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FERTILIZER TESTS FOR STRAWBERRIES
SUMMARY OF RESULTS OF EXPERIMENTS, EXTENDING OVER

THREE YEARS, ON A RED-SHOT PARKDALE LOAM

During the seasons 1916 to 1918 inclusive, the Hood River Experiment
Station conducted a series of fertilizer tests with strawberries on the so-
called red shot soil at Dee. This is the character of soil predominating
throughout the Upper Valley. Since a very large percentage of the
strawberry acreage of the Valley is made up of this type of soil, and
since much further development of the industry will be made under
similar soil conditions, the importance of first-hand information regard-
ing its fertilizer requirements is apparent.

This soil has proved its splendid adaptability for small fruits, espe-
cially the strawberry, which, when given good care, makes large and
vigorous growth. Its natural tilth is excellent, affording perfect drain-
age. Its water-holding capacity is fair. Most of the acreage on which
this crop is growing has recently been cleared of brush and stumps. It
was formerly covered with a dense forest of excellent timber. In most
cases growers have used clover for green manurial purposes before
growing other crops. Evidence is abundant that the practice has been a
wise one in that yields of all crops, especially the strawberry, have been
increased thereby. The prevailing practice is to grow strawberries be-
tween young orchard trees. The use of commercial fertilizers has assumed
considerable proportions, but the practice is unstandardized in that many
different kinds are being used, some with good and others with indifferent
success. That the fertilizer practices for the country as a whole are
unstandardized with reference to this crop is also a fact of common
knowledge. Experience on a wide scale indicates clearly that it is
necessary to work the fertilizer requirements of this crop locally where-
ever soil conditions are essentially different.

Object and Plan of Experiment. For this experiment plants bear-
ing their first crop in 1916 were chosen. They were vigorous and uni-
form in size. In both patches clover was turned under before the plants
were set. No other fertilization was afforded these until the experiment
started. The aim was to find out: Under these conditions may increased
yields be secured by the use of a mineral fertilizer carrying the limiting
elements, nitrogen, phosphoric acid, and potash, alone or in combination?
Keeping in mind that shipping quality is very important, since the Clark
Seedling is often marketed at a great distance, can we by such means
increase size of berries consistent with the necessary firmness and keep-
ing quality? What influence has such fertilization upon the productive
life of the plants and incidentally upon vigor? The grower will appre-
ciate any increase in yields, since this factor is undoubtedly the limiting
factor under local conditions. The variety is naturally a shy bearer;
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and often, due to lack of proper management, yields are so small as to
m,ake the industry unprofitable. Undoubtedly the fact that it possesses
first-class quality, especially that of shipping long distances, has pre-
vented its being replaced by some other variety given to greater yields.
Unfortunately we are unable to answer the question advanced relative
to the number of years during which the plants may by such fertilization
be expected to hear profitably. The ravages of the Root Weevil (Antho-
nornus ignatns) became so severe at the end of the third season that it
became necessary to plow up both patches, as was also true of other
experiments well under way but not herein reported.

For these tests, Nitrate of Soda carrying 16 percent nitrogen, Super-
phosphate, testing approximately 19 percent phosphoric acid, and Sulphate
of Potash containing 50 percent potash were used. First applications
were made iii early spring just as the plant was starting growth, and
later applications were made just as the blossoms were opening. When
Nitrate was used alone, a total of 220 or 440 pounds per ten thousand
plants formed the basis of the applications. These amounts were either
applied at one time or equally divided one half being put on in early
spring and the remainder when blossoms appeared. Thus, as will be
seen in Table I, we are able to compare results on the basis of time
applied and amounts used. Plot 6 in both tests was left unfertilized, and
will hereafter be referred to as the Check. Nitrate, when combined with
Superphosphate or Sulphate of Potash, was used at the rate of 220 pounds
per ten thousand plants, while Superphosphate or Sulphate of Potash,
whether used alone or in combination, were used at the rate of 470 and
125 pounds respectively. As will be noted from Table I all combinations
possible for these fertilizers were made. All fertilized plots other than
those in which Nitrate was used, received one application in early spring
and none at blossom time. These tests represent three successive annual
applications.

These tests were based on applications before the harvest season;
since it is the common conception that demands for available fertility
are greatest at that time. Professor S. W. Fletcher of the Pennsylvania
State College, Department of Horticulture, in his textbook on "Straw-
berry Growing" writes as follows: "Although the amount of plant-food
actually removed by the strawberry plant is small, the crop responds to
liberal fertilizing. 'rhis is partly because it has a high money value an
acreprospective, at least,but chiefly because of the very short time be-
tween the blossom and the ripe fruit. In the North, the plants have only
about four weeks in which to develop a crop that may weigh three or four
times more than the plants. The apple has several months in which to
mature its fruit, a large crop of which is not nearly equal to the weight
of the trees. Blence, the main fertilizer requirement of the strawberry
is that the plant-food shall be immediately available." Furthermore,



*Based on 10000 plants.

owing to the very open structure of the, soil on which these plants were
growing and the extreme solubility of Nitrate, it was feared that a con-
siderable portion of that applied in early spring might be leached away
before it was fully utilized by the plant; hence, on some plots two equal
applications of the total amount were made.

YeIds. Table I gives a three-years summary of yields for the two
tests referred to. It will be noted that yields for 1916 on an average far
surpass those of either 1917 or 1918. The great differences in yields
shown were due probably more to seasonal changes than to age of plant.
The winter of 1915-1916 was quite favorable. Snow covered the plants
throughout the dormant season when low temperatures prevailed. The
picking season of 1916, although unfavorable for harvesting, on account
of the excessive rainfall, was nevertheless long and comparatively cool,
allowing the fruit to ripen slowly and uniformly. Both the dormant and
harvesting seasons for 1917 and 1918 were somewhat alike. During con-
siderable portions of the winter snow, the natural mulch was absent,
while the plants were subjected to drying winds of low temperature.
This was especially so during the winter of 1916-1917. When the blos-
soms opened during the following spring they were inferior in character,
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TABLE I. THREE-YEAR SUMMARY OF FERTILIZER TREATMENT AND YIELDS

Pounds Applied* Crates, yield, per 10,000 plants

Early Blossom Test No. 1 Teat No. 2

Plot Fertilizer Spring Time, 1916 1917 1918 Ave. 1916 1917 1918 Ave.

1 Nitrate 220 257 230 110 199 302 148 165 205

2 Nitrate 220 356 306 133 26ô

3 Nitrate 110 110 441 237 154 277 257 189 175 207

4 Nitrate 440 ... 327 181 225 244

5 220 220 448 257 138 281 349 192 209 250
6 Check, No Fertilizer 373 167 151 230 257 162 146 188

Nitrate of Soda 220
7 Superphosphate 470

SulfateofPot'h 125 384 208 154 248 293 171 151 205

Superphosphate 470
8 SulfateofPot'h 125 - - 467 159 123 249 239 156 118 171

Nitrate of Soda 220
S SulfateofPot'h 125 438 197 148 261 289 173 135 199

Nitrate of Soda 220
10 Superphosphate 470 - - 368 185 132 228 212 114 115 147

11 SulfateofPot'h 125 292 247 127 222 229 154 114 166

12 Superphosphate 470 292 198 123 206 313 125 142 193



8

small and lacking in vigor. Maay produced no fruit or at best the sOp
called nubbin." Frost injury during 1918 contributed to decreased yields.
During the harvesting seasons of 1917 and 1918 extremely hot weather
prevailed for long periods, resulting in very rapid ripening and decreased
yields.

That yields have been materially increased by the use of fertilizer,
is clearly indicated. First, compare results from p10th receiving Nitrate
alone in different amounts and applied at different times. We are chiefly
interested in average yields on a three-years basis, and it is to this
column reproduced in bolder type that the reader's attention is directed.
Yields are computed on a heaped basis, just as brought from the field,
which is equivalent to a packed crate. It seems best to compare results
for both tests at one time. It will be seen that plots tepresenting a total
of 440 pounds Nitrate to the ten thousand plants, one half of which was
put on in early spring just as growth was starting and the balance when
blossoms appeared, gave highest yields. In Test 1, 281 crates have been
secured versus 230 for the Check or a gain of 51 crates to thq acre. The
yield for the Check is unusually good, probably doubling the average for
the Valley. The significance of increased yields by the use of commercial
fertilizer under such conditions is interesting indeed. This high average
is made possible by the exceptionally high yield for 1916, that of 373
crates, a truly remarkable record considering that no fertilizer was ap-
plied. Results from similar applications in Test 2 are consistent with
those in Test 1. Plot 5 shows an average total of 250 crates versus 188
for the Check or an increase of 62 crates or 35 percent.

In Test 2 only, an opportunity is afforded to note average results
from the use of one heavy, 440-pound application of Nitrate put on in
early spring only. It shows a very high average for the three years,
or 244 crates to the acre.

A further study reveals the fact that a total of 220 pounds nitrate
put on in two installments, although considerably surpassed by the
heavier applications (Plots 4 and 5) in Test 2, is only very slightly ex-
ceeded in Test 1. The figures on a three-years average show 277 crates
for the former (Plot 3) versus 281 for the latter (Plot 5). Furthermore
it will he noted that a total application of 220 pounds Nitrate put on
in two installments (Tests 1 and 2, Plot 3) gives yields exceeding that
from plots receiving a siiñilar amount put on at blossoming time (Test 1,
Plot 2) or from plants receiving a similar total amount put on during
early spring only (Test 1 and 2, Plot 1). The advantage of putting on
nitrate in equal installments, whether in larger or smaller amounts, is
indicated. That heavier applications give larger yelds than smaller
applications is also clear,

Results from the use of Sulphate of Potash or Superphosphate alone
are disappointing. In Tests 1 and 2 the former gives yields on an average
lower than that of the Checks. This is also true for the latter in Test 1,
while the slight increase in Test 2 is negligible.
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When a "complete fertilizer" was used as shown in Plot 7, increased
yields have been secured. Results in this respect are consistent in both
tests. The increases, however, are considerably below those given for
heavier applications of Nitrate. It is also noteworthy that Nitrate when
combined with Superphosphate in the proportions given in both tests,
shows smaller yields than the Checks; but when combined with Sulphate
of Potash gives increased yields. Results from the combination of Sulphate
of Potash and Superphosphate are such as to afford little clear-cut evi-
dence. In Test 1, results are satisfactory in that considerable increase
is shown, but a reverse is found in Test 2 (See Plot 8).

Grades. For this work the fruit was graded at least twice during
the harvesting, the first time just before the height of the season, the

TABL III 3IZ O FIUIT
T5T NUMBER ON

PLAT NUMER I 5
I 6 7 2- 2 8 9 II 10

LE5rHTRATL-ARLY 220 2201 0 220 220
LB3- NITF1AT -LATe 220 kheck z2o
L55UPRPHO3PHAT 470 470 470 470
LB55ULPHATFtP0TA5H 125 125 12-5 25

-, ___PRCNTA6

LAR G F U I T

per hallock

N U MBR OF BR9 I 5

HALLOCK

T5T NUM5LR TWO

FLAT NUMR 8 6 0 9 ii 7 .3 4 5
LBS NITRATF-ARLY 220 220 220 110 440 220 220
LB5NITRAT-LATt 110 220
LBS 3UFRPH05PHAT 470chc470 2-5 470
LEi3 5ULFHATf POTASH 125 125 25

PRCENTAe Number per hollock
OF

LARGE FRUIT
AND

NUM8R0P89RI.5 '°

PR '5

HALLOCK

.

- 4-

p

Frcentog-Lcr5 5iz
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last time when the season was well on the decline. Sizes were de-
termined upon a percentage basis, the classification being as follows:
4x4, 5x5, 6x6, and smaller. Since the grower follows the practice of
'facing" his berries, the importance of having enough berries sufficiently
large for this purpose is evident, Those smaller than 5x5 are not ordi-
narily used for facing. It will not be feasible to give these data, which
were taken in detail, covering a three-years period. In Table II, however,
a three-years average for Test 1 and a two-years average (1916 and 1917)
for Test 2 are given, indicating the total percent of all berries as large
or larger than 5x5. Percentages are reduced to chart form with scale at
the left. Further evidence for the years mentioned is given in this Table.
The heavy lines indicate the number of berries required to fill the "Cup"
when heaped as brought in from the field in the picking carrier. On an
average a packed crate gives approximately sixteen pounds net weight,
the "Cup" representing one twenty-fourth of this amount.

In 1916 sizes during the greater portion of the season were excellent
in both tests. It will be recalled that a long, cool, but rainy season pre-
vailed. This was true regardless of treatment given. On an average for
the season no plot showed more than 38 berries to the "Cup" nor less
than 32. In 1917 sizes were approximately one-half as good as on the
previous year, while 1918 shows as much as 121 even, where Nitrate was
used versus 103 for the Check. As might be expected on a three-years
average, the fewer the number of berries required to fill the "Cup" the
higher the percentage of berries as large or larger than 5x5. This is not
a constant factor, however, in Test 1, but much more nearly so ig Test 2.
In Test 1 results are on the whole inconsistent with those given in Test 2.
In the latter case, reults largely favor those plots receiving Nitrate only.
This relation, however, does not obtain in Test 1 and it would be unsafe
to draw definite conclusions from. the evidence at hand. During the latter
part of the 1917 season the Nitrate plots showed much better sizes than
the Check in Test 2. Plot 1, representing an early application of 220
pounds of Nitrate, required 75 berries to the heaped "Cup" versus 126
for the Check. Thirty-one percent of the berries were as large or larger
than 5x5, while only 10.7 percent were credited to the Check. Figure
1 shows this relation clearly.

Summer Applications versus Spring Applications

During the last two seasons experiments have been conducted to
determine the value of applications made shortly after the harvesting
season, as compared with similar applications at blossoming time. Un-
fortunately, owing to ravages of the Root Weevil, the two experiments
being conducted with plants still in their prime had to be discontinued
after only one season's work. Consequently from the meager data at
hand we do not feel justified in forming definiLe conclusions along this
line. In one test with plants bearing their first crop it was found that
yields were consistently increased by applications of barnyard manure.



The plants were quite vigorous, having been set on clover sod recently
turned under. Furthermore where 110 pounds nitrate for each ten thou-
sand plants, in addition to barnyard manure was put on the summer
previous to that when yields were recorded, there was no greater increase
over the unfertilized Check than plants receiving manure only. In an-
other test, evidence tends to support fall applications as compared with
spring applications.. The evidence in this respect was not consistent,
however, in. all cases.

The question has been raised regarding the probable number of
years, barring insects and disease, during which a patch might be ex-
pected to bear profitable crops. We have some data furnished us by a
prominent grower from the Upper Valley. He has given us a record of
yields taken from plants between apple trees now eight years old. The
patch covers six acres approximately, but since a wide strip has been
left on each side of the tree row the actual acreage in berries is much
less than this. These plants have borne six crops. They were set on
new ground (red shot) which had just been cleared. The use of clover
or other legilminous crop as green manure was not made, nor was any
commercial fertilizer employed until after the third crop, when blood
meal was used. In the late summer of 1916 an application of 100 pounds
of Nitrate to each acre was broadcasted when topping was completed.
The owner was so impressed with results that he made a similar applica-
tion during the summer of 1917, hoping thereby to get at least one more,
the sixth crop. The plants were large and vigorous during 1917. The
yields as reported were as follows:

As will be seen, the largest crop secured was the fifth, following an
application of Nitrate the previous summer. Yields for the last year are
estimated. A few more than 300 crates were packed out when, owing
to shortage of labor, picking was discontinued, which caused an estimated
loss of 75 to 100 crates.

These yields throw some light upon the practical value of using clover
as a green manure before plants are set. They do not compare favorably
with those recorded in Table I. That it paid the owner, however, to take
a sixth crop before plowing up the patch is found in the fact that owing
to good prices he realized over $500.00 therefrom.

Packed
Crates

Pounds-Field Pick
for canning

First crop 515

Second crop 637 3043

Third crop 465 1512

Fourth crop 601 7056

Fifth crop - 667 5557

Sixth crop 300-400 --
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In the late summer of 1917 (after the fifth crop) we reserved a por-
tion of the patch referred to for experimental purposes, to determine
further the value of late summer applications versus spring applications.
Nitrate when used alone was applied at the rate of 220 or 320 pounds
for each 10,000 plants. It was also combined with Superphosphate and
Sulphate of Potash as a complete fertilizer in the proportions shown in
Tests 1 and 2. It was also combined with Sulphate of Potash (the latter
used at a rate of 125 pounds) on the basis of 220 and 320 pounds.

Briefly, yields although quite small, as niight be expected from old
plants, consistently favor late summer applications. The plants receiving
the 320 pounds nitrate application gave highest yields and the Check
lowest. On an average, plants receiving Nitrate only gave larger berries
than those receiving Nitrate in combination with Sulphate of Potash or
Superphosphate. Furthermore, where combined fertilizers were used,
fall applications gave somewhat larger berries than spring applications
of similar fertilizers. Considering mixed fertilizers only, sizes favored
applications where the larger amount of Nitrate was used.

Present Status of Strawberry Industry and Recommendations

For various reasons the strawberry Industry in the Valley during
1917 and 1918 has experienced a sharp decline in yields. This is due
to some extent probably to decreased acreage and older patches on an
average but largely, as has been pointed out, to the season both during
harvesting and the previous winter. Information has been kindly fur-
nished by the Apple Growers Association bearing on this point and is
suimnarized in Table III.

TABLE III. APPLE GROWERS ASSOCIATION, STRAWBERRIES, STATUS OP
INDUSTRY

The most striking point brought out is yielda. During 1914-15-16,
yields were not only large but nearly constant. From a total of 85,200
crates in 1916, yields fell to 48,876 in, 1917 and 45,484 in 1918. An oppor-
tunity is afforded the reader to study yields as related to length of
harvesting season. During the two big yield years, 1915 and 1916, the
growers had an average of 49 and 38 picking days, this being the time

Date first crate received

1914

May 13

1915

May 6

1916

May 19

1917

June 1

1918

Map 21

Total crates received to June 1 19,207 31,022 872 0 892

Total crates for season 84,390 87,495 85,200 48,876 45,484

Largest day's receipts, crates June 2 May31 June24 July 3 June12
5476 4,681 3,678 2,678 2,878

Date of first, car May 23 May 15 June 6 June 16 June 4

Date of last car July 3 July13 July 8 June29

Days between first and latt car 49 38 23 25
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Fig. 1 One hundred berries on each plate. The larger berries were picked
during late harvesting season and came from plants receiving Nitrate of Soda.
The small berries came from unfertilized plants.

L

Fig. 2. Both plants when set out were of approsimately equal size. The
larger grew on a soil where clover was turned under: the smaller on a soil where
no clover was grown.

From the foregoing it will be seen that it is difficult to set down
clear-cut recommendations which will uniformly apply from year to year.
The author would much prefer to make recommendations to the grower

13

elapsing between the date of shipment of the first and last carloads of
fruit. On the other hand there were only 23 picking days in 1917, while
the number of picking days for 1918 was practically the same, being
only 25.
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from season to season at the time w-hen certain advice would seem best
to apply. Consequently only general advice will be attempted here.

First of all, the evidence in favor of the use of clover as a green
manure crop is very clear in that yields are greatly increased even on
virgin soils such as those on which these tests have been1 made. In this
way increased yields are secured cheaply in that the need of additional
fertilizer is relatively less. As may be seen, however, still further in-
creases in yields are possible by the addition of commercial fertilizer,
such as Nitrate, which has given greatest gains. On the other hand,
while great gains may be secured by the use of commercial fertilizers
without the use of clover, there is little evidence to support the idea
that yields will compare favorably with those where clover, alfalfa,
manure, etc., are used as a basis. This is a recommendation which is
especially applicable to growers of berries on some of the lighter soils
in the Lower Valley where wkter-holding capacity and fertility are often
poor on account of lack of humus. The strawberry, it will be recalled,
does its best when furnished an abundance of moisture, especially during
the harvesting season. Unless, therefore, natural water-holding capacity
of the soil is good the plant with its shallow root-system often dries out
at a critical time when moisture should be available in abundance.

Owing to the great variety of soils upon which the strawberry grows
in the Valley the fertilizer requirements, although similar in principle,
differ as regards methods of application. On strong soils the need of
additional fertilizei is relatively less than on the lighter soils. Probably
on all soils a moderate amount of nitrogen supplied by' Nitrate, or similar
fertilizer carrying nitrogen in a readily available form, is desirable.
Where plants are inclined to make tardy growth during :the first season
before production begins, the use of Nitrate should be profitable. The
aim should be to secure a good, big thrifty plant which is capable of
bearing a large crop. As a general rule, if thrifty plants are not made
during their first season's growth, they never fully attain their full
possibilities in this respect nor do they bear as well. It is possible,
however, to go to extremes in this respect by the use of Nitrate.

In the use of Nitrate we would urge moderation. During 1917 and
1918 the weather was extremely warm during a large portion of the
picking season and plants receiving very heavy applications produced
berries which were inclined to be soft, if not picked promptly and
handled carefully. Those not handled in this manner probably did not
possess long keeping and shipping quality. On the other hand, plants
receiving applications of Sulphate of Potash produced somewhat firmer,
but not more attractive berries. Just what results may be expected in this
case, will depend very largely upon the season. During 1916 when a long,
cool picking season prevailed there was practically no difference between
the firmness, size, or appearance of fruit from any of the plots, all being
firm and possessing shipping quality, except berries delayed in picking
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due to protracted rains. The grower, therefore, must be willing to take
some chance on the season. Experience generally seems to bear out the
idea that conservative practices will give the best results. Probably an
application of Nitrate, not over 220 pounds, each season can be con-
sidered safe During some seasons this may be too much. The use of
a small amount of some fertilizer carrying potash is a good practice.
This may be supplied by wood ashes. Sulphate of Potash will probably
soon be available, now that the war is over. Whether to apply Nitrate
in one or two applications will depend very largely upon the soil. Where
soils are open and porous, as the Red Shot soils of the Upper Valley, it
seems wise to divide the total amount and make two equal applications,
one in early spring and the other when the blossoms are open. In this
way possibly much soluble nitrate will be saved. We advise growers to
make suitable tests of their own and keep careful records of these tests.
Since summer applications appear to possess considerable merit as com-
pared with those made in spring we advise giving this plan a thorough
trial.


