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INTRODBUCTION N

The breeder, the plant propagator, and the grower are ell inter-
_ ested in the influences that affect the production of runners' by
g strawberry plants. The breeder needs the information in ordsr to
s judge the value of a new sort for the conditions under which it is ;
: being grown. The propagator is interested becanse he wishes the !
4 greatest number of salable plants per acre. The grower needs the
sama information as the hreeder end the propagator, but in addition
hci: needs much more information on the later development of the

, plants.
| This bulletin presents the results of several studies dealing with
different phases of runner and runner-plent production and develop-
ment, together with a brief review of the information published on
the subject. There is now a general interest in bud selection in all
fruits. Negative resulis only have been obtained from all investi-
gational work on the value of bud selection in the strawberry. Such |
results have centered interest in the causes for the very obvious '
differences in fruit and runper production of different runner plants 3
of the seme variety. This in twm has directed atiention to the !
physiology and development of the strawberry plant. White (18)°
has already published the results of studies of the anatomy of the

i
i
i
i

1929

L£31 1 A runger is a siender procumbent stem with elongsted bare int
listip. Ln this bolletin the term “runner saries’’ {5 npplied to the sev

ernodes which forms s bew plant at
eral runpers end runner plants which

1 ariend from the mother plant in any ong direetion, as from runners 1 to 11 in Figures 10 and 11,
[l t Reference Is mada by ftalie num‘{;ers in parentheses to ‘*Literature cited,” p- 27.
o 4312-29—1




2 TECHNICAL RULLETIN 122, U. §. DREPT. OF AGRICULTURE

strawberry from the physiological viewpoint and the writer® the
results of studies of their growth and developmsnt. Additional
information bearing on other phases of the physiological behavior of
the strawberry is presented in a paper on sterility (4) and in a study
of inflorescenes types.*

THE RUNNER BRANCH

Seedling strawberries make their first top growth by means of a
very slight elongation of the stem and by the addition of new leaves.
Later, some of the buds located in the axils of the leaves begin to
develop. These buds are new growing points which may produce
any one of three types of branches—a secondary erown, & runner, or
an inflorescence. Seedlings of the common horticultural varieties
usually produce secondary crowns first, runners next, and inflores-
cences last from these new growing points. Seedlings of ever-beat-

Fraurg 1 —inflorescences of Fragaria sp. (from Mapchuria) which npgarently started ss ranzners,

the tips of which were transformed into Bower binls. Phatograplied September 13, 1927

ing varieties, however, may produce inflorescences when & few weeks
015, before any runmers are produced. Among the aver-bearing
seedlings grown in the breeding work of the Bureau of Plant Industry
there have been many that produced no runness whatsoever. Suc
plants produced new crowns, which are merely branches of the pri-
mary stem and like it in structure rather than vunners, whi-h (though
they are branches also) have a different structure. Similar runner-
less plants have been grown from seed of Fragaria vesca semper-
Slorens, the alpine strawberry of Europe. Rinnerless varieties of the
lntter have long heen in the trade.

Tnflorescences which bear & remarkable resemblance to runners
and which may be intermediate forms ave sometimes produced.
Figure 1 shows an infloreseence which apparently started as a runner
but which changed to an inflorescence. Figure 2 shows aun inflores-

1 DarRow, (3 M. EXPERIIENTAL STUDIES ON GROWTH AND DEVELOPMENT IN STRAWBERRT PLANIS.
[Un]gubhshed manuscript.] ) i
tDARROW, (. M. INFLORESCENCE TYPES OF STRAWHERRY VARIETIES, [Unpuhlished manuzeript.)
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RUNNERS AND RUNNER PLANTS IN THE STRAWBERRY 3

cence rooting ab the nodes and Figure 3 an infiorescence which has
produced adventive vegetative huds and new plants. Figure 4 shows
another infloresconce that appavently started as a runper, then pro-
duced a berry, and finally became vegetative agam. In this case the
tip of what is known as the berry, but which is actually the receptecie,
continued to grow and produced a new crown with saveral leaves.

Tn October, 1926, plants of several selections resulting from breeding
work wers sent to Florida for trial. When they began blossoming
and fruiting, A. N. Brooks, of the Floride Agricultural Experiment
Station, Teported that many flowers and fruits were producing tha
same teratological formu as that shown m Figure 4. Appareniiy,
either the digging of plants in & certain stage of fruit-bud transfor-
mation or the conditions in Florida se affected the flower bud that its
center was changed back to a vegetative bud.

!?'}HI'ENIE!ItzlliIil!l]t]l]iIlEtlIl!ililillil11t'[l{l|:—-}IH]l[l}tIIIl]Il![!rl.l_i.]i]INE‘!U“[!I!“!‘I‘UI'

FI1oURE 2.—An infloreseenca of the Rissionary sttawberry which is sending oué adventive roots ab
tha nodes. Varieties &re said to occur it which arunner is commonly produeed io place of sume

part of the infiorascence s

The same condition—that is, the transformation from a reproduc-
tive to a vegetative growth bub expressed in a different Way—is
shown in Figure 3, where roots have been produced at the nodes of an
inflorescence.

Branch crovms, runners, and inflorescences are simply different
stem structures, any one of which may be produced by any of the
growing points in leaf axils, depending on the genetic constitution of
the variety and on the conditions influencing the plant, and 1t iz not
surprising that intermediste forms are roduced. )

Tn the vicinity of the District of Columbia the usual horticultural
varieties commonly produce runners throughout the summer, although
occasionelly they produce branch crowns. Except very rarely, these
runners are regularly two internodes in length and may be 40 or more
centimeters long. (Fig. §.) Oceasionally a runner with one short
internode is produced,(fig. 6,B), usually underground. Such runners
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mey be produced experimentally by pinching off the ends of very
young runners just beyond the first node. Alt ough usuelly a branch
runner appears, occastonally & plant is produced.

Rupners produced by different varieties differ greatly in their
length, thickness, time of production, and in other ways. Varieties
with rather long runners are generally preferred ovar those with short
ones because the plants in matted beds can be spaced more easily.
The Dunlap and Klondike sorts have beer and are widely grown 1n
the Nerth and South, respectively. They are characterized by long
runners, although in both sorts fheir length lacks uniformity.” 'The
average length of 114 runners of Dunlap measured November 19,
1926, was 25 centimeters; that of 111 runners of Klondike measured
on the sama day was 25 centimeters a’s0. The length of the first and

F16URE 3.—A plant of o species of strawberry from Muoehuria which prodnced on the inflorescence
advantive buds that developed into naw plants

second internodes of runners of these varieties was exceedingly
variable, but on the average was approximately equal.

All varieties produce at the first node & scale, in the axil of which
is a bud. Most of these buds do not develop, but those that do
develop usually produce branch runners. Such runners may oceur in
any part of & clon, even on the last runners to form in the fall.

TanLe 1.—Comparative number of branch runners produced by different varieties
of strawberry

| .
! Nurr;bor : Tntbal
. o © humber
Variaty * branch ; af
. TUnGers  runoers
i .

Mownard 17, ...

R 4 414
Kiondike. ... .. _.___] 2 388
Misslonary

: 4
......................... : i 67 42
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Tn some varieties branch runners are commonly produced; in cthers
rarely. In a count made July 14, 1925, three varieties had produced
branch runners, as shown in Table 1.

Of these three varieties, Missionary apperently produces branch
runners most frequently. Bramch runners are often very much
smaller than the runners upon which they occur, and for this reason
branching is apparenily an undesirable genetical characteristic under
ordinary conditions.

In all varieties roots and leaves are produced at the second runker
node and a new runner plant is formed. (Figs.6, A,and 7.} The first
leal appearing at the second node—the end of the runner—is usuall
small, often scarcely more than & bract. (Fig. 8.) Its axllary bud,
however, is in an especially favorable place, for whenever growth
is rapid in the mother plant or in the clon this bud may develop into
a runner even before the second leaf (the first to function fully as
such) has entirely unfolded. The new runner is & branch of the runner
plant, not a mere extension of the runner from the mother plant.

FIGURE 4, —A strawberry fruit from the apex of which a pow plant is growing. In this case the
frufc th}d trn:isfo:med into a vegetntive bud. Photographed September 15, 1827, Specias ssma
a5 in Figwra

(See Gay (6), White (18), and fig. 7.) Appearing in the axil of the
first leaf and above it, the runner presses this leaf to the ground so
that it soon decays.

According to Gay (6), Fragaria viridis (F. colling), o species from
central Burope, differs from all other species in that, although the
first runner from a mother plant has two internodes with a plant at
its tip, the runner that extends the runner series farther produces a
plant from each axillary bud. The second runner in esch runner
series of this species is therefore composed of several iuternodes, with
an axillary plant at each node.

As would be expected from a knowledge of the phyliotaxy of the
strawberry, the second leaf appears at an angle of about 144° to the
first, and the second runner developing from 1ifs axillary bud extends
in & different direction from that of the first, just as is the casc with the
runners of the mother plant.

During July, 1926, plants and clons of Fragarie chiloensis growing on
the beaches of Washington, Oregon, and California were examined.
The scason had been drier than usual, so that little seil moisture was
ovident in the upper 12 inches of sand at many places where plants
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were growing.  Runper series more than 10 fect in totul length
were rellected on which not a single plant had rooted. Moreover, sev-
cral runner series nearty as long(}md been produced by single mother
plants, and all the vunner plants were entirely dependent on the
mother plants for nutrients and water. (Fig. 7.} In the latter part
of September, 1926, additional collections were made by G. I*, Waldo,
among which was one runner series 16 fect long with & few small
roots on some of its 10 runner plants.

Iu the ever-bearing varietios of the strawberry fruit buds often form
in leaf axils in place of runners. This may ¢ccur on runner plants
that have not yet rooted, and such runner plants may have as many as
three inflorescences and bring fruit to maturity without having vooted.
Sowetimes all buds ot o runner plant, or all except those in the axils
of the first leaves, become flower buds, (Iigs. Sand 9.) When all buds

Frivie 5 -Lang ranner series of Fragurin chiloersis on sand dunes of the beaeh neir Baltair,
Urel.  Runner secies 10 feer long were funiad o whieh ne plauts bad rooted. All of (e [T
plants in the ilinslration are eatirely dependent on the moiher plaat

develop into infloveseenees or runners there can be no further deyelop-
niennt of the plant unless an adventitions bud should be produced.

To determine whether the relation botween runner and mother
pinnts was similar to that between different erowns on the same lant,
several plants each having two crowns were seleeted in which the sup-
porting roots were produced diveetly {rom the base of each erown.,
M ehe roots from the hase of one crown of each plant were removed
ndd the plants veset.  No effects of this treatment could he observed in
the development of the two crowns. Those having their roots re-
moved developed fully as rapidly as their sistor crowns, and alter some
weeks new roots pushed out to replace those removed, Mothor
plants may have their roots cut off’ and be entirely supperted for
months by water and nutrients from rooted runner plants.  As pointed
out by White, the vaseular systems of both runners and crowns Lipve
ample connection with that of the parent crown te furnish such
support,

N —— e




RUNNERS AND RUNNER PLANTS IN THE STRAWBERRY 7

TIME OF APPEARANCE OF RUNNERS

Development of strawberry plants set in the spring takes place not
only by the production of leaves but also by the production of runners
and runeer plants. In spring-set plantations in northern regions

runners begin to appeer in May or Jume, end with most varieties i
runner production continues until the end of the growing Seasom.

i
B
i

‘.‘.i
S
1

iy
b
4

; ﬁ
R

FIQURE 6.—A, A strawberry runnet plant, showing its small first leal from the axil of which has been
produced the runnsr to the laft. New rogls aré pushing cut from the base of this leal. B, A
strawberty piant with n short rugmer with o single internode {at the right) and at thoelefi o runner

witk the psual bwo internodes

In 1-year-old fruiting plantations, however, runner production does

not ususally occur until toward the end of the cropping season or after-

wards. If the climatic conditions are favorable for a vigorous leaf {
development runners may be preduced by the {ime the first fruit is
mature, or this may oceur even earlier with many variefies,




BN L e m————

8 TECHNICAL BULLETIN 122, U, §. DEPT. OF AGRICULTURE

In Florida and southern Louisiana, where growth may continue
throughout the year, the crop of the Missionary and Klondike vari-
eties 1s produced by plants set in the preceding fali. If the planting
is done after a somewhat definite date (about October 1 to 10 in cen-
tral Florida) few runners are produced even though growth is vigorous.
Earlier set plants, however, may produce runners. Apparently scme
condition, such as length of day or temperature, affects the plants in
such o way as to inhibit runner formation on most plents set after
this time in the fall. On the other hand, plants of these varieties in
Floride when set in February may start forming runners in March,
and these mey continue to form until the following fall.

In the greenhouseat Johns Hoplkins Universityin Baltimore, Md.,
plants of several varieties set in February heve produced runners
freely as early as April. Whsa brought into the greenlhouse inWash-
ington in October some of the resca group (alpine varieties, Fragaria
vesca americang albe, and & species from Manchuria) produced runners

FIGCRE 7.—A strawberry runner tip which hns formed o new plant with & runoer in the axil of its
fiest feaf (pieked off). The new rumosr i3 in an especially faveorable place for food supply

frecly from December toMarch. 7. ehiloensis from the coast of Oregon
and Little Searlet also produced some runners in December, whereas

varieties such as Dunlap, Howard 17, Marshall, and many others
produced none whatever during the winter. N

In England, Menn and Ball (74) noted on May 28, 1925, the
appearance of runners on plants set September 2 of fhe previous
year. These were produced from axils of leaves that had opened in
early spring. On June 26 the sverage number of runners on de-
florated plants of this let was 5.4. On the same date the average
number of runners on plants set April 7, 1925, was 1 per plant.

Gofl (9) states that the runners begin to form as carly in the spring
as the new leaves begin to grow, al though they do not attain sufficient
length to attract attention unfil some time afterwards, However,
runner dsvelopment is not evident in the fleld, at least usually, for
several weeks after setting and is apperently correlated with the
appearance of new leaves produced by new growing points, ns well
as with the size and vigor of the plants.
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EFFECT OF NUTRIENTS ON RUNNER AND RUNNER-PLANT
: PRODUCTION

In an experiment on the effect of mitrate of sude on runner pro-
_duction, Macoun (I8) hes recorded the number of plants formed on
several plots of the Parsons variety at Ottawa, Canads, on July 165,
August 1, Augunst 15, and September 1. His plots comprised three rows
each 15 feet Tong, and these were replicated three times. On August
1 the plots recetving nitrate of soda ab planting and one month after
planting did not contain as many runner plants as those fo which
1t was not applied until after that date. Plots receiving mitrate of
soda on August 15, September 15, and later were relatively no better
than the check. In this experiment this variety had formed 5 per
cent of its runner plants by July 15, 25 per cent by August 1, 54
per cent by August 15, and neaxly all the rest by Sepiember 1.

. Yy

Fioure S.—iyrminal bud of & runner sirawberry plant (at the tight} which develo intc p

fiowar bud as soon g2 the first lea! had beex differsntiated. The runner plaat at ihe jeft do-
veloped o second leal before the terminal became o fruld bud, JTune, 1926

Tucker {17} obtained sormewhai similar results with fertilizer on
the Howard 17 variety in New Hampshire. In green-manure plots
not as many new plants (14.4 planis each) were formed as in the
control plots {20 each) or in the plots to which chemical fertilizers
were added. Plants given stable maupure alone at the rate of 32
tons per acre produced the largest number of new plamis (48.7),
whereas plants given 8, 16, and 24 tons of stable manure per scre
to which complete fertilizers were added produced an average of
only 23.9, 25.3, and 36.9 plants each, respectively. He concluded
that chemical fertilizers were injurious to the vegetative growth of
strawberries.

Loree {11}, in his studies of nutrient requirements of the straw-
berry, records the runner produgtion of potted plants of Dunlep
which were given different {fertilizer applications and from which

31312—2—2
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runners were picked each time records were taken. Runner pro-
duction was first recorded on June 8 and the last on September 5.
Few runners appeared after September 1. All plants to which
nitrogen (in the forms of nitrate of soda and sulphate of ammonia)
was applied on May 10 produced runners freely throughout the
season. Nibtrogen applicatlons on August 1, when none had been
applied earlier, were not effeciive in stiroulating runner productiom.
Phosphoric acid, or phosphoric acid and potash, likewise was not
eftective in stimuvlating such production. The two lots producing
the most runners formed 12 per cent of the fotal mumber in June,
35 per cent in July, 57 per cent in August, and 2 per cent in Sep-
tember.

It 1s evident from Loree’s work that some npitrogen is needed for
runner-plant production, but the tests of Tucker and Davis indicate
that if applied in an inorganic form there is danger of making ap-

FIGURE 3.—Two runner strawberry plants each of which having produced a runner from the bud
in the axil of the first lesf and an {nflorescence from the axillary bud of the second leaf then pro-
duced a frnit bud from the termingl. Mo Iurther development of plants ean take place, as there
sre ne growing points left on either, June, 1028

plications too neavy. Tucker found stable manure to be the only
fertilizer that increased plant production. Because green marure
hindered plant production it is possible that his soils were not pro-
perly aerated and that foxins were produced. In describing the use
of fertilizers to stimulate plant produetion a member of a large
strawberry-plant propageting firm of Maryland stated that in their
experience bone and fish meal were helpful but nitrete of soda was
injurious. Apparently, organic sources of nitrogen for plant produc-
tion have given best results.

RUNNER AND RUNNER-PLANT PRODUCTION BY VARIETIES

In the study of the growth and development of strawberry plant:
heretofore referred to,° 10 plants of nine varieties which were rooted
the previous year at about the same date were set on April 1, 1925,
at the Urited States Plant Field Station at Bell (near Glenn Dale),

4 Dannow, G, 3. Op. cit.
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Md. Runner and runner-plant production records were faken on
these during the following summer and are given in Tables 2 and 8.
Runners were also removed on July 14 end at intervals thereafier
until August 81 from a larger number of plants of the same nine
varieties which were elso set April 1 and in the same rews. Records
of runner production by these mother plants are given in Table 4.
Runner plants wore allowed to develop on alternate plants in a part
of each row, and the average total number of runner plants formed
in esch clon are given in Table 5.

Tasue 2.—Runner and runner-plant produciion of Howsrd 17 and Klondike
sirawberry varielies af Qlenn Dale, Md., in 1986

Average ot' five plonts In each lot except in Septomber, as noted. In tho racord of runner nroduction
from mother plants, runners wers removed June 24 and at each date of record thereaiter

Number of runners or rupner penta ! Numhber of ranzers or runner plants
produced— ' prodaced-—
3?;?&[_ Howard 17 Kloadike 1 3‘;&?‘,‘;{ Howard 17 Kiondike
ton oy N It tion
¥ o ! Bg; . B}; By
mother | Inclon i molher | Ineclen ° mother | Inclon | mother | Inclon
plants i + plants 1 | plants Houts
; ; ; :
Moy H : t | Fuly:
22 0 . i 9.2 I .......... - b 35 T S 135.8 18.6
27 Ky . 10 emnas . 2% 10.0 20 T E—
June: H - ] 30 15.6 24
10 4.6 ; L4 3.0 1.2°T Aug.:
17 8B 26 54| 3.0 6 2.4 by B N j e mnes
34 7.2} 5.4 6.0 ] 58, 9 25.8 PERN AT
Fuly: . i : ' 25 . 22 528
1 0.0 8.2 84 - &0 . Sopt.: ]
g .2 12.5 10,8 3.0 i5 135.0 1840 | e ! __________
hix] 17.4 | 205 Jamamcamsmsimnmm—————— 18 - 1440 i 23127.0
] B ] ] 1
1 2 plants. ¥ 1 plant.

Table 2 records 25.8 runners per plant for five plunts of the Howard
17 on August 19, with an average of 38 for two plants observed until
September 15, Records (not given in the table) for five alternate
plants allowed to root their runners gave 10.2 each on August 19
with an average of 11 runners on two plants observed until September.
15. The five Kiondike plents with runners removed as they appeared
had produced 22.2 runners per plant by August 24, whereas the five
alternate plants allowed to form clons had produced but 8.6 each.

TaBLB 8—Runner produclion of nine strawberry varielies at Glenn Dale, Md., in

TAverage of 10 plants each, May 6 to June 11, snd of 5 plaats each, Juns 18 to Juiy 2

I
Vaciety May 6 + May 13 | MBy 20§ June 10 { Jume 18 { gng g | Fuly2

ATOma . aua 0.1 1.4 2 I PR S——

6T ! .2 4.0 58 82 1L8
Candy__.......2 LI, mammmmm——— jmmmmm———en 1 2.4 3.51 - | B —
b5 e : § 5.2 7.8 122 16.4
Hlondike [ ] 4.7 8.8 it 4 14,4
BbSSiOnATY e mammmmaan H 0.1 0.5 1.3 6.7 8.¢ 1L4 15.2
B T TSR SR —. .3 2.3 35 4.2 &.4
PatsoRS-. .- [ ; . 1.0 5.8 .0 9.2 124
SRIPIE e nanas i .......... .5 i 2.6 4.1 6.0 {oo
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Table 3 gives & record of the runner production of nine varieties
during the early part of the season of 1925. Runner production was
begun first by the Missionary variety on May 6. By May 13 two
other varieties had produceg runners, and by May 21 they were
recorded on all except Howard. 17. By.July 1 and 2, however, Howard
17 had produced mere runners {16.4) then any other variety, The
New York variety had produced the fewest (5.4).

TaBLE 4.—Runners produced by nine sirawberry varicties, the runners being picked
at each dale of record, al Glenn Dale, Md,, tn 1828

{The number of plants vortes Slightly, owing to injurles recaived by some of them]

Nuwmber of mother plants snd aversge number of ruzeers produced—
Tyl | July2s | Aves | Awe 16| Aug. 81| motal [§8F
Hul
: Sps
Varjety -] s a 3 2 a Iwal
4 E B E ] £ 528
=1 B =3 =) - B
s £ s 8|5 8518|888
kS s | £ g1 2 al|l & g = | 8 % |84
Elglgldi2i818151218188/|8:88
2jg|lE&leg |2l BRia{8la|d]|&|x
Parsons. ... o9y 59| s2i 38| s2f as5{ 5| 36} 6] 51| &1 ]z0 .7
Missjonpry. 56 5.8 42 3.1 42, 2.7 42| 2.4 421 8.1 427 17.0 1.3
Sample. ... 63| 4.8 & 2% 53] 2% &1 2.4 £ 3.8 w3 ] 8.2 6.3
581 52 2rl 31| .27 2.2 s 2.2 27| 3.8 211181 8.3
60 81 327 3.5 32 2.8 3l 24 3y LT 311 14,1 7.8
58| 4.3 47 2.3 471 3.8 4| 3.2 47 1 2.4 471158 6.5
| 47 427 2.5 427 23 421 21 421 3.8 42 1 13,7 8.4
65} 40 S51) 1.7) 51| 26§ At} 304 Blj &1 &l|1a2 6.8
581 4.3 4¥ § 2.2 4f 1 20 47| LT 471 a.¢ 47 | 13. 6 5.8
Average_.. ceen] 18.3 7.8

Table 4 gives the number of runners produced by planis of the nine
variaties of Tabile 3, all the runners being picked off as they appearad.
At the first date of record, July 14, the number of plants for each
variety was “approximately the same, though Howard 17 had the
highest average (6.1) and New York the lowest (4). By August 31
Parsons had produced the highest average (21.9) and Aroma bhe
lowest (18). Alternate plants which had been allowed to form clons
svoraged less then helf as many plents.

Table 5 gives the average total number of runner plants formed per
clon by the same nine varisties from July 13 to September 8 and 9,
- together with the range for each variety. Thus, Dunlap formed an
average of 48.5 plants each and the New York only 9.2 each. All
varietles had a good stert July 13, and it seems probable that under
the conditions of this experiment the later marked differences were
due to different varietal responses t0 environmental influences. In
view of these marked differences it is well to remember that eight of
these varieties are leading sorts of the eountry.

Missionary and Howard 17 responded in a similer msnner, both
making new plants slowly, although the cause of this behavior is net
likely to be the same for each sort, for the latter variety succeeds
best from New England to Maryland and the former from Delaware
south to Florida. In the case of the New York, which made few
new plants per clon, the soil.may not have been sufficiently fertile or
the disease incidence may have been too high for the best develop-



http:producedth.Ei
http:varietiesh.ad

RUNNERS AND RUNNER PLANTS IN THE STRAWBBERY 18

ment. When the runners were removed at stated intervels from

the New York, as shown in Table 4, 1t made almost as many runners ag -

Howard 17, which is the leading variety for the section around
Washington, 1. C. This response of the New York may indieate
the neeg for & large nitrogen supply for the proper development of
clons of this variaty. o :

TasLE b.~-Average ltoial numbsr of runner plants ‘per clon formed by nine sraw-
berry vorielies, gt (lenn Dale, M4d., in 1926 .

Number of clons and average nnmber of runner plants produced—
Fuly 13 : Aug. 13 8opt, 8'and 9 Runners
' oo it
) ¥ Al
Varlety E&mt?
. ants
Runner Rusner Runner | Bouge | oo
Clons Planta .Clons piants | Clogs plants otpr]gglgser- - gllowed
to form
rusners
Dunlep. v emceaene 15 a0 15 19.5 15 48.5 218D 152
ATomb. ... 15 7.1 15 13.2 15 45.0 6-72 3.0
Samplo.__. 156 9.8 i5 8.1 15 42.7 13-62 14,2
Pursons. . 16 8.4 16 18.2 15 40.5 12-81 olg
Gandy___..- 12 5.4 12 152 12 3.5 1778 158
Kilondike.__ 28 8.4 28 13.8 28 1 248 -4 18.1
Missionary. 14 126 14 18.6 i4 2441 41 17.40
Howard i7__ - 2 8.6 30 .4 30 24. 4 16-85. 16,1
New York. ooooaeao| 15 3.5 15 5,3 16 9.2 216 16.2

The inerease in number of runner plants of the Dunlap and Aroma,
as shown in Table 5, is striking, especially when compared with the
number of runners made by the same verieties shown in Table 4.
Aroms made the fewest runners of any when .they were removed,
but it made the most runner plants of all except Dmga.p when ellowed
to root iis runners. Under the conditions of this test apparently
old plants of the Aroma in sandy soil did not funetion as well as
young }ilants, due possibly to aeration of the soil, moisture conditions,
aveilable nutrients, or to some condition of the roots. As runner
production by the Arome was especially rapid bstween August 13
and September 8, it is possible that stimulation of an especially
early production of runners on heavier soils in the East might prove
profitable with this sort. '

‘Table & shows the actual number of runner plants in clens of several
varieties on July i3,.August 13, and September 8 and 9. Most
varieties, however, producse runners well into or through October at
Glenn Dale, Md., so that the total number of plants produced by some
of these varieties may have been double the number recorded on
September 8 and 9. In Table 2, records are given of five plants of
Howard 17 which had produced 48.2 rooted plants per clon by August
19, two of which had produced 94 plants per clon by September 15.
Five plants of Klondike had produced 62.8 plants per clon by Augnst
24, one of which had 127 planis on September 18, Howard 17 forms
few plants after September 15 at Glenn Dals, Md., whereas Klondike
continues to produce runners uniil nearly the end of Qctober.

It is evident from these recérds that runner produetion commences

earlier with some sorts than with others, and for particuler condi-

tions, such as those obtaining at Glenn Dale, Md., In 1925, the pos-
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sible mimber produced by the original plants set in the spring varies

-with different varieties. If the runners are allowed to root, less than

half as many are produced as when they gre picked off as they appear,
Primary runuer plants in turn produce runners and mmner plants,
and these produce still others until clons of mors than a hundred
plants may be formed.

DEYELOPMENT OF A CLON AND OF A PLANT WITH RUNNERS
PICKED OFF

The entire development of & clon is dependent on runners which
develop from the buds in leaf axils, To i]ﬂ)ustrata this development,
2 plant of Howard 17 was set April 1, 1925, and records were made
of the development of this and of all it runner plants wniil Septem-
ber 15. From these records a diagram (fig. 10) was made showing
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FigurE 10.—Diogram showing the deavelopinent of a Elaut offtha Howard 17 sttawberey and af the
clen produeed by §t. The heavy vertical line st the center rapresents the orlginal crown of tha
mother piant, A, second crown was produced from tho aril of lest 2, but together with all runner

- serfes (rnnvers 3, 6, 16, and 11) erising from it thiz s omitted from the diagram, As am illus-
tration of the davelopmant of this clon tha development of the parent plabt may be followed:
Betwean April 15 and 20 leaves 4, 5, and § wers produced. The buds in the arils of laaves 7 and
8 da:_alo ad inte unners 1 and Z, but theso were not visible untll Msy 27 and Juoe 10, re-
spectively

the time of appearance of its leaves, the axillary buds which produced
runners, the time when the runners formed runner plants, the runner
series produced by the runwers, the leaves and runners produced
by each runner plant, as well as the runners, runner series, and
runner plants produced in turn by these, which formed the entire
clon. To simplify the diagram, crown 2, together with leaves and
runners produced by it and runners 5, 8, and 9, were omitted.

The development of the same plant including crown 2 is shown
again in PFigure 11. In these the tendency of the strawberry to
develop runmer series is evident. Notes made at the time of taking
she records indicate that the tips of runner series 2 and 5 were in-
jured, and these injuries probably hindered the extension of these
series, -

The mother plant had 11 leaves on May 27, when runner 1, pro-
duced from the axil of leaf 7, was first visible. (Figs. 10 aud 11, A.)
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By June 10 (figs. 10 and 11, B) runner 1 had rooied, the mother
plant had produced 15 leaves and two more runners, 2 gnd 8 irom
‘the -axils of leaves 8 and 1(, respectively; on June 17 (figs. 10 and
11, C) the mother plant bad produced 16 leaves and 5 runners, run-
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FIGURE 11—Disgrams illustrating the development of the same clon. of the Howsrd 17 straw-
berry that was Uastrated Iz Figu.re 10: A, Development of mother plant May 27 wien runner
1 first appeared; B, st formation of 4 clop Jene 10; O, I, B, P, i, H, I, J, and K, ths clon
aa it appeared o Tane 17, M4, July L § %3, T, Aug. 6, 18, and Sept. 15 The relative size of the
plants as messured by leaf aves i8 shown by the siza of tha dots

ners 4 and 5 coming from axils of leaves 11 and 12; on June 24 (figs.
10 and 11, D) 17 leaves and 6 runners, runner § from the axil of leaf
13; and on July 1 (ﬁ%-s. 10 and 11, E), 19 leaves and 7 runners, ran-
ner 7 from the axil of leaf 15.
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By July 1 il wes apparent that crown 2 had been formed, that
leaves 8, 9, 11, 12, 15, 17, 18, and 19 and rmuners 1,2,4,5, and 7
were produced by crown 1, and that leaves 10, 13, 14, 18, and 19 and -
runners 3 and 6 were produced by crown 2. As heretofore stated, iv
would fend to obscure many details to show the lster development
of the entire clon produced by this plant, and the development of
crown 2 has been omitted in Figure 10, slthough its development
is noted below and shown in Figure 11, ¥ to K. By Jduly 8 crown 1
had produced leaf 20 and crown 2 had produced leaves 21 and 22,
By July 23 crown 1 had produced leaves 23 and 25, and ¢rown 2 had
produced leaf 24, Runners 8 to 11 had appeared, runner 11 (the
Yast one) from the axil of leaf 21 on crown 2. By July 29 no new
leaves or runners had appeared. By August 6 crovn 1 had produced
leaf 27, and crown 2 had produced leaf 26. By August 19 erown 1
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Fiovie 12.—Disgram showing the develcpment of a plant of Howard 17 strawbarry the runners
of which wero removed Jena 2¢ and ns they appasrad thereafter. ‘The heawy vertical lina at the
center represents tha orjginsl crown, the other solid vertienl lines the branch erowns

had produced leaves 28 and 30, and erown 2 had produced leaves 29
and 31. By September 15 crown 1 had produced leaves 33 and 34,
and crown 2 had produced leaves 32 snd 35.

In contrast’with the above plant, the development of a plant of
Howard 17 from which the runners were removed June 24 and as
they appeared thereafter may be followed. The development of
such & plant iz shown diagrammatically in Figure 12. A runner
appeared May 27 when the plant had 17 lesves. By June 10 it had
produced 23 leaves and 8 runners, by June 17 it had produced 25
leaves and 10 runners, and by June 24 it had produced 27 leaves and
13 runners. _

Plant 1 in Figure 10 produced a total of 2erowns, 11 runners, and
35 leaves. Twelve of the leaves were stili alive on September 15,
Plant 4 in Figure 12 produced 7 crowns, 53 runners, and 83 leavaes,
and 42 of its leaves were siill alive on September 18. Plant 4 used
its foliage as a factory to manufacture food with which to produce
additional foliage and runners, while plant 1 used its food supply in
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producing fewer leaves and runners, but it also assisted in the develop-
ment of all runner plants formed by the clon—a total of 112.

The mother plant in a clon suci gs that formed by plant 1 still
assists in the development of the uew clonal plants, even after runner
plants have been forming for three or more months.  All the roots of
one of the runner plants may be killed, yet 1t can still produce runners
that root and that in turn produce runners. Nutrients and water
used by such a plant must be supplied by the mother plant and the
rooted runner pleuts. The result of the dependence of the runner
plants on the mother plant, is to hinder its developinent. Thus, the
mother plant illustrated in Figure 10 had produced only 35 leaves
by September 15, whereas the plant illustrated in Figure 12, from
which the runners had been removed, had produced 83 leaves by
September 18. Records presented later indicate corresponding differ-

ences of such plants in capacity for fruit prodnetion.

RELATION OF AGE OF RUNNER PLANT TO RUNNER PRODUCTION

The first activity of strawberry plants set in the spring is the
development of the overwintering leaves and the inflorescence,
both of which had remained dormant in an arrested state since the
end of the previous growing season. Next, new leaves appear on
pew growing points, and later runners and runner plants are produced.
Davis (§) at Ottawsa, Canada, has reported & correlation between the
runner production of plants and the period during which the plants
rooted the previous year. Flants of the Parsons variety rooted as late
as October 28, 1919, and when transplanted in the spring of 1920 had
formed an swverage of less than 1 runner per plant by July 7, whereas
those rooted July 23, 1919, and transplanted at the same time as the
lsie-rooted ones had formed 2.5 runners by July 7, 1920. Apparently
the loter development of the spring-set plants is. correlated to some
extent with the time they rooted the previous year.

In order to study this phase further, runners of three varieties,
Howard 17, Poriia, and Fragaria virginiana selection 27, were rooted
at the Bell station during July, August, September, and October,
1025. Runner tips ready to root (those having visible roots or
a second unfolded leaf on the runner plant) were pressed into soft
moist soil and held in position by means of a wooden pot label. ‘This
label recorded the date on which each runner plant was pegged down.
Runner tips which had already rooted but which had not been large
eno%g]f at the previous date of record were also pegged down with
a label.

‘hese runner plants were transplanted on April 17, 1924, At this
time the plants that had rocted earlier differed greatly in size, depend-
ing largely on the extent to which they had themselves formed runner
plants in 1923. Plants formed from August 15 to October 6 were
moro uniform than those still older. FPlants rooted during October
wers much smaller than the earlier formed ones.

As o further test, the 83 plants of Howard 17 which bad rooted
between August 15 and Septemtber 10 wers divided into two lots of
41 and 42 plants ecach, according to size, considering thickness of
crown and extent of root systems. The 41 smaller plants were seb
adjacent to the 42 larger ones. All flower buds were picked off as
they appeared. Records were taken on June 30, when runners were
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being produced freely. The runners varied greatly in length and in
the degree of development of such Tunner tips as had rooted. Some
runners had even forined runner plants which in $urn had produced
runners. The record taken, therefore, included both the numbar of
runners and the numiber of runmner plents in the clon formed b

each mother plant. Any node having produced roots or & w_celf:
developed second leaf was considered as a plant. Al branch runners

were included as separate runners. ‘The records of this test are given -

in Table 6.

TABRE 6.—Average number of runners and runner plants of Fragaria virginiana
seleetion 27, Howerd 17, and Portia varielies of slrawberries produced fn May and
June, 1924, by plants rooled during certuin inlervaly in 1933

§
whveraps produc-
Ronner [HonbyTune 30, 1024
Interval of roeting, 1923 sg’t’”:ﬁ_
17,1924 Rurnner
? Ronners plaats
Selection 27; Number | Wumber | Number
Qo or before July 4 - . y iR 6.7 o8
July sto i4 - ar 4.7 3.2
July 15 to Aygust 2, ] 15 3.5 25
August 3 by 14___ i0 3.0 2.4
August 15 to Septamber 12 38 4.7 4.1
September 13 to October 6 . e EY] 3.3 3.7
Qctober 7 te 30, - 11 22 18
Potal - £ N R,
Heward 17:
Cn or belore July 4 - 5 5.4 2.0.
July 5to 14, - ] 3.0 L2
July 15 to Aumust 2, 15 ] 1.9
August 3to 14 .. . - YT 1.6 g? é;
- - smail,, 1 .
Augusl 15 to Septamber 10. ._ . ~--\strong. an i5 20
September 11 to October G . 39 4,0 31
Total 163 -
Portia:
Jely 15 to Augnst 2. . 28 5.7 4.4
Augustato 4. U T 19 5.4 3.0
August 15 to September 1T 41 4.0 2.9
September 11 to October . . 37 4.6 42
October 7 to 30__ 6 23 i.8
Total 126 e,

AVERAGES OF RUNNERS AND

RONNER PLANTS BY VARIETIES

Tuterval of rooting, 1623

Tt R .
By Inly t {July5tola] YUY I5L0 {400 o0 10| Aue. 1560 Sept- 1810 [ ogt, 7 to 30
‘ Apg. 2 Bapt. 12 ct. 8
Variety
,“"'zw'"a!;ﬂinigﬂ E{Eal %8sl 5 [8al E|Eg
HEE - a8 g g8 g 5 =1 a g 12 @ " =1 =
sEIEisEfEéEE S158| § 52 C|BE|E::
- r-:’",r::;x::p“r:jr:':' CREN RS g oms
e e L5 — TR B AT R |
Selection 27...0 6.7 5.5, 47. 3.2 2.5 25] 50| 24 17" 41! 23l 57} 22! 1.8
Oeprdii..., 5.6 20300 12° 38 14] 38! 171 38, 50| s0f 331 =2 L
Portig ... premman mm—— O . ' 5.7]' 4.4} 541 3.9 40 28] 4.6 42 2.3! L8
Averagm_.-_} 6.4, 58° 447 28 1.5 :3.2‘ 43 281 415 3.0] 4.0] a6} 27| Ls
— e b e e T LT S S S N

These records seem to indicate little difference in the runner or
runner-plant. producing ability of plants formed the previous year

!
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from July to September which are themselves allowed to form runner
plants. It is evident, however, that the small plants formed late in
the season of 1923 were not as vigorous as those formed earlier and
were not so satisiactory for planting stock. Plants formed by July 4
produced an average of 6.4 runners and 5.8 runner plants; those
formed from August 1540 October 6 produced an average of about 4
runners end nearly as many runner plants, while those formed in
October produced only 2.2 runners and 1.8 runner plants.

When plants of the Howard 17 of the date of September 10 were
graded according to size, it was found that the larger plants produeed
more rurners and more runner plants than the smaller ones. Careful
grading to size is probably the most satisfactory means of selecting
wniform propagating stock.

As a Turther test of the relation of the age of the transplant to its
later development, records of runner and runner-plent production
were taken in July, 1925, on 50 to 75 plants each of seven varieties
(Aroma, Howard 17, Klondike, Missionary, New York, Parsons, and
Sample) which had rooted at specific periods from July to QOctober,
1924, and which were transplanted April 1, 1925, Each variety was
planted in a single row. By July 14, 1925, the first date of observa-
tion, other influences, such as soil heterogenity and insect attacks,
had so modified differences due to the time of plant formation in 1924
that they no longer appeared.

Goff (7) reported results from an experiment in Wisconsin in which
he compared the later behavior of three sets of plants of the Wilson
variety, one taken from new beds that had not produced fruit the
previous year, a second from a bed that had fruited the previous
yesr and was severely affected with leaf spot, and a third from heaithy
cropped beds. In 1892 the healthy plants from uncropped beds eac
produced 5.1 runner plants, which survived the following winter;
the healthy plants from cropped beds produced 4 runner plants each,
and the diseased plants from cropped beds 1.7 runner plants each.
The difference in fruit production was less marked than that of plant
production, but sufficient to be noticeable. He repeated his experi-
ments (8), sebting in adjoining rows plants {from beds that had not
borne the previous year and plants from a bed that had borne two
crops. The plants from uncropped beds produced an average of
19.3 plants for each one set and those from the cropped beds 13.3
plants each. The difference in vield of 1894 was reported as less mark-
ed than in plant production. Tn a test comparing the healthy and
the disecsed plants, it was found that the healthy ones produced
18 plants each, and the diseased ones 9 ench. It is likely that the
difference 7. plant production between runner plants from cropped
and uncropped fields was partly due to the difference in the time the
plants rooted, the rooting taking place much later in cropped than in
uncropped fields.

Although under many conditions the time of piant formation
durng the previous year may be influential in the development of
transplants, it is probable that an especially fertile or sterile soil,
attacks by pests, and unfaverable moisture or other conditions may
soon efface such differences.

It should be remembered that the comparisons of Davis and those
reported here are between plants from beds where runner and runner-
plant production is unvestricted. Unrestricted runner production
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Is the usual prastice in plant nurseries. In a country with as varied
soll and climatic conditions ss the United States and with such
extremes in the production of this crop as are found where it is
grown as & market garden crop and as s field crop, for example,
practices in plant production vary greatly, and a comperison of
early-formed and late-formed runner plants migh?, give different
results under some conditions. For Instance, 8 comgarison might be
made between early and late planis produced by & mother lant,
the runuer plants of which ars not allowed to form runners. like-
wise, different results might appear if the comparison were between
plants from clons formed early in the summer which were not sllowed
to form runner plants in late summer or fall, and plants from clons
for%legl late in the summer. Results of such tests are given later
in Table 8.

RELATION OF AGE OF RUNNER PLANT TO YIELD

The relation between the time of runner-plant formation in one
year and its behavior in the production of runners the following yesr
has been hereinbefore described. A relatiop. ‘between the time of
runer-plant formetion and fruit production also has been reported
by Duvis (6). In 1919 he recorded the dates on which runners of the
Parsons strawberry rooted, and in 1920 he obtained the yields from
these plants. Runner plents formed before the middle” of Angust
produced 9 to 10 fruits each, those formed about the middle of Aupust;
an average of 16 fruits, and those that, rooted as late as October 20 pro-
duced an average of only 5 fruits. His interpretation was that the
early-formed runmner plants beeame depleted of energy becauss they
assisted in the development of large numbers of Iater runners and run.
ner plants. He concluded that the most profitable period of runner
formation was between the latter pert of July and the first of Septem-
ber. It would seem that the conditions in the fall of 1919 must have
been somewhat unusual, for 39.22 per cent of the plants formed during
October, an unusual occurrence with most varieties aven at Glenn
Dale, é\fld., where the growing season is usually longer than at Ottawa,

anada.

In reporting the results of some fertilizer experiments, Macoun (73)
records the number of blossoms produced on 511 plents of Pargons in
1924 which rooted at various dates in 1923. The aversge number
of blossoms produced ranged from nearly 40 for plants rooted in July
to about 10 for those rooting in October. Straight (16) has reported
yields for one season from the first, second, end third Tunner plants
of runner series where 1, 2, and 3 runners from the mother plants were
allowed to rocot. The first runner plants on the average were slightly
more productive than the second and third runner piants. No signifi-
cant difference in yield was observable between plants preduced by the
mother plants rooting 1, 2, or 3 runner series,

To test the influence of time of runner formation on crop production,
two pistillate varieties, Portiz and Fragaria virginiana selection 27,
were used. Pistillate varieties commonly set all their flowers, and
the number of flowers produced may be considered & measnre of crop
production. Such a measure may be more accurate even than weight
of crop unless irrigation is available, for drought and lack of wager to
i)ndiyiduul plants in the spring often prevent full development of the

erries,
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Plants were set in the early spring of 1923, and woocen pot labels
were used to peg the minner into loose soil and to mark the daie by
which o runner plant bad already rooted or on which the second leaf
had unfolded. %,unner plants were pegged July 4 and 14, August 2
and 14, September 10, and October 6 and 30, in 1923. In 1924 these
plants produced flowers as shown in Table 7.

Tapin T—Influence of Hime of runner formalion on the production of flowers of
strawberry vartefies

Balection 27 Poriia

Date rocted

Average Avomgs
Number § 7ymyer I;‘gﬁ%?; Dumber

of lowers of fiowers

To duly4
July 5o 14
July 15 to Aug. 2
Aup.3to 14
Aug 15%e Sapt, 10,
Sept. 11 to Get. 6o
Oct. 8 te 30

b ford et et

e ot 3
rEpEBHe
wymiel e O

monDRER
LI=T N L] -0

These results are similar to those obtained by Davis in Canada in
1920 with the Parsous variety. Fragaria virginiane selection 27
produced an average of 12.6 flowers on plants rooting during July end
August and an average of 6.3 flowers on those formed during Septem-
ber and October, whereas corresponding Portia plants produced en
average of 11.9 and 7.3 flowers, respectively. Selection 27 fends to
form several crowns on plants rooting in July and August, whereas

" Portia forms few crowns .on such plants. Late-rooted plants tarely
form extra crowns. This difference in branching habit may account
for the relatively larger yield of the early-rooted plants of se ection 27.

Tn e report on sterility and fertility in the strawberry (4) & table
was given showing the average number of fruits and of flowers not
set on many varieties in 1826 which included records on plants of
six verieties rooted at certain dates in 1925. In every instance
there were fewer fruits per plant from the earlier to the later formed,
o differenco apparently due to_ differences ir. the development of
the plants as a consequence of the date they rooted. ¥igure 13
shows the plants on a runner series of the Dunlap variety after the
onset of freezing westher. The runmer plant at the extreme right
undoubtedly rooted in Qctober. Such a plant is Jiable to winter
injury and may beer a few small fruits or none. The first runner
plants of the series at the left would probably have borne the most
and largest fruit. : .

Because runner plants rooting at the earlier dates usually in turn
produce runners in the succeeding weeks of the same season and are
thus weakened, en attempt was made to kmit the period of runner
production to specific periods and to note any difference in the effect
on fruit production. The Fragarie virginiang selection 27 was used
for this test. Four series of plants were grown to correspond with
possible commercial practices. In series A all Tunners were removed
throughout the season; in series B the runners were picked off umfil
September 1 and later ones rooted; in geries C the runners were
picked off until August 1 and later formed ones rooted on specific
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dates;"in seriecs 1D the runners were rooted until Scptember 1 and
lnter ones picked off. Table 8 gives the results.

Tasur 8.—Production of Fragaria virginiana selection 27 plants in 1925 given
different tregtments in 1924

Average numbar of—
. Num-d, e
Series and treatment b}er of | '
plants | All 1Ruaner
Grm'msE Trusses: Fruits ather L { plants
e o e [ —
‘Afother plants:
Setles A, runners kept off throughout senson 12 0.4] 1834} 13L0 |C (I
Series B, runners kept off until Sept, 1.... 4 G2 1.9 (3.8 Lo 4.5
Serles C, runners kept off untll Ang, I 2 a4 5.0 48. 5 5.0 3.5
Series I, rooted untit Sept, 1__ 3.4 4.8 42,8 4.8 18.8
Runner plants from series I
ooied Lo Aug. 1 51 191 271 g4l zg
ooted Auy, 2o 35, 1T ] 1.2 2,0 0.0 2.2
Roated Aug. 16 to Sept. 1. 50 L2 2.1 19.4 21
Runer plants from series C: :
Rocted Aug, Lo 15 . - 20 LYy 24 21.9
Rooted Aug 16 Lo Sept. 36 L6 20 13.9
Rooted Sept. 2 to 15..__ 41 L2 i Lat 157
Rooted Sept. 16 ko Oet. I __ 2 LI Lo J 13. 5
Runner plants from series B:
Rooted Sept, 2 to 15 — . 1 Lof 24] =8
Raooted Sept. 16 to Qct. 1 . 7 r L3 21 77

1" Al other™ fncludes bods missing, injured, etn.

FiaORre }3.—Relativo size and root branching of the plants on & runner series of tha Dunlap strow-
berry (fzom ieft to right), ‘The lnst rnnet plent to root &9 at the axtreme right., Itsroots are un-
branched, and siuch s plant {s very linblp to Winter injury. November 13, 1026

It should be noted that mother planis from which runners were
removed until September 1 produceg but 4.5 runner plants, as com-
pared with 33.5 runner plants produced by those rooting runners
subsequent to August 7. Other tests in which the runners wers
removed from mother plants of other varieties until September 1
have given similar results. The production of even 4.5 runners,

e

s
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however, so affected the mother plants that they produced less than -
half the mumber of fruits produced by plants whose runners were
ke%f:hoif throughout the season.

Fhen the number of fruits produced by runner plents in the dif-
forent series is comsidered, several points may be noted. In each
series that produced runner plants .tﬁe earliest ones to.root have the
most fruit and the later ones successively less and less fruit. In
series B, where runners were picked off until September 1, few new
runner plants were produced, and these bore but little more than
runner plants rooted during the same intervals in series C, which
also produced runner plants during August. From an inspection of
the yields in serirs D it is also ovident that after silowing runners
to roob up to Septeusber 1 it is doubtful whether it. will pay to remove
them later. All plants in each series boré more than plants reoted
at corresponding intervals in 1923, as piven above. Conditions wexre
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FisusE 1 —Theoretical curves R frui production and for conditivas modifying fruit produc-
tion of strawherry plants

so different in the two scasons, however, .that the lots are not
comparabla. :

The yield from plants of different ages is dependent on the inter-
velation of & number of conditions. With no modifying conditions,
the earlier the plant roots the larger the yield the following yeax.
However, the actual result is modified by runner and runner-plant
production, the relation between time of fruit-bud formation and the
end of the growing season, and competition between adjacent plants
for soil moisture and nutrients and light as well as on the march of
these and other influences. If a theoretical curve of fruit production
is established, such as that made by plants of the same variety, of
the same initial vigor and corpposition, planted in uniform soil, and
set at regular intervals from July 1 to November 1, it may be sup-
posed to have a production curve such ss that given in Figure 14,
the yield being governed by its leaf and stem growth before winter.

Churves such as are given in this figure are suggestive only and
obviously represent conditions that are rarely exactly reproduced in
practice. Under field conditions each of the effects shown varies
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from season to season, from field to field, and with the varieties
grown. The purpose of the curves, however, is to suggest the rela-
tive importance of conditions in modifying production,

If production were affected only by the longth of the season siter
the plant had formed, it might be represented by an inclined straight
line. In reality, however, production of runners by plants has an
effect thet may be represented by the thearatical curve for this
characteristic shown in Figure 14. For the first part of the season the
curve for “effect of runner production” is shown as more effective
than the other conditions that modify fruit production. The “effect
of competition for soil nutrients and soil moisture” obviously is
effective later in the season than is the effect of runner production,
whereas the effect of the time of fruit-bud formation is efective still
later in most fields.

EFFECT OF REMOVING RUNNERS OF STRAWBERRY PLANTS

The effect of the removal of ~mners on fruit production has been
studied by different workers in connection with the growing of straw-
berries in hills, in which case the oviginal plant produces the entire
crop, all runners being removed as they form. This practice obtains
in the Pacific Northwest, where almost the entire acreage is produced
under the hill system. In a veport of the superintendent of the
experiment station at Sidney, British Columbia, for 19235, the produe-
tion for two years from hills, hedge, half-matted, and -full-matted
rows is given as follows, it being noted that the yields in two were
below normal: Hill system, 7,613 pounds; hedge row, 6,878 pounds;
hall-matted row, 7,804 pounds; full-matted row, 5,117 pounds,

The full-matted row, which was supposed to represent the system
commonly used in the eastern United States and Canada, gave the
lowest yield of any—about 35 per cent less than that of the hill system.

Quaintance (15), in Georgia in 1899, comparing hills and matted
rows 12, 18, and 24 inches wide with rows 4 feet distant, reported
that the plot under the hill system yielded only one-third as much as
thet under the matted rows. Considering the yield of his 12-inch
matted row as 100, the 18-inch row yielded 184.2 and the 24-inch
row yielded 282.

Table 8 gave the yield in 1925 of 12 mother plants of selection 27
from which all ruaners were removed as they appeared during 1.924.
They produced an average of 131.9 fruits per plant, as compared with
Jess than half that number, 63.8 produced by adjacent plants, which
also produced 4.5 runner plents each during September and October.
The production of 10 mothey plants of the Portia and Howard 17
varieties in adjoining rows which likewise had had their runners
removed, is showa in Table 0.

TABLE 9.~—Produciion of 10 mother plunts of the Poriia and Howard 17 varieties of
sirawberry, runners removed

Average number of—
Variety |
Leaves I Crowns il Trusses | Fruits |All ather
i .
e e et R
POriaer. oo a.6; 12| g6l w7 121
W T e oo e et eaenn 82,8 E 8.5 LI § | 03,4 16.0

e e
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Tn 1899 Dammer (3) reported on an experiment made by Duerkoptt

in 1897 and 1898 on the value of frequent removal of runners, as
shown in Table 10.

TABLE 10.——Effect of removing runners of sirawberry planis grown in 50-plant rows

Aversggo number—

Removal poricd N
Loaves ;’tam“[ts Eruits

Weekly - - . . 18,32

Every twe weeks - 3 14. 82
Every thres weeks. . - 2 i7.20
Every four weaks_. X N 1256
Fvery five weaks - 3 12. 38
Every six weeks R . ‘1. 044

Frequent removal of runners when plants sre grown in hills is
apparently important.

Jordan (10) in New Jersey in 1900 reported an experiment on the
effect of distance between plants on their yield in hills (i. e., with
runners removed throughout the season) from 12 to 24 inches apart
and in matted rows. Maximum yields were obtained from plots
with plants 12 inches apart and maximum yields per plant with
plants 15 inches apart. Plants 12 inches apart in the plot yielded
motre than any in matted rows. In 1900 and 1901, 34 varieties were
tested under the hill and matted-row systems. In 1900, 11 gave
heavier yields under the hill system, 7 abou$ the same, and 16 more
under the matted-row system. Some produced more than twice as
much under the hill system as in matted rows, whereas others bore
twice as much in matted rows as under the hill system. In 1801, 19
produced more under the hill systein, 8 about the same, and {slthough
it was not stated) 12 presumably produced more under the matted-
row systenl.

Butz and Pillsbury () in Pennsylvania reported in 18399 on a
comparison in size of fruit between the matted-row and hill systems.
A little more than half of the varieties grown gave larger fruit under
the hill system, and the remainder produced farger fruit under the
matted-row system.

The experience and practice of strawberry growers in -Oregon,
Washington, and British Columbia indicate that it is undoubtedly
the best practice for that region, under prevailing conditions and with
the present varieties, to set out the full number of plants in the spring
from shich berries ave to be picked the following spring and early
summer, removing all runners as they appear. The experimenial
results in British Columbia tend to show that this is the best practice,
although the half-matted row gave good results. The varieties grown
in that region make very large plants, with many crowns and many
trusses. Ifor example, on July 7, 1926, more than 120 frusses were
counted on a single plant of Ettersburg 121 grown in this way in tho
Willamette Valley 05 Oregon.

. In eastern regions the experience and practice of growers indicate

that keeping the plants in hills with the runners off is nof generally
good practice with the varieties used. Little definite experimental
evidence is aveilable, but that of Quaintance in Georgie indicates that
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the metted-row system of culture gives largest yields of any there.
The results with many varieties in New Jersey indicate that they
differ in their response to the hill system of culture, some kinds pro-
ducing best under one, others under the other system, and still others
being adapted to either system. In the Pacific N orxthwest the plants 7
are comunonly seb 3 feet apart each way, growing o very large size ]
end oceupying the land quite fully. Plants do not ordinerily erow
so large in hills under eastern eonditions and practices. The incidence
of diseases and insects may erhaps be too grest for good results.
The results in New Jersey indicate that for some variefies 12 inches
between plants under the hill system would give largest yields.
The results of Duerkoptf and those reported here for Glenn Dale,
Md., indicate the importance of frequent removal of runners from
plants grown in hills. Plants from which runners are frequently
removed grow to larger size than those from which runners are picked
less frequently. It is probable thet different varieties or different
practices in growing plants in hills would make the system adapted
to some eastern conditions.

DISCUSSION

Several effects of conditions on the development and yield of plants !
have been considered. Mother plants that produce and support many !
runner plants were found to be much wesker and produce much less '
fruit than plants producing none or few runner plants. A runmer !

lant may be wesker than fhe average because it was produced by & :
granch runner, because it was formed lats in the season, beceuse of
insect or disease attacks, or because of other unfavorable conditions,
L4 is not known for just how long an inferior plant may produce week
runner placts and continue wesker than the average after being given
favorable conditions, .

Two recent reports give further evidence of iruportant differences
in planting stocks. Clark (2), in New Jersey, planted stocks of the
Howsard 17 variety from four sources in 1926, "In 1927 in adjoining
rows the ylelds of plants from three sources were respectively, 80, 70, :
and 51 per cent of that of plants from the fourth source. At the
Devon County Experimental Station in England (72) many similar ;
tests have been made. In s test of 13 stramns of Royal Soverei%n, :
the leading variety of England, from different sources, the yields
renged from 2.7 to 43.8 hundredweight per acre in 1928, ' In a much
more extended test of two strains ofg the same variety the yields from
early-set plants of the $wo strains were as follows: \

127 1928 ¥
Strain AL . 24 ewd, 40 cwt. i
Steain B____________________TTTmmmmmen 8 cwt. 70 cwt. §
Runner plants from A______ 777" 77TT 7T 38 cwt, i}
Runner plants from B_.. ______ 77777 TTTTTC 38 cwt, i

Strains A and B showed striking differences in yield in both 1927 _-
and 1928, but strain A yielded much the most in 1927 and strain B
much the most in 1928. The runuer plants produced by A and B i
at the experiment station produced slmost equal crops. It would '
seem that there were hold-over effecis of the conditions under which
the plents developed at the two sourees, which were important in
their effect on the first crops and whieh were in the one case very
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unfevorable. The plants of the most productive strain (A) appar-
ently exhausted thomselves the first yeer and produced a relatively
smaller crop the following year. .

¥t is not yet possible to explain fully differences in yields such as
these. Differences in the amount of virus diseases in sirains or
differences in infestation by insects and nemas certainly often influ-
ence the vield of strains. However, the fact that runner plants from
two strains produced approximately the same and the reversal of
position of the two strains indicates a hold-over effect and not a
permanent difference.

SUMMARY

Branch runners are preduced commonly by some varioties and
rarely by others. Missionary and Klondike produce many runner
branches. :

In the vicinity .of Washington, D. C., runners are produced during
the growing period from about the end of the fruiting season until
freezing weathor. In the greenhouse, runmers may be produced as
enzly as April by horticultural varieties, and throughout the winter
by fragaric chiloensis and by species of the zesca group.

Organic sources of nitrogen apparently are mest effective in run-
ner-plant production.

Varieties differ greatly in.the number of runners produced and in
the time of producing runners.

Plants with runners removed as they appear produce many more
runners than plants aliowed to form clons. .
= The Howard 17 variety forms few runner plants after September
(115 llllj the vicinity of Washington. Its developmenst is illustrated in

etall, -

There seems to be little difference in the runner-producing capacity
of runner plants rooting from July to September and allowed to
form runner plants that season.

Runner plants formed in October produce fewer runners than these
formed earlier.

Careful grading as to size seemed to be a satisfactory means of
selecting uniform propagating stock.

Runner plants formed during July and August produce more fruit
than plants formed later.

When runner plants were allowed to form ab stated intervals only,
in any series, the earlier formed plants produced the most fruit and
the latest the least fruit.

Plants that formed no more than four runner plants and these only
after September 1 produced about half the number of fruifs as compared
to plants from which all runners were picked off throughout the season.
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