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INFLUENCE OF NITROGEN, PHOSPHORUS,
POTASH AND LIME ON THE GROWTH
AND YIELD OF STRAWBERRIES

R. A. Dennison anp C. B. Harp
Florida Agricultural Experiment Station
Gainesville

Little information is available on the in-
fluence of various fertilizer and liming ma-
terials on the growth and yield of strawber-
ries as grown under Florida conditions.
Brooks and Nolen (1935) stated that liming
of low pH soils was beneficial in the central
Florida area with the optimum pH being
about 5.5. Matlock (1954) reviewed much of
the research which has been done on the
fertilizer and lime requirements of strawber-
ries. Most of the previous studies have been
conducted in other areas of the country and
the results do not have specific application to
Florida conditions since the cultural system in
use in Florida is entirely different.

A pot experiment was conducted during
the 1955-56 season to determine the intluence
of the major elements and lime on the growth
and yield of strawberries. The object of the
experiment was to obtain information that
could be used as an aid in planning field-
scale fertility experiments.

METHODS
The materials, rates in pounds per acre, and
sources used were as follows:

Material Rate Source

Nitrogen 0, 50, 100 Ammonium nitrate
Phosphorus (P:05)0, 80, 160 Treble superphosphate
Potash 0, 70, 140 Muriate of potash
Lime 0. 1200, 2400Calcium hydroxide

Two soil types were used: (1) a virgin Ona
fine sand from the Horticultural Unit farm at
Gainesville; (2) a Blanton fine sand from the
Starke area that had been cropped for many
years to vegetables and strawberries.

Fach soil was screened, fumigated with
methyl bromide, and turned three times. The
fertilizer and liming materials were uniform-
ly mixed with the soil. The soil was prepared
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during August and stored in the pots under
cover until planting, The soil was moistened
occasionally during the storage period but not
enough to cause leaching.

The pots were placed on the ground out-
of-doors and the plants set in them on Octo-
ber 8. Tap water was used for watering as
required.

The experimental unit consisted of a single
Florida 90 plant in a 10-inch clay pot con-
taining 22 pounds of soil. A 3X3X3X3X2
factorial with three replications was used in
a randomized block design.

ResuLTs AND Discussion

Change in Soil pH

A composite soil sample was obtained May
2 by taking a 6-inch core from each pot for
each lime rate in each replication. The appli-
cations of lime were effective in raising the
pH (Table 1) of both soils, with the increase
being greater the higher the rate of applica-
tion of lime. The pH of the soil in the pots
that did not receive lime increased approxi-
mately one-half unit during the course of the
experiment and could have been caused by
bases carried in the tap water.

Table 1.~ Tha pH of Composite Soil Sewmles Taken on May 2, 1956

Hate of Replication Oma Soll Bloaton Soil

ca(om),

° 1 5.40 5.85

2 S 5.89
3 5.48 5.87

1200 1 5,27 6.75
z 5.82 6.89
3 5.91 6,75

2400 1 6.21 7.23
2 645 7,43
3 6.29 2.2

Plant Growth

The ratings of the growth of the plants
were not analyzed statistically, but some in-
dications of the influence of the various ma-
terials can be noted (Table 2). Growth ratings
were made at four times during the growing
period, using a scale of one to five with one
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These results indicate that the previously
cropped Blanton soil contained sufficient avail-
able nitrogen for good plant growth during the
first four months of growth, whereas the virgin
Ona soil was deficient in available nitrogen
throughout the growing period.

Phosphorus.—The growth was increased by
applications of phosphorus on the Ona soil
but not on the Blanton soil. On the Blanton
soil apparently there was sufficient residual
phosphorus from previous fertilizer applica-
tions to maintain maximum growth of the
plants.

Potash.—There was no effect of potash on
plant growth on either soil.

Lime.—On the Ona soil, which had a pH
of 4.90 at the start of the experiment, 1200
and 2400 pounds per acre of calcium hydrox-
ide increased the growth compared with
plants in pots receiving no lime. The plants in
the soil which received the 1200 pound rate
of lime grew better than those in the soil with
the 2400 pound rate. On the Blanton soil,
which had an initial pH of 5.45, plant growth
was poorer with the 1200 or 2400 pound ap-
plications of lime than with no lime.

These results indicate that lime is beneticial
when the pH of the soil is low but that over-
liming can be detrimental.

Fruit Yield

Twelve harvests of berries were made from
February 27 to April 26, The analysis of va-
riance for the main effects and the first order
interactions are given in Table 5. The second
and third order interactions were not signifi-
cant and so for brevity are omitted from the
table.

Nitrogen.—The average yield in grams for
the 0, 50 and 100 pound rates of application
to the soil were 34.39, 32.94, and 39.83 re-
spectively. The L.S.D. required for the 0.05
level was 3.99 and for the 0.01 level 5.25.
The yield increase by the 100 pound rate
over the zero and 50 pound rates was highly
significant, There was no difference in yield
between the zero and 50 pound rates, Wheth-
er the 50 pound rate of application was too
low to give a measurable response or whether
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another factor not controlled in this experi-
ment was interacting with nitrogen cannot be
determined from the results obtained.

Potash.—Yields were not atfected by appli-
cations of potash. The average yield in grams
for the 0, 70, and 140 pound applications
were 37.80, 34.82 and 34.54 respectively. The
lack of response to potash was unexpected,
especially on the Ona soil which was low in
potash. However, these yield responses are
consistent with the work of Lineberry and
Collins (1942) in which they obtained no re-
sponse to potash in three out of four experi-
ments, ’

Phosphorus. — The phosphorus-soil interac-
tion was highly significant (Table 3). On the
Ona soil, the application of either 80 or 160
pounds of P,0, increased the yield of berries
as compared with no addition of phosphorus
to this soil type. There was no difference in
yield with the 80 or 160 pound rates of P.0..
On the Blanton soil, the application of phos-
phorus did not influence the yield (Table 4).
These results agree with the soil test, The
plants on the Ona soil, which was low in P.0;,
responded to phosphorus applications, whereas
plants on the Blanton soil, which was higher
in PO, did not.

Lime.—The lime-soil interaction was highly
significant (Table 3). On the low pH Ona
soil, the yield was significantly increased by
the application of either 1200 or 2400 pounds
of lime, but the 1200 pound rate of calcium
hydroxide yielded significantly more than the
2400 pound rate (Table 5). On the Blanton
soil, which had a higher pH, both the appli-
cation of either 1200 or 2400 pounds of lime
reduced the yield significantly. There was no
difference in yield between the 1200 and 2400
pound rates. These results indicate that there
is a distinct danger of overliming a soil for
strawberries, but that an increase in yield
may be expected if a low pH soil is properly
limed.

SUMMARY

A pot experiment was conducted to study
the growth and yield of strawberries as in-
fluenced by nitrogen, phosphorus, potash and
lime factorially compared on two soil types.
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Table 3.« Partial Analysis of Variance of Strawberry Yields from Stra.wberry

Factorial. 1956.

Source of Degrees of Mean F Value
Variation Freedon Square

Total 485 -

Blocke 2 5,888 17.68%»
Fitrozen 2 2,141 6,43k
Phosphorus 2 836 2,51
Potagh 2 529 1.59
Lime 2 2,835 8, 51%%
Soil 1 50,110 150,L8w*
Nitrogen<y hosphorus L sl 1.64
Nitrogen~potash 4 236 0.71
Nitrogenwlime 4 666 2.00
Nitrogenwsoil 2 50k 1.51
Phosphorus=potash L 116 0.35
Phosphorus~lime L 57 0.17
Phosphorus=-soil 2 1,866 5.60%*
Potash-lime L 91 0.27
Potash~s0il 2 62 0.19
Lime-soil 2 23,582 70,81%*
Error 322 333

** Indicates the F valuc is significant at the 0.0l level,

on Effect of Phoeph and Soil Twvoe on the Average
Tield in Grame of Struwberries. 1956.

fable .~

Pounda per acre of PO, :Average for

Soil type 3 3 ) 3 160 . 1 soil type
Ona i19.20 27.48 30.02 i 25.56
Blanton 4,18 45,30 2 5,38  us.87

Average for P0. 33.19 36,39 37.58

2’5

L. S. T. for interaction  0.05 level = 5.64

0,01 level = 7.43

One soil type was a virgin Ona soil and the
other a Blanton soil which had been cropped
for a number of years. Both soils were fumi-
gated with methyl bromide prior to setting
the plants,

The 100 pound rate of nitrogen yielded sig-
nificantly more fruit and produced larger
plants then the zero or 50 pound rates. There
was no difference in yield or plant growth
between the zero and 50 pound rates,

Tadle 5. Interaction Effect of Lime and Seil Typo on the Average Tiold ée
in Grame of Strawberries. 1956.

Poun"u ger Bcre of ca(ox)a : + Average for
So0il type : - _soll type
Ona. 13.86 37.93 24,88 25.56
Blanten 61,26 ¥.30 36.96 45,87

Average for Ca(B), 37.62 38.62 30.592

L. 8. D. for interaction 0.05 level = 5.64

0,01 level = 7.43

On the Ona soil, the yield was significantly
increased and larger plants were produced by
applications of 80 or 160 pounds of P.0.
There was no difference in yield or plant
growth between the 80 or 160 pounds on the
Ona soil. The P.0,. applications on the Blanton
soil had no influence on yield or plant growth.

There was no yield or growth response to
70 or 140 pounds or potash on either soil.

On the Ona soil, which had a low pH, 1200
or 2400 pounds of calcium hydroxide in-



228

creased the yield and growth as compared to
no lime. The yield and plant growth were
larger for the 1200 pound rate than for the
2400 pound rate. On the Blanton soil, both
lime applications reduced the yield and
growth, There was no difference in yield or
plant growth between the two rates,
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LIME-INDUCED MANGANESE DEFICIENCY
OF STRAWBERRIES

C. B. HarL anp R. A. DENNISON

Florida Agricultural Experiment Station

Gainesville

A chlorosis was noted on the leaves of
strawberry plants growing in two fields in the
Starke area during the 1955-56 season. The
chlorosis was most severe on the lower leaves.
These leaves were usually a dark yellow with
only the veins remaining green. The upper
leaves were less chlorotic with the youngest
leaves nearly a normal green. These symptoms
appeared to be typical of those described by
Lott (1946) for manganese deficiency. The
fact that the soil in each field had been limed
during the summer prior to planting also
pointed to manganese deficiency as the cause
of the chlorosis. Besides being chlorotic, the
plants were generally stunted in growth.

The chlorosis and stunting were not general
throughout the fields but were found in ir-
regular areas. Many of these areas coincided
with lighter colored phases of the soil or with
slightly higher elevations.

A study was made of the relationship be-
tween the soil pH, the manganese content of
the leaves of the plants, and the visual ap-
pearance of the plants. Samples for analyses
were taken of both the plant leaves and the
soil in the area in which the plants were
growing,

‘MEeTHODS

Soil and leaf samples were téken from each
of the fields on January 11, 1956. The lower
leaves of a number of plants growing in the
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same area constituted a single sample. A cor-
responding soil sample was obtained for each
foliage sample by compositing a number of
cores taken throughout the same area. The
predominating soil type of one field was Rex
fine sand and of the .other Blanton fine sand,
shallow phase.

-Twelve samples were taken from each field.
Six soil and six foliage samples in each field
were obtained from areas showing severe
chlorosis and the other six samples were taken
from the normal or near-normal appearing
areas in the field.

The leaves were washed by tap water to
remove soil particles before drying in a forced
draft oven at 70° C.

Manganese was determined by the official
A.0.A.C. method (1955). The pH of the soil
samples was determined as outlined by Volk
(1944).

’

ResuLTts

On both soil types moderate or severe
chlorosis of the leaves was associated with a
soil pH of 6.60 or higher and a manganese
content of 16 ppm or less on a dry weight
basis (Table 1). In the pH range of 5.90 to
6.30 there was no chlorosis or only slight
chlorosis and the manganese content ranged
from 20 to 64 ppm. In the pH range of 5.10
to 5.30 there was no chlorosis and the man-
ganese content ranged from 94 to 222 ppm.

These results indicate that severe manganese
deficiency of strawberries would be expected
in such soils in the Starke area when they are
limed to pH levels above 6.5.. Slight mangan-
ese deficiency could be expected if the soil
pH is in the range of 6.0 to 6.5.



