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Potatoes use substantial amounts of potassium. In a survey of commercial potato fields, Dow
et al. (1978) found potassium removal in the tubers ranged from 203 to 397 Ib K/acre and
was directly proportional to tuber yields. Hence, fertilizer recommendations for K on
potatoes are commonly high. For example, current Wisconsin recommendations call for 260
Ib K,O/acre on sandy soils testing in the 100 to 130 ppm soil test K range (Kelling et al.,
1998). Several calibration studies have shown yield responses up to soil tests of 250 ppm
soil test K (James et al., 1970; Middleton et al., 1975; McDole, 1978; Roberts et al., 1984),
although some Wisconsin work has shown a leveling of yields at soil levels ranging from 97
to 130 ppm K (Peterson et al., 1971; Liegel et al., 1981; Curwen, 1992).

The potassium fertilization program used by a grower can influence the crop in several ways.
Insufficient K can result in reduced yields and smaller-sized tubers (McDole et al., 1978;
-Sharma and Arora, 1987; Tindall and Westermann, 1994), but there is no reported evidence
“of K shortages causing tuber malformation (offshape) or reduced tuber set (Roberts and
‘McDole, 1985). There is considerable evidence, however, that K fertilization generally
_reduces specific gravity (Carpenter and Murphy, 1965; Schippers, 1968; McDole, 1978;
ascio et al., 1992) especially if applied in excess of rates needed for maximum yield
rger et al.,1961). Furthermore, the reduction in gravity is more associated with the use
fKCl rather than K,SO, (Berger et al., 1961; Laughlin, 1962; McDole et al., 1978; Roberts
nd McDole, 1985). Potassium source differences have also been expressed through
icreases in bruising (Laughlin, 1962) and stem-end blackening (Harrap, 1960), a decrease
1 reducing sugars (Harrap, 1960) and delays in tuber development (Beringer et al., 1990)
ated with the use of KCI; however, Silva et al. (1989) and Chapman et al. (1992)
ed no significant effect of K fertilization on either bruising or hollow heart.

assium may also influence resistance to certain diseases. There is some evidence that the
ty associated with KCl applications may increase the incidence of Rhizoctonia. For
ple, Kassim et al. (1989) reported increased Rhizoctonia solani infection of tomato
NaCl was applied; however, Shen (1991) reported high susceptibility of sugar beet to
10n by R. solani in absence of salinity stress.

ng to Roberts and McDole (1985), there are fewer constraints on methods of
than other fertilizer nutrients. They suggest it can be successfully broadcast,
sidedressed. However, Berger et al. (1961) concluded that KCi banded in the row
osphorus and nitrogen inhibited the uptake of P and reduced tuber yield and dry
ontent compared to where K,SO, was used. Separation of the chloride from the P
lcasting the KCI) restored the P uptake and yields.

at the Idaho Potato Conference on January 23, 2002.

139




Although several studies have evaluated the effect of K sources and rates on tuber yield and
quality, and several others have calibrated K soil tests with fertilizer response of potato, very
few of these studies were conducted using a range of soil types and application rates that
examined the interaction of rate and source on tuber quality. Therefore, our objectives were
to study the effect of several K rates applied as KCl1 or K,SO, on potato tuber yield, quality,
and diseases of potato on three soil types representing major potato growing areas of
Wisconsin, and to examine the relative usefulness of applying in-season potash.

METHODS AND MATERIALS
Rate/Source Experiment:

This research was designed to evaluate potato responsiveness to several rates of potassium
(0, 100, 200, 300, or 400 Ib K,O/acre) when applied as either KCI or K,SO, as a band
application split on each side (about 2 inches to the side of the seed piece) at planting. The
experiments were conducted at the Hancock, Antigo, and Spooner, WI, Agricultural
Research facilities in 1992 through 1995, 1992 through 1995, and 1993 through 1995,
respectively. ‘Russet Burbank’ was used as a part of the rate x source complete factorial at
Hancock and Spooner, whereas ‘Atlantic’ was used at Antigo. Initial soil tests and the dates
of various field and sampling operations are given in Table 1.

The plots were fertilized with about 300 Ib/acre MAP (10-52-0) applied through the planter
fertilizer equipment, and this was supplemented with the appropriate rate and source of
potassium sprinkled through specially made supplemental fertilizer-tubes. Both materials
were dropped through the fertilizer shoe ahead of the seed piece such that final placement
was about 2 to 3 inches to each side of the seed piece. At all locations, application of N at
emergence (100 Ib N/acre) was as NH,SO,, whereas N application at hilling (100 1b N/acre)
was as NH,NO,.

About 10 to 15 days after hilling, 10 plants from the border rows of each plot were hand-dug
and evaluated for Rhizoctonia. The evaluations were conducted by University of Wisconsin-
Madison Plant Pathology using a 0-11 Horsfall-Barrett visual rating system.

Petiole samples (40 stems/plot, or in some cases, per treatment) were analyzed for K using
both a flame photometer and a Cardy potassium meter. The latter was used on the plant sap
to determine if rapid in-field measurements were possible for K. The laboratory K
measurements (flame photometer) were conducted on dried and ground tissue.

Statistical analyses were done using SAS ANOV A packages for factorial analyses and linear
and nonlinear regressions.

In-Season Potassium Experiment:

This experiment examined the relative effectiveness of the various placement methods when
the K is supplied at less than optimal or excessive rates. Itis designed to determine if the use
of any of the placement methods, including applications made in-season, result in more
efficient use of the applied material. Only K,SO, was used at either 100 or 400 b K,O/acre
applied all broadcast preplant; all in the row as starter; all broadcast just prior to hilling; or
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one-half preplant, one-half row; one-half preplant, one-halfhilling; or one-halfrow and one-
half hilling. This experiment was conducted on a Plainfield loamy sand at Hancock or on
- Antigo silt Joam at Antigo.

. A second experiment examined the use of KNQ, as a potash source when applied in-season
as a supplement to more standard potassium applications. All treatments received 100 1b
K,Ofacre as KCl in starter and a second 100 Ib K,O/acre applied as KCl or KNO; split
between emergence and hilling or split four times later in the season (hilling and hilling +
10, 20, or 30 days). This experiment included a separate control where KCI was used as the
potash source and the N as NH,NO, is also split late in the season. It was also conducted at
Hancock and Antigo.

For both experiments, insect, weed management and irrigation were dictated by need and
followed standard farm practice at each location. Statistics were performed using the SAS
statistical package for factorial or single factor ANOVA as is appropriate for each specific
experiment;

RESULTS AND DISCUSSION
Rate/Source Experiment:

Tables 2 and 3 show the total yield, yield of prime tubers (U.S. No. 1, 6-13 o0z.), specific
gravity, and disease evaluations for each of the three sites. Potassium rate clearly influenced
yield and quality in most years at all three locations. Responses were typically to 200 to 300
Ib K,O/acre applied and are consistent with the conclusions of others (Roberts et al., 1984;
Chapman et al., 1992) when soil tests are in the ranges used in these experiments. The lack
of response at some locations may be due to the relatively high soil tests at these locations.
This is also consistent with others who observed that soil tests exceeding 150 to 200 ppm
typically do not show responses to fertilizer K (McDole, 1978; Roberts et al., 1984;
Chapman, 1992). '

The influence of K source on potato yield and quality is somewhat less distinct than the rate
influence on total yield and grade. AtHancock, few source differences were apparent except
that the decrease in specific gravity with increasing rates of K,O was less pronounced with
K,SO, than with KCl. This same trend for a smaller dry matter decrease with K,SQ, than
with KCl at the same rate of K,0 applied was more obvious at the other locations where it
was apparent in most years. At the 300 Ib K,O/acre rate, specific gravity averaged 0.006
higher at Antigo with K,SO, versus KCI, and this average was 0.004 higher at Spooner.
There also appeared to be a trend toward more U.S. No. 1 tubers with K,80, in 5 out of 11
site years (data not shown), Source also seemed to affect tuber size in some cases in that for
some years more larger tubers were produced with KCl than where K,SO, was applied at the
same rate. The trend toward increased yield at Spooner with K,SO, may be a sulfur response
even though (NH,),SO, was used as the N source for the first N application. This added
about 114 Ib S/acre. We expect this should have more than met the crop S need; however,
Spooner has been a site where S responses are common.

In each of the years, 10 plants were dug from the plot non-harvest rows and visually rated for

Rhizoctonia infection and average number of stems/seed piece. In four site years, there was
atendency (P levels =0.12 to 0.15) for a somewhat higher Rhizoctonia rating where KCl was
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used instead of K;S0,. However, potassium rate apparently had no influence on these
disease evaluations at any site or year.

A significant decrease in hollow heart with increasing K rate was evident in 5 of 10 site years
in this study (Table 2). However, statistically significant yield responses to added K were
obtained in only one of these site years; therefore, the effect of K on hollow heart may only
be evident where excessive quantities of K are present. Similarly, Nelson (1970) reported
areduction in hollow heart in soils testing high in K when weather conditions were favorable
for the development of this physiological disorder. Significant K source differences in
hollow heart were found at Antigoin 1995, and Spooner in 1994 at the 0.05 probability level
(Table 3). At both of these site years, tubers produced with K,S0, resulted in a higher

Differences in internal brown spot due to K rate or source were not observed in any of the
years and locations (data not shown).

Petiole Potassium Levels:

Potassium concentrations in dry petiole tissue as well as in petiole sap increased significantly
(P <0.05) as the K rate was increased, reflecting K availability to the plant from the soil and
fertilizer applied. These increases were generally more proncunced in soils testing low in
K (Hancock, 1993 to 1995 ; Spooner, 1994) compared to those soils testing high in K.

Furthermore, as available soil K increased, K concentration in dry petiole tissue also
increased. In addition, as the growing season advanced, the K concentration in petioles
decreased. Changes in nutrient concentration with plant age and initial soil tests have also
been observed by others (James et al., 1970; Rhue et al., 1986; Westermann et al., 1994),

Insix of the 11 site-years, there was a tendency for somewhat more K to be present in the dry
petiole tissue where KC1 was the K source. Where interactions were present, K,SO, gave
equal or slightly higher K concentrations in petiole tissue than KCI at the controls and lower
rates, whereas at higher rates KCl showed higher petiole K levels. According to Marschner
(1986), SO,” depresses the uptake rates of K (relative to CT') at high concentrations because
the different uptake rate of anions and cations require electrical charge compensation within
the cells and in the external solution,

The relationship between K concentration in petiole sap and K concentration in dry petiole
tissue for 1995 is presented in Figure 1. Work from previous years showed that, at petiole
sap K values above about 0.40%, the Cardy K* meter may underestimate the K
concentration; therefore, for 1995, petiole K readings were taken on both undiluted and
diluted sap [1:3 dilution with (AD(SO,),] at several of the locations and sampling times. On
the undiluted sap, a poor relationship between K concentrations in dry petiole and petiole sap
was obtained. However, when K concentrations in diluted petiole sap are used, the
relationship between these two methods improved considerably (r=0.78, P < 0.01, Fig. 1)
suggesting that the diluted petiole K sap test could be used in place of the dry extraction
procedure. This may be due to the dilution bringing the petiole sap K concentrations inio the
more linear portion of detection of the Cardy K* meter.
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al concentrations of K in the petioles were determined for each sampling time and
ion at the K responsive sites, where significant (P < 0.05) tuber yield response to K
ertilization was found. The calculated K critical values (Table 4) show some year-to-year
ariation at similar physiological ages; however, the observed values (5.4 to 7.2%) generally

ree with critical K concentrations for sandy soils reported by others {McDole, 1978 (6.5
y 7.5%); Sharma and Arora, 1989 (7.1 to 7.6%)] at 45 to 75 days after planting.

n-Season Potassium Experiment:

‘able 5 shows the influence of timing/placement method on tuber yield and quality where
00 or 400 Ib/acre K,O was applied by all methods. The no-potash control is not included
1 the statistical analysis of these data. It is clear that responses to potash were seen at
fancock in both years and at Antigo in 1993 and that few significant differences in
lacement/timing were detected. Furthermore, the interaction between rate and placement
as only significant for size grade (somewhat fewer less than 6 and more 6-13 oz. tubers)
t Hancock in 1993 for the treatments that included a hilling application at the low rate {data
ot shown). However, these data do show that potassium applied at hilling can be used by
he crop, but there does not appear to be a yield or efficiency advantage for applying later K.

esults from the other in-season K experiment show the same trends. In both years at
Hancock, and to a lesser extent at Antigo, responses to potash were seen, but there appears
o be some actual disadvantage to applying the K as KNO,/Ca(NO,), (data not shown).
 Furthermore, the Hancock results also show that splitting the K as KCl, although better than
KNO,/Ca(NO,),, was not as effective as applying all of the potash in the row.

“These experiments show that in-season applications of potash can be utilized by the plant,
- and where deficiencies are detected, potash applications are recommended to correct the
_ problem. However, these data do not support the concept that in-season potash applications
- are yield or quality enhancing, nor do they appear to improve efficiency of fertilizer use.
' These data support the statement or Roberts and McDole (1985) that there are few
* constraints on how potash should be applied. Although we did not include fall preplant
broadcast applications in these experiments, we continue to believe that this method results
in some risk of K leaching losses on sandy and organic soils. These experiments also show
nio advantage to using potassium nitrate as a K source for in-season applications.
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Table 4. Critical petiole K concentration in dry petiole tissue at several growth stages.

Location Variety Crop growth stage Critical petiole K Soil test K
(days after emergence) (%) (ppm)

Antigo Atlantic 41 10.7 110
1992 52 9.8

67 8.3
Hancock Russet Burbank -- - 90
1992 54 7.5

69 4.5
Hancock Russet Burbank 46 5.4 80
1993 59 3.5

73 2.3
Hancock Russet Burbank 40 7.2 75
1994 54 6.1

68 4.1
Spooner Russet Burbank 47 73 100
1994 61 6.1

73 4.9
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Figure 1. Relationship

Potassium in petiole sap (diluted), g kg

between K concentrations in dry potato petiole tissue and undiluted
petiole sap (a) or dry potato petiole tissue and diluted petiole sap (b) at selected
samplings times at Antigo (A), Hancock (H), and Spooner (S), 1995.
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