wr axis
(a =0.02 * ,007) which is not significantly different
from 0. The ¥ Hl/D value is 0.77. On balance the evi-
dence suggests partial to complete dominance. The
position of the points seems to fit the regression line
very well. SEA and SB appear to contain a higher pro-
portion of dominant than recessive genes. BTS and
strain 72-7427 contain a balance of dominant and reces-
sive genes. Only strain 0674 appears to contain a high
proportion of recessive genes. This agrees well with
the "F" value of .16 which indicates a slight excess of
dominant genes among the parental inbred lines.

The heritability estimate for this trait in the

5 x5, P, is 29%.

1

8 x 8, Fl
Two out of 3 indeterminate types used in the 1974
trial gave the highest mean number of seeds per pod. Tui
and BTS gave mean values of 5.9 and 5.8 respectively.
Jules, which is another indeterminate type, ranked 4th
and gave a mean value of 4.6. Strain 0685 ranked 1lst
among the determinate type giving a mean value of 4.6.
SB gave the lowest mean value of 3.3. Twenty-five out
of 28 Fl hybrids examined had mean values exceeding
mid-parent values. The 3 crosses that gave hybrids with

mean values lower than the mid-parent values were:

BTS x Jules = 4.8, SB x Jules = 3.9 and SEA x Jules = 3.6
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(Table 3). The hybrids resulting from BTS x Tui and its
reciprocal gave the highest mean value. The analysis of
variance indicated that there were significant differences
both among the replicates and among the genotypes (Table 4).

Figure 28 presents the Wr/Vr graph of the 8 x 8,
Fl' The regression line is significantly different from
zero but not from a unit slope (b = .61 * .22) and it
intersects the Wr axis significantly above the origin
(a= .23 + .08). The ¥ Hl/D value is 0.74. The evidence
suggests again that the gene system controlling this trait
is partially dominant. Since the array point representing
Tui is closest to the point of intersection between the
regression line and the parabola, it indicates that Tui
carries a preponderance of dominant genes. Strain 0674
carries a preponderance of recessive genes. SB, SEA,
strains 72-7427 and 0685 seem to carry a balance of domi-
nant and recessive genes. BTS and Jules, which were the
indeterminate types, behaved differently from the others.
Both array points of BTS and Jules are below the regres-
sion line. Jules is iocated close to the point of inter-
section of the regression line and the parabola indicating
that it contains a higher level of dominant genes than
BTS which is at the center.

The estimate of “hz" is 44%. The excess of reces-

sive alleles was indicated by F = -.06.
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5 x5, F2

In the 1974 trial of the 5 x 5, F2' BTS still
gave the highest mean number of seed per pod (Table 5)
and SB still gave the lowest mean. The analysis of
variance shows highly significant differences among the
replicates and among the genotypes. Out of the 10 F2
populations examined all had the mean values exceeding
the mid-parent values but only 2 crosses had mean values
exceeding the mean of the high parent.

The Wr/Vr graph presented in Figure 29 shows that
the regression line differs significantly from slope
b =0 but not fromb =1 (b =1.14 + ,08). The regres-
sion line intersects the Wr axis above the origin and
significantly different from 0 (a = .18 * 13.5). The
genes affecting this trait behave as though they were in
the additive to partially dominant range. We can observe
that the regression line is very close to the parabola.
This relationship suggests also that the dominance is
only partial. This observation also agrees well with
the v Hl/D value of .38. The relationship of the
regression line and the parabola suggests that dominance
plays a small part in determining this trait.

According to the position of the array points,
strain 0674 seems to contain the highest level of
dominant genes, BTS and strain 72-7427 contain the

highest level of recessive genes and SB and SEA seem
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to have a balance of dominant and recessive genes. The
"F" value of .22 suggests a slight excess of dominant
genes among the inbred parents. The heritability esti-
mate of 90% indicates that number of seeds per pod is
highly heritable. Since the gene system is additive

to partially dominant, it is reasonable to believe that
the parents which gave the highest array mean would give
progenies with high number of seeds per pod in the later

generations.

100-Seed Weight

5 x5, F1

The New York kidney type of strain 72-7427 gave
the highest mean 100-seed weight of 55.2 gm. SB, a
large-seeded bean, gave the second highest mean value of
39.5. BTS, SEA and strain 0674 gave mean values of 17.3,
13.9 and 12.7 respectively (Table 1). Significant dif-
ferences among the genotypes were found in the analysis
of variance (Table 2).

Out of the 10 Fy hybrids examined, there was
only one, resulting from the cross BTS x SEA, which gave
a mean value greater than the mid-parent value, exceed-
ing the mean value of the larger parent. Two gave mean
values exceeding mid-parent value but smaller than the
larger parent. Seven gave mean values smaller than

mid-parent values. The crosses between the large-seeded
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parents tended to give large-seeded F. hybrids but the

1
mean 100 seed weight was not necessarily greater than
that of the mid-parent values.

Figure 30 presents the Wr/Vr graph of the 5 x 5,
Fl' The regression of Wr on Vr is significantly dif-
ferent from b = 0 but not from b =1 (b = .87 + ,14)
indicating an additive gene system for this trait. The
intercept on the Wr axis is significantly above the point
of origin (a = 80.66 * 15.36). The calculated value of
"D" = 349.32 confirmed that there are strong additive
effects. The interception on the Wr axis is above the
origin and is significantly different from 0 (a = 80.66 *
15.36) suggesting that the dominance, if any, is partial.
This is also confirmed by the v Hl/D value of .47. How-
ever, there is evidence that the gene system controlling
this trait in dry bean is strongly additive. The con-

sistency of the regression lines in 5 x 5, F and 8 x 8,

1’
Fl and 5 x 5, F, all strongly support the hypothesis of
additivity of this trait.

The position of the points indicates that strain
0674 and SEA contain a preponderance of dominant genes.
Strain 72-7427 contains a preponderance of recessive
genes. BTS and SB contain a lower proportion of reces-
sive genes than strain 72-7427.

The "F" value of 35.20 indicates that there is an

excess of dominant genes among the parental lines. The
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heritability estimate of 82% suggests that 100-seed weight
is highly heritable and further confirms that the gene

system is essentially an additive one.

8 x 8, Fl

The 1974 data confirmed 1973 data that strain
72-7427 and SB were the two highest in mean 100-seed
weight (Table 3). SEA, however, in 1974, gave a slightly
higher mean value than BTS. Jules gave mean value of
36.0 which was highest among the three new varieties and
ranked 3rd of all the 8 varieties tested. Tui, which was
about as late in maturing as strain 0685, gave the lowest
mean value among the 3 new varieties (17.9, Table 3) and
ranked 7th among the 8 varieties. Strain 0685 gave a
slightly higher mean value than that of BTS and SEA.
Strain 0674 had the lowest mean 100-seed weight (14.66,
Table 3) among the 8 varieties.

Out of 28 F1 hybrids examined, 12 had mean values
exceeding the mid-parent values and only 2 hybrids (0674 x
Tui and SEA x Tui) gave mean values exceeding the mean of
the parent with greater mean 100-seed weight (Table 3).
Fifteen had mean values smaller than that of mid-parent
values.

It was observed that the strain 72-7427 when

crossed with other parents, on the average would give

hybrids with highest mean values. SB would give hybrids
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with the second highest mean values in the same series.
Strain 0674 would generally produce hybrids with the
lowest mean values except in 2 series of crosses where
0685 x BTS and Tui x BTS would give the lowest mean values.
The Wr/Vr graph in Figure 31 shows that the
regression line is significantly different from b = 0
but not fromb =1 (b = .88 * ,08) indicating additive
effects for this trait. The intercept on the Wr axis
is above the origin and significantly different from 0O
(a = 48.56 * 5.,25) indicating partial dominance. The
closeness of the regression line to the parabola sug-
gests that dominance plays a small part in the determi-
nation of 100-seed weight (Whitehouse et al., 1958).
As the array points of Tui, strains 0674, 0685 and Jules
are closest to the lower intersection of the regression
line and the parabola, they possess a preponderance of
dominant genes. SEA possesses a lower proportion of
dominant genes than the above mentioned 4 parents. SB
and BTS contain a preponderance of recessive genes.
Strain 72-7427, the outlier, has its array point below
the regression line and away on the high Vr value side.
Strain 72-7427, which is the red kidney type of dry bean,
has the highest mean 100-seed weight. It is the only
variety that behaves differently from the others. It
is interesting to observe that the Wr/Vr éraph of

100-seed weight, 8 x 8, Fl has a similar picture to
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that of the length of pod 8 x 8, F, (Figure 22). The

1
changing position of strain 0674 in Figure 22 to the
position in Figure 31 is believed to be a consequence

of susceptibility to ozone injuries of strain 0674.

Ozone injuries did not affect length of pod but it did
affect 100-seed weight.

The heritability estimate of 100-seed weight is
90% suggesting that this trait is highly heritable similar
to length of pod. The "D" value of 210.89 indicates the
presence of substantial additive genetic variance. It
is, therefore, to be expected that the parents with high
array means will produce progenies with high 100-seed
weights.

The correlation between length of pod and 100-seed
weight of plants in the 8 x 8, Fl was calculated and had
the value of 0.47 which is highly significant. The evi-
dence from the correlation and Wr/Vr graphs suggested
that these two traits might result from action of the

same gene system.

5 x5, F2
The ranking of the mean 100-seed weight in the

F, (Table 5) is the same as those reported in the 8 x 8,

Fl section, namely, strain 72-7427 gave the highest mean

value and strain 0674 the lowest. Four of 10 F2 popu-

lations examined had mean values greater than the
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mid-parent values. Six F2 populations had mean values
smaller than the mid-parent values. Two out of the 4

F, populations which had the mean exceeding the mid-parent
value involved the crosses between BTS x 0674 and BTS

X SEA. The other 2 F2 populations involved the cross
between 0674 x SEA and SB x 72-7427. BTS x 0674, BTS x
SEA and SB x 7427 also showed heterosis in the 5 x 5, Fl.

The Wr/Vr graph presented in Figure 32 shows that
the regression line is significant (b = 1.01 + .06) and
it intersects significantly above the origin (a = 69.61 *
2.44). As far as the relationship between the regression
line and the parabola is concerned, it takes the same
form as in the 8 x 8, Fl. Dominance plays only a minor
part in the determination of 100-seed weight.

The position of the points show that BTS, strain
0674 and SEA possess a preponderance of dominant genes.
Strain 72-7427 contains a preponderance of recessive
genes. SB seems to contain a balance of dominant and
recessive genes.

The "F" value of 147.11 indicates that there is
an excess of dominant genes among the parents. This
agrees very well with the position of the 3 parents being
closest to the point of intersection of the regression
and parabola. The "D" value of 320.42 and the high value
of h2 of 81% indicate that the gene system is additive

and the trait is highly heritable. Evidence from the
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three graphs strongly suggests that the gene system con-
trolling 100-seed weight in dry bean is additive and the

trait is highly heritable.

Number of Seeds Per Plant

5 x5, Fl

BTS had the highest mean number of seeds per plant
(338.9, Table 1) and strain 72-7427 had the lowest mean of
85.6. SEA, strain 0674 and SB had mean values of 235.9,

201.7 and 109.7, respectively. Eight out of 10 F, hybrids

1
examined had mean values exceeding that of mid-parent
values and 2 hybrids had the mean values smaller than mid-
parent values. The hybrid with the highest mean value
derived from BTS x 0674 which gave a mean of 720.9

(Table 1) . The lowest mean value came from the hybrid

of 72-7427 x BTS which gave a mean value of 62.3.

It was disturbing that the computed "D" value
had a negative value of -11798.58. The high error
variance (E = 23580.39) coupled with the low variance
of the parental arrays resulted in a very high negative
"D" value. The regression is not significantly different
from 0 but significantly different from 1 (b = .18 * .08)
(Figure 33). The line intersects above the origin but
not significantly different from 0 (a = 4532.73 * 8098.79).

Further interpretation is not valid.
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Number of seeds per plant is a complex trait.
Several factors can influence the variation in this trait.
It is strongly influenced by number of pods per plant (X)
and number of seeds per pod (Y). In turn, "X" and "Y"
themselves are strongly influenced by environmental
factors. Inter-plant competition can easily cause
variation in "X." Once the pods are formed there may
be intraplant competition if environmental stress is
imposed. Although "X" may not have any direct genetic
influence on "Y," nevertheless, developmentally it has
an indirect effect on "Y" (Adams, 1967). The interactions
between X and Y and between these two components with the
environment may cause "D" to be negative. It is, there-
fore, not reliable to make further interpretation of this

set of data.

8 x 8, F1
In the 1974 trial, BTS still showed its superi-
ority in this trait over the other 7 lines. It had a
mean value of 318.9, as compared to the lowest mean value
of 82.2 for 72-7427 (Table 3). Twenty-three out of 28
Fl hybrids examined showed heterosis, having mean values
greater than that of mid-parent values. Only 5 hybrids
had mean values smaller than that of mid-parent values.

The F, hybrid derived from BTS x 0685 gave the highest

1
mean value of 662.2; the smallest mean came from the

hybrid SB x 72-7427 (103.5).
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Figure 34 presents the picture of the Wr/Vr
graph of 8 x 8, Fl. The regression coefficient has the
value of .24 + .05. This is significantly different from
b =0 and b = 1. Genic interaction is indicated for this
trait. The intercept on the Wr axis is above the origin
(a = 3377.79 + 580.07) and it is significantly different
from 0. Strain 72-7427, Jules, SB, Tui and SEA seem to
contain a preponderance of dominant genes. BTS contains
a preponderance of recessive genes. Strains 0674 and
0685 seem to have a balance of dominant and recessive
genes.

Even though the calculated value of "D" is
2968.64 which indicates additivity of the gene system,
genic interaction should be postulated for this trait
according to the evidence of the regression line.

The heritability is low (h% = 5%).

5 x5, Fz

Seven out of 10 F, populations examined had mean
values greater than that of the mid-parent values
(Table 5). The F, population derived from the cross
BTS x SEA gave the highest mean value of 303.5. Three
of the F2's gave mean values lower than that of mid-
parent values and the lowest mean value belongs to the
cross derived from SB x 72-7427 (92.2, Table 5).

The regression of Wr on Vr (Figure 35) is sig-

nificantly different from b = 0 but not from b =1
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(b = .79 + .13). This agrees well with the "D" value

of 737.13. The regression line intersects the Wr axis
significantly above the origin (a = 1864.56 * 374.39).
The Vv Hl/D value is 0.58. The evidence suggests partial
dominance.

The position of BTS, SB and SEA indicate that
they contain a preponderance of recessive genes and that
strains 0674 and 72-7427 contain a higher proportion of
dominant genes. The "F" value of 328.01 suggests an
excess of dominant genes among the parents. The herita-

bility estimate is 90%.

Seed Dry Weight Per Plant

5 x5, Fl

It appears in Table 1 that BTS gave the highest
mean seed dry weight of 58.7 gm, Strain 72-7427 gave
the second highest mean value of 46.2 gm. SB gave a
mean value of 42.9 gm and ranked third. SEA and 0674
gave mean values of 33.2 and 25.2, respectively (Table 1).
It can also be seen from the same table that BTS gave
the highest mean values of number of pods per plant and
number of seeds per pod. Even though it did not give
the highest mean 100-seed weight it did give a reasonably
high mean value of that trait according to its seed size.
Analysis of variance shows significant differences

among the genotypes.
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Nine out of 10 Fl hybrids examined showed hetero-
sis with mean values exceeding mid-parent values and in
most cases exceeding the mean of the parent with high
mean seed weight. There was only one cross 0674 x SEA,

which gave an F, mean value lower than that of the mid-

1

parent.
The Fl hybrids derived from the cross BTS x 0674
and its reciprocal gave the highest mean seed dry weight.

The 0674 x SEA F, had the lowest mean seed dry weight.

1
The cross between the two largest seed size lines, SB x

72-7427, did not give F, progenies with highest mean seed

1
dry weight. On the contrary the cross between BTS x 0674
which gave the lowest 100-seed weight in that series gave
Fl progenies with the highest mean seed dry weight
(111.8, Table 1l). The array means in the Fl also indi-
cate that BTS had the highest array mean of 76.9 (Table 7).
SB apparently gave the second highest array mean of 66.0.
SEA, strains 0674 and 72-7427 gave array means of 63.1,
58.6 and 50.9, respectively.

Figure 36 shows the Wr/Vr graph of the 5 x 5, Fl.
The regression line is neither significantly different
fromb = 0 nor b =1 (b =48 + ,29). It intersects the
Wr axis below the point of origin (a = -184.91 * 261.01)
but not significantly different from 0. It is interesting

to observe that the position of the 5 array points are

very similar to those in total plant weight (Figure 7)
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and total pod dry weight (Figure 16). The consistency of
the position of these array points suggests that the gene
systems controlling these three traits are similar. And
also due to the same reason, SB and strain 72-7427 con-
tained a preponderance of dominant genes, strain 0674 con-
tained a preponderance of recessive genes, and SEA con-
tained a slightly higher proportion of recessive than
dominant genes. BTS is the outlier as described in "Pod
Dry Weight." SB and strain 72-7427 which have several
phenotypic characters in common as mentioned earlier
under some traits, are believed to have similar dominant
genes controlling total seed weight as well as weights
of pods and whole plant. Strain 0674 and SEA which are
also very similar phenotypically, unexpectedly are
located far apart from each other. It is believed that
different responses to ozone injuries and the interaction
between strain 0674 with the environment later in the
season after it resumed its second stage of growth were
the main causes for this difference. BTS, being the only
indeterminate type among the 5 parents, has a unique gene
system controlling seed dry weight.

Because "D" had a negative value of -721.3585,
no reliable interpretation of the genetic component of
variations can be expected. Since seed dry weight or

seed yield (W) is a complex trait, interactions
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between the yield components are expected. Therefore,
the assumption of no gene interaction is not valid in

this case.

8 x 8, Fl

Among the 8 parental lines used in 1974, Jules
gave the highest mean seed dry weight of 67.2 gm. Strain
0685, Tui, BTS, SB, strain 72-7427, SEA and strain 0674
gave mean values of 58.8, 57.6, 56.7, 51.9, 45.9, 40.4
and 31.6 gm respectively (Table 3). The analysis of
variance (Table 4) showed that there were highly sig-
nificant differences among replicates and among genotypes.

Twenty-five hybrids had mean values exceeding the
means of the parent with higher seed weight. The cross
SB x 72-7427 gave a hybrid with mean values smaller than
the mean of the parent with higher seed weight (Table 3).
The hybrid resulting from the crosses 0674 x SEA and Tui x
Jules gave mean values smaller than their mid-parent
values. The hybrid derived from Jules x 0685 gave the
highest mean value of 113.2 gm. Other hybrids which
had mean values exceeding 100 gms per plant were those
derived from Jules x SB (112.4), BTS x 0685 (109.8) and
0685 x Jules (109.1). The cross which produced a hybrid
with the lowest mean value was 0674 x SEA (34.9). It
has been noticed that the crosses involving the parents

with contrasting plant type such as Jules x 0685 and
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BTS x 0685 resulted in hybrids with very high degree of
heterosis (high seed yield). The cross involving similar
plant types such as 0674 x SEA produced poor seed yield.

The array means in Table 8 show that Jules had
the highest value of 85.4 and strain 0674 again had the
lowest value of 60.4.

Figure 37 presents the Wr/Vr graph of the 8 x 8,
Fl' The regression line is significantly different from
zero but not fromb =1 (b = .64 * .19). It intersects
the Wr axis below the point of origin but not signifi-
cantly different from 0 (a = -80.58 + 105.78). The
v Hl/D has the value of 2.77. The evidence suggests
complete to over-dominance; but interaction still may
play a role, since some of the components of seed dry
weight/plant appeared to be influenced by genic inter-

action.

5 x5, F2
Seven out of 10 F, populations still have mean
seed dry weights greater than that of their mid-parent
values. Three F2 populations had the mean value less
than that of the mid-parent value. They were derived
from the crosses BTS x 0674, BTS x 72-7427 and SB x
72-7427 (Table 5). The F, populations which had the

highest mean value was derived from BTS x SB (66.8) and

that with the lowest mean value was derived from
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SEA x 0674 (31.1). The analysis of variance (Table 6)
. showed that there were highly significant differences
among replicates and among genotypes.

Figure 38 shows that the regression of Wr on Vr
is significantly different from b = 0 but not from b = 1
(b = .99 *+ .,12). The regression line intersects the Wr
axis below the origin but not significantly different from
0 (a==9.09 * 3.06) indicating complete dominance. This
result does not agree with the /rﬁz7g-value of 2.41 which
indicates over-dominance. On balance the evidence from
the graph and the Vv Hl/D value, suggests complete to
over-dominance.

The position of the points indicate that strain
0674 and SEA contain a preponderance of recessive genes.
Strain 72-7427 contains a preponderance of dominant genes.
SB and BTS contain a lower proportion of dominant genes
than strain 72-7427. The calculated "F" value of -28.67
indicates that there is an excess of recessive genes
among the parental lines. The heritability estimate of
10% suggests that total seed weight is of low herita-
bility. It is not expected that total seed weight or
seed yield (W) per se will be transferred to the next
generation effectively. It has been understood that
"yvield" is a complex trait. "W" is very much influenced
by other components i.e. X, Y and 2. Any factor affecting

these components would ultimately effect "W."
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Harvest Index

5x5, Fl
The variety SB had the highest mean harvest index

among the 5 parental lines tested in 1973. Its mean

value was .63. Strain 0674 had the lowest mean harvest

index of .50 (Table 1l). Eight out of 10 F. hybrids

1
examined had the mean harvest index greater than that
of the mid-parent values and two smaller. BTS x SB pro-
duced the hybrid with the highest mean value of .64 and
SB x 0674 gave the hybrid with the smallest mean value
of .50. The analysis of variance shows that there were
significant differences among the genotypes.

Due to the very small value of variances and
covariances it was difficult to construct a Wr/Vr graph
for this trait. However, according to the calculation,

it was found that the regression coefficient had the

value of b = .96 * .15 and it was not significantly

different from b 1 but significantly different from

b = 0. This suggests that either an additive or domi-

nant gene system, without the complication of genic
interactions, controls this trait. The "F" value of

-.0026 indicated that there was slightly an excess of
recessive genes among the parental lines. The heritability
estimate was 7%. This indicates that harvest index pro-

bably is not highly heritable. It is a complex trait and

depends on several other factors. The plant dry weight
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or the biological yield of the plant which is the denomi-
nator is heavily dependent on other traits and environ-
mental factors. The total seed yield which is the
numerator for harvest index is a complex trait by itself
and influenced by the interactions of the yield compo-
nents (X, Y and Z). Harvest index is a ratio of seed
yield to total plant weight and thus expresses the effi-
ciency of partition. As such it is useful in selection,
but it does not by itself indicate the highest yielding

lines.

8 x 8, Fl

Table 3 shows the mean H.I. of the 8 x 8, Fl.
SB still had the highest mean value of .66 among the 8
parental lines tested in 1974. Strain 0685 appears to
have the lowest mean value of .44. Seventeen out of 28
crosses gave F1 hybrids with mean values greater than
that of the mid-parent values and 11 F1 hybrids had mean
values smaller than that of the mid-parent values.
SB x Jules appeared to give the hybrid with the highest
mean value of .70 and thg lowest mean value came from
the hybrid derived from SB x 0685 which had the value of
.45.

It is shown in Table 8 tha£ Jules had the highest

array mean of .65 and strain 72-7427 the lowest of .51.
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SB and SEA had the next highest array means of .59. The

lowest array mean belongs to the strain 72-7427 (.51).

5x5, F2

Eight out of 10 F, crosses had the mean harvest
index smaller than that of the mid-parent values. The
F2 derived from BTS x 0674 and 0674 x 72-7427 had the
smallest mean value of .52 (Table 5). Only 2 F2 crosses
had mean values greater than that of the mid-parent
values. They were those derived from SB x 72-7427 and
0674 x SEA which had mean values of .61 and .56 respec-
tively. However, these 2 crosses appeared to give the
,Smallest mean seed yield (43.4 and 39.3, Table 5). On
the other hand, BTS x SB, which gave a H.I. of .60 and
is lower than the mid-parent value, had the highest mean
seed yield of 66.8 (Table 5). Therefore, harvest index

is not a reliable trait in predicting the yield.




DISCUSSION

At the outset of this thesis it had not been
determined which morphological traits were most important
in constructing an ideotype for high yield. Consequently
a rather large group of characteristics had to be included
in the analysis. Denis (1971) did a factor analysis of
plant-type variables related to yield of dry beans. A
Weight-factor and a Number-factor, typified by pod weight
and number of pods, respectively, identified as two major
factors or patterns for high yielding bean plant type.

A third factor, a Display-factor, was inferred, based
on upper internode length and leaf size.

The genetic complexity of the traits proposed for
investigation here have not been thoroughly studied. A
quick assessment of certain aspects of the traits, e.g.
gene action, etc., is necessary. One would want to know
when he is building an ideotype, how the gene system of
these traits will interact or recombine. The diallel
cross was thought to be an appropriate method for this
investigation. Generally we can get reliable information
in a rather short time. While we are using the parental

materials making the cross for genetic studies, we also

143
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generate populations for selection of potential new
varieties. These new varieties may provide details in
genetic analysis. In order to assure that a wider base
of genetic differences would be expressed for these char-
acteristics among parental lines involved, the size of
the diallel in this study was extended from 5 in 1973

to 8 in 1974.

There are limitations in the diallel methods.
Firstly, it is understood that in dealing with single
plant data, large errors of estimation are expected.
Secondly, with a small number of parents in a diallel
set, one extreme parent can have a disproportionate
influence on the slope of the regression line. This will
lead to genetic interpretation that are valid only for
that particular set of parents (5 x 5) and may not be
valid for another set of 8 parents. In this study it
can be seen in Figures 8, 14, 24, and 36 that parent 1
(BTS) behaved as an outlier in the 5 x 5, either in the
Fl or F2 generations. This is because BTS has a con-
trasting plant type and, presumably, genotype as compared
with others in the same set of parents. In some cases,
the strain 0685 joined BTS as the outliers. This can be
seen in Figures 13 and 25. Here again, even though strain
0685 is a determinate type, its morphological characters
are much different from other determinate types among the

8 parental lines. Therefore, both BTS and strain 0685
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behaved differently from the others in some of the traits.
They tend to have low covariances and high variances.

This may have caused the slope of the regression line to
deviate significantly from 1, thus influencing the inter-
pretation to be genic interaction.

For the purpose of building an ideotype, we must
have appropriate genetic recombinations. One can obtain
preliminary information about recombination in the F2
generation by correlation of the traits under investi-
gation. The degree of association of the traits in the
F2 has to be observed.

High heritability was indicated for some traits,
namely; number of seeds per pod and number of seeds per
plant in the 5 x 5, F2' 100-seed weight in all 3 sets

of data, and length of pod in the 8 x 8, F This can

1°
be used partly as evidence of additivity of gene action.
In several cases, however, low h2 values were indicated
together with evidence of genic interaction. In the case
of days-to-first-flower, for example, in 5 x 5, Fl and

8 x 8, Fl’ apparent partial to complete dominance was
indicated. In the 5 x 5, FZ’ however, genic interaction
was indicated. Genic interaction as deduced from the
Wr/Vr graph, would obscure the manifestation of genic
additivity or dominance if these were present. It does

not, in itself, exclude them. These kinds of gene action

may, in fact, be operating in the expression of this
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trait, but simultaneous presence in two or more parents
of genes that interact in a nonadditive way with each
other, leads to regression slope less than unity. And
it is on the slope evidence that genic interaction is
inferred. Often, it will turn out that, by omitting one
or possibly two arrays from consideration in the makeup
of the Wr/Vr graph, the slope value will return to unity,
and the genetic interpretation of simple additivity or
dominance will be indicated (Dickson, 1967). Therefore,
the deduction of genic interaction in some of the traits
in this investigation does not mean that additivity or
dominance are thereby excluded.

Some of the more important characteristics we
want to investigate, e.g., are size and number character-
istics. These traits seemed to be more complex in their
genic behavior. In some cases they showed additivity
such as length of pod, number of seeds per pod (5 x 5,
Fz) and 100-seed weight. 1In other cases, they show genic
interaction such as length of internode (8 x 8, Fl),
number of seeds per plant and seed weight per plant.

One of the most important components of yield, number of
pods per plant, showed genic interaction in the 5 x 5, F

1
and 8 x 8, Fl‘ In the 5 x 5, F, complete dominance was
indicated. It can be seen that some of the important

traits are not simple genetically. However, number of

seeds per pod and 100-seed weight were found to have high
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heritability and their gene system is additive. It would
be extremely lucky for a breeder to find that all the
major traits contribute to high yield are highly heritable
and also have additive gene systems. One would generally
find that one of these traits have a low h2 value and
genic interaction may be involved. It is also very com-
mon to find that these three important traits, namely;
number of pods per plant, number of seeds per pod and
100-seed weight, usually have negative correlations
(Adams, 1967). This, of course, makes it more difficult
for plant breeders to create an ideal plant type for high
yield.

Overall, it has not been found very promising in
this investigation for all the traits investigated. This
is due to the fact that most of the traits do not have
an additive gene system. Genic interaction seemed to be
a major feature of the genetic behavior of several traits.
It appeared likely that this was caused, in part, by the
inclusion in the diallel of particular parents (e.g. BTS).
In any case, genic interaction does not exclude additivity
or dominance. The final test would be to conduct multiple-
trait selection experiments in advanced generations,
wherein genic heterozygosity would be minimal and where

reliable mean values could be obtained.




SUMMARY AND CONCLUSIONS

Inheritance of morphological characteristics of

field beans (Phaseolus vulgaris L.) was studied in (1) a

5 x 5'_F1 and F, diallel, and (2) an 8 x 8, F, diallel.
The parental materials were hand pollinated in the green-
house in the winter of 1972 and 1973 to produce the
necessary crosses. The parental and F1 seeds of the

5 x 5 diallel were space planted in the field in East
Lansing in the summer of 1973. The parental, Fl of the

8 x 8 and F2 of the 5 x 5 were space planted in the
adjacent field in the summer of 1974.

Data collection, either on living plants in the
field or subsequent determination after harvesting was
done on a per plant basis. Some of the missing data were
replaced by figures calculated according to Snedecor and
Cochran's (1976) method. For the late maturing plants
which some of whose pods had been damaged by frost yield
components (X, Y and 2) were determined from the fully
matured pods of that plant.

The results of this investigation are summarized

in the following paragraphs.
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l. An additive gene system was not found for the
trait number-of-days-to-first-flower for the 5 x 5, Fl
and an apparent partial to complete dominance was indi-
cated for the 8 x 8, Fl' Even though the evidence from
the 5 x 5, F, graph indicated genic interaction for this
trait, this does not mean that additivity or dominance
were excluded from the gene system. The majority of the
Fl hybrids showed heterosis. The cross involving two
determinate parents, SB x 72-7427, gave hybrids with the
earliest flowering date and one indeterminate (BTS) x
determinate (0685) cross gave hybrids with the latest

flowering date. The heritability was found to be low

(29%).

2. BTS was found to have the shortest duration-
of-flowering among the 5 varieties tested in 1973. The
longest duration-of-flowering of strain 0674 appeared to
be abnormal due to ozone injury in an early growth stage
which induced a resumption of growth and reproduction in
a delayed later stage. The heritability estimate was 15%.

Genic interaction was involved in controlling this trait.

3. The earliest maturing variety was SEA with a
mean of 74.77 days. Strain 0674 with a mean of 92.63 days
was found to be the latest in maturity. However, the
delay in maturity of strain 0674 was probably due to

ozone injury and the resumption of its growth later in
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the season. Genic interaction was found in the 5 x 5, F,.
In the 8 x 8, Fl multiple alleles was found to control
this trait. Whereas in the 5 x 5, F, complete dominance
was indicated. It could be hypothesized from the F, data
that late maturity is controlled largely by dominant and
early maturity by recessive genes. Heritability was found

to be low in all three sets of data (7%, 29%, 14%).

4. BTS and strain 0685 had the highest mean plant
weight in the 5 x 5, and 8 x 8 diallels respectively.
Strain 0674 had the lowest mean plant weight in both years.
It was noticed that parents with similar plant type,

e.g. strain 0674 and SEA, when crossed, gave hybrids with
poor mean plant weight. On the other hand, crosses
between parents with contrasting plant types, e.g. BTS x
0674 or BTS x 0685, gave hybrids with largest mean plant
weights (Table 1 and 3). Genic interactions as well as
genic dominance effects were believed to be involved in
determining this trait. The heritability was very low

(4%).

5. Strain 0674 produced the highest number of
main stem branches among the 5 parents tested in 1973
and SB the lowest. Eight out of 10 hybrids in the 5 x 5
diallel showed heterosis. However, when parents of
similar phenotype, e.g., 0674 and SEA, were crossed, the
hybrid did not show heterotic effects. This trait showed

great response to plant density, and to differential
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vigor within plots attributable to legitimate genetic
segregation (in the F2). Consequently, the errors
associated with its estimation were large, tending
seriously to bias estimates of any genetic effects that
might have been present. The estimate of "D," in the
5x5, F, was in fact negative. Accordingly, no attempt

was made in 1974 to measure number of branches.

6. BTS had the highest mean number of main stem
nodes among the 5 parents tested in 1973. Seven out of
10 F1 hybrids showed heterosis for this trait. All the
parents except BTS appeared to contain a preponderance
of recessive genes. The estimate of F = -24.36 seemed
to agree with this interpretation. However, the estimate
of "D" was negative (-17.24) and it was decided that no
valid interpretation could be reached based upon the

5 x5, F, data of 1973.

1
7. Strain 0685 gave the highest mean total

number of nodes among the 8 parents tested in 1974.

BTS x 0685 gave the hybrid with the highest mean value of
196.50. Eight out of 10 F, populations from the 5 x 5 had
mean values exceeding the mid-parent values. Genic inter-
actions were indicated for this trait in the 8 x 8, Fl.

In the 5 x 5, F,, genic interaction was indicated as the

prevailing mode of genic action when heterozygosity was
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reduced to that of the F2 level. An excess of recessive
genes among the parents was also suggested (F = -24.36).

The heritability for this trait was very low (3-4%).

8. The determinate type appeared to have average
internode lengths longer than the indeterminate type.
Strain 0685 had the longest internode length. Seventeen

of 28 hybrids showed heterotic effects in the 8 x 8, Fl.

The hybrid with the longest internode length was derived
from 0685 x SB and the shortest was from Tui x Jules.

Genic interaction was suggested for length of internode

in the 8 x 8, F The F, population with the longest

10

internode was derived from 0674 x 72-7427 and the Fz

with the shortest internode resulted from BTS x 0674.

A partial to complete dominance was suggested for length
of internode in the 5 x 5, F2‘ Since all the indetermi-
nate varieties had array points near the origin in both

the 8 x 8, F, and 5 x 5, F, graphs it can be hypothesized

1
that short internodes are controlled by dominant genes.

The positions of the determinate varieties on the graphs
also suggested that long internodes were controlled by
recessive genes. Heritability was 22% in the 8 x 8, F

1

and 14% in the F2.

9. Strain 0685 was found to have the highest
number of racemes among the 8 parental lines. The hybrid

derived from BTS x 0685 gave the highest number of
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racemes. Additive genetic variance was not detected.
The Wr/Vr graph indicated genic interaction. However,
if 0674, 0685 and BTS were omitted and a new regression
line drawn, the remaining array points would fit the
xXegression line quite well, implying for the remaining
Parental arrays an additive to partially dominant system.
Nine out of 10 F2 populations retained heterosis for
number of racemes. The F2 with the highest mean value
was derived from BTS x SEA. The evidence from the graph
and /F§I7B.in the 5 x 5, F2 is strongly suggestive of
complete to slight over-dominance. All the parents
seemed to contain a higher proportion of recessive genes.
‘The negative value of "F" supported this observation.
‘The heritability estimate in the F2 for this trait was
11s.

10. BTS and 0685 had the highest mean number of

pods per plant (X) in the 5 x 5 and 8 x 8 diallels

respectively. The only hybrid in the 5 x 5, F,, 0674 x

1
SEA which did not show a heterotic effect was probably
adversely influenced by ozone injury. BTS when crossed
with 0674 in the 1973 and with 0685 in 1974 gave the
hybrids with largest mean number of pods per plant.

The parent with large pod size, 72-7427, when crossed

with the others, tended to give hybrids with small
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number of pods per plant. Genic interaction was found

both in the 5 x 5, F, and 8 x 8, F Complete dominance

1 1°
was found to control number of pods per plant in the F2’
An excess of recessive genes among the parents was indi-
cated for all populations tested. The heritability esti-

mates were negligibly low in 5 x 5, F., and 8 x 8, F

1 1

whereas it was 21% in the 5 x 5, F2.
11. Strain 72-7427 had the longest pod length
among the 8 parents. BTS x 7427 gave the hybrid with

the longest pod in 8 x 8, F, but in the Fou the family

1
derived from SB x 72-7427 had the longest pod. Additivity
was indicated in both 8 x 8, F1 and 5 x 5, F2. There was
an excess of dominant genes in the 8 x 8, Fl whereas an
excess of recessive genes was indicated in the 5 x 5, Fz.
Heritability was 100% in 8 x 8, Fl and 31% in the F2.
The closeness of the regression line to the parabola in
both graphs indicated that dominance plays only a minor
role in determining length of pod.

12. As in number of pods per plant, BTA and
strain 0685 had the highest mean pod dry weight in 1973
and 1974, respectively. The hybrids with highest mean
pod dry weight were those derived from BTS x 0674 in
1973, and 0685 x BTS in 1974. These hybrids were the

results of crosses between parents with contrasting

plant types. Both the 5 x 5, and 8 x 8, F

1 gave a
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negative value of "D" which follows from the large error
wvariances associated with estimates of pod dry weight,
and the low estimates of additive genetic variance
associated with differences among array means. The
Wr/Vr graph suggested that the genetic variance observed
‘ was generated mostly by genic interaction. However, in
the FZ' complete to over-dominance was indicated. The

:F2 generation with the highest mean pod dry weight was

derived from BTS x SB. The heritability was low (8%).
A slight excess of recessive genes among the common

parents in the Fz was also suggested.

13. BTS and Tui gave the highest means number of
seeds per pod in 1973 and 1974, respectively. BTS x
Q674 gave the hybrid with highest mean number of seeds

per pod in 5 x 5, F. and BTS x Tui gave the highest in

1

8 x8, F Partial to complete dominance was indicated

1.

in the 5 x 5, F Partial dominance was indicated in

10

the 8 x 8, F The evidence from the graph suggested

l.
that dominance played a minor role in the 5 x 5, F,.

It followed that an additive gene system was suggested.

Heritability was 29% in the 5 x 5, F 44% in the 8 x 8,

ll

Fl and 90% in the 5 x 5, F

2°

14, Strain 72-7427 had the highest mean 100-seed
Weight among all parents tested. The hybrid derived from
SB x 72-7427 had the highest mean 100-seed weight in

both years. The Wr/Vr graphs of the 5 x 5, Fl’ 8 x 8,
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F, and 5 x 5, F2 indicated that the gene system con-
trolling 100-seed weight is highly additive which agrees
well with the positive value of "D" in all 3 graphs.

The heritability was high, ranging from 82% for 5 x 5,

Fl' 90% for 8 x 8, F, and 81% for 5 x 5, F On balance,

1 2°
the evidence from all 3 sets of data strongly indicates

additivity with minimal dominance effect. It was in-
ferred from the "F" value that there were an excess of
dominant genes in all 3 sets of data. The correlation
test showed that 100-seed weight was significantly cor-
related with length of pod (r = .4663, df = 54) and they

pProbably have the same gene system.

15. BTS had the highest mean number of seeds per
Plant. The hybrid with the highest mean number of seeds

per plant in the 5 x 5, F, was derived from BTS x 0674.

1

In the 8 x 8, F the hybrid derived from BTS x 0685 gave

ll
the highest number of seeds per plant. The F2 generation

derived from BTS x SEA gave the highest mean value of
this trait. No additive genetic variance was detected
for this trait. Genic interaction was indicated in the

5 x5 and 8 x 8, F Partial dominance was suggested

1.
for the 5 x 5, F2’
16. BTS gave the highest mean seed dry weight

in the 5 x 5, F, and Jules gave the highest mean in the

1

8 x8, F The hybrid derived from BTS x 0674 gave the

1.
highest seed yield in 1973 and the hybrid derived from
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Jules x 0685 gave the highest in 1974. Additive variance
was not found for this trait. Gene interaction is
believed to be involved but the evidence is not com-
pelling. In the 5 x 5, FZ' however, partial dominance
was indicated. The F2 derived from BTS x SB had the
highest seed yield. An excess of recessive genes among
this set of parents was indicated in F,. The herita-
was negligible

bility in the 5 x 5, F, and 8 x 8, F

1l 1
because of negative "D" values, whereas it was 10% in

the Fz.

17. BTS was found to be a promising variety to
be used in a breeding program for improving seed yield.

Tui may be an alternate choice.
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Table 1.2, Days to flowering: array covariances, variances,
and their differences (5x5, Fl).
Wr Vr Wr-Vr
12,8048 23.4551 -10.6503
18,8084 18.5549 +2535
4.6747 5.1593 -.4846
25,3686 35,2405 -9.8719
16.3206 17.5254 -1.2048
Total 77.9770 99.9352 -21.9582
Necessary statistics for plotting limiting parabola.
Wr Vr
22,962 23.455
20.423 18.555
10.769 5.159
28.145 35.241
19.848 17.525
Vp - (variance of the parents) = 22,479
W — (the mean covariance of the parents and the arrays) = 15,595
zf = (the mean variance of the arrays) = 19,987
r -

(the variance of the means of the arrays) = 11.005



Days to flowering:
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array covariances, variances and

their differences (8x8, Fl).

Wr Vr Wr-Vr
37.2017 36.3169 0.8848
51.3766 50.5102 0.8663
28.6434 22.6990 6.0444
39.2315 34.5062 4.7253
51.7221 51.3769 0.3452
26.5031 28.9868 -2.4837
16.8240 12.9861 3.8379
15.1304 8.9996 6.1308
Total 266.6328 246.2818 20.3510

Wr Vr
48,312 36.317
56.976 50.510
38.111 22.599
47.092 34.506
57.467 51.377
43.162 28.987
28.890 12.986
24.050 9.000

Nec e ssary statistics for plotting limiting parabola.

(variance of the parents) = 64,269

(the mean covariance of the parents and the arrays) = 33.329
- (the mean variance of the arrays) = 30.785

(the variance of the means of the arrays) = 18.192

< <IgI<
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Table 14.

Total

Days to flowering:
and their differences (5x5, Fz).

array covariances, variances,

Wr Vr Wr-Vr
15.7880 20.4957 -4.,7077
15.1306 14.9696 .1610
20.5226 21.1779 -.6553
23.2061 18.4337 4,7725
15.8980 16.3349 -.4369
90.5453 91.4118 -.4369

Necessary statistics for plotting limiting parabola.

Wr Vr
26.235 20.496
22.421 14.970
26.668 21.178
24,880 18.434
23,421 16.335

(variance of the parents) = 33,580

(the mean covariance of the parents and the arrays) = 18.109
(the mean variance of the arrays) = 18,282

(the variance of the means of the arrays) = 11.091
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Table 15. Duration of flowering: array covariances, variances,

and their differences (5x5, Fl).

Wr Vr Wr-Vr
44,2163 2.9153 1.3010
9.6751 14.1254 -4.4503
3.4009 19.1637 -15.7628
-3.0415 9.3287 -12,.3702
2.2319 3.8662 -1.6342
Total 16.4827 49,3992 -32.9166

Necessary statistics for plotting limiting parabola.

Wr Vr
4,828 2.915
10.627 14.125
12.378 19.164
8.636 9.329
5.560 3.866

Vp - (variance of the parents) = 7.995

Wr - (the mean covariance of the parents and the arrays) = 3.297
Vr - (the mean variance of the arrays) = 9.880

Vr - (the variance of the means of the arrays) = 2.159
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Table 16. Days to maturity: array covariances, variances and
their differences (5x5, Fl).

Wr Vr Wr-Vr

.5119 49,0775 -48.5656

19.6605 15.2323 4.4282
37.4017 54.8509 -17.4492
40.9315 69.6673 -28.7358
15.2037 6.1551 9.0486

Total 113.7093 194.9831 -81.2738

Necessary statistics for plotting limiting parabola.

Wr Vr
48,825 49.077
27.201 15.232
51.617 54.851
58.172 69.667
17.291 6.155

Vp - (variance of the parents) = 48.573

Wr - (the mean covariance of the parents and the arrays) = 22,742
Vr - (the mean variance of the arrays) = 38.997

Vr - (the varianceof the means of the arrays) = 14.506




Table 17.

Total

< Qi=Eil<g
Hin 1D
Lt

Days to maturity:
their differences (8x8, Fl)'
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array covariances, variances and

Wr Vr Wr-Vr
12.7977 39.1711 -26.3735
47.9942 72.7896 -24.7953
63.6142 78.6827 -15.0685
52.6734 48.9027 3.7707
34.7439 37.1858 -2.4419
37.4036 35.6818 1.7217
24,3398 14.0462 10.2935
30.2754 24,2070 6.0685

303.8422 350.6669 -46.8248

Necessary statistics for plotting

Wr Vr
53.546 39.171
72,992 72.790
75.889 78.683
59.829 48.903
52,171 37.186
51.105 35.682
32.064 14.046
42,093 24,207

(Variance of the parents) = 73,195

(the mean covariance of the parents and the arrays)
(the mean variance of the arrays) = 43.833
(the variance of the means of the arrays) = 20.746

limiting parabola.

37.980
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Table 18. Days to maturity: array covariances, variances
and their differences (5x5, F2)°

Wr Vr Wr-Vr
.9034 11.1937 -10.2903
1.9365 9.1586 -11.0951
48.8392 54.5959 -5.7568
38.8037 33.2354% 5.5683
-4,1837 3.8818 -8.0655
Total 82.4259 112.0654 -29.6394

Necessary statistics for plotting limiting parabola.

Wr Vr
22,824 11.194
20.645 9.159
50.407 54.596
39.328 33.235
13.441 3.882

Vp - (variance of the parents) = 46,539

(the mean covariance of the parents and the arrays) = 16.485
Vr - (the mean variance of the arrays) = 22.413

(the variance of the means of the arrays) = 6.876

t 3}
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Table 19. Plant dry weight: array covariances, variances, and their
differences (5x5, F,).
Wr Vr Wr-Vr
-713.3178 2287.1513 -3000.4691
-240,9623 628,3488 -869.3111
1147.0317 3727.0787 -2580.0471
791.8640 1833.7598 -1041.8958
-265.3427 261.9819 -527.3246
Total 719.2728 8738.3204 -8019.0476
Necessary statistics for plotting limiting parabola.
Wr Vr
950.938 2287.151
498,431 628,349
1213.918 3727.079
851.483 1833.760
321,840 261.982
Vp - (variance of the parents) = 395.376

Wr - (the mean covariance of the parents and the arrays) = 143,855
(the mean variance of the arrays) = 1747.664
(the variance of the means of the arrays) = 141.692

< g
Hin
11



Table 20. Plant dry weight: array covariances, variances, and their
differences (8x8, Fl)‘

Wr Vr Wr-Vr
257.5814 1803.9777 -1546.3963
259.5286 724.0860 -464,5574
558.5417 1153.4891 -594.,9474
378.6945 936.3962 -557.7017
294.8829 613.4682 -318.5853
251.9716 1669.7756 -1417.8041
-18.1539 439.6740 -457.8279
192.0286 716.9851 -524.9565

2175.0753 8057.8520 -5882.7766
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Necessary statistic for plotting limiting parabola.

Wr Vr
822.565 1803.978
521.134 724.086
657.751 1153.489
592,831 936.396
479.679 613.468
791.377 1669.776
406.088 439,674
518.573 716 . 985

Vp (variance of the parents) = 375,067

Wr (the mean covariance of the parents and the arrays) = 371.884
Vr - (the mean variance of the arrays) = 1007.231

Vr - (the variance of the means of the arrays) = 249.792




Table 21.

Total

<glE
L2 B, }
[ |

Plant dry weight: array covariances, variances, and their
differences (5x5, F2).

Wr Vr Wr-Vr
13.9006 76.8356 -62.9350
8.7019 104.0901 -95,3883
259.7898 345.1188 -85.3290
250.0065 285.2190 -35.2124
-38.2374 26.8669 -65.1043
494.1614 838.1304 -343.9690

Necessary statistics for plotting limiting parabola.

Wr Vr
130.304 76.836
151.664 104.090
276.161 345.119
251.054 285.219

77.052 26.867

Vp - (variance of the parents) = 220,982
(the mean covariance of the parents and the arrays) = 98.832
(the mean variance of the arrays) = 167.626

Vr - (the variance of the means of the arrays) = 52.765
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Table 22. Number of main stem branches: array covariances,
variances, and their differences (5x5, Fl)'

Wr Vr Wr-Vr

.5330 .5637 -.0307

2.1284 4,0740 -1.9457

-.3316 - 3.1058 -3.4373

-.1918 «2371 -.4290

.9712 1.0927 -.1216

Total 3.1091 9.0735 -5.9644

Necessary statistics for plotting limiting parabola.

Wr Vr

.859 .564
2.309 4.074
2.016 3.106

.557 .237
1.196 1.093

Vp - (variance of the parents) = 1.309
Wr - (the mean covariance of the parents and the arrays) = .622
Vr - (the mean covariance of the arrays) = 1.815

Vr - (the variance of the means of the arrays) = .515



172
Table 23. Number of main stem nodes: array covariances,

variances and their differences (5x5, Fl).

Wr Vr Wr-Vr

L4411 3640 .0771

1.1018 1.1899 -.0881

.9919 1.0924 -.1005

1.4052 1.2930 1122

1.1143 .8216 2927

Total 5.0542 4.7608 «2934

Necessary statistics for plotting limiting parabola

Wr Vr

.770 .364
1.393 1.190
1.334 1.092
1.452 1.293
1.157 .822

Vp - (variance of the parents) = 1.630

Wr - (the mean covariance of the parents and the arrays) = 1.011
Vr - (the mean variance of the arrays) = .952

Vr - (the variance of the means of the arrays) = .669
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Table 24, Total number of nodes: array covariances, variances,

and their differences (8x8, Fl)'

Wr Vr Wr-Vr
422,.8405 1891.4584 -1468.6179
338.8424 420,.8217 -81.9793
306.7417 952.9258 -646.1841
257.5169 546.7503 ~-289.2333
334.5537 444 ,8759 -110.3222
401.3598 1781.1960 -1379.8362
-8.6904 253,.3750 -262.0654
80.9154 343.3929 -262.4775
Total 2134.0800 6634.7960 -4500.7159
Necessary statistics for plotting limiting parabola.
Wr Vr
803.436 1891.458
378.967 420.822
570.272 952.926
431.964 546.750
389.648 444,876
779.666 1781.196
294,059 253.375
342.333 343.393
Vp - (variance of the parents) = 341.276
Wr - (the mean covariance of the parents and the arrays) = 266.760
Vr - (the mean variance of the arrays) = 829.349
Vr - (the variance of the means of the arrays) = 347.593






Table 25.

Total number of nodes:

174
array covariances, variances

and their differences (5x5, F2).

Total

Wr Vr Wr-Vr
54.5366 154.3764 -99,.,8397
117.2463 125.1923 -7.9460
103.9059 177.3033 -73.3974
146.5915 230.8118 -84.2203
80.4161 83.6692 -3.2531
502.6964 771.3530 -268.6565

Necessary statistics for plotting limiting parabola.

< QIE
Hin
U

Wr Vr
138.122 154.376
124,383 125.192
148.024 177.303
168.889 230.812
101.685 83.669

Vp - (variance of the parents) = 123,580
(the mean covariance of the parents and the arrays) = 100.539
(the mean variance of the arrays) = 154,271
(the variance of the means of the arrays) = 82,889
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Table 26. Length of internode: array covariances, variances,
and their differences (8x8, Fl)‘

Wr Vr Wr-Vr
681.5488 558.2203 123.3285
1387.0026 1992,.,3983 -605.3937
1272.0288 1606.1485 ~334.1197
985.3777 988.3466 -2.9690
954,3713 1182.6354 -228.2640
1170.5062 1668.3578 -497.8516
391.4162 164.8066 -226.6096
636.3754 375.4472 -260.9282

Total 7478.6270 8536.3607 -1057.7337

Necessary statistics for plotting limiting parabola.
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Wr Vr
875.903 558.220
1654.784 1992.398
1485.751 1606.149
1165.488 988.347
1274,907 1182.635
1514.,251 1668.358
475.927 164.807
718.336 375.447

(variance of the parents) = 1374.379

(the mean covariance of the parents and the arrays) = 934.828
(the mean variance of the arrays) = 1067.045
(the variance of the means of the arrays) = 676.769
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Table 27. Length of internode: array covariances, variances and
their differences (5x5, F2).

Wr Vr Wr-Vr
206.4770 104,2895 102.1875
320.7211 446.1704 -125,4494
684.4725 708, 3345 -23.8620
518.2200 397.6907 120.5293
460.0102 599.8999 -139,8898
Total 2189.9007 2256.3851 -66.4844

Necessary statistics for plotting limiting parabola.

Wr Vr
280.427 104,290
580.030 446,170
730.835 708.335
547.612 397.691
672.573 599.900

Vp - (variance of the parents) = 754.050

Wr - (the mean covariance of the parents and the arrays) = 437.980
Vr - (the mean variance of the arrays) = 451.277

Vr - (the variance of the means of the arrays) = 289.059



Table 28.

Total
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Number of racemes per plant: array covariances, variances,
and their differences (8x8, F,).

Wr Vr Wr-Vr
35.1979 97.2443 -62,0465
30.4382 44,8403 -14.4021
33.8718 65.1401 -31.2683
22.8495 68.5184 -45,6689
31.4680 48,4628 -16.9948
23.8738 78.7383 -54.8645
10.5664 38.9633 -28.3969

190.8400 473,2520 -282.4120

Wr Vr
56.595 97.244
38.431 44,840
46.320 65.140
47.506 68.518
39.953 48.463
50.925 78.738
32,131 31.345
35.824 38.963

(variance of the parents) = 32,937

(the mean covariance of the parents and the arrays)
(the mean variance of the arrays) = 59.156
(the variance of the means of the arrays) = 18.071

Necessary statistics for plotting limiting parabola.

23.855



Table 29.

Total
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Number of racemes per plant: array covariances,

variances and their differences (5x5, Fz).

Wr Vr Wr-Vr
13.8801 15.7573 -1.8772
24,5333 24,7781 -.2448
12.5687 14.3410 -1.7723
20.5889 18.4717 2.1172
90.6128 94.3391 -3.7262

Necessary statistics for plotting

Wr Vr
21.314 15.757
26,727 24,778
20,334 14,341
24,600 20.991
23,077 18.472

(variance of the parents) = 28.830

(the mean covariance of the parents and the arrays) = 18.123
(the mean variance of the arrays) = 18.868

(the variance of the means of the arrays) = 11,443

limiting parabola.
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Table 30. Number of pods per plant: array covariances, variances
and their differences (5x5, Fl).

Wr Vr Wr-Vr
411.3968 1309.9542 -898.5573
264,7316 293,7758 -29.0442
239.5299 1000.3238 -760.7939
100.0836 169.8571 ~-69.7735
144.3925 174.6483 -30.2558
Total 1160.1344 2948.5591 ~-1788.4247

Necessary statistics for plotting limiting parabola.

Wr Vr
614.975 1309.954
291.231 293,776
537.403 1000.324
221.448 169.857
224,549 174.648

Vp - (variance of the parents) = 288.708

Wr - (the mean covariance of the parents and the arrays) = 232.027
Vr - (mean variance of the arrays) = 589.712

Vr - (the variance of the means of the arrays) = 205.585



Table 31.

Total
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Number of pods per plant:
variances, and their differences (8x8, Fl).

array covariances,

Wr Vr Wr-Vr
150.9662 328.5792 -177.6131
133.2383 147.4411 -14.2027
119.2898 221.0860 -101.7962

46.8678 144,6902 -97.8224
128.0412 125.0402 3.0010
83.3472 228.3354 -144.9881
98.6967 144.3408 -45.6440
112.7087 182.6606 -69.9518
873.1559 1522.1733 -649.0174

Necessary statistics for plotting limiting parabola.

Wr Vr
226.230 328.579
151.544 147.441
185.571 221.086
150.124 144.690
139.558 125.040
188.589 228.335
149.942 144.341
168.675 182.661

Vp - (variance of the parents) = 155.761

Wr - (the mean covariance of the parents and the arrays) = 109.144
Vr - (the mean variance of the arrays) = 190.272

Vr - (the variance of the means of the arrays) = 82,560
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Table 32. Number of pods per plant: array covariances, variances,
and their differences (5x5, Fz).

Wr Vr Wr-Vr
109.4022 85.2360 24,1662
157.1892 148.2594 8.9298
59.1199 52,5758 6.5441
94,2196 69.1782 25.0414
113.6461 78.3462 35.2999
Total 533.5771 433,5956 99,9814

Necessary statistics for plotting limiting parabola.

Wr Vr
125.243 85.236
165.179 148,259

98.364 52.576
112.831 69.178
120.075 78.346

Vp (variance of the parents) = 184,029

Wr - (the mean covariance of the parents and the arrays) = 106.715
Vr (the mean variance of the arrays) = 86.719

Vr (the variance of the means of the arrays) = 63.657
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Table 33. Length of pod: array covariances, variances,
and their differences (8x8, Fl).
Wr Vr Wr-Vr

282,1517 172.1475 110.0042
187.1875 77.1015 110.0860
298.0238 194.0591 103.9648
208.7491 96.0566 112.6925
195.1987 145.4165 49,7823
157.5953 57.6305 99.9647
141.0955 49,2912 91.8043
180.0945 72.0393 108.0551

Total 1650.0961 863.7423 786.3538

Necessary statistics for plotting limiting parabola.

Wr Vr
287.751 172.148
192.574 77.102
305.515 194.059
214.946 96.057
264.468 145.416
166.492 57.631
153.975 49,291
186.145 72.039

Vp - (variance of the parents) = 480.986

Wr - (the mean covariance of the parents and the arrays) = 206.262
Vr - (the mean variance of the arrays) = 107.968

Vr - (the variance of the means of the arrays) = 89.988
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Table 34, Length of pod: array covariances, variances, and
their differences (5x5, F2).
Wr Vr Wr-Vr
211.2778 78.5769 132.7008
359.3604 218.9639 140.3966
301.0073 160.0556 140.9517
246.7677 105.0833 141.6844
313.8754 192, 3400 121.5353
Total 1432,2885 755.0197 677.2688
Necessary statistics for plotting limiting parabola.
Wr Vr
215,301 78.577
359.405 218.964
307.279 160.056
248,980 105.083
336.847 192,340
Vp - (variance of the parents) = 589.923

Wr - (the mean covariance of the parents and the arrays) = 286.458
Vr - (the mean variance of the arrays) = 151.004
Vr - (the variance of the means of the arrays) = 139.924
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Total

184

Pod dry weight per plant: array covariances, variances, and
their differences (5x5, Fy).

Wr Vr Wr-Vr
-483.7266 1070.2868 -1554.0134
-66.9011 238.8275 ~-305.7287
740.7012 1985.1808 -1244.4797
544,9569 1088,7864 -543.8294
-136.3319 125,3896 -261.7215
598.6985 4508,4712 -3909.7728

Necessary statistics for plotting

Wr Vr
576,099 1070.287
272,138 238.828
784.597 1985.181
581.056 1088.786
197.187 125.390

(variance of the parents) = 310.094
(the mean covariance of the parents and the arrays) = 119,740
(the mean variance of the arrays) = 901.694

(the variance of the means of the arrays) = 90.423

limiting parabola.



Table 36. Pod dry weight per plant: array covariances, variances, and

Total

their differences (8x8, Fl)'
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Wr Vr Wr-Vr

25.0364 536.7740 -511.7375
121.0250 351.8647 -230.8397
273.6165 580.3621 -306.7456
224.4278 533.3928 -308.9650
139.5937 278.7339 -139.1402
158.5120 645.6067 -487.0947
-69.0218 160.9872 -230.0090

34.9289 316.4985 ~281.5696
908.1185 3404.2199 -2496.1014

Wr Vr
208.951 536.774
250.139 351.865
321.250 580.362
307.976 533.393
222.632 278.734
338.826 645.607
169.196 160.987
237.235 316.499

Necessary astatistics for plotting limiting parabola.

Vp - (variance of the parents) = 177.822

Wr - (the mean covariance of the parents and the arrays) = 113.515
Vr - (the mean variance of the arrays) = 425.527

Vr - (the variance of the means of the arrays) = 95,067
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Table 37. Pod dry weight per plant: array covariances, variances, and
their differences (5x5, F2),

Wr Vr Wr-Vr

23,7799 45,8021 -22.0223

23,0879 48.7255 -25.6376
170.4483 188.5391 -18.0908
138.7417 128.0535 10.8882
-9,6865 2.6532 -12.3397

Total 346.5712 413.7734 -67.2022

Necessary statistics for plotting limiting parabola.

Wr Vr
87.199 45,802
89.938 48.725

176.916 188.539
145.802 128.054
20.987 2.653

Vp - (variance of the parents) = 166.010

Wr - (the mean covariance of the parents and the arrays) = 69.314
(the mean variance of the arrays) = 82.755

(the variance of the means of the arrays) = 34.618

g <l
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Table 38. Number of seeds per pod: array covariances, variances,

and their differences (5x5, Fl).
Wr Vr Wr-Vr
«2485 .1982 .0503
.1419 .1410 . 0009
.3086 .3116 -.0030
.0972 .1089 -.0118
.1798 <2595 -.,0797
Total .9760 1.0192 -.0432

Necessary statistics for plotting limiting parabola.

Wr Vr

« 342 .198
.289 .141
<429 «312
«254 .109
. 391 «259

Vp - (variance of the parents) = ,591

Wr - (the mean covariance of the parents and the arrays) = .195
Vr - (mean variance of the arrays) = .204

Vr - (the variance of the means of the arrays) = ,081



Table 39, Number of seeds per pod: array covariances,

Total
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their differences (8x8, Fl).

Wr Vr Wr-Vr
.3867 4483 -.0617
.4652 «3234 .1418
.6061 .5688 .0373
.4548 .3611 .0937
.5338 .3918 .1420
.4681 .3188 .1492
.3802 .2121 .1681
. 3029 .2374 .0655

3.5977 2374 .7360

and

Necessary statistics for plotting limiting parabola.

Wr Vr
.628 448
.533 .323
.708 568
«564 .361
.587 392
.530 . 319
.432 «212
«457 .237

(variance of the parents) = ,880

(the mean covariance of the parents and the arrays)

(the mean variance of the arrays) = ,358
(the variance of the means of the arrays) =

. 248

. 450
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Table 40. Number of seeds per pod: array covariances, variances,
and their differences (5x5, FZ)'

Wr Vr Wr-Vr
«4556 .2350 .2206
.4040 .1919 .2121
«3574 .1568 .2007
3933 «1907 .2026
.4678 .2571 .2108
Total 2.0782 1.0314 1.0468

Necessary statistics for plotting limiting parabola.

Wr Vr

«460 «235
.416 <192
.376 <157
.415 .191
+481 «257

Vp - (variance of the parents) = .902

Wr - (the mean covariance of the parents and the arrays) = .416
Vr - (the mean variance of the arrays) = .206

Vr - (the variance of the means of the arrays) = .193






Table 4l.

Total

Wr - (the mean covariance of the parents and the arrays)
Vr - (mean variance of the arrays) = 99.244
Vr - (the variance of the means of the arrays) = 80.813

100-seed weight:
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array covariances, variances and

their differences (5x5, Fl).

Wr Vr Wr-Vr
202.5222 131.7357 70.7865
199.9750 114.0080 85.9670

94.6029 28.3491 66.2538
121.0468 45,8792 75.1676
217.9625 176.2460 - 41,7165
836.1094 496.2180 339.8915

Necessary statistics for plotting limiting parabola.

Wr Vr
216.376 131.736
201.291 114.008
100.375 28.349
127.692 45.879
250.275 176.246

Vp - (variance of the parents) = 355.398

167.222
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Table 42. 100-seed weight: array covariance, variances,
and their differences (8x8, Fl)

Wr Vr Wr-Vr
137.3270 95.5322 41.7947
129.9318 81.2738 48.6580

67.3029 25.0819 42.2210
92.3470 43.2586 49,0883
129,.8178 106.4716 23.3462
69.5279 27.5020 42.0259
65.1596 22,9448 42,2147
78.6573 31.7742 46.8831
770.0712 433.8393 336.2319

Necessary statistics for plotting limiting parabola.

Wr Vr
142.972 95.532
131.872 81.274

73.258 25,082
96.208 43,259
150.398 106.472
76.711 27.502
70.068 22,945
82.454 31.774

Vp - (variance of the parents) = 213,968

Wr - (the mean covariance of the parents and the arrays) = 96.259
Vr - (the mean variance of the arrays) = 54.230

Vr - (the variance of the means of the arrays) = 44.126
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Table 43. 100-seed weight: array covariances, variances and
their differences (5x5, Fz).

Wr Vr Wr-Vr
93.8971 30.3831 63.5141
184.6897 103.1299 81.5598
99,1678 30.8048 68.3630
106.5742 34.7113 71.8628
246.1807 180.8131 65.3675
Total 730.5095 379.8423 350.6672

Necessary statistics for plotting limiting parabola.

Wr Vr
101.034 30.383
186.143 103.130
101.733 30.805
107.991 34.711
246.473 180.813

Vp - (variance of the parents) = 335.975

ﬁr - (the mean covariance of the parents and the arrays) = 146.102
Vr - (the mean variance of the arrays) = 75.968
Vr - (the variance of the means of the arrays) = 64,484
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Table 44. Number of seeds per plant: array covariances, variances,
and their differences (5x5, Fl).

Wr Vr Wr-Vr

8567.44 39929.99 -31362.55

7387.96 8203.13 -815.17

14150. 35 38103.55 -23953.20
7003.41 10019.62 -3016.22

3387.42 5153.76 -1766. 34

Total 40496.58 101410.05 -60913.47

Necessary statistics for plotting limiting parabola.

Wr Vr
20399.95 39929.99
9246.33 8203.13
19927.94 38103.55
10218.93 10019.63
7328.95 5153.76

Vp - (variance of the parents) = 10422.19

Wr - (the mean covariance of the parents and the arrays) = 8099.316
Vr - (mean variance of the arrays) = 20282.010

Vr - (the variance of the means of the arrays) = 7024.339
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Table 45. Number of seeds per plant: array covariances, variances,
and their differences (8x8, Fl)'

Wr Vr Wr-Vr
8051.27 22634.37 -14583.10
5365.11 4880.91 484.19
8612.49 15345.70 -6733.21
4772.83 6704.89 -1932.05
4237.89 3496.28 741.60
6739.55 15798.86 -9059.32
4753.22 6342.66 -1589.44
3342.64 4153.08 -809.45
Total 45875.98 79356.75 -33480.77
Necessary statistics for plotting limiting parabola.
Wr Vr
13075.85 22634,37
6072.06 4880.91
10766.61 15345,70
7116.75 6704.89
5139.13 3496.28
10924.43 15798. 86
6921.84 6342.66
5601.07 4153.08
Vp - (variance of the parents) = 7553.909
Wr - (the mean covariance of the parents and the arrays) = 5734.498
Vr - (the mean variance of the arrays) = 9919.594
Vr - (the variance of the means of the arrays) = 4622,845
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Table 46. Number of seeds Per plant: array covariances, variances,
and their differences (5x5, FZ)'

Wr Vr Wr-Vr
4321.90 3412,52 909.38
4659.35 3423.64 1235.71
3500.61 2206.07 1294.54
4660.36 3394.40 1265.97
3569.40 2061.17 1508.23
Total 20711.62 14497.79 6213.83
Necessary statistics for plotting limiting parabola.
Wr Vr
4992,160 3412.519
5000.285 3423,636
4013.842 2206.067
4978.886 3394.396
3879.787 2061.170
Vp - (variance of the parents) = 7303,010
Wr - (the mean covariance of the parents and the arrays) = 4142.324
Vr - (the mean variance of the arrays) = 2899.558
Vr - (the variance of the means of the arrays) = 2400.653
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Table 47. Seed dry weight per plant: array covariances, variances, and
their differences (5x5, Fl)'

Wr Vr Wr-Vr
-269.3118 573.9881 -843.2999
-61.3609 165.8638 -227.2247
403.2444 1093.4786 -690.2342
308, 3806 663.6575 -355.2768
-69.3422 98.3472 -167.6894
Total 311.6102 2595.3352 '-2283.7250

Necessary statistics for plotting limiting parabola.

Wr Vr
306.253 573.988
164.628 165.864
422,702 1093.479
329.307 663.657
126.768 98.347

Vp - (variance of the parents) = 163.402

Wr - (the mean covariance of the parents and the arrays) = 62.322
Vr - (mean variance of the arrays) = 519.067

Vr - (the variance of the means of the arrays) = 46.819
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Table 48. Seed dry weight per plant: array covariances, variances, and
their differences (8x8, F;).

Wr Vr Wr-Vr
10.4517 210.5904 -200.1387
102.0296 251.7684 -149.7388
178.2754 206.8470 -128.5716
174.7507 367.3232 -192.5725
103.1487 181.9810 -78.8322
161.9645 430.4944 -268.5299
-36.8704 101.2156 -138.0860
13.7114 247.0833 -233.3718

Total 707.4617 2097.3033 -1389.8416

Necessary statistics for plotting limiting parabola.
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Wr Vr
166.054 210.590
181.564 251.768
200.443 306.847
219,308 367.323
154.363 181.981
237.418 430,494
115.121 101.266
179.867 247.083.

(variance of the parents) = 130.936

(the mean covariance of the parents and the arrays) = 88.433
(the mean variance of the arrays) =262.163
(the variance of the means of the array) = 66.675




Table 49, Seed dry
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weight per plant: array covariances, variances, and

their differences (5x5, Fy).

Wr Vr Wr-Vr
19.9308 45.5948 -25.6640
19.8373 32.9696 -13.1322
110.2897 114.7157 -4,4260
110.9398 118.9813 -8.0415

3.9887 «4656 3.5232
Total 264,.9863 312.7269 -47.7406

Necessar

y statistics for plotting limiting parabola.

Wr Vr
71.936 45,595
61.171 32.970
114.104 114.716
116.206 118.981
7.269 466
Vp - (variance of the parents) = 113.496
Wr - (the mean covariance of the parents and the arrays) = 52.997
Vr - (the mean variance of the arrays) = 62.545
Vr - (the variance of the means of the arrays) = 29,046
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