|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




5 flzg 23
S 122

&

2 fl22

5

" Ir\ll22

3 s 122

s
= I e

Dl
et

NL,, lllll-

= IMN

MICROCOPY RESOLUTIOM TEST CHARI MICRQCOPY RESOLUIION TEST CHART
GARGNAL BURLALL OF SLANDARD:. 1%+ A NATIONAL BUREAU DF SPARLARIE. Jon: &



http:111111.25
http:111111.25

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.

RESPONSES OF STRAWBERRY VARIETIES
AND SPECIES TO DURATION OF THE
DAILY LIGHT PERIOD'

By Georce M. Danrzow, senior pomologist, and Georee F. WaLpo, assislani
pomologist, Diviston of Fruit and Vegelable Crops and Diseases, Bureau of
Plant Indusiry
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INTRODUCTION

Results of surveys of the varieties of strawberries grown in the
United States have been published us a bulletin of the United States
Department of Agriculture (7).2 In this bulletin ars maps showing
definite regions where different varieties succeed. The Missionary
is the only variety grown in Flarida; until recently Klondike and
Missionary have been the only two commereial soris grown in most
of the Southern States from Virginia west to southern California;
Marshall, Ettersburg 121, and Clark are the three principal sorts

- raised In the Pacific Northwest; Aroma is raised i the central
Mississippt Valley; Howard 17 (Prewmier) throughout the area imme-
diately to the north and in the Northeast, and Dunlap in the most

-northern regions. Nearly all European varieties tested thus far
"grog feebly at the United States Plant Introduction Garden, Glenn

- B, Md., néar-Washington, showing none of the valuable charac-

B Sistics that make them worth growing in different regions of Europe.

Why the varieties succeeded in such definite arens was not evident,

yeb an understanding of the reasons is important to an evaluation of
new varieties and in breeding such for any particular region.

1 Avkpowledginent §s due to Iurh Sherwood, who assisted in making many of the mensuretments for
1831 and 1932; E. II. ITuack, of the Contral Cullfornin Berry Qrowees Association, who has kindly furnished
data on berry shipinents fram which tha graphs in Mgure 12 were mude; B, A Allecd, of the Division
of Tobaceo end Plant Nulrition, who hes eiven helpful adviee and extended the use of his day-length
facilitics; and Quy E. Yerkes, Division of Frult and Vegetable Crops and Diseases, who wmade mony

helpful suggestions. i
? Italie numbers in parentheses refer ta Literature Citad, p. 3L

THIP—1—1
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Studies of the species of strawherries from which cultivated sorts
are derived also showed regionnl adaptations. Fragarie virginiana
Duct. has » wide adaptation, being native to eastern North Amerien
(rom Fludson Bay to northemn Georgin. F. chileensis Duchi., how-
ever, has o restricted adaptation, being native to the beaches of the
Pacific coast [rom Alaske to central Calilornia and southern Chile.
Tt is also found on mountain tops in the Hawnalian Tslands. A sclec-
tion of this is grown ab high elevations (nearly 10,000 fect) in Weundor
near the Bquator, while hybrids of F. chiloensis with cultivated
varioties are raised in Alaskn. F. ehiloensis planted in Maryland
soon dies out.  The selection of this speecies grown near the Equator
in Ecuador, where the temperature is rarely hugher than 65° or 70° .
and seldom lower than 35°, fruits continuously throughout the year,
but in Peru it fruits through November, December, and January,
and in Chile in December and January., In Maryland is has a
[ruiting season of about 2 weeks in June,

The dady light pericds of regions where strawberries are grown
range from continucu. daylight for 6 weeks In summer in central
Alaska to 16 or 17 hours of daylight in June in the Northern States,
to 12 hours at the Equutor, and 10} to 11 hours in Florids in winter.

The experiments reported herein were conducted both in the field
and in the greenhouse and were planned to give an understancding of
the responses made by dilferent species and varietics of strawberry to
light conditions in the various berry regions of the United States. It
is recognized thab temperature factors are probably equally inportant
in their effects on the strawberry. It was not possibie to give plants
daily Hght exposures in intensity and quality in the greenhouse whieh
duplicate ficld conditions. However, in some respects the experiments
have shown that greenhouse tests can be made which may be even
more informing concerning the responses of different varietics than
field {ests would be.

Other experiments, carrred on ab the same timo as were those
reported herein, have shown that the optimum temperabure for straw-
berry leal growth was between 68° and 79° ¥, averaging about 73°
#). The production of runners by different varietics was lound to be
characteristic, the Moward 17 proeducing none in Maryland from
axillary buds ol leaves appearing after August 19 (4). The starting
of fruit-bud formation was found to occur in Howard 17 sand some
other varieties in Maryland {72), and in the Marshall in the Pacific
Northwest (6) by September 1, and in Ettersburg 121 on October 15
in Maryland and early in November in the Northwest., Fruit-bud
development does not begin in spring-bearing varieties until the
daily light period becomes .relatively sheort in the fall (8). From
North Carolina southward the days are sufliciently short mn spring
when growth starts so that fruit-bud formation m some varicties
can continue into May and June, after which it is stopped by hot
wenther {8) The fall and ewrly winter-formed fruit buds of the
leading varieties in the South develop into basal-branching clusters
and thelater-formedfruitbudsinto high-branching ¢l lzsters,eagh varicty
having characteristic cluster types (2, reveed.; 8, 8). In the districts
of Californin just south of Sun Franciseo where the summers are
cool and day length approximntes that of the Carolinas, fruit-bud
formation may continue throughout the smmmer in varieties b
produce & single crop cisewhere {16). Each variety has a charag-
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teristic response to length of daily light period and to temperature;
modernte temperatures and light and dark periods of about equal
length heing most favorable for growth and (ruit-bud production in
some varieties, but shorter light periods more favorable to other
sorts (7, 9). Drought may stop fruit-bud lormation in certain
variegties (7/5), though under some conditions it is known to initinte
limited fruit-bud formation, and the drying up of strawberry heds
(2) is even used to o slight extent by growers for this purpose.  Short
daily light periods in full are a cause of the rest period in straw-
berries (10).

SHORTENING THE DAILY LIGHT PERIOD IN SUMMER
EARLY EXPERIMENTS, 193-27

I midwinter of 1923 boxes and flowerpots were placed over straw-
berry plants in the field in such a manner as to exclude light but allow
ventilation. On May 8, when normal plants were in full bloom, those
in the dark had also come to the llowering state.  Although the type
of growth produced was typieal of etiolated plants, the test showed
that light was not essential lo growth alter the rest period was hroken
by exposure to low temperaiures. The leaf petioles were greatly
clongated, being several times the length of those in the open; the
leaflets wore very small; the flowers were fow, the sepals poorly de-
veloped, the petals almost wanting, and the stamens entirvely lacking.
The pistils were better developed than other floral pa its, but they were
very small.  In the absence of light, stored lood materials apparently
were sullicient for little, if any, cell division, but conditions were
satisTnctory for cell enlargement.

Throughout the summers of 1923, 1924, and 1925, boxes (12 by 18
inches by 6 feet), painted white on the outside with ventilators
adjusted to exclude light, were placed over plants of Missionary,
Dunlap, Howard 17, Klondilke, Progressive (an everbearing sort), and
Portra in the field about 4:30 p.m. and left until 7:30 a.m., giving an
8}- to 9-hour period of daylight. Under these shortened periods of
light exposure, vegetative growth was reduced and s small number of
fruit buds formed eucl year on tho Missionary and more rarely on
sume other sorts.

In 1926, Howard 17, Missionary, and Dunlap were grown in flats
and placed under 8-, 10-, and 12-hour daylight periods from July 16
to Scptember 4. No ovidence of fruit-bud formation due to the
shorter daylight periods for this limited time was found.

In 1927, the Howard 17, Missionary, Dunlap, and Progressive wero
placed under 10- and 12-hour and norma!l daily light periods from May
until the end of October. Under the 10-hour period the Howard 17,
Missionary, and Dunlap blossomed by the end of July, while Pro-
gressive, the everbearing sort, produced no blossoms. Under the
12-hour and normal light periods no (lowers were produced except by
Progressive, which blossomed freely throughout the summer. Undes
the 10-hour day, Howard 17 produced no flowers after July 28, while
Missionary and Dunlap did.  Under the 12-hour day by October 26
Howard 17, Missionary, and Dunlap had all produced some tlower
clusters. These lests indicate that except for everbearing sorts the
varieties worked with will form fruit buds only to a limited degree, if
at all, under short daylicht periods at high summer temperatures.
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Apparently both length of light exposure and temperature are factors
in Inducing fruit-bud initiation in these varieties.

Tests for these first 5 years showed that the everbearing varieties
tested form fruit buds and grow freely under the long days of mid-
summer but do not differentiate fruit buds in daily light periods at
summar temperatures of much less than 12 hours. In contrast the
spring-fruiting varieties form fruit buds in the normal short days of
fall and likewise (though sparingly) under artificially shortened days
at high temperatures in midsummer.

EXPERIMENTS IN 1928 AND 1524

In the summers of 1928 and 1929 five plants each of Progressive,
Rockhill, Pearl, Howard 17, Missionary, Dunlap, Fairfax, a veriety
from Mexico, and one from Alaske were grown in pails with the
Allard equipment under 10-hour, 12-hour, and normal daylight
periods from April to October, and detailed records were taken on
their runner, leaf, flower cluster, and flower production. The aver-
ages per plan’ for all varieties, and detailed records for Missionary, &
southerr sort, Howard 17, a northern sort, and Progressive, an ever-
bearing sort, nre given in table 1. For the Mexican variety the
number of flower clusters in the spring of 1929 was 9.3, 17.0, and 2.2
for the 10-hour, 12-hour, and normal daylizht exposures, respectively.

Tasre L.—Strawberry growth records por plant for the summers of 1928 and 1989
under three daily lighi periods, and flower production per plant in the spring of
1830 on the same planis

Hunmrs Lenves leof aren, 1028
Fi?war Filow-
b ; clus- ers,
Vurtety ned light peried oet. 6, |oet. 21, ' tors, | speing,
1628 1030 IR oy July 181 Aug. 171 Oct. 81 1629 1930
Missionary: Number|Muwber| Number|Nuaber) S in | Sie ins | Sq. in, | Number| Number
B 115 T4 TT] 4.0 154 2L we v 43 i 8i i.4 70.8
12-hour. .- - 18, & a g 0.2 454 3 T 14D 8 53.6
Normal_ocee ool 4 30,4 &2 4.0 105 168 132 i) 21.2
Howard i7:
1G-hour. .- A g 35.0 2.6 3% 55 25 0 37.0
-hofr. . 1.3 6.8 50,2 Fi%:] 83 109 £ .0 21.8
Normgi.. - 6.6 8.8 1.6 1L 5 ig 148 148 N 2i.2
Pragressive:
16-hodr. ... .B 3.8 108 a4 a3 48 74 5.4 5.2
12-hour_. . 6.0 12,2 25.8 .8 14 §2 182 4.2 G2,
O e caac s vrmm s 20 4 B A 1O 22 ni 40.0 4.8
Avernye, 8 varintles:
18-hour 18 6.7 w5 5.0 V47 141 T e 2452
12-hour_.. 8 FI% | 5.0 R 6& | f4p 340 (o 152G
Normnal, 3.7 27.0 i5.8 A58 1140 V150 1 1222
t Aversape of R varicties, 7 Avernge of 7 variciies.

Table 1 shows several characteristic differences hetween typically
southern, northern, and everbearing varicties at the usual summer
temperatures of Washington, D.C. In runner production, in leaf
number, in leaf nren, in flower clusters, and in number of flowers,
these thres varieties show the characteristic differences of southern
varieties (Missionary) adapted to short duys, of northern varieties
(Howard 17) adapted to long days, and of everbearing varieties
{Progressive) ndapted to long days in the North. Missionary pre-
dueed runners freely under 12-hour and normal bui not under the
10-hour days; Howard 17 produced runners frecly under normal long
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days but not under 10- and 12-hour days; whereas the Progressive
did not produce them freely at all under 10- or 12-hour or normal
days, Except in the variety from Alaska, runner production ceased
by the end of Junc under the 10-hour day; even under the 12-hour
day it ceased for the Howard 17 but not for the others, Missionary
and Dunlap produced runners {reely under the 12-hour day.

In 1928 in number of leaves the 12-hour day series was first, the
10-hour day second, and the normal day third; m 1929 the 10-hour
and 12-hour day series were about the same and the normal-day series
much less.

In leaf aren per plant the normal-day series was greatest until
Qcfober 8. The leaves on the 10-hour series were much the smallest,
resembling leaves produced in late fall in the field. Fewer crowns
were produced in the normal-day than in the 10-hour and 12-hour
series.

The Progressive overbearing variety produced 40-flower clusters
per plant during the summer on the normal-day plants and but 4.2
and 6.4 on the 12-hour and 10-lour day plants, respectively. It is
especially noteworthy that the variety from Mexico, which comes
from a region with days and nights neorly equal, produced the most
flower clusters on the i2-hour day plants,

In the spring of 1930 plants of Missionary kept under 10- aud 12-
hour daylight periods the previous year produced over twice as many
flowers as those in the normal-day serics. Apparently a longer grow-
ing period in the fall when the days are short enough for fruit-bud
formation resulted in many more flowers in the spring. The Alaskan
and Mexican varietics, as well as the Progressive, however, produced
more fiowers in the 12-hour than in the 10-hour or normal-day scries,

The experiments for these fwo summers indicated a general trend
of response by the strawberry but also a characteristic response by
varieties to daily light periods in all the phases of plant growth that
were measured. They showed clearly that a long summer day at
elevations near sen level is necessary for fruit production in the ever-
bearing sorts fested. When the day length is shortened, growth is
slowed up and the plants nre dwarfed. The indications are that
present varieties of everbearing strawberrics are adapted only to the
northem parts of the United States where the summer days are long.
Observations confirm these results. The common everbearing varie-
ties in the field in the Sonthern States as a rule produce ho runners
and are dwarfed as they were in these experiments, Breeding results
also confirm this, Scedlings resulting from crosses between the Rock-
hill, an everbearing sort, and the Missionary hiave been grown at
Willard, N.C. Some grew [reely under the relatively shorter days
there in summer, while others did not, and responded as did the
Rockhill and Progressive in these experiments.

The response of the Howard 17 corresponds to its response in the
ficld in different regtons. In Obio and New Hampshire it malkes
runners to the end of the growing season, but in Maryland initintion
of runners usually ceases in the l;in.l;tm' part of August and very fow
appear after the first week in Septermber. Farther south at Willard,
N.C., few runners ave produced at any time, and the plants finally die
out. In contrast, the Missionary variety produced runners freely
even under the relatively short summer days in Florida and still more
freely in North Carolina end Maryland. Southern varieties like the
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Missionary make such a raunk growth of runners and leaves that they
are not adapied to the Northern States,

LENGTHENING THE DAILY LIGHT PERIOD IN WINTER

EXTERINMENTS IN 142829 AND M23-20 IV 'THE GREENHOUSE

Four plants each of many varietics and species {132 in 1928 and
81 in 1929) were potted during August and September (in some cases
later) and held in coldframes.  In 1928 the first series having no rest
period was brought into the greenhouse Qctober 15; the second serics
after a short rest poriod was brought in December 10; the third after
g longer rest period was brought in on January 24. In 1929,°the
first series was brought in October 21, and the lights were turned on
November 7; the sccond sories was brought in December 6 after a

Frcunk L—Arrangement of (Honls and of electric lights jn the preenlionse i 1920-30,  In the center bed
are planls in series | in Lhe oxperiloent runeing from November ¥, 1929, to Marclh 10, 1930, On the sida
benches are Lhe pinals fo series 2o Lhe experitnen) rynning from Decarniier 15, 1994, Lo Afarch 10, 1030,
In the foreground are the narmnd-ey iots,

short rest period and the lights were turned on December 18. The
plants for the three 1928-29 series were grown under three conditions,
(1} daylight enly, (2) 100-watt, and {3) 200-watst clectric lights from
dark to 10 p.an. to supplement daylight. In 1929-30 the hree con-
ditions for the two series were (1) daylight only, (2) 200-watt, and
{3} 1,000-watt lights for half of cach night to supplement daylight.
For 1920-30 there were nine 200-wait lights at a height of about 2.3
feet above the pots to ecover 75 square feet of beneh and five 1,000-
watt lights about 3 feet above the plants to cover an equal space
(Bg. 1). The temperatures averaged about 70° F. during the day
both winters, and 60° to 70° at night in 1928-29 and 50° to 60° in
1929-30. While the 200-watt and 1,000-watt lights were on, the air
temperatures around the plants were 4° to §° and 20° to 25° higher,
respectively, than where there were no lights,
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The responses under the 100-watt lights were similar to but less
pronounced than those under the 200-watt Lights; those under 1,000-
watt lights were similar to those under the 200-watt lights, The
relatively great increase in tempersture under the 1,000~-wati lights
caused somewhat different responses in seme vereties hut did not
obscure the genernl trend. The resulis for the 2 years were similar,
although minor differences, apparently due to the variation in night
temperatures and perhaps to the difference in conditions before the
plants were brought into the greenhouse, were apparent. The
response of the varieties and species is therefore represented by the
ficures for 1929-30 experiments in tables 2 and 3 for the more
important or for representative varictics.

Tasiy 2—Relalive arew tn terms of lotal leaf product of all wid legflels and the
{ength of the lallest peliole an ane plant, and the average number of flower clusters
on the four plants in eaech lot (normat day, normal day plus 200-watt Halts, and
normatl day plus 1,000-wat! Hghis) of each scries for 15 varieties und specics on
Mar. 11, 1330

| Elcelrie Heht exposures lsif of each night; areenhouse experiiments in Washinplon, D.CJ

Serles { (Nav, 7, 1920-Mar, | Seriex 2 (Dee. 18, 1029-NMur.
11, 1630) 1L, 1950)
Yariely and Hght exposars
Leuf Flower | Tallost Legf Flower | Taliest
pradoet | #losters | petioke | produet | clusters | petlolos
Missionery: Cnt MNumber O O MNumber Ot
Normal e i cmemsiceeaae 2i8 25 15 104 s 12
X 2.8 e B0 5.8 18
b2 il P, i 424 Lo 25
183 3.8 7 136 20 )
260 3.3 12 275 L8 22
e 3.7 10 W3 L 24
283 3 12 254 1.3 i3
B4 L7 18 03 LB ]
335 L3 18 084 A 22
1] L5 43 g 7
1y 1,3 170 La 13
2 20 187 1.0 12
166 L8 K] 108 Lo ¥
4z 25 M 2% [ 1] 17
LWl e eeiaeaaa in i.B -4 1L 1.8 18
Eltersburg 121
Mormal_ | e i iama e am————— 166 kA Hu 3.5
20walt ..o . 525 a6l &5l 3.5
LOOEWREL L e cwmmm e e )] L + I SR 4t 5
Mpsloton:
MormiM e, e e e e —————— L] 2.5 ] L2130
Hwult. L. B35 4.8 i T3 2.0
0 WU, e e —————— - Fiiy w2 # A 24
Tigward 17:
IO e e e cememmm e eemaee cmmaienan- 74 15 5 15 P, i)
2-walb. ... e 8 oA " 165 2.7 11
OO WALL L oo e 5% 28 g =y 2.0 22
Bellnur:
b3 fL5. % D 4 {53 ]
2Fwaldo ., .. - J L5 T TR {3 350 21
1,000watt___.____. BT |eseaean, I i 5 a2
Murshall:
Normal_ 103 X! ] I35 L a
2-wald. 5 B 7 107 2.0 il
1,000-watt. 119 Al ] $d1 L3 16
T xeelsior:
Normeal___ i .5 § .
200-wath .. .. | 8y ]
LAl e icimcaecemamad 7 L4
Bouthiand:
A OrIAl . e mcma e X 1.8
20thwytl 417 (]
1,00G.watd < 2 P
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Tanue 2 —Relalive arca in lerms of lolal leaf product of oll mid legflels and the
length of the lallest petiole on one plani, and the average number of flower clusters
on the four planis in each lol (normal doey, normel day plus 200-wall lights, and
normat dey plus 1,000-watl lights) of each series for 15 varielics and species on

Mar. 11, 1850—Continued

Beries | (Nov, 7, iﬂ?ﬂ*r\[nr‘
o

! Serles 2 {Dee. 18, 10%0-Mar,
11, 1930

Vuriely and Jlght exposure

Lonf ' Flawer | Tallest lenf Flower | Tallest
Iruluet ‘ clusters | petiole [ product | clusters | peilole
1l
Peuorl: Cid Number i [0 Numhber i
MO o e e e e e e 17 .5 2 05 b 4
bwnlt .o o ERL 1.8 10 P 1.3 14
1, 00wt l 172 2.0 1 148 . 13
Duntap:
INormal. . it 39 20 ) 12 .0 3
00 WBE L. e e d e e —— 42 2 b 130 3.0 12
1,000-with, oo oieaa . Mmracaeean PR S N 1330 3.0 12
Fragarfa sp, (IInrlan):
o 3 Y il .0 7 L i) H
1,W0-watd .. e mrm—— e m T e 443 I3t 18 415 o0 i

Tanus 3.—Flower production of 12 strawberry saricties and lotal of §7 varieties in
the greenhouse wader ngrmal day length and with edditional 200- ol 1,000-wall

Lights
|4 pluals in each tot]
Series 1 {Nov. 7, 1920-Maor, 10, 15:30) I1 Series 2 (UE%%IUW Mur. §,
Ly 3 T :
v "”gt-‘l'mr:;%(ﬁémm‘ Deo. Jan, Feb. i don Feb,
) wov, e Mar,* ____|Mar,
] [ ' L1} 8
T v | mo| o jafa T laolyals |
Mlisslonary: 4 |
Normalo. ..., 0 0|0 i 3 F. M Mmoo 20 6121 4l
20-will. . 0| 0| Tris] arf s ] .- 11313053 &
1,000-wntl, o) o)w!es A0 ] .. I 25 | 43| 45 4%
Hellln: |
Normleacoannoo 1] a9l 1 0 15 b0 | 2 af 1] 3|18 29
200-walt. [UNI n 0 & L= I N 0L 7114128 37
1,000 wntt ] 273 dn G T .3 I U ER LV I 47
Llnkempre:
Normind. ... hjy 0] O @ 1 11 I | 25 ] .40 a0t 0 0] & a3
200-watl. . . ] G 3712 3 35 Al | N 0} 0} I {18 K
1,000-wnitl 1} 1|30 ;a2 10 il L1 18 RS 4 0y 140 +
Klondike: !
Nernnloo___ ... g, dp 0t 0 0 0 1h 115 gl u: 0 3 16
P-wentl. . Of o] of 2 fi ¥ b1 . O 2] 141dn 52
UL E LY TN A gy o 512 LR 44 fid ] . - 2| AT 58
Arpmng
Rorntilieeaa. ool 00 00 0L 0 [} 4 ol 1y g 01 0]l ol ol gy 0 a
SMwnit. ..., o] of 0| 0 ] n 1] P I { 0l oL u i 25
1 000-watloo. .. . [T I I | ik Ix 200 . .0 4 gl o O 411 i7
Chosapenka: ; ' 3
Normmloo_oo. G 0710 0. 0 I [ T 1] gl ot of af o 1
200wilt, oLl 00 { u LR ¥ R B g 01 0 vy gl a i}
LOOOwalt.... .l Oy 0 7| R1ow| M sl ab o, of of 7§
Fiterslarg 121: ! ; |
Nuormal, . 0. ol oz afofl of ol olalwi so et oo ot al i n
Wil oo oj ot 0l w I - T Lo Grnl oo gl 7
[IL.8, ) EUST N A oy o af 3 14 o iy i BRI | I | Gp oy 0f o 86
Mastodon: X
Normaleesooooooll 0F 0 01 0 o 1] al 41 A Wy by O 2 25 2 2 2
200-wilt 0| 0| o 0 1 ] WL 200 o] 0] 0} 2 3
1,000-will. . ... vl o 3 ) 2 h a0 . R | | (R 40U 13
Ioward 17: !
Nortiwl o . . & LR TR ] 0 0 g, 0| 2 Wy 0p o) 4 of ol o 0
200-will, oo, 1] | R 3 L1 N PO I (A T ] i} Ll 2
Lotewnlho oo, .. D04 ] 2| g i) DR 1 N O T 1 Tl u7
Dellmine: ! I | i
MNormal ... ] uin I i) 2 AR Ao 0y 0 a0 l 7 10
HA-wall, ... L O fhioalin 1 HE 4 . I . BRI | N | I A 1. 1] &7
L E LT TY B O L1 VN F N |1 U e OO IR ¢ ' A 13
Marsholl: i i : 1 H H
Normal..o.ooo. Wy BP0 0, 0 (T I U b I 1Y Wewlap G 0! 0, 4 13
200watl.... Bl oy 2} 7w A | ..... vy of o) 0l 504 o2
1,000-watl .- ol olufaesy g7 ! 4 ] of o of 1| 3} 190
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TApLE 3.—Flower production of 12 strawberry varieties and tolal of 57 varictics in
the greenhouse wnder normal day length wnd with edditional 200- and !,000-wall
tights-—Continued

Series 1 (Nov. 7, 1920-Mar. 10, 1430) Series 2 (“001-95%3 1020-Lar, 8,

Variety mnd Jight
exnosurs Dee, Inn, Fab,

20

F. virginiana (29
Norma . i]
200-watl__ 42
1,000-wlt a1 - {8

Tantnl, 57 variet
MNoroil....... .- AL b 4 5|l
200-wnil ; RS (1, 5] EER - 147
1,000-walt, ... § 3| 0 AT [8aE R I L3 I ARIEE i 141

FIGURE_Z-—Nesponses of strawberry varieties (o Lhe normal light of winler in the preeshouse ol Whashing-
ton, 1,C.  Alnest no growth was made by Mustodon (A) and Dunlap (€9 and very little by TToward
17 (), while Southland (5) and Missipnnry () made a viporonus growLh.

From the very beginning of these winter experiments it was evident
that the response of varictics waus charncteristic and far more inform-
ing than the summer experiments. Varieties could be classified as
follows: (1) Those that grew vigorolisly from October 15 under
normal light, such as Missionary (fic. 2, &), Klondike, Blakemore,
Ettersburg 121, Excelsior, and Southland (Ag. 2, B); (2) those that

4RO ——2 .
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grew well only when given additional light, such as Chesapeale,
Belimar (fig. 3), Narcissa, and Marshall; (3) those that grew well
only after a low-temperature rest period, such as Howard 17 (figs.
2, D and 8, D), Fairfax (fig. 4), Dunlap (fig. 5, 4), and Campbell;
(4) the everbearing sorts that did not grow well in the greenhouse

Fisure 3.-~The Bellmar strawberry grown In the greenhonse in winter at Washington, D.C.: A4, and B,
Norinad dnylight. anly (A, Qet, 15 Lo Apr. 1, B, fan. 24 10 Agr. 1}, Cand O, normal daylight plus 200-
watt lights for nhoul 5 hours eneh night (¢, et 15 to Apr. [, 2, Jan. 24 o Ape. 1), Plants of this varlety
shaw 5610 response to o rest perlod () bul more response to additionsl daoily Hght (€, while the ex-
posure to additional Hght afler o rest perfod (0 resulted In n vigurous growti.

under the conditions given, as represented by Mastodon (fig. 2, A).
The striking differences obtained may be suggested by the average
number of flower stems (table 2, serics 1) produced under normal
light in the November 7 scrics by Ettersburg 121 7.0 clusters, by
Chesapenke 1.8 clusters, by Howard 17 1.5 clusters, and by Mastodon

e e e e e - e o P SR

Fiouns 1 —Planls A and £ were brought into ihe presnbause 12ecember 10 at Washinptoy, D.C., A,
recolving normal daylight only, 5 receiving aleetric Heht for half the nlght in addition to daylight. Plant
€ wns brought into Lhe greenhouse Tabusry 24 nxd recefved narmal daylight only.  This vatlety, Fairfax,
shows sema slight response to additional daily dight (£), but a fmr greator response to u rest period (2.
Photographed April 1, 1920,

2.5 clusters. That is, the Ettersburg 121 plants continued to grow
and produce fruit buds all winter under the short days and low light
intensity of the greenhouse, while the fruit buds already formed
November 7 in the other varicties developed but no others formed,
Bttersburg 121 produced fruit buds under such conditions even more
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freely than Missionary and others of its group. The avernge leaf
aren of Ettershurg 121 plants in this series was nearly 30 times that
of the Pearl (two plants died), over 10 times that of Mastodon, 6
times that of Howard 17, and over 4 times that of Bellmar,

Within the groups different varietics showed notable differences,
each sort having apparently characteristic responses to light intensity
or temperature or a combination of both. Thus in the November 7
series the leal area of Missionary plants when given added light was

ET T
Ko
T

(-

PP NS §

FiauRre 5.-—Responses af Dunlap (1), Mastodon (5}, Klondike (€}, and 1lownrd 17 (D} to priificial ght
tn sapplemont nortunt daylight st Washington, 2.0, from December 18, 1026 to Mareh 1), 1130  a,

Normal-day plants; b, plants receiving norsenl dayHght plus 200-watt liglhits Lo 10 pome.; o, plants recelvs
ing normal duylight plos §LU0G-watl Hebis to 10 .

not as great as for the normal-day plants, while for the Blakemors
the leaf area was greater the more intense the light given, After a
brief low temperaiure rest period, however, the Missionary as well
as the Blakemore made u very vigorous vegetatie growth which was
greater the more intense the light given.

The petiole length was also found to be affected in a characteristic
menner by the length of the daily light period, and the length of the
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tallest petiole on each plant was taken as a measure of this response
of the variety to light conditions. The last column in table 2, giving
. petiole lengths in series 2 and the plants in fgures 5 to 8, show
the much greater length of the petioles under additional daily light.
After a long poriod in the greenhouse as represented by the figures
for tallest petiole in series 2 the petiole lengths of some of the normal-
day plants may become nearly as long as those on the 200-watt or
1,000-watt plants.

Development equal to that of out of doors in summer did not take
place in the normal-day plants during November, December, and
January. Development approaching that of out of doors in character
but ot a much slower rate took place in Bedsrens, Blakemore,
Ettersburg 121, Excelsior, Klondike (g. 5, C), Missionary (fig. 2,
L), Soutlland (fig. 2, B}, Fragaric vesca semperflorens Duch. (fig.
8, A), F. chiloensis Duch, (fig. §, B), and F. moschata Duch. Notice-
able growth occurred in Bellmar (fiz. 4), Deutsch Evern, Fendalcino,
Heflin, Judith, and Maishall. Slight growth oecurred in F. zesca
alba, F. virgimana (27) Duch. (fig. 6, O), Howard 17 (fig. 2, D, and 5,
D), 8ybil, Narcissa, and U.S.D.A. 682. Practically no growth oc-
curred in Aroms, Chesapeale, Clermont, E. Versin, Gene, Mme.
Moutot, Portia, and a variety from the Azores, while Annas de
Guemene, Colvert, Dr. Hogg, Dunlap (fig. 5, A), Fragaric sp?,
Fragaria sp.*, Mastodon, and Pear! actually became weaker.

Fewer flowers with pollen-filled anthers were produced under lights
than under field conditions. Anthers lacking pollen, together with
green and partially developed petals, were also characteristic of flowers,
produced In the greenhouse by plants without artificial illumination
and may be sssumed to be due to malnutrision associsted with too
short light periods or *00 low light intensity, Such flowers have been
seen in the field in winter at Willard, N.C.” The mature fruit of most
varieties (when ripened in the greenhouse) was intensely acid and
not of high flayvor. This was especially noticeable with Howard 17,
Blakemore, Missionary, and Excelsior, In contrast, Fairfax and
U. 8. D. A. nos, 1015 and 682 had very high flavor, whereas Marshall
and Deutsch Evern had good flavor under the same conditions. These
results correspond to those of the New York (Geneva) State Agri-
cultural Experiment Station (/4), with shading experiments out of
doors, and Indicate a need for greater light intensity under glass for
the production of high-flavored fruits of many sorts.

The total flower production of 57 varieties of sirawberries {table 3)
in series 1 up to January 27 after nearly 3 months’ exposure to normal
day, 200-watt and 1,000-watt lights, was 226, 1,612, and 2,622 flowers,
respectively, and after approximately the same length of thne for the
December 18 series (serics 2) it was 647, 1,480, and 1,584 flowers for
the normal day, 200-watt and 1,000-watt lights. In general, flower
production in series 1 was fastest in the 1,000-watt lot, about 2 weeks
slower in the 200-watt lots, and 9 weeks slower in the normal-day lot.
In series 2, however, there was little difference between the 1,000-watt
and the 200-watt lots, whereas thie normal-day lot was about 2 weeks
behind. However, as indicated by the record for Ettersburg 121 in
series 1, far more fruit buds and flowers are produced by some varicties
under the normal daylight of winter than under the longer periods
obtained by the use of clectric lights.

T A wild strawherry sabive Lo hinnehurly, colloated by Dorsetd.
A will srawberey nabive Lo Keshmlr, collectod By Tlurlan,
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Fuause 8.—A, Fragarin vesca semperforens Doeh, This varloty, Brige du Poltow, of the Evuropens wood
atrawberry, grow well ander Lhe normel light of winter ol Waghington, DLC, {a); and only slightly better
undet e normal light plas the 200-watt and LOK-walt lights for part of eneh night (b and ) feoin Novem-
ber 7 to Jommary 0. Noto the runners prodiuced on bolh the 2x-walt and the {,000watt plants. B,
Frﬁgnrm chitoensiy. T'his sclection of the wild beach steawherry of the Pecliic const grew firly well

under the normant light of winter nt Washington, [0.C., {g), Lbui staried Nowers I plven in additlon

200-wolt li:.z:ﬂs (19, ol owers und runners under 1000-watt lights (e} from Nevember 7 to January 8,

1Rsf), O, Fraparia sivpfeiene (27, Thisselestion of e wild strawberry of enstern North Amerlen was

unubla Lo me uniler the normal Hehi of winter nt Washington, 2., (@), but when given additionnl
lIghtmI;ar the use of 200-woll (8}, or 1L0M0-wutl (£) Ughly, Nuveinbier 7 ta January 8, vigorous growth
resulied.
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_Considering both series, Missionary produced flowers the quickest
of any variety under normal light conditions of winter and almost as
many flowers under the 200-watt light as under ‘the 1,000-watt.
Fruit-bud production continued throughout the winter just 8s it does
in Flortds. This further indicates the adaptability of this variety
to short days of low light intensity, such as occur in winter in Florida.
The production of runners by the Missionary under the 200-watt and
1,000-watt lights indicates that this variety quickly becomes vegetative
under longer days. Of the other varieties, Heflin was the nearest
like Missionary in flower production. Blakemore, Southland, and
Klondike slso made a response similar to Missionary, which corre-
sponds to their adaptation to southern States where the Missionary
succeeds best.

The opposite extreme in response was made by such varieties as
Aromu, Chesapeske, Dunlap, and Mastodon. Under the short days
and low light intensity of the normal winter day the Aroma and
Chesapeake grew very little, their petals were greenish, and the
flowers only partially developed. ’Fheir development under field
conditions mdicates their adaptation to regions (Maryland to Mis-
souri) with relatively long days. The Dunlap 1sed in these experi~
ments also grew little amliliore grecnish petals. Waldo (/5) has shown

that it develops ite fruit buds fairly early and quickly, whereas the
Chesapeake and Aroma develop their fruit buds later and more
slowly. The Dunlap is, therefore, adapted to regions farther north
than the Chesapeake and Aroma, where onset of cold weather and
of the dormant period follows soon after shortening of the daylight
periods in the fall. Mastodon, an everbearing sort, under the normal

day grew feebly at first and finally fuiled to make any growth; even
under the 1,000-watt lights growth was not normal.

Although the Ettersburg 121 made an exceptionally vigorous

owth under the normal day it did not produce flowers untﬁ late.
%:s vigorous vegetative {;rowth and production of flowers in the green-
house under the normal winter day .indicate its adaptation to regions
where conditions are favorable for growth and fruit-bud differentia-
tion in late fall and winter. Such conditions are found in the Pacific
Northwest where this variety is grown commercially., There Etters-
burg 121 does not start fruit-bud formation until about November 1,
which is usually after the rainy season has started and the plants are
in vigorous growth. Then, as its leaves are entirely evergreen during
the mild winters there, many fruit buds sre differentiated and become
well developed by spring. Couditions are also {avorable for growth
and fruit-bud differentistion in winter in Florida and other parts of
the Southeast, but the temperatures in summer are too high for this
sort.

The Howard 17 did not grow in the normal-day lot of series 1 and
very little in the corresponding lot of series 2. Its growth in the
200-watt and 1,000-watt lots was not entirely normal but was much
better in series 2 than in series 1.

The Bellmar, & eross between Missionary and Howard 17, resembles
the latter more than the former in its behavior. Tt grew slowly with
many green-petaled flowers under the normal day of winter in series
1 but much better in series 2. Iven in the 200-watt lot of series 1
many petals were greenish and the fruit abnormal,
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The Marshall responds more like the Bellmar, but did not develop
satisfactorily in any lot. Although flowering was advanced, this
variety seems to be one of the least affected by the daylight period as
such. In the field it is adapted to northern regions, but it is also
raised extensively in Californin where the days are more than 13
hours long in May and more than 14 hours in June; in fact, the highest
yields known in this region are of the Marshall variety. Apparently
some other condition besides light alfects adaptation in that region.

These responses of the different varicties again correspond to the
known adaptation of varieties in the field. Missionary is best adapted
to Florida with its short winter deys and Blakemore for the regions
with somewhat longer days north of Florida. Ettersburg 121 succeeds
best by far in western Oregon where it develops {ruit buds all winter
in the short days and low light intensity but does not succeed in
the Southeast, apparently beenuse of high summer temperatures.
On the other hami, Missionary does not succeed in the Northwest
because the prevailing winter temperatures are foo low. Chesapeake
needs the longer days though not necessarily the rest period of the
Northern States. Howard 17 needs the longer days and a rest
periad, while Mastodon needs not only Jong days and a rest period
but more intense light as well.

EXPERIMENTS IN 1530-31 AND 1231-32 IN THE GREENHOUSE

During the winters of 193021 and 1931-32 experiments were
carried on both at Corvallis, Oreg., and at Washingtor, D.C., under
the same general plan as in 1929-30. To a considerable extent the
work was designed to discover measures for the evaluation of new
sorts. Length of leaf petioles and number of new leaves, runners,
and flowers produced under normal light during the winter were all
found usefuﬁ and in general were similar, measures of varietal

response to conditions.” Tables 4 and 5 give the average petiole
length and number of new leaves produced by the 1930-31 series of
varieties grown in the greenhouse at Wushington.

TaBLE 4.—Average length of petioles of all leqves produced from Nov. 17, 1830, o
Feb. 1, 1931, and from Jon. 2 to Apr. 86, 1931, at Washington, D.C.

Nov. 17, 1939-Feh, I, 1431 dam. 2, 10831-Apr, 30, 1031

Normnl duy | 200watl Hght §1,000-watl Jight
Varisty and specles 200 1,000
wott. | watl
light | light [Octoher
piants

Janu-
nry
plants

Tuny-
ary
innls

Octoher] Janu-

Manis

Octnber

s ary
[Nty plnnts

Ettersburg 121
Senthiend....

R e 2 O B0 2 D S O e G

Truniap.
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TARLE 4.~—Average length of petioles of all leaves produced from Nov. 17, 1930, to
Feb. 1, 1831, and from Jan. 2 to Apr, 80, 1931, at Weashinglon, D.C—Con.

Nov. 17, 1940-Fob. 1, 103) Juz, 2, 1021-Apr. 30, 100

HNormul day 200-wntt light | 1,000-watt tight

Varjety aond species . u0- | 1,000

‘\ﬂ;]_w,]r] l walt [ watl Janu- Jnnu- Janu-
light | Tight |Oetoher| Cctolier October|

tober| ooy o ary | ary
plants plants | 1mte g o | plants pluats

Cm it it T Crw Om Cm
F.eesea (Ervige du Polton) ... _ 43 ! H n Bl 49
F. chilvensis  (Reedsport,

OrcF.) Fe o memammanoas A 3 i 32 31
£, chifoenais (5~CH k- E 34 k!1]
F. chil is (l0—4A Pl k]
F. chitornais [1G-B)1 . . E i 41
F. chit ig (5-A) 20 K E]
F, cuneifolin (Cox) il
F. cunrifofie (Rocky Moun-

tuins 0)t i

is]
Feuneifotia (14 ___ 2 217" -
F_rirginiana 52‘;‘)f
F. virginfana (N.Dak, ). .. ___
¥, cuneifotic {Rocky Maon-
tains §) 1

11, 4 : At 2.1 1 1385 306

1 Accession mumber or source. ! Average of 28 vurieties, 2 Average of 27 varicties,

TABLE 5.—Average number of new leaves produced by varieties and species from
Jan. 2 to Apr. 30, 1931, ot Washinglon, D.C.

' Nerimmy day AH-watl Jight. LOD0-watt light

Vorlety aod specles
October | Junuary | Oetoher | January ! Oetober January
plunis plants plints Plunts plants Manes

Ettershury 18
Dorsett. .. _
1.5, 13,4, &4
Blakpimore.
Ttedlienrs.
G5 1LA,
Fuirfux,

Dunlap__, |

I rexca (var. T
F, cunetfofin E[lué‘ky Aountnins 53t .
F. cuncifotia (Itocky Alountnins ).
F, enneifolio (14)i_

F. chifoensis (5-A)t

£ rirginiana EN. D

I vivginiana (273 )

. chifoensiz (Rrprl

F.ehloengiy (5-01

B, chitoenais [10=-A70,

£ moschatic (var, A liutbols).

. enpeiforin (Cox)r___, ame e

F. ckifoennis (30-711..

Avernge. . oL L L

! Aceession nuinber or sourco. T Average of 25 varisties. ¥ Averape of 27 varioties.
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As measured by the average petiole length of leaves produced up
to February 1, many of the sclections of species (Fragaria chiloensis,
all 5 seléctions, and . cuneifolic Nutt. (Cox)) grew much better than
did any of the varieties, and the varieties adapted to southern States
and the West (except Marshall) grew better than the northern and
castern ones. “

When given additional light the petioles averaged over twice as
long at the end of the test as when normal daylight only was used
(23.7 em as compared with 11.4 em). Petiole length of new leaves
produced under the normal light of late {2ll or in the winter seems
to be one of the readily observable and ensily determined measures of
the adaptation of varietics. Varieties producing the longest petioles
during this period are best udapted to sections with the shortest days
at the time of fruit-bud formation in the Northwest and of fruit
produetion in the Scuth.

Petiole length and branching habit of the flower clusters have been
found to be two very useful characteristies in judging varietal adap-
tation, even in the field. In the greenhouse, leaf and flower produc-
tion in the winter car be used also.

As shown by the averages in table 5, more leaves were produced
from January to April by the plants brought into the greenhouse in
October than by the January series, wheiher under normal daylight,
under the 200-watt or under the 1,000-watt lights. This was re-
markable because the October plants produced nearly 60 percent
more flowers during the same period. The number of leaves in the
October series was least on the normal-day and greatest on the 1,000-
watt plants; in the January series there was practically no difference
in the various lots. The use of additional light on the average re-
sulted in no increase in leaf number. In the October series the differ-
ent varieties and species produced widely different numbers of leaves.
Several selections of species produced more new leaves than did any
of the varieties, and this held true for each light condition. Appar-
ently no varieties respond as vigorously to greenhouse conditions as
do some of the species tested. It may be significant that the relative
numbers of leaves produced by the October plants of the selections
from the Rocky Mountains where light is intense are much larger
under the 1,000-watt lights (92 and 74) than those for other species
and varieties.

The number of flowers produced by plants in the two series for the
different light conditions corresponds closely with the number of new
leaves produced. The Junuary series produced about the same num-
ber of {lowers in each lot and less than the QOctober series. In the
latter series there was an increase in number of flowers from the nor-
mal-light to the 1,000-watt lots. The number of flowers produced by
Ettershurg 121 in the Qctober series normal-day lot (64.3) and the
number produced by the selection of Fragaria virginmtanae (N.Dak.)
from Nerth Dakota in the October series under 200 watts (52.5) and
under 1,000 watts (154.8) arc the most outstanding. The Ettersburg
121 produced the most flowers under the shortest days of winter with-
out extra light, but I, pirginiane (N.Duk.), produced the most when
the extra light used was most intense,
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RESPONSE TO DROUGHT AND CONTINUED FRUITING

Two upecific effects of conditions noted are worthy of mention.
The severe drought of 1930 in Maryland, which continued through the
fall and early winter, prevented many plants from forming fruit buds
end delsyed fruit-bugd formation in others. As a result frait buds
formed early on some varicties, late on some, and not st all on others.
Early fruit-bud formation stunted the plants in comparison with late
fruit-bud formation. This effect is sometimes seen under field condi-
lt\i'(l)lnii where the fruit bud has for some reason not formed or has been
tilled,

The second effect relates to a difference between plants brought
into the grecnhouse in October and those brought in in January. ¥ig-
ure 7 shows plants of these two series the following August. The plant

;_
I
;
|

FIGURE 7.— Fragaria virginiana (27}, prown in the pregnhpuse under normal deylight nnd phiotographed at
‘Washington, 1312, August 1931: 4, 'This plant was taken Into the preenhouse in Cotober 1930 befors il
had hisd a low-temperatiare rost period. It frulted throughout tha spring and summer. &, This nlazt
wus tgken into the preenhouse an January 2, 1031, nfter it had had a low-lemperature rest period, i pro-
daced & crop in early spring, but Lhercafter it produced obiy runner plants,

to the left (October) continued fruit-hud formation during the winter,
spring, and summer; while the plent to the right (January) developed
only the fruit buds already started and from then on produced only
runners and runner plants. The dormant period during November
and December made such a change in the plants that no further fruit-
bud differentintion took place. Similar effects in the field may be
seen in the States from North Carolina south and along the coast in
Californis, New plantings in those regions bear little or no fruit the
first year, but having made fruit buds during the fall and winter, the
plants lend to continue to form them during the short days of spring.
In southesstern regions, with high summer temperatures near the
coast, this tends to stop by July, but in the San Jose-Watsonville area
along the coast in Crhfornia, where it is rather cool, fruit-bud forma-
tion continues throughout the summer and fsll and males possible
the highest yields known in the world.
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The records of the relative quantities of berries produced week by
week in 1928 and 1929 for the San Jose-Watsonville region of Cali-
fornia are shown in figure 8. The graphs for both ycars show pro-
duction peaks for May, the peak for 1928 being about 2 wecks carlier
than thaé for 1929 due to a warmer April and May (2.6° T. higher
average daily mean temperature for April and 2.4° higher avernge
mean for May at San Jose). Following the production peaks, the

raphs show low points for production for the: last of June and during
[july 1929, but relatively higher-points for the same periods in 1925,
This late production came from fruit buds formed later than those
which developed into the May and early June crop and apparently
initiated during January, February, and March, An inspection of
the temperatures at San Jose for these months shows mean tempera-
tures below normal for each of the 3 menths in 1929 and above normal
for each in 1928. It may be, therclfore, that mean tempoeratures for
January, February, and March 1929 of 45.1°, 48.8°, and 53.4°
Tespectively, were too low and those of 48.6°, 52.2°, and 57.8° for
the same months in 1928 were high enough to be favorable for fruit-
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bud initiation in the Marshall and Nich Ohmer varieties in the short-
day lengths of winter there.

n western Oregon and Washington the summers are as cool as in the
San Jose-Watsonville area, and but very little fruit is prodiced in the
summer. It is cold enough so that the Marshall plants apparently
become dormant in the winter, and when this dormant period is over
more fruit buds are not ordinarily initiated. Moreover, the days are
so long that fruit buds would not develop extensively. In the central
valley of California where the days are the same length as in the
constnl area, winter temperatures average lower than at San Jose,
but the summer temperatures are so high that relatively little fruit
is produced after early summer as compared with the San Jose-
Watsonville area. In the Southeastern States where similar condi-
tions oceur, fall- and winter-formed fruit buds develop into the
“oround  crop and spring-formed fruit buds develop into the “crown”
crop, which lasts until hot weather in June or July stops their develop-
ment. Apparently, therefore, fruit-bud formation 1s dependent on
the relation between temperature and day length, and each variety
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may be assumed to have a characteristic response to day length and
temperature.

The experiments of 1926 showed that night temperatures had &
great effect on plant growth, and it is possible that c{)eﬁnite ratios of
daylight temperatares to those after dark for different varieties will be
found which are most favorable for specific types of plant growth.
In the studies reported in 1930 (5) there wero indications that leaf
growth was greatest when the night temperatures were more, than
10° F. below optimum daylight temperntures. These studies have
not indicated how important increased humidity with recovery of
turgor, decreased respiration, or other conditions may be in this
connection.

EFFECT OF LATE FALL ON THE SUCCEEDING CROP

The Californin production records and other evidenca indicate
that the fall conditions may have an important effect on the suceeeding
spring crop. If fruit-bud formation is initiated by definite tempera-
ture and daily light relations, then the extent of fruit-bud develop-
ment should be determined by the length of time the f{svorable
relationship continues. This is proved %y the production records

in Florida as well as in California.” In Florida fall conditions are con-
tinued to an extent throughout the winter; the fruit buds develop
into flowers, the flowers into berries, and the berries are harvested
from December to June. In nearly every section fall seasons have
been known where fruit-bud formation and development continued
until late and the flowers opened; sometimes even the fruit r(iipened.

Although the Jate falls may result in some flowers opening and being
killed, many growing points which might have continued as vegetative
buds become fruit buds and the longer the fall growing period the
greater the spring crop. Waldo (15), however, has shown that fruit
buds of different; varieties tend to develop at different rates, which has
often obscured the effect of late folls.

Moreover, varieties start their rest periods under different tem-
perature-light conditions. In the Willamette Valley of Oregon the
Marshall begins fruit-bud differentiation about September 1 but
becomes relatively dormant with the first hard frosts. The Etters-
burg 121 variety, however, starts making fruit buds late in October
and continues throughout the winter (5). Late mild fall seasons
favor extensive fruit-bud development in the Marshall, whereas &
mild winter favors it in the Ettersburg 121.

The leal area for 16 kinds under normal daylight after about 3
months (Nov. 11 to Feb. 7) in the greenhouse was as follows:

Average leaf area, on Februnry 7, 1981, of strawberry plants put in the greenhouse
November 11, 1930, at Corvallis, Oreg.

druf FLeaf
. . aren, . . . aren,
Variety or specics: emi | Variety or species—Continued. et

USDA 91 . _____....... 290 Southland
Wickson. ___.... PR3 § |
Redheart 207
Pragaria chiloenyis (10-B)_._. 197
TU.8.12.A. 1021

Corveliis

Ettershurg 121

Howard 17
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It should be noted that USD.A. 911 (Kalicene X Rockhill ),
Wickson, Redheart, Fragurie ¢hiloensis (10-B), U.5.D.A. 1021 {(Kalicene
X Howard 17), Corvalils, and Ettersburg 121 with the greatest lenf
aren are derived wholly or in part recently from the wild 7. chiloensis;
whereas Dunlap, Marshall, Clark, Bellmar, U.8.D.A. 682, Blakemore,
and Missionary, which have the least leaf aven in this series, are not
derived rucently from F. chiloensis. ‘The first 7 sorts had 147 percent
more leaf area than the second 7 varieties. Vigorous growth responze
under the short days of midwinter in cultivated verieties 1s inherited
from F. chiloensis (fig. 9); Missionary and Blakemore of the second

Fiouvke 0—Crowl of strawberry specles and varictios under normal light fremw November 11, 1030, to
Jannnry 31, %], Corvallis, Orep.! A, Species Frogarin rirginiane, ¥, cuneifelic, F. chileensiz, and £,
catifornica; B, varieties Clark, Dunlip, Corvallis, and U510 A, 1021 Cousiderable growth hins been
made by F. chiloensis, F. califorpica, Corvallls, and U.S,10A, 1021 The latter lwo varletjes have
tlescended in porl recently from K. chiloensiy nnd respoud moeh like L. The others, Clark and Dunlup,
respend more ke F, rirginfane.

lot of 7 are especially adapted to rclatively short-day regions in the
Southeast, probably inhertting this charneteristic from F. virginiane.

In table 6 is given the average Ieaf area on April 7, 1931, of nine
varieties and species of strawberries which were grown at Corvallis,
Oreg., under daily light periods ranging from normal light of winter to
continuous light under 500-watt lights only. There is little evidence
in this table of the relative value of the 4- and 7-hour exposures for
different sorts from the leal aren records taken after 3 and 5 months.
Both Ettersburg 121 and Blakemore, however, had considerably
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greator leaf aren under the 7-hour than under the 4-liour exposure,
Exposure for 14 hours on the average vesulfed in distinet]
ares, while continuous exposure to electric light resulted in the poorest

growth of any (fig. 10).

loss

leaf

Under continuous exposure to 500-watt

lights only, Marshall, Fragaric cuneifolia (14), Blakemore, Howard 17,
and Ettersburg 121 produced flower buds and flower clusters; wheveas
only F. cuneifolia (14), Tttershurg 121, and Missionary produced

TUTIErs.

FisURE 10.—Frayaria chitnonsis (16-BY, AA--r, Narmsi-day plant Noventboer 11 (o Februoey 5 &, sormnl-

duy anl Jumnwy 5 to Febrgary 5 ¢, Phaot, grows whor pertal daylight stus BO-waid Tights for 7 hours
cnclt night, Noverniber 11 to February 5. This selection Hos developed Best under the narsnnl tight in
midwinder,  Fhetographed Febropry 6, W3, ot Corenllis, Orep. f—0, Novmol-dey pdont; b, plant
grows with sormet duytebt plus S-wall Hphits lor 4 hoors) ¢, pland grown with soemal daylight phiss
SoG-watt Tfehis for 7 hours, &, plant grown with normael deylight pliss st-wats Hehts 210 nights e, pant
grown with contingmes So-wnld hts only frotm November 11 Lo Aprid i, 105 Photopeaphed Apcll 6,
Corvalils, Oreg.  Affer the tdnys lepplhened townrd sprisg e plelils growh uncder S-watt Hglits for
7 higairs de) and for o) pight Gf) produeesd lanny ranhicrs,

Tastp 6.—doerage leaf area an Apr. 7, (98¢, of @ strawberry varieties and species
al Corvallis, Oreg., wnder normal deylight, wnder normal daylight wlus 4, 7, and
14 hours of 500-watl electric bght, and under continuwons 500-wall Hyhts only

Nov, ) oseries Jun., § series
Varlety or speches Nur- i \ Nar-
- i - ol
mud [ 44 | HF ] b BT I o B I I S T |
HAI tours light hoirrs

Omr | Cod | Cm2 | O | Ot | Ot | O | Ot | 0z | Cin?
R ochifoenais QO-BY. _ ___ oiicaea 405 | 351 a0 4 0l 238 ;0 151 ] 188 Jith]
B, curicifolin {040 da2 6yl a8 jLi] 17y 6 6l 418 111 0y
Eitersbiirg 121, a4 ) FET | o 141 a4 Aot | dup 144 51
Howarel 17 kTP 0t et P2 255 M0 34 HE 216G

Misstonary.,. . ... b o oa oMo o | e oags| o i im

P, chiloensix (1w O TR N T2 [ SRR B 1) 3 I, | 2.1 1 IR SO,
Blakemaro, FLEN I H N ST 154 ¥ 153 ROR T I L ] iH2
Marshmil. .. .. . ity it sy s L5 145 192 | Hi6 a7 .21
Fopirginbena {37300 .0 L oo ... 1F8 1 aw ) oiat ot 15 v RPN PR B, .
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The leaves of all sorts were small and thin with long petioles and
were dark green in color under continuous light. 1tis possible to grow
strawberries for long periods under artificial light though it is ap-
parent that exposures to 500-watt lighis st the temperatures used
(averaging about 60° F.} do not result in normal growth,

On September i, 1931, before the fruit buds of most sorts had
started, 4 to many plants each of 5 varieties and species were brought
into the greenhouse nt Corvuallis, Oreg. Half the plants were exposed
to 500-watt clectric Hghts until 10 p.m. each night in addition to day-
light throughout the {all and winter, the other half received only the
normal light of {all and winter. The temperature was for the most
part 60° to 70° I'. These plants formed few it buds, either under
the normal daylight or under normal daylight plus clectric light, until
December. By January 15, however, the normal-day and the addi-
tional-light lots began to show the diflerences owing to the length of
day. The normal-day plants had aversged over a {lower cluster
ench, wheress only & lew of the plants under the daylight plus 500-
watt lights had produced flower clusters. By February 15 the normal-
day plants had averaged 3.8 clusters each, and the daylight plus 500-
wett plants only 0.7 cluster per plant. By June 9 the contrel plants
had averaged 20.2 clusters, but those receiving daylight plus the lights
had averaged only 4.8 clusters each. Thus lengthening the daily
light period beginning September 1 in general continued the vegeta-
tive condition and stopped fruit-bud formation in many varicties
and selections of species.

The plants of these 51 varieties under normel daylight produced
flower buds, but only in December after 3 to 4 months. In the field
most fruit buds are formed in September and October.  Apparently
the formation of fruit buds is affected by low temperatures as well as
by the length of the daily light periods.  In the field with short days
and low temperatures, fruit buds ferm quickly; but if (e temperature
is kept near 60° F. they form after several months instead of after a
{few days, or In some varieties at most & fow weeks as they do out of
doors. Different varicties responded diflerently and undoubtedly
have characteristic temperature daily light period responses, some
few even forming fruit buds at temperatures about 60° F., as in the
experiments 1923 {o 1926.

Growth on sll the plants was nearly normal, although in the normal-
day series the petioles were short and the size of the leaves small ns
compared with the daylight plus 500-watt plants. Some varicties
even produced more new Ieaf area under the normal-day than under
the additional light conditions. When records of sall five varieties
were averaged, however, the increased leaf area due to the added light
wes 3.6 percent by October 15, 31.6 percent from October 15 to
December 8, and 37.2 percent from December 6 to January 15. The
successively smaller size of the new leaves on the normal-light plants
is characteristic of plants in process of changing from a vegetative to
8 fruiting condition. This tempersiure-day-length complex induced
a slow change from a highly vegetative to a fruitful condition,
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DISCUSSION
RES[ONSE OF SP'ECIES TYPES

The species that represents the group {rom which other species
have probably evolved is Fragaria vesca. Neither it nor its close rela-
tives (F. vesca semperflorens, F. vesea californica,’ and F. vesca alba)
show daily light requirements comparable with other forms. F. vesca
is native and adapted to regions from the Aretic Circle nearly to the
Equator and from high mountains fo sea level. It made greater
growth under the longer daily light periods but was able to make a
fairly vigorous growth under the shortest light periods of midwinter
in the low light intensity of the greenhouse at Washington, Iow-
ever, some of the other forms or species allied to F. zesce have more
spectalized requirements. It would scem that such allied species
have evolyed from . zesca or from 2 prototype of that specics having
a similar light response,

'The few forms of Fragaria moschate studied show less response to
long daylight periods than most cultivated varicties but are more

FiGURE 11— Fragarie rirginiane (27} A, Under normal lght of winter at Corvallis, Oree.; B, nermul light
plus 4 honrs duily of S0-watt lights; €, nermal light pus 7 hours of S0-wall Lghts; 5, normal light plus
S00-wald lghts duek lo daglight: & Sod-wntt Tebis only for oll 24 hours, Note the sifeht growth of 4,
¥lgorous growth of 2 and B, tho ripening frult on €, nnel the very slender growth of £

responsive than F. resca. F. moschata is a native of central Europe,
while allied forms are found in central Asia. The allied form of
Fragara sp., introduced by Harlan fromm Kashmir, was particularly
respensive to longer light periods.

The forms of Fragaria virginiane (fiz. 11) used in these studies
showed greater response to longer daylight periods than F. moeschate
and F. veseq, while some of the forms of F. chiloensis (fig. 1¢) were
apparently best adapted to short days; others showed some response
to longer light periods than normal in midwinter, Selections of F.
chilvensis growing freely under short days may be espeeinlly valuable
for use in breeding varieties for southern regions where berries are
shipped during the winter months and also in hreeding varicties for
regions with winters sufficiently mild so that fruit buds can develop
throughout the winter as in parts of the Pacific Northwest.

i Fragarin yescn californicn (Chutm, and Schleehs,) Durrow and Walde. F. catiforpiea Cihnn, acd
Sehloglt., Linnoen 20 4. 1827,
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Figure 12 illustrates the dilference in the length of day in different
strawberry regions, At the bottom are bars to represent the length
of daily light and dark periods at Plant City, Fla., on January 1 and
June 21, and at the top are similar bars for Alaska. There is just a
listle over 2 hours’ difference in the length of the daylight period in
winter and in summer at Plant City, while in Oregon and Washington
between sunrise and sunset there 1s a difference of about 7 lLiours,
plus an additioral 1 to 2 hours of effective twilight before sunrise and
after sunset.

FAIRBAMNKS, ALASKA-— o - = — jil:lE ?I

JUNE 2|
i JAN. )

SCOTTISH BORDER--~==——n——

i UN
KENT, ENGLAND 2o jANE ?‘

WASHINGTON STATE=—=———=—=— JUNE 21
SOUTHERN BRITISH COLUMBIA=~ 5 JAN.
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NEW JERSE -+~ ———— — e e e W JUNE 21
NEW YORK = T
MICHIGAN- —— — —~—~—————_]

RORFOLK, YAr—— —— s v ey
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TENNESSEE—— == = —m = — e = 3z JUNE 21
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FiGURE 12,—The length of the daylight periad for the severnl strawherry-growing regions on Innuney 1
amlJune 21 js represented by thelenethaf the uneolored bars, tha lengih of Lhe bwilight eifeetive for plant
growth by the dotled bars, and the length of the nkght by the Black bars. Thus on June 21 the daylight

teripel wig 24 liours long ul Foirbanks, Alaskn: the light offeetive for growth nbout 20 holrs long in tha
wery region of southern Scotlu; in southern itish Columhi and Washlngton State neaety 15 honrs
Iuni.:; In Mew York nhnall 17 honrs; ol Noclolk, Vi, nearly 145 lionrs: al anuauond, La,, about 15 hars,
aplat Plant City, Flu, ahone 1 haes, A Plant City, Fla, an Jnnary towhen beerles are ripening,
the dxlipht periad is 11 e 19 hours ong in contrast te 23 honrs af daylight ut Falrbmoks, Aluska, on June
21, when the [Hants are flowering Lhers.

Fragaria chiloensis is native to the Pacific coast. from Alnska south-
ward to central California and in the higher mountains of the Mawai-
ian Islands.  Thus, forms of this species are native where there are
nearly 24 hours of daylight during several weeks of summer (Alaska),
and also where there are abeut 12 hours of daylight the year through
(Hawaii),  With 2 species us variable ns this it might be expected
that forms suited to different day lengths might be found, end this
has proved to be the case. In these tests several forms have grown
well under short days.
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In figure 9 are shown four species under normal light of winter at
Corvallis, Oreg. Fragaria chiloensis (10-B) shows mueh the best
growth, . wesca californica the next, followed by F. euneijolia; F.
virginiang (27) shows the lenst growth.

RESPONSE OF VARIETIES

Cultivated verieties of strawlberrics are derived chiefly from Fra-
garie chiloensis and F, virginiana but show an even greater range of
response to differences in daily light exposures than do the forms of
the species used in these experiments. Under field conditions varie-
ties are raised in Alaska where they have continuous light for about
6 weeks in summer, soutliward to ligh altitudes in the Tropics where
the daylight periods are about 12 howrs throughout the year, and in
Florida where in winter the daylight periods are 10 to 11 hours long,
Cultivated varieties are grown over a greater range than the native
habitat of the parent species—a little farther north than the northern
limit of F. chiloensis in Alaska and farther south below the Equator
in South America, In the light experiments some varieties grew
well in summer with light periods only 10 hours long; others grew
fairly well in the greenhouse with the periods as short as 8 hours,

In the experiments of 1924 to 1926, under field conditions of high
light intensity and high temperatures in summer, growth continued
under 8% to 9 hours of light; in the summers of 1927 and 1928 growth
continued under 10 hours of light in boxes; while in 1928 to 1932 in
the greenhouse some varieties grew even under the 8-hour day of low
light intensity of midwinter, In 1931-32 plants of 52 varieties and
specios which were put in the greenhouse September 1 lived and some
grew during the period December 6 to January 15 under normal light.
A base line for growth regarding the duraticn of light will therefore
vary with variety, temperature, light intensity, previous conditioning,
and possibly with other conditions such as light quality.

Some varietios make no growth in the greenhouse in winter at any
temperature under 9-hour daylight periods but in summer grow under
9-hour periods, or in winter grow if kept at a temperature of 60° F.
or above from September 1, or if first exposed to low temperatures to
break their dormant periods. Other varieties grow nearly normally
even under 9-hour light periods in the greenhouse. The base line
for growth for the latter sorts must be nearer $ hours of light in
winter and possibly still lower in summer.

The type of growth made by the several varieties differs also with
the duration of the light periods. When the summer days were
shortened to 10 hours runner production disappeared almost nlto-
gother. Shortened summer days secmed to cause the crowns to
branch instead of producing runmers. These branched crowns
eventually differentiated fruit buds, which at least partially nccounts
for increased flower production the following spring (table 1). In the
winter tests of 1929-30 no variety produced runners except when
additional light was given. Under 200-watt lights to supplement
daylight Bedarena and the southern varieties, Missionary and Blake-
more, were the first to produce runners.  Thus with light periods just
above the base line for growth and under favorsble temperatures for
the variety the growing points differentinte into fruit buds. With
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similar light the growing points develop into branch crowns, With
daily light periods still farther above the base line the growing points
develop into runners.

The fruit clusters developed by the buds of varieties adapted to
growth in short days may becorne very large and branch basally (3)
when developed in short days, but when the daily fight period is
lengthened under greenhouse conditions the peduncles grow very long.
Tt seems probable, thevefore, that il the plants are vigorous and condi-
tions are suitable for relatively slow development wlen a variety forms
its fruit buds the ruit cluster will be large and basal branching with a
maximum of large berries. Under field conditions in the northern
part of the range of any variety thae clusters tend to be high branching
and relatively small, while to the southward they tend to be low
branching and large. Since the daily light periods shorten more
slowly in »egions of the latitude of North Carolina than in Wew York,
the clusters of most varieties should belarger snd tond to basal branch-
ing in North Carolina more than in New York, Observations on
several scores of varietics in both States confirm this, The Dunlap
and Howard 17 are northern sorts and produce basal-branching clus-
ters farther north than such southern sorts as Missionary, Klondike,
Biakemore, and Bellmar.

The terminal cluster is the first to differentiate in the fall and in
the cool weather it has the longest time to develop; hence, in general
it should be, and observations confirm that it generally is, the largest.
Fruit buds of the Missionary formed in the spring in North Carolina
usually develop into bigh-branching ‘“crown” clusters apparently
because the days are lengthening and the warmer weather induces
more rapid development, Farther south in Florida where the fruit
buds grow slowly throughout the winter they develop into basal-
branching clusters; later in the spring the clusters develop more
quickly and become high branching.

1t has been commonly observed 51 at the leaves developed by straw-
berries in the fall average much smaller and have very much shorter
petioles than those produced in midsummer. Similar diffcrences were
noted in these studies of the eflect of length of the light periods.
Tle leaves of the long-day plants were often more than four tines the
size of those grown in short days; reference to table 4 shows that the
long-day petioles were sometimes as much as five times as long as those
of the short-day plants.

The responses of Fragaria vesece semperflorens and of Mastodon
indicate that they represent wholly different groups of everbeuring
strawberries.  F. vesca semperflorens grew vigorously under the very
short days of midwinter; it blossomed and was the only strawberry
that produced runners under the short days of winter up to March
11, 1930. On the other hand, Mastodon plants actually decreased in
size under the short days and low-light intensity, and not even in the
lots exposed to daylight plus 1,000-watt lights for half the night did
it meke a normual growth like that of summer. Fruit-bud differentia-
tion and vigorous growth in the Mastodon take place in the long warm
days of summer, while F. gesca semperflorens apparently is relatively
indifferent, to either condition.
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RELATION OF PHOTOPERIODISM TO THE REST PERIOD IN THE STRAWBERRY

These experiments on the light requirements of strawberries have
suggested n cause of the rest period in the strawberry and possibly in
other plants (#7}. The strawbeiry plant in northeastern United
States becomes more or less dormant with the onset of short days and
low temperatures of fall just as do most other plants of temperate
regions, The experiments referred to above have shown two effects
of the low temperatures on the strawberry. In one experiment,
plants that were placed each night from dark till dawn in a cold-
storage room held at about 45° F, grew far more vigorously than those
left outside at summer pight temperatures; in other experiments
plants first exposed to a low-temperature rest peried in late fall have
made greatly increased growth. Thus, strawberry plants that were
given a rest period by being lett out of doors late in the fall and brought
m about January 1 when the days were still short grew vigorously
without additional light. Although the days were actually shorter
in some of the tests, as much growth wns made by some sorts and
more by many sorts in 4-weeks’ time than in 12 weeks when plants
were brought in early in November. No low-temperature exposure
at any light intensity or duration ot any time in spring, summer, or
fall.has ever been observed to induce a rest period.

Varieties grown near the Equator in the Andes Mountains in
Ecundor are sufliciently adaptable to grow and fruit continuously
under light periods that prevail there (13); in such regions a dormant
period is not required, Their continued growth and fruiting seems to
be correlated with a relatively constant exposure to the photoperiodic
and temperature requirements ‘of the particular variety. Growth in
some form apparently can continue over a fairly wide range of daily
light exposures from less than 9 to 24 hours. However, in the latitude
of Washington, D.C., even varieties adapted to very short days show
somewhat better growth in the greenhouse when exposed to low
temperatures for & time than if put into the greenhouse late in October
after the days become short but before the advent of cold weather.
Plants of such varieties raised in Maryland and shipped to Florida
in Qctober do not usually make as vigorous a growth as plants raised
in Florids, where the days are not as short as in Maryland from
October onward. Exposure to the relatively short days of late
summer and early fall up to October has apparently effected such a
change in the plants that & rest period is beneficial. Most varieties
adapted to northern regions make little growth when the daylight
periods are 10 hours or less in duration, I fivst given a low-tempera-
ture rest period, however, they grow vigorously in the greenhouse
during midwinter, when the days are less than 10 hours long. For
these varieties adapted to long summer days, o low-temperature rest
period is necessary for ren~wal ol vigorous growth under normasl
winter days in the greenhouse.

Plants of 51-varieties placed in the greenhouse September 1 and
exposed fo electric ]'ghb until 1¢ p.m. in addition to daylight did not
become dormant. Kxposure to short daily light periods, therefore,
seems to induce n resi period in many varieties of strawberry (10).

These studies of response fo light show that the strawberry varieties
now grown in regions of relatively short and of relatively long days
huve actually heen seiected for their adaptetion to the light and rest
period conditions of those reglons.
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Garner and Allard (11) reported that by incressing the daily light
period in September before the leaves dropped, the tuliptrec was
enabled to renew active growth. Two kinds of sumae, however, did
not resume active growth. They concluded that “the decreasing
length of dey is an Important factor in causing perennials to enter
upon the winter period of dormancy.” The tuliptrec in Seplember
apparently corresponds to certain strawberry varieties that have ceased
active growth in October, but that can resume active growth if the
daily light exposure is increased. The sumae in September seems to
correspond to these same varieties of strawberries m November and
December after longer exposure fo short days af temperatures per-
mitting growth. They then need a low-temperature rest period
before they can resume vigorous growth However, if the sumac and
other plants responding similarly had been exposed to a suiteble day
length some time before they had formed terminal buds, they might
bave continued growtlh indefinitely.

Tt is here suggested thot the rest period in the strawberry (and
possibly in other plents of temperate regions) may be u result of nutn-
tional conditions caused by relatively short dumly light periods and
relatively low growing temperatures. This conception of the relation
of daylight periods to the rest period may explain the different re-
sponses of the same variety of strawberry and possibly of other ever-
greens and even of some deciduous shrubs and trees when trans-
planted from widely different latitudes. If transplanted in the fall
from northern to southern latitudes the northern plants may be ex-
pected to be more dormant than the southern-grown plants, and, as
with the strawberry, not grow so vigorously. Such plants must truly

et scclimated. On the other hand, plants propagated in regions of
righ temperatures and short days, as Florida and southern California,
may suffer from lack of cold weather to break their partial dormancy.

In tests of selections from the breeding work of the United States
Department of Agriculture, the results have been remarkably en-
lightening even though it has not yet been possible to combine daily
light tests with different day snd night temperatures. The Blake-
more has not grown as well 05 the Missionary in the short days of low
light iniensity of winter, and this may be interpreted to indicate that
it will not succeed as well in Ilorida as the Missionary. In actual
tests in Florida, this seems to be borne out. 1In the long days the
Blakemore has made more vegetative growth and less fruit than
Howard 17, and again iis field response in the North has agreed. I
seems to be adapted to the region between the southernmost part of
the Missionary and northernmost part of the Howard 17 regions.
Two new sorts, Dorsett and Fairfax, have been introduced for the
latitude of Maryland to New Jersey. In their responses to conditions
the Dorsett has tended to resemble the Blakemore and the Fairfax
the Howard 17. This is interpreted to mean that the Dorsett will
be adaptable to regions farther south than these in which the Fairfax
will be adapted. Actual field tests in western North Caroling have
already shiown the Dorsett to be much better adapted to that region
than the Fairfax,
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SUMMARY

Everbearing varieties of strawberries ave “long-day plants, form-
ing fruit buds under the Jong days of summer in {he Northorn States.

Ordinary vaieties of strawberries are “short-day’? plants, rarely
forming [ruit buds under natural conditions except’in the [all, when
the days beecome short and the teniperature low.

Runner formation does not occur with a 10-hour day in summer in
ordinary varieties or in a few varicties with a 12-hour dav.

Branch erowns tend to fortu when the daily light perjods beeome
ioo short for runner formation.

Fruit buds tend to form when the daily light period becomes still
shorter than for optimum branch-crown formation.

Daily light periods of 8, 10, and 12 hours in summer and early [all
resulted in an incrense in the number of blossoms produced the Tollow-
ing spring.

Increasing the dnily light periods by the use of artificial light did
not induce full normal growth in plants brought info the greenbouse
from Octoher through December, but did induce growtl approximu ting
normal if the plants were brought in September 1 or before [ruit-bud
formation had started.

Wlen brought in from winler conditions after January 1, growth
of most varieties was upproximutely that of summer whether the plants
were given additional light or not.

Varieties are considered 1o have charaeteristic temperature-day-
length responses which determine their regional adaptation,

Southern varieties grow under short days at relatively low-growing
temperatures and need little resl or no dormant period.

Northern varieties grow very little under short days and, if first
exposed fo short daily light perieds, require n low-temperature dor-
mant period to break their rest period.

The rest period in the strawberry is considered to be caused by n
short-day low-temperature complex and is broken to a degree in some
varieties by addittonal daily light exposures and in all varieties by
temperatures at or below lreezing,

Plants of over 80 varieties and species when not given a full rest
period continued flowering and fruiting in the greenliouse until July,
and some at least continued until August; the same sorts when given
a rest period formed no fruit huds after the rest period.

The response of varieties to light conditions during October, Noven-
ber, and December is considered indicative of their regional adaptation.
Varnieties adapted to southern States produce rela tively lurge leaves
with long petioles, while northern varieties grow little or not at ail
during these months,

In southeru States fruit clusters become Iarge and branch basally
when developed from fruit buds formed under short daily light pertods
of fall und early winter, but late-winter and spring-formed {ruit buds
usually develop into high branching clusters.

In these experiments ruit elusters produced in the greendiouse under
long-day conditions from fruit buds well developed before being brought,
mto the greenhouse branched basally while Inter clusters wore high
branching.

Transformation of vegetative growing points into Truit buds under
normai daily light conditions from September to January occurred at,
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temperatures averaging about 60° F., but started at a slow rate com-
pared with usunl outdoor plants in the Eastern States.

At temperatures above G0° T, short daily light periods (10 hours or
less) are necessary to initiate fruit buds and may initiste thom in a fow
varieties only; at low tentperntures [ruit huds may form under longer
daily light periods.

Aany strawberry varieties grew [aitly well lor 5 moenths under
continupus artificial light only.

Late falls are considered Tavorable to extensive fruit-bud develop-
ment and to incrensed crops in he sueeceding spring.
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