
EFFECT OF NUTRIENT RATIO AND CONCENTRATION ON
GROWTH AND COMPOSITION OF TOMATO PLANTS
AND ON THE OCCURRENCE OF BLOSSOM-END

ROT OF THE FRUIT1

S. M. RALEIGH AND J. A. CHUCKA

Introduction

Much work has been done on physiological balance where from two to
six major elements have been varied, with the osmotic concentration nearly
constant. In this experiment only one major element was varied in the
ratio, but no attention was paid to the osmotic concentration. This would
be more nearly like the application of fertilizer under field conditions.
Blossom-end rot has recently been reviewed by ROBBINS (2) with many
references given on the subject. In most cases a disturbance of the normal
water relations has been assigned as a cause of the physiological disease.
This experiment was set up to study the effect of balance of nutrient ele-
ments on the growth of tomato plants grown in sand culture using the
subirrigation method.

Materials and methods

Individual plants of Marglobe tomatoes were grown in plant bands in a
large moisture-proof box, being fed nutrient solution twice a day by the
subirrigation method (3), the sand being the same as that used in the regu-
lar experiment. When the plants were between t.wo and three inches high,
they were transferred to two-gallon glazed crocks with a hole in the side
at the bottom. A number three rubber stopper with an eight-millimeter
glass tube reaching to the center of the bottom of the crock was fastened
securely in the hole. Over the end of the eight-millimeter tube was placed
a sixteen-millimeter glass tube about ninety millimeters long, the ends of
which were covered with glass wool. This allowed very quick filling and
draining of the crocks.

The crocks were then filled to within 11 inches of the top with no. 20
white diamond silica sand, which had previously been sieved through a
Clipper seed cleaner and then washed. The smallest sand grains passed
over a 20-mesh sieve while the largest were about 14-mesh. This sand,
having no particles less than 20-mesh, drained very quickly.

The two-gallon crocks were then placed on a rack and connected by '-inch
rubber tubing to one-gallon crocks on a movable support.

The movable supports were connected by a chain to a shaft which was
driven by a 4-horse-power, back-geared, electrically reversible motor. The
height to which the one-gallon crocks were raised and lowered, and the
reversing of the motor were controlled by a double pole, double throw switch
in series with a single pole, double throw electric time clock.

1 Investigation conducted with financial aid of the Coe Research Fund of the Univer-
sity of Maine.
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The plants were watered automatically four times a day, thus insuring
very uniform feeding and aeration conditions. Distilled water was added
daily to bring the water supply for each plant up to the 34-liter mark.

Stock solutions were made up by dissolving one gram of chemically pure
salt to ten or twenty milliliters of distilled water; this was then measured
out with a pipette or graduate cylinder and poured into approximately
thirteen liters of distilled water. After adding all the nutrients, the solution
was then made up to fourteen liters.

The ratios and concentrations varied about a base solution called regular,
hereafter known as R, which contained the following parts per million of
the elements: nitrogen, 600; phosphorus, 100; potassium, 400; calcium, 500;
magnesium, 200; and sulphur, 200.

In the concentration series the above six nutrient elements were used
at 1, 4, 2, and 4 times the R concentration; thus I R would contain, in
parts per million, 150 nitrogen, 25 phosphorus, 100 potassium, 125 calcium,
50 magnesium, and 50 sulphur. In the ratio series only one of the elements
was varied at a time. They were varied at the rate of 1, 4, 2, and 4 times
for each element; thus j N contained 150 p.p.m.; 4 N, 300 p.p.m.; 2 N, 1200
p.p.m.; and 4 N, 2400 p.p.m. of nit.rogen. The phosphorus, potassium, cal-
cium, magnesium, sulphur, and minor elements were at the R rates.

It will be noted that the concentration series designated as ' R, 4 R, R,
2 R, and 4 R has the same amount of nitrogen as the 1 N, i N, R, 2 N, and
4 N; the same amount of potassium as the l K, 4 K, R, 2 K, 4 K; the same
amount of calcium as the i Ca, 4 Ca, R, 2 Ca, 4 Ca; the same amount of
magnesium as the I Mg, 4 Mg, R, 2 Mg, 4 Mg; and the same amount of
sulphur as the 1 S, 4 S, R, 2 S, 4 S. In 22 of the 33 treatments it was pos-
sible to get the desired concentrations and ratios by merely changing the
proportions of the salts used as sources of the nutrient elements. In the
remaining 11 treatments, it was necessary to use chlorides2 to balance the
relatively high cation concentration. The solution 2 as given by HOAGLAND
and ARNON (1) was used as a check. Four plants, each in an individual
two-gallon crock, were used for each treatment in 1939 and 1940. They were
planted outdoors after the last frost, the second week in June, and were
harvested about the middle of September. The solutions were changed
once a week. In 1939, a second 4 R was changed twice a week; also, a series
on phosphorus was run at 1 P, 4 P, R, 2 P, and 4 P, which produced very
uniform plants with little or no blossom-end rot.

In 1940, a second calcium series was used in place of the phosphorus
series designated as i Ca/2, 4 Ca/2, 1 R, 2 Ca/2, and 4 Ca/2. In this series,
the concentration of all of the six major nutrient elements was exactly
one-half of that used in the regular calcium series. In fact, the regular
calcium series was made up except for the minor elements, then split in half,
minor elements added, then made up to 14 liters.

2 The parts per million of chlorine in the 11 treatments were i N, 885; j N, 514;
2 K, 117; 4 K, 843; 2 Ca, 884; 4 Ca, 2654; 2 Ca/2, 442; 4 Ca/2, 1327; 2 Mg, 338; 4 Mg,
1504; and i S, 88.
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Results

GROWTH OF PLANTS

The tomato plants in all of the replicates grew uniformly well. With
the exception of the plants grown with 4 R and 4 N, the plants grew to
an average height of between three and four feet. The 4 R and 4 Ca were
the only treatments which grew plants shorter than those grown with the
check treatments (table I). All of the plants showed considerable rolling
of the lower leaves. These rolled leaves, however, remained alive and green
on all the plants with the exception of those grown on 4 N. The lower leaves
on the plants grown with 4 N died alnd fell off the plant.

The green weight of the vines in general averaged 600 to 700 grams.
The lighter plants were produced with treatments 4 N, 4 R, 4 Ca, and 4 R.
The heavier plants were produced with treatments 2 N, 1 Ca, 1 SI 2 R, 2 K,
and 1 Mg.

NUMBER AND WEIGHT OF FRUITS

The average number of fruits one inch in diameter and larger ranged,
in general, from 10 to 14 per plalnt. The first hands on plants grown with
4 R, 4 N, and HOAGLAND nutrient solution produced considerably larger
fruits than did plants grown with other treatments. These same treatments,
however, produced small fruits on the second and third hands. The 1 Ca
produced more hands and averaged more fruit than did any other treat-
ment. In 1939, all of the fruits on this treatment were very small but,
in 1940, a few fruits which escaped blossom-end rot were good sized.

The average weight of fruits per plant varied from about 1000 to 1400
grams. Treatments e R, 1 N, and 4 S produced over 1500 grams per plant.
The 4 N treatment averaged 236 grams, whereas the 4 R treatment averaged
468 grams; in both treatments, there was exactly the same amount of
nitrogen.

CHEMICAL COMPOSITION3

The vines, fruits, and roots of the tomato plants produced in this experi-
ment during the 1939 season were analyzed in an attempt to ascertain the
relation between chemical composition of tomato plants and the occurrence
of blossom-end rot, and also to study the effect of nutrient ratio and concen-
tration on the chemical composition of the plants.

The tomato plants produced with different treatments showed consider-
able variation in composition. In some cases, rather definite trends are evi-
dent, which appear to be related to the variations in the nutrient solutions.

The ash content of the tomato plants (table II) tended to increase with
an increase in potassium, calcium, or total colncentration of nutrient solu-
tions. The ash content tended to decrease with increasing nitrogen and
sulphur in the nutrient solutions.

3 These chemical analyses were made under the supervision of DR. CHARLES A. BRAUT-
LECHT, Professor of Chemistry and Chemical Engineering and Collaborating Chemist in
Agricultural Experiment Station, University of Maine, Orono, Maine.
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As the concentration of the nutrient solution was increased, the nitrogen
in the vines, fruit and roots, the phosphorus of the roots, the potassium of the
vines, fruit, and roots, and the sulphur of the roots increased and the mag-
nesium of the roots decreased.

When nitrogen was increased in the nutrient solution the nitrogen con-
tent of the vines, fruit, and roots was increased. It was very evident that
high nitrogen delayed maturity and phosphorus in the roots increased. Cal-
cium in the vines and magnesium in the vines and roots decreased as the
nitrogen was increased.

With an increase in phosphorus in the solution the phosphorus content
of the vines, fruits, and roots increased; the magnesium and sulphur of the
roots decreased.

When potassium in the solution was increased, the nitrogen in the vines,
fruits, and roots decreased. Phosphorus in the vines decreased while it in-
creased in the roots. Potassium in the vines, fruit, and roots increased.
Calcium in the vines decreased while calcium in the roots increased. Mag-
nesium in the roots decreased, while sulphur in the roots increased.

With an increase in calcium in the nutrient solution, nitrogen in the
vines, fruit, and roots decreased, potassium in vines decreased. Calcium in
the vines and roots increased, and magnesium in the roots increased.

When sulphur was increased, the nitrogen in the vines increased; in gen-
eral, calcium and magnesium decreased and sulphur in the roots increased.

OCCURRENCE OF BLOSSOM-END ROT

The occurrence of blossom-end rot in the concentration series was similar
to the results of ROBBINS (2), except that the percentages in this experiment
were much lower. It must be remembered that the plants in this experiment
were grown in the open in a climate with a rather high humidity and rela-
tively cool days. Hot, bright days appear to hasten blossom-end rot, and
also kill the plant when grown in unbalanced solutions, as was observed in
a preliminary experiment in 1938.

Plants grown on the 2 N treatment which had the same amount of nitro-
gen as the plants grown with 2 R had more than twice as much blossom-end
rot, and the 4 N plants with the same amount of nitrogen as 4R plants had
nearly twice as much blossom-end rot as 4 R plants. The 4 K plants with the
same amount of potassium as 4 R plants had about the same amount of blos-
som-end rot. In this case, chlorine may be the cause of the blossom-end rot.
The 4 Mg plants with the same amount of magnesium as the 4 R plants had
considerably more blossom-end rot than the latter, and perhaps here also
chlorine may be the cause of the blossom-end rot. The 2 S plants with the
same amount of sulphur as 2 R plants had about the same amount of blossom-
end rot, whereas the 4 S plants with the same amount of sulphur as 4 R had
nearly twice as much blossom-end rot.

In no instance could the blossom-end rot be attributed to the osmotic
values (table III) of the solutions, for in all cases the R' series plants had a
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RALEIGH AND CHUTCKA: GROWTH AND COMPOSITION OF TOMATO 677

higher osmotic value than the nitrogen, potassium, magnesium, or sulphur
series plants; yet, in all cases they had less blossom-end rot.

In the calcium series, 55.20 per cent. of the fruits on the 1 Ca plants and
20.56 per cent. of fruits on the 2 Ca plants showed blossom-end rot, while 4 R
plants and 1 R plants with the same amount of calcium as in the calcium
series produced no blossom-enid rot. The blossom-end rot on the 4 Ca plants

TABLE III
THE PERCENTAGE OF CALCIUM IN THE VINES, ROOTS, AND FRUIT; THE OSMOTIC VALUE OF THE

SOLUTIONS; AND THE PERCENTAGE OF THE FRUITS WITH BLOSSOM-END
ROT ARRANGED WITH PERCENTAGE CALCIUM IN THE

FRUIT IN DECREASING ORDER

PERCENTAGE CALCIUM PERCENTAGE BLOSSOM-END ROT

TREATMENT OSMOTIC
VINES ROOTS FRUIT 1939 1940 AV. VALUE

% 5%o % % % No atm.
i S 4.12 3.67 0.32 0.00 0.00 0.00 1.28
j R 3.27 1.17 0.26 0.00 0.00 0.00 0.66
j N 3.56 1.63 0.24 0.00 0.00 0.00 1.13
j Mg 2.96 0.97 0.24 0.00 0.00 0.00 1.28
H 3.43 1.26 0.24 0.00 0.00 0.00 0.54

i S 3.26 1.21 0.24 2.17* 9.75* 5.75 1.39
2 Ca 5.10 4.73 0.23 0.00 5.00* 2.35 2.09
j Mg 3.65 1.01 0.23 2.17* 0.00 1.20 1.30
R 3.56 1.39 0.22 5.88* 1.52* 3.42 1.20

i N 3.49 1.31 0.22 0.00 2.44* 1.15 1.02
2 K 3.04 4.08 0.22 1.82* 3.64* 2.73 1.36
j R 2.92 1.18 0.21 0.00 0.00 0.00 0.52
i K 3.58 0.89 0.21 0.00 0.00 0.00 1.18
i K 3.52 0.94 0.21 0.00 4.26* 2.22 1.31
2 R 2.98 1.12 0.19 13.64t 6.45* 10.67 2.03
4 Ca 6.39 6.17 0.19 38.46t 5.13* 21.79 3.25
4 R 3.04 2.74 0.18 40.43 t 25.71 § 34.15 4.09
4 N 1.55 1.05 0.18 83.33t 51.02t 63.29 3.16
2 Mg 3.32 3.81 0.18 10.42 0.00 5.62 1.76
i Ca 1.94 0.64 0.16 29.79 + 13.33 § 20.56 1.24
2 S 3.27 1.17 0.16 0.00 18.03* 10.78 1.41
2 N 2.02 0.80 0.14 32.65 t 24.00 t 28.28 1.65
i Ca 1.32 0.56 0.14 66.33 t 47.69 t 55.20 1.18
4 K 1.95 3.87 0.13 37.93t 30.77t 34.55 2.56
4 S 1.05 1.29 0.13 75.00t 40.38t 58.93 1.47
4 Mg 2.75 0.78 0.12 59.62 t 36.21 t 47.27 3.49

* Blossom-end rot on 1 plant.
§ Blossom-end rot on 2 plants.
t Blossom-end rot on 3 plants.
t Blossom-end rot on 4 plants.

may have been produced by the chlorine in the solution. The 1 Ca plants
were the tallest of all the plants. They were next to the heaviest, and aver-
aged a larger number of fruits than alny other treatment. These plants
appeared to use about as much water as those on any other treatment.

In 1940, in order to check the theory of osmotic relationship, in relation
to the occurrence of blossom-elnd rot, the calcium series was repeated at E of
the above concentration except for the minor elements which were used at
the same rates. The occurrence of blossom-end rot in the two series was very
similar; in fact, the 1 Ca/2 plants with osmotic value of 0.55 atmospheres
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produced fruit with 53.23 per cent. blossom-end rot, while the 4 Ca plants
with an osmotic value of 1.18 atmospheres produced fruits with 47.69 per
cent. blossom-end rot.

It would appear that the balance between the elements is more important
as a cause of blossom-end rot than the actual concentration of the elements
or the osmotic concentration of the solution. It also appears that this un-
balanced condition causes blossom-end rot by preventing the utilization of
the necessary amount of calcium for normal fruit formation, for whenever
the calcium content of the fruit (table III) in this experiment was lower
than 0.20 per cent., there was generally blossom-end rot on some of the fruits.

Summary
Marglobe tomato plants were grown outdoors with subirrigation method,

using widely different nutrient ratios.
Response to treatments was measured by height and weight of plant,

number and weight of fruit, and the occurrence of blossom-end rot.
The vines, fruits, and roots were analyzed to ascertain the relationship

between nutrient solutions used and chemical composition of plants, and also
to study the relationship between composition of plant and incidence to blos-
som-end rot.

In general, as a nutrient element is increased in the nutrient solution that
element tends to increase in the vines, roots, and fruit of the tomato plant.

When certain elements are increased in the nutrient solution, they have
a tendency to decrease the content of certain other elements in the plant; for
example, increasing potassium in the nutrient solution tends to decrease the
nitrogen content of tomato plants.

Variation in nutrient solution appears to have much less effect on the
composition of fruits than it has on the composition of either vines or roots
of the tomato plant.

Blossom-end rot was produced at relatively low osmotic values.
Blossom-end rot was produced by high nitrogen, high sulphur, high mag-

nesium, high potassium, high chlorine, and low calcium.
Analysis of the fruits indicated that those plants which produced fruits

with less than 0.20 per cent. calcium content generally produced fruits with
blossom-end rot.
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