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INTRODUCTION

Beans are an important source of carbotydrates, proteins, minerals,
and vitamins for millions of vegetarians in the world, especially in
Asia. The quality and harvesting time of beans depend upon the purpose
for which the beans are used. For example, for canning and freezing
the beans should be harvested when they are neither starchy nor watery
but should be sugary. The processing industry in Asia is not highly
developed. Hence, the food is usually preserved by sun drying. Sun
dried beans are often consumed the year around.

Pod setting is a problem in lima beans and in various other crops.
One of the most important studies on fruit setting of lima beans was
made by Lambeth (11) who classified unfruitfulness as associated with
various internal and external factors. In addition to the internal
factors, it has been recently established that certain other mysio-
logical factors such as internal nutritive conditions, plant growth
regulators, and chemical composition influence fruitfulness. Successful
pollination and fertilization require favorable environmental conditions
which influence the ripening of the crop. The harvesting time is
directly related to the pollination time--the earlier the pollination,
the earlier the harvest. However, in most of the varieties of lima
beans indeterminate types of pod sets have been observed. In addition,
the number of pod sets depends upon the night temperature and relative
humidity (17). Under such conditions the quality and chemistry of beans

are not recognized.
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The starch of beans is often considered as a single substance which
is made up of two components, namely amylose and amylo-pectin. Amylose
content is considered to be a more important constituent of starch than
amylo-pectin, because of its industrial uses in the mamfacturing of
edible casings, in the paper industry as a binding agent, and in tex-
tiles as a permanent finish where other hydroxylated polymers have been
used (23).

Genera and species differ in their contents of amylose and amylo-
pectin as well as in many other important characteristics which, if
present in one, could be of great value to growers. This encourages
breeders and 'geneticists to endeavor to improve their cultivated species
by making inter and intra-specific crosses.

The purpose of this investigation was to present the studies on
the starch grain characteristics (size, shape, hylum, and lamella
development), amount of amylose, amylo-pectin and total starch in
relation to pollination time and size of beans in certain varieties of

P. lunatus L., P. polystach'!us L., and F; cross (_P. lunatus L. var,

Fordhook X P. polystachyus L.).}

1C!'oss was kindly made by Dr. A. P. Lorz, Horticulturist, University
of Florida, Gainesville, Florida. In further discussion instead of men-
tioning P. lunatus L. var. Fordhook X P. lystachyus L., there would be

mentioned P. lunatus L. X P. polystachyus L.



The literature on starch contains more than €,000 references, but

only a fraction of them pertaining to lima beans is being cited in this

temperature with fair accuracy. The

could be of great value in determining what areas
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The study of Cordner (&) showed tha

Inter 1tra-specific crosses

Buisland (5) explained that in crosses of Phaseolus species with
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ht occur at three stages of development: (a) If

P. garis failure m
part of style or stigma were injured in crossing, the flower was dropped
within 2 to 3 days. (b) In many cases pods attained the size of 2 to

3 cm. but they were dried up afterwards. (c) Many times it happened
that the pods practically reached the normal length but they did not
produce seeds. With P. dumosus a number of pods were produced with
normally coated seeds but no contents (5). Likewise, Honma (10) re-
ported a cross between P, vlugaris and P. acutifolus. Crossed flowers
did set pods but none of them reached maturity. The abortion of the
embryos occurred within 2 days following pollination. Fl plants were

the excised embryos in vitro. The reciprocal

obtained by cultur
cross using P. acutifolius as a female parent was not successful. The
object of this cross was to transfer a character of common bean blight
resistance from P. acutifolius var. Tepary to the P. vulgaris var.
Great Northern.

Wester and Jorgensen (32) in crossing study with limas concluded
that controlled pollination without emasculation was more successful
than conventional methods of making crosses. Hundred percent success
was possible in non-emasculated flowers as compared to emasculated
flowers.

Gates (9) investigated that the epigeal and hypogeal germinations

in P. vulgaris and P. multiflorus, respectively, possessed a pair of

interspecific genes. He had no evidence as to why the zone of growth
was above the attachment of cotyledons in one species and below it in
the other. Wall and York (31) found that the cotyledons position on

central axis of Phaseolus seedlings was controlled by multiple factors

and there was no evidence of dominance,




Lorz (12) attempted the P. polystachyus L. X P. lunatus L. cross
50 times with no success. The reciprocal cross was made 100 times which
resulted in only 7 F; plants. The object of this cross was to incor-
porate into the P. lunatus L. species the hypogeal germination of the
P. polystachyus L. to solve the emergence problem in lima beans. Very
often in a compact soil seedlings due to epigeal germination could not
protrude through the soil with a heavy load of cotyledons and resulted
in a low percentage stand of the crop. Hence, the cross was made in an
attempt to avoid this difficulty.

According to Small (26) the habitate of P. polystachyus L. extends
as far as Florida, Minnesota, Ontario, Maine, Texas, and Nebraska, so
it seemed apparent that this root stock had some degree of cold resist-

ance. Keeping this in view, Lorz (12) quoted that P. polystachyus L.

1t be of importance to the knowledge of plant breeders.

Breeding for high amylose content
—_———— —_—————

Zuber, Grogan, Deatherage, Hubbard, Schulze, and MacMasters (3l)
studied two high amylose parents, hay and hap of corn, and Fp5 Fp, and
F‘3 generations of the cross hal 4 4 haz. The factors responsible for

high amylose were not allelic in the two parents. It was possible to

o

dentify high amylose Fl kernals very easily by selecting for a tar-
nished wrinkled grain character. F3 ears gave amylose determination
in the range from 25.4 to 70.3 percent. The amylose content of 70.3
percent was higher than both the parents.

Vineyard, Bear, Macliaster and Deatherage (29) concluded that the
highest amylose content was the result of the various multiple recess-

ive combinations of the genes affecting endosperm composition., On the

contrary, the homozygous recessive condition of a single recessive gene,
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» produced starch with 100 percent amylo-pectin content. They also
analyzed 21 mutants consisting of genes which affected starch ynthesis
and evaluated for their effects on the amylose fraction of the corn
starch. y pointed out that three of these, ae, suy and du, showed
sufficient increase in amylose development.
Bear, Vineyard, MacMasters, and Deatherage (3) reported that the
contents of amylo-pectin present in corn was 1 and 3 percent

ctively. This ratio of amylose content

to B2 percent by 1.

Frey-lyssling (8) reported that amylose, which has linear mclecules,
and amylo-pectin, which has branched molecules, gave different colora=-
tions with iodine. Longer amylose chains gave typical blue iodine
color and molecules with tranched chains produced red or even brown
coloring with iodine. It was believed that these colorations were due
to the fact that iodine molecules were arranged along the center of
the chain helix.

McCready and Hassid (13) described a method for separation of
potato starch into amylose and amylo-pectin which was different in com-
parison to the method described by McCready et al. (14). They also
emphasized that the enzymatically synthesized starch resembled the
amylose fraction of potato starch in its properties.

Valdt and Kehoe (30) found that in general starch occurred in the

form of white granules. Each granule was made up of two polymers,

amylose and amylo-pectin. It was insoluble in water and resistant to
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naturally occurring hydrolytic agents. The two polymers were different

1 molecular weight and chemical structure. Amylose (linear polymer)

consisted of 200 to 1000 glucose residues in a single lonz molecule
linked together by oxygen bridges, whereas the amylo-pectin (branched
polymer) was made up of chains of 1500 glucose residues.

Rahman (16) found that commonly the quality of lima beans decreased
as the stage of maturity increased. The most practical method by which

Guality of lima beans could be evaluated was the refractive index which

was mentioned by Rahman (16).

Starch grains under microscope

Bonner (L) indicated that starch was stored in large amounts in
many seeds, fleshy tubers, roots, woody twizs, leaves, and many micro=-
organisms in the form of grains, 1 to 150 microns in diameter depending
on the plant source.

le further explained that the starch granules under the microscope
were mimite structures built up of molecules arranged in layers, usually
concentrically., The shape of starch granules fronm different plants also

varied from small polygons (corn) to large spherical granules (wheat and

rye). The hylum was usually a dark spot located in the gramule.

Van de Sande-Bakhuyzen (28) was the first who described that the
lamellae formation in the starch grains was due to the external environ=-
mental conditions. Working on wheat, he found that when the external
conditions, such as illumination and temperature, were constant lamellae
of wheat starch grains did not occur. Roberts and Proctor (18) invest-
gated that starch grains formed in potato tubers from the plants grown

under constant light and temperature (63° F.) showed lamellation clearly

indistinguishable from starch grains formed in tubers grown under normal




field conditions.

Sjostrom (25) observed that species differ greatly in starch gran-
ules with respect to size, shape, and other characteristics. The rice
starch granules were the smallest and their diameter was from 3 to 8
microns. The average corn starch granules were of medium size, 10 to
25 microns, but deviations in both directions were common. The tapioca
starch granules were of about the same average size as corn starch gran-
ules. Sweet potato starch granules were similar to corn starch granules
in appearance but they were larger; the averape size was about 1 1/2 to
2 times that of the corn starch gramles. The wheat starch gramles
varied in size, The largest gramules had a diameter of 35 microns. He
further stated that rye starch resembled wheat starch but the granules
were usually larger and thicker. His further investigations on sago
and potato starch showed that they belonged to the group of large
starches. The granules varied in size; the largest were 50 to 60 mi-
crons and the smallest ones were 15 to 25 microns in diameter.

Barham, Wagner, Williams, and Reed (2) found that varieties dif-
fered in starch grain size, structure, and their other properties 1ike
gelatinization and viscosity. Furthermore, they explained that starch
grain size and structure might be influenced by environmental factors.

Salunkhe and Pollard (20) investigated a rapid and quick method to
determine the stage of maturity and quality of lima beans by microscopic
examination of starch grains. They found that as the size of beans
increased, the starch grains' size increased and the hylum of the starch
grains became larger, thicker, and progressively ramified. When the

hylum of the starch grain began to thicken along with its ramification,

then it might be estimated that the field was ready to harvest without
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Five varieties of lima beans, namely Burpee Bush, Clark's Bush,

Utah 16, Nasatch Bush, and Concentrated Fordhook of species P. lunatus

L. were planted at Utah State Experimental Farm at Farmington, Utah, on
June 1, 1958, The plots were 32 feet lonz and 2 1/2 feet wide. The

crop was well grown. Weedings and at the interval

of 7 days throughout the growing season,

Sixty-six days after seeding, opened flowers of each variety were

tagged (August 6, 195 Flowers which were opened on a particular date
and before noon were tagged. Similarly, at 7-day intervals, the flow=-

1958, and August 20, 1958. As the beans

rstachyus 1. and of F] Cross were kindly obtained

1ltur

z, Hortic

of Florida, Gainesville,

at these dates of pollination.

The pods formed were harvested at one time at full maturity on
October 10, 1958. Number of days and degree days (27) were calculated
for 1ima bean plants for each pollination time as shown in appendix
table 8. They were computed according to the technique established by

Seaton (22),

maximum temperature + minimum temperature 5o 1
- 500 o

Degree days = >

The harvested beans from each date of pollination were classified

three gro

’
o
(o]

by visual observations (figure 1). These groups were

lrhe 50° F. base line temperature below which
does not take place has been established by Seato
sion Research and Development Department, Contine
1350 West 76th Street, Chicago 20, I1l.

1 growth in lima beans
n, Hoe Lo Metal Divi-
tal Can Company, Inc.
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*h classification five beans were

small, medium, and large. In ec:
selected. All the beans in each group were dried at 1580 F. for 2}
hours and each individual bean was weighed separately on a gram scale
to two decimal places. In addition to this, the beans from species P.
polystachyus L. were also classified into three groups, as mentioned
above, with 5 beans in each group regardless of dates of pollinations.
Seeds of this species were very small and, therefore, could not be

vidually. All 5 beans were weighed together in each group

ication. As the

ly of species Cross F‘l beans was limited,

1 was taken at random from 10 beans for study.

Dried and weighed beans were individually ground with a pestle and
mortar. The ground material with a drop of distilled water on a slide

ylym (hilum) and

was studied under the microscope for size, shape,
A lamella development of starch grains with a combination of an eye piece
10X and an objective L3X. The characteristics, shape, hylum, and
lamella were further classified into 2 to 3 sub-classes. They were:
for shape--circular, oblong, and irregular; for hylum--unhylumed and
hylumed; for lamella--unlamellated and lamellated starch grains. In
each microscopic field of a slide only one starch grain was considered
as a part of the observation. In total, LS5 seeds and 4500 starch grains
in each variety were examined for the specific characteristics mentioned
above.

Starch analysis

Amylose, amylo-pectin, and total starch were determined according

to the procedure standardized by McCready and co-workers (1L), which is
summarized below.

Extraction of sugars.-——About 0.2 gram of flour from the beans was

weighed in the centrifuge tubes and washed thoroughly with 80 percent




o1 te was stirred into

L, of 52 shile tubes
™4 o
ept 1n 1C a . i S

ion was sti

lowed three ti 1 that both amylose and amylo-pectin

residue

Natorm 3 or
Jeterminatlo

starch,-=Five ml. of

diluted

intensities were determined using

following the methods
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Table 1 shows that in general wei:ht of the bean and size of the

microns

Salunkhe and Pollard (20)

by examining the

t as the maturity advanced the hylum

the starch grains. They noted tha

1 and was ramified. Results obtained

of the starch grain began to thi

in this experiment did not agree with their results, as it is clear

table 1 and figure 2 which show about 75 percent slightly hylumed

starch grains from fully matured beans. Hence, it seems that the hylum

development may be a varietal c!

Size of the starch grains was closely associated with weight and




Lamella® of

o : starch grains
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Khen N af ‘AI_Ch Circular Oblong Irregular ' ) = S | Unlamel- Lamel-
time beans beans grain hylumed hylur 1ated atal

microns percent percent percent

percent percent

Lh.2 u3. o6 772 22,2 3.6 964

38.6 472 1540 15.0 85.0

Ll 45 Ueb 85 . 1,2 [} 96.0

12, - - 5 of Tk 92.6

Ue U Ue cla 0.2 99.8

0.62 51 .0 0% 26. 32 98.8

Augz. 20, Large 31.29 31.L 12.4 0.0 62 37.8 & 98.8
1958~ Mediur 2y.26 12.0 1s 57.0 32.0 2.} 78.6
Small 21.46 39.2 ) 0. 79 20.5 29.0 7.0

3 rbi tra ry classification.

h”yl.:: = The nuclei around
result of progressive dehydrat
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Figure 2.

Starch grains ( x 430 ) from large beans

Starch grains ( x 430 ) from small beans

The effect of size of beans on starch grain characters in
Burpee Bush variety, pollinated on Aug. 13, 1958. (Compare
size, shape, and structural development of hyla of starch
grains of large and small beans.)

16




size of beans. S (24) T
with specific gravi of

average

three dates of pollination the
related to the size of bean. It can also be noted that with the advance-
ment of the date of pollination the starch grain size decreased with

respect to the weight and size of bean. This might be due to the avail-

ability of nutrition and ere earlier formed beans receive

more than the latter formed beans.

one percent

e share of the variation of starch grains

h percentage of varia=-

was due to regression. The r2 values showed
tion in starch grain size which was accounted by weight of beans. The

on three pollinating

percent respectively,

was based on the

further be confirmed by figure 3, whi

X, and Y « 9.12 +

equation Y = a + b was discussed,

enera

then "a" represents the population value of Y (starch grain size) when

the char

X (weight of the bean) is equal to zero. The "b" i
which occurs in Y for a unit change in X. The quantities "a" and "un

are the sample estimates of the population parameters "A" and "En,

The comparison of ™" values in three pollination
in appendix table 16, which shows that b, (first pollination) was si -
nificantly lower than b2 (second pollination) and by (third pollination)

3

at 5 percent and 1 percent levels respectively. The value of by was

significantly lower than b3 at the 5 percent level. These progressively
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increased "b"™ values with advanced pollination times might be cdue to the
effect of heat units, mutritive, irrigational, and other environmental

factors which may have played roles during the development of the beans,

(=1

tah 16 selection

This selection has small beans with white cotyledons. It may be
observed in table 2 that size and weight of beans and size of starch
grains was smaller in this selection as compared to the variety Burpee

~

Bush.

There was a direct relationship of weight and size of beans and the
size of starch grains. The same pattemn was followed in three pollina-

tion dates. It can also be noted that in each pollination date the size

;ht of the bean affected the size of the starch grains in more or

less the same manner as in the variety Burpee Bush, which conforms with

findings of Salunkhe and Pollard (21). The shape, hylum, and lamella
development of starch grains were also similar to the above mentioned

e

variety.

The characteristics (shape, hylum, and lamella) of starch grains
from figure 4 can be well compared with the starch grains of Burpee Bush
variety in figure 2. The starch grain characteristics of these two
varieties were identical except for size, which was smaller in Utah 16

selection than Burpee Bush variety,

Figure S5 represents a good linear relationsh p between weight and

size of beans and size of starch grains. The trend in the increase of

size of starch grains per unit increase of w

ns was the same
in the three cdates of pollination except for slight differences in the
slope of the regression lines. The "b" values were 20.13, 24,16, and
23.75, which in comparison with each other were non=-significant. The

percentage of variation in starch grain sizes which was accounted by




Table 2, The effect
lamella dev

Pollina-  Size

Lamella of

stareh winag
starct rains

Unlamel- Lamel-

lated lated

Size of  Shape of starch
%
L

: Circular Oblong
;rain

tion of
time beans
Aug. 6, Large
1958 Mediun
Small

8. 20, Large
1958 Medium
Small

percent percent

icrons percent

e = o2
. (e JeC Y eld i .
LY. = 6. Lo.L
33. . 5 59.)
2¢ 3.4 . (0 : 5 0.5
55 ¢ 5.6 0 3% 63.6 15.8 84.2
61.2 k.2 0 Lo.2 598 7.6 92.4
L8, 3 0 61.6 38.4 2h.2 75.8

n




Figure L. The effect of size of beans on starch grain characters in
Utah 16 Selection, pollinated on August 13, 1958. (Compare
size, shape, and structural development of hyla of starch
grains of large and small beans.)
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appendix

Clark's Bush vari

H
g
K

This variety is small seeded with . reen cotyledons. Tabl

that on the average the size of starch grains was similar to !

Oblong starch grains were more frequently present th

starch grains were absent. Unlamellated

of August

that the lamella

to the alternation of day and night, with the

ighly re

e 3 shows

13 and

e were due

frecting

part of each layer deposited during the day. Van de Sande Bakhuizen

showed, if external conditions were constant, lamillation

did not

€ same

occur because mutritive material was then always available in the s

concentration. On the contrary, Roberts and Proctor (18) inves

that starch grains formed

consian

distin

1ishable from starch grains formed in tubers grown under normal

field conditions. Keeping the above discussion ir view, the conclusion

could be drawn that lamellae did occur in lima beans but were not

7isible under the microscope with the combinati

(o]

due to the lesser difference of refrective index of deposited s

during the day as well as night times in comparison to ot
Figure 6 indicates that the difference in starch grain

large and small beans was not remarkable but was quite proporti

the variation in weight and size of beans.

f 10X and 43X lenses

onate to




Table 3.

The effect of pollimation tir

2, size, and weight of beans on

lamella development of starch grains in Clark's Bush variety

he size, shape, hylum, and

Pollina-
tion
time

Size
of

beans

Welght Size of

beans

Shape of starch grains

Hylum of starch grains

Circular

Oblong

ng

Irregular

Un-

Slightly Highly

hylumed hylumed hylumed

Lamella of
starch grains

Unlamel-

lated

Lamel-
lated

Large
Medium
Small

Large
Medium

Small

grams microns

rcent percent percent

67.0

2

percent percent percent
0 A 39
( 60.0
£n L
62.6

o<

percent percent

.0
Hely

0.0
1.6
23,

95.6
100.0
100.0
96.4
6.2
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Starch grains ( x 430 ) from small beans

Figure 6. The effect of size of beans on starch grain characters in
Clark's Bush variety, pollinated on August 13, 1958. (Com-

pare size, shape, and structural development of hyla of starch

grains of large and small beans.)
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Table L.

Small 0.24 22,53

percent




Figure 8.

e

wads

FANRES <, \ :
Starch grains ( x 430 ) from small beans

The effect of size of beans on starch grain characters in
Wasatch Bush variety, pollinated on August 13, 1958. (Com-
pare size, shape, and structural development of hyla of
starch grains of large and small beans.)
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starch grains and weij
Bush, became more closely associated

1d size of beans increased, the size of




Table 5. effect of pollin u 1t of on the size, shape, s and
lamella development h ns in Concentrated Fordhook v ety

@

Pollina- Size

of starch grains

tion of of starch

hes
bea

o

1S beans Frain

time

lated

rams —microns percent percent
1.50 30. 3544 55l 0 6510 100,90
Medium 0.4 75 26,82 3452 L e 0 50 o1y 4uS. 21
Small 0,50 20.64 S56.4 39.4 4.2 0 The2 25. 20,
Aug. 13, large LT L3.6 L Sl 0 17k 22..6 L5 A
1958 Medium 0.78 27.25 31.2 5842 10. O 69.4 306 o5 35 52
Small 0.60 23.93 uf. 4542 {0 O 3042 1939 Oaly 90.
1.5¢C 35. 554 9 ) 85. 1Y, . .
Ce75 P 51.6 0 Ol 20y 79.
0.50 561 394 L.2 0 The2 ‘ 20. 79.2
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Starch grains ( x 430 ) from small beans

Figure 9. The effect of size of beans on starch grain characters in
Concentrated Fordhook variety, pollinated on August 13,
1958. (Compare size, shape, and structural development of
hyla of starch grains of large and small beans.)
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also increased (figure 10). The percentage of variation in starch grain

three

hich was accounted by the weight and size of beans

pollination times was L0.2 percent, 72.0 percent, and 64.0 percent,
which are indicated by r2 values in appendix table 13.
Appendix table 16 shows that all the three combinations of b values

were non-significant at 5 percent level. That is, the rate of increase

srain size per unit weight of beans was the same in three pol-

g polystachyus L. species

P. polystachyus L. is commonly grown in southeastern states of

America. It has purple or whitish corolla and scimitar shaped pods,

about L to 8 centimeters long. Tre stem is of climbing habit. .

lunatus L. is grown widely in the United States. It has white corolla

has hypogeal ger-

and 1 s itar shaped pods. P. polystachyus L.

epigeal germination (12).

mination, ereas P. lunatus L.

Table & size of starch gra

ics was similar to that of previo

starch zrain
varieties of P. 1Tunatus L. The weight and size of beans were smaller as
compared to P. lunatus L. In general, the unlamellated starch grains
were more frequent in this species than in P. lunatus L. Furthermore,
the percentage of unlamellated starch grains was higher in small groups

of beans as compared to medium and large groups of beans. In addition,

1e de-

1

starch was more y developed in large beans as compared to t

velopment of starch in small beans (figure 11).
As mentioned before, the lamellation depends on the deposition of

starch during day and night, where denser and more highly refrecting

part of each lamella is deposited during the day (4 and 8). The
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Table 6.

The effect of size and weight of beans on the size, shape, hylum, and lamela d
starch grains in species P. ﬁolzstach[_us L. and in Fy Cross (P. lunatus L. x P. polystachyus L.)

evelopment of

Lamella of

starch grains

e N o ik A st
ize Weight Size of ¢ Hylum of starch ¢
A 5y b hape of starch grains ylum of starch grains
Species of of starch

Circular Oblong lrregular VB~

Slightly Highly Unlamel- Lamel-

beans  beans grain hylumed hylumed hylumed lated lated
Zrams microns percent percent percent percent percent cent percent percent
P. E\gly-— Large 2.6, 29, 6. 0 L7. 53 58,
stachyus L. Medium 48 2L, 3 C 19 570
Small 16. 3. ( 93.0
P, lunatus L. x 0.8k 63 37. O 2l1. 7940 L0 9C.

P. polystachyus L.




Starch grains ( x 430 ) from large beans

Figure 11. The effect of size of beans on starch grain characters in
P. polystach L. species. (Compare size, shape, and
structural development of hyla of starch grains of large
and small beans.)
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results from table 6 show that the starch deposition in P. polystachyus
L. was less effected during the daytime. This seemed that nearly the
same amount of starch was deposited during the day as at night.

The regression analysis of variance in appendix table 1l shows that
F value was si:nificant at 1 percent level. This indicates that the

weight and size of beans were closely assoclated with the size of starch

of the beans was

appendix table 14,

- polystachyus L.)

in Cainesville, Florida. The pur-

ose of transfer a character of hypogeal germination
from P. b o

the author

seedlings occurs in the northern states w!

variety of lima beans could be developed whi

those of P. lunatus L. and P, polystac! yus Lo Furthermore, the beans of

this variety might be easily digestible due to its high amylose content
which might be of value to the people with weak digestive systems. Lorz

(12) explained that it was difficult to get Fp seeds from Fy plants due

percentage of gametic sterility which was caused by the

o

unbalanced female gametes. This was also true in crosses




|

LEGEND

w
o

crons)

® Large beans
® Medium beans
o Small beans

~

Y =11.99 + 24.76X

Size of starch grains (mi
)
)

o

0.2 0.4
Weight of beans (grams)

=
7l

veen weight and size of beans

and size of starch grains in

7

igure 12. Relations
T

P. polystachyus

. species




Table 7 indicates that amylose content in the two species was

Utah 16 and

factor v

ush possessed the same amount

of amn

showed the trend as if tt

and nearly re

small beans had small sized starch grains which were slightly irregular

in shape. Hence, ese results confirmed the results found in corm,
that the high amylose corn hybrids possessed higher percentage of small

and irregular starch grains (Senti, 23).

L. var.

The cross between P

both the parent species. The vas
large, weighing C.E8L gram with average 31458

icrons and had 63 percent circular starch grains. Keeping the above
mentioned statement in view, it was concluded that one reason of low
percent amylose content mi be of circular and large starch grains
(23) and another m of nature. At this f=
ficult to conclude the exact genetic behavi it at

complementary factors might be responsible.

Sampling analysis
e e

The analysis of variance in appenc

table 15a was computed




Lo

Figure 13.

Starch grains ( x 430 )

Starch grain characters in F. cross P. lunatus L. x P. poly-
stachyus L. (Compare with t}e size, shape, and structura
development of hyla of starch grains of P. lunatus L. var.

Concentrated Fordhook (figure 9) and of P. Eolxstachﬂ L.
(figure 11).)



The effect of size and weight of beans on the amylose, amylo-

pectin, and total starch content of species and species Fq

cross (P. lunatus L. x P. polystachyus L.)

Pollina=- Size Weight Amylo- Total
Species tion of of Anylose olin abivch
time beans beans PRGS Tk
grams percent percent percent

Utah 16

Concentrated
Fordhook

o, Large

¥edium
Small
Aug. O, Large
1958 Kedium
Small

Small

L7.09
LoJLT

LS. 7k

0.25 2445 3.27
11 2L.L5 6.00
0.84 15.06 29.75 .81
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Species P. lunatus L. and polystachyus L. were studied. Five

L. were grown at !'.5.'7. experiment station at

Pods were tagged at three erent dates of pollina=-

d August 20, 1953). These va

Dr. Ae. P. Lorz, Horticu

r with five varieties of

Florida. The Fy seeds and the parents togett

g atus L. were examined under t croscope for the starch grain

d lamella) and were analyzed for

(size, shape,

amylo-pectin content,

d that the species and the varieties

in starch grain size and other character-

arieties Burpee Bush and Concentrated Forcdhook were large
seeded and possessed large starch grains. PBut varieties Utah 16, Clark's

Bush, and Wasatch Bush were 111 seeded and possessed smaller starch

srains as compared to the large seeded vari
Species P. polystachyus L. had small seeds containing small starch
SR st Lol i

rrains which were more or less like small seeded varieties of P. lunatus

L. The Fl seeds lunatus L. var. Fordhook x P. polystachyus L.) and
starch grain size were similar to that of large seeded varieties of P.

As the pollination time advanced, the size of the starch grains




grains.

percent ),

The amylose con

.) de-

but the F} cross (P. lunatus L. var. Fordhook x P.

creased in amylose content (15.06 percent).

The 8¢ is indicated that as the number of slides per

bean increased

stant variance
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Table 16. The comparison of the degree of increase of starch grain size
per unit weight of beans in five varieties for three pollina-
tion times (August 6, August 13, and August 2C, 1958)

b value Combination of
Variety - b values for t value
¥4, b b} comparison

Burpee Bush 8.28 11.68 18,34 by vs. by
by vs. b3
b2 vs. b3

h 16 20.13 211,16 23.75 by vs. by

Clark's Bush 3.60 19.33

o 5
N
<
W

.
(=
()

o3

Vasatch Bush 20,28 49 .00

o o

b

o

Concentrated 6.68 6.19 796
Fordhook

vs. by
vS. b3
Vse by

9.5

fibs

o
N
\

S percent level

at 1 percent level

NeSeNot significan

b,  Pollinated on
bo Pollinated on August 13, 1958

by Pollinated on August 20, 1958
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