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INTRODUCTION

With the exception of moisture there is,
perhaps, no factor which more often limits fruit produc-
tion by the strawberry plant thsn the supply of nitrogen
and mineral nutrients in the soil. A soil may possess
all the physical qualities which make it suitable for
the strawberry, but unless there is a oroper proportion
and amount of the essentiul elements readily available
for the plants the results in growth and fruit producs
tion are likely to be unsatisfactory.

The nutrient requirements of the straw-
berry are not well understood. The limited data which
are available on the subject are confliecting and the
recommendations for the use of fertilizers equally con-
tradictory. Commercial fertilizers are often used in
strawberry growing, and they are sometimes applied with
little definite knowledge of the results that ma; be ex-
pected from the use of different amounts, different com-
binations, or different times of application.

In the past the interpretation of the
results of fertilizer experiments have been based al-
most entirely upon the yield and grade of fruit. Very
little attention has been given to the nutritive condi-
tions ﬁithin the plant and their relationship to the
various manifestations of growth such as runner pro-

duotion, crown development, number of flower clusters,



the flowering and the setting of the fruit. Few care-
fully conducted experiments have been recorded in which
an attemot has been made to control experimental condi-
tions s0 as to measure accurately the various responses
of the strawberry plant to known variations in the supply
of available nutrients in the soil. Consequently, though
the yield of fruit is the ultimate test of the value of
any fertilization program the results obtained in terms
of yleld only are empirical and of limited range of
applicability.

Review of Literature

The data which are available on straw-
berry nutrition are largely the recsults of field exe
periments with fertilizers which have been conducted
under variable soil and climatic conditions in differ-
ent sections of the country, and a few analyses of the
plant and of the fruit,

Analyses of the fruit indicate that the
amount of nutrients removed from the soil by the straw-
berry when compared with some other crops is relatively
small. Shaw (16) in Oregon found that the average
amounts of the essential elements which would be re-
moved in 1000 pounds of fruit was 1.9 pounds of nitrogen,
59 pounds of phosphoric acid and 1.67 pounds of potash.
Van Slyke (18) in New York calculated that a crop of






5000 quarts per acre will remove from the s80il approxe-
imately 7.5 pounds of nitrogen, 3 pounds of phosphorioc
acid and 12 pounds of potash. However, the total in-
take, or the amounts of these constituents which are
actually removed from the soil by the plants in the pro=-
duction of a crop of fruit is much larger than these
figures indicate. According to 7illis (28) one acre
of strawberry plants with a erop of 10,000 pounds of
fruit will require more than 100 pounds of nitrogen
and nearly 500 pounds of mineral elements to sustain
them during growth. He points out that though the
loss of nutrients from the soil through the harvesting
of a crop of fruit is small, the soil must provide, in
addition to the elements which are recuired by the
fruit, a very liberal supply of the constituents which
are necessary for the plants. Further, "That a so0il to
be well manured must contaln a large excess of availe
able plant food over and above the amount that can be
utilized by the strawberry crop since it cannot by
virtue of its root disposition in the soill absorb more
than a small proportion of such fertilizing ingredients".
A study of the literature shows that
the response of the strawberry to fertilizer treatments
is extremely variable in different localities, parti-
cularly where there are differences in soil composition;

and that there are many confliocting opinions regarding






the kind and amounts of materials carrying the limit-
ing elements which may be profitably employed. There
is also a considerable diversity of opinion regarding
the influence of nutritive conditions in the soil, as
affected by fertilizer applications, at different
seasons.

The use of fertilizers in the spring of
the fruiting year is thought by many to be particul-
arly beneficial. Fletcher (7) emphasizes the import-
ance of a large amount of available plant nutrients
in the "short time between the blossom and the ripe
fruit". He states (8) that "gains of 500 to 1000
quarts an aore from a spring dressing of nitrate of
soda are not infrequent". It is applied as the plants
come into bloem. If used late in the spring there is
danger that it will produce a rank growth and the
berries will be soft and of poor quality and flavor",
According to Darrow (6) "The use of nitrogen has been
found profitable in the growing of certain varieties
for they seem to need the stimulating effect of this
element in the spring. Applications of nitrate of
soda are made in the spring of each year following
the one in which the plants are set". Thite (31)
in New Jersey revorted an increase of 31 per cent
in yield from a spring dressing of 200 pounds of

nitrate of soda. The soil was a sandy loam and had



not previously been fertilized with nitrogen

though well supplied with potash and phosphoric acid.
A similar application (22) of nitrate of soda to
plants wnich were well fertilized with complete fer-
tilizer a year before, when they were set, gave an
increase of only 18 per cent. The gains in yield
were due to an increase in the size of the fruit and
apparently not to any increase in numbers. Brown
(3) at the Hood River Station in Oregon found that
heavy applications of nitrogen greatly increased the
yield but that the results from the use of either
potash or phosphoric acid alone were disappointing.
The use of sodium nitrate combined with phosphoriec
acid resulted in yields smaller than those where no
fertilizer was used, but when combined with sulphate
of potash the yields were increased. Highest yields
were secured when heavy applications of sodium ni-
trate were made, one-~half in early spring and the
other half at blossoming time. Quaintance (15) in
Georgia found that an early spring application of
complete fertilizer supplemented by 200 pounds of
sodium nitrate at blooming time inecreased the yield
sufficiently to warrant ite use. He also tried the
effects of doubling the essential elements in a
normal fertilizer formula. In plots that received

a double dose of potash the yield was lessened con-

siderably below the normal. Doubling the amount of



-6-

sodium nitrate resulted in a slightly increased yield
but not enough to make it financially profitable. At
the Woburn Experimental Farms (2) in England, liquid
dressings of manure and commercial fertilizers were
applied to strawberry plants during the fruiting
season. The dréssings had a retarding influence on
the ripening of the fruit, but otherwise had no
appreciable effect on the crop. Von Brehmer (19)
gives an account of forecing strawberries in pots
filled with the same kind of soil but differently
fertilized with chemical fertilizers applied once
each week in water solutions. With a complete fer-
tilizer and an additionsal application of calcium ni-
trate the yield was more than ten times greater than
that with no fertilizer and the fruit ripened nearly
two weeks earlier. Chandler (4) in Missouri found
that nitrogen either in the form of sodium nitrate

or dried blood applied in the spring before the crop
was harvested gave injurious results in every case.
The,y caused excessive weed growth and greatly re=-
duced the crop. The berries were larger but fewer
in number, and the; were soft and of poor color and
quality. The data presented by Gardner (10) in
Missouri indicate that there is little, if any,
effect upon yield from applications of fertilizer

in the spring of the fruiting year. He states, "When



moisture and temperature are not limiting factors the
number of flower clusters, number of flowers and size
of berries sre dependent on nutritive conditions withe
in the plant the preceding fall and winter, and they
are practically independent of soil fertility condi-
tions during the spring and at the time of fruiting".
Size of berry was found to be correlated with the
number of pistils per flower and the percentage of
these which developed akenes in the resultant fruit.
These were influenced but little by fertilizer treat-
ments shortly before fruiting. He further states that
"the nutrition question as it relates to the strawberry
is a late summer and fall question to a much greater
extent than has been generally suspected”.

Few experiments have been reported which
furnish definite data on the effect of fertilizers when
applied in the spring a year before the harvesting of
the crope Bailey (1) in summarizing the results of a
series of cooperative experimenta'conduoted on various
types of soil in Oswego County, New York, reported that
the use of both potash and phosphoric acid was benefi-
cial, but with commercial nitrogen the increase in
returna failed to repay the outlay. The fertilizers
were applied to young plantations after the first
tillage and after the plants bloomed, but a year before
any records were taken on the crop. 'The use of potash

and phosphoric acid inereased productiveness, and the



berries were firmer and better colored. When
nitrogenous fertilizers were used there was too much
plant growth and an inferior quality of fruit.
Chandler (4) gives the results of a number of exper-
iments in Missouri which were conducted on both olad
and on new beds. "Aoid phosphate used alone at the
rate of 150 to 440 pounds to the acre gave a profit-
able increase in five trials out of six. In six
trials out of seven when used in combination with
either sodium nitrate or dried blood the yields were
increased over the yields that were obtained when
either of the latter were used alone. Nitrogen
applied in the spring a year before the crop was
harvested gave an increase in yield over the unfer-
tilized plots in only one trial out of nine".

Reffer (11) in Tennessee working with a clay loam
80il found that with muriate of potash, acid phos-
phate, and cottonseed meal singly and in combination,
gsome of the fertilized plots ylelded less than the
unfertilized, and that the results, as a whole, were
negative.

Experimental data on the influence of
summer and fall applications of fertilizers in the
nutrition of the strawberry are also meager. Fletcher
(9) states that "many growers in the northern and
ocentral states apply one-third of the fertilizer be~

fore the plants are set, one-third during the summer,



and one-third early the following spring"”, and that
"throughout the South three or four applicatioms of
fertilizer commonly are made; the first when the
plants are set and the last four or five weeks before
the plants bloom™ (8). However, no references to ex-
perimental data are given. Bailey (1) reports that

in one of the tests in Oswego County, New York, the
fertilizer was not applied until August. The ferti-
lizers were sodium nitrate and acid phosphate, and

the plot ylelded almost 1000 quarts less per acre than
the plots which were fertilized with potash in combina-
tion with nitrate of soda or potash alone. He attri-
butes the small yleld, in part, to the lateness of the
fertilizer application. Close (5) in Maryland applied
commercial fertilizers to strawberry beds in the fall
at the time when they were ordinarily mulched. The
yields from the fall fertilized plots were smaller
than from tne check plot which received no fertilizer
or mulch. Chandler (4) found that when sodium nitrate
or dried blood is applied in small quantities during
the early summer one year before the crop is harvested
they do not cause excessive plant or weed growth the
following spring. However, when dried blood is applied
in large quantities, even a year before the crop is
harvested, it tends to cause excessive plant growth,
to reduce the yield and to cause the berries to wilt

worse during droughts at picking time. Brown (3) in



Oregon conducted some experiments on an o0ld bed to
determine the value of applications made after the
harvesting season as compared with similar applica-
tions made at blossoming time. The yields though
small consistently favored late summer asoplications.
As a rule the plants receiving nitrogen alone pro-
duced larger berries than those receiving nitrogen in
conbination with notash or phosphoric acid. There com-
plete fertilizers were used, the plants which were
fertilized in the fall produced somewhat larger berr-
ies than those which were similarly treated in the

spring.

Statement of Problem.,

Considerable information has been se-
cured as a result of the investigations which have been
cited, but as yet some of the more fundamental pro-
blems relating to the nutrition of the strawberry are
not well understood. Gardner (10) has shown that where
moisture and temperature are not limiting factors the
crop of any season is determined largely by the
nutritive conditions existing within the plants during
the preceding fall, particulurly at the time of fruit
bud formation. A study of the nutrition problem
brings to attention two questions. First, what are the

conditions which are essential for the growtn and fruit-
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ing of the strawberry; is a certain nutritive condition
or balance of the elements existing within the plant
necessary or best at the time of fruit bud formation,
or is it more important to obtain certain growth con-
ditipns or a certain size of plant or crown? Second,.
what are the best methods of bringing about the desir-
able conditions? The first can be answercd only by

& chemical examination of the plants grown under various
nutritive conditions, and careful observations on the
behavior of the plants during the blossoming and fruit-
ing period. The second, obviously is a question of
soil management and the proper selection and use of
natrient materials. The objects of this investigation
have been to determine (1) the particular conditions
winich are most favorable for fruit bud formation and
the development of the fruit in the strawberry; and

(2) the influence of certain nutrient materials,
particularly those containing nitrogen, phosphoric
acid and potash on the growth and the nutritive con-
ditions in the plant when asplied at different times
of the year.

Materials and Methods.

Young runner plants were dug from a
bed of Senator Dunlap strawberries early in the spring
of 1923 and planted in six inch pots. These were



first set on boards which were laid on the bottom of
a shallow trench, and then surrounded with ordinary
garden soil. Later this soil was covered with sand
to prevent it from splashing onto the soil in the
potse The s0il used for growing the plants during
that experiment was a very light sand. The use of a
soil of this type was intended to provide a medium
which would offer favorable physical conditions for
growth, and at the same time one very low in plant
nutrients. The composition of the soil is shown by

the following analysis:

Moisture 0.16%
Loss on ignition «36
Phosphorous pentaxide

Sodium oxide ?Na 0) 1,07
Potassium Oxide (Kp0) 1.29
Silicon dioxide (S¥02)86.75
Calecium Oxide (Ca0) «98
Magnesium Oxide (Mg0) .90
Iron and aluminum oxides

(Feg0zand Alp03)9.29
Titanium dioxide (Ti0g) trace
Manganous oxide (Mn0) trace
Sulphate (303) bare trace
Nitrogen (N) 0,02

The amounts of nitrogen, phosphoric
aclid, sulphur and some other elements seem small
when compared with the amounts present in a common
productive soil, and there was very little organiec

matter present. The supply of potash was moderate

but inasmuch as an abundance of organic matter



is thought to be essential for the liberation of
potash (13) it is possible that @nly a small per-
centage of it was available.

‘Then the plants had become estabe-
lished in the pots they were divided into lots of
thirty-five each and treated with fertilizers accord-
ing to the outline in Table 1. 7ith the exception
of Lot 18 the nutrient elements were applied in the
form of commercial ammonium sulphate containing 20.
per cent. nitrogen, acid phosphate containing 16 per
cent. PpO0gand potassium chloride containing 50 per
cent. KgO0. In Lot 18 chemically pure monocalcium
phosohate and commercial sodium nitrate were used.
The fertilizer applications were calculated on the
basis of an application of 200 pounds of ammonium
sulphate, 400 pounds of acid phosphate and 150 pounds
of potassium chloride per acre, assuming the plants
to be grown under field‘conditions in hills 15 x 30
inches apart. During the first season the spring
applications of acid phosphate and notassium chloride
were mude on lay 10 and the summer applications on
august 1. In the case of the unitrogzen-carrying ferti-
lizers applications of one gram per plant were made
once each month to avoid excessive concentration in
the so0il and consequent injury to the plants. Those

for the spring period were made on May 10, June 1,



and July 1 and those for the summer period on August
1, September 1, and October 1. "7hen fertilizers were
applied in the spring of the second year a single
application was mi.de soon after the plants started to
grow, (about May 1).

So far as possible, uniform conditions
favorable for the growth of the plants were maintained
during the course of the experiment. Tater was supplied
whenever necessary by means of an overhead system of
irrigation, and rarely did any of the nlants show
symptoms which indicated that they were suffering from
the lack of moisture in the soil. Some trouble was
experienced with strawberry leaf spot but the foliage
was kept in a healthy condition by spraying with Bordeaux
Mixture. There was some root growth outside of the pots
but usually the boards underneath prevented any pene-
tration into the soil in which the pots were plunged.
The pots were lifted occasionally and any roots found
protruding fron them were cut.

All runners were removed as they appear-
ed throughout the season and the number and total length
0f those from each lot of plants recorded. On August
1l and on October 26 three representative plants were
selected from each of the lots which had previously
received different treatments. These were carefully
washed, the fresh weights of the tops and roots deter-

mined, and afterward dried and saved for the pirpose
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Table 1, == Outline of Treatments used in Strawberry

Butrition Experiment.

Lot No. Butrients Total amount Time of
Used applied per plant application.
1l DNo fertilizer
2 Ammonium Sulphate 3 grams Spring
3 " " 3 " Summer
4 " " 6 " Spring and summer
5 (Ammonium Sulphate g " Spring
(Acid Phosvhate 15 " Summer
6 Acid Phospohate 15 " Spring
7 " " 15 " Summer
8 (Acid Phosphate 15 " Spring
(Ammonium Sulphate 3 " Summer
9 (Acid Phosphate 15 " Summer
(Ammonium Sulphate 2 " Spring (2nd yr.)
10 (ammonium Sulphate & " Spring
(Acid Phosphate 15 » Spring
11 (Ammonium Sulphate s " Summer
(Acid Phosphate 15 " Summer
12 (Ammonium Sulphate 6 " Summer
(Acid Phosphate 15 " 1/2 spring, 1/2
summer
13 (Ammonium Sulphate g " 1/3 spring, 1/3
(Acid Phosphate 15 " summer, 1/3 foll-
‘ owing spring.
14 ( Ammonium Sulphate 3 n Spring
(Acid Phosphate 15 n Spring
(Potassium Kuriate 5 " Spring
15 (Ammonium Sulphate z n Summer
(acid Phosphate 15 " Summer
(Potassium Muriate 5 Sumcier
16 (Ammonium Sulphate 6 " 1/2 spring, 1/2
(Acid Phosphate 15 " summer
(Potassium Muriate 5 n
17 (ammonium Sulphate g 1/3 spring,
(4cid Phosphate 15 " 1/3 summer, 1/3
(Potassium - Muriate 5 " following spring
18 (Sodium Nitrate g " 1/3 spring, 1/3

(Monoealcium Phospha- 4

(Potassium Muriate(te

5

summer, 1/2 foll-
owing springe.






of determining the dry weight, free ¥educing sugars, sucrose,
starch, total polysaccharides, nitrogen and mineral econtent.

When the plant samples were collected
samples of the soil in which they were grown were taken
and submitted for hydrogen-ion determinations. These werse
ma&e colorometrically against standard buffer solutions.
The untreated soil showed a pH of 7.5, indicating a slight
degree of alkalinity and aoparently it remained unchanged
throughﬁut the season. The use of fertilizers resulted
in some modification of the pH, but the differences were
small and there was no indication that the hydrogen-ion
concentration in the soil had any definite influence on
the behavior of the plants in this experiment.

During the winter the plants were pro-
tected with several inches of straw and with the exception
of a few from each 2ot which were taken into the green-
house for observation during the winter months, all were
left under natural out-door conditions until spring.
During the spring and summer of the fruiting year records
were taken of the number of flower clusters, number of
flowers per cluster, and the number and weight of the
berries from each individual plant. Moisture determina-
tions of the berries were made and the fruit dried and
saved for analysis. Records were made also of the number
of abortive pistils and fully developed akenes per berry
for each of the different lots. After all the fruit was
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harvested three representative plants were collected from
each lot and the fresh and the dry weights determined and
recorded.

The determinations of nitrogen and mineral
content of the plants, as well as the hydrogen-ion deter-
minations of the soil, were made by the experiment station
chemists. all carbohydrate determinations were made in
the research laboratory of the horticultural department.
The Allihn method,(14) with slight modification, was
employed in making all the carbohydrate determinations.
Digestion with diastase (20) preceded the hydrolysis of
the starch. The results of all chemical analyses were

caloulated on the basis of oven dry material.

PRESENTATION OF DATA

The Influence of Nutrients Applied During

the Spring and Summer on Vegetative Growth. -- 7hen the

plants were dug from the field in the spring considerable
care was taken to select those which were nearly the same
in size and vigor, and after they were planted in the
pots they appeared to be very uniform in these respects.
At the end of the third week differences in the character
of the plants were noticeable, particularly in the lots
to which nitrogen had been applied. At the end of the
spring period (sugust 1) these differences, especially

in the size and vigor of the plants, were very pronounced.
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Table 2, -- Effect of Spring and Summer Applicaticns of pertilizer on the Size

' of the Strawberry Plant.

Lot Total average weight Total average weight Increase Aug. 1
No. Treatment per plant, Aug. 1. per plant, Oct. 26. to Oct. 26,
(gms.) (gms.) (gms.)
Fresh Dry Fresh Dry Fresh Dry
1 Unfertilized 21.0 6e32 20.14 6.01 -.86 -.31
| 2 N spring 3640 10.4 38.0 11.4 2.0 1.0
! 10 NP spring 45,73 14.5 49.1 15,29 3436 .8
[ 14 NPK spring 42,43 13.3%7 54.38 15.78 11.94 2.4
6 P spring 21.4 6.48 18.82 5.8 -2.58 -.68
3 N summer 21.0 6632 44 07 12,65 23406 2.25
Ui NP swmmer 21,0 6.32 49.92 13.9 28492 7.87
15 NPK summer 21.0 6.32 56.5 15.87 3545 9.54
7 P summer 21.0 6e32 20428 5.65 - 77 -e67
4 N spring-summer 36.0 10.4 58,7 18.79 22.7 8.39 \
12 NP spring-summer 45,73 14.5 76¢3 2€ .86 31.56 8.36
| 16 NPK spring-summer 42,43 13.57 60.23 18.69 17.79 5.52
: 18 NPK~-§ spring-summer 34,25 9.71 51.0 15.45 16.76 5.74
5 N spring, P summer 36 10.4 51.8 16,03 15.8 5463
8 P spring, N summer 2l.4 6.48 42.7 12,3 21.3 5.8
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Spring Applications. -- The data in

Table 2 show the average total fresh and dry weights of
the plants which were collected from the various lots on
August 1 and on October 26. The averuge fresh weight

of the unfertilized plants on August 1 was 21 gms. and
0of those which were fertilized with nitrogen alone 36
gms., & gain of 70 per cent. over the unfertilized plants
during this period. In the lots winich were fertilized
with nitrogen and phosphoric acid the average weight was
45,7 grams or a gain of nearly 118 per cent. The gain
in weight from the use of nitrogen and phosphoric acid
with potash in combination was slightly less. Phosphoric
acid alone did not increase the growth appreeciably over
that of the unfertilized plants.

The gains of the same plants during the
summer period are significant. There was a slight de-
ocrease in the fresh weight and the dry weight of the
plants in the unfertilized and in the acid phosphate
fertilized lots. This was due to a fallure of the plants
to produce new growth and the loss of some of the older
leaves in the fall. The effect of withholding nitrogen
during the summer period w:is an almost immediate check
in growth of the crowns., In Lots 2 and 10 the increases
in fresh weight per plant after August 1 were only 2 gms.
and 3.36 gms. respectively. In Lot 14 which was ferti-
lized with nitrogen, phosphoric acld and potash there

was a larger increase of 11.94 grams,
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Summer Applications. -- The results with

the plants which were fertilized during the summer period
only are also significant. Here again phosphoric acid
alone failed to produce any effect on vegetative growth,
but when used in combination with nitrogen or with nitro-
gen and potash the growth was greater than with the use
of nitrogen alone. The effect of fertilizers on the
growth of the plants in Lots 3, 11, and 15 which had re-
ceived no previous fertilizer treatment during the spring
period was almost immediate. The leaves changed from a
light green to a dark green cclor and the plants grew
vigorously until the close of the season. The data show
that the plants wers slightly larger at the close of the
geason than those which received similar treatments dur-

ing the spring period only,

Spring and Summer Application., -- Plants
which were treated with fertilizers containing nitrogen
during both the spring and summer periods were all larger
at the close of the season than the plants which had been
treated during the spring period or the summer period
only. The plants in Lot 12 which were treated with ni-
trogen and phosphoric acid were larger and more vigorous
than those of any other lot. The average green weight
of these plants on October 26 was 76.3 grams. Those fer-
tilized with nitrogen weighed 58.7 grams and those ferti=-
lized with nitrogen, phosphoric acid and potash 60.22

grams. In Lot 18 the same elements were applied and in



the same amount as in Lot 16, but as indicated in the out-
line in Table 1 the phosphorous was applied as chemically
pure monocalcium phosphate and the nitrogen as commercial
sodium nitrate. The treatment was designed to determine
the importance of sulphur in strawberry nutrition. Since
no sulphur was added to tne soil in the form of fertili-
zers and there was only a bare trace of sulphates present
in the so0il, the amount of sulphur available for the
plants was extremely small. The plants grown under this
treatment were not as large and vigorous as those of the
other lots which received a complete fertilizer treatment.
"he leaf petioles were shorter and the plants lower and
more spreading in habit. During a portion of the season
there was a characteristic crinkling of the leaves some=-
what resembling the disease known in some of the southern
states as "strawberry crimp". However, it is not certain
wnether the differences noted were entirely due to the
fertilizer treatment given or to some other factor for an
analysis of the plants given later shows that the tissues
contained nearly as much sulphur as those grown under any
other treatnent.

The Effect of Fertilizer Treatments on

Runner Production., -- Records of the number and length

of runners produced by each lot of plants with the date
of their removal are shown in Table 3. This table gives
some idea of the distribution of runner production through-

out the season. A summary of the total number, length,
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| Table 3. Record of Number and Total Length of Rumners Removed.

' {Length recorded in inches).
B DATE 6/8 5/15 6/25 7/5 7/18 7/24 8/E 8/13 8/20 8/29 9/5 Total
%g? No. Length No. Length No. Length No. Length No. Length No. Length No. Length No. Length No. Length No. Length No. Length No. Length
R | 3 4 288 13 83 3 14 i 6 8 6 3 14 A 10 0 I 10 0 27 176
2 6 26 10 5% 16 76 42 268 22 120 50 242 48 270 a5 101 30 135 2 TBENG 1304
g < = 18 8 £l 3 18 4 26 3 1% 4 18 1 8 3 18 e 31 8 41 45 224
4 19 98 17 44 45 273, B0 174 42 1407  CENSMIT N o 82 35 133 5 24 g5E 1148
R 7 37 9 80 A% 56 &1 214 .23 130 - 56 . 2550 FriaEEERERECE 80 88 Y 3 175 Eae 1103
| 8. 5 18 ;] 4 7 49 2 8 6 16 3 1 3 24 1 6 26 126
7 7 328 10 67 3 15 5 29 3 18 Z 12 3 14 1 3 35 194
<R ¥ $ A 3 5 29 1 4 3 26 1 5 5 22 9 35, .38 98 ¥a' 48 61 270
9 2 6F 3 10 2 8 2 7 1 B o i ' B 42
10 ¢4 B8:. 10 40 42 260 22 148 36 306 88 160 66 @ FRISSALESEASETNNE 48 20 77 g 18 283 1633
1L I 6 3 15 6 49 1 3 1 4 2 4,8 3 20 2 180 1% 29 6 45,5 38 1885
13 n 37 48 ane 58 3EQ 62 444 36 128 i 331 58 273 34 113 656 263 10 57 485 2288
13 5 on 13 50 39 ooy 59 %02 58 388 45 178 74 368 66 360 34 108 59 239 6 35 456 2282

14 - = 12 8 44 30 196 34 238 BT 158 28 122 62 273 48 363 23 93 - 88 138 2 14 293 1649
16 5 43 6 5l i 16 2§ 9 1 3 2 19 16 140
l6 6 42 16 80 40 248 40 227 &6 #56 36 181 70 gREN4AE L g oakeac 80 28 111 6 45 344 1935
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and fresh weight of the runners produced, toggther with
the average production per plant is given in Table 4.
The data show some interesting facts regarding this
feature of vegetative growth. The unfertilized plants
produced only 27 runners with a total length of 176
inches and a total weight of 10.2 grams. About 75

per cent. of these were produced during June. Spring
applications of nitrogen either alone or in combination
with phosphoric acid or potash greatly stimulated runner
production and apparently at the expense of other parts
of the plant for runners were produced freely throughout
the scason even though no nitrogen was applied after
July 1, and the growth of the tops was checked. Contin-
ued applications of nitrogen during the summer period
particularly when in combination with phosphoric acid
and potash stimulated still greater runner production.
In Lot 13 the total number of runners produced was 456
with a total length of 2262 inches and a total weight

of 215.4 grams. ""hen nitrogen was applied during the
sumaer period only, fewer runners were produced as shown
in Lots 3, 11 and 15 while the total weight of the
plants slightly exceeded that of the plants in the spring-
treated lots. However, when the weight of runners per
plant is taken into account the total amount of vegeta-
tive growth produced per plant was nearly the same in
the spring and the summer-treated lots. The average

total fresh weight of the plants with ruanners in the

spring-treated lots (2, 10 and 14) was 41 gms., 52.9
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gms, and 68,38 grams respectively and in Lots 3, 1l and
15 which were similarly treated during the summer period
44,71 gms., 50.42 gms, and 56.8 grams respectively.

The data show that the nutrients which were applied in
the spring induced nearly the same total amount of new
tissue formation as equal amounts of the same nutrients
applied in the summer, but in one case, it was utilized
to a considerable extent in runner production, and in
the other for the development of the crowns.

Relation of Top and Root Development. =-

The average dry weights of the tops and roots of the
plants in the various lots on august 1 and on October
26 are tabulated in Tuble 5. The growth of the tops
and roots previous to august 1 in the plants of the un-
fertilized lot and of those which were treated with
acid phosphate were nearly equzl, but when the plants
were treated with nitrogen the tops were much larger
than the roots. When nitrogen wuas used alone the ratio
of tops to roots was 3 to 2 and when it was used in
combination with phosphoric acid and potash the ratio
was 2 to 1. The weights of the plants which were
collected in October show that there were increases

in the root growth in all the spring-fertilized lots
and decreases in the weizht of the tops. Very little
top growth, except the production of runners, was made
by the plants in these lots after august l. Some of

the outer leaves dried up and were lost from the



Table 4.

Runner Production.

Total no. Total length Total fresh weight fresh wt. Av., fresh wt,
runners ruane rs of runners of plant of ruaners

Lot. remov ed mov ed (gms.) Blet sl 267 per plant
No. Treatment (inches) {gms.) {egms. )

1 Bo fertilizer 27 176 10,2 20.14 3

2 N spring 261 1204 106.9 38,0 3.0
10 NP spring 283 1633 13.8..& 49.1 3.8

14 NPK spring 399 1649 140.0 54,38 4,0

6 P spriang 26 136 9.5 18,82 2.8

3 N summer 45 234 22.4 44,07 .64

ihit NP summer 28 188 17.4 49,92 o5
18 NPK summer 16 140 10.0 56.5 5

% P summer 38 194 13,3 20,23 o4

8 P spring, N summer 61 270 Ao 42.7 .8

5 N spring, P summer 224 1103 90.4 £l.8 2.6

4 N spring & summer 224 1103 101.4 58,7 )

12 NP spring & summer 458 £288 208, 7603 e

13 NP spring & summer 456 2282 215.4 51 6.2

16 HPK spring & summer 244 19356 191,56 60,23 58

1% NPK spring & summer 378 2042 200. 60.23 Se

18 IIPK-% spring & summer 277 14563 128. 5l. 4.
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plants and this, with the larger number of runners
produced, accounts for the loss in weight between sugust
1 and October 26, The data snow, however, that there
was a considerable increase in the growth of the roots
after adugust 1 and that the amount of living tissue in
the tops at the close of the growing season was less
than in the roots. In the summer treated lots which
had not been treated with nutrients previous to August
1l the development of the roots was less in proportion
to the amount of tops produced than in the spring ferti-
lized lots. In the lots which had been trecated with nu-
triéts during both the spring and the summer periods,
the tops were all larger than the roots. It will be
noticed, however, that with nitrogen alone the weight
of the tops did not greatly exceed that of the roots,
while with the addition of phosphoric acid and potash
the proportion of tops wasmuch larger. aApparently, the
phosphoric acid or the potash, or perhaps both, have
had some influence in the development of larger crowns
with relatively small root systems. The most importe
ant point to be observed, however, is that when the
supply of nutrients in the soil is small the plants de-
velop an extensive root system, and with a very

limited amount of nutrients a correspondingly small
crowne On the other hund, with a moderate supply of

readily av.ilable nutrients in the soil the root system



Table &,

The Effect of

Nutrients on Top and Root Development in

the Strawberry Plant,

= BN oo

Nutrieants Av, dry wt. of tops and roots Av. dry wt. of tops and roots, October 26,
Applied Aves (gms,)
{gms.) Spring treatment Summer Treatment Spring & summer treatment
Ratic of
tops to roots
Tops Roots T/R Tops Roots T/R Tops Roots T/R Tops  Roots T/R
No fertilizer e e D ik 1.82 4,19 043
12 349 2.98 ALy 1.96 .86 »5 2.17 3.48 ,6
i 6.4 4,16 1.47 i t51(s) £,84 + 95 B Q4SBT N T2 GoZE S 07 1.07
NP s 4,73 2,06 6.95 B3 «83 7.02 6,88 1,02 12,3 10.56 856
HPK 9.08 4,29 211 7«66 8.12 .94 8.14 7.7 1,06 11.2 7.21 1.85




is less extensive and the crowns proportionally larger.

The Influence of Fertilizer Treatments

on Vegetative Growth Quring the Spring and Summer of the

Fruiting Year, -~ Considerable differences were observed

in the growth of the plants during the spring and
sunmer of the second (fruiting) year. The unfertilized
plants developed very little new follage, some of them
producing only one or two very small flower clusters.
The growth of the plants of the various lots which vere
fertilized during the preceding season was variabls,
but in general, the plants which were treated with fer-
tilizers containing nitrogen during the summer period
grew more vigorously than those which were similarly
treated during the spring period onlye. Thencver ni-
trogen wuas applied in the spring of the fruiting year
there was a quick response in the vegetative growth,
not only in the development of new foliage but in
runner production. The response in new growth was
much greater in the plants of Lot 9 which were grown
under rather low nutritive conditions than in those of
Lots 12 and 17 which were well supplied with nitrogen
and the mineral nutrients during the preceding season.

The Influence of Fertilizer Treatments

on the Nitrogen, Mineral, and Carbohydrate Content of

the Plants. =- Still more significant perhaps than the

morphological characters which have been discussed were

the differences in the nitrogen, mimeral and carbohy-
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Table. 6., Percentage Composition of Strawberry Plants Collected October 26.

(Oven Dry Material)

Lot Total To tal
o, Treatment Ash S N Pe0p  Kg0 Reducing Sucr ose Total Starch poly- carbohy-
7 % % i3 % sugars % sugars 4 sacchar- drates
A A ides A
/4
TOPS
i OnTertilized 025 .82 o5 - 5, 44 1.24 6.58 22,26 28,94
2 N spring 11.64 s D7 45 .87 76 2,98 11,52 1.22 10.98 22.5
10 HP spring 11.48 o7 4l Sy 9,756 l.4 11.16 15,04 27.2
14 OPK spring 11.88 .84 .48 «99 9,95 o7 10.66 12,70 23.35
6 P Spl‘iﬂg 16.16 020 .86 G 1.10 : 7e8 ’708 8.24 16.04
5 N spring, P summer 14,2 56 S «98 1015 1.2 11.33 «90 13.74 25.07
. N summer 11.89 1.59 49 1.10 il .8 99 76 17.4
11 NP summer 9.40 2.02. 18 033 2«9 4 .82 53 9.87 17,4
15 fPK summer 11.05 2,09 .84 1.5 7 49 4 .68 ol .80 11818 23.38
8 P spg., N summer 16.15 Ly i) MO 2.61 8.11 10.72 131,26 21198
& N spg., summer 13.34 426 1.55 o4 «98 65066 5,09 9,76 1.03 11.64 21.39
12 NP spg., summer 10,88 88 1,79 .66 1.00 .4 4,9 10.3 1.0 10,29 20.59
156 NPK spg., summer 19.89 82 1.85 #88 1,03 .91 5,95 9.86 1,03 12.00 £1.86
18 NPK-S spg., summer 12.86 .19 1.86 chb S ALES 4433 B 12,08 Sk 12,43 24.48
ROOTS
1 Unfertilized A R ) «69 « 50 2 OF Boaty 1.97 7.14 16,34 22.48
4 N spg., summer 18,28 B 1l.64 9517 .86 Bt «50 6+.22 4.14 18.81 25.03
6 P spriag 30,88 .24 .84 .87 1.08 e 1.0 83 ; 14 .67 EI.O
12 NP spg., summer 19,98 .41 R.28 .69 1,03 8.79 s 7.5 9.54 2.0 11.87 21.41
15 HPK spg., Summer 12808 8T  B.Pe 0 i S (]!

18 HPK(=8) spg., summerlf,87 ,19 1,78 +68 1,18
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Table 7. Absolute Amounts of Nitrogen, Minerals and Carbohydrates Per Plant in Strawberry Plaats

Collected October 26,

Av. dry
wt. of Free rotal
Lot tops per S N Po0sg Xg0 duc ing Ducrose sugars starch volysacchar- rotal
o, plant ens . gms,. gms gms. sugars gms . enms . enms . ides carbohydrates
(gms.) gms . gms . gms,
: | 1.87 .004 .014 .009 .091 .021 +138 378 «483
2 .03 049 ,023 044 . 382 may JE79 .066 JBE2 1.1%2
10 6439 .045 ,027 «063 5623 .089 S 1.030 1,738
14 7.09 060 ,034 .070 .708 080 755 »900 1,685
6 1.82 .004 .016 .013 .020 142 148 .1580 .292
5 7.26 .082 ,038 071 o735 .088 +Ba% .065 +998 1.820
3 6edd 2108 ,038 »071 «588 .052 « 637 .482 133419
13 6,53 132 ,049 087 «189 «303 «492 « 544 1,136
16 7.47 156 ,063 118 +559 «380 «909 +059 4835 1,744
8 5.83 .046 ,039 065 «158 473 «625 « 5860 1.281
- Bie O .023 SALERE SR .087 597 S TRS) 878 .092 1.044 1.918
12 11.4 030 204 ,07F 114 « 815 .559 1,174 114 3170 2.347
186 10,88 .030 169 .0564 .105 .405 .616 1,021 .106 1,243 2.264
18 8.04 .015 1256 L0563 .100 . 548 s 621 «969 .0E8 1.000 1.968
ROOTS
3 5.89 .0073 .0268 ,0194 0338 201 0766 w2l 596 «873
4 8.42 0176 JAB8 . ,0828 .0656 2481 .042 BB .348 1,583 2,107
6 3461 .0086 0303 ,0314 .0382 S AESIY .038 $288 529 « 787
12 9.79 03 2218 L0876 «1007 «860 074 . 924 293 1162 2.096
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drate content of the plants in the different lots.

The analyses of the plants taken October 26 are shown

in Tables 6 and 7. The amounts of the various sub=-
stances in percentage of dry matter are tabulated in
Table 6 and the absolute amounts in grams per plant in
Table 7. Some of the samples were too small to make

all determinations, and for this reason the analyses

in several cases, particularly for sulphur and starch

are incomplete. Only a few analyses of the roots are
given. These show that the ash and starch content was®
larger in the roots than in the tops. There were some
differences in the percentages of nitrogen, and of car-
bohydrates other than starch, but the data in Table 7
show that, in general, the absolute amounts in propor-
tion to the amount of dry matter were nearly the same,

The percentage of ash in the tops varied from 9.4 per
cent. in Lot 11 to 16.16 per cent. in Lot 6. It will

he noticed, however, that the plants with the lowest

ash content contained larger amounts of nitrogen, phos-
phoric acid, and potash than those with the highest ash
content. The unfertilized plants and those which had been
treated with fertilizers containing nitrogen in the spring
period only, contained lower percentages of nitrogen,
phosphoric acid, and potash, and a higher percentage of
carbohydrates than those whici: had been similarly treated dur-
ing the summer period. The greatest differences were

found in the nitrogen content. "hen the nutrients were

applied in the summer period only, the percentage of



nitrogen was larger than when corresponding treatments
were given during both the spring and summer periods.
In the spring-treated lots the amount of nitrogen ranged
from 0,66 to 0,97 per cent; in the summer-treated lots
1.59 to 2.02 per cent. and in the spring- and summer=
treated lots 1.55 %0 1.79 per cent. Reference to Table
7 shows, however, that the absolute amounts of nitrogen
and carbohydrates per pnlant were the largest in Lots 4,
12, 16 which were well supplied with nutrients during the
entire season.

The analyses of the plants at the close
of the spring period (august 1) are given in Table 8. A
comparison of these analyses with those of the plants which
were taken Qctober 26 shows that considerable amounts of
nitrogen and potash which were absorbed by the plants dur-
ing the early stages of growth were 16% from the plants
later in the season. The data show that in Lots 1 and 6
there was an increase in the percentage of nitrogen and
phosphoric acid but a decrease in potash during the summer
period. In Lots 2, 10 and 14 the phosphoric acid remained
nearly constant but there were large decreases in nitrogen
and potash. Reference to Table 2 snows that the total dry
weirhts of the plants on august 1 and on October 26 were
nearly the came, therefore the loss in percentage cannot
be accounted for by an increase in bulk or growth of
plant. There were probably some losses of these elements

from the crowns through runner production and the death
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of sonie 0f the outer leaves during the summer period.
It is also conceivable that certain amocunts may have
been returned to the soil and that there were losses
from the plants by leaching. A further comparison of
the analyses in Tables 6 and 8 brings out still another
interesting fact. The nitrogen-carbohydrate content of
the plunts on August 1 was nearly identical with that
of the summer treated plants on October 26. The re=-
sponse to this concdition in the spring-treated plants,
however, was manifested chiefly by a vigorous runner
production and as will be shown later, no fruit bud
differentiation at the time, and very little fruit

bud differentiation in late fall, while under similar
conditions in the summer treated plants there was

less tendency for runner vroduction and a greater
response in fruit bud formation. The analyses of the
spring treated plants taken on October 26 show that
there was a decrease in the percentage of nitrogen
after August 1 and a slight increase in carbohydrate
content. In Lot 18 wuich received nitrogen during
both the spring and summer period the percentage of
nitrogen on August 1 and October 26 was nearly the
same and there was a slight inerease in the percentage

of carbohydratcs.



The Relation of Potash and Sugars --

One of the general effects of the fertilizer treatments
in this experiment was an increase in the amount of
sugars and a decrease in polysaccharides. The unfer-
tilized plants contained 6.68 per cent. sugar and 22.26
per cent. polysaccharides. With the exception of Lots
6 and 11 the amounts of sugar in the fertilized lots
ranged from 9.75 to 12.17 per cent. Lot 3 was lowest
in polysaccharides with 7.5 per cent. and Lot.lo highest
with 16.04 per cent. Spring-treated plants contained
more free reducing sugars and less sucrose than the
summer-treated plants. The data presented in Table 9
show that there is, apparently, some relationship be-
tween the intake of sotash and the amount of sugars found
in the plant. T.e potash content varies from 20 to 114
mgms. and the sugar content from 142 to 1174 mgms. per
plant. The ratio of potash to sugars (S/Kg0) in the
tops varies from 1.0 3 5.6 to 1.0 : 13.56. The average
ratio is 1:8.7 and the most common ratio about 1:10.
In the roots the ratio is approximately 1:8. The data
indicate that even if no definite ratio of potash to
sugars exists in the strawberry the amount of sugars pro=-
duced is closely associated with the intake of potash
by the plante.

The Total Intake of Nitrogen and llineral

Elements by the Strawberry Plant. Calculations from the

data in Table 6 show that the typical ash content of the
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Table 9. The Ratio of Potash and Sugar in the Strawberry Plant.

Lot Yry wt. per plant Potash{ X20) sugar Ration of
Ho. {gms.) potash to
i Mgms. % Mgms . sugars
POPS DeR plenk per plant s/K20

2 5.03 « 87 43 11.52 879 13.5

3 6.43 1.10 70 9.9 637 99

4 8.97 .98 87 9.75 875 10,5

5} 7.26 «98 1AL 11,33 823 3.7

6 1.82 1,10 20 7.8 142 /et

8 £.83 1.11 65 10.72 6286 9.6
10 629 «29 65 NS5 713 ) 01D
iLs L 6.53 1.33 87 .53 492 £.5
18 1l.4 1.00 114 10.3 1174 10.3
14 7.09 «99 70 10.65 755 7.08

s 747 1.80 itz 12 e bty 909 8.1

16 10.36 1,01 105 9.86 1021 Oreil]

18 8.04 1.85 100 1e.00 968 9.7

ROOTS

3 3.89 87 34 7.14 g7 8f

4 8.42 86 65 6.22 524 8.

6 B465 1.06 38 633 228 6o

12 979 1.03 100 9.54 934 Fed




plants at the termination of growth in the fall was
approximately 12.4 per cent., and that the plants con-
tained an average of 1.75 per cent. nitrogen, .64 per
cent. phospnoric acid, and l.16 per cent potushe. Though
these figures are not necessarily indicative of the
requirements of the strawberry, they furnish a measurs-
ment of the amounts of the various nutrients absorbed
from the soil by the plants. Analyses of the berries
indicate that the aumounts of nitrogen, phosphoric scid,
and potash present in the fruit is small and that the
strawberry is not a soil depleting cro»n. However, the
data show that the actual intake of nutrients by the
plant, though only temporarily removed from the soil,
is considerable; and while the strawberry is not an
exhausting crop its requirements particularly during
the period of vegetative growth are relatively high.

The Influence of Fertilizer Treatments

on the Flowering and Setting of Fruit. -- Table 10

summarizes the data on flower production and the seét

of fruit in the different lots. The records show that
the total number of flowers 1s determined chiefly by the
number of flower clusters and only to a small extent

b; the number of flowers per cluster. The general effect
of the fertilizers containing nitrogen has been an in-
crease in the number of clusters per plant and in some
cases & s8light increase in the number of flowers per

cluster. The plants which were treated during the summer
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Table 10, The Influence of Fertilizer Treatments on Flowering and the Setting of Fruit

in the Strawberry.

L 19@s culErEe Av. no. flowers Av., no. flowers Per cent. of flowers Per cant. of
Lot Treatment clusters per rer cluster setting fruit. setting frui t. "set" matured.
No. plant |

1 Unfertilized 3B 5o 76 g2 86.8

1A Unfertilized lst. yre. 4.0 e B 40 84 .2
N spring Z2nd yr. :

2 N spring 1lst yr. 6.4 Bl 208 20,8 Sal
10 0P spring 5.0 4 285 3343 84.4
14 HPK spring 4,7 7.8 198 28.4 84 .8

6 P spring 4.4 S 13 rA e, 929

& N spring, P summer 4.9 73 201 27 .8 88.5

3 N summer e 6.8 596 Bl B34S
13 NP summer et it 648 38 .4 by
15 HPK summer el 7 o4 740 46,0 83.5

8 P spring, N summer AL A% 755 626 36.8 8345

7 P summer 3.8 65e6 141 27.0 89,3

9 P summer, N second 32 7.0 344 6l .3 88.1

spr ing,

4 N spring & svmmer 12.2 7l mat 717 39 7645
12 UP sprine & sunner 14.4 8.8 910 40 5.1
13 N® spring, summer, & 13s3 8.8 1228 52 7445

S 1 (‘L 1(:‘; :"_101‘
’ 6 NPK spring, & summer il L Be2 685 37.6 81.9

1.7 PK spring;- summer- LSS il 1091 A3 8l.4

spring, 2nd yr. ~

18 NPK-S spring, summer, 246 8.9 563~ 43,3 88.4

spring, (gnd yr.)




period only, produced nearly twice as many flower clus-
ters as those which received corr-ssonding treatments
during the spring period though they were but 1little,
if any, larger. The average number of flower clusters
per plant in the spring fertilized lots ranged from 4.7
to 6.4, and in the summer fertilized lots from 9.7 to
l1l.7. The average number of clusters per plant in the
lots which received both spring and summer treatments
was somewhat larger, ranging from 10.5 to 1l4.4 and there
was a slightly larger number of flowers per cluster.
The applications of fertilizers in the spring of the
fruiting year had no effect on the number of clusters
per plant or the number of flowers per cluster,

The percentage of flowers which set fruit
is also shown in Table 10, From these data it appears
that the percentage of set may be influenced by nutri-
tive conditions which exist in the plant, and to a con=-
siderable extent by nutritive conditions in the soil
during the blooming season, Plants which had been fer-
tilized during the spring period only, d4id not set as
many flowers as those which had been fertilized during
the summer period. The average set of all spring
(first year) -fertilized lots was 29.6 per cent., of all
summer-fertilized lots 27 per cent., and of those which
had been fertilized during both the spring and the summer
periods 39 per cent. Refurencé to Table 6 shows that

the summer-fertilized plants had more reserve nitrogen



in the tissues in.the fall, which may account for the
better set of fruit the following spring.

Applications of nitrogen in the spring
of the fruiting year greatly increased the set of fruit,
particularly, with those plants which .ere grown under
low nutritive conditions the preceding summer and fall.
In Lot 1 (unfertilized), 22.7 per cent. of the blossoms
sqt fruit, while in those of the same lot which had re-
ceived an appnlication of sodium nitrate Jjust before
blossoming there was a 40 per cent. sete In Lot 9, which
had been treated with acid phosphate during the summer
period and with nitrogen the following spring, 613 per
cent., of the blossoms get fruit while the set was only
27.6 per dent when no spring application of nitrogen was
used. Spring applications of nitrogen before blooming
in the lots which had pnreviously been well fertilized
during the preceding season also resulted in an increase
in the set of fruit, as shown in Lots 13 and 17, but the
increase was not as large as in those which had been
grown under less favorable nutritive conditions.

The Influence of Fertilizer Treatments on

the Total Yield and Size of Fruit. -- Table 11 presents

a summary of the average total yield and the number and
the weight of berries from the plants of the different
lots.

ditrogen, when used alone or in combina-

tion with phosphorous and potash has in every instance



greatly increased the yield. The yields due to the in-
fluence of spring applications of fertilizer the first
year have been doubled and in some cases trebled by the
same treatment with fertilizers during the summer period.
Fertilizers applied during both spring and summer seriods
have in only one instance given increased yields over
those which were applied in the summer period only. The
largest yields were secured from plants in lots 13 and

17 which were fertilized during both the soring and
summer periods and again in the spring of the fruiting
year. Applications of nitrogen in the spring of the
fruiting year increased the yields by inducing a better
setting of the flowers and an increase in the size of the
berries.

Is Table 12 the data which has salready
been presented in Table 9, is arranged in a different
nanner t> show the number und size of the berries which
ripened in different periods during the harvesting season.
It will be noticed *hat the beriies which ripened in the
first period (June 20 - 25) were the largest and that
there was a decrease in size until at the end of the sea-
son many of them were very small. However, this seems
to be characteristic of the Senator Dunlap and was to be
expected. Valleau (17) has showa that there is a definite
relationship between the position of the flower in the

cluster and the size as well as the degree of setting of
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Table 11. DNumber and Size of Berries per Plaat as Influenced by Different Fertilizer

Treatments.

Lot
No. Treatment Av. no. berries Av. total wt. of berries AV, Wbt.
per plant per plaat PEENBETTY
( gms. ) (gms.)
il Unfertilized Se 9.8 2.5
1A Unfertilized (lst yr.) 9.6 24,2 2.5
Nitrogen(2nd spring)
6 P spring (lst year) 6e56 14.3 2.18
7 P summer 560 14,4 s,
) (P summer 12 B % °.88
(N 2nd spring
2 Hospring {lat yr.) 10,8 2547 2,37
10 NP spring iHUsi5 ) rand
14 NPK spring 8474 20,8 2.26
5} (N spring 8.9 20.6 2ed
(P summer
3 N summer 24.8 8848 2.8
14 NP summer 26.0 8.1 A
1t NPK summer 31.0 71.8 2,42
8 (P spring 26.1 605 2633
(N summer
4 N spring-g 26.1 £3.2 2.04
summer .
12 P spring and 38.0 74,7 2% ‘
summe r \
13 NP spring, summer 45.8 96.3 €1
spring (2nd yr.)
16 NPX spring, 29.63 67.1 2,26
summe r
17 NPK spring, 37, 91.5 2.46
summer,
sprine (2nd yr.)
18 NHPK-S spring, summer, ZBie S 54 .7 2.09

sprine (2nd yr.)




of the fruit., 'With Senator Dunlap in particular, he
found that a very large percentage of the primary flowers
set perfect fruit, and that there was a gradual decrease
in the number of perfect fruits and the total number of
berries set from the primary to the last flowers which
opened in the cluster. The data in Table 12 show that
the number of eardy berries depends more on the number
of flover clusters than any other factor. Nitrogen app-
lied in the spring of the fruiting year slightly increased
the number as shown in Lots 1A, 9, 13 and 17, probably
by a better setting of the primary flowers. The early
berries were usually larger when they were few in number,
In Lots 1, 2, 10 and 14 which bore a small number of
clusters the berries were larger than those from the sum-
mer-treated plants in Lots 3, 11 and 15, which bore a
large number of clusters. In the second period (June 27
to July 2) a larger number of berries in proportion to
the number of clusters was harvested from the summer-fer-
tilized plants, and the fruit was larger in size. Ni-
trogen applied in the spring before fruiting was most
effective during this period. Aoparently it influenced

a much larger setting of the secondary and tertiary
flowers in the clusters for 3,8 clusters per plant in

Lot 7 ripened only 2 berries with an average weight of

2 grams eacn while 3.2 clusters in Lot 9 rinened 6.1
berries with an average weight of 2.8 grams each. Corres-

ponding increases in the number and size of berries during

this period may be snown by a comjarison of Lots 12 and 15
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Table 12. The Influence of Fertilizer Treatments on the Number and Size of Rerri es

at Different Periods During the Harvesting Season,
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Berries harvested June Berries harvested June Berries harvested July
SR ECRE5n a7 tolduly 2. & to. 1@,
JRE R IRV O Av. total Av. wt. Av. 1o. Av. total Av, wt. AV noe AV, "totad Av., wt.
Clus ters berries wt. berries of berries wt. berries of berries wt. berries of
Treatment per per per plent berry per per plant berry per per plent berry
plent plant (gms.) (gms.) plant (gms.) (gms. ) plant {gms. ) {gms. )

Unfertilized SleD SIS el 4.5 1.4 3.8 2 el 2 3 e B
N spg. 8nd yr. 4,0 2.0 e 4.6 4.4 g6 o2 Hete 1515 4 il
P spring 4.4 e ik il il 5.0 2.4 EIE, &% 1.6%
P summer S8 1.86 5.l L e 4,0 el el 42 1.95
P summer TG A HAL 7/ 457 Bleil: 75 2.8 Brsl! ) 1.9
N 2nd spg. - -
H spring 6.4 e ALAE 3665 4,2 A Eie 65 i Dig 1. e e
OP spring 5,0 i e 8.3 B¢ 26 4,C 9.4 Rlrrsie 4, 4,9 N
NPK spring 4,7 2.6 7.8 3.44 3.0 646 ek G 54 1.54
N spring, P 4.9 2ed5 7.8 d.63 5668 8.7 etk 3.1 4.1 1,32
summer
N summer il b/ 4,9 et 2ok 1T0% 5% NS 9.8 14.8 IR
NP summer 2N 11 S, 16,0 W2 e O 28.0 2s 6 NGRS 3Ll 17606
HPK summer BS Sled ikt Sl e Ak Sl 2 i Gl 2250 oS
P gspring, N ik B &) 16.0 s aaLE D& <) B 9.4 13.4 l.42
sunmmer
N spring & Al A7z 5.3 LA il 18550 25D 20 9.0 1% .9 1AEE
summer ’ - .
HP spring & 14,4 E¢6 16.0 6% LBl 41 .6 oD 14 .53 SO 1o/
summner '
P spriag, 13.3 7 « 65 24.0 3,14 B5:5 ) 2.24 gl ek 3o 550 AU
summer &
Spril
N;K ;;riﬁg & Akl 6.0 1By ARl 2997 14,0 Sle At 10 14.0 1.4
summer
NP spring, sum- 10,5 7.0 23,0 3430 il 1.0 R 11 .4 18.0 1.6 f\
rﬁr-i b‘pflug 7.6 4.8 15,7 2.85 105 24,7 2.47 3.4 16,5 1.45

summer, SPLe
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and of Lots 16 and 17.

In the third period which included the
last four pickings nearly all the fruit was small. How-
ever, the size of berry in Lots 7, 9 and 15 held up well
to the end of the season. The number of berries ripened
in this period was about equal to the number ripened in
the second season except in Lots 4, 12, 13, 16 and 17
which rioened about fifty pver cent of the entire crop
during the second period.

The Relation of Nitrogen and Carbohy-

drates to Fruit Bud Formation and Yield in the Strawbergx

Plant. =-- The results of recent investigations indicate
that the proportion of nitrogen and carbohydrates exist-
ing in the plunt at certain times of the year bears an
i.portant relationship to fruit bud differentiation and
to blossom and fruit production the following spring and
summer.

Krause and Kraybill (12) in their studies
of the response in vegetative growth and fruit setting
of the tomato concluded that "fruitfulness is associated
neither with highest nitrates nor highest carbohydrates
but with a condition or balance between them. Fertilizers
containing available nitrogen are mainly effective in pro-
ducing vegetative resoonse. They may either increase or
decrease fruitfulness according to the relative available

carbohydrate supply".



The analysis of the plants grown under
the various treatments in this expneriment show that very
extreme ranges in the nitrogen and in the carbohydrate
contents have been produced, which afford opportunity fer
examination of the aoplicability of this concept to the
strawberry. In Table 13 the data from the different lots
have been arranged in five groups according to the dry
weight of the tops of the plunts in order that some direct
comparisons may be made. The data shows that four dis-
tinct sets of conditions have been produced so far as
the amounts of nitrogen and carbohydrates are concerned:

(1) a low nitrogen content with high carbohydrates;

(2) a low nitrogen content with low carbohydrates;

(3) a high nitrogen content with low carbohydrates;
and (4) & righ nitrogen content with high carbohydrates.

Comparison of the data from Lots 1 and
6 show that both have a low nitrogen content, but that
the carbohydrate content is high in Lot 1 and low in
Lot 6. However, the number of clusters and the total
vield of fruit in Lot 6 was larger than in Lot 1. No
definite cause can be assigned for the difference in
yield in the two lots. It is evident that high carbo-
hydrate alone was not resnonsible for the relatively
low yield in Lot 1 for other lots nearly as high in
carbohydrates yielded well. However, high carbohydrates
with low nitrogen has apparently inhibited fruit bud
information, for Lots 5, 10 and 14 were all low in ni-
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Table 13. Nitrogen and Carbohydrates and their Relstion to Fruit Bud Formation and Yield in

the Strawberry Plant.

Lot Dry wt. of Nitrogen Total carbo=- Avi no. clus ters Av. no. clusters Av. no berries Av, total wt. Av. total w.
Hoe. tops per A __hydrates. per plant per gm. dry wt. per plant of berries of berries
plant Mgms . Mgms. of plant per plant per gm. 4Ary
oms . o per o. per { gms. ) wt. of plant.
plant. plent,
B 157 .82 14 28.94 483 o3 2 3.9 9.8 5.27
6 1.82 .86 16 16.04 292 4.4 2.4 6.56 14.3 7.85
2 £.03 .97 49 22.5 1132 6.4 AR 10.8 sy, 5%
8 ©.83 1.79 104 21.98 1881 11,5 2 26 1 60.5 10.4
10 639 J 45 pE.19 17%e 58 .8 10.6 22.6 2.5
3 6443 1,59 102 17.&4 31219 3357 148 24.8 53.5 8.3
11 6453 2.08 188 1%.,4 2186 9.7 1.6 26.0 58.1 8.8
14 7.09 B4 60 23.35 1655 A .66 8.74 20 .8 2.9
5 7.86 56 bR BE.07 1880 4.9 .67 8.9 20.6 2.8
15 7o 47 2.09 156 23.35 1744 10,5 1,58 31 .0 7246 9.6
18 8.04 1.56 185 24.48 1968 G . 094 26.2 54,7 6.8
4 8497 1.56 139 21.39 1918 12,8 1.35 26.1 £3.2 6.0
16 10.36 1.63 169 £21.86 2264 13 .7 1215 29.6 67.1 645

(&3]

12 11.4 1.79 204 20,59 2347 14 .4 1.26 38. 74,7 6.




trogen and high in carbohydrates and their relative pro-
duction in number of clusters and yield of fruit in pro-
portion to their size is even less than in Lot 1. 1In
Lot 6 which was fertilized with acid phosphate the
plants contained larger amounts of phosphoric acid,
potash, and sugars than those in Lot 1, and it is poss-
ible that these factors may have had some influence on
the formation of fruit buds.

Lots 2 and 8 both had a moderately high
carbohydrate content but there was twice as much nitrogen
in Lot 8 as in Lot 2. Here the nitrogen content appears
to be the limiting factor im fruit production for in Lot
2 with Q97 per cent. nitrogen there were 6.4 clusters
and the total yield was 25.7 grams per plant, while in
Lot 8 with 1.79 per cent. nitrogen the number of clusters
was 11.3 and the yield of fruit 60.5 grams per plant.

The data from Lots 3, 10 and 11 also
indicate that nitrogen was the governing factor in fruit
production for in Lot 10 which had a low nitrogen content
~= 0471 per cent. =~ and & high carbohydrate content, the
number of clusters and the total yield of fruit was less
than one-half that from Lots 3 and 11 which had a high
percentage of nitrogen and a comparatively low carbohy=-
drate content,

Similar comparisons may be made with the
remaining groups. It will be noticed that the carbohy-
drate content is moderately high in all the lots in these
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groups, but that there are extremes in the nitrogen
content. Low nitrogen content in Lots 5 and 14 is
associated with low yields. On the other hand, high
nitrogen with high carbohydrates as in Lot 15 is assoc-
iated with high yields. 1In general, the data show
clearly the importance of nitrogen in the nutrition of
the strawberry. a4 large accumulation of carbohydrates
is desirable, but a relatively large amount of nitrogen
is very important for fruit bud differentiation and the
development of the fruit the following spring.

However, the data show that fruit bud
differentiation is due to, or is controlled by, some
faetor or factors other than a certain proportion of
nitrogen and carbohydrates in the plant. It has been
pointed out that though in this experiment extremse
ranges have been produced both in the nitrogen and in
the carbohydrate content in the various lots of plants
at the time of fruit bud differentiation, some fruit
bud formation has always taken place -=- better in some
lots than in others -- but nevertheless it has never
been entirely inhibited. Furthermore, in the discus-
sion of the data »oresented in Table 7, it has been shown
that the nitrogen-carbohydrate content of the spring=-
fertilized plants on august 1 was very similar to that
of the summer-fertilized plants on October 26. Sometime
after august 1, the nitrogen-carbohydrate conditions of

the summer-fertilized plants must have become identical
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with that of the spring-fertilized plants earlier in
the season. The response to this condition in the
spring-fertilized plants was manifested by a vigorous
runner production. On the other hand, when the same con-
dition obtained in the summer-fertilized plants it did
not start a vigorous runner production, but gave rise
to fruit bud formation. In other ords, the same nu-
tritive condition in the plants which was responsible
for a vigorous runner production at one time of the year
did not induce a vigorcus runner production at another
time, but instead gave rise to fruit bud differentiation.
Fruit bud differentiation in the straw-
berr;, therefore, 1s not due entirely to a certain nitrogen-
carbohydrate ratio within the plant, but is modified, per-
haps, by temperature, length of day, rest period phenomena
or some other associated factor. However, the data from
this experiment show that though fruit bud formation has
not been entirely inhibited by the extremes in the nitro-
gen and in the carbohydrate content of the various lots
of plants, yet there are certain conditions which are more
favorable than others during late summer and %all when
fruit bud differentiation does take place. Extreme varia-
tions in the nitrogen content have had a greater effect
on fruit bud formation than extremes in carbohydrate con-
tent. High carbohydrates with low nitrogen have an in-
hibiting effect on fruit bud formation. Low nitrogen hus

alvays been associated with low yields; high nitrogen with



Table 14, The Influence ofFertilizer Treatments oa Pistil Abortion.

Lot HNo. Treatiment A¥,. total ne. of AVies no. of Av. no. aborted Repvcenti ot
pistils per berry akenes pistils pistils
aborting.
3 Unfertilized 2.7 1ty 20 9.12
2 N spring 243 218 &1 327
10 NP spring 168 137 21 13.3
14 HPK spriag £23 197 26 SEILGTS
5 N spring, P summer 247 283 24 9.7
é P spring 233 2185 18 et
3 N summer 235 208 27 11.5
13 P summer 238 213 25 IR
15 [IPX. summer 261 226 36 13.4
8 P spring, N summer 255 2zl 32 12.6
7 P summer 204 18% 21 10.3
4 H spring & summer ‘ 242 204 38 185 o7
12 NP spring & summer 228 210 18 8.0
16 NPK spring & summer 28& 230 23 9.1
18 HPK-S spring & summer 215 L 42 S/ ‘
9 P summer, N follpwiag 192 170 28 11.5
13 P spring,{sqigiiﬂi 268 244 24 8.2
b7 NPKSEZifiginguégii & 266 224 22 8e2

spring (2nd year.
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with hich yieldse The best condition in the plant at the
time of fruit bud differentiation is a high nitrogen con-
tent associated with a moderately high, or a high cercentage
of carbohydratss.

The Influence of Fertilizer Treatments on

Pistil Abortion., =« Gardner (10) has shown that the number

of pistils per flower and the setting of the individusal
pistils bears an important relationship to the size of

the fruit, and that the nutritive conditions in the
plant during the fall particularly at the time of fruit
bud differentiation has considerable influence on the
setting of the pistils the following spring. No attempt
has been made in this investigation to study this re-
lation other than to determine the influence of the diff-
erent tregtments on this factor in the development of the
fruit. Counts were made of the number of akenes and of
the aborted pistils in berries from each of the different
lots. Some of the berries were collected early in the
season, and some from the midseason crop. None of the
small late berries were saved for this purpose. The data
are presented in Table 1l. The differences in the number
of pistils per berry were not as large as might be expected
considering the wide range of the different treatments.

In general the number of pistils was larger in the berries
from the plants which had received summer treatments than
from those of the spring-treated lots, but the differences

are not sufficiently consistent to warrant any definite
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conclusions. Furthermore, there is no evidence that

there has been any definite influence of the different

treatments, on the setting of the indiyidual pistils.
The Moisture Content of Berry As

Influenced by Fertilizer Treatments. =- In the field

experiments which have been reported from different
sections of the country, frequent meption has been
made of the effect of fertilizers on the texture and
quality of the fruit. Chandler (4), in particular,
reported that whenever nitrogen was applied in the
spring before the crop was harvested it tended to make
the berries soft and of poor color and quality. Some-
what similar results are reported by Bailey (1) from the
use of nitrogenous fertilizers when applied in the spring
a year before the crop was harvested. Brown (3) found
that when the weather was extremely warm during a large
portion of the season the plants whichn had received heavy
applications of nitrogen produced berries that were inclined
to be soft and that plants receiving sulphate of potash
produced somewhat firmer but n.t more attractive berries.
However, in the years when there was a long cool picking
season there was practigally no> difference in the firmness,
size, and appearance ofi}ruit.

Moisture deterninations were made for three
samples of ffuit which were taken at different times during
the harvesting period, from each of the different lots of

plants in this experiment.
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Table 18. lloisture Content of Berries as Influenced by Fertilizer Treatments.

Lot No. Trcatment Wt. of HeO per gm. of dry matter, o5 Average wt.
Sample 1 Sample 2 Sample 3 peroézul?zgr;y matter

1 Unfertilized 9.1 7.6 8.85 8.52

2 N spring D7 8.25 8477 8.91
10 NP spring etk 8.15 8.6 8.82
14 OPX spring B, 7.4 9.0 8.03

6 P spring. 2 (6)565 e 7.84 8.44

3 N summer L0 7 B.86 9,04 9.63

sl NP summer O 8,2 9.5 9.3

18 OPK summer 31,0 B.44 9.3 9.68

7 P summeY 9,66 7e3 8.6 8.49

4 N spring & sumnmer 10.7 8.6 9.8 9.85

1.8 NP spring & summer 12,1 9.0 8.8 9,97

15 HPK spring & summer 10,9 8.87 96 SIS

5] N sprine, P summer 9,7 i 318 s 61 S s

8 P spring, N summer Skt 8o 8.8 8.89

9 P summer, N next 8.9 7 « 33 6.5 7.61 l\

sSpring
13 NP spring, summer 10.6 Be3 8.0 8.93

and following spring

17 HPK, Spring, summer and
following spring 10.4 79 8.6 897
18 HPK-S spring, summer and

following spring. 10.3 9.3 9.4 9.7
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The data are summarized in Table 12.

The figures indicate the weight of water in grams for
each gram of dry matter. Berries from the unfertilized
plants and those which were treated with acid phosphate
alone,show a lower moisture content than those from the
other fertilized lots. Plants which had been fertilized
with nitrogen during the summer period produced berries
with a higher moisture content than those which had been
8imilarly treated during the spring period only. How-
ever, there was practically no difference in the appear-
ance and texture of the fruit at the time of harvesting.
Acid phosphate and potasi when used in combination with
nitrogen have had no effect on the muisture content. The
use of fertilizers spplied in the spring of the fruiting
year, a8 shown in Lots 9, 13 and 17 , has not resulted in
any increase in moisture content though the berries were
someithat larger than those from the plants which were noct

fertilized at that time.
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DISCUSSION

Thile strawberiies are actually planted
in soils of s»ractically every kind they are seldom grown
in a medium‘that 1s of lower productivity than the
one usel in this experiment -- a dune or "blow" sand.

The evidence indicates, however, that even such a soil
will provide the strawberry plant with an ample supply
0f most of the essential nutrient elements. Furthermorse,
applications of fertilizers carrying nutrient elements
other than nitrogen would seem to be of little value,
though perhaps in some cases phosphorous containing
materials may be of some use. On the other hund, the
data show that a deficiency in available nitrogen at any
period during the growing season profcundly influences
the growth and development of the fruit and observation
leads to the belief thut such deficiencies are of common
ocecurrence in strawberry production. PFrom a practical
standpoint, then, nitrogen is the nutrient element to
which the grower needs to give the most of his attention.

Plants grown with a limited supply of
available nitrogen during the spring and early summer and
with more liber.l supply later will produce crowns about
a8 large as those in which nutrient conditions are
reversed and they are much more productive. On light
80ils which are likely to be deficient in nitrogen, the
application of quickly avzilable nitrogenous fertilizers

in the spring when the plants are set may stimulate a
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vigorous vegetative growth with an abundant runner pro-
duction. This may result in a condition which will
arrest thé development of the crowns and reduce fruit
bud formation. Therefore, such apnlications, if made
at all, should be light in the cuse of those plantations
intendeéd for fruit production. In the case of plantations
intended principally for plant or runner production
more liberul spring applications are warranted. In many
cases botu soring and summer applications of nutrients
may be necessary for the development of orowns of suffi-
cient size for muximum fruit oroduction and to obtain
the best conditions for fruit bud differentiation. How-
ever, if only one appiication is to be given the summer
treatment is to be ﬁreferred.

Fruit bud formation and total yield of
fruit depend largely on nutritive conditions within the
nlant in late fall. More specifically, they seem to be
associated with a rather high nitrogen and carbohydrate
content within the plant at that narticular time. These
in tura depend largely on soil nutrient conditions, parti-
cularly the supply of available nitrogen during the late
summer and early fall. Without doubt, many soils that
are. being well cultivated naturally provide conditions
that approach the optimum in this respect, and fertilizer
applications would not be useful. They might even be
harmful. On the other huand, it is evident that in many
cages lignt or moderate summer and early fall applications

of quickly available nitrogen carrying fertilizers would



be of value. Ilo definite statement can be made that
will enable the grower to decide exactly when or where
fertilizer applications are reasonably sure to prove
profitable; nor can a definite statement be made as to
how heavy such applications should be. However, obser-
vations on the appearance of the different lots under
experimental study in this investiration, the data fur-
nished by the analyses, and the later fruiting records,
together with many field observations lead to the belief
that any considerable purpling of the foliage excluding
that which is obviously caused by ¢routh or leaf spot,
in summer or early fall, indicates a deficiency of avail-
able s0il nitrogen that is very likely to interfere with
fruit bud differentiation and correspondingly to reduce
subsequent yleld. This should be a signal for judicious
applications of nitrogen carrying fertilizers, or better
still, the grower should so handle his strawberry plan-
tation as to prevent this condition from developing.

It is, of course, possible that applications of amounts
over and above those required to prevent such purpling
may sometimes be desirable. Applications of nitrogen in
the spring of the fruiting year may increase yields by
inducing a better setting of the flowers and an increase
in the size of the berries, However, the greatest response
from an application at this time ma; be expected from
those plants which have been grown under low nutritive

conditions during the preceding sumer and fall.
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SUMMARY aND CONCLUSIONS

le. Large variations have occurred in
the size of the plants as a result of receiving the various
treatments in this experiment. The summer-treated plants
were slightly larger than the spring-treated plants. The
largest plants were obtained when the nutrients were
applied during both the spring and the summer periods.

2. Nitrogen has been the chief limiting
element. It is an important factor in promoting vegeta-
tive growth and is particularly important at the time of
fruit bud differentiation.

3e Phosphorous alone has, apparently
had no effect on vegetative growth. In combination with
nitrogen it has promoted a larger vegetative growth and
fruit production than was secured with nitrogen alons.

4. Plants treated with sodium nitrate,
monocalcium phosphate and potash were not as large or
a8 productive as those treated with ammonium sulphate,
acid ohosphate and potash.

5 Spring applications of nitrogen, alone
or in combination with phosphorioc acid or phosphoric
acid and potash, caused a vigorous runner production.
7Then equal smounts of the same nutrients were applied
during the summer period, few runners were produced and
there was a better development of the crowns.

6e Vith a limited supply of nutrients in



the soil the roots were large in proportion to the tops.
‘7Tith a moderate supply of nutrients the root system

was less extensive and the tops prooortionally larger.
Theu phosphoric acid and potash were used in combination
with nitrogen the pronortion of tops to roots was larger
than when nitrogen was used alone.

7. Plants which had been treated with
nitrogen during the previous summer period grew better in
the spring of the fruiting year than the unfertilized,
or the spring-treated (first year) plants. The response
in vegetative growth was greater in plants grown under
low nutritive conditions the preceding summer and fall.

8. The ash content of the roots was
larger than that of the tops. There were some differences
in the percentages of nitrogen, and carbohydrates in the
tops and roots, but the absolute amounts of the various
congtituents in proportion to the amount of dry matter
were nearly the sams.

9, The amouat of ash in the tops varied
from 9.4 to 16.16 per cent., but the plants with the
lowest percentuge of ash contained higher percentages of
nitrogen, phosphoric acid and notash than those with thc
highest ash content.

10. The unfertilized plants and the
spring-treated plants were lower in nitrogen, phosphoriec
acid and potash and higher in percent._ge of carbohydrates,

than the summer-treated plants.
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ll. One of the effects of the fertilizer
treatments was an inc:rease in sugars and a decrease in
polysaeccharides. Spring-treated plants contained more
free reducing sugars than the summer-treated plants.

The amount of sugars in the plants appears to be closely
associated with the potash content.

12, Calculations from the data of this
experiment show that an acre of strawberpy plants in
hills 15 by 30 inches apart will produce, during the per-
iod of vegetative growth and fruit bud formation, approx-
imately 2500 pounds of dry matter which will contain
41.75 pounds of nitrogen, 1o pounds of phosphoric acid,

29 pounds of potash and 225 pounds of other mineral con-
stituents.

12. The total number of flowers per
plant as modified by fertilizer treatments is determined
chiefly by the n.mber of clusters, and to a very limited
extent by the number of flowers per cluster. Fertiliz:rs
containing nitrogen increased the number of flower clus-
ters per plant. The summer-treated plants produced nearly
twice as many clusters as the spring-treated plants. A
slightly larger number of clusters was borne by the spring-
and summer-treated plants. Applications of fertilizers
in the spring of the fruiting ycar have no effect on the
number of clusters or the number of flowers ner cluster.

l4. The proportion of flowers which set

fruit is influenced to some extent by nutritive condi-



tions whieh exist in the plant the preceding fall, and

to a considerable extent by nutritive conditions in the
soil at blooming timee. Summer-treated plants, which ¢on-
tained more nitrogen at the termination of growth in the
fall, set a larger percentage of blossoms than the springe
fertilized plants which were low in nitrogen. .aoplications
of nitrogen in the spring of the frulting year caused s
better setting of the blossoms and an increase in the

size of the berries.

15, Nitrogen alone or in combination
with phosphoric acid and potash has in every instance
increasecd the total yielde The yield of the summer-
fertilized plants was larger than that of the soring-
fertilized plants. Larg:st yields were obtained from
plants which were fertilized during both the spring and
the summer periods and again in the spring of the fruit-
ing year.

16 Fruit bud differentiation in the
strawberry does not depend on & particular nitrogen-
carbohydrate ratio in the plant. However, fruit buds
are formed more readily when certain quantitative re-
lationships of the nitrogen and carbohydrates exist at
the time diffecrentiation takes placs.

17. Variations in the nitrogen content
of the plants at the time of fruit bud differentiation
have a greater effect on the yield of fruit than varia-

tions in carbohydrate content. Low nitrogen is assocliated
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with low yields, high nitrogen with high ylelds. Plants
with a hign nitrogen content and a high carbohydrate
content are most productive.

18¢ The size of the crown is not an
index of the fruitfulness of the strawberry plant.
Total production is determined by the number of flower
clusters and the number of blossoms which set and develop
into fruits. These are determined chiefly by nutritive
coniitions within the plant at the time of fruit bud
differentiation during the late summer and fall.

19. There is no indication that ferti-
lizer treatments have materially affected the moisture

content, the texture, or the quality of the fruit.



ACKINO "LEDGHMENTS

The writer wishes to make acknowledg-
ment to Professor V. R. Gariner for many criticisms
and suggestions in planning and conducting the work
outlined in this experiment, and for assistance in
the preparation of the manuscript; to Dr. John W.
Crist for assistance in making carbohydrate analyses;
to the members of the Agricultural Chemistry Depart-
ment for making the kineral analyses; and to Professors
F. C. Bradford and R. E. Marsnall for reviewing the

manuscript.



LITERATU-E CITED

l. Bailey, L. He Cornell Univ. agr. Exp. Bul. 189, 1901,
2. Bedford, H. A. R., and Pickering, S. V. Toburn Exp.
Farms Rept. 1900, pp. 83-92, (abs., from Exp. Sta.

Resc. Vol. 12 p. 645, 1900-1901).
3¢ Brown, Ge Ge Oreg. Agr. Exp. Sta. Bul. 159 1919,
4., Chandler, 7. He L0O. agr. Exp. Sta. Bul. 113, 1913,
be Close, €. Pe., Ballard, 7« Re and Vhite, T. He Md.
AgTre. Exp. Sta. Bul. 124, 1907,
6 Darrow, Geoe. M. UeSe.Ded. Farmers' Bul. 1028, 1919,
7. PFletcher, S. 7. Strawberry Growing p. 53. New York,
1917.
8, 4bid. p. 59.
9. 4bid. p. 58.
10. Gardner, V. Re Mo. Agr. Exp. Sta. 2es. Bule 57. 1923,
11, Keffer, C. A. Tenn, Agr. Exp. Sta. Bul. XVIII:2. 1905.
12, Kraus, E. J., and Kraybill, He R. Oreg. Agr. Exp.
Sta. Bul. 149. 1918.
13. Lyon, T7. L., and Buckman, H. O The Nature and
Properties of Soils, pe. 13. New York. 1923,
l14. Methods of Analysis, A. O« Ae Ce, pe 90. "ashington,
D. C. 1921,
16, Quaintance, A. L. Gae. agr. Expe. Sta. Bul. 48. 1900,
16 Shaw, G W. Oreg. agre. Exp., Sta. Bul. 62. 1900,
17, Valleau, 7. D¢ U. S. Depte. Agr. Jour. Agr. Zes.
XII : 10, pe. 613. 1918,
18, Van Slyke, L. L. Fertilizers and Crops. p. 694.
New York. 1912.



19.

20,

2l.

22.

Von Brenmer, -- , Gartenwelt, 11 (1906) No. 7,
ppe 78-79, (ibs. from Exp. Sta. Rec. Vol. 18,
pe 549. 1906-1907)

Valton, G. P., and Coe, Ms Re Us S. Depte. Agre.
Jour. Agre. Rese. XXIII : 12, p. 995. 1923,
Thite, Je M. N. J. Agr. Exp. Sta. Rept., 1891.
p. 141,

“hite, J. M. N. J. Agr. Exp. Sta. 2ept., 1892.
P. 127.

willis, J. J. Gardener's Chronicle, 3 : XX : 590,
1896.






