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Potassium Fertilization ol sugar beets in the arid and semi-
arid western U. S. has not been reported often. One known case

bect response to potassium [ertilization was reported Irom
California  (18)%.  On the other hand, potassium  fertilizer re-
sponses in sugar bects are often reported {rom the sub-humid
aveas of the UL S. and Europe (1, 3, 4, 16). The lack of concern
with K requirements of sugar beets in the western U. S. is un-
doubtedly due to a general abundance of K in soils in this region.
Another reason for lack of interest is the presence ol appreciable
quantities of available sodium in these same soils.

The sugar beet is a notable example from a certain group
of economic plants which is known to absorb large amounts of
Na from the soil when it is readily available. Although the
role of Na in these plants is not clear, it appears certain that
Na replaces K to a considerable extent in their metabolic proc-
esses.

Two theories have been set forth regarding the specific func-
tion of Na in plant metabolism. One states that Na serves the
same function as K (4,5). In this sense Na simply substitutes
for some ol the K nutritional requirements when K availability
is limiting. The other theory states that Na is an essential (major)
plant nutrient element in those plants that have a striking affinity
for it (2,9, 10, 13). That is, growth increases when Na is added
to a system already well supplied with K.

While the idea ol a unique role for Na as a major plant
nutrient is in dispute, apparently Na does have some real sig-
nificance ;!5 a minor nutrient element in some plants (12). Up-
take of Na and K by beets secms to be a reciprocal function
ol their 1e|at1\»c availability in the nutrient media. In recog-
nition of this, Ulrich et al. (18) discuss different critical levels
ol K for sugar beets depending on the amount of Na present
in the plant.
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The reciprocal relationship of Na and K, from the point
of view of availability to plants in the soil, has often been
overlooked in studies on K nutrition of beets. In a field survey,
Ulrich and Hills (7) showed that beet petioles with the highest
K content had the lowest Na content and vice versa. They in-
dicated, however, that the relationship was not consistent.
Petioles with some of the highest K levels also had some of the
highest levels of Na. They did not try to estimate the relative
availability of K and Na in the soil.

Geneticists have studied the effect of Na on the processing
quality of beets. Tt has been shown rt;peatcdly that Na uptake
can be altered by plant breeding. However, most workers either
did not consider the reciprocal rclationship between Na and K
in the plant or the effect of different amounts of these elements
in the soil (6. 7, 8, 19).

Experiences in Washington

A series of expcriments established in 1961 in central Wash-
ington in commercial sugar beet fields involved several rates of
K and replications at 33 locations. The fields were selected to
provide a wide range in soil K availability according to the soil
test criteria established by Washington State University for other
crops. The main item of interest arising from this program was
a weak but significant correlation (r = 0.63) between leaf K
as percent dry matter and root sucrose percent across all sites.
The linear regression equation indicated that sucrose content
increased by 0.83% for each incrcase of 1% in leaf K. The leaf
K ranged from 2% to 6% (0.51 to 1.54 meq/g). Potassium up-
take at each site was influenced by sodium, the latter varying
independently of K between sites. ['here was no relationship
between plant K and soil test K nor was there any indication
of response in terms of root yield'.

In subsequent seasons, K variables were included in routine
fertility investigations (involving N, P, B, e¢tc.) in an attempt
to evaluate the plantsoil relationships of K in beets. No bona
fide root yield response to K was obscrved in any season but
in every season there was a hint of responsc to K in terms of
increased sugar accumulation. Some examples of these results
are in Table 1. In most cases, the change in percent sucrose
was not statistically significant. The F-test (analysis of variance)
indicated significance in the 1965 a and b results. The results
in Table 1, taken individually, would not merit very serious

* Unpublished data. These tecullc were discussed at Llu Thirteenth General Meellng
of the American Society of Sugar Beet Technologists, San Francisco, February, 1964,
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consideration. But taken collectively and with the results in
1961, there appears to be some underlying connection between
sucrose accumulation and K uptake.

One factor should be considered in connection with the soils
involved in the experiments in Table 1. Potassium fixation in
these soils ranges from 0.4 to 1.3 meq/100 g between experi-
ments shown. Fixation docs not necessarily connote nonavail-
ability of fixed fertilizer K, but it does mean that higher rates
of K must be applied to achieve the same result as where fixation
does not occur.

The purpose of this report is to present the detailed results
from a 1966 field experiment with K in sugar beets.

Table 1.—Association between K fertilization and sucrose content of sugar beets grown
in Washington by years.t!

K rate Percent sucrose
Ib/acre 1963 1964 1966 1966
a b
0 15.3 16.0 14.8 15.6 16.2
50 15.4
100 15.5 15.9 1.2 15.3 16.1
200 15.8 16.1 15.1 15.9 16.4
300 16.4
400 16.2 15.2 15.7 16.5
800 15.8 16.3

1The number of replications for the respective experiments was 5, 4, 3, 4 and 4,
Sucrose percentages are replication means. Three or lour subsamples of roots were Luken
Irom each plot at harvest. Each experiment was in a diffcrent area. Nitrogen and phos-
phorus were applied unilormly with the indicated K rates. There was some variation in
nitrogen availability because of residual [fertilizer.

Procedure
An experiment was established in a specially selected ficld
shown to be low in K and Na by soil test. Close inspection dis-
closed a slightly decreasing gradient of K and a sharply increasing
gradient of Na between replications down the field. Table 2

Table 2.—Some soil chemical characteristics of the experimental ficld on which sugar
heets were grown.

Replication
T - 2 R " T =
Soil test K index® 107 99 102 82
Exchangeable K meq/100 g° 0.20 0.20 0.16 0.16
Exchangeable Na meq/100 g2 016 0.16 0.33 1.18

1 Literally parts of K per two million parts of soil in a single extraction with 0.5
normal NaHCOs:; soil-solution ration of 1:10. WValues are means of plot samples taken
before fertilization. Using this procedure K fertilizer is recommended for potatoes when
the soil test index is below 400, and for most other crops when the soil test is below 200.

2 Composite soil sample results from each veplication. Exchangeable ions determined
in three extractions ol soil with neutral, normal ammonium acetate.
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shows some analytical data for the site. The soil is a silt loam
with about 1% free calcium carbonate equivalent in the surface-
foot and a cation-exchange capacity of about 12 meq/100 g.
This soil fixes K to the extent of (0.8 meq/100 g in the surface
and 1.2 meq/100 g in the subsoil. Selection of this site was
somewhat unfortunate from the point of view of N residues.
This field, which had grown mint previously, had a high N
carryover. This is reflected in the results.

The experimental variables were rate and method of fertilizer
K application. Potassium was banded at rates of zero, 100, 200
and 400 pounds K/acre as KCI on June 1, after thinning. The
material was placed six inches to the side on both sides of the
row and four inches deep. In complete factorial combination
with the banded rates of K were three frequencies of foliar
applications of K, zero, 1 and 2. Frequency 1 involved foliage
applications at four-week intervals, beginning on July 7 (after
complete development of the canopy) for a total of three applica-
tions. Frequency 2 was on two-week intervals beginning at the
same time for a total of six applications. Each foliar treatment
consisted of 20 Ib K/acre as KC1 in about 60 gallons of water.
The solution was applied to the middle four rows of the six-
row plots. With a surfactant, this rate of solution application
provided fair coverage on the leaves with essentially no runoff.
There were four replications of the twelve treatments. Am-
monium nitrate at 150 Ib N/acre and concentrated superphos-
phate at 35 b P/acre were applied uniformly with the banded
K. Individual plots were 40 feet long. Irrigation was in every
row; no known moisture stress occurred during the season.

Plant tissue samples consisting of 25 petioles from the youngest
fully developed leaves were obtained from each plot on June 29
and October 27. This material was analyzed for NO.-N (18)
and for total K and Na. Tissuc analyses are reported as parts
per million (ppm) NO.-N and milliequivalents per 100 grams
(meq/100 g) of Na and K.

Yield was estimated on Octobcr 10 by subsampling the plots.
Each subsample consisted of all the roots in 15 feet of row. Roots
were obtained where the stand of beets was nearly ideal in the
sample row and in the two adjacent rows. Attempts were made
to obtain three subsamples from each plot but wherc the stand
was limiting, less than three subsamples were taken. The beet
samples were washed, weighed, and put through the Spreckels
saw for pulp samples and sucrose analysis. The subsamples were
averaged for yield and percent sucrose for each plot. In two
plots, no subsamples were obtained. The missing values for yield
and percent sucrose were estimated. using standard formulas
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with corresponding adjustment of the treatment and error vari-
ances in the statistical analysis (15). Statistical significance is
shown by vertical line segments in the figures. Significance did
not occur where it is not indicated.

No attempt was made at determining the processing quality
of the beet roots (e.g. K and Na in the thin juice).

Results
In analyzing the various nutrient uptake and growth pa-
rameters, the field location or replication effects were shown
to be highly significant in several instances. The location effects
are quite informative, since they reflect the gradients of K and
Na in the field. Therefore, replication means are presented in
Table 3 for comparison.

Table 3.—Replication means for various nutrient uptake and yield parameters of
the experimental sugar beets.

Overall

experimental

Date Replication coefficient of

Item sampled | 2 0 3. - @ _ ‘varation=9%
Petiole-K meq/g G-29-G6 74 71 G2 .56 12,3
Petiole-Na meq’g  6-29-66 1.27 1.39 1.46 1.79 44.3
Petiole-NOs-N ppm 6-29-66 11200. 9500. 10100, 12000, 153
Petiole-K meq/g 10-7-G6 29 27 .24 .22 3.0
Petiole-Na meq/g 10-7-66 04 94 Lol 1.20 6.0
Petiole-Na/K ratio 4,75 4.92 6.22 8.62 50.0
Petiole-NOs-N ppm 10-7-G6 3090, 2710. 2720, 2220, 28.0
Root vield Tons/acre 24.0 23.4 25.5 244 1.0
Sucrose percent 134 13.5 15.4 13.2 2.0

Results for petiole content of K and Na for the first sampling
are in Figure 1. Foliar treatment effects are not included, since
spray treatments had not been initiated at that time. There was
a sharp and continuous increase in K uptake with K rates. The
increase in petiole K with the first fertilizer increment was
statistically significant from the check. In the check plots, petioles
contained nearly four times as much Na as K. Sodium decreased
slightly with fertilizer K increments but the effect was not sta-
tistically significant. The location effects were significant; the
K and Na contents of petioles follow the same gradients as the
soil tests in the field. The sum Na--K in petioles increased
slightly with K treatment and sharply with consecutive replica-
tions down-field.

Figure 2 shows the petiole content of NO,-N for two dates
of sampling. Potassium fertilization appears to have markedly
depressed N uptake at the time of the first sampling. Replica-
tion means for N content indicate that residual soil N varied
randomly down the field.
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Figure 1.—Effect of K applied to soil on K and Na in petioles of

sugar beet. Petioles sampled on June 29. Each point is mean of 12 repli-
cations (foliar K treatments not yet initiated).
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Figure 2.—Treatment effects on NO,-N in petioles of sugar beets.

The results for petiole analysis, yield of roots and percent
sucrose at harvest are in Figures 3 through 6. The data are
presented as means of the main effects from the 3 4 factorial
experiment except for percent sucrose, which is graphed to show
the interaction between methods of K application.

As would be expected, K and Na contents at harvest were
lower than at the June 29 sampling. The time of late sampling
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was selected so as to provide a full measure of the foliar treat-
ment effects on cation content. Figure 3 shows that K in the
plant was increased significantly by both methods of K applica-
tion. In the individual treatment effects, there was a five-fold
increase in plant K (0.08 meq/g to 0.41 meq/g) between the
check treatment and a combination of higher rates of banded
and foliage applied K. The lack of interaction between methods
indicates that the increase in K content was additive for the two
procedures. Again, the replication means reflected the field
gradient of soil test K and Na.
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Figure 3.—Treatment main effects on K in petioles ol sugar beets
at harvest time. Kb refers to band-applied K and KI refers to foliar-applied
K. Frequency 1 and 2 refer to 8 and 6 foliar applications respectively.

Figure 4 shows the effect of K treatment on Na content.
Sodium uptake was significantly reduced by both K application
methods with no interaction. It is apparent that absorption of
elements through the leaves has a direct impact on root ab-
sorption from the soil. The replication means for Na content
of petioles increase in the same direction as soil test data but
not proportionately.

The sum of Na-+K was not affected by K treatments. The
sum averaged 1.28 meq/g. There was a significant effect of loca-
tion in the field, the sum increasing down-field. In the individual
treatment means, Na/K decreased from a relative value of 16.1
on the check treatment to about 2.0 with a combination of treat-
ments at the heavier applications of K. The treatment main
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Figure 4.—Treatment main effects on Na in petioles of sugar beets

at harvest time.

effects of Na/K are shown in Figure 5. The location effect on
Na/K ratio in the plant followed the soil test ratio gradient in

the field.
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Figure 5—Treatment main effects on Na/K ratio in petioles of sugar

beets at harvest time.

Data on NO,-N in petioles at harvest given in Figure 2 show
that N was quite excessive, although the large supply of soil

N was not indicated by the earlier petiole samples.

Treatment
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effects on N content were not significant at harvest. But, whereas
there is a strong decreasing trend for N as banded K goes up,
no effect is seen from foliar-applied K. The replication effect
on N content is significant; however, the N levels in the plant
do not follow the same pattern as in the earlier sampling for
either treatment effects or location effects.

Figure 6a shows treatment effects on sucrose content. Indi-
vidual treatment combinations produced a range in sucrose from
12.7% to 14.0%. Foliar K treatments had no significant main
effect but showed a weak positive trend. The main effect of
banded K (means of I, [,, f. in figure 6a) gave a significant
difference in sucrose content, increasing from 13.09% at zero K
to 13.6% with 200 Ib K/A. There was a significant interaction
between methods of K application on sucrose accumulation. This
is shown in Figuve 6a as increased percent sucrose with f, at
zero banded K: while at 400 Ib K/A banded, . decreased percent
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Figure 6.—a.—Relationship between sucrose content of sugar beet roots
and soil and foliar-applied K. Data are plotted to show significant inter-
action between methods of application. f refers to frequency and 0, 1 and
2 refer to zero, 3 and 6 applications, respectively. Each foliar application
consisted of 20 Ibs. K per acre in about 60 gallons of water. b.—Treat-
ment main effect of banded K on root yield. c.—Treatment main effect
of banded K on total sucrose accumulation.
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sucrose. The replication effects showed a decreasing but non-
significant down-field trend in sucrose content. Statistical control
of sucrose variability was better than for any other parameter
measured (CV = 3%).

The amount of sucrose in the root was low. This is a direct
result of the excessive N. The changes in sucrose content cor-
related (negatively) with the petiole nitrogen at the first sam-
pling but there was very little association between N and sucrose
in the harvest-time petiole samples.

There was a difference of 2.2 tons of roots per acre between
the check treatment and 200 Ib K/A (Figure 6b). There was
no effect on root yield from foliar K nor was there any inter-
action between methods of K application.

The yield of sugar (Figure 6¢) results from combining the
data in Figures 6a and 6b. The main effects from banded K
show a net increase of 0.44 tons sucrose per acre with the 200
Ib K/A treatment. Yield of sucrose was not analyzed statistically
but the increase of 0.44 tons per acre is assumed to be real since
both percent sucrose and yield of roots were significant. The
0.44 ton gain in sucrose may have been offset by a decrease in
root quality. It would depend on whether the increase in K in
the thin juice would offset the lower N content.

Discussion

The positive relationship between fertilizcv K and percent
sucrose in the root confirms the previous observations in central
Washington (Table 1). It would appear, however, in view of
the association between N content and K fertilization, that in-
creasing sucrose content may possibly be a secondary response
to K and a direct response to the reduced N uptake. Sucrose
accumulation is known to be very sensitive to excessive N in
the plant. The soil-applied KC1 seems to have affected N uptake,
and the differential N uptake is negatively reflected in the level
of sucrose in the roots. Previous experimentation here has also
provided hints of such interlocking associations.” Overall, per-
cent sucrose in the beets was low. This is obviously a result
ol the excessive N, It is of interest that the magnitude of increase
in sucrose, as associated with K fertilization, is the same as in
other experiments where N levels were more conducive to sucrose
accumulation (Table 1).

In comparing both the banded K treatment effects and rep-
lication effects, percent sucrose followed N content of early
sampled petioles fairly closely. In contrast, there was little
relationship between N content and percent sucrose at harvest

5 Unpublished data.
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time. This is reasonable, since early petiole samples would pro-
vide a better measure of total N uptake by the plant than would
samples taken at the season’s end.

If the effect of soil-applied K on N uptake is real, it can
probably be explained in terms of competition or antagonism
in ion uptake by the roots. The fact that foliar-applied K had
a considerable impact on both K and Na contents of the petiole,
but not N content, supports this idea. The chloride ion naturally
comes into consideration on this point, but the fact that there
was no treatment difference in uptake of N between 200-K and
400-K confuses this thought. The null effect of foliar treatments
on N uptake may have been due to delayed application.

The effects of band K and foliar K on Na and K content of
petioles were additive. Therefore, the negative interaction be-
tween methods of K application on sucrose content of the roots
may have been an artifact, especially in view of the fact that
foliar K did not affect N content.

Reports of notable increases in root yield and percent sucrose
from foliar-applied plant nutrients are quite common in Euro-
pean literature (e.g., Milica, 14). It is likely that soil fertility
is quite limiting where these kinds of responses are obtained.

With regard to K nutrition per se, it appears that K levels
in the plant at the zero fertilizer rate were limiting to maximum
development of the crop. Using the criteria of Ulrich et al. (18)
there must be more than 0.26 meq/g of K where Na exceeds
0.65 meq/g in the petiole. These numbers compare with 0.40
and 1.52 meq/g, respectively, for K and Na in the petioles from
the zero-K plots for the first sampling. The results from the
final petiole sampling are not considered to be too meaningful
from the point of view ol “critical” levels. It is apparent that
K is absorbed from the soil against a much greater concentration
gradient than is Na. Kaudy et al. (11), using nutrient solution
culture techniques, observed the same relative differences be-
tween K and Na in the plant and the rooting medium.

From the results presented here it appears that K fertilization
under arid and semi-arid conditions may have two distinctly
different effects on bect sugar production. These are [1] limita-
tion on uptake of N (and the concomitant effect on sucrose
accumulation) and [2] stimulation of root growth where K is
limiting.

The soil test K index is lower in many soil situations in
central Washington than in the field represented here. It re-
mains to be seen whether a combined soil test for K and Na
can be made meaningful for sugar beets on these soils.
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Summary

Various rates of K fertilizer were supplied to sugar beets in
a held in Washington which tested low in available soil K. The
K was supplied both as banded treatments following thinning
and, later in the season, as foliar sprays. Results indicate that
either method increased K in the plant and decreased Na. A
significant decrease in NO,-N in the petiole was associated with
increasing rates of band-applied K. Percent sucrose at harvest
was significantly increased by the banded K treatments, but the
change in percent sucrose probably reflects the decrease in uptake
of N. In addition, there seems to have been a root yield response
to banded K. The combined effect of increased sucrose content
and increased root yield gave a difference of 0.44 tons of sugar
per acre between the check treatment and plots receiving 200
pounds of K per acre, as KCI banded after thinning. The lack
of response to foliar-K may be attributed to the time of season
it was applied.
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