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AS a result of cotton collecting expeditions in southern Mexico and Central
America by J. O. Warg, T. R. Ricamonp, C. W, ManNingG, and S. G.
StepuENs during 1946-48, some 600 introductions were brought to the United
States. In the past two years, STEPHENS made additional collections in Central
America and the West Indies; but only a few of these cottons have been studied
in new plantings. Parts of the earlier collections have been grown at College
Station, Texas; Santa Rita, Puerto Rico; Shambat, Sudan; Namulonge, Uganda;
and Iguala, Mexico. On the basis of the African plantings and other studies,
Hurcuinson (1951) described seven taxonomic races of Gossypium hirsutum L.
In the tropical locations, the G. hirsutum introductions flowered the first season
they were grown; but many of them failed to initiate fruit forms before frost in
the latitude of the Cotton Belt of the United States. Almost without exception,
the stocks which flowered in the Cotton Belt belonged to the race which Hurcain-
soN described as latifoliurn. This race was considered by Hurcrinson (1951)
to be an annual form while the other six races—morrilli, richmondi, palmeri,
punctatumn, yucatanense, and marie-galante—were classified as perennials.

A. Lanc (unpublished) found that types of cotton which failed to flower in
the field at College Station, Texas, could be induced to flower by subjecting them
to photoperiods of nine to ten hours; therefore, he considered them to be short-day
plants. He was also able to induce flowering of the short-day types during long
days by grafting them on a two-branched, day-neutral stock and then removing
terminal buds, juvenile leaves, and fruit forms from the day-neutral portion after
the branch had attained a length of 14 to 16 inches. At the same time, mature
leaves were removed from the grafted branch.

A series of experiments was conducted to determine the inheritance of fruiting
response in cotton. In the first paper LEw1s and Ricemonp (1957) reported the
results of studies involving marie-galante and a day-neutral variety. In the
second paper LEwis and RicemonD (1960) worked with crosses between short-
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day and day-neutral G. barbadense L. stocks. The present paper combines the
results of two separate experiments, both involving short-day forms of race
latifolium in crosses with a day-neutral upland, also of race latifolium.

Since KreBs (1918) recognized the influence of light on plants, voluminous
literature has accumulated on the effects of duration and quality of light on many
developmental functions of plants. Comprehensive review articles have been
written by WHYTE (1946), Mur~NeExk and WaYTE ef al. (1948), WIGGLESWORTH
et al. (1948), LeoroLp (1951) and Lanc (1952). The genetics of photoperiodism
has not been investigated extensively, but enough reports are in the literature to
show that the response of plants to length of day may have a monofactorial or a
complicated multiple-factor genetic basis.

In an earlier paper of this series, LEwis and Ricaumonp (1957) reported on
the inheritance of flowering response in a cross between short-day G. hirsutum
race marie-galante and a self-pollinated line of an old agricultural variety of G.
hirsutum (Deltapine 14). Marie-galante remained vegetative when grown in the
field during the long days of summer but set fruit when grown during short days
of winter in the greenhouse. Deltapine 14 set fruit in about the same length of
time in both environments. Under long-day conditions all F, plants initiated
fruit forms, but only about half the plants developed one or more flowers. In each
backcross the recurrent parent was dominant; i.e., all plants of the backcross to
marie-galante failed to flower under field conditions and all plants of the back-
cross to Deltapine 14 flowered. The segregating F, population did not reveal a
simple genetic ratio; neither was the segregation typical of quantitative inheri-
tance. Under short-day conditions, all plants flowered; but even with a favorable
photoperiod marie-galante carried a lateness factor not associated with response
to length of day.

In the second experiment, Lewis and Ricumonp (1960) studied the inheri-
tance of flowering response in a cross between Lengupa and Pima S-1, short-day
and day-neutral stocks, respectively, of G. barbadense cotton. Under long-day
conditions of summer, flowering was controlled by one gene pair and the short-
day, nonflowering response was dominant to flowering. The monofactorial genetic
basis of flowering response of this particular G. barbadense experiment was in
sharp contrast to the complicated situation in the marie-galante experiment.

MATERIALS AND METHODS

The short-day parental material in these two studies was designated MW-84
(PI 163683) and MW-44 (PI 163643). Both of these stocks were collected by
MannNiNG and Ware in Guatemala in 1948. The day-neutral parent in both
experiments was an inbred line of Deltapine 14. According to HurcHINSON
(1951), all three stocks belong to race latifolium.

The basic plan of both experiments was essentially the same. The short-day
parents were crossed with the day-neutral parent in the greenhouse during the
winter, when both types would flower. Appropriate crosses and self-pollinations
were made to produce F; and backcross seeds. The parental, F,, F., and both
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backcross populations were grown in the field during the summer of 1951 under
long-day conditions (13-14 hours of light) and a similar planting in the green-
house during the winter under short-day conditions (9-10 hours of light). A
graph of the hours of possible sunshine at College Station, Texas, was published
by LEwis and Ricamonp (1957). In 1952, the field plantings of parental, F,, F.,
and backcross populations were repeated and progeny tests made of selected
segregants from the previous F, and backcross generations.

Field-grown plants were started in 6-ounce paper cups in the greenhouse and
transplanted to the field at approximately two weeks of age, with 24-inch spacing
within the rows and 40 inches between rows. A randomized block design with
four replications was used in the field. In the greenhouse, potted plants were
randomized on the benches and each progeny was replicated twice. The number
of days from planting to the first visible fruit form (square), number of days to
anthesis of first flower, and node number of first fruiting branch were recorded.
In counting the nodes to the first fruiting branch, the cotyledonary nodes were
recorded as nodes 1 and 2.

The parental stocks also were grown in the greenhouse in a curtained area
where the exposure to sunlight could be controlled. One planting was exposed to
a 9%, -hour photoperiod during the winter and another to a ten-hour photoperiod
during the summer.

One season MW-84 was grown at College Station and Lubbock, Texas; Sacaton,
Arizona; and Brawley and Shafter, California, to determine the influence of
environment at these locations on flowering. '

The recording of the first square, first flower, and node of first fruiting branch
on two separate experiments in both field and greenhouse resulted in a large
amount of data. The results of the experiments showed that the same interpre-
tation of inheritance could be made from either the squaring or the flowering data
and that crosses involving MW-84 behaved essentially the same as those with
MW-44. In the interest of economy of space, these data were condensed and in
some cases not presented in tabular form if they were not pertinent to the inter-
pretation of the results. ‘

RESULTS

The means of number of days from planting to first square and to anthesis of
first flower for MW-84 and Deltapine 14 under winter and summer greenhouse
conditions are given in Table 1. Similar tests were conducted with MW-44, but
they differ from the MW-84 data only in minor detail and are not presented in
tabular form. The short-day cottons, MW-84 and MW-44, in the naturally short
days of winter initiated fruit forms and developed flowers in about the same
length of time as day-neutral Deltapine 14. In the longer days of summer, the
short-day cottons failed to initiate fruit forms while Deltapine 14 flowered pro-
fusely under both long- and short-day conditions. By artificially shortening the
photoperiod to ten hours, the short-day cottons were induced. to square and to
flower sporadically during the summer; however, the initiation and development
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TABLE 1

Mean number of days from planting to first square and to first flower of a short-day
and day-neutral cotton in four greenhouse environments

Mean no. Mean no.

Season and Number of days to of days to

day length Population of plants 1st square 1st flower
Winter MW-84 6 45.0 80.8
(9%%-hour day length) D & PL 14 6 45.0 82.5
Winter MW-84 15 41.7 66.7
(Natural day length) D & PL 14 15 43.0 68.3
Summer MW-84 10 No square No flower
(Natural day length) D & PL 14 10 43.5 62.5
Summer MW-84 10 91.0 105.0*
{10-hour day length) D & PL 14 10 50.5 76.0

® Mean of four plants; six failed to flower.

of flowers were markedly delayed. During the summer even Deltapine 14
developed more slowly under the light-control curtain than on the greenhouse
bench.

Experiments with other crops have shown that temperature may modify
photoperiodic response. In the present experiments, the greenhouses could not be
artificially cooled; but thermograph records of the actual temperature were kept.
Mean maximum and minimum temperatures during the summer were higher,
on the order of 10° to 15°F, than the comparable winter temperatures. This
temperature difference could account for the delayed initiation and development
of fruit forms even under a ten-hour photoperiod; but whatever the cause, Delta-
pine 14 was less sensitive than MW-84 and MW-44.

The short-day MW-84 was grown at College Station and Lubbock, Texas;
Sacaton, Arizona; and Brawley and Shafter, California, in 1953. None of the
MW84 plants produced flowers at College Station, but all flowered at Shafter,
California. The day-length was slightly longer at Shafter, but temperature
records showed that Shafter had cooler temperatures. Flowering at Lubbock,
Sacaton, and Brawley was late and sporadic.

The summary of data on the squaring and flowering behavior of parental, F,,
F,, and backcross progenies involving short-day and day-neutral cottons is given
in Table 2. Under the short-day conditions in the winter greenhouse all plants
initiated fruit forms and developed flowers. Under these conditions MW-84
initiated and developed fruit slightly earlier than Deltapine 14; however, MW-44
was about seven days later. The mean number of days from planting to first
square and first bloom in the F,, F,, and backcross to the short-day parent varied;
but inspection of the data in Table 2 shows that there was never more than seven
days difference in the means. Although this is significant statistically, the essen-
tial fact is that all plants in the short-day photoperiod of winter developed squares
and flowers in approximately the same length of time. The backcross to Deltapine
14 in both cases was just as early as the parent, Deltapine 14, stock.
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Under long-day summer conditions in the field, the squaring and flowering
behavior of parental, F,, F., and backcross population were strikingly different.
Contrary to expectations, some of the short-day parental plants occasionally
squared and sporadically developed a flower. This small amount of fruiting
activity occurred relatively late, and in vegetative appearance these plants were
similar to the nonflowering types. The day-neutral Deltapine 14 initiated and
developed flowers in about the same length of time in the field as in the green-
house. ) .

The Fy plants in the field flowered only slightly later than the day-neutral
parent indicating that flowering response was partially dominant to nonflowering.

The F, and backcross to the short-day parent segregated into squaring and
nonsquaring and flowering and nonflowering classes. Since the segregations did
not reveal a classic Mendelian ratio, the data on the various progenies are pre-
sented as percentage of plants that squared or flowered. Actually, the ratio of
plants which flowered to those which did not, particularly in the MW-84 study,
strongly suggests a monofactorial basis of inheritance; but squaring data and
progeny tests in the next generation do not support this interpretation.

The fact that a higher percentage of plants squared than flowered indicates
that many plants in these populations initiated fruit forms which aborted. Of
course, drought, insects, and other environmental factors cause squares to shed;

TABLE 2

Summary of data on squaring and flowering behavior of cotton grown during long days of
summer in the field in 1951 and during short days of winter in the greenhouse
at College Station, Texas, 1951-52

No. of plants Percentage of Days to Days toﬂ
under observation field* plants with first squaref first flowert
Progenies involving: Field G.H. Squares Flowers Field G.H. Field G.H.
MW-84 and D & PL 14 )
MW-84 45 5 4 0 84.5 49.0 A 79.0
D & PL 14 60 6 100 100 55144 533 76.3x.6 833
F,D&PL 14 X MW-84 58 6 100 100 60.1£.7 525 86.5+.4 842
F,D & PL 14 X MW-84 571 29 94 88 62.7x.5 502 844+4 81.7
First backcross,
F, Xx MW-84 345 18 66 50 67.4+.9 50.6 90.3+.9 83.1
First backcross, :
F, Xx D& PL 14 354 17 100 100 56.3+.6 50.0 784+x2 818
MW-44 and D & PL 14

MW-44 38 6 71 3 83.1+£.8 57.7 97.0 88.0 .
D & PL 14 43 6 100 100 56.6+.4 50.7 78.0x+.4 831
F,D&PL 14 X MW-44 45 6 100 100 5765 51.3 80.8+.6 81.1
F,D&PL 14 X MW-44 419 30 99 90 60.7+.4 54.4 83.2+.4 853
First backcross,

F, X MW-44 251 18 94 55 .71.8+.6 544 93.0+.6 85.7
First backcross,
F, X D& PL 14 238 18 100 100 55.7+.2 48.8 78.0x.2 786

® All greenhouse plants squared and flowered.
+ Mean of those plants which squared and flowered.
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but in these experiments, irrigation and insect control reduced these causes of
shedding to a minimum. Facultative shedding appeared to be the major cause of
some plants failing to flower after having initiated squares.

The backcrosses to day-neutral Deltapine 14 flowered in essentially the same
length of time as Deltapine 14.

The following season the parental, F,, F,, and backcross populations were
grown again with smaller populations, and progeny tests were run on segregants
from the F, and backcross populations from the preceding year. Segregants were
selected from the frequency distribution of flowering in order to progeny-test
early flowering and progressively later flowering plants. Plants which squared
but failed to flower and plants which failed to initiate fruit forms were also
chosen. Nonflowering and late-flowering plants were moved to the greenhouse
where seeds for the progeny tests were produced.

The flowering data of the 1952 study involving MW-84 and Deltapine 14 are
recorded in Table 3. Data on squaring were recorded in a similar way; but since

TABLE 3

Frequency distribution of number of days from date of planting to anthesis of first flower
of MW -84 X D & PL 14 in the field, 1952, College Station, Texas

No. of Mean no. Number of
days to Flowering period in days Number of of days plants that
first flower plants that  to first failed to
Progeny 1951 70 75 80 85 90 95 100 105 110 115 flowered flower* flower
MW-84 . ... .. 6 5 4 2 2 . .. 19 92.1 30
D & PL 14 . T O 20 77.7
F, .. o155 12 0 0 L. 23 82.8 .
F, .. 11423 9 6 6 1t 1 .. .. 61 82.6 8
F, X MW-84 o .29 2 3 1 . L. 17 87.7 4
F, X D&PL 14 .. T ) 43 773
¥, 75 .. 20 31 16 4 .. .. .. . .. 71 80.3
80 .. 16 36 4 .. .. . 56 78.9 .
85 .. 14 3 8 3 1 . 61 80.4 1
90 .. 22118 7 3 . 51 83.9 2
95 .. 82313 8 3 3 1 59 83.8 5
100 .. 1815 4 .. 1 . 38 785
105 .. 110 4 3 . 18 82.7
130 ... 313 6 3 .. .. .. .. .. 25 81.7 ..
145 ... 3 8 4 2 .. 1 1 .. 19 89.1 1
Sq.noflower .. 5 14 14 22 15 9 .. .. .. 79 87.1 19
Nosquare .. .. 17 21 16 8 2 3 .. .. 67 88.7 28
F,of (F, X 75 819 3 2 . 2 793
MW-84) 80 .. 2 6 6 4 .. 18 83.2 ..
85 .92t 9 3 .. . . . 43 80.9 3
No square 519 25 21 12 5 1 1 .. 89 81.7 22
F,of (F, X 75 . 159 54 9 1 124 786
D&PL 14) ° 80 .. .. 90129 21 3 214 78.0
85 oo, 2729 7 0t 64 78.4
90 ... .. 8 9 6 1 24 79.6

* Mean of plants that flowered.
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the same interpretation of inheritance is gained from both flowering and squaring
data, the squaring data are not presented in tabular form. The correlation
coefficient between flowering F, plants and the mean flowering data of F; pro-
genies was .56 for the progenies with MW-84 as short-day parent and .81 for F,
progenies involving MW-44. Both are highly significant. Of necessity non-
flowering F, segregants could not enter into the calculations, and nonflowering
segregants in the F. did not enter into the calculation of the mean. Thus the
correlation coefficients were probably such that heritability of flowering response
actually was higher than that estimated by the correlation coefficient.

The flowering data for the MW-44 study for both seasons are combined in
Table 4. Examination of the data shows that more of the MW-44 parent plants
flowered in 1952 than in 1951. The proportion of flowering to nonflowering plants
was much higher in segregating populations in 1952, Eighteen flowering F. plants
and seven nonflowering F, plants were progeny-tested in F;. Although both the
flowering and nonflowering F, plants segregated in F;, the F; from the flowering
F, plants produced a higher percentage of flowering segregants. These were an

TABLE 4

Segregation and mean number of days to flowering of various progenies of cotton grown
under field (long-day conditions) at College Station, Texas

*

Number of plants
Mean of plants

Progeny and year Flowering Nonflowering that did flower Remarks
MW-44:
1951 1 37 97.00
1952 3 19 97.00+1.00
D & PL 14:
1951 43 0 78.05+0.40
1952 ) 24 0 77.33+0.38
Fy:
1951 45 0 80.76+0.60
1952 26 0 79.27+0.37
F,:
1951 379 40 ' 83.20=+0.37
1952 77 1 82.05+0.76
F, X MW-44.
1951 139 112 92.96+0.59
1952 40 8 90.03+0.84
F, X D& PL 14:
1951 238 0 78.00£0.21
1952 46 0 78.000.48
F,. 1952 396 20 81.54+ From flowering F,’s
F,: 1952 124 34 89.17 From nonflowering F,’s
F,of (F, X MW-44): 1952 113 7 85.70 From flowering F, X MW-44
F,of (F, X MW-44): 1952 58 49 89.45 From nonflowering F, X MW-44
F,of (F, X D&PL 14): 1952 568 1 78.54

* Number of days from planting to first flower.
+ Correlation between flowering dates of F, plants and F,; progenies=0.81**
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average of eight days earlier than comparable F; segregants from nonflowering
F, plants. With one exception, all plants from the F; of the backcross to Deltapine
14 flowered, and these progenies were essentially as early as Deltapine 14. The
F. of the backcross to MW-44 segregated into flowering and nonflowering types,
and the mean flowering date of those plants which did flower was later than that
of plants from the backcross to Deltapine 14. This is true of the means, but indi-
vidual plants were recovered in the F; and the F, of the backcross to MW-44
which flowered as early as Deltapine 14. The mean flowering dates for all
generations for the two years were remarkably close.

The node number of the first fruiting branch and productiveness of the plants
in the MW-44 study were recorded from a field planting and from a winter
greenhouse planting. The data are presented in Table 5. The node number data
reveal about the same pattern of inheritance as square and flower data. Under
short-day conditions in the greenhouse, all plants developed fruiting branches,
and the mean position of the first fruiting branch was very nearly the same in
the parents, F., F,, and backcrosses. In the field, under long-day conditions, it
was observed that late-squaring and flowering plants were those in which squares
and flowers occurred at a higher node on the main stem. The data on production,
expressed as the mean number of bolls per plant, emphasize how barren the
short-day plants were under long-day conditions. The backcross to Deltapine 14
by this measure proved to be as fruitful as Deltapine and about three times as
productive as the backcross to MW-44.,

TABLE 5

Summary of data of node number of first fruiting branch for six progenies of cotton
grown under long-day and short-day conditions

Number Mean node Mean
Node number of first fruiting branch o of first  number
fruiting Total fruiting  of bolls
Progeny 6 7 8 9 10 11 12 13 14 15 16 17 branch plants branch  per plant
1952 field planting (long-day conditions):
MW-44-5(#24+15) .. .. .. .. .. .. 1 2 2 4 2 3 25 39 149* 02
D & PL 14 o514 0 0 19 7.7 18.7
F, .. .15 8 1. . 0 24 9.4 15.4
F, 1 3192612 5 5 2 0 2 1 .. 1 77 9.5* 14.6
F, X MW-44 ..... 2 86 96 2 31 3 4 44 12.2* 5.7
F, xD x PL 14 12117 3 1 . 0 43 8.5 18.9
1952-53 greenhouse (short-day conditions):
MW-44-5(#15) ... 3 8 1 .. .. 0 12 10.8
D & PL 14 .. .9 3 0 12 9.3
F, .15 5 1. 0 12 95
F, 227 0 12 106
F, X MW-44 e T 41 0 12 10.5
F, X D& PL 14 .9 2 1. 0 12 93

* Mean value of those plants in the progeny which had a fruiting branch.
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DISCUSSION

The results of this study demonstrated that MW-84 and MW-44 plants squared
and flowered sparingly or not at all during the long-day photoperiod of summer;
but an environment was found in the naturally short days of winter in the green-
house in which flowering occurred as soon as in the day-neutral parent. In the
first paper of this series, LEwis and Ricamonp (1957) found the G. hirsutum
race marie-galante was inherently later than Deltapine 14 .regardless of the
environment in which it was tested. With the short-day latifolium the difference
in time of flowering in comparison with a day-neutral stock can be eliminated by
subjecting the plants to 10 to 12-hour photoperiods and moderate temperatures.

The lines of evidence obtained indicate that relatively cool temperatures may
promote flowering of certain of the short-day cottons. (1) The plants exposed to
ten hours of light during the summer in the greenhouse commonly were sub-
jected to monthly mean maximum temperatures in excess of 100°F. Although
flowering occurred, it was delayed in comparison to similar plants grown in the
winter greenhouse where mean maximum temperatures were around 85°. (2)
Flowering was promoted in the 1952 season as compared to 1951, and weather
records show that 1952 was the cooler season. (3) Flowering occurred at Shafter,
California, in 1953, in comparison with total failure to flower at College Station,
Texas; and Shafter had the longer day-length and a cooler growing season, par-
ticularly a lower minimum temperature.

The ratios of squaring and nonsquaring plants and flowering and nonflowering
plants in the segregating generations do not justify a simple genetic model for
the inheritance of flowering response. However, the higher parent-progeny corre-
lations and behavior of the backcross populations indicate that the difference
in flowering response of these short-day and day-neutral cottons has a genetic
basis. Flowering of the two latifolium stocks was partially dominant. This is in
contrast to the complete dominance of nonflowering of short-day G. barbadense
reported by Lewis and Ricamono (1960).

HurcHinson (1959) developed the thesis that Gossypium is essentially a
genus of perennial shrubs native to the tropics and subtropics. In the tropics the
perennial hirsutum stocks flower in the latter part of the rainy season and mature
fruit in the dry season. According to Hurcminsow, the onset of fruiting is
governed by three major causes: (1) In young plants fruiting branches are not
formed until a certain number of nodes develop on the main stem. This critical
node number differs among cottons and is a genetic characteristic of the stock.
(2) Photoperiod is a primary factor in the control of fruiting, and the stocks do
not initiate flowers until the day-length is below 12 hours regardless of how many
nodes the plant has developed. (3) Flowers may be initiated prior to the end of
the rainy season, but the young flower buds shed if excessive water is available.
When the rains abate and a favorable water balance is established, the fruit
forms develop. When cottons were introduced into the southern United States,
only a small portion of the types with a weak short-day requirement survived.
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In the past 150 years, selection pressure on the most adapted original introduc-
tions led to the development of the upland cottons which have the ability to set
fruit on branches arising from low nodes on the main stem, are day-neutral in
photoperiodic response, and continue fruit production in wet seasons.

Apparently, the fruiting response of the short-day latifolium stocks used in
this study differs from that of cultivated day-neutral types largely by their reac-
tion to photoperiod. Certain temperatures or other environmental effects may
modify the response. This difference is conditioned by a complex multiple factor
genetic mechanism. In marie-galante cottons, photoperiod is only one of the
factors influencing flowering; seemingly the plants require a minimum number
of nodes before flowering begins.

On the basis of one experiment by LEwis and Ricamonp (1960), the differ-
ence in flowering response of short-day and day-neutral G. barbadense is con-
trolled by one gene pair and has had an independent evolution from hirsutum
in this respect, ‘

Certain practical considerations are evident from these studies. The nonflower-
ing habit of introduced cottons can be eliminated in segregating generations
when crosses are made with day-neutral stocks. Thus, the short-day response
does not, per se, eliminate introduced cottons as sources of breeding material. In
the past, sensitivity to the long summer days of the temperate zone acted as a
barrier to the establishment of many stocks of cotton which thrive in the tropical
zone. In the tropics, all the stocks of G. hirsutum classified as race latifolium
appear to have similar gross characteristics. However, certain of them may carry
genes for valuable economic characters in the temperate zone. Methods for
exploiting the potential variability that has been locked in the short-day plants
of race latifoliurn may now be devised. k

These experiments were conducted in the field and in the greenhouse under
constantly changing photoperiods and under the various total environments that
existed during the course of the experiments. Climate-control chambers were
lacking, and doubtless research with such equipment will be necessary to estab-
lish critical photoperiods and to determine the interaction of light and temper-
ature.

SUMMARY

Fruiting response in cotton was studied in crosses involving short-day and day-
neutral stocks from the same taxonomic race, G. hirsutum race latifolium. The
data lead to the following general conclusions:

(1) Stocks belonging to the same taxonomic race may differ in response to
length of day.

(2) Exposure of the short-day latifolium stocks used in this experiment to an
inductive photoperiod induced them to flower as soon as day-neutral stocks.

(3) The short-day and day-neutral responses were primarily under genetic
control; the day-neutral reaction was partially dominant.
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(4) The effects of short-day photoperiod can be modified by other factors,
particularly temperature.

(5) Short-day cottons, which may contribute useful characteristics, can be
utilized in applied breeding programs in the temperate zone.
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