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L~TRODUCTlf1N 

The breeder, the plant propagator, ana .the grower are all inter­

ested in .the influences that affect the production of runners 1 by 

strawberry plants. The breeder needs the information in oriler to 

judge the value of a new sort fOl' the conditions under which it is 

being grown. The propagator is interested because he wishes the
The grower needs thegreatest number of salable plants per acre. 

s.ame information as the breeder Itnd the propagator, but jn addition 

he 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-plant 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 results 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 runner production of different .runner plants 
0") of the same variety. This in turn has directed attention to the
C"J White (18)2
0:- physiology and development of the strawberry plaut. 

has already published the results of studies of the anatomy of the-
I A runner is a slender procumbent stem with elongated bare internodes which Corms a new plant at

l.(j i 
In this bulletin tbe term "runnp.r series" is applied to the several runners end runnerlllants which

L..... \ lts tip.
~ extend lrom the mother plant. in anyone direction, as Crom r.unners 1 to 11 in Fl~'Illes 10 and 11. 

2 Reference is made by italic numllers In parenthw-s to "Literature cited," p. 27.
'-'

o 41312-29-1 
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strawberry from the physiological viewpoint and the writer 3 the 
resul.ts of studies of their gr~wth and development. 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 inflorescence types.~ 

THE RUNNER BRANCH 

Seedling strawberries make their first top growth by Jpeans of a 
very slight elongation of the stem and by the addition of new leaves. 
Later, some of the buds located in the ams of the leaves begin to 
develop. These buds are new growing points which may produce 
anyone of three types of branches-a secondary crown, a runner, or 
an inflorescence. Seedlings of the common horticultural varieties 
usually produce secondary crowns first, runners ne'{t, and inflores­
cences last from these new growing points. Seedlings of ever-beal~ 

FIGtmE 1.-Inilorescences o( Fragaria sp. ((rom Manchuria) which apparently started as moners, 
tbe tips of which were transformed into flower buUs. Photographed September 15, 192'1 

mg varieties, however, may produce inflorescences when a few weeks 
old, before dlly runners are produced. Among the ever-bearing 
seedlings grown in the breeding work of the Bureau of Plant Industry 
there have been many that produced no runners whatsoever. Such. 
plan ts produced new crowns, which are merely branches of the pri­
mary stem and like it in. structure rather than runners, whhh (though 
they are branches also) have I), different structure. SimHar runner­
less plsllts have been grown from seed of Fr;],.ga·l'ia vesca scmper­
jlorens, the alpine strawberry of Europe. Rl nne1dess varieties of the 
latter have long heen in the trade. 

Inflorescences which bear a remarkable resemblance to runners 
and which may be intermamate forms are s0metimes produced. 
Figure 1 shows an inflorescence which apparently started as a runner 
but which changed to an inflorescence. Figure 2 shows an inflores­

• D.-\~~Ow, O. :i\I. EXl'ERIlIENTAL STUPIES ON G~O\vTn A.ND PEVELOP.MENT IN STRAWSEJl.RY 1'1.ANTS. 
[Unpublished mSDUSCfipt.j 

I DARROW, G. M. INFLORESCENCE TYPES OF BTllAWB:;:R~Y VARlET.ES. [Unpublished manuscript.] 

http:VARlET.ES
http:WSEJl.RY
http:resul.ts
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cence rooting at the n()des and Figure 3an inflprescence which has 
produced adventive vegetative huds and new plants. Figure 4 shows 
another inflorescence that apparently started as a runner, then pro­
duced a berry, and finally became vegetative again. In this case the 
tip 01 what is known as the berry,but which is actually the receptacle, 
continued to grow andproducell a new crown with several leaves. 

In October, 1926, plants of several selections resulting from breeding 
work wer.s sent to Florida for trial. Wh~n they began blossoming 
and fruiting, ..6... N. Brooks, of the Florida Agricultural Experiment 
Station, reported that many flowers and fruits were producing tb.& 
same teratological form as that shown in Figure 4. Apparently, 
eithel" the digging of plants in 11 certain stage of fruit-bud tmn,sfor­
mation or the conditions in Florida so affected the' flower bud that its 
center was changed back to a vegetative bud. 

FIGURE 2.-An infiorescenoo of the Missionary stl,"\wberry which is sending out adventlve roots at 
the nodes. Varieties are said to occur in which a rllIlI\er is commonly produced in place of sume 
part of the inflorescence 

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

Branch croy;'llS, runners, and inflorescences are simply different 
stem structures, anyone or which may be produced by any of the 
growing points in leafaxils, depending on the genetic constitution of 
the vanety and on the conditions influencing the plant, and it is not 
surprising that intermediate forms are produced. 

In the vicinity of the District of Columbia the usual horticultural 
varieties commonly produce runners throughout the summer, although 
occasionally they l'roduce branch crowns. Except very rarely, these 
runners are regularly two internodes in length and may be 40 or more 
centimeters long. (Fig. 5.) Occasionally a runner with one short 
internode is producedl{fig. 6,B), usually underground. S:Ich runners 
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may be produced eAllerimentally by pinching off the ends of veryyoung runners just beyond the first node. Although usufllly a branchrunner appears, occasionally a plant is produced.
Rtmners produced by different varieties differ greatly in theirlength, thickness, time of production, and in other ways. Varietieswith rather long runners are generally preferred ovar those with shortones because the plants in matted beds can be spaced more easily.The Dunlap and Klondike sorts have beeut and are widely grown illthe North and South, respectively. They are ch~racterized by longrunners, although in both sorts their length lac~s uniformity. Theaverage length of 114 runners of Dunlap measured November 19,1926, was 25 centimeters; that of 111 runners of Klondike measuredon the same day was 25 centimeters a!.so. The length of the first and 

FIGURE 3.-A plant oC a species of strawberryfrom Manchuria which pro<l,uced on the inflorescenceadventive buds that developed into new plants 

second internodes of runners of these varieties was exceedinglyvariable, but on the average was approximately equaLAll varieties produce at the first node a scale, in the axil. of whichis a bud. Most of these buds do not develop, but those that dodevelop usually produce branch runners. Such runn~rs may occur inany part of a clon, even on the last runners to form ill the fall. 
TABLE I.-Comparative nmnber oj branch runners produced by different varietiesoj strawberry 

I •
I Number; Total

\-ariety ~ of 'number
! branch f oC 

._~ 

.L~.

.. __ .. _. __. __ __ .__ ~_______~~~.____ 
I runners , runners 

~_ ..-,-- ___ ..__ ____, ___
Howard 17 ____________________________.. _______________________ ..___________________:
Klondik~ _, _._ •. ___________________________________________________________________ 

4 : 414
1 49 388

~Il~o~:r).:.-:,:.-----~---=__ ~.~-----=~--_-====------------------_-_--_--_--_--_--_--_-~I__67_1__4_22 
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In some varieties branch runners are commonly produced; in others 
rarely. In a count made July 14, 1925, three varieties had prodnced 
branch runners, as shown in Table 1. 

Of these three varil'ties, Missionary apparently produces branch 
runners most frequently. Branch runners are often very much 
smaller than the runners upon which they occur, and for this reason 
branching is apparently an undesirable genetical characteristic under 
ordinary conditions. 

In all varieties TOOts and leaves are produced at the second. l:unner 
node and a new runner plant is formed. (Figs. 6, A, and 7.) The first 
leaf appearing at the second node-the end of the runner-is usually 
small, often scarcely more than a bract. (Fig. 6.) Its axillary bud, 
however, is in an especially favorable place, for whenever growth 
is rapid in the mother plant or in the cIon 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 a branch of the runner 
plant, not a mere extension of the runner from the mother plant. 

FIG CitE 4.-A strawberry fruit from the apex of which a new plant is growing. In this case the 
fruit hud transformed Into a yegetative hud. Photographed September 15, 1927. Species same 
as in Figure 1 

(Sec Gay (6), 1,Yhite (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. collina) , a species from 
central Europe, 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 runnel' that extends the runner series farther produces a 
plant from each axillary bud. 'rhe second runnel' in each runnel' 
series of this species is therefore composed of several internodes, with 
an axillary plant at each node. 

As would be e)..-pected from a knowledge of the phyllotl1.'\.'Y of the 
strawberry, the second leaf appears at an angle of about 1440 to the 
first, and the second runner developing from its 11.'\;llary bud extends 
in a different direction from that of the first, just as is the case with the 
runners of the mother plant. 

During July, 1926, plants and clons of Fragaria chiZoensi.s growing on 
the beaches of Washington, Oregon, and California were examined. 
The season had been drier than usual, so that little soil moisture was 
oyident in the upper 12 inches of sand at many places where plants 

I 

f I 
. I 
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'V('l'(' ~(l'owing. Runner series more than 10 feet in totnl length 
wcro ('ollected on which not a single plant had rooted. .Moreover, sev­
Pl'ltll'Ullner series nondy as long ~had been produced by single mother 
plants, nnd nH the runner plants were entirely dependent on the 
mother plants for nutrients und 'vater. (Fig. 7.) In the latter pnrt 
of I:)eptember, 1926, additionnl collpctions were made by G. F. Waldo. 
among which was one runner series 16 feet long with a few small 
roots ~m some of its 10 runner plants. ~ 

In the (,\"{'r-hearing nlrieties of the strawberry fruit buds oiten form 
in leaf tlxih; in place of runners. This mny occm on rUllner plants 
tlu1t IU1\'e Hot yet rootcd, and such runner plants mn~l have as many itS 
thl'l'P inllol'Pscpnces nnd bring fruit to rnatmit.:v- without haying rooted. 
l:)ulltetill1(,s nn buds 011 n, runner plant, or ull except thosc in the axils 
of thc first leans, become flower buds. (Figs. 8 and 9.) When all buds 

Fe ;.t'In: :1. ~Lm:g- runner :-.f·r1c:; of !?r!liJuria chi/ofns;s on saud dunes of the beach lle.lr Snltair,
(In'~. RUlIo"r .t'rie< 10 feet 101l1; were found on wllich no plants hat! rooted. All of tile runller 
pbnts in the illustration are entirelr dependent on tbe mother plant 

(kv('lop into inllol'(':-;('PllCl'S or 1'11t111!'t':-; there can be no further d('nlop­
Illl'llt of the pIiUlt lInl!'ss an aclYC'ntitious bud should be produced. 

To d<'tprminl' whether the rl'lation betwcen runncr nnd mother 
piants wns similar to that betwecll diil'l'rent crowns on the sal1l(, plant, 
s<'Y('r:t! plants each haying two crowns were selected in which the sup­
jlorting roots wet'l' produced directly from the base of each crOWll. 
.\ll tItl' roots from thc bitse of one crown of eneh plnut were rcmoycd 
nn<l t11(' plants l'pspt. X0 c.frccts of this treatment could he ohsen'rd in 
tItt' dl'vl'lopment of tIl(' two ('ro"ns. Those luwing their roots re­
Illo\'ccl (len'loped fully as rapidly as their sister crowns, and nftcr some 
\\'('('ks new roots pushed out to replac(' thos(' re1110'·C(1. :Mother 
plim ts mny htt\,(' their roots cut off and be entirely supported for 
months b~' WlLt(,I' tUHl nutrients from rootcd runner plnnts. .As pointed 
lJut hy ,rhite. the Yllsl'ulnr systems of both runners and crowns hi],ve 
ample COIlll('<'tion with that of the 1>t1rent crown to furnish such 
support. 
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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 runner plants. In spring-set plantations in nQrther.n regions 
runners begin to appear in Mayor June, and with most varieties 
runner production contir.ues until the end of the growing season. 

FIGURE G.-A. A strawberry runner plant, showing its small firsL leaf from the axil of which has been 
prcduced the runner to the left. New roots are pushing out from the base oC this leaf. B, A 
strawberry plant with a short runner with 11 single internode (at the right) and at the left a runner 
with the usual two internodes 

In l-year-old fruiting plantations, however, runner production does 
not usually occur until toward the e~d of the cropping season or after­
wards. If the climatic conditions are favorable for a vigorous leaf 
development runners may be produced by the time the first fruit is 
mature, or this may occur even earlier with many varieties. 
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In Florida and Routhcrn Louisiana, where growth may continue 
throughout the year, the crop of the Missionary and Klondike vari­
eties is produced by plants set in the preceding fall. 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 some 
condition, such as length of day or temperature, affects the plants in 
such a way as to inhibit runner formation on most plants set after 
this time in the fall. On the other hand, plants of these varieties in 
Florida when set in February may start forming runners in March, 
and these may continue to form until.the following fall. 

In the greenhouse at Johns Hopkins University in Baltimore, Md., 
plants of several varieties set in February have produced runners 
freely as early as April. Wh·;u brought into the greenhouse inWash­
ington in October some of the '/.'esca group (alpine varieties, Fragaria 
vesca ame1-icana alba, and a species from .Manchuria) produced runners 

FIG URE '.-A strawberry runner tip which has (orzned n ne,v plant with n runner in the axil o( Its 
first Jea( (picked otT). 'l'he new ruuner is in an espeCially (avorable pJace (or food supply 

ire ely from December to ?vfarch. F. chiloensis from the coast of Oregon 
and Little Scarlet also produced some runners in December, whereas 
varieties such as Dunlap, Howard 17, :Marsh all , and many others 
produced none whatever during the winter. • 

In England, Mann and Ball (14) noted on May 28, 1925, the 
appearance of runners on plants set September 2 of the previous 
year. These were produced from axils of leaves that had opened in 
early spring. On June 26 the average number of l'lmners on de­
florated plants of this let ·was !5.4. On the same date the average 
number of rtnmers on plants set April 7, 1925, was 1 per plant. 

Goff (9) states that the runners begin to form as early in the spring 
as the new leaves begin to grow, although they do not attain sufficient 
length to attract attention lmtil some tinlC afterwards. However, 
runner d:welopment is not evident in the field, at least usually, for 
several weeks after setting and is apparently correlated with the 
appearance of new leaves produced by new growing points, as well 
as with the size and vigor of the plants. 
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~EFFECTQF NUTRIENTS ON RUNNER AND RVNNER-PI.ANT 
, PRODUCTION 

In an experiment on the effect of nitrate of soda on runner pro­
duction, Macoun (13) has recorded the number of plants formed on 
several plots of the Parsons variety at Ottawa, ,Canada., on July !15., 
August 1, August 15, andSeptember 1. His plots. comprised three rows 
each 15 feet long, and these were replicated three times. On Auguat 
1 the plots receiving nitrate. of soda at planting and one month after 
planting did not contain as many runner plants RS- those to which 
It was not applied until.after that date. Plots receiving nitrate of 
soda on August 15, September 15, and later were relatively no better 
than the check. In this experiment this variety had formed .Sper 
cent of its runner plants by July 15, 25 percent by August I, 54 
per cent by August 15, and nearly all the rest by September 1. 

FIGURE 8_-'l'.:rminal bud or a runner strawberry plant (atthp right) whJcb developed into B 
tlower bud as soon as tbe tlrst leat baQ been differentiated. The runner plant at the left de­
veloped a second leal before the terminal became a. trnit bud. June, 1926 

Tucker (17) obtained somewhat similar results with fertilizer on 
the Uoward 17 variety in New Hampshire. In green-manure plots 
nQt as many new plants (14;.4 plants each) were formed as in the 
control plots (20 each) or in the plots to which chemical fertilizers 
were added. Plants given stable manure alone at the ra.te of 32 
tons per acre produced the largest number of new plants (48.7), 
whereas plants gi.ven 8, 16, and 24 tons of stable manure per acre 
to which complete fertilizers were added produced an average of 
only 23.9, 25.3r 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 produQtion of potted plants of Dunlap 
which were given different fertilizer applications and from whiGh 

3l312-2!r-2 
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r.unners 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 L 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. Nitrogen applications on August I, when none had been 
applied earlier, were not effective in stimulating runner production. 
Phosphoric acid, or phosphoric acid and potash, likewise was not 
effective in stimulating such production. The two lots producing 
the most runners formed 12 per cent of the total number in JunEl, 
35 per cent in July, 57 per cent in August, and 2 per cent in Sep­
tember. 

It is evident from Loree's work that some nitrogen 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 malring ap-

FIGURE 9.-Two runner strawberry plants each oC which hRving produced a runner Crom tho bud 
in the axil of tbe first leaf and 8n lofioresceoce from tbe axillary bnd oC the second leaf theo pro­
dnced a Cruit bnd Crom tho terminal. No further dev~topmeot oC plants 030 take place, as thero 
arc no growing poiots left on either. June, 1926 

plications too ~eavy. Tucker found stable manure to be the only 
fertilizer that increased plant production. Because green manure 
hindered plant production it is possible that his soils were not pro­
perly aerated and that toxins were produced. In describing the use 
of fertilizers to stimulate plant production a member of a large 
strawberry-plant propagating firm of Maryland stated that in their 
experience bone and fish meal were helpful but nitrate 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 plank 
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 United States Plant Field Station at Bell (near Glenn Dale), 

• D.\11.11.0W, G. 1>1. Op. cit. 

http:D.\11.11.0W
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Md. :Runner and runner-plant productionrecQrds were taken on 
these during the following summer and are given in Tables 2 and 3. 
Runners were also .removed on July 14: and .at intervals thereafter 
l.mtil August 31 from a ,larger number of plant;a of the same nine 
varieties which were also set April 1 and in the same rows. 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 each cIon are given in Table 5. 

TABLE 2.-Runner and runner-plantproducl.ion of Howard 17 and Klondike 
strawberry varie{ies at Glenn Dale, Md., irt 19135 

Averag& of llv& plants In each lot except in September, as noted. In tho record of runner production 
from motller plants. ruqners were removed June 24, and at each date of record theroo(terj 

Number of rJUlners or runner plants Number of runners Qf runner plants 
ptoduced-	 produced­

..-._~__~___.~___~ __l
j 

I~------;--·----·-
Dato of I 1 Date or
ob5er\"l1- Howard 17 I Klondike . Howard 17 Klondikeobse~va· 


tion "-'~-"'-~--I"--"'- '-'\ 
 tion 

ByBy I I ' 	 .n~her I1 Bymother f In clan I mollher In cIon mother In clon In clo!1 
plants ! I plants 	 plants plants 

... __ -"-4 ___, ___ 

~Iay: - -'-'l---:--~l i '-JU-lY-:- --_. 

21 0 1...-----..[ 0.21..··...·.. I 24 .......... .......... 13. .6 18. 6 
' 27 .4 I·.. · .... ··; 1.0 ,"'''''''- I' 29 19.0 24.6 ....................


Juno.	 30 .......--- .......-.. 15.6 22.·6 

104.61 1.4 I 3.0 ' 1.2' Aug.:
17 5,8 2.6; 5.0 I 3.0; 6 22,4 32.6 _____ .._............ 

24 7.2 : 5,4 \' 0.0 1 5.8 I 19 25. 8 48. 2 •__............~____ 


July: 	 I 24 ..,,-...-- ...---.... 22.2 62. 8 
~sll tO,O 8. 2 , 8.4 . 9.0: Sept.: I'
-'" 13.2' 12.8 ~ 10.8, 13.0 15 138.0 194.0 ....__ ..___......... 


17.4 ! 21.6.1·..·--····C..·~·~~- ~_ .. ~8~.-=~=~.~~..=-=-.~~ ..2.2~~J _:~ 
I 2 plants. 	 , 1 plant. 

I Table 2 records 25.8 runners per plant for five p!~'nts 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 Klondike plants 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. 

TABLE 3.-Runner production of 1Iirte strawbeTT1j varieties at Glenn. Dale, Md., in 
1925 

[Average, or 10 plants each, May 6 to June 11, and or;; plants each, Juno 18 to July 2] 

_ ... '~~~~e~;-' ~'-'-I~~~:~~~~aYI3 May20 Juno 10 IJU~:-l~" June~-I-;~;;-
_ .•____,_______ ~ and 11 I and 19 ___ -.:~ 

ii~~I~~~~~~~~~~I~~~~~~~::~~m~~~i-----";l- t! i H---1F::::~1 
Missionary-.-----------.------.l 0.1 0.5\ I.ll 6.7 8.0 11.4 15.2No,\" York__._.____ •______•__... _..____• __ •______... .3 2.3 J.6 4.2 5.4 
ParsoD.9 ____• ___________________I____._____' .4 1.0 5.61 7.0 9.2 12.-1 
SamphL______________...._...__ ... ___...__ .5 •• 2.6 ·1.1 6.0 •__..___ __ 
__-._ .___._ ,~____._.._L _.. __.,,'__ ..___•._..______.__~.___._._'___...:._.~~~ 

http:R.U~N.ER
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Table 3 gives a record oftJile:runner production of .nine varieties 
during theea,rly part of the s~lasonof 1925. BunnerproductiQn waa 
begun first by the Missionary variety un .M.ay 6. :By May 13 two 
other varietiesh.ad produceoL l'unners, and by May .21 they .were 
recorded on all except.:aoward~17.ByJuly 1 and 2,however,Howard 
17 had produced mOre runnE).l'S (16.4) than any O,ther variety. T.he 
Ne,v York variety had producedth.Ei fewest (5.4). 

TAB.LE. 4.-RU1mers produced by ~ine strawberru varieties, the rj.(p.~6rll beip.gpicked 

at .each date.ojreqclrd, at Glenn Dale, Md" in 1925 


[Tbe number 01 plants varlesslightly•. pwing to injuries reeeive.d by some ql theml 


~-

~umber of m(}l:her plants and average number of ruuners prod\lced­

July~4 July 25 .-\ug.3 AUg. 15 Aug. 31 Total I~~~e'd~ 
., .s;PtVariety '" $I !l 

I 
!l !l ~..9ti:l Q i:l Q§ § 

A" 'is. I 'is." a 'is." 'is." §O!~.. e s I e 
<I) 

.. f!., .,.. ~ .,... e ... f! 
<I) $I 

:S'" §'" :S Q :S '" 
Q 
Q :S Q 

Q ~ '" Q -a§§ 
::0 0 ::0 ::0 ~ g g 6.~~ r::: ~ ~ ~ r::: .~ r::: ~ r::: ~ r::: 8 --"" -- -.----- ------------ --

Parsons__________ 
~-

69 5.9 52 3.8 52 3.5 52 3.6 51 5.1 51 21.0 8.7 
Missionary____ ._. - 56 5.8 42 3.1 42 2.7 42 2.4 42 3.1 42 17,0 11.3 

______-----Sample : 684.8 53 2.9 53 2,4 53 3.9 53 16.2 6.8
Klondlke_________ 53! 2.268 ~.2 27 3.1 27 2.2 27 2.2 27 3.8 27 16.1 8.3HGwllrd 17_______ ­_ 60 6.1 32 3.5 32 2.9 31 2.4 31 1.7 31 16.1 7.5
GandY__________ _ 68 4.3 47 3.8 47 3.2 47 3.4 47 15.8 6.5
Dunlap__•______ __ - 47\ 2.357 4.7 42 2.5 42 2.3 42 2.1 42 3.6 42 15.7 8.4
New York______ __ - 66 4.0 51 1.7 51 2.6 51 3.0 51 4.1 51 15.2 6.9Aroma___________ ­ 59 4.3 47 2.2 47 2.0 47 1.7 5.9- ,---:._-I- e--- -.!!...~I-.!!...~__________________ .16.3Average..__ 7.8-==,-..---- ------j-----­

~------.-.-
Table 4 gives the number of runners produced by plants of .thenine 

varieties of Table 3, allth~ runners being picked off as they appaftred. 
At the fustdate 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 thehighast average (2L9) and Aroma the 
lowest (13). Alternate plants which had been allowed to form clons 
averaged less than half as many plants. 

Table 5 gives the average total number of runner plants formed per 
clon by the same nine varieties 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 
varieties had a good start July 13, and it seems probable that under 
the conditions of this experiment the later marked differences were 
due to different varietal responses to environmental in,fluences. In 
view of these marked_differences it is well to remember that eight of 
these varieties are leading sorts of the country. 

Missionary and Howard 17 responded in a similar manner, both 
making new plants slowly, although the cause of this behavior is not 
likely to be the same for each sort, for the latter variety succeeds 
best from New Englan'd to Maryland and the former from Delaware 
south to Florida. In the case of the N ew York, which made few 
new plants per cIon, the soiLmay not have been sufficiently fertile or 
the disease incidence may have been too high for. the best develop­

http:producedth.Ei
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ment. When the l'unn,ers were removed at sta.ted intervals fro;rn 
the New York, as show:D.in Table ~, it made almQsta,smany runners na 
Howard 17, which is the leading variety for tJle ,section around 
Washington, D.O. This response oftl\e N.ew York m~~ indicate 
the need fQr a la.rgenitt:ogensupply,for tll,e properdevelopIIient of 
clons of this va.:ciety. . , 

~aBLE 5.-Al1eragetotal,number 0," runner _pZantsper'.clon',forrnedbY nine straw­
berry varieties, at Glenn Dale, Mil., in 1925 

:Number qf clons and, average number of rpnner plants produced.c­
-,-

July 13 Aug. 13 Sept. S'and 9 Rll!Il1ers 
ionned 

Variety - by.alter· 
,nate 

Rl\nge pl:ts 
Runner Runner RunnerC10ns ,C1ons Glons of runner \. allowedplants Pllults plants 

plants .' to form 
~ners 

---,---------------
Dunlap _______•______ 15 6.6 15 19.5 15 ,~.5 '.21-80 15.7 

Aroma..________ -----1 15 7.1 15 13.2 15 45.0 6:-72 13.0
Sample._____....____ 15 9.6 15 26.1 15 42.,7 I1H\2 '16.2Parsons._____________ 15 8.4 15 IS. 3 15 40.5 12-91 21.9Gandy-_______..----.. 12 5.6 12 15.2 12 37.5 17'770 15.S 

K1ondlkll_ ~-----.--•• 28 S.4 28 13.6 28 24.8 ,9-544 JO.1 


,Missionllry_______-• .1 14 12.6 14 1S.6 24/4 6:-41 17.0 
Howard 17_._________( 29 8,0 30 11.4 30 24.4 1!H!5 16.1
New York____• ____ .- 14115 3.5 15 5.3 15 9.2 2-16 ,15.2 

The increase in number of runner plants of the Dunlap and Aroma, 
as shown in Table 5, isstciking,especialiy 1Vh!'ln ,col11par~d with :the ' 
number of runners made by the samevane,tlesshown III 'fable 4. 
Aroma made the fewest runners of any when ,they were removed, 
but it made the mQst runnet: plantsofallex~ept Dunlap when allowed 
to root its runners. Under the conditions of this test apparently 
old plants of the Aroma in sandy soil did' not 'function as well as 
young plants, due possibly to aeratioRofthesoil, mQist:ureconditions, 
available nutrients, or to some condition of ·the roots. As l',unner 
pl'oduction by the .Aroma was especially l'apid .between AugUst .13 
and September 8, it is possible that stimulatiQnof aneapecially 
early production of runners on heavier soils in the East might prove 
profitable with this sort. ' 

Table 5 shows the actual number of runner plants in c1onsoheveral 
varieties on July 1'3, .August 13, and September 8 and 9. Most 
:varieties, however, produce runners, well ,into or through Octob,er at 
GlennD, ale,Md.,sothatthetotaln,llIUberofplants, pro,ducedbysome
of these varieties may have been double the number recorded ,on 
September 8 and 9. In Table 2, records are given of ,five plants ,01 
Howard 17 which had pt:oduced 48;2 rootedplallts per cIon by August 
19, two of which had produced 94 phtntsper cIon by September 15. 
Five plants of Kl.ondike had produced 62;8 plants per cIon ,by AUgllst 
24, one of which had 127 plants on September 18. Howard 17 forms 
few plants after September 15 at Glenn Dale, Md., whereas Klondike 
continues to produce l'unners~mtil nearly the end of,Cctober. 

It is evident fromtl1ese records that llunnerproduction commences 
earlier with some sorts thp.n with others, and .for particular condi­
tions, such as those obtaining at Glenn Dale, Md., in 1925, thepos­

http:show:D.in
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sible number produced by the original plant.s set in the spring vax"jes 
with diffl3:rent varieties. If the runners are allowed to root, less than 
half as many are produced as when they are picked off EtS they appear. 
Primary runner plt}nts. in turn produce :runners and r}lnnerplants, 
and these produce still others Wltil clons of more than a hun,dred 
plants may be formed. 

DEVELOPMENT OFA CLON AND OF A PLANT WI,TH R,UNNERS 
PICKED OFF 

The entire de:velopment of a olonis dependE;lnt on nmners which 
de:velop from the buds in leaf.axils. To illustrate this development, 
a plant of Howard 17 was set April 1, 1925, and records were made 
of the development of this and of all its runner plants until Septem­
ber 15. From these records a diagram (fig. 10) W!tS made showing 
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FIGUl~E to.-Diagram showing the development oC a pla.nt oflthe Howard 17 strawberry and oC the 
cion produced by it. The heavy vertlcelline at the center represents the orlgltial crown oC the 
mother plant. A second crown was produced from the axil of lest 2, but together with all runner 

,series (runners 3, 6, 10, and 11) arising Crom it this is omitted from the diagram. As an illus­
tration . of tho development of this clon the development of the parent pla.nt may be followed: 
Between April 15 and 29 leaves 4, 5, a.nd 6 were produced. The buds in the axils of leaves 7 a.nd 
8 developed into runners 1 and 2, but these were not ~ visible untll May Tl and June to, ~e­
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 funners, the leaves and runners produced 
by each funner plant, as well as the runners, runner series,and 
runner plants produced in turn by these, which formed the entire 
cIon. To simplify the diagram, crown 2, together with lea:ves 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 Figure 11. In these the tendency of the strawberry to 
develop funner series is evident. Notes made at the time of taking 
:;he records indicate that the tips of runner series 2 and 5 were in­
jur~d, and these injuries probably hindered the extension of these 
senes. . 

The mother plant had ll1eaves on May 27, when runner 1, pro.,. 
duced from the axil of leaf '1, was first visible. (Figs. 1.0 a.ud 11, A.) 



'\ ' fi: ' 1~',~uNNEns~ RUNNER 1'~',rS IN t~ S'1,'RA.WBERRY ~) 

-By.June 10 (figs. 10 an,d 11, 13) runner 1 had rooted, the mothe(
p"l"iui:t,~a.dprO,R1,lced,' 1,,5 'le1L.ves, ,and'"t"Yo ,mQte run,ners, 2@d3fro,',m
th~a.xils of leaves 8 and 10) respectlvely; on ;Tune 17 (figs. 10 an,.;:l 
11, C) the mother plant had produced 16 leaves 'and 5 rUllD.eiS, run" 
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FIGURE 1l.-D~ illusqating the development or the same clan of the Howard 17 straw­
berry that was iJlustrate!lln Figure 10~ A, Development of mother plant May 'If when runner 
l11rst al1peare!l; B, first formation ora clan l~e 10; C, D, E, F, 0, H. I, I, and K, t,ha clan 
as it appeared on.Jnne Ii, '24, July 1, S, 23, 29, Aug. 6, 19, and Sept. 15. The.telative size or the. plants as measured by lear area is shown, by the size at the dots

! 
ners 4: and 5 coming from mills of leaves 11 and 12; on June 24 (figs. 
10 and 11, D) 17 lea.ves and 6 runners, runner 6 from the axil of leaf 
13; and on July 1 (figs. 10 and 11, E), 19 leaves and 7 runners, run­
ner7 from the ,axil of leaf 15. 
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By July 1 it was apPlU'ent that crown 2 h.nd been formed, that 
leaves 8, 9, 11,12, 15, 17, 18, and 19 and runners I, 2, 4, 5, .flUd '7 
were produced by crown I, and that leaves 10, 13, 14, 16, and 19 and 
J:qnners 3 and 6 W(lr6 produced by crown 2. As heretofore stated, it 
wouJd t@d to obscure many details to show the later development 
of the entire cIon produQed by this plant, and ,the developmentQf 
crown 2 has been omitted in Figur~ 10, ,although itfl development 
is noted below and shown jn Figure 11, F to K. By July 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 ~!'own .2.had 
produced leaf 24. Runners 8 to 11 had appeared, runner 11 (the 
last one) from the axil of leaf 21 on crown 2. By July 29 no new 
leaves or runners had appeared. By August 6 crown 1 had produced 
leaf 27, and crown 2 had prod,uced leaf 26. By August 19.crown 1 

FIGURE l2.-Diagram showing the develcpment oC a plant oC Howard 17 strawberry the runners 
of which were removed .Tunl' 2{ and lIS. they appeared thereafter. 'rhe heavy verticaillne at. tl!e 
center represents the orf.ginal crow'n, the other solid v~r~lcallines the br/Ul~h crowns 

had produced leaves ;28 and 30, and crown 2 had produced leaves 29 
and 31. By Septemb~r 15 crown 1 had produced leaves 33 and 34, 
and crown 2 had produced leaves 32 land 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 a plant is shown diagrammatically in Figure 12. A runner 
appeared May 27 when the plant had 17 leaves. By June 10 it had 
produced 23 leaves and 8 runners, by June 17 it had produced 26 
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 2prowns, 11 runners, and 
35 leaves. Twelve of ,the leaves were stilralive on September 15. 
Plant 4 in Figure 12 produced 7 crowns, 53 runners, and 83 leaves, 
and 42 of its leaves were still alive on September 18. Plant 4 used 
its foliage as a factory to manufacture food with. which to produce 
additional foliage BAd runners, while plant 1 used its food supply in 

{

J 
~I 



RUNNERS AND RUNNER PLANTS IN THE STRAWBERRY 17 

producing fewer leaves and runners, but it also Ilssisted in the develop­

ment of all runner plants formed by the clon-a total of 112. 
The mother plant in a clon such ,as that formed by plant 1 still 

assists in the development of the new clonal plants, even after runner 

plants have been forming for three or more months. All the root,s of 

one of the runner pJants may be killed, yet it 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 

l"ooted runner plants. The result of the dependence of the runner 

plants on the mother plant is to hinder its development. Thus, the 

mother plant illustrated in Figure 10 had produced only 35 leaves 

by September 15, whereas the plant illustJ;.l1ted in Figure 12, from 

which tl,.e runners had been removed, had produ~ed 83 leaves by 

September 18. Records presented later indicaf;,B corresponding differ.. 

ences of such plants in capacity for fruit production. 

RELATION OF AGE OF RUNNER PLANT TO RUNNER PROD,UCTION 

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. N8.'{t, new leaves appear on 

new growing points, and later runners and runner plants are produced. 

Davis (5) at Ottawa, Canada, has reported a correlation between the 

runner production of plants and the period du~ing which the plants 

1'00 ted the previous year. Plants of the Parsons variety rooted as late 

aB October 2!}, 1919, and when transplanted in the spring of 1920 had 

formed an t.v<,;rage of less than 1 runner per plant by July 7, whereas 

those rooted July 23, 19J.9, and transplanted at the same time as the
A,pparenttylRte-rooted ones had formed 2.5 runners by July 7, 1920. 


the luter development of the spring-set phmts is correlated to some 


extent with t11e time they rooted the previous yl:Jar. 

In order to study this phase further, rlmners of three varieties, 

Howard 17, Portia, and Fmgaria virginiana selection 27, were rooted 

at the Bell station during July, August, September, and October, I 
1923. Runner tips Teady to root (those having visible roots or 1

1 

a second unfolded leaf on the runner plant) were pressed into soft !
I

moist soil and held in position by means of a wooden pot label. This 
I

label recorded the date on which each runner plant was pegged down. 

Rlmner tips which had ah'eady rooted but which had not been large 
1

enough at the previous date of record were also pegged down with 

a label.
These runner plants were transplanted on April 17, 1924. At this 

time the, plants that had rooted earlier differed greatly in size, depend­

ing largely on the extent to which they had themselves formed runner 
Plants formed from August 15 to October 6 wereplants in 1923. 

Plants rooted during Octobermore lmiform than those still older. 
were much smaller than the earlier formed ones. 

As a further test, the 83 plants of Howard 17 which had rooted 
1.1 between August 15 and September 10 were divided into two lots of 

41 and 42 plants each, according to size, considering thickness of 

crown and e:{tent of root systems. The 41 smaner plants were set 

adjacent to the 42 larger ones. All flower buds were picked off as 

th(\y appeared. Records were taken on June 30, when runners were 
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being produced freely_ The runners vaned greatly in length and in
.tbe degree at.development ofsl!ch nmner tips !lS li&<irooted. Some
runp.ers had even for-ilied rUIlUer plants which in <turn had produced
runners. The record taken, therefQre,inciuded both the number or
runners and the mlIliber of runner plants in the clon· formed by
each mother plant. .Any node having produced roots or a w:ell­
developed second lea! was considered as a plant. .A.llbranch r1lIl1iers
were included as separate runners. The recQrds of this 41st are giVeI1
in Table 6. 

'l'ABT,E 6.-Average number of runners and rUlmer plants of Fragaria ttirgil1ianaselcctio-n. 27, Howard 17, and Portia varieties of strawberries produced in May andJune, 1924, by plants rooted during certain inlervaw in 1928 
-~---.-...-.~~-."-------------------~---

\.A,verage produc­
Runner t!ollbyJ~e30.1924

lnterval o( rooting, 1923 plan~
set Apr. I
17,1924 Runners nunner

. plants 

Selection 2,: NU7l1berNumber Number.?u~;~ ~gr~J~.:~~:.::::::::::::::::::::::==::::::::::::::::=:::::::: ~~. ~:~ g: ~July Iii to August 2•••••••••••••••••_ .........................._....
August 3 to H........................................................ 
19' 3.5 2.,5

10 3.0 2.4August 15 to September 12•••••••_................................... 38 4. 7 I 4. 1
September 13 to October 6•.••.•_ ••••••••••_••••••••_...............
October 7 te.< 30....................................................... 
32 3. 3 ~.7

11 2. 2 1.8

Total............................................................... 149 """"" .".,••."
H°'O~~;~eron; Jul~' L ..................__• __._.__••••_•••_••_mm_.. sl 
 5.6 2. 0 .July 5 to H.••.•.••••.••..•••••••.•••_................................ 5 3.,0 1.2
:~~~~Ot~~E.t.::::::::::::::::::=::::::::::=:::::::::::::.:::::: f~ ~: ~ ~: ~

• August IHo September 10.•- .•••--••••••.•••.-••••.•••.•.•••{~n:~g: !~ ~:1 -i5
September 11 to October 6............................................ 
 39 , 4,,0 3.1
'.l,'otaL...••......•.•.•__ •.......•....•_._•.--•......••...•••..__.... -r631...__......--.......


Portia: • 	 ~lJuly 15 to August 2••••••••_•••••••••••••••••••••••••••••••••_•••_.. 26 
.

5.7
.

August 3 to 14•••••••••••••• __ ••••••.•••••••_•••••••••••_............. 	
4. .[


19 5.4 3.9August 15 to September 10.••••••••_•._•••••••••••••.••••.•••••_...... 41 4.,0 2.!l
September 11 to October 6••••••••••_•••••••.••_...................... 37 ~.6 4.2
October 7 to 30•••.•••.•_.••••.•.•••.•._••.•••.•.•_................... 6 2. 3 1.8

TotaL..__ ..._.......•...•....•••_.....•.•...•.•...•......___..•.•.•1 129 ""'--'" ....•..... 


AVERAGES OF RUNNERS AND RUNNE.R PLANTS BY VARIETIES 

uly IS to Aug. IS to Sept. 13 toAug. 2 Aug. 3 to 14 Sept. 12 Oct. 6 OCt. 7 to 30 	 ,I
} 

'" ,... '" I... '" I",t ,Q~ t Io~ t, o~ '" .. '" I'"t o~ t o~§ I §§ § §§ § I:a ~ §§ § §§c Ic~ = c~ c, c~ = =~ c =~~ ~ Pl IPl Pl iPl Pl Pl Pl Pl--------····-·--·---I~"1,, .,,, .,'.., '" ., .,~.5 t 1.9 3.8 1 1. 7 3.8. 2.6 4.0 3.1 •.., ••.•., ••.7, 4.4 I 5.4 3.9 4.0 \ 2.9 4,6 4.2 2.3 1.8 

.5: 3.2 j4.3f28 .~_1 j 3~ 0 \4.013.612.2" 1.8 

These records seem to indicate little difference in the runner orrunner-plant. producing ability of plants formeq 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 satisfactory for planting stock. Plants formed by July 4 

produced an average of 6.4 runners and 5.8 runner plants; those 

formed from August 15 Ito October 6 produced an average of about 4 

runners and 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 produced 

more runners and more runner plants than the sm.aller ones. Careful 

grading to size is probably the most satisfactory means of selecting 

uniform propagating stock.
As a further test of the relation of the age of the transplant to its 


later development, records of runner and runner-plant 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 sIlecific periods from July to October, 


1924, and which were transplanted April 1, 1925. Each variety was 

By July 14, 1925, the first date of observa­planted in a single row.

tion, other influenues, 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 e).-periment 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 


year and was severely affected with leaf spot, and a third from healthy 


cropped beds. In 1892 the healthy plants from uncropped beds each 

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 runnel' 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), setting 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 yield of 1894 was reported as less mark­


ed than in plant production. In a test comparing the healthy and 


the dise~"ed plants, it was found that the healthy ones produr.ed 


18 plants eiwh, and the diseased ones 9 each. It is lil\:ely that the 


difference iJ, 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 plant formation 

during 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 unfavorable 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 unrestricted. Unrestricted runner production 
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is the usual praotice ip plant nurseries. In a country with as variedsoil and climatic conditions as the United States and with suchex-tremes in the production of this crop as are found where it isgrown as a market garden crop and as a field crop, for exanwle,prllctiGes in plant production vary greatly, and a. comparison ofearly-formed and late-fol'med runner plants might, ~ive different Iresults under some conditions. For instance, a comI-arison might be Imade between early and late plants produced by a mother plant, 
, 

the runner plants of which are not allowed to form runners. Like­ ; ,wise, different results might appear if the comparison were betweenplants from clons formed early in the summer which were not allowedto form runner plants in late summer or fall, and plants from clonsformed Jate in the summer. Results of such tests are given laterin Table 8. 

RELATION OF AQE OF RUNNER PLANT TO YIELD 
The relation between the time of runner-pJB,o,t formation in oneyear andlts behavior in the production of runn~s the following yearhas been hereinbefore described. A relatioD_ !between the time ofrunner-plant formation and fruit production" alsb has been reportedby Dtwis (5). In 1919 he recorded the dates on which rurrners of theParsons strawberry rooted, and in 1920 he obtained the yields fromthese plants. Runner plants formed before the middle of Augllstproduced 9 to 10 fruits each, those formed about the middle of Augustan average of 16 fruits, and those that rooted as late as October 20 pro­duced an averllge of only 5 fruits. His interpretation was that theearly-formed runner plants became depleted of energy because theyassisted in the development of large numbers of later runners and run­ner plants. He concluded that the most profitable period of runnerformation was between the latter part of July and the first of Septem­ber. It would seem that the conditions in the fall of 1919 must havebeen somewhat unusual, for 39.22 per cent of the plants formed duringOctober, an unusual occurrence with most varieties even at GlennDale, Md., where the growing season is usually longer than at Ottawa,Canada.

In reporting the results of some fertilizer experiments, ,Macoun (1~)records the number of blossoms produced on 511 plants of Parsons ill1924 which rooted at various dates in 1923. The average numberof blossoms produced ranged from nearly 40 for plants rooted in Julyto about 10 for those rooting in October. Straight (16) has reportedyields for one season from the first, second, and third runner plantsof runner series where 1, 2, and 3 runners from the mother plants wereallowed to root. The first runner plants on the average were slightlymore productive than the second and third runner plants. No signifi­cant difference in yield was observable between plants produced by themother plants rooting 1, 2, or 3 runner series.
To test the influence of time of runner formation on crop production,two pistillate varieties, Portia and Fragaria virginiana selection 27,were used. Pistillate varieties commonly set all their flowers, and \the number of flowers produced may be considered a measure of crop "production. Such a measure may be more accurate even than weightof crOll unless irrigation is available, for drought and lack of water toindividual plants in the spring often prevent full development of theberries. 
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Plants were set in the early spring of 1923, and woodon potltihels 
were used to peg the :::.:mner into loose soil and to mark'the date by 
which a runner 'plant had already rootep.- or Qnwhich the second leaf 
had unfolded. .Runner 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. 

TABLE 1.-Influence of time of rUllner formati9n on the product-ion of flowers of 
stmwberry varieties 

Selection Zl Portia 

Date rooted 
Number IAyerage Number Average

number I number
oC pIants offiowers oC pants o[tlowers 

-.-~,-----------.~.--------
To July4______________________________________________________ 18 11.3 2 8. 0 
July 5 to 14___--------______________________ .___________________ 26 14. 9 6 10.:; 
July 15 to Aug. 2_______________________________________________ 21 12. 0 32 13.4 

~~~: r5t~ol~eiiCio~~:::::::::::::::::::::::::::~::::::::::::::: !~ 19: ~ ra 1~ ~ 
~_e_~t_:6_1t_ot~_?_~_~:_~-_-:-_-:-_-:_::_::_::_::_::_::_::_::_::_::_:~::._::_::_::_::_::_::_::_::_:-..!.-__~-,L__ Iij-'- ~_:~_:g-"-__ __ ~ 

Theile results are similar to those obtained by Davis in Canada in 
1920 with the .Parsons variety. Fragaria virginiana selection 27 
produced an average of 12.0 flowers on plants rooting during July and 
"August and an averr;!ge of 6.3 flowers on those formed during Septem­

ber and October, wliereas correspondin~ Portia plants produced an 

average of 11.9 and 7.3 flowers, respectlvely. Selection 27 tends to 

form several crowns on plants rooting in July and Au~nst, whereas 


. Portia forms few crowns ron such plants. Late-rooted'pl{mts rarely 

form extra crowns. This difference in branching habit may account 

for the relatively larger yield of the early-rooted plants of selection 2.7. 


In a report on sterility and fertility in the strawberry (4)a table 
w.as given showing the average number of fruits and of flowersinot 
seton many varieties in 1926 which included records on plants of 
six varieties rooted at certain dates .in 1925. In every instance 
there Were fewer fruits per plant from the earlier . to. the later formed, 
a difference apparently due to differences in the development o.f 
the plants as a consequence of the date they rooted. Figure 13 
shows the plants on a runner series of the Dunlap varietya.fter the' 
onset of freezing weather. The runner plant at the extreme right 
undoubtedly ro.oted in October. Such a plant is liable to. winter 
injury and may bear a few small fruits or none. The first runner 
plants of the series at the left would probably have borne the mo.st 
and largest fruit. , . 

Because runner plants rooting at the earlier dates usually in turn 
produce runners in the succeeding weeks of the sam() season and are 
thus weakened, an attempt was made to limit the period of runner 
production to specific periods and to. note any difference in the effect 
o.n fruit pro.ductio.n. The Fragaria virginia,na selection 27 was used 
for this test. Four series of plants were grown to correspond. with 
possible commercial practices. In series A /111 runners were removed 
throughout the season; in series B the runners were picked off until 
September 1 and later ones rooted; in series C the runners were 
picked off until August 1 and later fo.rmed ones roo.ted on !:!pecific 
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dat~s; 'in series D the runnel's were rooted until September land 
later ones picked off. Table 8 gives the results. 

TABLE S.-Production oj Fragaria virginiana selection 27 plants in 1[)25givep,
different treatments in 1924 

Average number oC­
~um- ~ """___..___." _""_""" __Series and treatment bar of ! I 
plants Crowns Trusses' Fruits I . 

,-.- ---- ----- ----- ­
lI'rother plants: 

Saries A. runn~rs kept olf throughout sOO5on__ •___
Series D. runners kept olf until Sept. 1 _____-__ •___ 
SerIes" C. runners kept olI untll Aug, L ___________
Serles P.rooted until Sept. L _________ ~_"._______ 

Runner plants from series D: Rooted to Aug. 1 _____________________________-.___ 
Rooted Aug. 2 to 15_______________________________ 
Rooted Aug. 16 to Sept. 1. ________________________ 

Runner plants from series c:
Rooted Aug. 1 to 15__________--___________________ 
Rooted Aug 16 to Sept. 1 ____~__..________________
Hooted Sept. 2 to 15.___________________ -_________ 
Rooted Sept. 16 to Oct. 1 __________________________ 

Runner plants from series D:Hooted Sept. 2 to 15_______ •• _______ •_____________ • 

Hooted Sept. 16 to Oct. L.----------------------- ­
i 

1 "All other" includes buds missing, Injured. eto. 

12 9.4 13.4 131.9 
4 6.2 7.0 63.8 
2 3.4 5.0 48.5 
4 3.0 4.81 42.S 

45 3Q.4
19 1.9l 2.02.711.2 20.0 
50 1.2 2.1 19.4 

20 1.7; 21.9,
36 1.61 ~:~ 1 18.9 
44 15.71.21 1.9121 1.1 1.6 13.5 

13 1.6 I 2.41 21.S 
2.171 1.31 17.7 

"_~"_.____ 
. 

All Runner
other 1 plants 

7.7 ----Ts2.6 
5.. 0 33.5 
4.6 IS.S 

2.9 
2.2 
2.1 

2.1 
I.S 
1.S 

1.,2 


2.1 
1.6 

FIGURE IS.-Relative size and root branching oC the plants on a runner series ot the Dunlap straw. 
berry (Crom left to right). The last runner plant to root is at tbe extreme right. Its. roots are un. 
brancbed, and sucb a plant is very linble to winter injury. November 13. 1926 

It should be noted that mother plants from which runners were 
removed until September 1 produced but 4.5 runner plants, as com­
pared with 33.5 runn~r plants produced by those rooting runners 
subsequent to August 7. Other tests in which. the runnel's were 
removed from m.otner plants of other varieties until September 1 
hav~ given similar results. The production of even 4.5 runners, 



howe:ver, so affected the mother plants that they pl'oduced less th&n 

half the number of fruits produced by plants whose runners were 

ke~t off throughout the season.
When the number of frui,ts produced by runner plants in the dif­

ferent se:des is cQnfiidered, severa.lpoints··may be noted. In each 

series that produced ,runner plants .the earliest ones to ,root have the 

most frl.lit and the later ones successively less and less fruit. ,In 
series B,where runner~ were picked off until September 1, 'few.newf

}
:tunnel' plants were produced,and the~e bore but little more than 

runner plants rooted during the same intervals in series C, wihich ~ 

also produced :tunn.er plants during August. From an inspectiun of 1 
the yields in serks D it is also e.vident that after allowing,runners 

to :root up to September 1 it ia doubtful whetheritwill pay to remove 

them later. All plants in each series Lore more ,than plants rooted
Conditions wereat corresponding intervals in 1923, as given above. 

.lI/LY/ SEPTEMBER/ OCT08ERI 

FlGUllE 14.-'rheorctical cun'cs fQr [rult production Bnd for conditions modifying fruit produc· 
tion of strnwberry plants 

so different in the two seasons, however,that the lots are not
'comparable.

The yield from plants of different ages is dependent on the inter,.. 


relation of a number of conditions. With .no modifyin.g conditions, 


the earlier the plant roots ~he lar~er the yield t,he following year. 


However, the aotual 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 composition, 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 as that given in Figure 14, 


the yield being governed by its leaf and stem growth before winter. 


Curves sucli as are given in this figure are suggestive only and 


obviously represent conditions that are rarely eX!l.chly reproduced in 


practice. Under field conditions each of the effects shown varies 
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from senson 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 length of the season after. 
the plant had formed, it might be represented by an inclined straight 
line. In reality, however,production of runners by plants has an 
effect that may be represented by the theoretical curve for this 
characteristic shown in Figure 14. For the first part of the season the 
curve for q 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 effective still 
later in most fields. . 

EFFECT OF REMOVING RUNNERS OF STRA WBERRY }lLAN~S 

The effect of the removal of TllUlers on fruit production hils been 
studied by different workers in connection with the growing of straw­
berries in hills, in which case the original plant produces the entire 
crop, all rlmners being removed as they form. This prllCtice obtains 
in the Pacific Northwest, where almost the entirei,wreage is produced 
under the hill system. In a report of the superintendent of the 
experiment station at Sidney, British Columbia" for 1925, the produe­
tion for two years from hills, hedge, half-matted, anp, <full-matted 
rows is givon as follows, it being noted that the yields in two were 
below normal: Hill system, 7,613 pounds; hedge row, 6,878 pounds; 
half-matted row, 7,804 pounds; full-matted row, 5,117 pounds. 

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

Quaintance (15), in Georgia in 1S99, comparing hills and matted 
rows 12, 18, and 24 inches wide with rows 4 feet dista,nt, reported 
that the plot under the hill system yielded only one-thir:d as much HS 

thll.t under the matted rows. Considering the yield of his 12-inah 
matted row ns 100, the IS-inch row yielded 134.2 and the 24-inch 
row yielded 282. 

Table 8 gave the yield in 1925 of 12 mother plants of selection 27 
from which all runners Were removed as they appeared during 1924. 
They produced an averllgeof 131.9 fruits per plant, as compared with 
less than half that number, 63.8 produced by adjacent plants, which 
also produced 4.5 runner plants each during September and October. 
The production of 10 mother plants of the Portia, and Howard 17 
varieties in adjoining rows which likewise had had their runners 
removed, is shown in Table 9. 

TABLE g.-Production of 10 mother plants of tl!6 Portia and Howard 17 varieties of 
.'!trawberry, rtmners removed 

Average number oC-

Variety . ­

' 

' 

__'~_~'__._'_~_"________I~L~~! Crowns L'l'ru~ I~I~~I~ 
PorUs ••• , ' .............. ' ....."._.'__ ••____•___••_. 41.6 I 10.2 f 8.6/ 76.7) 12.1 

Howard 17___ ••_._..........__ •____.............__ 32.8/ 8.51 9.1 63.4 15.0 


_~._~..."~.~_ •• , •• _ >". ___..."._____.~__ ~~.~ _.0 ____"_"-""""-" 
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In 1899 Dammer (3) reported on an eX"}leriment made by Duerkoptf 
in 1897 and 1898 on the value of frequent removal of runners, as 
shown in Table 10. 

'.rAB~E lO.-EjJcct of removing ruTtners of strawberry plaTtts grown in 50-plo,nt rows 

~:.l-·~--- R=~:~.oo -I Loo::i!~:~ 

i 
{ 

1 'Yeekly_ • __ ._...______________________________________________.____ 23.50 3.s-! 18.32 
2 Every two weeks________________________•___-­ __ .----______________ 22.74 3.18 10.82 
3 Every three weeks___________________.-____________________________ 22. 78 3.34 17.20 
·1 Every i,onr weeks____••____________________________________________I 20.18 2. M 12.5651 }01very flvO weeks •••• __...._....._••_.______________________________ 19.40 2.10 12.36 o Every SL't weeks___________ .________________________________________ 18.56 '1.46 9.,64 

..___-.--·-.-,i__......-._.­ ~ .........__•_____•_____•. _.__._._,____~~__._~............______ 

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

Jordan (10) in New Jersey in 1900 reported an eX"}leliment on the 
effect of distance between plants on their yield in hills (i. e., with 
runners removed throughout the season) from 12 to 2~ 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 
more 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 about the same, and 16 more 
tmder the matted-row system. Some produced more than twice as 
much under the hill system as in matted rows, whereas others bore 
twice ns much in matted rows as under the hill system. In 1901, 19 
produced more under the hill system, 3 about the same, and (although 
it was not stated) 12 presumably produced more under the matted­
row system. 

Butz and Pillsbury (1) in Pennsylvania reported in 1899 on a 
comparison in size of fruit between the matted-row and hin systems.
A. little more than half of the varieties grown gave larger fruit under 
the hill system, and the remainder produced larger fruit under .the 
matted-row system. 

The eX"}lerience 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 which berries are to be picked the following sPring and ear1y 
summer, removing all runners as they appear. The experimental 
results in British Columbia tend to show that this is the best practice, 
although the half-matted row gave good resnl,ts. The varieties grown 
in that region make very large plants, with many crowns and many 
trusses. For example, on July 7, 1926, more than 120 trusses were. 
counted on a single plant of Ettersburg 121 grown in tbis way in tho 
Willamette Valley of .Oregon. 

In eastern l"egions the eX"}lerience and practice of growers indicate 
that keeping the plants in hills with the runners off is not generally 
good practice with the varieties used. Little definite experimental 
evidence is available, but that of Quaintance in Georgia indicates that 
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the matted-row system of culture gives largest yields .of a,ny there.
The results \vith many varieties in New Jersey mdica.te thetthElY
differ in their response to the hill system of culture, some kinds pro­
ducing best under Qne, others under the othElr system, and still othElrs
being ad~pted to either system. In the pacific Northwest the plants
are commonly set 3 feet apart each way, growing to very large size
and occupying the land quite fully. 
 Plants do not ordinarily grow
so large in hills lmder eastem conditions and practices. The incidence
of diseases and insects may perhaps be too great for good results.
The results in New Jersey indicate that ior some varieties 12 inches
between plants under the hill system would give largest yields.
The results of Duerkoptf and those reported here for GIElnn Dale,
Md., indicate the importance of frequent removal of runners frolll
plants grown in hills. 
 Plants from which runners are frequentlyremoved grow to larger size than those from which runners are pickedless frequently. It is probable that different varieties or different
pra.ctices 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 plantshave been considered. Mother plants that produce and support many
rlillUer plants were found to be much weaker a,nd produce much less
fruit than plants producing none or few runner plants. .A runner
plant may be weaker than the average because it was produced by a
b:t:anch nillUer, because it was formed late in the season, because of
insect or disease attacks, or because of other unfavorable cQnditions.
It is not known for just how long an inferior plant may produce weakirunner plants and continue weaker than the average after being given
favorable conditions.

Two recent reports give further evidence of important differencesin planting stocks. Olark (2), in New Jersey, planted. stocks of the (Howard 17 variety from four sources in 1926. In 1927 in adjoiningrows the :;delds of plants from three sources were respectively, 80, 70,and 51 per cent of that of plants iro.m the four.th source. At t.hElDevon Oounty E~1>erimental Station in England (12) many similartests have been made. In a test of 13 strains of Royal Sovereign,the Itlading variety of England, from di.fl;erent sources, the yieldsranged from 2 ..7 to 43.8 hundredweight per acre in 1928. In a muchmore extended test of two strains of the same variety the yields fromearly-set plants of the two strains were as follows: . 

1327 1928Strain A________________________________ 24 cwt.Strain B_ __ _ ________ ___ __ ____ _______ ____ 40 cwt.8 cwt. 70 cwt.Runner plants from A____________________ _____ _Runner plants from B_________________________ _ 39 cwt.
38 cwt. 

Strains A and B sh.owed striking differences in :;deid in both 1927and 1928, but strain A :;delded much the most in 1927 and strain Bmuch the most in 1928. The runnel' plants produced by A and Bat the experiment station produced almost equal crops. It wouldseem that there were hold-over effects of the conditions under Whichthe plants developed at the two sources, which were important intheir effect on the first crops and which were in the one case very 



:RUNNERS AND RUNNER PLANTS IN TlIE S~W~ERRY 27 

unfavo,rable. The plants of the most productive strain (A) appar­
ently" exhausted thamselvesthe first year and produced a relatively 
smaller crop the following year. . . , 

i· 
Iift, is not yet possible to explain fully differences in yields such as 

these. Differences in the amount of virus diseases in str.ains 01' t 
! 

tdifferences in infestation by insects and namas certainly often influ­ ience .the yield of strains. However, the fact that runnel' plants from i 
two strains produced approximately the same and the reversal of i 
pOf~ition of the· two strains indicates a hold-over effect and not a 
permanent difference. ISUMMARY 

f 
Branch runners are produced commonly by some varieties and 

rarely by others. Missionary and Klondike produce many runner i 
1branches. 

. In the vicinity of Washington, D. C., runnersare produced during J 
the growing period from about the end of the fruiting season until l 

ifreezing weather. In the greenhouse, runners may be produced as 

ea:::ly as April by horticultural varieties, and throughout the winter 

~ 


Iby Fragaria chiloensis and by species of the vesca group. 1Organic sources of nitrogen apparently are most effective in run­ I
ner-plant production. ! 

Valieties 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 I
runners than plants allowed to form clons. . 	 i 

_. The Howard 17 variety forms few runner plants after September 

15 in the vicinity of Washington. Its development is illustrated in 

detail. 


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 plp-nts formed in October produce fewer runners than these 

formed earlier. 


Careful grading as to size seemed to be a satisfactory means of 

selecting uniform propagatin~ stock. 


Runner plants formed durmg July and August produce more fruit 

than plants formed later. 


When runner plants were allowed to :form at stated inte:t!valsonly, 

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 fruits as compared 

to plants from which all runners were picked off throughout the season. 
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