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INTRODUCTION

From the standpoint of yield the application
of nitrogen fertilizers to strawberry plants has given
contradictory results as evidenced by numerous field
experiments in various sections of the United States and
Canada., In some cases significant increases in yield
have resulted, while in others equally significsnt de-
creases have been obtalned, The fertilizer applications
have been made at various times, In some instances they
were applied at the time the plants were set in the field,
or soon after; in other cases split applications were made
in which part of the fertilizer was applied at the time of
setting in the field and the remainder applied either in
the fall or following spring. In still other cases, the
spplications were made in the spring of the fruiting year,

In the Northern states fruit-bud differentiation
occurs during September and October of the year previous to
fruiting and any treatment that might affect the differ-
entiation of the buds would need to be applied previous
to this time, In the extreme Southern states, however,
the length of day and temperature of the late winter and
early spring months are favorable for fruit—-bud differ—
entiation, Consequently 1t is poseible that differ-
entiation of buds and yield could be affected by treat—
ments applied at this time, This condition may possibly
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occur as far north as North Carolina in certain seasons,
In the Northern states when temperatures become favorable
for growth of the strawberry plant in the spring, the
length of day seems to be too long for differentiation of
fruit-buds to occur.

In some of the experimental work with strawe
berries 1t has been found that the application of nitrogen
fertilizers resulted in increased leaf area. Under con=
ditions of low soil moisture, larger leaf area ard conse-
quent greater transpiration surface might deplete the soil
moisture to such an extent as to result in drought injury
to the nitrogen fertilized plants sooner than would occur
in plants not fertilized with nitrogen. Nitrogen fertil-
ization has been reported to stimulate weed growth in
strawberry beds and in periods of drought the weeds would
serve to aggrevate the harmful effects of low soil moisture,
These factors might possibly affect fruit-bud differ—
entiation if they occurred during the summer previous to
fruiting, In the fruiting year nitrogen fertilization
or an abundant so0il moisture supply might cause excessive
vegetative development of the plents, A larger number
of leaves and leaves of larger leaf area, as well might
be produced by the plants, These growth conditions
might result in a poor set of fruit, poor color of the
fruit, and large soft berries which under the excessive
shade of the large leaves would be subject to field rots.
It is conceivable that prior to and during fruit-bud differ-
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entiation such conditions of growth might also affect fruit-
bud differentiation to a considerable degree by affecting
the carbohydrate~nitrogen balance, as has been shown by the
well known work of Kraus and Kraybill with the tomato fruit.
Such factors undoubtedly have considerable
importance in the interpretation of the discrepancies between
the results of nitrogen fertilization as has been reported by
numerous investigators,
The strawberry plant, because of its habit of
forming fruit-—buds the year previous to fruiting, itse
shallow root system, and sensitivity to soil and climatic
conditions presents unusual problems to the commercial
grower, It was with the purpose of studying in some
detail the responses to be expected from varying the mois—
ture and nitrogen available to the plant during its vege—
tative and reproductive periods that this investigation was

undertaken.
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REVIEW OF LITERATURE

In a consideration of the effects of nitrogen
fertilizers and soil moisture on the responses of the straw=
berry plant it is important to know whether such treatments
were applied before or after the time of fruit-bud differ-
entigtion, Some rather extensive investigations concerning
the time of fruit-bud differentiation in strawberries in
Maryland have been made by Waldo (40) at the United States
Plant Field Station, In generzl it was found that our
commonly cultivated varieties showed differentistion of
fruit-buds during September and early October, Other
investigations concerning the time of fruit-bud differ—
entistion have been conducted by Schilletter (32) in Iowa
and by Hill and Davis (15) in Canada. In Iowa differ—
entiation first occurred between the tenth and twentieth
of September and in Canada it occurred around the middle of
September, In these regions the fall is the only time of
the yvear in which differentiation occurs under normal conw-
ditions. Hence, any fertilizer or soil moisture treat-
ment must be applied some time previous to the time of
differentiation if any effect on number of fruit budse is
to be expected, Treatments applied the spring of the
fruiting year can only affect the buds already differentiated.

In actusl practice fertilizer treatments have
been applied both the year previous to fruiting and in the
fruiting year, Aong the experiments which have shown in-

creased yields resulting from the spring applications are
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those of Brown (3) in Oregon, and White (43), (44) in New
Jersey, and Schrader (31) in Maryland, Shoemaker (33)
in Ohio and Macoun and Davis (24) in Canada applied nitro-
gen fertilizers in split applications and obtained higher
yields than where it was applied in one application, In
the case of split applicati ons part was applied at the
time of setting the plants in the field or soon after,
and the remginder either in the fall or the following
spring. In North Oarolina, Darrow and Waldo (8)
applied organic and inorganic nitrogen fertilizers in
split applications, part being applied in the fall and
part the following spring, and as single applications in
January. Except in one case where fertilizer injury
occurred, all applications resulted in increased ylelds,
Except in the cgse of the North Caroline experiments and
those where the split applications were made, the above
applications were made after fruit—-bud differentiation so
that the treatments could not have had any effect on the
number of buds differentiated,

In latitudes further south there may be s
considerable period of fruit—bud differentiation in the
spring. Darrow and Waldo (7) state that ffom Virginia
northward there is no period of spring fruit—bud differ-—
entiation, In Alabama,Taylor (37), found that an apvli-
cation of nitrogen fertilizer in January of the fruiting
year resulted in an increased yield., This response to

the fertilizer may hzve been due to the effect on differ-
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entiation in the season previous or to the effect on
differentiation during the spring of the fruiting year.
At Hammond, Louisiana, Syzmomiak (36) applied nitrogen in
the form of a complete fertilizexr the year previous to
fruiting and obtained marked increases in yield, The
soils in that section of the state, however, were very
poor and may account for the marked response to ferti-
lizers, In the Philippines, Rodrigo (30) found that
fertilized plots receiving & 5~10«5 fertilizer yielded
more than the unfertilized. One-half of the fertilizerx
was applied before planting and the other half in the
latter part of September, Harveeting began the latter
part of November and continued until June.,

Some of the more carefully controlled experi-~
ments relative to the effect of nitrogen fertilizer on the
strawberry are those of Loree (24) in Michigan and Davis
and Hill (10) in Canada. Loree grew strawberry plants
in 8ix inch pots filled with a light sandy soil and
applied nitrogen fertilizers at various times, The
application of nitrogen fertilizer, whether alone or in
combination with phosphorus and potassium, increased the
yields in every case, The largest yields were obtained
from plants fertilized during the spring and summer periods
of the non-fruiting year and again in the spring of the
fruiting year. By use of sand cultures Hill and Davis
showed that there must be sufficient amounts of phosphorus

and potassium in the so0il if increased yields are to be
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expected from the use of nitrogen fertilizers, These
results would tend to substantiate those of Loree, The
lack of potassium or phosphorus in the soil might accouét
for the failure to obtain increased yields when hitrogen
fertilizers are applied.

Other investigators under similar conditions
of latitude have found that the application of nitrogen
fertilizer resulted in a decreased yield. Chandler (4)
in Missouri found that nitrogen fertilizer, applied a
year before the crop is harvested and also in the spring
of the fruiting year; resulted in decreased yields. The
berries on the nitrogen fertilized plants were observed
to wilt much more than those grown on the unfertilized
plants, Other experiments at the Western Kentucky
Sub-Station (17), in New Hampshire (20), (39), (43), and
in Ohio (34) have shown decreases in yield when nitrogen
fertilizere were applled to strawberries. In the New
Hampshire experiments the fertilizer applications were
made at various times; in the spring of the fruiting year,
in split applications, and the year previous to fruiting,
In Ohio the nitrogen fertilizer was applied in the spring
of the fruiting year. In New Hampshire it was found
that the nitrogen fertllizer increased the leaf area about
twenty per cent and that the leaves had a greater tendency
to wilt than did those on the check plots, It was
thought that this may have been due to greater transpira-

tion and consequently a more rapid depletion of the soil

moisture under the nitrogen fertilizea plants, This
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supposition was further strengthened by the fact that in
1924 when the rainfall during the fruiting season was but
1.22 inches as compared with 2,26 inches for 19233, the
crop was reduced more on the nitrogen fertilized plots
than on the check plots, It was concluded that soil
moisture might be the limiting factor in regard to the
effect of nitrogen fertilizer on yield. In the New
Hampshire experiments the soil seemed to be in a fairly
high state of fertility before any nitrogen was applied,
and increases in yield might not be expected, especially

if soil moisture were limiting,
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MATERIALS AND METHODS

Plant Materials

The Howard 17 variety of strawberry was used
in all the investigations reported in this paper, This
variety was selected because it is one of the four com-
mercial varieties grown in Maryland., In some sections
of the country it 1s the leading variety of strawberry.

In the preparation of the plants for chemical
analyses, a transverse cut was made just above the highest
roots, The upper portion was called tops and the lower
portion called roots, Consequently, part of the crown
remained with the top portion and part with the root
portion,

In the case of the plants used for the photoper-—
iod studies, the samnles were taken in the morning at the
time the plants were brought into the light, Six plants
were used for each individual sample, In the field
studies, two plants of each age were selected from each
of the six blocks receiving the same treatment, Thus,
there were twelve plants of each age in each treatment; a
conmposite sample was made of these twelwve plants, Sampling
was begun around ten o'clock in the morning and completed as
soon &g possible, Fresh and dry weights of the plants
were obtained.,

In the case of the fruit, a 50-gram fresh weight

gample was taken for the moisture and total nitrogen determi-
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nation and a 100-gram fresh weight sample for the determi-
nation of carbohydrates, The fruit was cut into thin
slices for these samples, The carbohydrate sample was
preserved in eighty per cent alcohol to which precipitated
chalk had been added,

All of the plant material and the fruit for the
moisture and nitrogen determinations was dried in a venti-
lated oven at 65°C, for thirty~six yours., After obtaining
the dry weights the plant meaterial was ground in a Wiley
mill and preserved in glass bottles until used for the
analyses, The dried fruit samples were preserved in

small paper bags until ready for analysis,

Chemical Methods

Soil.

Standard methods were used for the determination
of the readily available phosphorus and the replaceable
potassium of the soil, S0ll nitrates were determined
accor@ing to Harper!s modification of the colorimetric
phenoldisulphonic acid method (14),

Plant and Fruit Materials.

Total Nitrogen., Total nitrogen was determined

by the official Kjeldahl-Gunning method (1) modified to in-
clude nitrate nitrogen. A one gram sample of the dried
plant material was used for this determination and with the
fruit the dried residue from the 50 gram fresh weight sample,
Soluble Njtrogen, An aliquot of the alcoholic
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extract prepared for the soluble carbohydrate determinations
was removed to a Kjeldahl flask and the alcohol and water
evaporated off until only a gummy mass remained in the flask,
An attempt was made to remove all moisture from the sample,

A measured amount ofsalicylic~sulphuric acid mixture was
added to the material in the flask and the flasks stoppered
and allowed to stand over night, From this point on, the
determination was the same as that for total nitrogen,

Insoluble Njtrogen, The difference between the

soluble and total nitrogen was considered as the insoluble
fraction.

Reducing Substances., In the case of the fruit

samples, which had been preserved in eighty per cent
alcohol, the alcohol was poured off and the residue trans-—
ferred to a large porcelain evaporating dish and dried in
a ventilated oven at 65°C, The residue was then trans—
ferred to small tared beakers and dried to constant weight,
After grinding the residue to pass a 100 mesh sieve, an
aliquot was taken and extracted for six hours with eighty
per cent alcbhol in a Soxhlet extraction apnaratus, This
extract was then added to a similar aliquot of the alcohol
in which the samnle had been preserved. The residue was
saved for acid hydrolyzable polysaccharides,

With the roots and tops a two gram sample of
the dried and ground samnle was welghed out and extracted

with eighty per cent alcohol in a Soxhlet extraction

apparatus for a period of twelve hours, The residue
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was saved for the determination of acid hydrolyzable
polysaccharides, From this point on the methods used
for the fruit and plant samples were the same,

An aliquot of the alcoholic extract was
evaporated until the odor of alcohol was no longer
noticeable, Water was added if necessary to prevent the
sample from carameizing before sll traces of alcohol were
removed, When all the alcohol had been evaporated,
approximately 100 cc of water were added and the mixture
heated to 80°C. After cooling,enough neutral lead acetate
solution was added to clear the solution which was then
filtered into a beaker containing an excess of sodium
oxalate crystals in order to precipitate the lead. The
lead oxalate was then filtered off and the solution made to
volume, A 50 cc. aliquot was removed from the determination
of free reducing substances, The detefminations were made
in duplicate,

Total Sugars. An aliquot of the above solution
was used for the determination of the total sugars after
jnversion with hydrochloric acid at room temperature for
twenty-four hours. This solution was then neutralized with
thirty=~five per cent sodium hydroxide solution, and made to
volume, From this solution 50 cc. aliquote were removed
for reduction,

Sucrose, The differerce in reducing power of
the solution before and after inversion with hydrochloric
acid times the factor ,95 was taken as the amount of sucrose

present,
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Starch. The residue from the alcoholic
extraction was digested with Taka-diastase according to
the: method described by Denny (11), A negligible amount
of copper was reduced by the mixture after this digestion,
Microscopical examination failed to disclose the vresence
of starch. Consequently, after the first lot of samples
no further digestions with Taka-diastase were made, but the

sugar-
/free residue was hydrolyzed with acid.

Acid Hydrolyzsble Polysaccharides., The residue
from the alcoholic extraction was ground to pass a 100 mesh
sieve, transferred to a 500 cc. Florence flask, and 100 cec,
of water added, Ten cc, of twenty—-five per cent hydro-
chloric acid were added and the mixture hydrolyzed under a
reflux condenser for a period of two and one-half hours,
After cooling, the material was neutralized with sodium
hyrdoxide solution, filtered, and the filtrate made up to
volume, Fifty cc. aligquots were used for reduction,

All reductions for the carbohydrate deter-
mingtions were made with Fehling's solution according to
the Munson and Walker method, The reduced copper was
determined according to the Bertrand method, using .05
normal vnotassium permanganste solution which had been

standardized with a pure glucose solution,

Histological Methods

After the buds were removed from the crown

of the plants they were placed in an alcohol-~scetic acid-

formalin killing and fixing solution. The air was ex—
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hausted from the buds by placing them in partial vacuum
for ten minutes, They were then stored until ready for
embedding. The killing solution was poured off, the
buds washed in running water, dehydrated in alcohol, and
the alcohol removed by n—butyl slcohol, From the butyl
alcohol they were embedded in paraffin, The sections
were cut from sixteen to twenty—four microns in thickness

and stained in Delafield's haematoxylin,

Statistical Methods.

The field plots, greenhouse plotg, and the

data secured were planned so that Fisher's (12) Analysis

of Variance method could be used for the interpretation of
the results, Thisg method of analyzing experimental data
has been used and discussed by Immer, Hayes, and Powers (18)
in barley variety adaptation investigations, and by Latimer
and Wentworth (20) in strawberry fertilizer investigations,
Consequently, no explanation of the use of this method will

be presented except as it applies to the data at hand.
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EXPERIMENTAL RESULTS,

Growth Responses of the Strawberry Plant Before Fruit—Bud
Differentiation When Grown Under Conditions of Low and
High Soil Moisture and Nitrogen.

Description of Plot Layout and Methods., On April
31, 1934 plants of the Howard 17 variety were set in the

field. The soil was quite uniform and in a good state

of fertility, having been cropped with vegetables previously,
The plots were fifteen by forty-elght feet in size and con-
tained two rows of five plants each, spaced eight feet apart
in the row with rows five feet spart. Guard rows marked
the boundaries of the plots, There were five replications
of each treatment, making six plots per treatment and a
total of twenty-four plots in all, This large vplanting
distance was used so that the runner plants could be

trained in the row as desired,

The roots of the plants, before setting in the
field, were shortened to about three and one-~half inches
in length and all but one or two of the leaves removed,

All the blossoms were picked off as they appeared. Incis
dentally, not one of the 340 plants set for experimental
records, nor any of the 235 guard plants died,

The runner plants were trained along the row in
four unbranched series, two on either side of the mother
plant, The parallel series were spaced about one foot
apart, At weekly intervals, all runner plants showing

indications of rooting were marked by a six inch garden



=15~

stake placed in the soil beside them. The date of rooting
wes marked on the stake and & record was also kept in a note~
book,

The plants were grown under four different treat-—
ments which were gs followsg

Nitrogen fertilizer and irrigation.

Nitrogen fertilizer without irrigation.

No nitrogen fertilizer and irrigation,

No nitrogen fertilizer and without irrigsastion,

A top dressing of nitrate of soda wae applied
to the nitrogen plots at the rate of 150 pounds per acre on
June 5, July 12, and August 20, The nitrate of soda was
cultivated into the soil after application. No nitrogen
wzas applied to the other plots, Fur;ow irrigation was
applied to the irrigated plots beginning July 16 and at
nearly weekly intervals thereafter. The soil was kept
well cultivated throughout the growing season,

Samples of soil were taken at intervals through-
out the growing season for soil moisture and nitrate deter—
minations, A composite sample of all the plots of a treat~
ment was made, The soil samples were taken to a depth of
six inches since Beall and Mann (2) have shown that ninety
per cent of the strawberry root system is in the upper six
inches of soil, Samples were obtained at four places in
each plot and adjacent to the plants with a sampling tube

two or three days after irrigation,

Effect of Treatment on Soil Moisture and Soil Nitrates.

Soil samples were taken throughout the duration
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of the experiment so that the plant resvonses could be
checked with the soil conditions which were maintained
experimentally. The season was extremely dry during
July and August and temperatures were very high, Vege—
table crops growing in the same locality suffered from
the drought conditions, During the first part of
September an excessively heavy rainfall occurred, in
fact all rainfall records for the month were exceeded,

In Table 1 the results of the so0il moisture
determinations are shown, Marked effects of irrigation
on soil moisture were apparent throughout the season ex—
cept for the two sampling dates -- August 18, and September
27. On August 18 the samples were taken soon after a
rather light rainfall and eaused the soil to show a high
moiesture content, The samples on September 37 were taken
after the very heavy rainfall occurring the first part of
the month, and the soil 8till showed a decided effect of
thie excess moisture, On these two dates the nstural
rainfall had dliterated all effects of irrigation. Ho W~
ever, on August 35 and September 1, the moisture deter—
minations showed the characteristic difference due to the
irrigation treatments, Particular emphasis should be
put on the heavy rainfall the first part of September,

In the first two weeks 11,37 inches of rain fell, which
broke a 58 year record of 10,81 inches, The seasonal

average soil moisture for the four treatments ehowed that



Table 1 -- Percentage Moisture Content of Upper 6" of Soil as Affected by
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the irrigated plots averaged 11.85 per cent and 12.43 per
cent, and the unirrigated plots averaged 10.20 and 10.16
per cent, or an average difference of 1.88 per cent., Un-
fortunately the wilting coefficient of the s0il was not
determined, so it is not known how high the unirrigated
plots were above this, Since the soil was a sandy loan,
it is probable that the wilting coefficient was around 6
to 7 per cent.

At all times soil nitrates were considerably
higher in the nitrate nlots as is shown in Table 2. The
seasongl averages showed that the nitrate plots contained
approximately four times as many nitrates as did the plots
not receiving nitrogen fertilizer, On the average, the
irrigated plots, whether receiving nitrate or not, were
congiderably lower in nitrates than the unirrigated plots,
This was undoubtedly due to the leaching of the nitrates
from the upper few inches of soil by the irrigation water,
Since the soil samples were only taken to a depth of six
inches, it is not known just what the nitrate content of
the so0il below this depth might have been, On August 11
and September 27 the nitrates were lower in =211 plots,
whether irrigated and fertilized or not, On August 1l
this was probebly due both to the use of the nitrates by
the plants and a slight amount of leaching from the soil
by light showers, On September 27 the low nitrate content
was undoubtedly due to the heavy rains occurring the first

part of the month. The nitrates on this latter date were



Table 2 -- Nitrates in Parts per Million of Air-Dry Soil as Affected by

Applications of Nitrate of Soda and by Irrigation, 1934.
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prectically the same in 28ll treatments, As a season
average, the plots fertilized with nitrate of soda had
a nitrate content of 33 parts-per million more than the
non—-fertilized plots, Thus, there was a considerable
difference in the nitrate content of the soil due to the

treatments applied.

Effect of loisture and Nitrogen Treatment on

Plent Growth.

Numbexr of Runner Plants.

The effects of the soil treatments on plant
growth prior to and during the time of fruit-bud differ—
entiation were determined in various ways. Perhaps
one of the most striking characteristics of the straw-
berry plant is its ability to propagate itself by runner
plants, In commercial plantings the mother plants set
out in the spring of the year produce runner plants, the
firat of which are usually produced sometime during May
or June, depending on seasonal conditions, and these
runner plants in turn produce other runner plants, The
development of runners and runner plants in the straw-
berry has been fully described by Darrow (5)., In the
present investigation all runner plants formed by the
mother plant beyond the first four were broken off as
soon as they could be detected, Each of the runner

plants produced during the season was limited to the
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formation of one other runner plant. In this manner
the number of runners which could root from any one plant
was limited, Each clon then could produce nlante in
but four places; namely, at the end of ea¢h of the four
runner series,

In Tables 3 and 3(a) the effects of the treat—
ments on the number of runner plants formed at weekly
intervals during the growing season is given, In order
to conserve space, the figures given represent the total
number of plante formed for the six blocks of a treatment,
The data for the Analysis of Variance, however, is based
on the single plot and period, From Table 3(a) it will
be seen that treatment and period made significant contri-
butions to the total wvariance. The Z-value given is that
necessary for odds of 19:1 that the effects observed are
not due to random sampling. The standard error of the
difference, which was derived from the mean variance for
error, is given and two times the standard error of the
difference, which in this case is 24,66, may be used as
a minimum difference required between any two treatments
to show significance, From an examination of Table 3
it will be seen that all treatments are significantly
different from one another, In other words, the differ-
ences in the number of runner plants produced by each of
the various treatments varies by more than twice the
standard error of the differences from any other treat-—

ment, The most plants were produced in the plots re-



Tgble 3 —=— Effect of Nitrogen and Soil Moisture Treatments on Number of

Runner Plants Formed During 1934. (Expressed as Total

Number Produced by 60 Mother Plants per Treatment).

Treatment
“TWitrogen :Nitrogen fer~:No nitrogen

o 9

No nitrogen

Period ¢ fertilizer:tilizer not :(fertilizer ; fertilizer § Total
~__t irrigated :irrigated sirrigated ¢ not irrigated :
Up to and includ=: : : : :
ing June 28 : 97 81 : 103 : 108 : 389
June 28-July 6 ; 125 : 128 : 137 % 138 : 528
July 6=July 13 : 102 : 1u : 110 : 125 : 448
July 13-July 20 ; 74 90 : 91 : 85 {340
July 20-July 27 : 100 ¢ 91 : 98 ; 96 : 385
July 27-Aug. 3 i 74 : 87 : 99 : 100 : 360
pug. B-ug. 10 i 78 : 82 ; 76 ; 87 e
Aug. 10-Aug. 17 ; 59 E 88 : 100 : 92 P 337
fug, 17-Aug. 24 | 77 % 85 ; 90 P 108 : 358
Aug, 24 - Aug, 31§ 59 % 81 : 97 a1 : 508
pug. Bl-Sept. 7 : 76 84 : 90 : 108 : 358
Sept. 7-Sept. 14 ; 62 82 {103 {110 i 357
Sept. 14-Sept. 21t 68 % 69 : 74 : 84 {295
After Sept. 21 _{ 43 ’f 30 ! 120 ; 26 ! 219
Total : 1,002 i 1,187 {1,388 : 1,386 5,023

___Standard error of the difference: 12.33




Table 3a —- Analysis of Variance for Number of Runner Plants Formed on

Plots Receiving Nitrogen and Moisture Treatments.
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celving irrigation and no fertilizer, The next highest
was on the unfertilized and unirrigated plots, The
nitrate plots produced the fewest runner plants; the
irrigated plote producing fewer runner plants than the un-
irrigated plots.

As compared with nitrogen fertilizer, irrigation
was found to have a negligable affect on the production of
runner plants, The seasonal average differsnces in soil
moisture were possibly not great enough to produce striking
effects, although irrigation did materially affect the
nitrate content of the soil, Nitrogen fertilizer had
the opposite affect on runner plant production than was
anticipated. This may have been due to the time and
rate of application. That nitrogen fertilizer had an
adverse affect on the vlants is not borne out by the soil
and plant data since the »nlots receiving nitrogen and no
jirrigation produced more plante than the plots receiving
both nitrogen and irrigation, although the former plots
had a greater seasonal nitrate content of the soil than
did the latter plots,

In Table 3 the total number of runner plants
for the s8ix plots of each treatment is given by weekly
intervals. The peak for runner plant production for
the season was reached during the week of June 28 to
July 6, This was true of all treatments, Ordinsrily

the Howard 17 variety does not form many runners after

the first part of September in Maryland, The fact that
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B0 many were produced in this experiment after September

1 was probably due to the excessive rainfall the first part
of the month, In general, runners were produced quite
uniformly throughout the season, both on the irrigated

and non-irrigated plots. From the period of July 37 to
August 3 the production of runner plants on the nitrogen
plots was uhiformly lower than in the plots not receiving
nitrogen. The irrigated nitrogen—fertilized plots pro-
duced the fewest number of runner plants,

Effect of Treatment on Number of Leaves on Different Ace

Plants,

The number of leaves on each runner plant and
the mother plants was determined toward the latter part of
the growing season, in October, Since the plants
differed in age according to their position in the runner
series and date of rooting, the number of leaves was
determined for each position, The analysis of variance
for these data is presented in Table 4(a). The Z-value
for treatment was nof significant and it may be concluded
that the nitrogen and irrigation treatments did not
significantly affect the number of leaves per plant at
the different positions on the runner series. For plants
at the different vositions in the runner series,etgnificant
differences were found,

In Table 4 are presented data for the average
number of leaves for each age of plant in the six blocks

of a treatment. The standard error of the difference



Table 4 —- Average Number of Leaves per Plant at Different Positions in

the Runner Series as Affected by Moisture and Nitrogen
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Table

4a - Analysis of Variance for Number of Leaves per Plant at Different

Positions in the Runner Series as Affected by Moisture and

Nitrogen Treatments,

Variance : Degrees : : Mean : : Value
due to ¢ of + Variance : Variance : 4 log : :
s freedom : : e : Found : Necessary
Bloocks : 5 : 99.84 :  19.97 : 1,4971 :
Treatment  : 3 : 14.10 : 4,70 : 0.7737 i .3444  : .4787
Position & 8 : 3,808, 57 : 450,82 : B3,0555  : 2,8262  : .3309
Treatment : : : ; ;
X : 24 . 14.92 H 0062 H "0.7610 - H
Position H : : : H :
Error : 170 : 400,74 : 2.36 ¢ 0.4293 :
H H : H 3 .
Total : 210 :  4,136.17 : : : :
* -« 5 degrees of freedom dropped for substituted averages.
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Figure 1 18 a graphical reproduction of the
number of runner plants formed during the season, and
perhaps, brings out more clearly the differences between

the low and high nitrogen treatments,
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between means, based on the mean variance for error, is
also given, Two times this value provides a2 convenient
estimate of a minimum difference necessary for significance,

In all cases the numbver one plants, those
between the mother plants and number two plants, had a
significantly greater number of leaves than the number
three plants, as judged by twice the standard error of the
difference between means, The number two plants had a
significantly larger number of leaves than the number four
plants, but not significantly more than the number three
plants, Other differences were also appnarent, Unp
questionably, there was a decided downward trend in number
of leaves on the plants produced the latter part of the season.
The low interaction of position and treatment indicates that
treatment had no affect on the number of leaves per plant
in the different positions,

If the number of leaves and the resultant leaf
aren are of importance from the standpoint of fruit-bud
differentiation and subsequent yielding abilitv, then the
older runner plante will produce the greater number of
bloesoms znd fruit the following season. That the
nitrogen treatment which resulted in a high nitrate con-
tent of the solil affected the number of leaves, adversely,
jif at all, is somewhat surprieing, although in line with
the results obtained for the number of runner plants

formed, It i8 usually expected that more as well as

larger leaves will result from the application of nitrogen
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fertilizers under field conditions,

Length of Runner Between Plants.

The length of the runner between runner plants
might possibly be a measure of the vegetative vigor of the
plantes and consequently would provide another indication of
the effects of treatment on plant vigor. For this reason
a measurement of the length of the runner between the plants
in the runner series was made in October. Since the plants
had been trained in straight runner series, the length of
the distance of the runner between plants could be quite
accurately determined, The averages for the length of
the runner between the plants at the various positions on
the runner series are given in Table 5 and the analysis
of variance for the data in Tabke 5(a).

The interaction of treatment and position was
not significant, indicating that the length of runner
between positions is independent of treatment. Both
treatment and position made a significant contribution to
the total variance, In Table 5 the means for the several
treatments and positions are shown, Comparing first the
average length of runner between plants of a treatment, it
will be seen that the average length of runner between
plants of the unfertilized and non-irrigated nlots is sig-
nificantly greater than on those receiving nitrate of soda,
The no nitrogen—irrigated plots were intermediate, These
data are correlated with the data for the number of leaves

and number of runner plants produced, The vposition of



Pable 5 = Effect of Nitrogen and Soil Moisture Treatments on Average Length

(Each Figure
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Table 5(a)-- Analysis of Variance for Length of Runner Data.
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tThe plants on the runner series largely determined the
length of runner between plants, As successive runner
plants are formed after the first one, the increase in

length of runner between plants is very uniform and con—

sistent. (See INSERT on next page).

Number of Blossoms per Plant.

During the winter a random sample of runner
plants from positions two, four, znd six on the runner
series was taken from the plots in the field and trans—
vlanted into greenhouse benches, This was done to
determine the number of blossoms that had been formed by
the pnlants grown under the various treatments and at the
different positions on the runner series. These plants
were grown uncer uniform conditions of soil moisture and
fertility in the greenhouse, The data for the results
obtained are recorded in Table 6 and the analysis of
variance in Table 6 (a). From the latter table it will
be seen that the effect of both treatment and position was
very significant, The Z-value given is that required to
give odds of 99:1. In both cases this value was con-
siderably exceeded.

The plante on the no nitrogen~nonirrigated plots
produced considerably more blossoms per plant than those re-
ceiving other treatments, These were blossoms which had
been differentiated the previous fall, The production of
blossoms in these plants is correlated with the number of

leaves, the number of runner plants formed, esnd the length
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In Figure 2 the consistent differences in
length of the runner between runner plants of the high
and low nitrogen treatments are shown in a striking
manner., The increase in length of runner between
plants as they occur further and further out on the

Tunner series may also be observed,



Length in inches

Fig.2 - Effect of Treatment on Average Length of Runner Between Plants.
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Table 6 -- Effect of Treatment and Age of Plant on the

Production of Blossoms,

(Expressed as Total Number of Blossome for 27

Plants per Treatment and Position).

Position of plant

: and date of rooting, ; Total for
Treatment : : : ' : treatments

: #2 2 #4 : #6 :

: _Ju : A : S 4
Fitrogen : : : :
fertilizer, : 443 : 339 H 363 : 1,045
Irrigated. : : H H

: : : -
Nitrogen : ; ; :
fertilizer, : 409 : 343 H 336 : 088
Not irrigated, : : H :

< i : :
No nitrogen : $ : :
fertilizer, $: 390 ¢ 310 : 2333 $ 932
Irrigated. : : : :
No nitrogen : : : :
fertilizer, : 471 : 355 S 345 : 1,171
Not irrigated. : : : :

: : : :
Total for : : : :
positions, ¢ 1,713 ¢ 1,347 : 1,076 S 4,136

Standerd Error of Difference for totals between treatments: 60,95

Standard Error of Difference for totels between positions: 70,38



Table 6a —- Analysis of Variance for Blossom Data.
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of the runner between plants, It will be recalled that
these plots were low in soil moisture and moderately high
in nitrates, though not as high as the nitrogen plots,
during the growing season, On the other hand, the no
nitrogen irrigated plots produced the fewest blossoms,
These plants had produced zs many leaves as those in the
above treatment, but the soil moisture was the highest and
the nitrates were the lowest in these plots of all those
considered, Perhape this treatyent delayed the differ-
entiation of fruit buds somewhat and as a result not as
many were formed before freezing weather set in =28 in the other
treatments, The nitrogen plots were intermediate: in
flower production, lowest in number of leaves, number of
runner plants and length of runner between plants, The
soil of these plots was highest in nitrates, The
nitrates may have been in such concentration as to be
somewhat toxic to the plant, though not sufficiently so

to inhibit fruit-bud formation.

It seems, therefore, that the one outstanding
treatment in these studies, in so far as growth and fruit-
bud differentiation are concerned is that of no nitrogen
and no irrigation, These results are at variance with
some of the published experiments with strawberries in
which increases in yield have been obtained by the use of
nitrogen fertilizers the year previous to fruiting, In
gome of the fertilizer experiments with strawberries, the

nitrogen has been applied in split applications, some before
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and some about the time of or after differentiation, and
this further complicates the problem of interpreting the
resultis,

The difference in the number of blossoms
produced by the plants in the different positions in the
Tunner series is striking and significant. These resalts
are in accord with those obtained by Morrow and Beaumont
(37), Shoemaker (33), and others who have found that the
earlier the runners were rooted, the greater their pro—
duction would be, From the dats in Table 4 relative to
the number of leaves per plant, it will be recalled that
the oldest plants had the largest number of leaves and
that there was a graduzl decrease in number of leavee %o
the youngest plants, The procduction of blossoms per
plant decreases in a similar manner, Apparently the
leaf area and age of plant are important if maximum pro-

duction is to be obtained,

Fruit—-Bud Differentiation and Chemical Composition

of Plants Grown Under Varicus Treatments,

Fruit-Bud Differentiztion

Effect of Nitrogen Fertilizer and Soil Moisture on Time

of Differentiation.

Considerable work has been done relative to
the effects of plant nutrition and photoperiodism on the
initiation of the reproductive processes in plants, The

investigations of Kreaus and Kraybill (19) concerning the
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effects of nutrition on the reproductive and vegetative
responses of the tomato plant and those of Garner and
Allard (13) relative to the effect of length of day on
the vegetative and reproductive responses of various
rlants are too well known to need extended discussion
in this paper. |

The problems of nutrition and photoperiodism
and their effects on the differentiation of fruit-buds
in the strawberry plant is of imvortance to every straw-
berry grower, who, whether he realizes it or not, has
the crop he is to harvest during the following summer very
largely determined by the time freezing weather begins in
the fall, His fertilization, cultivation, and other
cultursl practices undoubtedly have affected the size of
the crop. The growth conditions prior to and during
the time of fruit-bud differentiation are of the utmost
importance, as they may hasten or retard this process,
In the North, the time during which fruit-buds may be
formed, after initiation of the process is once beguin,
is limited by the temperature. Once temperastures become
too low for growth, there is undoubtedly no further differ~
entiation of buds, These conditions might not be of so
great importance in the South where conditions are more
favorable for growth throughout the winter, Soil moisture
and pitrogen treatments might affect the time that the
process of frult-bud differentistion was begun and in

this way very materially influence the subsequent crop
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of fruit, For this reason, samples were taken from
the various treatments for chemical analiyses and a
histological examination in order to gain some insight
into the possible effects they might have on fruit-bud
differentiation.

In samples taken September 8 no fruit-bud
differentiation could be distinguished, The growing
point of the crowns was broadening, but there was no
postive differentiation at this time, On October 4,
fruit-bud differentiation wes evident. In plants
rooted on July 6 many of the buds showed three primordia
present, In plants rooted July 37 the crown had
broadened and showed a slight elongation of the flower
stalk, These were the the least advanced of all plants
collected. Plsnts rooted August 24 were somewhat more
advanced than were the above plants, but not as far ad-
vanced as were the plants rooted July 6. Evidently in
1934 fruit—-bud differentiation was initiated in the
Howard 17 strawberry sometime between September 6 and
October 4, Probably the relatively late differentiation
in 1934 was due to the unusually wet weather in early
September, No difference in degree of differentiation
emong the various treatments could be observed, but this
also may have been due to the unusuzl weather conditions,

Effect of Photoperiodism on Fruit—Bud Differentigtion.

In order to compare the effects of nitrogen

fertilizer and so0il moisture treatments in their effects
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on fruit-bud differentiation with plants which did not
recelve the normal day length of light, some plants were
subjected to en ll-hour day, beginning the first part of
July. the plants for this study were runner plants
which had been rooted in three inch pots plunged in the
soll beside the mother plants, After these plants had
rooted, they were severed from the mother plant and
subjected to anll hour day of light by placing them in
total darkness for the remaining 13 hours, They were
brought into the light at seven o'clock in the morning
and returned to the darkened chamber at six o'clock at
night. Water was applied to the pots as necessary,
Samples were taken of these plants at frequent intervals
for chemical snalysis and for the examination of the buds
to determine when differentiation of fruit-buds occurred,
Similar plants were grown in pots and subjected to the
normal length of day so that comparisons could be made,

A careful and critical examination of paraffin
gections prepared from this material was made. It was
found that definite fruit-bud differentiation occurred
in a lot of plants rooted in the pots on June 32 and sub-
jected to a 1l hour day from July 9 to the time of sampling,
on August 18, The plants at this time were 52 days of
age and had received the short day treatment for a period
of 35 days. On August 7 this same lot of plants showed
no differentiation. Another lot of plants rooted on June

29 and subjected to the short day treatment from July 24
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showed the first differentiation of fruit-buds on August
20, The plants were 52 days of age and had been sub-
Jected to the 11 hour daily light period for 27 days,

In still snother lot of plants, rooted on July 123 :

and short day treatment begun on August 1, the first
definite fruit-bud differentiation occurred on August

387. These plants were 46 days of age and had been growing
uncer the shortened photoperiod for 27 days. On
September 11 all the plants which had been growing with

a daily light period of 11 hours showed tertiary and in
some cases8 quarternary flowers, On the primary flowers
the sepals and petals had formed and the anthers were
fairly well developed. Even the secondary flowers

were veginning to show the development of the anthers,

In plants growing under the normal length of day, no
definite fruit-bud differentiation had occurred on
September 11, at the time that this experiment was dis-—
continued, As reported elsewhere, the field grown plants
showed no differentiztion on September 6 snd on October

4 differentiation had not progressed very far.

A summary of the effect of photoperiodism on
the Howard 17 strawberry variety shows that fruit-bud
differentiation may be greatly hastened by subjecting
the plants toanll hour daylight period. It would
appear that the process of fruit-bud differentiation in
thieg variety of strawberry is insugurated as the days

become shorter in the fall, but that by subjecting the
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the plants to snll hour photoperiod during July and
Avgust fruit-bud differentiation may be induced,
Approximately a month of this short day treatment is
sufficient at this period to cause differmntiation.,

These resulte do not exactly corroborate those reported
by Darrow (9) who placed Howard 17 strawberry vlants
under 10 and 12 hour light periods from May to October.
He found that under the 10 hour day the plants produced
some blossoms by the end of July. Under the normal
and 12 hour day no flowers were produced., Also, under
the 10 hour day no flowers were produced after July 38,
In another year, plants of the Howard 17 :variety were
subjected to 8, 10 and 12 hour daily light periods from
July 16 to September 4, yet no evidence of fruit-bud
formation was found. On the other hand, Sudds (35)
reported that flower bud initiation was hastened by
subjecting the plants to an 8 hour day, presumably during
the summer months, The data reported herein would tend
to substantiate those reported by Sudds, According to
Darrow, the temperature is an important consideration in
photoperiod studies with the strawberry and it may be that
variatione in this factor would explain the discrepancies

in the results obtained in different seasons,

Chemical Composition of Plants,

Plants From Photoperiod Studies,

In Table 7 the data for the dry weights, as well



Table

7 = Chemical Composition of Plants Grown Under Conditions of

Normal Length of Day.

(Expressed as Percentage of

the Dry Weight).

Number of Days Comparable Plants were Under Photoperiod Treatment

; 15 ; 20 : 29 : 34 : 40
. : Tops : Roots : Tops : Roots : Tops : Roots : Tope : Roots : Tops :Roots
Average by Weigh t: : : : : : : : : :
er Plant(grams) ¢ 1.92 ¢ 0.5 : 1,59 : 0.,45: 2,51 : 0.,80: 2.,18: 0,80 : 2,18 : 0,92
EquBIe : : : : : : : : : :
Nitrogen *0.,1907 :0.68427 :0.3481 :0,4026 :0,3481 :0.5850 :0.2755 :0,6004 :0,2401 :0,3178
Insoluble : : : H : : H H : H
_gitrggen e2.26848 ¢+ 1.2038 :2.1775 :1.4850 :1.9381 :1,0861 :1.9895 :0,9237 :2.1025 :1.0440
otal : : : s : : s 3 s ?
nitrogen +2,4555 ¢ 1.8485 :2.,52368 :1.8878 :2.°2842 :1.6511 :2.2650 :1,5241 :2,3426 :1.3618
Reducing : 3 : : : : : : : :
Substances 13,25 : 2.81 +3.56 13.94 24,44 15,50 14,97 :5.,31 t15.,31 24,75
Sucrose +1,26 ¢ 1,25 :1.57 10,71 12,01  :0.31 :1.687 :0.49 :1.88  :0.83
otal : : : : : : : : : :
guﬁgrs 24,58 v 4,13 *5.21 ' 4,69 :18.56 t15.83 +168.73 15,83 t7.29 t5.,62
c s . : : : H : s : :
Hydrolyzable *13.680 :12.80 $13.20 :13.50 14,30 12,80 :15.70 :14.80 $:15.90 :16.70
Polysaccharides ¢ : : : s H H s H H
Total : : : : ? : : : s .
Carbohydrates 18,18 :16.73 *18.41 :18,19 :20.868 :18.63 22,43 220,63 :23.19 :122,.32
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as that for carbohydrate and nitrogen content of the
plants grown under the normal day are shown, In
Table 8 similar data for the plants subjected to the
11 hour day are presented. In the computation of
these tables the plants were grouped according to the
nunber of days they had been growing under the nhoto-
period treatments when sampled, In some cases the
data represent the averages for four different lots of
plants and in others they represent the averages for
two or three lots of plants. The figures for the
number of days given in the table for the normal day
plants were reckoned from +the time that similar lots
of plants had been placed under the photoperiod treat—
ment s,

Tables 7 and 8 show that the total nitrogen
content of the plants growing under the normal length
of day was at all times higher than that of the short
day plants, In general the soluble nitrogen content
was lower in the short day plants than in those growing
under the normal length of day. In every instance
the insoluble nitrogen was lower in the short day
plants, The content of reducing substances was
generelly higher in the short day nlants, In most
cases8, on the other hand, sucrose was higher in the
plants growing under the normal day lengths, Values

for total sugars were not consistent, in some cases they



Table 8 =~ Chemical Composition of Plants Grown Under Conditions of an

1l-hour Photoperiod.

(Expressed as Percentage of the

Dry Weight).

Fumber of Days Grown Under ll=—hour Day

: 15 20 : 29 : 34 40
+Tops :Hoots : Tops ¢ Roots : Tops & Roots : Tops ¢ Hoots : Tops *Roots
Aversage dry : : : : : : : : H H
weight per plant ¢ 1.99: 0.89: 2.,12: 0.87: 2,54: 1.08: 2.40: 1.26: 2,61 1l.43
Tams) : : : : : : H : : :
oluble ¢ : ° : . : H : 4 :
Nitrogen «0.1730 : 0.3890: 0.2648: 0,4450: 0,2242: 0,32867: 0.2048: 0,2543: 0.2331:0,3178
Insolublie : : : : : : : : . :
Nitrogen ¢ 2,0574: 1.0098: 1.7592: 0.9396: 1l.6701: 0.9616: 1.4851: 0,7594: 1l.2663:0,7335
Total : : : : s : : ’ s :
nitrogen ¢ 2.2304: 1.4088: 2.0230: 1.3846: 1.8943: 1,2883: 1.,6899: 1,0137: 1,4994:1,0513
ﬁeauc%ng : : : : : : : : : :
substances : d.46: .47 4,55 4,53 5.33: 5.03: 5.21: 5.08: 5.62¢ 4,78
Sucrose . 0,78: 0.58:  1.14: 0.66: 1.,22: 1.17: 1,02: 0.98: 1.13: 1,24
Total : : : : : s * : ¢ :
%p ars : 4,27 4,08 5.76¢ B.23¢ 6.64: 627 8.28! 6,11 86.82: 6,09
) : : : : : : : : : :
Hydrolyzable + 14,60 11.35: 14,73: 13.30: 15.,22: 16.42: 17.00: 23.40: 18.75: 23,70
Polysaccharides : : : : : : : : : :
Total + 18.87: 15.43: 20.49: 18.53: 21.86¢ 22.89: 23.28:! 29.51: 25.57: 29,79
Carbohydrstes  :: H : : s : s . : H




were higher in the normal day plants, Except for two
instances, the acid hydrolyzable polysaccharides were
higher in the short day vlants, In every case, ex—

cept that of the roots for the plants which had been
grown under the 11 hour day for 15 days, the total
carbohydrate content was higher in the short day plants,
This difference tended to become greater the longer the
plants were grown under the short day treatment, this being
especially so with the roots,

Briefly sumﬁarized, then, these data show that
the total nitrogen, the soluble nitrogen, and the insoluble
nitrogen was higher in the plants growing under the normal
length of day. On the other hand, the free reducing
substances, acid hydrolyzable polysaccharides, and total
carbohydrates were higher in the short day »nlants, Sucrose
tended to be higher in the normal day plants and total
sugars showed no definite trend. In every instence the
dry weights of both the tops and roots were higher in
the short day plants,

Figure 3 is =z graph of the total carbohydrate/
total nitrogen ratios for the roots and tops for both
the normal and short day plants and probably gives a
clearer conception of the data than do the figures, It
will be observed that the ratio of total carbohydrates
to total nitrogen is much higher in the short day plants

than in those grown under the normal length of day. This



Total Carbohydrate/Total Nitrogen Ratio
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185 20 29 34 40

Number of Days Under Treatment.

Fig., 3
Effect of an ll-hour Day on the Carbohydrate/Nitrogen
Ratio of Strawberry Plants,



This difference becomes all the more marked the longer
the plants were subjected to the 11 hour photoperiod.
Another striking difference is that the ratio in the
roots was considerably higher than that in the tops;
this was especially true of the short day plants.

At the time fruit-bud differentistion was
first observed in the short day plants the total carbo-
hydrate/total nitrogen ratio in the roots was approxi-
mately 11 in the tops and 18 in the roots, At no
time during the duration of these photoperiod experi~-
ments,which were discontinued September 11, was a ratio
28 high as this reached in the plants growing under the
normal length of day. Neither had these plants differ—
entiated fruit buds by September 11,

Although other facdors undoubtedly are
associated with the phenomena, it would seem that fruitw-
bud differentiation in the strawberry is at least
associated with a balance between the carbohydrate and
nitrogen constituents, In some nutritional studies
with the strawberry conducted by Whitehouse (45) it was
found that the time of fruit-bud formation was correlated
with a balance between the nitrogenous and carbohydrate
mzterials in the plant,

At this point it might well be mentioned that
after digestion of the residue from the sugar extraction

with Taka—diastase for starch, no reduction of Fehling's
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g8olution was obtained from the resulting mixture,
Microscopical examination of the plant material, both
with the iodine test and examination for starch grains
in polarized light, showed that starch was absent or
else present in very minute quantities, Loree (22)
found in plants sampled on October 26 a starch content
in the tops of from 0,72 to 1.32 per cent of the oven
dry material, while in the roots he found as high as

4 per cent, On this date, total carbohydrates varied
from 17,4 per cent to 38,9 per cent, according to the
treatments applied. On the other hand, Whitehouse (45)
reported a starch content of from 6.81 to 20,02 per cent
for the tops and 3.26 to 25,98 per cent for the roots of
plants sampled for chemical analyses during August and
September in two different years and grown under various
nutritional conditions, Under these same conditions
the total carbohydrates varied from 21,14 to 38,97 per
cent for the tops and from 17,38 to 36,49 for the roots. In
Tables 7 and 8 of the present investigations, it will be
seen that the total carbohydrate content of the tops
varied from 18.18 to 25,57 per cent for the tops and
from 15,43 to 29,79 per cent for the tops, These
results are more in accord with those of Loree than
those of Whitehouse, The latter obtained some very
high values for the total carbohydrate content of the
plants, and inasmuch as he found some high values for

the starch content, it would seem nlausible that he might
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have obtained reduction of Fehling's solution from
some substance other than by hydrolyzed starch., This
may have been caused by acid hydrolysis of the materials

after the digestion of the starch,

Plants From Nitrogen and Scoil Moisture Treatments.

Random samples of plants for chemical analyses
were taken from the plots in the nitrogen and soil
moisture treatments, Two and three ages of plants
were taken, 1.e, plants rooted July 6, July 27, and
Auvgust 24, At the date of the first sampling the
runner plants rooted on August 24 were not large enough
for the preparation of a sample without using more plants
than could e sacrificed from the plots, Each sample
was analyzed separately for the nitrogen and carbohydrste
constituents, In this manner it was hoped to find any
relationship that might exist between the chemical
composition of the vlants, the soil treatments, and the
production of blossoms and fruit by the plant. As was
shown by the histological examination of the buds, frult-
bud differentiation had not occurred at the time the
first chemical samples were taken, September 6, Differ—
entiation had occurred when the leset samples were taken,
Octobver 4.

Dry Weight,

The data for the dry weight of the plants

is presented in Table 9, An examination of the table



Table 9 -— Effect of Nitrogen Fertilizer and Irrigation on the Dry Weight of Plants.

(Average Dry Weight per Plant Expressed in Grams).

; Tops ; Roots
Treatment ; Date Sampled ; Date Sampled
1~ September 6 October 4 ' September 6 @ October 4
: Date Tooted ¢ 'ﬁgtejggotgg '§4: Date rod%eﬁ_ : Datg_iooted T
tJuly 6 3“11757'351X, y 27t Aug, tJuly uly 27:July 6 :July 27 :Aug.
"it t(gue.) t (gus.): (gms.):(gue.) :(gms.) : (gms. 7' (gms.)t(gms.) : (gms.) :(gms.)
rogen H : : : : : : : : :
fertilizer. + 2.86 :1.68 : 4,28 : 3,84 : 1,77 ¢ 0,76 : 0.6} : 0.98 : 0,70 + 0,38
Irrigated, H : ! H : : H : : H
Nitrogen ; ; ; ; ; ; ; ; ; ;
fertilizer, t 2,79 ¢ 1,97 : 4,87 ¢ 3.4 : 1,42 : 0,80 : 0.59 : 1l.10 : 0.75 ¢ 0,44
Not irrigated. ¢ s : : ? : s H : :
No nitrogen ; ; ; ; ; ; ; ; ; ;
fertilizer. r 2.87 1,95 : 4,78 ¢ 3,99 : 2.,15 : 0.59 ¢ 0,57 : 1,08 : 0.74 ¢ 0.53
Irrigated, : H : : : : : : : :
No nitrogen ; ; ; ; ; ; ; ; ; ;
fertilizer. : 3.06 2,02 : 5,08 ¢ 4,87 2,23 0,84 : 0.,48 : 1.07 : 0.82 ¢ 0.56

Not irrigated.

Note: The runners rooted July 6 occupied position #1, those rooted July
those rooted August 24 position #5 on the runner series,’

27 position #3, and
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ghows that the dry weight of the tops of =all ages of
plants was highest in the unfertilized and unirrigated
plots. The data for the roote are not so consistent,
except with the youngest plants at the last date of
sampling, In both tops and roots it will be noted
that as the plants increase in age the difference
between treatments becomes less, The early accumu-
Jation of dry weight in the young vlants of the no
nitrogen series may be of some significance, These

data are in accord with the growth data presented earlier,

Nitrogen Content.

In Tables 10and 11 the date for the nitrogen
fractions of the plante are presented, With but three
minor exceptions it will be seen that in the plants
sampled September 6 the nitrogen fertilized plants were
higher in soluble nitrogen, insoluble nitrogen, and total
nitrogen than were the plants to which nitrogen fertilizer
had not been applied. While the greatest concentration
of soluble nitrogen was found in the roots, the reverse
was true of the insoluble nitrogen., This was true in
all cases, regardless of treatment, The total nitrogen
content showed the same relationship as the insoluble
nitrogen. Although all of the nitrogen fertilized plants
were higher 1in the varioué nitrogen fractions, the
differences do not seem to be as great as might be ex~

pected from the differences in the nitrate content of the

soil,
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(Percentage Dry Weight)

Table 10 -- Nitrogen Content of Howard 17 Strawberry Plants
Sampled September 6
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Table 11 -~ Nitrogen Content of Howard 17 Strawberry Plants Sampled October 4, 1934.

(Percentage Dry Weight).
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An examination of the data for the samples
taken October 4 (Table 11) shows that at this date the
plants have apparently become more uniform, regardless
of treatment, The earlier differences are not so
marked, but some tended to persist. The percentages
of all nitrogen fractions tended to be higher in the
plantes from the nitrogen plots, The soluble nitrogen
in the roots had decreased, but still was higher than that
in the tops, This was true of plants of all ages, The
insoluble nitrogen remained fairly constant and the smaller
quantities found in the roots from the non-irrigated plots
still persisted, The converse condition found previously
in the tops, t hat of the non—-irrigated plants showing the
highest insoluble nitrogen, had disappearedJ

Carbohydrate Content,
In Table 12 and Table 13 are shown the results

of the carbohydrate analyses for the samples taken Sep-
tember 6 and October 4, respectively, A critical exw-
amination of these tables indicates that the differences

in the various carbohydrate fractions are small and in-
consgistent, and no distinct correlstions with the pre-

vious measurements of the plants are indicated, The
most conslstent results were those of the roots in the
sampling of October 4, The values for reducing subw
stances, total sugars, and acid hydrolyzable poly-
saccharides tended to be higher in the plants grown with-
out nitrogen fertilizer and there was a slight indication



Table 12 -— Carbohydrate Oontent of Plants Sampled September 6, 1934.

(Percentage Dry Weight).

TOPS
: : —_ Tregtment ,T
Date H s  Nitrogen ¢+ Nitrogen tNo nitrogen :!No nitrogen
Rooted ¢ Fraction + fertilizer : fertilizer not:fertilizer  tfertilizer

: | : irrigated t irrigated sirrigated snot irrigated
tHeducing s s : :
sSubstances H 3.31 : 3431 : 2.81 H 2.56
: Sucrose + 1,86 : 2, 05 s 2,14 : 2,37
H H H H H
sTotal Sugar H 5,27 H 5.47 ! 5,06 ¢ 5.08

July 6 tAcid : : : s
¢tHydrolyzable H 16,50 H 15,00 H 14,80 s 14.30
tPolysaccharides @ : : :
1Total : : : ?
tCarbohydrates H 2l.77 : 21.47 : 19.86 s 19.3%6
;Reducing ; ; ; ;
s Substances e 2,62 2 3,56 : 2,26 H 2.87
H H H H H
+Sucrose H 1.563 H 0,34 H 2e37 H 1.59

July 27 igot%1 Sugar : 4,23 : 3,92 s 4,75 : 4,54
tAcl H 2 H :
tHydrolyzable : 15.50 : 19.60 : 15,70 H 15.20
:Polg;accharides : 3 H H
:Tot - : : ; ?
:Carbohydrates ¢ 19..73 : 23.52 ! 20,45 : 19,74




Table 12 -~ (Continued).

ROOTS ‘_
: s Treatment
Date : " Nitrogen tNitrogen +No nitrogen :No nitrogen
Rooted ¢ Fraction ¢ fertilizer :fertilizer tfertilizer sfertilizer
: + irrigated snot irrigated :irrigated snot irrigated
H : : : :
tReducing H : H :
¢ Substances H 2.56 : 2.75 H 3.00 H 2.87
:Sucrose 0,41 0,23 : 0,68 i 0.61
July 6 ':'%o:gl Sugar : 2,99 : 2,99 : 3,72 : 3,51
tic : : : :
:Hydrolyzable ¢ 14.20 ¢ 15.90 ¢ 14.10 : 14.40
tPolysaccharides @ : : H
:Tota : : : :
tCarbohydrates ¢ 17.19 ¢+ 18.89 ¢ 17.82 : 17.91
éReducing ; ; ; ;
s Substancés : 2.44 H 2.69 : 2,75 $ 3.37
: Sucrose : 1.6l : 0,19 t 0,52 s 1,22
sTotal Sugar s 4.13 +  2.89 : 3,30 : 4.65
July 27 $Acid : 3 ? ?
¢+ Hydrolyzable +  15.50 * 14.30 H 14.00 H 13,50
:Pglgsaccharides H H : H
sTot : : . 2
tCarbohydrates :$ 19,63 : 17,19 ¢ 17,30 : 18.15




Table 13 —- Carbohydrate Content of Plants Sempled Ootober 4, 1934.

(Percentage Dry Weight).

TOPS _
: : . Treatment
Date :Nitrogen :Nitrogen +No nitrogen :No niirogen
Rooted Fraction sfertilizer sfertilizer not :(fertilizer tfertilizer
H tirrigated tirrigated tirrigated snot irrigated
s Reducing : : : :
:Substances H 12,25 s 17.00 H 13,50 S 15,682
:Bucrose : R 2 . : 2,61 ? 2,67
:Total Sugar : 15,75 : . : o Ot : .
July 6 tAc : 2 : e
tHydrolyzable s 15,20 H 14.50 H 15,00 s 14,70
sPolysaccharides s : : :
tTota : : : :
¢ Carbohvdrates H 28,95 : 33687 H 31.25 s 33,03
*Reducing ] s s s
*Bubstances H Q.75 s 8,00 H 9.50 H Be D7
:Sucrose : 0.83 : .29 : 1,48 : 1,86
:Potal Sugar 10,60 : 11,46 : 11,04 3 B33
July 27 :Acid : : s :
¢ Hydrolyzable s 14,60 H 15,80 : 14,80 s 15,20
tPolysaccharides - H : :
:Toizi s s s ’
¢ Carbohydrates : 25,22 $ 27.28 : 25,84 H 23.53
:Eeaucigg : | : : :
s Substances : 9.62 H 77D H 9. 75 $ 8,50
:Sucrose : 1,35 3 2,79 : 0.64 ; 3. 40
:Total Sugar : 11,04 : 10.62 s 10, 42 : 15,08
Aug, 24 :Acld : : : : T
:HYdr@lyzable H 14.60 : 14,00 H 14,50 H 14.10
tPolysaccharides H s H H
tTotal : ] s s
t Carbohydrates H 25,64 H 24.62 H 24.92 s 26.18




Table 13 -~ (Continued).

ROOTS _
: : _ Treatment
Date - : Nitrogen t Nitrogen tNo nitrogen :No nitrogen

Rooted Fraction ¢ fertiliger ¢+ fertilizer not:fertilizer tfertilizer
H ¢ irrigated ¢+ irrigated tirrigated tnot irrigated
tReducing H s : :
: Substances H 3.50 s 3,62 H 4,37 s 4,00
:Sucrose : 0.44 : 1,31 : 0.80 : 1,35
+Total Sugar : 3,96 : 5.00 : 5,01 : 5, 40
tAC H H H H

July 6 tHydrolyzable H 19,10 s 17.40 . 18,90 s 21,30
*Polysaccharides H : : :
:Tofgi ] s S 2
tCarbohydrates : 25,06 : 22.40 : 24.11 : 28,72
¢Reducing $ : : :
sSubstances s 3450 : 3.62 s 3e37 H 4,37
+Sucrose ’ O. 24 s 0,92 : 0,76 : 0,40
:ﬁ{%ﬂgar : 0. (D : .96 : 4,17 : 4,79
SAcC H : H H

July 27 :Hydrolyzable : 18,00 H 19.40 : 20.30 H 20,00
sPolysaccharides : : : :
s Total s : s s
¢ Carbohydrates 4 2l, 75 : 23,36 H 24.47 : 24,79
tReducing : : : :
tSubstances : 3. 25 H 3.62 s 3.87 H 4,37
sBucrose ? 0.08 : 0,32 : . : 0.21
:Total Sugar : e 33 : B 00 ? 8. 00 ? 4,58

Aug. 24 ‘tAc : : : :
sHydrolyzable H 17.40 H 18.50 $ 18.90 ' 18,70
:Polgsaccharides H H : $
'10 H H H H
tCarbohydrates H 20,73 : 22,46 s 22.86 H 23,28




~40~

that irrigation may depress carbohydrate storage, The
more obvious differences are that the sucrose content of
the roots is lower than that of the tops in nearly every
case, The total carbohydrate content of the roots was
lower than that of the tops also, and this may largely be
accounted for by the larger emounts of total sugars in the

tops,

carbohzdrate[Nitrogen Ratios,

The data for the total carbohydrete/total nitro-
gen ratios are presented in Tables 14 and 15 for plants
sampled on September 6 and October 4, respectively. By
trial the ratio of reducing substances, total sugars, and
acid hydrolyzable polysaccharides to the total nitrogen was
found to be the most consistent as a basis for comparison,
For the sake of brevity only the ratio between the total
carbohydrate/total nitrogen content is presented in the
tables, Referring to Table 15 it will be seen that the
ratios in the tops were lower in the later formed plants
than in the earlier formed plants, This slso was true
for the roots, with one exception. The ratios were
higher in the roots than in the tops, With but two exw—
ceptions, the ratios were higher in the plants not receiving
nitrogen then in those to which it has been applied.

In Table 15, which shows the ratios ococurring
in the plants at the time during which they were forming
fruit-buds, the same trends as were noted in the previous

table may still be noted. In this case the differences



Table 14 -- Total Carbohydrate/Total Nitrogen Ratios
of Plants Sampled on September 6, 1934.

: Tope, H Roots,
Treatment. ; Date rooted ; Date rooted

: July 86 _: July 37 : July 6 _: July 27
Nitrogen : ; ; :
fertilizer, S 8.14 3 5.98 S 8,323 : 9.78
Irrigated, : : : :
Nitrogen : : : :
fertilizer, : 6.93 : 6.65 : 9.83 s 8,11
Not irrigated, : H : :
No nitrogen ; ; : ;
fertilizer. H 7.71 : 7.55 : 10,63 H 8,97
Irrigated, : H : :
No nitrogen : : : :
fertilizer. : 7.65 : 6.74 : 10,41 ¢ 10,33

Not irrigated,




Table 15 -~ Total Carbohydrate/Total Nitrogen Ratios

f Plants Sampled on October 4,1934.

Tops,
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in the ratios between the tops and the roots are even
more striking than they were earlier in the season,

The roots of the plants which were rooted at the various
dates had a uniformly higher ratio than the tops and no
difference existed in the ratio due to the age of the
rlant, With the tops it may be noted that the oldest
plants had the highest ratio and with one exception the
youngest plants had the lowest ratio. In the roots

the ratios were considerably higher in the unfertilized
plants of all ages than in the nitrogen-fertilized plemt s,

The carbohydrate/nitrogen ratios were higher at
the later date of sampling. Since the nitrogen content
of the tops on the two sampling dates was quite-similar,
the increase in the ratios at the later date was due %o an
increase in carbohydrates, In the roots, however, there
was an actual decrease in the nitrogen content during the
interval between the sampling dates, The high ratios
indicate, therefore, a considerable storage of carbow
hydrates in the roote,

The moisture and nitrogen treatments have had
1ittle effect on the carbohydrate/nitrogen ratioc and morew
over the ratios were not correlated with the actual blossom
ing record of the plante as shown in Table 8, Probably the
moset striking feature of the ratios is their correlation
with the number of blossoms formed per plant at the
different positions on the runner series, This relation-

ship held for the ratios found in both the roots and tops
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at the first date of sampling and for the tops at the
last date of sampling, It is difficult, however, to
determine the true significance of the carbohydrate/
nitrogen ratio, since the effects of treatment, which
were falrly definite, showed no correlation with the
blossoming data.

Effect of Treatments Applied the Fruiting Year
on Plent Growth, Yield, and Chemicgl
Composition of the Fruit,
Description of Soil and Plot Layout, The effects

of molsture and nitrogen fertilizer on the strawberry plant
during the fruiting season, especially during the perilod of
ripening, may be of profound importance in affecting the
size and quality of the crop, Doubtless these effects
are largely independent of the previous treatments applied
to the plant, although of course residual effects of
previous treatment would be expected, In order to obw
serve and measure some of the effects of moisture and
nitrogen applications in the spring of the fruiting year

a rendom sample of fieldwgrown plants was selected for

size and uniformity and set in greenhouse benches,
Nitrogen and soil moisture treatments were established

for the purpose of studylng the effects of these treatw
ments on the strawberry plant during the fruiting cycle,
Four treatments, compareble to those later established in

the field, were used, These were as follows?
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High nitrogen - high moisture
High nitrogen - low moisture
Low nitrogen~-high moisture
Low nitrogen~low moisture

Nitrate of soda was applied in solution to the
high nitrogen plots at intervals to maintain a high
nitrate nitrogen content of the soil, The soil in the
high moisture plots was kept near the field capacity,
while that in the low moisture plote was kept near the
wilting percentage. No fertilizer was applied to the
low nitrogen plots, Two samples of soil, taken as the
benches were being filled, showed that it contained
0.186% total nitrogen; 1 part per million of nitrate
nitrogen, 53 parts per million of replaceable potassium,
send 2 parts per million of reasdily available phosphorusf
The nitrate and phosphorus content of the soil was, therew
fore very low, while the potassium content was high, The
soil reaction showed a pH of 5.8, which according to the
£indings of Morris and Orist (26) and Waltman (41), should
have been about optimum for strawberries.

Each treatment occurred once in each bench, The
plote were approximately one one-thousandth of an acre in
aTegd. Twenty~two plants were set per plot at a distance
of approximetely a foot in each direction and with guard -
plante surrounding each plot, Individual plant records
for the various responcses and yteld were kept,

On the plots in the high moisture series no
wilting of the plants was noticed at any time, On the
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dry plots, however, the plants wilted around noon on very
warm days, Table 16 shows the changes in the so0oil mois=
ture during the course of the experiment, The moisture
content of the soll was maintained at & considerably
higher level (4 to 5 per cent) in the high moisture plots
than in the low moisture plots, No great variation in
moisture occurred. Moreover, the moisture content of
the two blocks of each treatment were, in general quite
uniform,

The nitrate nitrogen content of the soil during
the course of the experiment is shown in Table 17. A
considerable variastion in the nitrate content of the plots
receiving the same treatment will be noted, The greatest
variation occurred in the high moisture plots and may have
been due to unequal leaching of the nitrates in the plots
receiving this treatment. However the nitrates were conw
siderably higher in the plots to which nitrate of soda was
applied. In both the low nitrogen and high nitrefen
series, the nitratea‘were lowest in the high moisture
plots, probably because of leaching due to the abundance
of water applied,

Effects of Nitrogen and Moisture Treatments

Number of Leaves,

A count was made of the number of leaves per
plant about the time that the first fruit was ripening,
These data are presented in Table 18 and the analysis of
variance for the dats in Table 18 (a). The Z<value



Table 16 - Soil Moisture.

Greenhouse, Winter, 1934,

(Expressed as Percentage of the Dry Weight).
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Greenhouse, Winter, 1934,

Table 17 =~ Soll Nitrates.

(Expressed as Parts per Million of Air-dry Soil).

Date of sampling
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Table 18 -- Effect of Nitrosen Fertilizers and Moisture on

Number of lLeaves Produced.
(Total of 22 Plants Per Blot).

Treatment

Block ¢ High Nitrogen: High Nitrogen; Low Nitrogen : Low Nitrogen
$_High Mojisture: Low Moisture : High Moisture: Low Mpisture
B : : 3
I : 251 s 1280 : 358 : 199
: H H :
I ¢ 326 : 162 : 334 : 169
Total : 477 2 352 : 493 : 368
Standard error of the difference: 3.72
Table 18 (a) — Anslysis of Variance
: : : : i 2-Tslue
Variance : Degrees ¢ Variance : Mean ¢ 1/2 : :
Due to: ¢ of : ¢ Variance ¢ Loge ¢ Found : Necessan
: Freedom ¢ : : : :
Blocks : 1  : 1,431,13 : 1,431,13 :3,6331 ! :
3 H : H s :
s : : S 3 S
Treat- ¢ 3 :$ 7,870.38 : 2,633,46 :3,9361 ¢ 3.3155 & 1,.6915
ment ___ ¢ : : 3 3 i
Errore : 3 ¢ 10.37 : 3.46 :0,6306 : :
: : : : : :
s (4 ! 9,311.28 : : S :
: : : : : :

Total
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given 1s that necessary for odds of 99:1 that treatment
was significant. As shown in Table 18 more leaves were
produced by the plants growing on the high moisture plots,
and of these plots the most leaves were produced on those
not receiving nitrogen fertilizer, The plants on the low
molsture plots produced more leaves when nitrogen was withe
held than when it was applied. Using two times the
standard error of the difference as an estimate of a
minimum difference necessary for significance, it will be
seen that all treatments are significantly different from
each other., Nitrogen fertilizer and soil moisture, then,
mey have a pronounced influence on the development of the
plant after fruit-buds are formed. The number of leaves
produced was clearly more closely assoclated with the
moisture content of the soil than with the nitrogen con-
tent,

The difference in response between the two
plots in the same treatment was possibly due to the
position of the benches in the greenhouse, In every
case the plants grown on one bench had & greater number
of leaves than those grown under the same treatment in

the other bench,

Lenzth of Leaf Petiole,
An analysis of the length of the leaf petioles,

as affected by nitrogen and soll moisture treatments, was

alsc made, These data are shown in Table 19 and the

analysis of variance in Table 19 (a). The Z~value for



Table 19 - Effect of Nitrogen Fertilizer and Soil Moisture

on the Leaf Petiole Length., Greenhouse,

Winter, 1934, (Expressed as Average

Petiole Length per Plant in Inches).

: Treatment
Block ¢ : : :
¢ High Nitrogen: High nitrogen: Low nitrogen: Low nitrogen
t High Moisture: Low moisture : High moisturee Low moisture
1.93 : 1.62 : 2,23 : 1.56
IT 1,91 : 1.43 s 1.94 : 1.37
v : : :
Aver= 1.92 H 1.52 H 2.08 H 1.46
age : : - H :
Standard error of the difference: .1
Table 19 (a). Analysis of Variance.
; : : : '___ Z-Value
Variance: Degrees : Variance : Mean : 1/2 :
Due to: : of : + Variance : log, :& Found :Necessary
¢+ Freedom ! . H H H
Blocks : 1 : .05 ¢ .05 :0.8047 : :
Treate : 3 s .54 t .18 :1.4451 :1.4451 : 1,1137
ment : : : : : :
Error : 3 : .03 :  JOL :0.0000 : :
Total ¢ 7 : B2 ; : ;
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treatment exceeded that necessary for odds of 19:1 that
treatment had had a significant effect on the length of
the leaf petiole. Since a difference in logarithms only
is desired, the decimal point in this case wae moved two
places to the right so that whole numbers could be used
in the calculations,

Since treatment was found to have a significant
effect on petiole length, the various treatments may de
compared on the basis of the standard error of the dif-
ference. An examination of Table 19 shows that the
plants receiving the high molsture treatments produced
leaf petioles which were significantly longer than the
plants receiving the low moisture treatments, Nitrogen
fertilizer had no significant effect, These results
show that under conditions of high soil moisture in the
fruiting season the plants will produce leaves with longer
petioles than those grown under low soil moisture con-
ditions, Nitrogen under the conditions of this experi-

ment had no effect on leaf petiole length.

Number of Blossoms.

A count was made of the number of flowers pro=
duced under the different treatments, In a consideration
of these data, 1t should be remembered that the treatments
were applied after the winter rest period. If under
normal conditions the strawberry plant does not form fruit-

bude in the spring of the frulting year in the northern



part of the United States and Canada, it would not be ex-
pected that the treatment applied in the spring of the
frul ting year would have any affect on the number of
blossoms developed. The plants in the greenhouse pro=
duce some secondary bloom, as is typical of the straw-
berry plant in the south, but these blossoms were pro-
duced later and were not considered in the present in-
vestigation, In Tables 30 and 20 (a) the results of
this study are presented,

Since the variance for treatment is much less
than that due to error, no further consideration of these
tables is necessary. Obviously, treatment did not
affect the number of blossoms produced and this is the

effect that was anticipated,

Weight of Berry.,
At the time of harvest the number of berries

produced per plant and the weight of the berries in grams
was recorded, From these data the effect of treatment
on the average weight of ‘berry was calculated. These
data are shown in Tables 21 and 21 (a). In Table 31 (a)
the decimal point of the mean variance was removed one
place to the right before determining the values for 1/2
logge The Z~value found showed that treatment made a
significant contribution to the total variance., Twioce
the standard error of the difference may be used as a
basis for the comparison of the various treatments, This

comparison shows that the high moisture t#eatments produced



Table 20 —-- Effect of Nitrogen Fertilizer and Soil Moisture

on Number of Blossoms Produced. Greenhouse,

Winter, 1934,

(Expressed as total number of flowers per plot, 22 plants).

H Treatment
Block : . . .
tHigh nitrogen :High nitrogen :Low nitrogen : Low nitrogen
tHigh moisture :Low moisture :High moisture : Low moisture
I 203 : 235 : 254 : 225
3 S 246 : 177 : 197 : 105
Total : 449 : 412 : 451 ; 420
Table 20 (a) —=— Analysis of Variance.
Variance :Degrees : + Mean : 1/2 Z=value
due to: : of :Variance;Variance : loge : :
:Freedom : : :_Found :Necessary
: H H k- : :
Blocks : 1 +1,300,5 :1,300,5 :3.5852 : :
Trestment : 3 : 595.0 ¢ 198,33 12,6449 : 1,1137
Error : 3 :3,381.5 :1,126.83 :3.5135 ¢ :
Total :7 15,276.0 : : :
: : : : : :




Table 21 -- Effect of Nitrogen Fertilizer and Soil Moisture on

Weight of Berry. (Expressed as Average Weight

for Season in Grams).

; Treatment
Block : : :
+High nitrogen :High nitrogen :Low nitrogen :Low nitrogen
:High moisture :Low moisture :High moisture :Low moisture
I 4.61 : 3,69 ¢ 6.38 + 3.4
II 5.06 : 2,22 ¢ B.31 . 3,33
Average : 4,83 : 2,95 :  5.84 : 3,39
Standard error of the difference between means: .61
Table 21 (a) -- Analysis of Variance.'
Variance ; Degrees ¢ ; Mean ¢ 1/2 Z-value
due to: ¢ of ¢+ Variance: Variance: log, :
: Freedom : : : : Found :Necessary
Blocks ¢ 1 : 0.6l : 0.61 :0.9041 : :
Treatment : 3 + 10,59 ¢ 3.53 :1.7821 : 1,1148 : 1.1137
Error ¢ 3 ¢ 1,15 % 0.38 !0.6675 ! :
Total ¢ 7 12,35 : : :
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berries which weighed significantly more than those pro-
duced by the low moisture plots, There was no difference
in weight of berry due to the nitrogen treatment. These
results would emphasize the effects often observed under
fleld conditions of even a very light rainfall during

the harvest season increasing the size of the fruit., Under
the conditions of this experiment then, increasing the

801l moisture during the fruiting season had a profound
affect on the weight of berries, while nitrogen showed no
effect,

Total Yield of Fruit,

The yield data presented in Tables 22 and 22 (a)
are those of the total yleld for the entire picking season,
The first berries were picked on April 11 and the last ones
on May 11, Although the variance due to blocks was quite
large, treatment contributed a significant amount to the
total variance, The variation among blocks was in a
large measure due to the exceedingly low yleld of one of
the eight plots,

The Z-value found showed that the odds were
greater than 99:1 that the differences observed were due
to treatment and not to chance, When twice the
gstandard error of the difference is used for comparing
trecatments it will be seen that the difference between
the yields of the high moisture plots and the low moisture
plots was highly significant, The effeet of nitrogen in
decreasing the yields in the high moisture plots was



Table 22 —— Effect of Nitrogen Fertilizer and Soil Moisture

on Yield. (Expressed in grams for Total

Yield of 22 Plants per Plot).

Treatment
Block ;High nitrogen:High nitrogen:Low nitrogen : Low nitrogen
*High moisture:Low moisture :High moisture: Low moisture
¢ (grams) ¢ (grams) * (grams) : (grams)
833.7 814.5 : 1,045.8 ¢ 732.8
1T 833.1 315.6 :  881.7 ! 576. 3
Total : 1,666.8 ¢ 1,130.1 : 1,927.5 @ 1,309.1
Standard error of difference: 28.6
Table 22 (a) -~ Analysis of Variance.
: : : : :
Variance :Degrees @ t Mean @ 1/2 @ Z~value
due to: ¢ of + Variance:Variance: 1og H :
+Freedom ! : : © : Found :Necessary
Blocks : 1 $3,821.38 $3,821.38:1.8211 :1,4647 : 0462
Treatment: 3 18,717.43 12,905,81:1,6838 :1,3274 : 6651
Error ¢ 170 :34,735,37: 204,33:0,3B64 : :
Total* : 174  147,274.18: : : :

* One degree of freedom dropped for substituted average.



~4Om

significant, while in the low moisture plots the yield
of one of the two plots receiving nitrogen fertilizer
was abnormelly low and the total yield for treatment
may be questioned, The behavior of the one plot was
probably due to environmental conditions other than the
treatment applied experimentally,

The results of the present investigation showed
quite strikingly that increasing soil moisture not only
will increase the average welcht of berry, but the total
yield as well, The increased yields, no doubt, may be
largely attributed to the increase in size of the
individual berries,

Moisture Content of the Fruit,

The results of the moisture determinations on
the berries are given in Tables 233 and 23 (a), The
Z-valuesgiven are found in the table of one per cent points
of the distribution of Z giving odds of 99:1 that the
variance is significant. It will be seen that the effect
of treatment was significant. The effect of periods was
not significant and consequently the data by periods is
not given, but only the seasonal averagee by plots, In
comparing the moisture content of fruilt from the different
treatments, that of the high moisture treatments exceeded
the high nitrogen-low moisture treatment by twice the
value of the standard error, and may be considered signi-

ficantly different, The low nitrogen-low moisture fruit



Table 23 -~ Average Moisture Content of the Fruit for the

Season. (Expressed as Percentage of the

Fresh Weight).

: Treatment
Block :High nitrogen:High nitrogen:Low nitrogen : Low nmitrogen
:High%%oisturezbow moisture :High moisture: Low moisture
: 10 : o : o :
I  : 91.48 :  90.88 i 92.65 s 91.04
II & 92,02 »  87.75 i 92,08 : 90.21
Average: 91.74 T+ 89.21 i 92.36 :  90.82
Standard error of the differente between means: 0,82
Table 23 (a) = Analysis of Variance.,
Variance : Degrees ; +  Mean 1/2 Z=value
due to¥ : of : Variance : Varlance ; logg ?
+ Freedom : : tFound :Necessary
v s H T : H
Blocks H 1 H 9.00 H 9.00 :1,0986 H
Treatment : 3 : 57,12 ¢ 19.04 :1.4732 $1.3269: Q.8138
Period : 4 : 10.50 : 2.83 :0.4834 :0,3371: 0.7607
Period . : : : '
X ¢ 12 : 5.72 : 0.48 1=0,3870: :
Treatment @ : H : : s
Error : 18 : 24,16 ¢ 1.34 :0,1463 : :
Total®  : 38 :+ 108.50 : : : :

* One degreeof freedom dropped for substituted average.
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was ingermediate in moisture content. In general, then,
the high moisture treatments produced berries with a

higher moisture content than did the low moisture treat-

ments,

Nitrogen Content of the Fruis

The total nitrogen content of the fruit was
determined for both of the plots in each treatment at
the different times of harvest, These data are shown
in Tables 24 and the analysis of variance in Table 24 (a).

It will be noted in Table 12 (a) that both
period and treatment made a significant contribution to the
total variance of nitrogen content of fruit, The Z-values
given in the table are for the one per cent points of the
distribution of 2Z, In determining the logarithms the
decimal points were moved two places to the rightf

In comparing the seasonal averages for treat-
ments on the basis of the standard error of the difference
between means it will be seen that high nitrogen plots ex-
ceeded the low nitrogen plots in total nitrogen content by
more than twice this value, Thus, nitrogen fertilizers
applied to the soil actually increased the nitrogen con-
tent of the fruit,

The variance due to periods also made a signi-
ficant contribution to the total variance, In general
t+he total nitrogen content of the fruit decreased from

the first picking to the least, Although the size of

berries decreased, likewise from the first to the last



Table 24 - Average Total Nitrogen Content of the Fruit.

(Expressed as Percentage of Dry Weight).

; Treatment
Date : : e
of : igh nitrogen 'ngh nitrogen 'Low nitrogen 'Low nitrogen
Harvest :High moisture :Low moisture :High moisture:low moisture
H % : H 0 H 0
April 11 : 1.7836 :  1.6788 : 1.2434 t  1.1708
April 16 : 1.4484 : 1.4642 :1.,1972 : 1,2274
April 20 : 1.4333 : 1.3366 :  1.1563 : 1.0425
April 25 : 1.3458 : 1,2742 ¢ 1.0588 :  1,0268
April 30 : 1.7668 : 1,1572 . 0.9071 :  1,0585
Average : 1.5512 ¢ 1.3736 . 1.1125 ¢ 1,1052
Standard error of a single observation: .129

=s=.izI=Z



Table 24a— Analysis of Variance.

Variance ;Degrees : : Mean : : Z=value
due to: : of : Variance : Variance : % log : :
:Freedom : : : e : Found : Necessary
Blocks s 1 ¢ L0170 : 0170 : .2653 ;
Treatment : 3 : 1.3881 ¢ Jae27 ¢ 1,9172  : 1.6638 :  0.8138
Period ¢ 4 : L4317 s: ,1079 : 1.1890 : 0.9356 . 0.7807
Period . : . : . :
x . 12 : .4255 L0355 -: 0.8335 : 0,3801 +  0.8075
Treatment : . : H .
ErTor : 18 i .2990 .0166 @ 0.,2534 :
Total® . 38 s 2.5613 ! : ‘ :

* One degree of freedom dropped for substituted average.



plcking, this was probably not a causal relationship
between the nitrogen content and size.

The alcohol-soluble and insoluble nit rogen
content of the fruit is shown in Table 25. Since these
determinations were made on composite samples of the two
replicates, no statistical analysis of the data is given,
The results showed that both the soluble and insoluble
nitrogen were higher in the fruit harvested from the
plants receiving nitrate of soda than it was in the
fruit from plante not receiving this treatment, The
soluble nitrogen was lowest in the low moisture plots,
as was the case for total nitrogen. Inscluble nitrogen
occurred in gpproxzimately two and one~half times the cons
centration in a given treatment as did the soluble nitrow
gen, These data show quite strikingly that the nitrates
of the soil were absorbed by the plant and translocated
to the fruit, resulting in a higher percentage of soluble,

insoluble, and total nitrogen.

Carbohydrate Content of the Fruit

In Tsble 26 are shown the resulte of the carbo-
hydrate analyses, No statistical analysis of the data
ije given since the fruit from the replicate plots was
compoeited at the time of harvest, Reducing substances,
total sugars, and total carbohydrates were higher in the
high moisture plots than they were in the low moisture

plots; Total sugars and total carbohydrates were the



Table 25 -~ Alcohol-socluble and Insoluble Nitrogen Content

of the Frult., (Average for Season Expresced

as Per Cent of the Dry Weight).

: Treatment
Ritrogen : :
fraction :High nitrogen

+High moisture

High nitrogen:Low nitrogen :Low nitrogen
Low moisture :High moisture:Low moisture

o o® oo o0lles o0 seo solae we

Soluble : ¢
nitrogen : 0.4192 0.3380 : 00,3242 ¢ 0,3019
Insoluble ; ; i ;
nitrogen : 1.0605 0,9470 s 0.7656 : 0.7861




Table 26 -- Average Carbohydrate Content of the Fruit for the Season.

(Expressed as Percentage of the Dry Weight).

; ; ; ; Acid : Total
Treatment : Reducing : Sucrose ¢ Total : Hydrolyzable ¢ Carbohydrate
: Substances : : Bugar : Polysaccharides : Content
: % : % 3 A : A : %
High nitrogen H : : : :
High moisture H 32.44 : 11.40 ¢ 44,44 ¢ 3.94 : 48,38
High nitrogen ; ; ; : ;
Low moisture : 292.50 : 10.47 : 40.52 : 4,09 : 44,61
Low nitrogen ; ; ; ; ;
High moisture : 33434 : 10,21 : 44,08 @ 4,09 : 48,17
Low nitrogen : : ; : ;
Low moisture E 30.88 : 12.06 * 43,57 ! 4,41 : 47,98




~52-

lowest in the fruit from the high nitrogen and low
moieture plots, The nitrogen treatments,independent

of moisture,produced no measurable effect on the cone
centration of these carbohydrate fractions in the fruit,
It would seem,then,that moisture is essentizl for the
development of a high total carbohydrate content in the
fruit including total sugars, The difference between
individual treatments, however, is small with the exception
of the fruit in the high nitrogen-low moisture plots, The
fruit from this treatment was considersbly below the
others in reducing substances, total sugar, and total
carbohydrates, The acid hydrolyzable polysaccharides
did not vary much with the treatment, Fruit from the
low nitrogen—low moisture plots had the highest content

of acid hydrolyzable polysaccharides, while that from the
high nitrogen~high moisture plots was lowest, The fruit

from the other two treatmente was intermediate.

Transpiration Rate of the Leaves.

From observations made in the field on several
occesions and from published reports, nitrogen fertilized
plants have been found to wilt and to show other affects
of moisture shortsge which probably are related to a large
leaf surface, excessive transpiration or both, An experie-
ment was set up to measure these effects under as nearly
comparable conditions &0 the previous studies as poesible,

The transpiration rate of six potted plante per treatment

was studied in the greenhouse from March 3 until April 16,
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The results of this study are briefly summarized in
Tables 37 and 37 (a).

As will be observed from Table 27 (a) the
variance due to the interaction of treatment and periods
was significantly larger than the residual error, Thie
would indicate that the plants in the different treatments
responded differently in the various periods Since thie
was true the larger variance , that of the interaction of
treatment x periode was used to estimate the effect of the
different sources of variation, The significant vgriance
for replications shows that the plants in a treatment were
quite variable and that it proved worthwhile to remove the
effect of plante from the total varisance, A comparison
of the Z-values (5 per cent point) shows that trestment did
‘not make a significant contribution to the total variance,
The varlance in the transpiration rate of the prlants at the
different veriods was large and was to be expected as the
humidity and temperature conditions of the greenhouse in
which the plants were grown were not controlled, Although
under the conditions of this experiment the tregiments had
a slight affect on the transpirations rate, the fact that
the tréatments did not produce the same effect at all
periods mekes it impossible to make any general statement
as to the affect of nitrogen fertilizer on the tramnspiration

rate,

Leaf Areg.

The leaf areas of the plants grown in the six



Table 27 -~ Effect of Nitrogen Fertilizer and Soil Moisture

on the Transpiration Rate of Plants. (Expres-

sed as Average Dally Loss in c.c. of 10

Square Inches of Leaf Surface for Period

from March 3 to April 18).

. Treatment
High nitrogen '@ High nitrogen :Low nitrogen : Low nitrogen
High moistire + Low moisture :High moisture : Low moisture
CeCos H CeCo : CeCo H CosCoe
13,4 . 14.2 ¢ 14,2 . 13,7
Standard error of differsence: .23
Table 27 (a) — Analysis of Variance.
Varianoce ;Degrees: ¢ Mean : 1/2 Z~value
due to: ¢ of tVariance:Variance: 1oge H s
:Freedom: : : tFound :Necessary
Blocks ¢ 5 & 413.39: 82.88 :2.2087 :1.1907 : .4311
Treatment: 3  :  60.72: 20.24 :1.5037 :0.4857 : .5073
Period : 17  :9,544.63:561.45 :3.1653 12,1473 : 3255
Period : : v ' :
X ¢+ 51 + 390,72 7.66 °1.0180 10,4771 :
Treatment: ? ¢ . . .
Error ¢ 349  :1,027.93: 2.95 :0.5409 : :
Total * ¢ 425 11 437,39 : : :

* gSix degrees of freedom dropved because one plant was not
included in the experiment during the lgst six periods.
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inch pots for the trenspiration studies was determined
at intervals during the course of the experiment., The
data on the leaf area are presented in Table 28 and the
analysis of variance in Table 28 (a), The varisnce due
to treatment, pericds, and the interaction of periods and
treatment was greater in each case than that for error.
The Z=value given as that bedng necessary for significance
is for the one per cent points of the distribution of 2,
In Table 38 the striking affect of treatments on leaf
area may be seen, The average leaf area of the high
moisture plants was nearly twice that of the low moisture
treatments, However, there was no difference due to the
effect of the nitrogen treatment., Hence, moisture had a
very great effect in inoreasing the leaf area of the strawe
berry plants grown under the conditions of this experiment.
The significant differences in leaf area for
the different periods would be expected from the above
results concerning the effect of treatment, It is of
interest to note, however, the percentage increase and the
actual increase in area, The leaf area of the plante
receiving the low moisture treatments approximetely
doubled in size, while the plante receiving the high
moisture treatments trebled in area. This would account

for the significant interaction of periods x treatment.



Table 28 -~ Effect of Nitrogen Fertilizer and Soil Moisture

on Leaf Area.

(Average of Six Plants Ex-

pressed in Square Inches).

; Date measured ;
Treatment : s : 1 Average
+ March : March ¢ March ¢ April H
H 2 s 10 H 24 e 7 :
High nitrogen : 11.31 : 15,30 : 20.76 : 31.53 : 19.73
High moisture @ : : : :
High nitrogen : 7.82 :  9.62 : 12.88 : 15.38 : 11.43
Low moisture s : H : H
Low nitrogen : 10.56 : 13.77 : 20.80 : 32,57 1 19.43
High moisture . s : H
Low nitrogen : 8.26 : 10.27 : 13.36 ! 15.90 : 11.95
Low moisture H H H : :
Standard error of the difference: 2,32
Table 28 (a) -- Analysis of Variance.
Variance: Degrees : :  Mean : 1/2 Z-value
due to:: of : Variance : Variance : log, :Found : Neces-
¢t FPreedonm : H : : : sary
Blocks : 5 + 216,53 : 43.31 :1.8836 : :
Treatmert: 3 + 1,498.03 : 499.34 $3.1086 :1,7806 :0.5651
Periods : 3 . 2,427.05 : 809.02 :3.3418 :1,9958 :0.6651
Periods : : s s : :

x « 9 $ 1,077.19 : 119.89 :2.3924 :1.0484 :0.4604
Treatments ’ 3 : H H
Error § 75 :+ 1,108.08 : 14,77 :1.3460 : :

Total : 956 & 6,326.88 : ; :
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DISCUSSION

The entire 1life history of a plant may be
divided into two cycles —- that in which the vegetative
processes predominate and that in which the reproductive
processes predominzte. In an annual plant the two
processes are relatively short and distinct. The plant
grows “from the seed and after completing its vegetative
growth, it flowers and produces fruit and seeds, The
rlant dles soon after and within the space of a growing
season the life cycle is completed, The strawberry
plant, however, 1s a perennial, growing year after year
and producing fruit and seeds each year, In common
practice, however, strawberry plants are not allowed to
fruit more than one year, Fruiting beds are developed
from runner plants produced the year previous to fruiting,
A bed may be fruited two or more years, but ylelds are
generally less each succeeding year and usually it 1s not
profitable to renew a bed more than once at the most,
Thie ie accomplished after harvest by narrowing down the
rows by means of a plow or other tool and new runner
plants allowed to form which will produce the crop of
fruit the foilowing season, When a new field of straw=
berries is started the plants set in the spring grow
vegetatively until the conditions of light and temperature,
and probably other environmental factors as well, become
more favorable for the reproductive processes, When this

occurs, the plants form fruit-buds which will flower the
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following growing season and produce the crop of fruit.

Because of the habit of the strawberry plant
forming fruit-buds one season and blossoming and fruiting
the next, a consideration of this behavior must be taken
into account when applying fertilizers to the plant.

An application of fertilizer, particularly
nitrogen fertilizer,because of its effect on vegetative
vigor 1in many plants, in the season during which the
vegetative growth of the plant 1s being made, might greatly
affect the size of plant and potential fruit-bud formation.
Increased scil moisture during the vegetative period might
also affect the size‘of plant and the pdtential development
of fruit-buds, After the fruit-buds are once formed it
is impossible to see how nitrogen or soll moisture treat—
ments could in any way influence the actual number of
flower buds, Of course there might possibly be an
influence on the set and size of fruit, but as far as the
number of flowers 18 concerned, treatment would undoubtedly
have no effect, This condition is similar to fruit trees
or any other plant in which fruit-buds are formed the
gseason previous to that in which the crop is produced.

Although nitrogen and soil moisture treatments
applied in the spring of the fruiting year would not have
any effect on the number of blossoms produced per plant,
they may have a decided effect on the size of plant pro=
duced during the frulting year, They also may have a
striking effect on the size of berry and its chemical
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composition. If a treatment resulted in an increase
in leaf area then the shading caused by the excessive
vegetative growth would make the berries more subject
to rots in the field with a subsequent reduction in
vield. If a large plant were obtained by excessive
vegetatlive growth early in the spring and droughts
followed, then it is quite possible that the transpi-
ration by the large vegetative growth would be quite
deleterious in its effect on the crop, It would seem
quite important to consider the time of application of
nitrogen fertilizers, whether in the year preceeding
fruiting or in the fruiting year, in an evaluation of
strawberry fertilizer experiments,

In the present investigations a study was made
of the responses of strawberries to the application of
nitrogen fertilizer and soil moisture in both the year
previous to fruiting and in the year of frulting in an
endeavor to correlate these responses, if possible, and
also to determine in what manner the responses might
differ in the two different cycles of growth, It must
be remembered that the plants for fruiting were grown in
the greenhouse in these experiments,

It was found that the application of nitrogen
fertilizer during the year previous to fruiting quite
definitely reduced the number of runner plants formed,
This i8 in agfeement with the results reported by Macoun
(23) and by Darrow (5), who stated that "a member of a



large strawberry'plant propagating firm of Maryland
stated that in thelr experience bone and fish meal were
helpful but nitrate of soda was injurious" in stimilating
plant production. In New Hampshire Tucker (38) found
that the application of commercial fertilizers increased
the mortality of newly set plants and apparently decreased
growth, This response is somewhat contrary to the
effect that is generally observed when nitrogen fertilizer
is applied to plants,

Nitrogen fertilizer was found to have a
depressing effect on the length of the runner between
plants, The average length of the runner between plants
at all positions on the runner series was approximately
one~-half inch shorter in the plants to which nitrogen
fertilizer had been applied than in the plants to which
it had not been applied. This may be in some way re-
lated to the effect of nitrogen fertilizer on dominance,
Moreland (36) found evidence with the bean that the
failure of the buds at the cotyledonary nodes to develop
to be due to a deficiency of some material, which he
thought was probably nitrogen. It is merely suggested
here as a theory that with the strawberry,nitrogen might
have some effect on dominance, In general, the distance
between runner plants was the shortest between plants one
and two, with a gradual increase in length from this
position to the end of the runner seriles.

Nitrogen fertilizer was found to have no signif-

icant @ffect in increasing the number of leaves per plant,



when applied in the year previous to fruiting, In
the frulting yeer nitrogen caused a slight decrease
in the nmumber of leaves. In the year previous to
fruiting, moisture was found to have no significant
effect on the number of leaves, but it did have a
elgnificant effeet in increasing the number when
applied in the fruiting year, Thus, under the con=
ditions of the present experiment, nitrogen and moisture
had a pronounced effect on the number of leaves formed
during the fruiting year, while no effect of these
treatments was observed the year previous to fruiting,

The length of the leaf petiole and the total
leaf area were found to be significantly greater when
moisture was supplied to the plants during the fruiting
yeer, Nitrogen had no effect, No measurements
were made in the year of vegetative growth, In the
fruiting year the great effect of moisture in comparison
with the lack of measurable nitrogen responses was very
striking, Whitehouse (45) and Darrow and Waldo (6)
have, however, noted similar effects of nitrogen ferti-
lizer on the length of peticle and leaf area of the
strawberry plant,

The application of nitrogen fertilizer the year
previous to fruiting resulted in a difference in the
number of blossoms produced by the various treatments,

The plants on the no nitrogen and non-irrigated plots
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produced the greatest number of blossoms, The pro=—-
duction of blossoms in these plants was correlated with
the number of leaves, the number of runner plants formed,
the length of runner between plants, and a high carbo=-
hydrate-nitrogen ratio. On the other hand, the/ﬁztro-
gen-irrigated plots produced the fewest blossomg, even
though the plants produced as many leaves as those in
the above treatment, If the number of blossoms as
determined under this test is an indication of the
conditions favorable to flower bud differentiation, then
there must be some more underlying factor than leaf area,
It - may be +that differentiation of fruit-buds may have
progressed at a slower rate or that the low nitrate
nitrogen content of the soil and plants were factorse

in the case of these plantse, The nitrogen plants
were intermediate in the production of blossoms, pro—
duced fewer leaves, less runner plants and had a
shorter distance of runner between plante than did the
plante not receiving nitrogen and these were inter-
mediate in blossoming, Since the soil nitrates were
congiderably higher in the nitrogen plots than in the
no-nitrogen plots, it may be that the concentration of
nitrogen in the soil was too great for optimum plant
development, In contrast to these effects in the
vegetative year, nitrogen fertilizer and soil moisture
treatments when applied in the spring of the fruiting

vear, had no effect on the number of blossoms produced.
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Thie perhaps was to be expected inasmuch as the buds
were differentiated the fall previous,

There seemed to be no influence of treatment
on the time of frult-bud differentiation. It was
thought that perhaps the application of additional soil
moigture to the plants might result in later differ—
entiation of fruit-buds, but this effect was not
apparent from histological studies of the plants.

Such a condition might lead to fewer bude being formed
because the period favorable for fruit bud formation
might be correspondingly shortened, That no effects
were noted may have been due to the fact that during
the early part of September, about the time that fruit=
bud differentiation was beginning, heavy rains occurred
which may have oblliterated the effects of irrigation.,

When plants were subjected to an eleven hour
day there was, however, & very profound influence on the
time of fruit-bud formation, Under normal conditions
of length of day, the strawgig;? forms frult-=buds only
in the fall in the states /. Virginie northward (7).

The present investigation has shown that the
Howard 17 variety responds very quickly to an eleven
hour light period. Definite fruit-bud formation was
found first in a lot of plante sampled on August 13 and
which had been grown under an eleven hour day from July
9. At this time the plants were 52 days of age and
had been under the eleven hour day for 35 days. During



the latter part of August fruit-bud formation was found
in plants which had been subjected to the eleven hour day
for a period of but 37 days. These results show quite
definitely that fruit-bud differentiation in the straw-—
berry is at leaet partly a photoperiodic response, These
results substantiate those of Sudds (35) in Pennsylvania,
with the Howard 17 variety, Darrow (9) found that the
Howard 17 variety when shaded from May until the end of
October bloomed by the end of July, but after July 28 no
blossoms were produced. He considered that this was
due to the high summer temperatures and that apparently
length of day and temperature were factors involved in
the differentiation of fruit~bude in the strawberry.
The results secured with the strawberry are similar to
those of Laurie and Poesch (21) and Post (239) with the
chrysanthemun, By reduclng the deily light period to
eleven hours the chrysanthemum plant bloomed much earlier
than did the plants receiving the normal length of day,

The chemicel analysis of the plante grown under
the eleven hour day showed a marked increase in the total
carbohydrate/total nitrogen ratio, This was largely
accounted for by the increesse in carbohydrates. It
would seem that in the strawberry the differentiation of
fruit-bude is closely associated with a baleance between
the carbohydrates and nitrogen, if not casused by it.

In the plents grown under the nitrogen and soil

moisture treatments the carbohydrate/nitrogen ratios were

lower at 2ll times than those grown under the eleven hour
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day. The ratioe increased as the season advanced,
The ratios were higher in the roots than in the tops.

In the transpiration experiment it was found
that the plants in the different treatments responded
differently at different times, In cases where
nitrogen fertilizers affect the leaf area, the rate of
transpiration per unit area might be the same, although
the total loss of moieture from the plant would be
greater, The increase in moisture transpired, would
undoubtedly not be in direct proportion to the increase
in leaf area, This was indicated by the present
results and those of Darrow (8) in which he found that
plants with small leaf areas transpired more per unit
area than those with large leaf areas, The straw=
berry,because of its shallow root system, probably has
a more delicate balance between leaf area and soil
moisture than many other more deeply rooted plents,

This would be indicated by the decreased ylelds obtalned
in certain instances where nitrogen has been used, As
has been mentioned previously, also, such plants often
wilt badly in severe drought conditions,

In thie experiment no general conclusions could
be drewn concerning the effect of nitrogen fertilizers on
the transpiration rate of strawberries, although there
seemed to be little 1f any effect, In this connection
it might well be mentioned that when nitrogen fertilizers
were applied to Atriplex semibaccatum, Petrie (28) found
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that the transpliratiocn rate was markedly reduced.

From these investigations and from field ob-
servations, however, this does not seem to be the case
with the strawberry.

These investigatione showed, moreover, that
the responses of the strawberry to nitrogen fertilizer
and soil molisture may be coneilderably different,
according to the time of application, i.,e., whether in
the year of vegetative growth or in the year of fruiting,
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SUMMARY
le A study was made of the effects of nitrogen
fertilizer, soil moisture, and photoperiodism in relation
to some growth responses, chemical composition, fruit-bud
differentiation, and yleld of the Howard 17 strawberry,
The nitrogen and moisture treatments were studied in both
the non-fruiting and fruiting years,

2. The applications of nitrate of soda and of
moisture to the soil resulted in a distinctly higher conw
tent of nitrates in the soil and in a higher soil moisture
content, respectively,

S+ When applied the year the plents were set,
nitrogen fertilizer resulted in the formation of fewer
runner plante, a shorter length of runner between runner
plants, and a reduction in the number of leaves per
plant, Soil moisture apparently had little effect on
any of these growth responsee when applied the non-fruiting
year, However, an increased moisture content of the
goil during the fruiting year resulted in the production
of congiderably more leaves per plant.

4, The oldest plante in the runner series had

the most leaves and there was a gradual decrease in number

of leaves per plant with & decrease in age of plant.

5. In the fruiting year, increased soil moisture
resulted in leaves with longer petioles and with larger leaf
aree than plants grown under conditions of low soil

moisture, Nitrogen fertilizer had but 1ittle if any
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effect on these responses when applied in the fruiting
year,

6. With the different treatmente applied during
the fruiting year, the rate of transpiration per unit
area of leaf surface varied considerably at different
periods, and were not consistent, Consequently, no
general conclusions can be drawn from the results of
this experiment as to the effect of nitrogen fertilizers
on the rate of transpiration in strawberry plants,

7» The time of fruit-bud differentiation
apparently was not affected by the nitrogen and soil
moisture treatments, On the other hand, an eleven hour
photoperiod caused the plants to form fruit-buds approxi-
mately é month earlier than they did under the normal

length of day.
8+ When treatments were applied the year previous
to fruiting the no nitrogen fertilizer and no irrigation
treatment resulted in the production of the largest number
of blossoms in the fruiting year. However, nitrogen
fertilizer and irrigation resulted in more blossoms than
in the case of either treatment applied alone. In the
greenhouse the berries were larger on the high soil

moisture plots than on the low soil moisture plots and

the total yield, as well, was higher on the high soil

moisture plots, Nitrogen fertilizer had little effect

on either side of fruit or yield,
9., In all cases the moisture content of the fruit
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was higher in fruit from the high moisture plots than in
that from the low moisture plots,

10. On a dry weight basis, the percentage total
nitrogen was higher in fruit from the high nitrogen plots
than it was in the low nitrogen plots, There was no
Bignificant difference in the carbohydrate content of the
fruit from the different treatments, although there was
a tendency for the high nitrogen plots to have a higher
carbohydrate oonteﬁt than the low nitrogen plots, The
insoluble nitrogen content of the fruit was approximately
two and one~half times that of the soluble nitrogen cone
tent, The application of nitrogen fertilizer in the
non-fruiting year resulted in a higher nitrogen content
of the plants.

11, Plants subjected to an eleven hour day had
a decidedly higher C/N ratio than did the normal day
plants,. In nearly all cases the plants grown under
the normel length of day had a higher C/N ratio in the
unfertilized than in the plots receiving nitrogen ferti-
lizer, S0il moisture apparently had little effeot 1in

this respect;
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