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Technical Bulletin No. 727 • Au.gust 1940 

Further Observations of the Response of 

Various Species of Plants to 


Length of Day 1 


By H. 	A. ALLARD, senior physiologist, and W. W. GAIINER, principal physiologist, 
Division of Tobacco and Plant Nutrition, Burea'" of Plant Industry 
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INTRODUCTION 

In the earlier studies 2 of the effects of different light periods, very 
few steps in length of day were available, owing to the lack of facilities 
that would allow for detailed investigation of small changes in length 
of day. Conclusions were based mainly upon tests involving very 
short days in contrast with the lull length of day or very long days 
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 accumulated, making clearer the behavior of many 
species and varieties representing 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. 

Bpcause this later phase of the work bas led to a better tmder
standing of the concept of long-day and short-day plants and affords 
a basis for classification of many species into the two groups, it has 

1 Submitted for pUbliention Octo~r 21,1939. 
, GARNER, W. W., nne! ALLARD, II. A. EfFECT OF TirE a~L~,TIVE LEN()TIl OF DAY AND NIGHT AND OTHER 

F.\CTORS OF THE El(\'lRONlIENT ON GROWTH A~D REI'RODUCTION IN PLANTS. JOllr. Agr. Res. 18: 553-006, 
illus. 1920. 
-- F1JRTlrER ST\7D1ES IN PIrOTOPERJODlS>f, TilE RESPONSE OF TlIE l'I.ANT TO ItELATIVE I.ENGTH OF 

D;. Y AND NIGHT. Jour••\gr. Res. 23: 8il-920, ilills. 102;1. 
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seemed ndvisable to embody un the results in brief form in the present 
bulletin. 

:tt is obvious thnt plants must be subjected to lengths of day ranging 
from continuous illumination down to 8 or 10 hours of light by half
hour st~ps at least, to determine the upper and lower limits of flow
ering, if such limits exist, This has not always been found prnctictl.blp, 
fLnd future e.'{perimentaiion Dlay show +hat many plnnts that undergo 
delayed flowering on the longer days will perhaps cease to produce 
flowers nL some very high light-darkness mtio near continuous 
illuminntion, 

A satisfactory, workable, and all-inclusivl' definition that will 
deu.rly separate the long-du,y from the Rhort-day plants is not casily 
formulated. However, on the bnsis of response to duily light periods 
decreasing progressively from continuous illumination, a long-dv,y 
plant i::l one that ceases to flower or shows d(\layed or less profuse 
flowering, whel'cns It short-day plunt is one that begins to flower or 
shows hastened or mon~ profuse flowuring wben the length of day is 
suffici('ntly shortened. 

Although there may be a pror.ounc('d overlapping of the upper 
limits of flowering of the plant::; of th(' Rhort-day group with the lower 
limite; of the long-day gr(IUp, the fact remains thu.t the decrease of the 
daily light period ultimn,tc1y causes the long-day plants to cease 
flowering entirdy or t.o flower l('ss readily or profusely. On the other 
hand, when the daily light periods are shortened sufficiently the short,
clay pln,lltS show a diametricnJly opposite tendency, flowering being 
inif.iated, hurri('cl, or otherwise fn.vored. Th('sc contrasting' behaviors 
at· the prN,ent time appear to be depl'ndent upon flmdamental cliff(,l'
('11<:,'8 in the physiology of the two groups and may be so regarded until 
furth('I' invl'stigfttions have proy('d otherwise, 

In addition to th(' long-day and short-day plants, there is a group 
that appl'ftl'S to bo little afl'pctl'd hy length of day, Thflse have bern 
designntC'd as ind('t('1'minate 01' day-neutral plants, An indeterminate 
plaut may bt) considered as one thn,t flowers readily und!'l' all lengths 
of dn,v. 

A few plltIlts hlWC been found that will flower only between certain 
limits of length of day; it may be said arbitrarily between 12 hours 
and 16 hours of dnylight. Th('se may be termed intcrmedin.te plants, 
as they comhine the behavior of both 10ng- and short-day plants, A 
typical intern1('diute plnnt, then, can be regarded as one that begiDs to 
flower when the dnily light period is decreased sufficiently below 
continuous illumination and ceases to flower at some shorter length 
of day, 

CONTROLLING THE DAY LENGTH 

In temperate lntitud('s a plnnt grown at any period of the year nl'Vel' 
r)..-pel'i('nc('s a constant length of dny. From Mnrch 21, when the 
l('ugth of doy from sunrise to sunset over the entire world is 12 hours, 
the days regularly increase in length, in the Northern Hemisphere, to 
the summer solstice, Juno 21. From this date until September 21 the 
days decrease in length, the decrements being the some as the incre
m('nts b('fore the summer solstice. The daily increments and decre
nl('nt~ before n.nd after the summer solstico nre OT<'Itter as higher 
Inti tudes are rrttchec1, and at or near the poles the short SUlllm('r 
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3 RESPONSE OF PLANTS TO LENGTH OF DAY 

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 a'{treme range in length of day from sunrise to sunset, at Wash
ington, D.O., is approximately from 9 hours 26 minutes in winter to 
14 hours 54 minutes in summer. 

r 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 It is a simple matter to shorten the daily light period e).-peri
enced by plants by the use of ventilated dark chambers or houses in 
which the plnnts may be placed each day after they hnve received a 
given e).-posure of dnylight. These mny he construeted of any light

~ proof material, including black shade cloth, wood, or other material. In 
higher latitudes where the midsummer days reach a length of 14 hours 
or more, regulation of the daily light period by menns of ventilated 
dark houses is not a difficult matter. Naturnl daylight is then avail
able for all tests, and normally differences in quality and intensity 
are probably not significant in the comparisons of behavior of the 
plnnts. 

If longer dnily light e).-posures than naturally prevail at any season 
arE' desit'ed, recourse must be had to artificial light to supplement the 
dnylight from sunset. Although comparatively weak intensities sup
plementing this have produced results similar to very long periods of 
natural daylight, the higher intensities when employed llave produced 
a more normal type of growth and reproduciiion. When artificial 
light alone is used throughout a t('st the factor of intensi.ty aside from 
quality and dlU'ation becomes a very important one. Excessive heat 
radiation ..;.Jectin~ the plants must tlH'1l be met, and the higher wattage 
~[azcLa filam('nt lights require suitable water jackets or screens to 
nbsorb the excess hent. 

If a given daily duration is known to be favorable to flowering, it 
is essential that this be afforded the plants as a continuous period of 
illumination. If a daily e).-posure of 10 hours of daylight is decided 
upon, the plants should receive 10 hours of continuous li~!lt each day 
with 14 hOllrs of contimwus darlmess. Five hours of light with a 
short intervening period of darkness of 1 or more hours followed by 
5 additional hoUl's of dnylight, breaking up the lO-hour peliod into 
two 5-hour periods, will not induce early flowering in short-day plants 
for rensons that as yet have not been ell.-plained. The data in table 1 
presen t the behavior of ty-picallong-dny, short-day, and indeterminnte 
or neutrnl-dn,y 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 at the time the tests begnn. In many 
of the tests the annuals were sowed directly, so that the seedlings 
were ~;ubjected to t\le e).-perimental length of day from the outset. 
In these plants I·· anordia could not form except where a favorable 
light period prevailed. :Mnny of the native perennials were taken 
from the field or propagnted in the greenhouse during the wintertime 
to obtnin plnnts of suitable size and nge for the tests. It is significant 
to note thnt in most instancef' the flowering behavior of these plnnts 
was similil.r to the materialrCllloved directly from the field to tho tests. 

http:intensi.ty


TABLE I.-Effect of dark period in the middle of the day (10 a. m. to 2 p. m.) as compared with exclusion of early morning and late afternoon ~ 
daylight and exposure to the f1111length of day 

~ Darkened in middle of t;:j10 hours of daylight 12 hours of daylight Full length of dayday,lO a. m. to 2p. m. a 
tIl 
~Plants II ~ \'l'Imc rcqulred I I 'I'imc rcqulred I 'I'lmo required 'rime required Class .... 

~ for- fo,.- for- for- I 
. Height • llcight IHeight I IHeight 

I 
~ 

_____________________~~c:.e~~I--- Buds I~~I___ Buds IFlowers ___ Buds ~~I__ 

IncheoI 
 IDaV6 nrr76 Incllu I DaVB 1 Davo 1ll1che·1 Day. I DaYB 1l11Chesi DaU8 I Davs 

Althaea rosea ('nv. lnnnuni hollyhocks) ...••. Mil)" \0 (I) I .. 58 31 .••.•••• 81 20 .••• ••• 54 39 Longd'lY.
A11lbro.';a: 

A. elalior I,. if!mmon ragweed). _...... .. June 11 12 21 10 12 21 ...... . 47 57 29 42 72 44 Short day.
A. trifida L. ~iant ragweed) ............ . JUlie 3 15 :11 25 15 28 26 fJ3 97 38 63 80 50 Do. 
 ~ IJidf1l8 bipinnata . (Spanish·needles) ••.... ..•do ... 15 25 14 16 25 19 86 98 17 66 72 32 Do. 

ChrV8anthemll11l orifolillln Ram. (largo lat<l -l
bron7.<l chrysanthemum). . ............... . May 5 22 58 41 22 58 43 129 184 58 127 178 49 Do. 1:0 

Convo/m-luB "pillln L. (hedge bindweed) •.••. May 19 (') (') 54 67 56 35 49 45 Long day. -l 
Euphorbia pllicherrima WiJId. (polnscttia) ... June 8 ('l (') (.) (') (0) (') Short day. 
ifelianthuB angusllfolius L. (swamp sun· 

35 51 28 35 5t 25 Do. ~ 
21 28 14 21 28 18 21 Indeterminate. 

f,hl~~~!:'lIUCtl18 (L.) Britt. (permu)......... May 21 49 58 22 49 58 26 1~ I'-"~ifl ~ 96 lOS 41 Short day. SJl 
1'::~~f:J.. ·bai.-dmi;ld t; (gn~den 'balsam)':::::Ir~~! ~ 19b1--'''3s' 

~ 

P. pralen., L. (timothy. strain 1241} •.•.. Mar. 19 (;> , ........ , ....... . 117 139 26 94 103 40 Long day. 

P.1Jraltllu L. (timothy. strain 3937). ..• I...do......... .. () .............. .. 1t F=:ii: 93 104 34 94 104 37 Do. 

P. pra/enae L. (timothy. strain 119(2) •• -- .•.do..... 104 128 29 92 71 89 42 65 84 40 Do. 

Rudbeckia: ~ 
R. hirta L. (black-eyed·susan) ............ Apr. 30 ........1 (I) 1· ....... 1 821 96 17 36 62 23 3fJ 55 24 Do. 

R./acinia/aL ........................... , Apr. 22 ........ (I) .................. (I) 76 112 40 62 104 75 Do. 


Soja = (u.) Piper: g 
Soybean, variety Peking................. June 8 ,,,,,,_ (l) (:) ,..._--_.,._...... '46 53 18 Short day.
12 1. ___.... 1.Soybeun. variety Biloxi .........._..... ('l () ................ '41 25 __• __.,. 95 35 Do. 


Tithonia rol'l1Idifolia (Ort.) Cass.........__... JU~~"i9' 1....·iu 36 58 I 39 64 53 ..... __ _ 144 96 __ . ___.. 144 120 Do. § 


e 
.... a 

I h\.o:;:ttoonly. , Full color Dec. 25. 

2 Vegetative only. oColoring about Nov. 1. 

'No test. I Leaful(e only.

• Darkened 5 hours in the middle octhe clay. i. e., froDllO a. m. to 3 p. m.; coloring ahout • Rosette Bnd sterile stems only. ClNov. 1. • Darkened 5 hours in the middle of the day. 1. e.• from 10 B. m. to 3 p. m. !;d 

t;:j 
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Xt 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 does a requced continuous period of 10 or 12 hours of 
daylight. In most instances the behavior approaches that of the 
plants receiving the full length of day, except that frequently flowering 
may be more or less delayed, especially in long-day 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 hpurs of daylight even at the time of the summer sDlstice 
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 shm.:ln, however, would indicate 
that the nutrition of the plants has. been rather profoundly changed 
by reducing the hours of effective daylight. 

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

Plants with definite long-day or short-day requirements for flowering 
may change from purely vegetative expression to sexual r('production 
or flowering within a very narrow range of lengths of day; this hets 
been termed the critical length of day for flowering. Tests have 
repentedly sho'\\-"1l that an increase in length of day of only half an 
hour is sufficient to bring a plant to normal flowering from a persistent 
rosette condition. Such sharply contrasted differentiations of be
hnvior 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 
photoperiods, the exposures above 12 hours being increased by 
half-hour steps. The tests included daily: exposures of 10, 12, 12}f, 
13, 13~, 14, and 14}~ hours, and the full length of day, which at 
Washington, D.O., is nearly 15 hours in length 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 occur naturally and the number of days 
during which they prevail. 

TABLE 2.-Daily schedule of daylight exposures employed for the various light 
periods shorter than the full length of day, the dates between which these day lengths 
occur naturally, and their duration at Washington, D. C. 

Day. Expos- In tlu~ Dates of natural Period 11 Day. Expos· In th.e Dntes of natural Period 

light cd t.o darK beginning and day· I( light ed to dark beginning and day· 


period ~n)· ho~ ending of daylight lIght . period ~ay· ho~ ending of daylight light 

h ) lIght begm· . d pr~· I. (hours) lIght hf;gm. ~rl~d pre

(ours from- ning- periO VBlls from mng ..... vails 


--'-,-c-m-.!-p-.r-lI.- I------:-D-a-.-(I--1 ;t. ,: Ip. I:------.I-- -.DaYu
10...... 6[4 Jan. 25-Nov. 17... 296111 13M.... 5 1 6:30 Apr. 23-Aug. 21.. 120 
12..... 6 6 ~lar.18-Scpt.27. 193 14 ......1 5 i May6-Aug.i.... 93 
12)~.... 6 6:30 Mar.~Sept.15. liO. 14M.... 5,/ 7:30 May 23-July22 • 60 
13...... 5 6 Apr. Jl-Sept.3.. 145 I i 

http:Mar.~Sept.15
http:lar.18-Scpt.27


6 TECH:NIOAL BULLETI:N 727, U. S. DEP'£. O.I!' AGRICULTURE 

From the figures it is evident that the longest daily exposures using 
natural daylight, namely 14 and. 14X hours, are effective for only 93 
and 60 days, respectively. 

In all tabulations of behavior that will be presented, the full length 
of day has been taken, as a standard of behavior or as the normal 
expreesion of the plant to natural conditions of daylight. This, 
however, is a complex and variable standard representing a regularly 
changing day length with constantly increasing daily increments of 
light durn,tioll up to the summer solstice and a series of constantly 
decreasing lengths of day aftel' the summer solstice. Such a standard 
may, in many instances, represent a series of opposing fol'cOS with 

FIGURE I.-View of the large lightproof houses at Arlington Experiment Farm, 
ArlingtolJ, 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. Tho small cases at th~ left are used ior lQcalization tests and 
demonstrations, different branches of the same plant being Bubjected to different 
constant light periods each day. 

respect to floworing, as the length of day is increasing or decreasing 
before or after the summer solstice, A simpler and truer standard of 
comparison would be one where the maximum length of day of the 
season was prolonged unchanged throughout the course of the ex
periment, to be used as a comparison with the full length of day. 
Unfortunately, this cannot, be had without the use of artifir.inl 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 14M hours was a response to 
these lengths of day. Final flowering of all the short-day plant.s, even 
on those indicaterllengths of day that lllay be well above the critical for 
flow(>ring, is a natural result of the ultimate seasonal reduction in 
length of day to the critica1. Obviously, where a short~day plant 
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subjected to a given length of day has flowered before the controls, 
this length of day has been below the critical. If it has flowered no 
soonel' than the controls, it has not been subjected to a length of day 
above the critical. 

From the fact that the days advance in length to the maximum at 
the summer solstice and then decrease, 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 characteristic 
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 great.est delay in flowering is indicated for the short
day plants. The poinsettia, which has a critical length of day near 
12 to 12% hours, as well as many chrysanthemums, ordinarily cannot 
flower until well into November 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 shortly 
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 Al\TJ) 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 bel1avior are mentioned. An attempt has been made to determine 
the length-of-day class 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 plants. All the 
higher flowering plants have potentialities of reproduction, but the 
e:\-pression of this depends upon proper nutrition, oftentimes par
ticular 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 i~s.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 clear-cut and decisive for a great variety 
of plants where the temperature conditions of a sillIultaneous series 
varied only slightly or not at all. 

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



TABI,E 3.-Character of growth, whether pros/rate, decumbent, or erect, under different daily periods of illumination <Xl 

l.cngth of tho dully ligh!, exposure ..., 
l'hmts 

-_.,,.-. 

IIrliopoi8 hellan/hoille> pi/ch
"ialla Fletcher (O()JIIPIlS
itae). 

A7IlIgal/i. linifolia L. (Pd
llIuluccac). 

C'hrvopsi. mariana (T.,) 
Nun., golden-lister
(Com posi tae). 

'r{~st 

h~gl1n 


10 hours 12 hours 12}1i hOllrs 13 hours 

. -- -----. ._-.....". 

Apr. D A fllW flowers, A few flowers, .Flowers abor- Flowers abor
stems pros- stems pros- tlvo, stems tivc, stems 
trate. trate. prostrate. prostrate.

May 25 No hU(IS, stems :Many flowers, No tesL.._••.• Many flowers, 
prostrate. stems pros- stOIllS pros· 

trate. trnte. 
Mar. 27 :'fany flowers, l\fany flowers, Many flow!'r5, :MllllY flowers,

decumbent. decumbent. decumbent. (~rcct. 

t>j
Class aFuli length13}1i hours 14 hours 14}1i hours t:I1of day 

~ 
New flow. Many flow. Many flow· Many flow- Long day. 

ers, erect. ers, ercet. ers, erect. ers, erect. ~ 
No tesL__ •• ..___ do_______ Notest....._ Many flow- Do. 

ers. ~ 
_____do___... _Many flow· Many f1ow- Many flnw· Short day. 

crs, crect. ers, eroct. Cfll, erect. E 
z ~ 
..., 
/)0..., 

~ 
rn 
~ 
~ 

t-.l 

~ 

~ 

~ 

q 
~ 
t>j 
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The intensity of tbe leaf green or chlorophyll of soybeans and 
man) 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 poinsettia bas shown striking 
differences in the red coloration of the floral bracts immediately 
sub tending the inflorescence. A day length of 10 to 12 hours favors 
a high intensity and uniformity of coloration. With 12.5 to 13 hours 
of light, flowering was retarded and the floral bracts remained green 
or were irregularly colored or wealdy suffused with crimson in part
(table 4). 

TABLE 4.-Coloral'ion of the fol'iage of some species of plants 1tnde7' different light 
exposures 

Darkened in the 
Plants lO·hour day middle of the day

from 10 a. m. to 
2p.m. 

Darkened every
other day 

Full length of 
day 

Euphorbia pulcherrima l\Iuch darker green Much darker Much d arkar N ormnl green. 
WlJId. thnn under full 1!I'(.'Cn thllll un- green than un

length of day. der full hmgth of der full length of 
day. day.

Perilla /ruteacCTIs (L.) Almost no red color; Almost lIS dark Almost ~n; little Rich dark-bronze 
Dr!tt. nearly green. red a.~ under full red co oration. red. 

length of day.No te5t:___________Titho/l;a tubac/or mi. Almost lIS dark !!ret'n Paler I!J'CCn thnn N ormnl green. 
(Ort.) Ca.'lS. lib under full under full length 

length 01 day. oC day. 

CHRYSANTHEl\lffiIS 

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 all summer. On the longer day 
of 13 hours these early buds were usually transformed into vegetative 
structures, tbe involucral bracts oftentimes becoming elongated and 
leaflike. These buds usually were overtopped finally by the new 
growth and late buds that developed in response to the normal 
shortened length of day of late summer and autumn. 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 pa.l'ticularly striking in its 
behavior (fig. 2). Young vigorous plants, received from the nursery
man (Dreer) in 2-inch pots March 19, were transferred to 3-inch pots 
on that date. These were tran::;planted into large buckets and placed 
under test conditions beginning :March 29, when the plants were about 
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 con
tinued to grow and flowered normally without int~rruption (table 5). 
Under these shorter day lengths new buds contmued 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, 
flowering was sparse and much delayed, and some of the younger 
buds apparently remained entirely dormant. Under lengths of day 
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of 14, 14% hours, and the .full length of day, reaching a maximum 
June 21 of 14 hours 54 minutes from sunrise to sunset, flowers did not 
appear until October 22 to 24. Some of the first-formed bu.ds notice
able May 29 at the beO'inillng of the tests remained dormant until late 
autumn, Others gradually developed into vegetative shoots or be
came so weakened that they were never able to develop normal open 
heads, and many of them died. Free and normal flowering finally 
took plaM from late buds developed Sept.ember 6 in response to the 
short seasonal lengths of day of autumn. At the same time many of 
the early buds .that had remained practically dormant from about 
June 1 to mid-October, a period of 19 to 20 weeks, continued their 

FIGURE 2.-ChrysantheInuIn, variety October Gold, showing the advcrse effect 
of incre.lsed lcngth of day upon the cmbryonic buds laid down in ,-csponsc to 
the short days of early spring before the tests began in early May. A, Buds 
forced into vegetative expression by a daylight period of 13~ hours. These 
were abnormal, the bracts of the head becoming foliar structures, and the 
peduncles, normally nearly naked, bearing leaves. These buds died without 
flowering or remained slllall and depauperate with no further enlargement. 
Normal buds appeared in early autumn, in response to the short days, and 
flowered October 23. B, Buds exposed to 13 hours of daylight each day, which 
produced normal flowers but were delayed in flowering until JUly 21. C, Buds 
exposed to a 10-hour day. These continued normal, undelayed development 
and flowered July 1. (Photographed Aug. 20.) 

growth and flowered, together with the buds that were formed in 
early September and produced flowers without arrested development. 

The same behavior was also strikingly shown by the variety Bright 
Eyes; the early buds formed in mid-June did not flower until Septem
ber 8 on the I3-hour day and not until October 23 on the I3~-hour day. 
Although these early buds remained dormant throughout the entire 
summer, they produced mostly normal flowers. Days of 14 and 14}6 
llOurs in length were too long to allow the early buds to develop into 
flowers. In these tests, normal buds appeared September 1 and 8, 
respectively, followed by open flowers on November 2. 

The deluyed flowering of the early buds is a rather remarkable 
bellavior. The chrysanthemum is a flower that is favored by cool 
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The Louise 1\1. Stimson yariety of chrysanthemum. A, 137~hour ,":ay, the Honnal bronze-red color well developed; S 
fTI

B, 13-hour day, normal red color yery slight; C, 12%-hour day, no red color developed, rays yellowish due to lack of 
anthocyan. 
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welJ,ther, but in these tests the buds were forced to endure high summer 
temperatures. It i~ quite probable that cool temperatures together 
with short days would have favored the survival and dcvfllopment into 
normal flowers of a far greater percentage of these early buds. It 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 obvious that an 
unfavorable length of day may cause a striking delay or eyen a dor
mant condition that can persist for months or until a favorable lCIlgth 
of day accompanying the natural swing of the season has effected a 
release in the direction of continued development and ultimate 
flowering (fig. 3). 

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

FIGURE 3.-Garden chrysanthemum, variety Helen Eakin, a pompon originated 
by the United States Department of Agriculture. The plants flowered under 
different day lengths as follows: 10 hour, .July 6; 12 hour, October 14; 13 hour; 
October 19; 14 hour, October 31; full day (0), October 31. Tests began June 5; 
photographed August 28. 

behavior of the variety Louise M. Stimson has been particularly strilr· 
ing. The rays of this variety normally. are bronze red in coloration, 
but when grown under the shorter daylIght e:ll..-posures of 10, 12, and 
12% hours all the heads were a pale, bleached 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 lon!Ser 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. 

COSMOS, CALENDULA, GAILLARDIA, GUIZOTIA, TAGETES. AND ZINNIA 

The responses to day length of certain species and garden varieties 
of Oos-mos, Oalendula, Gaillardia, Guizotia, Tagetes, and Zinnia are 
summarized in table 6. 

The yellow-flowered species, Oosmos s-ulphureus, is now recognized 
as occurring in at leust two dist.inct garden forms, the late form 
deferring :flowering until 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 hoUJ.'.3 of light daily died quickly ful
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lowing hastened senility, being entirely dead October 2. The plants 
with 13 hours of light showed weak flowering, whereas those receiving 
13X, 14, and 14X hours of light and the full length of day were not in 

FIGURE 4.-Co.~m08 .~ulph1t.,eIl8 Ca\', Late strain. A typicnl short-day strain 
tlow~ring under various dny lengths as follows: 10 hour, June 15; 12 hour, June 
22; 12~ hour. June 30; 13 hour, June 26; 13~ hour, August 18; 14 hour, 14% 
hour, nnd full day (C), October 16. This strain is adapted only to the shorter 
days and warm autumual days of the South. Tests began May 14; photo
graphed JUIle 30. 

full bloom until Septembel' and October. 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 daily light periods (fig. 5). Under 
the full length of day and 14 hours of light daily, there was a delay 
of 18 days in time of flowering as compared with the plants receiving 

FIGURE 5.-CoSIIlOS sulphUI'<l/.8 eU\'. Early Ol'allge FI:lI'c (Drcer). A struin of 
yeUow-tiowering cosmos little affected by lellbrths of day up to 15 hours at leust. 
Flowering under the \'ariolls day lengtlls was ns follows: 10 hOllr, June 13; 12 
hour, June 15; 12~ and 13 hour, June 18; 13~ hour, .June 27; 14 hour, .Junc 29; 
14~ hOllr, June 30; full day (C), .Julle 24. This stmill is early flowering and 
suitable for higher latitudes because it is a short-dny plant with. a high criticnl 
limit for flowering. Tests began May 20; photographed JUll~ 30. 

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

Three distinct variC'ties of Cosmos bipinnatus have been grown, all 
of which have flowerod eventually on nIl the daily light; periods of 
the tests. The Autumn Giant Crimsoll variety of cosmos shows a 
decided delu.y in floweI'inO' on tbe longer light periods, together with 
n, markt'd incl'ense in l!UI'(~y vegl'tativc growth or Ilt'ight. '}'ho plnuts 
on the short light pt'l'locis of 10 und 12 hours quickly reached s('nility 
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and died, but those on the longer periods were still in full flower and 
in il. vigorous growing condition. The plant thus behaves as a typical 
ghort-day tyPe in iUi 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 
ill flowering and no increase in stature as the daily light periods have 
been increased. To this degree it is a typical mdetemunate type. 
Extra Early Colossal Crimson has shown only a slight delay in flower
ing on the longest light periods, but a marked increase in height has 
taken place. In these respects the plimt is not typically an indeter
minate type even though ilowering is not greatly delayed as the days 
are increased in length. 

The two vllrieties of calendula are characteristically indeterminate 
in their flowering behavior, both the Campfire Sensation and the 
Lemon King in growth and time of flowering responding as typical 
indelerminat6 types. 

Tile gaillardins, Burgundy and Indian Chief, have been tentatively 
classed as indeterminate in th('ir requirements for flowering. The 
Burgundy produced very fe\\' flower stems on the shorter light periods, 
butalH'avy growth of leafage de\r('loped. The plants were str:kingly 
more florif('rous on the long('f light periods, showing a tendency toward 
the long-day hnbit in their flowering requirements. The IndIan Chief 
vnrit,ty was floriferous in all tests, but the plants grew but little under 
10 lIo'urs of dnylight each day. Flowermg appears to have been 
favored by long('r days. 

Seed of Guiz(,tia (niger se('d), valuable for the drying oils contained 
in the s('('(I, was obtuin('d from lh~ Division of Drug and Rt'lated 
Plnnts, Bnrenu of Plant Industry. Two lots of tbis seed were grown, 
onl' sown in the grc('nhousc April 5 and g('rminating April 8, the other 
sown dil"t'ctly 011 the t('sts 11 a.y 28 and germinating June 1. Plants 
of the first-sown seed w('re placed upon the tests :May 13, when 4 to 5 
iIlCh('s high. The behnxior of these two lots of plants WitS so differl'nt, 
tlS shown in l'elation to the various lengths of day throughout, that 
some discussion Sf'l'ms ll('c('ssary. 

It would appear that Lhe normal behavior of GtLizotia is best inui
cat('d in those t('sts wh('re the seed wns sown l\fay 28 in the various 
dl1\"'-ll'ngth trsts. In this s('rics flowering \Vns gren.tly hasten('d by 
the short('l·lengths of day. An increase of only one-half hour of light 
daily, i. c., from a l('ugth of day of 13}6 hours to 14 hours or more, 
dC'lay('d flowf'ring 37 dnys. It is e\~dent that this particular strain 
of G1liz(}tia is a plant of pl"Onollnc('d short-diLY habit, as plants experi
t'ncing the full length of. day were also delayed in flowering until 
S('plember 3. 

In contrn5t with this sowing of ~fay 28, the sowing of April .5, 
entering the tests l\[ny 13 as well-ueveloped young plants, showed a 
reildiness to flower about equally quickly from lengths of day of. 10 
hours to 14}~ hours. The explanation appears to be that these ear11er
sown plants cnme within the influence of seasonnl lengths of day 
short enough to impI~ss It strong flowering stim~lu~ upon all the 
plants before the tests finall)T began ~Iay 13. At tlns tIme the length 
of day from sunrise to sunset wns 13 hours 6 minutes, even b('low the 
day length of 13}4 hours, which does not occur at Washington until 
May 22. An inspef'til)u of the planting of May 28 indicated that no 
great delay in flowering took plnce until the length of day was increased 
to more than 13~f l1Ours. 
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1A.'g/(m of 11ollOr). l\IIIY 2(] 1 14 2!lIlU~ 13 33 11:1 12 au JI 23 41 J8 17 49 15 17 47 14 19 47 14 15 :18 14 Indeterminate, oT. fTer/a L, (Africlln ":Jfllllrigold, Dn'er's 
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Z. hallgw1I" Hegol HI !!8 '10 1141 !!8 14 1 !!8 j 26 ~ (lluld) .." . ,. Ma)' 21 13/211 /110 15 30 13 (I) .. J4 ao 1;1 1. ____1 (I) IS 30 118 15 33 I 12 Do. ~Z••cubiOll(l ilort May 271 9 ~II 15 12 31 18 121 26 16 12 24 16 21 40 1 26 J4 !!8 17 18 ~~ I is- 15 351 211 Do. o 
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nelalt'tl Plants, U. S. Department of Agriculture. I No burls hud appeared June 16. 
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From the behavior of the particular strain of Guizotia in the tests 
it is evident that this could not well be grown much farther nort,h to 
secure good seed production before frost,and even in the latitude 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 large Mrican marigolds of 
the species Tagetes erecta, have shown a more or leas indeterminate 
behavior in their flowering (fi~. 6). The larger African marigolds, 
however, showed a slight delay ill flowering on the longer light periods. 

The three zinnias in the te~ts behaved more as indeterminate types 
in their flowering with respect to length of day, rather 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 

F1GURE 6.-Tagetes erecta L. African marigold var. Guinea Gold (Dreer). A 
plant of rather indeterminate habit, but flowering with least delay on the 
shorter day lengths. Flowering under different day lengtlm 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; 14~ hour, July 3; full day (0), JulY' 8. Very long and verv 
short days appear to delay flowering. Tests began May 15; photographed 
June 30. 

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 periods. The variety Delice is 
definitely a late, short-day type. 

WILD NATIVE SPECIES OF COlllPOSITAE 

The data presented in table 7 deal with a number of native wild 
Compositae common to the District of Columbia section. Wingstem 
(Actinomeris) shows a progressive delay in flowerin~ with increasing 
length of dn.y, plants receiving 14 and 14% hours of light daily flower
ing 1 month later than those receiving 10 or 12 hours of light. This 
plant shows the behavior of 1\ short-day plant. Rosinweed (Silphium) 
flowers somewhat more quickly as the light periods increase in length, 
and it is indicated that flowering is favored by an increasing length 
of day (fig. 7). The two ragweeds (Ambl"Osia elatior and A. trifida) 
are now fairly well known to most persons who are affected by autum
nal hay fever. Both are sllOrt-day plants, but in nature the giant 
ragweed (.A,. trijida) flowers earlier than the low ragweed CA. elatiol'). 
This relatioThship is also indicated where the seasonal length of day 
has been artificially shortened to 14% or 14 hours in the tests. 
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Under very short exposures the giant ragweed has shown a decided 
tendency to flower less promptly than the low ra~weed. These 
rather appreciable differences of behavior would indICate that the 
low 't'agweed is a more pronOlIDced short-day type of plant than the 
giant ragweed, or one may consider that th~ latter ten9-s more to 
behave as a lo:n.g-day plant. In fact, A. trifida comes mto bloom 
and completes anthesis much earlier in the season than A. elatiol', 
which may be in full anthesis long afte:r A. trifida has ceased to 
liberate pollen. From their day-length requirements it is evident 
that these two species of ragwee~ are best .adapted to middle lati
tudes rather than to those havmg extremely long summer days. 
On the basis of their day-length requirements for flowering and seed 

FIGURE 7.-Silphiun. trifoliatwn L. Rosinweed, a native wild plant of the vicin
ity of Washington, D. C., with long-day tendencies. The plants flowered under 
different day lengths as follows: 10 and 12 hour, September 6; 12~ hour, 
August 15; 13 hour, July 22; 13~ hour, July 8; 14 hour, JUly 16; 14~ hour, 
July 18; full day (C), July 16. Tests began April 18; photographed August 22. 

production before frost, these plants are not adapted to the high 
latitudes 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 occurring at all. If they occur, 
they do not appear to persist, and European botanists have informed 
the writers that 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. 

Lacinaria graminifolia is a typical short-day plant, flowering 
quickly under 10 hours of daily light exposure, and also p'roducing 
its largest corms in response to these short exposures. Semlity came 
on quickly under the 1O-hour conditions, whereas the plants enjoying 
the full length of day were still green and floriferous. The short 
exposures hasten('d the enlargement of the corm, 'flowering, and 
s('nilily, find produc('d noticeably short stems. 
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Bidens bipinnata is a short-day typo having a fairly high critical 
light period for flowering. If tho short autuIllnal and winter days are 
supplemented from sunset until midnight by incandescent electric 
light, p1ants in the last stages of senility have been rlljl).ven~ted, a~d 
vegetatlve branches have developed that grew for an mdefimte 
period without flowering. 

Goldcrt-aster (GhMjSopsis mariana) has flowered under all lengths of 
day, but the shorter hght periods have greatly hastened flowering. 
Tho plfmts wero short and stocky under lOhours oflight and extremely 
productive of showy golden heads. A striking feature was the decum
bent habit of the stout stems at the base. This decumbent habit 
was less evideut in the 12-hour plants, and still less mlu-ked under the 
12}~-hour light period. The 13-hour plants lUid those enjoying longer 
daylight periods showed an erect stem growth. 

So fur as the tests have indicated, the flowerin a of elecampane is 
somewhat hastened by the short.,,!" lengths of day, but leafage, alone, 
was developed lllldor conditions of a 10-hom day. The plnut Illay 
be rather indeterminate in its flowering responses, but it shows some 
indications of long-day behavior. 

·Wilcllettuce (Lactuca 81)icata) has shown about the same flowering 
responses under 10 hours of daylight llS under the full length of day, 
but in the latter test the height of the plants was greatly increased. 

VARlOUS ORNAMENTAL C01UPOSITAE 

A number of the gnrden Compositae presented in table 8 tend to 
hltve dn.y-length requirements extending through a very wide range, 
t,hus beluwing us indeterminn.te types; several are typical long- or 
short-day plants. 

Achillea J>tarmica is a typical indeterminate plunt in its flowering 
behavior, slllce it grows und flowers well throughout the entire l'unge 
of light periods shown. 

Ageratum is not clearly defined in its behavior. Although vigorous 
growth and flowering obtuincd under nen.rly ull light periods, many 
sterile vegetative stems unci few flower stems were produced with 10 
hours of light daily, and the stems, alt,hough shorter, were loose, 
sprending, und much declined. As the cluily light periods increased 
in length, there WIlS a very noticeable incrense in the flower-bearing 
stems and the stature of the plunts. One struin shows the charuc.. tcristics of a short-day plnut . 

Two stmins of ..('lm;nobium alatum val'. grandijlorum have been 
grown, nnd both behnve as indeterminate types of plunts. The 
lO-hour plnnts of one strain never flowered, but there wus a \lrogressive 
increuse in the abundunce of flowet·s on the longer light perlOds. The 
phmts of the other strnin 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 plnnts were floriferous. It will be noted, 
nlso, thnt flowering was hastened by the longer light periods in one of 
the strnins. 

Anthemis tinc!.oria showed a poor growth throughout the series, 

lll'rhaps (1\1(.1 to extreme heat, but tll('re wns II. grnduul change from 
(\ufage 1110u(', on the 10-hOllr Pl'I'iod, with stem growth incl'l'using in 

heigh t I1S the ligh t Jll'l'iocls WNO incl'eused. Thero was no flowering 
at any time. Th(' plant is t<'ntutivI'ly c1assPd as a long-day plant 

http:indeterminn.te
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on the basis of this behavior. It is possible that this plant is best 
adapted to cooler climates and very long summer days, as it thrives 
in England and in the countries of nor~hern Europe. . 

Arctotis stoechadifolia has ?een very floriferous under all light periods 
and. behaves as an mdetermmate (fig. 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 
far northern latitudes of England and the mainland of Europe, and it 
flowers nearly the whole year round. 

Swan River daisy (Brachycome iberidifolia) and Oacalia also behave 
as true incieterminates, :flowering abundantly under all light periods 
and with little 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 p('riods, 
but made much better growth as the daily light periods increased in 

FIGURE S.-Arctotis stoechadifolia Berg. African daisy. A plant of indeterminate 
flowering habits within the limit-s of the present tests. The plants flowered 
under various day lengths as follows: 10 hour, June 16; 12 hour, June 10; 13 
hour, June 1]; 14 hour, June 13; full day (C), June 15. Inceterminate plants 
of this type are suitable for garden culture throughout a wide range into far 
northern latitudes. Tests began May 21; photographed June 30. 

l('ngth. On the basis of their flowering responses, they have been 
placed in the indeterminate class: in their growth behavior they are 
fayored by the longer days. 

Coreopsis tinctoria has flowered under all light periods, but the 
10-hour plants produced few flower stems and much leafnge. 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 a plant that is favored by long days. 

Ca.pe-marigold (Dimorphotheca) app<,ars to be a weakly long-day 
plant in behavior and is likely to die or grow very poorly on very short 
davs. 

Gilia capitata and Emilia jlammea have behaved as typical inde
terminate plants flowering equally well under all conditions, but hay'S 
attained somewhat greater stature on the longer light periods. 

Hfiiopsis llas shown the behavior of a t,ypical long-day plant, 
scarc<'iy budding or flowering on ligh t periods of 13 hours or less. On 
the 10- and 12-hour periods the branches were lax, falling upon the JI. 
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ground, and abortive buds were formed. Flowering was poor on the 
13%-hourperiod, but the branches had become erect. On all longer 
light periods and the full length of day, the plants w{'re taU, strictly 
erect) and very floriferous. This plant in all respects is one of long
day requirements. 

Helipterum 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 typical long-day plant greatly favored by long 
light periods coupled with cool temperatures (fig. 9). 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 to extend the illumination period
and the plants were then forced into vigorous growth and normai 
flowering. 

Stokesia laevis has shown a rather pronounced short-day behavior. 
The b~ha\'ior of Tithonia rotundijolia is of some interest. This 

plant occurs in Central America where it grows under comparatively 

• 


FIGURE 9.-Scabiosa airopurpllrea IJ. Large-flowering Crimson (Dreer), a long
day plant. The plants flowered under different day lengths as follows: 10 hour, 
August 15~ 12 hour, never flowered; 13 hour, August 20; 14 hour, August 3; full 
day (C), July 20. The 10-, 12-, and 13-hour plants were characterized by 
dcn>te leafage Rud poor flowering. Tests began May 22; photographed July 25. 

short days. One of the strains shown in table 8 behaves as a typical 
short-day plant in higher latitudes and usually cannot flower in the 
vicinity of Washington before killing frosts OCCUl' in October or N ovem
bel'. In response to 10 or 12 hours of light da.ily it has flowered readily 
in late July or early August. 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 a plant ill-adapted to regions much north 
of its native home. 

Another strain, on the other hand, lias a much longer critical light 
period, flowering well under all light periods employed, but with a 
delay of about 1 month on the longer light periods, together with in
creasing stature and greater longevity. The 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-, 14X-hour, and full 
length of day at tillS time. Delayed flowering on the longer light peri
ods and reduced longevity on the short periods would indicate a plant 
of short-day tendency. This struin with its earlier flowering tenden

190628°--40----4 
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cies is much better adapted to become a garden ornamental in higher 
latitudes than those strains that must await very low critical lengths 
of dar and therefol'G postpon.J flowering until very late in autumn. 

T1"wholaena rosea is of indeterminate habit, flowering about equally 
well under all light periods, and is characteristi(jally- of indeterminate 
habit, showing no delay in flowering on the longer Hght 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 summi,l'S of Washington, D. C., especially under artificially 
shortened light periods. 

GOLDENRODS 

The goldenrods presented in table 9 represent species ran~g from 
the earliest to flower in the vicinity of W Ilshington, Solidago Juncea, to 

FIGURE lO.-Solidago all'issima L. A short-day goldenrod. The plants flowered 
undar different day lengths as lolIows= 10 hour, June 25; 12 hour, July 6; 12% 
hour, July 16; 13 hour, July 16; 13~ hour, July 20; 14 hour, August 24; l4~ 
hour) August 30j full day (0), September 18. Tests began April 5; nhoto
graphed August 7. 

some of the latest flowering species, S. altissima, S. graminifolia, i),lld 
S. llemoralis. 

Solidago altissima is one of the In,te goldenrods, its behavior being 
typicttlly that of a pronounced short-doy plant. (fig. 10). 

The species Solidago cutleri 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--da.y species, ruther thaIl 
one of short-day- habit (fi~. 11). It would appeal' that even the longest 
summer days ill the vicmity 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. 

Two strains of S. jist1tlosa, were growIl, one behaving as It typical 
short-day plan t, the 0 ther flowering irregularly, so tha tits classification 
could Ilot be made with certainty. ,... 

The species S. graminijolia behv,ves as a typical short-day plant, 
flowering as early as July 5 with 10 hours of light daily and showing 
delay of flowering together with increased stature for each half-hour 
increment in the daily light period until the full length of day was 
reached. 
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TABLE 9.-Behavior of Borne native goldenrorl8 (Solidago) in re8pom6 to length of day 

Effect of dolly light exposure "f-

FullJpngth
10 hours 12 hours 12H hours 13 hours I!lH hours 14 hours 14H hours of day 

'rest 'rlmorc· 'l'iwlare- Tlmere- Tlmere· . Tlmere- Tlmere- Tlmere· Tlmere· Class]'Iants 	 r:
began quircd qUll'cd qulred qulred qulred qulred qulred qulred 

f!lr- Ior- Ior- for- for- for- for- for

, .,~ ~ .., .,~ ... ... ... ~ ; .., .... I',' .= .<: .<: .<: .<: .= 	 .<:
i< ce· "' i< .. " ;. .. ~ ~ ., '" ~ " i< il, '" ~"' 	 'C 'C'" ~ .=!' 'C .=!' 'C0 ·s 0 '6 0 ·s 0 ~ 0 .2 0 Gl il'" '" I'l_ r.;:; tIl I'l" r.;:; I'l" r.;:; I'l r.;:; I'l r.;:; III I'l r,.. r.;:; III I'l ~ " 	 ~ ~ " ~ " " = I'l" i ~ ._----~ - ---- - ---- - ---- ------------------- -

Solidago: DaV8 DaV8 In. Days ~~~~~~~~~~~~~~~~~ DaUB DaUB In. 
S. alli8sima I"., .... Apr. 5 57 81 23 67 02 22 75 102 25 77 102 32 79 106 33 67 141 56 109 147 51 130 166 62 Short day. ~ 
S. cutler! Fernald .... Apr. 23 (I) <') ... -- .. ~ .. "..~ <') -.. ,. ~ .,.- .. -. <') .. ~-- .... <') "' ...... .. ~~.- <'l ..- .... ~ ......... (I) . (I) Long day. 
 ~ S. fistlilosa Mill. HNo. L ...._._...... Apr. 21 70 08 30 66 93 34 101 132 5.~ 102 126 47 118 14f1 58 125 154 76 125 156 72 J38 161 68 Short day. ({l 
S. 	 [ulul08a Mill. 


No.2.............. ...do..__• (Il III ... --~- .. (Il ----- <'l . ..._--- <'l --.- ~---- <'l -- .. - 133 157 32 <') ('1) •
A"", __ 

S. graminifolia <L.) 	 ~ 
SalIsb______........ Apr. 5 63 91 23 76 99 21 75 106 31 71 111 25 81 119 28 88 142 42 8S 147 46 95 170 43 Short day.


S.junceq Alt. No.1 .. Apr. 23 70 01 38 77 00 27 79 101 31 73 06 38 79 100 39 79 105 41 82 lOB 37 81 119 43 Do. 

S.Juncea Alt. No.2" ... do_ ... v6 74 J6 50 77 18 59 78 26 70 93 14 60 89 33 59 85 21 50 03 32 80 119 39 Do. 

S. nemoralis AIL....• Apr. 27 61 89 21 65 94 18 86 ]]6 30 88 124 27 79 105 30 88 139 31 88 142 35 100 149 45 Do. 
S. rugosa Mill. No. l- Apr. 23 59 89 12 70 08 ]] !iO 107 17 71 99 21 63 00 21 98 134 45 105 147 47 126 155 32 Do. 
S. rugosq Mill. No.2. ...do..•• 311 63 15 54 74 13 63 88 17 51 78 18 65 96 19 58 129 36 ]]3 141 42 126 155 46 Do. 

S ...mpervirens L .•__ ...do. __ • 31 50 10 36 55 12 ('l 41 62 12 41 60 17 43 67 20 36 79 137 38 Do.
.~, -~ I491 76S. ulm/jolia MuhL... ...do.... 39 73 25 45 73 22 69 88 'i4' 40 77 19 58 82 32 57 88 36 85 lOS 30 67 '114 36 Do. 

~ 
I Leafy rosetto. 	 • In the /leld Solidago }uncea Is the earllest·/lowcrlng goldenrod, although In these tests 1:1I Leafy rosette and stems. S. tam/folia was a few days earlier. 

3 No test made. 
 ~ 

t-:l 
""l 
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In the wild state nothing is more obvious than the successional 
fiowering of the different species. SolUkgo juncea may even fiower 
in June, and reaches its prime in mid-August, then declines, whereas 
S. altissima is then just developing its fiower branches and tiny buds 
(fig. 12). The speCles S. rugosa is also one of the latest ~?ldenrods to 
begin flowering. With the exception of S. juncea, which in some 
respects behaves as an indeterminate, the late-fiowering goldenrods 
of the vicinity of Washington are more or less typical short-day plants 

FIGURE H.-Solidago culleri Fernald. }'rom Mount Washington. This species 
has never flowered at Washington, D. C., except as here shown. This plant 
flowered in the cool greenhouse February 14 when a rosette, 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 shorten their stems as 
the day length is reduced, even to such a degree that the inflorescence is almost 
stemless or is borne olose to the rosette of leaves. (Photographed February 28.) 

and show a greatly hastened fiowering 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 e:\."'})osures produce a loose, open type of inflorescence more 
typical of the species as seen in a state of nature. The shorter lengths 
of dllY may produce a dense, compact type of inflorescence, which, in 
comjJt..rison with the typically developed form, is hardly recognizable 
as belonging to the species in question. 

The extended flowering penod of many of the goldenrods is also 
very striking. The earliest individuals of Solidago juncea appear in 
June, the latest in September or October. All the species of the 
Washington vicinity carry their flowering over a long period; even 
months may intervene between the first fiowering individuals and 
the last to flower. It is evident that this long seasonal lag is due in 
part to the inclusion of milny struins possessing slightly different 



29 RESPONSE OF PLANTS TO LENGTH OF DAY 

critical levels of length of day at which flowering is initiated. Nat
urally, so long as flowering is not too late, so that seed production is 
not prevented by the advent of frost, a countless number of strains 
can arise and survive in any latitude, but as northern re!rions are 
approached, the species must trend toward the long-day behavior to 
survive, 01' at least the population will consist of a more uniform 
assemblage with a narrower range of day-length requirements nearer 
the critical favorable to successful seed production. A natural 
climntic selection ,vill necessarily operate here to prevent seed pro
duction by the later stragglers, which might easily propagate in warmer 
l,atitudes. 

These limitations would apply ",ith particular force to such alpine 
species as Solidago C1llleri, which must flower early to take advantage 
of the very cold and extremely short sununers of alpine character 
that obtain lIpon :Mount Wnshington. If this is It typical long-day 

FlOrRE 12.-Solidagojuncea Ait. A native midsulllmer goldell1'od of the vicinity 
of Washington, D. C. Flowering uudcr variuus day lengthd was as follows: 10 
houl'S, July 23; 12 hO\ll'S, July 31; 12}~ hours, August 2; 13 hours, July 28; 13% 
hoUl'S, August 1; 14 hours, August 6; 14Y.i houl'S, August 9; full day (C), August 
20. This is the earlicst flowering goldenrod in the Washington vicinity, some 
strains flowering in June. Tests began April 23; photographed August 7. 

assembillge, 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 hardy vegetative char
ncter, even though frost prevented seed production, the plants could 
long persist and propagate by offshoots; and such sterile plants 
appear t<> be present in many populations of the late Compositae. 

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

S. n.emoralis is perhaps the latest goldenrod of the Washington 
vicinity, coming into flower usurJly in August and persisting in 
fu,vomble seasons into December, long after such species as S. juncea, 
S. graminijolia, and even S. altissima are past flowering. 

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

The strain of S. sempervirells obtuined from Connecticut flowers very 
quickly in response to shortened day lengths, and eve~ in response 
to lengths of day as long as 14 und 14}~ hours flowermg 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 Washin~on, D. C., i. e., about 15 hours. This species has 
an exceerlingly 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 possible 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 straiti tested. 

Solidago mmifolia is cmefly a 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 ~'eflched. 

FIGURE 13.-Solidago sempennrens L. A n:ltive goldenrod whose flowering is 
fa\'ored by long days, the flower stems in the short 10-hour day scarcely arising 
above the le9.fage. The plants flowered as follows: 10 hours, June 10; 12 hours, 
June 15; 12nand 13 hours, June 16; 13~hours,June18; 14 hours, July 6; 14~ 
hours, July 7; full day (e), July 20. This goldenrod occurs from the Gulf of 
St. Lawrence southward and does not flower well when the days are too short. 
Tests began March 27; photographed June 30. 

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

ASTERS 

The data in table 10, showing the behayior of various asters (Aster 
and Oall1stemma) in response to different lengths of day, indicate that 
most of the native asters grmv1ugin the latitude of W·ashington, D. C., 
nre members of the short-day class (figs. 14 and 15). This is apparent 
not only from their normal season of bloom, which comes in lnte 
StIDlmer or autumn, but from the bct tllat short daylight eJl:posures 
of 10 or 12 hours induce flowering far in advance of the normal season 
of bloom. As the daylight exposures are lengthened, flowering be
comes later, until daily eJl.-posures of 14 or 14% hours cause a delay of 
many weeks, so that the plants flower no sooner 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 criticnl period for 
flowering. as the 14}6-hour and 14-hour plants must experience the 
full natural length of day after July 22 and August 7, respectively. 
Itis ofinterest to observe that the 14- and 14X-hourplants have usually 
flowered at about the same time as the plants experiencing the full 
lenhth of day. This is especially well illustrated in the behavior of 
A. cOl'dif{lZiws and A. undulatus (t,nble 10). 
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The YllriOUS species of wild aster show marked differences of re
sponse, both to the reduced hours of illumination and to the full length 
of day, .Aster n(l1xz-angliae in the t{'sts being much eflrlier than A. 

FIGURE 14.-Aster piloltUS vllr. demotus Blake. A native autumn-floweriilg 
aster. With different day lengths the plants flowered as follows: 10 hours. 
June 25; 12 hours, July 9; 12~ hours. July 13; 13 hours, July 9;, 13~ bours, July 
21; 14 hours, September 15; 1-1~ hours, September 5 ; full day (li), September 17. 
This aster, like nearly all the native wters of the Washington vicinity, flowers 
in autumn because of the shortened days. Tests began April 5; photographed
August 7. 

cordijolius. Nature has produced comparatively few wild long-day 
asters or other composites in the latitude of Washmgton, D. C. Prac
tically none of the true asters of the region flower before Jate August 
or Septem her. The species of the genus Erif/ero1/. nnd the white-topped 

FIGURE 15.-flster laleriftorus (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; 14~ hours. 
September 23; full day \0), September 30. A typical short~day plant awaiting 
the Ehort days of autumn to flower, as 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-dIlY types of plants. 

It has been possible to Cfluse some of the fall asters to flower t.wice 
.in a seaSOll. Aster linariifolius, after flowering in .June in response to 

a shorb day, was exposed to the full length of day, producing new 
vegetati\'e shoots that flowered at the normal time ill eflrly September 
liS the days naturally shortened. 
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TABLE lO.-Belwviof of 80me native wild asters (Aster) and cultit1aierl forms of the China-asler (Callistemma) in response to length of day 
~-.--...--... -----..... --.~.-~,....~----- ..-.",," ....... ,.,...""'.....----.-----.....'".~ .....~- ---" -."'--"","-~--


EfTll1;t of daily light exposure of-	 ~ 
Full length10 hours 12 bours 12!~ hours J3 hours 13~ hours 14 hours 14M hours ofdny 

~ 
'l'lme 'rime '1'1100 'rime Time Time Time 

Tost required required roqulred requlrtlll required required required required £'1'1100 I 
PllUlts 	 CII\SS

bcglln J for- for- for- for- for- far- for-- lor..,.. , 	 !i;..... 
.., r! .. 	 ... .. ...~ .c 	 t t :;: 

~ 
~ .c WI .c on 

"0 '" !: .!:!' '0 '" ~ ~ .. of. '0 '" !: t. .!:!' ~ It 
'0 ~ .!:l'., '0 f i 	 ~ 

0 ., 0 ~ 0 0 0; 'g 0 '0 " '0; c 0 
r.;; .... = oS '" r::I" ~ ::l I=l" ~ /Ii I'l" ~ I'l" ~ .... I'l ~ " ::l" I'l r.. ::l r::I" ~ J:: III" r.;; J:: 	 ttl 

d- ---- - ---- - ----------- ---- - ---- - -----.----
A8ler: 

A. commu.talu& T. 	 ~ 
and O. (Omy) DoV' Dav· In. lJau. Dav_ In. Dav. DaV' In. DoV' Dav. In. DaV' Duv. In. Dau. Dav. In. DoV' DaV' III. Dav. nOV' In. tj
(western lllltive) .. Mar. Z1 5U 7a 7 62 78 U -- ('l 'il SU 12 .7 00 17 7U 00 H (I) wu 153 22 Short day. 

A. 	 cordifo((u, L. !i;. 
(nutl\'e) ..._..•• ••.•do... 70 10'~ 20 93 123 20 07 139 18 00 125 2"2 (I) 156 ISS 18 163 189 18 174 197 28 Do. -:aA. 	cricoidc. L. I.¢(nllth-e) ....___ .• _. __ ...do... 72 00 20 !lO 104 28 84 loa 31 00 II)! 34 93 116 20 142 172 49 141 J62 43 • 'iii 174 40 Do. -:a

.1. laleriflor!l~ (I,.)
Britt. (nnti"e)_ •• _. _. __ .do... 83 07 J5 93 118 13 95 H9 Z1 83 100 30 02 112 20 149 181 33 .. - ...... <') .., 162 185 35 Do. 

.1. linariifolill' L. ~ (nath-e). .. ..____• .•.. do... 60 86 19 88 103 1'1 71 93 10 74 04 J!l 77 US HI IW 18J 23 - ....... (1) .... ,.. Jm 187 24 Do. 


..-1. novae·angliae L. 
 fIl(notlve) ....._.,. ....do. 5(] 71 8 63 74 11 69 86 19 69 86 21 60 84 15 73 95 25 00 IZ1 23 141 162 Do.'" 

..-1. 1Hln{culalfl6 1,11111. ~ (nlltlve) .•_ .• __ .•• ....do. 011 85 35 72 00 36 86 100 48 76 03 48 84 Wi 47 118 14:1 62 150 174 72 154 181 60 ])0. tt:l
A. la/aricl" L. (nil'

th'o to Chlnn)_ .... Apr. 4 92 110 35 ----- (') ...... - ........ (I) 
'" 104 132 31 112 147 [,.1 ,. ..... (I) 153 186 01 . .. (I) ... ])0 


A. lraducanli J,. 	 ~ 
(nntive) .....____ .• _ Mar. 27 91 107 25 76 03 17 91 100 19 93 112 19 125 137 14 laO W7 20 lSI W8 5(] 157 167 30 Do. 

A. undulalu. L. ,(I 	 o 
(native) •• ____ •_____ ._ 1111 43 11)1 180 ()8 ]62 181 42 J)o. ~ 

Callialc In Ina: 
_••do .•• 08 34 SO 100 25 97 IZi 41 78 00 28 118 134 41 liS 

O. rhlnenac (L.)
Skeels (Chln:\ofIster,

Sensation varlety)_ Mny 10 54 (.) 57 82 16 [,0 81 17 40 72 22 on 50 81 :!J 40 711 211 (>6 93 32 [nlletermlnate. ~ 


911 12.1O. chhltnu (L.) 	 o 
qSkeel~ (Chln:\ofISter.

Heart of France 
variety) ............. May 13 20 5(] 10 ~'1l 53 J2 38 rig 15 20 51 J2 :15 [,0 IS 35 110 20 42 75 :!lI 47 74 Z1 nr.. ~ 

qC. r.lllnen&< (L.)
Skeels (ChilUloflSter,

Glllnt CalifornIa 
 ~ 
Sunshine vllrlety) .. May 10 75 103 17 50 93 26 67 105 31 02 100 29 54 102 :1S 71 105 .. AO Oti 32 liS ]00 ad ])0. 

I to- and 12·hour tcsts began on thIs datu. 1'C3tS llIl'olvlng dally light exposures I Nt) iestmal!e, 
longer t).lan 12 houts began on the dates when the length of day from snnrlse to sunSllt I Ro.S<ltto formed. 
had reaWtcd those "alues. (Seo table 2,) Until those tests began, IlliUlts rocelvod nor· I Bloomed sometime ill Jllly; exact date not known. 
lllal day length. 

~. 
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Aster tataricus, although obviously flowering quickly in response to 
short daily light exposures, is somewllat erratic in its flowering be
havior, often making a 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. macrophyllU8, common in the 
more mountainous parts of Virginia. . 

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

HELIANTHUS, RUDBECKIA, AND ECHINACEA 

As shown bv delayed flowering and decrensed stature under the 
lO-hour daily light exposure, Echina.cea purp'urea, one of the cone

:::._..~;:~·::·:~r:;:~!~1 
AB~~'~' 't 

·~"·r1 
'..:' ~:: ~ , ., 
'f~,~t......,

""....'.........~' ~.; 


.FIGURE 16.-Echinacea purpllrea (L.) Moench. Purple conctlowcr (Dreer). A 
long-day plant with a low critical length of day unfavorable to flowering.. The 
plants flowered as follows: 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 bzgan March 
27; photographed June 30. 

flowers (table 11), is a long-day plant (fig. 16). Although it is il1
dicltted that this species finds lon~ days more favorable to flowering, 
it extends its flowering well down l11to the shorter daylight exposures, 
in mnrked contrnst to the species Rudbeckia nitida and R. laciniata.. 
The latter have always produced only dense masses of leafage in 
response to short photoperiods. 

The sunflowers (Helianth·us) in the. tests presented in table 11 in
elude fairly typical long-day, short-day, and indeterminate j.iypes of 
plants. Practically all are native or grow wild in the eastern section 
of the United States, and the majority occur in the flora of tlH~ District 
of Columbia area. 

Helianthu.s laevigatU8 is native to the high Alleghenies of Virginia 
and southward, the material in the tests coming from Big looM Knob, 
in Augusta County, Va., at about 4,300 feet. The species if. tuberosU8 
is rhnracteristically tuber benring and in the tests has flowered rnther 
irregularly for unknown reasons. Tuber formntion is intimately 
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TABLE ll.-Bchartior of sOllie species of HcliallthuB, Rudbeckia, and Bchinacca in response to length of dC!!! ~ 

.~.~_"""".,",,,,ft-

EtT~c~ of (Ially light exposure of
. 	 b5 

oFull length10 hours 12 hours 12~hours 13 hours 13~hours 14 hours 14H hours 	 ::x;of day 

--'.-.-- ----... , ....... 	 .... 

o

'l'~st 'l'hne re" Time fl" Tlmcf()- Tlmere· TlmerL~ 1'I'lmt'r.,. Tlmer~' 'I'lme re·
Plants 	 Classt)t!gun <Iulred (jnlred (julred 'lulrcd IInU('d qulred qulred ~ 

for- for- for- for- for- for- for-I,:~:" 	

~ 

--- t;:j 

rl ., rl rl .. rl .. r: ... .. ., 	 .: ~ ~ S .c ~ '"l< u, '" '"l< ~ '" '"l< 'fi l<'" 'fi ~ ; ~ " ~ 'C'" ;. 'fi ~ '" .9 OJ e 'il .9 'il ~ a ~ .9 .. 'il t:l"" '" '" .... '" "" '" .sa 	 "" " ::; /j~ 1<. ::l I=<'" ?;:: ....'" '" £ t:; ~ '" 1<. III ~ t:: a: ~ ~ ~ '" 1<. III ~ '" ~ ~ 	 1<. 
- _.----1- .---.-------- - - -- -- --- ---- - ~ 

Echi'laaa purpll"a (1..) Dav. Dovo 111. DaV' DaV' In. Dav. DaV' III. DaV' DaV' In. DaV' Dap. In. DaV8 DaV' In. DaV- Dal)' I". DaV' DaV8 In. 
Mo<'nrh................ Mar. Z7 100 liD II 54 81 26 (I)., 52 85 23 (Il 41i 80 a. (I) 42 is :lO Long day. -> 


Helian/hlll: 	 L>Q 
-qII. anglUlifollu, I, May 18 2·1 43 3~ 29 54 41 3S 76 42 29 66 45 lit 1().1 02 76 123 00 71l 129 89 109 143 ,- Short day. -. 

ll. dlraricatu8 L Allr. 13 56 87 31 62 93 22 52 SI 37 62 89 29 48 76 40 45 73 46 51 80 32 51 R7 29 ) ndctermlnatl'. 
II. gigan/tlll T, Apr. 5 !l5 121) ·12 118 1:17 28 131 141 93 112 131 57 117 13S 42 111 140 Ii6 \l9 12i 66 95 la7 6:1 Do. ~ 11.lau;gatu. '1'. and O. Apr. 11 01 05 4. &! 00 52 61 Ill; 6:1 61 III 58 61 102 00 61 US 54 81 121 8t 97 102 62 Do. 
ll. maxlrnlli",,; 

Schrud._ '_"'.' _. :r.inr. !!i C'l ('I ..... "'. ('1 ,,,"'- (I) 80 "I 21 ('I &! 84 57" 80 IO.~ 40 lAng day. !Il 
ll.•trurno.lI! L. • do ••• 54 110 00 'so' 110 ;2 (I) " .. " "79 1m. 67 sa 100 i4 70 91 -52- (11 71 110 6tl Illdewrmlllnte. 
/I. tubera.,u I,. 	

~ 

~ 
(Jcru'll\l~m • nrti· 
chllke)........... _ Apr. . .- (I) .- . .--- .. (I) . .. ... (ll -.. -- .. . (0) (0) 88 1122 19 (I) (Il Do.


~ ~ ~ ~- ~ 

RudlJfcKia: 	 ~ 
R. hirfa L. (con~· oflower) ......... _.• Mny 7 32 42 4 40 57 2}i 32 53 3 32 55 8 32 00 16 27 53 22 29 53 24 32 57 27 Do. 
 nj
R. ladnrata L. (gold· 


Clll:lowl.._....... _. Apr. 9 (10) .-- ........... (lP) .-. ....... (10) .. " ..... ~ "" (10) (11) (11) 77 98 32 75 100 45 Long day.

~ ~ ~ 

R. 	 newmani Loud; 
No.1. ••••••.• Apr. 23 46 74 14 46 74 20 43 74 22\-2 44 77 24 46 74 21 46 76 31 46 76 31 46 81 29 Indewrmlnaw. 

R. ntwmulli Nf)~ 2 May 7 (,0) . . 102 (l:~ ... G9 OR 21 00 89 10}i 55 00 24 49 82 25 42 79 21 42 82 24 Long day. ~ 
R. nitida Null. " _. Mnr.27 (I") (II (Ill (IJ) (lJl (") 84 110 32 91 131 48 Do. o 

M ... "'" ~ 

-----------------~ 

I No test. , Stems sterll~; tubers developed Aug. 8. II Slight stem elongation. ~ 
, Only sterile stems. I No tuber.< Aug. 22. II Mostly leafage. 
• Stl'IIlS sterile; full'~'1'own tnbers .-\ug. 8. I Stems sterile; no tubers Aug. 22. U Stems sterile. 	 ~ 

Duds Aug. 12; rull·~r(lwn tubers .-\ug, 8. • Stems sterile; tubers enlarging Sept. :20. t:l 
I Siems s:"rilt'; no tubers Aug. 8. IU Leafage only. 
I 

http:trurno.lI
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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, as has been 
done by some authors, it would be considered to bea short-day type. 

Helianth'US angustijoli'US behaves as a typical short-day J>lallt, flow
ering in 43 days with 10 hours of light daily' and reqmring 10I!ger 
periods of time to flower with increased daily light periods. The 
species H. dit'aricatus, H. gigante'US, H. laevigat'US, and H. strumo8'U8 
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 height. H. maximiliani nppears to be a 
typicallong-day type of plant that ceases to flower when the daylight 
periods nre too short. 

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

The species of Rudbeckia in the tests, for the most part, are long-dav 
plants. The two different strains of R. newmani that were groMl 
differ somewhat in their day-length requirements, No.1 being indeter
minate in itsfiowering behavior and No.2 being a long-day type. 

TABLE 12.-Behavior of the common 8unflower (lJdianthlls annuus) when planted 
in Ihe field 

Flower.; 
Dale 01 germinlltion A veroge I~ngth or dayneight untll flOWering

Date Days 

--~ 

Numbtr Incht& HOllrl lofinwta 
June20........................................ . Aug. 19 51 14 14 

JulyS...................................... . .do.••• 45 14 ]3
· .. •• ..f,6·July 19...................................... . Sept. 6 49 13 43 

Aug.2 .................. __ ................. .. Sept. 19 48 60 13 15 

..\!;,Jt.1S....... ...... ......... . Oct. 2 45 1'>0 12 41 

Sept. 2............. .• .... ... '" -- '" ..... . Oct. 24 52 42 11 56 


Jl·udbeckia hirta resembles EclJ,inacea purpurea in its flowering 
behavior, producing few flowers, which are borne on very short flower 
stems under tIle shorter exposures. Usually a dense basal leafage 
developed until the 13}~-hour exposure was reached. At this and 
longer exposures, basal leafage was sparse or lacking, but flowers were 
produced in great abundance, with many flowering stems. On the 
lO·hour day the flower stems were so short that the fio"...ers were al
most buried within the dense leafage. The species Rudbeckia nitida 
and R. laciniata have always shown a very pronounced long-day 
behavior, producinO' only a mass of Il'vJage or, at the most, a slight 
stem elongation without flowering when the daily light exposures have 
been but slightly reduced below the full day of Washington, D. C. 
(fig. 17). Rudbel'kia newmani strain No. 1 shows an indeterminate 
flowering, but strain No.2 of the same species behaves as a long-du.y 
phmt (fig. 18). 

GRASSES 

~rost of the species of grass presented in table 13 appear to flower 
readily under practically nil the lengths of day under which they were 
grown, with the exception of Agrostis nebulosa and Andl'opogon 
l'irginic-us; these haye produced leafnge alone under the shorter 
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lengths of day. The species A. nelndosa does not appear to thrive 
in the dormant condition enfo!ced by the shorter lengths of day and 
appears to succumb to the lugh summer temperatures that prevail 
near Washington, D. C. 

A1ulropogon t'irginicus has shown dominantly the behavior of a 
short-day type of plant, but flowering appears to be inhibited when 

i?Wt)RE 17.-lludbecitill. laci7lial.a L. Goldenglow. Some l'traills at least are 
typical lonp;-day plants \\ ith a very high critical lower limit favorable to flower
ing. The response to different day Icngtllil was as follows: 10-, 12-, 12X-, and 
13-hour plants remained rosettes with no stem elongation; 13* and H-hour 
plants produced some stem elongation without flowering; l-l~-hour plants 
flowered July 16; full-day plants (C). flowered July 18. Tests began April 9; 
photographed July 25. 

only 10 hours of light each day are experienced, and flowering is also 
delayed by lengths of <llty excec(!i~~ 13}~ h~urs.. 4 light period of 10 
hours pr::>duced dense leilJltge stl'lklllgly upl'lght In Its habIt of growth. 

l~lOUitE 18.- Rlldbeckia 1Iewmani Loud. A long-day species. with the critical 
limit at which flowering ceases below 12 houl'S. The plants flowered under 
various day lengths as follows: lO-hour day, remained a rosette; 12 hour, 
July 17; 12~ hour, July 15; ]3 hour, July 17; 13}<l hour, July 15; 14 hour, 
.July 11; 14}2 hour, JUly 15; full day (0), July 22. 

The plants flowered most quicldy when light periods of 12, 12X, and 
13X hours each day were experienced, anthesis tltking plnce Itround 
August 20. Light periods of 14 and 14~ hours delayed heading' and 
anthesis, although the plants in these tests flowered earlier than the 
controls receiving the full length of dltY. The latter, however, 
experience not ouly an inconstaut 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 gruss 



~. 	 ~~c-,. .. -y-	 , '" 
TAIlLE l3.-Behavior oJ SO/ill' 1!(jlille UlIII of1la71lenlalspecies of gras81~s ht response 10 le1lglh of day 

l~f1CctoldallyUghl~'[I{lSUrcol"~ ..___ ~ __~~ -------,-----1 
I!l hours I 12 hours J2J!i JJOurs 1:1 hours 13~ hours H houl1l I H~ hours. IFull ~~:lh of 

~"-.---~ r~""'" 

'I'hut'. '~'i;lIt,<- j 'I'lmo ~rilJ1e 'rime 'l'lmc 	 ~'l'hth~ Time 
1)lullts and sourel} 'I'e~t required required relluired requircd required required r~qulr('ll rC(lulred Class (fJ

hegnn 	 for- lorlor- (or-· lor··- lor- lor- for
~ .....-.'_ .........

t: 	 t: ~CI t:= 	 " " (fJ~!1 	 ~!I ~!I 

~ I!~ \.e ~~I'> ~o 
.. - .", ... 

.. 
0 

.c 
"" ~ ~~ 1-~ fd .~ 

..Q E \ 0 .....c .. 0 .ctil 
U) ... ~ "t:I'"'" ~~I" 	 :~I ~ ~~I"2 ~d .~ -S I~~ ~ ] ~d OJ &i lie:: OJ 2 ~:;:: gj ~ f!c ~ .E o- ~ ~ __1__1_1__1__ '_".;.-1 _______ 

I'%j,.. - '" ~ ~ l:l ::; l;; tIl I::l ~ 
°"1'> 

t:l ~J~_ .~ -
t:: l;; ~ I::l ~ t:l ! ~"" 	

:.:J 

l;; = 
,Iuroalb ntbulo.~ Dolss. 	 ~ 

nnd Heu!-. (c]oudgruss, fJ"V3'IDav.\ In. \])a V3I
1DIIV"\ In. \JJav'IDava\ In.\DuV,\Dava\ In.\Dava\Daval In'jDavajDav,! In.!DuV3IDaIl3!ln.!Daf/.!Daf/.!/n.1 Long day.Spain) ________•___ •___ 	 ~ 1'>!uy 14 '(I) (') '_' (') C'). (I) (') ~ 411 58 10 48 58 13 31 45 11 3S 41 16 34 48 11 

Alldropogon rir(linicIl8,1... 	 rn 
(lIall\'o broomscdgo) :Mny 2°1 (I) 1...1.. '\ 781 80 131 81, 86121 I (.) ,..... ,.. _, 78 1 83 1 37 1 00 I 9°1 5211081 1141-19111811321381 Short day.

Calamaoroaaa cinnoldta 
(Muh!.) Barton (na- 58 70 41 63 88 42~ 70 98 35 63 84 41 57 84 46 67 III -15 60 84 37 fndetcTminate. ~ 
til'c , recdgrnss) •____ 1-1nr. ao I 67 I 95 I 39 

Colx lucrl/ma.jobll,. (Jobs· ~ lenrS, Iudi,,; tro[lieu!) 1'>II1Y 1:i :15\11 24\11 24 I 10 	 19\ 7 101 7 26 10 23 f 8 Do. 
Pail/cum 1/1 ilinUU11I 1,. 	 2318~1---" 1 ?l 

(Germnn millet), •••.. _ JunQ 28 22 30 30 31 2.'i 311_.... 32 38 36 44 38 45 47 52 47 Do.(!). o 
HPellni.,Jum: 

P. alopleuroidu (L.) 	 ~ 
S[lreng. (China) ____•__ May 26 I 48 I 55 I 19 I 48 I 66 I 26 (.) 66 I 64 128 (6) 48155135 (.) 10 1 83 130 , Short day (7). 

oP. rrtpptlii Steud. I'%j(Iountain grass,
Ab>:ssinia) _. ____••_ May 25 I 42 I 49 I 24 I 39 I 46 I 23 C·) 39 I 46 127 (.) 00166138 (.) 46 I 52 I 28 I Indelerminate. 

P. 	mUQ6Ulli n. llr. 
(lonth"rtol1, }:thi
O(lhl)... ____•• ~~ _... May 21' 22' 29 124~1 22 I 29 I 18 (.) 28 I 00 126 (.) 34148129 (.) 32 I 43 I 19 Do. ~ 

Triod/aflava CL.) Smytb,
(purpletop) ._.______ •• 2 26 39 25 46 31 47 30 43 I 51 I 45 I 00 I 56 I 2.'i I 69 1 87 I 51' 92' 103 , 42 1Short day. 


Tripaacull1 dacl V l 0 i d.. Ma)' 20 1 °1 38/ 1 1 441 / 39/ 1 I 421 1
 
I,. (~nstem gams·grass). Mar. 31 03 72 64 65 75 511 US 75 45 68 75 67 fiB I 76 I 58 I 81 I a9 1 66 1 82 1 89 I 00 I 82 I 89 I 65 Do. 

, No h"nds appeared. I Upright leafago only. • }'rom Big llald Knob, Augusta County, Va. 
f Plant d!~d. • }.enfage only. • No test. ~ 

'-l 
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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 natural distribution, 
broomsedge does not extend farther north than Massachusetts and 
N ew York, and this may be because the days are too long for success
ful flowering before frost at more northerly latitudes. 

German millet (Pan'Lt:um miliaceum) is rather indifferent in its 
flowering responses to the different daily light periods but is some
what hastened by the shorter periods. The stature of the plants at 
flowering is very noticeably affected by the light period, increasing 8S 
the daily light periods are increased. The a'tact date of flowering in 
the tests was not determined, but followed a lew 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 

FIGURE 19.-Penni8et1l1ll rupellii Steud. (Dreer). An indeterminate plant 
flowering equally quickly under wide ranges of day length. Time of flowering 
under different day lengths was as follows: 10 hours, July 13; 12 and 13 hours, 
July 10; 14 hours, July 20; full day (0), July 16. Plants of this habit "ith 
respect to day length a~ adapted to wide ranges in latitude as a garden orna
mental. Tests began May 25; photographed July 25. 

their day-length re<;luirements, these have found favor as garden 
ornamen tals in the high latitudes of temperate regions, and P. ruppelii 
has even escaped sparingly in Michigan and elsewhere (fig. 19). It is 
readily apparent that tropical annuals with indifferent day-length re
quirements are well fitted to become useful plants during the summer 
season at almost any high latitude. 

The grass Triodia flava flowered under all the tests, but, as the 
light periods increased, flowering was noticeably delayed up to the 
full length of day. This would indicate that prompt flowering is 
fttvored by a shortening day rather than by an mcreasing 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 
tnrly indeterminate types. The species Calamagrostis cinnoides, 
taken on the top of Big Bald Knob, Augusta County, Va., at an 
altitude of more than 4,000 feet, appears to be of Indetenninate 
habit. 
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LEGUMINOSAE AND LABIATEAE 

Among the legumes whose behavior is shown in table 14, wild
indigo (Baptisia tinctoria.) and hyacinth-bean (Dolichos lablab) appear 
to be indeterminate types as judged by their behavior toward 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 obvious 
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 lengthR of day ap
proaching continuous illumination to determine if a very high critical 
length of day for flowering exist.~. 

The flowering behavior of the hogpeanut is highly f;pecialized 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 morphology are definitely related to 
differences in length of day. 

Glottidium vesicarium is a typical short-day plant, flowering on a 
lo-hour day about 1 month after the tests began. FIOWerin~as 
dela ed until October 6, or 142 days, when exposed to full day' ht. 

pI:eolu8 multiflorttS may prove to be a long-day plll.nt, as the sort 
light periods of 10 and 12 hours were characterized by poor flowerin~; 
the plants appeared more floriferous as the light periods increased ill 
length. The Madagascar lima bean (P. lunatus) is strictly a short
day plant, having a 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, flowering quickly and dying 
under alllen~ths of day up to 14~ llOurs, the critical length of day for 
flowering bemg not far from the maximum length of day of the 
Washington vicinity, which is 14 hours and 54 minutes. . 

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

Beebalm (Atlonarda didyma) shows more or less of the typical 
behavior e:\.llected of long-day plants; that is, sterile stems and 
retarded flowering as the light periods are decreased in length. 

Lallamamtia iberica, two strains of which were obtained from the 
Division 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 is 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 that 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 a typicallong-day plant, flowering more pro
fusely as the days were increased in length. 

Perilla jrutescens and its varieties, with few exceptions, are very 
striking short-day tyPf.:s, as indicated in the tests (fig. 21). A number 
of forms have been rncluded, among these being one found growing 
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TABLE 14.-Behavior of some members of the 1)1[lse family (Leg1l1ninosae) and mint family (Labiateae) in response to length of day ~ 

---,------ - ..- o 
EtTe~t of dally light exposure of-

! Full length
10 hours 12 hours 12,1~ huurs 13 hours 13J'it hours 14 hours 14}i bours II1of dayI I 

t;5 

~------ -' -- .... oT~t TimeFamily and plants Time I 'rime Timo Time Time Timo Tlmo 1 ClassI 
o 

Ix,gan required' required required required required required requlred required f:.
for- for- fur- for-- for- for- for- for

t:e---- --I 
~ ~ ~ .,~ ~ ~ ., ~ ..... .,~ ., .::: :c: I 

~ ~ :c: :c:..::: tf.l;. .. "' '" ii 
~ 

;. t/j 'tl .. ii 'tl i< ~ 'tl i< ii 
~ 

'tl it eo 'tl ::
'tl'" 'tl ~ '" 0 

OJ 

'" 0 ., ::s 0 '" 0 '" 0 ~ 
0 Oi 0 'c! ::s .g 'S ::s 'S ::s Oi ::s 

~ 
= ~ ~ Il:i = ~ " ~ ~ ~ t:l ~ ~ t:l ~ ~ t:l Il:i r;; t:l r:< = ~ ~ Il:i r;; ~ 

t/j 

t'll 

,-- ::3 
~ 

Leguminosae:
Dapti8ia tinctoria (L.) "'" R. Ilr. (wlld,lndigo. Day8 Dal/s In. Days Daus bl. Daf/I DaV8 In. DaV8 DaV.t In. DaU8 Days In. Dal/8 DOl/8 In, Dal/S Davs Iu. Day., DnY8 In. I>:> 

native) • __._." __••••• Mar. 21 56 82 14 56 80 20 56 19 18 56 82 11 56 83 11 56 83 15 56 83 22 59 86 11 Indeterminate. -1 

DolichosLablab L. (hya·
cinth·bean) • _______ .• May 15 a9 .12 00 34 45 l6 34 45 EO 41 54 00 45 55 00 45 54 00 49 59 00 52 59 28 Do. 

Fa/cala comosa (L.) ~ 
.... __ w 

_w .. _ 
.," ",'Kuntze (bogpeanut). MIlY 6 35 .. -. -... --- 30 "_ .... (I) .-.., ...... 31 .-- ----- 48 ----. (ll (I) ---- .. _-- 98 ... Short day. 

Glollldium vesiearium ?' 
(Jor.l Desv. (nativo. 
soutb). ______ • __ "".,. Mill' 11 20 33 28 40 51 44 44 63 65 42 m 55 12 93 81 115 132 14 111 121 19 lIS 142 68 "Do. 

Pha8to/U{f (Lima beau): ~ 
P. /una/U{f L. (from

Madagascar) ______. June 11 5) 60 ._- ~ 48 55 ----. (I) . -- ~,.-- .. 41 56 '".-"'. 85 52 .- .. - . (I) -- .1.." __ (1\ ...... "' .... -.. 85 75 Do. ~ 
P. muLti/lorus Willd, 

~ 
~ 

(scarletrunller) ____ May 21 13 1'>3 26 14 22 21 14 21 31 14 22 31 14 2" 46 14 28 66 20 28 46 14 32 56 Indet~rminate. o 
I'ljSoja max (L.) Piper

(soybean):
Biloxi variety________ May 25 20 23 9 21 27 14 U 2i 18 25 31 16 34 31 19 42 48 21 50 00 30 8t 90 38 Short day. 
Peking varlety_______ •__ do... _ 15 20 5 15 20 7 15 2:J 7 17 21 1 17 22 9 21 23 7 20 23 8 59 63 23 Do. ~ 

Labiateae: el 
KoeLlia inca,na (L.) o 

Kuntze .(mountain·
mint, natlve). _______ 

---~ 
14 (,) 54 14 30 61 78 29 (I) 56 18 21 Indeterminate.Apr. 20 .. ('l .. - .... 00 18 24 60 25 ----- ---- ----- ... --- Ei

Lullaman!;a iberica 1-:3 
(Bleb.) Fisch. and q
May: l:OP. I. 114389__________ May 13 33 46 15 19 1 21 9 28 33 1372 20 26 13 19 26 10 19 25 10 25 19 25 772 Long day. t".1

P. 1.114610__________ ".,do____ 29 28r3 12 Indeterminate.21 12 19 25 8 23 26 9 25 33 15 19 46 9 22 26 

Monarda didllma L. 


(heebalm,natlvel ____ Apr. 10 _-. __ (I) 68 81 24 (ll -_ ..- --- .. 61 74 26 Long day.(~: ~~-- --~~·I (:~ .~~. -~. 11 _____
Nopela mllss;n; Spreng. Apr. 12 ____• (I) ____ 46 50 9 32 39 T- 23 36 10 -22-1 ~~ -"9" -iii 32 85 =:::1 16 32 12 Iudetermlnate. 
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Porii/o: I IP. rul..Ce·/13 (I..)Oltf.,........... Mo" 17 251 
P. /r'lIle.cen. (1,.)

Britt. (green
leaved, trom Ar· 
IIngton Furm} ...... 1\-lIlY II, 10 

11137 

30122 

15 8 

1 37 1 

14 

471 27 1 

16 
1 

391 

H! 

68 130 

26 

1 39 I 

14 

6012,~1 

21 9 

49 I 70 I 38 I ~3 I IJ3 I 41 I 

14 21 12 14 21 10 

62 I 

14 

001 47 I .03 I H4 I 60 I 

22j12 I21\7 
14 

Short day. 

Do. 

P. !rule&cens (L.)
Britt. (red leavell, 
lrom Jllplln} ....... 

P'/rule8C<lI. vnr. nan· 
killen.i. (Decnisnc) 
Ilaller. (red leaved, 
Irorn lIpon) ........ 

P./rulacens vnr.lIIm· 
kinensis (red lea,·ed. 
Irorn Japlln}........ 

Mny 12. 
19:17 

MIIY i, 
1936 

Mayla, 
11137 

20 

14 

19 

30 

!.'2 

25 

107.1 

13 

20 

14 

19 

28 

2'2 

27 

H 

11 

21 

24 

15 

23 

33 20 

26 13 

32 21 

26 

15 

25 

40 

26 

42 

21 

13 

22 

30 

13 

20 

55 

20 

43 

28 

13 

25 

51 

20 

46 

90 

37 

76 

38 

16 

41 

40 

51 

6U' 

120 45 

92 :;2 

105 52 

106 

113 

100 

132 65 

130 52 

133 62 

Do. 

Do. 

Do. 

~ 
t:j 
Ul 
"d 
0 
~ 
Ul 
t:j 

0 
I'Zj 

P.{rulescen8 var.nan· 
killensi. (Decalsne)
Bailey (green
leaved, Irom 
Francc}...... __ .• " May i, 

JUa6 
(') 25 16 J3 !!; IS 13 :Ji 18 12 26 16 28 39 29 27 39 227.1 39 43 28 1;3 lao 65 Do. 

~ 
~ 
t-3 
Ul 

P./mif8cens var.nan· 
kin.mi. (Decaisne)
Bniley (green
leaved, trom 
France) ........... May 13, 

SaMa: 1U:J7 
S. hispa11ica J,. (Chill) MIlY 17 
S. sclarea L ........... 1\lor. 27 
S. .plendens Ker. 

(scarlet sage) ....... ' May 16 

20 

28 

22 

27 11 20 

(~f ~:"I":~' 
30 8 '"2 

30 

42 
(8) 

34 

14 

35 

9 

25 
28 

34 

42 
(.) 

(I) 

IS 

41 

32 

31 

22 

42 

50 
(') 

29 

17 

9 

39 

f>!) 

23 

54 

02 
(3) 

31 

28 

64 ... 
10 

46 

98 
6i 

23 

65 25 
144 72 
83 19 

31 11 

54 

107 
..-.. -

23 

; 

84 347.1 

147 82 
(I> -
34 9 

U8 

107 
63 

35 

113 42 

147 85 
i2 29 

48 15 

Do. 

Do. 
Long duy. 

Indeterminate. 

t-3 
0 

~ 
~ 
G) 
t-3 
Il1 
0 

I No test made. 
• Only sterile sterns developcd. 
, Stem elongation only. 
• A tow flowers only. 

• SCI'd obtaIned lrorn wild tants round on the banks along the '~ffter Potomac; seed or 
Lnllumantfa, Sait'ia 8clarto, '. hbpanica, and all seed 01 Perilla an t5 varieties obtelned 
rrom the Division 01 Drug and Related Plants, U. S. Department or Agriculture. 

• Budded May 7, tho day the tests began • 
:Lcarage only developed. 
'Slight stem elongation only. 

I'Zj 

t::J 

~ 

~ 
I-' 
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spontaneously in the vicinity of Washington, for the species has 
established itself in many loc8lities since its introduction into North 

FIGURE 20.-Cass-ia madZandica L. Wild senna. A native long-day legume 
that has never flowered when the days have been much 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. Only a 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. Outside portion experiencing the full day flowered August 8 when 
40 inches 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 typical 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 tests was 
hastened. These strains usually have a high and narrow critical 
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 }lOur df'layed flowering by nearly 2 months, with an 
attendant great increase in stature of the sort known as Red Japan, . 

~~·c::·:" 
•. •.. If • 

FIGURE 21.-Perilla jrutesce1Is (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 hour, and 13~ hour, June 2; 14 
hour, June 13; 14~ hour, Au gUIlt 27; full day (C), September 14. Tests began' 
May 7; photographed June 30. 

so called because of its deep-red leaves. The controls experiencmg a 
still longer day flowered just 3 months later. 

The late~flowering behavior of these plants in the field at Wash
ington, coupled \\-ith large stature and the fact of hastened flowering 
in response to shortened aaily light periods, indicates that some plant
ings made in the latitude of Washington may be rather near the critical 
Ipngth of day for successful flowering and seed production before frost. 
In warm frost-free autumns seed production might occur, even some
what farther north, but under such conditions the hazards of seasons 
with early frost would be expected sooner or later. At lower latitudes 
flowering becomes earlier because till} 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 because 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. . 

Salvia hispanica, or chia, as it is commonly known, is a species with 
\"Cry marked short-day requirements. Under the test of 13 hours of 
daylight each day, the plants flowered July 6. In response to onC'-halI 
hour more of light each day, i. e., 13~ hours, flowering was delayed 
until August 17, or 42 days. With 1 hour more of light each day, 



TABLE I5.-Behavior of native and introduced spectes antI varieties of stoneerop, SedulII (Cmssulacenc), in re8ponse to length of dall :t 
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E1Tect "r dally light oxposuro 0(1-

I -~.. ---- 
10 hours I 12 hOllrs 12~ hOllrs 13.hours 1&}1i hours 14 hOllrs I11! 2hours 18 hours FU~} ~~ith ~ 

'rt.l~tl'laota 	 Class ~ brglln 	 ....
]-l(-~ /1 -f--~- ~ -:-~' ~ ~ ... ~ ... 'T-:-] ... e .. o 
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+1 	 Indotermlt18te.8. arTf. L. (rnossy sedurn) . .. M nr. 27 ('l I liS:I I~I :! 57 a (I) I (') (I) (') ! 03 :I 
S. albll1n r,. (whlto sedum) "d" (I) I (Il (Il (I) (I) (') Ie') (') (I) Long dllY (7). ~ S. 111I.Y ,hVllulII L. (thll'k-

It'"\'CI{!~mlullI).___________ Ap:. H (I) I (') (Z) (Z) (Il., iii I 1:1 I (')') I 84 III ))0. ~ 
S. hispa'liClt1ll I,. (Drcer) '" Apr. ~'U (Il ('l. (I) • e') . (I) (I) (I) (I) li2 2 Do. .,
S. Ibtrlcllln Ste... (Moullt 	 1-:>Desert nursl·ries) .._.___•••_ Apr. 11 ('l (I) <'l (I) (I) I') (.) (') (I) ])o.(?) 
S. maximum Suter" , '" Apr. 17 (Il (I) 81 14 (Il !III 14 103 111 (') (') l:1t IU IShort day. """ (3)8. mOTI/Ile/lot II. 11. K, •. Apr. ao ~'U ~ 2.1/~ 211 3t~ (I) 2Il 'm 2Il 4 (I) (') 	 2Il 3 Indeterminate. 
S. lItvli amy (nstive) " A nr. 2IJ :1I 2',~ :t2 2~~ :1I 2J,~ 31 2JAi :11 4 :11 5 :12 5 (') :12 4 Do. fl
S .•anntUlMu,n Dun~o Apr. 30 2'l a 22 3 22 :1 22 :1 22 ·1 221 3 (I) ('l 22 a Do. 

S·s:rl~I~::~I/I~~~.~~~.~~'~t.~I~'~~. Apr. II [,() 2 50 2 liO [xl 2M 52 (') (Il (') 45 4 Do. 
[II 

s .•ieboldi SWell!••••• , May 17 (I) ('l (I) (Il 1:13 (3) (') (') 1M 6 Short day (7). t;:j 
N. speclaWe Bor. No.1 Mllr.27 (I) (I) (I) (I) JliS 12 158 12 (') 101 13 Long day. 

S.•peelalllle llor. (Drillillnt) AI'" 18 (I) ~:) (I) (I) III 12 143 HI (') (3) 132 III Do. 

S. 'llI/Til/lII cocclllef;", Uort. 	 ~ (Drecr·s) ............. ,,,•.. Jl./HY 2()·1 (I) I (I) (Il ('l (I) (I) (I) 81 6 (Il ))0. 

S••lo/oni/tTl/III alllvi '.. , Apr.:1IJ (I) '. (I) (I) (I) 37 (3) (') ('l (') Do. 

S. 	te/el)hi~jdt. Miehx. (nil' ~ 

tlye) ....... """ ' ........ _. Apr. 14 (I) (I) (Il (I) UI J.I 115 17 (') Do.f) 	 8U I 10S. ItltphluIII L. (orpinc) .... " Mar. 27 (I) (Il (I) (I) (I) (I) 157 10 (I .... Do. 

S.lmlatum M fehx. (nutive) Apr. 11 (:~ (0) (0 (.) (0) (d) (0) (') (0 ." .. IndeterminRte. 15 

S.lOoodwardii N. E. Dr.........do (') (I) {I (I) (I) (I) (') In4 (;J ..... Long dllY. 


-_-:.__..------_. ----_ ..-	 o ~ 
~ I Ali lengths or tluy to and Including IH~ hours utllizetlnormul sunlight, durk houses 'No test was lIIade. 

l)('fng U&cJ to reltuce tho huurs of lJIuminution. '1'0 obtain constant lIluminlltinn periods • J'lants dlscnscd. un!lble to flower. ~ in CXC('SS or tho ruli length or dllY. Ilrtillcilll light lI1Tordcd by rour 2(X~watt incandescent • l'lants dl(·d. c::c1cctric lights was useli to supplement dllyllght beginning at sUlISet. 	 • l'lants flowered 00 Mar. ao berore the hosts lwgan. 
~ I l'lants ditlnot flower. ttl 

,1/1. ... 	 ..... ill. .. '" 
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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. 

Saltia sclarea 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 readi1y much farther north. 

Salvia sflendens, or scarlet sage, is a plant whose flowering is delayed 
by the ful length of the midsummer day at Washington. Its critical 
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 requirem('nts. A number of these, includ
ing S. nemi and S. telephioide8, found in the higher mountain s('ctions of 
the Appalachians, and S. tern<ltum, which is not particular as to 
altitude, are native eastern species. S. moranense, a low;..latitude 
sp('cies, is of Mexican origin. The rest are native to the British 
Isles, Europe, Asia, Japan, and north Africa. They are, in most 
instances, natives of very high latitudes. The species, for the most 
part, are correctly named; in a few doubtful cases the source of the 
material is given. 

The stonecrops under observation fall into two rather distinct 
g-roups: (1) The herbaceous perennials, including the tall-growing, 
erect species Sedum marim1£m, S. spectabile, S. telephioides, and 
S. telephium, the stems of which die each autumn and are replaced 
by n('w ones arising from dormant buds formed at the ground; (2) 
perennials, the sh'ms and leaves of which tend to persist throughout 
the winter if eonditions are not too unfavorable. 

It is intt-resting to obsenre that most of the common and better
known garden stonecrops have long-day requirements or are inde
terminate in their flowering behavior; few have behaved as typical 
short-day plants in the Washington latitude. The species Sedum 
acre, S. moranense, S. nevii, S. sarmentosum, S. sexangulare, and S. 
ternafum appear to flower readily under a wide range of lengths of 
day rnnging from 10 hours to the full length of day in the latitude 
of 'Yashington. It will be observed that the time of flowering has 
varied little throughout the series for anyone 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 constltnt 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. 

Sedum spectabile is a typicallon~-day plant in its flowering behn.vior. 
Several strains differing more or less m 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. S. 8pectabile has been accredited a native of Japan, but 
this has been questioned, so that the originnl home of the species is 
not known. The long-day requirements of the species would indi
cnte that it is a native of high latitudes, eyen though Japan may not 
be its home. 

The natiye species Sedum telephioidcs, more or l('ss abundant on 
rocks in the high Appnlnchinns and enstward in th(' United States, is 
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a typicallong-day type of plant that has failed to flower und~r leng~hs 
of -day much less than 14 hours long. The fact that this specIes 
flowers in June in England where the days are very long indicates 
that flowering is greatly favored by very long days. 

In autumn this speCIes, and also the large-growing species. Sedum 
telephium and S. spectabile, form large winter buds at the surface 
of the ground and these g!ve rise to the turios or shoots of the next 
spring. Tests with S. telephioides have shown that these resting 
buds are formed most readily' under the shorter light exposures 
ranging from 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 13Yr 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 e~:perienc
ing the full length of day also form the resting buds or turios· under 
the influence of the short autumnal days unfavorable to flowering. 
The fixed shorter day lengths, tending to enforce dormancy at a 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 1O-hour day. 

The curious stonecrop (Sedum amplexicaule 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 leaves are reduced to a 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 to new plants. In this 
newel 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 S. telephium and others 
the bud is laid down on the crown of the plant at the ground. 

Sedum telephium 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 
Europe where much l<lDger days prevail in summertime. It has 
never flowered at Washington, D. C., in response to thenormallength 
of day, which approaches 15 hours only briefly during the longest days ... 
of June. Where artificial light has supplemented normal daylight 
from sunset to give continuous light periods of 17 hours or more 
this species has flowered 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 
maintained below the fuUlength of day of midsummer. 

Sedum ternatum, a native species distributed from Connecticut to 
Indiana and southward to 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 as flowering there in 
July and August, when the seasonal length of day has fallen from 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 perhaps 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-day plant in very high latitudes having a midsummer 
length of day above the critical favorable for flowering. 

FIGURE 22.-Sedllln telephium L. A sedum requiring very long days ·for flowering 
and never flowering in the vicinity of Washington without artificially increased 
lengths of Clay. The plant shown at right was grown in the greenhouse under 
artificial light from a lOO-watt incandescent bulb with reflector, the light sup
plementing the daylight from sunset till midnight. This plant flowered 
March 2. The plant at left (C) experiencing the seasonal days never flowered. 
Tests began November 24; photographed June 16. 

However, experiments conducted with this plant in the greenhouse 
under light during the winter of 1936-37 would indicate that tempera
ture as well as length of da.y may operate to control flowering. In 
these tests plants were grown under cool conditions, 50° to 55° F., 
find warm conditions, 70° to 75° F., with natural winter illumination 
and with the natural daily period of illumination 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 
receiving normal winter illumination. It is obvious that the longer 
illumination period has been effective only where cool temperatures 
of 500 to 550 have prevailed. This stonecrop thus behaves as does 
the sugar beet, the flowering of which is favored by cool 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 other lands. 

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

}.'.\GURE 23.-N1·cotiana labacum var. T. 1. No. 68. 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 flowered as 
follows: 10-, 12-, 12}f-, 13-. and 14-hour plants flowered June 13j 14~-hollr 
plants, June 16. full day plants (m. June 15. Tests began May 14j photo
graphed June 30. 

determine definitely whether it is a true indeterminate plant, Its 
seasollal behavior in low or middle latitudes mny not reveal the true 
story of its day..Jength :requirements if the criticnl photoperiod happens 
to be a very long one. In the stonecrops, no length of day has been 
found that will completely inhibit stem formntion. 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 practican~ dormant 
unless the natural length of day is supplemented by artificial light. 
Late shoots of S. telephioides and others in this group failing to flower 
in season Dever flower, owing to the shortening of the day below the 
critical length of dllY favorable to flowering. 

TOBACCO 
The data in table 16 pl'esent the behavior of some of the more 

distinctive American and a few forei~n types of commercial tobacco 
(Nicotiana tabacum) , The dates of flowering ann the heights given 
for ench light exposure are, in most instances, based upon the behavior 
of fin' plants (fig. 23), 
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TABLE 16.-Bchavior.of S071l1l varieties of Nicotiana tabacum L. (tobacco) in responsll to length of day 

I 
 Effect of dally light exposure of 1-


Continuous Full length10 hours 12 hours 13 hours 14 hours 16 hours 18 hours Ilght of day 

'rest. 'rime ra- Timera- Tlmere· Time re- Tlmere· Tlmere· Tlmere· Tlmere· E;;I'lanlS CIBSSbegllll qulted qulred qulred qulred qulred qulred qulred qulred en 
for- for- for- for- for- lor- for- lor ~ --,-- 

r! .. r! ... r! ., r! ., ., r! ., r! r! .,.. ~ 
~ 

.<:: .<:: -§, .<:: .<:: .c.. := ; .c ~ 
0/1 to~ ~ ~ '"i< ~ '"i< '0 '" i< '0 '" g ~ i<'" ~ ~ ~ ~ 0 0 0 0 0:l ·S :l :l 'iil :l OJ :l "iil"" :l .9 "iil :l :l ~ 

I"l ~ ~ I"l ~ ~ I"l r.;; I:;l I"l ~ >::I I"l r.;; t::l ~ r.. >::I III ~ ~ ~ r.;; ~ ~ 
Dava Dav. In. Dav. noVa In. DoVa DI14/6 In. D.va DaVa In. Dava Dava In. Dava Dava In. Dava noVa In. noV' Dalla In. 

Xanthl v"riely ,~""." June 7 ... ., 36 44 ... ---.. 30 44 --.- .. 35 52 .... ." .. 37 57 ..-... 37 46 .. ....... 36 43 -....... ,. 35 48 .... -_.. 34 48 Indeterminate. ~ 

Connecticut Broadlea! 

~ 

~ variety, John Williams 

strain,. ...•••....•••.•• ....do.... --" 39 42 36 48 -_...... 39 56 42 68 .. ........ 40 42 40 54 42 46 36 48 Do.
. ---- ... ----- .. _--- ----... .. ....-- ~ 

Cush No. 117 variety.... ••• do •••• ....... , 42 66 38 57 45 66 47 68 52 66 46 68 51 62 50 56 Do.
----- ----- .. ._-- ----- -- .. -- ----.. ---_..
Maryland·Connectlcut , f-3 

Broadleaf variety, o 
11Igh Leaf No. 0·8.••. •••do••.• .......... 68 40 48 39 46 42 ---_.. 61 49 81 46 66 a9 ......--- 66 44 68 35 Do.----.. ----- ----- ----- ----Maryland·Connectlcut ~ Brolldleafvnrlety, No. 

114 .............. " •.• •••do•••• ... -. 49 44 60 43 .._--- 35 54 .. --_ .. 84 57 ---- .. 7'J 46 ----- 81 52 .... _-- 80 45 ----- 59 46 Do•
----- ~ 

Ju"X's }'rl<lo vnrlely,
" hlte Burley...•••.•.. __ .do .••• 57 26 66 Z1 75 28 80 34 -_ .. -- 66 35 -.. --- 84 40 -.... --- 84 36 -.. --- 75 22 Do. 

Cuban variety. blgh nloo- ~ 
tinG strain No. 111.•••• ••• do •••• 50 50 _.. --- 71 48 .. ---- 42 53 -... --- 51 55 ---- .. 49 52 ....--.. 42 50 ----- 40 52 ----- 49 52 Do.~- ~ ~ ~ 

Sumatra variety ••••••••• ••• do .... .. '" _a 50 62 41 68 51 68 66 64 47 49 50 50 65 52 49 60 Do.----- .---- ----- -.. --- ----- ----- ----- o 
bjMaryland Mammoth va· 

~ 

riety................... ••• <10 .... 61 51 .--- .. 73 64 --_ .... 73 61 _.... _- 88 66 .. --.... 130 59 --- ..- 132 60 ----- 00 59 Short day. t:1
.. _-- ··is·Extra early tobacco_ ..... Mny 14 ]8 30 40 1U ao 45 18 30 45 18 30 44 .. -....... !,l ~ ....- ----- -..-- ----- {~ -"WoO 32 42 Indeterminate. 

A.lIlbnlemll varlety. __•••• •••do.... 113 1~'9 79 113 132 80 115 132 88 125 13U 57 ....--- 'l ---- ----- ~:l ---- ----- 'l 123 137 68 Do. ~ 
.-

1 Light exposures 0116 hours, 18 hours, and continuolL' light were obtained by the addition of artUlclallight furnished by lour 200-watt Incandesl'ilnt bulbs with reflectors from 
sunset throughout the souson. 

, No tost matle. 

$ 
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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 e..xcess of the full length of day and with continuous 
illumination indicat.es that the time of flowering of Xanthi, the John 
Williams strain of Connecticut Broad1eaf, and Cash are little if at all 
affected even by continuous illumination. They are typical examples 
of the class of plants that have been called indeterminate for tIle rea
son that they flower with equal readiness and freedom uIlder all 
l(,lIgtbs of day from 10 hours to continuous illumination. 

The two strains of Maryland-Collnecticut Broadleaf designatl:'d as 
High Leaf No_ 0-8 and No. 114 show a somewhat different behavior. 
Both exhibit a !!llight tendency toward delnyed flowering in response 
to p£'riods of illumination in excess of the longest days at Washington, 
and to continuous illumination. It llns long bppn known that these 
!!ltrains in the field ha\'e bren characterized by the production of late
flowering plants of high-leaf number. Delayed flowering has been 
more or less consistently correlnted with lligh-leaf number. It is 
obvious that this behavior is not that of the trulv indeterminate 
variety Xanthi. which shows no delay in flowpring iu TPspOllse to long 
light periods. From the fact that hast('lled flowering is a I·esponse to 
shortenpd days, these strains show short-day tendencies. The cul
mination of the short-day tendency in tobacco bas found strong ex
pression in the Maryland ·Mammoth variety, but evpn in this variety 
and the two :Maryland-Connecticut Broa(lleaf strains under discus
sion, factors of the environment other tllan length of day mny hasten 
or delay the time of flowNing. Writh the excpption of the Maryland 
~fammoth tYPt" which is hastenpd into flowering by short days, prac
ticnlly all the Ampricnll commercial varieties of tobacco show an 
indet('rminate behavior. 

It will 1)(' notrd thnt there are fi..wd striking varietal differences in 
f'nrlinf'ss of .flowering, as betwepn Xanthi and Ambalema, and extrpmp 
('hangl\S in kngth of day ha.Y(' not a1t('lwl thrse relntions. These 
striking strain or vuridul diffprC'ne('s have nothing to do with chromo
some lllunbpl", since the somn.tic du-omosomp numbN· of Nicotialla 
tab(l('1t1n is 48, unci 11on(, of the vUl'ietips shows any depnrture from this. 

Diseon\ry of the length-of-day relationships of plants, as estnb
lishpd by Garnpr und Allard,3 was bused lIu'gely upon the delnyed 
flowering behavior of the 1Iaryland Mn.mmoth variety of tobacco, 
now known to be dependent upon length of dll,Y. 

ANNUAL FLOWERING PLANTS 

The plnnts whose behnyior is presented in table] 7 represent a wide 
range of families and include some of the most fnmiliar annual gllrdell 
f1owprs. Two of thesp, Ste·irollcma ciliatum and the willow (Salix 
humilis), nre native wild plants of the ·Washington vicinity, the 
former showing the behavior of a typical10ng-dllY plllnt with a wpll
defined 10w('r limit in its flow£lTing senle, below whieh flowering hilS 
11£,\,pr bepl1 obsprvpd to tllke place in tests carried on for many years. 

'O.\f{l'EII, W. \\'.,IIn11 ·\l.l.,IRO,lI. A. EFn:CT OFTHEIlf.I,ATI\-El.E:<ClTIl OF DA'- A:<D :<IClIlTM'" OTnER 
F"CTOI4~ m' TilE E:<\IR():<I'IEl'T 0:< GItOWTH A:<tl 1t~:1·1I0J)\.'CTIU:< 1:< I·I.A:<T~. Jour. "\gr. Hes. 18: 553-600,
ilIus_ IVW. 
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This plant flpwers in response to 12Yz 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. Somewhere between 12 and 
12}~ hours there appears to be a {!ritical period which favors flower
bud formation as the daily light duration is incrensed. This critical 
limit for flowering seems to be rather sharp, as there hns been no delay 
in flowering with 12}~ hours of daylight. The majority of the culti
vated garden plnnts show an indeterminate behavior, and for this 
reason they are adnpted to gnrden culture throughout n wide range 
of Itttitudes extending from the extreme South to the. far North. 
This beha yiol' is rendily seen on inspection of the results in table 17. 



•••• 

1-3 

TARLE 17.-Behavior of 80me plants of 13 familics in response to length of day c.n 
t.,j 

Effect or daily Jtsht exposure 0(

to:: o
H~ hours ,Full length 

!2l 
10 hours 12 hours 12~ hours 13 hours 13~ hours 14 hours or day tIl 

....Test 
l'lllnts Family begsn Days re Days re- Days re Days re Cl_))ays re.[ IDSYS r~· Days re-IIDays re

quired qulred '"qllir~d quired I quired I quired I qUIred '" qulred I'" ~ 
ror- ~ ror- ~ ror- gj ror- ~ for- S! ror- gj for- ~ for- 1:13 ___ ii .c--] --- .E I·~-I .sf = I .E f f 1__

CI,crnQ.c c:.:.cCQ '" ..
'" ~ :;I.;g ~ 1':1-1!-I~ !f f 

'C o "" ~·!;f"'~I~.;g~~I't:I ~ ! ~I.g ~.ill'"'C _eJ::I_~::I_g::s ~ ~I"~ OJ " Pi" l ~ t::l Pi .... t:l Pi .... trl Pi ~ t:I Pi ~ t:: Pi .... t:: Pi ! ! tj~ == ~ 
1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-.-1-1-1-1-1-1-1-1----- Z 

Aquflcgla canadal.l. L. (wild RsnunculaccM ..• Mar. 27 41 25119 41 28119 (I) ..... 41 361301. ••. 1 (I) ,•••• HI 36130 1••••1 (I) ,•• 41 361301 Short day. 
calum bln~l. " 

A lIauaUizlinlJolla 1,••..•••••• PrlwuJllccac...... MIlY 14 25 30 9 25 3J 9 23 ZJ 9 28 37/11 25 27 7 ZJ 31 11 31 34 11 ZJ 29 10 Ind~termlnste. t>:> 

Carvopttri. Incano (Thunb.) Verbenncclle. •••• Juno 5 26 3813 26 3816 (I) •••• 24 35 16 •••• (I) '" 54 7128J.i •••• (I).. 59 71 28 Short dsy. " 
Mig. 

~ 

Ctntranthu. matrol/phon Valerianllccac.•.. May 14 29 48 5 34 38 3~ 34 38 3J.i 32 46 8 20 34 8 29 38 7 ZJ 35 7 21 35 8 Indetermlnate. ~ Boiss. 
Cleollle .plno.a Jacq. (spider· Cspparldaccao... :May 31 26 3828 ZJ 3528 •••• (I) .... 27 3634 •••• (I) •••• 28 4036 (I) •• 28 3865 Do. ~ tlower).
Clrrarkndron thom.onae Dul· Vcrbcnot'CtlC..... May 24 24 5+0 24 52 J9 28 5218 20 5221 28 52.... 32 b222 28(3822 28 5718 Do. 

rour. 
Cobaea.tanden, CII\·••... _... l'olclllOulaccac_.. !\IllY 26 24 5.146 30 9141 .••• (I) •••• 55 9146 .•.. (I) •••• 60 9260 •••• (I) •• 64 9760 Short day. 
IJilpalien. bal.amina L. (I;ar. lllllsaminsCCM... June 23 20 28 14 20 2818 •••. (I) •••. 20 20)19 20 28/17 .... (.) •••••••• (I).. 30 3821 Indeterminate. ~ den balsam). 
Oenolbera: 

O. 1i1illourl,n';. Stms I OnagrBccac .•••••• 1 May 21 •... , (') 1•.1•...1 (') 1..•.1....1 (') 1.••.1•.••1 (') 1••1.·•• 1 (I) ••••1 221 351 7 1 221 381 91 211 361 71 Long day. I-.j 
o 

(native Wcstand South· 
west). 

O . • peelo.a NUlt. (nati,o •..••do __.••••••••1Apr. 16 I 151 37,•• 131 35, ••• 131 361 5J.i lsi 501101 151 ]01 9 151 371 9 151 401 91 151 411 91 Indetermlnate. g;
West !lnd Southwesl). 

Portulaca urand/Jlora Dook... Portulacacenc ••.. May 11 IO 4 10 10 ~ 
11141" ·llIjlJ.ij•••. j (.) \····j····1 10131····I I3J.i1····1 1°1 1""1 141""1 14[ Do. oSaJIz hum/lia Marsh. (wlllow). SnHcaccae••• _" .. Apr. 10 681 (').. 55 (.) •••• 60 68 22 61 (').. 61 (.) •••• 61 76 •••• •••• (.) •• •••. (I) •• Short day. 

Stallce armetla var. laucheana PJumbaglnaceae •. Apr. 22 30 41 5 24 29 6 30 37 5 26 ZJ 6 26 40 6 25 20 6 37 47 6 25 33 5 Indetermlnate. ~ 
(Bailey) (1'" '1'. TIubbard). 

Sttirontmacillatum (1,.) Rar •• l'rlmulaccae...•.•1Apr. 15 .••. 56165121 87 931241 49 611191481 6525 491 681231 49 681201 Long day.'l'rachvmene caerulta H. Ora. Umbclllrcrue..... May 14 17 38·13 27 4520 28 4616 29 4922 25 45 18 29 4925 30 li:!!!3 17 41 13 Indetermlnate. ~ ('l 1.. 1·.. ·1 (l) I···· ~ 
/111m. ::d 

I'rrbena hvbtlda Dort......... VerbCnBC1lac.",,, !\loy 29 19 34! 6 13 26 7 ••• (I) •••• 28 41 8 •••• (.) •• ,. 27 44 8 •••• <.) .. 20 40 8 Do. 11:' 

Villca 11I1nor L............... Al'Ocynaccae..... June 7 / 18 26 16 18 23 12 

(I) r···· .... (.) 1··1...· (I) ........ (I) ••••••••1(.) 1..118 23,12 Do • 

/ 

I No test made. • Dudsrell. , Learage and stems. 
2 Learage only. • Novcrbudded. 

J 
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SOME MISCELL...\NEOUS ANNUAL AND WOODY PLANTS 

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

The mdeterminate 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 e.""{amples of a woody plant of 
indeterminate flowering behavior is turkscap (Malvaviscus conzatti). 
This plant is a tender shrub suitable for out-of-doors culture only in 
the warm regions of the South, but its readiness to flower in response 
to long as well as to short days would adapt it to the gardens of north
ern latitudes if the -temperature requirements were similar to those of 
the hardy althaea (Hibiscus syriacus). 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 culture must be limited to subtropical regions. Even if 
their wood were hardy, their short-day requirements would hring 
their flowering into the cold days of autumn and early winter, a be
havior very rarely shown even by the hnrdiest northern shrubs, 
witch-hazel (Hamamelis virginiana L.) alo~ )eing characterized by 
this unusual behavior. 

Con'volvulus sepium, a most pernicious native weed, is a typical 
long-day plant, which remains strictly vegetative under lengths of day 
up to 13% hours long. Plants given the full length of day flowered 
more quickly than the 13%-hour plants, showing that the latter had 
not yet 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 largo 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 
favorable temperature and day-length relations to qualify it as a 
troublesome weed, a reputation which it has gained accordingly. 

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

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 a 
suitable chemical fertilizer. The smaller containers consIsted of 14
quart galvanized-iron buckets, one series of which was filled with the 
same soil used in the larger container with no fertilizer added. An
other series was grown in a friable, black, unfertilized nmck. In these 
tests sprouts were taken from the same potato throughout, in order 
to eliminate possible individual variations. 



TABLE IS.-Behavior of some species of plants of 6 families in 1esponse to length of day ~ 
Effoot of daily light exposure 01

t;3 
14).2 hours IFuJI length10 hours 12 hours 12~~ hours 13 hours 13).2 hours 14 hours of day 	 ~ 

Z ..... 
DarB Dars Days Class 

required gj required gj requlredl gj reqUIredI gj req'llred gj required 13 1required gj required I~ ~Plants Family Days Days IDars 	 Days II Days 
for- .c for- .c for- .c for- .g for- .g for- .c for-.c for- .c 

<> <> <>.5-.S-..S --- .E 	 .8 --,--.8 --,--.E C:Ii ~... ~.s ., .E'-If) 	 Cl 
.0 .c "'.c j .l:i ", ~ :c rn Q) 	 '" .c!< ..Q _ 't' 0 _ "'0 o a;'g a; ::I a; ::I 
Eo< ~ 1 
.. 
gj ~ ~ "" "' !< "" I'" -a j -al~ .l!!' "C ~ £I~ i lil~ f) I'" 

~~~~~~ tIl l~ r.. tIl ~ £ ~ ~ ~ tIl ~ ~ tIl ~ ~ tIl ~ ---------1----1--·-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1'---- Z 
Abutilan hUb, Edum Hort_ .. _.. Mnlvaeeao_____ May 29 35 54 12 32 40 1__ 1 471 MI181 Indeterminate.____ ,') _______ (') ___ ____ 58 31 ____ 58 38 ____ 54 31 __ ._ (I (I)(I) __ ____ M 39 ;Long day. 

Iyhocks). ""Althaea rasea (L.) Cay. (hol- _____ do __________ May 10 291 501 III 1 1 1____ 1 (I) 1----1 1 1____ 1____ 1(') 1----1----1 ('l 
1>:0 

I) 99 50 ____ (') _______ (') ---- __ ._ (') ---- ____ (') ---- ---- (') (.) -- ____ (') -- Short day. 
(Lam.) Kurz. 

~Bruophllllum pinna tum Cra>;~ulaceae. __ May 18 	 "" 
Buginvil/ea ~-"U!bra Chc,isy Nyctaginaceao _ May 24 281 451 381 361 571 401 691 88156 001 157160 I 1451 164175 I 1031 1531 501 1431 1571531 1311 157, __ Do. 

( ougainvlllea). ~ 
(I) ,___ ,___ _ (I) 1____ 1____ 1(I) (I) 1. ___ 1____ 1(I) (I) ,__ ,___ _ 751 61 Long day.CheiranthlUl all/onii Dort, Cruclfemo.____ • Apr. 25 ----, (.)

(Dreor's). f'1 
Canflolvulu.,:

C. upium L .. ___________ . 	 (') 1____ 1 441 59140 1____ 1(I) (I) •__ 351 49'45~ Do. i::'Convolvula May 19 tT.I(.) 1---1----1 (') 1---1----1 (I)ceRe.C. tricolor L ______________ I_____ dO ________ _ May 22 (') ___ 110 116 20 ____ (I) (I) 1____ 1 671 711 141 ____ 1(I) __ , 62 671141 Do. '"d 
Euphorbia: 1101116111 !"' 

E. heteraphulla L. (annual EUPharbiaeeae'l May 13 401
12 35 40 10 46 53 11 (I) 1----1.._.1 (I) (I) 1__ 1____ 1(I) 1--1 Short day.331 1 1 1 1____ 1(I)poinsettia). 	 ____ , (I) (I) ,____ ,____ o 

E. 	 marl/lnala l'ursh. _____ do____________do___ _ 27 32 5 33 42 7 ____ (I) 27 32 6 (I) __ 27 30 6 Indeterminate. "':l 
(snow - on - the -moun
tain).

E. pulcherrima Willcl.I _____ dO _________ 1 May 16 	 §321 651471 391 441531 481180166 11071179176 11e21191174 115311931 76111131195191115811971701 Short day. 
HiblScu8&uriacus(L.) (althea) Malvaceac _____ Mar. 27 ____ (') ._ ~ •___ C') ___ 95 11730).2 00 123 473-2 95 126 45).2 103 136 44 106 14452 103 130 44 Long day. o 
Iberi. umbel/ala L., candytuft Cruciferse__ ____ May 14 13 37 12 13 3n 11 17 3711 1:1 30 7 17 41 13 17 30 13 13 30 I) Ic 3012 Indeterminate. Cl 

(Dreer's Rose Cardinal). 

(poinsettia) . 

Ipomoea: 	 r3 
1. balafasL. (swet'tpotato) Convolvulll- May 18 331 501 381 331 571 361 ____ 1(') (I) 1----1---.1 (I) (') ,----,---- (') ,--, ---- (') 1.. 1 Short day. 


,'ar. Southl'rn Queen. eeae. 

I. hederacea Jacq. (Dreer's _____ do_________ May 16 131 291 241 21 381 361 ___ -' (I) 38 60 26156 561 ___-' (I) (') ,-- 621 '75150 Do. ~ 

Imperial). • 131 1
I. purpurfa (L.) Roth. _____ do _________ May 10 131 271 261 191 321 331 191 32129 19 33 42 211 34140 	 251 6111 461 251 721501 251 72, __ Do. 

(Dreer's Doubie Rose 
Malic). 



~..-------~--,-----:"I'-.-.------.-- .~- ,- - ...:.~ ~~ 

I. 'l.ualllocllt L. (Cnm,ss·I···_·dO ___ ._ •. --I.-.dO. _.• 35 44 38 25 25 
\'lnl·). 221 341331191 1 211 3T I 211 3T

OI Xli 3y5 I 21; 36[ 1 1 4TI 1 46n Indowrmtnaw. 
I. ·..to&1I Ker .• __ . _......do. _______ • May 25 7 21 58 U 27 45 \l 3248 11 3750 9 3750 \l 41 tlO 9 4260 9 26 tlO Short day.
I, tricolor Cay. (])wcr's ____ do_. __ .____ MIIY 21 14 32150 14 32 50___ • (I) •• __ 14 3356 ___ (I) 1_ .. 18\ :~g 50 __ •. (I) ._ 2U 38511 Indeterminate. 

Heavenly Blue). 
Kalanchot: 

173 Do.K.laxij/ora Baker._ ___ Icrnssulaccao"'1 !lillY 8 C') ... __ ._ (.) .• _ 113 14032 143 171 a5 147 183 29 __ .. <I) ___ • _., (I) __ 1-17 (0) _. Do. 

Hamot. 


K. tubij/ora (Unrv.) __ ...do ..••___ .. June 10 (I) I'l--I (I) 1-- 173123r 1 173119r 1'---1 (1) 1____ 1173111121 511173120415°1 1 19r1 

Labularia marltillla (L.) Des\·. Cruciferae....._ May 9 (1) •• _. __ (1) _••• __ • (1) ..•• ____ (1) ---..... (1) ----.-- (') 1--..1.._.] (') I" .--- n .. Do. 
(Dreol 's Little Oem or Car
pet or Snow). ~ 

Ul]'lalt'llv;'cu&c(mzaUi Oreenm. I Mnlvnccac ____ .I. .. do_. 291 541 311 :m 631 37 321 63142 I 321 631H I 321 63142 I 371 631 471 371 66!441 501 63:551 Do. "d(turkscup).
Malthioln incana (L.) n. Br. Cruciferse ____ IJuly 12 (I) 1"_1 __ '_1 (I) 1'--'__ '1 (I) 1----1----1 (.) 1__ ..1____ 1(10)1 ____ 1___ 1(I) 1----1----1 (ll 1__ 1 331 41181Long dllY (?).Mirabili.jalapa L... . __ • __ Nyctnglnaccae. May II 26\ 36 9 26 37 13 26 37 19 26 41 15 26 41 21 26 41 19 30 47 27 26 44 12 IndeterminaW. ~ 
Tropaeolu71I1l1aju& L .. _____ __ Cruciferao_..... May 7 31 40 10 31 39 10___ • (I) ____ 31 39 12 35 43 14 44 49 12 32 36 15 35 43 11 Do. Ul 

t<J 

o 
t No test mutlc. • Plants never flowered. I2j 
• Plauts never budded. 1 Plants flowered all summer. 

J I.earllgc only developed. • Rosettes formed. 

• Plants died. • SWm elongatlon only. ~ ...
I Prostrate stems unl)' developed. I' Much swm elongation. 2j 
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TheSouthern Queen was the only variety in these tests that appeared 
to show any response to length of day, and profuse flowering occurred 
only on the lO-hour and 12-hour exposures in all soils and in all 
contamers. Flowering was somewhat delayed and less profuse in 
the smaller containers, however. 

It would appear from these tests that flow~ 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
mg, as has often been held to e.xplain the stubborn and irregular 
flowering of sweetpotatoes wherever grown in the field. The plants in 
the tests described were bedded March 18, pulled 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 produce seed, although flowering 
continued throughout the entire summer. 

AM.,\.RANTHACEAE, AsCLEPLIDACEAE, CARYOPHYLLACEAE, CUCURBITA

CEAE, IRIDACEAE, LILlACEAE, AND SCROPHULARIACEAE 

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

In 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 rootp.d. These are shown in 
figure 25. This habit is identical with that of the tropical house 
plant }viaTica northiana Ker., which flowers in early spring in the 
greenhouse and produces new readily rooting plant units at the summit 
of the flower stems. No other day length 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 (fig. 26). 

CL..-\.SSIFICATION OF SO~IE P1.A.NTS BASED ON EARLY STUDIES 

Only brief mention need be made of the behavior of the plants 
presented in table 20. In the yams (Dioscorea) , arrowhead (Sagit
taria), the potatoes, var. McCormick and Solanum demissum, and the 
groundnut (6'lycine apios) , tuber formation is initiated or greatly 
favored by shortened days of 13 hours or less. In the Medellin bean 
(Phaseolu-s coccineus) , the roots 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 tvpical short-dav plant, flowering only on 
very low light-darkness ratios. • 
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FIGURE 24.-C~lo8ia argentea L., lilliput (Dreer). A plant but little affected 
by ti.xtreme changcs in length of day. The plants flowered as folIows: 10, 12, 
13, and 14 hour, June 18, full day (C), .July 3. Tests began May 22; 
phOl:ographed .June 30. 

FIGURE 2!5.-SlsyrincMlllII gramineum Curtis, blue-eyed-grass showing propagules 
favored only on the 10-hour day at the ends of the flower stems. Controls at 
right (G). The formation of similar propagules is the usual behavior of the 
tropicw\ house plant Marica nortMana Ker. These propagules do not appear 
on the plants experiencing the full length of day in the latitude of Washington, 
because a sufficiently shortened day length docs not intervene before killing 
frost. 'Tests began March 30; photographed September 17. 

FIGURE 26.-Golflphrena globosa L. Globe-amaranth. A plant but little affected 
by length of day. The plants flowered as follows: 10- and 12-hour day, June 
15; 12~-hour day, June 18; 13- and 13*hour day, June 15; 14-hour day, June 
23; 14J,rhollr day, JUIle 17; full day (C), June 14. Tests began May 13; photo
graphed August 22. 



TAIII,E 19.-Brharn'or of some 81Jrcies of 1J/clllls of sel'en families in reS7}0!1.~e to length of day

----------------~:--~--:.-=----------------'-----=--~-=------:-----


EtTect o( dally lIght exposure 0( ~ 
--10 hours 121t011rs 12!~ hours 13 hours 13}-<,i hours I J4 hou~ 14~ hours }'~1 ~~:th ..., 

t::l 
Days Dnrs ])11)'5 Days DIlYs Duys Days naYS I 

Plnnts Family 'I'cst r"'lulred l!I reqlllrL>d ID required l!I required l!I rll<lulrcd l!I re<luired l!I required l!I required l!I Class ~ beg/lll lor- .c (ur-.c lor- .c (or-.:: lor- .c lor- .c lor- .c (or- .c 
--- g g--- ~ g---l:;--,-l:;---g--- l:; ~ ..... 

~: ~: ~:; ~~ ~- t~- r!J t'.!:... 
!: ~ 'fl, ~ ~-§.U) ~ ~!l ~"fltn ~.gtr. ~§~ ~~tn; ~ ~ :5.2'~ E ,g'a'g.E cg 5 .E-a1'g .s-a'g .2'~ 5 ,.9'iiE.2 ~ 
~ "" ~ I=l ""~I=l "" ~ I=l ",,::~ ""=~ ,,"=I=l ,,"=I=l ",,:: 

Ama'onlhll8 SJl. (J)rct'r -----r--------------------------Bun

rise}•••••••••••••••••••••••• _ Alllurnnlhucelle_. June 51 __ 17 10 _ (') 26 (') 19 (.) 36 Ind~!crmlnato, 
 i
AnthirrhiTIU711: tj

A. lIIaJu& I,. (Drcer ])wllr( 
Golden Quec.!) •• _. __•___ • Scruphulllrluccoc Mny 31 28 45 '16 24 35 12 .. (.) 20 33,14 (.) 20 35 16. _ <.) 20 33 13 Do. ~ 

A. "'"}Il,' J,. (Dreer Olllnt 1
('rimson King)._____..__• _. ,10 .. __ .••• do 28 31 IfI 19 :12/'15 (.) 20 35.20 (.) 20 3520 -•• (.) 18 35 18 Do.1 """ ~A.parauu& oJ]icinalis J,. (nspllr· I I

8gUS) ___• __ ._.___••___•••____• Lllllleelle......... Muy 9 105 11331 105 11426 105 112 31 UO 12027 100 11832 104 110 32 lJ4 12140 100 110 31 Do. 
 ~ 

Q~ I 
-'> 

O. argwlea J,. (Drcer iii· !:iII Jlut) ... ,._•••••.••_...... AmorullthllccU/! MIlY 22 27 12~1 27'12 ('). 27112 (.) 27 12 (.) 42 17 Do. 
O.cri8lala I,. (Dn,er) __ •. _do ... Jllny14 1 7 _.. 4 ___ 4 8 8 15 22 19 Do. fIlDianthu.: 
D. bar/JIIltt. L. (Dn'er

JI!ldget slngle). __•••••_. C'nryophyllllcc/U' MIlY 26 (') (I). (.) (I) - (I) . - (I). (I).. (I) -, (,I) ~ D.chinen8i&L. (DrcH) ._do_ _ MIlY 10 32 40 II 13 2810 II 19 5~1 211 3U 14 28 3914 12 28 7 15 35 0 II 25 6 Indeterminate. 
D.pittlllariu.J,. (Dreer) .,. __ do _.. June 5 52 63118 57 00 16 04 7418 . (.) I .. (0) 43 04 15 38 4714 41 00 16 Do. 

GodetiagrandijloraI.illdL ..... Alllaranthaecae._ MIlY 16 32 (') _ .. 19 (I) __ ••.• (.) .••• 19 :m,l.i (I). 19 4012_. <'l 16 01 7I,ongdny. ~ 
G011lphrtnau/obo6aL .. __ . ____ ... do ___ .. _ •• _ May 11 21338 213310 213611 2"J 3218 213.111 21411521351218 321OHlndetermlnatc. oLagenaria ~uca'nlha (Dueh.) 1 t.jHusby (Arrlcan pipe gourd). Cueurbitncene __ _ May 27 4 18 27 4 1821 .•_ (Il ... 4 22 21 .•. ('l _ .. _ (.) (').. 4 22 18 Do. 
Mor18odica: :>:AI. bat.a11lina L. (bnlsnm· c;l1aPJlle) __•.__~ ••----.----- ____ do ............ MIlY 10 13 36 18 13 27,20 _." (2) •• _••••. (2) .: L. (I) _•••.• (.) (.) _. 40 34 35 Do. 


1
j\[. charanlia L. (1)111511111' i:S 
peur) __ •__...............__ ....do_ ............do ___ • 13 2738 13 26,28 •••. (.) ......__ (2l • ___ (.) •. _••. (I) .' -., (.).. 15 27 18 Do. 

Morton No. 2510 (Oaxaen, I
Mexleo) ••___•__..___ ._... _••• Asclcpludaecoo... June 4 34 5200 23 44 50 •• __ (2) .. _. 41 62 00 ..._ ('l _, 49 77,00 '" (I) .. 36 71 60 Short dny. ~ Morton No. 2560 (Ollxacn, 1 1Mexlco).________ •___ .... _........do __ •___ •••••••• do ..... __ •• (l) •••• 42 6960._•• (.) .... 25 50 50, •.•. (.) • 25 510G _ (.) .. 36 70 60 Indeterminate. C1 

Sburinchiurn grami1leu1ll ('urtis 1
(bluc-eycd.grass;nllti'·,,) ___ ._ Irldnccae __••••. Mllr.30 ..•. 43 8 44 5 •... (.) , __ •••• 49.13,_ .. _ <.) .' -.. , 51

I
& 1<.) .. 63 10 1)0. ~ 

l'uccafiia1llelllo&aI,,. . ___ IAllnce",' _.. _ Apr,28 __ •• (I) •.,. (I) 1...... (Il ••_. ('l j I' ••.• ('l ' .... __ (Il_ ... ('l.. (Il .• , Do• 

• Plants in bud when the tests were begun; nil produced very showy crimson leafage. • Slem clonvation; no !lowers . 
, No test mude. • Stom growth only. 

J'llInts in bud when t,'sts began; nll!loweretl throughout ali Ute tests; nil very showy. I Never nowercd. 
, Leafage only. • Never budded. 
I 
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TABLE 20.-Behavior of some planlti rcprcllelltillg various families of tILe classea 

.lfoflOcotyicdoTiae and DicolyledorlUe to length of dall' 

CLASS l\ION0001'YLEDONAE 

Flowerlnll behavior tIS tho <lnrs nr~ II shortened hlliow l'OUtluuous i1iuUli. ('Inss 
UlitiOU ,

---'----,... ---.'t"-------
Dio6CQTta:! 

D. dlm,itllill Bh\ll('o (tlu·' Dloscoroll(,~lle.
nruu()u·\'III~I). I 

, 
/)• . alala L. (\'dlbl(, yam. i lltl. 

1'. I. ·10801 lind 47()!11l. " 
(;/111/101118 glllldartllol., Vlln, rrldUI'C/U) 

HOIIUc. I 
lrl., /lO,.IIt//,1I L. (,'urly Iris): do 

i 
SI/9lt/urlu ll/Ii/uliu \\'1:1<1. i "IISII"'l~'lIe 
(Hrrowh~a" I. I 

Xl'fJ 11ltlU., 1.4. (Pt.'ru\'inn ('Urn j 

\,lIrt.'~)'l. I (1 r~U1~:~Il'_'___.~~:~~I:'g h'~t~.uc~~: shorh'ned duYs L_:O_'___ 
• 

;;:.:::;~:~;b;;;,,~O;.<: ;I'lg. 4\'lIflrnll~;::::-'l ;::r;~g IItU~ ul;~:':O~i-'bY Il'ngth or 
wl~,d). 

Co/anurlion oel/ltllil//ll 0 ..1' ('oll\'oil-ullU.'Cne 
lIouS<l (Ulool1\'hw)., 

eit/lllli/, p,,,,ll;ulula Thullh.' HlmUlcllh",,,,",, 
(l'IcntlltiSJ. I 

Doliehw 61}lo'1I8 L. lkulthl I.~gllllllll(lsnl' 
hl'lIn). 

Dracuttphalr,," rlrQ/n/culII: 1.lIhlulcll(' 
(L,) Britton (fnlsl'·drnKI.II\· 
hrlld). 

Glvcln" aplo. L. (groulldllllt: : 1.,·gumlnoslIl' 
nlltll'e). 

IIIbI6CU": 
I I. 1I106Chtlllo.., r,. (wild ' (10 

Ulullo\\'; nntln-), , 

Il...Iit/ar/tla L, (roSl'II,') ; do 


----~".... l-----~,..-

I 
A"rlal tubers fOrtlll'd by short <lIlYS of IShor. t dny (7).

13 huurs or less; most nbundllutly

fOrtnc,1 on 10- nud II·hour dllY. 


Euormous lncro.1Sll iu tuber SilO 011 .1)0. 

shortened dllYs. 


~'Iow'!rlnc iulllbltl>d lx'iow U .l2·hour LonK duy. 

dIll'. 


HMt.,ncd Into curly /Io\\'crll1l: III Will' Do. 

tcr by udllltion of wCllk light Irom 

sunst.'t. 

~'low('rllIJ: InlUlltcl1 Ilnll tull,'r lormll' Short dny.

tlon hllstencd by Hhurtcl",d dill'S. 


IIl1ptllitll6 b/I/o,.a \\"olt. (nil' 1 nnlsllmitllll'ClIC Flowering hllstent>d hy shorl,'ued (h.ys. 
tI\'~ J(·welwecdl. I I 

,\{,IIlTaIlJUU l.phwperrnuIII: ~crol'hlllurlnl"1IC I~'low"''I'd wllh ~qUlu rClldlrw,,-, ulI,l,'r 
IIRlley (lopseed). i 

Phrutalu3 (VCdllt:r(3 fH (~f('-I Lt.lgl1mlno:uw 
'1"lIllI h"nn IrOIll South 

""",rlen, f. p. I. No. 4t1H5) 


PO/Vuo/llw. fH'nll.vl''anlcum I 1'()ly~ollnwlI~ 
L, (slllllrt\\'ccd; nnti\'~). , 

Rhu]Jhall1l8 sallruo I,. (mdlshljllrtlSslc""""Q 

Ill/Ina: 
Il, abu •. llllie!'8 Jl1e'l j l'oIYR'"It1Cl!1I0, 

R, actlo.tlla [" (sorrrl) do 

I ..~olanl1m: 
S. dt11lf~''''111 Lhull f S('iannCVfU! 

I 
S. tllbera811m L. (MeCor· : •• do. 


m!ck mrlctYJ. 'I 

Sp/lla«a ol"awl [,. (splnll('il, (,lwnopodluCt'ao
~a\'oy varlt!ty). ! 

l'/oM: 

('. fimbrlatula J •. F:. Simlth VIOltlc"II\' 


dllY. 
FI()w~rll<l with equlIl rORdhwS>! ulltl~r 

long IIl1d sh~rt dnys.
Flowl'rcd with dll)' I~ngths above 10 

hours.! IJ'L'lcn~d lind profuse t1owcrhll; below 
1:1 hours. 

f No lIowcrlng on short dnys of JIl hoursI 
Flowered On long dnys; tuber lomm· 

tlon fll,'ured by shortt,r dllYs. 

Sihort dnys Inhibit Dowering 

Flow,'rlnR J;r~nU)' hllste,,,,d hy short 
dll)'s; pllln"" did not !lower In reo 
slJonSl\ to full dll)' IIntii Novlltuhcr. 

1111 1"II~ths 01 dllY IWIII 10 hours to 
fulldl\Y, 

1,'loln'red h"st on short dill'S, whh II 
rl\lIl1lrk"ble cnlarJ.!,ctnl1nt of t.he. rollt.S 
Into tu~rs In 10 hours. 

~'hJWl'n'd undcr short nnd long dill'S, 
bUL !lQwcrln~ lu~(oned with Incrc,~o 
III Il'ngth 01 day.

F'!<,wl'rlm: hIL<t,'ned by 10llg dnys;
hYJ1ocotyl clllnrgcuwut by short 
dill'S. 

~'Iowertng InlUntcd by a dill' length
1ll'lo\\' 12 hours. 

F'I{)wercd on long dill'S; undergroulld 
stems enomlously utWt-lopcd uudt.'r 
short dill'S • 

I"loII'I'rlng fI1l'0n.'d b~'I()ng duys; luh,'r 
lormution hy short <inys. 

Short dllYs lavored tuber formlltluu. 

rlOlVl'rlng 11I1!lntl~1 Imd 11IL~tun"d Ity
long <inys. 

Flowerl',1 under 1111 lengths 01 cit.)', hut 
short dill'S 01 to to 12 hours stifl1nllltu 
tho fortlltltinn of bluo. Jlctnlilurous 
flowers 01 spring; long dill'S tuplllCtJd 
t1It'~" with rlclstoglllUlc UOW('rs.

Behn,'lor similar to V.fimhrill/llia . •••• 

[ndl!terlllinuto. 

Do. 

).I1I.gdIlY· 

Sh(lrt dill'. 

Do. 

Do. 

Short dllY. 

Do, 

Ju,l,'tl'rllllnnto. 

~llIlrt tin)'. 

1.01l~ llny. 

Do. 

Short dny. 

I,ollg duy. 

Do. 
Long dny (7), 

llo. 

Short !lilY. 

.Do. 

['['hese I11nnl.1 1I'l'n' 8twllcd shortly ulh~r the dlscowry 01 length of dn)"L~ 11 flletor In pllln( I)()hnvlnr, when 
1:1l'ilitlcs wcro not uvullable Illr II grndulltcd series 01 trs"" Im'olvlng smull chnnges III tho daily light period. 

http:fnlsl'�drnKI.II
http:h'~t~.uc


60 TEOHNICAL BULLETIN 727, U. S. DEPT. OF AGRIOULTURE 

The violets (Vwla fi:mbriatula and V. papilionacea) are, in a sense, 
indeterminate in their flowering habits, but the completeness of the 
flower itself depends upon the length of day experienced, a beha.vior 
comparable to that of the hogpeanut. On long days favorable to 
increased 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 IS 

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 dv.ys. These 
contrasted differentiations of flower structure simply represent tend
encies toward and away from extreme vegetative expression. The 
greatest reduction in the form and showiness of the blossoms prevails 
when the vegettttive forces have reached their maximum dominance. J 

In view of these facts they are classified as of short-day habit. 

APPLICATION OF RESULTS O:F KNOWLEDGE OF THE 

LENGTH·OF.DAY REQUIREMENTS OF PLANTS 


Man has long had plant life under observation and for ages has suc
cessfully cultivated plants for his needs. Wherever he has gone he 
has carried his plants with him and has made a 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 e:\.-perimentation are back of the culture of every plant. Today 
the great crops with their myriads of varieties 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 len~th of season between frosts. 
Length of day is now known to be an lmportant requirement also, 
but this ,.. as not definitely recognized until within comparatively 
recen t 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 tIlls 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 mann£'r in which this factor operates can be illustrated by the 
poinset.tia. Its day-length requirements are rather rigidly fi:"ed, with 
a critical point near 12 to 12}~ hours required for flowering and for 
thJ bract coloration which gives it value as an ornamental. It is a 
native of the American Tropics and thrives out of doors in tropical 
and subtropical regions. Even in the vicinity of Washington, D. C., 
it flowers and colors only during the shortest days of the wintertime, J 
for a seasonal swing toward longer days in June of only one-half hour 
is sufficient to carry the poinsettia 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 grown 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 coloration, is experienced simultaneously over all the 
earth around September 21, and this date is close to the occurrence 
of frost in most northern latitudes. This situation, of course, can be 
changed by artificial regulation of the seasonal length of day. 

The Klondyke cosmos (Oosmos sulphureu8 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 to 13% hours, and for that reason they could not flower at 
all in nortlH'rn latitudes before fro$t, even in the vicinity or Washing
ton. They wero adapted ouly to garden culture southward, and they 
fouud a. plueo in the gardens of eastern South Carolina and farther 
south, where the short!'r midsummer days initiated oarlier flowering 
and tho season of autumnal frost was postponed. Tho senior writer, 
some years ago, while on a visit in central Massachusetts, saw much 
of this cosmos growing in tho local gurdens. In late ScptembCl· it had 
attain('d a huge stature, but showed no indications of flowering. This 
strikingly illustrates what an unsuitable duy length docs to the plant 
when it is carried far awuy from its native homo of relatively short 
J\[exican duys, and demonstrates the futility of the culture of such late 
strains in the northern latitude. 

Within recent years the gardener by selectionllas found and isolated 
earlier strains of the Klondyke cosmos, which aro offered to the trade 
under the nnmes Early Orange Flare, Early Golden, and the like. 
TIH'se strains are early flowering because they have a higher critical 
day length for flowermg, whieh enables them to flower early in the 
summer ut "Washington, D. C., and to be grown much farLher north. 
This is a nice illustration of a plant valuable in garden culture far 
north of ~rexico that has been developed within comparatively recent 
yenrs, the usefuln('ss of the plnn t depending upon the fact· that selection, 
though perhaps not consciously deternlined by a knowledge of the 
action of day lengt,h, hus been actually concerned with response to this 
fnetor·. 

In the tests at Washington, many stonecrops have refused to flower 
undC'r the natural l('ngth of day, most striking among these being a 
species of high Old World latitudes (Sedum telephium), which requires 
a long photoperiod. This plant has often been grown south of New 
England, but has not flowered because its critical length of day for 
flowering is higher than the longest days of lower latitudes. It flowers 
in northern Now England where a length of day long enough to 
initiate flowering is encountered. 

:Mod('rn agriculture hus seen 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 wid(', oftentimes 
with failures that now are traceable in many instances to maladjust
men ts to fa ,"omble lmgths of day during the growing season. A bett('r 
knowl('dge of the day-length l'eq uiremen t of some of these plan ts would 
have $hown that certain of them could succepd only in the North, 
wh('r('as others rec\uir('d lower latitudes. The vnriolls pC'rillas, whose 
s('ed contains a ya uable drying oil, al'e of int(,I"l'st in this connecti.on. 
A nmub('r of Old 'World strains of P. frutescens and the variety nan

http:connecti.on
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kinensis have been grown at the suggestion of the Division of Drug and 
Related Plants, with a view to determining their day-length require
ments. The species as a 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 slmv and 
delayed flowering. It 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 
plants and higlwst yIelds of seeds before frost. How reduction of day 
length affects flowering and stature was shown in table 14. 

Chin. (Sai'lna Aispanica) and Guizotia ubyssinica, likewise valuable 
oil-bearing plants, which were also grown under the direction of the 
Division of Drug and Related Plnnts, ha,e 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 Lalla
mantia iberica would verhaps ~ive larger plants and yields of seed if 
grown north of this latltude. 

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 all 
l('ngths 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 category 
include the tomato, pepper, tobacco, and many others. 

The long-day and short-day plants offer greater opportunities for 
intelligent selection, as their da,y-length requirements are often rather 
narrow. ~fany plants of both groups may show a critical limit for 
flowering around 13 or 14 hours, the long day hav--ing their critical 
day length 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 tinle of flowering is likely to come into 
expression only around the critic/ll flowering point. For tha.t reason 
selection CilIUlot be made when the plants a,re grm....n 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 ampfitmie 
of variation, where only sinlUltaneous flowering would be seen else
wh('re. 

Many directly practical results helpful to florists find agriculturists 
throughout the world have followed the recognition of the length-of
day b'ehayior of various plants. ~ 

Chrysanthemum growers have forced their crops into earlier flower j 

ing by the use of blitck cloth to exclude light in such a Wily each dilY 
as to shorten the natural daylight period at a time when this is aboy'e 
the critical limit for flowering. 

Electric light has been used to supplement the shortened days for 

the China-oster (Culh'stephus) , thus forcing the plants into ('arlier 

and more vigorous flowering, the response under such conditions 

being that of a 10ng-da,y plant, whereas the chrysilnthemum is a 
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short-day type. It would appear, also, that Calceola1'ia hybrida, 
Gaillardia lorenziana, Salpiglossis, and Schizanthus are thus forced 
by increasing the daily light periods by weak artificinllight. 

In the Netherlands the ordinary neon light used so extensively in 
sign advertising nt 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 tlle 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 Australinn wheats became 
too early in the lntitucles of England and, conversely, the English 
whents were unsuited to Australian conditions of day length. They 
havc also learned that English onions bulbing in response to very long 
dnys fnil to produce good bulbs when grown in the newer Mricnn 
colonies, cv('n though attention has been given to the proper altitudes 
to secure favorable seasonal temperatures. On the other hand, the 
Puerto Rican and Bermuda onions grow and bulb well under these 
African conditions, because they represent strains and varieties stimu
lll.ted to good bulbing by l'dn,tlvely short days as compared with the 
very long days of the English summer. 

It is known in Europe that the heading of lettuce has specific 
length-of-dn,y requirements, depending upon the strain or variety. 
Sharp differences have been found to exist among the various types, 
as shown by Danish illvestigntors. Some head best under long da,ys, 
others under shorter days, and these requirenU'nts must be understood 
and giV(,ll th('ir full expression by suitable lengths of day to secure the 
best and most prnctical results with the crop. Bolting or flowering 
may superv('nc if too long doys nre exp('rienc('d, und, if the days arc 
kept too short, h('adillg may be poor. It would thus seem important 
to kn(lw the optimum range of length of day of each variety so far as 
h('adillg and other growth e)"-pressions are concerned. 

'l'ht're is another phase of the It'ugth-of-day problem thnt has been 
utiJizt'd by breeders and geneticists. In the past, certain plants 
that llU1Y have bern diff('l"rllt strnins, varieties, or species, have been 
charnctprized by widely separated flowering seasons because their day
kngth requil'ements differed grently. An understanding of these dis
crepancies and their bnsic causes, as associatrd with a particular len~th 
of day, has enabled the breeder to synchronize the hme of flowermg 
that otherwise could nothave been eft'ected, and, as a result, convenient 
pollinn,tjons and ~('netie studies were made possible. 

An understandmg of the length-of-day demands of plnnts has also 
enabled the breeder or geneticist to obtnin ndditional generations of 
plant.s in a given year in some instances. This has come about by 
subjecting them to lengths of day above or below the critical limit for 
optlll1um flow('ring, depending upon whether their requirements were 
for lon~ days or for short days. Before this principle was well under
stood, It was necessary to await the proper s('asonall('ugth of day in 
some instances, so that only one generation a year could be secured. 

With these facts in mind, the len{l:th-of-day fnetor becomes nn im
portnnt oue in thc commercial growmg of crops in and out of season, 
111 various aspects of plant 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 differences betweenlong-day, 
short-day, nnd indetenninate or dny-neutral plants .in their varied 
day-length responses. 

The dnyli~ht exposures ranged from the shortest period of 10 
hours~ with mcreases by steps of one-half hour (beginning with 12 
hours) up to the full length of day having a ma.....rnnum of about 15 
hours from sunrise to sunset in the latitude of Washin~ton, D. c. 
For photoperiods of 16 and 18 hours and continuous illumination 
daylight was supplemented with low intensity illumination from 
tungsten filament lamps. To obtain light e)..--posures shorter than 
the full day, the plants were transferred each day to ventilated dark 

)houses for appropriate periods. 
The stmhes have centered mainly on effect of the photoperiod on 

flowering and the height attained by the plants, though limited 
observations also were made on various other types and phases of 
photoperiodic response. The results have been presented chiefly 
III tabular form. As far as possible the plants have been classed, on 
the basis of response with respect to flowering, 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 indeternlinate group. 

Those plants in which flowering is initiated under a given. usually 
relatively short, day length and appropriate increase in the day length 
suppresses flowering or causes it to be delayed or less profuse, have 
been classrd as short day. 

Plants in which flowermg is initiated by exposure to a given, usually 
rE.'latively long, day length and in which appropriate decrease in day 
length suppressrs flowering or causes it to be delayed or less profuse 
ha\'e been classed as long aay. 

In a fourth group of plants, flow~ring is initiated by a zone or band 
of day lengths of median duration but is inhibited by day lengths 
ritller above or below this zone. This group, showing characteristics 
of both long-day and short-day plants, perhaps may be designated as 
intermediates. There are few representatives of this group. 

In both the long-day and short-day groups there is wide variation 
in sensitiycness to the day-length factor. Many plants fall within 
a narrow band of critical day lengths, the long day tending to flower 
only under photo periods in eXCESS of this band and the short day 
only under photoperiods below it. On the other hand, progressive 
increase in duration of the photoperiod delays or reduces flowering 
but does not suppress it in certain plants, whereas change of photo Aperiod in the reverse direction simiJ'lrly affects still other plants. 
These two less-sensitive ~roups have been included in the more typical 
long-day and short-clny Classes, respectively. 

A knowledge of the photoperiodic responses of plant species and 
varieties materially simplifies the problem of their succ(,ssful intro
duction into new regions. 
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