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" Further Oi)servations of the Response of

Various Species of Plants to
Length of Day'

By M. A. ALLARD, senior physiologist, and W. W, GARNER, gm’mipa! physiologisl,
Division of Tobucso and Plani Nutritien, Bureau of Plant Industry
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INTRODUCTION

In the earlier studics * of the cffects of different light periods, very
few steps in length of day were available, awing to the lack of facilities
that would allow for detailed investigation of small changes in length
of day. Conclusions were based matnly upon tests involving very
short days in contrast with the full length of day or very long deys
obtained by the use of artificial electric light. As a result, less was
known of the upper or lower limits for flowering in members of the
two groups than at present. As the work was extended a large mass
of observations sccumulated, making clearer the behavior of many
species and varieties Tepresenting numerous families in relation to
lengths of day increased by half-hour steps from 8 to 10 hours of light
daily, up to the longest day of summer, and even to light periods
beyond this point by the use of artificial light after sunset.

Because this later phese of the work has led to a betier under-
standing of the concept of long-day and short-day plants and affords
& basis for classification of many species into the two groups, it has

t Bubmritted for pahlication Oetober 21, 1530,
IGARNER, W, W, and ALLarD, H, A, EYPECT OF TIIE RELMTIVE LENGTIL OF DAY AND NIGHT AND OTHEK
}’I.!\lfj.;l‘.(mlsg%.‘ TUE EXVIRONMENT ON GROWTIL AND REPRODUCTION tN PLANTS. Jour. Agr. Res. 1B: 553-00,

PUNTHER STUDIER IN FIIOTGPERIODISM, TUE RESPONSE OF THE PLANT TO RELATIVE LENGTH DF
DLy aNG SIGNT.  Joor. Agr. Hes. 20; 871-020, illos, 10,
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%ecmod advisable to embody ull the results in brief form in the present
ulletin,

7t is obvious that plants must be subjected to lengths of day ranging
from continuous Hlumination down to 8 or 10 hours of light by hali-
hour steps at least, to determine the upper and lower limits of flow-
cring, if such limits exist. This has not always been found practicuble,
and futuro experimentation may show *hat many plants (het underge
delayed flowering on the longer days will perhaps cease to produce
flowers at somo very high light-derkness ratio near continuous
llumination. .

A satisfactory, workable, and all-inclusive definition that will
clearly separate the long-day from the short-day plauts is not casily
formulated. However, on the basis of response to daily light periods
deercasing progressively from continuous illumination, a long-dsy
plant is one that cesses to flower or shows delayed or less profuse
flowering, whereas n short-day plunt is one that begins to flower or
shows hastened or more profuse flowuring when the length of day is
sufficiently shortened.

Although there may be a prouounced overlapping of the upper
limits of flowering of the plants of the short-day group with the lower
limifs of tho long-day group, the fact remains that the deercase of the
daily light period ultimately causes the long-day plants to ccase
fowering entirely or to flower less readily ov profusely. On the other
hand, when thie daily light periods are shortened sufficiently the short-
day plants show a diemetrically opposite tendency, flowering being
iniliated, hurricd, or otherwise favored. These contrasting behaviors
at the present time appear to be dependent upon fundamental differ-
ences in the physiology of the two groups and may be so regarded until
further investigations have proved otherwise.

In addition to the long-day and short-day plants, there is a group
that appears to bo little affeeted by length of day. These have been
designated as indeterminato or day-neutral plants.  An indeterminate
plfmlm may be considered as one that flowers readily under all lengths
of day.

A fow plants heve been found that will flower only between certain
limits of Iength of day; it may be said arbitrarily hetween 12 hours
and 16 hours of davlight. These may be termed intermediato plants,
as they combine the behavior of both long- and short-dey plants. A
typicnl intermediate plant, then, can be regarded as one that begis to
Hower when the dailv light period is decreased sufficiently helow
continuous Mumination and ceases to flower at some shorter length
of day.

CONTROLI{ING THE DAY LENGTH

In temperate latitudes & plant grown at any period of the year never
experiences a constant longth of day. From March 21, when the
length of day from sunrise to sunset over the entire world is 12 hows,
the days regularly increase in length, in the Northern Hemispbere, to
the summer solstice, June 21. From this date until September 21 the
days decrease in length, the decrements being the spme as the incre-
ments before the summer solstice. The daily increments and decre-
ment: before and after the summer solsticr are greater as higher
latitudes are veached, and at or near the poles the short summer
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RESPONSE OF PLANTS TO LENGTH OF DAY 3

season may be a period of continuous daylight. At the Equator the
days are slightly more than 12 hours in length at all times of the year.
The extreme range in length of day from sunrise to sunset, at Wash-
ington, D. C., is approximately from 9 hours 26 minutes in winter to
14 hours 54 minutes in summeor.

It is obvious that where it is desirable to study the responses of
plants to fixed lengths of day, it is necessary to decrease or to lengthen
the daily light duration artificially. In summertime when long days
prevail 1t is a simple matter to shorten the daily light period experi-
enced by plants by the use of ventilated dark chambers or bouses in
which the plants may be placed each day after they have received a
given exposure of daylight. These may be constructed of any light-
Ercof material, ineluding black shade cloth, wood, or other material, In

igher latitudes where the midsummer days reach a length of 14 hours
or mors, regulation of the daily light period by means of ventilated
dark houses is not a difficult matter. Natural daylight is then avail-
able for all tests, and normally differences in quality and intensity
n,?e probably not significant in the comparisons of bshavior of the
plants.

£ longer daily Light exposures than naturally prevail at any season
are desired, recourse must be had to artificial ight to supplement the
daylight from sunset. Although comparatively weak intensities sup-
plementing this have produced resulis similar to very long periods of
natural daylight, the higher intensities when employed have produced
# more normal type of growth and reproduction. When artificial
light alone is used throughout a test the factor of intensity aside from
quality and duration becomes a very important one. Excessive heat
radiation «Tecting the plants must then be met, and the higher wattage
Alazda filament Tight-s require suitable water jackets or sereens to
absorb the excess heat,

If & given daily duration is known to be favorable to flowering, it
is essential that this be afforded the plants as a continuous period of
llumination. If a daily exposure of 10 hours of daylght is decided
upon, the plants should receive 10 hours of continunus light each day
with 14 hours of continuous darkmness. Five hows of light with &
short intervening period of darkness of 1 or more hours followed by
5 additional hours of daylight, breaking up the 10-hour peiiod into
two 5-hour periods, will not induce early flowering in short-day plants
for rensons that as yet have not been explained. The data in table 1
present the behavior of typical long-day, short-day, and indeterminate
or neutral-day plants when darkened from 10 a. m. to 2 or 3 p. m., or
for 4 hours and 5 hours, respectively.

It should be stated that in these and subsequent tests no examina-
tion of the growing points was made to determine whether the pri-
mordia of flowers were present ot the time the tests began. In many
of the tests the annuals were sowed directly, so that the seedlings
were subjected to the experimental length of day from the outset.
In these plants 1 amordin could not form except where a favorabie
light period prevailed. Many of the native perennials were taken
irom the field or propagated in the greenhouse during the wintertime
to obtain plants of suitable size and age for the tests. Tt is significant
to note that in most instancer. the flowering behavior of these plants
was similar to the material removed directly from the field to tho tests.
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TasLE 1.—Efect of dark period in the middle of the day (10 a. m. lo & p. m.) as compared with exclusion of early merning and late afternoon
daylight and exposure o the full length of day

Test
began

10 hours of daylight

12 hours of daylight

Darkened in middle of
day, 10 a. m. to 2 p. m;

Full length of day

Time required
for—

Buds |Flowers!

.| Helght

Time required

for—

Height

Time required
for—

Height

Time required
for—

Buds

Flowers

Buds

Flowers

Buds {Flowers

Alihaea rosea Cav. (annual holiyhocks).... ...
Ambrosia:
A, elatior T, (common ragweed)..........
i trifida L. (giant ragweed) ... ... ..
Bidens bipinnata L. (Spanish-needles).....__.
Chrysanthemum orifolium Ram. (large late
bronze chrysantheémum). . ... .. ........
Convolovlus sepium L. (hedge bindweed)

Euphorbia pulcherrima Willd. (poinsettia)....| J

Helianthus™ angustifolivs 'L,
flower)
Impatiens balsamina L, (garden balsam).
Perilla frutescens (L.) Britt. (perilla)...
Phlewm:
P, pratense L, (timothy, strain 124!;.
P. pratense L, (timothy, strain 3937).
P, pratense L, (timothy, strain 11902) ...
Rudbeckia:
R. hirta L. (B]uck—eyed-susan)
R, laciniata
Sofa maz (L.) Piper:
Soybean, variety Peking.
Soybeun, varicty Biloxi ...
Tithonia rotundifolia (Ort.) Cass.

(swamp - sun-

May 10

June 1i
June 3

Ldooo

May 5
May 19
une 8

May 10

- June 23

May 21

Days | Duys

PN R U]
21
31
25
58

Y]

®

Inches

Days
58

Inches
31

21
28

Q]
ONEE
64

Days
81
57
97

Days

2

Days
54

Long day,

Short day.
Do.
Do.
Do.

Long day.
Short day.

TDo.
Indeterminate.
Short day.

Long day.
Do,
Do.

Do.
Do.

Short day.
Do.
Do.

1 hucoiie only.
? Vegetative only.
3No test.

4 Darkened 5hours in the middle of the day, i. e., from 10 8. m, to 3 p. in.; coloring about

Nov. 1.

s"Full color Dec, 25.

¢ Coloring about Nov. 1.

7 Leafage only.

8 Rosette and sterile stems only.

¢ Darkened 5 hours in'the middle of the day, i. e., from 10.a, m. to 3 p. m.

i
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RESPONSE OF PLANTS TO LENGTH OF DAY 5

It is obvious that in the majority of cases a period of darkness of
4 or 5 hours in the middle of the day does not greatly change the time
of flowering as docs & reduced contimuous period of 10 or 12 hours of
daylight. In most instances the behavior approaches that of the
plants receiving the full length of day, excepi that frequently flowering
may be more or Jess delayed, especially in long-dey plants, and the
stature of some is considerably reduced. This is all the more striking
when it is considered that in all instances the plants received less
than 11 hours of daylight even at the time of the summer solstice
when the days were longest, the mean for the entire period of the test
being considerably less. In respect to flowering the plants behaved
as if the dark period of 4 or 5 hours had little or no effect. The
reduced stature, which was usually shown, however, would indicate
that the nutrition of the plants has been rather profoundly changed
by reducing the hours of cfective daylight.

The plants of Spanish-needles (Bidens bipinnata) cxperiencing the
full length of day were nearly through flowering September 10 and
dying from senility, whereas the plants darkenced in the middle of the
day were still green and healthy.

Plants with definite loug-day or short-day requirements for flowering
may change from purely vegetative expression to sexual reproduction
or flowering within a very narrow range of lengths of day; this hus
been termed the critical length of day for flowering. Tests have
repeatedly shown that an incresse in length of day of only half an
hour is sufficient to bring a plant to normal flowering from a persistent
rosefte condition. Such sharply contrasted differentiations of be-
havior within these narrow limits of daily duration would indicate
that the critical length of day of some plants must embrace changes
in the levels of daily duration of only a few minutes.

In the principal tests herein reported, lightproof or darkened houses
(fig. 1) have been used throughout the summer to reduce the daily

hotoperiods, the exposures above 12 hours being increased by
Ea}f—hour steps. The tests included daily exposures of 10, 12, 12},
13, 13%, 14, and 14} hours, and the full length of day, which at
Washington, D. C., is nearly 15 hours in ]engtlfl on June 21, Obvi-
ously, these lengths of actual daylight cannot be utilized until the
duration of the daylight period from sunrise to sunset has reached
these values. The daily schedules followed in providing these day
lengths are shown in table 2, together with the dates between which the
corresponding day lengths cccur naturally and the number of days
during which they prevail.

TaBLE 2.—Daily schedule of daylight expesures employed jor the various lght
periods shorter than the full length of day, the dales between which these day lengths
sccur naturally, and their dwretion at Washingion, D, C.

Expas- | Inthe
Rggt adto | dark § D#tesofmalurat | %0

.- beginning and I Hpht
period 1‘;3"’ gggg’_ ending of daylight léf_ef || period
fritu— | ning—] reriod valle ! {huuts)

Teriod | Toay- Expos- | Inthe

Dates of natural
%da\';_o t?n“&; buginning and
light [begin. ending of daylight
from— | ning— perlo

| H
AL, ! P, Days : L., . i,

b Jan. 25-Nov. 17. . Al { G0 | Apr. 23-Aug. 21..
Mar. 18-Sept. 27 ; Mayb6-Aug. 7.. ..
130 | Mar, 20-Sept, 15 | mn 30 | My 23-July22 ..

Ape. 11-8apt. 3, :
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From the figures if is evident that the longest daily exposures using
natural daylight, namely 14 and 143 hours, are effective for only 93
and 60 days, respectively.

In all tabulations of behavior that will be presented, the full length
of day hes been taken as a standard of behavior or as the normal
expression of the plant to natural conditions of daylight. This,
however, is a complex and variable standard representing & regularly
changing day length with constantly increasing daily increments of
light duration up to the summer solstice and a series of constantly
decreasing lengths of day after the summer solstice. Such 2 standard
may, in many insiances, represent a series of opposing ferces with

. 1

1 : f

Ficure 1.—View of the large lightproof houses at Arlington Experiment Farm,
Arlington, Va., used to keep the plants in darkness for different periods. The
plant containers remain on trucks running in and out of the darkened houses
on iron tracks. The small cases at the left are used for lncalization tests and
demonstrations, different branches of the same plani being subjected to different
constant light pericds each day.

respect to flowering, as the length of day is increasing or decreasing
before or after the summer solstice. A simpler and truer standard of
comparisont would be one where the maximum length of day of the
senson was prolonged unchanged throughout the course of the ex-
periment, to be used as & comparison with the full length of day.
Unfortunately, this cannot be had without the use of artifinial light
to supplement the natural daylight, which then introduces new
complications involving especially intensity and quality of the light,

It should not be inferred from the tables that the final flowering of
the short-day plants experiencing 14 or 144 hours was a response to
these lengths of day. Final flowering of all the short-day plants, even
on those indicated lengths of day that may be well above the eritical for
flowering, is & natural result of the ultimate seasonal reduction in
fength of dayv to the critical. Obviously, where & short-day plant
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subjected to a given length of day has flowered before the controls,
this Iength of day has been below the eritical, If it has flowered no
sconer than the controls, it has not been subjected to & length of day
above the eritical.

From the fact that the days advance in length to the maximum at
the summer solstice and then deefease, each group of plants, the long-
day, the short-day, and the indeterminate or day-neutral plants
unaffected by lengths of day, should show rather charaeteristic
responses to these conditions. Actually, the truly indeterminate
plants are little affected, as neither short days nor long days exert a
selective action on flowering. The short-day plants, however, where
flowering is favored by lengths of day below the maximum day lengths
of the solstice, must await the passing of the longest days of midsum-
mer, so that the greatest delay in flowering is indicated for the short-
day plants. The poinsettia, which has a eritical length of day near
12 to 12% hours, as well as many chrysanthemums, ordinarily cannot
flower until well into Movember or December. The long-day plants
find the increasing length of day favorable to flowering and are forced
into flower either at the height of the midsummer solstice or shortl
afterwards. An inspection of all the tabulated data shown will
indicate these differences of behavior in response to the inconstant
full length of day.

EXPERIMENTAL DATA AND DISCUSSION

In the following tabulations, the response to length of day of a
great variety of plants is presented. Only the more salient features
of behavior are mentioned. An attempt has been meade to determine

the length-of-day elass to which each belongs. In some cases, how-
ever, the classification is tentative, pending further tests with higher
light and darkness ratios or perhaps continuous illumination.

It may be well to emphasize the fact that length of day is but one
of many factors that may affect the responses of (})lants. All the

higher flowering plants have potentialities of reproduction, but the
expression of this depends upon proper nutrition, oftentimes par-
ticuler temperature levels, intensity and perhaps quality of light,
length-of-day requirements, and there may be other factors at present
not well understood. It is obvious that with some plants, such as
the sugar beet, length of day cannot exert its full influence until the
plants are grown under temperature conditions also favorable to
flowering. This fundamental principle of behavior has been kept in
mind throughout the course of the experiments, the data of which
are herein presented. In most of the tests full summer daylight
was utilized and normal, vigorous growth was maintained. The
length-of-day responses were elear-cut and decisive for & great variety
of plants where the temperature conditions of a simultaneous series
varied only slightly or not at all.

The sort of flower stem developed, whether erect, declined, or
even prostrate, is markedly influesced by particular lengths of day,
as has been shown by timeothy, Canada bluegrass, Kentucky blue-
grass, and some other plants. This striking behavior in relation to
thel different lengths of day is shown for three flowering plants in
table 3.




TasLe 3.-—Character of growth, whether prostrate, decumbent, or erect, under different daily periods of tllumination

Plants

Heliopais hellanthoides pitch-
g{m?a Fleteher (Compos-
itae),

Anagallis lindfolia- L. (Pri-
mulaceac).

Chryopsis - martana (1)
Nutt., . golden-nster
{Compasitae).

Test
hegan

Apr. 0
May 25

Mar,

Length of the daily light exposure

10 hours

12 hours

1214 hours

13 hours

1314 hours

14 hours

1414 hours

Fulllength
of day

A few flowers,
stems  pros-
trate,

Noa buds, stems
prostrate.

Many flowers,
decumbent,

A few flowers,
Stems . pros-
trate,

Many flowers,
stems pros-
trate,

Many flowers,
decumbent,

Flowers abor-
tive, stems

Many flowers,
decumbent,

Flowers abor-
tive, stems
prostrate.

Many flowers,
stoms  pros-
trate.

Many flowers,
erect.

New  flow-
ers, crect,

No test._....

Many flow-
ers, orect.

Many flow-
ers, erect.

DN {1 N

Mauany flow-
ers, ereet,

No {est..u...

Many flow-
ers, eroet,

Many flow-
ers, erect,

Many fiow-
ers.

Many. flow-
ors, ercct.

Long day.
Do.

Short day.

8

H
5
o
3
=
:
]
:
2]
=
-
=
-3
[
3
s
»
=
=
]
e
o
o]
|
(o}
&
Q
=]
=
=
[«
&
=




RESPONSE OF PLANTS TO LENGTH OF DAY 9

The intensity of the leaf green or chlorophyll of soybesns and
many other plants has varied very noticeably, depending upon the
length of day experienced by the plants. At the critical length of
day for flowering, near 12.5 hours, the poinsettis has shown striking
differences in the red coloration of the floral bracts immediately
subtending the inflorescence. A day length of 10 to 12 hours favors
8 high intensity 4nd uniformity of coloration. With 12.5 to 13 hours
of light, ﬁowerin% was retarded and the floral bracts remained green

or were irregularly colored or weskly suffused with crimson in part
(table 4).

TanLe 4—Coloration of the folinge of some species of plants under different light
eTpasures

Digrkened in the
middio of the day | Duarkenod every Futl length of

frum2lﬂ &. . to other day day
p. m,

10-hour day

Eufherbiu putcherrima § Much darker green | Muceh dorker | Much darker | Nermel green.
Wiitd. thon  aogder full green thon un- green than um-
length of day. der full length ol ger fulllength of

day. ay.
Perilln fruteseeny (L)} | Almost nored color; | Almost as dark | Almost a; littie]l Richdark-hronze
ritt. noariy green. red o5 under full e colorntion, T,
. . length of dsy.
Tithonia fubucformiz | Alinost ns darkpreen| No test. Paler green than | Nectlgreen,
(Ot Coss, ay under full under full lengih
fength o1 day, ol day.

CHRYSANTHEMUMS

The data presented in table 5 deal with the behavior of 14 named
varieties of chrysanthemum, including both the Japanese and the
garden pompon sorts.

On the shorter lengths of day, the primordia as well as the visible
buds developed with little delay into normal flower heads, and
buds and flowers continued to form ell sunmer. On the longer day
of 13 hours these early buds were usually transformed into vegetative
structures, the involucral bracts oftentimes becoming elongated and
leaflike. These buds ususally were overtopped finslly by the new
growth and late buds that developed in response to the normal
shortened length of day of late summer end sutumn. On the day
lengths in excess of 13 hours, few early buds appeared, as growth of
the primordia was inhibited, These plants produced visible buds
and flowered only in response to the short autumnal days.

The variety known as October Gold was particularly striking in ifs
behavior {fig. 2). Young vigorous plants, recvived from the nursery-
man {Dreer) in 2-inch pots March 19, were transferred to 3-inch pots
on that date. These were transplanted into large buckets and placed
undler test conditions beginning March 29, when the plants were sbout
14 inches in height and small buds were already in evidence. Under
the shorter lengths of day, i. e, 10, 12, and 12} hours, the buds eon-
tinued to grow and flowered noymally without interruption (table 5).
Under these shorter day lengths new buds continued to form and
produced flowers throughout the summer. A length of day of 13
hours induced a slowing down in the growth of these early buds,
Howering was sparse and much delayed, and some of the younger
buds apparently remained entirely dormant. Under lengths of day

199828°—40——2




TasLe 5.—Effect of length of day on formation of flower buds,* time of flowering, and the height of various varielies of chrysanthemwms in a lest
begun May 8

Vuriety and source

Effect of daily light exposure of—

10 hours

12 hours

1234 hours

13 hours

1314 hours

14 hours

1414 hours

Full llengt.h of

ay

Time
required
for—

Time
required
for—

Time
required
for—

Time
required
for—

Bright Eyes (Dreer)...ooao....
October Gold (Dreer)

TLucifer (Dreer) . ....ovcommcecaaannas
Ruth Hatton (Dreer)

Yellow Normandie (Dreer)
B0 |

Louise M. Stimson (pompon, U. 8.
Dept. ABr) .. cier daicmmncemmmece

Mrs. M. M. C. Taylor (pompon,
U. 8. Dept. ABL) v e cinn

Henry A. Wallace (Japanese, U. S.
Dept, Agr) . .ooaio... - .

QGeorge - Billups. (pompon, U. §.
Dept, ARL.) e cmae e ool el i

Billy(pompon, U. 8. Dept. Agr.)...

Froncis Brawn (pompon, U. S.
Dept. Agr.)

Inchey

Days
24

24
31

24
206

j30)

31

26

Inches
12

i
22

15
13
18

1344

Iniches

Inches

Inches
36

34
44

29

>3

18
44

33

43

40

HYNITAOINOV J0 “TdAd 'S "N ‘1%L NITATING TVOINHOLL 01




Chattanoogn (Japavese, Guda Bros.,
Washington, D.C)) ..... ... B g 49

Columbus  Dispatch ~ (Japanese,
Elmer D. Smith Co).. ... . e e . 28

Helen Eakin (pompon, U, 8. Dept.

113 0 P PP P R,

Evening Star (Japanese, Elmer .
Smith Co.) oo a s eeccimana | 2 39

Tio (Japanese, U. 8. Dept. Agr.) ... . : 24
Town (Jupunese, U. 8. Dent. Agr.) . E 28

38

Fern McKenney (pompon, U. 8.
Dept. Agr). i i e 24

QGeaeral Pershing (Japanese, U, 8,
Dept. AZL) .ot di g 28

{

59 | 17: 123
T TR }m
a8 3 | s
38 | }uo
25 28 {u‘);
34 130 38 {:-: 12

3 | (6]
24 {68 26 106

3t {12 a8 (%

1 When 2 periods of time are given for the appearance of flower,buds, the first indicates
the time of nl]mcumnm of early buds that developed apparently frdin primordia lnid down
during the short days of the springtime, whereas the second or Tater period indicates the
appearance of late buds arising from primordia laid down in response to the short days of
autumn.

2 Buds appeared sometime in August.

3 Buds appeared sometite in June.
4 No test,
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of 14, 14} hours, and the full length of day, reaching a maximum
dJune 21 of 14 hours 54 minutes from sunrise to sunset, flowers did not
agpear until October 22 to 24. Some of the first-formed buds notice-
able May 29 at the beginuing of the tests remained dormant until late
sutumn, Others gradually developed into vegetative shoots or be-
came so weakened that they were never able to develop normal open
lieads, and many of them died. Free and normal flowering finally
took place from late buds developed September 6 in response to the
short scasonal lengths of day of antumn. At the same time many of
the early buds that had remained praetically dormant from about
June 1 to mid-October, o period of 19 to 20 weeks, continued their

Fravre 2.—Chrysanthemuin, variety October Gold, showing the adverse effect
of inereased length of day upon the embryonic buds laid down in response to
the short days of oarly spring before the tests began in early May. 4, Buds
forced into vegetstive expression by a daylight period of 13% hours. These
were abnormal, the bracts of the head beeoming foliar structures, and the
peduncles, normally nearly naked, bearing leaves, These buds died without
flowering or remained amall and depauperate with no further enlargement,
Normal buds appeared in carly autumn, in response to the short days, and
flowered October 23. B, Buds exposed to 13 hours of daylight each day, which
produced norinal flowers bub were delsyed in fowering until July 21. ¢, Buds
exposed to a 10-hour day. These continued normal, undelayed development
and flowered July 1. (Phofographed Aug. 20.}

growth and flowered, together with the buds that were formed in
early September and produced flowers without arrested develcpment.
The same behavior was also strikingly shown by the variety Bright
Fyes; the early buds formed in mid-June did nof flower until Septem-
ber 8 on the 13-hour day and not until Qetober 23 on the 13%-hour day.
Although these early buds remained dormant throughout the entire
summer, they produced mostly normal flowers. Days of 14 and 144
hours in Jength were too long to allow the early buds to develop into
flowers.  In thess tests, normal buds appeared September 1 and 8,
respectively, followed by open flowers on November 2.
he delayed flowering of the early buds is a rether remarkable
behavior, The chrysanthemum is 8 flower that is favored by cool
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The Louise M. Stimson variety of ¢hrysanthemum. 4, 13%-hour «iay, the normal bronze-red color well developed;
B, 13-hour day, normal red color very slight; C, 12}¢-hour day, no red color developed, rays yellowish due to lack of
anthocyan. '
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weather, but in these tests the buds were forced to endure high summer
temperatures. It is quite probable that cool temperatures together
with short days would have favored the survival and development into
normal flowers of a far greater percentage of these early buds. I is
clear that all varieties of chrysanthemum here considered belong to
the short-day type.

This behavior of arrested development involving large, well-formed
buds in the chrysanthemum is significant, for it is oivious that an
unfavorable [ength of day may cause a striking delay ov even & dor-
mant condition that can persist for months or until & favorable length
of day accompanying the natural swing of the sesson has effected a
release in the direction of continued development and uliimate
flowering (ﬁ%. ).

Remarkable changes in the normal coloration of the flowers of
chrysanthemum have taken place in response to length of day. The

]

B O

Fioore 3.—Garden chrysanthemum, variety Helen Eakin, a pompon originated
by the United States Departinent of Agriculture. The plants Howered under
different day lengihs as follows: 10 hour, July 6; 12 hour, October 14; 18 hour,
October 19; 14 hour, Qctober 31; full day (C), October 31. Tests began June 5;
photographed August 28,

behavior of the variety Louise M. Stimson has been particularly strik-
ing. The rays of this variety normally are bronze red in coloration,
bu{ when grown under the shorter deylicht exposures of 10, 12, and
12} hours all the heads were a pale, bﬁmched yellow, with no hint of
the usual red. With 13 hours of light a few of the heads had assumed
the normal bronze-red coloration in part. With 13% hours of daylight
each day some pale-yellow heads were present, but there were many
bronze-red heads in evidence, All the longer day lengths produced
heads of normal coloration. A number of other varieties showed these
color changes to less degree. These color relations are shown in plate 1,

Cosyos, CALENDULA, GATLLARDIA, GUIZOTIA, TAGETES, AND ZINNIA

The responses to day length of certain species and garden varieties
of Cosmos, Calendula, Gaillardia, Guizotia, Tagetes, and Zinnia are
summarized in table 6.

The yellow-flowered species, Cosmos sulphureus, is now recognized
as occurring in &b least two distinet garden forms, the late form
deferring flowering uniil arrival of the short autumn days, which are
necessary as the releasing mechanism (fig. 4), Plants of the late
variety subjected to 10 and 12 hours of light daily died quickly fol-
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lowing hastenied senility, being entirely dead October 2. The plants
with 13 hours of light showed weak flowering, whereas those receiving
13%, 14, end 14% hours of light and the full length of day were not in

Figune 4.—Cosmos sulphurens Cav. Lake strain, A typical short-day strain
fiowaring under various duy lengths as follows; 10 hour, June 15; 12 hour, June
22; 12% hour, June 30; 13 hour, June 23; 18% lour, August E8; 14 hour, 14}
hour, and fuil day {C), Qetober 16. This strain is adapted only to the shorter
duys and warm autiinal days of the South. Tests began May 14; ploto-
graphed June 30.

full bloom until September and QOctober. This is definitely a short-
day form.

Within recent years a variety, Orange Flare, has been developed,
which flowers in response to all lengths of day in these tests, but with
increasing delay under the longer ga,ily light periods (fig. 5). Under
the {ull length of day aud 14 hours of light daily, there was a delay
of 18 days in time of flowering as compared with the plants receiving

TFweene 5.—Cosmos sulphyrrus Cav.  Farly Orange Flare (Dreer). A strain of
yellow-flowering cosmos little affeeted by lengths of day up to 15 hours at least,
Flowering under the various day leugths was as foliows: 10 hour, June 13; 12
hour, June 15; 12} and 13 hour, June 18; 13% hour, June 27; 14 hour, June 29:
1414 bour, June 30; full day (€%, Juue 2. This strain is early Bowering and
suitable for higher latitudes because it is a short-day plant with o high critical
limit for flowering. Tests began May 20; photographed June 30.

10 hours of light each day. This would indicate that the plant is
mildly of the short-day type.

Tlree distinct varieties of Cosmos bipinnatus have been grown, all
of which have flowered eventually on all the daily light periods of
the tests. The Autumn Giant Crimson varicty of cosinos shows 2
decided delay in flowering on the longer light periods, together with
a marked increase in pur[ﬁy vegetative growth or height.  The plants
on the short light periods of 10 and 12 hours quickly veached senility
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and died, but those on the longer periods were still in full flower and
in u vigorous growing condition. The plant thus behaves as g typical
short{-day type in its flowering behavior. The Extra Early Colossal
Crimson variety has shown a less marked short-day behavior, and
the Extra Early Express Pink variety has exhibited little or no delay
in flewering and no increase in stature as the daily light periods have
been increased. To this degree it is o typical indeterminate type.
Extra Farly Colossal Crimson has shown only a slight delay in flower-
ing on the lonﬁcst light periods, but a marked increase in height has
taken place. In these respects the pluné is not typically an indeter-
minate type even though flowering is not greatly delayed as the days
are inereased 1n length.

The two varicties of calendula are characteristically indeterminate
in their Bowering behavior, both the Campfire Sensation and the
Lemon King in growth and time of flowering responding as typicel
indeierminate typoes.

The gaillardias, Burgundy and Indian Chief, have been tentatively
classed as indeterminate in their requirements for flowering. The
Burgundy produced very few flower stems on the shorter light periods,
but a heavy growth of leafags developed. The plants were strikingly
more floriferous on the longer light periods, showing a tendency toward
the long-day habit in their flowering requirements, The Indign Chief
variety was flortferous in all tests, but tlhc plants grew but little under
10 hours of daylight esch day. Flowering appears to have been
fnvored by longer days.

Sced of Guizutia (niger seed), valuable for the drying oils contained
in the secd, was obtained from the Division of Drug and Related
Plants, Burcau of Plant Industry. Two lots of this seed were grown,
one sown in the greenhouse April 5 and germinating April 8, the other
sown directly on the tests May 28 and germinating June 1. Plants
of the first-sown seed were placed upon the tests May 13, when 4 fo 5
inches high.  The behavior of these two lots of plants was so different,
as shown in relation to the various lepgths of day throughout, that
some ({ISCHSSION SOCIMS NECOSSRTY,

It would appear that Lhe normal behavior of Guizofia is best indi-
cated in those tests where the seed was sown May 28 in the various
day-length tests, 1n this scries flowering was greatly hastened by
the shorter lengths of day.  An increase of only one-half hour of light
daily, 1. c., from a length of daoy of 13} hours to 14 hours or more,
detayed flowering 37 days. 1§ 1s evident that this particular strain
of Guizofia 1s & pTanb of pronounced short-day habit, as plants experi-
encing the full length of day were also delayed in flowering until
Sceptember 3.

in eontrast with this sowing of Mav 28, the sowing of April 5,
entering the tests May 13 as weli-ueveloped young plants, showed a
rendiness to flower about equally quickly fromn lengths of day of 10
hours to 144 hours. The explanation appears to be thas these earlier-
sown plants came within the influence of seasounl lengths of day
short enough to impicss u strong flowering stimulus upon all the
plants before the tests finally began May 13, At this time the length
of day from sunrise to sunset was 13 hours 6 minutes, even below the
day Jength of 13¥ hours, which does not occur at Washington until
May 22.  An inspection of the planting of May 28 indicated that no
great delay in flowering took place until the length of day wasincreased
to more than 134 hours.




TasLe 6.—Efect of length of day on forination of flower buds, time of flowering, and height of Cosmos, Calerdula, Dahlia, Gaillardia,? Guyizo-
tia, Tageles, and Zinnia

Eflect of dally light exposure of—

Full léength of

10 hours 12 hours 1214 hours 13 hours 1316 hours 14 hours 1414 hours 8y

Timere- Thie re- Time re- Time re- Timers- Time re-
quired quired quired quired quired
for— for— for— for— for——

Culendula:

C, officinalis L.
(Cainpfire Scnsa- I
tion) .| May 9 {] 6 26 1 6 26 20! 26 26 | 44 26 7 | Indoterminate.

. _offictnalis L.

(Temon King). .. .| May 20 i K Do.
Coainos; |

Q. bipinnatus Cav,
Autumn Giant
‘rimson).. ... ...] May" 4 ) 36 | Bhort day.

C. bipinnatus Cav.
(Extra Early Ex-
press Pink).... ... Indeterminate,
C. bipinnatus Cav.
(Extra Eaily Co-
lossal Crimson) ... 8hort day.
C. sulphureus Cav,
(Klondyke, iate) . 20 g Do.
C. sulphurens Cav,
(Orange Flare,
early) .. ... .. . ‘May 15 27 . Deo.

Dahlia;

D. rosea Cav. (Colt-
ness Hybeids).. . .| May 7 ! Indeterminate.

D, rosea Cav. (Dellco
variety) June 1 8hort day.
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Gaillurdia;

(i, arlstata Pursh
(Burgundy)... . ..

Q. gulclullu var, picla
(Sweet) Gray (In-
dian Chief) ..., .

Guizoliag

G. abysatnica (1., {.)

Cass (niger -soed)
Da. ...
Tugetes: )

T, erecta L. (African
marlgold, double
annual)..., .

T. erecta L, (African
marlgold, Guinen

Gold L

T.erecte L. (ivarigold,
Legion.of Honor) .

T, erecta L, (African
nurigold,  Dreer's
Orange Prince).....

T. signata _ Bartl,
{(Dreer's French
marigold),... . ..

T.  signale " Bartl,
(pumila varlety). ..

Zinniu:

Z, elegana Jacq. (dou-
bte Callfornia
Giant) .-

Z. huageana  Regel
Hald). .. .... ...

Z. scabiosa Hort. .

1 Seed of the 2 strains of Guizatia (niger seed) furnished by the Division of Drug and
Rélated Plants, U, S. Department of Agriculture.

? No test.

Apr.
May

June
May

May

May
May

May

June
May

May

May
May

55
47

®
®
®

30

30
24

21

13
15

(O]
™

32

a
40

2

4

53

6t
47
@

@
®

35

36
28

26

18
17

18

59

63
47

®
®
&

35

o)
35

15
15

37

a3
35

12

20

Tndeterminate.

Do,

Short day.
Do.

Do,

Do.
Indeterminate,

Do,

Do,
Do,

3 Flowered previous to test (10 hour, June 9; 12 hour, June 12; full Iength of day, June 8).

{1 No burls had appeared June 18,
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From the behavior of the particular strain of Guizotia in the tests
i i1s evident that this could not well be grown much farther north to
secure good seed production before frost, and even in the latitade of
Washington the hazard may be too great. The growing of this plant
somewhat farther south, however, should favor vigorous seed produc-
tion before frost.

All the marigolds in the tests, except the larpe African marigolds of
the species Tagetes erecta, have shown a more or less indeterminate
behavior in their flowering (fig. 6). The larger African marigolds,
however, showed a slight delay in flowering on the longer light periods.

The three zinnias in the tests behaved more as indeterminate types
in their flowering with respect to length of day, rether than as lorig- or
short-day plants.

Of the dahlias, the variety Coltness Hybrids has been classed as an
indeterminate-day plant, although growth and flowering were very

P L I R U

FiGure 06— Tageles erecla L. African marigold var. Guines Gold {Dreer). A
plant of rather indetermminate habif, but flowering with lcast delay on the
shorter day lengths. TFlowering under different day lengths was as follows:
10 hour, July 15; 12 and 12% hour, June 22; 13 hour, June 25; 13% hour, June
29; 14 hour, July 1; 1434 hour, July 3; full day {C), July 8. Very long and very
3hort 3({1)833 appear to delay flowering. Tests began May 15; photographed

una .

poor with 10 hours of light daily. In all the other tests there was
good growth, and the time of flowering and the abundance of blooms
showed little variation on the longer pericds. The variety Delice is
definitely a late, short-day type.

WiLp NATIVE SPECIES OF {ZOMPOSITAE

The data presented in table 7 deal with a number of native wild
Compositae common to the Distriet of Columbia section. Wingstem
(detinomeris) shows g progressive delay in flowering with increasing
length of day, plants receiving 14 and 14¥ hours of ight daily flower-
ing 1 month later than those receiving 10 or 12 hours of light. This
plant shows the behavior of a short-day plant. Rosinweed {Silphium)
flowers somewhat more quickly as the light periodsinerease in?ength,
and it is indicated that Howering is favored bv an incressing length
of day {fig. 7). The two ragweeds (Ambrosia elatior and 4. trifida)
are now faitly well known to most persons who are affected by autum-
nal hay fever. Both are short-day plants, but in nature the giant
ragweed {A. frifida) flowers earlier than the low ragweed (4. elaiior).
This relationship is also indicated where the seasonal length of day
has been artificially shortened to 14¥ or 14 hours in the tests.




TasLe 7.—Behavior of some wild native species of Compositae in response.to length of day

Eftect of dally light exposura of—

Full Jength of
day

10 hours 1214 hours 13 hours 1334 hours 14 hours 1434 hours

Plants Pest Time Time Time Time Time Time
began | required required required required required required
for-— for— for— for— for— for—

Actinomeris  alternifolia . N Days
(LYDC. (wingstem)...} May 16 | 26 23 . (i} 4 34 [ 44 { 70 | 48 85 Short day.
A mbrosia: -
A, elatior L. (low rag- ‘
weed). ... ..u.._...| May 11
A, trifida L.
" ragweed) May 18
Bidens bivinnata L.
(Spanish-needles)..| June 3 ; . . (O]
Chrysopsis mariana (L.)
Nutt. (rolden-aster).....| Mar, 27 ’ 178
Inula helenium L. (ele-
campane) .| May 11 [. . Q]
Lacinaria __graminifolia
(Watt.) Kuntze (blaz-
ing-star)....__........ May 19 (O]
Lactuca wpicata (Lam.)
Hiteh, (wild lettuce)..._| May 29 [0} . Indeterminate.
Silphivm trifolinfum L,
(rosinweed) ...-c.... ... Apr. 18 56 68 : 76 541 78 Long day.

AV J0 HIDXTT OL SINVIA J0 ASNOISTT

t Injured. 3 Leafage only.
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Under very short exposures the giant ragweed has shown a decided
tendency to flower less promptly than the low ragweed. These
rather appreciable differences of behavior would indicate that the
low ragweed is a more pronounced short-day type of plant than the
iant ragweed, or one may consider that the latter tends more to

chave as a long-day plant. In fact, A. imfide comes into bloom
and completes anthesis much earlier in the season than A. elatior,
which may be in full anthesis long after 4. #ifida has ceased to
liberate pollen. From their day-length requirements it is evident
that these two species of ragweed are best adapted to middle Iati-
tudes rather than to those having extremely Iiong summer days.
On the basie of their daylength requirements for flowering and seed

Froure 7.—Siphiun. trifolistium L. Rosinweed, a native wild plant of the vicin-
ity of Washington, D, C., with long-day tendencies. The plants Aowered under
different day lengths as follows: 10 and 12 hour, September 6; 12% hour,
August 15; 13 hour, July 22; 13% hour, July B; 14 hour, July 16; 14} hour,
July 18; full day (C), July 16. Tests began April 18; photographed August 22.

roduction before frost, these plants are not adapted to the high
atitudes of Europe or to-the British Isles. Actually, these ragweeds
are practically unknown in Europe or the British Isles and are rarely
listed in British or European floras as oceurring at all. If they oceur,
they do not appear to persist, and European botanists have informed
the writers tﬁat they are usually not able to flower and set seed
before frost.  An occasional plant of the species Ambrosia elatior has
been found in Ireland, England, and the mainland of Europe, but
A. trifida with its slightly longer critical day length has not been
listed even as a casual.

Lacinara graminifolie is a typical short-day plant, flowering
quickly under 10 heurs of daily f:n-ht exposure, and also producing
its largest corms in response to these short exposures. Senility came
on quickly under the 10-hour conditions, whereas the plants enjoying
the full length of day were still green and floriferous. The short
cxposures hastened the enlargement of the corm, flowering, and
senility, and produeed noticeaﬁly short stems.
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Bidens bipinnata is a short-day type having a fairly high critical
light period for flowering. If the short autumnal and winter days are
supplemented from sunset until midnight by incandescent electric
light, plants in the last stages of senility have been rejuvenated, and
vegetative branches have developed that grew for an indefinite
period without flowering.

Golden-aster (Chrysopsis mariena) has flowered under all lengths of
day, but the shorter light perieds have greatly hastened flowering.
The plints wers short and stocky under 10 hours of light and extremely
productive of showy golden heads. A striking featurs was the decum-
bent habit of the stout stems at the base. This decumbent habit
was less evident in the 12-hour plants, and still less marked under the
12}%-hour light period. The 13-hour plants and those enjoying longer
daylight periods showed an erectstem growth.

o far as the tests have indiented, the flowering of elecampane is
somewhat hastened by the shortar lengths of day, but leafage, alone,
was developed under conditions of o 10-Lour day. The plant may
be tather Indeterminate in its flowering respouses, but it shows some
indientions of long-day behavior.

Wild lettuce (Lactuce spicata) has shown about the same flowering
respounses uuder 10 hours of daylight as under the full length of day,
but in the latter test the height of the plants was greatly increased.

Yartous OryaMENTAL COMPOSITAE

A number of the ganrden Compositae presented in table 8 tend to
have day-length requirements extending through a very wide range,
thus behaving as indeterminate types; several are typieal long- or
short-day plants.

Achillea’ ptarmica is a typical indeterminate plant in its flowering
behavior, since it grows and flowers well throughout the entire range
of light periods shown.

Agerabum is not clearly defined in its behavior, Although vigorous
growth and flowering obtained under nearly all light periods, meny
sterile vegetative stems and few flower stems were produced with 10
hours of light daily, and the stems, although shorter, were loose,
spreading, and much declined. As the daily light periods increased
in length, there wns a very noticeable increase In the flower-bearing
stemis and the stature of the plants. One strain shows the charac-
teristics of o short-day plant.

Two strains of Ammobium alatum var. grandiflorum have baen
grown, and both behave as indeterminate types of plants. The
10-hour plants of one strain never flowered, but there was a progressive
inerease in the abundance of flowers on the longer light periods. The
plants of the other strain flowered even under the short light periods
of 10 or even 8 hours, but few flower stems were formed under these
conditions. Beginning with 12 hours of light daily, many flower
stems were formed and the plants were floriferous, It will be noted,
also, that flowering was hastened by the longer light periods in one of
the strains.

Anthemis tinctoria showed a poor growth throughout the series,
wrhaps due to extreme heat, but there was a gradual chango from
l{‘amgﬁ alone, on the 10-hour period, with stem growth increasing in
height as the light periods were increased. There was no flowering
at any time. The plant is tentatively classed as & long-day plant
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TABLE 8.—Behavior of various ornamentals of the family Compositae in response to length of day

Eflect of daily light éxposure of—

10 houirs

12 hours

1244 hours

13 hours

1314 hours

1414 hours

Fall length
of day

Pime
required
{or—

Time
required
for—

Time
required
for—

| required

Time

for—

Time
required
for—

Achillea ptarmica L,
Ageratum:

A. houstonianum
Mill, (from.Con-
necticut)...... ...

A, houstonianum
Mill. (Dreer Blue
Perfection). ... c.

Ammobium:

A. alatum R, Br.

var. grandiflorum.. .

(Kelway’s Anthemis)..
Arcletis:
A. fastuosa Jacq,

(annual)
A, stoechadifolia Berg,
(African daisy)

Bellis perennis L. (Eng-
lish daisy)

Brachycorie  iberidifolia
Bentk, (Swan River
1120 T,

Centaurea:

C. cyanus L. (double
ruby red)

C. imperialis (bache-
lors-button): . .....

C, moschata L. (sweet-
sultan)

May 10

May 6
May 19
May 28
May 16
May 29

. 26

May 14

Indeterminate.

"8hort day.

Long day(?),

Indeterminate.
Do.

Long day(?).

Indeterminate.

g
.
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Coreopristinctoria Nutt. .] May 31 o4 | e e e K 34 ! Long day,
Dimor%wlheca aurdnti-
aca PC, (Cape-mari-

BOIA)uerecwmman memmern-| MBY 27 ... R S . 49 Do.(1),
Emilia flammea Cass.

(Cacalig) ..o oo May 13 28 28 11 28 k 3 ] Indeterminate.
Gilia capitala Dovgl.. .. {...do. . 2 49 25 i 8 ] Do.
Heliopais  heliantholdes |

var, pilcheriana Fleteh- ] .

€F.. oo venumninnmena ] APL. FIUR : i . - 103 4 wong day.
Helipterum roseum .

Benth. (Dreer acro-

cliniuin, double-mixed). | May [O)]
Scabiosa atropuypurea L.

(lurge-Bowering  crim:

7Y I - §5 ¢ 85
Stokesia laepis il )

(Stoke's aster). ........i May g 50
Tithoniu:

I, rotu ndifolia (MI.)

Blake . _......... | Moy 33 0L 46 1 4 60

1O eivminns. . fJune 19 . .} 36 .| sole2 o I S PR SO B C) N SRS S (. — b @)

Tyicholaena rosca Nels. ] May | &) 171 261 7% 2 8 18 28
Ursinia anethoides (DC.) ]

N.E.BL.....cocomemneaf. May 241 1 ¢) 431 69 {14 [ S . ®) ] [UUTIR B ) I O T-mg day.

“ 1. . . Do.(2).

(O 8 £ Da.
* B ~...{ Bhort day.

De.

Do.
Indetsrminate,

¢ Died. ? Good stem growth. 16 No flowers.
1 Leafage only; died, ¢ Excellent growth. 1 .Lealaﬁe only.
¢Short stem growth. ¥ Rosette only; died. 13 Buds late in fall.

' Budded previous to test: 10 hour on May 5, 12 hour May 4.
*No buds,
INo test.
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on the basis of this behavior. It is possible tha$ this plant is best
adapted to cooler climates and very long summer days, as it thrives
in England and in the countries of northern Europe. _

Arclotis stoechadifolia has been very floriferous under all light periods
and behaves as an indeterminate (fiz. 8). It shows somewhat delayed
flowering on the longer light periods accompanied by increased stature.

English daisy (Bellis perennis) is a plant of indeterminate habit, as
the tests indicate, but it seems ill-adapted to hot climates, This
appears to be the correct interpretation, as its native home is in the
{ar northern latitudes of England and the mainland of Europe, and it
flowers nearly the whole year round.

Swan River daisy (Brachycome sberidifolia) and Cucalia also behave
as wrue indeterminates, flowering abundantly under all light periods
and with hLittle or no delay as these are increased in length. Bra-
chycome reached a senile condition and died somewhat sooner under
the shortest light periods.

The several centaureas flowered fairly well on all the light periods,
but made much better growth as the daily light periods increased in

TFigUuRE B.—areiotis sloechadifolia Berg, African daisy, A plant of indeterminate
flowering habits within the limits of the present fests. The plants fowered
under various day lengths as follows: 10 hour, June 16; 12 hour, June 10; 13
hour, June 13; 14 hour, June 13; full day {C), June 15. Indeterminate plants
of this type are suitable for garden culture throughovt a wide range into far
northern latitudes. Tests began May 21; photographed June 30.

length. On the basis of their flowering responses, they have been
placed in the indeterminate class: in their growsh behavior they are
favored by the longer days.

Coreopsis hineclorie has {lowered under ell light periods, but the
10-hour plants produced few flower stems and muclln) leafage. With
each succeeding increase in the light period, growth improved and
the plants were noticeably more floriferous. These responses together
with earlier flowering in response to the longer light periods would
indicate s plant that is favored by long days.

Cape-marigold (Dimorphotheca) appears to be a weakly long-day
glan.t in behavior and is likely to die or grow very poorly on very short

ayvs.

Gilia capitaia and Emilic flammea have behaved as typical inde-
terminate plants flowering equally well under 2l conditions, but have
attained somewhat greater stature on the longer light periods.

Heliopsis has shown the behavior of a typical long-day plant,
scarcely budding or flowering on light periods of 13 hours or less. On
the 10- and 12-hour periods the branches were lax, falling upon the




RESPONSE OF PLANTS TO LENGTH OF DAY

ground, and abortive buds were formed. Flowering was poor on the
133-hour period, but the branches had become erect. On sall longer
light periods and the full length of day, the plants wore tall, strictly
erect, and very floriferous. This plant in all respects is one of long-
day requirements.

elipterum roseum for the most part graw poorly under all light
periods, but appears to be of long-day habit in some respects,

Sweet scabiosa is a tyﬁical long-day plant greatly favored by long
light periods coupled with cool temperatures (fig. ). Very few or no
flower stems were found on the 10- and 12-hour periods, but a dense
growth of leafage developed, and flowering was delayed. The plants
have shown a similar failure to flower in the greenhouse in wintertime,
except where artificial light was used fo extend the illumination period
and the plants were then forced inte vigorous growth and normal
flowering.

Stokesia laevis has shown a rather pronounced short-day behavior.

The behavior of Tithonia rotundifolia is of some interest. This
plant occurs in Central America where it grows under comparatively

114 F

FiauRrs 9.— Scabiosa atropurpurea 1. Large-flowering Crimson {Dreer), 2 long-
day plant. The plants flowered under different day lengths as follows: 10 hour,
August 157 12 hour, never flowered; 13 hour, August 20; 14 hour, August 3: full
dny (C), july 20. The 13-, 12~, and 13-hour plants were characterized by
dense leafage and poor flowering. Tests began May 22; photographed July 25. .

short days. Onc of the strains shown in table 8 behaves as a typical
short-day plant in higher latitudes and usually eannot flower m the
vicinity of QVashington before killing frosts cccur in Qctober or Novem-
ber. In response to 10 or 12 hours of light; daily it has flowered readily
in Iate July or early Augnst. Under increased lengths of day it
grows to great size as compared with those plants forced to flower
under short days. Its rigid requirements for very short days to
promote flowering make it & plant ill-adapted to regions much north
of its native home.

Another strain, on the other hand, has & much longer critical light
period, flowering well under all light periods employed, but with a
delay of about 1 month on the longer hght periods, together with in-
creasing stature and greater longevity. TlI1)e plants were almost or
entirely dead on the 10- to 13%-hour light periods, inclusive, Septem-
ber 4, but were green and in full flower on the 14-, 14%-hour, and full
length of day at this time. Delayed flowering on the longer light peri-
ods and reduced longevity on the short periods would indicate o plant,
of short-day tendency. This strain with its carlier flowering tenden-

100678°— 50— 4
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cies i3 much better adapted to become a garden ornamental in higher
latitudes than those strains that must await very low critical lengths
of day and therefore postpon. ﬂowerin%luntﬂ very late in autumn,

Tracholaena roses is of indeterminate habit, flowering sbout equally
well under all light, periods, and is characteristically of indeterminate
habit, showing ne delay in flowering on the longer light periods, and
maintaining rather uniform stature throughout all the tests,

Ursinia anethoides shows long-day tendencies by a hastened flower-
ing on the longer light periods, but the plant does not thrive in the
warm summers of Washington, D. C., especially under artificially
shortened light periods.

GOLDENRODS

The i;oldem'ods presented in table 9 represent species ranging from
the earliest to flower in the vicinity of Washington, Solidago juncea, to

Fraungr 10.—8elidage altissima L. A short-day goldenrod. The plants flowered
under different day lengths as follows: 10 hour, June 25; 12 hour, July 6; 12}
hour, July 18; 13 hour, July 16; 13% hour, July 20; 14 hour, August 24; 144
hour August 30; full day (C), September 18. Testa began Anril 5; photo-
gra.pflcd ugust 7,

some of the latest flowering species, S. alfissima, S. graminifolie, and
* 8. nemoralis.

Solidago altissima is one of the late goldenrods, its behavior being
ty?icully that of a pronounced short-day plant (fig. 10).

The species Solidago cutler: is a northern alpine found on Mount
Washington, N. H., and in other high alpine districts from Maine to
New York. It probably represents a long-day species, rather than
one of short-day habit (fig. 11}. It would appear that even the longest
suminer days in the vicinity of Washington, D. C., in combination
with other conditions are too short to initiate flowering in this species.
Vigorous leaf rosettes, only, were formed under all lengths of day.

wo strains of 8. fistnlosa were grown, one behaving as a typical
short-day plant, the other flowering irregularly, so that its classification
could not ﬁe made with certainty.

The species S. graminifolia behoves as a typicel short-day plant,
flowering as early as July 5 with 10 hours of light daily and showing
delny of flowering to§et.her with increased stature for ench half-hour
incrtfm?nt in the daily light period until the full length of day was
reached.




TaBLE 9.—Behavior of some nalive goldenrods (Solidago) in response to length of day

Effect of daily light expaosure of —

10 hours 12 hours 1234 hours 13 hours 18)6 hours [ 1434 hours F“g{-‘]‘.i:‘;'th

Plant g Pest Time re- Time re- . Time re- Time re- Timere-
anls began | quired quired quired quired
for— J{ 1 for— for—

Solidage: 2 ' . N Days| In, . | I N
8. altissima 1 Apr. 51 57| 81 67 | 92 (] 77 | 102 108 67 | 141 | 56 | 109 7 1 1 G Short day. -
SA cutleri Fernald-....| Apr. 23 3 RN . 0] : . Long day.

ﬁslulouu Mill,
Apr. 21 126 Short day.

do. . B . ® . . .

Apr, 5 88 147 : Short day.
Sjuncen Alt. No. 1. Apr. 23 06 108 D

8, junceg Alt. No,2..|...do..... . 85. 93
S. nemoralis Alt......| Apr. 27 , 142
S. rugosa Mill. No.1.I' Apr, 23 96 147
S, rugosa Mill. No.2_[._‘do_... 141
S. sempervirens Lo....{ _.do.... . 4 76
S.wImifolia Muhl.._.|.. do_... 88 108

! Leafy rosetto. ¢In the fleld Solidago juncea is the earliest-Bowering goldenrod, although in these tests
: II&ea{y léoset‘tie and stetns. ) &, ulmifolia was a few days earlier.
o test made,
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In the wild state nothing is more obvious than the successional
flowering of the different species. Solidago juncea may even flower
in Juns, and reaches its prime in mid-Aungust, then declines, whereas
8. altissima is then just Eeveloping its flower branches and tiny buds
(fig. 12). The species S. rugosa is also one of the latest goldenrods to
begin flowering. With the exception of 8. juncea, which In some
respects behaves as an indetermunate, the late-flowering goldenrods
of the vicinity of Washington are more or less typieal short-day plants

Treurn 11.—Selidage eutleri Fernald. From Mount Washington. This species
has never flowered at Washington, D. C., except as here shown. This plant
fowered in the cool greenhouse February 14 when a roseite, the stem being
practically absent, 'This appears to be a plant of long-day and cool temperature
requirements, There is a tendency for all goldenrods to shorien their stems as
the day length is reduced, even to such a degree that the inflorescence is almost
stemless or is borne close to the rosette of leaves. {Photographed February 28.)

and show a greatly hastened flowering when grown under the shorter
daily light exposures.

There are striking differences in the character of the inflorescence in
response to the various light periods. The larger taller plants of the
longer daily exposures produce a loose, open type of inflorescence more
typical of the species as seen in a state of nature. The shorter lengths
of dnv may produce a dense, compact type of inflorescence, which, in
compurison with the typieally developed form, is hardly recognizable
as belonging to the species in question.

The extended flowering period of many of the goldenrods is also
very striking. The earliest individuals of Solidago junces appear in
Jusie, the latest in September or October. All the species of the
Washington vicinity carry their flowering over & long period; even
months may intervene between the first flowering individuals and
the last to flower. It is evident that this long seasonal lag is due in
part to the ineclusion of many strains possessing slightly different
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critical levels of length of day at which flowering is initinted, Nat-
urally, so long as flowering is not too late, so that seed production is
not prevented by the advent of frost, & countiess number of strains
can arise and survive in any latitude, bu$ es northern regions are
approsched, the species must trend toward the long-day behavior to
survive, or at least the population will consist of a more uniform
assemblage with & narrower range of day-length requirements nearer
the critical favorable to sucecessful seed production, A natural
climatic selection will necessarily operate here to prevent seed pro-
]ductio? by the later stragglers, which might easily propagate in warmer
latitudes,

These limitations would apply with particular force to such alpine
species as Solidago cutler:, which must flower early to take advuntage
of the very cold and extremely short summers of alpine character
that obtain upon Mount Washington. 1If this is a typical long-day

Ficrae 12.—S8olidago juncea Alt. A native midsumnmer geldenrod of the vieinity
of Washington, DD, €. Flowering under various day lengths was as follows: 10
hours, July 23; 12 hours, July 31; 123 hours, August 2; 13 hours, July 28; 13%
hours, August 1; 14 hours, August 6; 1434 hours, August 9; full day (C), August
20. This is the earliest flowering goldenrod in the Washington vicinity, some
strains flowering in June. Tests began April 23; photographed August 7.

assemblage, as would appear, the species could not readily extend its
range southward, even along the higher mountains, except through
the survival and propagation by seed of strains capable of responding
to shorter days. In such perennial types of hargy vegetative char-
acter, even though frost prevented seed production, the plants could
long persist and propagate by offshoots; and such sterile plants
appear to be present in many populations of the late Compositac.

Two strains of Solidage juncea were grown in the test. It will be
seen from table 9 that strein No. 2 showed a tendency to flower
earlier on nearly all the day lengths than strain No, 1,

8. nemoralis is perhaps the Ettest goldenrod of the Weshington
vicinity, coming into flower usuelly m August and persisting in
favorable seasons into December, long after such species as 8. juncea,
S. graminifolia, and even 8. aitissima are past flowering.

Two strains of 8. rugosa were grown, and from the behavior of
these it is indicated that strain No. 1 is & faster-growing and some-
what earlier type in some respects, although both are short-day
types.

The strain of S. sempervirens obtained from Connecticut flowers very
quickly in response to shortened day lengths, and even in response
to lengths of day as long as 14 end 14} hours flowering occurred
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as early as June 29 and July 8, respectively {fig. 13). This particular
goldenrod has shown itself to be the earliest flowering species in all
tests where the length of day has been reduced below the full length
of day of Washington, D. C,, i. e., about 15 hours. This species has
an exceedingly wide range, extending from the Gulf of St. Lawrence
southward. It is obvious that in these far-northern latitudes early
flowering in time to escape frost is a requisite. The species shows an
early-flowering behavior even for the New England strain in the tests,
and it is possi%le that still earlier strains exist near the northern limits
of its range, i. e., showing the capacity to flower readily in response
to still longer days than the strain tested.

Solidago Mmz{olia is chiefly 2 woodland goldenrod, and the strain
dealt with has been one of the earliest to flower in response to the
full length of day. This species has shown no marked delay in
flowering until lengths of day of 14 to 14% hours have been reached.

Ficore 13.—Solidago sempervirens L. A uvative goldenrod whose flowering is
favored by long days, the flower stems in the short 10-hour day scarcely arizing
above the leafage. The plants fowered as follows: 10 hours, June 10; 12 hours,
June 15; 1234 and 13 hours, June 16; 13% hours, June 18; 14 hours, July 6; 1434
hours, July 7; full day (C), July 20. This goldenrod oceurs from the Gulf of
8t. Lawrence southward and does not flower well when the days are too short.
Testa began March 27; photographed June 30.

This behavior would indicate that the species is adapted to far-
northern regions as well as lower latitudes and, as a matier of fact,
it is found in Nova Scotia and ranges southward.

ASTERS

The data in table 10, showing the behavior of various asters (Aster
and Callistemma) in response to different lengths of day, indicate that
most of the nafive asters growing in the latitude of Washington, D. C.,
are members of the short-day class (figs. 14 and 15). Thisis apparent
not only from their normal season of bloom, which comes in late
summer or autumn, but from the fact that short daylight exposures
of 10 or 12 hours induce flowering far in advance of the normal season
of bloom. As the daylight exposures are len%lthened, flowering be-
comes later, until daily exposures of 14 or 14% hours cause a delay of
many weeks, so that the plants flower no scouer than those exposed
to the full length of day. This relationship is to be expected, if daily
exposures of 14 and 14% hours are beyond the critical period for
flowering, as the 14%-hour and I4-hour plants must experience the
full natural length of dayv after July 22 and August 7, respectively.
Itis of interest to observe that the 14- and 14%-hour plants have usually
flowered at about the same time as the plants experiencing the full
length of day. This is especially well illustrated in the behavior of
A, cordifolius and A. undulatus (table 10}.
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The various species of wild aster show marked differences of re-
sponse, both to the reduced hours of illumination and to the full length
of day, dster nove-anglive in the tests being much earlier than A.

Ficore 14.—aAster pilosus var, demotus Blake. A native autumn-flowering
aster. With different day lengths the plants flowered as foliows: 10 hours,
June 25; 12 hours, July 9; 12% hours, July 13; 138 kours, July 9; 133 bours, July
21; 14 hours, Beptember 15; 14! hours, September 5 ; full day (d), September 17.
This aster, like nearly all the native asters of the Wa.shington vicinity, flowers
i{l nut:: ri;n because of the shortened days. Tests began April 5; photographed

ugust 7.

cordifolius. Nature has produced comparatively few wild long-day
asters or other composites in the latitude of Washington, D. C. %’mc-
tieally none of the true asters of the region flower before late August
orSeptember. Thespecies of the penus Erigeron and the white-topped

Ficure 1i.— dster lateriflorus (L.} Britt. Native. The plants flowered under
different day lengths as follows: 10 hours, June 23; 12 hours, July 1; 12% hours,
July 12; 13 hours, July 5; 13} hours, July 12; 14 hours, September 18; 141 hours,
September 23; full day {C}, September 30. A typical short-day plant awaiting
the short days of autumn to flower, 23 is true of most of the native wild asters.
Tests began May 19; photographed September 8,

asters of the genus Sericocarpus are exceptions in being indeterminate
or long-day types of plants.

It has been possible to cause some of the fall asters to flower twice
.in o season.  Aster linariifolius, after flowering in June In response to
a short day, was exposed to the full length of day, producing new
vegetative shoots that flowered at the normal time in early September
as the days naturally shortened.




TasLe 10— Behavior of some native wild asters (Aster) and cullivaled forms of the China-aster (Callistemma) in- response to length of day

Effect of daily Jight exposure of—

10 hours 12 hours 1214 hours 13 hours 1314 hours 14 haurs 1414 hours F “J} Leu"}‘fm

Time Time Time ‘Time L} Time
Test required | - required required required 1 regulred
began ! for— for— for-— for—~ tor--

eight

Aster;
A. commutalus T,
and G,  {(QGray) a,
(western native) ..] Mar. 27 | & 6! gl....] @ 2| w7 7 17 1. [ . 1 22 | Short day.
A. - cordifolius L, :
(nutlve) ......_....| ....deo..,
A. ericoides L,
(native)..:.........].....0... 290
A, lateriflorus (1..)
Britt. (native) 97
A. linariifoling L.
(native) . ..........l.. .. do. 86
. novae-angliae L,
(notive) ... ..., . 2!
. panieutatus Lam.
(nntive). ... ...1. . 85
A, tataricus L, (na-
tive to Chinn) 119
A, tradescanti
(native).....cun ... Mar. 27 107
A, undulatus L.
(native) ... do... o8 | Do.

C. chinense (L.)
Skeels (China-aster,
Sensation variety).| May 10 Q) . Indeterminate.

C. chinense (L.)
Skeels (China-aster.
Heart of France
variety) May 13| 20} 50 38

C. chinense (L.)
8keels { China-aster,
Giant  Calitornia
Sunshine variety)..| May 101 751103 1171 501 931261 o7 1051311 a2 300t 20} 5410 1021 a8 105!, . 951 32

! 10~ and 12-hour tests-began on this date.  Testy Involving dally light exposures ? Notest made,
{onger than 12 hours began on the dates when the length of day from sunrise to sunset ¥ Rosstte formed,
hmll tie ch tl}l]cso values. (Sectable 2) Until these tests began, plants received nor- 1 Bloomed sometime in July; exact date ot known,
mal day length.
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Aster tataricus, although obviously flowering quickly in response to
short daily light exposures, is somewhat erratic in its flowering be-
havior, often making & heavy growth of basal leafage without the
stem elongation that leads to flowering. This, however, is also true
of some of the native sorts, such as A. macrophyllus, common in the
more mountainous parts of Virginia.

The China-asters representing the Old World species (Callistemma
chinensis) appear to be indeterminate in relation to length of day,
within the range here covered, and for that reason are ear y-flowering
sorts suitable for growing in far-northern regions. It is probable that
the original home of the species is in rather high latitudes.

Herruwravs, RUbpBECKIA, AND FcHINACEA

As shown by delayed ﬁowering and decrensed stature under the
10-hour daily light exposure, Eckinacea purpurea, one of the cone-

D mmakt e e b e . o

1
i

Ficure 1§.—Fehinacea purpurea (L.} Moench. Purple conetlower {Dreer). A
long-day plant with a low critical length of day unfavorable to flowering. . The
plants flowered as foltows: 10 hour, July 19 {one flower stem); 12 hour, June 19;
13 hour, June 20; 14 hour, June 15; full day {(C), June 15. 'Tests bogan March

27; pbotographed June 30.

flowers {table 11}, is & long-day plant (fig. 16). Although it is in-
dicnted that this species finds long days more favorable to flowering,
it extends its flowering well down into the shorter daylight exposures,
in marked contrast to the species Rudbeckia nitide and R. laciniata.
The latter have always produced only dense masses of leafage in
response to short photoperiods.

The sunflowers (Helianthus) in the tests presented in table 11 in-
clude fairly typical long-day, short-day, and indeterminate iypes of
plants. Practically all are native or grow wild in the eastern section
of the United States, and the majority oceur in the flora of the District
of Columbia area.

Helianthus laevigatus is native to the high Alleghenies of Virginia
and southward, the material in the tests coming from Big Bald Knob,
in Augusta County, Va., at about 4,3C0 feet. The species H. tuberosus
is characteristicelly tuber bearing and in the tests has flowered rather
irregularly for unknown reasons. Tuber formation is intimately




TasLg 11.—Behavior of some species of Helianthus, Rudbeckia, and Echinacea in response lo length of day

Effect of daily light exposure of—

? Only sterile stems.,

3 Stewns sterile; full-grown tubers Aug, 8.

t Buds Ang. 12; lull-grown tubers Aug, 8.
§ S{ems sterile; tic tubers Aug, 8.

1 No tubers Aug. 22,

* Stems sterile; no tubers Aug. 22
¢ Stems sterile; tubers enlarging Sept. 20,

19 Leafage only.

13 Mostly leafage.
13 8tems sterile,

10 hours 12 hours 1244 hours 13 hours 1334 hours 14 hours 14} hours F "‘gl, h":}‘f‘h
Plants Test | Timere Timere- Time re- Time re- Time re- . Time re- Time re- Time re- Class
hegnn quired quired quired quired quired qulred quired fuuired
for— for— for— for— for— for— for— for—
Bz Elz Elz Elz §l= 51z 51z 51z
£ e ~% ol o by v P i’ o k> e n ~¢ - P "t = Z '3 b &t
Sl el 22|21 215\ 8 2182 2| (E12812 1212181812818
dle |glegleglsiglealgle|lkinldal&|Bl&|&|R|R|EIAIR |~ IR
Echinacea purpurea (1) Days| Daps| Tn.| Days) Days| In. | Days| Days| In. | Days| Days| In.{ Days} Daysi In.| DaysfDays In. | Days| Days| In.|Days| Daysl In.
”I\l'l_wf;lh('h....-..-w_““,. Mar, 271100 116) of 54 84|20 [ (M} 521 B5 123 ... (@] ] 45} 80 A I § weoel 421 78 | 30 | Long day.
Helianthus:
H.angustifolius L . { May 18| 24| 43 | 34| 20] 54417 38| 76 142] 20/ 66 451 51 b4 ]62] 761123190 76120 89 | 109.] 143 | 72 | Short day.
H, diraricatus L. .. | Apr. 13| 50 7 | 31 o62) o3 (22| s2| 137 62 8920 | 48[ 76]|40] 45| 73 46§ 51 80 [ 321 51 ] 87| 29| Indeterminate,
I1. gigantens L. Apr, 51 051120 (421138 | 137 ag gt | o323t s v 18s t 42 111140 561 991127 661 95| 137 | 63 Do.
H.laecigatusT.and Q.| Apr. 11 i1} 05148 | 64 051521 61 oa|n3 i 64 111 }A87 61[102160( 61 9815641 8112t 84] 97 10252 Do.
H, mazimiliani

Sernd..woeeae - A Mar 27 L 4@V L ]| () Ll sol mian] ] Jo ] 4] 84]567) 80| 105 | 40 | Long day.
I, atn{ur‘l}dma L. ule do... | 84l nofesf sslnofv2) .4 701103671 &3 ]dog |74 fo| 913520 . [ ... 71| 110} 65 Indeterminate.

ioerosus. 4y

(Terusalem - arti-

ChOKE) oo e JADPE B ] @ aioence] O | oocfimca] () Foanefieene | O Joein]omane ) foo) s qraz2bagt LM . o] (] Do,

Rudbeckia:
R. “hirla L. {cone. ’

AOWED) oeeeeenn. .. | May 7] 32| 42] 4] 40) 57 {2} 32} 53} 3| 32 551 8| 32| 60|18 27| 53] 22 20| s3]24| 32 57|27 De,
R, laciniata L. {gold-

englow), ... PR .V} A I DARENS I L) TN DOWEE SN Ay | ] 09 L 00 e O [ e O | T OB 132 TS 100 | 45 | Long day.
R, newmani Loud;

NOilowwioon.nonn. | Apr. 231 46 T4 1 14| 4 7420 43 74 {2204 447 T |24 46| 4|2 46| 76{31| 461 76|31 46 | 811 20 | Indeterminato.
Ronewmani No. 2. | May 71 ....] 00| ...7102] (¢ Tl eal or|21°| 60| 89108 55| 00| 24| 49| S2/25] 42| 7924} 42 82 | 24 { Long day.
R, mitida Nutt.. ... ] Mar. 27 [.....] (8} feeees ("g P SRR I (C) 20 EVUS PRI Y (1) 1 PR IO 00 fooood oo f (09 Jooo) 8471101321 011131 | 48 Do.

1 No test. ¢ Stems sterile; tubers developed Aug. 8. 1t Slight stem elongation.
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associated with the length of the daily light period, as the tests
indicate. If classified on the basis of tuber formation, 28 has beer
done by some authors, it would be considered to be a short-day type.

Helianthus angustifolius behaves as a typical short-day plant, flow-
ering in 43 days with 10 hours of light daily and requiring longer
periods of time to flower with increased daily light periods. The
species H. divaricetus, H. giganteus, H. laenigatus, end H. strumosus
behave as typical indeterminate types of plants, showing no marked
differences in time of flowering in response to the various light periods
and no great differences in hieight. H. maximiliani sppears to be a
typical long-day type of plant that ceases to flower when the daylight
periods are too short.

The common sunflower (Helianthus annuus) was not, grown in the
present tests, but when planted in the field at intervals throughout the
season appeared to be an indeterminate plant in its flowering behavior,
as shown in table 12.

The species of Rudbeckia in the tests, for the most part, are long-day
plants. The two different strains of B. newmani that were grown
differ somewhat in their day-length requirements, No. 1 being indoter-
minate in its flowering behavior and I:llo. 2 being a long-day type.

TanLe 12— Belavior of the common sun :ger {Helianthus annuus) when planied
in the firld

Flawers
Dale of geemination — Melght Aveur:sé?]lﬁggth iof day
woerlng

Date Duys

Number | Meher | Flours Afinutes
3 I T 14 14

Rudbeckia hirte resembles Echinacea purpuren in its flowering
behavior, producing few flowers, which are borne on very short flower
stems under the shorter exposures. Usually a dense basal leafage
developed until the 13)%-hour exposure was renched. At this and
longer exposures, busal leafage was sparse or lacking, but flowers were
produced in great abundance, with many flowering stems. On the
10-hour day the flower stems were so short that the flowers were al-
most buried within the dense leafage. The species Rudbeckia nitida
and R. laciniate have always shown a very pronounced long-day
behavior, producing only a mass of leafage or, at the most, a slight
stem elongation withous flowering whea the daily light exposures have
been but slightly reduced below the full day of Washington, D. C.
{fig. 17). Rudberkia newmani strain No. 1 shows an indeterminate
flowering, but strain No. 2 of the same species behaves as a long-day
plant (he. 18).

GRASSES

Most of the species of grass presented in table 13 appear to flower
readily under practically all the lengths of day under which they were
grown, with the exception of Agrostis nebulose and Andropogon
rirginicus; these have produced leafage alone under the shorter
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lengths of day. The species A, nebulose does not appear to thrive
in the dormant condition enforced by the shorter lengths of day and
appears to succumb to the high summer temperatures that prevail
near Washington, D. C.

Andropogon virginicus has shown dominantly the behavior of a
short-day type of plant, but flowering appears to be inhibited when

+ T

Fravan 7.-—Rudbeckin lacinfals L. Goldenglow. Bome strains at least are
typical long-day plants with & very high eritieal lower limit favorahle to flower-
ing. The response to different day lengths was as follows: 10-, 12-, 12%-, and
13-hour planis remained rozeites with no stem clongation; 13%- and 14-hour
plants produeced some stem elongation without flowering; 14%-hour plants °
flowered July 16: full-dny plants lfC), flowered July 18.  Fests began April 9;
photographed July 25.

only 10 hours of light each day are experienced, and flowering is also
deluyed by lengths of day exceeding 13} hours. A light period of 10
Lours produced dense leafage strikingly upright in its habit of growth.

Ficrne 18— Rudbeckia newmani Loud. A long-day species, with the critical
limit at whigh flowering ceases below 12 hours.  The plants flowered under
various day lengths as follows: I0-hour day, remained a rosctte; 12 hour,
July 17; 12% hour, July 13; 13 hour, July 17; 13k hour, July 15; 14 lour,
July 11; 143 hour, July 15; full day (C), guly 22.

The plants flowered most quickly when light periods of 12, 12%, and
13% hours each day were experienced, anthesis taking place around
August 20. Light periods of 14 and 144 hours delayed heading and
anthesis, although the plants in these tests flowered earlier than the
controls receiving the full length of day. The latter, however,
experience not only an inconstant length of day but also light periods
that may not be favorable to flowering in the sequence of the seasonal
changes before and after the summer solstice. In the field this grass




TABLE 13.—~~Behavior of some nalive and ornamental species of grasses in response to length of day
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Spain) -_..... e wmee] MY

Artdropogon virginicus L.,
(native broomsedge) May

Calamagrostis cinnoides
(Muhl,) Barton (na-
tive § reedgrass) Moar,

Coix lacryma-jobt L, (jobs-
tears, Indin; tropieal) May . 8 | Do,

Panicum milinceum L
(German millet).......| June 31 44 52 Do.(?).

Penniselum:

P, alopecuroides (L.)
Spreng. (Ching) . ...__.| May 48 26 ®) 56 48| 55 O] 701 8 Bhort-day (7).
P. ruppelil  Steud.
(fountain. grass,
Abyssinia). ....._..] May 42 (%) 39 80| 56 (O] 48] 52 Indeterminate.
P. villosum R, Br.
(feathertop, Ethi-
opia). . cemeee . ....| May 22 ®) 28 34| 48 () 32 43 Do.

Triodia flava (L.) Simyth,

(purpletop) May 201 J 25| 38| 46|37 42 ) 431 &0 56 87 151 | 92103 Short day.
Tripsacum dactyloides
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g
oS
FE
&
5
k=]
<
=
=]
S
<
o=
=]
e S
oo
o
[~
&
=
=
——
=
..?
oo
=

N
ox
=3
—
s
P
@
1 X}

Short day.
Indeterminate.

-3
e
2
AV 30 HIHNIT O SLNVIdL 0 USNOJSHI

¥ No heads appeared, 3 Upright leafage only. s From Big Bald Knob, Augusta County, Va.
1 Plant died. ¢ Leafage only. ¢ No test.
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begins to flower in August or September when the seasonal length of
day has fallen to about 13 hours or less. In its natursl distribution,
broomsedge does not extend farther north than Massachusetts and
New York, and this may be because the days are too long for suceess-
ful flowering before frost at more northerly latitudes.

German millet (Panicum miligceum) is rather indifferent in its
flowering responses to the differenst daily light periods but is some-
what hastened by the shorier periods. ’VI‘he stature of the planis at
flowering is very noticeably affected by the light period, Incressing as
the daily light periods are increased. ~The exact date of flowering in
the tests wes not determined, but followed a few days after the date
of heading.

The species Pennisetum villosum and P. ruppelii are native to
Ethiopia, where the days are normally short, but, being indifferent in

FicurE 19.—FPennisetum rupellii Steud. (Dreer). An indeterminate plant
flowering equally quickly under wide ranges of day length. Time of fowering
under different day lengths was as follows: 10 hours, July 13 ; 12 and 13 hours,
July 10; 14 hours, July 20; full day (C), July 18. Plants of this habit with
respect to day length are adapied to wide ranges in latitude as a garden orna-
mental. Tests began May 25; photographed July 23,

their day-length requirements, these have found favor as garden
ornamentals in the high latitudes of temperate regions, and P. ruppelii
has even escaped sparingly in Michigan and elsewhere (fig. 19). Itis
readily apparent that tropical annuals with indifferent day-length re-
quirements are well fitted to become useful plants during the summer
season ab elmost any high latitude.

The grass Triodia flave flowered under all the tests, but, as the
light periods increased, flowering was noticeably delayed up to the
fuli length of day. This would indicate that prompt flowering is
favored by a shortening day rather than by an increasing day. On
the other hand, jobs-tears and all the species of Pennisetum appear to
be little influenced by any of the light periods, and these grasses are
truly indeterminate types. The species Culamagrostis cinnoides,
taken on the top of Big Bald Knob, Augusta County, Va., at an
ﬁltli)tp(lc of more then 4,000 fect, appears to be of Indeterminate

abit.
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LECUMINOSAE AND LABIATEAE

_ Among the legumes whose behavior is shown in table 14, wild-
indigo (Baptisia tinctoria) and hyacinth-bean (Dolickos lablab) appear
to be indeterminate types as judged by their behavior towar(f) in-
creased light durations and the full length of day of the Washington
latitude (fig. 20). It will be noted that there has been no obvicus
delay in the time of flowering in response to the longest days of this
latitude. A final conclusion cannot be reached, however, until the
plants have been subjected to greatly increased lengths of day ap-
roaching continuous illumination to determine if o very high critical
ength of day for flowering exists.
he flowering behavior of the hogpeanut is highly specialized with
respect to length of day. Although flowers are produced in response
to all lengths of day, there is marked delay under the longer day
lengths, and differences of floral morpholégy are definitely reﬁxted to
differences in length of day.

Glottidium vesicarium is a typical short-day plant, flowering on a
10-hour day about 1 month after the tesis %egan. Flowering was
delayed until October 6, or 142 days, when exposed to full daﬁiﬁhb.

Phaseolus multiflorus may prove to be a long-day plant, as the short
light periods of 10 and 12 hours wers characterized by poor flowering;
the plants appesred more floriferous as the light periods increased in
length. The Madagasenr lima bean (P, lunagtus) is strictly @ short-
day plant, having & critical length of day between 13 and 13% hours.
The Biloxi variety of soybean is a typical short-day plant. The
Peking variety also is a short-day plant, Sowering quickly and dying
under all lengths of day up to 14X hours, the critical length of day for
flowering betng not far from the maximum length of day of the
Washington vicinity, which is 14 hours and 54 minutes,

Koelha incana was not affected by the photoperiod, and it has been
classed as an indeterminate type.

Becbalm (Monarde didyma) shows more or less of the typical
behavior expected of long-day plants; that is, sterile stems and
retarded flowering as the light periods are decreased in length.

Lallamantia iberica, two strains of which were obtained from the
Diviston of Drug and Related Plants, Bureau of Plant Industry, has
not shown particularly pronounced changes in time of flowering under
the conditions of the tests ranging from 10 hours of daylight to the
full length of day. So far as could be determined, however, the longer
days appeared more favorable to flowering, It is possible that
flowering is not much affected except by lengths of day in excess of the
full length of day of the Washington latitude. From the data at
hand it 1s indicated that little would be gained by growing the plants
farther south, since shortened days have had little effect in increasing
the stature or changing the flowering time of the plants. There is
some reason to believe $hat this plant would become larger and more
floriferous in more northern latitudes,

Nepeta mussini, an ornamental garden plant, has shown more or
less of the behavior of n typical long-day plant, Howering more pro-
fusely as the days were increased in length.

Perilla frutescens and its varieties, with few exceptions, are very
striking short-dey types, as indicated in the tests (fig. 21). A number
of forms have been included, among these being one found growing




TaBLE 14.— Behavior of some members of the pulse family (Leguminosae) and mint family (Labiateae). in response to length of day

Family and plants

Effect of daily light exposure of—

10 hours

324 hours

13 hours

13}4 hours

14 hours

1414 hours

F ull length
of day

Time
required
for—

Time
required
for—

Time
required
for—-

required

Time

for—

Time

Flowprs

Flowers

Flowers

Leguminosae:
Baplma tinctoria (L.)
Br. (wild-indigo,

nutive)._--

Dolichos labla
cinth-bean} .

Falcata comosa
Kuntze (hogpeanu

Glottidium pesicarium
(Jor.) Desv. (native,
south).

Phaseolus (Lima bean):

P, lunatus L. (from
Madagasear)

P. multzﬂoma Willd.

o (scar]ec(rgx;ueﬁ.--.
a2 mar (L. per
(soybean):

Biloxi variety.

Peking variety..

Labiateae:

Koellia  incana (L.)
Kuntze (mountain-
mint, native)

Lallamantia  iberica

1(\'}%ieb) Fisch. and

ay:
P. I. 114389,
P, 1. 114610.
Monarda didy
(beebalm, native)....
Nepeta mugsini- Spreng..

Apr: 12

Indeterminate.
Do.
Short day.

Do.

Do.

Indeterminate.

Short day.
Do.
Indeterminate.

Long day.
Indeterminate.

Long day.
Indeterminate.
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Perilla:
P, [frutescens (L)
Brigt.2. .. e
P, frutesc 1)
Britt, (gree
lenved, from Ar-
lington Furm)......

P, frutescens (L))
Britt. (red leaved,
from Japan)

P, frutescens var. nan-
kinensis (Deciisne)
Balley (red leaved,
from Japan) .. ..,-.

P, frutescens var, nan-
kinénsia (red leaved,
from Japan)........

P. frutescens var. nan-
kinensis (Decaisne)
Bailey (green
leaved, from
France)............

P, frutescens var, nan-
kinensis (Decaisne)
Bailey (green
leaved; from
France) ...

Salvia:

S, higpanica 1. (Chin)

8. sclurea L.... -

8. splendens

(scarlet sage)

Mav 17
May 11,
14937
May 12,
1037

Muay 7,
1936

May (3,
037

May 13,
1937

May 17
Mar. 27

May 16

8hort day.,

Do.

42 5 84 98 | 113 |42 Do.

02 144 172 107 85 Do.
® - O] 83119 [0 S 631 7220 | Longday,

29 31 3111} 23| 34 36 48{ 15 | Indeterminate.

1 No tesi- made.

3 Only sterile stems developed.

3.Stem clongation only.
4 A fow flowers only.

¢ Seed obtained from wild Aglam.s found on the banks along the upper Potomae; seed of

Lallamantia, Salvia sclarea, S. hispanica, and all seed of Perilla and its varieties obtalned
from the Division of Drug and Related Plants, U. 8. Department of Agriculture.

¢ Budded May 7, the day the tests began,

‘Leafage only developed.

t8light stem elongation only.
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spentaneously in the vieinity of Washington, for the species has
established ifself in many localities since its introduection into North

Fi6URE 20—Cassia marilandica L. Wild senna. A native long-day legume
that has never flowered when the days have been mueh reduced in length.
In the test, the same rootstock is so arranged that the portion in the case
receives only 10 hours of daylight each day whereas that outside receives the
full length of day. Ouly = few short, weak shoots developed under 10 hours
of daylight, the leaves of which ultimately assumed the normal yellow autumnal
coloration. 'These shoots died later, apparently due to an early enforced
dormancy. Qutside portion experiencing the fuil day fiowered August 8 when
40 incheg high, Tests began April 9; photographed August 24.

America. This form has behaved as a typical short-day type, the
plants experiencing the full-day flowering 100 days later than those
receiving 10 hours of daylight each day.
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Several commercial strains furnished by the Division of Drug and
Related Plants have been studied for their day-length requirement.
When sown in May under the various lengths of day all these strains
have shown the behavior of t.zrﬁ-ical autumn-flowering short-day
plants, withholding flowering usually until well into September.

The behavior of the green-leaved Arlington farm strain, which is
also known to possess this late-flowering habit, would seem to be
anomalous, but it is known that the seeds were sown in the green-
house too early in the spring prior to the beginning of the test and were
influenced by the shorter days, so that flowering on all the fests was
hastened. These strains usually have a high and narrow eritical
length of day for flowering between 14 and 14} hours or slightly longer,
It will be noted that when 14 hours has been reached an increase of
only one-half hour delayed flowering by nearly 2 months, with an
attendant grea$ increase in stature of the sort known as Red Japan, -

T el e

Ficore 21.—Perilla frutescens {L.) Britt. Red Japan. A short-day plant not

adapted to the long days of northern latitudes. The plants flowered as follows:
10 hour, May 29; 12 hour, May 29; 12! hour, 13 heur, and 13% hour, June 2; 14
kour, June 13; 14% hour, August 27; full day (C), September 14, Tests began’
May 7; photographed June 30,

so called because of its deep-red ieaves. The controls experiencing o
still longer day flowered just 3 months later.

The late-flowering behavior of these plants in the field at Wash-
ington, coupled with large stature and the fact of hastened flowering
in response to shortened daily light pertods, indicates that some plant-
ings made in the latitude of Washington may be rather near the critical
length of day for successful flowering and seed production before frost.
In warm frost-free autumns seed produetion might occur, even some-
what farther north, but under sueh conditions the hazards of seasons
with early frost would be expected sooner or later. Af lower latitudes
flowering becomes earlier because the midsummer length of day is not
so long, and the critical limit for flowering is more quickly reached.
This, coupled with a longer season without frost, insures seed
production.

A correct knowledge of the day-length requirements of Perilla,
which is a particularly useful plant %ecause of its valuable drying oils,
is of considerable importance as indicating the latitudes in the United
States at which it is most likely to succeed. ,

Salma hispanica, or chia, as it is commonly known, is & species with
very marked short-lay requirements. Under the test of 13 hours of
daylight each day, the plants flowered July 6. In response to onc-half
hour more of light each day, i. e., 13% hours, flowering was delayed
until Avgust 17, or 42 days. With 1 hour more of light each day,




"PaBLE 15.—Behavior of native and introduced species and varieties of stonecrop, Sedum (Cressulaceae), in response to length of day

Effect of daily light exposure of {—

Ful} langth

1244 hours 13 hours 1314 hours 14 hours 1413 hours 18 hours of day

,l‘l'st
began

i

Flowered {

i
4
i
]

: Helght
Flowered
Flowered
Flowered
Flowered
Flowered

! i

i Flowered

P

i

Sedum? Inches Inches Inches Inches Inches Inchés ilnches
S. acre L., (mossy sedum) _....{ Mar, 2 ) 3 3 o) . (¢ lnduwrmlu_ute.
8. album Yo (white sedum) .. .do.. . . . . R . . Long day (D).
8. dasyphyllum L, (thick- .

leaved sedum) -l Apr. 3 - o e s i R . Do,
S, hispaniciim L. (Dreer)... .| Apr, & . . e . 2 Do.
S, dbericum  Stev. (Mount

Desert nurseries). e pwvaemaz Apr. . L . Cae . Do.(?)
S.mazimum Suter ... | Apr. L Ceens S 3 R i3 Short day.
S.omoranense WoBO K. L. | Apr. 2 ! : 20 . . 20 Indcterminate.
8, nevii Gray (nativo) ... | Apr. Lof 4 ) Do.
S. sarmenlosum Bunge .. .| Apr. 2 . 2 R LI P R Do,

S. sexangulare L. (tasteless
SPAUMY . e mionciomm o mrenn] AL, ) . s Do, .
. wicbotdi Swastowo 7| My ‘ § 7 ‘ . o short day (7).

S, apectabile Bor, No., 1. Mar. . . L .. 1 Ll Long day.

S.apectahile Bor, (Brillinnt) - | Apr. . e - . R L Do.

S. apuriwm coccinenm Hort. .
(Dreer's) aun. sasarnamanes] NMAY E e e . - . { .. Do,

S.stoloniferum Qmel ... ] Apr. .- . o . 3 . . Do.

S. telephioides Michx. (na-
4570 N O . Apr. . e L. ] 4 . Do,

8. telephium L. (orpine).... .. ar, 'g - . . 1 . Do,

S. ternatum Michx. (native) { Apr. 11 {ﬂ e e . P . . e vr i Indeterminate.

S. woodwardii N. E. Br..... [...do_...] (O |...... . .- - . . . Long day.

1 All lengths of duy to and including 1434 hours utilized normal sunlight, durk houses 3 No test was made.
being used to reduce the hours of {llumination.  To-obtain copstant ilumination periods ¢ Plants diseased, unable to flower.
in excess of the full length of day, artificial light afforded by four 200-watt incandescent 3 Plants died.
ck;c]t,rlic ligl(\ltislwn% lll]Su(l to supplement daylight beginning at sunset. ¢ Plants flowered onr Mar. 30 before the tests hegan.
ants did not flower,
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14 hours, flowering was delayed until October 8, or 94 days. These
results would indicate that chia should be grown farther south, to
insure seed production before frost.

Salvie sclaree gives evidence of being a long-day plant, and if this
behavior is substantiated by further tests, the plants can be expected
to flower more readily much farther north.

Salvia splendens, or scarlet sage, is a plant whose flowering is delayed
by the full length of the midsummer day at Washington. Its eritical
light period apparently lies above the longest days of that latitude.

SEDUM

The data in table 15 deal with a collection of stonecrops (Sedum):
some of which have been grown for 8 to 10 years in connection with
studies of their day-length requirements, A number of these, includ-
ing 8. neviz and 8. felephicides, found in the higher mountain sections of
the Appalachians, and 8. ternatum, which is not particular as to
nltitude, are native eastern species. 8. moranense, a low-latitude
species, i3 of Mexican origin. The rest are native to the British
Isles, Europe, Asia, Japan, and north Afriea. They are, in most
instances, natives of very high latitudes. The species, for the most
part, are correctly named; in o few doubtful cases the source of the
material is given.

The stonecrops under observation fall into two rather distinet
groups: {1} The herbaceous perennials, including the tall-growing,
crect species Sedum marimum, S. spectabile, 8. telephivides, and
S. telephium, the stems of which die each autumn and are replaced
by new ones arising from dormant buds formed at the ground; (2)
perennials, the stems and leaves of which tend to persist throughout
the winter if conditions are not too unfavorable.

It is inteiesting to observe that most of the common and better-
known garden stonecrops have long-day requirements or are inde-
terminate in their flowering bebavior; few have behaved as typical
short-day plants in the Washingion latitude. The species Sedum
acre, 8. moranense, S. nepii, 8. sarmentosum, S. sexangulare, and §.
ternatum appear to Hower readily under a wide range of lengths of
day ranging from 10 hours to the full length of day in the latitude
of Washington. It will be observed that the time of flowering has
varied little throughout the series for any one of these indeterminate
species. The time of flowering in response to the inconstant full
length of day is about the same as that for the constant short or long
days, a relationship that should obtain for a truly indeterminate type
of plant not particularly responsive to long or to short days.

edum spectabile is n typical long-day plant in its flowering behavior.
Severul strains differing more or fess in growth and flower characters
have been tested, and, as indicated in the tables, the very showy
variety Brilliant flowers in response to a somewhat shorter length of
day than No. 1, and for that reason it is somewhat earlier in its seasonal
flowering. 8. spectabile has been accredited & native of Japan, but
this has been questioned, so that the original home of the specices is
not known. ’Fhe long-day requirements of the species would indi-
cate that it is a native of high latitudes, even though Japan may not
be its home.

The native species Sedum telephioides, more or less abundant on
rocks in the high Appalachians and castward in the United States, is




46 TECHNICAL BULLETIN 727, U. 5. DEPT. OF AGRICULTURE

a typical long-day type of plant that has failed to flower under lengths
of day much less than 14 hours long. The fact that this species
fltowers in June in Eungland where the days are very long indicates
that flowering is greatly favored by very long days.

In sutumn this species, and also the large-growing species Sedum
telephium and S. spectable, form large winter buds at the surface
of the ground and these give rise to the turios or shoots of the next
spring. Tests with S. felephioides have shown that these resting
buds are formed most readily under the shorter lizht exposures
ranging froin 10 to 13 hours daily. They were formed in abundance
very early in the season on the 10-, 12-, 12}%-, and 13-hour periods,
but failed to appear on the 13%-hour day or any longer light period.
On the 13}%-hour period, flower buds likewise failed to appear. These
sterile stems, however, tended to form at their tips dense clusters of
large leaves resembling a sort of terminal rosette. Plants experienc-
ing the full length of day also form the resting buds or turios under
the influence of the short autumnsl days unfavorable to flowering,
The fixed shorter day lengths, tending to enforee dormancy at o time
when temperatures are very high, have resulted in very poor plants,
many of which died before the summer was over. * This behavior was
especially marked on the 10-hour day.

he curious stonecrop (Sedum amplezicaule DC.), a Mediterranean
species, appears to go a step farther in autumn in modifying the tips
of the shoots into small tubers bearing scalelike leaves. As the ends
of the shoot become tuberized, the %eaves are reduced to g mere
membranous base and a subulate or attenuate blade. These tubers
dry and remain viable on the ground all winter as aerial resting buds.
In springtime these awaken and give rise te new plants. In this
nevel manner the plants are propagated and distributed readily.
There is little doubt but that this seasonal behavior is related to
length of day, which exerts its effect at once upon the growing bud
at the end of the leafy shoot, whereas in 8. telephium and others
the bud is laid down on the crown of the plant at the ground.

Sedum itelephium has proved to be one of the most distinctive
stonecrops in its day-length behavior (fig. 22). There is no summer
length of day in low or middle latitudes up to 39° favorable to
flowering. This species flowers readily in New England and in
EBurope where much longer days prevail in summertime. It has
never flowered at Washington, D. C., in response to the normal length
of day, which appreaches 15 hours only briefly during the longest days
of June. Where artificial light has supplemented normal daylight
from sumset to give continuous light pertods of 17 hours or more
this species has Eowered readily.

Sedum spurium coccineum has never flowered under any length of
day in the tests at Washington, D. C., where the length of day was
muaintained below the full length of day of midsurnmer,

Sedum ternatum, a native species distributed from Connecticut to
Indians and southward tc Georgia, is indeterminate in its length-of-
day requirements. This species flowers normally in May at Wash-
ington. In England at latitudes above 50°, however, its behavior
may be somewhat different, for it is reported ss flowering there in
July and August, when the sepsonal length of day has fallen frowa its
greatest length of 16% or 17 hours. This may be taken to indicate
that this stonecrop flowers more quickly on a shorter length of day
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and is Ferhnps a short-day type of plant. In middle and low latitudes
it would behave as an indeterminate plant in its flowering behavior,

-but as a short-dsy plant in very high latitudes having a midsummer
length of day asbove the critical favorable for flowering,

Frcure 22.—8edum lelephium 1., A sedum requiring very long daya for flowering
and never flowering in the vicinity of Washington without griificially increased
lengths of day. The plant shown st right was grown in the greenhouse under
artificial light from g 100-watt incandescent bulb with reflector, the light sup-

lementing the daylight from sunset till midnight. This plant flowered
Rlarch 2. " The plant at left (C) experiencing the seasonal days never flowered.
Tests began November 24; photographed June IS,

However, experiments conducted with this plant in the greenhouse
under light, during the winter of 1936-37 would indicate that tempera-
ture s well as length of day may operate to control flowering. In
these tests plants were grown under cool conditions, 50° to §5° F.,
end warm conditions, 70° to 75° F., with natural winter illumination

and with the natural daily period of llumination increased by electric
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light from sunset to midnight, a 200-watt tungsten filament light
being used at 1 foot distance from the plants. The tests began
October 28, 1936, and buds were abundantly in evidence on the,
illuminated plants in the cool greenhouse January 9, 1937. There
was no indication of buds on the illuminated plants in the warm
house at this time, and none on the control plants in either house
recetving normal winter llumination. It is obvious that the longer
illumination period has been effective only where cool temperatures
of 50° to 55° have prevailed. This stonecrop thus behaves as does
the sugar beet, the flowering of which is favored by eool temperature
and long daylight. These relations between temperature and light
may complicate the behavior of this species in the field, both in its
normal home and when grown in ot.herliands.

The results with the species of Sedum make it clear that 2 plant
must be exposed to extremely long days or to continuous light to

Y - o p
y g - " -
’ X & ' k4 peerey

F1GURE 23.—Nicotiana tabacum var. T. 1. No. 6i8. Most commercial tobaccos
are indeterminate in their day-length behavior, flowering with equal readiness
under nearly all day lengths, The Maryland Mammoth variety, however,
requires short days to induce flowering. The early strain shown Aowered as
follows: 10-, 12-, 124, 13-, and l4-hour plants flowered June 13; 14}-hour
plants, June 16, full day plants (), June 15. Tests began May 14; photo-
graphed June 30.

determine definitely whether it is s true indeterminate plant. Its
seasonal behavior in low or middle latitudes may not reveal the true
story of its day-length rcquirements if the eritical photoperiod happens
to be a very long one. (}n the stonccrops, no length of day has Eceu
found that will completely inhibit stem formation. As a matter of
fact, stem elongation without flowering is the characteristic behavior
on short days, which completely inhibit flowering. Plants allowed
to remain in the greenhouse through the winter for months after the
normal flowering time remain vegetative and practically dormant
unless the natural length of day is supplemented by artificial light.
Late shoots of S. telephioides and others in this group failing_to fiower
in senson never flower, owing to the shortening of the day below the
critical length of day favorable to flowering.

Toracco

The data in table 16 present the behavior of some of the more
distinetive American and a few foreign types of coramercial tobacco
(Nicotiana tabacum). The dates of flowering and the heights given
[or each light exposure are, in most instances, based upon the behavior
of five plants (fiz. 23).




TaBLB 16.— Behavior.of some varielies of Nicotiana tabacum L. (lobacco) in response to length of day

Effect of daily light exposure of 1—

Continuous Full length

10 hours 12 hours 13 hours 14 hours 16 hours Hght of day

Test Time re- Time re- Time re- Time re-
began quired quired quired
for— for— for—

Plants

Xanthi varioty. . ........1 June 7 306 | 44 4 35| 52 37 | &7 37 36 | 43 35 34 Indeterminate.
Connecticut Broadleaf
variety, John Willlams
strain., PO 1 T 30 | 42 39 48 Do.
Cash No. 117 vuriety._,. crdon o 42 { 56 45 . 2 56 Do.
Maryland-Connecticut
Broadleaf variety,
High Leaf No. 0-8. ... . ..| 681 40 46 35
Maryland-Connecticut
Broudloul variety, No.

. 40 | 44 35 3 81 50| 46
Judy's Prido vnrlety,

WVhite B 57 ) 28 66 75 66 84 84 75122
C uban Vi nnety. high nico-
tine strain No, 111 50| 50 71 42 49 42 40 49 | 52 Do.
Sumatra varlety do. 50 | 62 41 51 47 50 : a5 49 | 60 Do.
Maryland Mammoth va-
FetY. .o ne i caicnaans vdew...] 6151 73 73 130 ( 90 | 69 [ Bhort day.
Extra early tobacco, . 30 | 40 30 30 30 E') 8 ? 32 | 42 | Indeterminate.
Ambalema varjety. a4 120 | 79 132 132 | 88 1) 2 U] 137 | 68 Do.

AVd 30 HIONTT OL SINVII JO0 HSNOJSIY

t Light exgosures of 16 Lours, 18 hours, and continuous light were obtained by the addition of artificial light furnished by four 200-watt incandeseant bulbs with reflectors from

sunset throughout the season,
2 No test made.
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With the single exception of the Maryland Mammoth tobacco, all
the forms whose responses are known appear to be little affected by
wide differences in length of day. In this respect they show an inde-
terminate behavior. A comparison of the mean date of first flowering
for the periods below the full length of day with periods of daily il-
lumination in excess of the full length of day and with continuous
illumination indicates that the time of flowering of Xanihi, the John
Williams sirain of Connecticut Broadleaf, and Cash are little if t all
affected even by continuous illumination. They are typical examples
of the class of pirnts that have been called indeterminate for the vea-
son that they flower with equal readiness and freedom unader all
lengths of day from 10 hours to continuous Hlumination.

The twe strains of Maryland-Connecticut Broadleaf designated as
High Leaf No. 0-8 and No. 114 show a somewhat different behavior.
Both exhibit a slight tendency toward delayed flowering in response
to periods of llumination in excess of the longest days at Washington,
and to continuous illumination. It has long been known that these
strains in the field have been characterized by the production of late-
flowering plants of high-leaf number. Delayed flowering has been
more or less consistently correluted with bigh-leal number. It is
obvious that this behavior is not that of the trulv indeterminate
variety Xanthi, which shows no delay in flowering in response to long
lightt periods. From the fact that hastened flowering is e response to
shortened davs, these strains show short-day tendencies. The cul-
mination of the short-day tendency in tobaceo has found strong ex-
pression in the Maryland Mammoth varicty, but even in this variety
and the two Maryland-Connecticut Broadleaf strains under discus-
sion, factors of the environment other than length of day may hasten
or delay the time of flowering. With the exception of the Maryland
Mammoth type, which is hastened into flowering by short days, prac-
tically all the Ameriean commercial varieties of tobsece show an
indeterminate behavior,

It will be noted that there are fixed striking varietal differences in
carliness of flowering, as between Xanthi and Ambalema, and extreme
changes in length of day have not altered these relations. These
striking strain or varietal differences have nothing to do with chremo-
sonte number, since the somatic chiromosome number of Nicotiang
tabacum s 48, and none of the varietics shows any departure from this,

Discovery of the length-of-day relationships of plants, as estab-
lished by Garner and Allard,® was based largely upon the delayed
fiowering behavior of the Maryland Mammoth variety of tobacco,
now known to be dependent upon length of day.

Axnpar FrLowering PranTs

The plants whose behavior is presented in table 17 represent o wide
range of families and inelude some of the most familiar annual garden
flowers. Two of these, Stedronema eiliatum and the willow (Salir
humilis), are native wild plants of the Washington vicinity, the
former showing the behavior of a typical long-day plant with 2 well-
defined lower limit in ifs flowering scale, below which flowering has
never been observed to take place in tests carried on for many years.

TOIARNER, W_o W anmel ArLARD, . A EFFECT OF TITE KELATIVE LEXGTII OF DAY AND NIGIT ARD OTHER

lfl,;mom OF THE ENVIRONHENT OF GROWTI AND REFROLUCTION I FLANTE. Jour. Apr. Hes 1850 553-606,
Hhis, 103,
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This plant flowers in response to 123 hours of light, but produces
only sterile vegetative growth with some stem elongation in a 12-hour
day. Upright stem elongation is almost entirely inhibited in response
to 10 hours of light, but more or less shortened or prostrate stems
arise that produce abundant leafage. Somewlierc between 12 and
12}¢ hours there appears to be a critical period which favors flower-
bud fermation as the daily Heht duration is inereased. 'This critical
limit for flowering seems to be rather sharp, as there has been no delay
in flowering with 12} hours of daylight. The majority of the culti-
vated garden plants show an indeterminate behavior, and for this
reason they are adapted to garden culture throughout a wide range
of latitudes extending from the extreme South to the far North.
This behavior is readily seen on inspection of the results in table 17.




TasLe 17.— Behavior of some plants of 13 families in response to length of day

Eflect of daily light exposure of—

10 hours 12 hours 1214 hours | 13 hours | 1338 hours 14 hours Fué} }f:;th

Test

Plunts Famil began |Daysre-]  |Days re- Days re- Daysre-| |Days re- Days re- Days re-

v qitired quired quired quired quired quired
for— for— for— for— for— for—

Height, inches
Height, inches
Height, inches

8 Height, inches

Short day.

Indeterminate.
Shoert day.

Indeterminate.
Dao.
Do.

Short day.
Indeterminate.

Aquilegia canadensis L. (wild'| Ranunculaceas...| Mar. (O]

columbine).
Anagallis linifolia L. --{ Primulaceae May
Caryopteris incana (Thunb,) | Verbenacene.....| June & 0]

[ .
Centranthus macrosiphon | Valerianacese....| May 38

& = 85

oiss.
Clrelome apinosa Jacq. (spider- | Capparidaceae...| May 7 (0]
ower).
Cl’rrudmdnm thomsonac Bal- | Verbenacene. ., ..| May 52
our,
Cobaeascandens Cav Polemoniaceae. .| May Q]
TIuipatiens balsaming L. (gar- | Balsaminscese...] June 23 4 0]
den balsam).
Ocenothera:

0. . tiissouriensis’ Sims | Onagracese.......| May ® 35 Long day.
(nuu)ve West and South-
west). .

0. specipaa Nutt., (native |.__..do..__...... LApr, : 36| 514 37 : Indeterminate.
West and Bouthwest), ‘

Portulaca grandiflora Hook. _.| Portulacacese May . 4. . n ) 10| Do.

Saliz kumilis Marsh, (willow).| Salicacens.... Apr, 68 . @) 60} 08122 [ 76 { Short day.

Statice armeria var. laucheana | Plumbaginaceae..| Apr. 20]. 6 3N 5 6 291 6 371 47 25 Indeterminate.
(Balley) (F. T, Hubbard). | X

Steironema ciliatum (L.) Raf..{ Primulaceae Apr. . L G 1. 85'21 65 [ Long day.

’J‘gachymene caeruléa R, Gra- | Umbelliferne.... .| May 27 45;20 40,16 49 22 Indeterminate.
18111,

Verbena Aybrida Hort - May W 7 A EON . 271 44 Do.

Vinea minor L. ... .| June 7 I 23112 [ 3] PO A 0] Do.

—
&

2

AEOLTIAOTHY JC "TdAA S 'A “18. NITZTING TVOINHOTL rAY

1 No test made. ! Buds fell. % Leafage and stems.
3 Leafage only. 1 Never budded. . ’



http:llIjlJ.ij

RESPONSE OF PLANTS TO LENGTIH OF DAY a3

SoME MISCELLANEOUS ANNUAL AxD Woony PrLaNnTts

The plants presented in table 18, most of which are garden orna-
mentals, include typical exa.mglas of all the classes of plants known
as long-day, short-day, and indeterminate types. A few of these ara
woody plants, but the majority are herbaceous annuals, :

The indeterminate types are adapted to the short summers of far
northern as well as to southern latitudes, Wherever grown, their
ready response to long or to short days enables them to behave as
early flowering plants. One of the best examples of a woody plant of
indeterminate flowering behavior is turkseap (Malvaviscus conzatit).
This plant is a tender shrub suitable for out-of-doors culture only in
the warm reeg]ions of the South, but its readiness to flower in response
to long as well us to short days would adapt it to the gardens of north-
ern latitudes if the temperature requirements were sumilar to those of
the hardy althaea (Flibiscus syriccus). Easily killed by frost, it must
remain in regions where warm winters prevail, although its length-of-
day behavior makes it well adapted to the summers of the North.

Bougainvillea and poinsettia are typical short-day plants, but, like
the turkscap, are highly sensitive to frost, and for that reason their
out~of-door eulture must be limited to subtropical regions. Even if
their wood were hardy, their short-day requirements would bring
their flowering into the cold days of autumn and early winter, a be-
havior very rarely shown even by the hardiest northern shrubs,
witch-hazel (Hamamelis virginiane L.} alo. eing characterized by
this unusual behavior.

Convolvulus sepium, a most pernicious native weed, is a typical
long-day plant, which remains strictly vegetative under lengths of day
up te 13% heours long. Plants given the full length of day flowered
more quickly than the 13%-hour plants, showing that the latter had
not yct experienced the most favorable long day conducive to early
flowering. Under short-day conditions, this plant transfers its vege-
tative activity from aerial stem growth to production of fleshy under-
ground stems in large measure, whereby it quickly invades new areas
and becomes deeply established in suitable soils, The requirement of
long days for flowering and readiness to produce persistent under-
ground stems as the days shorten adapt this plant to northern rather
than to far-southern latitudes. As a perennial plant, it has the most
fovorable temperature and day-length relations to qualify it as a
troublesome weed, a reputation which it has gained aceordingly.

The scveral species of Ipomoea tested, among which several va-
rieties of sweetpotatoes were included, have shown varied day-length
requirements.

Three distinct varieties of sweetpotatoes were grown, Yellow Jersey,
Porto Rico, and the Southern Queen. All these were grown in similar
containers and soils. The largest container used was a box holding
about 2 cubic feet of sandy loam, which had been well supplied with 2
suitable chemical fertilizer. The smaller containers consisted of 14-
quart galvanized-iron buckets, one series of which was filled with the
same soll used in the larger container with no fertilizer added. An-
other series was grown in a friable, black, unfertilized niuck. Tn these
tests sprouts were taken from the same potato throughout, in order
to climinate possible individual variations.




TaBLE 18. —-Behamor of some species of plants of 6 families in 12sponse to length of day

Effect of daily light exposure of—

10 hours 12 hours 1214 hours 13 ‘hours 1334 hours 14 hours | 1444 hours F“‘:}if:f’h
Days Days Days Days Days Days Days Class
Plants Family required| g requi"'red ] requied 2 requﬁ'ed ] requg'ed 3 requ{‘;ed @ |required!g|required! = j
for— (5| for— }g( for— | g | for— [.5 | for— |8 | for— |.&£ | for— j=| for— (5
g c ] =] = =] 2] = =
g i} £ g E g 8
< <3 B [ <R ey [ [l gls g2 |
S |glElS|glElBlalEl|S|e|E|Slale(B|alE|BlaleElaled
8 (a2l al2|g(lz|8|3|a|l|Biall|@|2|2|l8is|2|8|2|2is
B lalsiHAaxB|AIR[(H|IA|&R[BIAIB|IB|[A|RIR[A|&MA &K
Abutilon hyb idum Hort. .._..| Malvaceae.__.. May 20| 20 -v50 9| 3s| s4f 12| .| () [..--] 82} 40 .| () |oceofauan ('; cemefar-a| (1) -1 47 54!18] Indeterminate.
A‘lhgeakro)na (L.) Cav. (hol- {.._.. A0 May 10 || b oo @) {ou]eea| 5831 |....| 58 P caee| ) |-omefewea| (1) {--]----] 54[38} Long day.
vhocks).
B{ﬂophyllum pinnatum | Ciaxsulaceae...{ May 18 | 9] 99] 80f....| () |enc]enci] @) [omectacsc] ) fcmme|acas] @) Jocacdocec] @) |eaaa]ecc] @) [-=emsn] (®) {--| Short day.
Bugmmlliea vﬂflagmz Chuisy | Nyctaginaceae .| May 24 | 28| 45| 38} 36] 67| 40| 69! 88{56 96| 157{60 | 145} 164{75 | 103| 153] 50; 143] 157|83| 131} 157{.. Do,
(bougainvillea .
Clz%ranthu)a alliondi. Hort. | Cruciferno......| Apr. 25 |eeun]| @) [aaefomnc] @) Jocefoaca] ) |omac]onic] ) fovedocal ) fomenfaaae] () Joearfeine| GO) {--]---- 75| 8] Long day.
reer’s).
Contolvulus: ' .
C.aepium L. ovnivnnen. Convolvula- | May 19 |....[ ® () Jemnfomaa| O [eeeifocac| () [oona| 44| 89[40 || () Jaeaciooc} () 1<) 35] 4946 Do.
ceae,
B %‘tglcalorL ____________ P T do. e May 22 |.-.o| (8 |-<.] 110} 116] 20|...f () [----] 110| 11611 ...} (%) |-...| 67] 7% 14|____| (1) 1.~} 62 67|14 Do.
uphorbia:
EheteroafigllaL (annual | Euphorbiaceae.| May 13| -33{ 40| 12| 35| 40{ 10|....! (") |...-| 46} 83]10 | ) {ocfurecf () omee]-cci) ) [--]-eo-| () -} Bhort day.
poinse
E. marginate  Pursh. }.___. Ao e weodooo | 27 32 5 83| 42 Tl () |----] 27 8216 |l ) [ccoofecoi| () feoecdenaai ) {--| 27 30] 6| Indeterminate.
gsxilo;v-on « the - moun-
ain
E( puldﬁrn)ma Willd. §..c.doooeen.. May 16 | 32| 65{ 47| 39| 44| 53| 48| 180[66 | 107| 176[76 | 1€2{ 191(74 163! 193| 76| 163| 19591} 158] 197,70i Short day.
oinsettia;
szxacussunum(L)(althea) Malvacede. .. .. Mar. 27 loee | ®) Jooi]eeac | ) | 95] 117 -5()}6 96| 12314714) 85| 126|4514| 103] 136 44| 106] 144]52: 103| 130/44{ Long day.
lbensumbellaiaL,candytu[ Crueiferae... ... May 14 | 13| 37 12| 13| 30j 11{ 17} 371 13} 30 7 17(- 41113 17( 30p 134 137 30 9 7y 30112| Indeterminate.
(Dreer’s Rose Cardinal). -
Ipomoea:
1 batatas L. (sweetpotato)] Convolvula- | May 18 | 331 500 38]  33[ 57] 36]_._| (2 Jouecfoocs]| ) [romnfoiic] @ |ocac]aacat @ |oanc| =2l @) 1o<f 2o} (®) || Bhort day.
var. Southern Queen. ceae.
I{ledemcetll)Jacq (Dreer’s [_.._.do.____.... May 16 { 13| 208{ 24| 21| 38| 36[.___| (1) {-.--| 13| 3860 26156 58 o) () |ocee]aen] () 1--1 82 -75(50 Do.
mperial).
zmrpurca (L.} Roth. |.._.. d0-ccinan May 10| 13| 27| 26| 19§ 32| 33| 19| 32{20 19). 33}42 21| 3440 25; 60 46 251 72160 25| 72|.. Do.
Y rcex;s Double Rose )
1atie),
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1. yuamoclit L. (cypress-
vine).

I setosaXer. ... . ...

1, tricolor Cav. (Dreer's
Heavenly Blue).

Kalanchoe;
K. lazifiora Baker........
K. tubiflora (Harv.)

Hamet.
Labularia maritima (L.) Desv,
(Dreer ’s Little Gemor Car-
)et of Snow).
Malvariscus conzalti Greenm,
(mrkscuf)).
Malthiola tncana (L.) R, Br,.
Mirabilisjalapa L. ... _....._.
Tropaeolum majus L

PRI [ SRR

Cruciferae......

Malvaceae

Cruciferae. . _.....
Nyctaginaceae.
Cruciferse. .....

L s N
May 25
May 21
Muy 8 |....
June 10 1....

May 9 |.

PO 1. TR
July 12

O

4 63

- )]
15 28] 4121
30[12 35; 43

46145
26160
38156

192]51

® |-

(O

63,55

41: 8
44112
43

Indoterminate.
Short day.
Indeterminate,
Do.
Do.

Do,

Do.

Long day (?).
Indeterminate,
Do.

1 No test made.

1 Plants never hudded.

3 Leafage only developed.
4 Plants dled.

3 Prostrate stems only developed.

¢ Plants nover flowered.

7 Plants flowered all summer.
5 Rosettes formed.

% Stemn elongation only.

1¢ Much stem elongation.
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The Southern Queen was the only variety in these tests that appeared
to show any response to length of day, and profuse flowering oceurred
only on the 10-hour and 12-hour exposures in all soils and in all
containers. TFlowering was somewhat delayed and less profuse in
the smaller containers, however.

It would appear from these tests that flowering is more easily
induced in the Southern Queen than in the Porto Rico or the Jersey
varieties by length of day. These tests would indicate that flowering
in the sweetpotato is favored by short days, rather than that a long
period of vegetative growth is required to prepare the plants for flower-
ing, as has often been held to explain the stubborn and irregular
flowering of sweetpotatoes wherever grown in the field. The plantsin
the tests described were bedded March 18, pulied and placed in the
containers April 28 when 7 inches high, and from the time of bedding
budded in 94 days and flowered in 111 days on the 10-hour day. In
no instance did any of the blossoms produee seed, although flowering
continued throughout the entire summer.

AMARANTHACEAE, ASCLEPIADACEAE, CARYOPHYLLACEAE, CUCURBITA-
CEAE, IRIPACEAE, LILIACEAE, AND SCROPHULARIACEAE

With two exceptions the plants listed in table 19 show an indeter-
minate)behawior in their flowering with respect to length of day
(fig. 24).

Tn its flowering behavior the native blue-eyed grass (Sisyrinchium
gramineum) is indeterminate. This plant, however, showed an inter-
esting response to the short length of day of 10 hours. The flattened
flower stems at the apex soon after flowering took place produced one
or more leafy propagules that readily rooted. These are shown in
ficure 25. This habit is identical with that of the tropical house
plant Marica northiana Ker., which flowers in early spring in the
ereenhouse and produces new readily rooting plant units at the summit
of the flower stems. No other day lcngg;h has stimulated the growth
of these plantlets in the case of the blue-eyed-grass. This is not
encountered outdoors, since no length of day as short as 10 hours
prevails during the growing season (%g. 26).

CLASSIFICATION OF SOME PrLaNTs BasiEp on EARLY STUDIES

Only brief mention need be made of the behavior of the plants
presented in table 20. In the yams (Diescorea), arrowhead (Sagit-
taria), the potatoes, var. McCormick and Solanum demissum, and the
groundnut (Glycine apios), tuber formation is initiated or greatly
favored by shortened days of 13 hours or less. In the Medellin bean
(Phaseolus coceineus), the robts were remarkably thickened or tu-
berized under a 10-hour day, and flowering was also favored by
short days.

Hibiscus moscheutos and H. sabdariffa are two species showing dia-
metrically opposite behaviors, the former flowering only on lengthened
days and the latter, as a typical short-day plant, flowering only on
very low licht-darkness ratios.
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FicunEe 24 —Celosia argentea L., lilliput {(Dreer). A plant but little affected
by extreme changes in length of day. The plants flowered as follows: 10, 12,
13, and 14 hour, June 18, full day (C), July 3. Tests began May 22;
phetographed June 30.

R [PV, - R . . -

Ficore 25.—Sisyrinchium graminewm Curtis, blue-eyed-grass showing propagules
favored only on the 10-hour day at the ends of the flower stems. ontrols at
right (). The formation of similar propagules is the usual behavior of the
tropical house plant Mariee northiana Ker. These propagules do not appear
on the plants experiencing the full length of day in the latitude of Washington,
beeanse a sufﬁcientlﬁ shortened day length does not intervene before killing

Iarch 30; photographed September 17,

frost. Tests began

Ficure 26, —Gomphrena globosa 1.. Cilobe-amaranth. A plant but title affected
by length of day. The plants flowered as follows: 10- and 12-hour day, June
15; 12¥%-hour day, June 18; 13- and 13X-hour day, June 15; 14-hour day, June
23: tdls-hour day, Junc 17; full day ("}, June 14. Tests began May 13; photo-
graphed August 22,




TABLE 19.— Behavior of some species of plants of seven families in response lo length of day

Family

Test
begin

Effect of daily light exposure of —

10 hours

12 hours

1214 hours | 13 hours {13} hours ! 14 hours

1414 hours

Fulllength
of day

Du?'s
required
for--

Days
required
for-=-

Dn‘ys
required
for—

Days
required
for—

Days

? Days
required

r(-qu?red
for—

rcqufre
for-—

Days
requlrcd
for—

Height, inches

Reight, inches

Height, inches
Height, inches
Height, inches
Height. inches

Flowers

Heijght, lnchcs

Height, inches

Anxl;xb*nnlhua sp. (Dreer Bun-
U) oo o -
Anthirrhénum:
A, majus L, (l)recr Dwarf
Golden Queen?) lo. . men
A, mujus L, (Dreer Giant
Crimson King)
Asparagus ojfcmalxx L. (aspar-

C. argentea 1., (l)rccr 1il-
liput)..
C. crutulu T (l)n-er)
Dianthus;
D. barbatus L,
Midget single)..
D.chinensis L. (Dreer) . ...

(Dreer

D. plumarius L. (Dreer) ...

Q@odetia grandiflora Lindl
Gomniphrena globosa 1. .
Lagenaria leucantha (Duch )
Rusby (African pipe gourd),
Mormodica;
M. balsamina L. (balsam-

[:9513) (1) PR

M. charantia L.

oY o S S

Morton No. 2518 (QOaxaca,
Mexico)

Morton - No.
Mexico)

Sisyrinchium gramineum Curtis

“(blue-eyed-grass; native) ...
Yucca filamentosa L, .. e

(balsum-

2560 . {(Oaxaca,

Amaranthaceae. .

Scrophularisceae
odoo L L

Lillacene. ... niun

Amaranthacens ..

(‘nryloph yllaceae

Iridaceae
Liliaceae

June

May
do
May

May 22

May 143§ .

May

Mar. 30
Apr. 28

13
13
34
® fommn
431 8

o' ..

13
2
42

4
69

44
o

41
25

50,56

[C) 70 E . 3.
(ORI R Wy

1
10%

18

Indeierminate.

Do.
Do.

?
Indeterniinate.
Do.

Long day.
Indeterminate,

Do.

Do.
Do.
Short day.

| Indeterminate.

Do.
Do,

! Plants in bud when the tests were begun; all produced very showy crimson leafage.

2 No test. made.

3 Plants in bud when tests began; all flowered throughout all the tests; all very showy.

¢ Leafage only.

5 Stem clongation; no flowers.
¢ Stem growth only.

7 Never flowered,

§ Never budded.
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Tanre 20— Behavior of some planls represeniing various Jamilies of the clussea
Monocotyledonae and Dicolyledenae to length of day 1

CLASS MONOCOTYLEDONAE

Bweles

Family

Flywering behavior a3 the days nre
shortened elow gontinvons Hlumi-
tntkno

Divscorca: H
B. dirurienta Blanco (ebn- 3
nadueL-vined, :

D, atata L,
PoL st amd 470010
Gindlo/uy  pudarensls Van !
[1{TH TN
Irix fiorentinn L, fearly Iris)

Sagitrarle  Totifolin Wik,
rrrow hemwin :
Ao inaga Ly vBeravisn corg

yorlolyy.

mnrenthus hybridus 1., (pige
wieil),
Calonpetion oenleatnne (1,0
Haouss {inoobvive,
Clemndle panberdete "Tugnh, -
(elematly), .
Dotichos biflorus L. (kulthi
bran},
Dracoc:[jl:hm' i
[L.}
hiemd),
Glyelne aplox L. tgroundnnt:
nntive),
FESLTE T :
11, woschewdoa T, {wild
umllow: nutlved, I
15, sabudarifa L. troselle}

rirginfeuw
ritlon (felse-drgon.

.'mlmfinu biffore Wull, (nn-

Lve Jewelweed),

Muuramiga  fephoxpermum
Liatley {lopsecd).

Phaaeclus coceinens L., (3le-
dellln bewn fram South
Armerlen, FOE, L Koo #6115

Folyganmm  pennspiranicem

(edIble yaen, L

L. tarartwoed; nuthvel,

Fhaphanes sitivus L. (ondishn

furmer:
£ abpaatufcus Joeg

&, acelosedtn L, (sorrel)

Sulundn: i
K. dembasum Lipadl

8, tubervsusm L. (MeCor-
mlek varletyr,
Splaaren olerircen L. tspinach,
Savey vorbelyl,
Vigdu >
", firmbrintnia 1, E, Smith

Ve papitivaacen 'ursh,

Diysearencene.

Cda
frldaceny

da,

allsmacene

Crwrninae

Amamnthaceas, |

Canvelvilacend
Ranuneulnoese
Lognminodne

Lahintoiwe
L nosay

du

. «lo

Balssmineese |

s Serophlarincene

Lasgin{nosue
Ml yronaceue

Brusslencens

i T'ulygonmeens.

do

Selunneeay |
.t

Cliengaml incenn

¥laloceny

CLASS DICOIYLEDONAL

Avrinl tubers forwed by short diys of
13 huurs or less; most shuymnduncy
foruiel on 10- g 11-bour duy.

Enprmions incrense [n wber sizo on
shortened duys.

[-‘Ifinvur{ng inbiblted below n 1-hour
iy,

Linstuned intp early Bowering in win-
ter by wihiltion of wenk light from
suset,

Flowering Initinted nre taber tormn-
tion hastened by ahortencd deys.

Floweelng hnstened by shortened diys

| Short sy {7

Do,
Lotg dny.
1o,

Short duy,

Do,

I-‘lt!l\\rur!n;: Htle utfeclod Ly leogth of

day.

Flowerm? with enunl rendiness wnder
Jong nod shart days.

Flowerwd with day lengths nbove 10
lours.

v ustened nad prufuss fiawerdng belyw

133 howers.
No fowerlng an short doys of 10 logrs

Flowered on long days; tiher forma-
thin favorsd by shorter diys.

Short duys Inhiblt Qowering

Floywerlng groally hastenmt by short
days; planty okl not Hower in re-
dpunse to full duy kil Novoemboer.,

Flowering hastened by shorrensd doys.

Flowered with equal rewliness nndee
ull fenpths of day from 10 hours to
il day,

Flowered bwst gn short doys, with o
remarknllo enfurgetnent of tha ronta
into bilers in 10 honry.

Flowered under short and loog days,
bt flowering hrstened with inereise
[0 beorgeh of duy,

Flywerlni hostened by lopg days:
hypocuty] enlargonent by shocl,
days,

Flowering Intiated by ooday length
helow 12 hours,

Flowerwl on lomg days; undergraumnd
stems enormatsly developed uneler
Ehurt dlays,

Flowerlng favared by leng dys; tuler
forttion by short tleys,

i Blhiork duys tavenad teber fornimedog .

¢ Flowerlng Initlated and hastened hy

lang days,

~ Floweren] under all lengths of day, but

short duys of 10 ta 12 hours stinlalsle
tha forngiton of blie, petallferous
Hirwers of spring; long duys replaced
Hhise with cleistoguimle fowoers.

vai Betinvior similar to V. fimbriatut ..

Tndeterminate.
L.

Lang <lny.

Shaort <dny.

Tong da .
Dao.

Do,

Shart day.

Lo,

Tndeiesminate.

Shart day.

Lot dny.

Da.

Shart day.
L ¢lny.

D,
Lang day (1.
Lo,

Shart day.

Do,

t'These planis were studled shortly after the
faelllues were not avallable for o gradunted serfes of Lests fnve vitg smnll ehssges in

illsenvery of length of day ns o factor in Fhlllt hohavier, when
Lhe dally Hght period,
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The violets (Vicla fimbrietula and V. papilionacea) are, in o sense,
indeterminate in their flowering habits, but the completeness of the
flower itself depends upon the %ength of day experienced, a behavior
comparable to that of the hogpeanut. On long days favorable to
incressed vigor accompanied by an excessive growth of leafage with
large blades and long petioles, the flower finds conditions less favor-
able for complete development, and greenish flowers and cleistogamy
are attendant features of floral expression. On short days, leafage 1s
sparse, the leaves are small and short-petioled, and the development of
short, prostrate stems is favored. Under these conditions of reduced
vegetative expression, the blue petaliferous flower makes its appear-
ance. It is obvious that the complete flower characterized by fully
developed blue color and floral parts is related to short days. These
contrasted differentiations of flower structure simply represent tend-
encies toward and nway from extreme vegetative expression. The
greatest reduction in the form and showiness of the blossoms prevails
when the vegetative forces have reached their maximum dominance.
In view of these facts they are classified as of short-day habit.

APPLICATION OF RESULTS OF KNOWLEDGE OF THE
LENGTH.OF-DAY REQUIREMENTS OF PLANTS

Man has long had plant life under observation and for ages has suc-
cessfully cultivated planis for his needs. Wherever he has gone he
hag carried his plants with him and has made 2 success or failure of his
introductions into the new lands. As we find the older plants in cul-
ture today, they are successful in their natural regions, but long ages
of experimentation are back of the eulture of every plant. Today
the great crops with their myriads of varteties and strains are adapted
to many conditions of soil, season, and climate. Many specialized
conditions have had to be met, for every plant has its soil require-
ments, its humidity and temperature requirements, its light require-
ments, and its demands for a certain length of season between frosts.
Length of day is now known to be an mmportant requirement also,
but this was not definitely recognized until within comparatively
recent, years,

Wild plants in their wanderings have always been forced to adjust
themselves to length of day, and every successful wild plant repre-
sents an adjustment to this factor as much as to any other factor of
the environment. It is a factor that comes into operation along lines
of latitude and not in eastward or westward trends.

The manner in which this factor operates can be illustrated by the
poinsebtia. Its day-length requirements are rather rigidly fixed, with
a critical point near 12 to 12% hours required for flowering and for
th bract coloration which gives it value as an ornamental. It is a
native of the American Troptes and thrives cutb of doors in tropical
and subtiropical regions. Even in the vicinity of Washington, D. C.,
it flowers and colors only during the shortest days of the wintertime,
for & seasonal swing toward longer days in June of only one-half hour
is sufficient to carry the poinsetiia into the length of day unfavorable
for flowering. The writers are informed that this behavior actually
prevails almost on the Equator in Brazil and northward, so that even
within these warmer ranges the poinsettia has a seasonal flowering
associated with the winter months., Naturally, this frost-sensitive
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plant can be %rown for its showy bracts northward only during the
cold autumnal season. This compels the gardener to treat it as a
greenhouse plant, for the reason that a 12-hour day, which initiates
flowering and coforation, 13 experienced simultaneously over all the
earth around September 21, and this date is close to the occurrence
of frost in mos$ northern latitudes. This situation, of course, can be
changed by artificial regulation of the seasonal length of day.

The Kiondyke cosmos {Cosmos sulphureus Cav.}, a beautiful
vividly orange species, is a native of Mexico, and the present culti-
vated stocks are traced to introductions in 1896. The first cultivated
strains of this species have rather low length-of-day requirements
around 13 {o 13}£hours, and for that reason they coufd not flower at
all in northern latitudes before frost, even in the vieinity of Washing-
ton. They were adapted only to garden culture southward, and they
found a place in the gardens of eastern South Carelina and farther
south, where the shorter midsummer days initiated carlier flowering
and the season of autumnal frost was postponed. The senior writer,
some years ago, while on a visit in central Massachusetts, saw much
of this cosmos growing in the Jocal gardens. In late September it had
attained a huge stature, but showed no indications of flowering. This
strikingly illustrates what an unsuitable day length does to the plant
when it is earried far away from its native home of relatively short
Alexican days, and demonstrates the futility of the culturo of such late
strains in the northoern Iatitude,

Within recent years the gardener by selection has found and isolated
earlier strains of the Klondyke cosmos, which are offered to the trade
under the names Early Orange Flare, Early Golden, and the like.
These strains are early flowering beeause they hiave a higher critical
day length for flowering, which enables them to flower early in the
summer &5 Washington, D. C,, and to be grown much farther north.
This is a nice illustration of a plant valuable in garden culture far
nerth of Mexico that has been developed within comparatively recens
years, the usefulness of the plant depending upon the fact that seleetion,
though perbaps not consciously determined by s knowledge of the
?ction of day length, has been actually concerned with response to this

actor.

In the tests at Washington, many stonecerops have refused to flower
under the natural length of day, most striking among these being o
speeies of high Old World latitudes (Sedum lelephium), which requires
o long photoperiod. This plant has often been grown south of New
England, but has not flowered becguse its critical length of day for
flowering 1s higher than the longest days of lower latitudes. It flowers
in northern New England where a length of day long enough to
initiate flowering is encountered.

Modern agriculture has scen the introduction of a very large num-
ber of plants into the United States, some of which are crop plants of
the highest value. These have been tested far and wide, oftentimes
with failures that now are traceable in many instances to maladjust-
ments to favorable lengths of day during the growing season, A better
knowledge of the day-length requirement of some of these plants would
have shown that certain of them could succeed only in the North,
whereas others required lower lntitudes. The various perillas, whose
seed contains a valuable drying oil, are of interest in this connection.
A number of Old World strains of P. frutescens and the variety nan-
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Iinensig have been grown at the suggestion of the Division of Drug and
Related Plants, with & view to determining their day-length require-
ments. The species as 2 whole is an assemblage that flowers best on
shortened days, and the critical length of day is such that in the
latitude of Washington the strains in question barely flower in time to
escape frost. They become plants of large stature with slow and
delayed flowering. I is obvious that these plants are near the upper
limit of their day-length requirements and should be grown farther
south, although only just far enough south to obtain the largest
lants and highest yields of seeds before frost. How reduction of day
ength affects flowering and stature was shown in table 14.

Chia (Salrie hispanice) and Guizotic abyssinics, likewise valuable
oil-bearing plants, which were also grown under the direction of the
Division of Drug and Related Plants, have shown themselves to be
plants of pronounced short-day behavior and, like Perilla, should be
grown south of this latitude rather than north. In contrast Zalla-
mantie iberica would perhaps «ive larger plants and yields of seed if
grown north of this latitude.

It appears that long-day plants having a critical photoperiod of
14 to 15 hours or longer should be tried in northern regions, for they
could not well be adapted to southern culture. The more sharply
n plant flowers around a certain length of day, the more important
becomes the question whether this day length corresponds to high or
to low light-darkness ratios. Such plants have rather rigid day-
length requirements and. are adapted to particular latitudes only.
Indeterminate plants that flower about equally well in response to alt
lengths of day are the most amenable to culture, since as a rule they
can be grown from the Tropics to the poles so far as concerns day-
length requirements. Very useful plants belonging in this eategory
mclude the tomato, pepper, tobacco, and many others.

The long-day and short-day plants offer greater opportunities for
intelligent selection, as their day-length requirements are often rather
narrow. Many plants of both groups may show a eritieal limit for
flowering around 13 or 14 hours, the long day having their critieal
day Jength at the bottom of the flowering range and the short day at
the upper limits. In both groups selection must be based upon vari-
ability, and variability in time of flowering is likely to come into
expression only around the eritical flowering point, For that reason
selection cannot be made when the plants are grown far below that
limit in the case of the short-day plants or far above it in the long-day
plants. The critical zone ordinarily shows the spread or amplituce
OE} variation, where only simultaneous flowering would be seen elsc-
where.

Many directly practical results helpful to florists and agriculturists
throughout the world have followed the recognition of the length-of-
day behavior of various plants.

Chrysanthemum growers have forced their crops into enrlier flower-
ing by the use of black cloth to exclude lght in such a wiy each day
as to shorten the natural daylight period at o time when this is above
the critical limit for Howering.

Electric light has been used to supplement the shortened days for
the China-aster (Callistephus), thus forcing the plants inte earlier
and more vigerous flowering, the response under suel eonditions
being that of a long-day plant, whereas the chrysanthemum is a
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short-day type. It would appear, also, that Caleeoleria hybrida,
Gaillardia lorenzigna, Salpiglossis, and Sechizanthus are thus foreed
by increasing the daily light periods by weak artificial light.

In the Netherlands the ordinary neon light used so extensively in
sign advertising at night has been shown to prevent the tendency of
greenhouse strawberries to become dormant in wintertime, and it has
been used to secure earlier crops.

An understanding of the length-of-day requirements of plants has
led to a far better understanding of the successes and failures that
hitherto have been observed, but were not readily explained when
plants were transported from one region to another that differed more
or less in latitude,

English agriculturists have noted that Anstralian wheats became
too early in the Iatitudes of England and, conversely, the English
wheats were unsuited to Australian conditions of day length. They
have also learned that English onions bulbing in response to very long
days [ail to produce good bulbs when grown in the newer African
colonics, even though attention has been given to the proper altitudes
to secure favorable sensonal temperatures, On the other hund, the
Puerto Rican and Bermuda onions grow and bulb well under these
African conditions, beeause they represent strning and varieties stimu-
lated to good bulbing by relatively short days as compared with the
very long duys of the English summer,

It is known in Europe that the heading of lettuce has specifie
length-of-day requirements, depending upon the strain or variety.
Sharp differences have been found to exist among the various types,
os shown by Danish investigators. Some head best under long days,
others under shorter days, and these requirements must be understood
and given their full expression by suitable lengths of day to securc the
best and most practieal results with the erop.  Belting or flowering
may supervene if too long days are experienced, and, if the days are
kept too short, heading may be poor. It would thus seem important
to know the optimum range of length of day of each variety so far as
heading and other growth expressions are concerned.

There is another phase of the length-of-day problem that has been
utilized by breeders and geneticists. In the past, eertain plants
that may have been different strains, varietics, or species, have been
characterized by widely separated flowering seasons because their day-
length requirements diflered greatly. An understanding of these dis-
crepancies and their basic causes, as associated with a particular length
of day, has enabled the breeder to synchronize the time of flowering
that otherwise could not have been effected, and, as a result, convenient
pollinations and genetic studies were made possible.

An understanding of the length-of-day demands of plants has also
enabled the breeder or gencticist to obfain additional generations of
plants in a given year in some instances. This has come about by
subjeeting them to lengths of day above or below the critical limit for
optimumn flowering, depending upon whether their requirements were
for long days or for short days. Defore this principle was weil under-
stood, 1t was necessary to await the proper seasonal length of day in
some instances, so that only one generation a year could be secured.

With these facts in mind, the lengthi-of-day factor becomes an im-
portant one in the commercial growing of crops in and out of senson,
i various aspeets of plang breeding, and in an intelligent guidance to
plant distribution over all the world.
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SUMMARY

The behavior of a large number of wild and cultivated plants, both
native and introduced, and representing many families has been
studied under exposures to different constant light periods, in order
to learn more concerning thefundamental differencesbetweenlong-day,
short-day, and indeterminate or day-peutral plants in their varied
dn%—length Tesponses,

he daylight exposures ranged from the shortest period of 10
hours, with increases by steps of one-half hour (beginning with 12
hoursS up to the full length of day bhaving & maximum of about 15
hours from sunrise to sunset in tﬁe letitude of Washington, D. C.
For photoperiods of 16 and 18 hours and continuous llumination
daylicht was supplemented with low intensity illumination from
tungsten filament lamps. To obtain light exposures shorter than
the full day, the plants were transferred each day to ventilated dark
houses for appropriate pertods.

The studies heve centered mainly on effect of the photoperiod on
flowering and the height a.ttaine({ by the plants, though Iimited
observations also were made on various other types and phases of
photoperiodic response. The results have been presented chiefly
in tabular form. As far as possible the plants have been classed, on
the basis of response with respect to fiowering, as indeterminate or day
neutral, short day, and long day. In some instances the classification
is tentative.

Plants that flowered with more or less equal readiness under all
light periods used have been placed in the indeterminate group.

Those plants in which flowering is initiated under & given, usuan?'
relatively short, day length and appropriate increase in the day length
suppresses flowering or causes it {0 be delayed or less profuse, have
been classed es short day.

Plants in which flowering is initiated by exposure to & given, ususally
relatively long, day length and in which appropriate decrease in day
length suppresses flowering or causes it to be (ﬁ:layed or less profuse
have been classed as long day.

Ina fourth group of plants, flowering Is initiated by 2 zone or band
of day lengths of median duration but is inhibited by day lengths
cither above or below this zone. This group, showing characteristics
of both Jong-day and short-day plants, perhaps meay be designeted as
intermediates. There are few representatives of this group. .

In both the long-day and short-day groups there is wide variation
in sensitiveness to the day-length factor. Many plants fall within
& narrow band of eritical cf;y lengths, the long day tending to flower
only under photoperiods in excess of this band and the short day
only under photoperiods below it. On the other band, progressive
increase in duration of the photoperiod delays or reduces flowering
but does not suppress ib in certain plants, whereas change of photo-
period in the reverse direction similarly affects still other plants.
These two less-sensitive groups have been included in the more typical
long-day and short-day classes, respectively. .

A knowledge of the photoperivdic responses of plant species and
varieties materially simplifies the problem of their successful intro-

duetion into new regions.
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