EFFECT OF FERTILIZER AND ENVIRONMENT ON THE
ASCORBIC ACID CONTENT OF TURNIP GREENS '
By RUTH REDEB, associate in agricultural chemistry research, Oklahoma Agricultural Experiment Station, LEAH ASCHAM, formerly home economist, Georgia
Agricultural Experiment Station, and MARY S. EHEART, assistant professor of
home economics, Virginia Polytechnic Institute 2
INTRODUCTION

Numerous investigations have been conducted to determine the
effect of fertihzer on the ascorbic acid content of vegetables. The
methods of experimentation employed have varied widely, particularly with respect to the plants studied, the cultural methods used,
and the composition of the fertilizers applied. In early work ascorbic
acid was determined by biological methods and in later studies by
chemical methods. The lack of agreement in the results obtained in
these investigations may probably be attributed, in part, to dissimilarities in the experimental procedures employed. The results indicate, in general, that the ascorbic acid content of plants tends to increase as the plant yield is increased by fertilizer application, and that
nitrogen and potassium are the fertilizer constituents most effective
in increasing the formation of this vitamin.
The present study represents one phase of an investigation conducted cooperatively in six States to determine the cause of variations
in the composition of vegetables produced by the same cultural
methods in various sections of those States. The purpose of the
study, in which three of the cooperating States participated, was to
determine the effect of fertilizer treatment and environmental conditions on the ascorbic acid content of turnip (Brassica rapa L.) greens.
The experiments were conducted at Norfolk and Blacksburg, Va.;
Stillwater, Okla.; and Experiment, Ga.
MATERIALS AND METHODS

Four fertilizer factors were studied. In order that not only the
individual effects of the fertilizers but also the possible interrelated
effects might be determined, a factorial experiment was planned.
A 2X2X2X2 factorial design consisting of 16 treatments with 2
replications at each location was used. The arrangement of treatments in each replication was randomized and different arrangements
were used at each location. The treatments consisted of the application of nitrogen, phosphorus, potassium, and calcium in all possible
combinations of high and low levels of nutrients; the check consisted
of plants produced without fertilizer treatment, i. e., the zero level of
application of all four nutrients. The 16 treatments were: NPKCa,
1 Received for publication March 24, 1942. Approved for publication as paper No. 1 by the executive
committee of the southern cooperative project, Variations in the Composition and Nutritive Value of
Vegetables Grown in the South.
2 The authors are indebted to B. L. Wade, senior geneticist in charge, U. S. Regional Vegetable Breeding
Laboratory, Charleston, S. C, both for guidance in planning this project and for assistance in the statistical
treatment of the data obtained in the experiments. The authors are also indebted to H. L. Cochran, associate horticulturist, Georgia Agricultural Experiment Station, R. C. Moore, assistant horticulturist, Virgi
nia Agricultural Experiment Station, and H. H. Zimmerley, director, Virginia Truck Experiment Station»
for their careful supervision of the production of the turnip greens used in these experiments.
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NPK, NPCa, NP, NKCa, NK, NCa, N, PKCa, PK, PCa, P, KCa,
K, Ca, and check.
Turnip seed of the Seven Top variety was supphed for the experiments by the United States Regional Vegetable Breeding Laboratory
at Charleston, S. C. The seed was planted in rows 25 feet long and
30 inches apart. Each replicate consisted of 16 experimental rows
with 2 border rows on each side of the area. The 2 replicates at each
location were placed either side by side or end to end. Fertilizers
were applied in a band 2 inches to the side of the row and 1 inch below
the seed level. The fertilizers were applied at the following levels:
60 pounds per acre of nitrogen from ammonium sulphate, 60 pounds
of P2O5 from superphosphate, 60 pounds of K2O from muriate of
potash, and 120 pounds of calcium from gypsum.
Records were kept of the maximum and minimum daily temperatures and the rainfall at each location.
Soil samples were taken after the ground was prepared for planting
and before the fertilizers were applied. The samples were obtained
in the following manner: A hole approximately 6 inches deep with a
vertical side was dug with a garden trowel, and from the vertical side
of the hole a thin, uniform slice of soil was taken from the surface to
a depth of 6 inches. This operation was repeated 20 times in 2
diagonals across the field. The samples were thoroughly mixed and
from the composite a sample was taken for analysis.
The pH values of the soils were determined by the use of glass
electrodes. Rapid soil-test determ.inations for calcium., magnesium.,
nitrate nitrogen, and phosphorus were made by the perchlorate
method of extraction devised by Dr. I. E. Miles ^ Soil organic
matter was determined by the method originally developed (26) ^
and later modified (27) by SchoUenberger. Total exchange capacity
and exchangeable calcium, were determined by the methods of the
Association of Official Agricultural Chemists (1),
When the first experiment was conducted at Norfolk, six samples
of greens were analyzed from each experimental row. An examinaton of the results of this experiment by Immer^s method (12)
showed that there was need for a reduction in sampling error. This
was achieved by increasing the number of samples to eight in the three
experiments carried out in 1940. At Norfolk, Blacksburg, and Stillwater all rows of a single replicate and, in most cases, all rows of both
replicates were sampled at the same time. At Experiment two
collections of four samples were made on 2 différent days after plants
reached the proper size.
In view of the fact that the ascorbic acid content of plants varies
thoroughout the day, samples were taken in the morning in each of
the experiments, and all samples from a given location were collected
at approxim.ately the same time. At Norfolk and Blacksburg samples
were taken from 8 to 8:30 a. m.; at Stillwater, from 7 to 7:30 a. m.;
and at Experiment, at 7:30 and 9:30 a. m..
In sampling, large, medium, and small leaves were selected at
random from average-sized plants. When the field was close to the
laboratory, the samples were placed in a refrigerator within a few
minutes after they were collected. At Stillwater, where the field
was located some distance from the laboratory, the samples were
3 Unpublished method.
* Italic numbers in parentheses refer to Literature Cited, p. 386.
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placed in paper bags and packed at once with chipped ice in an insulated container in which they were conveyed to the laboratory.
In preparation for analysis, the leaves were thoroughly washed
and rinsed in distilled water. Excess water was removed by patting
them either with paper towels or cheesecloth. They were then
placed in containers and stored in refrigerators at 2° to 4° C. until
they were analyzed. All analyses were com.pleted the same day on
which the samples were collected. Duplicate determinations were
made of the ascorbic acid content of samples from each row. Kepresentative leaves of various sizes, selected for each sample, were
cut or torn into strips which were well mixed. From them a 20-gm..
sample was quickly weighed and placed in a glass m.ortar and
covered with an acid mixture consisting of equal parts of 2 N
H2SO4 and 0.25 N HPO3.
At this point in the procedure there were some differences in the
techniques employed. At Experiment, the method used for the
determination of ascorbic acid was essentially that described by
Bessey and King (2) ; in the other experiments, the method developed
by Thornton (29) was used. In a comparision of the two methods,
one of the investigators (M. S. Eheart), .using both procedures to
determine the ascorbic acid content of apples, found that the results
obtained by the two methods were in close agreement. The same
investigator found that the average percentage recovery of ascorbic
acid from turnip greens was 96.9 percent for 25 samples.
The methods employed given briefly are as follows. At Experiment, the sample was ground under the acid mixture with 25 to 30
gm.. of acid-washed sand, then transferred to 50-ml. centrifuge tubes.
After centrifugation, the clear, supernatant liquid was poured off
and the remaining material was again ground and centrifuged. This
process was repeated a third time, the extracts were combined, and
the volume was made up to 250 ml. with the acid mixture. Two
10-ml. aliquots of the well-mixed solution were titrated with a
standardized solution of the dye 2, 6 dichlorophenolindophenol,
which was added from a m.icroburette. The dye solution, containing
60 m.g. per 100 ml., was standardized daily against a solution of
ascorbic acid containing 0.1 gm.. Cebione (Merck) in. 250 ml. of 3
percent HPO3. The ascorbic acid solution was titrated against
a 0.01 N iodine solution which was standardized against a 0.01
N AS2O3 solution. One milliliter of 0.01 N iodine is equivalent
to 0.88 mg. of ascorbic acid.
At the other laboratories, the procedure was as follows: The sample
was finely ground under the acid mixture with 5 gm. of acid-washed
sand. The mixture was transferred quantitatively to a 250-ml.
volumetric flask and the volume was made up to 250 ml. with the acid
mixture. Two portions of the well-mixed liquid were centrifuged for
1 minute, at 1,800 r. p. m. and a 5-ml. aliquot of the supernatant
liquid from each portion was placed in a 125-ml. Erlenmeyer flask
and titrated with the indophenol solution which was added from a
microburette.
The indophenol solution was made up in Sörensen^s solution, pH
7.0; 50 mg. of dye was used in 200 ml. of solution. At Norfolk and
Blacksburg, the dye was standardized by the method used at Experiment except that the iodine solution was standardized against a stand-
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ard solution of sodium thiosulfate. At Stillwater, a simplified method
of standardization developed by Menaker and Guerrant (17) was used.
In this method, an excess of potassium iodide is added to a measured
volume of the indophenol solution in the presence of acid and the
liberated iodine is titrated with a 0.01 N sodium thiosulfate solution,
1 ml. of which is equivalent to 0.88 mg. of pure ascorbic acid.
Analysis of variance of the data from each experiment was made
in the usual manner. The effect of each fertilizer treatment was
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1.—Maximum and minimum daily temperatures, distribution of rainfall,
and dates of planting and collecting turnip greens of the Seven Top variety for
ascorbic acid determinations at Norfolk, Va., 1939 {Ä)] Stillwater, Okla., 1940
{B)', Blacksburg, Va., 1940 (C) and Experiment, Ga., 1940 (D).

FIGURE

determined by the method devised by Yates {34) for the analysis of
factorial experiments. Chi-square tests showed the four.experiment^
sufficiently homogeneous in error variances for satisfactory combination.
EXPERIMENTAL RESULTS

Data pertaining to the type and composition of the soil and meteorological conditions at each location during the growing season are
presented in table 1. The dates of planting and collecting samples
for analysisj maximum and minimum daily temperatures, and jhe
distribution of rainfall during the growing season are shown graphically
for each location in figure 1.
The average maximum temperatures at the four locations (table 1)
ranged from 77.7'' F. at Norfolk and Blacksburg to 83.7'' at Still-
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water, and the average minimum temperatures ranged from 54.2° at
Blacksburg to 62.9° at Norfolk. Differences between the maximum
and minimum daily temperatures (fig. 1) were smaller at Norfolk than
at the other locations. The average daily rainfall (table 1) ranged
from 0.06 inch at Experiment to 0.21 inch at Blacksburg. Distribution of rainfall (fig. 1) during the growing season varied considerably
at the different locations. At Norfolk, 7.2 inches of rain fell during the
first 13 days of the first one-third of the growing season; 2.43 inches in
the second one-third; and 4.33 inches in the final period. The rains
at Blacksburg were well scattered throughout the season, but the
precipitation was highest during the second one-third of the period,
when 6.17 inches of rain fell. At Stillwater, the rainfall was 1.26,
0.54, and 3.61 inches for the first, second, and final periods of the growing season, respectively. At Experiment, the rainfall was light and
most of it fell during the first one-third of the season.
The results obtained in the 4 experiments are given in table 2, both
separately and in combination. In each experiment, the average
value given for the ascorbic acid content of greens receiving a given
treatment is an average of the values obtained for all samples which
received this treatment in the 2 replicates; in the experiment at
Norfolk, this value is an average of the ascorbic acid content of 12
samples, 6 samples having been taken from a given treatment in each
replicate; in the other 3 experiments, the value is an average of 16
samples.
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The average effect of each fertUizer treatment was calculated for
each experiment and these effects are shown in table 2. The method
of calculation is shown in table 3. In all cases these effects make use
of more of the data than do the averages compiled from the treatment
alone; for exaniple, in each experiment only 2 rows received nitrogen,
but the effect of nitrogen in the experiment is calculated on the basis
of 16 rows, since half of the 32 rows in the 2 replicates received nitrogen
and half did not. At Norfolk, each effect was. calculated from the
ascorbic acid content of 96 samples; at the other locations, from the
results of the analyses of 128 samples. The significance of these
results was determined and significant effects are designated in the
table.
As may be seen from an inspection of table 2, five of the fertilizer
treatments gave significant effects at one or more places; these were
the simple fertilizers, N, P, and K and the combinations NP and NCa.
The largest number of significant effects in one experiment was
observed at Blacksburg, where four treatments significantly affected
the ascorbic acid content of the greens. Two treatments gave
significant effects at Experiment, two at Stillwater, and one at Norfolk.
Treatment with nitrogen fertilizer gave the most interesting results;
at Blacksburg and Norfolk, nitrogen produced an increase in ascorbic
acid content (significant at Blacksburg), but at Stillwater and Experiment, the application of nitrogen resulted in significant decreases in
this vitamin. The decrease was significant for the combination of
the four places, and the interaction of N treatment X places was
highly significant.
TABLE

3.—Main effects and ineractions in a 4-fcLcior experiment
Combination of treatments

Check
Total..
ca
k
kca
p
pea
pkca...
n
nca
nk
nkca..np
npca...
npk
npkaca

CaK

+ + + +
+ - + + + +
- +
- +
+ + +

4- -

+
+
+
+

KCaP PCaPK PKCa

+
+
+
+
-

+
+
+
+

+
+

+
+

+
+
+
+
+
+
+

NCaNK NKCaNP

+
+
+
+
+
+

+
+
+
+
+

+
+
+
+
+
+

NPCaNPK NPKCa

+ .+
+
+
+ +
+
+
+
4-

+
+

+
+

+
+
+
+
+
+
+
+
+
4+
+
+
+

The effect of potassium in the fertilizer was to decrease the ascorbic
acid in each of the four experiments. This decrease was significant
in three places and for the combination of all places. The average
decrease effected in ascorbic acid content was 8.2 mg. per 100 gm.
of fresh material for 480 samples which were treated with fertilizer
containing potassium, as contrasted with the same number of samples
not fertilized with potassium. There was also a significant interaction between places and the treatment effect of potassium; this
indicates that there was a much greater decrease due to potassium
applications at Experiment than at any of the other three places.
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Phosphorus gave a significant effect only at Blacksburg, where it
increased the ascorbic acid content. At the other three places the
effects were negative but not significantly so. The effect for P
treatment X places was highly significant. Calcium was associated
with an increase in ascorbic acid content in three places and with a
decrease in one place, but none of the effects were significant. The
interaction of Ca treatment X places was not significant.
The combination of NP gave a highly significant increase at Blacks
burg, a nonsignificant increase at Stillwater, and nonsignificant
decreases at the other two places. The interaction of NP treatment
X places was highly significant. The combination of NK gave nonsignificant increases at two places and nonsignificant decreases at
two places. The effect for the combination of four places was not
significant. NCa gave decreases at four places, significant at one
place, and the decrease for the combination of four places was
significant. '
The most strikiug observation to be made from the four experiments
is that at Norfolk, where the maximum vitamin formation was obtaiued, the mean ascorbic acid content of the greens (2.4103 m.g. per
gm.) was nearly twice as great as that of greens grown at Blacfcsburg,
where the mean ascorbic acid content (1.2842 m.g. per gmj was the
lowest observed in the experiments. The mean ascorbic acid content
of the greens produced at Experiment and Stillwater was 1.9065 and
1.5785 m.g. per gm., respectively. The influence of places was 13.75
times as great as the most important average effect, i. e., the effect
for potassium, but when compared to the effect of potassium at
Experiment, place difference was only five times as great.
DISCUSSION
Several earlier investigators (16, 21, 23, 2J^, 25, 32, 33) found no
changes in the ascorbic acid content of various plants as a result of
fertüizer treatment. A few workers have reported that certain fertilizer ingredients altered the ascorbic acid content of some plants.
None of these investigators, however, worked with turnip greens.
The significant decreases in ascorbic acid produced by nitrogen in the
fertilizer at two places and the significant decrease obtained by
combining the results from all four places are directly opposed to the
findings of a number of other workers who found nitrogen to increase
the ascorbic acid content of many plants (3, 6, 10, 11, 13, 19). The
highly significant interaction of N treatment X places in the present
experiments suggests one reason for the lack of agreement; i. e., the
effect of place is more important than the effect of fertilizer.
The most consistent effect obtained in the four experiments was the
decrease in the ascorbic acid content of greens which received potassium fertilizer. The opposite effect was observed by Hester (7),
Ijdo {10), and others {11, 22) ; Isgur and Fellers {13) aAd Fellers et al.
(4) found no change in the ascorbic acid of plants as a result of potassium fertilization.
The highly significant interaction of potassium effect X places,
although all places showed a decrease in ascorbic acid content, indicates that potassium, reduced the ascorbic acid content more sharply
in one location than in another. The greatest reduction was found
at Experiment, Ga.
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The effect of phosphorus in the fertilizer was not significant for the
combination of the four places. This confirms the results of previous
studies (10j IS) with spinach and Swiss chard. Ott (19), however,
increased the amount of this vitamin in potatoes by applying nitrogen
and phosphorus, and Pfützer and Pfaff (22) increased it in vegetables
by the addition of phosphate to a phosphorus-deficient soil. The
ineffectiveness of calcium in the fertilizer in significantly modifying
the ascorbic acid content of the greens in the present experiments confirms the results obtained by Ijdo (10) with spinach.
NCa was the only fertilizer combination to give an effect significant
for the combination of the four places. Several investigators (3, 5,
9, 28, 31) have found that the ascorbic acid of different vegetables
was increased by the application of the fertilizer combinations NPK
or NPKCa, but the effects of these com.binations in the present experiments were not significant. Ott (20) found that tom.atoes grown without fertilization contained more vitamin C than those fertilized with
NPK.
The results show that under the conditions imposed in these experiments, fertilizer -treatment significantly affected the ascorbic acid
content of turnip greens, but that the effect of place was more
important than the greatest effect obtaÍD.ed with any fertilizer.
Factors contributiug to the effect of place are the type and composition of the soil and meteorological conditions durin.g the growing
season. Different types of soil were used at the four locations (table
1), but the results of the soil analyses (table 1) do not reveal very
marked differences in soil composition. It is possible that trace
elements in the soil exert an effect on ascorbic acid formation; Hester
(8), for example, indicated that the amount of manganese in the soil is
an important factor affecting the ascorbic acid content of plants.
From the results obtained, no conclusions may be drawn as to the
relationship between either soil com.position or temperature and the
ascorbic acid content of turnip greens.
The fact that the greens which had the highest ascorbic acid content
were grown in the fall suggests a seasonal variation in the ascorbic acid
content of turnip greens. No conclusion may be drawn from this
fact, but the observation is made in view of the results obtained by
Tressler, Mack, and King (30), who found that spinach produced at
two locations in the fall contained one-third more ascorbic acid than
spinach grown in the spring at the same locations. Because of the
seasonal effect observed by these investigators, the three spring crops
are compared; of these, the crop having the highest ascorbic acid
content (1.9065 mg. per gm.) was grown at Experiment, where the
average daily rainfall was lower than at any of the other three places,
and 49 percent of the days were clear. At Blacksburg, where the
greens had the lowest average ascorbic acid content (1.2842 mg. per
gm.), the average daily rainfall was greatest and only 27 percent of the
days of the growing season were clear. These results indicate an
inverse relationship between the amount of rainfall and ascorbic acid
content of the greens and a direct relationship between the amount of
sunshine and the formation of ascorbic acid. Several investigators
(14y 15, 18) have shown that the ascorbic acid content of plants is
directly influenced by light intensity. Experiments are in progress
to investigate further the effect of season and other environmental
factors on the ascorbic acid content of turnip greens.
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SUMMARY AND CONCLUSIONS
Experiments were conducted at Norfolk and Blacksburg, Va.,
Stillwater, Okla., and Experiment, Ga., to determine the effects of
fertilizer treatment and environmental conditions on the ascorbic acid
content of turnip greens. A factorial design was used for applications of N, P, K, and Ca in all possible combinations at a high and
low level for each nutrient.
Uniform methods of planting and fertilizing were used with seed of
the variety Seven Top from a single source. Meteorological data
were recorded for each experiment and soil samples from each area
were analyzed for calcium, magnesium, nitrate nitrogen, phosphorus,
organic matter, total exchange capacity, exchangeable calcium, and
pH values. Chemical methods were used for the determination of
ascorbic acid. The results of the experiments were analyzed statistically, both separately and in combination, and are discussed in
terms of the calculated effects of the fertilizer treatments.
Three of the single fertilizer treatments, N, P, and K, and two of
the fertilizer combinations gave significant effects at one or more
places. Nitrogen fertilizer gave increases in ascorbic acid at two
places (significant at one place) and significant decreases at two places.
The decrease for the four places combined was significant. The interaction of N treatment X places was highly significant.
The most consistent results were obtained with potassium fertilizer,
which produced a decrease in ascorbic acid in each experiment; the
decreases were significant at three places and highly significant for
the combination of places. Many investigators working with other
plants have found the application of potassium fertilizers to increase
the ascorbic acid content.
Phosphorus gave a significant increase at one place and nonsignificant decreases at three places. The effect for P treatment X
places was highly significant. Calcium produced no significant effects
and the interaction of Ca treatment X places was not significant.
The combination of NP gave a highly significant increase at one
place and the interaction of NP treatment X places was highly significant. NK gave nonsignificant increases at two places, and
nonsignificant decreases at two places. The effect was not significant
for the combination of places. NCa gave decreases at all places,
significant at one place, and the decrease was significant for the combination of four places.
Wide variations were obtained in the ascorbic acid content of greens
produced at the four places; the mean ascorbic acid content of greens
at Norfolk (2.4103 mg. per gm.) was nearly twice that of greens at
Blacksburg (1.2842 mg. per gm.). In the four experiments, the influence of place was 13.75 times as great as the most important average
effect produced by fertilizer treatment. These variations did not
appear to be directly related to differences in soil composition or to
differences in temperature. Fertilizers represent at most only a small
part of the total environment of a plant; consequently it could not be
expected that controlled applications of fertilizer would have as much
effect as the total environment involving differences in soil and
weather.
Influence of season is suggested by the fact that the one fall crop
had the highest ascorbic acid content, but this result is confounded
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with the effect of place so that no definite conclusion may be reached.
The highest ascorbic acid content of the three spring crops (1.9065
mg. per gm.) was found in greens which were produced at the place
having the lowest average daily rainfall and where 49 percent of the
days in the growing season were clear; the lowest ascorbic acid content (1.2842 mg. per gm.), was found in greens which received the
greatest average daily rainfall and the least amount of sunshine.
These results seem to indicate that the formation of ascorbic acid
may be influenced by light intensity and rainfall as well as by fertilizer applications.
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