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The inheritance of stem elongation tendency in determinate forms 

of Phaseolus vulgaris L. was studied. A preliminary investigation of 

the effect of artificial light sources, using 10 bean lines, showed 

no significant difference in stem elongation among three types of 

lighting; incandescent, fluorescent, and sodium vapor. There was a 

significant difference in stem elongation among the lines used. 

A pre 1 i mi nary fiel d study, of the effect of fiel d shading from 

corn plants on stem elongation involving 21 lines and cultivars, 

produced significant differences between the lines, the shade and no 

shade treatments, and significant interaction between the lines and 

the shade and no shade treatments. 

For the genetic study, crosses in all combinations were made 

between two tall lines, 1604 and E6211, and three short lines, 5062, 

K19, K17. 



A chi-square test for goodness of fit performed on the F2 segre- 

gating populations grown in the field in 1983 and in the green-house 

in 1983 and 1984 indicated that two major genes are involved in the 

expression of internode length and plant height. In most cases, the 

major genes are dominant for long internode and tall plant, with few 

exceptions where short plant and short internode appeared dominant. 

A determination of the number of genes (major and minor genes) 

indicated that at least six genes were involved in the inheritance of 

both plant height and internode length. 

Estimates of narrow sense heritability, obtained by the regres- 

sion of F3 (means) on the F2 values, and broad sense heritability, 

were quite variable and range from 2% to 68% for the narrow sense 

heritability and from 44% to 70% for broad sense heritability. A 

comparison of narrow sense and broad sense heritability revealed that 

the genetic effect of the loci involved in the expression of inter- 

node length and plant height is not completely additive. The narrow 

sense heritability is relatively high in the cross E6211 x 5062, 

suggesting that more progress can be achieved with that cross than 

others when selecting for traits under consideration. A comparison 

of internode length and plant height revealed that both estimates of 

heritability are higher for plant height than internode length, 

suggesting that more progress would be achieved with plant height 

than internode length in plant selection. 



The estimates of the six gene effects confirmed that both domin- 

ance and additive gene effects are important in the inheritance of 

internode length and plant height. 
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Inheritance of Stem Elongation Tendency in Determinate Forms 
of Phaseolus vulgaris.(L.) 

INTRODUCTION 

In Oregon, the green bean processing industry is an important 

part of agriculture. Initially, the industry was based almost 

entirely on pole beans, and involved the high quality pole bean "Blue 

Lake. Production of Blue Lake, which was wel 1 adapted to the area, 

gave Western Oregon a favorable marketing advantage which contributed 

to the growth of the industry. 

Pole beans, although high in quality and yield, require a tre- 

mendous amount of hand labor for trelling and harvesting (Margeret, 

1943). There was a need for mechanical harvesting and there was also 

a need for designing a new cultivar of the bush type, suitable for 

mechanical harvesting. In order for the machine to have good effici- 

ency, the cultivar must be of the bush type, and the pods should be 

between 1 and 2 inches above the ground (Rodgers,  1959). 

The development of suitable bush cultivars has been the concern 

of Dr. W. A. Frazier and his co-workers who initiated a program of 

transferring the high pod quality of the Blue Lake pole bean to bush 

beans (Frazier, Bagget, Sistrunk, 1958). Crosses of the Blue Lake 

pole bean type with bush cultivars were made at the Oregon Agricul- 

ture Experiment Station. The backcross method of breeding was used 

to transfer the general pod characteristics of the Blue Lake into 

lines  with  determinate  growth  habit.     After  five to  six backcrosses. 



high pod quality was obtained, but the desirable compact growth habit 

of the non-recurrent parent had been lost. The resulting lines had 

floppy, untidy pi ants with 1 ong branches that all owed the pods to 

rest on the soi1. 

Stem elongation, measured by internode length and plant height 

is an important component of growth habit in beans, and is directly 

involved in the undesirable bush plant type. Its inheritance needs 

to be fully understood. 

It is recognized that D. W. Davis (1964) made an important con- 

tribution to the understanding of the quantitative inheritance of 

growth habit in the bush beans. Since his study was done, continuous 

breeding has resulted in better combination of Blue Lake quality, and 

bush growth habit. However there are still large differences in stem 

elongation and plant height within the determinate Blue Lake group. 

As an example, E6211 and 5062, two determinate lines of Blue Lake 

type used in this study, differ significantly in stem elongation. 

These differences affect growth habit at all times in field produc- 

tion, but occasionally, in warm cloudy weather, favorable for stem 

elongation, differences are magnified, resulting in very open and 

unfavorable plant forms in some cultivars. This exageration of 

genetic difference in habit consistently occurs in the greenhouse 

during the fall-winter-spring months, providing the opportunity to 

measure stem elongation differences without dependence on the occur- 

ence of particular weather conditions. 



The main objective of this study was to determine the inheri- 

tance of a single component of bush bean growth habit, stem 

elongation, measured by internode length and plant height, using 

several available cultivars with extremes of this characteristic and 

primarily using the greenhouse to provide an environment for maximum 

expression of the trait. A second objective was to determine if 

specific types of artificial lighting would affect relative stem 

elongation of different bean  genotypes. 



REVIEW OF LITERATURE 

Growth Habit in Beans 

Bean growth habit and its inheritance has been of concern for 

many years. Norton (1915) studied the inheritance of growth habit in 

the common bean. He defined habit as the external form of a plant 

taken as a whole. It is usually described as erect, open, spreading, 

etc. Norton stated that to study the inheritance of growth habit, a 

detailed analysis of the real characters comprising habit must be 

made. Many morphhological charaters (Hess, 1964) such as length of 

axis, axial or terminal inflorescence, degree of twining, amount and 

degree of branching, size of plant, and pod size, weight, and place- 

ment, act in combination with the environment to produce a charac- 

teristic habit in beans. Norton's investigation led him to conclude 

that plant habit in beans is determined by the presence or absence of 

three characters designated by A,   L,   and T. 

A, the presence of axial inflorescence, permitting an indefinite 

growth of the main stem and branches, or a terminal inflorescence 

causing definite  growth. 

L, the length of the axis, an important factor controlling plant 

habit and probably governed by a series of two or more genetic fac- 

tors. 

T,  the climbing habit,  due to a factor for circumnutation. 

In a genetic study of plant height in beans, Emerson (1916) 

described some morphological differences between the pole and the 



bush bean. He noted that they differ in height in consequence of the 

difference in growth habit. Obviously, height of plant depends upon 

the number of internodes and internode length. Bush beans have a 

short axis in part because of small number of internodes and in part 

because of a relatively small mean internode length. While number of 

internodes is directly, and internode length indirectly related to 

habit of growth, these characters are in a way distinct from it. It 

has been found that there exist distinct types of bush beans with 

respect to both number of internodes and internode length. The same 

is true for pole beans.' It has also been observed that under 

favorable conditions, pole beans produce more and longer internodes 

than under unfavorable conditions, whereas in bush beans internode 

length increased under favorable conditions, while the number of 

internodes was little influenced by favorable condition. 

Inheritance of Growth Habit in Beans 

From the genetic study of plant height in bean, Emerson (1916) 

concluded that internode length and number of internodes were quan- 

titatively inherited in bush beans. The F^ was intermediate com- 

pared to the parents, and a wider range of variation was observed in 

the F2. The same results have been observed in crosses of pole beans 

of different internode length. Indeterminate growth habit was domin- 

ant over determinate and control 1ed by a single Mendelian factor. 

The intermsdiate height in the F^ and the wide range of variation in 

the F2 from a cross between two bush beans or between two pole beans 



of different height are interpreted in accordance with the multi- 

factor hypothesis. The observed segregation into three plants with 

indeterminate habit to one with determinate habit, accompanied by 

increased range of variation in height of both classes of segregates, 

when a short pole bean is crossed with a tall bush bean or a tall 

pole with a short bush bean are interpreted by a combination of the 

single factor and the multiple factor hypotheses. 

The transfer of certain Blue Lake pole bean pod characters to 

bush bean was undertaken by W.A. Frazier and J.R. Baggett (1958) 

using a backcross program with the Blue Lake as the recurrent parent. 

Bush selections within ?2 Progeny of each cross have been used as the 

female parent each year during the backcross program, with an excep- 

tion in 1955 when the recurrent parent blue 1ake constituted the 

female parent. After the 5th and 6th backcrosses, bush types beans, 

bearing pods resembling those of Blue Lake in color, shape, fleshi- 

ness, roundness, smoothness, short spur and short neck were obtained. 

Most bush segregates tended to possess a sprawling and prostrate 

habit. A minimun number of three major recessive genes possibly with 

many modifiers, were considered to determine the upright habit. A 

distinct dwarf bush type was al so found to be conditioned by three 

major recessive genes. 

In a study of quantitative inheritance of growth habit in bush 

beans, Davis (1964) used 4 parents to make the 12 possible diallel 

crosses. The parents used were: the true bush bean cultivars. White 

Seeded Tendercrop, and Puregold Wax and two bush 1 ines, O.S.U 836-3 



and O.S.U 2466 derived from Blue Lake pole X true bush crosses. True 

bush varieties appeared to carry more recessive alleles for growth 

habit, plant height (measured just before anthesis), plant length, 

mean internode length, number of cental stem internodes and number of 

branches. The effect of genes conditioning growth habit, pod place- 

ment and number of central stem internodes was largely additive, 

while the expression of plant length, height and mean internode 

length was non-additive and displayed some heterosis. Reciprocal 

cross differences were found under winter green house conditions for 

plant height and mean internode length in the Fj progeny of crosses 

between White Seeded Tendercrop and O.S.U 2466. Davis suggested that 

selection in the green house during the winter season was effective 

for growth habit and related characters. He also reported that asso- 

ciation between pod color and growth habit, plant height, length, 

internode length and number of branches was found in the ?2 of 

'Puregold Wax1 crosses. 

F.   A-   Bliss  (1971)  investigated the inheritance of growth habit 

in bush x    bush  and bush  x pole  crosses. Four true bush green bean 

cultivars were hybridized with OSC 410,  a determinate,  sprawling "Blue 

Lake" bush  breeding  line.   He reported that the observed  segregertion 

data fit a single gene hypothesis wi'th_the_s.p.r.aw1 ing habit completely 

dominant to true bush type. Crosses of OSC 410 with two indetermi- 

nate cultivars provided evidence for two additional patterns of 

inheritance. When 'Polaris' (pole bean) was used as the indetermi- 

nate parent,   segregation ratios indicated that indeterminate was 



dominant and controlled by a single gene. Epistasis of two genes was 

suggested by the cross Mexico 30R (indeterminate, but short stature) 

X OSC 410,  with  indeterminate dominant. 

A study of linkage relationships of plant habit, photoperiodic 

responses, and common blight tolerance in Phaseolus vulgaris (L.) was 

undertaken by Coyne et al. (1974). They had previously reported 

(Coyne, 1973) a linkage between genes controlling tolerance to 

Xanthomonas phased i and delayed flowering, and have successfully 

recombined tolerance and early maturity. In the 1974 study, they 

found that early flowering and determinate plant habit were deter- 

mined by a single recessive gene. Coupling linkage was detected 

between genes controlling early flowering and determinate habit, with 

a crossover value of 8.4%. Linkage between genes controlling plant 

habit and common blight reaction was not detected. 

In another study of the inheritance and association of some 

traits in P. vulgari s, Coyne, et al. (1977) crossed a small white 

seeded, indeterminate parent with a large seeded determinate parent. 

They found that determinate habit was controlled by a single reces- 

sive  gene. 

Kretchmer, et al. (1979) studied the inheritance of growth habit 

in indeterminate lines of P. vulgaris. They previously observed that 

certain lines were either indeterminate non-climbing or indeterminate 

climbing type depending on their cropping location. It was also shown 

that this morphological instability depends upon light quality, and 

is controlled through the phytochrome system. To investigate the 



inheritance of this response, crosses were made between three lines 

that had shown the instabi 1 ity, with one 1 ine that remained an in- 

determinate non-climbing type under all environments. They concluded 

that final stature of the plant was controlled by a single gene since 

they observed a 3:1 ratio of climbing to bush in the F2 population of 

all the crosses, all progenies cl imbed when F]_ pi ants were back- 

crossed to the climbing parent, and 1:1 ratio was observed when Fi's 

were backcrossed to bush type. A genetic constitution proposed for 

bush type was cL_ £L and for climbing type was CL CL. 

The inheritance and morphological traits of a phytochrome con- 

trolled single gene in bean has been investigated (Kretchmer et al., 

1979). Crosses involved four indeterminate non-climbing dwarf lines 

one of which could not be induced to climb by red light treatment. 

^l. F2 and backcrosses indicated that climbing and flowering were 

genetically independent phytochrome controlled responses. The climb- 

ing trait was controlled by one major gene. Activity of this gene was 

stimulated by red 1ight and retarded by far red 1 ight. As climbing 

occurred, internode elongation was greater in climbing than non- 

climbing pi ants. 

In genetic studies of growth habit in bean, reciprocal dif- 

ferences may occur. Miranda (1978) found that in the Fi between a 

determinate cultivated variety, 'Masterpiece1; used as female parent, 

and an indeterminate wild type (Durango) collected in Mexico, all the 

plants were of indeterminate habit, and in the ?2 the segregation was 

3  indeterminate:! determinate.  In  the reciprocal   crosses, the  3:1 



10 

ratio did not occur but the indeterminate type predominated. This has 

been regarded as showing that when the wild type is used as female, 

selective fertilization by gametes bearing the wild genotype occurs 

in the F^. 

Genotype X Enviroment Interaction 

The genetic relationships controlling the expression of plant 

stature, plant habit, duration of growth and flowering in bean are 

complex and their expression is often altered by the environment 

(Bliss, 1971). Environmental factors, such as light and tempera- 

ture, and their variation in quality and quantity have a definite 

role in plant growth and development. 

In a related plant, Went (1941) found that when pea seedlings 

are illuminated daily with small amounts of red light and orange 

light, very marked changes in growth rate and form are induced. He 

observed that leaf growth is greatly increased, and the effect is a 

function of the amount of energy falling on the leaves. Growth in 

length of the stem is decreased, and the intensity of the light is 

more effective in shortening the stem than the duration of illumina- 

tion. There seemed to be a differential effect of wave lengths on 

leaf and stem growth. It has been shown that there was a minimal 

effect of green light on leaf growth, whereas growth in 1 ength was 

least affected by blue light. 

Downs et al. (1958) compared the effect of incandescent and 

fluorescent   lamps   for   lengthening   photoperiods   in   Hydrangea 
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macrophyl la by studing the responses of various long-day, short-day, 

and interdeterminate plants to supplemental light obtained from un- 

filtered incandescent or fluorescent lamps. All plants received a 

basic 8-hour period of natural light in the green house. The basic 

light was supplemented by either incandescent of fluorescent light 

for 0, 4, or 8 hours to make effective daylength of 8, 12, 16 hours. 

It was found that all the plants used produced taller individuals 

when the supplemental light was obtained from incandescent lamps than 

when fluorescent lamps were used. It has been postulated that the 

accelerated stem elongation caused by supplemental incandescent light 

is due to the far red component of the radiation emitted by the 

source, a feature lacking in the emission of the fluorescent light. 

The effect of red and far red light on climbing in bean was 

studied by Kretchmer et al. (1977). It has been recognized that 

growth habit of some beans is influenced by geographical and seasonal 

environment, complicating their geographical adaptation. Three lines 

that changed from indeterminate bush to indeterminate climbing under 

different environments and one line that did not were grown in con- 

trolled environments. Photoperiods of 12 vs. 18 hours did not effect 

the percentage of plants that climbed. However the percentage of 

plants that climbed increased 4.5 to 20-fold when the dark period was 

interupted with 11 minutes of red light, which was an indication that 

the change in morphology was due to the red light interuption and not 

to the effective  length of the dark periods. 
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Darshan et al. (1969) evaluated the photoperiod, temperature and 

genotype interaction affecting time of flowering in beans. They 

observed that two cultivar varieties. Red Kidney and Great Northern- 

1, were affected by temperature and photoperiod. Crosses between 

the two cultivars were made and the parental and hybrid populations 

were studied for flowering response. It was found that those two 

cultivars differed by two major temperature sensitive genes, and Red 

Kidney has a dominant gene Ht which causes delayed flowering at 

temperatures above 85 degrees and long photoperiods, while Great 

Northern-1 has a dominant gene Lt which causes delayed flowering at 

temperatures below 75 degrees and long photoperiods. The F^ Ht ht Lt 

It is delayed at all  temperatures under long photoperiod. 

Multiple cropping is a common practice for crop production in 

developing countries. It has been observed that in an intercropping 

system, beans suffer the effect of shade promoted by other crops. The 

effect on artificial shading on the growth and grain yield of beans 

has been investigated by de Aquino et al. (1980). Four cultivars and 

three levels of light were used. The light treatments were 100%, 29%, 

6% of phtosynthetic active radiation and far-red. All cultivars 

showed an  increase in internode length as shading increased. 

In an attempt to study the adaptation of Phaseolus to different 

environments, Wallace (1980) noted that much genetic variability is 

available for sensitivity to photoperiods and temperature. High tem- 

perature, long days and the interaction of those two have been shown 

to shorten the period of flowering and maturation in lines apparently 
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insensitive to photoperiod,  whereas they delayed flowering and matu- 

ration in sensitive ones. 

Ghaderi et al. (1982) studied the environment response patterns 

in commercial classes of common bean using 39 cultivars, at seven 

locations. Different groups of classes were identified and it was 

found that the groups X environmental portion of the total variance 

was 80%, indicating that if the behavior of a given cultivar is known 

across a series of environments, the behavior of all members of the 

group could be predicted. 
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MATERIALS AND METHODS 

Plant Materials 

At the beginning of the study, preliminary observations were 

made to determine the effect of shading on the growth habit charac- 

teristics of 21 lines and cultivars of beans (Phaseolus vulgaris). 

These lines are listed in Table 1. Based on the preliminary observa- 

tions, five parents were selected for the inheritance study. These 

were Oregon State University (OSU) cultivar Oregon 1604 and breeding 

line OSU 5062, two bush lines introduced from South America, K19 and 

K17, and E6211, a breeding line obtained from Ferry Morse Seed Com- 

pany. 

Along with the preliminary observations, 10 lines and cultivars 

were used in the greenhouse to determine the effect of artificial 

lighting on stem elongation. These were Oregon 1604 and five OSU 

bush breeding lines (5062, 5066, 5067, 4383, 4911), three bush culti- 

vars introduced from South America (Porrillo, Tacarigoa, Venezuella 

310),   and a field bean cultivar (Midnight). 

The five parents used in the genetic study were crossed in all 

combinations including the reciprocals. A total of 20 crosses were 

made. F^ plants were grown in the field to produce F2 populations, 

and F2 seeds were in turn grown in the greenhouse and in the field to 

produce F3 families. Not all of the 20 crosses were used in the 

inheritance study. The crosses which were likely to produce the 

greatest genetic variability during the segregating generations were 
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used. These crosses are presented in Table 3, and involved tall and 

short parents. However, for comparison purposes a cross (E6211 x 

1604) invol ving two tall parents has been incl uded. Table 3 al so 

shows the number of families and number of plants per family for the 

selected crosses. The parents, the F]_, F2, F3 families and backcross 

populations of the selected crosses were used for the genetic analy- 

sis of stem elongation. 

Crossing Procedure 

Al 1 the crosses were made in the greenhouse. Five seeds were 

sown in number 10 perforated cans. Crossing was carried out by the 

method outlined by Hikida (1961) and Ebong and Rachie (1975). This 

consists of removing the anther sacs from the unopened bud with 

forceps, and pol 1 inating the emascul ated bud with pol 1 en obtained 

from freshly opened flowers of the male parent. The forceps were 

dipped in alcohol   (75-95%) between different crosses. 

Greenhouse Culture 

The soil  used in the greenhouse was prepared by mixing 

16 No.  10 (3 1) cans of soil 
8 cans of pumice 
42 g of CaN03 
224 g of lime 
42 g of sulfomag 
56 g of superphosphate 
2.3 g of fritted trace elements 
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The mixture was pasteurized for about two hours by a steam injection 

method. The number 10 cans used for growing the plants were steri- 

lized in a steam pressure  vessel. 

Five seeds per can were planted. Scarification of the seeds was 

sometimes needed to improve water uptake. The cans were put on 

benches in the greenhouse and regular watering was done as needed. 

Approximately three weeks after planting, encapsulated complete fer- 

tilizer was applied to the soil surface to maintain optimum growth. 

Regular spraying and fumigation were performed to prevent insect 

damage. 

The temperature in the greenhouse was regulated by a thermosta- 

tically controlled steam system, evaporative coolers, and automatic 

ventilators. The temperature range was 60-65 degrees F during the 

nights and 75-85 degrees F during the days. 

Due to the low amount of natural light during the winter season, 

supplemental artificial light was provided by the use of fluorescent 

lighting. This artificial light was necessary to provide enough 

vigor for proper expression of elongation tendencies, and did not 

reduce stem elongation. Satisfactory growth and differential elonga- 

tion was obtained without supplemental light in fall, spring, and 

summer. 

Field Cultural  Methods 

The field plantings were made at the OSU Vegetable Crop Research 

Farm in an alluvial  si 1 ty cl ay 1 oam soil   of the Chehal is series. 
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After adequate preparation of the soil through tillage, a band appli- 

cation of 600 kg/ha of 8N-10.3P-6.6K complete fertilizer was made. 

Planting was done with a hand powered belt planter to space the seeds 

along the row at a position slightly above and to one side of the 

fertilizer band. The rows were spaced 0.90 m apart. A pre-emergence 

herbicide was used to control weeds at the beginning of crop growth. 

Mechanical cultivation and hand hoeing were also practiced, as 

needed. Sprinkler irrigation was applied as needed to obtain optimum 

growth.    Insecticide applications were made as necessary. 

Description of the Experiments and Experimental Designs 

Effect of Field Shading on Stem Elongation in Beans. 

Twenty-one lines were used in this study (Table 1). The shade 

was provided by corn grown in rows 0.90 m apart. The corn seeds were 

planted at the end of June 1982. The corn plants were thinned to 

stand 20 cm apart. The bean seeds were planted approximately three 

weeks later, approximately 5 cm north of the corn rows in the shade 

treatment. In both the shade treatment and the unshaded rows, the 

bean plants were grown at a stand density of about 12-15 plants/m. A 

split plot design was used, with shade from rows of corn, and no 

shade as main plots, and bean lines randomized as subplots. Three 

replications were  grown. 
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Effect of Artificial Light on Stem Elongation 

Ten lines were used in this study (Table 2). Three light 

sources, fluorescent, incandescent, and sodium vapor were used. 

Three readings of the intensity of the 1ights were obtained during 

the plant growth by the use of a light meter. The average values of 

the intensity were as follows: 

Fluorescent:    51 microeinstein m~2 x s 

Incandescent:  65.25 microeinstein m"^ x s~l 

Sodium vapor: 153.30 microeinstein x m"^ x s 

Two dates of planting were used as replications. The first planting 

was made on November 16, 1981, and the second on December 17, 1981. 

Each planting consisted of one can per line, and six plants per can. 

The measurements of stem internode and stem length were made one 

month after planting. The data was analyzed as a split plot design 

using lights as main plot and lines as subplot. 

Inheritance Studies 

F1 progeny from 20 crosses were grown in the field during the 

summer of 1982. The planting was done on June 29, 1982 in non- 

replicated plots. The observations were taken in mid-August 1982. 

The Fi plants were left in the field to provide F2 seeds for further 

generations. The F2 seeds were grown the following summer (1983) 

along with the parents, the F^, and backcrosses. Observations were 

made only on selected crosses (Table 3).    Among the F2 populations 
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grown in the field, 100 single plants per cross were selected for 

production of F3 families to be evaluated in the greenhouse. 

The parents, F^, F2, and backcrosses of the selected crosses 

were evaluated in the greenhouse. Several plantings were made, each 

consisting of 56 cans of ?2 seeds, 4 cans for each parent grown on 

the same bench, and F3 families from the same cross grown at the same 

time. 

Data Collection 

Two traits were measured in all studies. The central stem 

internode (usually the longest of the four terminal internodes), and 

the plant height. The observations were taken at flowering time. 

Chronology of the Experiments 

Fall 1981 - Winter-Spring 1982 - greenhouse 

Crosses in all combinations between the selected lines. 

Fall 1981 - greenhouse 

Evaluation of effect of artificial light on stem elon- 

gation in bean. 

Summer 1982 - field 

Effect of shading on stem elongation. 

Fall 1982 - Winter-Spring 1983 - greenhouse 

Additional crosses and backcrosses made. 
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Summer 1983 - field 

Evaluation of parents and progeny generation (F^, F2, 

BC}, BC2) of the selected crosses for genetic analysis. 

Fall 1983 - Winter-Spring 1984 - greenhouse 

Evaluation of parents and progeny generation (F]_, F2» 

BC^, BC2, F3) of the selected crosses for genetic 

analysis. 

Methods of Analysis 

Chi square 

The Chi-square test for goodness of fit was used to test 

the observed ratios for fit to major gene ratios. The following 

form!a is used: 

X2 . ^iO^2 

where X^ = Chi-square value 

0 = observed value, and 

E = expected value 

The F2 population of a given cross was classified into parental and 

non-parental types. The most easily identifiable parent in a given 

population was chosen to represent the parental types (P^ for in- 

stance). The rest of the population includes all individuals differ- 

ent from P^. It represents the recombinants and the second parent 

(P2)- 
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Total Number of Genes 

To determine the total number of genes (major and minor genes) 

the method described by Russell Lande (1981) was used.  This method 

employs the following formula: 

2 
nu - uir, 

n = ( o—)    where 
8 aS^ 

n  is the number of genes 

^i    is the mean of parent 1 

m 2 is the mean of parent 2 

2 
a S is the total genetic variance of the population or 

a2S = VF2 - VE. 

where VF2 = Total genetic variance, and 

VE = environmental variance. 

Regression of Offspring-parent 

The coefficient of regression of offspring on parent was used to 

estimate the narrow sense heritability of internode length and plant 

height. The coefficient b is given by b0D = COVOP 

To avoid the environmental and scaling bias, the coefficient b 

is replaced by the coefficient of correlation between the offspring 

and the parent. 

Estimate of Gene Effects 

An estimate of gene effects was made using the method proposed 
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by Gamble (1962) where the six parameters are given by the following 

formulae . 

mean effect m    =    F2 

addition effect a    =    P]_F]_ - P2F1 

dominance d =    - 1/2 P1 - 1/2 P2 + F^ - 4F2 + ZPtfi + ZPz?! 

additive x additive aa = - 4F2 + ZP^i + ZPz^l 

additive x dominance ad = - 1/2 P^ + 1/2 P2 + P]_F]_ - P2F1 

dominance x dom. ad = Pj + P2 + 2 Fj + 4F2 - 4P]_F]i - 4P2F1 



Table 1. 

Bean Lines and Cultivars Included in a Field Study 
of the Effect of Shading on Growth Habit 
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Lines Comment 

Venezuella 350 

Porrillo 

Tacarigoa 

K19 

K17 

Code 129 

BBL53 

E6211 

Gal amor 

5062 

4882 

4850 

4849-1 

4911 

4862 

4094-1-1 

1604 

4093-4 

4883 

4852-2 

4755-1 

introductions from South America 

Commercial (seed company) lines 
and cultivars 

Oregon State University 
breeding lines and cultivar 



Table 2. 

List of Bean Lines and Cultivar Used to Study the Effect of Light 
on Stem Elongation in the Greenhouse 

Line Description 

5062 

5066 

5067 

4911 

4883 

1604 

OSU bush breeding lines 

OSU bush cultivar 

Porrillo 

Tacangoa 

Venezuella 

Cultivars from South America 

Midnight A field cultivar bean (dry edible) 
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Table 3. 

Number of Families and Number of Plants 
Per Family of Selected Crosses used in a 
Genetic Study of Internode Length of Bean 

Cross No. of Family No. of Plants/Family 

E6211 x 5062 56 

E6211 x K19 15 

E6211 x K17 14 

E6211 x 1604 15 

1604 x K19 14 

1604 x 5062 15 

1604 x K17* 

20 

20 

20 

20 

20 

20 

1604 x K17 was omitted in the estimate of regression coefficient 
but has been used in all other studies. 
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RESULTS AND DISCUSSION 

Effect of Artificial  Sources of 
Light on  Internode Elongation 

Analysis of the preliminary experiment to evaluate the effect of 

three artificial greenhouse light sources on internode length showed 

highly significant difference among the 10 lines included (Tables 4, 

18. There were no significant differences between the three types 

of lighting, and there was no interaction between bean lines and 

light sources. This indicates that the lines used responded the same 

way to the three lighting treatments. There was no difference bet- 

ween the two dates of planting. From Table 4, it can be seen that 

lines 1604 and 4911 had the longest internode length; line 4883 was 

intermediate, and cutlivars, 'Porrillo', 'Tacarigoa', 'Midnight', and 

Venezuella 350 had the shortest internode length. The lines with the 

shortest internode length in the experiment were those introduced 

from South America. From this experiment, it was apparent from a 

comparison of lighted plants and those receiving only the natural 

winter light level (not included in the analysis), that supplemental 

lighting was necessary during winter to achieve the vigorous growth 

required for expression of elongation differences. At times other 

than winter (November - end of March), satisfactory growth and ex- 

pression of elongation were achieved in the greenhouse without sup- 

plementary lighting. It was also apparent that any one of the three 

lights  tested  could  be  used in genetic tests.     However,   because the 
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sodium vapor light induced some unidentified injuries to the foliage, 

and because the fluorescent light was the most readily available, the 

latter was chosen as the standard supplemental lighting source for 

the remainder of the study. 

Table 4. 

Effect of Greenhouse Lighting Sources on Internode Length 
of Selected Bean Lines and Cultivars 

Lines Mean Internode Length (cm) 

1604 19.9 

4911 16.9 

4883 10.3 

5062 6.7 

5067 6.4 

5066 5.1 

Venezuella 350 4.2 

Porrillo 4.1 

Tacarigoa 3.8 

Midnight 3.5 

LSD: 2.75 

^Mean of six plants over 2 replications and three lighting sources, 
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Effect of Field Shading on  Internode Length 

As shown by analysis of variance (Tables 19, 20) and comparison 

of means (Tables 5, 6), shading by corn plants significantly reduced 

both internode length and plant height. This result is in contrast 

with other investigations, where shading increased internode length 

(Davis, 1964) and de Aquino et al. (1980). The difference in results 

may be'explained by the fact that the shade in this study was pro- 

vided by living corn plants competing in the same plot with the 

beans. By the time of the observations, the plants in the shaded 

plot appeared thinner, and less vigorous than the plants in the 

unshaded plot. The reduction in the overall plant stature, followed 

by a decrease in internode length and plant height could be explained 

by competition for factors such as nutrients and water, rather than 

light alone. There were highly significant differences among culti- 

vars in both internode length and plant height. The analysis also 

revealed a highly significant interaction between lines and shading 

condition. This indicated that several lines responded differently 

to the shading and no shading treatments. The figures (1 and 2) show 

different sensitivity of the lines to shading. Line E6211 was the 

least sensitive, and culivar OSU 1604 was the most sensitive under 

the particular conditions of this experiment. The experiment also 

confirmed the classification of lines '£6211' and 1604 as tall; and 

5062, K19, and K17 as short. For further evaluation of the effect of 

shading on beans, it would be advisable to use, as source of shade, a 

non-living, non-competing shade source, so as to reduce the inter- 
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ference of factors other than shade. The use of cages or cloth would 

probably be the best. However, the use of corn was an inexpensive, 

and simple way to provide the shade. 

Table 5. 

Effect of Field Shading on Internode Length (cm) 
of 21 Bean Lines and Cultivars 

Lines Shade No Shade Cultivar Mean 

E6211 26.55 24.8 25.78 
4755-1 16.33 18.9 17.6 
1604 10.11 16.9 13.5 
4094-3 9.3 17.3 13.3 
4852-2 8.9 17.5 13.2 
K17 8.2 16.5 12.4 
4883 8.2 17.3 12.7 
K19 7.7 13.5 10.6 
4094-1-1 7.6 16.4 12.0 
BBL53 7.5 17.1 12.3 
Gal amor 6.7 16.2 11.5 
4882 6.7 14.4 10.5 
4862 6.6 15.9 11.3 
4849-1 6.1 14.7 10.4 
Code 129 6.1 13.0 9.5 
4911 5.9 14.8 10.4 
5062 5.0 11.5 8.3 
4850 4.9 14.5 9.7 
Porrillo 3.7 9.2 6.5 
Tacarigoa 3.6 9.8 6.7 
Venezuella 350 3.4 9.4 6.4 

Treatment mean 8.1 15.2 11.6 

LSD: Shad- ing 2.6 
Cult ivars 2.8 
Cult ivars at same shading 5.9 
any two ( :ultivars 4.2 
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Genotypic 
value 

26' 

24 

22\ 

20 

18-f 

16 

en 

S   14 
CD 

O 

12- 

10 

6- 

O  E6211 : 
b=-0.56 

b = 1.89 

jf 5062 : 
b = 237 
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Fig.   1       Sensitivity measured  by internode  length of five 
bean  genotypes  to  field   shading by corn  plants. 
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Fig.   2      Sensitivity, as measured by plant height,  of five bean 
genotypes  to  field   shading  by corn  plants. 
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Graphic Presentation of the Inheritance 
of internode Length and Plant Height 

The inheritance of internode length and plant height are 

graphically expressed in Figures 3-14. The parents and progeny popu- 

lations are represented on the X axis, and the mean values of 

internode length or plant height are represented on the Y axis. If 

inheritance is additive, the graph will show a straight line, with F]_ 

and F2 intermediate between P]_ and P2, BC| intermediate between Pi and 

F^, and BC2 intermediate between P2 and F^. Any deviation from a 

straight line is an indication of dominance of one parent, or in some 

situations, heterosis. 

Interpretations of the inheritance patterns shown in Figures 3- 

l^-are summarized in Table 7. 

There was no consistent pattern of inheritance or relationship 

between tall and short plants or between long and short internodes. 

Whether tall or short plant, or long or short internode was dominant, 

depended on the parental combination and/or whether the tests were 

made in the field or greenhouse. Long internode was clearly dominant 

over short in E6211 X K19, but this was not in agreement with the 

result for pi ant height, where short was siightly dominant in the 

field, but with additive gene action in the greenhouse. In 1604 X 

K19, short internode and short plant were dominant in the greenhouse, 

but long internode was over dominant in the field and pi ant height 

was  additive  in the field. 
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Short internode and short plant were dominant in E6211 X K17 in 

the greenhouse, but both were additive or near additive in the field. 

These results agree with those obtained for 1604 X K17. In both 

E6211 x 5062 and 1604 X 5062, inheritance was general ly additi ve, 

except that the backcross to the tall parent suggested dominance of 

short plant for E6211 x 5062. 

The F^ was higher in internode length or plant height than the 

F2 in most cases, suggesting that there was usually a degree of 

heterosis involved. In 1604 X K19, strong heterosis for internode 

length was shown in the field,  but not in the greenhouse. 

Table 7. 

Summary of Patterns of Inheritance of Internode Length 
and Plant Height as Graphically Shown in Figures 3-14 

Cross 
Internode Length 

Field   Greenhouse 
Plant He 

Field 
ight 
Greenhouse 

E6211 X 5062 Additive Additive Additive Short dominant 

E6211 X K19 Long dom- 
inant 

Long domi- 
nant 

Short sli 
ly domin 

ght- 
lant 

Additive 

E6211 X K17 Near 
additive 

Short 
dominant 

Additive Short dominant 

1604 X 5062 Near 
additive 

Additive Additive Additive 

1604 X K19 Long over- 
dominant 

Short 
dominant 

Additive Short dominant 

1604 X K17 Near 
additive 

Short 
dominant 

Additive Short dominant 
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Chi  Square Tests for Major Gene Ratios 

The classification of the ?2 plants of different crosses for 

internode length and plant height are shown for greenhouse studies in 

Tables 8 and 9, and for field studies in Tables 10 and 11. In the 

greenhouse, an observation of the distribution of the various 

classes, and the chi square test for goodness of fit indicated that 

two major genes are involved in the cross E6211 x 5062 for both 

internode length and plant height. In all other crosses, E6211 X K9, 

E6211 x K17, 1604 x 5062, 1604 x K19, 1604 x K17, one major gene is 

indicated for both internode length and plant length. In the field 

studies however, the chi-square tests indicated that for all six 

crosses one major gene is involved in the expression of both inter- 

node length and plant height. The cross E6211 x 5062 showed two 

major gene differences in the greenhouse, while the same cross showed 

one major gene difference in the field. Thus, the field environment 

did not allow the expression of one of the two major genes detected 

in  the  greenhouse. 



Table 8. 

Classification of the F? Plants in the Greenhouse 

into Classes of Parental and Non Parental Types for 
Internode Length and Tested for Fit to Major Gene Ratios 

Number of Plants 

48 

Parents 
Parental      Non 

Expected Observed 
Non" Ra tio 

Tall     Short      Typel     Parental   Parental   Parental   Parental   Tested       X      Value 

E6211     5062      5062 214.69 14.31 209 20 15:1      2.41      .20-.10 

E6211     K19 K19 164.25 54.75 172 47 3:1     1.46     .50-.20 

E6211     K17 E6211        153.00 51.00 156 48 3:1     0.23     .95-. 50 

1604       5062       5062 152.25 50.75 162 41 3:1     2.49    .20-.10 

1604      K19 1604 164.25 54.75 173 46 3:1     1.86     .20-. 10 

1604      K17 1604 155.25 51.75 151 56 3:1     0.47     .50-. 20 

The  parents used  in  the greenhouse as  a     reference   to  identify  the plants 
classified  in  the parental   type. 
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Table 9. 

Classification of F2 Plants  in the Greenhouse 
into Classes of Parental   and Non  Parental   Type  for 

Plant Height and Tested  for Fit to Major Gene Ratios 

Number of Plants 

Expected Observed 
Parents       Parental      Non Non P 

Tall     Short      Type     Parental   Parental   Parental    Parental   Ratio    X Vfllue 

E6211     5062       5062 214.69        14.31 211 II 15:1     1.01     .50-.20 

E6211     K19 K19 164.25 54.75 169 50 3:1     0.45     .95-.50 

E6211     K17 E6211       153.00 51.00 149 55 3:1     0.50     .50-.20 

1604      5062      5062        152.25 50.75 160 43 3:1     1.57     .50-.20 

1604      K19        1604        164.25        54.75 168 51 3:1     0.34     .95-. 50 

1604      K17 1604        155.25 51.75 153 54 3:1  0.13 .95-.50 

The parents used in the greenhouse as a reference to identify the plants 
classified as parental type. 



Table 10. 

Classification of the Fo Plants  in the Field  into 
Classes of Parental   and Non  Parental  Types for 

Internode Length and Tested  for Fit to Major Gene Ratios 

50 

Number of Plants 

Expected Observed 

Parents Parental       Non        Paren-      Non        Paren-   Ratio        „        P 
TaTT   Short Typel       a rental      tal      Parental      tal      Tested    X       Value 

E6211     5062 5062 74.24    24.75 69 30 1 .48  .50-.20 

E6211       K19 K19      .   75.75    25.25 82 19        3:1       2.08  . 20-. 1 0 

E6211       K17 K17 75 25 71 29 0.85   .50-. 20 

1604       5062 5062 74.25    24.75 70 29        3:1       0.97   .50-.20 

1604 K19 Kl 9 75 25 70 30 .33   .50-. 20 

I 604 Kl 7 K17 75 25 70 30 3:1        1 .33   . 50-. 20 

The  parents  used  in  the  field  as  a   reference  to  identify  the  plants  clas- 
sified as  parental   type. 



Table 

Classification of  the  Fo  Plants   in  the Field   into 
Classes of Parental   and  Non   Parental   Types  for Plant 

Height and Tested   for  Fit  to Major Gene Ratios 

Number of Plants 

Expected Observed 
Parents 

Parental       Non        Paren-       Non        Paren-    Ratio        -, P 
Tall     Short Type1    Parental      tal      Parental      tal     Tested    X       Value 

E6211     5062 5062 74.25       24.75 71 28        3:1       0.56   .50-. 20 

51 

E6211       K19 K19       '   75.75       25.25 81 20        3:1       1 .45   .50-. 20 

E6211       K17 E6211 75 25 69 31 3:1        1 .92   .20-. 10 

1604       5062 5062 75.75       24.25 68 31 3:1       2.10  .20-.10 

1604 K19 K19 75 25 70 30        3:1       1 .33   .50-.20 

1604 K17 K17 75 25 73 27 3:1        0.21    .90-. 50 

The parents used in the field as reference  to identify the plants  classi- 
fied as  parental   type. 
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Estimate of Total Number of Genes 

The estimates of total number of genes determined by the var- 

iance method for plant height and internode length are presented in 

Table 12. Since the expression of these traits varies with environ- 

ment, separate tables are shown for greenhouse and field studies. 

The greenhouse data indicated a minimum of two genes controlling 

internode length in the crosses E6211 x K19, 1604 x 5062, and a 

maximum of five genes in E6211 x K17. For plant height in the 

greenhouse, a minimum number of one gene was indicated for the cross 

1604 x 5062, and a maximum number of five genes for 1604 x K17. 

For internode length in the field, a minimum number of,one gene 

was indicated for 1604 x K19, and a maximum of four genes for 1604 x 

5062. For plant height in the field, a minimum number of four genes 

was indicated for E6211 x K19 and 1604 x K17. 

The total number of genes determined by the variance method for 

both internode length and plant height is larger than the number of 

genes determined by chi-square for goodness of fit. There are two 

exceptions, in which the number of genes determined by chi-square for 

goodness of fit and by the variance method are equal. Those excep- 

tions are greenhouse plant height in 1604 x 5062 and field internode 

lenght in 1604 x K19, where one gene was indicated by each method. 

In the cases where the number of genes estimated by the variance 

method is higher than the number estimated by the chi-square method, 

it might be suggested that minor or modifying genes are involved 
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along with major genes. In cases where the estimated number of genes 

was the same for the two methods, the expression of the trait is 

likely to be mostly controlled by major genes. 

Based on this premise, the largest number of minor genes are 

detected in the greenhouse in E6211 x K17 and 1604 x K17, and the 

least number in 1604 x 5062. In the field, the largest number of 

minor genes are detected in E6211 x 5062, E6211 x K17 and the least 

number in 1604 x K19. 

Sometimes differences were found between the number of genes for 

internode length and plant height in the same cross in the same 

environment. This can be explained by the fact that there is not a 

perfect correlation between internode length and plant height. In- 

ternode length is one component of plant height, which is also com- 

prised of other factors,  principally number of internodes. 

A working example of the calculation of the number of genes for 

internode length in the greenhouse for E6211 x 5062 is as follows. 

(25.4 - 4.5)2 _      436.8 
n    =     "           "    i 

8(27.3 - 23.4 + 1.5 + 2.2) 146.1 
3 

/ l2 
(mi - mz) 

n    =     
a  I 
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Table 12. 

Total Number of Genes for Internode Length and Plant Height 
in the Field and Greenhouse as Estimated by the Variance Method 

Cross 

Internode Length        Plant Height 

Greenhouse   Field   Greenhouse   Field 

E6211 x 5062 3 2 4 6 

E6211 x K19 2 2 3 4 

E6211 x K17 5 2 4 6 

1604 x 5062 2 4 1 5 

1604 x K19 3 1 3 5 

1604 x K17 4 3 5 4 
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Estimation of Narrow and 
Broad Sense Heritability 

Narrow sense heritability, obtained by the regression of 

offspring (F3) means on parental (F2) values, ranged from 2% to 59% 

for internode length and from 11% to 68% for plant height (Table 13). 

Broad sense heritability ranged from 44% to 70% for length, and from 

52% to 77% for plant height. The maximum narrow sense heritability 

was obtained with the cross E6211 x 1604. The high value obtained is 

in good agreement with expectation, since both parents are in the 

tall group. The minimum narrow sense heritability is obtained with 

the cross 1604 x K19 for internode length. In al 1 cases the broad 

sense heritability is higher than the narrow sense heritability, for 

both traits, suggesting that the genetic effect of the loci 

controlling the traits is not completely additive. Sources of 

genetic variation due to dominance at certain loci, or due to 

epistatic interaction between loci may be involved in the expression 

of the traits. The existence of sources of variation other than 

additive can be seen in the tables (14, 15), where the gene effects 

were partitioned into six parameters. The dominance effect can also 

be seen in Tables 23-26, showing the frequency distribution of the 

traits in the parents and crosses. In most crosses, high frequency 

of the F]_ populations is in the partial dominance to dominance range 

for short internode and plant height. However, the crosses E6211 x 

5062, and 1604 x 5062, in which E6211 and 1604 are tal 1 parents and 

5062 a short parent, showed a great amount of additivity. For both 
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crosses, the narrow sense heritability for internode length and plant 

height is relatively high. In selecting for short internode length 

or plant height, more progress would be expected with the crosses 

E6211 x 5062 and 1604 x 5062 than other crosses because of the rela- 

tively higher value of the narrow sense heritability. With few 

exceptions, it can be seen that both broad sense and narrow sense 

heritability are higher for plant height than internode length in a 

given cross, suggesting that in selecting for plant characteristics, 

more progress would be expected with plant height than internode 

length. 

The unexpected negative value of the narrow sense heritability 

obtained for internode length in'E6211 x K17 could be due to sampling 

error or to environmental  influence. 
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Table 13. 

Estimates of Narrow and Broad Sense Heritability 
for   Internode  Length  and  Plant  Height 

(Values are expressed  in  percent) 

Narrow Sen se (h2) Broad Sen se (H) 

Cross Internode 
Plant 
Height Internode 

Plant 
Height 

E6211 x 5062 25.0 22.0 69.5 55.0 

E6211 x K19 8.0 11.0 70.0 68.5 

E6211 x K17 -44.0 5.0 44.0 52.0 

E6211 x 1604 59.0 60.4 69.9 75.8 

1604 x 5062 19.0 25.0 46.0 64.0 

1604 x K19 1.2 68.0 59.0 77.0 

Estimation of Gene Effects 

The estimates of the six gene effects for internode length and 

plant height are shown in Tables 14 and 15. The mean internode 

length and plant height for the various populations are shown in 

Tables 16 and 17. The dominance effects are positive for all 

crosses, except for plant height in the cross 1604 x 5062 in the 

field. The additive gene effects are also positive for all crosses, 

except in the cross E6211 x 5062 for internode length in the field. 

This  is  an   indication  that positive dominance  and  additive  gene 
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effects are both important in the inheritance of internode length, 

and plant height. In most cases, the magnitude of the dominance gene 

effect appears greater than the additive gene effects. The gene 

effects caused by the interaction between loci appear also to be 

important, indicating that genetic models which assume negligible 

epistasis may be biased in some way. These results are in agreement 

with the previous results where the effects of the genes conditioning 

internode length and plant height have been found to be in the 

partial dominance to dominance range. 
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Table 14. 

Estimates of the Six Gene Effects for Internode Length and 
Plant Height  in the Greenhouse. 

Cross Gene Effect1 

m a d aa ad dd 

E6211 x 5062 
Internode 9.68 11.24 10.7 13.2 0.7 3.7 

PI. Height 28.4 25.1 21.2 30.3 0.1 -23.21 

E6211 XK19 
Internode 20.9 15.33 26.3 14.9 3.9 -10.4 

PI. Height 53.4 37.7 46.3 36.8 7.4 -32.7 

1604 x 5062 
Internode 11.9 8.3 9.0 • 8.0 0.3 -37.1 

PI. Height 38.9 19.8 5.8 5.4 5.6 -85.5 

1604 x K19 
Internode 8.9 19.3 28.4 33.5 12.1 -63.8 

PI. Height 34.3 36.9 43.5 60.1 17.2 -116.8 

1 Gene Effects: m = Mean, a = Additive, d = deminance, aa = 
additive x additive, ad = additive x dominance, dd = dominance x 
dominance. 
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Table 15. 

Estimates of the Six Gene Effects for Internode 
Length and Plant Height in the Field. 

Cross Gene Effect1 

m a d aa ad dd 

E6211 x K19 
Internode 17.2 -0.6 23.4 20.2 -6.13 -31.8 

PI. Height 35.6 5.7 10.8 16.40 -9.4 -15.9 

1604 x 5062 
Internode 15.2 3.3 9.0 6.1 0.18 - 5.5 

PI. Height 41.5 13.7 -10.5 0.1 2.6 -13.7 

1604 x K19 
Internode 15.5 2.0 16.6 7.8 -0.7 0.0 

PI.  Height 38.13    10.5      13.4      11.5      -3.0      - 7.9 

1 Gene Effects: m = Mean, a = Additive, d = deminance, aa = 
additive x additive, ad = additive x dominance, dd = dominance x 
dominance. 
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Table 16. 

Mean Internode Length and Plant Height of the Parents 
and Crosses in the Greenhouse. 

Populations 

Cross PI   P2   Fl   F2   BC1   BC2 

E6211 x K19 
Internode 31.4 8.5 31.6 20.9 32.3 17.0 

PI. Height 90.2 29.6 68.3 53.4 81.7 44.0 

E6211 x 5062 
Internode 25.4 4.6 12.6 9.6 18.5 7.3 

PI. Height 66.4 16.4 36.2 28.4 47.6 22.5 

1604 x 5062 
Internode 21.4 5.4 14.4 12.0 18.1 9.8 

PI. Height 58.8 22.3 40.9 40.0 50.2 30.4 

1604 x K19 
Internode 19.6 5.1 10.2 8.9 27.0 7.76 

PI. Height 63.1 23.7 34.9 34.3 67.8 30.8 

1 BCi, BC2 = Backcross to P]_ and P2 respectively. 
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Table 17. 

Mean Internode Length and Plant Height of the Parents 
and Crosses in the Field. 

Populations 

Cross PI    P2    Fl    F2    BCI   BC2 

E6211 x K19 
Internode 23.3 12.3 21.0 17.2 22.0 20.6 

PI. Height 57.7 27.4 37.0 35.6 42.5 36.8 

1604 x 5062 
Internode 17.8 12.5 18.0 15.2 18.3 15.0 

PI. Height 54.4 32.3 32.8 41.5 48.3 34.7 

1604 x K19 
Internode 17.8 12.3 23.8 15.6 18.5 16.5 

PI. Height 54.4 27.4 42.9 38.1 46.3 35.8 

BCi,  BC2 = Backcross to Pi  and P2,respectively. 
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SUMMARY AND CONCLUSIONS 

There were differnces between the 10 lines used to study the 

effect of artificial lighting source on stem elongation. The lines 

responded independently of the lighting source. 

The field shading experiment showed significant differences 

between the 21 lines tested. Significant interaction was found 

between the  lines and the shading treatments. 

The inheritence of stem elongation evaluated by various methods 

is shown as fol lows: 

Chi-Square A total number of two major genes 

were indicated in the greenhouse, 

whereas one major gene was 

indicated in the field. In most 

cases the major genes are dominant 

for long internode, with few 

exceptions where the dominance is 

for short internode. 

Variance Method Minor  genes  were  detected  in some 

cases by comparing the total 

number of genes to the number of 

genes obtained by chi-square 

method. 

Regression Broad   sense   heritability  was 

larger     than     narrow     sense 
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heritabi1ity.    The heritability is 

higher   for   plant   height   than 

internode length. 

Gene Effects Both additive and dominance gene 

effects are involved in the 

expression of internode length and 

plant height. 
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Table 18. 

Analysis of Variance for the Effect of Three Lighting 
Sources on Internode Length of Bean Lines 

Source df MS      Fc 

13.3    0.66** Lights 2 

Repl. - 

Light x Repl. 
(error A) 3 

Lines 9 

Lines x light 18 

Lights x Lines x 
Repl (error B) 27 

20.2 

203.8   55.1 ns 

3.2    0.9 ns 

3.7 

F value significant at the 1% level 
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Table 19. 

Analysis of Variance for the Effect of Field Shading 
on Internode Length in Bean Lines and Cultivars 

Source df MS 

Shading 1 1621.9 159. r 

Repl. 2 - - 

Shading x Rep. 
(error A) 4 10.2 

Cultivars 20 104.5 31.4** 

Shading x cultivars 20 10.9 3.3** 

Shade x cultivars x 
Rep. (error B) 80 3.3 

F value significant at the 1% level. 
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Table 20. 

Analysis of Variance for the Effect of Field Shading 
on Plant Height in Bean Lines and Cultivars 

Source        df MS 

12,779.4    73.1** 

174.9 

560.1   17.1** 

122.5   3.7** 

32.7 

Shading 1 

Repl. 2 

Shading x rep. 
(error A) 4 

Cultivars 20 

Shading x cultivars 20 

Cultivars x shading 
x Rep. (error B) 80 

F value significant at the 1%  level 
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Table 21 . 

Mean Internode Length, Plant Height, Variance of Internode 
Length and Plant Height, Correlation Between Internode Length 

and Plant Height in the Greenhouse 

Cross Population x y Vx vy r 

E6211 x 5062 

PI 25.4 66.4 23.4 105.7 0.9 
P2 4.6 16.4 1.5 6.9 0.9 
Fl 12.6 36.2 2.2 23.4 0.9 
F2 9.6 28.2 27.3 134.7 0.9 
BCj 18.5 47.6 3.7 45.5 0.8 
BC2 7.3 22.5 2.0 18.4 0.8 

E6211 x K19 
PI 31.4 90.2 25.2 197.9 0.8 
P2 8.5 29.6 4.3 13.6 0.8 
Fl 31.7 68.3 6.8 100.0 0.9 
F2 20.9 53.4 69.9 305.0 0.9 
BCi 32.3 81.7 25.6 300.6 0.7 
BC2 17.0 44.0 25.3 89.2 0.9 

E6211 x K17 
PI 27.4 71.7 53.0 171.2 0.9 
P2 4.7 18.3 2.7 11.3 0.7 
Fl 7.3 25.5 5.5 19.1 0.8 
F2 8.3 29.6 22.1 111.5 0.9 

1604 x 5062 
PI 21.4 58.8 19.2 148.5 0.7 
P2 5.4 22.2 1.8 13.4 0.8 
Fl 14.4 40.9 4.9 27.8 0.7 
F2 12.0 38.9 34.3 233.6 0.9 
Bq 18.1 50.2 20.2 87.7 0.8 
BC2 9.8 30.4 11.5 45.7 0.9 

1604 x K19 
PI 19.6 63.1 15.4 37.0 0.6 
P2 5.1 23.7 2.4 21.8 0.8 
Fl 10.1 34.9 0.7 2.6 0.5 
F2 9.0 34.3 11.8 91.4 0.9 
BCl 27.0 67.8 50.0 78.1 0.9 
BC2 7.7 30.8 2.3 36.6 0.9 

1604 x K17 
PI 21.3 66.3 33.8 196.2 0.9 
P2 8.1 24.9 5.3 12.9 0.8 
Fl 8.9 31.3 7.2 52.7 0.9 
F2 10.0 35.4 11.9 78.5 0.8 

x  = Means Internode Length, y  = Means Plant Height,  Vx = Variance of 
Internode  length,   Vy  = Variance Plant Height. 
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Table  22. 

Mean   Internode Length,  Plant Height,  Variance of Internode 
Length and Plant Height,  Correlation Between  Internode Length 

and Plant Height in  the  Field 

Cross Population X y Vx Vy r 

E6211 x 5062 

PI 23.3 57.7 6.4 27.6 0.8 
P2 12.5 32.3 2.5 23.4 0.5 
Fl 20.0 41.2 4.7 19.0 0.9 
F2 16.2 37.8 13.5 36.9 0.4 

E6211 x K19 
PI 23.3 57.7 6.4 27.6 0.8 
P2 12.3 27.4 1.5 3.5 0.7 
Fl 21.0 37.0 4.6 10.7 0.9 
F2 17.2 35.6 13.1 42.8 0.6 
BCi 22.0 42.5 1.2 2.9 0.3 
BC2 20.6 36.8 3.8 9.7 0.8 

E6211 x K17 
PI 23.3 57.7 6.4 27.6 0.8 
P2 13.7 27.5 2.2 4.3 0.6 
Fl 21.2 40.7 2.7 11.9 0.7 
F2 16.7 35.7 12.5 32.6 0.6 

1604 x 5062 
PI 17,8 54.4 6.2 10.9 0.7 
P2 12.5 32.3 2.5 23.3 0.5 
Fl 18.4 32.8 6.7 11.2 0.9 
F2 17.7 30.1 9.3 15.7 0.9 
Bq 18.3 48.3 3.8 12.8 0.9 
BC2 15.0 34.7 1.0 8.3 0.9 

1604 x K19 
PI 17.8 54.4 6.2 10.9 0.7 
P2 12.3 27.4 1.5 3.5 0.7 
Fl 23.8 42.9 2.2 5.1 0.9 
F2 15.2 41.5 6.4 28.9 0.4 
BCi 18.5 46.3 4.3 14.3 0.9 
8C2 16.5 37.8 9.7 34.9 0.9 

1604 x K17 
PI 17.8 54.4 6.2 10.9 0.8 
P2 13.3 27.5 2.2 4.3 0.6 
Fl 20.6 39.6 8.9 14.7 0.9 
F2 15.1 34.8 6.6 36.2 0.5 

x = Means Internode Length, y = Means Plant Height,  Vx = Variance of 
Internode length,   Vy = Variance Plant Height. 
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Table  23. 

Frequency Distribution of Internode Length Among the Parents 
and  Progenies  in the Greenhouse 

"Interval Mid Point in  (cm) 

Population 
Cross 2.50      7.50    12.50    17.50    22.50    27.50    32.50   37.50    42.50 

E6211 PI 25.00 37.50 12.50 25.00 
X P2 75.00 25.00 

5062 Fl 7.14 78.57 14.28 
F2 18.35 51.38 21.56 5.50 2.75 2.75 
BCi 11.11 55.56 22.22 11.11 
BC2 100 

E6211 PI 7.69 46.15 15.38 30.77 
X P2 75.00 25.00 

K19 Fl 22.22 50.00 16.67 
F2 6.70 20.10 15.31 22.97 15.31 15.31 3.83 
BCi 22.22 44.44 33.33 
BC2 25.00 50.00 25.00 

E6211 PI 16.67 33.33 8.33 33.33 8.33 
X P2 64.29 35.71 

K17 Fl 16.00 60.00 20.00 4.00 
F2 12.50 63.50 18.50 3.50 0.50 0.50 1.00 

1604 PI 5.00 5.00 25.00 20.00 35.00 5.00 5.00 
X P2 36.84 63.16 

5062 Fl 41.67 58.33 
F2 5.05 35.86 34.85 12.63 7.58 4.04 
BCT 13.33 40.00 20.00 20.00 6.67 
BC2 42.86 57.14 

1604 PI 36.36 36.36 18.18 9.09 
X P2 47.06 52.94 

K19 Fl 83.33 16.67 
F2 4.63 62.50 28.24 3.70 0.46 0.46 
BCi 50.00 50.00 
BCZ 100 

1604 PI 11.76 47.06 5.88 23.53 11.76 
X P2 7.41 62.96 29.63 

K17 Fl 11.11 61.11 27.98 
F2 2.90 48.79 38.65 8.21 1.45 

Values are exp ressed in percent of population. 
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Table 24. 

Frequency Distribution1 of Internode Length Among the Parents 
and Progenies in the Greenhouse. 

Interval  Mid Point  in  (cmj 

Population 
Cross 15.00    25.00     35.00    45.00    55.00    65.00    75.00    85.00    95.00 

E6211  PI 25.00    37.50    12.50    25.00 
x      P2    100 

5062    Fl 28.57    35.71    35.71 
F2    24.64 37.44    22.27      9.48      3.32      2.37      0.47 
BCj 25.00    62.50 12.50 
BC2 33.33 60.00  6.67 

E6211 PI 7.69 15.38 23.08 30.77 
x  P2 55.00 45.00 

K19 Fl 33.33 33.33 16.67 16.67 
F2 1.50  5.14 16.36 22.90 21.96 14.95 8.41 5.61  3.27 
BCi 33.33 11.11 33.33 22.22 
BC2 25.00 50.00 25.00 

E6211 PI 25.00 25.00  8.33 33.33  8.33 
x  P2 47.67 53.33 

K17 Fl 12.00 60.00 28.00 
F2 10.00 51.00 27.50  8.50  1.00  1.00       0.50  0.50 

1604 PI 29.41 23.53 23.53 17.65  5.88 
x  P2 26.32 73.68 
5062 Fl 33.33 58.33  8.33 

F2  4.98 25.37 30.85 19.40  7.96  6.97  2.49  1.99 
BCj 
BC2 

1604 PI 45.45 27.27 18.18  9.09 
x P2 17.65 70.59 11.76 

K19 Fl 83.33 16.67 
F2  3.24 30.56 46.30 15.74  1.85  1.39  0.46  0.46 
BCi 50.00 50.00 
BC2 33.33 66.67 

1604 PI 41.18 17.65 23.53 11.76  5.88 
x   P2 7.41 81.48 29.63 

K17  Fl 11.11 22.22 55.56 11.11 
F2 2.44 26.34 42.44 22.44  5.37  0.49  0.49 

Values are expressed in percent of Population. 
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Table 25. 

Frequency Distribution^ of Internode Length Among the Parents 
and Progenies in the Field. 

Interval  Mid Point in  (cnij 

Population 
Cross 2.50.      7.50     12.50     17.50 22.50    27.50    32.50    37.50    42.50 

E6211  PI 50.00    50.00 
x      P2 100.00 

5062    Fl 40.00 60.00 
F2                    1.01    31.31    50.51 15.15      2.02 

E6211  PI 50.50    50.00 
x      P2 100 

K19    Fl 25.00 75.00 
F2                    1.98    16.83    58.42 18.81      3.96 
BCi 100 
BC2 100 

E6211  PI 50.00    50.00 
x      P2 70.00    30.00 

K17    Fl 16.67 83.33 
F2      1.98 20.79    54.46 22.77 

1604    PI 80.00 20.00 
x      P2 100 

5062 Fl 6.25    43.75 50.00 
F2 42.00    55.00 2.00      1.00 
BCi 55.00 44.44 
BC2 25.00    75.00 

1604 PI 80.00 20.00 
x    P2 100 

K19    Fl 12.50 37.50    50.00 
F2                     2.00    40.00    47.00 10.00      1.00 
Bq 75.00 25.00 
BC2 25.00    50.00 25.00 

1604    PI 80.00 20.00 
x      P2 70.00    30.00 

K17      Fl 38.89 50.00    11.11 
F2                 1.00     41.00    56.00 2.00 

1 Values are expressed in percent of population, 
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Table 26. 

Frequency Distribution1 of Internode Length Among the Parents 
and Progenies in the Field. 

Interval Mid Point in (cmj" 

Population 
Cross 15.00    25.00    35.00    45.00    55.00    65.00    70.00 

E6211 PI 30.00 70.00 
X P2 40.00 60.00 

5062 Fl 50.00 50.00 
F2 3.03 3.03 50.51 .42.42 1.01 

E6211 PI 30.00 70.00 
X P2 90.00 10.00 

K19 Fl 75.00 25.00 
F2 1.98 17.82 53.47 26.73 
BCi 100.00 
BC2 60.00 40.00 

E6211 PI 30.00 70.00 
X P2 90.00 10.00 

K17 Fl 38.89 61.11 
F2 2.00 8.00 67.00 22.00 1.00 

1604 PI 100 
X P2 40.00 60.00 
5062 Fl 31.25 68.75 

F2 3.06 29.59 60.20 7.14 
BCi 62.50 37.50 
BC2 100.00 

1604 PI 100.00 
X P2 90.00 10.00 

K19 Fl 50.00 37.50 12.50 
F2 4.00 49.00 47.00 
Bq 75.00 25.00 
BC2 75.00 25.00 

1604 PI 100.00 
X P2 90.00 10.00 

K17 Fl 44.44 56.56 
F2 10.00 57.00 33.00 

l Values are expressed in percent of population, 


