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ABSTRACT

SOIL NITROGEN AVAILABILITY INDEXES AND EFFECTS OF
POTASSIUM CARRIERS AND LEVELS OF POTASSIUM AND
NITROGEN FERTILIZATION ON THE YIELD
AND QUALITY OF SUGAR BEETS

by Gary John Gascho

Chemically and biologically estimated fractions of soil
nitrogen were evaluated for their relationship to nitrogen
availability to sugar beets. Evaluations were based on the
degree of correlation of these fractions with sugar beet
yield and quality factors and on relative difficulties in
performing the determinations. Coefficients of multiple
determination (RZ®) were low for curvilinear regressions of
sugar beet yield, percent sucrose, percent clear juice
purity, and recoverable sugar on soil nitrogen tests.
However, most of the variation in sugar beet yield and qual-
ity could be accounted for by regressions when coefficients
for other independent inputs in a given experiment were
included in the regression equation. Coefficients for ap-
plied nitrogen and phosphorus soil test values were of
particular value in accounting for crop variations.

Mineralizable nitrogen (NO5; + NO-> + exchangeable NH4+

released from soil organic nitrogen during a two week



Gary John Gascho

incubation), nitrogen extracted with boiling water, total
Kjeldahl-nitrogen, and a fertility factor (equation con-
sidering total nitrogen, total carbon and fine soil separates),
were found to be inferior to the mineral nitrogen determina-
tion (N03_ + NOZ_ + exchangeable NH4+) as potentially useful
indexes of nitrogen availability to sugar beets, when based
on soil samples taken in April.

Effects of potassium carriers and levels of nitrogen
and potassium application on sugar beets were studied at three
locations. Sugar beet yield and quality were affected similar-
ly by rate of potassium with four potassium carriers: KC1,
KNO3, KsSO4, and KpSO4 + MgSO4. Application of 150 pounds
of nitrogen reduced percent sucrose, percent clear juice
purity and recoverable sugar in comparison with application
of 30 pounds at one location.

Significant increases in yields of beets and recoverable
sugar could be attributed to the application of 166 pounds
of potassium when 60 pounds of nitrogen was applied but not
when 30 pounds of nitrogen was applied. Percent sucrose of
beets was reduced by applying 166 pounds of potassium as KC1l
in comparison to 83 pounds as KCl or 166 pounds as KNOg.

The application of 500 pounds of NaCl to one-half of the
potassium carrier plots on Houghton muck had no effect on
yield or quality of beets but accentuated substitution of

sodium for potassium in sugar beet petioles.
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INTRODUCTION

Cultural practices for the production of sugar beets
have changed extensively in the past 20 years. Included in
the rapid changes were large increases in the amounts of
fertilizer applied. Since sugar beets are a high value crop
in relation to most field crops grown in the Saginaw Valley
of Michigan, the amounts of fertilizer applied are not
limited by economic considerations to the extent they are
for many other crops.

Soil fertility experiments with sugar beets have shown
that in many cases, an oversupply of nutrients is being pro-
vided, resulting in a reduction of the quantity of recover-
able sugar produced on an acre. The effects of an oversupply
of nitrogen are particularly undesirable as the percents
sucrose and purity are greatly reduced by high nitrogen
nutrition late in the growing season.

Agronomists have at their disposal soil tests which will
predict quite accurately the phosphorus and potassium fertil-
ity status of a soil. Correlation work has also been quite
successful for these macro-nutrients so that the amounts
which should be applied to a sugar beet field with a given
soil test can be predicted. 1In addition, micro-nutrient

problems are becoming quite well defined and the amounts of







these nutrients necessary for sugar beets have been set forth.
Even though nitrogen is, at least dollar-wise, the most
important nutrient for sugar beet production, no routinely
used soil test is available which will correlate well with
the yield or quality of this crop.

A primary objective of this study was to evaluate several
nitrogen soil testing methods in terms of their ability to
quantify a form or several forms of nitrogen which bear a
relationship to the yield and quality of sugar beets.

A secondary objective of the study was to determine the
effects of the application of various potassium carriers on
the yield and quality of sugar beets. Tobacco and certain
fruits are reduced in quality by high application rates of
potassium chloride. The specific gravity of potatoes is also
reduced by this carrier. Effects of potassium carriers on

sugar beets are not well known.







PART I

SOIL NITROGEN AVAILABILITY INDEXES

FOR SUGAR BEETS






LITERATURE REVIEW
Nitrogen and Sugar Beets

Nitrogen is an essential element for the growth of all
plant life. 1In the past, biological fixation of nitrogen
was the chief means of supplying this element for cultivated
crops; in recent years nitrogen fertilizers have become more
available which, when used to supplement the nitrogen sup-
plied by natural processes, can increase yield and improve
quality of crops (Stevenson, 1965). Viets (1961) found that
the relative number of atoms of nitrogen in plants is greater
than any other element coming from fertilizers. Therefore,
an effective program of nitrogen fertilization is a major
concern to farmers.

Nitrogen is especially necessary for rapid, early growth
of sugar beets as it stimulates the growth of new leaves
which are the photosynthetic factories for sugar production
(Went, 1957). Early development of a full canopy of foliage
lengthens the time for effective use of the leaves for photo-
synthesis, thereby increasing sugar yields (Stout, 1961).

Tremendous increases in the levels of nitrogen applica-
tion to this crop have taken place in the last 20 years.

A corresponding decrease in the quality of the crop is







associated with this increased nitrogen fertilization. The
term sugar beet quality usually refers to factors which
determine the quantity of sugar bagged from a given weight

of sugar beet roots. For any factor to be useful for the
assessment of quality, it must bear some relationship to the
factors which determine the extractability of sugar by factory
processes. In addition, the individual factors should be
additive so that their sum will measure factory extractability
of sugar.

The percent sucrose of beet roots is a very important
factor. This factor is measured by the polarimeter.

The purity of beets is the other quality factor which is
commonly measured. Purity of various extracts from beets are
measured. The determination of clear-juice purity appears to
be one of the better methods.

Carruthers and Oldfield (1961) found that their method
of determining clear-juice purity was very highly correlated
with the purity of juice after two carbonations in the
factory. They found that about 70 percent of the impurities
consisted of potassium and sodium salts, amino acids and
betaine.

The importance of clear juice purity measurements is
brought forth by the calculations of Dexter (1964). He cal-
culated that a 1 percent decrease in clear juice purity will
cause approximately a 6-pound or 2 percent decrease in
extractable sugar per ton of beets, percent of sucrose remain-

ing the same.







Carruthers, Oldfield and Teague (1962) derived the
relationship of (3.5 X sodium) + (2.5 X potassium) + (10 X
amino nitrogen) which accounted for a high percentage of the
total impurities in beets.

Recoverable sugar for 100 pounds of beets can be calcu-

lated from the following formula:

Recoverable sugar = (% sucrose - factory loss) x
1 - (molasses purity (100 - clear juice purity)
100 - molasses purity’ "clear juice purity

Usually standard figures are entered into the equation
for factory loss (0.3) and molasses purity (62.5) (Dexter,
Frakes, and Snyder, 19686).

Viets (1965) found that the effects of too much nitrogen
are the development of excessive leaf area and a drop in the
average net energy assimilation rate per unit of leaf area
to a value near zero before harvest in the autumn because of
the self-shading which results from too much foliage.

An early account of the cause and effect type of relation-
ship between nitrate uptake and low quality of sugar beets
was given by Headden (1912). This observation has been con-
firmed by many studies and has been estimated to amount to
1 percent decrease in sucrose for each 0.025 percent nitrate
nitrogen present in beets at harvest (Gardner and Robertson,
1942) .

The importance of early rather than late nitrogen ferti-

lization is brought out by the work of Ulrich (1955).






He found that sucrose percents greater than 18 were observed
in sugar beets which had nitrate eliminated from their other-
wise complete nutrient solution for a period prior to harvest.
Beets which had a complete nutrient solution until harvest
averaged 12 percent sucrose.

The downward trend in the percent of sugar in beets in
recent years was found to parallel an even greater loss of
sugar extractable from beets. The loss due to low extract-
ability is approximately five times as great as the loss due
to decreases in the percent sugar (Haddock et al., 1959).
Therefore, it appears that the reduction in the purity of
beets is the major factor in determining recoverable sugar,
and purity is greatly reduced by over fertilization with
nitrogen (Stout, 1961).

Dexter, Frakes, and Nichol (1966) found that about 1.5
pounds of sugar were lost in the molasses for each pound of
impurities which accumulated in the clear juice under condi-
tions where large amounts of nitrogen were applied to beets.

Nitrogenous compounds accounted for a major quantity of
the impurities present and were highly correlated with non-
sugars and ash in a study by Rounds et al. (1958). They
also found that high amounts of potassium and sodium accumu-
lated in beets when excess nitrate was available and suggest-
ed that they were taken up by the beet for the purpose of
balancing the negative charges from the excessive amounts of

nitrate anions. However, nitrogen usually accumulates in







beets as amino acids rather than nitrate. Woolley and
Bennett (1959) found that glutamic acid content in beets
increased linearly with nigfogen fertilizer levels.

Stout (1961) observed a general trend toward increased
beet yields associated with lower sugar contents and puri-
ties and suggested that yield and quality may be negatively
correlated. On a given farm under uniform field practices,
other than nitrogen fertilization, this negative correlation
usually held. However, results from many farms within a
given area did not show this relationship. Frequently,
farms having the highest yields produced sugar beets far
above average in sugar percent. He stated that high yield,
high sucrose percent and high purity are evidently not in-
compatible, but the factors responsible for their concomi-
tant occurrence have not been clearly recognized.

Went (1957) summed up the environmental and nitrogen
requirements of plants by stating that there should be early
feedings of nitrogen at warm temperatures for maximum growth
followed by low nitrate nutrition in sunny autumn weather
with night temperatures near freezing. The thermal tempera-
ture requirements set forth are fairly close to those
observed in many sugar beet growing areas. Temperature can-
not be modified economically at the present time, therefore,
the nitrogen nutrition of the plant is probably the most im-

important factor subject to some measure of control.







Nitrogen Availability for Plants

Available nitrogen is defined as nitrogen in a chemical
form that can be readily absorbed by plant roots or readily
converted to such a form, with the assumption that this
chemical form is present within the root zone (Scarsbrook,
1965) .

Although plants are capable of utilizing organic forms
of nitrogen such as amino acids and amines, practically all
of the nitrogen taken up from the soil exists in two inorganic
compounds, ammonium and nitrate. In well-aerated soils, the
oxidation of ammonium to nitrate proceeds so rapidly that
ammonium seldom persists; thus nitrate is the form available
to plants (Stevenson, 1964).

Nearly all of the soil nitrogen exists in organic forms
in most soils. Less than 2 percent occurs in available forms.
The ways by which nitrogen may directly or indirectly become
available to crops can be summarized as: 1) organic matter
mineralization, 2) symbiotic and nonsymbiotic nitrogen fixa-
tion, 3) addition in rain water, and 4) addition as ferti-
lizer.

Soil organic matter can contain 2 to 3 tons of nitrogen
per acre, but this organic nitrogen is released to inorganic
nitrogen compounds at a rate of only 1 to 3 percent per year
(Woodruff, 1950). The relationships and transformations
between soil organic nitrogen and available mineral forms

have been studied extensively. The conversion of organic
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nitrogen forms to more available forms occurs by two microb-
ial processes: 1) ammonification and 2) nitrdfication.
Nitrification can be further subdivided into two oxidative
steps which account for actions of two species of obligate
aerobic bacteria.

Mineralization may be depicted as:

Mineralization
Ammonification Nitrification

. + - -
organic N ———>» NH, —> NOp ——>» NOs

The reverse process is called immobilization.

Harmsen and Van Schreven (1955) have summarized the
generally accepted conclusions from studies on mineraliza-
tion. 1) Nitrite and ammonium do not accumulate in soils
except under abnormal conditions. Under normal conditions,
the rate of oxidation of nitrite to nitrate is higher than
that of the formation of nitrite and the latter again is
equivalent to or higher than the rate of ammonification.

2) In fallow soil, the mineral nitrogen content is lowest
during the winter, rapidly rises in spring, is highest dur-
ing the summer and once again decreases to a low level in
autumn. 3) In cropped land, a second minimum is observed in
midsummer during maximal growth of plants, followed by a
second maximum after harvest. 4) The winter minimum was
ascribed to heavy leaching in humid climates coupled with
reduced mineralization due to low temperatures. The rapid

rise in the spring was recognized as a result of the "partial







11

sterilization" effect of frost on the soil, whereby a flush
of microbial activity was released upon advent of warmer
temperatures. ©5) Under grass vegetation, the mineral nitro-
gen content remains very low during the whole year. 6) The
C:N ratio of organic residues added to the soil must general-
ly be narrower than 20:1 for mineralization to occur.

Jansson (1958) employed N5 techniques to study nitrogen
mineralization-immobilization processes in the soil. His
findings led him to the conclusion that there is an internal
nitrogen cycle in soil which, to some degree, is separate
from the mineral nitrogen pool. 1In his scheme, there is
complete interdependence of the biological nitrogen and
carbon transformations in soil and there cannot be minerali-
zation without concurrent immobilization of energy and
nitrogen in microbial tissue. He states that a continuing
transference (biological turnover) of biological decay
products into products of synthesis can be anticipated.

When Jansson studied nitrification in the mineraliza-
tion-immobilization turnover, he found that nitrification and
nitrate assimilation do not normally occur simultaneously.
Ammonium is normally preferred to nitrate in the nitrogen
assimilation by the heterotrophic flora. These and other
results led him to state that the ammonium phase of soil
nitrogen is an integral part of the internal nitrogen cycle,
subject to continuous consumption and renewal, whereas the

nitrate phase becomes a more or less temporary storage pool
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of surplus inorganic nitroéen not needed in the internal
cycle.

Allison (1956) lists the factors which affect rate of
release of nitrogen from soil organic matter as: 1. nature
of soil organic matter, 2. temperature, 3. moisture,

4. aeration, 5. reaction, 6. supply of inorganic nutrients,
and 7. nature of soil microflora.

Mineralization-immobilization studies in soils are
often made more difficult due to the nonbiological fixation
of ammonium. It is always necessary to bear in mind that
clay minerals with expanding lattices can sorb ammonia and
in some cases hold it so tightly that it is not readily or
completely available to either higher plants or to micro-
organisms (Allison, 19686).

Legg and Allison (1959,1960) found the amount of soil
nitrogen mineralized and thus made available for the use of
either the crop or the soil microflora, increased slightly,
but only slightly, with increased additions of fertilizer
nitrogen. They concluded that this slight increase may be
attributed to the larger root system with the accompanying
larger numbers of microorganisms in the rhizosphere and that
mineralization was essentially a constant regardless of the
rate of nitrogen addition.

Significant additions are made to soil nitrogen by pro-
cesses of nitrogen fixation. This subject will not be

reviewed to any extent here, but good reviews are available
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(Jensen, 1965; Nutman, 1965). Stevenson (1964) stated bio-
logical nitrogen fixation by the symbiotic relationship
between members of the bacterial genus Rhizobium and legu-
minous plants is still extremely important since, even with
the tremendous expansion in facilities for producing ferti-
lizer nitrogen since World War II, legumes are still a major
source of fixed nitrogen for the majority of the world's
soils. An average fixation of 50 pounds of nitrogen per
acre for the 75 million acres of legumes planted each year
in the United States amounts to a total of over 1.8 million
tons of nitrogen, or about one-third the amount sold as
chemical fertilizer in 1966, are fixed annually.

Symbiotic relationships with non-leguminous plants, and
fixation by free-living bacteria and blue-green algae are
also functional in adding nitrogen to the biological nitrogen
cycle by the processes of nitrogen fixation.

Important quantities of nitrogen added by atmospheric
precipitation have been reported. The values of ammonia and
nitrate in atmosphere precipitation for Europe and the United
States range from 0.7 to 19.6 pounds per acre per year
(Eriksson, 1952).

Estimates of the Availability
of Soil Nitrogen

Estimations of the availability of soil nitrogen for
plant uptake and growth are most commonly divided into the

two broad categories of biological and chemical. Each of
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these two categories are again divisible into categories
which reflect the form or forms of nitrogen determined, or

differences in reagents employed for extraction.

Biological methods

With a reasonable degree of certainty, it can be said
that a quantitative measurement of the total concentration
of nitrogen in a plant grown without the addition of nitrogen
to its nutrient medium constitutes the most accurate method
of measuring the availability of nitrogen to that plant.
However, the procedure for estimating the total nitrogen in
a representative sample of a crop is not feasible as a rou-
tine procedure as it is too demanding in terms of time and
monetary expense (Bremner, 1965b). The estimation of total
nitrogen in plants is a very useful tool for initial corre-
lation studies and as an index of the effectiveness of
other less demanding procedures.

Bioassays employing microorganisms, where growth or
pigment production is measured as an index of nitrogen avail-
ability, have been proposed. These methods are based on the
supposition that the rate of growth or rate of pigment pro-
duction by such microbes is proportional to the available
nitrogen in a soil sample, providing that all other necessary
growth factors are present. Work by Boswell, Richer, and
Casida (1962) is an example of these methods. They obtained

highly significant negative correlations between pigment
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production by the proteolytic bacterium Pseudomonas aeruginosa

and soil nitrifying capacity. Their assay only required four
days. These methods have not, however, received wide accept-
ance as indicators of soil nitrogen availability (Keeney and
Bremner, 1966) and they do not seem well adapted for routine
analyses.

The estimation of the amount of mineral nitrogen released
from a soil sample during an incubation period under carefully
controlled conditions of temperature and humidity has received
much attention as a method for evaluating the potential of a
soil to provide nitrogen for crops. The amount of nitrogen
mineralized in a given amount of time is assumed to be propor-
tional to the amount which is mineralized under field condi-
tions and, thereby, made available to plants. In the simplest
type of incubation experiment the analysis for mineral nitro-
gen is performed only at the end of the incubation period
(Fitts, Bartholomew, and Heidel, 1953, 1955; Stanford and
Hanway, 1955). In methods developed more recently (see
Bremner, 1965b) the analysis for mineral nitrogen is performed
twice: at the beginning and at the end of the incubation.

The difference between the two values obtained is the nitrogen
mineralized during incubation. Bremner (1965b) lists over 30
methods of this general type. The methods listed differ
according to weights of soil sample, amendments, pretreatments,
amounts of water added, temperature, method of aeration, time
of incubation, and forms of mineral nitrogen estimated.

One method which is probably somewhat representative

of work with an incubation method is the Iowa test.
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Fitts et al. (1953,1955); Stanford and Hanway (1955); and
Hanway and Dumenil (1955) found that under the conditions of
their methods the nitrate formed during incubation was an
index of nitrogen évailability which predicted the nitrogen
requirement of corn in Iowa when the preceding crop was a
non-legume. In their experiments corn yield response to
nitrogen fertilization was negatively correlated with miner-
alized nitrate nitrogen. They were able to develop their
procedure to a point where it was suited to the mass produc-
tion methods necessary for a routine analysis.

A modified Iowa test has recently been developed
(Bremner, 1965b). Results with this method show that it
correlated more highly with nitrogen uptake by rye grass than
did seven other biological and chemical methods (Keeney and
Bremner, 19686). |

The estimation of mineral nitrogen released on incuba-
tion is generally considered the most satisfactory of the
methods currently available for assessment of the potential
ability of soils to provide nitrogen for crop growth (Bremner,
1965b; Harmsen and Van Schreven, 1965). However, Harmsen and
Van Schreven warn that the artificial conditions under which
incubated soil samples are kept make the results in no way
comparable with the mineralization process under field con-
ditions.

Smith (1966) recently evaluated several methods for pro-

viding an index of the availability of soil nitrogen by
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relating laboratory soil test values to yields of dry matter
and uptake of nitrogen by orchard grass in the greenhouse.
He found a measurement of nitrate nitrogen initially present
in soil in the early spring before cropping and mineraliza-
tion was superior to measurements of nitrogen released upon
incubation. In the incubation methods which were evaluated,
disregarding the initial mineral nitrogen content of the soil,
which is commonly done, severely reduced the validity of the
tests as measures of nitrogen availability.

A second general category of incubation methods involves
the estimation of carbon dioxide produced on incubation of a
soil sample with nitrogen-free, readily decomposable organic
materials such as mannitol, cellulose or glucose. These
tests are based on the assumption that the amount of carbon
dioxide produced on incubation of the mixture will depend upon
the amount of mineral nitrogen originally present in the
sample and the amount of nitrogen mineralized during incuba-
tion. The validity of this assumption is open to question,
because nitrogen may not be the only nutrient which limits
the mineralization of organic carbon. It is known that treat-
ment of soils with nitrogen-free, energy-rich materials
promotes fixation of atmospheric nitrogen by soil microorgan-

isms (Bremner, 1965b).

Chemical methods

Chemical determinations of available nitrogen fractions

in the laboratory are in general faster, easier to perform,
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and more precise than biological methods. They do have some
very serious drawbacks in that chemically extractable frac-
tions of soil nitrogen may not be the same or in any way
proportional to fractions which are important for plant growth
in soil under field conditions. Another common criticism of
chemical methods is that no reagent is likely to simulate

the activities of soil microorganisms (Bremner, 1965Db).

Some of the more common chemical methods are based on
the determination of ammonium nitrogen released from a soil
sample by sulfuric acid (Purvis and Leo, 1961), sodium
hydroxide (Cornfield, 1960) or hot alkaline permanganate solu-
tion (Troug, 1954). These types of chemical tests have not
gained wide acceptance, although Boswell et al. (1962) found
that results from the sulfuric acid and hot alkaline perman-
ganate solution tests were highly correlated with the nitri-
fying capacity of the soil as determined by incubation.

In Michigan, the hot alkaline permanganate method and
nitrogen mineralized by the Iowa method were correlated with
each other and with previous nitrogen application rates to
such a small degree that Anderson (1958) concluded the corre-
lations were of no practical significance.

A chemical method in which interest has been shown re-
cently is the hot water extraction method of Livens (1959).
In this method, soil nitrogen extracted by boiling water is
determined by the Kjeldahl procedure. In a modified pro-

cedure, Keeney and Bremner (1966) found that nitrogen







19

determined by a micro-Kjeldahl procedure (Bremner, 1965a)
after hot water extraction was more highly correlated with
nitrogen uptake of ryegrass than was nitrogen extracted by
dilute sulfuric acid, released by distillation with alkaline
permanganate solution, or released by microdiffusion with
normal sodium hydroxide. Hot-water-extractable nitrogen
also correlated highly with nitrogen mineralized during incu-
bation in this study.

The estimation of the mineral nitrogen of the soil has
not been considered a satisfactory index of the ability of a
soil to supply nitrogen for plant growth (Bremner, 1965b;
Harmsen and Van Schreven, 1955). However, Smith (1966) re-
cently found that nitrate nitrogen present in soil in the
spring was a superior index of nitrogen availability over
nitrate nitrogen released during incubation.

Determination of total nitrogen (Kjeldahl) or organic
matter contents of soil have a very limited range of use
for nitrogen availability purposes. They are probably only
of value for detecting gross differences in nitrogen fertil-
ity between distinctly divergent soil textural or soil
management groups. This is because so many factors such as
climate, vegetation, parent materials, and management influ-
ence the rate of conversion of unavailable to available forms
of nitrogen (Scarsbrook, 1965).

In one recent study (Nieschlag, 1965) it was proposed

that an index of soil fertility for sugar beet production
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could be derived by applying the following equation:

2
(i?g i p:;z::g g) + percent of soil separates < 20

in diameter

where N and C are total Kjeldahl-nitrogen and total

carbon respectively.






EXPERIMENTAL METHODS

Eleven nitrogen soil fertility experiments on sugar
beets were carried out in 1965, 1966 and 1967 on eight
experimental locations. Data were collected for 3 years
from one location and for 2 years from another. Differential
levels of nitrogen were applied on the plots. In addition,
17 fields where farmers had applied two or more rates of
nitrogen on their sugar beets are included in this study as

a survey.
Ferden Farm Rotational Experiment

Soil nitrogen and sugar beet yield and quality data were
obtained from five of the seven crop rotations maintained at
the Ferden Farm in Saginaw County. These plots were estab-
lished in 1941 and have been maintained for the purpose of
studying the effects of crop rotations, fertility levels, and
nitrogen levels on crop yields and soil properties. The
plots are set up so that four replications of sugar beets in
a split-split plot experimental design appear in each rotation
each year. Two levels of fertilization are applied each year
on each rotation. Fertility levels are again split with one-
half of each fertility level receiving supplemental nitrogen.
Information regarding the rotations, fertilization practices,

and soil is given in Table 1.
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Table 1--Crop rotation sequence, fertilization levels, soil
type, and location of the Ferden Farm 0ld Rotation
Experiments, Saginaw County

Rotation

1. alfalfa, alfalfa, beans, sugar beets, barley (livestock
rotation)

2. sweet clover (oats),! sugar beets, corn (gm),2 beans,
wheat

4. alfalfa, corn, sugar beets, beans, wheat

5. sweet clover (oats),® beans, sugar beets, soybeans, wheat

6. beans, wheat (gm),2 soybeans, sugar beets, corn (gm),?2
(cash crop rotation)

lcover crop of oats.

2
Clover green manure crop.

Sugar beet fertilization

Fertility Supplemental Nutrients Supplemen- Total N
level N level banded (lb/acre)?! tal N2 applied
N P K _(1lb/acre) (lb/acre)
Low 0 20 35 29 o 20
Low + 20 35 29 40 60
High 0] 80 140 117 0] 80
High + 80 140 117 40 120

'Banded beside and below seed at planting as 8-32-16 contain-
ing 2 percent Mn and % percent B
2sidedressed as NH4NOs

Soil
Sims clay loam

Location
Section 33, Chesaning Township, Saginaw County.
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Sugar beet plots in rotations 1, 2, 4, 5, and 6 were
chosen for study. Soil samples were taken from 80 plots in
these rotations in April of 1965, 1966, and 1967, July 1965
and 1966 and October 1965 and 1966. No cover crop was dgrow-

ing on plots when April soil samples were taken.
Monitor Plots

A 3-year rotation of cash crops is maintained by the
Monitor Sugar Company, Bay City. Plots are arranged in such
a manner that sugar beets, pea beans and wheat appear every
year.

The original experimental design consisted of three repli-
cations of five phosphorus levels as a split plot. Plow-down
applications of 0-46-0 at four rates were made in the fall of
1959. Additional phosphorus was plowed down on one-half of
the plots when sugar beets next appeared in the 3-year rotation
in 1960, 1961, and 1962. Phosphorus plots were split into five
nitrogen levels for the 1965 experiment and three levels for
the 1966 experiment. Thus, the experimental design in this
study was a split-split plot. Information concerning the
fertilization practices and soil is given in Table 2.

Soil samples were collected from selected plots in July

and October of 1965 and 1966.
Other Nitrogen Experimental Areas

Nitrogen was applied in randomized complete block de-

signs to four sugar beet experimental areas in 1965 and two
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Table 2--Description of the fertilization levels, soil type
and location of the Monitor Plots, Bay County.

Low residual phosphorus plots

Main effect plots--0, 87, 174, and 348 1lb residual P/acre?
Sub plots 1965--30, 60, 90, 120, and 150 1lb N/acre?®
1966--40, 80, and 120 1b N/acre®

High residual phosphorus plots

Main effect plots--0, 174, 348, and 696 1lb residual P/acre*
Sub plots 1965--30, 60, 90, 120, and 150 1lb N/acre?®
1966--40, 80, and 120 1b N/acre®

1Plowed down in fall of 1959
2N banded beside and below seed at planting

340 1b N/acre banded at planting as 8-32-16 containing 2 per-
cent Mn and % percent B, additional amounts side dressed as
NH 4NOs

“One-half of the P was plowed down in fall 1959, the remain-
ing half when beets next appeared in the 3-year rotation.

—————— e e e e e e

Soil
Kawkawlin-Wisner silty clay loam complex.

Location
Section 31, Monitor Township, Bay County.
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areas in 1966. Areas were chosen on the criteria of having
the whole experiment on uniform soil and drainage, as well

as being representative of a range of soil management con-
ditions in the beet-growing area of Michigan. Plot locations,
nitrogen rates, and other information concerning these plots
are given in Table 3.

Soil samples were taken from each replication of the
experimental area before beets were planted. All plots in
each experiment were soil sampled in late July and again just
prior to harvesting. At the Gwizdala Farm (location 5),
samples were collected eight times during the period from
late July until harvest to evaluate the soil nitrogen avail-

ability during this critical period for quality determination.
Nitrogen Survey Fields

Soil samples and beet quality data were obtained from
beet grower's fields where differential levels of nitrogen
had been applied. These fields were scattered throughout
the Saginaw valley beet-producing area. Information about

these plots can be found in Table 4.
Harvesting

From 50 to 100 feet of row were harvested from each plot
for estimating yield. 1In 1965, beets were lifted either by
Scott Viner beet lifter or with a shovel. Tops were removed

from roots with a beet knife. The beets were then weighed
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in the field and 10 beets were selected from each plot in
such a manner as to avoid extra large or extra small beets.
These were bagged and transported to the Sugar Analysis
Laboratory of the Michigan Sugar Company. In 1966, all plots
except the Ferden Plots were lifted and topped with a modi-
fied 1-row Farmhand beet harvester. Beets from a given plot
were lifted, topped, and weighed in a basket above the
storage hopper. After 10 beets were selected for sugar
analyses, the rest were dropped into the hopper below and

the next plot was harvested.

Soil Sampling

Experimental plots were soil sampled at the dates
previously indicated. In each case, 20 soil-probe cores were
collected in a random manner from each plot. A uniform
sampling depth of 10 inches was obtained whenever possible.
In a few instances, the dry soil was too hard and would only
allow the probe to penetrate to a depth of 6 to 8 inches,
depending on the motivating force present.

Samples were pushed by gloved hand through a 4 mm screen.
A subsample of the screened soil was placed in a 1-pint ice
cream carton and sealed. After transporting samples to
East Lansing, they were spread on heavy paper and allowed to
air dry. Drying usually required 5 days and was evaluated

visually.
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Following drying, samples were pushed through a 2 mm
screen. A representative portion was sealed in a 4 ounce,
air-tight glass bottle with a screw-on cap to await analysis.
Keeney and Bremner (1966) found that, on the average, storing
soil samples in an air-dry condition for 8 to 24 weeks had
no marked effect on the results obtained in their incubation

experiments.
Laboratory Procedures

Analytical procedures which were employed in these ex-
periments involved the determination of 1) mineral nitrogen
(NO3~ + NO» + exchangeable NH4+) both before and 2) after
aerobic incubation, 3) total micro-Kjeldahl nitrogen in soil
and 4) in hot water extracts of soil, and 5) total carbon in
soil. All determinations were made in duplicate. Sugar beet
quality measurements, including percent sucrose, percent
clear juice purity, and amino nitrogen, potassium, and sodium
in beet juice were also performed.

Mineral and mineralizable nitrogen were determined by
the aerobic method of Bremner (1965b) with the exception that
2 mil polyethylene was fastened to the top of the incubation
bottle by means of a rubber band to allow free passage of
gases without losses of moisture.

Nitrogen extracted from soil by boiling water was de-

termined by method 2 described by Keeney and Bremner (1966).
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The micro-Kjeldahl method of Bremner (1965a) was em-
ployed for determining total nitrogen in soil samples ground
to pass an 80-mesh sieve.

A model 750-100 Leco high induction combustion furnace
was employed for measuring the total carbon in soil. An 80-
mesh .1 to .2 g sample of soil was combusted with 1 g of tin
and 1.5 g of iron catalysts. In this instrument carbon
dioxide is released into oxygen upon combustion. Carbon
dioxide is quantified by a measurement of the thermal conduc-
tivity of the gaseous mixture.

The percent of the soil existing in a size fraction less
than 20 microns in diameter was determined by the soil column-
hydrometer method of Bouyoucos (1928). Particles were allowed
to settle for 16 minutes and 12 seconds according to a calcu-
lation made from Stokes' Law.

Brei obtained from 10-beet samples was analyzed for per-
cent sucrose and clear juice purity (Brown and Serro, 1954;
Carruthers and Oldfield, 1961). Some of the samples were
analyzed for the clear-juice impurities potassium and sodium

(flame photometry) and amino nitrogen (Moore and Stein, 1954).

Statistical Procedures

Statistics were calculated and graphs were drawn by use
of the Control Data 3600 computer. Routines used were written
by the personnel in the Agricultural Experiment Station and

are available in the Computer Library.
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A least-squares-delete statistical routine was used for
certain portions of the data (Rafter and Ruble, 1966). 1In
this routine, multiple regression equations and coefficients
of multiple determination are calculated by the computer
from coefficients which are selected by the computer on the
basis of some programmed threshhold criterion. For this in-
vestigation, coefficients for the amount of nitrogen applied
and its square were programmed to remain in multiple regres-
sion equations while other coefficients were dropped from
the equations if they were not significant at a pre-determined

level of probability.



RESULTS AND DISCUSSION

The Effect of Nitrogen Application Rate on
the Yield and Quality of Sugar Beets

Data from the low residual phosphorous plots at Monitor
in 1965 (Table 5) are judged to be quite typical of results
obtained when the rate of nitrogen fertilization applied to
sugar beets was varied in the Saginaw Valley region of
Michigan. Neither yield nor clear juice purity of sugar beets
was significantly changed by varying the rate of applied nitro-
gen. There was a trend toward lower clear juice purity values
with higher rates of nitrogen fertilization.

Application of 120 or more pounds of nitrogen reduced
the percent sucrose and quantity of sugar recoverable from an
acre. The greatest amount of recoverable sugar was produced
when only 30 pounds of nitrogen was applied. Nonsignificant
decreases in the percent clear juice purity were accounted
for by increased concentrations of amino nitrogen, potassium
and sodium in the clear juice.

Similar data from sugar beets grown on different loca-
tions and in other years are presented in the Appendix (Tables
32 through 49) and will not be discussed individually. Data
from other locations differ in some respects from that col-

lected at the Monitor location in 1965. However, at nearly

32
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every location the amount of recoverable sugar from an acre
of beets was reduced by one or more of the higher rates of
applied nitrogen. This result agrees with work done in the
Saginaw Valley by Nichol (19686) .
Seasonal Fluctuations in Soil
Mineral Nitrogen

Mineral nitrogen (NOs + NOz + exchangeable NH4+) in
the soil of a sugar beet field varies during the growing
season. Figure 1 shows the effect of two rates of nitrogen
application on the mineral nitrogen content of the plow soil
of Wisner clay loam at the Gwizdala Farm in 1966. Fluctua-
tions noted may be associated with rainfall during the grow-
ing season.

From late May until late July mineral nitrogen decreased
for both rates of application. During this period beets were
growing rapidly with adequate moisture available. .Extraction
of mineral nitrogen by plants was high. By the end of this
period the soil was dry because of low amounts of rainfall.
The sharp rise in the mineral nitrogen content of soil about
August 1st may have been due to inadequate moisture for beets
to utilize nitrogen as fast as it was being mineralized.
Upward movement of nitrate from moist subsoil to dry plow
soil by capillary action as described by Stout (1964) may also
have contributed to the sharp rise in the mineral nitrogen

level. Resumption of rainfall in August increased growth
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and utilization of nitrogen, thus reducing soil mineral
nitrogen to low levels.

When 110 pounds of nitrogen was applied per acre, a
slight increase in the mineral nitrogen level was observed
in late September. Any such increase in available nitrogen
is undesirable late in the growing season as it favors growth
and is incompatible with high quality (Gardner and Robertson,
1942; Stout, 1961). 1In this case (see Table 46) the yield
was highest and the percent sucrose of sugar beets was lowest
for the 110 pound nitrogen per acre rate.

Mineral and Mineralizable Nitrogen as Indexes
of Soil Nitrogen Availability

Attempts were made to correlate both mineral and min-
eralizable nitrogen (nitrogen released from organic sources
during a 2 week incubation) with yield and quality factors of
sugar beets. Soil samples were collected from all sugar beet
plots in late July and just prior to harvest in October.
The July sampling was taken to correspond to the maximum de-
pletion of soil mineral nitrogen due to crop uptake (see
Figure 1) . The October sampling should represent the soil
nitrogen status at the period which is most critical for
quality determination.

Samples were also taken from each plot in late April at
the Ferden Farm. At the other locations samples were taken

from each replication in late April but not from each plot
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as the plots were not yet ordered at this time. Mineral
nitrogen in April samples was determined because it repre-
sented a value before significant mineralization or plant

removal had begun.

Ferden Farm Rotation Experiments

Determinations of mineral nitrogen and mineralizable
nitrogen from soil samples collected from sugar beet plots
at the Ferden Farm should be of special value if such factors
as past fertilization, crop rotation and residue additions
are considered.

Simple correlations among soil mineral or mineralizable
nitrogen and sugar beet yield and quality factors for data
collected in 1965, 1966 and 1967 at the Ferden Farm were low
(Tables 6 and 7). They were, nonetheless, frequently sig-
nificant statistically. Mineral nitrogen was significantly
correlated with sugar factors more frequently than was
mineralizable nitrogen. Simple correlations between soil
tests and recoverable sugar were not significant except for
soils sampled in July of 1965 and 1966 but were significant
for April samplings tested in 1967. The clear juice impurity,
amino nitrogen, was significantly and positively correlated
with mineral nitrogen more times than were any of the other
sugar variables measured.

Correlations of mineral nitrogen with quality factors

were significant more times in 1966 than in 1965. A possible
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explanation for the differences between the two years is
given by the dry period during the 1966 growing season. The
actual amount of water available to a given sugar beet plot
was probably directly dependent on the physical condition of
the soil which was dependent on the crop rotation. It is
suggested that water limited growth (note low yields from
Table 34 in comparison to 1965 and 1967 yields in Tables 32
and 36).

Soil mineral nitrogen was related to clear juice purity
and the specific impurities, amino nitrogen, potassium, and
sodium more frequently than to yield.

Curvilinear relationships were investigated (Tables 8
through 10). At the Ferden Farm curvilinear regression
analyses were carried out among mineral and mineralizable
nitrogen values and sugar beet yield and quality factors.

In addition analyses were performed so that the two levels of
fertility at this location were taken into account by use of
the following equation:

Y =a + b SN; + cSN§ + d SN, + eSN3

Where: Y = yield or quality factor
SN; = soil nitrogen test at low fertility level
SN, = soil nitrogen test at high fertility level

Creation of new (dummy) variables was handled by the
method of Rafter and Ruble (1966).

Coefficients of multiple determination (R2) for regres-
sion of sugar beet yield and quality factors on mineral and

mineralizable nitrogen at the Ferden Farm were low. One
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probable reason for the low R? values is that the five dif-
ferent crop rotations were not taken into account. Separa-
tion of fertility levels increased the R? values in most
cases indicating phosphorus and potassium fertility levels
played a large role in the determination of yield and juice
constituents in these beets.

Although absolute values of R? were low, highly signifi-
cant correlations were frequently encountered, together with
significant to very highly significant regression coefficients
which are not reported here.

Amino nitrogen in the clear juice was significantly
correlated with all soil tests except for the mineral nitro-
gen test values for samples taken in October of 1965 (Table 8).
In general, percents sucrose and clear juice purity were less
highly correlated with soil test than was yield in 1965 and
1967 (Tables 9 and 10) . However, significant correlation
between soil test values and clear juice purity in 1966 (Table
9) were possibly due to the dry growing season, as noted
above (page 34) .

Recoverable sugar in these experiments was largely a
function of yield. Significant correlations between soil test
values and recoverable sugar were only obtained when signifi-
cant correlations were obtained with yield. Potassium and
Sodium as clear juice impurities had essentially no curvi-
linear correlation with soil test values in 1965 but were

Significantly correlated in 1966.
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Nitrogen soil tests must be made on soil samples col-

lected before June to be of practical value for predicting

the amount of nitrogen fertilizer to apply. This is because

all nitrogen should be applied by mid-June to be fully
effective for promotion of growth and still not result in

a harmful excess late in the growing season (Baldwin, Davis,

and Broadwell, 1965). Therefore, results from samples col-

lected in April will be viewed with special interest. Mineral
nitrogen present in soil samples taken at the Ferden Farm in
April was as highly related to yield and quality of sugar

beets as was mineralizable nitrogen from the same samples

(Tables 8 and 9). This result agrees well with the work done

by Smith (19686) .

Beet and sugar yields were significantly correlated as

frequently with soil test values from April samples as they

were with values from July and October samples. This was

true also for clear juice impurities in 1965. 1In 1966, how-

ever, amino nitrogen, potassium and sodium increased in
association with plots where mineral nitrogen accumulated in

the plow soil during periods of dry weather in the latter

hal £ of the growing season.

Monitor Residual Phosphorus ExXperiments

Effects of residual levels of phosphorus on coefficients

Of multiple determination for regression of sugar beet yield

and quality on mineral and mineralizable nitrogen were studied
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at the Monitor plots in 1965 and 1966. Coefficients of
multiple determination are shown for plots which received
four rates of plow-down phosphorus in the fall of 1959
(Tables 11 and 13), and plots that received a second applica-
tion when sugar beets next appeared in the three year rota-
tion (Tables 12 and 14). The total amounts of phosphorus
applied were 87, 174 and 348 pounds for the low residual
phosphorus plots and O, 174, 348 and 696 pounds for the high
residual phosphorus plots. Effects of residual phosphorus
levels within the individual experiments were statistically
accounted for in regressions of beet parameters on soil
nitrogen tests in the same way that fertility levels were
accounted for in the Ferden Farm experiments.

The degree of correlation between mineral or mineraliz-
able nitrogen and sugar beet yield and quality factors were
increased by accounting for residual phosphorus levels.

The moderating effect of residual phosphorus level in 1965
was most marked for the October sampling from plots that
received one phosphorus application (Table 11). In 1966 the
effect was more pronounced (Tables 13 and 14). Accounting
for residual phosphorus levels greatly increased R2 for plots
that received either one or two applications of phosphorus.
It appears that dry weather in 1966 enhanced the importance
Of inherent soil fertility factors in modifying the nitrogen

responses to sugar beets.
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Mineral nitrogen was significantly correlated with sugar
beet yield and quélity factors more times than was mineraliz-
able nitrogen. This gives little justification for carrying
out the more demanding incubation experiments for determining
soil nitrogen availability for sugar beets. When the residual
phosphorus interaction was ignored, significant correlations
with soil test values were noted more frequently for July

than for October samplings.
Bay County Tests in 1965

Coefficients of multiple determination for regressions of
sugar beet yield and quality factors on mineral and mineraliz-
able nitrogen from experiments conducted in Bay County in 1965
are presented in Tables 15 through 19. Analyses were made
for two harvest dates at the Eisenman location (Tables 15 and
16) .

The number of degrees of freedom for error was low for
the four locations, therefore, the number of significant
relationships tended to be lower, even though R? values were
frequently much higher than in the large experiments at the
Ferden and Monitor farms. Values significant statistically
at the 20 percent level are denoted so that attention may be
directed to relationships which may have agronomic signifi-
cance.

The different levels of nitrogen application were

accounted for in alternate solutions by the same method as
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for fertility levels and phosphorus levels. This method
involves the use of dummy variables and a loss of degrees
of freedom for error. As a result, fewer significant R2
values are noted for the stratified analyses, even though
the actual R® values are usually much larger.

In Tables 15 to 19, R® values for percents sucrose and
clear juice purity ranged from .46 to .97 for mineral nitro-
gen (MN) and from .46 to .95 for mineralizable nitrogen (RN)
in the stratified regressions where fertilizer nitrogen rate
was taken into consideration. Most of these R® values were
greater than .70. 1In spite of their low statistical sig-
nificance, the agronomic implication is apparent: Nitrogen
nutrition is an extremely important factor for determining
the sugar and impurity contents of sugar beet juice. The
low statistical significénce is a consequence of experimental
design (inadequate replication for the number of independent
variables considered) rather than of a weak expression of
a very real effect of nitrogen fertilizer.

The rate of nitrogen fertilizer applied early in the
sugar beet growing season was the only input variable in
these experiments. Variations in mineral nitrogen values
were themselves very strongly influenced by the amount of
fertilizer nitrogen applied. Variations in mineralizable
nitrogen were affected less by fertilizer nitrogen. Simple
correlations (r) between applied nitrogen and soil test

nitrogen ranged between .33 and .95 for mineral nitrogen
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(with only one of eight values being less than .69) and be-
tween .04 and .55 for mineralizable nitrogen.

This strong intercorrelation between applied nitrogen
and soil test nitrogen is in itself evidence of the diagnostic
usefulness of the soil test. The test for mineral nitrogen
is sensitive to the current year's application of nitrogen
as well as to levels of nitrogen availability which signifi-
cantly influence quality factors in sugar beets.

In terms of sugar beet response, the sensitivity of the
soil test for mineral nitrogen is attested by R® values for
percent sucrose ranging up to .43 (Table 16) and for percent
clear juice purity up to .52 (Table 15). Both of these co-
efficients ignored applied fertilizer nitrogen and were
significant at the 1 percent level.

In the case of mineralizable nitrogen, R® values, ignor-
ing applied nitrogen, ranged up to .41 for percent sucrose
(Table 17) and to .40 for percent clear juice purity (Table
16) . Both of these coefficients were significant at the 5
percent level.

In contrast with the quality factors, yields of beets
showed very little relation to soil tests in July and October.
Beet yields were, however, strongly influenced by the level
of applied nitrogen. The R? values for stratified regres-
sions ranged from .34 (Table 19) to .83 (Table 15). These
effects of fertilizer nitrogen on beet tonnage must have been
the result of increased uptake to support vegetative develop-

ment prior to the July sampling.



59

The amount of recoverable sugar is an integrated value
which includes beet yield, percent sucrose and percent clear
juice purity (see pages 4 and 5). When R® values for recover-
able sugar in Tables 15 to 19 are compared with those for
yield and for percents sucrose or clear juice purity, it is
apparent that soil test and/or fertilizer nitrogen effects on
sugar yield were compounded of effects on beet yield and on
one or both of the quality factors. A number of the R® values
for recoverable sugar were significant at 20 percent or less.

Larger values of R® for recoverable sugar were obtained
when applied nitrogen was considered in stratified regres-
sions. These values tended to be equal to or larger than
the corresponding R? for beet yield. When larger, they were
associated with equally large or larger coefficients for per-
cent sucrose and/or percent clear juice purity. Thus,
recoverable sugar per acre reflected early vegetative re-
sponses to applied fertilizer nitrogen as well as quality
factor responses to levels of available nitrogen at midseason

and/or at the end of the season.
Bay and Saginaw County Tests in 1966

At the Shian Farm in 1966 (Table 20) mineral nitrogen
in April was significantly correlated with yield of beets,
percent sucrose and recoverable sugar. Mineralizable nitro-
gen in April also contributed a highly significant 47 percent

to variation in percent sucrose. This was due to significant
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differences among replicate blocks in mineral nitrogen,
mineralizable nitrogen, and sugar beet parameters. The vari-
ation in inherent fertility over the experimental area at
this location was reflected in significant between-block
differences in mineralizable nitrogen in the October sampl-
ing. .As a result, the R® value for recoverable sugar against
mineralizable nitrogen in October was significant at the

5 percent level.

The contribution of inherent soil variation (as reflect-
ed in incubation release of nitrogen) to yields of beets and
recoverable sugar increased progressively through the July
and October samplings, whereas its contribution to percent
sucrose decreased. In the July and October samplings the
contribution of mineralizable nitrogen alone to variation in
these three beet parameters was about one-third to one-half
of the variation accounted for when applied nitrogen was
also considered in the stratified regressions. By contrast,
neither mineral nor mineralizable nitrogen influenced clear
juice purity which appeared to be much more strongly af-
fected by level of applied nitrogen.

At the Gwizdala Farm in 1966, variations in mineral
and mineralizable nitrogen were negligible (Table 47) and
there was little if any correlation with any measurement made
on the beet crop (Table 21). But, variation in all four beet
parameters was strongly influenced by the level of applied

nitrogen.
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Combined 1965 and 1966 Experiments

Results from individual experimental areas generally
showed that determination of mineral nitrogen in soil
samples collected in April was as good an index, or a better
index, of nitrogen availability to sugar beets than were any
of the other five combinations of soil test and sampling
date. This observation is confirmed by the relationships
found when the data from all locations for 1965 and 1966
were combined (Table 22). However, in spite of the fact
that highly significant correlations were obtained with
mineral nitrogen, the proportion of total variation in re-
coverable sugar accounted for was small (only 11 percent
for the April sampling).

Figure 2 shows that there was a wide scattering of points
when recoverable sugar was plotted against mineral nitrogen
in April. The 195 observations in this experiment were a
result of combining the data from the four experiments where
April samples were collected (Ferden Farm, 1965; Ferden,
Schian, and Gwizdala farms, 1966). The overall regression
relationship with soil mineral nitrogen was highly signifi-
cant and all coefficients were significant at 1 percent.
However, the small proportion of variation accounted for
(11 percent) is obviously not adequate by itself for pre-
dicting recoverable sugar. Other factors of soil, climate,
and management accounted for 89 percent of the variation in

recoverable sugar.
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Table 22--Coefficients of multiple determination for re-
gression of recoverable sugar on mineral and
mineralizable nitrogen, combined experiments 1965

and 1966.
Sampling Soil Degrees R2
date test of Recoverable
freedom sugar
: a
April MN 192 Mkl g
July MN 417 .05**
October MN 417 .05%*
April RN® 192 .02
July RN 417 .02*
October RN 417 .02*

A
@MN--mineral nitrogen before incubation: ¥ = a.+ bMN + cMNZ

RN--mineralizable nitrogen released during incubation:
Y = a + bRN + cRN?

*
Significant at 5 percent level.

**
Significant at 1 percent level.
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Nevertheless, two features of the regression line in
Figure 2 are of practical significance: (1) The basic
response to soil nitrogen was curvilinear and (2) the prob-
ability that excessive nitrogen may have limited or depressed
sugar yields increased sharply when April soil tests exceeded
about 25 pounds of mineral nitrogen per acre.

Figure 3 shows that fertilizer nitrogen alone accounted
for no more of the variation in recoverable sugar than did
mineral nitrogen alone (9 versus 11 percent). Coefficients
associated with applied nitrogen and its square were not
significant at the 10 percent level. The basic response in
this case was nearly linear.

Both April soil test values and levels of applied nitro-
gen were taken into account by the regression function in
Figure 4. All coefficients were significant at 1 percent
except the coefficient for the square of applied nitrogen.
The proportion of the total variation accounted for was in-
creased to 25 percent. The probability that use of fertilizer
nitrogen would reduce recoverable sugar increased markedly
as soil mineral nitrogen in April increased above 25 pounds
per acre.

The nature of the interaction between soil mineral
nitrogen and applied nitrogen can be better appreciated by
comparing Figure 4 with Figure 5 in which the same function
is plotted using applied nitrogen on the abscissa. The

combination of applied nitrogen in excess of about 90 pounds
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COMBINED EXPERIMENTS 1965 & 1966
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Figure 2--Regression of recoverable sugar on soil mineral
nitrogen in April, Combined experiments, sugar beets,

1965 and 1966. € = 3725%* + 98.65%* MN - 1.98%*MNZ2,
R2 = .11*%, s = 890, df = 192.
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Figure 3--Regression of recoverable sugar on applied nitrogen
level. ,Combined experiments, sugar beets, 1965 and
1966. ¥ = 4091** + 10.11 ApN - 0.02 ApN2, R® = .0Q9**
s = 898, df = 192.
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COMBINED EXPERIMENTS 1965 & 1966
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Figure 4--Regression of recoverable sugar on soil mineral
nitrogen in April at five levels of applied nitrogen.
Combined experiments, sugar beets, 1965 and 1966.
Y = 2780%* + 20.66%* ApN + 0.01 ApN2 + 102.8%*MN -
1.23**MN2 - 0.67** ApN-MN, R® = .25%%, s = 823,
df = 189.
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Figure 5--Regressions of recoverable sugar on applied nitrogen
level at four levels of soil mineral nitrogen in
April. ,Combined experiments, sugar beets, 1965 and
1966. € = 2780%* + 20.66%* ApN + 0.01 ApN® + 102.8%*
MN - 1.23**MNZ - 0.67** ApN-MN, R2 = ,25%* s = 823
daf = 189.
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per acre with a soil test greater than about 30 pounds per
acre in April was associated with no response or sharply
reduced recoveries of sugar.
Graphical Analysis of Interactions with
-Applied Nitrogen

Figures 6, 7, 8, and 9 show the regressions of recover-
able sugar on mineral nitrogen in April and on applied
nitrogen for a single experiment (Ferden Farm, 1966). Soil
mineral nitrogen in April accounted for only 17 percent of
the variation in recoverable sugar (Figure 6) while applied
nitrogen alone accounted for 8 percent (Figure 7). As in the
combined experiments, an interaction was apparent between
mineral nitrogen and applied nitrogen and their effects on
recoverable sugar. Consideration of both mineral and applied
nitrogen in one function accounted for 22 percent of the
variation in recoverable sugar (Figures 8 and 9). This func-
tion has coefficients which are significant at the 1 percent
level for mineral nitfogen and its square but the coeffi-
cient for applied nitrogen is only significant at the 10
percent level while the coefficient for the square of applied
nitrogen is not significant at the 10 percent level.

The low levels of significance for applied nitrogen
coefficients in the combined equation would have been ex-
pected from the small, nearly linear contribution of applied
nitrogen to total‘variation in Figure 7. Nevertheless,

inclusion of applied nitrogen terms in the function improved
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FERDEN FARM ROTATIONS 1966
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Figure 6--Regression of recoverable sugar on soil mineral

Figure

nitrogen in April. Ferden Farm rotation experiment,
sugar beets, 1965. ¥ = 2700%* + 102.5%* MN - 1.58%*
MN=, R® = .17%*, s = 734, df = 77.

FERDEN FARM ROTATIONS 1966
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7--Regression of recoverable sugar on applied nitrogen
level. Ferden Farm rotation experiment, sugar beets,
1966. ¥ = 3407** + 15.38 ApN - 0.07 ApN2, R® = .08*,
s = 773, df = T1.
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FERDEN FARM ROTATIONS 1966
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8—--Regressions of recoverable sugar on soil mineral
nitrogen in April at four levels of applied nitrogen.
Ferden Farm rotation experiment, sugar beets, 1966.
Q® = 2235%% + 18.23# ApN - 0.10 ApN2 + 95.87%* MN -
1.59%*MN2, R® = .22%%, s = 723, df = 75. (# = sig-
nificant at 10 percent)
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9--Regressions of recoverable sugar on applied nitrogen
level at six levels of soil mineral nitrogen in
April.  Ferden Farms rotation experiment, sugar beets,
1966. Y = 2235%* + 18.23# ApN - 0.10 ApN® + 95.67**
MN - 1.59%* MN2, R® = .22%%, s = 723, df = 75.
(# = significant at 10 percent)
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the prediction value of soil test nitrogen. The RZ® value
was increased from .17 in Figure 6 to .22 in Figures 8 and
9. The comparable gain in the preceding section for func-
tions based on all available data from 1965 and 1966 was
from R® = .11 for soil tests alone (Figure 2) to R% = .25
when applied nitrogen was also considered (Figures 4 and 5).

These gains in information demonstrate how the useful-
ness of a soil test can be improved by taking into consider-
ation other factors which influence total variation.

In both of these groups of data, the contribution of
fertilizer nitrogen was essentially linear, and the ApN®
term could have been left out with no loss in information.
The MN® term, however, gave expression to a highly signifi-
cant curvilinear component of response to soil test. In both
cases, the probability for reduced yields of sugar increased
as April soil test values increased above about 30 pounds
per acre. The probability that these reductions would be
substantial increased sharply as soil test values greater
than 30 pounds per acre were combined with fertilizer nitro-
gen in excess of 90 pounds per acre.

Graphical Analysis of Interactions with
Residual Phosphorus

The level of residual phosphorus in the soil is another
source of variation in recoveries of sugar from sugar beets
in Michigan's Saginaw Valley. The Monitor experiment gave

opportunity to examine relationships between beet parameters
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and soil test nitrogen at four levels of residual phosphorus
in the soil.

Soil tests for phosphorus were not available for all
plots of the experiment, so the fertilizer phosphorus inputs
made in 1959 were used to represent the residual soil phos-
phorus variable (see page 24). Of several relationships
examined in this experiment, the largest amount of informa-
tion (R® = .33**) was obtained for the stratified function
involving percent sucrose and ‘soil mineral nitrogen at’
harvest time in 1965 (Figure 10).

Where the 1959 application had been O, 87 or 174 pounds
phosphorus per acre, percent sucrose decreased with increas-
ing soil mineral nitrogen. However, at the 348-pound level
of phosphorus, an exponential response to increasing mineral
nitrogen was expressed. It should be noted that this dramatic
response was expressed over a range of soil mineral nitrogen
values from 4 to 18 pounds per acre at harvest.

Mineral nitrogen at harvest time is not directly compar-
able with mineral nitrogen in April. Mineral nitrogen at
harvest however represents the available supply of nitrogen
to sugar beets at a period which is important for quality
determination. Results very similar to these were obtained
when mineral nitrogen tests from soil samples taken in late
July were used (R® = .56%%).

Further evidence for interaction between soil nitrogen

and soil phosphorus on sugar beet response was obtained from
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the Ferden Farm in 1965. The computer solutions in Table 23
are presented for consideration.

The relationship between recoverable sugar and soil
mineral nitrogen, ignoring other factors, was essentially
linear and accounted for 15 percent of the variation
(equations 1 and 2). It was, therefore, more informative
than the curvilinear relationship to soil mineral nitrogen
alone (equation 4) or the essentially linear relationship to
soil phosphorus alone (equations 5 and 6).

There was little gain in information when applied nitro-
gen and soil mineral nitrogen were considered together as
independent variables (equation 7). Nor when the curvilinear
response to soil mineral nitrogen was stratified to take into
account the two fertility levels (equation 8). There also
was no gain in the statistical significance of term coeffi-
cients.

Because of the design of these long term experiments,
the fertility levels of equation 8 included variations in
level of applied nitrogen and variations in residual soil
phosphorus (see Experimental Methods, Table 1) . These two
components of fertility level were broken out and considered,
along with soil mineral nitrogen, in equation 9.

To derive equation 9, the computer was instructed to
consider linear, quadratic and all possible interaction
terms for these three independent variables. It was further

instructed (LS Delete routine) to reject all terms other than
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ApN and ApN? for which regression coefficients were not sig-
nificant at 20 percent probability or less. The terms which
met this threshhold requirement appear in equation 9.

Of the linear and quadratic terms considered, only the
linear response to soil phosphorus was significant at the
15 percent level. However, one first order interaction
(MN-P) and the second order interaction (ApN-MN:P) were sig-
nificant at the 5 percent level.

In the design of the experiment, the ApN terms in equa-
tion 9 were related structurally to the fertility levels of
equation 8. The availability of soil nitrogen and phosphorus
was related residually to both applied nitrogen and fertility
level. This high degree of intercorrelation in long term
field experiments is a weakness for soil test correlation
purposes. Nevertheless, it may be inferred that strictly
additive effects of fertilizer nitrogen, soil nitrogen and
soil phosphorus are reflected in the linear coefficient for
ApN in equation 9.

The statistically significant interaction effects in
equation 9 have important agronomic implications: (1) Poten-
tial recoveries of sugar can be increased by increasing
nitrogen fertility if other fertility factors, in this case
phosphorus, are also increased (+O.9§ MN-P), and (2) exces-
sive nitrogen fertility can result in reductions in sugar
recovery if other fertility factors are limiting (-0.0I

ApN-MN-P) .
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When these interaction effects were taken into consider-
ation in equation 9, the usefulness of the April nitrogen
soil test was enhanced over the less specific factoring
employed in equations 7 and 8 (RZ = .22%* ys. R® = ,17%*).

These conclusions from the Ferden Farm in 1965 are the
same as those from the Monitor residual phosphorus experiment
in 1965 (Figure 10 and text). It appears that a soil test
for mineral nitrogen can provide information useful for guid-
ing fertilizer practices for sugar beets. An early spring
test appears to be the most useful. Its usefulness can be
considerably improved by taking into consideration other

factors of fertility and management.
Other Measures of Soil Nitrogen Availability

Soil samples collected in April were chosen for three
other soil tests for nitrogen availability. April samples
were chosen because mineral and mineralizable nitrogen values
from these samples were as highly or more highly correlated
with sugar beet yield and quality factors as for samples
taken later in the growing season. Also, April samples
represent the only sampling date in this study which could
have practical significance for predicting the amount of
nitrogen fertilizer to apply to the current year's crop of
sugar beets.

The three availability measures were (1) nitrogen ex-

tracted from soil by boiling water according to the method
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of Livens (1959) as modified by Keeney and Bremner (1966),
(2) a fertility factor for sugar beets as described by
Nieschlag (1965) and (3) total Kjeldahl-nitrogen. Quantita-
tive values obtained by these methods were examined for
their correlation with sugar beet yield and quality at the
Ferden Farm in 1965 and 1966 (Table 24).

In 1965, R® values for regressions of yield, percent
clear juice purity, recoverable sugar, and amino nitrogen on
nitrogen extracted by boiling water, when the fertility
levels were accounted for, were .41, .19, .32, and .29
respectively. These R® values are higher than those for
fertility factor, or for total, mineral, or mineralizable
nitrogen in April samples (Tables 8 and 24).

In 1966, boiling-water nitrogen was no better than fer-
tility factor or total Kjeldahl-nitrogen in predicting beet
or sugar yields or quality factors. All were less useful
than the test for mineral nitrogen (Tables 9 and 24).
Kjeldahl-nitrogen was more highly correlated with beet yield
and quality than was fertility factor. Kjeldahl-nitrogen
is a necessary input for the fertility factor equation (see
Table 24). Therefore, it appears that the other inputs:
total carbon and clay plus fine silt add no agronomic useful-
ness to the equation.

It should be mentioned that in this case no additional
variation was added by putting the (clay plus fine silt)

factor into the equation because this factor was essentially
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the same for all plots at the Ferden Farm. However, it is
recognized that this expression of soil texture may be very
important when different soils are considered. Fertility
factor was probably not fairly evaluated by these experi-
ments.

When data from the Ferden Farm in 1965 and 1966 were
combined, nitrogen extracted from soil with boiling water
had a very low degree of curvilinear correlation with recover-
able sugar when other fertility separations at this farm
were not taken into account (Figure 11). Recoverable sugar
increased with nitrogen extracted by boiling water up to a
value of 144 pounds per acre and then decreased at higher
values.

Coefficients of multiple determination for regressions
of sugar beet yield and quality factors on nitrogen extracted
by boiling water were increased by considering the rate of
applied nitrogen (Figures 12 and 13). The patterns of re-
sponse to applied nitrogen at varying levels of nitrogen
extracted by boiling water and to boiling water nitrogen at
varying levels of applied nitrogen were very similar to the
patterns obtained with mineral nitrogen (Figures 4 and 5).
However, R® was lower. It can also be noted that R® for the
regression of recoverable sugar on water-extracted nitrogen
was not as high when two years' data were combined and nitro-
gen applied was taken into consideration as it was when data

for the individual years and fertility level were taken into
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Figure 10--Regressions of percent sucrose of beets on soil

mineral_ nitrogen at harvest. Monitor sugar beets,

1965. Y = 15.88%* + 0.03 MN,; - 0.01 MNS., + 0.03
0.01 MN2, - 0.03 MN 0.01 MN2_°= 0.31*
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Figure 11--Regression of recoverable sugar on nitrogen ex-

tracted from April soil samples with boiling water.
Ferden Farm rotation experiment, sugar beets, 1965
and 1966. € = 5333 + 138.7*% HoON - 0.48%* HoONZ,

R® = .08**, s = 867, df = 157.
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FERDEN FARM 1965 & 1966
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Figure 12--Regression of recoverable sugar on nitrogen ex-
tracted from April soil samples at four levels of
applied nitrogen. Ferden Farm rotation experiment
sugar beets, 1965 and 1966. ¢ = -76.47 + 49.21%%
AgN - 0.01 ApNZ? + 32.49%% HoON - 0.33%% ApN°HoON,
R= = .14%*%, s = 845 df = 155.
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Figure 13--Regression of recoverable sugar on applied nitrogen
at three levels of nitrogen extracted from April
soil samples with boiling water. Ferden Farm rota-
tion experiment sugar beets, 1965 and 1966. Y =
-76.47 + 49.21%* ApN - 0.01 ApNZ® + 32.49%* H,oON
-0.33%* ApPN°*HoON, R2 = .14%%, s = 845, df = 155.
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consideration. This difference in RZ® value (.14 versus .32
or .18) may be attributed to differences in years and/or to
the importance of fertility other than nitrogen.

From these results it appears that both mineral nitrogen
and nitrogen extracted by boiling water represent potentially
useful indexes of nitrogen availability. There was a strong
linear correlation between the two (r = .70%*). Mineral
nitrogen in April likely represents nitrogen that had already
been released from a readily mineralizable fraction of soil
organic nitrogen. The nitrogen extracted by boiling water
may provide a realistic quantitative estimate of this mineral-
izable fr&ction since the quantities extracted (100 to 170
pounds per acre) bear a reasonable relation to quantities
which might actually be removed from soil nitrogen sources
by sugar beets at yield levels encountered in these studies.

However, the water solubility method is much more time
consuming than the mineral nitrogen procedure. The.remarkable
consistency of results with the mineral nitrogen, in this
study, gives promise that criteria for its useful interpre-
tation can be developed through appropriate field calibra-
tion.

In spite of the time-consuming nature of the hot water
extraction procedure, it does appear to measure a significant
fraction of soil organic nitrogen. Further studies with it,’
in conjunction with the mineral nitrogen procedure, are |

needed to develop sound soil test interpretation principles
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based on more intimate knowledge of the dynamics of soil
organic nitrogen transformations.

The role of mineral colloids in soil fertility also
bears further investigation. The fertility factor, as calcu-
lated in this study, was based on the hypothesis that the
potential productivity of a soil is determined mainly by its
content of mineral and organic colloids and by the quality
of its organic colloids as reflected in N:C ratios. The
possibility that an extracted fraction of nitrogen might be
combined with an estimate of colloidal size fractions in
deriving a useful "fertility factor" should be investigated.

With regard to any test which may be selected, its
usefulness for estimating fertilizer nitrogen requirements
of sugar beets will depend upon the extent to which other
fertility and management factors are taken into account in

calibration studies.






PART IT

EFFECTS OF POTASSIUM CARRIERS AND LEVELS OF POTASSIUM
AND NITROGEN FERTILIZATION ON THE YIELD

AND QUALITY OF SUGAR BEETS
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LITERATURE REVIEW

High levels of potassium in the petioles of sugar beets
are conducive, if not essential, to the production of high
yields (Powers and Payne, 1964). High levels of potassium
in the root at harvest are undesirable, however, as potas-
sium, along with amino nitrogen and sodium, account for a
large proportion of the non-sucrose contaminants of the clear
juice extracted from beets in the sugar factory.

Cuthbertson (1960) in a review of the use of potassium
by crops found that sugar beets have a marked power of uti-
lizing soil potassium so that only moderate dressings are
necessary. This would tend to indicate that over-application
of pofassium would result in high uptake and decreased quality
of beets in much the same way as over-application of nitrogen.

Boyd (1956) cites the importance of nitrogen-potassium
interaction. He found that increased amounts of potassium
had a much more favorable effect on the recoverable sugar
obtained from sugar beets when the rate of nitrogen applica-
tion was increased. One possible fault found with his data
was that both nitrogen and potassium fertility were at low
levels for all rates in this experiment. It would be inter-
esting to see how this relationship changes with increased

fertility.
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Considerable research on the effects of potassium
carriers on the quality of crops other than sugar beets has
been reported. KCl applied at high rates was less effective
than KzSO4 for increasing yield of potatoes (Yung, 1963).
High rates of KCl decreased specific gravity (Rowberry,’
Sherrell, and Johnston, 1963; Timm and Merkle, 1963) and
starch content of potatoes (Yung, 1963). Workers cited found
that the detrimental effects of KCl on potato quality were
not present when KySO, was the potassium source. Su and Li
(1962) found KC1l retarded bearing of pineapple and reduced
the percent of high quality fruit in comparison to KzSO4
applied at the same rates. Nichols, Davis, and McMurtrey
(1962) found the quality of tobacco reduced by KCl in com-
parison to KzpSOg4.

One possible explanation of these results is that the
number of soil bacteria is reduced by chloride-containing
potassium fertilizers. Yung (1963) found that these ferti-
lizers reduced the numbers of nitrifying and cellulose de-
composing bacteria and increased the proportion of fungi in
the microflora.

Conflicting reports indicate that sodium may or may not
substitute for potassium in plants. Kaudy, Troug, and Berger
(1953) found no substitution. They stated that potassium
was absorbed and translocated separately from sodium. Harmer
and Benne (1941,1945) observed substitution in sugar beets

grown on muck and reported a 6-year averadge increase of 4.3
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tons from the application of 500 pounds NaCl where the
average annual rate of potassium was 113 pound per acre.
Davis (1955) reported increases of 1 to 1.8 tons per acre
for beets when NaCl was applied to plots receiving 280
pounds potassium but, no response was found on plots receiv-
ing 498 pounds of potassium. Shepard, Shickluna, and Davis
(1959) found NaCl increased the yield of sugar beets when

83 or 166 pounds of potassium was applied. Tissue analyses
gave evidence of potassium-sodium interactions. Tissue with
the highest potassium concentration had the lowest sodium
concentration and vice versa. No differences in the percent
sucrose of beets were observed in these studies and purity

measurements were not included.






EXPERIMENTAL METHODS

Potassium carrier experiments were conducted at three
locations in 1965 and were repeated at two of the locations
in 1966 (see Table 25). Two of these locations were on
mineral soils typical of the sugar beet producing soils in
the Saginaw Valley area of Michigan. Location 1 was a
Kawkawlin loam with a high test for potassium (240 pounds
ammonium acetate-extractable potassium per acre) and loca-
tion 2 was a Sims clay loam, also with a high soil potassium
test (200 pounds). Location 3 was on an organic soil
(Houghton muck) .

Four potassium carriers: KCl, KNOg, K2SO4, and (Kz2SO,
+ MgSO4)1 were applied in replicated plots in randomized
complete block designs at each location. At location 1
potassium was applied at rates of 83 and 166 pounds potassium
per acre, nitrogen at 30 and 60 pounds in 1965 and 30 and
150 pounds in 1966. Potassium was applied at the rate of
200 pounds at location 2 and nitrogen at a constant rate of
70 pounds. At location 3 potassium was applied at rates of
166 and 498 pounds and 60 pounds of nitrogen was applied.

A 500 pound NaCl application was made on one-half of the

plots at location 3.

1sul-PO-Mag--available from International Minerals and
Chemical Co., Skokie, Ill., and composed of a mixture of K and
Mg sulfates containing 18% K and 11% Mg.
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Petiole samples were taken from all plots in late July
and early October by randomly selecting the youngest mature
petiole from 20 plants within a plot according to the method
of Ulrich et al. (1959). After the petioles were dried in
a forced air oven at 60°C. and ground they were analyzed
for potassium, sodium, magnesium and calcium. The Michigan
State Soil Testing Laboratory performed the analyses by the
methods of Jackson (1958).

Harvesting, beet sampling, sugar analyses, and statis-

cal analyses were carried out as described in Part I.






RESULTS AND DISCUSSION

Four potassium carriers: KCl, KNOs, K2SO4, and (Kz2SO4. +
MgSO,) each affected yield of beets, percent sucrose, percent
clear juice purity and recoverable sugar per acre in a similar
manner. Tables 26 through 30 show no significant differences
in yield or quality of beets due to potassium carriers for
any of the five experiments. If a given potassium carrier
were injurious to the quality of sugar beets it seems likely
that this detrimental effect would have appeared at locations
1 or 2 where the potassium soil test was high. When the two
levels of applied potassium at location 1 were ignored in
Tables 26 and 27, no significant average effects of carriers
were expressed.

Clear-juice impurities: amino nitrogen, potassium and
sodium were affected similarly by potassium carriers in 1965
at location 1 (Table 26). Appliéation of KCl at location 2
in 1965 resulted in beets containing more potassium as an
impurity of the clear-juice fraction than beets that received
no potassium or beets to which the other three carriers were
applied (Table 28). More potassium was taken up during growth
by the KCl treated beets than by beets treated with other
carriers. This was shown by higher petiole contents in July,

as well as in October. It appears that an excessive amount
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was taken up above what was utilized by tHe plant.
The excess then appeared in the root as an impurity after
harvest.

No differences in the yield or quality of sugar beets
were found when the average effects of two potassium ferti-
lization rates were compared for location 1 in 1965 or 1966
(Tables 26 and 27). Nitrogen rates of 30 and 60 pounds per
acre gave similar values for yield and quality of beets grown
in 1965. The higher rate of fertilization was raised to 150
pounds nitrogen per acre in 1966. Plots that received 30
pounds of nitrogen produced beets with higher percent sucrose,
percent clear juice purity and recoverable sugar per acre
than did plots where 150 pounds nitrogen was applied. This
nitrogen effect is consistent with many studies reported
here and elsewhere (see Part I).

Significant interactions between nitrogen and potassium
fertilization levels were noted at location 1 in 1965.

Table 31 shows that, at 30 pounds of nitrogen per acre,
higher beet yields and more recoverable sugar were produced
when 83 pounds of potassium was applied than when 166 pounds
was applied. Applying 60 pounds of nitrogen reduced the
amount of recoverable sugar on areas where potassium was
applied at 83 pounds. This result may be caused by an im-
balance of nutrition and agrees with the findings of Boyd
(1956) . It should be remembered however, that Boyd was work-

ing at low levels of potassium fertility (O to 100 pounds
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potassium per acre) and results reported here were obtained
with high potassium fertility.

In 1966, plots where KNOs; was applied at the rate of 83
pounds potassium per acre, sugar beets with lower percent
sucrose were produced than on plots receiving other carriers
(Table 31). This may have been due to inadequate uptake
from KNOz, . as indicated by the petiole analyses in Table 3.
When 166 pounds of potassium was applied as KNOg, the beets
produced had a higher percent sucrose than when the
same amount was applied as KCl. Possibly the higher uptake
of potassium from KCl during the growing season resulted in
harmful storage of potassium in the root while the lower
uptake from KNOs resulted in less harmful levels of unassimi-
lated potassium in beet juice at harvest (Table 27). This
explanation may also be suitable for the increased percent
sucrose for plots receiving 166 rather than 83 pounds of
potassium as KNOz, and the reduced recoverable sugar for
plots receiving the 166 pound rate of KCl in comparison to
the 83 pound rate of KCl. An alternative explanation for the
decreased recoverable sugar with the higher rate of KC1l is
the possibility that an unfavorable soil microbial popula-
tion developed in the presence of the chloride ion, as sug-
gested by Yung (1963).

Highest concentrations of potassium generally occurred
in petioles of sugar beets to which KCl had been applied.

When 150 pounds of nitrogen per acre was applied at location 1,
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sugar beet petioles contained higher concentrations of mag-
nesium and lower concentrations of potassium than did
petioles of beets receiving only 30 pounds of nitrogen

(Table 27). Higher concentrations of potassium were found

in petioles from beets supplied with 166 pounds of potassium
in comparison to beets with 83 pounds of potassium supplied.
In general, the concentrations of potassium in beet petioles
were higher in October than in July, while the opposite trend
was noted for the concentrations of sodium, calcium and -
magnesium at the mineral-soil locations.

Sugar beets grown on Houghton-muck contained high concen-
trations of potassium in their petioles with the relative
concentrations being lower in October than in July (Table 30).
The values given for petiole potassium in July probably
indicate a luxury consumption. Potassium is quite mobile in
this organic soil and the supply would become more limiting
with progression of the growing season. Therefore, much of
the potassium taken up early in the growing season was prob-
ably utilized after July thus accounting for the lower values
in October.

Table 29 shows there were no significant differences in
the yield or quality of beets where 500 pounds of NaCl was
applied, although it appears that both yield and quality were
slightly lower than when no NaCl was applied.

Figure 14 indicates that there is a negative relationship

between fertilizer additions of potassium or sodium and the
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concentrations of the complementary cation in beet petioles
in October. When no sodium was applied, the concentration
of potassium increased greatly and the concentration of
sodium decreased with increased potassium fertilization.

The application of NaCl to plots which received no potassium
increased the concentration of potassium in the petioles.
However, when the beet received potassium fertilizer, addi-
tion of NaCl decreased the concentration of potassium in
petioles and increased the concentration of sodium. The
depressing effect of NaCl on petiole potassium was less at
the high rate of potassium addition (498 pounds) than at the
lower rate (166 pounds). These results strongly indicate a
negative relation between sodium and potassium in the
petiole which could be interpreted in terms of a substitu-
tion of sodium for potassium. However, significant effects
of this substitution were not apparent in the yield or quality

of the beets.
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SUMMARY AND CONCLUSIONS

Nitrogen Availability Indexes for Sugar Beets

The principal objective of this study was to evaluate
several chemically and biologically estimated fractions of
soil nitrogen in terms of their usefulness for prediction
of the amount of fertilizer nitrogen that should be applied

to sugar beets for maximum production of sugar from an acre.

The results from these experiments are summarized as follows:

1. Recoverable sugar was not increased by applying
nitrogen at rates comparable to those commonly
applied by beet growers. In some instances the
maximum amount of sugar was produced when as little
as 30 pounds of nitrogen was applied.

2. Increases in the yield of beets with increasing
rates of nitrogen were frequently of%set by de-
creases in quality (percents sucrose and clear
juice purity).

3. Seasonal variations, in the level of soil mineral
nitrogen (NOs + NO» + exchangeable NH4+) in a
sugar beet field during the growing season were
attributed to variation in rainfall, crop removal,
and movement of nitrate from a moist subsoil to a

dry plow soil by capillary action.
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4. Soil mineral nitrogen was curvilinearly related to
recoverable sugar to a greater extent than was
mineralizable nitrogen (mineral nitrogen released
from soil organic nitrogen during a two-week incu-
bation) . However, coefficients of multiple deter-
mination (R®) among either of the soil tests and
sugar beet yield and quality were low when other
variables in crop culture, such as location, soil
type, year, applied nitrogen, crop rotation, and

levels of other crop nutrients were ignored.

5. Most of the variation in sugar beet yield and
quality was accounted for when several independent
inputs for a given experiment were included in a
multiple regression equation along with the nitro-
gen soil test. Coefficients for applied nitrogen
and either residual phosphorus levels or soil phos-
phorus tests increased R® when they were included
in the multiple regression equations.

6. Soil test values from soil samples collected in
April were significantly correlated with sugar beet
yield and quality as often as were soil test values
from samples collected in July or October.

7. Nitrogen extracted from soil samples by boiling
water, total Kjeldahl-nitrogen and a fertility
factor (including measurements of total nitrogen,

and carbon along with an expression of soil texture)
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were found to be inferior to the mineral nitrogen
test as potentially useful indexes of nitrogen
availability.

For the soil mineral nitrogen test to be routinely
useful for predicting, in advance, the amounts of fertilizer
nitrogen to apply to sugar beets, a method for accounting
for crop differences due to location and year must be found.
However, the diagnostic usefulness of this soil test is
evident from the data presented. A grower could use this
soil test result as an additional piece of evidence for the
need to alter his nitrogen fertilization practices in a
subsequent year.

Effects of Potassium Carriers and Levels of Potassium
and Nitrogen Fertilization on the Yield
and Quality of Sugar Beets

The yield and quality of sugar beets grown on three soil
types and in two successive years were affected similarly by
the four potassium carriers: KCl, KNOs, K2SO4, and (Kz2SO4, +
MgSO4) . In the experiments carried out, rates of potassium
(up to 200 pounds per acre for mineral soils and up to 498
pounds for organic soil) applied in combination with a high
potassium soil test did not affect the yield or quality of
beets. Sugar beets supplied with 150 pounds of nitrogen
were of lower quality than beets supplied with 30 pounds of

nitrogen per acre.
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A response in yield of beets and recoverable sugar was
attributed to the application of 166 pounds of potassium
when 60 pounds of nitrogen was applied but not when 30
pounds of nitrogen .was applied.

Some evidence is given to indicate that KC1l applied at
a rate of 166 pounds potassium per acre reduced the quality
of sugar beets in comparison to KCl applied at 83 pounds
per acre and to KNOj; applied at a rate of 166 pounds per
acre.

Highest concentrations of potassium generally occurred
in petioles of sugar beets to which KCl had been applied.
When 150 pounds of nitrogen per acre was applied, sugar
beet petioles contained higher concentrations of magnesium
and lower concentrations of potassium than did petioles of
beets to which only 30 pounds nitrogen per acre was applied.
Higher concentrations of potassium were found in petioles
from beets which were supplied with 166 pounds of potassium
in comparison to beets to which 83 p;unds was applied.

In general, the concentrations of potassium in sugar
beet petioles were higher in October than in July while the
opposite trend was noted for the concentrations of sodium,
calcium and magnesium at the two mineral soil locations.
Sugar beets grown on Houghton muck had high concentrations
of potassium in their petioles. The relative concentrations

were lower in October than in July.
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The application of 500 pounds of NaCl had no effect on
the yield or quality of sugar beets grown on Houghton muck.
However, there was some substitution of sodium for potassium

in beet petioles.
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