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IRNTRODUCTION

Strawberry produstion in the United States has increased
rapidly within the last 25 years until it represents an snunual
34 million dollar industry. From 1918 to 1941, the acreage
of strawberries has inoressed from 94,120 to 211,110 scres,
or an inerease of 284 per cent, Acsompanying this large Ine
ereass in produstion area, numerous new varieties have bem
intreduced Dy publis and private agencies to meet the require-
ments of the expanding industry, espssially in certain geo-
grephis localities. Varieties superior to those existing,
wore needed, which would be reaistant to disease, drouth, and
to high and low temperaturss; whish under adverse westher oone
ditions would possess high dessert Mux and be sultable
for canning, freesing, &r preserving.

Probably the most important new variety is the Blakemore,
which was first paum mwuux ;a 1989, Thia Mm,
an exsellent ymarvm and lmm om s 18 pur%idahrlg
suited to the Eastern United States and has gained repidly in
favor until now, just 13 years later, 1t is the leading veriety
nationslly, cemprising over 25 per sent of the total acreage.

Although Blakemore is the leading variety, it has one
desided fault in that it produces too many runner plants,
which results in severe competition among plants for mineral
nutrients and water, so that each plant is relatively small,
with little chance of developing its fruit to marketable sisze,



To oversome this fault, a new practies of plant thinning

or spacing was developed by research workers for the purpose
of impreving the iise of ths individual berries am the perw
centage of marketable fruit. By the term "plant thimming,
or spacing” we mean the lihiting of thé pumber of runneyr
plants in the matted row by some method of removal of excess
runner plants during the growing season.

The introduction of any new sgricultural prasctice, in
goeneral, aims to improve the quality of a given erop or to
increase the production per acre of that crop with or without
additional costs of production. Previous work on plant thin-
ning has resulted in increased slze of berries, as well as
increased ylelds per acrs, but involved considersable increase
in productien eosts. Ths problem from this point on was to
determine the most economical method of plant thinning from
the standpoint of ylelds obtained of marketable berries,
and further to determine the best method of plant thinning,
regardless of cost of production. Another consideration was
to determine the moat desirable renewal system to employ fol-
lowing this plant thinning practice.

In addition, fundamental studies were needed on plant
growth in rolttiqn to the various thianing practices, and to
changes in environmental conditions. Therefore, the investi-
getion reported here was conducied in an effort to determine:
{1) the relationship of width of thinned, matted, and spaced
rows to productivensss, (2) the influence of wvarious renewal

systems and width of row on berry production, (3} the effect



of varying the time and rate of applications of nitrate of
sodse throughout the growing season on yleld of fruit thes fol-
lowing spring, (4) the seasonal development of the mother
plant, and (5) the effeet of differential perecentages of

soil moisture and aeration on plant development,



REVIEW OF LITERATURE
Plant Thinning and Spacing

Man has continuously modified ocultural practices in
order to obtain the highest yield posaible of the most de-
sirable product per unit of plent or land., The pomologist,
by fruit thinning, limits the number of developing fruits per
unit of leaf area, while the agronomist and olericulturist
1imit the number of plants per acre. The numdber of plants a
goil will support, and the crop produced from it, i3 a measure
of soil fertility. Soil fertility varies with molsture supply
and the availability of nutrient slsments in the soil., Thus,
it is likaly that tha bett apaeing aintaneaa or the most de-

sireble number of plnn&a ﬁo thg aotn for éne sall aaé Joeal 1ty
\nny not be the most satisfastory for other looalities under
different climatic conditions.

Data from numerous experimants with fisld end wvsgetable
erops sﬁﬁv that within certain limits the greater the spacing
given the individual plant the largesr it may be expectesd to
grow, and in tura the larger the per plant yleld in foliage,
fruit, and seeds. On the other hand, most of these investiga-
tions show that spreing which gives the largest yisld per acre
is much closer than the spacing whish results in the maximum
individusl plant development.

@i11is (47), reported results of a 4-year investigation
of distance of planting Iith‘ﬁnap,batns, grown under various

-4-



conditions with respect to soil snd weather. MNaximwm ylelds
were obtained with Refugse when spased € inches in the row,
while with Burpes Stringless Greenpod, s 1~1/5.inch spacing
was best, Hslsted (52}, obtained largest yields of snap beans
at a planting distance of 3 inches, his closest planting.
Jordan's {72) results indicate a positive correlation between
close spscing and the percentage of early yleld. In investi-
gations by Matthews (84), strains of Refugee and Burpee
8tringless Greenpod snap beans, and Henderson's Bush lima
beans were drilled in the row and later the plants wers
thinned to 3, 6, ¥, and 12 inches apart with s 3-foot space
between rows, He cobtained larger total and early ylelds from
the 3-inch spacing of both Refugee and Burpee snap beans and
1ims beans thaen from wider spasing.

Horrow and Hunt {86), in 1888 consluded that yields from
field corn were practically the same from drill row and hill
planting, as long as the number of plants per acre was kept
constant. In 1891, Morrow (87) reportsd that thick planting
ratss reduced the average sar welght and inereased the number
of barren plants in fisld corn. ‘Huelsen (87) has reported
similer findings from recent planting rate studies with aweet
corn in Illineis. watuon end Davis (1135) ia Pusrte Rico, énd
Enzie (41) in New Yark, repm'tad that close npming gave highe
est yields but smaller eara.A ﬂczking with sweet corn for
eanning in Maine, Bailey (Q), found that as the plant feeding
area was increased there was a marked tendency for the plant

to produce more esrs, heavier and larger ears, and more tillers.



There was some tendency for the higher pereentage of usable
sars to offset the loss in yield in the husk 1ith increased
plant spacing. Six inches tc ome foot between plents, planted
in drill rows, esppeared to be the meoat practioal range to
recommend under Maine conditions., Heber (50), working om the
sffect of pumbers of plants per hill on ylelds of sweet corn
for the cannery, found that the size or the woight of the ear
decreased as the number of plants per hill increased; also
the number of ears per stalk decresased as the number of plants
per hill increased. He stated that the largest yields are
generally obtained when there are four plants per hill; the
greater the number of plants per hill, the greater the yield
of fodder. S

Thsrs is eentidarnble'davazaity of oy&aion -among sweet
patnto growors as to tho optinun spacing of gzanta 1n the row
from the atandpoint of yiold,gnqyguﬂlity. However, it is a
generally aeaéptad fist\améng gﬁﬁﬁtﬁﬁ on the Rastern Shore of
Virginia that for rapid devd opment of storage roots for early
market the wider spacings, 20 to 24 inches, are most sultable.
It has also been noted that wider spacing 1s productive of &
large percentage of oversized roots if the harvest of early
planting is delaysd until October. Even with relatively close
spacing it has been found that plants adjeacent to vacant
places in ths row, dus to irregular stands, produce a high
percentage of "jumbos" which are freguently unmarketable.
\///zjmmorii/{lﬁl), working with the Puertc Rico and Little
Stem Jersey varieties of sweet potatoss, found that by progres-



sively incresasing the space from 10 to 24 inches between
plants, an increase in the average weight of each root and,
with one exception, an incresse in the average number of roots
to the plant resulted. The calculated yield on an acreage
basis showed that the closest spacing, 10 inches between
plants, gave the highest yleld of marketable sweet potatoes
and also the highesat ﬁctﬁifyiold. ‘Blaypoul and Morris (30),
from responses of potato plants to spacing and thinning,
state: "The d;ts 1nﬂi§u§eﬁt§§$ it is possible to regulate the
size and quality of potato tubers, within limits, by the spac-
ing of hills, by the number Qr‘pkanta'tq the hill, or by a
combination of both methods. It should be noted that the
number of plants to the hill can be partially regulated by
the number of eyes and the size of the seed pisce."™ Whipple
{116), in summarising his experiment on thinning of potatoes
reports that: "Thinning hills to & aingle stem improves the
quality of the tubers both in size and uniformity of sisze.
Under non-irrigated culture in Montana, thinning usually ine
creages the yisld of marketable tubers, but even under irri-
gated conditions close planting with thimning produces a mush
more desireble crop than wide spacing without thinmning."

All of the literature reviewed on spacing of tomatoes
showa that the highest yields per acre were produced on plots
with closely spaced plants. Farish and Campbell (42), found
this to be trus and they report that size of marketable frult
was affected very little, if any, by spacing. Woods (119), in
experiments covering a 4 year period, obtained the highest



yields from Bonmy Best plants spased 12 inches apart in rows
3 feet apart, thiz being his slesest spacing., The yield of
individual plants iax.groatist at the widest spacing, but
not sufficiently to offset the small number, Currence (35)
states that: "... spacing as close as 1 by 4 feet increased
yields uniformly for all the varieties tested and that fruit
size may be reduced but the reduction in this test was not
large enough to be considered statistiocslly signifieant.”
Brosher (15), in & study in West Virginia of the influences on
yields of two plants versus one tomato plant per stake, found
the yield of early marketable fruit was 8.84 tons per scre
from the double and 6.48 tons per acre from the single plants.
The individual fruits produced from the rows containing the
single plant per stake were slightly heavier than the fruits
from the double plants, but not enough to compensate for the
additional number of fruits produced by the pair of plants.
Working with dill, which is used in pickle menufacture,
Seaton and Baten (100) found that on the basis of individual
plant development, plants spaced 16 inches apart were sig-
nificantly lerger in all respects than those spased 12, 8, or
4 inches apart. The 16-inch spacing produced more branches,
more compound unbels, taller plants, larger primery umbels,
larger steme, greater green and sir-dry weight of entire
plant, a higher perscentage of sesds and heavier seeds, than
the closer intervals., However, when the data were put on an
acre basis the closer spacing of 4 inches, in every raspect
considered in these studies, was significantly more profiteble



for the grower. Ths esuthors suggested that even & closer
apacing of plants than 4 inches may bs highxy desirable for
uaximum acre yisld.

Jones (70), spaced Gaiirornia Early Red onions 3, 4, 6,
8, and 12 inches in rows 18 inches apart. In avery case the
plants that were set 3 inches apart in the row started to
ripen rirst, As the spece betwsen the plants in the row was
incressed from 3 to 12 inches, there was & delay in the time
of maturity, an increase in the size of the bulbs, and & de-
crease in yisld per acre. Jones stated that: "... plants
spaced three inches in the row do not grow too large for the
aversge consumer; besides, they have a small nnﬂk,uhidh'in
well closed when ripe.”

Using the Mary %aihingtan variety of saparagus spaced at
distances of 12, 18, 24, 30, and 36 inches in rows 7.5 feet
apart, Hanna (53) found that although there was né signifisant
difference in sige of spear bstween diffcrantvapnainga, thers
was a difference in yleld per acre and sverage number of
spears per crown, A progrsssive decreass in yield per acre
raesulted ae the spacings betwean plants inoreased, but s pro-
gressive 1n¢rsaac 1n average nuubor\cf SpeaArs per orown re-
sulted as the :paaxng inertanoﬁ* ho!uvar, this incresse did
n@t eoap«ntata for the nmaller nunbor of Gvutnt per acre.

In gaasmal, the: npasing work uith vagatnhls glsnﬁt shows
that with the wide ug&cing sach plant besomes larger, more
productive, and the harvested edible parts are n#nally ine
crecaed in size. rﬂith vngotablefmrﬁps, the preblem of plant



spacing is one of setting the plant at a gilven distance or
thinning plants after ssedling germination. The strawberry
differs from vegetable crops 1n that the distance of setting
mother plants is not & factor but the development of runner
plants determines the final plant stand.

Preliminary tests {36) with the Blakemore Strawberry
demonstrated that the variety was very vigorous and an ex-
¢cessive runner-plant proéucer, with the result that plants
tended to form and tske root so thick in the row that there
was subsequent crowding and competition for the available
moisture and nutrient supply. It was noted that berries were
small where plants were thick and crowded. To overcome this
difficulty, plants were experimentally grown in individusl
hills with all runner plants removed. This method of culture
resulted in the production of much larger berries, and these
individual plants with all runners removed gave relatively
high yields as well as fancy frult. The hill system of cul=-
ture, however, did not produce acre ylelds equal to the full
acre yield possibilities or sufficient to compensate for the
additional laber costs involved with this method. To improve
this situation, plant thinning or spacing as a modification
of the ususl matted row system was developed for the spesific
purpose of improving size of fruit and marketable yield,
particularly with varieties, such as Blskemore, that develop
too many runner plants,

In some of the first work on Blakemore in North Carolina,

reported in 1930 by Darrow and Dearing (36), each mother



plant set 4 feet apart in rows 5 feet apart developed 375
runner plants on the average; thus, on an acre basis, approx-
imately 800,000 plants per acre competed with ons another
under & 3C-inch matted row system. In Maryland experiments,
Schrader and Haut (98) reported the number of runner plants
was calculated to be 600,000 per acre from plants set 22
inches apart in rows 42 inches apart, as & 30-inch matted
row. In both of these expsrimental plots with such an over-
pbpulation of the plants, the yleld and asize of frult was
very poor under the rather dry conditions which prevailed
during the fruiting season. Even under the usual conditions
of soll moisture and precipitation during the fruiting seeson
in Maryland, only averags ylelds of relatively smsll sized
berries may be expected with the crowded matted-row of ex-
cessive plant-making varietles.

In results of apscing studies with the Fairfax, Dorsett,
Howard 17, Cateklll, and Blakemore varieties, Schrader and
Haut (98) showed that both the 7~inch and ll-inch spacing of
runner plents produced markedly superior yields over matted
rows under several conditions of irrigation. The comparigon
of 7-inch and 1ll-inch apacing showed these treatments about
equal except under very low molsture supply when the lleinch
spacing was superior. Increased ylelds with plant spacing
under the conditions of this experiment were due largely to
increased numdbers of larger berries, that is, increased sigze
of berry. Christopher and Shutak (28), in a preliminary study
of the influence of spacing on yield, and later work by



Christopher (29) on ﬁh&'inflﬁhnen @f ipaéing on yieid and‘
grade, found that runner pllntl~lpuﬂld 6 to 7 inches apart
produced the highest yields !ith both the Boward 17 end
Dorsett varieties., JSpacing procedure did not significently
influence sise of berry. 1In a strawberry plant spacing study
at Morgantown, West Virginis, from 1937 to 1939 inclusive,
Childs {27) found thet plents spaced 8 inches apart out-
yielded the matted row with Blakemore, Catskill, Fairfax and
Premier, but not with Oandy. Both a greater number of berries
and an inereased size of dDerry were noted in the spaced row,
but the former was somewhat more important in influencing
yield.

Nitrogen Application During the Growing Season

Plant thinning or spplications of nitrate of soda during
the growing season are designed to increase the size of the
individual runner plants with subsequent increases in yield
the following spring. By fertilizing the plants during the
growing season and bullding up large top and root systems in
this manner, it was thought that this would be a means of
eliminating the thinning of runner plants,

From the standpoint of yield the application during the
growing season of nitrogen fertilizers to strawberry plants
has certainly given contradictory results. In some cases
signifisant increases in yleld have resulted, (81, 106),
while in other osses equally significant decreases have been
obtained, (49, 55, 75, 110, 118).
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Under Long Island conditions, Hertwmsn et al., (55),
obtained no significant differential response from varying
the time of application of nitrate of soda to strawberries
in the year the plants were set. Van Heter {110), working in
Massachusetts, appliesd nitrate of soda to Howard 17 plants at
intervals from time of planting to October at tha rate of
300 pounds per acre, and in genseral, t&aru wag little indica-
tion that summer and autumn nitrogen applications were in any
way either significantly beneficial or injurious. In a test
by Wentworth (115), no significant difference in yield was
resorded regardless of season or size af the application, but,
on the other hand, leaf area was inoressed Ly nitrate applie
cations,

Greve (49), working on the same soll and location on
which these investigations were conducted, applied nitrate of
soda at three times throughout the grawing season, at the rate
of 150 pounds per acre at each application, Nitrogen ferti-
lizer depressed &ll of the growth responses such as nunber of
leaves, blossoms, snd rumner length per plant of Kewuré‘17
stravberry plants. Plants grown without nitreggn foertilizer
had a higher total cnrbbhydrnta total nitrogen ratio than
plents receiving fir&ilizaé‘ ihiak, aéeu&ding to Greve,

"ees indicated that in the unrortiiiza& plots the plan%a mAY
hnvu bosn 1n a more ravarabla eomditian for rrait hud formae

blossoms per pllnt‘
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Van Horn (109), working on the Eastern Shore of Maryland
near Salisbury, in a ;tuéj_an time of fertilizer application,
applied & 6-6-5 fertilizer at the rate of 800 pounds per
acre to plants of the Blakemorse variety on Augustliﬂ and
September 1l. Fertillzer, rsg;rdleza of time of application,
gave 2 definite response over tho‘ahooks‘in increase in dry
weight of roots and c»otﬁﬁ. Comparing effeots of fertilizer
applied at two different dstes, there wers no noteworthy dif-
fersencesa in crown and root increases.

Macoun (81), in Canads, reported inecreases in yield s»
high as 65 per cent were cbtained from the applications of
sodium nitrate. Applications of sodium nitrate made during
the first fruiting sesson materially increased second year
production. Tayler (106) also reported benefits from the ap-
plication of nitrogenocus fertilizers to strawberriss in
Alabama, :

In a study made on the effects of applications of sodium
nitrate on augtanbar»l and April ' g at tha rate of 400 peunﬂ;
per appliaatien per a&ore on’ tha dry -%1ghx of bnrries or
five varieties of strawberries &t Gl@n Dale, Maryland, for the
June 2 and June 4 pickings when th; 801]l molisture was high
and dry matter of berriss was low, Darrow (37) found no SppAr-
ent effect from nitirogen. For the June 8 picking after sumny
weather the aversge pesrcentage dry matter for the nitrate
berries was 8,08 and for thé.no-nitrsta berries was 8.88 per
cent., Darrow concluded that: “Heavy epplications of nitrogen

under conditions of ample but not sxcessive s0il molsture



seem to result in berries lower in dry weight than those
grown without nitrogen. The average sisze of Iﬁmiﬁ from

ths nitrogen plots was found to be considerably larger thaam
those from non-nitrogen plote. Apparently, thoétmra, the ine
creased water content of the 'nitrogen' berries is due to

increased swelling."
801l Moisture - Plant Relationships

A Tenewed interest has developed in the last few yesrs
as new developments showed the inadequacy of the older ideas
concerning the water relations in plants, Werk done previous
to 1913 concerning the effests of soil mofsture on growth and
tranapimt.ton of ylaata is mrmd in = papér by Briggs
and Shantz {14). Pnatiully all of these earlisr workers
tomd that there nn an incrnso in gmth nm 1mrm1ng
:oil miuture contmt: awr mt af ita mge ’ altm'ugh growth
was somevwhat remad in son thn.t was nearly or ecompletsly
saturated, Water nqﬁimant usually increasaed regulsarly with
soil moisture aentont, but in 8 few cases very low values of
#0il moisture gave higher water requirements.

Briggs end Shants {14) &nd Shants (10Z) heve ralssd the
objection to much of the esrlisr work on thes effecta of 4if-
ferent degrees of soil molsture on growth and transpirstion in
that it is impossible to maintein & mess of so0ll at a uniform
low moisture level, because the small amounts of mtur added
from time to time are insufficient to moisten the entire mss
of soil. |
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Veilmeyer (112) has done & great deal of work relating
to the penetration of water into soil,and has found that
water applied to the surface of soll penetrates only to such
a depth that the socil through which it passes is raised to
its field eapacity. Further pemetration is exceedingly slow,
and ordinarily is of little consequense to plants. If a plant
growing in a contalner has reduced the soll moisture to the
wilting point, the only way in which the water content of the
entiré masg of soil can be raised is to add enough water to
bring all of the soil to its field capacity. Addition of less
than this amount will leave unshanged the soll molsture of
some of the soil in the bettom of the container. In such e
case, the plant would bo ronuad to grow in a smaller volume of
801l than anothar plant in a ainilar container with higher
average soll moisture.

In conduating studies or the ereat of -oil moisture on
plants, Veilmeyer (112) recommends & way £0 avoid this diffi-
culty of soile~water dintrihutiaa bx adding at esch irrigation
snough water to bring all the soil to its fleld capamcity, but
allowing different plants to reduce the moisture content to
different degrees of drynese before again adding water. This
procedure permits e&ch plant to have water aveilable throughout
the entire soll mass, but the variocus plants would be working
through different ranges of moisture. Using this method with
prune trees, he has found that growth and rate of extraction
of water from the soil are not appreciably affected over the

range of £0il moisture from field eapacity to approximately
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the wilting percentage, resﬁita whieh are not at all in ac-
eordanea“vith previcus work,

Hendrickson and Veihmeyer (58, 59, 60, 61, 62, 63, 64, 65)
experimenting in the field with prume, psach, pear; and walmut
trees aﬁd grapé vines, have obteained similar results, and have
arrived at the conclusion (59) that "... trees sither have
readily available water or have not." Beckett, Blaney, and
faylar (10), working in citrus and avasade orchards, arrived
at a similar conelusion,

Magness, Degman, and Furr (83), Furr and Magness (45),
and Furr and Degman (46), have found that the behavior of
stomata of apple trees may be affected when the moisturs con-
tent of the whole root sone 1s apparently considerably above
the wilting percentage, whereas with soils of medium or 1ighkt
texture at least part of the root zone ia usually at-ér neay
the wilting percentags before variation in growth rita of the
fruit can be detected.

Very different results have been obtained by Lewis, Work,
and Aldrich (76, 77), Work and Lewis (120), and by Aldrich
and Work (2), with pears on a heavy elay soil. ‘Thsy found
that the frult growth rate was reduced whenever the soll moise
ture was lowered below 70 per cent of the available sapacity.

An explanation of these apparently contradictory results
has been advanced by Masgness (82) and by Lewis, Work, and
Aldrich (77). They suggest that, in those cases in which trees
have suffered from water-shortage when the soil moisture was

well sbove the wilting percentage, the trees were growing on
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heavy soils with slow gapillary movement of water and poorly
distributed root systems, 4s a result, the s0il in Smme-
diste contast with the absorbing roots may be at or near the
wilting perscentage while the average, in massses lsrge enough
. te be sampled, may be well above tﬁigvpeintf.;ch»tha other
hand, experiments which have showm that aoil moisture is
equally availeble tren the field eapacity ta ubnut tha wilt-
ing pcranntaga hgvt buon with trcos greming Qn mgdoruto to
1light textured soils in whieh the root distribution is usually
mush more complete and eapillary movement more rapid than in
heavy soils., Aceording to this hypothesis, in all cases of
water-shortage the soll moisture in the immedlate vicinity of
the absorbing roots is at or near the wilting percentage,
even though only & short distance away it may be well above
this point, Pailure of the tres to obtain water undsr these
circumstances is presumed to be due to the relatively great
spacing of the roots and siow caplllary movement of water
through the soil.

Of the voluminous number of experiments on horticultural
erops reported in the literaturs on the relationship of soil
moisture to ths various growth preao:aaafﬁoply 4 fow investi.
gations will be reviewed to illustrate th§ numerous phases
studied., Degman, Furr, and Megness (39), working in the
Western Maryland apple district, found that during a dry seasom
irrigation does not dirsctly inerease fruilt dud formatiocn on
trees besring a heavy crop of fruilt. With the Oldenburg

variety there was no correlation between moisture supply snd



fruit bud formation, while '1th;tha,ﬁame Beauty, the trees
_i;hn# beceme dry formed a greater mumber of fruit buds. With
seriously devitalized trees which had suffered severely
fréa,drautﬁ previously, gn&‘uhiah did not carry any erop,
irrigation tended %o inorsase fruit bud formation.

Under various soil moistures (wet or dry), differential
applications of sodium nityste,and various degrees nr‘ﬁhtn-
ning, Hsrley, Masure and Magness {54) found that soll mois-
ture variastions and nitratc of socda applications had no
apparent direct effect on the time or sxtent of fruit bud
formation. They stated that: "Sufficient s0il moisture and
g&tr@gan, of courss, are important in meintaining good
growth cenﬂitiena,.bgt within the limits used in these testa
Eﬁar de not apﬁaar'ﬁn directly affect fruit bud formetion."

Jones {71), working on Georgis Belle piachaa in ¥orth
Carolina, found that fruit borne on trees growing under dls-
tinstly different soil moisture conditions was correspond-
ingly different in sise, despite the fact that the leafeto-
fruit retios were the same. Increase in moisture supply
favored formatiom of fruit of increased size. He conoluded
that the minimum leaf area which favors the production eof
quiiity:fruit-varﬁéa markedly under different seil moisture
téaatnanta. |

Heinioke and Childers (86}, and later, Childers and
>f3nhanider (E5}, fawnd, in a study of the influence of grade
ually reduced soil modsture content on carbon dioxide assim-
1lation and tmsgira’ﬁzﬁ, that gredual drying of the soil



is accompanied by an appreaciabls reduction in the rate of
transpiration and of photosynthesis. The influence was felt
in transpiration some time before it became manifest in
photosynthesis.

A reduction in the molsture content of the soll has been
advanced as one of the principsl reasons why apple trees
fail to flourish when grown iﬁ :od."ﬁcékikg in Indieansa,
Oskamp (90) is firmly of thn~epinion that an inzrata&ﬂ aai-~
ture content of the soil playcd an imp@rtant part in ths
better growth of trees under eultivntion and mulch systems
of management. |

In the a$id reglon of the Yakims Valley, the grade and
¥ield of pbtnte tubers éan be controlled to a large degree
by irrigetion practice, a&s reported by Claypool and Morris
{30}, They stated that: "Application of water at regular
intervals of from 7 to 10 days throughout the growing season
which keeps the scil mess utilized constantly above a peint
of moisture deficiency or the wilting point, will result in
the production of smooth, high quality tubers. Any irriga-
tion treatment which at some time in the growing season re-
sults in a severe chesck in growth due to inadeguate socil
meisture will upon resumption of growth bring about the
formation of second growth, knoetty tubers.”

Wiggin (117), using the ¥ilson auto-irrigator pot,
studied the water relations of several commereial cut flower
and pot plant erops under controlled molsture sonditions.
Using three degrees of soil moisture, namely, "wet s0il," or
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80il near the maximum water holding capacity, "medium wet,"
or soil at a state considered ideal for cultivation, and
"ary," er soll well above the wilting coefficient but far
below what would be considered catiafaetory for the proper
growth of most ¢rops, he found that as the molisture content
of the Boil decreased, a consiatent decrsase ocourred in
weight of plants, heights, dlameter of flowers and stems,
number of flowers, and number of flowering shoots.

It has long been a policy of commercial greenhouse men
to "run plants dry," that is, witbhold water in order to
hasten their rlartrins.- Ou@ or the baat exanmples of this is
the common praetiea of drying the Oﬂil of geranium plants to
tina their rlvloring and bring thau into bleoom for ﬂﬂmorial

fhe ‘plants frequnntly 111t but urq nat permlttbd to
becsome sufficlently dry gﬁ;lq'Q tpgig leaves, However, the
experimental evidence preﬁaﬁtid.by.aégar (93) does not show
this practice to give the anticipeted results., Using thres
soil moisture levels, high, medium and low, he found that
with Celendula, Larkspur, and Geraniwm plants low soil molse
ture oconditi ons did not result in a more rapid flowering,
but actually resulted in delayed flowering.

Tumanow (107}, reported on work with sunflowers 1in small
sontsiners holding six kilograms of dry soll. Ths soll moise
ture of one set of plants (control) was maintsined near 60
per cent of the meximum capacity of the soll, while that of
another set was allowed to vary betwsen this value and the
wilting point. The experiment was oontinued throughout the



life eycle, during which the test plents b;parianaod sixtesn
wiltings. At the end of the series the control plants had
ebout twice the dry weight of the cthnra,,hﬁt only 20 per
gent greater wat;: requirement,

Tumancw &lso grew bean plants to flowering in pots
with a capacity of 3500 grams of dry soil. One set, (the
sontrol) was maintained at & moisture levsel of 60 per cent
of the capacity of the aallgv!hila5ahn other two sets were
started with moisture levels of 50 per cent and 40 per cent,
but neither or the latter uan givsn any sﬁéihiam&l uator dnr~
ing the grouing p&riad‘ At thn end of the s.ries, the average
soil moisture percentages of these ;lstltua'gruupa wore 24
per cent and 30 per ecnt‘rqupietiVQIy; Thn,&ry woights were
11.66 grams for the control set, 5.43 for the 50 per cent
group, and 2.21 for the 40 per cent group, while the water
requirements were 138, 108, dhﬁvsﬁ, respectively.

801l Aeration

Cannon and Glements have reviewed the esrlier literature
on plant responses to soil aeration snd they have extended
our knowledge of that subject by & comprehensive set of ex-
periments of their own (23, 32)., The existing datz indicate
that the growth of most roots depends upon free scil oxygem
(16, 91), ‘Qi%haugh some roots ean develop sanmercbically (20).
Roote under anaerobiec conditions are charascteristically devoid
of root hairs (20, 22, 103), and eonsequently absorptive
processes differ from those of typical roots (40, 44). However,
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even those roots lith‘}OI s0il oxygen requiremants are
readily injured by moderately high concentrations of soil
carbon dioxide (18, 19, 43, 83). Relatively high oxygen
tensions are nesded to offset otherwise toxic carbon dioxide
concentrations about the roots (21). Unfavorable composition
of s0il alr manifests 1tself in reduced, slow.growing root
systems, inadequate sbsorption, short.life, discolored follw
age and delay or failure of reproductive processes (1, 11,
66). The symptomatic complex aerising from impaired gas exe
change of roots reflects a general reduction in rate and
magnitude of normal absorption and growth processes.

The great bulk of existing evidence indicates that "
experimental manipulation of soil atmosphere provides an efe-
fective means of studying the rele of root systems and their
effect on the metabolism of the plant &s a whole. It must be
noted, however, that the preponderance of existing data deals
chiefly with minimal oxygen requiremsnts, carbon dioxide itole
erance, and a general description of gross anatomical changes
induced a&s eritical concentrations of both gases are approached.
The general character of the results of earlier workers sug-
gests that root activity is influenced as merkedly by modie
fications of soil air as by changes in supply of water and
essential mineral nutrients,

In many investligations the rocts have beern found to be
sensitive to change in soll oxygen and carbon dioxide (51, 88),
and continued abnormal aeration has been found to induce

marked changes in the structure of tops and roots (7, 88, 74),
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and to slter entirely the development of the root habit

(17, 78). Such marked differenses in root systems have

_been sorrelated with aoﬁniee effect on tops, as for instance,
goed aos.l untim xam:uny results 1n a more vigorm AP~
pur&nua, xargar, mx: green leav“, amd higher yield (3, 6,
7, 80, 105).

‘chdr 1avntigtt¢r§ vh&e bh,m that proper root aeration
1s especially important in relation to the reproductive phase
of growth, {1, 2¢), abundant soil oxygen being Imown to favor
‘the setting and development of fruit. On the other hand,
exygen .aoriéiemy and carbon dioxide toxicity in the soil are
known to induce wmgm abgcission of reproductive atruc-
tures (1). |

0Of interest ara & few of the most recent investigatims
on aeration in relation to plant growth. Loshwing (79),
working on the physiological aapsots of the effect of contin-
uous solil seration on plant growth, found that sereted sun-
flowers and soy bean plents grown in sand sand loam differed
from unaereted controls in the following ways: (1) teller im
size and heavier in weight ss a result of early rapid growth;
(2) larger in root system, more fibreus, and more highly
branched; (3) more rapid nutrient sbsorption as shown by higher
content of ash, calcium, potassium, and phosphorus per plent
in terms of absolute weight of entirs plants; (4) higher in
total weight per plant of orude fiber, starch, total sugars,
and nitrogen. The suthor ooncluded that moderate rates of

eontinugus so0il seration with moist «ir inoressed sise and
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growth rate of plants, but a very rgpid rats of aeration.
had the opposite effect in that 1t desisccated the roots.

In supplying supplemental asration by means of blow-
ing sir through sunken tiles and glass wool chamnels in the
beds, Bolcourt and Allen (13) reported that the total linear
growth of hybrid tea rcses was naa;ly double that of the
growth in the sae soil without aeration. They stated that
® e dlﬁhouéh the n:&gén diff&éaned ifliss per cent betwsen
the aerated soil and noneaerated seil treatments was small,
it is possible that the rose is sengitive to slight differ=
ences in oxygen concentretion and may have responded to this
small increase."

Under controlled conditions in the greenhouse with apple
treess growing in sealed containers with various oxygen and
earbon dioxide pereentages, Boynton (13) found that there
was a very marked desrease in the formation of new rootlets
from apple tree root systems as the oxygen level of the soil
atmosphere was reduced much bslow 15 per cent, at least when
the percentage of carbon dioxide inereassd to betwesn & amd
10 per cent so few rootlsts were fommed by the root system
that the growth of the top of the tree was markedly reduced.

Childs (26) grew apple trees in soil with various con-
ecentrations of exygan and carbon dioxide, maintained in the
soll atmosphere either by varying ths rate at which a strem
of alr was drawn through or by limiting gaseous diffusion,
There was no appreciable depressing effect on plant growth as

the oxygen concentration was decreased until there was slightly



less than 12 per cent, when a distinsct growth reduction was
noted. A further graduall depression of growth was apparent
as the oxygen eanenntmttbn was decreased below this point
but there was no other abrupt drop until & concentration of
1.5 to 2 per cent was resched, The concentration of carbem
‘dioxide present, within the limita found in this study, had
little effect on growth or on photosynthesis and transpira-
tion. There mey have bsen & slight depressing effeet of
high csrbon dioxide concentrations, dut this was so slight
as to be negligible when comparsd to the ‘¢ffect of low oxygen
eoncentration,

" Knight (73) demonstrated the fmdmrxtal mmnco ‘of
seration for oot growth ef elfalfs in artificial soil-sam
mixture, and in undisturbed. soll oores under greenhouse gen-
ditions, The results of an ;xﬁofinm by Heinike snd Boynton
(57) indieate that ",... the graduel decline which often begins
on & few limbs of one sids of mature MoIntosh trees grown
under favorable soil conditions may be shecked rather guickly
by providing seration close to the trunk of such trees, With.
in 8 few weeks after a tile covered with a foot or more of
gravel was laid in early summer to within a few feet of tie
trunk, the leaves became normally green and the weak sideof
the tres could no longer be distinguished by poor leaf color
from the healthy side." |



MATERIALS AND METHODS

The Blakemore variety of strewberry was used in all of
the investigations reported in this paper. This variety,
the leading commercial variety in the United States as well
as ¥aryland, was selected b;cauke it produces runner plants
t to excess, which results in an over-crowding of plants in
the matted row. All plants used were obtained from the
¥. F. Allen Company, Zalisbury, Maryland.

During the seasons of 1939 through 1942, investigations
on culturel practices with strawberries were conducted in
two localities on differsnt soll types., The plots‘gt the
éhiveraity of Maryland Campus consisted of a well-drained
Sassafras sandy loam soil, while at the University Hopkins
Farm, located seven miles northwest of the campus, the soil
was a Sessafras fine silt loam.

Plent Thinning and Width of Row, 1940. This study, started

in the epring of 1839 on the University Campus (figure 1),
was designed to determine ths most desirable width of row

to attain highest yield, size, and quelity of fruit, when

the plants were thinned to & distance of 4 to 6 inches be-
tween plants., ZEach block, replicated five times, consisted
of three 1l0«inch, three 20«inch, three 30-inch, and thres
40-inch width rows randomized within the block. The thinning
treatment was maintained on each of these widths, making &

total of 15 rows psr treatment.
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Figure 1. Width of thinned row plots at the University
Campus, September 1959* Left foreground, 40-inch width

rows; right foreground, 10-inch width rows* The second block
back is composed of 20-1lnch width rows on the left, 10-inch
width rows in the center, and 30-inch width rows at the

right¥*



On April 3, 1939, the land was prepared with an applie
cation of a 3-12.6 fertiliger, one week previous to planting,
at the rate of 350 pounds per aocre. In each block, on dpril
10, plants were set 18 inches tp&:ﬂ: in single rows 24 feet
long. The roots of the plamts, before sstting in the field,
wore shortensd to about 4 imshes in length and all but one
or two of the lesves removed. After planting, all blossoms
were picked off as they appeared. H

After the width of iou was fally formed, & 1C-inch aisle
sepsrated rows within treatments and also between rows of
aifferent treatments within the blocks. Thimning of runner
plants wes accomplished by a procedure which, it was thought,
approached a camreiiu: feasible method with or without
machine power. Runners were allowed to root during July sad
August and about the middle of September the beds were raked
eross-wise of the rows and the excess runners wers pulled inte
the aisles where they were cut off with a oircular edger back
to the desirsd width of row, PFollowing this precedure, the
rows were inapected and occasionally additional plants were
removed by hand in order that the desired density of stand re-
mained. Since this year was not & good year for runner plant
development, considerable difficulty was sncountered in obtain-
ing & uniform stand of plants to ‘the an‘;qr limites of the wide
40~inch rowe And in some cases the same Aifficulty was encoun-
tered with the 30«inch rows, ‘rh9 month of July was exception-
ally dry, since anly ‘& ‘imi.’- over éri 1mh of rainfall occurred
during thia month., Conssquently, tha mnner plants were slow
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to form and were unable to establish root systems until
late summer,

Cultural operations, like those commerciaslly practiced,
woere the same for all the rows throughout the season, and the
plots were weeded by hand approximately every two weeks.
About the middle of Hovember, a 6-inch layer of rye atraw
mulech (figure 2), was applied to the plots and the following
spring, April 3, it was reked into the asisles and amounts in
excess were removed., After growth had started in the spring,
the plants in sach row were counted to determine the number
of plants per square foot.

Harvesting bagan May 27, pickings being mede approx-
1mat91y every tu@ days until)l June 17, when the season ended.
As soon &8 the berries were picked they were graded into
U. 8. No. 1's and culls, '@ighaﬁ, and then counted. The
weights of the berries were converted to quarts by using the
mean weights of several quarts of berries, selected at random
at each ploking.

As gsoon as harvesting was completed, 10 rvepresentative
plants were selected and carefully dug from every row of each
troatment within the § replicated plots, making a total of
150 plants per treatment. The roots were carefully washed
free of scil and the plants were placed in a drying oven and
dried at 70° C. Later the dry weights of roots, crowns, and
leaves, a® well sas number of lsaves per plant, were obtained.

Width of Row Studies on Thinned, Matted, and Spaced Rows, 1942,

It was thought desirable to confirm the data obtained in 1940



Figure 2. All plots were mulched with a 6-inch layer of

rye straw throughout the winter. December 1939.
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on a different soil typs, namely, & fine 8ilt loam in the
same Sassafras series located a& the Hopkins Parm et the
Haryland Agriculbnrul Research Farum,

The ground was plowed on April ?, and & 5-10-6 feorti-
lizer was applied at the rate of 400 pounds per asrb'#ndllinn
at ths rate of a ton per iurc. Esch block, which was repli-
cated rive tiuas, sanniltsa of tuu raan each of the fellowing
widths: }.Guimh thmmd, 18-1n5K tﬁmm, 24-inch thinned,
30»£nah ﬁainacd, lﬂwaaah,mnttcd, 34~1nﬂh mutttd (guard rows
bounding the ;ma of em blmki aaumm mttad, and
22-inch vidth rows with plant; ayaﬁod 9 inches aptrt 28 res e
ommended for the ﬂlakunﬁrn tnrﬁﬂty hy Darrow (38). On April
12, all plants were agt 18 inches &part in single rows 16
feet 6 inohes long. A.iiwinch aisle separsted rows within
treatments and also bstwesn rows of different treatments
within the plets (figure 3). Pigure 4 shows the different
widths of thinned, matted, and spaced rows with the comparse.
tive plant population nnd&é each treatment,

1941 was s particularly good year for runner plant
development, and &8 early s&s the latter part of May consid-
erable runners had &morgoa,from the mother plants. By the
middle of June 1t was necsssary to space the rumners in the
rows calling for a 9-inch spacing, and by the first of July
the stand of plants in these rows had reached the desired
number, making it necessary to remove all runners which formed
thereafter. Runner plants were spaced 9 inches epart, forme
ing a row on each side of the mother plants {(figure 4). 1In
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Figure 3. Plots at the Hopkins Farm showing the different

widths of thinned, matted, and spaoced rows* June 1942*
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THINNED MATTED

SPACED 9 - INCHES

Figure 4. Different widths of thinned, matted, and spaced
rows showing the comparative donaity of planta (based on
actual plant counts)* The largo dots represent mother

planta, while the small dots represent runner plants¥*
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addition to the l4-inch aisle space, two inches were left
on the outer sides of the runner plants to insure that there
was no injury to the roots from ggltivation operations,

lLater in the meason, after t;a runner plants had reached
good size, certain localized areas of thess spaced rows were
stricisn with what appeared to be some physiological disease
which e¢ould not be identified by the author. Ssveral persons
familiar with pathological troubles of strawberries visited
the plots and they, too, counld not asgcertain the cause of
the disease. It was suggested that it might be caused by &
combination of unsatisfactory moisture and seration conditi ons
and therefore, an experiment was set up in the greenhouse
under controlled conditions which will be discussed lster.
The following spring, after growth had started, those plants
were renoved which ioro stunted or quite inferior in size and
other respests to the ethsr plants in the row. In computing
nn;e yislds for these rows, the average production per plant
1ﬁ‘a,g1ton row was determined and then this was put on a row
basis asz determined by the original number of plants in the
row, From this average row production, the acre ylelds wers
computed as was done for other rows receiving different
treatments, The author felt justified in this procedurs,
since the data obtained from all previous spacing work indl -
cate that 1itile, if any, d:tforanﬁfin unit yields can be
expected between 1ar§§japading distances.

Thimming of the rows qnﬁ aultugai.op&rgtiong were prac-

ticed as mentioned for the provioutviaason; on Aﬁguat 8,



56

sodium nitrate was broadcast in the rows at the rate of

200 pounds per acre and a commerciasl 0-l4-8 fertilizer was
applied at the rate of 200 pounds per acre, The plots were
covered with a 6-inch layer of rye straw mulsh in November,
and plsnt counts were mede the following spring after growth
had started. Harvesting began May 18 ana‘e;dud June 2,

Six deys previous to the firet day of harvesting, ap-
proximetely two inches of rain fell and during harvest an
additionel reinfall of one iamch ocsurred. Binee this soil
has such a high moitﬁuftshoiding capasity (szpnr ﬁent), and
since the picking season was go short, it is assumed that
moisture was never a*limittng,rtétwf‘éhfing the entire picke-
ing sesson,

After harvesting, a square foot area of plants was dug
from certain rows not wanted for second-year fruiting studies.
Plants were dug from at least one row of the 1l0=inch matted
and 10«inch thinned in each of the five dlecks. For the
other treatments of different widths of row, plantz were dug
from one to four rows esch, but in the case of those plants
which were spaced 9 inches spart, only two plants per row were
dug in each of the five blocks, since the plants in these rows
were very uniform in sige. The roots wers washed free of
801l and the plants were dried in an oven at 700 C, for sev=-
eral days, after which their dry weights were obtained,
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Renewal of Thinned Rows of Various Widths, 1941. Many

growars do not fruit their strawberry beds for more than one
geason, especially with those varisties which fruit heavily
the first year and fail to give more than 50 per cent pro-
duction the second year of fruiting. Fruiting only one
season, following ; year of prsﬁaratiéﬁ, naturally involves
rather high costs of production which might be considersbly
rodneeélpér unitjpt proauotiaﬁlirfa ﬁuthe&*conid be devised
to greatly incrc&ie thq,yielaing capacity the second year of
fruiting. -

Following the fruiting pericd in 1940, three renewal
systems were devised for second.year fruiting studies,
{figure 5). Three-row plots in the original block design
made possible single row randomized renewal treatments with
five block replications for each renswal treatment under the
four different widths of row. The three renewsl systems are
described as follows:

(1) Conventional method.

The rows wers "barred off" from sach side, leaving
only a middle strip of plants five inches wide {figure 6).
From these remaining plants runners were allowed to form and
£111 out the rows to the various widths desired. The new
plants in these rows were thinned, by the ssme method as out-
lined previously, to a distance of 4 to 68 inchez betwaeen
plants. This treatment was, therefore, a repetition of the
treatment given all the rows in the oxperimont‘tha previows

yoar.
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RENEWAL SYSTEM

2-YEAR  PLANT

® o @ o ®© © © © ® 6 ® ® ®
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o © ® ® @ ® ®
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MATTED ROW
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i._;* \"4
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= MOTHER PLANTS
® = 2 YEAR OLD PLANTS
| YEAR OLD PLANTS

Figure 5. Showing the plant population end typo of plants
comprising the rows under three renewal systems* The two-
year plant system had all runners removed; the conventional
system consisted of "barring off* the rows to 5-ineh widths,
while the matted rows had no attention except to limit the

width of row*
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Figure 6. The conventional method of renewal consisted of
"barring off” the rows to 5-inch widths and allowing new

runners to fill out the row to the desired width, June 1940
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(2) Origin#l planti rrniﬁoaftha aQaénd yéar;
This msthed eensistnd Qf ranoving all runners
every two weeks thronghont tho taaaan of runney farmntion,
thus retaining the same plants shieh frnited in 1940 for
fruiting again in 1941. Reference to thia'mntheﬁ throughout
the manuscript will be designated as the two-year plant re-
‘newal system,
{3) Reversion to & matted row,
This system was escomplished merely by allowing
the erigimal thinned rows to Fevert to matted rows of similar
widths, This type of renewal therefore consisted, at harvest
time, of rowa eantaining the original or two-year 0ld plants
interspersed with &s many one~yesar 0ld or new runner plants
as took root within the designated widths of row. Figure 7
shows the response of the ﬁlotsfkb the three renewal systems.

A commerelal fertilizer of b6-10«5 analysis was applied
to all blocks August 1, 1940, et the rate of 150 pounds per
acre, Cultivation and mulching practices were employed, as
was described im the 1939 experiments. After the start of
growth the following spring, the plhnts waore counted to de~
termine the stand in each row,

The crop was threatened by drought so a portadble over-
head 3kinner irrigation system was set up and each block was
given an amount of water Qquivalent to 6 scre inches, ap-
proximately an ineh every three days throughout the picking
season, Harvesting began’ﬁaj 19, 1941 and pickings were made

every other day until the season ended June $. As scon as
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Figure 7. 50*inch width rows with three systems of renewal
the fell before seeond-year fruiting* Left, reversion to e
matted row; center, conventional renewal; right, two*year

plant renewal system* September 1040%*
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harvesting was completed, five separate square foot random
samples of plants were dug for each renewal system from
each width of row, The roots were carefully washed and the
plants were dried in an oven at 70° C.

Differential Applications of Sodium Nitrate on Fhinned and

Matted Rows, 1939-1941. At the time the width of row and
mother plant development studies were initiated in 1939,

four blooks were set out to determlne, with thinned and
matted rows, the influence of varying the time and rate of
application of sodium nitrate on frult produstion of the
Blakemore strawberry.

The rows were staked off 348 inches spart and 11 plants,
approximately 18 inches apart, wers set per row., Each row
was allowed to fill out with runner plants to a 24-inch width,
which left a 12«inoh aisle separating all rows {figure 8).
Half the rows were thimned the latter part of August by the
method previously diacussed, and cultivation operations
were practiced throughout the season a&s is done commercislly.

Bach of the four blooks consisted of one row of each
of the following randomiged treatments (14 rows per block
bounded on each side by guard rows):



Figure 8, Fertilizer plots at the University Campus.
September 1959* These plots, composed of matted and
thinned rows, received nitrate of soda at monthly inter-

vals during the growing seasons of 1959 and 1940.

45
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Treatment of Row Fertilizer Application Dates

:;ii;iai June 1, 1939

vitedt July 1, 1959

g§§§§$a§ August 1, 1939

gﬁﬁ;;ﬁd} September 1, 1939
5;:::233 June 1 and July 1, 1939
gﬁ:ﬁ;iag June 1, July 1, and August 1, 1839
§§§§§§a§ June 1, July 1, August 1, and

-September 1, 1939

Beginning June 1, 1936 and the first of each month
thereafter, up to and insluding September 1, sodium nitrate
was appliad\at the rate of 200 pounds per acre to the desig-
nated rows, J3odlium nitreto was mixed with about a quart of
sand, to insure uniform distribution of the ﬁitrnto, and this
mixture was applied brosdoast in the row,

These plots were likewise mulched, as in figure 2, with
a 8-inch layer of rye straw over the winter, and harvesting
operations were carried out as for the width of row studies.

Before the rows were renewed for second-year agpéial.
10 representative plants were selected and carefully dug from
sach row, making & tét&l of 40 pllﬁta per treatment. The
roote were washed free of scll and after the plants were dried
in an oven at 70° C., dry vaigﬁta of roots, orowns, and leaves

were obtained.
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Toward the end of June 1840, after plant samples had
been dug, the rows in the fertilizer plots were "barred off"
to Seinch widtha as is done commercially for second yesr
fruliting. This practice consists of turning under the outer
portions of the row, leaving only a strip of plants down the
middle 5 inches wide. PFrom the remaining plants, runner plants
wore allowsed to form and fill out the row to the original
24~inch width. Ths first of September, the designated rows
wers again thinned to & dlstance of 4 to 6 inches between
plants. In other words, after being renewed, these plots were
exasctly as they were the first year, that 1s, there wes an
equal number of matted and thinned rows receiving the differe
ential fertiliszer applications.

Since harvesting was not completed until June 17, the
first fertilizer application date in 1940 was moved up to
July 1, and those rows which had received fertilizer on June 1
the previous yeer wsre used as check rows. OStraw mulch was
again applied on November 18, snd was removed the following
apring. Harveating began ¥ay 12 and ended June 9.
Mother Plant Development, 1939. The work of Van Horn, Schrader,

and Haut (108) demonstrated the seasonal development of the
runner plant, especially irn relation to plant thinning and late
sumner or fall application of fertilizer. It was of special
interest to learn the comparative seasonal development of the
mother plant at the time it was giving rise to runner plants
and on throughout the sessom, past the time of flower bud
initiatianmﬂ



On April 10, the same day that plants wers set for the
width of row experiment, 12 rows, emch 15 feet long, were
set with plants approximsetely 18 ineches apnrfg meking & totsl
of 11 plants per row for a study of the seaaénal'davnlopunnt
of the mother plant. Each plant in the row was numbered con-
secutively from 1 to 11, aﬁﬁ‘a stake with the respective
number on it was placed by the plant., Every two weeks, 12
plants, three from each plot, selected at random by drawing
numbers from & hat, ware sarefully éug, washed, and ths fol-
lowing data were taken: root length and starch content;
erown diameter, 1ength ¢r'¢ra§ﬁ‘tith roots, and starch com-
tent; number of leaves open, number of 1§¢va; closed, stareh
content 2t basal and di&til po#iﬁl& pssitiénn;ﬂsnd the number
of runners per plant. ¥A£tar'§hs pinﬁté-hid ﬁﬁiad in an oven
at 70% C. for several dayi;‘dry»raightg of roots, orowns, end
leavss were obtained. | | |

Starch content was determined by making freehand sections
of petioles, erowns, and roots and staiming them with KI,
The ssctions were then examined under the microscope and the
starch content, uhich was marsly obnerfatieaal, was given s
valus of from O to IDg 6 rnprasanting no stareh present in
the tissue and 10 representing the maxinnm qutntity present.

" Siaca 12 plants. wara takan at’ e;eh lamyliag aata, the
original plot design 4id not contain enough plsmts to furnish
samples after &éptpmbgg l%;%}3a§?VQr;;§niar65r to &ntarmino
what further davelopm&nt hnd'ﬁaien place during Octodber and
Noverber, 12 random plants were dug on Kovember 30 from
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neighboring rows which had received the same treatment
throughout the season,

koisture and Aeration Studies, Experiment I. During the
growing se#aon of 1941, it iﬁs noted early in the season

that the plants speced 9§ inches apart at the Hopkins Farm
were slowing up in growth considerably, and as new leaves &ap-
peared they were greatly stunted and presented a rosette
eppearance, Recognizing that the soil type was a heavy silt
loem, it was decided to set up an experiment in the greenhouse
to determine if moisture or seration might be the contributing
factors responsible for this condition in the field.

100 plants were dug and placed in cold storage on
Hovember 19, Soil from the experimental strawberry plots was
brought into the greenhsuse éﬁd screoned for use in 8-inch
clay pots. The molsture holding capacity of this s0il was de-
toermined to be 37 per cent, while the wilting cosfficient, as
determined by the sunflower mothad, was 7 per cent. A 3x3
factorial experiment, replicated S5 times, was set up using
3 moisture levels and 3 levels of aeration., The lower mois-
ture level was 12 per cent, just 5 per cent above the wilting
coefficlent, while the upper level was 32 per cent, just
5 per cent below fiesld capacity, and an intermediate level
was 22 per cent of field capacity., The factorial design of
the experiment, with five replications, enabled the foiloving
treatments: 5 pots with 12 per cent moisture with no aerst ionm,
b pots with 12 per cent moisture with seration 3 minutes per
day, 5 pots with 12 per cent moisture and seration 3 minutes
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every other d;&;. Th§;§d§$ aér&tiﬁﬁ“tt§aﬁmgﬁ$s.qara also
applied to pots eontaiﬁing 22 and 32 per cent moisture.

A system of pos irrigation, devised by Grandfield (48),
was used for mintaihing. the soil moisture distributed ruiély
uniformly throughout the soil, The equipment is 1llustrated
in figure 9. It consisted of an 8«inch florists' clay pot
with & hole in the bottom for a Ho. 6 rubber stopper., An
irrigating coil to fit in esch pot (figure 9) was made from
%~inech copper tubing 4} feet long. Befors coiling, which was
accomplished by wrapping the tubing around & thick glass vease
of the proper size, two rows of holea approximately 1/64-imeh
in dismeter were drilled at 1-inch intervals diametrically
opposite for the length of the tube, except for the lower
4-inch portion, which passed through the rubber stopper and to
wiich the watering hose was attached. ?honagraph needles were
used in a brace with a specially devised attachment which ine
sured uniform penetration of the needle to obtain holes of
the same diaemeter. The upper end of the copper tube was
closed by collapsing the walls with & hammer. Water was
forced into the pots by atisaching & thickewsalled rubber hose
to the coil from & water faucet which bad approximately S0
pounds pressure. Pleces of rubber tubing, sbout 1i inches
long with a }-inch bore,were sealed at one end and slipped
over the protruding end of ths coll at the end of each irri
gation, 80 that there was no dreinage from the pots., By
using this technique no particles of moil were more than twe

inches from the source of water, and by using pressure, the
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Figure 9* Equipment consisting of an 8-inch clay floristsl
pot and a copper coil used to insure uniform distribution
of water throughout the soil mass. Similar to Grandfieldl*

apparatus (48)%*



water was.spplied quickly and evenly distributed.

Aeration was ecoomplished by attaching to the coil a
nose leading from & rotqry air pump which delivered 0.80
cubic feet of air per minute at & pressure of 10 pounds per
square inch (figure 10).

The pots, plus irrigating coils and stoppers, were weighed
when dry and also after they had soaked in water over night.
This was done in order to datarmina the sxact HQOunt_cf water
which each pot was capable of taking up. Later the pots were
filled with so0il to within an inoh of the top, weighed and
the percentage of molature in the air-dried soil was deterw
mined. The uaight of thn wet pot, coil and stOppar, plant,
and scil at the éeair@d.moisture parcun&ngo was painted on
each pot with white enamel.

| Fcrty-fivo nnifarm pltnts, an detarmined hy fraah wolight,
wore selected from the original 100, and’ all but one or tw
leaves were removed trgm-ezch'plﬁnt;:,Thay were set one to a
pot on January 19, and waﬁared'tharoﬁghly through the coil.
All pots were watered uniformly from Janusary 19 until February
1, when they were brought up to field capsscity. No water was
added thereafter until the scil moisture dropped below the
desired percentage and from then on the pots were welghed each
morning on Toledo platform scales (figure 11), and brought up
to the designated weight to the nearest hundredth of a pound
by watering through the coil. The scil moisture in & given
pot never deviated more than 2 per cent from the desired per-

centage but, on the average, each pot lost about 1 per cent
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sJV«ins aH

Figure 10* Showing method and equipment used in aerating
the soil in pots containing one strawberry plant* The
copper coil9 also used for irrigation, 3ms an open end pro-
truding from the bottom of the pot where the rubber hose

was attached. The air pump is apparent in the box at the

left*



Figure 11. kethod and equipment used in weighing and

irrigating the pots. Jar at left, filled with sand and

sealed,

was used as a 15-pound counter-balance.
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of its moisture daily. The aeration treatments were applied
in the middle of the afternoon after the soil had taken up
what moisture remained in the irrigating coil,

The date when each blossom unfolded was recorded and
differences in leaf development were observed during the
period of the experiment. On March 2 the plants were severely
injured by sulfur fumes from & neighboring house, s0 the
leaves were removed and their areas, fresh, and dry weights
recorded. Leaf areas were measured with an instrument (fig-
ure 12) which Dr. G. M. Darrow of the U, S. Department of
Agriculture had made especially for the purpose of measuring
leaf areas of the Blakemore varisty of strawberry. The roots
and cromns were left in ths pots and their individual treate
ments were continued in order to study rate of leaf regenera-
tion; however, since several plants also appeared to have
root injury, the experiment was terminéﬁsd on Xarch 18. ™Te
roots and crowns were carefully washed from the pots and
their fresh welghts and length of roots were recorded. The
plents were dried in an oven at 70° ¢. and dry weights were
later obtained.

Moisture sand Aeration Studies, Zxperiment II. S&inee the

results of Experiment I did show definite differential re-
sponses in leaf areas to the three molsture levels and an
Indication of some response from aeration at the 32 pser cent
melisture level, it was decided to repeat the experiment,

using 9 pots held at 22 per cent wmoilasture with no supplemental

asration to confirm the data obtained from moisture differences



Figure 12%

Leaf area measuring device which afforded

the direct measurement in square inches. (Courtesy of

G. M. Darrow, G. S. D. A*, Beltsville, Md.).
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in the first experiment, 9 pots held at 32 per cent mols
ture with no supplemental eerstion, and 9 pots each of the
following treatments at 32 per cent moisture: seration 3
minutes & day, seration 7% minutes a day, and aeration 12
minutes a d4ay,

The pH of the soll was raised to sbout 8.0 by adding
hydrated lime, caﬁtaining 11 per cent magnesium, to supple-
ment the low magnesium content of the soil, 150 plants were
dug from the experimental plots at the Hopkins Farm and from
these, 45 were selected for uniformity in diameter and
length of crowns, ©Since, in the preceding sxperiment, %the
plants were selected for uniformity mainly on the basis of
fresh weight and ths root response from the trestments could
not be measured accurately due to varlation in root number
and length at the initiation of the expsriment, it was de-
cided to insure greater uniformity of the plant material by
removing all but 15 comparable roots on each plant and to cut
them back to 5% inches. The plants were set in the pots m
Mareh 30,

All plants were given the same amount of molsture for
one week and on April 7, the differential treatments were
started. On April 13, &ll blossoms wers removed, and by
April 17, runner formation had started. The date of runmer .
emergence was recordsd and when the individual runner had de-
veloped sufficlently to form leaves, 1t was removed, measured,
weighed, and placed in a ﬁryiﬂg oven, Tha total leaf areas

of each plant were taken every two weeks.
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In addition to the rotary air pump, & plston type
paint sprayer was used with an air displacement of 2-3/4
eubic fcat ef air per minute delivered at 10 pounds preasure.
Two hoses were attached ta the pump, which allowed three pots
to be asrated at one oporatien. An 1ndividual pot was aerated
with thg rotary puup enc dny and the piston pump the next,
thus insuring the same smount of air which was pasased through
i pot of a given treatment,

Runner emergence had ceased by May 23, so the plants
were removed and their fresh and dry weights, leaf areas,
number of leaves, and root lengths were obtained. At this
time the roots were distributed rather uniformly throughout
the soil mses (figure 13), except for a& concentration of
éoets in the bottom of the pots (figure 14), especially in
ﬁhsae pots which had s6il at the 32 per eent moisture level.
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Figure 13. Root distribution was rather uniform through-
out the soil except for a concentration of roots in the

bottom of the pots as shown in figure 14%*
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Figure 14* Hoot concentration in the lower two inches of
the pot. This root mass is quite typical of those plants

grown in soil at a 32 per cent saoisture level*



RESULTS

Effect of Width of Row on Yield and Growth Response of
Thisned, Spaced, and Matted Row 3trawberry Plants

Width of row of Blakemore planting has resulted in
marked differences in ylelding capacities of the plants in
the row and growth responses of the plants themselves which
are reflected, likewise, in large differences in yleld per
asre.

In the season of 1840, on the basis of yleld alone,
{table 1), a decrease in width of rew from the ususl commer-
cial width, resulted in incressed ylelds on an scre basis.
Ag the width of row decreased, a progreasive increass in
yield rpguiéad:ak #hévn‘nj;aa ingraiig.arvls per cent for the
30=-inch rows, 2§ par‘cht fer‘tho 20-inch roia, ah&‘QG_per
cent for the 10-inch rows. The diffsrences in ylelds between
successive treatments w@ye foﬁnﬁ,iby analysis of variance,
to be highly significant. The 10«inch rows produced sige
nificantly higher totsal yields, as well as U, S, No. 1 ber-
ries, then the 20.inch, 30-inch, or 40-inch width rows. The
percentage of U, S, No, 1 berriss of the total yleld was not
modified to any great extent by differenceas in width of row.

Upon the determination of stand of plants, it was found
that, with the methoed employed, some varietion in spacing of
plants resulted among plots; the average distance between

plants being 4.3 inchse in the 10.inch rows and progressively
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Table 1, Relationship of Width of Thinned how to Acre Yields of the Blakemore Strawberry, 13940.
Per Cent verage
Fidth of Yield Per e S No. Per Cent Yield Number of Distancs
Thinned  Totsl Yield Acre, U. S. 1's of increase from U. S. o, 1 Between Flants
Rowr Per Acre No. 1's Total 4LO0=~ineh Row Berries Planta Per

{Inches) (Cuarts) {Guarts) Yield (U, S, No. 1's) Per Quart (Inches) Acre
10 15,635 12,169 77 49 98 43 172,315
20 13,997 10,571 75 29 103 Se2 172,062
30 12,148 9,243 76 13 103 5.6 147,597
40 10,632 8,163 76 - 101 6.2 129,316

Difference Necessary for Signiflcances

1,476

1,392
1,044

1 per cent level

5 per cent level
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increasing up to 6.2 inches on the 40-inch rows. This
varistion in distance smong plots was due, primarily, to

the difficulty in getting a sufficlent density of runners

to the outer limits of the wider rows as mentioned previously.
However, the results of all previous spacing work indicate
that little, if any, difference in unit yields can be ex-
pected between distances of 4 and 6 inches so that the yield
data in table 1 were not affected by the variation in plant
atand,

Although the plants in the l10-inch rows were closer toe
gether they outyielded; on & plant basis, the plants in the
wider rows which had & greater distance between plants.

This can be explained by the facti that the narrow rows werse,

- vary largely, composed of the earliest formed snd established
runner plants, whereas the wider rows contained a 8UCCO88~
ively increasing percentage of late formed runner plants
which have a much decreased fruiting capacity, as established
by several workers. Also, the percentage of total plants re-
ceiving the benefits of the aisle border effect, as regards
additional soil moisture and nutrients, becomes increasingly
smaller as the width of row increases,

Table 2 presents the number of leaves per plant and the
dry weights that were obtained from 10 random plents which
were dug from each of the three rows of & given width per
plot. These data offer additional explanation of the yield
differences presented in table 1, in that as the width of

row was increased, the dry weight of crowns, roots, and the
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Table 2. Influence of Width of Thinned Row on Dry Weight of Roots, Crowns, Leaves,
and Number of Leaves Per Plant, 1940. (Average of 150 Plants for Each
Width, 10 Plants Dug at Random Soon After Fruiting from Each of 15 Hows).

-Width of Numbez
Thinned Dry Weights in Grams — of
Row Roots Cromns_ Leaves Total _leaves
10-~inch 1.47 1.29 5.61 8.37 9.72
20=-inch 1.38 1.21 5.51 8.10 9.60
30-~inch 1.28 1.11 5.67 8.06 9.54

40~inch 1.23 1.08 5.90 8.21 9.14




number of leaves per plant tended to decrease, Weight of
leaves, a variable material for measurement, remained rela=
- tively constant. As previously mentioned, this decresse in
dry weight with an increase in row width is explained by
the fact that the narrow rows are composed of & much higher
percentage of early-formed and established runner plants
which have been shown by various investlgators to have an
increased fruiting capacity over those runners which are
formed later in the season. These early-formed runner
plants are the first to become establishsd and consequently
build up root systems and tops over a longer period of time
then runners which are formed later on in the season.

From the data in table 3, 1t is pleinly evident that
width of row in 1942 hed no effect whatsocever upon produc-
tien‘within a given’treatmbnt, contrary to the date obtalned
in 1940, The greatest difference in U, S. Ho. 1 yilelds be~
tween any of the differant uidfhs of thinned rows was 273
quarts which, by anslysis of variance, does not even approach
significance even at the 5 per cent level. The percentage of
U. S. No. 1 berries of the total yleld, size of berrles,
weight and number of bsrries produced per plant was in no
way affected by width of row for a given treatment or cul-
tural practice., However, it is of speclal interest to note
that the thinned rows produced an average of 86.8 per cent
U. S, Ho. 1 berries of the total yleld wh%la with the same
treatment exactly but under different soil and envirommental

conditions, the plots in 1940 on the University Campus pro-



Table 3. 1influence of Vidth of Thinned, Matted, and Spaced Rows on Size of Berries s Berries Produced Per let lnd
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Production Per Acre of ihe Blakemore Str&wberry, 1942.

:

: H H ' .
:Total WeetU. S. Nos 1 tNumber of : Number of 3

t

"

Treatment and : Total Yield : Use Se Foe 1t Per Cent : Humber of FPlents
Width of Row : (Acre Basis) : Yield tU, S. No. 1's3U. S. Ho. 1's:Produced sWt. ProducedsTotal Ber-iU. S. No. 13 Per

: :(Acre Basis): of Total : Per Quart :Per FlantiPer Plant sries per :Berries Per: Acre

: = : : : (ms) 5 (gue)  4Plemt i Plamt
10-inch Thinned 9,279 8,118 87.5 101 27.6 24.3 6.0 40 204,600
18-inch Thinned 9,339 8,049 86.2 103 28.1 24.3 6.3 4.1 203,458
24~inch Thinned 9,014 7,845 87.C 103 31.6 27.4 7.0 46 175,442
30-inch Thinned 9,283 2,020 2645 101 27.8 24.0 6.0 39 206,294
average 9,229 a0 k. w02 2.8 2.0 63 42
10-inch Matted 8,170 6,732 82.4 109 20.6 16.8 5.3 3.0 w.,.séo
24~inch Matted 8,020 6,750 842 107 18.3 15.5 bed 2.7 267,3’1.0
3C-inch ¥atted 7,877 6,600 £3,8 113 16.5 13.8 bhel | 2.5 295,29& _
average 8,02 6,694 3.5 ue 18.5  15.4 46 . 2.7
g"??féiei‘md 12,478 10,727 \ 85.9 105 131.9 113.0 29,1. 19.4 58,080
Difference Necessary for Significance Between Types of Row (U. S. 1 Yield): g lég‘; Qu:r‘ta
Difference Necessary for Significance Between Widths of Row (U. S. 1 Yield): i% % :
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duced only an average of 76 per cent U, S. No. 1 berries of
the total yield. 4 similar relation holds trues for the
matted rows except that there is only a difference of 7.5
per cent, One blg difference between the 1940 and 1942
geagons was that the 1940 plcking season was exceptionally
long, but both seasons were fayorahle as far as soil mois-
ture was concerned.

Width of row had no effect on yields of the different
widths of matted rows as the greatest average difference in
Ue S. NHos 1 yields between any two widths was only 150 quarts.
There was no difference in the percentage of uU. 8. Ho. 1 ber-
ries between the different width matted rows but the narrow
rows produced larger berrles than did the 30-inch width rows.
As the width of matted row increased s progressive decrease
in average weight and number of berries per plant resulted,
which contrasts with lack of such & tendency with the thinned
rows,

It might appear, from the data presented in table 1, on
the number of plants per acre, that the increased yields
from the l1lO~inch rows were due to the fact that there were
more plants per ecre in this type of row. However, there
was practically no difference between the 1l0-inch and 20-inch
rows in number of plants per acre, and yet the 10-inch rows
produceéd over 15 per cent more U, S, Ho. 1 berries than did
the 20-inch width rows, This increased production from the
narrow rows is further substantiated in 1942 by comparing
the yield and plants per acre for the matted rows in table 3.
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As the wldth of row increased, a progressive increase in
the number of plants per acre resulted, but the yields were
the same, In other words, although thsre were 18 per cent
less plants in the 10-inch rows than in the 30-inch rows,
the yields per acre were the ssme for the different widths
of row, It 18 interesting to note that w th the method of
thinning employed, the 24-inch width thinned rows in 1942
had approximately the same number of plents on &n acre
basis, as did the 10« and 20«inch thinned rows in 1940,
These findings on the narrow rows further emphasize the ime
portance of the early~formed rumners, the greater proportion
of early~formed runners in the narrow row, and the greater
number of plants adjacent to the aisles which are influ-
enced by border effect.

The rows which contained plants spaced 9 inches apart
produced an average of 10,727 quarts of U, S. No. 1 berries
per acre, an average of 25 and 37.5 per cent greater yields
then were obtained from the average thinned and matted rows
respectively. It is interesting tc note that large ylelds,
represented by number and weight of berries produced per
plant, can be obtained per plant when the plants are widely
spaced., On & per plant basis, in terms of weight or number
of fruits, the plants which were spaced 9 inches apart
ylelded over four times as much U, S. No. 1 berries as those
plants which were thinned to & distance of 4 to 6 inchez bew
tween plants and over seven times &a much &3 the matted row

plants. This is primarily accounted for by the fact that
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sach spaced plant had practically no competition for soll
moisture and nutrients, established & root system early in
‘the season, and had more nutrients per plant coming from the
mother plant.

In every case, regardless of width of row, the thinned
rows produced an average of 1,316 quarts per acre more than
did the matted rows,which is significant at the 1 per cent
level, Had it not been for the very favorable sseason, in
regard to moisture, this difference would probably have been
much greater. In every case the matted row berries were
much smaller and the pfodustion pér plant was considerably
less than from either the thinned or spaced rows,

Table 4 presents the average dry weight of roots, srowns,
leaves, and number of leaves per plant from the matted,
thinned and spaced rows. Similar to the 1940 resultas with
thinned rows, it is shown in table 4 ihat as the width of
both thinned and matted rows increased & progressive decrease
in dry weight of roots, crowns, and number of leaves per
plant resulted with much more marked differences with the
matted rows, Although 1942 was a favoreble year for runner
plant development, the dry weight data show that plants in
the narrow rows were able to maks larger roots snd crowns
and more lsawes pé; plant than planis growing in the wider
rows, The effect of high plant population in the row,
which results in less moisture and mineral nutrients per
plant, is demonstrated by 2 comparison of the average dry
weights (33.38, 9.46, 4.78) and number of leaves (40.20,
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Table 4. Effect of Width of Thinned, Matted, and Spaced Rows on Dry Weight, and Number
of Teaves Per Plant, 1942. Size of Plant Sample Varied From 10 to 50 Plants.

t > t Number
Row Treatment Dry Weight —— : of
: Roots Crowns Leaves Total 1 leaves
10-inch Thinned 1.25 1.67 7.18 10.10 12.14
18~inch Thinned 1,22 1.65 6.38 G kY- 12.00
30-inch Thinned 1.21 1.21 6.65 9.07 11.53
Average 1.22 1l.51 6.73 946 11.89
10-inch Matted 1.01 1.04 Le37 6.42 8.60
30«~inch Matted 57 49 1.69 2.7 5.78
Average 79 77 3.22 478 7.55

Plants Spaced
9 iInches 3.68 5.16 24 .54 33.38 40 .20
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11.89, 7.55) of the plants from apaced, thinned, and matted
rows respectively, {figures 15 and 16} The usual 30-inch
matted rows produced plaﬁts with very low total dry weights
of 2,75 grams which 1s less than 14 the weight of the
thinned plants from the 30«inch thinned rows. The weight
of thinned plants in 1940 was approximately the same as the
welght of plants in 1942 with differences slightly in favor
of 1942, Considering the various plant organs separately,
the average dry weights for the 30-inch thinned row plants
18 at least twice that of the 30-inch matted row plants in
svery case. The aversge dry weight of roots from plants
spaced 9 inches apart is 3 and 4} times greater than the
average weights of roéta from thinned and matted rows re-
- spectively, while larger differences occurred betwsen dry
weights of ¢rowna., Evén grbatér'differances werse obtained
for dry weight of leaves; the leaves from spaced plants
being 3% timea:graator»thhn the thinned plants snd approxi-
mately 8 times greater than leaves from matted row plants.
Large differences between treatments were also present in
the average number of leaves per plant,
Effect of Different Renewal Systems on Yield and
Growth of Planta with Thinned Rows of Various Widths

In an attempt to devise better methods of renewal for
thinned rows, in comparison with the conventional "barring
off" used on metted rows, it was found that a marked improve-

ment in yield the second season could be obtained with a



Figure 15.
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Comparison of plants from 10-inch width of

thinned rows (average dry weight of 10.10 grams per plant)

and plants

from 10-inch width matted rows (average dry

weight of 6.42 grams per plant).
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Figure 18. A comparison of plants which were spaced 9
inches apart (average dry weight of 33*38 grams per plant)
and plants from the 10-inch thinned rows (average dry

weight of 1010 grams per plant).
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relatively economical method. The data presented in table
5 clearly show that with thinned rows of Blakemore, the
removal of all runners, thereby fruiting only the original
thinned plents during a second season, resulted in much
greater yields than were obtained from either the conven-
tional renewal practice of "barring off" the rows or by
permitting the thinned rows to revert to a matted row cone
dition., Inoreases in yield from this method approximsted
68 and 81 per eent over the latter two methods respectively,
and these differences in yield were highly significant as
calculated by analysis of variance. The data further show
that yields equally good to a conventional "barring of "
were obtained from thinned rows when they were allowed to
revert to a matted row the second year.

Regardless of the renewal aystem, as the width of row
decreased a progressive increase in yield per acre resulted
which is consistent with the results obtained during the
Tfirst year of fruiting. This is especilally evident with
the twoe.yesr plant renewal system in whieh, wi thout excep-
tion, the yield from the 1l0«inch width rows was highly
significant over 81l other widths., With the conventional
rrénewal method, there was no significant difference in yield
betwsen the 10- and 20-inch width nor between the 30~ and
40-inch widths, but ylelds from the 1l0-ineh width rows were
significently greater at the 5 per cent level than the 30~
and 40-inch widths. The same holds true for the matted row

renewal; the yields of the l0«inch rows being significantly
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Table 5. Influence of Renewal System and Width of Row of the Blskemore Strawberry
and the Percentage Yield Increase Over the 40-inch Rows, 1941.

t Per Cent Incresse

Width : : of 2~year Flant
of 2 Renewn) System ¢ Renewal Over
Row 3 Conventional 3 __Matted Row : 2«year Plant t Conventicnal
Yield of U. S. No. 1 Quarts Per Acre
10-inch 6,910 6,336 11,476 66
20-inch 5,923 6,231 9,435 59
30-inch 5,399 4,836 8,720 62
40-inch 5,397 4,737 7,099 32
Percentage Yield Increase Over AO-inch Rows
10=-inch 28 34 62
20~inch 10 32 33

30-inch o 2 23
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greater at the 5 per cent level than the 30- and 40-inch
rows, The differences are not as great, however, as were
those obtained for the two.year plant renewal system,

The data in table 5§, comparing yields on a percentage
basis, more clearly illustrate that as the width of row de-
creases the yleld per acre increases. Thus, with the twoe
year plant renewal system, progressive increases from the
40-inch width rows of 62, 33, 23 per cent occurred for the
10-, 20-, and 30-inch widths respectively. While these dif-
ferences are not as great for the other two renewal systems,
significantly greater yields were obtained on the narrower
width rows regardless of the renewsl system employed.

Decreases from first-year yields varied according to
the renewal systems, but variations in width of row seemed
to have no marked effect on the percentage decresse in yield
from the first-year yields. The data in table 6 show that
the rows composed of two-year plants ylelded an average of
only 8.8 per cent less during the second year of frulting
while the eonventionally renewed and matted row systems pro-
duced an aversge of 40.7 and 44.7 less respectively the
ssoond year and the two latter decreases are commonly exper=-
jenced in commercial growing of Blskemore.

The percentage of U, S. No., 1 berries of the total
yield did not vary greatly on rows of different widths (table
7). However, there was a2 difference among renewal systems
in that the metted row system produced approximately 13 per

ecent fewer marketable berries than did the other two renewal
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Table 6. Comparsative Decrease from First-year Yields (1940) of Various Second-year
Renewal Systems Under Different Widths of Row, 194l.

. 4 N M
90 e % W

Renewal width of Row .

System 10-inch 3 20-inch 3 30-inch 3 4O=-ineh Average
Conventional 43 03 M'O 41..6 33.9 égo',
Hatted Row &8:0 101:1 A?-‘? 4200 “-7
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Table 7. Influence of Renewal System and Width of Row on the Percentage of U. 8. No. 1's,
and the Sigze of Berries as Measured by Number of U. S. 1's Per Quart, 1941.

Renewal 1 Width of Row : )
System 1 - 10=inch 20~inch 30~inch 40-inch s _Average
U. S. No. 1l's, Percentage of Total Yield
Conventional 77 77 iy 80 78
Matted Row 66 67 62 64 65
2-year Flant 78 77 77 e 78
Number of U. 5. 1's Per Quart
Conventional 120 116 118 115 117
Matted Row 126 124 127 125 128
2-year FPlant 112 116 115 117 115

L&)
%



systems. Relative to size of U. S. No. 1 berries, as shown
by the number of berriles per quart, the two.year plants pro-
duced berries slightly larger than those from the conventional
renewal system while the berries from the matted rows were
considerably smaller.

The effect of ranevalaaystem on time of frult maturity,
(figure 17), 1llustrates that the conventionsl renewal syse
tem produced berries earlier throughout the season than dlad
the two-year plant renswal or matted row gyaiems. This
might be considered of importance since, on an acre basis,
by llay 30 the conventionally renewed rows had produced over
1000 quarts more of U, S, Ho, 1 berries than had the matted
rows. Depending upon market conditions, this earliness
factor might result in greater financial returns to the
grower, but such returns might be more than offset by greater
yields obtained by use of the two.year plant system.

The average fresh weight of berries produced per plant
under the three renswsl aystems on each of the four widths
of row 18 shown in figure 18. It will be noted that as the
width éf row increased & progressive decrease in production
per plant resulted. This is parbicularly evident with the
matted row renewal and the same holds true, but not in every
case, for the conventional and two~ysar plant renewal systems.
Plants under the two-year plant ronewal system produced from
4 to 7 times the fresh weight of berries as did the metted
row plants and about twice the fresh weight of berries as

did those plants under the conventional renewsl system.
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Such differences in yleld per plant can be definitely re-
lated to the size of plant produced under the various re-
newal systems,

Considering the matter of relative plant development as
affected by renewal system and width of row, the data in
table 8§ show that the average dry weight per plant, under
the two-yeer plant renewal system, was 9.4 grams, while with
the conventional renewsl method the average dry weight per
plant was 5.7 grems. Witﬁ all the runners removed from the
two-year plants, large leaf areass, crowns, and root systems,
as well as large food reserves, wore built up. These factors
are directly reflected in the large yields obtained the
second year on rows in which the original plants agein were
fruited. In the metted rows, the two~year plants averaged
5.9 grams per plant, while the interspersed one-year plants
averaged 1,1 grams. The failure of the two.year plants in
the matted row system to develop and attain the size of those
plants in the two-year plant renewal system ia shown by the
comparative dry weights per plant of 5.9 and 9.4 grams re~
"spectively, and indicates the edverse effect of new runner
formation and increased competition for water and nutrients
upon the development of those plants under matted row renewal
during the second growing season, Moreover, there was s de-
crease in average dry weight from 7.7 grams per plant in the
10-~inch row to 4.6 grams per plant in the 40-inch row, in-
dicating that competition also increased as width of row

increased. This 18 likewlise indicated by the dats presented
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Table 8. Influence of Renewal System and ¥idth of Row on the Average Dry Weight
(Grams) Per Plant. (Avermge of Plants Taken from Five Random Samplings
of Tne Square Foot Fach). 1941

Eenevwal 3 Width of Row 1 Average
System 3 10-inch 3 20-inch : 30-inch 3 4O-inch t Dry Weight
Conventional,
l=year Thinned
Plants 7.7 6.5 4.3 Loy 5.7
Matted Row,
2-year Plants 7.7 5.5 57 4.6 5.9
l-vear Plants 1.0 l.2 1.0 1.1 1.1

2—year Plant 10.1 900 8.9 9‘7 9o4
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for the thinned plants in the conventiocnal renewal syatem
where a decrease from 7.7 grams per plant in the 1O-inch
row to 4.4 grams per plant in the 40-inch row occurred. A
comparison of the very low average dry weight of 1.1 grams
per runner plant from the unthinned matted row renewal with
the average dry weight of 5.7 grams per plant for those in
the thinmed conventional renewal system again illustrates
the effect of plant competition upon the development of
Blakemore runner plants.

Effects of Summer Applications of Sodium Nitrate

on Fruit Productioa of Thinned and Matted Rows

Summer spplications of nitrste of sﬂﬂa, as 8 top dress-
ing in 19639 and 1940 at monthly intervals during the summer
from June 1 to September 1, in an,értnrt to influence growth
and dsvelopment of runner plants, proved to be of little
value on this rether fertile type of soll.

The dsta presented in table 9 show that, regardless of
the time or rate of application of sodium nitrste to sither
thinned or matted rows, no differences in yleld which could
be attributed to treatments were obtained from plants which
had varying quentities of nitrate or which received the
nitrate at different periods during the growing season. Not
only were there no differences between ylelds, as a result
of fertilizer treatments, but there were 8lso no differences
in yield as a result of plant thinning. On an acre basis,
the average yleld for all fertlilizer treatments of the matted
rows was similar to that obtalned from the thinned rows., It



Table 9. Effect of Summer Application of Sodium Nitrate on Yields Per Acre, Per Cent U. S. No. 1's of the Total Yield,
Number of Berries Per Plant, and Size of Berries, 1340.

: Date of Fertiligzer Application t
3 : : : : : 1 June 1 )
Treatment 3 : : H : June 1 : June 1 1 July 1 3 Average
: June 1 : July 1 : Aug. 1 : Sept. 1 s July 1 : July 1 t Aug. 1 3
3 : : 3 : s Auwg. 1 t_ Sept. 1 :
U, S. No. 1 Yields Per Acre in Quarts
Matted 11,964 11,461 11,374 12,390 11,597 11,635 10,832 11,608
Thinned 11,839 12,632 10,222 10,754 11,945 12,100 11,684 11,597
Total Yields Per Acre in Quarts
Hatted 16,195 15,807 15,798 17,076 16,214 16,679 15,246 16,145
Thinned 15,546 16,243 13,416 14,249 15,846 15,972 15,565 15,262
Ue S. No. 1's of Total, Percent
ﬁattﬁd 73.9 7205 '72.0 72.6 71.05 @.8 71.0 71.9
Thinned 7642 77.8 76.2 755 75e4 75.8 75.1 76.0
Total Number of Rerries Per Plant
Matted 6.6 7.4 6.6 6.7 6.8 7.& 7.2 6.9
Thinned 13 . 5 15 0 14.0 1400 17.2 1508 1401 uog
Total Berries Per Quart
Matted 143 152 150 151 151 153 15} 150
Thinned 138 134 135 11 143 137 139 138
U. S. No. 1 Berries Per Plant
Hatted 305 308 304 3'3 304 3.6 306 305
Thinned 7.8 B.7 8.2 7.9 8.6 9.0 7.6 8.3
Us S. 0. 1's Per Quart
Matted 103 109 107 103 106 107 107 106

Thinned 105 101 104 105 103 103 100 103




should be pointed out thet during the picking season very
favorable conditions prevalled for ripening and sizing of
all berries that were formed. The matted rows contained an
average stand of 360 or 2.4 times a8 many plants as the
thinned rows. However, the matted row plants, on & plant
basis, ylelded less than half of what the thinned row plants
produced, The 'thinned rows produced an average of about

4 per c¢ent more merketable berries than did the matted rows
and the berries were also somewhat larger, as Jjudged by
number per quart.

The dry weight data in table 10, for plants receliving
summer applications of sodium nitrate, show that there were
no differences in number of lesves, or weight of plant which
could be aseribed to nitrate trestments considering either
watted or thinned rows. The average plant or plant pert
from any of the thinned row treatments was, ;n many cases,
three times as large as the average'matted.row plant receiv-
ing the same trestment. The average dry weights and number
of leaves per plant of all thinned row fertilizer treatments
were practicslly double the same measurements for the matted
row plants., This partially sccounts for the large differ-
ences in yleld presented, on a per plant basis, in table Q.
Here too, as was mentioned previously, the thinned plants
yielded, on a plant basis, over 100 per cent more totsl as
well as U. 8. No, 1 berries than did the matted row plants.
In addition to the much larger dry weight of roots, crowns,

and leaves of the thinned plants, the number of lsaves per



Table 10. Fffect of Summer Application of Sodium Nitrate on Dry Weight (Grems) of Plants in Thinmed
and Matted Rows, 1940. (Fach Figure Represents an Average of 40 Flants Selected at
Random in the 4 Replicates, 10 Plents to a Row. Plants Werc Sampled in June Soon After

Fruiting).
: FPertiliger Application Date 1
t June 1 3
Plant June 1 July 1 Aug. 1 Sept. 1 June 1 June 1 July 1 :
Part H July 1 July 1 Aug. 1 3 Aversge
3 &%u 1 S’_p -« ;_‘ ]
Hatted Rows
Roots 63 .93 95 .88 .70 B8 .78 822
Crowns -52 « 70 Y4 .'B .64 ‘ ;75 81 70
Leaves 2.13 3.06 2,76 3.20 2.57 3.20 341 2.90
Total 3.28 4.69 hLadids 4«81 3.91 483 5.0L 442
Number of
lLeaves 4-72 647 5.35 6045 5.55 6-‘5 7 e 22 6003
Thinned Rows
Roots ltBA' .}.054 1035 1.8 1.22 1033 1026 1033
I.;eaves 6003 6.03 7.13 6)087 6;72 7'11 7‘02 60%
Total B 45 g.a8 9.72 2.33 g9.1.8 9.78 9.61 F.28
Numnber of

Ieaves 10,72 11940 13.42 12015 1106‘7 12'50 13037 12.18




plant was double that of the metted row plants. Since it

is the number of leaves and the leaf area per plant which

is sn important factor in determining the number of frult
buds formed, it l& easy to see how these thinned plants
produced an sverage of twice as meny berries on a plant basis
as 414 the matted row plants.

Again in 1941, a8 was the case in 1940, regardless of
the time or rate of application o: scdium nitrate to thinned
and matted rows, no differences in yleld could be ascribed
to any traahmgnt within a partiéulnr type row or even be-
@rﬁan;ghg twb‘typaa of row, In every respect the data ob-
tained in 1941 (table 11) show practically the same trend
a8 in 1640, It 1is interesting toc note that the percentage
of U, 5. No. 1 berries of the total yleld the second yesr was
6.9 per cent greater for the matted rows and 7.6 per cent
greater for the thinned rows than in 1940. Eince there was
no difference in acre ylelds between the thinned and matted
rows, it is only reasonable that there would be slight 4if-
ferences in percentage yield decresse the second year between
the two types of rows., 4s anticipated, both the metted and
thinned plants produced smeller, and fewer total, as well as
U. 8., Ho. 1 berries per plant the second year.

The dry welght date in table 12 again show the second
year that there were no differences in size and weight of
plant within a particular type of row, attributed to the
time or rate of application of sodium nitrate. The aversge
dry welights and number of leaves per plant of sll thinned



Table 11.

Fffect of Summer Application of Sodium Nitrate on Yields Per Acre,
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div Per Cent U. S. No. 1's of the Total Yield,
Yield Decrease for Second Year Fruiting, Number of Berries Per Plant, and Sise of Berries, 1941.

Date of Fertilizer Application

2

Treatment ; : : : July 1 s July 1, August 1, and ¢ Avers
: Check s July 1 s Aurust 1 : September 1 : August 1 g Sepzember 1 g ) &
U. S, Ho. 1 Yields Per Acre in Quarts
Matted 7,415 9,186 8,528 3,322 9,022 8,673 8,691
Thinned 8,489 9,148 9,632 7,976 9,293 9,419 8,993
Total Yields Per Acre in Quarts
Matted 9,564, 11,752 10,880 11,500 11,606 10,822 11,021
Thinned 10,309 11,219 11,393 9,428 11,055 11,122 10,754
Use S. No. 1's of Total, Percent
Matted 775 78.2 784 8l.1 T7.7 80.1 7.8
Thinned 82.3 8l.5 8¢5 8Le5 84.1 847 83.6
Decrease in Yield of i, S, Ko, 1's the Second Year, Percent
Matted 38.1 19.9 25.1 2448 2.3 25.5 2549
Thinned 28.3 20.6 5.7 259 2.3 22.2 22.0
Decrease in Total Yield the Second Year, Percent
Katted 41.0 25.7 31.2 32.7 28.5 35.2 32.3
Thinned 33.7 31.0 15.1 33.9 30.3 30,4 29.0
Number of U, S+ lio. 1 Berries Per Plant
Matted 2.5 3.0 2.7 2.9 2.9 2.8 2.8
Thinned 6;4 6‘8 7.1 600 607 649 607
Number of U, S. 1's Per Quart
¥atted 116 112 111 110 114 111 112
Thinned 109 109 167 109 104 106 107
Total Number of Serries Per Plant
Katted 4.5 5.6 5.0 501 5.5 5.0 501
Thinned 10 A 11.2 1l.1 903 1‘00& 10.8 1005
Total Berries Per (uart
Vatted 164 165 159 154 166 161 162
Thinned 146 145 i¥Al 144 137 141 142
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Table 12. Effect of Summer Application of Sodium Nitrate on Dry Weight (Grams) of Plants in Thinned
and Matted Rows, 1941. (Fach Figure Represents an Average of Plants Taken froam Four
Random Samplings of One Square Foot Tache. Plants Sampled in June Shortly After

Fruiting).
3 Fertilizer A-plication Date - s
1 July 1 ]
Plant Part : Check July 1« Aug. 1 Sept. 1 July 1 Mag, 1 t Average
3 Aug. 1 Sept. 1 =
Matted Rows
Roots .58 .76 .81 .85 TR +69 7
Crowns .51 <64 J72 <71 64 .60 .64
lLeaves 3.00 2.09 2.60 254 3.20 3.15 2.76
Tetal 4009 3049 4013 4-10 4056 4.“ 4014
Number of
Ieaves 4»06%6» 5049 5400 6.30 5.25 5&8() 5.‘1
Thinned Rows
Roots 1.28 1049 1.40 1025 1.18 1030 1.32
Crowns 1.00 1.2 1-25 1.20 lad 1.07 1‘16
leaves 6008 6.0() 6.83 6t98 6:50 700‘. 6057
Total 8436 8.70 Q.48 .43 8.88 941 9.04
Number of

Leaves 11.04 10.80 11.94 12.16 10.43 10.72 1l1.18
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row fertilizer treatments were double the same measure-
menta for the matted row plants.
Relation to Runner Plant Formation

The sessonal development of roots, crowns, and leaves of
mother plants from time of planting to the end of the growing
season, show some interesting deviations from the normal
growth curve which are consldered in relation to runner plant
development.

The dats on root development, presented in table 13,
show that there 13 a gradual increass of less than two cen-
timeters in root length during the first month after planting.
Prdéunably it requires about this length of time for the
plant to become esteblished in its new environment before
starting repid growth. Thiz slow growth period was followed
by rapid root slongetion during s short period of a little
over one week. During this period from May 27 to June 9,
approximately 85 per cent of root length, not total root de~
velopment, was msde. 7This period of rapid root elongation
wag followed by & much slower rate which gradually cont inued
throughout the growing season,

In regard to dry weight of roots, there was a gradual
increase throughout the season until early fall when there
wes a rapid increase in dry weight (figure 19). The crowns
made a gradusl increase in diameter until, by November 30,
they h#d'reauhea-an aversge diameter of over 2% times the
original size when the plants were set in the field.



Table 13. Mother Plant Development from April 10, (Planting Date) to November 30, as Expressed in Linear Measurenents,
Dry Weight, and Starch Content, 1939,

(Fach Figure Represents an Average of 12 Plants).

: Roots 3 Crovns lLeaves

: Tength : Dry wt, : : Iength: Dry s Numbers: Number: Dry Total: Number
Sampling : (ems) : (gms) : Starch : Iiameter: with : Weight: Starch: Open 3 Not 1 Weight: Starch Dry ¢+ of
Date : : : (cms) : roots : (gms) : Open : (gms) @ BasalsDistal: Weight: Runners

: : 1 : (ems) s t (gms) :
April 29  12.7% T J— 67 105 .33 —— 347 67 32 e —— 113
May 12 13.95 R «90 .84 .38 41 342 1.06 50 e e lhd, m—
May 27 14.35 55 024 .69 1.08 .43 1,00 6.55 l.24 1.29 3.00 2.00 2.27 .16
June 9 22,97 74 1.70 70 1.10 45 345 6.40 1.45 2,67 2.87 1.75 3.86 2.05
June 23 24 e24, 94 1.40 75 1.29 61 415 F.12 1.90 4.36 2,90 1.80 5.91 3.77
July 7 23.90 1.26 1.15 75 1.06 «50 1.98 10.95 1.82 5.33 1.62 1.87 T4 6.65
July 21 25.80 l.41 240 94 1.53 .87 3.45  11.62 1.47 7.73 2,30 2.37 110.01 T47
Aug. & 2490 1.42 1.80 1.24 1.37 .99 1.57 11.50 1.4 6.81 (A L% 9.22 7.40
Aug. 18 25.29 l.32 2,50 1.16 1.42 .99 1.65 8.49 1.11 4.09 .68 .76 6.40 7.37
Sept. 1 27.00 1.40 4e'70 1.28 1.35 1.14 1.87 9.00 1.16 3.70 .87 1.83 6.24 6.42
Sept. 18 26.70 1.17 3.90 1.00 1.25 .98 3.74 8.33 1.16 3.12 91 .99 5427 5.20
¥ov. 30 26.66 3.19  9.58 1.84 3.6l 2,39 3.08 14,58 1.4l 4.90 .66 .75 10.48 8.2
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Figure 19¢ Seasonal development of roots, crowns, and
leaves of mother plants and the comparative development

of roots and crowns of runner plants In terms of dry

weights In grams.
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Longitudinal elongation was precticelly negligible until
lete fell when, during & little over two months time, the
length of crowns with roots more than doubled the originsl
length. Dry weight of crowns followed practicslly the same
rate of average increase as did the roots. Since the crowns
and roots are the storage organs of the strawberry plant,
sucth increases in dry weight during the latter part of the
season are to be expected.

There was a rapid increase in dry welght of leaves until
July 21, after which the new rumner plents which hsd formed
and which were not selfe-supporting, probably csused a heavy
drein on the mother plant. After the runner plants had es-
teblished their own roots end were more or less selfw-support-
ing, this drain on the mother plant ceased. In general,
there was a gradual decline in starch content in the bassal
and dlstel portions of the leaf petioles throughout the grow-
ing season, Follisge development was practicelly complete by
the middle of July end number of runners per plant shortly
after. The total dry welght reached practically & meximum
the middle of July and then decreased until sometime between
September and November when &an incresse agsin took plsce
until a maximum dry weight of 10.48 grams was obtained on
November 30, the lsst ssmpling date.

In figure 19 plotted averages of mother plants show
seasconal development in dry weight of lesves, crowns, and
roots and aslsc dry welghts of roots and crowns of runner

plants. Seesonal runner plant development was not included
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in these investigations but the data, which were obtained
from the work of Van Horn, Schrader, and Heut (108), are pre-
sented for a basis of comparigon between runner sand mother
plant development. These runner plants were grown on a
Sassafras gandy loam s0il under matted row conditions at
Salisbury, Maryland. The mother plants from which these
runner plants developed were set in the field the latter part
of ¥arch while the mother plants grown at College Fark were
set the first of April eamd thareforq, the two sets of data
are quite comparable as to sesson of development.

;ncgegﬁo# in dry weight 6rAerowns of rumner plantz were
gradusl until the middle of September, when a rapid increase
was sterted. Root development of the rummer plant, on the
other hand, was rarpid fron the time of initiation of runners
until September 1 when, as the suthors state: "This cessation
in development of roots was probably assoclated with crowding
of plants under matted row conditions.™ In eddition, along
about this time, probably the rumner plants had attained suf-
ficlent size to become relstively independent of the mother
plent. This is borne out by the faect that after the middle
of September, at which time the runner plants cessed draw-
ing on the mother plants for food suprplies, the mother plants
sgain resumed rather rapld growth rates of leasves, crowns,
and roots,.

The most striking feature presented in this greph is
the time of initiation of runner planta. Only when the dry
weight of leaves of the mother plant had reached abtout a
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maximum for the season, in thls case about the middle of
July, did the development of the rumner plants begin.
After the rapld development of the runner plant had
ceased, the mother plant organs resumed growth and storage
of carbohydrates.

In connection with these interrelations of runner end
mother plant development, the aprlicatlion of any cultural
practice which might change this picture 1s of great im-
portance. Let us consider runner plant thinning for ex-
ample. By plant thinning we remove sufficient plants to
reduce competition for nutrients and molsture to a minimam
for those plants remsining in the row. In addition to this,
however, by thinning before early fall we also reduce the
drain on the mother and first formed runner plantas. The
dry weight data of lesves, presented in figure 19, show that
by November 30 they had not reached the maximum weight ob-
tained earlier in the season. It 1s true that large quan~-
titles of carbohydrstes were translocated from the leaves
to the roots and crowns but, possibly had there not been
such a araih om'thevmothér plant, the dry weight of leaves
would have surpassed the maximum sttained earlier in the
season,

Further studies on mother plant development under var-
fous conditions micht bring out the importance of wmother
plent developrment in relation to earliness of runner forma-
tion and strong development of rumner plants. Some lead in

this regard is referred to later on in a report of the
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atudies undser greenhouse conditions.
Effeet of Soil Moisture and Aerstion on
Growth of Blakemore Strawberry Plants

Controlling soll molsture at three levels and furnish-
ing additional aeration to & Sassafras silt loam under pot
¢ulture conditions, emphasized the importance of the mois-
ture factor and indicsted that aeration is not an important
factor except possibly near ssturation levels. The straw-
berry plant apparently responds to variations in moisture
levels Dbetween the wilting point end field cepacity of this
particular soil,

Table 14 presents the data showing the effect of § so0ill
moisture and 3 aeration levels on the leaf area, arsa per
lsaf, and the average number of leaves per plant. As the
801l moisture was incressed, the total lesf ares showed a
rrogressive incresse from sn average of 23.17 squere inches
for those plants growing in soll at 12 per cent moisture up
to 41.53 square inches for those plants in the same soll at
32 per cent moisture (figure 20). The average number of
leaves per plant and the area per leaf practicsally, in every
case, progressively incressed as the 801l molisture was ine
creessd. Yo significent plant response was obtained from
the various aserstion treatments at 12 and 22 per cent soll
moisture levels but supplemental seration 3 minutes daily
or 3 minutes every other day at the 32 per cent soil meis-
ture level resulted in significsntly greater leaf areas per

rlant over those plants receiving no additionsl aeration.



Pable 14. Effect of Various Moisture and Aeration Levels on Total Leaf Area s Average Area Per leaf,

and Number of J.eaves Per Plant: FExperiment I, Started Jarmuary 19 and Fnded March 18, 1942.
(Area Expressed in Square Inches and Fach Figure Represents an Average of 9 Flants).

s Degree of Aeration
: 1 Check H 3 Min, Every Other Day 3 3 Min, E’vgm w x
. Moisture i Total : Number : t Total 1 Number : 1 Total ¢ Number
7 Tevel 1t Leaf H of 1 Area Per : Leaf : of : Area Per 3 Leaf H of s Area Per : Average
t Area 3 leaves 3 leaf : Area 3 leaves : TLeaf s Area_ 3 Leaves 1 Isaf H
22.08 25.32 22.17 23.17
12¢ 8.8 Fe2 8.8 8.93
2.51 2.75 2.52 2.59
35.36 33.53 28.69 32.53
22% T4 10.4 9.8 9,87
3.76 3.30 2493 3.30
37.79 3845 48.36 41.53
32% 10.4 10.4 10,6 10.47
3.63 3.70 4.5 3.96
Average 31.74 Q.53 3.30 32.43 10.0 3.25 33.07 9.73 3.33
Difference Necessary for Sionificance Between Interactions for Total Teaf Areas: 5; - 8.2;.;
1% - 10.

Difference Necessary for Significsnce Between Means of Aeration and of Moisture for Total lLeaf Areas 5: - g.&&g
1 - .25
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Figure 20* Effect of various soil moisture percentages on
plant development: left, 12 per cent soil moisture; right,
32 per cent soil moisture. Note the small size of plant

on the left compared with the good growth on the right after

30 days of treatment at the two moisture levels.
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However, sven though these differences aprrosch signifi-
cance at the 1 per cent level, the suthor feels that they
are mainly accounted for due to variation in plent size at
the injitiastion of the experiment rather than to supplemental
seration because the second experiment with more rigild se-
lection of plants showed no differences in response to
supplemental seration.

Figure 21 shows that earliness of blossoming 1is d4i-
rectly related to soll molature in that planti7gr$wing at
iﬁ per cent solil moisture started blooming first, followed
in order by plants»grwwing in 22 and 32 per cent 501l mois-
ture. By February 24, the plants growing in 12 per cent
moisture had produced an average of 19 andi 26 per cent more
of their totel blosaoma than those plents growing in 22 and
32 per cent moisture respectively. All plants in the verious
treatments sveraged approximately 7 blossoms per plant since
the blossom buds had already been initiated in the field
before thoey were dug for this experiment.

A new series of plants, 83 previously described, waa
deaigned to determine the effect of a much increased aeration
at 32 per cent s0l1l moisture in view of the fasct that sup~
plemental aseration at this so0ll molisture level gave sligni~
ficsnt responses in Experiment 1.

Plgurs 22 presents graphically the development in leaf
area in square inches measured aprroximately every two weeks
and shows the effect of moisture and aeration on lesaf de-

velopment. For about the first 10 days all plants receliving



99

70-

60-

40-

30-

SOIL  MOISTURE

X
2y

20-
10-

4 16 18 20 22 24 26 281 3 5 7
FEBRUARY MARCH

Figure 21* Effect of soil moisture on time of blossom
unfolding showing the accumulative percentage of the

blossoms opened on a particular date¥*
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.Figure 22. The effect of soil moisture and aeration on

leaf area of Slakeraore strawberry plants grown in pots, 1942.
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the different treatments grew at about the same rate but
by April 17 those plants recelving 32 per cent moisture
had an aversge of about 3 square inches greater leaf area
than plants receiving 22 per cent meoisture. From April 17
to May 1, plants at the lower moisture level slowed up in
their growth rates while rlants at the higher moisture
level increased their growth rates. From May 1 to May 15,
* ylanba~oribeth4noiature‘levels sharply increased their
growth rates due probably to the fact that their root sys~
tems had become well established at this time. During the
periocd of May 15 to May 23, the plants at the higher mois-
ture level continued on et epproximstely the same growth
rete while plants at the lower level begsn slowing up in
growth rate indiceting that their growth cycle was nearing
the terminating polint. 1In addition, the data show thet
under the conditions of thils experiment seration had no
significant influence on plant development since the check
plents at 32 per cent =201l moisture had slightly greater
leaf arees than those plants at the same moisture level
whilch received additional seration.

Teble 15, in sddltion to the datz which are presented
graphically in figure 22, presents the average area per
leaf ag well as the sversge number of leaves per plent at
two-week intervals throughout the course of the experiment,
Seventeen days after the experiment was initiated sll
plants, even though they had received different treatments,

had sbout the same number of leaves per plant and the
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Table 15. Fffect of Various (uantities of Yoisture and Aeration on leaf Area, Area Per leaf, and Number

of Jeaves Per Plant.

Square Inches).

Fxperiment Started March 30 and Fnded May 23, 1942.

{leaf Area in

3 leaf Area in Square Inches : Number of leaves Area Per leaf
Treatments : Apr. Vay ¥ay May ¢ Apr. Hay Hay Hay Apr. Hay ' May
¥oisture: Aeration 3 17 1 15 23 17 1 15 23 17 1 23
22% Check 12,9 19.7 67.5 87.4 5.1 7.8 10.9 12.6 2.5 245 6.9
32% Check 15.4 38.3 122.7 159‘6 449 9.0 12.7 15.0 3.1 FAN; 10.6
32% 3.nin. o ) _
d&ily’ 1502 33¢2 135 . .1.52¢7 5c9 9.0 12.2 M.B 2.6 3-7 10«7
daily 16.3 35.9 118.1 156.7 5.2 7.3 10.8 13.6 3.1 4.9 11.5
3248 12 min.
d&ily 1503 3707 124'4 170.6 5.6 9.6 13‘0 1610 2.? 3.9 1007
Average of
32% M¥oistures 1505 36.3 11901 159.‘9 54 2.7 12.2 16,"7 2;9 4«.2 1009
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average area per leaf was aprroximately the same. Lowever,
by May 1, plents growing in soil at 32 per cent scil molg-
ture had, on the sverege, one more leafl per plant and the
average areg per leaf was 1.7 square inches greater., The
difference in number of leaves per plant remained about

the same until kay 23, when the plants at the higher mols-
ture level had an average of about 2 more leaves per rlant
than those plants at the lower moisture level. By May 15,
plants at 32 per eent moisture had leaves aversging 3.6
square inches greater in area than did the plants at 22 per
cont soil moisture. By Hay 23, this difference had reached
4 squsre 1n¢h§ajér»oach iﬁ&ividuil leaf from the higher
moisturc @lants averaged 57 par ccnt greater than leaves
rm ialantm at tha lowur molsture leyel.

"Tabls 16 preaents the dry and fresh weighta of roots,
crowns, leaves, and rumnsrs Knr the various moisture and
ssration treetnpnt&. Considering both fresh and dry weight
data for the various plant parts, it appears at first cone
sideration, that with increased aeration there was a slight
tendency for increased welght of plants. IHowever, since
the cheek plants at the 32 per cent molsture level were, in
many casesa, greater in weight then elther of those groups
of plents receiving aeration 3 or 7§ minutes dally, and
since there were no significant differences statistically,
edditional eseratlion under the conditions of this experiment
was considered to have no effect on plant growth (figure 23).

On the other hand, moisture was the controlling factor.
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Table 16. Effect of Moisture and Aeration on Dry and Fresh Weight of Plants: Experiment II.
(Average of 9 Plants Per Treatment).

] 3 Average of
Plant Part : Moisture and fperation Levels _ _ s 324
t Check t Check : 3 min, daily : 7-1/2 min. daily : 12 min. daily Moisture
g 22% 3 A4 3 32% t 324 1 324 z lLevels
Dry Weigrht {Urams)
lLeaves Lel6 8.33 752 8.11 8.61 8.14
Crm 1 018 1.45 1 .40 1- M 1O 55 1046
Roots 2349 3076 3-65 3-82 k;gj 3081
Runners 75 1.49 1.39 1.57 1.61 1.46
Total 8¢49 15 003 13 096 ]—6»9& 15 580 14093
Fresh Weight (Grams)
jeaves 16.22 32 038 30.55 32 +02 3&083 32QM
Roots and
Crowns 2525 38,25 39.41 L O2 Lo 52 41.55
Runners 4,10 8,89 2.39 8.98 9.70 8.99
Total 45¢57 79.52 '78035 85002 89.05 82-%

Difference Necessary for Significance Between Total Dry Weights: 5% level 3.066
1% level 4.168
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Figure 23* Comparative leaf areas of plants receiving

different quantities of air* Left, plant received 12
minutes of additional aeration daily; rigjat, plant re-
ceived 3” minutes additional aeration dally. No differ-

ences in leaf area were obtained as a result of supple-

mental aeration*
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Even though the s0il moisture at the 22 per cent level was
15 per cont above the wilting point and never deviated more
than 1 per cent from this level, those plants growing in
that soll were only slightly more than hslf as large as
plants growing in soll at 32 per cent soil moisture, (figures
24 and 285). The dry weight of roots of those plants growing
in 32 per cent soll moisture was 37 per cent greater than
the roots from plants growing in 22 per ecent s0i1l moisture
(figure 26), while leaves, crowns and runners were 51, 19,
and B0 per cent greater respectively. .

‘ As shown in table 17, seration seemed to produce little,
if aQy, effect upon runner production as determined by the
glma to form the first node with leaves. There is some
indication that with increased seration there was a tendency
for garliar development of runners. However, since there
is no definite trend of rumner produetion and no difference
in total number of runners produced with the varilous degrees
of aerstion, no differences can be definitely aseribed to
edditional seration. MKoigture, on the otiher hend, did have
e definite effect on runner growth and number of rTunners
prodﬁcaﬁ. Flants growing 13122 per cenﬁ sofl maistufe by
¥ay 10 had produced only £ runners, while plants growing in
32 per cent 201l moisture had produced an average of 15.6
runners. At the end of the eiperiment, the high moisture
rlantes had rroduced an average of 51 runners with & lipeer
length of 69.21 inches, while the lower moisture plants had

produced only 25 runrers with s linear length of 48,25
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Figures 24 and 25. Comparative sizes of plants growing In
soil at different percentages of soil moisture. Left,
plant growing in 22 per cent soil moisture; right, plant

growing in soil at 52 per cent soil moisture.
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ﬁble 17, Effect of Hoisture and Aeraticn on Runner Production. (Runners Were Removed When leaves Began to Appear
on the First Runner VNode).

: Accurnviative Number of [unners Hased on Nine Plants Per Treatment ' _
Treatments : : : s : : : : : : : t £ Z EE sTotal
Molsture: Aeration : Apr. :Apr.: ¥ay : Kay : May : May : May : May :May ¢ Hay s May ¢ May : May 1 May : May slinear
s : 28 $30: 3 ¢t S5 ¢ 7 : 8 : 10 : 12 : 13 3 Y& : 15 ¢ 17 : 19 s 20 1 23:Totalslength
: 1 : : : : 3 : : 3 F 1 I g ¢ .3 (in.)
224 Check 2 5 6 10 15 18 25 25 48.25
32% Check 1 4 6 9 15 17 19 29 ® 3% P 50 50 6812
327 3 min, y _ A .
daily 2 4 6 8 13 18 2 30 : }S‘ 38 40 A8 48 66.40
2% 7-1/2 min, e : |
daily 1 5 11 15 18 21 26 28 29 34 &2 &b &6 52 52 64.89
324 12 min. |
daily 1 4 6 10 1 18 21 22 27 38 4 43 56 5% 7746

A of '
32%v§§§§:ures 25 .25 3 5.7 8.2 12,2 15.6 19.7 21,0 23.2 30.0 36.7 39.5 42.0 51 51 69.21
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inches. Hunners produced on plants at the lower moisture

level were very small in diameter, considerably tough in

texture, and were red in color, while runners produced by

plants at the higher moisture level were much larger in

diameter, more tender in texture, and were of a normal

green color.

Figure 26* Comparative sizes of root systems of repre-

sentative plants growing in 32 and 22 per cent soil

moisture.



DISCUSSION

The results of these in;tstigations show that the
Blskemore strawberry responded markedly, as measured by
growth and frulting behavior, to changes in cultural and
envirommental conditions, particulsrly im relation to modi-
fication of the normel plant population of this variety.
These growth and fruiting responses csn be readily under-
stood when the interrelation of such factors a3 esrliness
of runner plant formation, mother plant development, runner
plant development, and soil moisture are considered,

Any cultursl practiece or change in envirommental con-
ditions which promote the early formstion of runner plants,
provided the conditions during the remsinder of the grow-
ing season are favorable, favors the development of plants
with large leaf areas and root systems which are associa-
ted with the production of large yields.

The investigations of Richey and Schilletter in Iows
(04) showed that the length of time for runner formation is
dependent upon ernvirommental conditions, As was found in
the investigstions here reported, conducted in the green-
house, soll moisture appears to be the main factor deter-
mining time of runner formation. It is also apparent thst
mother plant development, as determined by soil molsture
and other factors, may play no small part in relation to

runner plant development., In the Iowa study, on the

110
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average number of days intervening from the time of setting
the mother plants to the time of rooting of the first plant
on each of the runner serlies, it was found that during a
dry season the difference in time for the formation of the
first runner plart on the five serles became progressively
greater from the first to the fifth series, Even after
careful selection of plants for their mppsrent simllarity,
there was an average 1hterva1 of 30 deys between the forma-
tion of the first plant on the firet runner series and the
formation of the first plent on the fifth rumner series.

In other words, the plants of the first runner series had
an average of 30 days more to develop root s ystems and tops
before fruit bud formation than the plants of the fifth run-
ner series. These suthors reported thet during a favorable
growing season, a period of only 13 days was required be-
tween the time of formation of the first plent on the first
runner series gnd the formetion of the first plant on the
fifth runner series,

Runner plants which are formed eerly 1ln the season
have a comparatively long time to develop and generally
speaking, the longer the time they have to grow during the
summer and fell, the more highly productive they are the
followlng spring. Since the number of leaves per plant, just
previous to and durlng the time of flower bud formation,
starting early in September, has been found to be closely
correlated with the number of flower buds formed, one can

see how lmportant it would be to obtain early-formed and
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established runner plants. The work of Sproat and Darrow
(164), on the effect of leaf area on production, showed
that, as the suthors state, ". . . the possible crop is
determined by the leaf area during the previous fall. The
larger the leaf area during the fall when fruit buds are
formed, the larger the crop the following spring." Morrow
and Darrow (85) presented data to show that there is an
increase in the number of flowers per plant for each in-
crease in size of plant as measured by number of leaves on
November 15. ©Since the extent of flower~bud formstion and
the number of frult buds are entirely determined in the
fall under usual conditions in Maryland, the possible crop
is determined then.

Following runner plant formation, runner plsnt develop~
ment during the growing season can be divided into two
critical periods, which were found, in this study, to be
interrelated with mother plant development. First, the de-
velopment of the runner plant throughout the summer and,
secondly, further growth and development following the first
initiation of fruit-buds in the fall. Previous to the first
period, the mother plants are increasing their root systems,
enlarging the crowns, and developing nﬁwlloat area at a
rapid rate. Shortly before the leaf ares of the mother
plant has reached a maximum, runner plants start to develop
and ere entirely dependent upon the mother plant for mineral
nutrients and water until sufficient root systems and leaf

areas are made to enable them to be independent of the
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mother plant. If during this period, sdverse enviromnmental
conditions exist, such as low soll moisture, runner plent
development 1s serliously retarded as was shown in the in-
vestigation under greenhouse conditions. After the runner
plents have become more or less self-supporting, they enter
into another period which can be altered seriocusly by en=-
vironmental conditions. If the cultural practice has been
one of growing the plants in metted rows, the plants cease
further development in early fall, but if the plants have
been thinned or spaced, they continue to develop at about
the same rate until frost. This wag shown by Van Horn,
Schrader, and Haut (108) who, with both matted and thinned
rows, reported thet early runner plants developed dry weight
of roots at s rapid linesr rate during the growing season,
except thet plants from matted rows ceased this rapid de-
velopment in early fall compared with continued development
of thinned plants. Rapid crown development oecurred in the
fall after an earlier slow, steady rate of dry matter in-
crease. They stated that: "The continued fall development
of plants in thimed rows possibly has significance in the
excellent frulting behavior of such plants in the following
spring compared with matted row plants."” Thus, with this
knowledge of growth relationships, the importance of cultural
snd environmentsal conditions during mother plant development,
runner formation, and runner development can easlly be seen
in relation to the growth and fruiting behavior of the

Blakemore strawberry.
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S0il moisture is probsbly the most important factor
in the growth of the strawberry plant other than basic soil
fertility, so that soil moisture, a8 shown by the results
obtained in the greenhouse investigation reported here, can
be termed the limiting factor in strawberry plsnt growth.
This work showed that on a heavy or fine~textured soll, a
readily available moisture supply over and above average
801l molisture levels, was definitely needed for good, vige
orous mother plant develorment and subsequent runner plant
production and development. Conversely, from the results
with seration, this first known work on the effects of sup=-
Plemental eeration on the development of the strawberry
plant has shown thét ths'stra'berry is not likely to be re~
stricted in ita growth and development due to unfavorable
soil atmospheric conditions in the soils on which straw~
berries are commonly grown. The soil used, & fine Sesssfras
silt loam, for these amerstion studies would probably, in
riost ceses, be considered heevy for strawberries but this
besers out the conclusion that the strawberry is probably,
under the majority of cases (barring poor drainsge), not
restricted in growth by limited soil aeration but rether to
lack of moisture. Under field conditions, one can readily
see how a dry growing season would result in poor mother
plant develorment, & smell number of weak rumner plants, and
subsequent low yields the following spring. However, the
Importance of & high soll moisture level during the plant

growing seasson has not been recognized, Moisture could not
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only be the 1imiting factor during the growing season but
it can slso seriously curtail plant growth and fruit pro-
duction during the fruiting season, s has been shown under
Maryland conditions (98).

How, then, can the grower apply this knowledge of straw-
berry plant growth and s0il moisture requirements in order
to insure good plant development during the growing season
with consequent high ylelds the following spring? As a re-
sult of the extensive field studies, the answer to this
question lies in plant thinning or spacing in combinstion
with & narrow width row. By plant thinning or spacing we
adjust the density or the number of plants in the row and
thereby reduce competition between plants for mineral nu-
trients and moisture. This factor alone greatly incresses
the size and produstiveness of the individual plant and when
the width of row is kept nsrrow ékill gregter possibllities
are afforded. By keeping the width of row narrow, together
with plant thinning, we not only reduce competition among
plants for mineral nutrients and water but we incresse the
proportion of early~-formed and established runner plants
which have & high fruiting cspacity. Cutting off sll runners
beyond the nerrow width of row desired slso greatly reduces
the drein on the mother and the first-formed runner plants.
In addition to these greatly desirable features, the propor-
tion of plants in the row next to the aisle is incressed,
which affords a greater s0il area per plant from whiech to
draw molisture and nutrients. Therefore, by plant thinning
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or spacing, using the narrow row, it is possible for the
strawberry grower to greatly increase production over even
the usual thinned row method. In addition, in unfavorable
seasons, this method insures full stands of plants, not
possible with wide rows in auch seasons. As descrlbed later,
the narrow thinned row also offers advantages from the stand-
point of renewal for second-year fruiting.

The increases in yield and growth responses obtained
from thinning or sFacing of Blakemore plants corroborates
the findings of all previous investigations of this nature.
Excellent responses in increased yield end size of berries
have been obtasined by plemnt thinning in presctically all eof
the investigations rerorted. An exception to the genersl
rule, thet thinning results in incressed ylelds, was found
in the 1940 and 1941 seasons when ylelds from both mmtted
rows and thinned rows were exceptionally high, spproaching
maximum yields obtalined from the best of irrigstion prec-
tices. It is probable, that when conditions sre very favor-
able for meximum growth of plants in matted rows which results
in high ylelds, that plant thinning merely increases yield
per plant to maintain sbout the same very high level of yield.
However, plant thinning d4id result in some increased size of
berries which might offset the cost of thinning. The removal
‘of excess runner plants presents a problem in labor cost if
such work is to be done by hand. Now, by & few simple modi-
fications of the cultural prectices followed for yesrs, the

grower can, without much additional labor costs, thin his
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plant beds and msintein narrow rows in order to insure com-
paratively high yields. Recognizing the importance of fsll
development of runner plants (108), plant thinning can be
delsyed until early fall, when the beds should be raked
cross-wise of the rows, a8 practiced in these investigatioms,
at very little additional cost. Disc sttachments can be
placed on the cultivator to cut off runners raked into the
aisles,

Plent thinning offers two possibllities of renewsal
which give comparatively high ylelds the second year of fruilt-
ing. After fruilting, the thinned rows may be allowed to re-
vert to matted rows or all runners may be removed so that
only the original thinned plants are left for fruiting. The
latter practice, from the standpoint of ylelds, is much more
desirable but involves higher labor costs, such costs probe
ably being more than offset by the increased ylelds; ylelds
nearly sequal to first season ylelds, It seems reasonable
that the removal of 2ll runners at the time of weeding opers-
tions would not greatly incresse the labor costs of this
type of renswal over the conventional method now being used
by most growers.

In conjunction with the question of renewslfor second=
year frulting, the narrow width row offers possidbilities of
even further reducing the time and labor involved in renewing
strawherry beds. An ideal renewal system would be one in
which there would be very little hand labor invelved, and

which would be comparatively easy and simple for the grower
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to adopt, and mainly, one which would insure comparatively
high yields the second year. In addition to the renewal
practices reported in these investigstions, some modifica-
tions were devised for further consideration. In the case
of the nerrow 1lO0-inch width rows with a l4~inch alsle, it

is possible to take out every cother row snd mllow this 10«
inch row to extend to s 32-inch width for secondeyeesr fruit-
ing. Another alternative is to allow two 1l0-inch width rows
to grow together or fill up the aisle mpace between edjecent
rows for second-year frgiting. This would be a cheap and
simple method for the grower rroviding the yiéelds were
favorable. “

Comparing the two seasons of work on response to width
of row, as rerorted in these investigations, the results ape~
pear to be contradictory. During the frulting sesson of
1840, as the width of row decreased a progressive increase
in vield per acre resulted, while in 1942, all of the dif-
ferent widths of row ylelded the same on an acre basis,

Let us consider the csuse of this difference in fruiting be=-
havior. In the summer of 1939, during which new runner
plants were developing to fill out the rows to the desired
width of row, unfavorabla_eonditiqns rrevailed for runner
plant formation a§d<davolopment and tconsequently the beds
were not formed until lete in the season. The mother plants
were slow to initlate runners and consequently the newly
formed plants had a comparatively short growing perlod. As

the width of row progresaively increased, the percentage of



119

late formed runner plants increased. Since runner plants
which are formed late in the season have only a short grow-
ing period before frost, they do not have enough time to
develop large root systems and build up sufficient leaf
arees to be wvery productive the following fruliting season,

On the other hand, the summer and fall preceding the
1942 fruiting season was an exceptionally good period for
runner plant formation and development. In faet, by the
middle of July, even the wide 30-inch rows had the desired
density of runner plants. 3Since thie was such a good season
for rapid runner plant development, there was not a great
deal of difference in the time between the formation of the
first and the last runner plants and consequently, the wide
rows contained practiceally the same age plants as did the
narrow rows and therefore had about the same time to develop
roots and tops throughout the remainder of the growing season.
Even though there were no differences in acre yields between
the different widths of row, in reality, the 10-ineh rows
produced approximately 14 times as much as did the 30-inch
rows, due to the fact thst about 41 per cent of the total
area was covered by the 1lO=inch rows while about 68 per cent
of the total area was covered by the 30=inch rows.

In both seasons, the plots were on soils high in fer-
tility, as evidenced by good growth and high yields, in fact,
a8lso by lack of response to nitrogen spplications during the

swmers of 1939 aﬁd 1940,
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5pplieationa of nitrogen rsvtilizor during the growing
season because of its effect on vagetati?a vigor with many
‘plants on soila lcv 1n furtility, might graatly affect the
size of the plaut and.the potential development of frult
budas. Strawberries growing in soils of low fertility, it
would seem, would greatly beneflt from aprlications of
nitrate of sode during the growing season, in that it would
aid in the production of large leal areas and subsequent
development of more flower buds. However, on soils high in
fertility such as the 801l used in these investigstions,
it would seem logical that no response should be expected
from nitrate of soda applications, as was found in these
investigations.



SUMMARY AND CONCLUSIORS

This investigation was undertaken in an attempt to
determine the interrelstionshlp of various envircnmental
or cultural factors and the growth and yield of the BLlake-
more strswberry. The investigation included the following
problema: (1) the relationship of width of thinned, matted,
and spaced rows to productiveness; (2) the influence of
various renewal aystems apd width of row on berry produc-
tion; (3) the effect of varying the time and rate of appli-
cation of nitrate of soda throughout the growing season on
yield of fruit the following spring; (4) th@‘aeaaénal de~
velopment of the mother plant; (5) the effesct of differential
percentages of 201l molsture snd seration on plant develop~
ment.

From the study, covering the period from 1939 to 1942,
the following conclusions were drawn:

l. In a fruiting season preceded by a summer sand fall
unfavorable for runner plant formstion which is not uncommon
in Maryland, as the width of row decreased s progressive
incresse in yield per acre resulted.

2. On the other hand, in a frulting sesson preceded by
a summer and fall favorable for rumner plant formetion, no
difference in yield was obtained between the different widths
of thinned or matted rows, but ylelds from sny one width of

thinned row averaged over a 1000 quarts per acre more than
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yields from the same width matted rows.

3. Greater yields from a thimming practice can be
obtained when the width of row is kept sufficiently nerrow
to insure a high propartibn-of early formeé runner plants.
Such 1s the case, 1t is belleved, with s 10-incb width row,
where the width of row to be maintained 1is formed early in
the season from early formed runnbr plante, thereby obtain-
ing & much higher percentege of plants with e high fruiting
capacitye.

4, Vith Blakemore strawberries grown under s previocusly
fruited, thinned row system, significantly greater ylelds
were obtained from the renewal system by which all runners
were removed and the original plants fruited the second
year than from elther the conventional renewesl system or re-
version to the matted row.

5. Compared with first-year ylelds, fruiting the
original plants the second year resulted in only a smsll
reduction in yield of approximately 8 per cent, whereag with
the other two renewal systems, decreases of approximstely
40 per cent occurred.

6, It is iIndiceted that when thinned rows are allowed
to revert to a metted row condition for second-year fruiting,
yields equal to & conventional "barring-off" may be obtained.

7. Greater ylelds per acre were obtained from the 10~
inch width rows with progressively lower yields from the
20=, 30-, and 40-inch wildth rows regardless of the renewal

system employed.
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8. Under the conditions of this experiment, nitrate
of soda applied to thinned end matted rows had no beneficial
or detrimental effects on fruit production regardless of the
time or rate of epplication,

9. Studles on the seasonal development of the mother
plant showed that thers was & gradual incresse 1n dry weight
of the various plant organg up until the time of rumner
plant formstion when & sharp decline in the dry weight of
leaves occurred. This dry weight decline in leaves, and to
some extent in roots end crowna, of the mother plants con-
tinued until the rumner plents were well established and
practically self-supporting after which, the mother plants
again increased in dry weight until late fall,

10. The results of greenhouse investigations, under
controlled conditions, on the effect of different levels of
aveilable scll molsture and aseration on growkh of strawberry
plents, showed that a&s the percentage of available soil
moisture increased, & progressive increase resulted in leaf
area, number of leaves per plant, dry and fresh welight per
plant, snd number of runners per plant,

11. Esrliness of blooming wes directly related to the
percentage of svailable so0il molsture since plants growing
in 12 per cent molsture started blooming first, followed in
order by plants receiving 22 and 32 per cent moisture,

12. Aeration, under the conditions of this experiment,

seemed to have no influence on either root or top growth.
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