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ABSTRACT
PART I

EFFECT OF RATE, PLACEMENT AND SOURCE
OF POTASSIUM ON YIELD AND MINERAL
CONTENT OF POTATOES

by Carlos Valverde S.

Three field experiments with potassium fertilization
of potatoes were conducted: one on Hodunk sandy loam in
1967 to determine the effects of rate and placement of K,
another on Hodunk sandy loam in 1968 to determine the
effects of rate, source and placement of K, and the third
on McBride sandy loam in 1968 to determine the effects of
rate and placement of K for Russet Burbank and Sebago
potatoes.

Yields of potatoes appeared to be related to the level
of exchangeable soil K, since the most marked response was
obtained in 1967 on Hodunk sandy loam at an exchangeable K
level of 135 pounds per acre, a lesser response on Hodunk
sandy loam in 1968 at a level of 160 pounds, and the least
respoﬁse on McBride sandy loam at a level of 200 pounds K

per acre. The yields were decreased when rates of K applied
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were equal to or greater than 200 pounds banded or LOO

pounds broadcast. The sources of K (KC1, K280 and K2003)

L
were all equally effective with respect to yields when the
K was applied broadcast at the level of 200 pounds K per
acre or less. The specific gravity and percent dry weight
of potatoes decreased as rate of K increased.

The concentration of K in petioles, leaves and vines
increased as the rate of K increased, while the concentra-
tion of Ca and Mg tended to decrease. On the other hand,
as the potato matured, K concentration in plants decreased
and Ca and Mg concentration increased.

Broadcast and banded applications of K were generally
equally effective with respect to yield and chemical compo-
sition of potatoes.

When potassium fertilizer was broadcast, exchangeable
K increased as the rate of K increased, but a comparison
of the level of soil K after cropping and of crop removal
with the rate of K application indicates that a considerable
portion of applied fertilizer K was either "fixed" by the

soil or leached from the plow layer.
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ABSTRACT
PART II

PHOSPHORUS FORMS AND EQUILIBRIA
IN SELECTED PERUVIAN SOILS

A laboratory study was conducted to characterize the
phosphorus fractions in nine Peruvian soils and to evaluate
the phosphorus fixation and equilibria reactions in these
soils. Three of the soils were from the coastal area,
three from the mountains, and three from the jungle.

Phosphorus in the coastal soils was primarily calcium
phosphate, and adsorption maxima and strength of adsorption,
as determined using the Langmuir adsorption isotherm, were
directly related to the amount of free calcium carbonate in
the soils. Phosphate potential determinations indicated
that phosphorus solubility in these soils was controlled
mainly by octocalcium phosphate.

In a mountain soil with a neutral reaction, calcium
phosphate was again the dominant form of phosphorus, but
phosphorus solubility was governed by hydroxyapatite, and
the strength of bonding was much higher than on the coastal
soils. In two acid mountain soils, iron phosphate was the

dominant form of phosphorus, with considerable amounts of
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aluminum phosphate present. Phosphorus solubility was less
than that of strengite until 500 ppm P had been applied,
when variscite appeared to be governing phosphorus avail-
ability.

Phosphorus in strongly acid jungle soils occurred
mostly as iron and aluminum phosphates, and phosphorus
solubility was again less than that of strengite. In a
slightly acid jungle soil, phosphorus solubility appeared
to be controlled by hydroxyapatite, even though iron and
aluminum phosphates appeared to be the dominant forms of
phosphorus in this soil.

When that part of the total phosphorus in the soils
extracted during the fractionation procedure is considered,
the data indicate that the jungle soils were the most severely
weathered, and that the coastal soils showed the least

weathering.
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EFFECT OF RATE, PLACEMENT AND SOURCE
OF POTASSIUM ON YIELD AND MINERAL CONTENT
OF POTATOES



EFFECT OF RATE, PLACEMENT AND SOURCE
OF POTASSIUM ON YIELD AND MINERAL CONTENT
OF POTATOES

INTRODUCTION

Heavy rates of potassium fertilizer are generally
needed to produce optimum yields of potatoes. Considerable
field research has been done to evaluate the potassium
status of Michigan potato soils, but relatively few of
these experiments were conducted with irrigation and at
current yield levels. Control of fertilizer nutrient levels
and adequate evaluation of cation balance in soils becomes
highly important as fertilizer rates increase and production
becomes more intensive. Evaluation of nutrient levels in
petioles and leaves throughout the growing season is neces-
sary if reliable criteria are to be established for the
interpretation of plant analyses.

As higher rates of potassium fertilizers are applied,
the effects of the different sources of potassium need to be
re-evaluated, since the effects of anions applied with
potassium may be more critical at high fertilization levels.
The relative effectiveness of band and broadcast applications

needs to be determined at high rates of application.

2



The investigations reported herein were conducted to
determine the effects of rate, source, and placement of
potassium fertilizers on yields, specific gravity, and levels

of potassium, calcium, and magnesium in potatoes grown under

irrigation.



LITERATURE REVIEW

Potassium Deficiency Symptoms in Potatoes

The deficiency symptoms for K in potatoes have been
fully reported (Mc Murtrey, 1948; Wallace, 1951; Cook, 1953;
Houghland, 1964; Ulrich and Ohki, 1966), and may be des-
cribed as follows: The growth of the plant is retarded and
the stalks (haulms) are slender with the internodes some-
what shortened. The leaves lose their smooth surface, are
reduced in size, and tend to be flat or to curl backward
near the margins. The appearance of dark green foliage is
an early sign of K shortage. Then the older leaves become
Yellowish, and a brown or bronze color develops, starting
from the tips and margins and gradually affecting the entire
leaves. Leaflets are cupped and crowded together. The
lower leaves dry up and collapse prematurely. The tuber
flesh is bluish and poorly developed. When a deficiency of

K is severe, the plants eventually die.

Effect of Rate of Potassium on Yields

The effects of rates of K on yields of potatoes have
been studied in most of the potato producing areas (Brown,
1938 and 1940; Ware, 1939; Prince et al., 1940; Chucka
et al., 1944; Jacob et al., 1949; Terman et al., 1949, 1950,



1953 and 1963; Hawkins et al., 1946; Nelson and Hawkins,
1947; Lorenz et al., 1954; Harrap, 1960; Berger et al.,
1961; Wilcox, 1961; Rowberry et al., 1963; Murphy and

Goven, 1965 and 1966; and Laughlin, 1966). The results
obtained by these authors indicate that response of potatoes
to K fertilizer varies with soil type, climate conditions,
and varieties used. In California, Lorenz et al. (1954)
indicate that potatoes did not respond to different rates of
K in most of the potato-producing areas with exception of
the peat soils of San Juaquin Delta, where applications as
high as 160 pounds of K per acre were needed, and the
Ripperdan fine sandy loams, the only mineral soils on which
yields were increased by K. Nelson and Hawkins (1947)
reported that yields may be increased with applications of
K greater than 120 pounds per acre in North Carolina. 1In
Maine, Terman (1950) summarized 83 field experiments
involving potassium rates conducted from 1930 to 1949, and
concluded that the greatest yield response was obtained with
the first 60-80 pounds of K,0 per acre. The same author
(Terman, 1953) later reported significant yield increases
with only 60 pounds K0 per acre.

In Ontario, Rowberry et al. (1963) reported that potatoes
growing in mineral soils responded to successive increments
of a 6-12-12 fertilizer up to 1,000 pounds per acre, with no
further increase when 1,500 pounds were applied. Timm and
Merkle (1963), in the major potato growing area of Pennsyl-

vania, reported increases in potato yields when 66 pounds of



K20 per acre was applied to soils in which the exchangeable
K was more than 200 pounds K per acre. Harrap (1960), at
Levington in Great Britain, found that the optimum K appli-
cations for the production of good quality potatoes varied
from soil to soil, and that the average optimum rate was

200 pounds K,0 per acre. Wilcox (1961) in southwestern
Indiana observed linear increases in yields for rates of

K20 up to 150 pounds per acre. Higher rates of K-0 resulted
in sharply decreased yields. In Michigan, Crabtree (1969)
reported significant yield increases for rates of KZO up to

180 pounds per acre.

Effect of Source of Potassium on Potato Yields

In considering the effect on yields, the literature
indicates that the source of K does not usually affect
potato yields. Chucka et al. (1944) in Maine, comparing
potassium chloride (KCl), potassium sulfate (KZSOA)’ potas-—
sium nitrate (KNO3) and potassium metaphosphate (KP03),
reported that the yields produced were approximately the
same with all sources.

Terman (1949 and 1950), comparing KC1l and KZSOA’ found
that yields were not affected although variable results were
obtained in individual experiments. Timm and Merkle (1963)
in Pennsylvania did not find statistically significant dif-
ferences in yields between either of these two sources, and
stressed that soil variability, moisture content and varietal

differences apparently affected potato yields as much as did



the source of K. In Ontario, Rowberry et al. (1963) did not
find any yield differences due to either of these sources of
K except at one location in 1958 and in 1960 where yields
were higher with KZSOA' Recently in Maine, Murphy and Goven
(1965) in a three-year period found that the source of K had
no significant effect on yield of tubers and in 1966 these
same authors, summarizing data from 1956 to 1958, concluded
that source of K did not influence yield of potatoes, but
that potatoes fertilized with KC1l tended to produce chips of

lighter color than did those fertilized with K280 or KNO

L 3°
There are some reports that potato yields on plots to
which KC1l was applied were higher than those from plots to
which K,SO, was applied (Berger et al., 1961 and Wilcox
1961). Under greenhouse conditions, using solution culture
where the ions present were carefully controlled, Hart and
Smith (1966) determined that at the same level of K, the
percent dry weight of plant tops was higher when KZSOA was
used than when KC1 was used. Lucas et al. (1954) reported
that potato yields on organic soils in Michigan were slightly,
and nearly significantly, higher when K280LP was applied than
when KC1 was applied. Doll and Thurlow (1965) indicate that
no consistent differences in yields were obtained on mineral
soils between the chloride and sulfate forms of K fertilizers.

The Effect of Rate and Source of Potassium
on the Specific Gravity of Potatoes

The starch content of the potato tubers is important

because the quality of the tubers is related to the dry matter



content (starch, protein and other mineral constituents).
Studies by many investigators indicate that the specific
gravity of the tubers indirectly measures the starch con-
tent. In Germany, Scheele et al. (1936) from 540 potato
samples collected over a four year period, correlated
specific gravity with dry matter and starch content and
reported correlation coefficients (r) of 0.937 and 0.947,
respectively. Dunn and Nylund (1945) in Minnesota reported
a correlation coefficient (r) of 0.8686 between specific
gravity and dry matter for 260 samples from the Red River
valley.

Early in 1912, Thatchter noted that the production
and storage of starch in potatoes and sugar beets was
directly related to a decreasing supply of available soil K.
Mulder (1956) reported that K affected the rate of tuber
respiration more than N, P, Mg or Ca. Potassium-deficient
tubers have considerably higher respiration rates than tubers
grown with an adequate supply of K. McCollum et al. (1958)
have pointed out that for maximum activity of pyruvic kinase,
magnesium (Mg) is required as well as K; this enzyme is
essential for the metabolism of carbohydrates. While the
above effects of K were noted for the experimental condition
reported, under field conditions, increasing rates of K
usually result in a reduction of the starch content and
consequently the specific gravity of the tubers. The same
is true with the anion associated with the K fertilizer.

Houghland and Shricker (1933) in Virginia measured total



starch production in more than 300 samples of potatoes tubers
grown on a Norfolk sandy loam and an Arlington clay loam.
These authors found that in the majority of the cases, the
addition of K caused a slight depression in the starch con-
tent of the tubers, and noted that this reduction was greater
when KCl was applied than when KZSOA was applied.

Results of subsequent research have usually indicated
that K fertilizers, particularly those containing chlorides,
lower the specific gravity and that the higher the rate of
application the more the specific gravity is lowered (Dunn
and Nylund, 1945 - Dunn and Rost, 1948; Terman, 1949 and
1950; Harrap, 1960; Berger et al., 1961; Wilcox, 1961; Timm
and Merkle, 1963; Rowberry et al., 1963). Murphy and Goven
(1959, 1965, and 1966) reported that as the rate of K was
increased from O to 250 pounds of KZO per acre, the specific
gravity of the tubers was decreased linearly from 1.08L to
1.070, and that the yield was increased only by the first
50-pound increment of K. When sources of K were compared,
the specific gravity was higher when KZSOL and KNO3 were
applied than when KCl was applied, and chips made from pota-
toes fertilized with KC1l were higher in color than chips
from potatoes fertilized with K,SO, . Lucas et al. (1954)
reported that potatoes grown on organic soils in Michigan
contained 13 percent less starch and were 6 percent lighter
in weight when KC1l was applied than when the same rate of

Kzsoh was applied.
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The effect of Cl on the metabolism of starch formation
is not clear, but CI does result in a higher water content
in the tubers. Numerous reports in the literature indicate
that large and sometimes excessive amounts of Cl~ are readily
absorbed by potatoes. (Dunn and Nylund, 1945; Dunn and Rost,
1948; Knolewles and Cowie, 1940).

Corbett and Gausman (1960) suggested that Cl may affect
potato tuber's quality by affecting the uptake of phosphorus
(P). Along with these findings, Hart and Smith (1966) found
that P absorption at a particular stage of plant development
was affected by source of K. On the other hand, Latzko (1955)
indicated that invertase, amylase and / glucosidase are

inhibited by C1~ and increased by SOh

Fertilizer Placement for Potatoes

The potato plant does not have an extensive root system,
and it has a high K requirement. Data obtained in Maine
(Hawkins, 1946) revealed that during the peak period of K
absorption (70 days after planting), as much as 6.4 pounds
of K20 per acre per day were absorbed.

Cummings and Houghland (1939) studied 13 different
methods of K placement from 1931 to 1937 on typical potato
growing areas of Arostook County, Maine; on Long Island, New
York; in central New Jersey; on the eastern shore of Virginia;
in northeastern Ohio and in western Michigan. Their results
indicate that placement of the fertilizer in a band immedi-

ately under, above or mixed with the soil around the seed
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resulted in delayed emergence of the sprout and reduction in
yield. The placement of the fertilizer in bands 2 inches at
each side and on the lower level of the seed consistently
produced relatively higher average yields than the other
side placements, both those nearer and those further from
the seed. The placement of the fertilizer in a band at only
one side of the row gave lower yields than two bands, one on
either side of the seed. In general, fertilizer concentra-
ted in bands near the row was more effective than broadcast
fertilizer. A more detailed description of the results
obtained at Mancelona and Greenville in the Michigan area

is given by Grantham et al. (1939); these results indicate
that for equal amounts of commercial fertilizer, higher
yields were obtained when the fertilizer was applied in the
row than when it was applied broadcast.

In Maine on a Caribou loam, Chucka et al. (1944) com-
pared the placement of a 6-6-12 fertilizer applied as fol-
lows at a total rate of 2,000 pounds per acre: (1) all
applied in the row; (2) 1,500 pounds in the row and 500
pounds plowed down; (3) 1,000 pounds in the row and 1,000
plowed down; (4) 500 pounds in the row and 1,500 pounds on
the plowsole; (5) 2,000 pounds plowed down; (6) all applied
broadcast before plowing and (7) all applied broadcast after
plowing. The results indicated that the fertilizer applied
broadcast gave the highest yield, but not significantly
higher, and that the other placements were comparable.
Similar results were reported for the same area by Hawkins

et al. (1944).

-
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Berger et al. (1961) in Wisconsin compared the effects
of banded and broadcast applications of KCl and KZSOA’ on P
uptake. Their results were summarized as follows:

(1) The same amount of KCl applied broadcast with

banded P and nitrogen (N) banded resulted in
higher P uptake than when the KCl was applied
banded.

(2) In most potato trials, P uptake was higher with
broadcast applications of either KCl or K280LP
than with comparable row applications.

(3) Broadcasting K resulted in higher specific
gravity than with row applications.

(4) KZSOh is a better source of K than is KC1l when
applied banded in the row with the P and N ferti-
lizer.

Nelson (1968) indicates that the modern trend on ferti-
lizer practices is to minimize sizeable amounts at planting
in favor of large amounts broadcast and plowed down. Hawkins
(1965) reported that sidedressing one half of the K either
as KC1 or KZSOh resulted in slightly better yields than when
all K was applied in side bands at planting. Sidedressing
three fourth's of the K when the plants were 3 to 5 inches
high, without irrigation, gave larger yields than when all
the K was banded at planting. Similar results were obtained
with chloride, sulfate, and nitrate of K although the best
yield, growth, and dry matter content was obtained with KNOB.

The same author (1964) compared applications of KC1l either

s

o

- —
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plowed down or broadcast after plowing with banded K at
planting, and obtained better early growth and as good or
slightly better yields with the plow down or broadcast

applications.

Effects of Rates and Sources of Potassium
on the Absorption of Potassium, Magnesium
and Calcium by Potato Plants

High rates of K applied to the soils can induce Mg
deficiency and lower the Ca content of plants in many crops
(Stanford et al., 1942; Boynton and Burrell, 194L; Meﬁiich:
and Reed, 1946;(Lucas and Scarseth, 1947; McColloch et al.,
1957). More specific results of K inducing Mg deficiency
in potatoes have been reported by Hovland and Caldwell
(1960), Doll and Hossner (1964) and Adams and Henderson
(1962). Wallace et al. (1942) observed that K deficiency
symptoms were present on the leaves of potato plants grown
on plots where K was not applied, and Mg deficiency on
those grown where K was applied. Walsh and O'Donohoe (1945)
reported that high rates of K induced severe Mg deficiency
which was reflected in a very low content of Mg in the
foliage while the tuber was affected only slightly. They
also noted that the calcium (Ca) content of the foliage,
and to a lesser extent in the tubers, was lowered by K fert-
ilization.

Dunn and Rost (1948) in Minnesota reported the results
of 23 field experiments which indicated that the application

of K increased the K content of potatoes grown on Ulen soils
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and some Bearden soils and that the percentages of Ca, Mg
and S were not affected by K fertilization.

Ward (1959) grew potatoes in sand culture with various
levels of K ranging from complete deficiency to luxury con-
sumption. This resulted in increasing amounts of K in all
plant tissues and in decreasing amounts of Na, Ca, Mg, Fe,
and Cu. In certain tissues, particularly in the leaf and
stem, Mg content varied inversely with K content. The same
trend was noted with Ca, but was much less pronounced.
Roots and tubers did not show these effects.

Tyler et al. (1960), reported the results of 40 field
experiments and 73 field surveys from 1956 to 1960 in Cali-
fornia and concluded that the differences in K content
between K-deficient plants and those grown with sufficient
K fertilizer remain small until tuber growth commences.

Also in California, Lorenz (1947) studied four treat-
ments on a Hesperia fine sandy loam: none, 50, 100 pounds
per acre of N as NHASOA with neither P or K and as a fourth
treatment, 125 pounds per acre each of P205 and K with the
highest rate of N. Leaf samples were first taken when the
plants were about six inches high, and successive samples
were taken at approximately two week intervals until harvest.
From the analysis of the samples, it was concluded that the
K content of both plants and tubers decreased with age of
the plant and that the K application had no effect on the K

content of either plants or tubers at any stage of growth.
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Wilcox (1961), in Indiana, applied O, 75, 150 and 225
pounds per acre of KZO applied as KCl and as Kzsoh. In order
to intensify the anion effect, N was applied as ammonium
sulfate [(NHA)ZSOAJ with KZSOLP and as ammonium chloride
(NHh01) with KC1l. The analyses of leaves sampled at pre-

bloom stage showed that as rate of K applications was increased,

K in the leaf tissue increased without any differential effect

due to associated anion. The Ca and Mg content of the leaf
decreased as the K rate increased. The Ca and Mg content of
the leaves tended to be higher when KCl was applied than when
KZSOLP was applied.

Laughlin (1966), in the Matanuska Valley of Alaska from
1961 to 1963, compared sources and rates of K and soil and
spray applications of magnesium sulfate (MgSOh). The foliage
and tubers were analyzed for N, P, K, Ca and Mg. In two of
the three years, K fertilizer increased the sum of the
cations (K + Ca + Mg) in the tubers and decreased the dry
matter, N, and P content, the Ca:Mg ratio of tubers, and the
content of Mg and the sum of cations in the tops.

Hossner and Doll (1968) indicate that with a soil Mg:K
ratio below 0.8 (expressed as me/100 g), K induced Mg defic-
iency in potatoes grown on an acid sandy podzol in Northern
Michigan.

McColloch et al. (1957) found that an exchangeable K:Mg
ratio, as 1b/A, greater than 0.4 to 0.5 is suggestive of Mg
deficiency in citrus. They concluded that the exchangeable

K:Mg ratio appears to be a useful index in determining the
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need for supplemental Mg, as have other workers with other
crops (Prince et al., 1947; Walsh and O'Donohoe, 1945).

Hovland and Caldwell (1960) explained the effect of K
in inducing Mg deficiency in soils as follows:

(1) The addition of K to soils may decrease the ease

of replacement of exchangeable Mg, thus lowering
Mg availability to the plants.

(2) Competition for exchange sites on plant roots
caused by increasing levels of K, thus decreasing
the rate of Mg uptake.

(3) High amounts of K in the plants may in some way pre-
vent Mg from performing its functions.

Bear and Prince (1945) postulated that each cation has
at least two functions in the plant, one which is unique to
that cation and the other(s) of the type that could be per-
formed by any of the three dominant cations--K, Ca, and Mg.
Once the supply of each cation is adequate to meet the
specific need for it, then there can be a wide range in
ratios and quantities of cations that could be absorbed by

the plant to meet its total needs.

The Relation of Exchangeable Potassium to Yields

Usually, exchangeable K is used to predict the need for
K fertilizer. Bear et al. (1944) found that the amount of K
in the exchangeable form was a reliable index to the K sup-
plying power of the soil to alfalfa (Hardistan variety).
Stanford and Kelly (1942) in Iowa found a close relationship

between the yield of corn and the amount of exchangeable K
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in the soil. Hawkins et al. (1946), with potatoes in Maine,
reported that on soils containing more than 500 pounds of
exchangeable KZO per acre, little or no increase in yield
was obtained for more than 100 pounds of KZO’ which was the
maximum rate used.

In one of the more comprehensive reports, Tyler et al.
(1960) related K in the potato leaf petioles to exchangeable
K in the soil. Soils containing 100 ppm K usually resulted
in plant K values below 4 percent at late season, and the
soil then was considered deficient in K. Also, potato plants
growing in soils low in exchangeable (46 ppm) K showed a
narrow range of K concentration at early season. By mid-
season, the difference in plant K content between unferti-
lized plants and those which received 4OO pounds of K20 per
acre was more than several fold the difference at early
season, and this difference remained large the rest of the
season.

Nelson and Hawkins (1947) reported that in North
Carolina and in Maine, the K content of the leaves on potato
plants was related to the amount of exchangeable K in the
soil and to the amount of K applied. Terman (1950) concluded,
after summarizing 115 experiments in Maine, that few exper-
iments showed a yield response to more than 140-200 pounds
of K;0 and these responses were on soils low in exchangeable

K'
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The Relation of Soil Test to the
Response to Potassium Fertilizer

Crowther and Yates (1941) adopted the Mitscherlich
standard curve equation with some modifications to determine
response curves for the majority of arable crops in Great
Britain and northern Europe. Bray (1944, 1948, and 1956)
proposed the following modification of the Mitscherlich
equation so that soil test values could be used in predicting
the response to added increments of nutrients and to deter-
mine the rate required for maximum yield:

Log (A-y) = log A - (clbl-cx)
where A is 100 percent or maximum yield, y is the yield or
relative yield obtained at soil test value of by, X is the
rate of nutrient required for maximum yield and g3 and ¢
are constants which are determined experimentally.

The constants in the Bray equation are being success-
fully used to determine P and K requirements for some crops,
(Arnold, 1953; Bray, 1945; Melsted, 1967).

On potatoes, Smith and Sheard (1957) used the Bray
technique to evaluate ten extracting procedures for soil P
in trials conducted in various potato growing areas of south-
ern Ontario, over a period of three years.

MacKay et al. (1959) reported the relationship of nitrate
N to potato yields at 21 experimental locations in Canada by
using the Bray's modified Mitscherlich equation. A mean value
of ¢y for 58 individual tests was 0.0182. A close agreement

in the mean of ¢4 values was found for each of the two years,
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for three varieties (Kennebec, Netted Gem and Sebago), and
for most of the potato soils. Large yield increase would
be expected from applications of nitrogen applied to
potatoes grown on soils which tested 116 ppm N for mountain

soils or 64 ppm N for valley soils.



METHODS AND MATERIALS

Three field experiments were conducted to determine
the effects of rate, source, and placement of potassium (K)
fertilizer on yields, specific gravity, and chemical com-
position of potatoes. Two experiments, one each in 1967
and 1968, were conducted on Hodunk sandy loam on the
M.S.U. Agricultural Experiment Station Farm at East Lansing,
and one experiment in 1968 on the Montcalm Experimental

Farm in Montcalm County

Field Procedure

Rate and Placement of Potassium
on Hodunk Sandy Loam in 1967

The experiment on Hodunk sandy loam in 1967 was con-
ducted to determine the effect of rate and placement of K
on yields, specific gravity, and chemical composition of
potatoes. The experimental area tested pH 6.0, available
phosphorus (P) was 89 pounds per acre, and exchangeable
calcium (Ca), potassium (K), and magnesium (Mg) were 636,
135, and 131 pounds per acre, respectively. The plots were
laid out in a randomized block design with four replications,
and each plot consisted of L4 rows 32 inches apart and 23
feet long. The various rates and method of application of

K, applied as KCl, are given in Table 1. On all plots,

20
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65 pounds per acre of N as NHhNO3 was broadcast and plowed
down prior to planting, as was the broadcast K on appropri-
ate plots. An additional 60 pounds of N and 44 pounds of

P per acre as L5 percent concentrated superphosphate were
banded at planting in 2 bands located 2 inches on either
side of the seed piece. On appropriate plots, banded K

was applied with the N and P.

Sebago potatoes (B-size whole seed) were planted May
19, 1967 and harvested November 23, 1967.

Soil samples were taken from each plot of the experi-
ment on three different dates: (1) before fertilizers
were applied in the spring, (2) on July 30, 70 days after
planting, and (3) on November 9, 170 days after planting.
At each sampling, at least 20 cores were taken midway
between the rows on each plot.

Petiole and leaf samples were obtained as described by
Tyler et al. (1960) by taking 50 to 60 petioles and leaves
from the center rows on each plot; the fourth or fifth
leaf from the growing tip of the plant was sampled. Generally,
the fourth leaf is the youngest fully developed leaf of the
plant. The petioles comprise that portion of the plant
between the stem and the base of the first leaflet, whereas
the leaf samples were made up of the leaves as removed from
the ends of the petioles.

The leaf and petiole samples were taken on July 28, 69
days after planting, when the plants were 14 to 18 inches

high. On November 9, ten complete plants were sampled
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randomly from each plot, dried and weighed to calculate
total nutrient uptake. Plant samples were dried in a
forced-air oven at 65° C, and ground in a Wiley mill to
pass LO-mesh sieve for chemical analysis.

For specific gravity determinations, & pounds of tubers
were randomly selected from each plot, washed thoroughly,
placed in a wire basket and suspended in watér from a hydro-
meter, and specific gravity determined by the method des-
cribed by Smith (1950).

To obtain tuber samples for chemical analysis, ten
mature tubers were randomly selected from each plot, washed
with tap water, and then rinsed with distilled water. The
tubers were sliced, and a one-pound sample taken for drying
so that the dry matter content could be determined. Samples
were dried in a forced-air oven at 65° C until a constant
weight was reached. After weighing, dried samples were
ground for analysis as described above.

Rate, Source, and Placement of Potassium
on Hodunk Sandy Loam in 1968

The experiment on Hodunk sandy loam in 1968 was con-
ducted to determine the effect of source, rate, and place-
ment of K on potato yields, specific gravity, and chemical
composition. The experimental area tested pH 6.8, available
P was 69 pounds per acre, and exchangeable Ca, K, and Mg
were 966, 160, and 190 pounds per acre, respectively. The
plots were laid out in a randomized block experiment with

L replications as described for the 1967 experiment, except
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that the rows were 25 feet in length. The various potassium
rates and method of placement are listed in Table 7, and
potassium chloride (KCl), potassium sulfate (KZSOA) and
potassium carbonate (K2003) were used as sources of K.

In addition to these K treatments, four additional
treatments were included, three in which magnesium as
MgSOh'7H20 was banded on plots to which each of the three
sources of K were broadcast and one in which potassium-
magnesium sulfate [KZMg(SOA)2] was banded together with
supplemental KZSOA'

As was described for the 1967 experiment, 65 pounds
of N and 44 pounds of P were banded at planting on all plots,
and the banded K and Mg treatments listed in Table 7 were
banded with the N and P on appropriate plots. Sebago pota-
toes were planted May 13, 1968, using B-size whole seed,
and were harvested on October 10, 1968.

Petiole samples, obtained as described for the 1967
experiment, were taken 60, 98, and 130 days after planting,
or on July 13, August 21, and September 24, respectively.
For the purposes of this discussion, the petiole samples
will be referred to as "early season", "mid-season", and
"late season", respectively. As has been pointed out by
Tyler et al. (1960), "The length of the growing season for
potatoes varies widely even within the same district due to
environmental conditions, and it is advisable to classify
plants and samples according to their physiological age

rather than to the time since planting." They consider

-
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"early season" plants to be from L to 6 weeks after emergence,
usually until the time of blossoming or the beginning of
tuber set. "Mid-season" is from blossoming or early tuber
set until the tubers are half grown, which is generally from
6 to 10 weeks after emergence. "Late season" is the time
tubers are half-grown until maturity.

Tuber samples were taken at harvest for determinations
of specific gravity and total dry matter content and for
chemical analysis. The same procedures as described pre-
viously for the 1967 experiment were followed.

Rate and Placement of Potassium
on McBride Sandy Loam in 1968

The experiment on McBride sandy loam in 1968 was con-
ducted to determine the effect of rate and placement of K
fertilizer on yield and chemical composition of Russet
Burbank and Sebago potatoes. The experimental area tested
pH 6.5, available P was 225 pounds, and exchangeable Ca, K,
and Mg were 950, 200, and 150 pounds per acre, respectively.
The plots were laid out in a split plot design with four
replications; main plots were K treatments, and sub-plots
were varieties. Each plot consisted of 6 rows, 32 inches
wide and 50 feet long. Russet Burbank potatoes were planted
in three rows of each plot, and Sebago potatoes were planted
in the other three rows.

On all plots, 120 pounds of N was applied as NHANOB’
half of the N was broadcast before plowing and the other

half was banded at planting. Concentrated superphosphate at
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a rate to supply 44 pounds P per acre was also banded at
planting on all plots. Potassium treatments, which are
listed in Table 14, were either broadcast before plowing
or banded at planting with the N and P on appropriate plots.
The potatoes were planted on May 1 and 2, 1968, and were
harvested September 27, 1968.

Petiole samples were taken from each variety on each
plot 60 and 96 days after planting, or on July 2 and August
8. The sampling procedures described previously were fol-

lowed.

Laboratory Procedure

Soil Analyses

Soil samples were air-dried and ground to pass a 20-
mesh sieve. Exchangeable cations (Ca, K, and Mg) were
extracted with 1.0 N NHhOAC adjusted to pH 7.0, using a 1:8
soil:solution ratio and a one-minute extraction period.
Potassium in the extract was determined using a Coleman
Model 21 flame photometer, and Ca and Mg were determined
using a Model 290 Perkin-Elmer atomic absorption spectro-
photometer; 1500 ppm La was added to the diluted extract for
Ca and Mg to eliminate interference from other ions as des-
cribed by Doll and Christenson (1966).

Available P was extracted for one minute using the Bray
P-1 reagent (0.025 N HC1 + 0.03 N NHAF) at 1:8 soil solution
ratio. Soil pH was determined in a 1:1 soil:water suspen-

sion, using a glass electrode potentiometer.
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To separate the clay from Hodunk sandy loam, a sample
of the soil was buffered at pH 4.8 with a sodium acetate-
acetic acid buffer and then treated with H202 to destroy
organic matter, followed by leaching with more buffer and
then with water to remove the salts. The treated soil was
suspended in water and the pH adjusted to the phenolphthalein
endpoint with NaOH. Dispersion was completed by shaking the
soil suspension for 48 hours on a reciprocating shaker, with
periodic adjustments of the pH. The sand fraction was
separated by decanting, and the clay fraction separated from
the silt by sedimentation.

Oriented clay specimens were prepared for X-ray dif-
fraction by depositing 25-30 mg of clay on ceramic plates.
Specimens were then Mg-saturated and glycerol solvated.
Diffraction patterns were made with a Phillips-Norelco X-ray
unit using a copper source and nickle filter. Prior to heat
treatments of 300° and 550° C, the specimens were K-saturated
with 1 N KC1l and washed free of chlorides. The X-ray dif-
fraction patterns indicated that kaolinite was the dominant
clay mineral, and that appreciable amounts of illite, ver-
miculite, a randomly stratified chlorite-vermiculite-
montmorillonite, and quartz were present. Cation exchange
capacity was 20.5 me/100 g when determined by replacing Ca
with Mg, and was 11.4 me/100 g when determined by replacing
K with NH4+' Accordingly, the vermiculite content of the

clay was estimated at 5.9 percent.
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Plant Analyses

For cation analyses of plant tissue, 0.5 grams of

oven dry ground plant tissue was ashed in a muffle furnace
at 500° C for 1k hours. After cooling, 25 ml. of 1 N HNO3
was added, and the acid was evaporated to dryness on a hot
plate over a period of 2 to 3 hours. The residue was then
placed in a muffle furnace and reashed at 525° C for 10
minutes. After cooling, the residue was dissolved in 25 ml.
of 1 N HC1l, the resulting solution filtered into a 100 ml.
volumetric flask, and Ca, K, and Mg determined in the solu-

tion as described above for the soil extract.

Statistical Analyses

All the field and laboratory analysis data from the
East Lansing field experiments were subjected to analysis
of variance for a completely randomized block design. The
field and laboratory analysis data for the Montcalm field
experiment were subjected to analysis of variance using a
split plot design with the K treatment as the whole plot and
potato variety as sub-plots.

Simple linear regressions were used in order to relate
specific gravity to percent tuber dry matter weight, and to
evaluate the effects of rate, placement, and source of K on
the levels of the various nutrients in the petioles. The
least significant differences (1lsd) is used to denote the

statistical differences between treatments.



RESULTS AND DISCUSSION

Rate and Placement of Potassium on Hodunk
candy Loam in 1967

An experiment was conducted on Hodunk sandy loam in
1967 to determine the effects of rate and placement of K
on yields, specific gravity, percent dry weight of tubers,
and the K, Ca, and Mg contents of petioles, leaves, vines

(or tops) and tubers of Sebago potatoes.

Yields of Potatoes

In 1967, yields of potatoes on Hodunk sandy loam were
increased when K was applied (Tables 1 and 2); the highest
yields were obtained when 200 pounds of K per acre was
broadcast. The maximum yield, obtained when 200 pounds of
K was broadcast, was significantly higher (0.01 level) than
when no K was applied. When 4LOO pounds of K was broadcast,
the yield was lower than when 200 pounds was broadcast, but
it was not significantly lower. No statistically signifi-
cant differences were noted between comparable rates of
banded and broadcast K, but yields when K was banded were

consistently lower than when similar rates were broadcast.

Specific Gravity

The specific gravity of the tubers decreased as the

rate of K increased (Table 1). For both the banded and the

28
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Table 2. Significant differences of Sebago potato
yields as related to rate and placement of K
on Hodunk sandy loam in 1967.

Treatments compared Probability level
Banded:
No K vs K (All rates) .01
50 vs 100 1bs and 200 lbs ns
100 vs 200 1bs and LOO 1bs ns
200 vs 40O 1bs ns
Broadcast:
No K vs K (All rates) .01
100 vs 200 1bs .01
100 vs 40O 1bs .05
200 vs LOO 1bs ns
Banded K vs broadcast K ns
200 banded vs 200 broadcast ns
1sd (.05) 63

1sd (.01) 82




31

broadcast treatments, the specific gravity was lower (0.01
level) when K was applied at a rate of LOO pounds per acre

than when applied at 200 pounds.

Percent Dry Weight of Tubers

As was the case with specific gravity, the percent dry
weight of tubers decreased as the rate of both banded and
broadcast K was increased. The percent dry weight was
significantly less when LOO pounds of K was banded than when
no K was applied or when 50 or 100 pounds was banded.

| Total dry matter produced per acre was directly related
to tuber yields (Table 1). Thus, even though increasing the
rate of K decreased the dry matter content of the tuber as
measured by either specific gravity or percent dry weight,
the total dry matter produced per acre was increased when

the yields increased.

Yield of Vines

The vine yields, in terms of dry matter per acre, were

not affected by rate or placement of K (Table 1).

Potassium Concentration in Petioles and Leaves

At mid-season (69 days after planting), the K concen-
tration in the petioles increased with each additional
increment of banded K and with each increment of broadcast
K up to 200 pounds per acre (Table 3). However, the increase
in petiole K when 50 and 100 pounds of banded K and 100
pounds of broadcast K were applied was not significantly

higher than when no K was applied. No differences were
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noted in the K content of petioles between comparable banded
and broadcast treatments, although petiole K when 100 and
200 pounds of K were broadcast was slightly higher than when
the same rates were banded.

In the leaves, the K concentration also increased for
each additional increment of applied K for both banded and
broadcast treatments (Table 3), although the increased level
of leaf K when 50 and 100 pounds K were applied was not
significantly higher than when no K was applied. No differ-
ences were apparent when banded and broadcast treatments
were compared. The concentration of K in the leaves was
only about one-third of that in the petioles for all com-

parable treatments.

Potassium Concentration in Vines

The K concentration in potato vines increased with
increasing rates of both banded and broadcast K (Table 4),
although only in the 200 and 400 pound rates was the K con-
centration significantly higher than that when no K was
applied. No differences in K concentration of the vines
were noted between similar rates of banded and broadcast K.)

The leYel of K in the vines was lower than that of |

either the petioles or leaves (Tables 3 and L) on comparable

treatments.

Potassium Concentration in Tubers

The K concentration in the tubers, calculated on a dry-

weight basis, increased with each increment of applied K
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Table 3. Potassium, calcium, and magnesium concentrations in
petioles and leaves in early season (69 days after
planting) as affected by rate and placement of K on

Hodunk sandy loam in 1967.

Cation content (%)

Pounds K per acre Petioles Leaves
Banded Broadcast K Ca Mg K Ca Mg
0] 0 6.59 1.04 0.77 1.78 1.66 0.77
50 - 7.34 1.06 0.58 2.27 1l.41 0.68
100 -— 7.5 0.9, 0.50 2.31  1.29 0.66
200 - 8.67 0.91 0.48 2.66 1.31 0.66
LOO - 10.09 0.76 0.37 3.28 1.16 0.59
- 100 7.64, 0.91 0.46 2.37 1.4,6 0.69
- 200 9.4,0 0.89 0.47 2.65 1.25 0.66
- 400 9.16 0.76 0.32 2,99 1.12 0.60
1sd (.05) 2.06 .15 .19 .39 .18 .07
1sd (.01) 2.81 .21 .27 . 5L .25 .10
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(Table 4), and the increase when 200 and 40O pounds K were
applied was significantly higher than when no K was applied.
Although not statistically significant, K content of.tubers
tended to be higher when K was banded than when K was broad-
cast.

The K content of the tubers was higher than that of
the vines (Table 4) for comparable treatments, but was

lower than that of petioles and leaves (Table 3).

Potassium Uptake by Vines and Tubers

The uptake of K per acre by both vines and tubers
increased as the rates of both banded and broadcast K
increased (Table 5). The K uptake by vines was higher (0.01
level) when 4LOO pounds of K was applied, both banded and
broadcast, than for any of the other rates of application,
and the uptake of K when 400 pounds was applied was higher
(0.01 level<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>