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Inheritance Studies
in the Pepper,

Capsicum frutescensi
M. L. Odland

Introduction

.A. WIDE diversity of characters exists in the cultivated forms
of peppers.2 Studies of the mode of inheritance of some of the
characters have been reported (1, 6, 8, 9, 10, 14, 15, 17). Since
many of these were limited in scope, further study appeared to
be desirable. This bulletin concerns color of immature fruit, posi-
tion of fruit (geotropic response of fruit) , embracing as con-
trasted to non-embracing type of calyx, degree of pungency, and
time of maturity.3

Material and Methods

Six varieties, Ornamental, Cayenne, Sunnybrook, California
Wonder, Harris Early Giant, and Harris Earliest, were used. The
contrasting characters studied are presented in table 1. Individual
plant selections of the varieties were made for one or more sea-
sons previous to crossing. A single plant selection of the Orna-
mental varieties was used in all crosses with other varieties.
This fact has a bearing upon interpretation of data on immature
fruit color. The seed for the F1, F., and backcross progenies was
obtained under controlled conditions in the greenhouse. The seed
for F3 progenies was obtained from field-grown Fo plants.

Data were obtained over a period of two years on plants grown

in the field. The parents and F1 and Fo progenies were grown the
first year. In the second year F3 and backcross progenies were
grown together with the parents and F1 and certain Fo progenies.

1 A thesis submitted to the faculty of the Graduate School of the University of
Minnesota in partial fulfillment of the requirements for the degree of Doctor of
Philosophy.

2 Italic figures in parentheses refer to literature cited.
The writer acknowledges his indebtedness to Dr. A. E. Hutchins for suggest-

ing this problem, for making the necessary material available, and for many helpful
criticisms, and to Dr. F. A. Krantz for suggestions in the analysis of the data and in
the preparation of the manuscript. Many constructive criticisms also have been re-
ceived from other members of the staff of the University of Minnesota, particularly
Dr. C. R. Burnham and Dr. E. C. Abbe.
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Table 1. Varieties of Peppers and Contrasting Characters Studied

Variety Immature
fruit
color*.

Position
of

peduncle

Type
of

calyx
Pungency Maturity

Ornamental Sulfury white Erect Embracing ...•••.•••••.•••••••••••••..••••••••.•. Very late
Cayenne Cedar green Pendent Embracing Very pungent
Sunnybrook Cedar green Erect Non-embracing Non-pungent Medium early
California Wonder Cedar green Erect Non-embracing .......................................
Harris Early Giant Cedar green Pendent .......................................... ....................................... Early
Harris Earliest , Cedar green Pendent Non-embracing .......................................

* Koster's Color Guide (11) was used to determine color.

INHERITANCE OF IMMATURE FRUIT COLOR

Immature fruit color was studied in three crosses, Harris
Earliest x Ornamental, Harris Early Giant x Ornamental, and
Cayenne x Ornamental. These crosses are discussed in this order.

Harris Earliest x Ornamental
Table 2 presents the data obtained on the inheritance of im-

mature fruit color in F1, Fo, backcross, and F3, progenies of a
cross of Harris Earliest (cedar green) x Ornamental (sulfury
white) .

The F1 was a dark lettuce green, a color intermediate between
that of the parents. In F2 the two progenies grown consisted of
74 green and 5 sulfury white, and 71 green and 2 sulfury white,
respectively. The three backcross progenies were classified as
follows: 39 green : 8 sulfury white; .82 green : 27 sulfury white;
and 81 green : 19 sulfury white. The F2 figures are in good agree-
ment with a calculated 15:1 ratio and the backcross figures with
a calculated 3: 1 ratio.

Table 2. Immature Fruit Color in the Fi, F2, F3, and Backcross Progenies of
Harris Earliest x Ornamental

Number
Progeny of

plants

• Number of individuals
observed in indi-

cated class
Calcu-
lated
ratio

P from X2
lies

between
Green* Sulfury white

4 ............ .....................
. 74 5 15:1 .95—.90
71 2 15:1 .20—.10

Fi x Ornamental. 47 39 8 3:1 .30—.20
x Ornamental .................................... 109 82 27 3:1 .90—.80
x Ornamentalf..................................... 100 81 19 3:1 .20—.10

F3 (Sulfury white F2 plant) ...... 48 48 .....................
Fa (Sulfury white F2 plant) ..... 33 33

* Includes cedar green, and lettuce or intermediate green.
Grown in the greenhouse.
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Harris Early Giant x Ornamental

The results obtained in this cross between cedar-green and
sulfury-white parents are presented in tables 3 and 4.

_ The F1 was intermediate in color and appeared to be identical
with that obtained in the previously discussed cross. Seven F2
populations representing progenies of individual F1 plants were

studied. It may be noted in table 3 that four F1 plants produced
F2 progenies that were in good agreement wtih a 15:1 ratio.
Three F1 plants gave Fo progenies which did not seem to be in
harmony with this ratio.

The summated chi square value for goodness of fit of the seven
progenies to a 15:1 ratio gives a very small P. From an inspection
of the data presented in table 3 there appeared to be two types
of segregation, 15:1 and 63:1. Employing the method suggested by
Mather (12), a X2 of 216.16 between the two types was obtained,
indicating a significant difference between the two types of prog-
enies. A X2 of 9.33 was obtained between progenies within the
two types, indicating that the progenies within the two types
were not significantly different.

Two F1 plants were used in the backcross to Ornamental. It
may be noted in table 2 that the observed numbers are in fair
agreement with a calculated 3:1 ratio. In the backcross of the F1
to the cedar-green parent, all plants produced fruit as dark as or
darker than the intermediate color of the F1.

One hundred and thirty-two F3 progenies of approximately
50 plants each were grown from Fo family 71.36. The results are
presented in table 4. Of the 127 Fo segregates classified as green,
62 either bred true for green or intermediate green (lettuce
green) or segregated for green and intermediate green; 29 segre-
gated in the approximate proportion of 15 green : 1 sulfury white;
and 36 segregated in an approximate 3:1 ratio. The five Fo indi-
viduals classified as sulfury white bred true. These results are in
good agreement with the expectation calculated on the assump-
tion that the differences in immature fruit color between the two
parents were conditioned by two genes.

Cayenne x Ornamental

The results obtained in this cross between cedar-green and
sulfury-white parents are presented in tables 5 and 6.

The immature-fruit color of the F1 was classified as intermedi-
ate green, though it appeared to be a shade darker than the F1
of the two previously discussed crosses.



Table 3. Immature Fruit Color in Fi, F2, and Backcross Progenies of Harris Early Giant x Ornamental

Progeny

Number Number of individuals Calcu-
of observed in indi- lated P from X2

Year plants cated class ratio lies
grown between

Green* Sulfury white

36 36 0

F2 (71.36) . 1936 132 127 5 15:1 .30—.20
F2 (71.36) ...___......_......._..._______....................._..................________ 1937 304 280 24 15:1 .50---.30

F2 (72.36) ........................................................................................................................ 1936 119 111 8 15:1 .80--.70
F2 P2.36) 1937 271 250 21 15:1 .50—.30

Fl (73.36) 1936 85 79 6 15:1 .80—.70
F2 (73.36) ........................................................................................................................ 1937 572 534 38 15:1 .70—.50

Fl (202.36) ••••••••••••••••••-•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1937 699 .668 31 15:1 .05—.04

Fl (74.36) ..._____..._......_._......______________...._...._....__ 1936 94 93 1 63:1 .70—.50
F2 (74.36)  1937 524 517 7 63:1 .70—.50

F2 (75.36) 1936 113 110 3 63:1 .50—.20
1936 445 434 11 63:1 .20—.10

1936 626 618 8 63:1 .70—.50

Fi x Ornamental (32.37) ............_......._._.......................................... 55 35 20 3:1 .10—.05
Fi x Ornamental (34.37) ............................_............................................. ............ 10 6 4 3:1 .30—.20
Fi x Harris Early Giant ..................................................................---..... .........- 10 10 0 ............ .....................

* Includes cedar green and lettuce or intermediate green.
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Table 4. The F3 Breeding Behavior of Immature Fruit Color in the Cross of Harris Early

Giant x Ornamental (from F2 Family 71.36)

Number of progenies with indicated
breeding behavior

Number of   P
Segregation F3 Green and Segre- Segre- lies

(15:1) progenies inter- gating gating White between
mediate*

Theoretical .............................. 132 57.75 33.00 33.00 8.25 .50—.30

Obtained ....................................... 132 62 29 36 5

Deviation 4.25 —4.00 3.00 —3.25

* Includes all progenies that bred true for green and for intermediate (lettuce green),
and those that segregated for green and for intermediate.

In table 5 it may be noted that one of the 10 F1 plants tested
gave an F2 progeny that fits a 15: 1 ratio fairly well. Two F1 plants
gave progenies which were nearer the proportion of 63:1. Seven
F1 plants, from which Fo progenies having a combined total of
1,089 plants were grown, produced no plants with sulfury-white
immature fruit.

The two backcrosses to the recessive, one of which was grown
in the greenhouse as well as in the field, contained green and
sulfury-white immature-fruited individuals approximately in the
proportion of 3:1. The backcross to the dominant parent con-
sisted of 23 plants, all with green immature fruit color.

Five Fo plants from family 108.36 were tested in the F3. The
observations are presented in table 6. The green immature-fruited
plant, similar to the parent Cayenne variety, appeared to breed
true. Of the four intermediate Fo plants, three gave progenies
consisting of green and sulfury-white plants in the approximate
proportion of 15:1. The fourth F2 intermediate plant gave no
sulfury-white F3 individuals in a population of 25 plants.

Immature Fruit Color—Discussion

Webber (17) and Deshpande (1) conclude from their results
that the difference between green and yellow immature-fruit
color in their material was conditioned by a single gene with
green color dominant. Halsted (5) reports that the F1 of a cross
between a "pale green variety" and an "ordinary green variety"
was pale green. The results obtained from the three crosses re-
ported in this paper suggest that the difference between cedar

green and sulfury white could, in those cases where information

on the backcross and the breeding behavior of the Fo were avail-

able, be explained as due to the interaction of two allelomorphic
pairs of genes, G1 g1 Go go. A number of Fo progenies of certain

F1 plants had less than the number of sulfury-white individuals

r ,



Table 5. Immature Fruit Color in F1, F2, and Backcross Progenies of Cayenne x Ornamental

Progeny Year
grown

Number
of

plants

Number of individuals
observed in indi-

cated class
Calcu-
lated
ratio

P from X2
lies

between
Green* Sulfury white

14 14 0

Fs (106.36) 1936 34 34 0 .....................
F2 (107.36) 1936 35 35 0
F'2 (108.36) 1936 33 33 0
F2 (109.36) ------------------------- 1936 39 39 0 ............
Fs (214.36) 1937 206 206 0

F2 (218.36) 1937 349 349 0

F2 (219.36) 1937 393 393 0 ............ ----------
F2 (220.36) 1937 167 159 8 15:1 .50—.30
F2 (221.36) 1937 237 232 5 63:1 .80—.30
F2 (222.36) 1937 382 378 4 63:1 .50—.30

Fi x Ornamental (20.37) ........................................................................... 20 15 5 3:1
Fi. x Ornamental (21.37) ......................................,.................................... 76 55 21 3:1 .70—.50
F1 x Ornamental (21.37)t ........................................................................ 167 23 0
Ft x Cayenne 23 130 37 3:1 .50—.30

* Includes cedar and lettuce or intermediate green.
Grown in the greenhouse.

Table 6. Immature Fruit Color in F3 Progenies of F2 108.36, a Cross between Cayenne and Ornamental

Phenotype Number
Number of individuals

observed in indi- Calcu- P from X2
Progeny of of cated class lated lies

F2 plant plants ratio ' between
Green* Sulfury white

F3 (1051.36) ........................................................................ Green 28 28 0 .....................
F3 (1060.36) ...................................................................... Intermediate 25 25 0 ............ .....................
F3 (1063.36) ........................................................................ Intermediate 25 23 2 15:1 .80—.70
F3 (1064.36) ........................................................................ Intermediate 25 23 2 15:1 .80—.70
F3 (1065.36) ....................................................................... Intermediate 19 18 1 15:1 .90—.80

* Cedar green and lettuce or intermediate green.
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expected on the hypothesis of a two-factor difference. The data
suggest, but are perhaps insufficient to be taken as proof, that
there are more than two major immature color genes. Recently
Odland and Porter ( 15) studied the inheritance of immature-fruit
color with selected strains under controlled pollinations. They
found that the lettuce or yellowish-green color of Hungarian
Yellow Wax and Tabasco was dominant to the sulfury white of
Ornamental and recessive to the cedar green of Oshkosh and
Red Cherry. Two pairs of allelomorphic genes were found to
condition the difference. The cedar-green varieties Oshkosh and
Red Cherry were homozygous dominant and the sulfury-white
variety, Ornamental, was recessive for both pairs of genes.

INHERITANCE OF FRUIT POSITION

In the several pepper varieties studied, it was noted that dur-
ing a period of from several days prior to anthesis until one or
two days after anthesis the ovary assumes such a position that
the stigmatic end points downward. In certain varieties this posi-
tion is retained, but in other varieties the peduncle straightens
out, becoming vertical and erect so that the stigmatic end of the
fruit points upward. That the position of the fruit is not depend-
ent upon the position of the branch upon, which it is borne is
shown by the fact that if a plant bearing pendent fruit is blown
over by the wind, the new fruits formed will point downward,
while the converse is true of plants bearing erect fruit; i.e., the
position of the fruit is determined primarily by gravity. That
gravity does indeed influence the position of the fruit has been
proved experimentally by Ikeno (9) and Kaiser ( 10) by the use
of a clinostat and by inversion of potted plants. The results from
a study of seven crosses are presented in this bulletin.

Monohybrid Segregation

In five of the seven crosses, Harris Earliest (pendent) x Orna-
mental (erect) , Harris Early Giant (pendent) x Ornamental,
Cayenne (pendent) x Ornamental, Sunnybrook (erect) x Cay-
enne, and Sunnybrook x Harris Earliest, the results indicate a
monohybrid segregation. The data are presented in table 7.

The F1 of the Harris Earliest x Ornamental cross was pendent
fruited. In the F2, 119 pendent- and 33 erect-fruited plants were
obtained. The backcross had 128 plants of each type. These re-
sults are in good agreement with the 3:1 and 1:1 ratios expected.



Table 7. Position of Fruit in F1, F2, F3, and Backcross Progenies of Five Different Crosses

Progeny
Number

of
plants

Number of individuals
observed in indi-

cated class
Calcu-
lated
ratio

P from X2
lies

between
Pendent Erect

Harris Earliest x Ornamental
10 10 0
152 119 33 3:1 .50—.20

256 128 128 1:1

48 0 48
45 45 0

Harris Early Giant x Ornamental
••••••••••••••••••••••••-••••••••••••••••-•-••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 10 10 ...... ............ •••••••••••••••••••••

F2 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ...•••••••••••••.............••••••••••••••.••••.••••.•••••.•••••.•.••••••••.••••••••.•••••.•••••••••••••••••.••.••...• 132 98 34 3:1 .95—.90

F2 •••••••.•••••••••••••••••.•••••••••••••••••.•••••••••••••.•••••.•••••••••••••••••.•....•••••.••.•••••••••••••.••••.••.•••••..••.••••••.•••••••.•••••••••.••••••••••••••.•.•.•.••••••••• 414 298 116 3:1 .20—.10

55 29 26 1:1 .90—.80

10 5 5 1:1

Cayenne x Ornamental
Fi. . •••••••• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
F2 ....................... ..........................................................................................••••••••••• .........................................................

F3 (1060.36) ............................................................................................................................................................

10
141
263
23

10
109
137

23

0
32
126
0

3:1
1:1

.. ...............
.70—.50
.50—.30

F3 (1064.36) •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 25 25 0
F3 (1051.36) •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••..
F3 (1073.36)
F3 (1075.36) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

28
19
20

28
13
15

0
6
5

............
3:1 '
3:1

.70—.50

Fl 25 18 7 3:1 .90—.80

Sunnybrook x Cayenne .
30 30 0 ............

487 380 107 3:1 .20—.10

55 55 0 ............

373 279 ' 94 3:1 .95—.90
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Table 7. Position of Fruit in F1, F2s F3, and Backcross Progenies of Five Different Crosses—Continued

Progeny
Number

of
plants

Number of individuals
observed in indi-

cated class
Calcu-
lated
ratio

P from X2
lies

between
Pendent Erect

55

218

27
218

28
0

1:1 .90—.80

F3 880.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••......••••••
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

••••••••••••••••••••••••••• 23 23 0 •••••••••••• •••••••••••••••••••••

F3 819.36 •••••••••••••••••••••••••••••••••••.................................
...........................•....••••••••••••••••••••••••••••••••••••

•••••••••••••••••••••••••••• 23 23 0 ••••••••••••

F3 811.36 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••.............
...........•••••••.....••••••••••••••••••••••••••••••••••••••••••••••

••••••••••••••••••••••••••• 23 23 0

F3 702.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

•••••••••••••••••••••••••••
8 8 0 ••••••••••••

F3 708.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

••••••••••••••••••••••••••• 10 10 0 .•••••••••••

F3 873.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

••••••••••••••••••••••••••• 23 23 0 ............

F3 810.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

••••••••••••••••••••••••••• 23 15 8 3:1 .50—.30

F3 698.36 ..... 10 7 3 31 .90—.80

F3 878.36 ......................................................................................... ..... ....................................................................... 22 17 5 3:1 -00-7.80

F3 859.36 14 8 6 3:1 .90—.80

F3 854.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••••••••••••••• ..... ••••••••••••••••••••••••••••••••••••••

••••••••••••••••••••••••••• 23 15 8 3:1 .50—.30

F3 807.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

•••••••••••••••••••••••••••
25 15 10 3:1 .10—.05

F3 870.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

•••••••••••••••••••••••••••
25 20 5 3:1 .70—.50

F3 822.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

••••••••••••••••••••••••••• 28 19 9 3:1 .50—.30

F3 886.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
••••••••••••••••••...................................................

...•••••••••••••••••••••••• 23 16 7 3:1 .70—.50

F3 837.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

••••••••••••••••••••••••••• 25 19 6 3:1 .95—.90

F3 887.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••..........
..•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

••••••••••••••••••••••••••• 24 ...... 24 ............

F3 809.36 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
••••••••••••••••••......................................•••••••••••••

••••••••••••••••••••••••••• 23 •••••• 23

F3 892.36 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
•••••••••••••••••••••••••••••...••••••••••••••••••••••••••••••••••••

•••••••••••••••••••••••••••• 22 22

23 •••••• 23

Sunnybrook x Harris Earliest
116 92 24 3:1 .30—.20

•,,
-
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An erect-fruited F2 plant ga'.7e 48 erect-fruited plants and a
pendent-fruited F2 plant gave 45 pendent-fruited plants in the F3.

In the Harris Early Giant x Ornamental cross, the F1 was
pendent fruited. The proportion of pendent- and erect-fruited
plants obtained in the 1?2 and backcross were in good agreement
with calculated monohybrid ratios. One hundred and thirty-two
F2 plants of this cross were tested in F3 for their breeding be-
havior. The results are given in table 8. A ratio of 32 pendent:
69 segregating : 31 erect was obtained, which is in good agree-
ment with a calculated 1:2:1 ratio.

Likewise, in the Cayenne x Ornamental cross the F1 was
pendent fruited (table 7), and a ratio suggesting monohybrid
segregation was obtained in F, and backcross progenies. Six F3
progenies of F2 plants classified as pendent were grown. Three
bred true for pendent and three segregated.

In a cross between Sunnybrook and Cayenne (and recipro-
cal), the F1 was pendent; a 3:1 ,ratio was obtained in the F2 and
a 1:1 ratio in the backcross of the F1 to the erect parent. When
the F1 is backcrossed to the pendent parent the progeny are all
pendent. The breeding behavior of 20 randomly selected F2 plants
is presented in the table. Of 16 progenies grown from F2 plants
classified as pendent, six bred true and 10 segregated in a ratio
of 3 pendent: 1 erect. Four progenies, grown from erect F. plants,
bred true for erect.

In an Fo progeny of the Sunnybrook x Harris Earliest cross,
an observed ratio of 92 pendent : 24 erect was obtained.

Distorted Monohybrid Ratios

Distorted monohybrid ratios were obtained in two crosses,
California Wonder x Cayenne and Harris Early Giant x Sunny-
brook. The results are summarized in table 9.

The F1 of California Wonder x Cayenne and the reciprocal
cross were pendent. The F2 progenies of the reciprocal crosses

Table 8. Fruit Position in 132 F3 Progenies of Harris Early Giant x Ornamental
(F2 71.36)

Segregation

Number of plants in classes of
Number of indicated breeding behavior P
F2 plants is
tested PP Pp pp between

Positive Segregating Negative

32 69 31 •••.•••••.••••••.•...
Calculated ......................................................... 132 33 66 33 .95—.90

—1 3 —2 •••••••••••••••••••••
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consisted of 193 pendent and 45 erect, and 121 pendent and 16
erect. Due to a deficiency in the recessive class, the segregation
obtained is in poor agreement with the calculated 3:1 ratio.

Reciprocal F1 progenies of tie Harris Early Giant x Sunny-
brook cross were classified as pendent; however, there was a
tendency for some of the fruits )to assume a more or less hori-
zontal position. Separate Fo progenies were grown from 15 F1
plants. In only five progenies (57.36, 60.36, 61.36, 62.36, and 70.36)
was segregation obtained which agreed reasonably well with a
calculated 3:1 ratio. Combining the 15 F2 progenies gives a ratio
of 682 pendent : 423 erect. Assuming monohybrid segregation, the
expected ratio would be 829 pendent : 276 erect. Thus since there
is an excess in the recessive class the results do not harmonize
with the calculated ratio.

Eleven plants classified as erect and eight classified as pendent
in the F2 from culture 64.36 were carried into the F3 (table 9) .
Of the 11 plants classified as erect six bred true, four segregated,
and one bred true for pendent. Of the eight classified as pendent,
three bred true and five segregated. When the F2 culture 64.36
is classified on the basis of the results obtained in the F3, the
following distribution is obtained:

Dominant Heterozygous Recessive
pendent pendent erect
14 28 12
13.5 27 13.5

These results, suggesting a 1:2: 1 ratio, indicate that in this
cross the difference between the parents in geotropic response
was conditioned by a single factor.

Effect of Length of Peduncle

A study was made of peduncle length in the Fo of the Harris
Early Giant x Sunnybrook cross, for it appeared possible that a
very short peduncle might cause fruits of plants that were geo-
tropically positive to remain erect. The parent variety, Sunny-
brook, was geotropically negative and had a short peduncle and
erect fruits. The other parent was negatively geotropic with a
long, pendent peduncle.

The average length was obtained of the erect type of peduncle
and of the recurved type in the Fo culture 64.36. Five peduncles
per plant were measured. In table 10 it may be noted that the
peduncles of the pendent-fruited plants were significantly longer
than the peduncles of the erect-fruited plants. Hence there was



Table 9. Position of Fruit in F1, F2, and F3 Progenies of Two Different Crosses

Progeny
Number

of
plants

Number of individuals
observed in indi-

cated class
Calcu-
lated
ratio

P from X2
lies

between
Pendent Erect

California Wonder x Cayenne

F,,
50
238

50
193

0
45 3:1 .05—.02

Fi (Reciprocal) 28 28 0 ...................... .
F2 (Reciprocal) 137 121 16 3:1 Below .01

Harris Early Giant X Sunnybrook
Fi (51.35) 8 8 0 .........
F2 (57.36) . - 43 27 16 _ 3:l
F2 (58.36) 22 11 11 3:r - • ---- - Below .01F2 (59.36) .. . 98 53 45 3:1 - Below .01

43 33 10 3:1 .80—.70F2 (61.36) 67 49 18 3:1 .80—.70F2 (62.36) . . ..... 41 28 13 3:1 .30—.20F2 (63.36) ...._......_............ ........ ._. ..... ....... 27 14 13- 3:1 Below .01F2 (64.36) ... ..................... ..... ....... 54 32 22 3:1 Below .01F2 (64.36A) 307 191 116 3:1 Below .01Fi. (56.35) (Reciprocal) _ . 28 28 0 ----- ...........................F2 (66.36) (Reciprocal) .. .. ... ... ...... 59 32 27 3:1 Below .01F2 (67.36) (Reciprocal) - 34 17 17 3:1 Below .01F2 (68.36) (Reciprocal) .. ...... ... ... .... 38 23 15 3:1 .05—.02F2 (69.36) (Reciprocal) . 34 19 15 3:1 Below .01F2 (69.36A) (Reciprocal) 198 123 75 3:1F2 (70.36) (Reciprocal) 40 30 10 3:1 Below .01



Table 9. Position of Fruit in F1, F2, and F3 Progenies of Two Different Crosses—Continued

Progeny
Number

of
plants

Number of individuals
observed in indi-

cated class
Calcu-
lated
ratio

P from X2
lies

between
Pendent Erect

Harris Early Giant x Sunnybrook—Continued
F3 (507.36) (F2 plant classified pendent) ............................................................................ 34 34 0 --- ---------

F3 (426.36) (F2 plant classified pendent) ............................................................................ 32 32 0

F3 (497.36) (F2 plant classified pendent) ...........................................................................

F3 (503.36) (F2 plant classified pendent) ............................................................................

35
35

35
21

0
14

.........
3:1

--

--••••••••••----
.. .05—.02 .

F3 (473.36) (F2 plant classified pendent) .........................................................................- 33 21 12 3:1. ''''' '.. -
.20—.10

F3 (474.36) (F2 plant classified pendent) ............................................................................ 34 23 11
e ,

3:1 .50—.30

F3 (427.36) (F2 plant classified pendent) ............................................................................ 35 21 14 3:1 .05—.02

F3 (471.36) (F2 plant classified pendent) .........................................................................- 35 25 10 3:1 .70—.50

F3 (504.36) (F2 plant classified erect) ........................................................................--- 33 0 33 -.....................-

F3 (506.36) (F2 plant classified erect) ................................................................................— 35 0 35 .........

F3 (507.36) (F2 plant classified erect) ........................................................................--- 35 0 35

F3 (476.36) (F2 plant classified erect) .....................................................................---- 36 0 36

F3 (477.36) (F2 plant classified erect) ..................................................................................... 4 0 4

F3 (470.36) (F2 plant classified erect) ..................................................................................... 35 0 35 --- ...._....................

F3 (505.36) (F2 plant classified erect) ..................................................................................... 32 16 16 3:1 Below .01

F3 (475.36) (F2 plant classified erect) ...........................................................,......................... 35 19 16 3:1 Below .01

F3 (465.36) (F2 plant classified erect) ..................................................................................... 33 . 19 14 3:1 .05—.02

F3 (472.36) (F2 plant classified erect) ..................................................................................... 34 21 13 3:1 .10—.05

F3 (502.36) (F2 plant classified erect) ..................................................................................... 34 34 0
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Table 10. Length of Peduncle in Pendent- and Erect-Fruited Plants in the F2
of Harris Earliest x Sunnybrook (64.36)

Fruit position
Number . Peduncle length

of in mm,
plants J mean

Difference

S. E.

30.99
28.39

2.60

.........

2.7 .

an association between erectness of fruits and shortness of pe-
duncle in this cross.

, This association between length of peduncle and position of
fruit is further indicated by the higher proportion of erect-fruited
plants in progenies from erect-fruited as compared to pendent-
fruited heterozygous F2 plants (table 9) . The five segregating
progenies from pendent F2 plants gave a ratio of 111 pendent : 61
erect, whereas the ratio in the four segregating progenies from F.,
plants classified as erect is 75 pendent : 59 erect. The segregation
in the two groups of progenies is significantly different and sug-
gests that a short peduncle tends to pause geotropically positive
fruits (PP and Pp) to .remain erect.

Fruit Position—Discussion and Conclusions
From the study of the crosses, Harris Earliest x Ornamental,

Harris Early Giant x Ornamental, Cayenne x Ornamental, Sunny-
brook x Cayenne, and Sunnybrook x Harris Earliest, considered
in the preceding pages, it may be concluded that in these particu-
lar crosses geotropic response was dependent primarily upon a.
single-factor pair, P. Good agreement was found between the ob-
served and expected classification in almost every instance.

In the California Wonder x Cayenne cross, fruit position may
not be entirely dependent upon the gene P. California Wonder
is a heavy, thick-walled pepper with a medium-length peduncle,
whereas Cayenne produces relatively light fruit on a long, slender
peduncle. In certain F2 segregates in the California Wonder x
Cayenne cross, relatively heavy fruits are borne on rather slen-
der, long stems and peduncles. With such a condition existing in
pp segregates, the slender stem and peduncles might be unable
to bear the weight of the heavy fruit and, consequently, the fruit
would tend to assume a horizontal or pendent position. In many
cases a close examination of newly set fruit enables one to make
a correct classification, relative to geotropic response. In certain
instances, however, classification is difficult and this fact may
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explain the discrepancy in the ratio obtained; i.e., a few of the
recessive (pp) plants bore fruit in a pendent position and were
classified as pendent.
A distorted monohybrid ratio was also obtained in the Fo of

the Harris Early Giant x Sunnybrook cross. In this cross some
of the genetically positive plants (PP, Pp) in segregating cul-
tures bore fruit in an upright position. Data obtained indicate
that a short peduncle tended to suppress the visible effect of the
dominant allele P. A very short peduncle may restrict the re-
sponse to geotropism. The F3 study indicated that geotropic re-
sponse segregated in a monohybrid manner. In this cross fruit
position is not entirely dependent upon geotropic response.

The conclusions that can be drawn from this study are:
First, that a single-factor P differentiates positive and nega-

tive geotropic response.
Second, that fruit position, while dependent primarily upon

the factor P, may be influenced by other factors, namely, length
of peduncle, size of fruit, and general "supporting strength" of
the plant.

Immature Fruit Color and Fruit Position

The presence or absence of linkage between factors for im-
mature fruit color and geotropic response was studied in back-
crosses of the F1 of the crosses, Harris Earliest x Ornamental,
Harris Early Giant x Ornamental, and Cayenne x Ornamental,
to the recessive parent, Ornamental. Data from eight progenies,
a total of 584 plants, are given in table 11, where the observed
ratios are compared with theoretical independent segregation.

These F1 plants were of the genetic constitution G1g1G2g2P p,
and Ornamental of g1g1g2g2p p. Thus, in the backcross, with no
linkage, a ratio of 3 positive lettuce green : 1 positive sulfury
white to 3 negative lettuce green : 1 negative sulfury white would
be expected. The P values obtained are, in all cases, well above
the 5 per cent point. Therefore, no evidence of linkage between
the factors for immature fruit color and the factor for geotropic
response was obtained in this particular material.

INHERITANCE OF CALYX SHAPE
In the classification of peppers into species or horticultural

groups, the keys proposed by Sturtevant (7) and by Erwin (2)
are based upon the shape of the calyx. It is believed that the



Table 11. X' Test for Independence of Two Factors for Immature Fruit Color and the Factor for Geotropic Response

Progeny

Frequency

Number Positive Negative
of Ratio X2*

plants Lettuce Sulfury Lettuce Sulfury
green white green white

(Harris Earliest x Ornamental) x Ornamental
25.37 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 47 Observed 20 4 19 4

Calculated 19.92 4.08 19.08 3.92 .004
109 Observed 38 12 44 15

Calculated 37.61 12.39 44.39 14.61 .030
100 Observed 41 6 40 13

Calculated 38.07 8.93 42.93 10.07 2.239
(Harris Early Giant x Ornamental) x Ornamental

55 Observed 19 10 16 10
Calculated 18.45 10.55 . 16.55 9.45 .095

Ornamental x (Harris Early Giant x Ornamental)
34.37 .................................................................................................................................................................. 10 Observed 2 3 4 1

Calculated 3 2 3 2 1.667
(Cayenne X Ornamental) x Ornamental

20.37 •••••••••.•••••••••••••.••••••.••••..••••••••••.••••••••••••......•...•..••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.. 20 Observed 8 1 7 4
Calculated 6.75 2.25 8.25 2.75 1.683
Observed 32 12 23 9

Calculated 31.84 12.16 23.16 8.84 .007
Observed 65 18 65 19
Calculated 64.61 18.39 64.39 18.61 .021

*For 5 per cent point of significance, X2=3.841 for n =1.(3).
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shape of the calyx is one of the most constant characters for

delineation in studies of varieties with respect to classification.

Two general, calyx types are considered in Erwin's key; one

which embraces the base of the fruit, or is cup shaped, and the

other which does not embrace the base of the fruit, or is pateri-
form. According to this classification two groups of peppers, the

Tabascos and the Cayennes, have an "embracing" calyx, while in
the other groups the calyx is "non-embracing." Erwin (2) notes
that the calyx is "semi-flattened" in the large-fruited Cayennes.

Sturtevant (7) recognizes five calyx types, as follows: 1. The
calyx embracing the fruit. 2. The calyx pateriform, not covering
the flattened base of the fruit. 3. Calyx funnel-form, not embrac-
ing the base of the fruit. 4. Calyx funnel-form, as large as base;
fruit more or less irregularly swollen. 5. Calyx set in concavity
of fruit.

In inheritance studies, workers (5, 14) have considered two
types of calyx, the embracing and the non-embracing. In several
cases, however, intermediate types were noted in segregating
generations.

In the present study, considerable difficulty was encountered
in the classification of this character. Ornamental, which belongs
to the Celestial group according to Erwin's classification and
should be classed as non-embracing, was classed by the writer as
embracing. Possibly the particular strain used varied with re-
spect to this character from the general type of the group. The
strain of Cayenne used had a decided "embracing" type of calyx.
The other varieties used were strictly "non-embracing."

In table 12, F1 and F2 data from the following crosses are pre-
sented: embracing x embracing, non-embracing x embracing
(and reciprocal) , and non-embracing x non-embracing. In this
study an attempt was made to classify the segregating popula-
tion into embracing and non-embracing, but this method was not
entirely satisfactory.

Embracing x Embracing

In a cross between two varieties with embracing calyxes,
Cayenne x Ornamental, all plants of the F1 were classified as
embracing. One hundred and forty-one Fo plants were grown
and, like the F1, were classified as embracing. This result would
appear to favor the writer's classification of Ornamental; namely,
that it is of the embracing type.
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Table 12. Classification of Calyx Type in the Fi and F2 Generations of
Certain Pepper Crosses

Cross
Number

of
plants

Embracing Non-
embracing

Embracing x Embracing
Cayenne x Ornamental 14 14

Fs 141 141
Non-embracing x Embracing

Harris Earliest x Ornamental ........................... Fi 4 4 .........
F2 152 113 39

Sunnybrook x Cayenne ...........................•••••••••••....... Fi. 31 31
F2 497 382 115

Cayenne x Sunnybrook* .......................................... Fi 28 28 .........
F2 374 312 62

Harris Earliest x Cayenne ...................................• Fi. 54 27f 27f
F2 159 65 94

Cayenne x Harris Earliest* ................................• Fi 51 35f 16f
F2 147 70 77

California Wonder x Cayenne ....................... Fi. 50 44 6
F2 238 192 46

Cayenne x California Wonder* .................... Fi 28 26 2
F2 83 73 10

Non-embracing x Non-embracing
Sunnybrook x Harris Earliest ........................... Fi 10 ......... 1 0 t

F2 116 73f 43
California Wonder x Sunnybrook ............... Fi 12 12f •••••••••

F2 26 18 8
Sunnybrook x California Wonder.••••••••••••••••• Fi 27 27f .••••••••

F2 167 112 45

* Reciprocal cross, i.e., embracing x non-embracing.
f Tending to be intermediate or some plants tending to be intermediate.

Non-Embracing x Embracing

Four crosses between varieties differing in calyx type were
studied.

In the Harris Earliest (non-embracing) x Ornamental (em-
bracing) cross, all F1 plants were classified as embracing. The
F. classification of 113 embracing : 39 non-embracing suggests
that this character is dependent upon a single-factor difference.

In F1 plants of reciprocal crosses between Sunnybrook (non-
embracing) and Cayenne (embracing) , the calyx appeared to
be of the embracing type. The F2 progeny was classified as segre-
gating 382 embracing : 115 non-embracing, which suggests a 3:1
ratio. In the reciprocal cross a ratio of 312 embracing : 62 non-
embracing was obtained, which diverges . considerably from a
3:1 ratio.

Considerable variability was noted in the F1 of the Harris
Earliest (non-embracing) x Cayenne (embracing) cross. In a
population of 54 plants, 27 were classified as embracing and 27
as non-embracing. The plants in either of the two categories were
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not strictly parental in type, but tended to be intermediate. In

general, however, there appeared to be a fairly distinct demarca-
tion between the classes. A similar situation was noted in the F,
of the reciprocal cross where 51 plants were grown, except that
there appeared to be a greater tendency toward the embracing
type. Considerable variation was found in the F2, both within
and between plants. In a population of 159 plants, 65 were classi-
fied as embracing and 94 as non-embracing. In the reciprocal
cross the ratio is 70 embracing and 77 non-embracing. These data
do not conform to monohybrid segregation.

In a culture of 50 F1 plants of the California Wonder (non-
embracing) x Cayenne (embracing) cross, 44 were classified as
embracing and six as non-embracing. In a culture of 28 plants
of the reciprocal cross, 26 were classified as embracing and two
as non-embracing. The F2 cultures were classified into embrac-

ing and non-embracing, with ratios of 192 embracing : 46 non-
embracing and 73 embracing: 10 non-embracing. These data can
hardly be taken to indicate simple monohybrid inheritance.

Non-Embracing x Non-Embracing

Two crosses between varieties with calyxes of the non-
embracing type were studied. The Sunnybrook x Harris Earliest
cross produced an F1 classified as non-embracing although tend-
ing to be somewhat intermediate in type. In a population of
116 F2 plants, 73 were classified as embracing and 43 as non-
embracing. Some of the former approached an intermediate type.

The F1 of the California Wonder x Stinnybrook cross was
classified as embracing but tending towards an intermediate type.
In the F2, a ratio of 18 embracing and eight non-embracing was
obtained. A similar result was obtained in the reciprocal cross;
the F1 was classified as embracing, although not strictly of the
embracing type, and a ratio of 112 embracing: 45 non-embracing
was obtained in the F2.

The appearance of the embracing type in the F2 of crosses
between true breeding non-embracing varieties suggests that a
number of interacting factors may be responsible for differences
between calyx types.

•• Type of Calyx and Size of Fruit

The F2 generations of the crosses Harris Earliest x Cayenne,
Harris Earliest x Ornamental, Sunnybrook x Cayenne, and Cali-
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fornia Wonder x Cayenne were utilized to study the relationship
between type of calyx and size of fruit. The Harris Earliest x
Ornamental cross is between a large-fruited variety with non-
embracing calyx and a very small-fruited variety with a non-
embracing type of calyx. The other crosses are between large-
fruited varieties with non-embracing calyx and Cayenne, which
has a somewhat smaller and longer fruit with an embracing
type of calyx. Size of fruit was determined by multiplying the
square of the diameter by the length, which gives a fairly satis-
factory estimate of fruit size. Five fruits per plant were meas-
ured to obtain an average fruit size. The plants were classified
on the basis of fruit size into three categories: 50 to 100 cc., 121
to 190 cc., and 191 to 250 cc. The number of plants falling into
each of these classes for the two calyx types is given in table 13.
An examination of the table will show that in the Harris Earliest
x Cayenne cross there is an excess in the class of small fruit with
embracing calyx and a deficiency in the class of small fruit with
non-embracing calyx. Also, there is an excess of large-fruited
non-embracing type and a deficiency of the large-fruited em-
bracing type. X2 for independence is 12.067 and P is less than
.01. In this cross there is an association between the characters
in question. Similar results were obtained in two of the other
crosses, as seen by the P values obtained. In the California
Wonder x Cayenne cross the P value is between .10 and .05.

Type of Calyx and Shape of Fruit

Yeager ( 18) has shown experimentally that the calyx of the
tomato influences the form of fruit; i.e., the embracing type
causes the fruit to be pear shaped. This pear shape (16, 18) has
generally been found to behave as a simple recessive to the nor-
mal fruit. A study was made to determine if such a relationship
existed between the fruit and calyx in the pepper. The calyx of
five flowers on each of five plants of the variety Cayenne were
cut away prior to anthesis, thus allowing the fruit to develop
without being influenced by the calyx. The fruits so treated were
compared at maturity with the other fruits on the five plants.
No significant difference in shape was found. In the Tabasco va-
riety the fruits frequently have a "neck" or are suppressed at the
base where the calyx embraces them, suggesting that calyx type
may have a slight influence upon fruit shape. Cutting the calyx
away prior to anthesis failed in this variety also to change ma-
terially the shape of the fruit.



Table 13. X' for Independence to Test for Presence or Absence of Association between Calyx Type and Fruit Size in F2 Progenies 
of Peppers

Cross
Number

of
plants

Calyx type
Size of fruit in cc.

50-120 121-190 191-260

Harris Earliest

Cayenne
142

Embracing (Obtained)
(Calculated)

Non-embracing (Obtained)
(Calculated)

16
9.61

6
12.39

40 •
41.04

54
52.96

6
11.35

20
14.65

Less than .01

Embracing (Obtained) 77 28 8

Harris Earliest (Calculated) 63.93 29.0b 20.07
152 Less than .01

Ornamental Non-embracing (Obtained) 9 11 19

(Calculated) 22.07 11.00 6.93

Embracing (Obtained) 43 259 72
Sunnybrook (Calculated) 36.27 230.45 107.29

495 Less than .01

Cayenne Non-embracing (Obtained) 5 46 70

(Calculated) 11.73 74.55 . 34.71

Embracing (Obtained) 97 71 25
California Wonder (Calculated) 92.87 70.26 29.88

238 Between .10 and .05

Cayenne Non-embracing (Obtained) 18 16 12

(Calculated) 22.13 16.74 7.12
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Calyx Type—Discussion and Conclusions
In the Harris Earliest x Ornamental and Sunnybrook x Cay-

enne crosses (non-embracing x embracing) , the F1 was found to
be of the embracing type and the F2 segregated in a manner that
suggested a ratio of 3 embracing : 1 non-embracing. However,
in the crosses Harris Earliest x Cayenne and California Wonder x
Cayenne, the data do not appear to conform to that expected on
the basis of monohybrid inheritance. Miller and Fineman ( 14),
in a cross between Sport (embracing) and Worldbeater (non-
embracing) , found the F1 to be non-embracing and obtained a
ratio of 3 non-embracing : 1 embracing in the F2. Other workers
( 17, 5, 1) have suggested monohybrid segregation, but with con-
flicting results as to which type is dominant.

Somewhat conflicting results were obtained in the crosses be-
tween non-embracing varieties. Although the F1 tended to be
non-embracing, a large proportion of the F2 plants in the Sunny-
brook x Harris Earliest cross tended to be of the embracing type.
The F2 segregated in a ratio of approximately 3 embracing : 1
non-embracing.

It has been shown (table 13) that in the F2 of certain crosses
there is a relationship between size of fruit and type of calyx.
This fact might explain, at least partially, the conflicting results
obtained in the several crosses studied. That environment also
influences the character may be readily observed during the
course of a season. Certain plants may produce both the embrac-
ing and non-embracing type of calyx. Such plants may be found
in strains as well as in F1 and F2 of certain crosses. The embrac-
ing type develops during periods of dry weather. The non-
embracing type will develop during periods of very favorable
weather. The fast growth and the resulting large fruit cause the
calyx to be spread out and in some cases to be turned inside out.
Possibly crosses between small-fruited embracing and small-
fruited non-embracing types would prove to be the most suitable
material with .which to study the inheritance of this character,
as the small-fruited varieties appear to have a relatively large
calyx which perhaps would not be influenced greatly by size
of fruit.

INHERITANCE OF PUNGENCY

Peppers are usually classified as either, "hot" (pungent) or
"sweet" (non-pungent) . According to Gathercoal and Terry (4)
the degree of pungency varies greatly. Micko (13) found that
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some peppers contain 20 times as much capsaicin as others. In
this study taste alone was relied upon to determine degree of
pungency. This method is not entirely satisfactory inasmuch as
it is impossible to detect small differences in pungency. Further-
more, classification was slow due to the fact that, after having
bitten• into a "hot" pepper, further classification is impossible
until the hot taste disappears.

Soil and climate, as has been noted by Erwin (2) and by
Miller and Fineman (14), also influence the degree of pungency.
Due to these factors the character is not readily classified in
segregating cultures. Reports with respect to inheritance of
pungency, or flavor, are somewhat conflicting. Webber (17)
found non-pungent recessive to pungent and obtained fre-
quencies suggesting a 3:1 ratio in F2. He notes that there seemed
to be a slight excess over the expected number of pungent plants.
Miller and Fineman (14) found pungent to be dominant in the
F1 but recessive in the F2. They made the F2 classification under
cool fall conditions and suggest that under such conditions pun-
gency fails to develop in the heterozygous types.

The Sunnybrook (non-pungent) x Cayenne (pungent) cross
was available for the study of inheritance of pungency. The F1
was pungent, but to a lesser degree than the pungent parent.
An Fo culture consisting of 15 plants of the Sunnybrook x

Cayenne cross was examined to determine the segregation of
the character. Five plants were classified as pungent, seven as
medium pungent, and three as non-pungent. Although the popu-
lation is very small, the ratio suggests monohybrid segregation.

Progenies were studied of 18 F2 plants selected at random.
Ten of the cultures were found to segregate for pungent and
non-pungent, four bred true for pungent, and three bred true
for non-pungent. The numbers are small and, consequently, do
not definitely prove that only one major factor conditions the
flavor of the fruit. The three F3 cultures that bred true for non-
pungent were carefully examined and found to be equally as
non-pungent as the parent variety, Sunnybrook. It is of interest
from a plant breeding viewpoint to know that non-pungent
strains, which breed true, are readily developed from crosses be-
tween pungent and non-pungent peppers. Improvement in the
bell-type pepper by crossing with certain "hot"-type peppers
may be entirely feasible and probably could be accomplished
with little difficulty as the pungent quality may be readily elimi-
nated by selection in segregating cultures.
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INHERITANCE OF MATURITY

• Three criteria of maturity in peppers were considered; namely,
the first blossom to open, the first fruit to reach the green mature
stage, and the first ripe fruit. The green mature stage was found
to be difficult to judge accurately and, consequently, was not used
to indicate maturity. The first ripe fruit, i.e., the stage in the
growth of the plant when the first ripe fruit appears, proved a.
satisfactory indicator of maturity and was used to a certain ex-
tent in this study. Anthesis of the first blossom is a convenient
measure of maturity inasmuch as readings can be made earlier
in the season than on the first ripe fruit..

Maturity, as indicated by the appearance of the first blossom
or first ripe fruit per plant, was determined by inspection of
plants at three-day intervals for the parents, the F1 and F2 prog-
enies, and on certain F3 progenies of the two crosses, Harris
Early Giant (early) x Ornamental (late) and Harris Early Giant
x Sunnybrook (medium early) . Since the records were taken in
two seasons and since time to maturity varied somewhat in the
different years, the Harris Earliest variety was used as a base
for correcting the difference between years. Hence, the maturity
scale given in tables 14 and 16 really measures the number of
days that the plant or progeny is later than the Harris Earliest
variety.

Harris Early Giant x Ornamental

Maturity was studied in a cross between an early variety
(Harris Early Giant) and a late variety (Ornamental) . The
parents, the F1, and the F2 were grown in 1936. The parents and
the F1 were grown again in 1937, together with a random sample
of 23 F3 progenies. A frequency distribution showing the inheri-
tance of maturity, as indicated by the first blossom, is presented
in table 14. It may be noted that Harris Early Giant behaved
similarly in the two years. Ornamental, on the other hand, was
more variable in the first year than in the second year, many of
the plants failing to produce blossoms until very late in the
season. The differences between the means of the parents, 20
and 12 days, were significant.

On an average, the F1 in both years was as early as the early
parent. In the F2 generation 77 per cent of the individuals pro-
duced blossoms by the 25th day, a period midway between the•
means of the parents.



Table 14. Frequency Distribution of Appearance of First Blossom (Maturity) for the Varieties Harris Early Giant and Ornamental and the F1. F2,

and a Random Sample of F3 Cultures of the Cross between the Two Varieties

Culture
Number

of
plants

Days to Maturity First-
blossom period

of Fl plants
Mean Standard

deviation1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46

Early Giant 1936 27 ...... • ...... 1 5 8 10 3 17.00 .59 3.05 .41

Early Giant 1937 48 7 5 10 15 9 2 •••-• 17.25 .60 4.19 .43

Ornamental 1936 6 1 5 4 4 5 4 37.10 1.15 6.18 .81

Ornamental 1937 •••••• 4 3 ...... 29.29 .74 1.97 .53

Early Giant x
Ornamental

59.35 Fi 1936 25 3 15 5 2 16.72 .46 2.28 .32

59.35 Fi. 1937 10 ...... 3 2 5 ...... ...... ...... ...... 16.60 .83 2.61 .58

71.36 F1 1936 545 3 30 95 175 119 64 31 10 6 7 5 ...... 20.81 .22 5.10 .15

572.36 Fa 1937 9 2 2 2 3 r• 13 12.00 1.15 3.45 .81

525.36 F3 1937 10 1 2 3 3 1 19 13.30 1.08 3.42 .77

632.36 F3 1937 10 2 4 4 ...... ...... ...... 22 13.60 .71 2.25 .50

552.36 F3 1937 10 1 1 1 2 4 1 ...... •••••• •••••• 19 15.40 1.74 5.49 1.23

610.36 Fa 1937 10 2 3 1 2 2 ...... ...... ...... 25 15.70 1.38 4.35 .97

661.36 F3 1937 10 3 4 3 25 16.00 .73 2.31 .52

583.36 F3 1937 10 2 1 7 ...... 19 16.60 1.19 3.75 .84

582.36 F3 1937 10 1 3 1 3 1 1 16 17.50 1.81 5.73 1.28

553.36 Fa 1937 10 1 1 1 6 1 ...... ...... ...... 13 17.80 1.22 3.84 .86

522.36 F3 1937 10 2 1 2 5 19 19.00 1.12 3.54 .79

517.36 F3 1937 10 2 6 2 19 19.00 .60 1.89 .42

658.36 F3 1937 10 2 6 2 22 19.00 .60 1.89 .42

594.36 F3 1937 10 2 1 5 ...... 1 1 22 19.60 1.84 5.82 1.30

666.36 F3 1937 10 1 3 5 1 22 19.90 1.47 4.65 1.04

518.36 F3 1937 10 6 3 1 ••••.. •••••• ..... ...... ...... ...... ...... 28 20.50 .43 1.35 .30

564.36 F:t 1937 10 1 1 6 2 28 21.10 2.18 6.72 1.50

657.36 Fl 1937 10 2 1 2 2 2 ...... 1 22 21.40 2.07 6.54 1.46.

546.36 F3 1937 9 1 1 5 2 22 21.67 .88 2.64 .62

609.36 F3 1937 10 1 3 1 4 1 19 22.30 1.16 3.66 .82

534.36 Fa 1937 10 1 3 1 1 1 3 25 22.30 2.18 6.90 1.54

663.36 Fa 1937 10 1 1 1 1 5 1 ...... 28 22.60 1.58 4.98 1.11

654.36 F3 1937 10 1 3 1 2 2 2 31 23.64 1.64 5.46 1.16

574.36 F3 1937 10 1 3 1 2 1 1 1 •••••• •••••• •••••• 31 25.00 2.33 7.35 1.64
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The number of plants in the F3 progenies are small. However,
they do give some information as to the mode of inheritance of
maturity. Out of 23 F3 progenies grown, nine are as early as or
earlier than Harris Early Giant. In the first four progenies listed
in the table, the average first-blossom period was several days
earlier than the average 'first-blossom period of Harris Early
Giant. None of the F3 progenies average as late as the variety,
Ornamental. However, in several progenies, certain segregates
were as late as the mean of Ornamental. In progenies 582.36,
594.36, 657.36, 534.36, and 574.36, there is a slight indication of
distinct segregation for early and later maturity.

To determine the relationship between the appearance of the
first blossom and the appearance of the first ripe fruit in F2 and
F3 generations, a correlation study was made on a random sample
of 23 112 plants and their F3 progenies. The correlation coefficients
are presented in table 15.

Time of appearance of the first blossom on individual F2
plants is highly correlated with the time of appearance of the
first ripe fruit on the same plants (r = +.70) , with the mean
time of appearance of the first blossom on their F3 progenies
(r = +.62) , and the mean time of appearance of the first ripe
fruit on their F3 progenies (r = +.58) .

Likewise, the time of appearance of the first ripe fruit on indi-
vidual F2 plants is highly correlated with the mean time of ap-
pearance of the first blossom on their F3 progenies (r = +.67) and
with the mean first ripe fruit of their F3 progenies (r = +.66).

The correlation coefficients of approximately equal magni-
tude obtained suggest that the time of appearance of the first
blossom or the time of appearance of the first ripe fruit are
equally reliable in predicting maturity in the F3 progenies.

Table 15. Correlation Coefficients Showing Relationship between First Blossom and
First Ripe Fruit in F2 and F8 Generations of the Harris

Early Giant x Ornamental Cross

Correlation between Calculated r

First blossom of individual F2 plants
and first ripe fruit of individual F2 plants.....................................------------- +.70f
and mean first blossom of F3 progenies .............................................------------- +.62f
and mean first ripe fruit of F3 progenies +.58f

First ripe fruit of individual F2 plants
and mean first blossom of F3 progenies ..............................................................-------- +.67f
and mean first ripe fruit of F3 progenies +.66f

Mean first blossom of Fa progenies
and mean first ripe fruit of Fa progenies ................................................................................................... +.45*

* Significant.
Highly significant.
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A significant correlation (r = +.45) was also found between
the mean time of appearance of the first blossom in F3 progenies
and the mean time of appearance of the first ripe fruit in the
same F3 progenies.

Harris Early Giant x Sunnybrook

Maturity was further studied in a cross between Harris Early
Giant and Sunnybrook, a medium early variety. The parent va-
rieties and the F1 and F2 generations were studied two seasons
while selected F3 progenies were studied one season. A frequency
distribution of the appearance of the first blossom is presented
in table 16.

The difference in maturity between the parents is approxi-
mately five days, as may be noted by comparing the means. Ma-
turity is, on an average, barely one day later in the F1 than in
the early parent. The mean days to maturity in the F2 are about
equal to the mean between the parents. The range in maturity
apparently does not exceed that of the parents.

The F3 study was restricted to progenies of 18 F, plants that
had been selected for earliness and other commercially impor-
tant characters. The small differences in the time required to
reach maturity in these F2 plants is discernible in the F3 prog-
enies. The F3 progenies, 473.36, 501.36, 503.36, and 504.36 appear
to be slightly earlier, on an average, than the early parent. Cer-
tain individuals in many of the F3 progenies are earlier than the
earliest plants of Harris Early Giant or of the F2 progenies.
Apparently early maturity has been obtained by selection in
the Fo. Cultures 504.36 and 497.36 appear to be fairly uniform in
maturity, while cultures 475.36 and 506.36 vary greatly.

Association between the appearance of the first blossom and
the appearance of the first ripe fruit was studied in the varieties
Harris Early Giant and Sunnybrook, and in the F1 and Fo popu-
lations of a cross between these varieties. The correlation coeffi-
cients obtained are presented in table 17. Highly significant posi-
tive coefficients were obtained in the varieties, in the F1, and in
the Fo. These results suggest that variation in maturity, whether.
caused by environmental factors or genetic differences, is re-
flected equally well in either the first blossom or the first ripe
fruit.



Table 16. Frequency Distribution of Appearance of First Blossom (Maturity) for the Varieties, Harris Early Giant and Sunnybrook and F1, F2, and

a Selected Sample of F3 Cultures of the Cross between the Two Varieties

Progeny
Number

of
plants

Days to Maturity First-
blossom period

of F2 plants
Mean Standard

deviation1 4 10 13 16 19 22 25 28 31 34 37

Early Giant 1936 27 1 5 8 10 3 ...... 17.00 .59 3.05 .41

Early Giant 1937 48 7 5 10 15 9 2 ...„ 17.25 .60 4.19 .43

Sunnybrook 1936 17 1 6 5 4 1 21.65 .74 3.06 .52

Sunnybrook 1937 44 ...... 2 14 12 6 6 4 25.82 .62 4.14 .44

Sunnybrook x

.

Early Giant

Ft. 1936 28 2 13 11 1 .1 --- 17.50 .47 2.46 .33

Ft 1937 49 ...... 5 15 17 10 2 18.33 .43 3.03 .31

F2 1936 203 ....„ ...... 5 77 79 31 10 1 21.51 .19 2.76 .14

F2 1937 ...... ...... 2 15 47 62 50 15 4 4 ...... 19.38 .27 3.84 .19

473.36 F3 1937 33 4 5 5 2 10 5 2 19 12.91 .95 5.46 .67

501.36 F3 1937 34 1 7 6 12 7 1 .••••• ...... 19 14.76 .61 3.57 .43

503.36 F3 1937 34 2 4 11 8 2 5 2 19 15.38 .81 4.71 .57

504.36 F3 1937 33 2 8 17 4 2 .••.•. •••••• ..•••. •••••• •••••. 20 15.64 .48 2.76 .34

471.36 F3 1937 35 1 10 2 7 10 1 4 20 15.91 .86 5.10 .61

426.36 F3 1937 32 2 8 8 9 5 20 16.66 .62 3.51 .44

502.36 F3 1937 34 1 7 6 12 7 1 19 17.24 .72 4.20 .51

465.36 F3 1937 33 3 3 7 4 2 8 5 1 20 17.36 1.06 6.06 .75

427.36 F3 1937 35 1 2 3 4 5 5 10 2 3 22 17.97 1.03 6.12 .73

476.36 F3 1937 36 1 1 5 10 7 6 5 1 ...... 20 18.33 .78 4.71 .55

475.36 F3 1937 34 1 2 4 8 9 2 6 1 1 22 18.47 .96 5.58 .68

507.36 F3 1937 35 1 1 2 6 13 9 1 ...... 2 ...... 22 19.17 .79 4.65 .56

470.36 F3 1937 35 1 5 5 12 4 6 2 19 19.26 .80 4.71 .56

474.36 F3 1937 34 ...... 1 7 3 7 11 1 3 1 20 19.53 .87 5.07 .61

505.36 F3 1937 32 1 1 3 1 13 9 1 2 1 19 19.66 .86 4.86 .61

497.36 F:t 1937 35 1 5 12 15 2 . 20 20.03 .45 2.67 .32

472.36 F3 1937 34 1 3 7 12 5 1 2 3 19 20.24 1.04 6.06 .73

506.36 F3 1937 34 2 2 1 2 3 6 3 3 5 7 22 21.12 1.42 8.25 1.00
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Table 17. Correlation Coefficients Showing the Relationship between the Time of
Appearance, of the First Blossom and the Time of Appearance of the First

Ripe Fruit within the Varieties Harris Early Giant and Sunny-
brook, and in the F1 and F2 Generations of the

Cross between These Two Varieties

Variety or cross Number of plants Calculated r

Harris Early Giant 58 4-.74t
Sunnybrook 59 +.86t
Harris Early Giant x Sunnybrook 48 .89t
Harris Early Giant x Sunnybrook 50 +.73t

t Highly significant.

SUMMARY AND CONCLUSIONS

1. Prior to 1936 parent material suitable for an inheritance study
was procured. In 1935 the desired crosses were made under
controlled conditions. In 1936 and 1937 data from studies of
the F1, 112, and F3 generations and from certain backcrosses
were obtained. Several characters are considered in this report,
namely, the immature fruit color, the fruit position (geotropic
response) , type of calyx, pungency or flavor of the fruit, and
time to maturity.

2. Immature fruit color was found to be conditioned by several
"cumulative" factors. When two or more pairs of these factors
are in the dominant condition, the fruit is cedar green, and
when all are in the recessive condition, the fruit is sulfury
white.

3. The .data indicate a single-factor difference between positive
and negative geotropic response. Positive, P, might be con-
sidered completely dominant to negative, p. The expression of
dominance was found to be modified in certain cases. A short
peduncle hinders the response to a positive geotropic response.
Fruit position while dependent primarily upon the gene, P,
is influenced also by the type of peduncle and by the general
supporting strength of the plant.

4. Linkage tests show that two of the immature fruit color fac-
tors, G1 and G2, are independent in inheritance from the factor
for geotropic response, P.

5. Calyx shape did not appear to be primarily conditioned by a
single factor; rather, the inheritance appears to be somewhat
complex. Size of fruit was found associated with calyx type.

6. True breeding non-pungent strains are readily obtained from
crosses between pungent and non-pungent varieties. The data
suggest a single-factor difference between pungent and non-
pungent.
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7. Data obtained from a study of the Harris Early Giant x Orna-
mental cross in the F1, the F2, and the F3, suggest that early
maturity is conditioned by several dominant or partially domi-
nant maturity genes. The F3 study shows that true breeding
early strains are readily recovered.

8. The date of first flower to open and date of ripening of the first
fruit were found to be closely associated and apparently equal-
ly reliable as a measure of maturity.

1.
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