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INTRODUCTION

There are several varieties of white beans grown in
Michigan at present. Of thess the Robust is the most consistent
high yielder due to disease resistance and hardiness but the
beans have glasey seed coats and do not appear as uniform in size
as other varieties, such as Early Wonder and Early Prolifiec.

The seed coate of the KEarly Wonder and Early Prolific varieties
are a chalky white which is most disiralle, but neither variety
yieldes equally well with Robust. Therefore it is desirable to
ocross Robuet with Early Wonder, Early Prolific, or other early
varieties now grown in Michigan in an effort to produce a
strain that will be uniform in size, with a chalky seed coat,
and at the same time produce a high yield of dry beans per acre.

The identification of a cross in the Fl generation saves
the plant breeder consideratle time and labor. While a desirable
strain cannot be produced any more quickly by identification
in the Fl, the labor esaved by eliminating non-crosses is an

important item in cutting down the cost of the experiment.






THE FROBLEM

The work covered by this thesis has been done to

determine whether or not the Fy of a cross between two similar

strains of white beans differs from the female parent in cer-

tain morphological characters. The questions to be answered

are these:

Are F plants morphologically different from their

mother parents in the following characters:

If

size and shape of seed?

ratio of width to length of terminal leaflete?
ratio of width to length of terminal leaflet times
reciprocal of length of petiole?

the F, of a croes is morphologically different,

in the characters mentioned above, from the female parent

and the difference is measurable, then by statistical

measurements and tiometrical calculations, a cross can be

positively identified.






LITERATURE

J. B. Norton (8) has done several years work on the
inheritance of habit of growth in beans giving attention to
the stem and branches but has published nothing upon size or
shape of leaflets or length of petioles.

The growth of Early Wonder beans is outlined by the
New Jersey Experiment Station (4) but deals only with the
sequence of growth and not with inheritance.

Dr. R. A. Emerson (1) worked on inheritance of size
and shape of seed in bean hybrids. He concludes that size and
shape are not inherited separately but together as inheritance
of sizes of the same shape., The F; of a cross was found to be
quite uniform while more variation occurred in the Fs.

The only data given in the literature cited that
might be of value in this work is given by Dr. R. A. Emerson (1).
I1f the mother variety produces beans of uniform size and of a
different shape from those produced by the pollen parent then

a variation in the Fl would indicate a oross had been obtained.






MATERIAL

The sources from which the material was obtained for
this investigation are reported in Tatles I and 2 and the
various crosses made are recorded in Tables 3 and 4. 1n
Table I, the variety name, Accession number and number of
plants selected are given in order. The Robust, Early Frolific
and Progeny of Ac 359 were selected in the field before the crop
was pulled. The plante of the remaining varieties were chosen
in the field after the crop was pulled. Plant eelections
were again made in the green house in the fall of 1935. This
material is listed in Table 3. The Mexican Tree, and Early
Wonder listed in Table 3 were taken from bulk seed of the field
ocrop of 1935, The varieties, Miller, Canter, and Putnam were
not planted with the January planting.

Table 3 is a list of the Fl seed of crosses made in
the green house during the fall of 1925 while in Table 4 is a
list of F; seed of crosses made in the green house during the

winter of 1926.



METHODS

Plants were selected in the field in the fall of 1925
and taken to the laboratory. The following notes were taken
on each plant: type of vine, length of vine, number of beans,
welight of beans, and chalky or glassy seed coat.

Fifty beans from each plant were measured for length
and width in millimeters. These measurements were made by
means of an L-shaped block of wood with a piece of millimeter
graph paper glued to it. This permitted both measurements to
be read without changing the position of the bean. The mean,
standard deviation, coefficient of variation, and coefficient of
correlation with the respective probable errors were calculated
for each fifty beans.

The beans from each plant were placed in an envelope and
given a selection number. All of the material listed in Table 1
was handled in this manner.

On S8eptember 19, 1925 three pots each of Robust, Early
Prolific and of ten of the selections of Ac 359 were planted in
the green house. Eight-inch pots were used and four beans were
planted in each pot. Two pots of Robust were planted on the
33rd, two more on the 25th, and two more on the 28th of September
making nine pote of Robust in all. Flantings were made on these
different dates to insure pollen at the proper time.

On S8eptember 28th the remainder of the varieties listed
in Table 1 were planted. Four-inch pots were used for these and
four beans of each variety were planted, two beans in each pot.

The entire planting was arranged on the floor of the green houss.
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A high rercentage of germination was crtained and the
plants grew rapidly. On Octoter 13, when the plants were atout
10 inches high, white flies and red spiders were noticed. The
plants were sprayed with a solution bf fish o0il scap to which
was added one teaspoonful of nicotine per gallon. This solution
was effective in killing arnd repelling the white flies but had no
vieitle effect uron the red spiders. The uninfeeted plants were
then moved to the east bench in the green hcuse. These plants
scon developed mildew and were dusted with sulphur. The sulphur
effectively controlled the mildew.

The plants remeining on the floor were eprayed with Volck
for red spiders. Volck was an untried commercial preparation.
Trhe sun and volck were not a good combination and severe burning
of the foliage resulted from which the plants never fully recov-
ered. The sprray did not affect the insec*s in any visible way.

Acting upon advice received from the Entomélogy Depart-
ment, the plants were sprayed with lemon o0il, being sprayed three
times at two day intervals. The lemon oil completely controlled
the red spiders. These injuries are mentioned tecause of the
effect they may have had on the plant measurements taken.

When the plants tegan tlooming the folldwing leaflet
reasuremenrts were taken in millimeters:

Length of terminal leaflet,

Width of terminal leaflet,

Length of petiole.

From these data, ratios were computed as indicated in
example &, the ratio of width to length of leaflet, and this
result divided by the length of retiole. 1t was found
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necessary to use ratios instead of dimersicrns due to the differ-
ences in size of the leaves at the time measurerernts were taken.
Ten lezflete with their peticles were measured on each plart.
The mean, standard deviatiorn and coefficient of variation witk
their protable errors were ottained for each plant.

Crosses were made durirg the period from November 19 to
December 15. MNost of the crossee were unsuccessful. The flowers
would abort cr the pods would turn yellow and fall off when they
were about one inch in length.

The bean has a cleistogamous flower, 1.6;, hermaphroditic
and pollination occurs before the petals open. Therefore it is
necessary to open the flower and remove the stamens before pollern
ie ripe otherwise selt-fertilization would result. To open the
flower the keel petal is split with a sharp instrument., The
stamens are arranged in a whorl of nine with their filaments
jeined to the style and one outside of this whofl. The anthers
can te removed with forceps. It is necessary to remove all of
the stamens or autogamy will result. The flower shculd te
exeamined with a magnifying glass tot® sure all of the stamerns
are out and that there is no stray pollen on the stigma. Great
care must be used in extricating the stamene to prevent crushing
of the ovary or breaking of the style. The process of removing
stamens from a flower is called emasculation. After emascula—
tion, a pollen flower is chosen that has sesplit on the lower
eide (keel). The flower is opened and the anthers detached ard
carefully crushed in a small receptacle to liberate the pollen.
This pollen ies then placed immedietely upon the stigma of the

emasculated flower., The poller is transferred from the
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the receptacle to the stigma by using a small camel's hair trush
or similar instrument. This method was used at first but later
the method of using the stigma of the pollen flower as a means
of transferring the pollen was tried. This consists of breaking
off the stigma of the pollen flower the same day the flower opens
and rubbing it on the stigma of the emasculated flower which

will absordb the pollen from the first stigma. The anthers remain-
ing in the pollen flower after the stigma has been broken off
can be ueed to pollinate a second.emasculated flower by the

brush method. The stamens were found to contain considerable
unshed pollen and if pollen is scarce it may be conserved in

this manner. The stigma method of transferring pollen proved

to be the surer method in pollination. After pollination, the
flower }s tagged with the date, method of pollination, and
pollen parent, if more than one variety is uesed for pollen in a
series of crosees. Emasculation may bte made the day previous

or on the same day pollination is to be made. There has been no
data published to show which is best from the stand point of in-
suring a cross.

The fall planted tears were harvested in De cembter. Measur e -
ments of length and width of seed were made in the laboratory.

In December 1935 a second planting was made in the green
house. Three pots c¢f Robust were planted to secure early flowers
for crossing. They did not grow however due to soil packing.
Three plantings of Rabust were made before a stard was secured.

In January 1956 the material listed in Tables @ and 3 was planted.
Bight-inch pote were used throughout.



-

Germination was slow probably due to hard seed coats as
the beans were kept in a very dry place from the time of harvest-
ing till planting. A good stard was secured but growth was slow.
The plants remained thrifty however throughcut the growth period.

Crosses were made during the period from March 3, to
April 5. A larger percentage of the crosses attempted reached
maturity than was the case in the fall crop. This was probably
due to the stigma method of pollination and the temperature of
the green house being lower than during the time the fall crop
was growing.

Leaflet measurements were taken on this crop in addition
to measurements for variety comparison. Four Robust plants were
marked and each plant was measured four timee to determine if the
ratio of the measurements would vary with the stage of plant
growth., The first measurements were made April <9 and the second
one week later or May 6. Flant number M, waes discarded after the
second measurement due to red spider infestation. The other dates
of measurements were May 19 and June 3.

The beans were harvested when ripe and seed measurements
were made., Measurements were also made on samples of bulk seed
of each variety used for crossing. Two hundred fifty seeds of
Robust and 50 each of the other varieties were measured. The
mean and standard deviation and coefficient of variation with
their probable errors were computed for these data.

The field planting was dcne June 4 and 5. The purpose of
this planting was to compare the various varietiee with each

other and with the Fy, F3, and F; generations from crossee of

these varieties. The beans were planted in rows 103 feet long add
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88 inches apart (Figure 1). Beginning at the west, the planting
was a8 follows: one row of Robust for on edge; one row of Robust
for test; the Fz of Ac 359, two more rows of Robust for test;

one row Fz of croeses made in the fall of 1935; one row of the
mother parent varieties opposite their respective F2 progenies;
and two rows of the Fl of the crosses made in the spring of 1936,
two feet apart in the row with a Robust and a mother variety
alternating between them. 1In the first four rows the teans wers
spaced three inches apart, as regular field planting, in the next
three rows, eix inches apart to allow maximum development of
plants; the rest being space one foot apart to compare the F1
with each parent in as near the same environment as posesible.

As the weather was cool, the plants did not grow fast but
a high percentage of germination was secured. Wind and sand
injured the leaves to such an extent that a few plants died. The
first cultivation was on June 29, The weathzr was dry and the
plants became very uneven in size some plants in each variety
being much larger than others in the same variety. On July 17
many of the plants were bteginning to bloom. The average number
of leaves per plant on this date was seven.

Measurements of leaflets began July 26 and were continued
until the necessary data had been taken. The mean, standard
deviation, and coefficient of variation with their probable
errors were computed. The biometric constants were arranged
in tables for convenience of comparison and will be taken up in

order in the discuesion of the data.
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Flate 1

Flan of 1926 Field Flarting.

R p, ¥ F, R F; ¥ Ff R F, M F; R R

--——0——C--60—6—6—06—6—-6—0——6—6—
Spaced 1 foot

Mother parerts of F 6 in. planting
S

F of crosses listed in Ttatle 3.
g 6 _in. plarting

Rcbtust 6 in. pianting

Robust 3 in, plantirg

F of Accession 358 3 in. planting
3

Rcbust 3 in. planting

——— — - -

Rotust Edge

Rows 28 inches apart.

R- Robust

F - F 1listed in Tatle 4.
1 1
M- Mother parert cf the F .
1



-128-

Example 1.
G uess,correction,class range rethod used to compute

biometric constants,

V- v - z
__Wg_ f w f(!%E_,°
v £ .
6.5: 3 i -3 : -6 . 13
7 ¢ 12 -1 -12 ;13
7.5+ 25 % 0 -18 :
8 _: 10 RSUE D‘hﬁL : 10
-
—3§ . C' 50733.76_
= —. 6544

e.( :::::} W= -.16x .5 = -.08 e

.6544 = .8089

| g .8989X 05 =-4044
: "if f }‘ - ‘olex -80 = ¢ 1088 |

W - o
g - 7;5
c = "08
M = 7,4800 ¢+ 0385
C - (r=ey® v £(%E)
T = .4044 ¥ 0273 N
Em = , 674507
T = .8745 x .4044 = 2728
= .2728 # 7.07 = 0385
EC = ,6745T7
= ,3342 x .%844 = ,2728
y-——z-i—— . & 4+ = .Od73
CV.=1000" - 40.44 _ 5,45

7.42

M
fcv = 674SCV_'=.6745 x 5.45_ - .367
2n 10
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Example 2.
¥ W

Width Length L Fetiole LxF
81 <+ 84 = T 23 = .0:156
723 T 95 = .7684 + 88 = 02744
a1 —  s3 = L7735+ 13 = ,0565
70 ¥ o8 = L7148 o 236 = .03746
50 % 68 = .7358 + 12 = ,06126
s ¥ 86 = .7558 + 18 ™= .04198
67 ¥ o3 = .7204 + 33 = 03133
40 &+ 57 = L7017+ 12 - = ,05847
58 o« 75 = 7733 &+ 14 = .05524
55 ¢+ 70 = .7857 <+ 13 = .06043

M(Y) = .7450 &  ocs?

o(F) = 0268 + 00404

M(—F ) = .0460 £ o304

o (-L—x:—) ® .01428 & 00215
The ratios as shown in this table were computed for each

plant and the Standard Deviation and Mean with their protable

errors were computed as indicated in example 1.

W--Width of terminal leaflet, in m m.

L--Length of terminal leaflet, in m m.

F--1ength of petiole, in m.m.
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Tatle 1I.

Plant selections

made in the field from

the 1525 crop.

N-umber of
Variety Accession number _plants selected
Robuset : 313 ; 6
Early Prolific : 306 ; S
Fl of Early Prolifié x Robust: 359 : 13
Darling : 14z i 4
Crawford : 153 : 4
Hunter : 155 § 4
Putnam : 167 : 4
Greiner : al4 : 4
Canter : 2zl § 4
Miller : 235 ; 4
Fliter 254 ‘
1200-1 : 265 ; 4
Hoggan : 266 : 4
Bingham 358 ; 4
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Takle 3.

Varieties used in the January 1926 planting.

Variety Accession Number
Robust 313
Darling 142
Crawford 153
Hunter 155
Greiner 214
Pliter 854
1200-1 265
Heggan 266
Bingham 358
Early‘Prolific 306
Early Wonder 233
Mexicaﬁ Tree 310
Fo of Ac 359 359



Table 3.

List of crosses made

and Decembter 1935,

Farents

-16-

in the greenhouse

tAccession of F)

during November

Number of :
teans ottaired

Crawford x Robust

Darling x Robust

Futnam & Robust

Fliter x Robust

1200-1 x Robust

Hoggan (531602) x Robust
Hoggan (531603) x Robust
Bingham (531501) x Robust
Bingham (323502) x Robust
Greiner x Robust

Canter x Robust

36s
363
3€4
365

366
367
368
369

370

371

oe oo oo

378

4

o > (93] L [ aV]

o U »
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Table 4.

Liet of croesses made in the greenhouse during

March and April 1926.

Number of
Parents Accession of F] beans obtained
Early Frolific x Robust : 375 : 17
Darling x Robust : 376 : 10
Hunter x Robust : 377 : 8
Crawford x Robust : 378 i 37
1300-1 x Robust . 319 73
Mexican Tree x Robust : 380 : 7
Greiner x Robust : 381 : 35
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Table 5.

Mean widths and lengths of Robust seed, measured in groups

of 50 beans taken from bulk seed of the 1¢35 field crop.

Group.# Width cv Length cv

1 : 6.830 & .0140f 2.16 +.146 {8,630 & .0620: 7. 56 * 509
3 7,050 & .0335.2 5.16 $.347 18.949 + .0682: 7.9 + .533
3t 6.870 % +9387; 5 96 4. 401 i8.630 & .0779; 9.37 + ,631

Means of 50 seeds taken from individual rlants selected

in the field;oéﬁstsas. Early Prolific
Plant # M Length cv K. Length
: : H 6V
01  :9.390 y .0525 :5.38_¥ .363: 8.830 ¥ .0400:4.75& -.330
02 19.120 x .0426 §4.84: .326 8.830 * .043054.773 .321
03 18.630 & . 0450 §s.41: .364: 8.750 ¢ .0390:4.79% .319
M. Width . .
01  $7.020 & .0430 16.40 & .431: 6.260 & .ossogs.se: .378
02  18.860 + .0400 16.18 & 416: 6.260 g .0440:7.34% - 494
03 +6.250 + o430 §7.zo__+_ .485. 6.230 T .O330§5.61: .378
M-~ kean

CV-- Coefficient of Variation.

Measurements in millimeters.

Table 5 is a liset of tiometrical constante computed from
seed measurements. Section (a) deals with bulk seed. Three
groups of 50 beans each were taken at random. The mean widths
and mean lengths are given. Section (b)is a comparison of
Robust and Farly Frolific plants. Fifty beans were measured

from each pdant and computations were made. While the range
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in mears of toth length and width is a trifle greater for
Robust the means of the Early Frolific fall within the
range with one exception, the mean width of plant #03.

From the stand point of the coefficients of variation there

is no significant difference in the two varieties,



Taktle 6.

Coefficients of correlation of length to width of Robust
beans taken from plants selected in the field in 18235,

lant # Coefficient Flant # Coefficient

01 : .8606+ . 0270 .04 .3%00 ¥ [og16
02 . 8606 .0370 1 .05 i .4369 % .0779
03 .3400% , 0900 .06 i .8980 & 0187

The coefficients of correlation given in this table
were calculated from field selected plants, 50O beans being
measured from each plant. As the range is from 506)

.8980 *+ .0187 to (03) .2400 ¥ ,0900 the variablilty in the
correlation coefficient is too great to be of any value for

use as a criterion of identification.
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Table 7.

Pigmetric constante taken from leaflet and petiole measurements

mgdo in the green house upon Robuet, 1300-1, and F; plante.

. % Robust i "LxF
Plant f . cv : _o¥
60201 : .7400 & .0117 : 7.4381.12 ¢ -0500 £ .0040 245,00 T .6.51
60202 ;7000 ¥ ,0140 : 9.55s 1.44 .0440 T . 0030 234-09 % .5.75
60203 . . 6250 £ .0220 §17.e7g 3.75 :+ +0600 £ .0C30 ;29.16 T+ 4.83

1200-1
60801 : .7300 & .0236 :10.74%1.62 ! .0735 & .0077 335.03 & 5,52
60803 : . 6750 % 0164 : 8.07% 1.21 .0935 ¥ .0056 520.71 +3.23
60803 ; .7084 T .0102 : 5.25¢"*7°l 0866 ¥ 0063 :33.63 & 5 59
60804 . .7585 £ .0157 i 6.07g .o15 ; +0750 T .0066 :31.86 % 5.17
F, Ac 366 __1300-1 x Robust

62401 : .7750 & .0136 : 9.44% 1:43% .0450 T .0037 : 28.44 + 4.65
62402 1 .7500 + ,0109 6.82& 1.02: .0640 & ,0056 : 41.40 £ 7.7
62501 : .7917 & .1089 : B.67T 1,30 0625 % .0039 | 23.04 = 5,64
62502 & .7166 + .0252 ‘13.14% 2.03; .0750 T ,0103 } 50,00 t 9,22

W-- Width of terminal leaflet in m m
L-Length of terminal leaflet in m m
F-- Length of petiole in m m
Table 7 is a comparison of Robust, 1200-1, and the F1

of this cross grown in the green house. The means of the ratios
W

L of Robust have a spread of .1150, of 13C0-1, .0835 and of the
Fl’ + 0751 showing just a slight difference in spread while the
means themselves fall pretty closely in the same range. 1In the
tatioe f%f the spread for Robust is .0160, for 1200-1, ,0359 and

for the F; .0300. The spread here is in the reverse order of the
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LA
peans L, the F; having the greatest and Robust the least.
Again there are means in all strains practically the same.
At the same time there is no significant difference in

v Ariation of the three strains.
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Tatle €.
A comparison of ticometric constants calculated from

varieties and F) plans grown in the green house in the epring

of 1236,
Early Prolific

v ¥ M -
Plant # L cY LxF cV
60402 .7700 * .01281 7.79 * 1.17: .0900 * .0245.;61.11 r 12,98
60803 L7950 *+ .01532 8.o8 1.35: .0850 * .0157§87.05 *21.00
60404 . .7250 & .0098; 6.37 + .960; 0697 ¥ .0067:45.48 * .08
: Hunter
60601 : .7450 ¥ .0404: 25.46 & 4.03: .0900F .0086:50.00 ¥ 9.23
60602 .8000 ¥ .0185: 10.87 * 1.60§ .0900_*.0107:55.50 * 10.53
60603 : .8000 * .0195§ 10.75 ¥ 1.50: .0900_'.0125:64.44 *i13.0
Early Wonder
61101:.7135 ¥ .0166 : 9.75 2 1.44° .0718 % .0016: 9.33*_ 1.40
61103:.7200 * .0074 : 4,868 ¥ .7:53: . 0360 * .0086:15.10 * 2.3

F1 Ac 369 BRingham x Robust

61901:.7900 * .0195 : 11.57 & 1.37: .0835 * ,0046: £6.30 & 4.30
Fy_Ac 363 Darling x Robust
.0134: 8.36 ¥ 1.36

° . . . $
62302:, 7916 .0152: 6.27 :_1.04: . 0216 : .0800: 79.14 _ 17.77
W--Width of terminal leaflet inmm

63301, 7500 .0835 ¥ _0141: 87.87 * 21.05

*
+*

L--Length of terminal leaflet in m m
F--1ength of retiole in m m

Table 8 is a list of biometrical constants for three
varieties &nd Fls of crosses of different varieties x Robust.
Tkhe mother parents of these Fls were not measured on account of
the small number of leaves preesent and the Fys of the parent var-
ieties given here were measured for the same reason. This tatle
is given to show how easily Fis or mother varieties may be confused

with each other unless propsrly labled and kept separate.
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Tatle S.

Fiometric constants computed from terminal leaflets and

petioles of Robust plants measured at different times in the

green house.

Flant 4 Date

L X

ML CV M LxF cV

T
R Ap1;1
ol 19
N 3 19
w1 Mag
My 6
My 6
May
M 19
M3 19
Mz 19
June
My 3
My 3
Mz 3
w--Wbdth of
L--Length of
P--Length of
Tatle
measurements

to determine

«7400_4, 0117 7.45¢+ 1. 12 . 0500 ¥ .0040240. 00 T 6.54
. 7000% . 0140- 9.55% 1, 44..0440 .omo§34.09 ¥s5.75
.6d:>0 t. 0430 17. e7_3z 75..oeoo .0030;29.16 € 4.82
.0010§18.19-I-_ 3.84

.0030:35, 45%_ 5,97

we 00 00 00 o0 oo

74oo £ 0140° 9.45% 1. 42 :.033
,.7250 F 3 .ooao 5.33-4803 ..0440

P Top I Iop $]

.7250 T 0070 4.55 %.686 «0440 .0087:29.09‘;,4.81

.7950 $.0097: 5,76 £.£68:.0675%_ .0057:39.55 ¥ 6.79
.7300 %.0138: 8.31% 1.23:.0475 ¥ ,0035:34.75 ¥ 5.77

H - H
.7350 ¥.0067: 4.35 ¥ .655:.0390F .0027:32.83%_ 5.30

7450 ¥.0057: 3.59 ¥ .541:.0460.0030: 30.86¢_ 5.03
H H H
.7500 £.0190:11.92 ¥ 1.37:.0440.0015;: 15,90 £ 3.82

” 00 00 00 00 00 00 00 0000 00 00 00 00 o0 00 00

7800 £.0138: 7.69 % 1.186:.0400E. 00c§ 33.50E_5.90
terminal leaflet in m m

terminal leaflet in m m

terminal petiole in m m

9 deals with tiometric constants computed from

of Robust leaflets and petioles on different dates
the influence of the state of growth on the

characters considered. All of the plants were measured on the

dates indica

w
ted. The plant mj} has the same mean ratio L on

April 19, May 6, and June 3 but has a different mean on May 19.
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The mean of the ratio LxF wse constantly changing and not
always in the same direction. The ratio % of plant My showed
a gradual increase during the entire period while the ratio
E&flremained %ractically constant. The plagt Mz increased

in the ratio L tut decreased in the ratio LxF till may 19,
W W

then remained oonstant for the ratio LxF while the ratio L
increased to be significantly different during the periocd
from May 19 to June 2.

In comparing plants for the same dates we find that
there is a significant difference in the ratios % for plants My
and Mz onAp ril 19 but no significant difference for the ratio
L%?. On May 6, these plants were not significantly differert
for the ratio“% while on May 19 they were significantly

dif ferent for btoth ratios.
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Table 10.

Robuet, Darling and the Fy grown in the field in 1926.

Robust

Plant # M !L CV M—'—Lig cY
67101 .8250-!—0399 122, 66%3. 541, 0330%. 0102356 47 & 10.75
67108 : .6950E, 0239:16.14%2.485.0750% C071:44.66 & 7.80
67103 : .8100:.0334:13.96_*_1.98:.0675:.0062:48.963; 7.50
67104 . .7600%.0172110. 6141.60; .0800¥0136:80.00 418.20
67105 i~.7750%. 0330119, 48+3. 04:.0575%. 0046:37.31 + 6.40

_Darling

613301 :.7300 §.0128: 8.31%_ 1.34:,0650 4.0050: 36.15 ¥ 6.09

613303 3.7400 0177°11 21%_ 1, 73:.0750 kOO?l. 44.66 + 7.80
613304 .7500_4,.0165- 10.328 1, 56..0575 +.oosa 43,43 ¢ 7.50

B13303 ;.7800 4.0201: 12 30 % 1. 90..9575 - ooss- 45,43 i 8.73
613305 . 7400%_,0234: 9,41 & 1.42:.0575 4 0086: 70.08 ¢ 14.87

Fy 378 Darling X Robust.

617806: .7600 #.0114: 7.07 4 1.07:.0635 # . OO41° 30.88 & 5,13
617807§ .7300 t.0138: 8.31 ¥ 1.24:.0530!- .0020: 18.30 # 3.84
617808: . 7500 i'.0134f 8.41 ¥+ 1. 27:.0800 * .0070E 41.37 ¢ 7.21
617809; .7300 &, 0085. 5.47 ¢ - 824 0340 # .,0017:2 14,81 & 3,58
617810E .7300 ¥, 0139-10 24 & 1.34 . 0500 & .0088: 26.80 #+ 4,30
W-- Width of terminal leaflet, in mm

L-- Length of terminal leaflet, in m m

P-- Length of petiole, in m m
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Table 10 gives Robust, Darling and the F1 of this
croes raised in the field of 1926. Robust has a range of
.8350 * .0299 to .6950 ¥ .0239 for the ratio % and of
.0850 ¥ 0102 to .0575 £ .0046 for the ratios %}Tﬁ‘. Darling
has a range of .7800 & .0201 to .7300 & .0120 for'the ratio %
and .0750 .0071 to .0575 & .0058 for the ratio LXF. The Fl
has a range from .7600 ¥+ ,0104 to .7300 & .0085 for the ratio
%'and .0800 & .0070 to .0500 & ,0028 for the ratio W

- - IXP. This

shows that F; would fit into either parent group as far as the
means are concerned. However from the coefficients of variation
it is seen that the F{ ie more uniform than either parent group
but not significantly different from them on the basis of
probable error., The Fl plant 617809 is a very uniform plant
and just from casual observation appears in a class by itself
however there is no significant difference between this plant

and 613301 in the Darling group.
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Tatle 11.

A comparison or Robust, Mexican Tree arnd the F1 of

this cross grown in the field 1¢26.

. Robusgt W

Plart # ' T cv M LxF cv

67101 . .8250 hd .0299:22. 66 + 3.54+.0850 r .0102% 56.47 410,75
67108 :.6950 * .0239:18.96 h 1.98:.0750 M L0071} 44.66 r 7.e0
67103 :.8100 * .0224:13.96 T 1.98:.0675 * .0063: 42.96 ¥ 250
67104 :.7600 A .0172:10. 61 r 1. 60: . 0800 b .0136: 80.00 * 18.20
67105 :.7700 * 0350319, 48 * 3:04:. 0575 * .0046: 37.91 ¥ 6.40

Mexican Tree
619101:.7100 + ,0141: 9.33 * 1,41:,0335 * .0019:35.35 - 4.01
6181021 . 7650 hd .0250:15. 68 hd 2.35:.0385 hd .0017:18. 96 * 2.5
610103+ .7200 s .0097% 6.36 * .9591 . 0440 * .0014:15.90 * 2,37
618104 . 7400 M .0170:10.81 b 1,635, G380 : .C016112.89 +o1.e7
F, Ao 280 Mexican Tree x Fobust |

619001:.7100 * .0104: 6.88 # 1.04:.0450 ¥ ,0034: 35.55 ¢+ 5,94
618002+ . 7300 ® .0128+ 8.21 + 1.249. C425 r .0033; 35.29 T 5.93
619003: ,7400 * .0114; 7.27 * 1.10:. 0500 + .0049;, 46.00 ¥ 8.23
619004:.7800 * .0201:12.30 * 1.96:.0450 * 0034} 35.55 ¥ 5.93
619005 . 7300 + .C136% 8,88 * 1.34:.0475 * L0035} 34,73 ¥ 5.78

W--W'idth of terminal leaflet in m m
L--Length of terminal leaflet in mm

F--lLength of petiole in m m
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Tatle 11 is a comparison of Robuet, Mexican Tree and

the F1 of this cross. Robust has % spread of .8350 # ,03¢9
to .6950 & .0339 for the ratio of L and .0850 * .0103 to
w

.0575¢%_ .0046 for the ratio LxF. Mexicar Tree has a spread
W

of .7650 ¥ ,0350 to .7100 * .0141 for the rat'i‘o L and
.0440 * ,0014 to .0335_+,0019 for the ratio LxF. The Fi has a

spread of .7800 * .0201 to .7100 * .0104 for the ratio L and
.0500 © .0049 to .0435 ¥ .0033 for the ratio TxF. Here
again the means of the F1 ééuld be classed with eitner parent
group. The ccefficients of variation show, however, that’' for
the ratio f%? there is greater variation in the Fl than in
the mother pasent indicating that the Robust parent may havs
affected tte Fl' Putting them on the basis of probatle error
there is no significant difference between the F, and the

1
mother parent,
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Table 13.
Comparing Robust, Crawford and the
grown in the field 19286.

ROBUST

Fl of this cross

Flant

|

Q
q

L xP

67101
67102
67103
67104
87105

612401
613403
613403
B12404

0 o0 00 90 e o0 oo

(o2}
-
aV )
>
(@]
(3]
L]

618401:
618403:
618403.
618404

[ 2 o9 00 o0 o0

(9]
-
(o0}
S
(97}
L]

W~--Width of terminal leaflet

« 7750
.8050
. 7350
. 7350
. 7800

«7700
. 7500
« 7300
.7500
« 7000

I+ 1t

I*

I+ 0

4 1+ I+ 4

i+

It It

4§

r

+

. 0299
. 0239
. 0334
.0173
. 0320

jaV]
[AV]
(0]
(0]
\r
o
w»>

® 00 o0 o0 oo |2

[
w>
ot
'S
@

. 0750

13.96 $1.98: .0675
+1.60; .0800
+2.04

00 00 00 00 090 00 o0
-
(0)]

(1]
[
o
(02}
-

s oo
[}

(¢}

>

©

o0 o0 o

. 0575

CRAWFORD

«0373:

.0378:

.0170:

.0213+

03013

o L] L)
O O O
o - AV)
O D -~
o 0 e

, 01 06:

33.59 * 3,54:,0800

16.33 & 3.50:.0675
11.03 *+ 1,71:.0786
13.53

13.30

4+ 3,04:.0650
+ 1.96:.0750

Ac 378 Crawford X

.0850 *

.0136:

e 1e
o
R
2

1 4

0111
. 0060

I+

0 00 00 00 00 oo

:

(R 4

Rcbust

9.66 ¥ 1.46:.0570

13.40 * 2,04 .0675 #.0039

8.31 * 1.24:.0650

S. 96

+ .8983:.0535

1.08.0475

7.14 +

inmmnm

L--Length of terminal leaflet in m m

F--Length of petiole.in mm

# .0015:

o
3
(2

f
.0036

o=
*

. 0026

56.47 ¥ 10.75
44.66 ¥+ 7,80
43,96

80, 00

+ 7,50
#18.20
37.91_+ 6.90

80.00
33.14

+18.30
5.28
13.55
7.67

} g

66.15

Ir

43,53

26.80 4.30

i+ It

12.98 1.99

R 4

87.70 4.51

i+

69.33 & 14.99

I*

31.42 5.15

4.01

I+ M

25.68
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In Table 13 is shown Robust, Crawford, and the Fy of

=

this cross. Robust has a range in means L of .8350 # ,0399
to .5950 # .0303 and for %ﬁ' from .0850 #+ .0102 to

.0575 % ,0046. Crawford has a range from .8050 ¥ .0278 to
+7350 & 0170 for the mean ratiow% and from .0800 * ,0136 to-

«0650 ¥ .0060 for the means of LxF. The F; has a range from

)

. 0875

|=

.C039 to .0475 & .C036 for the means of LxF. In this

I+

table the -three groups may be considered identical when based
upon variation and upon probable error as the means fall so

nearly within the same range.
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e 13,

A aoomparison of Rorust, Farly Frolific, and the

F; grown in the field 1926,

Rotust
r
N X ¥ Lxp I
L CcVv cvY

Flant ¢
:

67101 :.8250 ¥
H
67108 3.6950 ¥

b4
67103 :.8100
671C4 3.7600
H
67105 :.7750

6176013, 6700
6176033 . 7400
617603 . 7900
6176041 . 7500 t

I* 199

i<

R

r

€176051.7600 ¥

.

6175113
:®
6175123
6175133
H
617514:

617515,

« 6590
« 7300
« 7300
« €600
. 7800

F

-l

T

-
r
4
r
A 4

H H
.0399: 33.66 ¥ 3.54:,0830 ¥ .0102: 56.47 °

tH H
.0239;: 16.14 L 2.48:.0750

H :
.0224;: 12.96 ¥ 1.98,.0675
H H
H H
.0320; 19.48 * 3.04:.0575

o) ¢ 21 <

Early Frolifie

.0159:

11.16 & r
H H;
9.45 ¥ 1.43.,0950 * ,0034; 35,55
r

10,12

& 1.73:.0370

T 1.55;.0600

10.32

3.49

3
*1.5%:.0400 *

: H
T .594:.0430 ¥ ,0014: 15.81

. 00952
. 00851
0185
.O114:
.o128;

6.87
5.47
11,93
8.15
7.69

W--Width of terminal lexflet

+1.04:,0410 *
: +
.824:.0450 ©
$ -
1.74:.0550
1.83:.0480
1.16: 40475

I* 14 1e e

-
e
-
*

inmnm

L--Length of terminai leaflet inmm

F--Length of petioles in m m

3

. 0063: 42,966
¢

.0138: 80.00
H

. 0046- 37. 91,_.

.0014: 18.37

.0071% 44.66

I+ 1+ 1 ¢

b

.0028; 232.33
H

.00R4;: 52.46

(I I R B I g

Ac 375 Early Frolific x Rotust

.0017:19, 51
.0016:1?.11
.ooa4§zs.09
.0034124.18
.oozsias.ss

| ri® | * | |+

10,75
7.80
7.50

18.20
6.40

<.88
5.9
3.57
3.70
©.36

3.04
2.70
4.838
3.83
4.01
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Tatle 13 gives Robust, Farly Frolific ard the F1

grown in the field 1926. Robust has a spread of .8350 ¥ ,0399
w

to .6950 * .0309 for the means of T and of .0850 ¥ .0103

*»

w
to .0575 .0046 for the means of LxF. The Early Frolific

has a spread of .7900 * .0170 to .6700 * .0159 for the means
W W
LT and of .0950 . .0034 to .0370 ¥ .0014 for the means of LxF.

The F, has & spread of .7800 ¥ .0128 to .6500 ¥ .00s5 for the
W

means L and of .0550 * .,0024 to .0410 * ,0017 for the means

L

L' x P. As indicated by this table the means of all three
grcups fall 8o nearly in the same range that individual Fl
plants may fit into either parent group. On the basis of

variation, there is no significant difference between the F1

and the other plants.
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CONCLUEICNS
1. Seed messurements cannot be used as a criterion of
identification of
(a) F, seed from the parent.
(t) Early Frolific from Robust seed.
Since a single bean may fall within the range of
either parent or in the case of Early Frolific and
Robust, single beanes from either variety cannot te
identified.
8. Coefficients of correlation of length to width of beans
cannot be used as a criterion of identification.

(a) As indicated in Table 6, the range in these values
obtained from Robust is great enough to irnclude
all varieties tested.

3. F1 plants of crosses between similar strains of white beans
cannot be identified by leaflet and petiole measurements
as taken and computed in this experiment.

(a) Examination of Tables 7-13 shows that whether
plants are grown in the green house or in the
field, the means of all varieties tested are the
same when based upon probable error.

(b) There may be plante in the same variety which are
significantly different from each other,

(c) There are plants in each variety tested identical

or nearly so with plants in each of the other

varieties.,



4. On the basis of the ccefficients of variability there is no
significant difference in F1 rlante and the parent varieties.
(a) In Table 10 the F, of the Darling x Robust croes
appears more uniform than either parent while in
Tzkle 11 the F1 of the Mexican Tree x Robust ie
apparently more variable than the mother parent.
Flacing these two F, progenies on the basis of

probable error there is no eignificant difference

in either case from the mother parent.

=

w
5. Bean plants are constantly changing in the ratioe T and LxF

as indicated by Table O.

(a) A plant may remain constant for one ratio for
several weeks while the other ratio changes or
both ratios may change as to be significantly
different in a period of two weeks.

(b) One ratio may become wider as the other becomes
narrower showing that the ratios change indepen-
dently of each other.

(3) A plant may remain constant for both ratios for

eix weeks which was the duration of tLis part of

the experiment.
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